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Treatment of 2-(3,4,5-trimethoxyphenyl)-4,5-dimethyl-A4-cyclahexenecarboxylic acid (C) with methane- 
sulfonic acid yielded a mixture of the y- and 8-lactones D and E, and a mixture of bridged ring acids, consisting 
principally of trimethoxybenzodimethyl [2.2.2 ]bicyclooctanecarboxylic acid (F). The structure of F was 
established by conversion of the amine F-5 (which is a mescaline analog of unusual type), degradation of the 
amine via  the oxide, and pyrolysis to 1,2,3-trimethoxy-8-methylnaphthalene (M). This was synthesized by 
an unambiguous method. The dimethoxyphenyl analog of C was converted by methanesulfonic acid to a 
similar mixture of compounds.

This work was commenced with the idea of making 
bridged lactones as analogs of podophyllotoxin, which 
at that time was assigned structure A; the activity of 
podophyllotoxin in inhibiting experimental tumors sug
gested the synthesis and screening of related com
pounds. Since that time, podophyllotoxin has been 
shown to have structure3 B by degradation and syn-

OH

A B

thesis. The study of lactones related to structure A 
has led to some bridged carbocyelic structures and to 
some novel compounds containing the mescaline struc
ture, which are described in the present paper.

3,4,5-Trimethoxybenzaldehyde, prepared far more 
readily by treatment of N,N-dimethy 1-3,4,5-trimet.h- 
oxybenzamide with lithium diethoxyaluminum hydride4 
than by Rosenmund reduction of the acid chloride, was

(1) Taken from the Ph.D. theses of R. G. Nelb (1940), Leo Zeftel (1951). 
and T. 3. Rerun (1963). University of Rochester. Aided in part by Grant 
E-1138 of the U. S. Public Health Service.

(2) National Science Foundation Cooperative Fellow, 1961-1962.
(3) J. L. Hartwell and A. W. Schrecker, ./. A m .  C h e m .  S o c . ,  73, 2909 

(1951); 75, 5916 (1953); 77, 432 (1955); W. J. Gensler. G. M. Sarnour, 
S. Y. Wang, and F. Johnson, ibid., 82, 1714 (1960); W. J. Gensler and 
C. D. Gatsonis, ibid., 84. 1748 (1962).
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condensed with malonic acid to yield 3,4,5-trimethoxy- 
cinnamic acid6; 2,3-dimethylbutadiene added to this 
under pressure at 175° to form 2-(3,4,5-trimcthoxy- 
phenyl)-4,5-dimethyl-A4-cyclohexenecarboxylic acid
(C). Attempts to lactonize C with sulfuric acid, phos
phoric acid, or hydrobromic acid were unsuccessful, but 
treatment with methanesulfonic acid yielded a mixture 
of lactones D and E and an acidic material, isomeric 
with the starting acid C.

CH30 c h 3

c h 3o  ̂ y ^ c H 3

CHsO c  COOH

CH3

Ar-3, 4, 5-trimethoxyphenyl A- isomeric acid
F

The lactone mixture could be crystallized, but the 
melting point was not changed from 13/5-140° by 
further crystallization; the infrared spectrum (in 
Nujol) showed two peaks of nearly equal intensity at 
1753 and 1725 cm.-1. Chromatography on activity II 
alumina gave a homogeneous lactone, m.p. 150-157°, 
which, from its carbonyl band at 1720 cm.-1, was given 
the 5-lact.one structure D. When the two lactones are

(5) K. H. Slot.ta and H. Heller, B e r . ,  63, 3042 (1930).
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present in equal amounts a complex is formed which 
melts at 139 110° and which is not separated by chro
matography on alumina.

Saponification of the lactone mixture by base, fol
lowed by acidification, gave a 60% yield of a hydroxy 
acid, m.p. 191-193°; the fact that this hydroxy acid 
was converted to the y-lactone E, m.p. 150-151°, with a 
carbonyl band in Nujol at 1753 cm.-1, indicated that it 
was probably the y-hydroxy acid G.

The n.m.r. spectra of the lactones D and E showed 
that they were indeed bridged across a dimethylcyclo- 
hexane ring. Both spectra showed one unsplit methyl 
peak, at about 8.55 r, and one methyl peak split into a 
doublet at 8.95 r. The presence of the two methyl 
peaks in both lactones showed that no skeletal rear
rangement had occurred during the acid-catalyzed 
cyclization. The y-lactone E was reduced by lithium 
aluminum hydride to a diol, m.p. 158-159°, presumably 
H, which also showed two methyl groups in the n.m.r. 
spectrum, one unsplit (8.48 r) and one a doublet (8.83 
T) ■

The model bridged lactones I and J were prepared; 
their carbonyl frequencies, and those of 1) and E, are 
give in Tabic I.6

( O = o  O X o

I  J

Lactone

Carbonyl 
absorption 

in CCU, 
cm. -1

D 1748
E 1773
I 1754
J 1773

The treatment of C with reagent grade methanesul- 
fonic acid for three hours gave approximately equal 
amounts of the lactone mixture 1) and E and of the 
isomeric acid h'; the latter melted,' after crystallization 
from ethanol-water, at 155-157°, and, after a further 
crystallization from carbon tetrachloride, at 159-160°.

ldic proportion of the lactone mixture and of the 
isomeric acid obtained depended on the conditions; 
the amount of isomeric acid was decreased by short 
reaction times, and increased, most strikingly, by the 
use of practical, instead of reagent grade methanesul- 
fonic acid. The latter gave no lactone.

The n.m.r. spectrum of the isomeric acid showed the 
absence of vinyl protons and the presence of only one 
aromatic proton. One methyl group appeared as a 
singlet (8.46 r), but the other methyl was present as a 
doublet (9.40 r). The only structures consistent with 
the n.m.r. data are the bridged structures E and K. 
These structures can arise by nuclear alkylation by the 
tertiary carbonium ions formed by protonation at the 
two olefinic carbons in the cyclohexene ring.7 The

(6) The preparation of the crystalline lactone I is described by N. R.
Campbell and J. II. Hunt, J .  C h e m .  S o c . ,  1379 (1950); .1 was obtained
crystalline by E. J. Boorman and R. P. Linstead, i b i d . ,  258 (1935); see 
also M. Kilpatrick and ,J. G. Morse, ./. A m .  C h e m .  S o r . ,  75, 1846 (1953).

(7) For analogous ring closures, see R. Grewe and A. Mondon, C h e m .

B c r . .  81, 279 (1948); C. Schopf, E x p e r i e n t i a ,  5, 201 (1949); G. Wittig,
H. Tenhaeff. W. Schoch, and G. Koenig, A n n . ,  572, 7 (1951).

F-l, R = COOH 
F-2 , R = CON3 

F-3, R = N = C = 0  
F-4, R = NHCOOCHj 
F-5, R = NH 2 

F-6, R = NHCH 3 

F-7, R = N(CH3)2

melting point of the once crystallized acidic material 
showed that the material was not pure; the methyl 
ester was therefore prepared, and it was found by gas 
chromatographic analysis that two components were 
present in a 9:1 ratio. It is possible that the 9:1 ratio 
was different in the mixture before recrystallization. 
It was expected that the 2,2,2-bicyclooctane system F 
would be favored over the 3,2,1 system K, and this 
expectation was supported by degradation; l1' was 
found to be the major component.

The degradation was planned to consist of conversion 
of the carboxyl group in F to a tertiary amine, removal 
of the amino group to give the unsaturated compound 
L, and conversion of this by a reverse Diels-Alder reac
tion to the substituted naphthalene M and propylene.8

CH30 ch3 ch3o ch3
C H a O - r A f S

CH30 - X J l J j J  CH30 - X ^ A y
L M

Conversion of the acid F-l to the amine F-5 by the 
Schmidt reaction gave only a 38% yield. In an alter
native procedure, the acid was converted to the azide 
F-2 through the mixed carboxylic-carbonic anhydride9; 
the azide was rearranged to the crystalline isocyanate 
F-3 by refluxing in toluene in 86% over-all yield from 
the acid, without the isolation of any intermediates. 
Acid hydrolysis of the isocyanate, which appeared to be 
unusually unreactive, gave a 47% yield of the crude 
amine F-5. The isocyanate was converted to the 
urethan F-4 in 97%, yield by heating the toluene solu
tion with methanol for five hours with triethylamine as 
catalyst. The slow rate of reaction of the isocyanate 
group with methanol required the use of the basic cata
lyst and of the long time of heating to complete the reac
tion. The urethan was hydrolyzed only slowly to the 
amine. The bridged amine F-5 is an analog of the 
hallucinogenic amine mescaline (N).

ch3o ch3o ch3

CH3° V " i1 C H . a ^ A A f 0113
ch3o -X X l ch2ch2nh2 CH30 -X J (k X 4 o

N o

The samples of the amine F-5 obtained by various 
procedures were not homogeneous; the melting points 
varied, even after purification by sublimation. Thin 
layer chromatography of amine obtained by isocyanate 
hydrolysis showed two spots very close together, with

(8) C f .  C. A. Grob, II. Kny, and A. Cagneux, I l e l v .  C h i m .  A d a ,  40, 130 
(19571; O. Diels and K. Alder. B e - . ,  62, 2343 (1929).

(9) . ] . Weinstock. ./. O r g .  C h e m . ,  26, 3511 (1961); c f .  D. S. Tarbell and 
J. A. Price, i b i d . ,  22, 245 (1957)
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the estimated ratio of areas about 4:1 or 5:1. It is 
unlikely that the Curtins rearrangement of F-2 to F-3 
involves rearrangement of the carbon skeleton10; the 
variation in composition of the amine is probably due to 
differing rates of the various reactions involved, with 
compounds derived from the parent structures F and K.

The primary amine was treated with formaldehyde- 
formic acid,11 followed by refluxing with concentrated 
hydrochloric acid, to prepare the tertiary amine F-7. 
This yielded a mixture of amine salts, probably the 
hydrochlorides of trimethylamine and of F-7, and in 
addition 30% of a neutral oil, with a carbonyl band at 
1710 cm.-1 in the infrared, which was probably the 
ketone O. Milder reaction conditions with omission of 
the refluxing with concentrated acid yielded approxi
mately equal amounts of the tertiary amine F-7 and the 
ketone 0. This hydrolysis of the amino group during 
Clarke-Eschweiller methylation has been observed in 
other cases of bridged amines.12 A mechanism has 
been suggested, involving hydrolysis of the ¡mine.

Because the primary amine F-5 could not be converted 
to the tertiary amine F-7 in good yield, an alternative 
procedure was followed. The urethan F-4 was reduced 
by lithium aluminum hydride to the monomethylated 
amine F-6 in 75% yield, and this was converted to the 
tertiary amine by Clarke-Eschweiler methylation. 
The compounds F-6 and F-7 were not crystalline, but 
could be distinguished from each other and from the 
primary amine by thin layer chromatography.

The N-oxide was prepared from F-7 by treatment 
with 30% hydrogen peroxide for two days, and was 
degraded by the Cope procedure13 by heating at 170° 
for five hours in vacuo; dimethylhydroxylamine was 
isolated as the hydrochloride in 40% yield. The 
neutral material (isolated in 50% yield) was obtained 
crystalline after chromatography on alumina, m.p. 
75-76°; the trinitrobenzene complex had m.p. 94- 
95°. The ultraviolet spectrum indicated that the 
material was a naphthalene derivative, and its analysis 
and melting point, and the melting point of the trinitro
benzene complex indicated that it was the known14 15
l,2,3-trimethoxy-8-methvlnaphthalene (M). A sample 
of Haworth’s material was not available for comparison, 
and the required trimethoxymethylnaphthalene was, 
therefore, synthesized.

The isolation of the naphthalene M in good yield 
from the degradation establishes the structure of the 
main component of the isomeric acid as F-l; it is un
likely that the amine oxide derived from K would 
aromatize to a naphthalene derivative under the con
ditions (170°) involved in the Cope degradation.

The naphthalene M was synthesized as follows. 
/3-(2,3,4-Trimethoxybenzoyl)propionic acid (P)16 was 
treated with methylmagnesium iodide to give the 
expected lactone Q, a viscous liquid with carbonyl 
absorption at 1770 cm.-1. Some of the demethylated 
acid II was formed along with Q. Reduction of the

(10) E. S. Wallis and J. F. Lane, O r g .  R e a c t i o n s ,  3, 272 (.1946).
(11) H. T. Clarke, H. B. Gillespie, and S. Z. Weisshaus, ,/. A m .  C h e m .  

S o c . ,  55, 4571 (1933).
(12) W. E. Parkam, W. T. Hunter, R. Hanson, and T. Lahr, i b i d . ,  74, 

5646 (1052).
(13) A. C. Cope, T. T. Foster, and P. H. Towle, i b i d . ,  3929 (1949).
(14) R. D. Haworth, B. P. Moore, and P. L. Pauson. ./. C h e m .  S o c . ,  3271 

(1949).
(15) P. 1). Gardner, J .  A m .  C h e m .  S o c . .  76, 4550 (1954); R. H. F. Manske

and H. L. Holmes, i b i d . .  67, 95 (1945).

lactone Q, which may have contained some demethyl
ated acid, with zinc and formic acid16 gave the valeric 
acid S, which could be obtained crystalline and analyti
cally pure. The crude S could be used for cyclization 
with polyphosphoric acid to the tetralone T; this was 
reduced with sodium borohydride to the alcohol, which 
was dehydrated under acidic conditions to the dihydro
naphthalene U. This material was treated with di
methyl sulfate and alkali to replace any methyl groups 
lost during the cyclization of S or in the later stages. 
Then it was aromatized by heating for two hours at 
300° with palladium on charcoal; the product, after 
chromatography on alumina, melted at 73-74°, and 
showed no depression on mixture melting point with the 
naphthalene M, obtained by degradation of the acid 
F-l. Identity of the two samples of M was also indi
cated by the infrared and ultraviolet spectra.

A less extended examination was made of the prod
ucts from the action of methanesulfonic acid on the 
dimethoxyphenylcyclohexenecarboxvlic acid V, which 
was prepared in a manner similar to that used for C.

The acid V was obtained as a monohydrate; the water 
of hydration could be removed in vaevo, and treatment 
of the anhydrous acid with methanesulfonic acid gave a 
lactone mixture and an acidic material. The lactone 
mixture showed carbonyl bands in the same region in 
the infrared spectrum as the mixture of D and E, and 
hence was considered to be a mixture of the y- and
5-lactones. The acidic material contained water of 
hydration, and melted, when anhydrous, at 135-145°;

(16) R. L. Letsinger, J. D. Jamison, and A. S. Hussey, ./. O r g .  C h e m . ,  26, 
97 (1961); M. S. Newman and K. Naiki, i b i d . ,  27, 863 (1962).
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its analysis showed it was isomeric with V. The n.m.r. 
spectrum showed that the two components were not the 
2-position isomers W and X; there were two aro
matic protons occurring in a single peak, indicating that 
the aromatic protons were in nearly identical environ
ments. Therefore, the mixture was not a mixture of W 
and X, but more probably a mixture of W and Y.

It appears that a larger proportion of the 3,2,1 ring 
system was formed with the dimethoxy compound V 
than with the trimethoxy analog C. The methyl ester, 
prepared from a recrystallized sample of the mixture 
was shown by v.p.c. analysis to be a 55:45 mixture of 
two components, presumably W and Y. It appeared, 
however, that the original mixture was closer to a ratio 
of 2:1.

Experimental17
N,N-Dimethyl-3,4,5-trimethoxybenzamide.4—The crude 3,4,5- 

trimethoxybenzoyl chloride18 from 7(i g. of 3,4,5-trimet.hoxy- 
benzoic acid was dissolved in 160 ml. of benzene, and the solution 
was cooled in an ice bath. Excess anhydrous dimethylamine (80 
g., 1.8 moles) was distilled into the stirred solution through a 
delivery tube which extended below the surface. Water was 
added to dissolve the amine hydrochloride, the layers were 
separated, and the water layer was extracted with three portions 
of benzene. The combined benzene solution was dried and 
evaporated. The residue was dissolved in a mixture of 225 ml. of 
heptane and 70 ml. of benzene, and the solution was treated with 
Norit and allowed to cool. The white crystalline product ob
tained amounted to 65 g. (76%). The melting point was 76-77°.

3,4,5-Trimethoxybenzaldehyde.- A solution of lithium 
aluminum diethoxydihydride was prepared following the proce
dure of Brown.4 The ethyl acetate used was dried over potassium 
carbonate and distilled. A solution of 15.5 ml. of ethyl acetate 
in 170 ml. of anhydrous ether was added to a stirred and cooled 
solution of 6.0 g. of lithium aluminum hydride in 170 ml. of an
hydrous ether over a period of 2 hr. The resulting solution was 
then forced up into a long-stemmed dropping funnel by the use of 
nitrogen pressure. This solution was added dropwise to a well 
stirred suspension of 63 g. (0.26 mole) of N,N-dimethyl-3,4,5- 
trimethoxybenzamide in 500 ml. of anhydrous ether over a period 
of 2 hr. while the reaction flask was cooled in an ice bath. The 
reaction mixture was allowed to warm to room temperature and 
was refluxed for 2 hr. It was then poured over a mixture of 700 
g. of ice and 700 ml. of 10% sulfuric acid. Benzene (350 ml.) 
was added to dissolve the product, the layers were separated, 
and the aqueous phase was extracted with three 350-ml. portions 
of benzene. The benzene extracts were added to the benzene- 
ether solution, and this solution was dried and evaporated, 
leaving an orange oil residue. The residue was dissolved in hot 
ethanol-water (1:1), and the solution was treated with Norit 
and cooled. The colorless plates obtained amounted to 30.6 g. 
(60%) with m.)). 73-74°; lit.19 m.p. 74-75°.

2-(3,4,5-Trimethoxyphenyl)-4,5-dimethyl-A4-cyclohexenecar- 
boxylic Acid (C).—In a high-pressure hydrogenation bomb was 
placed 60 ml. of anhydrous xylene, 24.6 g. of 3,4,5-trimethoxy- 
einnamie acid,5 24.6 g. of 2,3-dimethylbutadiene, and 0.3 g. of 
hydroquinone. The bomb was heated at 175° in a rocker for 12 
hr. The bomb was cooled, the contents poured out, and the 
inside washed out with portions of warm xylene. The combined 
xylene solution was heated on a steam bath, treated with Norit, 
and the filtered xylene solution was extracted with three 70-ml. 
portions of 10% sodium bicarbonate. In some runs a colloidal 
dispersion resulted. The bicarbonate solution was cooled in ice 
and acidified with dilute hydrochloric acid. The solid material

(17) All melting points are uncorrected. Microanalyses are by V. Lander- 
you in this laboratory and by Micro-Tech Laboratories. Infrared spectra 
were obtained on a Perkin-Elmer Model 21 spectrophotometer. The ultra
violet spectra were taken on a Beckman DU spectrophotometer. Nuclear 
magnetic resonance spectra were obtained on a 60-Mc. Varian instrument. 
We are indebted to Dr. L. D. Colebrook for the n.m.r. spectra and for 
assistance in their interpretation.

(18) Prepared following Rapoport, e t  a l . ,  J .  A m .  C h e m .  S o c ., 73, 1414 
(1951).

(19) D. S. Tarbell, H. T. Huang, and H. R. V. Arnstein, i h i d . ,  70, 4181 
(1948).

obtained w;is recrystallized from ethanol-water (1: 1) to give 21 
g. (66%) of white, finely crystalline product with m.p. 137-138°.

Anal. Calcd. for CisHidY: C, 67.48; H, 7.55. Found:
C, 67.42; H, 7.48.

The methyl ester melted, after crystallization from dilute 
methanol, at 74.5-75.5°.

Anal. Calcd. for Ci9H260s: C, 68.24; H, 7.84. Found:
C, 67.91; H, 7.39.

The p-nitrobenzyl ester melted at 118.5-119.5°.
Anal. Calcd. for C2;H23N07: C, 65.92; H, 6.42. Found: 

C, 65.53; H, 6.28.
Reaction of 2-(3,4,5-Trimethoxyphenyl)-4,5-dimethyl-A4- 

cyclohexenecarboxylic Acid with Methanesulfonic Acid.—To 1.0
g. of 2-(3,4,5-trimethoxyphenyl)-4,5-dimethyl-A4-eyelohexene- 
carboxylic acid (C) was added 6 ml. of reagent grade methane- 
sulfonic acid. The solid dissolved quickly to give a reddish 
brown solution which was allowed to stand at room temperature 
for 3 hr. The reaction mixture was then poured onto 15 g. of 
cracked ice, and a white solid precipitated immediately. This 
material was filtered off, washed with water, and the sticky solid 
obtained was dissolved in about 20 ml. of ether.

A. The Tricyclic Acids (F and K).—The ether solution from 
the foregoing procedure was extracted with three portions of 10% 
sodium bicarbonate solution; the extracts were combined and 
acidified with dilute hydrochloric acid to give a sticky solid. 
This material was recrystallized from ethanol-water (1 :1) to give 
0.3 g. of white crystals with m.p. 155-157°. A second recrystal
lization from carbon tetrachloride gave fine white needles with 
m.p. 159-160°. The analysis was carried out on a sample of F 
recrystallized from dilute acetic acid.

Anal. Calcd. for CisIE/L: C, 67.48; H, 7.55. Found: C, 
67.29; H, 7.45.

The p-nitrobenzyl ester melted at 156-157° after crystalliza
tion from ethanol.

Anal. Calcd. for 0 25H29N0 7: C, 65.92; H, 6.42. Found: 
C, 65.68; H, 6.37.

Saponification of this ester produced the same acid from which 
it had been prepared.

The n.m.r. spectrum of the tricyclic acid F showed that there 
was only one aromatic hydrogen in-the compound, and that the 
two methyl groups were not equivalent. One methyl group 
was unsplit, and the other was split into a doublet. The spec
trum also showed the absence of vinyl protons.

The ultraviolet spectrum contained a maximum at 278 mp (log 
e 3.17) and end absorption at 210 mp.

The methyl ester of the once-recrystallized tricyclic acid was 
prepared by refluxing a solution of the acid in methanol containing 
2% sulfuric acid. The colorless needles obtained after recrystal
lization had m.p. 109-110°. A gas chromatographic analysis of 
the ester on a 5-ft. SE-30 column at 200° showed the presence of 
two compounds, presumably the methyl esters of F and K, in a 
9 :1 ratio.

B. The Mixture of 5- and y-Lactones (D and E).—The ether 
solution remaining from the bicarbonate extraction was dried 
over magnesium sulfate and evaporated to give 0.35 g. of a sticky 
solid. This material was recrystallized from diluted methanol to 
give 0.2 g. of colorless crystals with m.p. 132-134°. Repeated 
recrystallizations from methanol gave nicely formed prisms 
which melted between 135 and 140°.

An infrared spectrum of this material in solution (1% in carbon 
tetrachloride) contained two peaks in the carbonyl region at 
1775 and 1755 cm.“1. An infrared spectrum of a Nujol mull 
contained carbonyl peaks at 1753 and 1720 cm.“1. Elementary 
analysis of the lactone mixture agreed with the expected value 
for D or E.

The mixture of S- and y-lactones (200 mg.) was dissolved in a 
petroleum ether-benzene solution and chromatographed on a 
30-g. column of activity grade II neutral alumina. Elution with 
2% ether in benzene gave 85 mg. of material in seven fractions. 
The material in the early fractions (40 mg.) consisted of a single 
lactone D with m.p. 156-157°. The infrared spectrum (Nujol 
mull) contained a single carbonyl peak at 1720 cm.“1. A solution 
infrared spectrum (carbon tetrachloride) contained a carbonyl 
peak at 1748 cm.“1.

Anal. Calcd. for C,»H2)Os: C, 67.48; H, 7.55. Found (D): 
0,67.65; 11,7.85.

Formation of the Hydroxy Acid G by Saponification of the 
Lactone Mixture.—Some of the recrystallized mixture of &- and 
y-lactones (170 mg.) was heated on the steam bath in 10 ml. of 2
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A sodium hydroxide until it all dissolved (2.5 hr.). The cooled 
solution was then acidified with dilute hydrochloric acid, and the 
precipitate was collected and washed with portions of warm ether. 
The amount of hydroxy acid obtained was 110 mg., m.p. 191- 
193°.

Anal. Calcd. for CigHzeO«: C, 63.89; H, 7.75. Found: C, 
63.56; H, 7.52.

Lactonization of the Hydroxy Acid G.—The hydroxy acid (100 
mg.) was dissolved in 2 ml. of glacial acetic acid while warmed on 
a steam bath. Five drops of 10% sulfuric acid was added, and 
the solution was heated on the steam bath for 30 min. The 
solution was diluted with 2 ml. of water and cooled in the re
frigerator. The colorless crystals that formed were filtered off 
to give 50 mg. of the 7-lactone E, m.p. 150-151°. The melting 
point of this lactone was depressed by mixture with the 6-lactone 
D.

Anal. Calcd. for Cl8H240 6: C, 67.48; H, 7.55. Found (E): 
C, 67.77; H , 7.52.

The infrared spectrum of lactone E showed a single carbonyl 
peak at 1753 cm.-1; in carbon tetrachloride the carbonyl peak 
was at 1775 cm. when measured on a Perkin-Elmer Model 21 
spectrometer; with a Perkin-Elmer Model 421, the compound in 
carbon tetrachloride showed a doublet at 1787 and 1775 cm.-1.

Preparation of the Tricyclic Amine F-5 from the Tricyclic Acid 
F-l by a Schmidt Reaction.—The reaction was conducted in a 
100-ml. three-neck flask equipped with a stirrer, dropping funnel, 
and reflux condenser. A gas outlet tube was connected to the 
top of the condenser, and the tube led to a column of water in a 
graduate cylinder inverted in a beaker of water. The tricyclic 
acid F-l (1.0 g.) was dissolved in 10 ml. of chloroform and to the 
stirred and cooled solution was added 2 ml. of concentrated sul
furic acid. The hydrazoic acid solution20 (3.0 ml.) was then 
added dropwise to the reaction mixture. The mixture was al
lowed to warm to room temperature, and the reaction was 
stopped when 140 cc. of gas was collected in the water column. 
At this time the sulfuric acid layer was colored dark brown. 
The acid layer was separated from the chloroform and poured into 
15 ml. of ice-water. The brown precipitate which formed was 
collected, and it amounted to 0.67 g. (m.p. 180-185°).

The solid was placed in an aqueous sodium hydroxide solution, 
ether was added, and the mixture was stirred with a magnetic 
stirrer. The yellow ether layer was separated and the brown 
aqueous solution was extracted with two more portions of ether. 
The ether extracts were combined, dried, and evaporated to give 
0.35 g. (38%) of yellow oil which solidified overnight in the re
frigerator. This material was sublimed under aspirator vacuum 
at an oil-bath temperature of 140° to give fine white crystals with 
m.p. 112-115°.

The hydrochloride of this amine was prepared, and it was re
crystallized from ethyl acetate-methanol to give colorless 
needles with m.p. 204-208°.

Anal. Calcd. for C17H56O3NCI: C, 62.28; H, 7.99. Found: 
C, 62.17; H, 8.05.

Reaction of the Tricyclic Amine F-5 with Formaldehyde and 
Formic Acid.21—A round bottom flask containing 110 mg. of the 
crude tricyclic amine was cooled in ice, while 0.2 ml. of 90% 
formic acid and 0.2 ml. of 38% formaldehyde were added sepa
rately. The reaction mixture was then heated on a steam bath 
under a reflux condenser for 20 hr. At the beginning of the last 
hour of heating, 0.04 ml. of concentrated hydrochloric acid was 
added. The solvent was removed under vacuum and a 25% 
sodium hydroxide solution was added to the yellow residue. A 
volatile amine was produced, and a yellow solid remained undis
solved in the basic solution, hither was added to dissolve the 
solid, and the aqueous solution was extracted with two more 
portions of ether. The ether solution was extracted with three 
portions of 10%, hydrochloric acid and then dried over sodium 
sulfate. The ether solution was evaporated to give 33 mg. of a 
pale yellow oil which showed carbonyl absorption in the infrared 
at 1710 cm.-1. A small portion of this neutral material was 
treated with 2 ,4-dinitrophenylhydrazine reagent. A precipitate 
was formed, but it could not be purified.

The acid extract was evaporated and the residue was treated 
with ethyl acetate to give a white solid which gave a positive 
chloride test with silver nitrate. A recrystallization from ethyl 
acetate-methanol gave colorless needles with m.p. 170-175° dec.

(20) H. Wolff, O r g .  R e a c t i o n s ,  3, 327 (1946).
(21) M. L. Moore, i b i d . ,  5, 323 (1949).

Another batch of crude tricyclic amine was treated with form
aldehyde and formic acid for 10 hr., and the reaction was not 
heated with hydrochloric acid during the last hour. Work-up of 
this reaction gave nearly equal amounts of the ketone and the 
N,N-dimethyltricyclic amine F-7.

Preparation of the Tricyclic Isocyanate F-3.—The procedure 
used was similar to one used by Weinstoek.9 The tricyclic acid 
F-l (1.3 g.) was placed in 1.0 ml. of water and acetone was 
added until solution occurred. The solution was stirred with a 
magnetic stirrer and cooled in an ice-salt bath while triethyl- 
amine (0.73 ml.) in 10 ml. of acetone was added. A solution of 
ethyl chloroformate (0.50 ml., 0.005 mole) in 2.0 ml. of acetone 
was then added slowly. During this addition, the solution be
came milky white. The mixture was stirred for 0.5 hr. while 
cooled at 0°, and then a solution of sodium azide (0.34 g.) in
2.0 ml. of water was added. The reaction gave good yields only 
with sodium azide purchased from Matheson Coleman and Bell. 
The reaction mixture first became clear and then became milky 
white again. The mixture was stirred at 0° for 1.5 hr. and then 
poured into ice-water. An oil first separated from the cloudy 
solution, and it then solidified. The azide was extracted from 
the aqueous mixture into three portions of toluene and the com
bined toluene extracts were dried. The toluene solution was then 
added slowly to a flask equipped with a stirrer while the flask 
was heated on a steam bath. When the evolution of gas had 
ceased, the toluene solution was evaporated to give 1.1 g. (86%) 
of pale yellow plates with m.p. 105-109°. The infrared spectrum 
(Nujol) of this material contained a peak at 2222 cm . -1 due to the 
isocyanate group.22

Preparation of the Methylcarbamate F-4.—The toluene solu
tion obtained in a preparation of the isocyanate was concentrated 
to about 25 ml., and 10 ml. of methanol and 1 drop of triethyl- 
amine were added. The solution was heated on the steam bath 
under a reflux condenser for 5 hr. Evaporation of the solution 
left 1.18 g. of viscous pale yellow material. The infrared spec
trum contained an N-H peak at 3260 cm. -1 and a carbonyl peak 
at 1690 cm.-1. The material later crystallized to give almost 
colorless prisms with m.p. 115-120°. The yield was 97%.

Preparation of the Tricyclic Amine F-5 from the Isocyanate.— 
The tricyclic isocyanate F-3 (1.1 g.) was refluxed for 2.5 hr. in 8 
ml. of 20% hydrochloric acid. The solid went into solution after 
a short time during the heating. Evaporation of the solution 
gave 1.2 g. of a glassy material, which was dissolved in water and 
the solution filtered. The aqueous solution was then stirred with 
ether and enough 20% sodium hydroxide was added to make it 
strongly basic. The basic solution was extracted twice more with 
ether and the pale purple ether solution obtained was dried over 
magnesium sulfate. Evaporation of the ether solution gave 0.47 
g. (47%) of viscous yellow-orange liquid which solidified after 
standing a few days. After some seed crystals of the amine were 
placed on the cold finger of the sublimation apparatus, the 
material was sublimed under aspirator vacuum at an oil-bath 
temperature of 140°. The material was sublimed in batches 
totaling 0.3 g. to give 0.2 g. of fine white crystals with m.p. 104- 
109°.

Anal. Calcd. for C17H23O3N: C, 70.07; H, 8.65. Found: 
C, 70.06; H, 8.57.

Thin-layer chromatography of this amine (1% in ethanol) 
on silica gel G, using 1-butanol-acetic acid-water solvent, pro
duced a separation of the two isomers. The ratio of the areas 
of the spots appeared to be 4:1 or 5:1. The Rt values were 0.65 
and 0.69, respectively.

Preparation of the Tricyclic Amine F-5 from the Methylcarba
mate.—The crude methylcarbamate (1.1 g.) was placed in 5 ml. 
of 10% sodium hydroxide, and 5 ml. of ethanol was added to give 
a clear solution. The solution was refluxed for 4 hr., and the 
ethanol was evaporated to leave an oil in the reaction solution. 
The mixture was extracted three times with ether and the ether 
was dried. Evaporation gave an oil which showed carbonyl ab
sorption in the infrared.

The oil was redissolved in basic aqueous ethanol and refluxed 
for 12 hr. more. Work-up as before gave 0.5 g. of oil which 
solidified overnight. This material still showed some carbonyl 
absorption in the infrared. The material was sublimed to give 
white crystals with m.p. 110-114°. Treatment with phenyl iso
thiocyanate gave the phenylthiourea derivative, which was re- 
crystallized to give fine white needles with m.p. 185-188°.

(22) H. Hoyer, C h e m .  B e r . ,  89, 2677 (1956).
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Preparation of the N-Methyl Tricyclic Amine F-6 .—The 
methylcarbamate F-4 (1.05 g.) was dissolved in 15 ml. of an
hydrous ether, and the solution was added dropwise to a stirred 
solution of 0.23 g. of lithium aluminum hydride in 15 ml. of an
hydrous ether. The reaction mixture was refluxed for 21 hr. and 
was decomposed with wet ether. Enough 50% potassium hy
droxide solution was added to form an aqueous layer containing 
the aluminum salts. The ether solution was separated and the 
aqueous layer was extracted with two more portions of ether. 
The ether solution was dried over potassium carbonate and 
evaporated to give 0.7 g. of viscous orange liquid. An attempt to 
sublime some of this material failed to give any crystalline prod
uct. The material gave a positive Hinsberg test for a secondary 
amine but failed to give a derivative with phenyl isothiocyanate. 
Thin-layer chromatography of this amine (1% in ethanol) using 
the 1-butanol-acetic acid-water solvent gave a single spot with 
Ri value 0.58.

Preparation of the N,N-Dimethyl Tricyclic Amine F-7.—The
N-methyl tricyclic amine F-6 (0.5 g.) was placed in a flask with 
0.45 ml. of 90% formic acid and 0.3 ml. of 38% formaldehyde. 
This mixture was heated on a steam bath under a reflux condenser 
for 8 hr. The flask was cooled, 0.28 ml. of 6 N hydrochloric acid 
was added, and the excess of formaldehyde and formic acid was 
removed under vacuum. Water was added to the residue and the 
aqueous solution (containing some insoluble material) was ex
tracted with two portions of ether. This ether solution was dried 
and evaporated to give 0.06 g. of neutral oil which was not char
acterized.

The aqueous solution was stirred with ether, while enough 
sodium hydroxide solution was added to make it strongly basic. 
The solution was extracted with two more portions of ether and 
the ether solution was dried. Evaporation of the ether gave 0.4 
g. of pale yellow viscous liquid.

Thin layer chromatography of this material (1% in ethanol)- 
using the 1-butanol-acetic acid-water solvent gave a single spot 
with lit value 0.46.

Thin layer chromatography of mixtures of the tricyclic amine, 
N-methyl tricyclic amine, and N,N-dimethyl tricyclic amine gave 
three distinct spots at precisely the same R f values as determined 
individually.

Preparation and Decomposition of the N-Oxide of the N.N-Di- 
methyl Tricyclic Amine F-7.—The N,N-dimethyltricyclic amine 
F-7 (350 mg.) was dissolved in 1 ml. of methanol, 0.45 ml. of 30% 
hydrogen peroxide was added to the cooled solution, and the reac
tion solution was allowed to stand for 24 hr. at room temperature. 
Another 0.45 ml. of 30% hydrogen peroxide was added, and the 
solution was allowed to stand for 24 hr. more. The excess per
oxide was decomposed with platinum foil (1 cm.2). When the 
decomposition slowed down after standing overnight, a small drop 
of an aqueous solution of-catalase was added.

The solution was transferred to a flask connected to a vacuum 
distillation apparatus. The methanol was removed under vacuum 
at room temperature and then the remaining solution was heated 
at 75° under 15-mm. pressure to remove the water (collected in a 
Dry Ice trap). The remaining material was heated for 5 hr. at 
170° under 15-mm. pressure; it became brown during this time. 
Colorless material was collected in the Dry Ice trap. Nothing 
was collected in the receiving flask from the water condenser.

Ether and a 2 N solution of hydrochloric acid were added to 
the material in the trap and the two layers were shaken and 
separated. The ether solution was shaken with another portion 
of 2 A' hydrochloric acid, and the combined acid solutions were 
extracted with two portions of ether. This procedure was also 
followed in working up the material in the pot.

The dried ether solution from the trap was evaporated, leaving 
no material. The acid solution was evaporated to give 33 mg. 
of white solid, m.p. 100-103°. Recrystallization from ethanol- 
ether gave colorless rods of N,N-dimethylhydroxylamine hydro
chloride with m.p. 107-108°.23 The yield of this material was 
40% based on recovered starting material.

The acid solution from the pot was evaporated to give a glassy 
material. This was dissolved in water, and the solution was 
made strongly basic and extracted with ether. The dried ether 
solution was evaporated to give 70 mg. of the amine starting 
material.

The dried ether solution from the pot was evaporated to give 
100 mg. of orange oil which showed mainly carbon-hydrogen

(23) A. C. Cope, R. A. Pike, and C. F. Spencer,- J. Am. Chem. Soc., 75,
3212 (1953).

peaks in the infrared. The ultraviolet spectrum contained 
maxima at 236 mg (log e 4.42). 280 (3.46), 312 (2.75) sh, and 328 
(2.67). A 35-mg. portion of this material was chromatographed 
on activity grade II alumina, and 25 mg. of colorless oil was ob
tained. A portion of this material was crystallized from hexane 
to give 5 mg. of colorless prisms, m.p. 75-76°; lit. 11 melt
ing point of 1,2,3-trimethoxy-8-methylnaphthalene is 73-75°.

Anal. Calcd. for CnHi60 3: C, 72.39; H, 6.94. Found: 
C, 72.23; H, 7.05.

A derivative with s-trinitrobenzene was prepared and crystal
lized from methanol to give orange plates with m.p. 94-95°; 
lit.11 m.p. 91.5-93°.

Reaction of 2,3,4-Triinethoxybenzoyl ¡propionic Acid (P) 
with Methylmagnesium Iodide.—To 0.5 g. of magnesium turn
ings was added 15 ml. of anhydrous ether and 5 g. of methyl 
iodide. When the reaction was complete, the solution was added 
dropwise to a stirred solution of 2.0 g. of /3-(2,3,4-trimethoxy- 
benzoyl)propionic acid15 in 50 ml. of dr}' benzene. A yellow 
complex separated as the tirignard reagent was added. The 
reaction mixture was stirred at room temperature for 4 hr. and 
then refluxed for 3 hr. The complex was decomposed with 10% 
hydrochloric acid. The organic layer was separated, and the 
aqueous solution was extracted with four portions of ether. The 
organic solutions were combined and extracted with three portions 
of 10% sodium carbonate solution. The organic solution was 
dried over anhydrous copper sulfate and evaporated to give 0.8 
g. of viscous orange liquid which showed lactone carbonyl ab
sorption in the infrared at 1770 cm.“1. This lactone Q of 7- 
hydroxy-y-(2,3,4-trimethoxyphenyl)valeric acid was not purified 
further but was used directly in the next reaction.

The combined sodium carbonate extracts were acidified with 
hydrochloric acid to give 0.25 g. of brown solid. This material 
was recrystallized from water-ethanol with Norit treatment to 
give pale yellow needles of 0-(2-hydroxy-3,4-dimethoxybenzoyl)- 
propionic acid (R) with m.p. 154-155°; lit.24m.p. 152°.

Anal. Calcd. for C^HuO«: C, 56.69; H, 5.55. Found: C, 
56.63; H, 5.62.

7-(2 ,3,4-Trim ethoxy phenyl ¡valeric Acid (S).—The crude 
lactone of 7-hydroxy-7-(2,3 ,4-trimethoxyphenyl)valerie acid 
(0.2 g.) was refluxed for 12 hr. with 3 ml. of 90% formic acid, 
0.5 ml. of water, and 0.5 g. of zinc dust, then cooled and filtered. 
The formic acid solution was diluted with water and was placed in 
the refrigerator. After about, 7 days a colorless crystalline solid 
separated. The amount was 70 mg. with m.p. 75-76°.

Anal. Calcd. for OnHwO,: C, 62.67; H, 7.51. Found: C, 
62.64; H, 7.55.

4-M ethyl-5,6 ,7-trimethoxy-l-keto-l ,2,3,4-tetrahydronaph- 
thalene (T).—The crude 7-(2 ,3 ,4-trimethoxyphenyl)valeric acid 
(300 mg.) was heated with 10 g. of polyphosphoric acid at 70-80° 
for 30 min. At the end of this time the color of the reaction mix
ture was an orange-brown. The reaction mixture was worked up 
with 30 g. of ice-water, and the cloudy solution was allowed to 
stand in the refrigerator for a few days. The aqueous solution 
was then poured off, and the remaining sticky material was dis
solved in ether.

The ether solution was extracted with three portions of 10% 
sodium carbonate solution anc then dried over magnesium sulfate. 
Evaporation of the ether gave 60 mg. of a yellow oil which con
tained a carbonyl peak in the infrared spectrum at 1670 cm.-1. 
The infrared spectrum also contained a broad hydroxyl peak at 
3390 cm.-1. This indicated that the product was partially de- 
methylated. The material could not be purified by chromatog
raphy or attempted crystallization.

1-Methyl-6 ,7,8-trimethoxy-l,2-dihydronaphthalene (U).—The 
crude tetralone (60 mg.) was dissolved in 5 ml. of methanol, and 
to this solution was added 100 mg. of sodium borohydride in 
aqueous methanol. The reaction mixture was stirred at room 
temperature for 14 hr. and then refluxed for 30 min. To this 
solution was added 4 ml. of 1 -V hydrochloric acid, and the solu
tion was stirred for 1.5 hr. The methanol was removed under 
vacuum and ether was added to the cloudy solution. The layers 
were separated and the aqueous solution was extracted with three 
portions of ether. The ether solutions were combined, dried, and 
evaporated to give 50 mg. of semisolid. The infrared spectrum 
contained no carbonyl peak and had two broad hydroxyl peaks at 
3400 and 3240 cm.-1. This hydroxy compound (50 mg.) was 
placed in 5 ml. of 10% sulfuric acid, and enough ethanol was 
added to effect solution. The solution was heated on a steam

(24) P. M itter and S. De, J . Indian Chem. Soc., 16, 35 (1939).
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bath under a reflux condenser for 4 hr. Most of the ethanol was 
then removed under vacuum leaving a milky white aqueous solu
tion.

A solution of sodium hydroxide in water was added to the 
mixture until the oily material dissolved and the solution was 
basic. Dimethyl sulfate (5 drops) was then added and the solu
tion was heated on a steam bath for 30 min. Enough sodium 
hydroxide solution was added to make the reaction solution basic 
again, 5 drops more of dimethyl sulfate were added, and the solu
tion was heated for 30 min. more. At the end of this time an oil 
had separated from the reaction mixture. The basic solution was 
extracted with three portions of ether, and the ether solution was 
dried and evaporated to give 35 mg. of an orange oil which had“' 
only a small hydroxyl peak in the infrared. The ultraviolet 
spectrum contained maxima at 224 ium (log f 4.34), 269 (3.88), 
276 (3.87) sh, and 307 (3.22) sh.

1,2,3-Trimethoxy-8-methylnaphthalene (M).—The dihydro
naphthalene was heated with 5 mg. of 10% palladium on charcoal 
under nitrogen for 2 hr. at 280-310°. The product was dissolved 
in benzene, the solution was filtered, the charcoal was washed 
with more benzene, and the combined benzene solution was evap
orated to give 18 mg. of orange oil. The infrared spectrum of 
this material was essentially identical to the infrared spectrum of 
the crude material obtained in the decomposition of the N-oxide 
from F-7. The ultraviolet spectrum of this material showed 
maxima at 235 m/i (log e 4.55), 280 (3.59), 313 (3.06) sh, and 
328 (2.95). The material was dissolved in benzene-petroleum 
ether and eluted through activity grade II alumina. A yellow 
oil (9 mg.) was obtained which was crystallized from hexane to 
give 4 mg. of yellow crystals, m.p. 73-74°; lit.14 m.p. 73-75°.
A mixture melting point of this material with the recrystallized 
material from the N-oxide decomposition was 73-74°.

2-(3,4-I imethoxyphenyl)-4,5-dimethyl-A4-cyclohexenecar- 
boxylic Acid (V).—In a small high-pressure hydrogenation bomb 
were placed €0 ml. of anhydrous xylene, 24 g. of 3,4-dimethoxy- 
cinnamic acid,25 23.8 g. of 2,3-dimethylbutadiene, and 0.3 g. of 
hydroquinone. The bomb was heated at 175° in a rocker for 13 
hr. The bomb was then opened, the contents poured out, and 
the solid remaining in the bomb was washed out with portions of 
warm xylene. The solid was filtered off and the xylene solution 
was allowed to stand. More solid precipitated and this too was 
filtered off and added to the other solid material. This material 
was recrystallized from ethanol-water (1:1) to give white needles 
with m.p. 92-97°.

The xylene solution was extracted with 10% sodium bicarbon
ate solution, but this was unsatisfactory because of the formation 
of colloidal dispersions. Extraction with lithium carbonate solu
tion also produced the same results. The extract solutions that 
were obtained (after settling) were acidified to give a white solid. 
This was recrystallized from ethanol-water (1:1) to give the same 
white needles obtained previously.

The infrared spectrum of this material contained a strong 
hydroxyl peak at 3300 c m r1. The neutralization equivalent 
(308) and analysis indicated that the product was a hydrate.

Anal. Calcd. for C„H220 4 H20: ( ’,66.21; H, 7.85. Found: 
C, 66.13; H, 7.73.

The total yield of this hydrated product was 19.2 g. (62%).
(25) Prepared in 60% yield by condensation of veratricaldehyde with 

inalonic acid in pyridine with piperidine catalyst, m.p. 183-184°. G. Lock 
and E. Bayer, B e r . .  72, 1070 (1939), report m.p. 181°.

A sample of this material was heated in a drying pistol with 
refluxing acetone under aspirator vacuum for 48 hr. The mate
rial obtained had m.p. 107-108°. The infrared spectrum con
tained no peak at 3300 cm.“1.

Anal. Calcd. for CnH220 4: C, 70.32; H, 7.64. Found: C, 
70.40; H, 7.82.

Reaction of 2-(3,4-Dimethoxyphenyl)-4,5-dimethyl-A4-cyclo- 
hexenecarboxylic Acid with Methanesulfonic Acid.—A 1.0-g. 
sample of the hydrate of 2-(3,4-dimethoxyphenyl)-4,5-dimethyl- 
A4-cyclohexeneearbo\ylic acid was heated in a drying pistol under 
aspirator vacuum for 48 hr. The material obtained (0.95 g.) 
melted at 107-108°.

The anhydrous acid was placed in 6 ml. of reagent grade meth
anesulfonic acid. The solid dissolved immediately to give a 
cherry red solution. The solution was allowed to stand at room 
temperature for 3 hr., during which time the color became dark 
brown. The reaction solution was poured over 15 g. of cracked 
ice, and the white precipitate was collected and dissolved in 
ether.

A. The Dimethoxy Tricyclic Acids W and Y.—The ether 
solution was extracted with three portions of 10% sodium bicar
bonate, and the extracts were combined and acidified with dilute 
hydrochloric acid. The solid obtained was recrystallized from 
ethanol-water (1:1) to give 0.57 g. of white crystalline product. 
The material melted low and over a large range, and the infrared 
spectrum (Nujol) contained a peak at 3400 cm. *. Some of this 
material was heated under aspirator vacuum in a drying pistol for 
60 hr., and the solid obtained had m.p. 135-145°. The in
frared spectrum contained no peak at 3400 cm. _1. Recrystalliza
tion of some of this acid from carbon tetrachloride gave colorless 
needles with m.p. 80-90°. When heating was continued with the 
melting point block, square crystals formed in the melt and these 
crystals remelted at 135-145°. Chromatography of the acid 
melting at 135-145° on silica gel gave material which had the 
same melting-point range as the unchromatographed material.

Anal. Calcd. for 0„H 220 4: C, 70.32; H, 7.64. Found: C, 
70.61; H, 7.50.

The methyl ester of the dimethoxy tricyclic acid was prepared 
by refluxing a solution of the acid in methanol containing 2% 
sulfuric acid. The colorless liquid obtained was chromato
graphed on silica gel. All fractions of material obtained had 
identical infrared spectra. The chromatographed material was 
crystallized from an ethanol-water solution to give colorless 
prisms with m.p. 87-92°.

A gas chromatographic analysis of the ester on a 5-ft. SE-30 
column at 195° showed the presence of two compounds in relative 
amounts of 45% and 55%.

The n.m.r. spectrum of the ester confirmed the ratio of the two 
compounds as determined by the gas chromatographic analysis.

B. The Lactone Mixture.—The ether solution remaining from 
the bicarbonate extraction was dried over magnesium sulfate and 
evaporated to give 0.05 g. of pale yellow oil which could not be 
crystallized.

When a sample of the hydrate of the cyclohexenecarboxylic ' 
acid was used in place of the anhydrous acid, 0.1 g. of neutral 
solid was obtained from the ether solution. A recrystallization 
of this material from dilute methanol gave white crystals with 
m.p. 138-143°. An infrared spectrum of this material as a 
Nujol mull contained a peak in the carbonyl region at 1722 cm.“1, 
with a shoulder at 1755 cm. “b
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S tu d ie s  D irec ted  tow ard  th e  T o ta l S y n th e s is  o f  
A zastero id s. I. 3 ,4 -C y c lo p e n te n o -5 ,6 -d ih y d r o p y r id in es  

and  6 ,6 -T e tr a m e th y le n e -5 ,6 -d ih y d r o -l ,3 -o x a z in e s1 3

A. I. Meyers, .J. Schneller, and X. K. Ralhan 
D e p a r tm e n t o f  C h e m is tr y , L o u is ia n a  S ta te  U n iv e r s ity , S e w  O rlea n s, L o u is ia n a  

R eceived  A p r i l  11, 1U6S

A study designed to obtain the azasteroid system by the condensation of suitably substituted nitriles with 
unsaturated tertiary alcohols in sulfuric acid lias led initially to unexpected products identified as 2-substituted 
6,6-tetramethylene-5,6-dihydro-l,3-oxazines (VII). The conditions favoring the formation of these products 
were found to be a function of the water activity in sulfuric acid. Decrease of the water activity led to exclusive 
formation of the desired azasteroidal precursor, a 3,4-cyclopenteno-5,6-dihydropyridine, presumably through 
the stabilized azoearbonium ion. The yield of the dihydropyridine was found to be quite low when the unsatu
rated alcohol XHIb was employed (19%) but was increased to 70% when the corresponding glycol XVIII was the 
starting material. A study of the reduction products of the dihydropyridine was performed to test the feasibility 
of this ring system as a useful model in the steroid approach.

For several years, a study has been in progress which 
has extended the scope of the Ritter N-alkyl amide 
synthesis4 to the preparation of a wide variety of X- 
heterocyclic compounds of the types I and II. The 
experimental conditions leading to I involved the treat
ment of a tertiary alcohol derivative containing an addi
tional nucleophilic substituent with an alkyl or aryl 
nitrile in cold concentrated sulfuric acid. By employ
ing R-, 7-, or 5-halonitriles with the tertiary alcohols, 
bicyclic bases II were produced by merely allowing the 
reaction to proceed to I followed by partial neutraliza
tion of the sulfuric acid solvent to a suitable pH (3-6) 
and adding sodium borohydride to obtain la. Alka
line treatment then gave II. The latter series of prod
ucts were, therefore, produced in a single synthetic 
operation which did not require the isolation of inter
mediates I and la.

R ^ R
/ \ n u  ;n = c- r ‘ (CH2)n O H ------

AH

I K / R
/c u  \ N =C —R (Vn2)n 0

X AH

A = o, s, ;C = CI; 
n = 1, 2
II = c h 3, c a t
R l = alkyi, aryl, haloalkyl

R R ®
■NH(CHsM I,

^ A ' ^ R 1

I

NaBH„ 
pH 3-6

(c h 2; n h 2

l a

-R'

To date, this method has led to the convenient prepara
tion of o,6-dihydro-l ,3-thiazincs,6 o,fi-dihydro-l,3-oxa- 
zines,67 2-thiazolines,5 8 5,6-dihydropyridines,8 1-pyr

i n  A preliminary report of this study has already appeared: L. M. Tre- 
fonas, ,1. Schneller, and A. I. Meyers, T e t r a h e d r o n  L e t t e r s ,  22, 785 (1(161).

(2) Presented before the Organic Division at the Southeastern Regional 
Meeting of the American Chemical Society, Oatlinburg, Tenn., November 
1-3, 1962.

(3) Supported by funds granted by the National Institutes of Health, 
RO-6248IC2).

(■!> J. .J. Ritter and P. P. Minieri, J .  A m .  C h e m .  S e c . ,  70, 4045, 4048 (1948).
(5) A. I. Meyers, . 1 .  O r g .  C h e m . ,  25, 1147 (19611.
(6) (a) A. I. Meyers, i b i d . ,  25, 147 (1960); (b) E. J. Tillmanns and J. J. 

Ritter, ¡ b i d . ,  22, 839 (1957).
(7) A. I. Meyers, i b i d . ,  25, 218 (1961).
(8) J. J. Ritter and A. I. Meyers, i b i d . ,  23, 1918 (1958).

rolines,8'9 and 1-azabicycloalkancs10 in over-all yields of 
40% or higher. The use of dinitriles11 in this ring 
closure reaction led to a,u-bis(X-lieterocyclyl)alkanes 
derived from series I.

On the basis of the aforementioned studies, it soon 
became evident that this method could also..be applied 
to the total synthesis of a variety of novel azasteroids 
if the proper starting materials could be obtained. A 
plan of approach (Chart I) was devised which required 
compounds containing relatively simple structural 
features. By treating c»s-2-(2-cyanoethyl)chlorocyclo- 
hexane with the a-( l-cy2lopentenyl)-/-alkanol in cold 
concentrated sulfuric acid, it was anticipated that the 
initial product would be the 3,4-cyclopentenodihydro- 
pyridine derivative III which could be reduced in a 
weakly acidic solution to the tetrahydropyridine IV. 
Further neutralization with sodium hydroxide would 
allow intramolecular alkylation to occur (presumably 
with some concurrent elimination) resulting in the 
racemic 9-azasteroid Y possessing a trails-AB ring fu
sion. Examination of the structure of V indicates that 
it represents a molecule with several significant struc
tural deviations from the natural steroids. This was of 
interest in view of the many recent efforts to modify the 
steroid nucleus in anticipation of enhanced biological 
activity.12 Further modifications of V were considered 
as well as several other approaches which would place 
the nitrogen atom at any of the remaining ring junction 
positions. It was necessary, however, to test the feasi
bility of this scheme before proceeding to more complex 
structures.

A logical beginning to this approach appeared to be 
the study of the initial ring closure leading to the cyclo- 
penteno-,r),6-dihydropyridine III, using a simple nitrile. 
For this study, acetonitrile was chosen first to be fol
lowed by other nitriles of increasing complexity. The 
present paper will describe the results of reaction of 
simple nitriles with a cyclopentenyl-/,-alkanol.

(9) A. I. Meyers, i b i d . ,  24, 1233 (1959).
(10) A. I. Meyers and W. Y. Libano, i b i d . ,  26, 1682, 4399 (1961).
(11) A. I. Meyers, i b i d . ,  25, 2231 (1960).
(12) To quote but a few: (a) C. W. Shoppee, e t  a l . ,  J .  C h e m .  S o c . ,  1050 

(1962), and earlier papers cited therein; (b) N. J. Doorenbos, e t  a l . ,  J .  O r g .  

C h e m . ,  26, 2546 (1961); (c) J. P. Kutney and R. A. Johnson, C h e m .  I n d .  

(London), 1713 (1961); (d) M. P. Cava and E. Moroz, ./. A m .  C h e m .  S o c . ,  

84, 116 (1962); (e) J. Meinwald, G. G. Curtis and P. G. Gassmann, i b i d . ,  

84, 116 (1962); (f) R. J. Magerlein R D. Birkenmeyer, and F. Kagen, i b i d . ,  

82, 1252 (1960); (g) P. B. Salhnan, R. L. Elton, and R. M. Dodson, i b i d . ,  

81, 4435 (1959).
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C h a r t  I

Results and Discussion
When a-(l-cyclopentenyl)-/-butvl alcohol (XHIa) 

was added to an ice-cold solution of acetonitrile in 96% 
sulfuric acid, extensive polymerization of the unsat
urated alcohol resulted and no identifiable material 
was obtained. The fate of the entire program was 
altered, however, when the order of introducing the 
reactants was changed. Slow, dropwise addition of 
sulfuric acid to a cold solution of the alcohol in excess 
acetonitrile resulted in a basic product which exhibited 
a single strong band at 6.00 ix, yielded a pure picrate 
but did not show any signs of the C =C  link which would 
be present in the cyclopentenodihydropyridine VI. 
Elemental analyses indicated that the compound pos
sessed oxygen. The significant clue to the structure 
of the product was, however, the extremely strong 
absorption band at 6.00 p which was reminiscent of the
0 —C=N  stretching frequency observed by others713 
for dihydro-1,3-oxazines. On this basis a structure 
VII was advanced which was consistent with all the 
data at hand, and the path leading to its formation 
postulated as going through intermediates IX —*■ X 
-v XI -» XII — VII. There also existed another 13

VII, R = CH3 
Vila, R = C2H5 
VIII), R = CH=CH2 
Vile, = R = C6H6

VIII,R = CH3 VI,R = CH3

(13) L. Bellamy, "The Infrared Spectra of Complex Molecules," 
2nd Ed., John Wiley and Sons, Inc., New York, N. Y., 1958, p. 268.

possibility regarding the structure of the oxazine. If 
protonation of the double bond on the cyclopentenyl 
alcohol XHIa occurred prior to that of the hydroxyl 
group, this would give rise to the isomeric oxazine VIII. 
Both of these structures would be consistent with all 
the data and their spectra would be indistinguishable. 
Evidence that ATI was the correct structure was ob
tained by a degradation scheme which was initiated by 
alkaline hydrolysis of the oxazine to the hvdroxyamide 
XIY, followed by dehydration with iodine to the un- 
saturated amides XV. Reduction, using rhodium 
catalyst, afforded a single saturated amide XVI. This 
amide was also prepared by the Ritter reaction4 from 
a-cyclo pentyl-/-butyl alcohol (XVII) and acetonitrile 
in sulfuric-acetic acid. The amides, as obtained from 
both routes were identical in every respect.14

The reaction was repeated using several other repre
sentative nitriles (Vlla-VIIc) all yielding the corre
sponding 2-substituted 6,6-tetramethylene-o,6-dihydro-
1,3-oxazines. When the isomeric unsaturated alcohol, 
a-(3-cyclopentenyl)-i-butyl alcohol (XHIb) was ex
amined in this reaction, the products were identical 
to those obtained from the 1-cyclopentenyl alcohol and 
the yields were slightly higher (Table I) being accom-

T a b l e  I
2-Substititted  6 ,6-T etra m eth y len e-5,6-dihvdro-1,3-oxazines

%  yield from a-substituted-/-butyl alcohol
Nitrile 1-Cyclopen tenyl- 3-Cyclopentenyl-

Acetonitrile 41 63
Propionitrile 38 58
Acrylonitrile 29 57
Benzonitrile 39 72

panied by less polymeric material. By employing the 
the 3-cyclopentenyl alcohol, the reaction path leading 
to the oxazine, previously formulated, need not be 
altered other than considering an acid-catalyzed isomer
ization of the 3-olefin to the 1-olefin.

The problem which now existed was to divert the 
sequence leading to oxazine formation to the desired 
cyclopentenopyridine derivative AT which is the neces
sary precursor in the proposed plan of approach to the 
azasteroid. It seemed reasonable that if the postulated 
reaction path (IX —► X —»• XI —► XII —*■ ATI) was essen
tially correct the equilibrium between X and XI was 
the critical factor in determining whether the oxazine 
or the pyridine would result. If reaction conditions 
could be arrived at which would decrease the ratio 
XI/X , this would then serve to enhance the formation

(14) After the completion on this work, an X-ray crystallographic study 
on the hydrobromide of the spirooxazine was performed by Prof. L. M . 
Trefonas of this department. The result of this study also confirmed th a t 
VII was the correct structural assignment ; c f .  ref. 1.
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of VI. It is presumably apparent from the equi- 
librium, X ^  XI that the water activity present in the 
solvent would determine which of these two species 
would predominate. Therefore, if the water activity 
in the acid could be diminished, this would increase 
the ion-solvating power of the solvent and decrease the 
ratio X I/X  sufficiently to allow the reaction to proceed 
to the cyclopentenopyridine VI. Since the experi
mental conditions leading to the oxazine involved slow 
addition of twenty-five milliliters of sulfuric acid to a 
mixture of 0.25 mole of nitrile and 0.15 mole of the 
cyclopentenyl alcohol XHIa, the water activity would 
be cpiite high during the initial stages of the acid addi
tion. As the acid was added in excess, the water ac
tivity progressively decreased. This procedure led 
exclusively to the oxazine. Reversal of the order of 
addition, in which the same quantity of cyclopentenyl 
alcohol was added to the nitrile in twenty-five milli
liters of sulfuric acid, gave, as previously mentioned, 
only polymeric products. The latter procedure, never
theless, was still considered to be the only manner 
in which a minimum water activity could be maintained 
throughout the entire reaction period and shift the 
equilibrium in favor of X. This procedure was again 
applied but this time to the isomeric 3-cyclopentenyl 
alcohol XHIb in the hope that polymerization would 
not be as extensive as in the previous case. It was ob
served that both XHIa and XHIb gave the same car- 
bonium ion species in the sulfuric acid.16

The products obtained from the reaction included two 
basic fractions analyzed by gas chromatography to be a 
mixture containing 34% of the oxazine VII and 66% 
of a new substance possessing only the elements carbon, 
hydrogen, and nitrogen. The latter product was quite 
unstable, turning deep red after several hours’ exposure 
to air. The ultraviolet spectrum of a freshly distilled 
sample exhibited a single peak, Xmax 263 m/u (e 4260) 
typical of a 1,3-endocyclic conjugate system16 in a six- 
membered ring. The infrared spectrum revealed a 
band of medium intensity at 6.00 a and a strong, very 
sharp band at 6.25 u indicative of the conjugated 
C = C  and C = N  stretching frequencies, respectively.913 
The n.m.r. spectrum (in deuteriochloroform) disclosed 
proton resonances which were all consistent with the 
structural assignment VI. That the C = 0  link was, 
in fact, located at the ring fusion was confirmed by: 
(a) the absence of the C = C —H stretching mode at 3.3 
fi and the deformation modes at 11.9-12.4 u\ (b) the 
absence of a proton resonance signal at low field due to 
the C = C —H proton (lowest proton signal appeared at
7.6 r); and (c) the high value of the Xmax since an 
exocyclic double bond would absorb at shorter wave 
length.16

By repeating the reaction of the 3-cyclopentenyl 
alcohol and acetonitrile in increasing amounts of sulfuric 
acid (such that the initial and final water activity was 
lowered) the nearly exclusive formation of the desired

(15) D i l u t e  s olut ions  (10 ~ A M )  of  ea ch  c y c l o p e n t e n y l  alcoh ol  in co n c e n 
tra te d  su lf u r ic  ac id  e x h ib it ed  the s a m e  u l t r a v io l e t  ab s o rp t io n  spe ctr um ,  
Xmax 303 m u  (e 5500), w hic h  is ch ara cter is t ic  of a l k e n y l  carb on ium  ions; 
c f .  N .  C .  D e no,  H. G .  R ic h e y ,  Jr., J. D .  H odge,  a n d  M .  J.  W i s o t s k y ,  J .  A m .  

C h e m .  S o c . ,  84, 1408 (1062).
(16) F o r  an  in f o r m a t iv e  discussion of the u l t r a v io l e t  m a x im a  of al ic yc l ic  

die ne s a n d  m a n y  le a d in g  references ,  c f .  L.  F.  F ieser an d M .  Fieser,  “ S te r 
oi ds, ”  R e i n h o ld  P u b li sh in g  C orp .,  N e w  Y o r k ,  N .  Y . ,  1050, pp. 1 5 - 2 1  { c f .  

E .  A .  B r a u d e  a n d  F. C .  Na chot f,  “ D e t e r m in a t i o n  of O rg a n i c  S tru c tu re s  b y  
P h y s ic a l  M e t h o d s , ”  A c a d e m i c -P re s s ,  Inc.,  N e w  Y o r k ,  N. Y . .  1055, pp. 15 3 -  
168).

T a b l e  II
F o r m a t i o n  o f  VI a n d  VII f r o m  « - ( S - C y c l o p e n t e n y l ) -« -  

b u t y l  A l c o h o l  a n d  A c e t o n i t r i l e  a s  a  F u n c t i o n  o f  S u l f u r i c  

A c i d  C o n c e n t r a t i o n “

T o t a l
9 5 . 8 %  H 2S O 4 used 

in it ia l ly 6 F in a l %
Final wa ter 

a c t i v i t y “
bases 

V I  an d ----- %  Yield-----.
g. ml. H i S O , “ (log 0 ) V I I V I V I I

46 0 25.0 90 5 - 3  66 41 66 34
92.0 50 0 93.1 - 4 . 1 0 36 89 11

138.0 75.0 94 0 - 4 . 2 6 27 98.5 1.5
184.0 100 0 94.4 - 4 . 3 3 20 99.5 0.5
276.0 150 0 94.8 - 4  40 19 99.8 0.2

“ Analysis of this mixture was conveniently accomplished by 
gas chromatography using a 7-ft. column containing Chromsorb P 
coated with 5% KOH and 20% silicon oil (DC-710); cf. E. D. 
Smith and Ii. D. Radford, Anal. Chem., 33, 1160 (1961). 6 Each
run was performed using 0.15 mole of «-(3-cyclopentyl)-<-butyl 
alcohol which yielded upon protonation 0.15 mole of H30 +. 
c These values were obtained from the following expression: 
Final % H2SO4 = 100% —
wt. of H2() in 95.8% H2SO1 +  wt. of 0.15 mole H20 

wt. of 95.8% H2SO, +  wt. of 0 15 mole H-0 
d The values were obtained by graphical interpolation from the 
expression derived by N. C. Deno and R. W. Taft, Jr., J. Am. 
Chem. Soc., 76, 245 (1954): log amo = log AHjo* +  Ho +  5.00, 
and assuming that the activity coefficient of water is essentially 
constant between 83-99.8% sulfuric acid.

cyclopentenodihydropyridine was eventually achieved, 
thus validating the earlier postulate regarding inter
mediates X and XI (Table II).

It is evident from Table II that the azocarbonium ion 
X appears to be particularly favored in sulfuric acid 
concentrations above 93% since the pyridine VI is 
clearly the predominant product. More convincing 
evidence is indicated by the change in final water 
activity in the range 90-95% sulfuric acid which is 
decreased by at least a factor of five. The initial water 
activity would be much lower during the initial stages 
of the alcohol addition where the acid concentration is 
essentially 96% (log aH2o 4.62). This decrease in water 
activity would tend to enhance the ion-solvating power 
of the solvent and increase the amount of X in the fol
lowing equilibrium.

R + +  :N =C —R

*2 +  ̂ h2o
VI A--- [R—N =C —R -<—> R—N = C —R] , ....... --+

X H
R—N =C —R+ 1

OH
XI

|  *'2 
VII

The results in Table II need not necessarily imply 
that the equilibrium lies heavily in favor of Â at lower 
water activities since the rate constants k, and k2 may 
be very different, that is to say, k2 may be much greater 
than k], due to the fact that the azocarbonium ion is a 
much stronger acid than a proton and may add to the 
olefinic double bond at a much faster rate. Therefore, 
only appreciable (but not necessarily predominant) 
concentrations of A' would be required for cyclopenteno
pyridine formation. The existence of the azocarbonium
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ion species has been postulated17 in the past as an inter
mediate both in the Schmidt reaction and the Beckmann 
rearrangement where concentrated sulfuric acid was 
employed. The rate of the Beckmann rearrange
ment was found to parallel the ion-solvating properties 
of the solvent medium.18 Recently, Hill19 has found 
that in some instances the Beckmann rearrangement, 
performed in concentrated sulfuric acid is actually a 
Ritter-type reaction,6 where the nitrile formed in situ 
from the oxime, recombines with the carbonium ion, 
presumably to the azocarbonium ion. Subsequent 
dilution with water destroys this intermediate and 
yields the N-alkylamide.

Since the relatively low yield of I was accompanied 
by extensive polymerization of the cyclopentenyl 
alcohol in 96% sulfuric acid, the reaction was repeated 
in 98 and 100% sulfuric acid to determine if the quantity 
of water present in the acid performed any significant 
function regarding the polymerization. After four 
attempts in each acid medium, the yield of the pyridine 
and the quantity of polymerization was essentially 
unchanged. These results were considered to be due to 
the olefinic bond and dehydration to some diene species 
which extensively underwent acid-catalyzed poly
merization. On this basis it was thought desirable to 
employ a starting compound which did not possess a 
double bond but one which could be converted to an 
olefin in situ during the course of the reaction. This 
technique has already been reported20 to be advanta
geous in the formation of A-1 pyrrolines, prepared from 
ditertiary glycols and nitriles in much higher yields 
than those produced from the corresponding dienes.21 
By treating a-(l-cyclopentenyl)-/-butyl alcohol (XHIa) 
with diborane according to the procedure of Brown and 
Zweifel22 an 86% conversion to the glycol XVIII was 
realized. No trace of any isomeric product could be 
found during gas chromatographic analysis. The 
ultraviolet spectrum of this glycol in 96% sulfuric acid 
(10-5 M) was identical to that of both cyclopentenyl

XXI a, cis-cis 
XXIb, cis-trans

(1 7 ) (a) P. A. S. Smith, J .  A m .  C h e m .  S o c . ,  70, 320 (1948); (b) A. W. 
Chapman and C. C. Howis, J -  C h e m .  S o c . ,  800 (1933); (c) A. W. Chapman, 
i b i d . ,  1550 (1934).

(18) For numerous references pertaining to this system, c . f .  J. Hine, 
“ Physical Organic Chemistry,” 2nd Ed., McGraw-Hill Book Co., Inc., New 
York, N. Y., 1962, pp. 338, 339.

(19) R. K. Hill and O. J. Chartyk, J .  A m .  C h e m .  S o c . ,  84, 1064 (1962).
(20) A. I. Meyers and J. J. Ritter, i b i d . ,  23, 1918 (1958).
(21) E. J. Tillmanns, Ph.D. thesis, New York University, 1954.
(22) H. C. Brown and G. Zweifel, J .  A m .  C h e m .  S o c . ,  83, 2550 (1961).

alcohols XHIa and XHIb [Amax.303 mu (e 5400)] in di- 
cating that all three compounds gave identical car
bonium ion species under these conditions. Addition 
of this glycol to a cold solution of acetonitrile in 98% 
sulfuric acid resulted in 76% yield of the cyclopenteno-
5,6-dihydropyridine VI. The conditions under 
which this experiment was performed were identical to 
those employing the cyclopentenyl alcohol, yet the 
amount of polymerization was considerably less. This 
much more satisfactory procedure for obtaining the 
cyclopentenodihydropyridine then led to a study of the 
second step in the proposed steroid synthesis, that of 
reduction of the C =N  link. The latter reduction 
would have to be carried out in acidic solution in order 
that the desired intermediates would react in the proper 
sequence. By adding an equimolar quantity of sodium 
borohydride to a solution of VI in dilute mineral acid 
solution, a quantitative reduction leading to XIX oc
curred. That the product was pure and free of any iso
mers was adequately demonstrated by gas chromatog
raphy. The infrared spectrum was very nondescrip- 
tive, showing only C—H stretching and long wave
length ring vibrations. The N—H group did not ap
pear very distinctly in the spectrum, yet its presence 
was confirmed by a Zerewitinoff determination. The 
intensity of the stretching frequency of the tetrasub- 
stituted C=C link was too weak to be detected.

The reduction using sodium borohydride was re
peated on the dilution product of the glycol-acetoni
trile-sulfuric acid mixture. After adjusting the 
quenched reaction mixture to pH 3.5 and adding sodium 
borohydride, the product thus obtained was identical to 
that prepared in the aforementioned experiment. 
Thus, it appeared that for simple nitriles, at least, the 
first two operations of the proposed azasteroid synthesis 
were feasible.

Further studies on the behavior of the cyclopenteno- 
pyridine toward reduction were undertaken in an effort 
to obtain an insight into the type of products which 
might be expected in the more complex steroid system.

Reduction of VI in absolute methanol using a plat
inum catalyst resulted in a very rapid uptake of one 
equivalent of hydrogen. An examination of the in
frared specti'um of the product revealed that the 
C =N  link was no longer present although this reduc
tion method is known23 not to reduce this group except 
when acetic acid is employed as the solvent. However, 
had the reduction occurred at the C =N  link then the 
product would have been XIX. A mixture of the 
hydrochlorides of the reduced base (m.p. 195°) and 
that of XIX (m.p. 213°) gave a large depression in 
melting point. The position of the double bond (XX) 
was eventually confirmed by the enamine-imine tau- 
tomerism described by Leonard and Gash24 where an 
absence of a band at 6.0-6.3 u in the spectrum of the 
free base gave two sharp bands at 6.20 u (C=N+H) 
and 6.30 u (+NH2) in the spectrum of its hydrosulfate 
salt.26

Repeating the catalytic reduction of I, in acetic acid, 
resulted in the absorption of two equivalents of hydro-

(23) (a) P. J. A. Demoen and P. A. J. Janssen, i b i d . ,  81, 6283 (1959); 
(b) A. I. Meyers and J. J. Ritter, J .  O r y .  C h e m . ,  23, 1920 (1958).

(24) N. J. Leonard and V. W. Gash, J .  A m .  C h e m .  S o c . ,  76, 2781 (1954).
(25) Protonation of a,/3-unsaturated amines in concentrated sulfuric acid 

was reported to give a mixture of 1- and 3-protonated amines; c f .  R. L. 
Hinman and E. B. Whipple, i b i d . ,  84, 2536 (1962).
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gen and the production of two saturated bases, XXIa 
and XXIb. Analysis of this mixture by gas chromatog
raphy revealed that the ratio of products was 98 ± 
0.5% to 2  ± 0.5%. Confirmation that the two peaks 
observed in the gas chromatogram were indeed those of 
two geometric isomers XXIa and XXIb and that the 
98:2 ratio of peak areas was not a single compound and 
some impurity, the reduction products of XIX were 
examined under identical instrument conditions. This 
revealed approximately a 50:50 mixture of two satu
rated bases whose retention times were identical to the 
two products obtained by direct reduction of VI.

The high degree of stereoselectivity observed in the 
reduction of VI in acetic acid could lead to the assump
tion that the major product is the cis-cis isomer XXIa, 
and the minor product, the cis-trans. The reduction 
of 3,4-cyclopentenopyridine under the same condi
tions have been reported to yield exclusively 3,4-cts- 
cyclopentanopiperidine.26 The validity of this analogy 
can be questioned if the presence of the methyl group 
in the dihydropyridine are considered important with 
respect to their effect upon direction of hydrogen addi
tion. However, if the reduction of the tetrahydro- 
pyridine XIX in acetic acid involves cis addition then 
the resulting two products would be the cis-cis and 
the cis-trans. This fact is borne out upon gas chromato
graphic analysis of the products whose peaks are com
pletely superimposable over those of the products from 
reduction of VI. Considering the possibility that the 
reduction of the dihydropyridine involved 1,4-addition 
then the tetrahydropyridine XX would presumably 
have to be an intermediate. This implies that the sub
sequent hydrogen addition would result in a trans-ring 
fusion as well as the m-fusion.27 Reduction of XX in 
acetic acid proceeded very slowly (fifty hours) and gave 
rise to a 55:45 mixture of bases of which the former was 
identical to XXIa, the latter different from XXIb.

This result is to be compared with the reduction of 
dihydropyridine VI in acetic acid which was complete 
within one hour. It is, therefore, difficult to account 
for the existence of XX as an intermediate in the reduc
tion of the dihydropyridine. A further study has begun 
to substantiate these stereochemical results as well as 
the configuration of the 2-methyl group in XXIa and 
XXIb.

The present study has demonstrated that the first 
two steps of the planned azasteroid synthesis, (1) ring 
closure to the dihydropyridine and (2) borohydride 
reduction in acidic medium, were successful for simple 
nitriles. The next step, intramolecular alkylation to 
form the B ring remains to be examined. A study was 
therefore undertaken to employ halonitriles in this 
approach and the results are reported in the subsequent 
article.28 29

Experimental29 30
2,4,4-Trimethyl-6,6-tetramethylene-5,6-dihydro-l,3-oxazine

(VII).—To a cold mixture of 21.5 g. (0.15 mole) of «-(2-cyelo-
(26) V. Prelog and V. Meltzer, H e i n .  C h i m .  A c t a , 29, 1170 (1946); G. G 

Ayerst and K. Shofield, J .  C h e m .  S o c . ,  4097 (1958); K. Jewers and J. Mc
Kenna, i b i d . ,  1575 (1960).

(27) A referee has pointed out th a t Dreiding models of XX indicate that 
if the heterocyclic ring exists in the quasi chair form then a t r a n s -ring fusion 
would predominate, whereas a quasi boat form would give the cfs-product.

(28) A. I. Meyers and N. K. Ralhan, J . O r g .  C h e m . ,  28, 2950 (1963).
(29) All boiling points and melting points are uncorrected.
(30) Microanalyses were performed by Alfred Bernhardt, Mulheim

(Ruhr), West Germany.

pentenyl)-i-butyl alcohol and 13.2 ml. (0.25 mole) of acetonitrile 
was added dropwise with stirring 25 ml. of 95.8% sulfuric acid. 
The mixture was kept below 10° during the addition of the acid 
which took about 0.5 hr. Due to the viscous nature of the re
sulting dark red solution an additional 25 ml. of concentrated 
sulfuric acid was added all at once and stirring continued for an 
additional 2 hr. at 8-12°. The reaction mixture was poured over 
200 g. of chipped ice and stirred well. After standing at room 
temperature for several hours the aqueous acid solution was ex
tracted three times with 75-tnl. portions of chloroform. Upon 
neutralization with 35% sodium hydroxide an oil appeared which 
was taken up with ether and dried over potassium carbonate. 
Distillation of the residue from the ethereal solution gave 15.8 
(63%) g. of a colorless oil, b.p. 77-79° (4 mm.); re30n 1.4694;

6.00 (O—C =N ).
Anal. Calcd. for C„Hi9NO: C, 72.92; H, 10.49; N, 7.73. 

Found: C, 73.12; H, 10.34; N, 7.75.
The picrate (from ethanol) melted at 154-155°.
The hydrobromide (from ethanol-ethyl acetate) melted at 173- 

174°.
2 -Ethyl-4,4-dimethyl-6,6-cetramethylene-5,6-dihydro-1,3-oxa- 

zine (Vila).—The method of preparation was similar to that of
VII. After removal of the ether there was obtained a colorless 
oil (58%), b.p. 65-67° (1 mm.); ii30d 1.4719.

Anal. Calcd. for C,2H21NO: C, 73.80; H, 10.77; N, 7.18. 
Found: C, 73.98; H, 10.65; N, 7.14.

The picrate (from ethanol) melted at 105-106°.
2-Vinyl-4,4-dimethyl-6,6-tetramethylene-5,6-dihydro-l,3- 

oxazine (Vllb) was prepared in the usual manner yielding a color
less oil (57%), b.p. 68° (1 mm. ); rc30D 1.4848.

Anal. Calcd. for Ci2Hi9NO: C, 74.68; H, 9.85; N, 7.25. 
Found: C, 74.46; H, 9.84; N, 7.09.

The picrate (from ethanol) melted at 156-158°.
2-Phenyl-4,4-dimethyl-6,6-tetr am ethylene-5,6-dihydro-l,3- 

oxazine (Vile).—This compound was obtained as a brown solid 
after removal of the ether. Various attempts at recrystallization 
were fruitless. The pure oxazine (72%) was obtained by elution 
chromatography on a Florisil column using 20% petroleum 
ether-80% benzene as the eluent, m.p. 67-68°.

Anal. Calcd. for C,6H21NO: C, 79.10; H, 8.65; N, 5.77. 
Found: C, 79.11; H.8.71; N, 5.62.

The picrate (from ethanol) melted at 143-144°.
a-(3-Cyclopentenyl)-i-butyl alcohol (XHIb) was prepared 

(89%) by treating 3-cyclopentenylacetone31 with methylmagne- 
sium bromide in diethyl ether, b.p. 80-82° (10 mm.); n30n 1.4645.

Anal. Calcd. for C9Hi60: C, 77.14; H, 11.42. Found: C, 
76.90; H, 11.23.

a-( l-Cyclopentenyl)-t-butyl alcohol (Xllla) was prepared 
(85%) by the action of methylmagnesium bromide on l-cyclo- 
pentenylacetone (Aldrich Chemical Co.) in diethyl ether, b.p. 
52-53° (0.5 mm.); n30u 1.4640.

Anal. Calcd. for C8H160: C, 77.14; H, 11.42. Found: 
C, 77.03; H, 11.35.

2,6,6-Trimethyl-3,4-cyclopenteno-5,6-dihydropyridine (VI).
A. From «-(3-Cyclopentenyl)-i-butyl Alcohol (XUIb).—To a
cold solution of 4.1 g. of acetonitrile in 150 ml. of 95.8% sulfuric 
acid was added with stirring, 12.6 g. of <*-(3-cyclopentenyl)-i- 
butyl alcohol at 5-7° during a period of 2 hr. After addition was 
complete the dark mixture was stirred for 3 hr. at 7-12° and then 
poured over 500 g. of chipped ice. The tarry material which 
appeared was removed by extraction with chloroform and the 
dark aqueous solution was made strongly basic by the careful 
addition of 35% sodium hydroxide. The red oil which then 
appeared was taken up in ether and dried with potassium car
bonate. Distillation of the ether residue gave 2.9 g. (19%) of a 
light yellow oil which grew progressively darker when allowed to 
remain in contact with air; b.p. 61.5° (0.4 mm.); nmD 1.4925; 
\ I T  263 mM, (log e 3.63); X ^4 6.00 M (C=C), 6.25 (—C=N ).

Anal. Calcd. for CnH17N : C, 80.99; H, 10.42; N, 8.58. 
Found: C, 81.06; H, 10.38; N, 8.61.

The picrate (from ethanol) had m.p. 144°.
Anal. Calcd. for CnH20N4O7: C, 52.10; H, 5.11; N, 14.29. 

Found: C, 52.06; H, 5.16; N, 14.10.
B. From «-(2-Hydroxy cyclopentyl)-i-butyl Alcohol (XVIII).— 

The glycol (16.0 g.) was added slowly to a solution of 5.5 ml. of 
acetonitrile in 150 ml. of 98% sulfuric acid at 3-5° with good 
mechanical stirring. The solution took on color much more

(31) We wish to thank the Lilly Research Laboratories, Indianapolis, 
Ind., for a generous sample of this material.
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slowly than experiments using the unsaturated alcohol. After 
the addition of the glycol was complete, however, the solution 
was a golden yellow. Stirring w'as continued at 5-7° for an 
additional 2 hr. and then the mixture poured on 350-400 g. 
chipped ice. The remainder of the procedure wuis identical with 
that described previously. Distillation of the ethereal residue 
gave 12.1 g. (76%) of VI.

Hydroboration of ct-{ 1 -Cyclopentenyl)-f-butyl Alcohol to the 
Glycol XVIII.—All reactants were distilled on the day of use. 
The apparatus employed consisted of a diborane generator con
taining 133 g. (0.89 mole) of boron trifluoride-ethyl ether complex 
and 120 ml. of diglyme into which a solution of 15.0 g. (0.43 
mole) of sodium borohydride in 300 ml. of diglyme was slowly 
added. A slow stream of dry nitrogen continuously carried the 
diborane into a reaction flask containing 75 g. (0.54 mole) of «- 
(1-cyclopentenyl)-t-butyl alcohol dissolved in 250 ml. of tetra- 
hydrofuran. The addition of diborane was complete within 3 
hr., and the reaction mixture was allowed to remain at room 
temperature overnight. After adding 100 ml. of 10% sodium 
hydroxide at 0°, the mixture was heated to 50° for 1 hr. and cooled 
to room temperature, at which point 100 ml. of 30% hydrogen 
peroxide was cautiously added. An exothermic reaction ensued 
which was easily controlled by the rate of peroxide addition. 
The two layers which appeared were separated and the aqueous 
layer extracted several times with equal volumes of ether. 
Combination and drying of the organic layers gave a clear color
less solution. Removal of the mixture of solvents and distilla
tion of the residue gave 73 g. (86%) of a viscous colorless oil, 
b.p. 110-11 2° (0.5 nun.); n 27D 1.4735; infrared spectrum exhib
ited strong -OH (3.0 /u).

Anal. Calcd. for C9H180 2: C, 68.29; H, 11.39. Found: 
C, 68.09; H, 11.20.

2,6,6-Trimethyl-3.4-cyclopenteno-l ,2,5,6-tetrahydropyridine 
(XIX). A. By Direct Reduction of VI.—A solution of 6.5 g. 
(0.04 mole) of I in 300 ml. of 0.25 .V hydrochloric acid wras ad
justed to pH 3.5, and a solution of 1.48 g. (0.04 mole) of sodium 
borohydride in 30 ml. of 0.5% sodium hydroxide was added 
slowly maintaining the pH range of the solution between 3 and 4. 
After stirring for an additional hour at pH 4, the solution wras 
neutralized and extracted with ether to remove the reduced 
base. Distillation of the dried ethereal extract resulted in 6.2 g. 
of a colorless oil, b.p. 53-55° (0.5 mm.); a30!) 1.4810.

Anal. Calcd. for C„H19X: C, 80.00; H, 11.51; X, 8.49. 
Found: C, 80.21; H, 11.49; N, 8.39.

The hydrochloride, prepared by passing dry hydrogen chloride 
into an ethereal solution of the base and recrystallizing the crude 
salt with methanol-ethyl acetate, melted at 213°.

Anal. Calcd. for C„H20XC1: C, 65.51; H, 9.94; N, 6.98; 
Cl, 17.55. Found: C, 65.59; H, 9.92; X, 6.99; Cl, 17.47.

B. From o-(2-Hydroxycyclopentenyl )-i-butyl Alcohol and 
Acetonitrile.—The initial procedure is identical to that described 
for the formation of \'Ib, up to and including the chloroform ex
traction. The electrodes of a pH meter were inserted into the 
aqueous acid solution and the pH adjusted to 3-4 by the addition 
of sufficient 30% sodium hydroxide. The total volume of solu
tion was approximately 800 ml. A solution containing 3.7 g. 
(0.1 mole) of sodium borohydride in 50 ml. of 0.5% sodium 
hydroxide was added dropwise to the weakly acidic solution 
keeping the pH between the range 3-4 by concurrent addition of 
6 N sulfuric acid. After completion of the addition, stirring was 
maintained for 1.5 hr. and then the solution w'as neutralized. 
Extraction with ether, drying, and distillation resulted in 11.8 
g. (72% ) of the unsaturated base XIX.

Reaction Conditions Leading to Mixture of VI and VII. This 
is a typical experiment in which the quantity of sulfuric acid 
employed led to a mixture of both products (Table II). To a 
solution of 8.2 g. of acetonitrile in 50 ml. of 95.8% sulfuric acid 
was added 24.6 g. (0.19 mole) of a-(3-cyclopentenyl)-t-butyl 
alcohol over a period of 2 hr. at 5-7°. After stirring for an 
additional 3 hr. the products were isolated in the usual manner. 
The infrared spectrum exhibited strong bands at 6.00 (—0 — 
C =X  and C=C) and 6.25 m (conjugated C =X ). Injection of
2.0 yal. of this mixture into the gas chromatograph at 145° on a 
Chromosorb P column coated w-ith 5%, potassium hydroxide 
and 20% silicon oil (DC-710)32 gave two symmetrical peaks in the

(32) We wish to thank Dr. E. D. Smith, University of Arkansas, Gradu
ate Institute at Little Rock, for suggesting this column to us for use with 
basic compounds.

ratio 11% VII to 89%, VI. These peaks were identified by em
ploying pure samples of VI and VII under identical instrument 
conditions.

Alkaline Hydrolysis of VII to XIV.—A suspension of 6.0 g. of
I I I  in 100 ml. of 30% sodium Irydroxide was refluxed for 16 hr. 
and then extracted with ether. The removal of the ether left a 
viscous colorless oil, 2.76 m (-OH), 2.91 (XH), 5.89
(amide I), 6.61 (amide II).

Anal. Calcd. for CnH2iX02: C, 66.45; H, 10.55; N, 7.05. 
Found: C, 66.60; H, 10.48; X, 6.90.

Dehydration of XIV to XV was accomplished by adding 0.05 g. 
of iodine to a solution of 5.4 g. of XIV in 100 ml. of benzene and 
removing the water in an azeotrope trap. After heating for 24 
hr. the solution was filtered and the benzene evaporated in vacuo. 
The residue was washed with 0.1 N  hydrochloric acid and then 
with water and dried, m.p. 84-92°. Attempts to separate the 
unsaturated amides by chromatography on alumina were not 
entirely successful, and the mixture was analyzed as such.

Anal. Calcd. for CnH,9XT0: C, 72.92; H, 10.49; N, 7.73. 
Found: C, 73.05; H, 10.41; N, 7.70.

Hydrogenation of the Mixture of Unsaturated Amides to XVI. 
—A solution of 75 mg. of the amide mixture in 10 ml. of methanol 
containing 50 mg. of 5% rhodium on alumina33 was subjected to 
45 lb. hydrogen pressure for 20 min. at room temperature. Re
moval of the catalyst and evaporation of the solvent gave 65 mg. 
of colorless crystals, m.p. 73-75°.

Anal. Calcd. for CnH21N0: C, 72.15; H, 11.48; X, 7.65. 
Found: C, 72.03; H, 11.33; N, 7.71.

a-Cyclopentyl-i-butyl alcohol was obtained quantitatively by hy
drogenating a mixture consisting of 7.6 g. of a-( 1-cyclopentenyl)- 
f-butvl alcohol, 75 ml. of methanol, and 0.5 g. 5% rhodium-on- 
alumina. The reduction, performed at room temperature under 
40 lb. pressure, was complete within 2 min. After removal of 
the catalyst and solvent, there w'as obtained 7.5 g. of a colorless 
liquid, b.p. 59-60° (0.5 mm.); 1.4536. The 3.25-m band
(C =C —H) w-as absent in the infrared spectrum.

Anal. Calcd. for C9Hi80: C, 76.15; H, 12.68. Found: 
C, 76.00; H, 12.77. '

Preparation of XVI via the Ritter Reaction.—A solution of 4.8 g. 
(0.034 mole) of a-cyelopentyl-f-butyl alcohol, 15 ml. of glacial 
acetic acid, and 2.0 ml. of acetonitrile in 20 ml. of concentrated 
sulfuric acid w'as allowed to stand in a stoppered flask at room 
temperature for 16 hr. The dark solution w'as then poured over 
300 g. of chipped ice, which gave rise to a viscous oil which was 
extracted wfith ether, and dried with magnesium sulfate. Evapo
ration of the solvent left a tacky solid which could not be purified 
by recrystallization. Chromatography on alumina using petro
leum ether as the eluent gave a light, yellow solid, m.p. 50-65°. 
The crude amide was dissolved in 6 N  hydrochloric acid and the 
solution extracted with chloroform until all the color was re
moved. Upon neutralization of the aqueous solution, a colorless 
powdery precipitate appeared, which after thorough washing 
and drying melted at 73-74°. A mixture of this product with 
that obtained by the reduction of XV, gave no depression in the 
melting point. Furthermore, the infrared spectra of both com
pounds were completely superimposable.

Reduction of VI to XX in Methanol.—A solution of 3.0 g. 
(0.018 mole) of VI in 30 ml. of absolute methanol containing 0.5 
g. of platinum oxide was hydrogenated at, 42 lb. at, 25°. The 
absorption of 0.018 mole of hydrogen w'as complete within 15 
min. Removal of the catalyst, by filtration and concentration of 
the solution yielded an oil which distilled at 74° (3.5 mm.); n30n 
1.4793. Examination of the product by gas chromatographic 
analysis (10% DC-710 silicon oil, 5% potassium hydroxide on 
Chromosorb P at 145°) indicated a single product. The infrared 
spectrum (carbon tetrachloride) exhibited very weak bands at
3.10 (XH) and 6.00 a (C=C). The infrared spectrum in chloro
form containing a drop of concentrated sulfuric acid exhibited 

+ +
medium bonds at 6.19 (C=X’H) and 6.31 /i (>XH2), indicative 
of the 3- and 1-protonated enamine.10

Anal. Calcd. for CnHl9X: C, 80.00; H, 11.51; X, 8.48. 
Found: C, 79.94; H, 11.45; X, 8.45.

The hydrochloride melted at 194° (methanol-ethyl acetate).
Anal. Calcd. for C„H,„XC1: C, 65.51; H, 9.94; Cl, 17.55.

Found: C, 65.21; H, 10.05; Cl, 17.53.
Reduction of VI to XXIa and XXIb in Acetic Acid.—A solution 

of 3.0 g. (0.018 mole) of VI in 30 ml. of acetic acid containing

(33) Engelhard Industries, Newark, N. J.
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0.45 g. of platinum oxide was reduced under a pressure of 45 lb. 
at 25°. The absorption of 0.036 mole of hydrogen was complete 
in 1 hr. The catalyst was removed and the solution neutralized 
with sodium hydroxide and extracted with ether. Distillation 
of the ether residue gave 2.8 g. of a colorless oil, b.p. 67-68“ 
(1.5 mm.); n ® D  1.4710. A sample injected into the gas chroma
tograph exhibited one strong peak (98%) and a small fore peak 
(2%). The mixture upon elemental analyses gave the following 
results

Anal. Calcd. for C„H21N: C, 79.04; H, 12.57; N, 8.38. 
Found: C, 78.99; H, 12.48; N, 8.37.

A Zerewitinoff determination of active hydrogen gave 0.55% 
H (calcd., 0.61%).

The hydrochloride of the mixture, after a single recrystalliza
tion from methanol-ethyl acetate, melted sharply at 289“ (sub
limed at 240“ at 1 atm.).

Anal. Calcd. for CnHaNCl: C, 64.86; H, 10.81; Cl,
17.44. Found: C, 65.10; H, 11.20; Cl, 17.80.

Hydrogenation of XIX to the Mixture XXIa and XXIb.—A 
solution of 6.0 g. of the tetrahydropyridine in 60 ml. of acetic 
acid and 1.5 g. of platinum oxide was hydrogenated at 60 lb. 
at 25° for 48 hr. After this period of time the theoretical uptake 
of hydrogen was complete. Removal of the catalyst, neutraliza
tion of the solution, and extraction with ether gave 5.8 g. of a

colorless oil, b.p. 74-77“ (3 mm;); a 30D 1.4703; the analytical 
results were in accord with the calculated.values. Gas chroma
tographic examination indicated that the sample was composed 
of two peaks in the ratio of 49.1% to 50.9%. Injection of the 
acetic acid reduction product of I under identical instrument 
conditions revealed that it was the same as one of the two re
duction products of V. An attempt to separate the hydrochlo
rides of XXIa and XXIb was successful insofar as obtaining one 
of the isomers in a pure state, m.p. 2899. The other isomer 
could not be obtained without contamination, m.p. 235-260“.

N-2,6,6-Tetramethyl-3,4-cyclopentanopiperdine.—A solution 
of 4.0 g. of 2,6,6-trimethyl-3,4-cyclopentanopiperdine (XXIa) in 
50 ml. of 98% formic acid and 30 ml. of 37% formalin solution 
was heated overnight on a steam bath. Upon cooling the solu
tion was poured into 200 ml. of 25% sodium hydroxide and the 
resulting mixture extracted with ether. Distillation of the 
ethereal residue gave a colorless oil, b.p. 79° (1 mm.); n30n 
1.4796.

Anal. Calcd. for C,2H23N: C, 79.55; H, 12.70; N, 7.75. 
Found: C, 79.63; H, 12.59; N, 7.81.

The methiodide recrystal] ized from methanol-carbon tetra
chloride, melted at 253“.

Anal. Calcd. for C13H26NI: C, 48.37; H, 8.054 I, 39.36. 
Found: C, 48.16; H.8.17; 1,38.99.

Stu d ies D irected  tow ard th e  T ota l S yn th esis  o f  
A zasteroids. II. C yclop en ten o[d ]-l-azab icycloa lk an es  

as Precursors to  A zastero id s1,2

A. I. M e y e r s  and  N. K. R alh an

Department of Chemistry, Louisiana State University, New Orleans, Louisiana 
Received. April 11, 1963

A study designed to obtain azasteroids by their total synthesis via a novel route has led to three new tricyclic 
bases, 2,2-dimethylcyclopenteno[d]-1-azabicyclo[4.2.0]octane (I ), 2,2-dimethylcyclopenteno[d]-1-azabicyclo-
[4.3.0]nonane (II), and 2,2-dimethylcyclopenteno[d]-l-azabicyclo[4.4.0]decane (III). These systems were pre
pared from a single synthetic operation involving the appropriate chloroalkyl nitrile and a-('2-hydroxycyclo- 
pentyl)-f-butyl alcohol. The mechanism for the formation of these ring systems is consistent with previous 
studies which have led to related compounds.

The plan of approach for preparing azasteroids as 
described in an earlier publication3 has now resulted in 
further related systems whose ease of preparation and 
structural features are of interest. These products 
(I—III) are results of a study whose main purpose was 
to determine the feasibility of applying the nitrile- 
glycol4 condensation to the total synthesis of azaster-

V,R=CH3 
VI,R = -(CH2)4-C1

NaBH4, pH 3-4

(1) Presented before the Division of Organic Chemistry, 145th National 
Meeting of the American Chemical Society, New York, N. Y., September, 
1963.

(2) This work supported by a grant from the National Institutes of Health 
(RG-6248).

(3) A. I. Meyers, J. Schneller, and N. K. Ralhan, J . O r g .  C h e m . ,  28, 2944 
(1963).

(4) A. I. Meyers and W. Y. Libano, i b i d . .  26, 1682, 4399 (1961), and earlier 
references cited therein.

oids. In a previous paper3 the preparation of the model 
precursor (V, R =  CH3) was accomplished using ace
tonitrile. This product would ultimately represent the 
CD ring moiety of the azasteroid. In order to add the 
B ring it would be necessary to effect an intramolec
ular alkylation on the piperidine derivative VII using 
the appropriate halonitrile.

By treating a-(2-hydroxycyclopentyl)-£-butyl alcohol
(IV) with (5-chlorovaleronitrile in cold concentrated 
sulfuric acid, there was obtained the cyclopentanodi- 
hydropyridine VI which was not isolated but reduced 
directly with sodium borohydride in weakly acidic solu
tion. Attempts to isolate the cyclopentenopiperidine 
VII were never completely successful with regard to its 
purity, and, therefore, it was treated directly with base 
resulting in the steroidal precursor, III. When the 
entire sequence was performed without attempting iso
lation at any of the stages, a 46% yield of III based 
upon the glycol IV was obtained. The product, a light 
yellow oil, was found to be free of contaminants after a 
single distillation. By employing other chloronitriles,

CHa
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Fig- 1-—Infrared spectra were determined in carbon tetrachloride. N.m.r. spectra were performed on Varian A60 instrument 
using deuteriochloroform as a solvent and tetramethylsilane as an internal standard.

under essentially the same conditions, it was convenient 
to prepare the B-nor II and the bis-B-nor I derivatives 
from 7-chlorobutyronitrile and /3-chloropropionitrile, 
respectively.

Isolation and purification of II presented no difficulty 
whatsoever, but I could not be purified by simple dis
tillation or even careful fractionation. Gas chromato
graphic analysis of the distillate containing I indicated 
two close but well resolved peaks in the ratio 10.5:89.5. 
The component present in the smaller amount was be
lieved to be the vinyl derivative VIII, which was finally 
removed by chromatography on a Florisil column. The 
vinyl derivative VIII undoubtedly was a product of 
elimination during the intramolecular ring closure.

The structures of I—III are supported by the absence 
of any infrared absorption bands in the region 3.5-6.9 
p. The tetrasubstituted double bond in these systems 
does not show any significant absorption in the 6-p 
region. Ozonolysis of III, however, gave a basic com
pound which exhibited strong carbonyl bands at 5.90 p.

The absence of the N il stretching bands in the 3-p 
region, the negative Zerewitinov determination, and the 
lack of deuterium exchange (n.m.r.) all supported the 
bridgehead nitrogen structure. The tetrasubstituted 
double bond is supported by its very weak infrared 
stretching band in the 6-p region, the absence of a vinyl 
proton n.m.r. signal (lowest field signal, 247 c.p.s.), and 
the production of a basic product possessing strong 
carbonyl absorption at 5.9 p. Attempts to reduce the 
double bond at the CD ring fusion under a variety of 
conditions were fruitless. The use of platinum, pal
ladium, and rhodium in various solvents as well as 
pressures and temperatures ranging from 60 to 1500 
p.s.i. and 25 to 180°, respectively, also failed to bring 
about reduction. The technique employing diborane

and a carboxylic acid5 under several different experi
mental conditions resulted in complete recovery of the 
starting material. Similar observations have been re
ported6 in the attempted hydroboration of highly hind
ered double bonds in steroids.

The stereochemical assignments of the tricyclic bases,
I—III, with respect to C-2 were made with the aid of the 
C-H stretch region (2700-2900 cm.-1) and their n.m.r. 
spectra (Fig. 1). It can be seen that the infrared spec
trum of III exhibits two sharp bands on the low fre
quency side of the major C-H absorption. These bands 
(2747 and 2825 cm.-1) have been correlated with the 
presence of at least two a hydrogens frans-diaxial to the 
unshared electron pair on the bridgehead nitrogen.7-10 
The infrared spectrum of II also exhibits the two bands 
below 2900 cm.-1 which indicates that the two a 
protons are in a frans-diaxial arrangement with the 
bridgehead nitrogen. Examination of the spectrum of 
I shows a rather simple C-H absorption and no distinct 
bands below 2857 cm.-1. This, based on the preced
ing correlations, would place the proton at C-2 in a cis 
position relative to the electron pair. It is highly un
likely that the BC ring fusion in I would be other than 
cis. If I—III are represented in their most favored con
formation, then the proton at C-2 should exhibit the 
characteristic axial and equatorial chemical shifts for a 
proton flanked both by a nitrogen atom and an olefinic 
linkage. Since it is well known that the equatorial pro
tons produce n.m.r. signals at lower fields than their

(5) H. C. Brown and K. Murray. •/. A m .  C h e m .  S o c . .  81, 4108 (1959).
(6) W. J. Wechter. C h e m .  I n d .  (London), 294 (1959); M. Nussim and F. 

Sondheimer, i b i d . ,  400 (1960).
(7) F. Bohlmann, C h e m .  B e r ., 91, 2157 (1958).
(8) N. J. Leonard and W. K. Musker, J .  A m .  C h e m .  S o c . ,  82, 5148 (1960).
(9) E. Wenkert and I). Roychauduri, i b i d . ,  78, 6417 (1956).
(10) W. E. Rosen. T e t r a h e d r o n  i n f e r s .  No. 14. 481 (1961).
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axial counterparts,11 it is clear from Fig. 1 that the low 
field signal for I (247 c.p.s.) represents an equatorial C-2 
proton, whereas the higher field signal in II (187 c.p.s.)

(11) L. M. Jackman, “ Nuclear Magnetic Resonance Spectroscopy,’’ 
Pergamon Press. New York. N. Y., 1959, p. 110.

and III (215 c.p.s.) reflect the presence of an axial C-2 
proton. It also is seen that the C-2 proton signal in II 
and III is strongly coupled (J h,h,H = 10 c.p.s. and 
•/h,h,III = 8.6 c.p.s.) and in I the poorly resolved C-2 
proton signal appears to be similarly coupled ( JHih,III
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= 7.5 c.p.s.). The variation in spin-spin coupling con
stants has been correlated with the magnitude of the 
dihedral angle between two adjacent carbon atoms12 and 
particularly in rigid ring systems.13 14 15“ 16 17 18 Since in I—III 
the pair of C-3 protons will have at least one member 
whose dihedral angle with the C-2 proton will be in the 
vicinity of 150-180°, then this would account for the 
large coupling constants.16

The remainder of the n.m.r. spectrum for each of the 
tricyclic bases indicate the expected chemical shifts 
for the particular protons as well as the proper inte
grated proton counts

Experimental1718
a-(2-Hydroxycyclopentyl)-I-butyl alcohol ]b.p. 113-115°

(0.55 mm.)] was prepared as previously described.1
2,2-Dimethylcyclopenteno[</]-1 -azabicyclo14.4.0]decane (III).

—To a cold (0-3°) solution of 9.05 g. (0.077 mole) of S-chloro- 
valeronitrile in 150 ml. of 98% sulfuric acid was added, dropwise,
11.06 g. (0.70 mole) of a-(2-hydro.xycyclopentyl(-¿-butyl alcohol
(IV). The addition of the glycol was performed while efficient stir
ring was maintained, and the temperature of the mixture was kept 
below 10°. The time required for the complete addition of the 
glycol under these conditions was approximately 1.5 hr. The 
deep reddish-colored reaction mixture was slowly poured over 
500 g. of chipped ice in a 2-1. beaker.19 The aqueous acid solu
tion was extracted several times with chloroform to remove 
insoluble polymeric material and then partially neutralized (pH 
2-4) with 35%, sodium hydroxide. The temperature was main
tained below 40° during the neutralization with the aid of ex
ternal cooling. The electrodes of a pH meter (Beckman Zero- 
matie) were inserted into the solution and the acidity adjusted to 
pH 3-4 by the addition of 4 M sulfuric acid and 6 M sodium 
hydroxide which were contained in burets situated above the 
beaker. The clear solution was cooled to room temperature and 
a freshly prepared solution of sodium borohydride (2.66 g., 
30 ml. of water, and one drop of 35% sodium hydroxide) was 
added dropwise while stirring was supplied by a magnetic stirrer. 
The pH of the reaction, during the borohydride addition was con
stantly kept within the limits of pH 3-4 by the periodic addition 
of the sulfuric acid or the sodium hydroxide. The sodium boro
hydride addition was complete after 1 hr. at 25°. The solution 
was allowed to stir at room temperature overnight and then 
made acidic to pH 1 and stirred for 1 hr. which destroyed the 
excess sodium borohydride. After adding 300 ml. of water, the 
pH was again adjusted to 8-8.5 and allowed to stir for 5 hr. 
The oil which had separated was extracted with ether and dried 
over potassium carbonate. Removal of the ether on a steam

(12) M. Karplus, J .  C h e m .  P h y s . ,  30, 11 (1959).
(13) K. L. Williamson and W. S. Johnson, J .  A m .  C h e m .  S o c . ,  83, 4623 

(1961).
(14) A. D. Cross, ibid., 84, 3207 (1962).
(15) D. J. Collins, J. J. Hobbs, and S. Sternhell, T e t r a h e d r o n  L e t t e r s ,  No. 

10, 623 (1963).
(16) The n.m.r. spectra were determined both a t 60 and 24 Me. to ensure 

that these signals were coupling values rather than chemical shifts. We 
thank Dr. R. E. Click, Florida State University, who determined this using 
the Varian HR-60 instrument.

(17) All melting points and boiling points are uncorrected.
(18) Microanalyses were performed by Alfred Bernhardt, Mulheim (Ruhr), 

West Germany.
(19) The following two reactions— i . e . ,  the sodium borohydride reduction

and the intramolecular alkylation—were carried out in this vessel.

bath and distillation of the residual oil gave 6.6 g. (46%) of the 
tricyclic base, b.p. 100-102° (1.0 mm.); remD 1.5062. The infra
red spectrum (carbon tetrachloride) showed only strong absorp
tion at 3.4 (CH), 6.9 /x (CH2 bending), and ring skeletal vibra
tions above 8 n-

Anal. Calcd. for CMH23N : C, 81.94; H, 11.22; N, 6.83. 
Found: C, 81.71; H, 11.07; N, 6.81.

The picrate from methanol, melted at 191-193°.
Anal. Calcd. for CaiHaNjO,: C, 55.30; H, 6.13; N, 12.90. 

Found: C, 55.08; H, 6.23; N, 12.83.
2,2 ,-DimethylcycIopenteno |d] -1 -azabicyclo |4.3.0] nonane (II).— 

A cold solution of 7.93 g. (0.077 mole) of 7-ehlorobutyronitrile 
in 150 ml. of 98% sulfuric acid was treated with 11.06 g. (0.070 
mole) of a-(2-hydroxycyclopentyl)-t-butyl alcohol as described 
previously. Distillation of the residue from the ethereal extracts 
afforded 7.2 g. (54%) of a light yellow oil, b.p. 73° (0.25 mm.);

1.5025. The infrared spectrum (carbon tetrachloride) 
exhibited only CH stretching, CH2 bending, and skeletal vibra
tions.

Anal. Calcd. for Ci;,H21N: C, 81.67; H, 10.99; N, 7.33. 
Found: C, 81.62; H, 10.84; N, 7.28.

The picrate, from ethanol, melted at 188°.
Anal. Calcd. for CisH-^OvN,: N, 13.33. Found: N, 13.32.
2,2-Dimethylcyclopenteno[d]-l-azabicyclo|4.2.0]octane (I).— 

This was obtained in essentially the same manner as described 
for III by treating a cold solution of 6.45 g. (0.77 mole) of 0- 
chloropropionitrile in 150 ml. of 98% sulfuric acid with 11.06 g. 
(0.070 mole) of c*-( 2-hydro.xycyclopentyl )-f-butyl alcohol. Re
moval of the ether left an oily residue which, although carefully 
fractionated [65-67° (1.0 mm.)], gave two peaks20 in the ratio 
89.5:10.5. A picrate, formed from this mixture, melted at 
214° after two recrystallizations from ethanol. The infrared 
spectrum of the mixture exhibited a slight C=CH 2 stretching 
band at 3.25 n and the corresponding bending frequency at 10.2 
and 10.9 ju. This minor component was then assigned the struc
ture VIII. The mixture (0.75 g.) was added to a Florisil column 
and eluted with petroleum ether-diethyl ether solvent pairs. 
The pure tricyclic base I was obtained (0.55 g.) and exhibited 
a single peak upon gas chromatographic analysis which cor
responded to the 89.5% peak in the original mixture. The 
infrared spectrum showed the complete absence of the bands 
attributed to the vinyl derivative. The yield of I was 50%.

Anal. Calcd. for C,2H19N: C, 81.36; H, 10.73; N, 7.91. 
Found: C, 81.25; H, 11.02; N, 7.72.

The picrate, from methanol, melted at 214°.
Anal. Calcd. for C,8H22N40 7: N, 13.80. Found: N, 14.05.
Attempted Reduction of II by Hydroboration Propionic Acid.— 

A solution of 5.0 g. of II in 50 ml. of anhydrous tetrahydrofuran 
was treated with diborane generated from another flask contain
ing 3.5 g. of sodium borohydride and 20 g. of boron trifluoride- 
ethyl ether complex in 50 ml. of diglyme. After standing over
night the tetrahydrofuran was removed by distillation, and the 
residue was treated with 5.0 ml. of propionic acid and heated to 
150° for 3 hr. The mixture was cooled, neutralized, and ex
tracted with ether. The residue from the ethereal extract was 
distilled, b.p. 80° (0.5 mm.), amounting to 4.2 g. The picrate, 
infrared spectrum, and the refractive index were identical with the 
starting material.

Ozonolysis of II.—A solution of 2.0 g. of II in 100 ml. of di-
chloromethane was cooled in an ice bath and subjected to a 
stream of ozone for 2 hr. Work-up of the ozonized mixture gave 
a tarry mixture which was for the most part basic and whose in
frared spectrum (carbon tetrachloride) showed a strong carbonyl 
absorption at 5.90 m- Attempts to purify this substance were 
fruitless.

(20) Analyzed on a 6-ft. column coated with 10% Dow Corning 710 
and «5% potassium hydroxide on Chromsorb P.
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The structures of the Diels-Alder adduct and the addition-abstraction product from l,4-dideuterio-l,3- 
cyclohexadiene and ethyl azodicarboxylate indicate that the formation of these compounds proceeds by entirely 
different paths. Lack of isomerization of both reactants and products and lack of deuterium exchange (in 
CH3OD) for both reactants and products are consistent with a concerted cyclic process. These results are con
sistent with the energetics of the adduction reaction. Thus, the entropy of activation for the reaction of 1,3- 
cyclohexadiene and ethyl azodicarboxylate is —40.7 e.u., and it is —31.8 e.u. for ethyl azodicarboxylate and 
1,4-cyclohexadiene. This high negative entropy of activation is consistent with a concerted process.

The reactions of ethyl azodicarboxylate with 1,3- 
and 1,4-cyclohexadienes18 and with sterically hindered 
conjugated dienesIb appear to proceed via an addition- 
abstraction mechanism. In order to verify the re
action path and to search more critically for the Diels- 
Alder adduct reported by both Cohen and Zand28 
and Pirsch and Jorgl,2b an investigation on the mech
anism of the reaction of ethyl azodicarboxylate with 
1,3- and 1,4-cyclohexadienes was initiated.

Vapor phase chromatographic analysis of the prod
ucts from adduction of 1,3-cyclohexadiene with ethyl 
azodicarboxylate (I) indicated three compounds; the 
major product, the previously identified diethyl 2,5- 
cyclohexadien-l-yl-bicarbamate (II), has been further 
substantiated by Gillis and Beck.11, The formation 
of ethyl hydrazodicarboxylate (III) also had been sub
stantiated by isolation of III from the reaction mix
ture.18 The third product, occurring only in 5 to 15% 
yields was tentatively identified as diethyl cyclohexyl- 
bicarbamate (IV) on the basis of similar v.p.c. retention 
times with an authentic sample.18 By column chroma
tography on an acid-washed alumina column, the third 
product has now been isolated and analyzed. The

H

D(H)

-I- RO2C —N=N— C02R

D(H)

H H
+ RO2C—N—N—C02R 

III

C k D(l

D(H)

D(H)
CO2R 

C02R

and

RO 2 C - N - N - C O 2 RFr”
( H ) D " ^

II
R02C-N-NHC02R

IV

D(H)
[ j^ f-N -C C L R

or / V ^ - n - cclr

D(H)
VI

(H)D
R = C2H5

VII

(1) (a) B. Franzus and J. H. Surridge, J .  O r g .  C h e m . ,  27, 1951 (1902); 
(b) B. T. Gillis and P. E. Beck, i b i d . ,  27, 1947 (1902).

(2) (a) S. G. Cohen and R. Zand, J .  A m .  C h e m .  S o c . ,  84, 586 (1962); (b) 
L Pirsch and J. Jorgl, B e r . , 68, 1324 (1935).

analysis does not agree with IV but is instead consistent 
with structures V, VI, or VII (without deuterium).

Since there was no N-H stretching at 3300 cm.-1 in 
the infrared, and the n.m.r. indicated no hydrogen 
bound to nitrogen, this compound cannot be an addi
tion-abstraction product. The relative hydrogen areas 
by n.m.r. are consistent with V, VI, or VII (nondeute- 
rated). In Fig. la there can be seen six methyl hy
drogens (triplet r 8.7), two ring allyl hydrogens (r =  
8.1), four O-CFF hydrogens (r 5.9), two hydrogens next 
to nitrogen (r 5.2), and two vinyl hydrogens (r 3.5).

The vinyl hydrogen triplet shown in Fig. la probably 
rules out VI as a possible structure but does not readily 
differentiate between compounds V and ATI. The 
reaction of l,4-dideuterio-l,3-cyclohexadiene with ethyl 
azodicarboxylate (I) could then have given rise to 
V, VI, or VII (with deuterium) along with ethyl hy
drazodicarboxylate and a corresponding deuterated 
addition-abstraction product (II). The difference in 
the n.m.r. spectra of V vs. both AT and ATI would be 
clearly demonstrated by a retention of vinyl hydrogen 
area and the complete disappearance of that peak due 
to the tertiary hydrogen next to the nitrogen. If, on 
the other hand, AT and ATI were the product, both 
vinyl hydrogen and tertiary hydrogen would suffer a 
reduction in area to one-half of the original vinyl and 
tertiary hydrogen area. .As is evident from Fig. lb, 
the tertiary hydrogen next to nitrogen (r 5.2) is no 
longer present, the vinyl hydrogen area is unchanged, 
and the vinyl triplet (r 3.5) has collapsed to a singlet 
supporting only compound Ar, the Diels-Alder adduct. 
Thus the reaction of I and 1,3-cyclohexadiene does 
indeed give a 5-15% yield of Diels-Alder adduct (V), 
5-15% of ethyl hydrazodicarboxylate (III), and about 
80% of the addition-abstraction product (II).

The positional integrity of the deuterium in 1,4- 
dideuterio-l,3-cyclohexadiene was established in part by 
the synthesis of the diene and in part by the n.m.r. 
spectra of the resultant product.

Ts = CH3-^J^-SC >2-
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Reduction of 1,4-cyclohexanedione by lithium alu
minum deuteride should involve no rearrangement3 4 5 
and the formation of the ditosylate involves no rear
rangement.45 Thus the only step of the synthesis 
which could conceivably give rise to deuterium scram
bling is the elimination reaction since the dienes could 
isomerize in a basic media. If in a basic, protic media, 
proton abstraction occurs reversibly to form the 
carbanion of the cyclic diene, then not only would the
1,3- and 1,4-dienes interconvert but the resulting dienes 
would incur both deuterium scrambling and loss of 
deuterium to the protic solvent. However, the re
action of 1,4-cyclohexadiene and 1,3-cyclohexadiene 
with sodium hydroxide in 1-propanol gave no evidence 
of isomerization of the 1,4-diene to the 1,3-diene and 
vice versa. This means that the carbanion is not 
formed and the resultant 1,3- and 1,4-cyclohexadienes 
should be free of both deuterium scrambling and loss of 
deuterium. Final confirmation of structure resided in 
the analyses of the l,4-dideuterio-l,3-cyclohexadiene 
and the l,4-dideuterio-l,4-cyclohexadiene by n.m.r. 
as shown in Table I.

T able I
N .m.r . H ydrogen Areas for 1,4-D id eu terio -1,3- and -1,4- 

cyclohexadienes

Calcd.

D
Allyl/vinvl 2.00/1
% Allyl-H 66.7
% Vinyl-H 33.3

D
D

Allyl/vinyl 2.00/1
% Allyl-H 66.7
% Vinyl-H 33.3

D

For the addition-abstraction reaction, the extent of 
carbon-hydrogen cleavage by the azo-nitrogen can be 
measured by the amount of isomerization of the starting 
dienes and by the final mixture of products.

II VIII

x  = C2H50 2CNNHC0îC2H5 «W 3760 (Xm„  258 mu)

If proton abstraction by the azo-nitrogen is complete 
and the reaction with diene is reversible (kh k - 1, k2, 
k- 2, fast), then starting with either 1,3- or 1,4-cyclo- 
hexadiene one would anticipate an equilibrium mixture 
of the 1,2- and 1,4-dienes. This was not observed; 
the starting diene was not isomerized. However,

(3) (a) L. W. Trevoy and W. G. Brown. J .  A m .  C h e m .  S o c . ,  71, 1675 
(1949); (b) M. S. Newman and R. Gaertner, i b i d . ,  72, 264 (1950).

(4) H. Phillips, J .  C h e m .  S o c . .  123 , 44 (1923).
(5) We are indebted to Prof. P. S. Skell for suggesting tosylate elimination

as the best synthetic route to the dienes.

Fig. 1.—N.m.r. spectra of Diels-Alder adducts in CCh at 25°: 
(a) Diels-Alder adduct from 1,3-cyclohexadiene and ethyl azo
dicar boxylate; (b) Diels-Alder adduct from l,4-dideuterio-l,3- 
cyclohexadiene and ethyl azodicarboxylate.

one might anticipate that proton abstraction by the 
azo-nitrogen would be irreversible (also k~, and k -2 
are essentially zero), and this would be reflected by an 
equilibrium mixture of the final products (via k3 and 
k\). This, too. was not observed. The 1,3-product 
VIII arising from 1,4-cyclohexadiene had a large molar 
extinction coefficient,13 and thus made traces of the
1,3-product easily detectable.

On the other hand, the 1,4-product II that arose 
from I and 1,3-cyclohexadiene was easily detectable 
by its n.m.r. spectrum shown in Fig. 2b. It will be 
noted that the hydrogens of the two ethyl groups of the 
azo ester are sufficiently different that a chemical shift 
is readily detectable by the two 0-C H 2 quartets 
and the two CH3 triplets. This n.m.r. spectrum is 
quite different from that of the 1,3-product VIII that 
arose from I and 1,4-cyclohexadiene (Fig. 2a). The 
latter n.m.r. spectrum (2a) only indicates one type of 
OCH2 and CHs. The observation that the 1,4-diene 
did not isomerize to the 1,3-diene and vice versa in 
the presence of I was further substantiated by the fact 
that cis-lrans isomers also did not interconvert in their 
reactions with I.6

It became quite apparent that since both products 
and unchanged starting material did not undergo isom
erization, complete removal of the proton by the 
azo-nitrogen did not occur. Furthermore, one can 
also rule out any solvated ion-pairs since there was no 
detectable deuterium in either unchanged starting diene 
or final product when I reacted with either 1,3- or 1,4-

(6) Personal communication from Dr. W. A. Thaler of the Central Basic
Research Laboratories. Esso Research and Engineering Co.

Found

1.99/1
6 6 .7
3 3 .3

1 .92 /1  
65.7 
34.3
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Fig. 2.—N.m.r. spectra of addition-abstraction products in 
CCI4 at 25°: (a) compound VIII from 1,4-cyclohexadiene and 
ethyl azodicarboxylate; (b) compound II from 1,3-cyclohexadiene 
and ethyl azodicarboxylate [CH3 (r 8.8 ); ring alllyl hydrogens 
(r 7.7 in a, r 7.5 in b); OCH2(t 6.1); vinyl hydrogens ( t =  4.4); 
N-H (r =  2.8-3.1 dependent on concentration)].

cyclohexadiene in the presence of methanol-D.7 Be
cause the N-H bond in products II and VIII exchanged 
H for D with the deuterated solvent very slowly, the 
fact that there was essentially no X-I) in the final 
product further eliminates the possibility of a solvated 
ion-pair. One must conclude that under these re
action conditions, lack of deuterium exchange infers 
that reaction of 1,3-cyclohexadiene with 1 (&4) and 1,4- 
cyclohexadiene with I (A6) proceeds through either an 
intimate ion-pair, ion-dipole, or via a concerted process. 
Hydrogen-deuterium exchange has been observed in 
other systems using stronger base, higher temperatures, 
and benzylic-type compounds.8 This exchange ap
parently does not apply to the azo ester-diene system.

Kinetics of azo ester adduction with cyclic dienes 
should be second-order for a concerted process. As 
shown in Table II second-order kinetics is exactly what 
was observed. Kinetics were run both in cyclohexane 
and in ethanol with rate constants in ethanol being 
about twenty times greater than in cyclohexane. How
ever, the data for the kinetics in ethanol are not re
ported here (except qualitatively) because competition

(7) Methanol-D was chosen because of its high dielectric constant ( D  =  

31); however, in the presence of methanol the amount of oxidation-reduc
tion increases at the expense of the addition-abstraction product. This 
was not true of solvents such as ethanol ( D  = 24), and dimethyl sulfoxide 
( D  =  46.7) where the ratio of all three products remained essentially un
changed from those results obtained either in the absence of solvent or in 
cyclohexane as solvent.

(8) D. J. Cram, C. C. Kingsbury, B. Rickborn, J .  A m .  C h e m .  S o c . ,  81,
5835 (1959).

T a b l e  I I

S ec o n d -O r d e r  R a te  C o n sta n t s  in  C y c l o h e x a n e  as F u n c t io n  
o f  C o n c e n t r a t io n

Cyclo- 105 k  (1. mole-1
hexadiene T ,  °C. Diene Azo ester sec. 9

1,3 25 0 0615 0.0501 7.86
1,3 25 0800 0194 7.33
1,3 50 1226 .0825 31.7
1,3 50 . 2460 .0795 32.1
VIII 50 . 166 0974 6.99
1,4“ 50 .1293 . 1000 2.27
R4 50 . 2025 .0240 2.22
1,4 75 .0935 0229 12.8
1,4 75 .1863 .0230 12.9

“ Estimated from first 25%t reaction, before reaction of VIII 
becomes dominant.

between I and the diene, and I and ethanol9 caused 
difficulty in obtaining reproducible results. The results 
of the kinetics were surprising since it was assumed, 
a ■priori, that the loss or gain of resonance energy by 1,3- 
or 1,4-cyclohexadiene to 1,4- and 1,3-diene products 
(II and VIII, respectively) would be a large driving 
force in the azo ester cyclic diene adduction. Thus it 
was assumed that 1,4-cyclohexadiene should react faster 
than 1,3-cyclohexadiene. It is quite evident from Table 
II that at 50° the 1,3-diene reacts some fifteen times 
faster than the 1,4-diene. In fact, reasonable kinetics 
for the 1,4-diene were obtainable only by using a high 
concentration of 1,4-diene since the 1,3-product VIII 
also reacted faster than 1,4-cyclohexadiene to form 
compound IX. The data in Table II were finally ra-

NHCOiEt
I

N -C 0 2E t
+

VIII

NHC02Et
1
N -C 0 2Et

N—C02Et 
I

NHC02Et
IX

tionalized by the observation that the 1,3-diene is only 
600 calories more stable than the 1,4-diene as de
termined by the thermodynamic equilibration of the
1,3- and 1,4-dienes in the presence of strong base.

K

i-BuOK
DMSO

O K = 2.85
AF°= -600 cal.

The kinetic data in Table III embrace three reaction 
rate constants for 1,3-cyclohexadiene; the addition- 
abstraction reaction (k\a), an oxidation-reduction re
action (fc0x-red) and a Diels-Alder adduction (Ada)- 
Similarly a /.'total for 1,4-cyclohexadiene is comprised 
of an addition-abstraction reaction ( A \ a ) and an oxi
dation-reduction reaction (Aox_red ) . (See p. 2957, col. 1).

In the reaction of 1,3-cyclohexadiene with ethyl 
azodicarboxylate, the variation in product distribution 
as a function of temperature was determined by v.p.c. 
Since the differences in product distribution were of the 
same order of magnitude as the errors in the analytical

(9) O. Diels and C. Wulff, A n n . .  437, 309 (1924).
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T a b l e  III
P a r t ia l  and R elative  R ates fo r  1,3- and 

1,4-Cyclohexadiene at 50°

Diene

105fctotal>
L m ole-' *i,3(tot«l)/ 

sec.-' il,4(total)

I05&aa.
1. mole-1 

sec. - '
*aa(1,3)/
*Aa (1.4)

1,3- 31 .9 24 .0
14.5 18.5

1,4- 2 .2 1 .3

Diene
Ejx-rcd lox- 

1. m ole-' sec.-' k c x -

red(l.3)/
red(1,4)

10s I'D A,
1. mole sec.

1,3- 3 .5 4 .4

NHCOjEt

N - C 0 2Et

technique (±1%) an average product distribution was 
used for computation of &aa, &da and A)ox-red- This 
same product distribution held (essentially unchanged) 
down to —25° both without solvent1“ and in ethanol 
from room temperature to 62°. The addition-ab
straction product from 1,4-cyclohexadiene forms a 1,3- 
product VIII with a reasonably large molar extinction 
coefficient so analyses of products were feasible even 
though the variation of product distribution as a func
tion of temperature was small. These results are 
shown in Tables III and IV.

T a b l e  IV'
E n th a lpy  and  E n tr o py  o f  A c tiv a t io n  fo r  V a r io u s  

R e a c t io n  P a th s

Diene
AH *  (total), 

kcal.
A S *  (total), 

e.u.
A H *  (A A), 

kcal.
AS* (A A), 

e.u.

1,3- 10.9 - 4 0  7 10.9 - 4 1 .0
1,4- 15.6 - 3 1 .8 14.4 - 3 6 .4

Diene

A H *
(ox-red), A S *  (ox-red), 

kcal. e.u.
A H *  (D A), 

kcal.
AS* (D A), 

e.u.

1,3- 10.9 - 4 5 .0 10.9 - 4 4 .5
1,4- 16.0 - 3 2 .3

A favorable mechanism for the addition -abstraction 
reaction is via a concerted process with a partial charge 
development.1“ 15

E t0 2Cx  p  ^C O jE t 
► N = N

E t0 2C—N — NHC02Et

II

E t02C ^  A  ^CChEt 
N=N E t0 2C - N - N H C 0 2Et

VIII

A similar mechanism also could be written for the oxi
dation-reduction reaction.

C02Et

C 02E t

C 02Et

C02Et

+  E t0 2CHNNHC02E t

+  E t0 2CHNNHC02Et

Consistent w7th these results is the rate enhancement 
in ethanol (over cyclohexane), the lack of hydrogen- 
deuterium exchange in reactants and products (when 
run in CH3OD) and lack of isomerization of both 
starting dienes and final products. In addition, the 
observance of a kinetic isotope effect in the reaction of 
I with l,4-dideuterio-l,4-dihydronaphthalene10 also is 
consistent with a cyclic concerted mechanism. The 
high negative entropy of activation also fits the cyclic 
concerted mechanism just as it fits a Diels-Alder ad
duction. However, the addition-abstraction mech
anism should not have the same transition state or go 
via the same intermediate as the Diels-Alder adduct. 
By a concerted cyclic mechanism, the product obtained 
by the reaction of ethyl azodicarboxylate with 1,4- 
dideuterio-l,3-cyclohexadiene (X), should have two 
vinyl hydrogens, two allyl hydrogens, and a tertiary 
hydrogen (next to nitrogen).

•• Ä
E t0 2C —N =K —C 02Et

/  D )

j y *

NHC02Et

H H
X

On the other hand, if one works out details, the addi
tion-abstraction product one would obtain from a 
transition state (or intermediate) arising from a Diels- 
Alder adduct (after the appropriate hydrogen migra-

N H C 02Et

N—C 02Et

D H
XI

(10) R. Huisgen and H. Pohl, B e r . ,  93, 527 (I960).
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T a b l e  V
N .m .r . H y d r o g e n  A r e a s  o f  X a n d  XI fr o m  1 ,4 -D id e u t e r io - 

1,3- c y c l o h e x a d ie n e  a n d  I
N.m.r. % calcd. % calcd.

% area of hydrogens for X for XI Found

c h 3 37.5 37.5 40.7
o c h 2 25.0 25.0 24.6
Ring CH2 12.5 6.25 12.1
Vinyl 12.5 25.0 12.2
f-H (next to N) 6.25 0 5.2
N-H 6.25 6.25 5.2

tion) would have a structure corresponding to XI with 
four vinyl hydrogens and one allyl hydrogen. It is 
apparent from Table V that X is the observed product 
substantiating the concerted cyclic mechanism.

If one builds molecular models of the azo ester-cyclic 
diene system, one can rationalize the observed en
thalpies and entropies of activation from the steric 
effects manifested by interactions of various atoms 
in the molecular models. Both Dreiding and Stuart- 
Briegleb models show that the two axial hydrogens 
(5 and 6 in 1,3-cyclohexadiene) extend in opposite di
rections perpendicular to the plane of the 1,3-cyclo
hexadiene ring (XII); axial hydrogens 3 and 6 in 1,4- 
cyclohexadiene extend in the same direction perpendic
ular to the plane of the 1,4-cyclohexadiene ring (X III).11

4 3 5 4

XII XIII

If one assumes that I approaches perpendicular to 
the cyclohexadiene rings to abstract an axial hydrogen, 
a steric effect from the other axial hydrogen is noted 
in the case of the 1,4-diene but not with the 1,3-diene. 
This effect could then show up in part in the AH* 
term.12 This could explain the greater reactivity of 
the 1,3 diene over the 1,4-diene since the entropy of 
activation for both the 1,3- and 1.4-dienes are very 
nearly the same The oxidation-reduction rate con
stants for the 1,3- and 1,4-dienes are very nearly the 
same. Again the 1,3-diene has a lower AH* than the
1,4-diene probably due in part to a hindering effect of 
the other axial hydrogen. The more favorable en
tropy for the 1,4-diene over the 1,3-diene could be 
rationalized by simultaneous abstraction of axial hy
drogens 3 and 6 by I ; this favorable conformation can
not be realized by the 1,3-diene.

Experimental
All melting points were corrected and were taken on a Fisher- 

Johns melting point apparatus. Infrared spectra were determined 
using a P.eckman IR-5 spectrophotometer. Ultraviolet and visi
ble spectra for the kinetic experiments were obtained using an 
Optika OF-4 double-beam recording spectrophotometer. N.m.r. 
spectra were determined with a Varian Associates A-60 spectro
meter. Vapor phase chromatographic analyses were carried out 
on a Perkin-Elmer Model 154-D vapor fractometer. Elemental 
analyses were performed by both the Analytical Research Division 
of Esso Research and Engineering Company and by Galbraith 
Laboratories, Inc.., Knoxville, Tenn. Molecular weight analyses 
were done by Galbraith Laboratories, Inc.

(11) F. H. Herbstein, J .  C h e m .  S o c . ,  2292 (1959).
(12) H. C. Brown and G. K. Barbaras. J .  A m .  C h e m .  S o c . .  75, 6 (1953).

N,N-Dicarboxyethyl-l,4-emfo-hydrazocyclohexene (V).—The
reaction of I with 1,3-cyclohexadiene has been described else
where.1“ 11 Compound V, the Diels-Alder adduct, was separated 
from II the addition-abstraction product and ethyl hydrazodi- 
carboxvlate by chromatography on an acid-washed alumina 
column using methylene chloride as eluent. The Diels-Alder 
adduct (V) was the first compound to be eluted, followed by a 
mixture of II and ethyl hydrazodicarboxylate. The last com
pound to be eluted was ethyl hydrazodicarboxylate. Compound 
V is a viscous liquid whose infrared spectra differs mainly from 
compound II by the absence of theN-H stretching at 3300 cm. -1.13 
The liquid chromatography samples were analyzed by v.p.c.14 
The Diels-Alder adduct (V) had a perfect analysis for a one-to- 
one adduct.

Anal. Calcd. for C12H18N2O4: C, 56.88; H, 7.13; N, 11.02. 
Found: C, 56.85; H, 6.93; N, 10.93.

1.4- Dideuterio-l,4-cyclohexanediol.—Into a dry 2-1. resin 
flask containing 5.0 g. (0.119 mole) of lithium aluminum deuter- 
ide, equipped with a vibromix stirrer, thermometer, and dropping 
funnel was distilled (from lithium aluminum hydride) 100 ml. of 
tetrahydrofuran. To this deuteride solution was slowly added
22.4 g. (0.2 mole) of 1,4-cyclohexanedione (Aldrich Chemical 
Co., Milwaukee, Wis.) in 300 ml. of dry tetrahydrofuran. Addi
tion of the dione (which took 35 min.) was accompanied by slight 
heat evolution. Agitation was continued for 3 hr. after addition 
and the reaction mixture allowed to stand overnight. After 
decomposition of excess lithium aluminum deuteride with 200 
ml. of methanol, all the solvent was removed (under aspirator 
vacuum) using a rotary evaporator. Extraction of the 1,4-diol 
was accomplished by dissolving the 1,4-diol from the combination 
of salts with tetrahydrofuran (150 ml.). This gave 6.0 g. of diol 
(after evaporation of the tetrahydrofuran). The solid was then 
further extracted with boiling tetrahydrofuran in a Soxhlet 
extractor to yield more 1,4-diol (6.4 g.). Finally the remaining 
solid was dissolved in dilute sulfuric acid, neutralized with sodium 
hydroxide, concentrated to dryness under vacuum on a rotary 
evaporator, and extracted with acetone to yield 1.9 g. of 1,4-diol. 
The yield of l,4-dideuterio-l,4-cyclohexanediol (14.3 g., 0.133 
mole) was 66.5%. The infrared and n m.r. spectra of the 1,4-diol 
were consistent with deuteriums in the 1,4-position.

1,4-Dideuterio-1,4-cyclohexanediol-di-n-toluenesulf onate.—To 
165 ml. (2.31 moles) of freshly distilled dry pyridine was dissolved
14.3 g. (0.133 mole) of l,4-dideuterio-l,4-cyclohexanediol. To 
this solution was added (with stirring) 50.6 g. (0.266 mole) of p- 
toluenesulfonyl chloride. Exothermicity was apparent after 10 
min., and a white crystalline precipitate appeared after 20 min. 
The mixture was allowed to stand at room temperature for 2 days 
after which the reaction mixture was poured into 1500 ml. of cold
2.0 M hydrochloric acid. The solid that precipitated was 
vacuum dried (35° at 1.0 mm.) for 20 hr. The weight of 1,4- 
dideuterio-l,4-cyclohexanedicl-di-p-toluenesulfonate was 47.8 g. 
(0.1125 mole) representing an 84.5% yield.

1.4- Dideuterio-l,3- and -1,4-cyclohexadiene.—To a 500-ml. 
distillation flask containing 270 ml. of redistilled propanol and
9.9 g. (0.247 mole) of sodium hydroxide was added 47.8 g. (0.112 
mole) of 1,4-dideuterio-l ,4-cyelohexanedioI-di-p-toluenesulfonate. 
The 500-ml. flask was the distillation pot of a Todd distillation 
assembly so that as the contents of the flask were heated to reflux, 
the condensate with boiling point less than 97° was collected. 
Four fractions of condensate were collected totaling 70 ml. 
To the condensate was added 50 ml. of water; this mixture ex
tracted with re-pentane. The pentane layer was washed once 
with water and the combined water layers extracted with re- 
pentane. The combined pentane layers were washed twice with 
water. A total of 55 ml. of re-pentane was used for extraction; 
the final volume was 59 ml. Most of the pentane (after drying) 
was carefully distilled until 10 ml. of hydrocarbon (dienes and 
pentane) remained. The 1,4-dideuterio-l,3-cyclohexadiene was 
separated from the 1,4-dideuterio-l ,4-cyclohexadiene by prepara
tive gas chromatography. A 10 ft. X  0.5 in. column packed with 
160 g. of a substrate consisting of Ucon nonpolar on acid-washed 
Chromosorb P was used at 65° in conjunction with a Perkin-Elmer 
Model 154-D vapor fractometer. Samples of 0.70 ml. were in

(13) L. J. Bellamy. “The Infrared Spectra of Complex Molecules,” 
Methuen, London, 1957. p. 207.

(14) Obtained with a l m. X 0.25 in. column packed with 20% diethylene 
glycol succinate on acid-washed Chromosorb W at 170° and 210 cc./min. 
helium as carrier gas. The column packing was purchased from Wilkens 
Instrum ent and Research, Inc., Walnut Creek, Calif.
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jected and the 1,3-diene (13.8 min. retention time from air) was 
collected first and the 1,4-diene (retention time 21.8 min. from 
air) was the second compound to be collected. The 2.3 g. (0.028 
mole) of l,4-dideuterio-l,3-cyclohexadiene represents a 25% 
yield.

Reaction of 1,4-Cyclohexadiene with Sodium Hydroxide in 1- 
Propanol.—To a distillation flask containing 125 ml. of 1-pro
panol, 4.6 g. (0.115 mole) of sodium hydroxide, and 19 g. (0.1 
mole) of sodium p-toluenesulfonate was added 5.0 ml. (0.05 mole) 
of 1,4-cyclohexadiene. This mixture was refluxed for 2 hr. (on a 
Todd distillation assembly) after which condensate was collected 
and worked up as in the preparation of the deuterated dienes. 
The v.p.c. analysis15 of the starting diene was 98.3% 1,4-cyclo
hexadiene, 1.6% benzene, and 0.1% cyclohexane. The v.p.c. 
analysis of the cyclohexadiene after refluxing with sodium hy
droxide in propanol was 98.3% 1,4-cyclohexadiene, 1.6% benzene, 
and 0.1% cyclohexane. No 1,3-cyclohexadiene was formed.

Thermodynamic Equilibration of 1,3- and 1,4-Cyclohexadiene. 
—Using dimethyl sulfoxide as the solvent and potassium f-but- 
oxide as the base, a solution 0.0402 M in base and 0.428 M in 1,4- 
cyclohexadiene (99.4% pure) was equilibrated at 35°. The 
system was in equilibrium in less than 5 min. since at 5, 15, 30, 
60, 120, and 1180 min. the ratio of 1,3- to 1,4-cyclohexadiene 
was essentially unchanged. The analysis of the diene mixture by 
v.p.c.15 gave a ratio of 1,3/1,4-cyclohexadiene of 1.86 ±  0.02. 
In an identical manner, 0.403 M 1,3-cyclohexadiene (analyzed15 
96.0% 1,3-cyclohexadiene, 3.4% cyclohexene, 0.5% benzene, 
0.1% 1,4-cyclohexadiene) and 0.033 M potassium ¿-butoxide in 
dimethyl sulfoxide was equilibrated at 35°. Again analyses15 
showed equilibration complete in less than 5 min. and the ratio 
of 1,3/1,4-cyclohexadiene was 1.84 ±  0.01.

Reaction of I and 1,3-Cyclohexadiene in Methanol-D.— 
Methanol-D was synthesized by cautiously adding 27 g. (0.5 
mole) of sodium methylate to 33.5 ml. (1.175 moles) of 99.5% 
deuterium oxide. The whole operation was carried out in a dry- 
box in a 100 ml. flask with stirring. The methanol-D was distilled 
from the excess deuterium oxide under “anhydrous” conditions. 
The yield of CH3OD was 17.5 ml. (0.42 mole) which represented 
an 84% yield. The isotopic purity of the methanol-D was 99.5% 
as determined by comparing the area of the hydrogen on the OH 
to the hydrogen area due to the splitting resulting from the natural 
abundance of C13. Thus the -C 13H3-  (1.1% abundance) area was 
compared to the OH area to determine isotopic purity.

In a typical experiment 4.3 g. (0.0246 mole) of ethyl azodicar- 
boxylate (I), 5.0 ml. (0.050 mole) of 1,3-cyclohexadiene, and 5.0 
ml. (0.122 mole) of methanol-D were added to a graduate which 
was then stoppered, and placed in a 62° bath until the yellow 
color of the azo ester had faded. The unchanged 1,3-cyclohex
adiene, methanol-D, methanol, and benzene1“ was stripped from 
the reaction mixture, analyzed by v.p.c.15 and then analyzed by
n.m.r. The allyl and vinyl hydrogens (n.m.r.) of the 1,3-cyclo
hexadiene are shifted widely from the OCH3, OH, and benzene 
hydrogens. The areas of the allyl and vinyl hydrogens were equal 
indicating the lack of deuterium exchange. The products from 
the reaction were mixed with methylene chloride and filtered 
giving 2.2 g. of ethyl hydrazodicarboxylate and 1.7 g. of a viscous 
oil (after stripping the methylene chloride). V.p.c. analysis14 
indicated (by area per cent) 14% ethyl hydrazodicarboxylate, 
53% of the Diels-Alder adduct (V), and 33% of the addition- 
abstraction product (II). Column chromatography as described 
in the isolation of the Diels-Alder adduct (V) was used to isolate 
the addition-abstraction product (IT). The n.m.r. of compound 
II showed no deuterium incorporation; its n.m.r. spectra and in
frared spectra were identical to authentic samples previously 
prepared.1“

In an identical experiment, 1,4-cyclohexadiene reacted with 
ethyl azodicarboxylate in the presence of methanol-D at 62°. 
Similarly the unchanged 1,4-cyclohexadiene had equal allyl and 
vinyl areas in the n.m.r. indicating no deuterium exchange. 
The product VIII was isolated in a manner similar to the isolation 
of II and in a manner previously described.1“ This product had 
an n.m.r. and infrared spectrum identical to the product derived 
in the absence of any deuterium1“ indicating no deuterium in
corporation.

Preparation of Va and X from Reaction of 1,4-Dideuterio-
1,3-cyclohexadiene with Ethyl Azodicarboxylate (I).—To 2.3 g.

(15) Analysis for 1,3- and 1,4-cyclohexadiene was done with a Perkin- 
Elmer 2-m. R column, a t 55° on a Model 154-D Perkin-Elmer vapor frac- 
tometer.

(0.028 mole) of 1,4-dideuterio-l,3-cyclohexadiene was added 4.5 
g. (0.026 mole) of ethyl azodicarboxylate. The reaction mixture 
was kept at room temperature with stirring for 64 hr. after which 
time the reaction mixture had become colorless. As in the isola
tion of V, acid-washed alumina was the column packing and di- 
chloromethane was the eluent. The first product off the column 
wasV (analyses of fractions were done by v.p.c.).11 This was then 
followed by compound X. Each of these compounds were then 
analyzed by n.m.r. and the results shown in Fig. lb (for V) and 
Table V (for X).

Preparation of l,4-Bis(l',2'-dicarbethoxyhydrazyl)-2,5-cyclo- 
hexadiene (IX).—Compound VIII, diethyl 2,4-cyclohexadien-l- 
yl-bicarbamate (1.39 g. 0.0055 mole), was diluted with benzene 
so that the volume of solution was 3 ml. To this solution was 
added 0.95 g. (0.0055 mole) of ethyl azodicarboxylate. The 
solution was heated for 1 hr. on a steam bath, allowed to stand 
overnight, and once again heated on a steam bath for 45 min. 
Overnight a white solid had precipitated which did not redissolve 
on heating; this solid, after drying weighed 1.18 g. (0.00276 
moles, 50% yield) had m.p. 155.5-157° and an n.m.r. con
sistent with IX.

Anal. Calcd. for CisftsNiOg: C, 50.45; H, 6.59; N, 13.08, 
mol. wt., 428. Found: C, 50.46, 50.32; H, 6.61, 6.52; N; 
13.19; mol. wt., 395 (osmometer).

Determination of Rate Constants.—Purity of the cyclo- 
hexadienes was determined by v.p.c.15 1,3-Cyclohexadiene
(purchased from Farchan Research Lab., Wickliffe, Ohio) was 
99.1% pure; the other impurities were benzene and cyclohexane 
which did not react with ethyl azodicarboxylate. Similarly, 
analysis of 1,4-cyclohexadiene (purchased from Columbia Organic 
Chemical Co., Columbia, S. C.) indicated a purity of 99.5%; 
the impurity in the 1,4-diene was benzene. Both the dienes and 
the ethyl azodicarboxylate (purchased from Aldrich Chemical 
Co., Milwaukee, Wis.) were distilled prior to kinetic runs. 
Spectro Grade cyclohexane (as the solvent) carefully was re
distilled from anhydrous calcium sulfate and analyzed at least 
99.9% pure.15 For the determination of rate constants for 1,3- 
cyclohexadiene, samples of 1,3-diene in about 80 ml. of cyclo
hexane (in a 100-ml. volumetric flask) were placed for 30 min. in 
a thermostated bath; a weighed amount of ethyl azodicar
boxylate was added to the 100-ml. volumetric flask and the volume 
adjusted to 100.0 ml. at the desired temperature with thermo- 
statted solvent (cyclohexane). Samples of the solution weie re
moved from time to time, quickly brought to room temperature, 
and a known volume diluted (with cyclohexane) for measurement 
of optical density. Usually dilution was 1 to 5; however, it 
would vary with the concentration of azo ester. The concentra
tion of azo ester was determined from the optical density at 403 
mit. The initial concentration of azo ester was determined
both by optical density of a sample taken immediately after adding 
the azo ester to the diene, and by calculation from the weight of 
the added azo ester. Since Beer’s law held at all concentrations 
from 0.025 M down, the reactions were followed to 50-80% 
completion. Plots of the rate data, using a standard equation for 
the second-order rate law16 gave good straight lines. The deter
mination of rate constant for compound VIII going to IX by 
reaction with I was done in the same way as the reaction of 1,3- 
cyclohexadiene with I except that optical density was measured 
at 258 m/i. The determination of rate constants for reaction of
1,4-cyclohexadiene with ethyl azodicarboxylate was done by 
making (at room temperature) a solution (100.0 ml.) 0.02 to 0.1 
M in azo ester I and 0.1 to 0.2 M in 1,4-cyclohexadiene. Approxi
mately 7 ml. of the solution was pipeted into each of nine 
tubes which were sealed and placed in a thermostated bath. 
Initial concentration of azo ester was determined both by the 
weight of the azo ester and by optical density at 403 rn,u of an 
initial sample appropriately diluted. From time to time samples 
were removed from the bath, cooled to room temperature, 
opened and a known volume of solution diluted (usually about 1 
to 5) for measurement of optical density. Usually after 20% reac
tion the amount of ethyl hydrazodicarboxylate formed was suffi
cient to cause cloudiness of the solution at room temperature; 
these solutions were filtered through sintered glass with a slight 
nitrogen pressure above the liquid. The concentration of react
ants was corrected for the expansion of solvent17 and the rate data 
plotted to good straight lines using the standard equation for a

(16) S. J. Cristol, J .  A m .  C h e m .  S o c . ,  67, 1494 (1945).
(17) G. Egloff, “ Physical Constants of Hydrocarbons ” Vol. II, Reinhold 

Publishing Corp., New York, N. Y., 1940, pp. 78-80.



2 9 6 0 S C H E IN E R , S cH M IE G E L , SM ITH , AND VAUGHAN Vol . 28

l/T x 103.

Fig. 3.—Enthalpy of activation from log k vs. l/T :  ▲, 1,3-cyclo- 
hexadiene; • ,  1,4-oyclohexadiene.

second-order reaction.16 Quantitative analysis for amount of 
compound VIII (from 1,4-cyclohexadiene and I) at different 
temperatures was based on the ultraviolet absorption of VIII at 
258 mu (emax 3760). After all solvent and unchanged diene were 
removed from the reaction mixture the product was diluted with 
ethanol and the concentration of VIII determined from the ultra
violet absorption. Reproducibility of results by this method was 
±0.3%. Qualitative verification for the validity of this method

was based on the analysis of benzene (and therefore ethyl hydrazo- 
dicarboxylate) by v.p.c.15 Quantitative analysis for II, V, and 
ethyl hydrazodicarboxylate from the reaction of 1,3-cyclohex- 
adiene and I was done by v.p.c.14 Molar response data18 from 
known mixtures of ethyl hydrazodicarboxylate and II and ethyl 
hydrazodicarboxylate and V were sufficient for the quantitative 
analysis of all three components. Reproducibility was good to 
±1% . Reaction temperatures for 1,3-cyclohexadiene and 1 were
25.05 ±  0.05°, 37.07 ±  0.05: , and 49.96 ±  0.05°; for 1,4- 
cyclohexadiene and I reaction temperatures were 49.96 ±  0.05°,
61.86 ±  0.05° and 75.22 ±  0.05°. The plot of log k vs. l /T  is 
showm in Fig. 3 for the reaction of ethyl azodicarboxylate and 
both 1,3- and 1,4-cyclohexadiene. As can be seen from Fig. 3 
the plots are quite good so that over-all enthalpies of activation 
are good to at least ±0.5 kcal.
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(18) A. E. Mcssner, D. M. Rosie, and P. A. Argabright, Anal. C h e m . ,  31, 
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A number of polynitriles and related compounds derived from bicyclic systems have been prepared via the 
Diels-Alder reaction. Of particidar interest is the reaction of chloromaleic anhydride with 1-carbomethoxy- 
cyclohexa-1,3-diene, which affords but one of the two structurally possible isomers; chlorine appears in the 
2-position of the adduct. The preparation of 2,3-diacetoxycyclohexa-l,3-diene is described, but the compound
failed to react satisfactorily in the Diels-Alder synthesis.

A previous publication1 2 in this series described the 
synthesis of a number of bicyclic nitriles and related 
compounds whose synthesis was stimulated by the un
expected antileukemia activity of the Diels-Alder 
adduct of fumaronitrile and cyclohexa-1,3-diene. The 
present paper is, in part, an extension of this explora
tory synthesis and, in part, related to the broader 
problem of the scope and limitations of the Diels- 
Alder reaction with functionally substituted cyclic 
dienes and the steric course of this reaction.

Following up the reaction of fumaronitrile with cyclo- 
pentadiene6 and cyclohexa-1,3-diene, it has been found 
that it is in general a practicable dieneophile, good 
yields of adducts being obtained with furan and cyclo- 
hepta-1,3-diene.7

A potential intermediate8 * in the preparation of fuma
ronitrile, a-chloroacrylonitrile, also proved to be a

(1) Previous paper in this series: P. Scheiner and W. R. Vaughan,
J .  O r g .  C h e m . ,  26, 1923 (1961).

(2) Work supported in part by a research grant (CY 5406) from the 
National Cancer Institute to The University of Michigan.

(3) National Institutes of Health Predoctoral Fellow, 1960-1961.
(4) Abstracted in part from a portion of the Ph.D. dissertation of P. 

Scheiner, The University of Michigan, 1961.
(5) American Cancer Society Institutional Research Grant Fellow, 

Summer, 1961.
(6) A. T. Blomquist and E. C. Winslow, J .  O r g .  C h e m . ,  10, 149 (1945).
(7) Hi-Laboratory, Whitmore Lake, Mich.
(8) D. T. Mowry and W. H. Yanko, to Monsanto Chemical Co., U. S.

Patent 2,471,767 (1949).

practicable dieneophile, with cyclopentadiene and 
cyclohexa-1,3-diene. The two purified adducts, which 
probably are the less soluble members of two epimeric 
pairs, surprisingly showed complete inertness to re
fluxing with silver nitrate solution. Thus, one may 
tentatively assign an endo configuration to the chlorine, 
for in the exo configuration one might reasonably expect 
comparatively labile chlorine.

An examination of the a-chloroacrylonitrile adducts 
by n.m.r. affords additional Support for the endo- 
chlorine configuration; the vinyl protons in exo- and 
endo-bicyclo [2.2.1 ]hept-5-ene-2-carbonitrile appear as 
multiplets, respectively, at 3.83 and 3.72 r (deuterio- 
chloroform, internal tetramethylsilane reference, 60 
Me.), whereas in the 2-chlorobicyclo[2.2.1 ]hept-5-ene-2- 
carbonitrile, the vinyl protons appear as two multiplets 
at 3.79 and 3.52 t suggesting that one of them (on 
C-6) is in approximately the same environment as in 
the unchlorinated compound while the other is less 
shielded due to the endo-chlorine. In 2-chlorobicyclo- 
[2.2.2 ]oct-o-ene-2-carbonitrile a multiplet for two pro
tons falls at 3.64 r, which suggests about the same en
vironment as for the [2.2.1] analog.

Further evidence for the endo-chlorine configuration 
appears in the reduction of 2-chlorobicyclo [2.2.1 ]- 
heptane-2-carbonitrile by lithium aluminum hydride. 
The product, isolated as the hydrochloride, consists of
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more than 50% endo-2-aminomethylbicyclo[2.2.1]hep- 
tane.9 If one allows inversion for replacement of the 
chlorine, this is the expected product. The alternative 
involving intermediate ethyleneimine formation fol
lowed by reopening of the aziridine ring, which would 
lead to the product isolated from the epimer, is not 
particularly attractive, since other work in this labora
tory10 has shown that the aziridine system is generally 
stable to lithium aluminum hydride.

Similar reduction of bicyclo [2.2.2 ]oct-5-ene-irans-
2,3-dicarbonitrile afforded bis-2,3-£rans-aminomethyl- 
bicyclo [2.2.2 ]oct-5-ene as the dihydrochloride. The 
double bond in the preceding initial adduct proved to 
be “normal” with respect to catalytic hydrogenation, 
epoxidation (cf. acrylonitrile adduct and fumaronitrile 
adducts with cyclopentadiene in Experimental part), 
and reaction with phenyl azide [cf. fumaronitrile adduct 
with cyclopentadiene, and norbornadiene (bis adduct) 
with phenyl azide in Experimental part].

Further structural isomers of the desired bicyclic 
dinitriles might be expected via the reaction of acrylo
nitrile with cyclohexa-1,3-diene and cyclopentadiene, 
each carrying an appropriate acid derivative (e.g., ester) 
in the 1-position. To this end 1-carbomethoxycyclo
hexa-1,3-diene and 1-carbomethoxycyclopentadiene11 
were prepared. In addition, the preparation of 1- 
cyanocyclohexa-1,3-diene was attempted, but it ap
peared to be too unstable for analysis, and did not react 
satisfactorily with acrylonitrile, fumaronitrile, dimethyl 
maleate, or dimethyl fumarate, the only identifiable 
product (infrared spectrum) being benzonitrile at 
temperatures above 150°. However, adducts were ob
tained with tetracyanoethylene and maleic anhy
dride. The ultraviolet analysis of the former adduct 
showed conjugated nitrile. Therefore, instead of the 
expected diene, 2-cyanocyclohexa-l,3-diene was either 
obtained initially12 or during the reaction.

Carbomethoxycyclohexa-1,3-diene (I) also afforded a 
tetracyanoethylene adduct and a maleic anhydride ad
duct; in addition, adducts were obtained with acrylic 
acid and chloromaleic anhydride.

The problem of structure in the reactions of I was 
resolved in the following manner. I was allowed to 
react with both acrylic acid and with chloromaleic 
anhydride. In the former reaction only a dibasic acid 
was isolated (II), and in the latter only one characteriz- 
able product was obtained (55% yield, III). By the 
series of reactions, hydrogenation (IV), fragmentation
(V) (dehalogenative decarboxylation), hydrogenation
(VI) , and hydrolysis (VII), the same product was ob
tained (VII) as by hydrogenation of II. The ortho rela
tionship in VII was confirmed by anhydride formation, 
which was also achieved by heating VI. Thus the chlor
ide in chloromaleic anhydride appears to provide a direc
tive influence resulting in the chlorine assuming predomi
nantly the ortho position in the adduct with I {cf. 
Chart I).

It is of interest to note that potassium bicarbonate 
at room temperature does not effect extensive fragmen
tation, but when followed with alkali produces, in-

(9) K. Alder, K. Heimbach, and R. Reubke, C h e m .  B e r . ,  91, 1516 (1958).
(10) J. R. Wood, “ Potential Anticancer Agents,” Ph.D. dissertation, 

The University of Michigan, 1962.
(11) J. Thiele, B e r . ,  34, 68 (1901).
(12) V.p.c. analysis indicated a mixture, bu t principally one component.

C h a r t  I
E v id e n c e  fo r  St r u c t u r e  o f  III

stead, dehydrohalogenation; thus IV -*• IX, and IX 
readily adds bromine to give a dibromide.

The corresponding 1-carbomethoxycyclopentadiene 
readily afforded a tetracyanoethylene adduct, but other 
derivatives were not investigated.

The problem of preparing 2,3-dicyanobicyclo[2.2.1]- 
hept-2-ene and the corresponding bicyclo [2.2.2 Joctene 
derivative required proceeding through the dimethyl 
ace ty le ned icarboxy late adducts with cyclopentadiene 
and cyclohexa-1,3-diene, respectively. Hydrogenation 
of the isolated double bond in each case proceeded 
satisfactorily, and conversion to the diamides was ac
complished by methanolic ammonia catalyzed by so
dium methoxide.13 The diamides were then converted 
to the dinitriles by dehydration with phosphorus oxy
chloride.

It is appropriate to mention at this point two other 
bicyclic compounds available via a Diels-Alder reaction, 
of interest primarily for their potential resemblance to 
myleran (tetramethyleneglycolbismethanesulfonate) :
2,3 - trans - bishydroxymethylbicyclo [2.2.1 [hept - 5- 
ene14 bismethanesulfonate and the corresponding satu
rated product obtained from it by hydrogenation.

It had been hoped to prepare a number of related 
functionally substituted bicyclic glycols for which 2,3- 
diacetoxycyclohexa-1,3-diene would be a desirable 
starting material, and to this end the diene was pre
pared from cyclohexane-1,2-dione and acetic anhydride 
with boron trifluoride etherate as catalyst. However, 
although a solid product was obtained with maleic an
hydride and the new diene, it was not analytically 
satisfactory and proved to be too unstable to survive 
purification attempts.

(13) P. B. Russell, J .  A m .  C h e m .  S o c . ,  72, 1853 (1950).
(14) K. Alder and W. Roth, C h e m .  B e r .  87, 161 (1954).
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Finally, a further transformation of bicyclo[2.2.2]- 
oct-5-ene £r<ms-2,3-dicarbonitrile6 also was carried out: 
lithium aluminum hydride reduction to the correspond
ing bisaminomethyl dihydrochloride.

Experimental15

7-Oxabicyclo(2.2.1 |heptane-irn«s-2,3-dicarbonitrile.—A solu
tion of 5.4 g. of 7-oxabicyclo[2.2.1)hept-5-ene-£rans-2,3-dicarbo- 
nitrile16 (0.37 mole) in 130 ml. of ethyl acetate was hydrogenated 
at 3 atm. with 0.5 g. of 5% palladium-on-carbon catalyst. A 
quantitative yield of product, m.p. 110-114°, was obtained after 
filtration and evaporation. Five crystallizations from ethyl 
acetate-ra-hexane gave a product melting at 124-125°.

Anal. Calcd. for C8H8N20: C, 64.85; H, 5.44; N, 18.91. 
Found: C, 64.88; H,5.43; N, 18.99.

Bicyclo[3.2.2]non-8-ene-£ra«s-6 ,7-dicarbonitrile.—A solution 
of 7.8 g. (0.084 mole) of 1,3-cycloheptadiene7 and 5.5 g. (0.071 
mole) of fumaronitrile17 in 27 ml. of xylene was refluxed for 48 hr. 
The dark reaction mixture was treated four times with Norit, 
then diluted with ethyl acetate and petroleum ether (b.p. 60-75°) 
and cooled, yielding 4.7 g. (38.5%) of a white camphor-like solid, 
melting above 128°. Recrystallization from petroleum ether 
(b.p. 90-100°) failed to change the melting point. Two vacuum 
sublimations at 80-90° (0.5 mm.), however, gave 3.6 g. (29%) of 
a white solid, m.p. 140.0-141.5°.

Anal. Calcd. for CnHi2N2: C, 76.71; H, 7.02. Found: C, 
76.42; H, 6.70.

2-Chlorobicyclo [2.2.1 ] hept-5-ene-2-carbonitrile.—Freshly dis
tilled cyclopentadiene (30 ml.) was added to a solution of 30 ml. 
of a'-chloroacrylonitrile,18 a small amount of hydroquinone, and 
30 ml. of anhydrous diethyl ether. The reaction solution on 
standing 5 min., refluxed vigorously, and after moderation of the 
initial reaction, it was wTarmed over steam for 23 hr. After 
evaporation in an air stream, the resulting brown oil was sublimed 
at 85° (35 mm.). A fragrant white solid (41.0 g., 76%), m.p. 
42-43°, was obtained. Two sublimations raised the melting 
point of the noncrystalline solid to 47-48° (34 g., 63%). V.p.c. 
analysis showed 10% of a second component. Microanalysis 
indicates the latter to be the epimer. X.m.r. show'ed vinyl pro
tons at 3.52 and 3.79 r.

Anal. Calcd. for C8H8C1N: C, 62.55; H, 5.25; X, 9.12. 
Found: C, 62.70; H, 5.43; N, 9.07.

Attempted Reaction of the Adduct with Silver Nitrate.—A
solution of 3.6 g. (0.024 mole) of 2-chlon>bicyclo[2.2.1] hept-5- 
ene-2-carbonitrile, 100 ml. of 5% aqueous silver nitrate, and 100 
ml. of acetone was refluxed for 24 hr. The resulting solution was 
entirely clear with no precipitated solid. Most of the acetone 
was boiled off and the solution then extracted three times with 
50-ml. portions of ether. After drying over sodium sulfate and 
removal of ether, 2.9 g. (81%) of starting material was recovered. 
(Poor recovery undoubtedly was due to the volatility of the 
starting material.)

2-Chlorobicyclo [2 .2 .1] heptane-2-carbonitrile.—A solution of
9.9 g. (0.065 mole) of 2-chlorobieyclo[2.2.1 ] hept-5-ene-2-carbo- 
nitrile in 100 ml. of ethyl acetate was hydrogenated at 3 atm. 
over 0.9 g. of 5% palladium on carbon. The crude product., 9.5 
g. (95%), was sublimed at 53° (0.3 mm.). Two additional sub
limations gave a fragrant noncrystalline white solid (7.2 g., 72%), 
m.p. 48.0-49.5°. Analysis by v.p.c. indicates a second com
ponent in approximately the same proportions as for the un
saturated starting material, and microanalysis implies that it is 
the epimer.

Anal. Calcd. for C8H,0C1N: C, 61.73; H, 6.48; N, 9.00. 
Found: C, 61.97; 11,6.53; X, 8.94.

The product was reduced in ether with excess lithium aluminum 
hydride, and from the reaction there was isolated unreduced 
starting material (infrared), an uncharacterized carbonyl com
pound (infrared), and 50% of eredo-2-aminomethylbicyclo[2.2.11- 
heptane hydrochloride,9 identified by comparison of infrared 
spectrum with an authentic sample.9

(15) Melting and boiling points are uncorrected. Microanalyses were by 
Spang Microanalytical Laboratory, Ann Arbor, Mich. N.m.r. spectra 
(Varian A-60) were obtained by Mr. B. E. Wenzel of this department 
(deuteriochloroform, internal tetramethylsilane, 60 Me.).

(16) D. T. Mowry, ./. A m .  C h e m .  S o c .  69, 573 (1947).
(17) Kindly supplied by Monsanto Chemical Co.
(18) Kindly supplied by American Cyanamid Co.

2-Chloro-5,6-epoxybicy clo [2.2.1] heptane-2-carbonitrile.—A
solution of 102 ml. of chloroform containing 9.5 g. (0.069 mole) of 
peroxybenzoic acid was added dropwise (0°) to 10.0 g. (0.069 
mole) of 2-chlorobicyclo[2.2.1]hept-5-ene-2-earbonitrile. The 
clear solution was allowed to reach room temperature gradually, 
and the course of the reaction was followed titrimetrically. The 
reaction was completed in 24 hr. After washing with 55 ml. of 
5% sodium hydroxide, followed by re-extraction of the aqueous 
layer with 50 ml. of chloroform, the combined organic layers were 
washed with 100 ml. of water and dried over magnesium sulfate. 
Evaporation in an air stream followed by sublimation of the fra
grant oil over steam at 35-40 mm. produced 7.5 g. (68%) of a 
fragrant white, noncrystalline solid. The melting point of the 
compound, 90-96°, was not sharp, and did not improve on fur
ther sublimation. Analysis by v.p.c. indicated 20% of a minor 
component, and microanalysis implies an isomeric epoxide.

Anal. Calcd. for C,HSC1N0: C, 56.65; H, 4.76; N, 8.26; 
Cl, 20.90. Found: C, 56.91; H, 5.03; N, 7.91; Cl, 20.51.

5,6-Epoxybicyclo[2.2.1]heptane-2-carbonitrile.—A solution of 
25 ml. of 40% peroxyacetic acid in acetic acid was added, in 
small amounts, to 11.9 g. (0.10 mole) of bicyclo[2.2.1]hept-5-ene- 
2-carbonitrile18) cooled in an ice-salt bath. The vigorous reac
tion which occurred caused the solution to boil for a few minutes. 
The cooled, colorless reaction mixture was evaporated to a thick 
oil in an air stream, then diluted with 50 ml. of ether, and washed 
cautiously with 50 ml. of 5% sodium bicarbonate solution. After 
drying over sodium sulfate, the organic layer was evaporated, 
yielding 10.0 g. (74.0%) of a viscous, sweet-smelling oil. Subli
mation at 75° (0.3 mm.) produced a fragrant, noncrystalline 
white solid, melting from 82-83°. Five additional sublimations 
did not change these physical properties.

Anal. Calcd. for C8H,XO: C, 71.09; H, 6.71; N, 10.36. 
Found: C, 70.82; H, 6.63: N, 10.37.

5.6- Epoxvbicyclo [2.2.1 [ heptane-irans-2,3-dicarbonitrile.—A
122-ml. chloroform solution containing 8.85 g. (0.064 mole) of 
peroxybenzoic acid was added to 7.2 g. (0.050 mole) of bicyclo-
[2.2.1]hept-5-ene-£rans-2,3-dicarbonitrile. The resulting solu
tion remained at room temperature for 23 days, at w-hich time 
standard thiosulfate indicated that reaction was complete. The 
solution was washed with 60 nil. of 5% sodium hydroxide, and 
the aqueous extract was extracted with 40 ml. of chloroform. 
The combined chloroform layers, washed with an equal volume 
of water, were dried over magnesium sulfate, filtered, and evap
orated, yielding 7.8 g. (97.5%) of white solid, m.p. 160-165°. 
After four crystallizations from benzene-re-hexane, the compound 
melted at 184-185° (5.4 g., 68%).

Anal. Calcd. for C9H8N20: C, 67.48; H, 5.04; N, 17.49. 
Found: C, 67.88; H, 5.00; X, 17.39.

3a,4,5,6,7,7a-Hexahydro-5-(or 6)-chloro-1 -phenyl-4, 7-methano- 
l//-benzotriazole-5-(or 6 )-carbonitrile.—A 70-ml. solution con
taining 9.7 g. (0.077 mole) of phenyl azide in carbon tetrachloride 
was mixed with 10.0 g. (0.065 mole) of 2-chlorobicyclo[2.2.1]- 
hept-5-ene-2-carbonitrile, and the resulting solution was allowed 
to stand at room temperature for 4 days. On evaporation, 12.5 
g. (70.5%) of solid, melting at about 130°, was collected in five 
crops. Repeated recrystallization of this material from petro
leum ether (60-75°)-benzene (4:1) gave material melting at 
146-147° dec. (7.1 g„ 40%).

Anal. Calcd. for C14H13CIN4: C, 61.65; H, 4.80; N, 20.54. 
Found: C, 61.61; H, 4.95; X, 20.46.

5.6- Epoxybicyclo [2 .2 .2] octane-iraras-2,3-dicarbonitrile.—Bi
cycle [2.2.2] oct-5-ene-Raiis-2,3-dicarbonitrile1 (12.0 g., 0.076 
mole) was dissolved in 185 mi. of a chloroform solution containing
12.0 g. (0.087 mole) of peroxybenzoic acid. The course of reac
tion, completed after 9 days at room temperature, was followed 
titrimetrically. The reaction solution was washed wdth a solu
tion of 4.0 g. (0.10 mole) of sodium hydroxide in 75 ml. of water. 
The aqueous layer was re-extracted with 70 ml. of chloroform and 
combined with the original organic layer. After two washings 
with water, the chloroform solution was dried over magnesium 
sulfate and evaporated, yielding 14.6 g. (110%) of a viscous yel
low oil. Repeated crystallization from n-hexane-benzene gave a 
sticky white solid, m.p. 188.5-189.5° (8.1 g.,61%).

Anal. Calcd. for CioHioN20: C, 68.94; H, 5.79; X, 16.08. 
Found: C, 69.06; H, 5.79; NT, 15.97.

2-Chlorobicyclo[2.2.2]oct-5-ene-2-carbonitrile.—A solution of
14.6 g. (0.183 mole) of 1,3-cyclohexadiene,20 16.0 g. (0.183 mole)

(19) H. A. Bruson, J .  A m .  C h e m .  S o c . ,  64, 2457 (1942).
(20) A. T. Blomquist and J. Kwiateek, ibid., 73, 2098 (1951).
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of a-chloroacrylonitrile21 (partially polymerized), a few crystals of 
hydroquinone, and 30 ml. of anhydrous xylene was refluxed for 
24 hr. The clear solution was filtered away from the large 
amounts of polymer present in the original flask and evaporated 
to yield 2.8 g. (9.2%) of a fragrant white solid, m.p. 72.0-73.5°. 
Four sublimations at 110-120° (1.0-2.0 mm.) gave a noncrystal
line solid melting at 84-85° (1.9 g., 6.3%). N.m.r. showed 
vinyl protons as multiplet at 3.64 r.

Anal. Calcd. for C9H,„C1N: C, 64.48; H, 6.01; N, 8.36. 
Found: C, 64.22; H, 6.22; N, 8.15.

Treatment with silver nitrate as for the bicycloheptene analog 
also afforded no observable reaction and good recovery.

3a, 4,5,6,7,7a-Hexahydro-l-phenyl-4,7-methano-l//-benzotri- 
azole-frares-5,6-dicarbonitrile.—A 44-ml. solution of 5.8 g. (0.049 
mole) of phenyl azide in carbon tetrachloride was mixed with 7.0 
g. (0.049 mole) of bicyclo [2.2.1] hept-5-ene-iraws-2,3-dicarboni- 
trile1 and the resulting solution allowed to stand at room tem
perature for 40 hr. The precipitated solid, 7.1 g. (55.0%), was 
filtered and recrystallized from 95% ethanol, to give a white 
crystalline solid, m.p. 198° dec. Four further recrystallizations 
raised the decomposition point to 202° (4.6 g. 36%).

Anal. Calcd. for C15H1JN5: C, 68.42; H, 4.98. Found: 
C, 68.27; H, 4.87.

3-(6)-Bromocyclohexene-l-carbonitrile.—In a three-necked 
flask fitted with a condenser and stirrer was placed 58.6 g. (0.547 
mole) of cyclohexene-1-carbonitrile22 dissolved in 300 ml. of car
bon tetrachloride. The stirred solution was refluxed gently while
97.4 g. (0.547 mole) of N-bromosuccinimide was added in small 
portions. An additional 100 ml. of carbon tetrachloride was used 
to transfer the N-bromosuccinimide to the flask. The reaction 
mixture w’as then refluxed with stirring for 5 hr. After cooling 
and filtration the solvent was removed under reduced pressure, 
yielding 99.9 g. (98.0%) of a sweet-smelling yellow oil. The 
crude product was distilled at 103-110° (1.5-2.0 mm.) and re
distilled at 85.5-90.0° (0.8-0.9 mm.). The product decomposed 
with loss of hydrogen bromide on standing exposed to air. It 
was not analyzed but was dehydrohalogenated directly.

1,3-Cyclohexadiene-2-carbonitrile.—To 52.1 g. (0.280 mole) of 
3-(6)-bromocyclohexene-l-carbonitrile, stirred and chilled in ice, 
73 ml. of a methanolic solution containing 15.1 g. (0.280 mole) of 
sodium methoxide was added dropwise over 1 hr. The reaction 
mixture was then diluted with 300 ml. of water and extracted 
twice with 100-ml. portions of ether. The combined ether ex
tracts were dried over magnesium sulfate, and the solvent was 
then removed under reduced pressure, leaving 21.6 g. (89.0%) of 
a fragrant yellow oil. On distillation, a colorless product was 
obtained, b.p. 70-75° (1.0 mm.), re24u 1.4898. V.p.c. analysis 
showed two components, one in considerable excess. This 
material was used directly in subsequent Diels-Alder reactions.

Bicyclo [2.2 .2] oct-5-ene-2,2,3,3,5-pentacarbonitrile.—A mix
ture of 3.3 g. (0.031 mole) of l,3-cyclohexadiene-2-carbonitrile 
and 4.0 g. (0.031 mole) of tetracyanoethylene was heated 
in a large test tube for 1 hr. at 85° and heated an additional hour 
at 115°. The dark reaction mixture, after remaining at room 
temperature for 13 hr., was filtered and the solid material thus 
obtained was washed liberally with toluene and carbon tetra
chloride. A yield of 5.3 g. (72.6%) of washed product was col
lected. Two recrystallizations from benzene gave a white crystal
line solid which melted at 214-215°, but with darkening above 
205° (3.1 g., 42%). Four crystallizations from re-hexane-benzene 
failed to change the melting point. N.m.r. spectrum shows one 
vinyl proton, 3.00 r (multiplet).

Anal. Calcd. for C13H7N5: C, 66.94; H, 3.03. Found: C, 
67.03; H, 3.14.

Ultraviolet (compensated absolute ethanol) showed log e 3.286 
at 22 mn, absorption still increasing; acrylonitrile, log e 1.69 at 
215 niM, absorption still increasing; saturated nitriles transparent 
in this region.

Bicyclo [2.2.2]oct-5-ene-cfs-2 ,3-dicarboxylic Acid Anhydride-5- 
carbonitrile.—Maleic anhydride (1.3 g., 0.013 mole) and 2.8 g. 
(0.027 mole) of l ,3-cyclohexadiene-2-carbonitrile were heated at 
150° for 25.5 hr. After cooling and dilution with 2 ml. of re- 
hexane and 10 ml. of benzene, 1.5 g. (57%) of crude product 
separated, m.p. 150-160°. Four crystallizations from re-hexane- 
benzene gave pure material melting at 185-186° (0.8 g., 30%).

(21) This compound was inert to silver nitrate in ethanolic solution a t 
room temperature.

(22) O. H. Wheeler, and I. Lerner, J .  A m .  C h e m .  S o c . .  78, 63 (1956).

Anal. Calcd. for CuH9N 03: C, 65.02; H, 4.47; N, 6.81. 
Found: C, 65.26; H, 4.67; N, 6.93.

1 -Carbomethoxybicy clo [2 .2.2] oct-5-ene-2,2 ,3,3-tetracarboni- 
trile.—A solution of 6.4 g. (0.050 mole) of tetracyanoethylene and
7.0 g. (0.051 mole) of l-carbomethoxy-l,3-eyclohexadiene23 (I) 
in 20 ml. of anhydrous dioxane was heated for 2 hr. at 100°. 
After cooling, the dark reaction mixture was filtered (13.5 g.). 
The adduct, recrystallized from benzene, melted at 191-193° 
(8.2 g., 61%). Further crystallization from the same solvent 
did not change the meiting point.

Anal. Calcd. for Ci4HioN40 2: C, 63.15; H, 3.79; N, 21.04. 
Found: C, 63.16; H, 3.85; N, 21.11.

Bicyclo[2.2.2]oct-5-ene-l,2-dicarboxylic Acid (II).—A mixture 
of 15.6 g. (0.216 mole) of acrylic acid, 36.2 g. (0.262 mole) of I, 
and a few crystals of hydroquinone was heated at 150-165° for 74 
hr. On dilution with re-pentane and ether, and cooling, 10.5 g. 
(24.8%) of a white solid, m.p. 195-198°, was collected. The 
solution yielded no other characterizable material. Three crys
tallizations from benzene-re-hexane gave 3.7 g. of material, m.p. 
202-204° (II ).24 The infrared spectrum indicated a dibasic acid. 
This was converted directly to VII by hydrogenation with 
Adams’ catalyst.

l-Carbomethoxy-2-chlorobicyclo [2 .2 .2) oct-5-ene-ci,s-2,3-dicar- 
boxylic Acid Anhydride (III).—A mixture of 61.8 g. (0.446 mole) 
of I and 52.7 g. (0.420 mole) of chloromaleic anhydride was 
heated at 155-165° for 20 hr. The dark brown reaction mixture 
was placed under aspirator pressure on a steam bath for 4 hr., 
then cooled. The resulting brown solid crystallized from 300 ml. 
of benzene-re-hexane, affording 62.5 g. (55.0%) of crystalline 
solid, m.p. 120-125°. Two recrystallizations from benzene-re
hexane gave material, m.p. 125-126° (31.6 g., 28%).

Anal. Calcd. for C12H11CIO0: C, 53.24; H, 4.10; Cl, 13.10. 
Found: C, 53.38; H.4.20; Cl, 13.20.

1 -Carbomethoxy-2-chlorobicyclo [ 2 .2.2 octane-cfs-2 ,3-dicar- 
boxylic Acid Anhydride (IV).—A solution of 7.2 g. (0.027 mole) of 
l-carbomethoxy-2-chlorobicyelo[2.2.2]oct-5- ene-cis-2,3- dicarb- 
oxylic acid anhydride in 150 ml. of ethyl acetate was hydrogenated 
with 0.2 g. of Adams’ catalyst under 3-atm. pressure. After the 
theoretical uptake of hydrogen, the catalyst was filtered, the 
solvent was evaporated, and 7.3 g. (100.0%) of white crystalline 
product was obtained, m.p. 136.5-138.0°. Further recrystal
lization from re-hexane-ethyl acetate failed to change the melting 
point.

Anal. Calcd. for C,2H13C105: C, 52.85; H, 4.80; Cl, 13.00. 
Found: C, 52.92; H, 4.96; Cl, 12.99.

l-Carbomethoxybicyclo[2.2.2]oct-2-ene-2-carboxylic Acid (V). 
—A solution of 10.4 g. (0.104 mole) of potassium bicarbonate in 
40 ml. of water was added to 14.0 g. (0.0513 mole) of 1-earbo- 
methoxy-2- chlorobicyclo [2 .2 .2] octane-cis -2,3- dicarboxylic acid
(IV) at room temperature. It was then immediately heated on 
the steam bath for 20 min., during which time the initial carbon 
dioxide evolution moderated and finally ceased. After filtration, 
the solution was acidified with concentrated hydrochloric acid 
and cooled in the refrigerator for 2 hr. The resulting white solid 
was filtered, washed with water, and dried at 70° (30 mm.) for 2 
hr.: yield, 9.5 g. (90.9%), m.p. 140.5-142.0°. Three crystal
lizations from re-hexane-benzene (2 : 1) gave material melting at 
144-145° (6.7 g., 64%).

Anal. Calcd. for C„H140 4: C, 62.85; H, 6.71. Found: C, 
62.75; H, 6.83.

l-Carbomethoxybicyclo[2 .2.2]octane-2-carboxylic Acid. (VI). 
—A solution of 24.4 g. (0.116 mole) of 1-carbomethoxybicy clo-
[2.2.2]oct-2-ene-2-carboxylic acid (V) in 220 ml. of ethyl acetate 
and 60 ml. of acetone was hydrogenated with 0.3 g. of 5% palla- 
dium-on-carbon at 3 atm. The hydrogenated solution was evap
orated in an air stream to a viscous oil, 21.9 g. (89.0%). On 
standing, this oil solidified to a white powder, m.p. 66-67°. 
Two recrystallizaions from re-hexane gave material melting at
85-86° (10.4 g., 42%).

Anal. Calcd. for C„H,604: C, 62.25; H, 7.60. Found: C, 
62.22; H, 7.69.

Bicyclo[2 .2 .2]octane-1,2-dicarboxylic Acid (VII).—A solution 
of 1.07 g. (5.44 moles) of bicyclo[2.2.2]oct-5-ene-l,2-dicarboxylic 
acid (II) in 70 ml. of ethyl acetate was hydrogenated at atmos
pheric pressure with 0.10 g. of platinum dioxide. Work-up in the

(23) A. Sayigh, dissertation, Columbia University, 1952, p. 86.
(24) This compound corresponds in melting point to the same product 

prepared v i a  a different route by J. Kazan and F. D. Greene. Results were 
kindly furnished prior to publication by Professor Greene.
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usual manner gave 0.70 g. (65.4%) of product, m.p. 200-202°. 
Two recrjrstallizations from re-hexane-ethyl acetate (1:2) gave 
the pure acid, m.p. 200.5-201.0° (0.32 g., 33%).24

Arial. Calcd. for C10HI4O4: C, 60.59; H, 7.12. Found: C, 
60.62; H, 7.09.

This compound was identical in melting point and infrared 
spectrum with the diacid resulting from either acidic or basic 
hydrolysis of VI. A mixture melting point determination of 
the two showed no depression.

Bicyclo[2.2.2]octane-l,2-dicarboxylic Acid Anhydride (VIII).—
In a small round-bottom flask 0.3 g. of bicyclo[2.2.2]octane-l ,2- 
dicarboxylic acid (VII) was heated for 2.5 hr. at 200° (±3°). 
The sublimed material in the neck of the flask,m.p. 125-163°, was 
removed, boiled with 20 ml. of n-hexane, and filtered. On con
centration, white crystals separated, m.p. 163-164°. Two sub
sequent recrystallizations gave material melting at 166-167°.24 
The infrared spectrum of this compound showed the characteris
tic cyclic anhydride doublet (1865 and 1779 cm.-1), but no car
boxylic acid adsorption in the carbonyl region.

Anal. Calcd. for C10H12O3: C, 66.65; H, 6.71. Found: 
C, 66.69; H, 6.76.

Distillation of VI at 140° (0.07 mm.) gave a mixture of an
hydride and VI. Solid VIII separated from the mixture on cool
ing.

I-Carbomethoxybicyclo[2.2.2]oct-2-ene-2,3-dicarboxylic Acid
(IX).—1 - Carbomethoxy -2- ehlorobicyclo [2.2.2] oct-2-ene - 2,3 - di- 
carboxylic acid anhydride (IV) (28.2 g., 0.107 mole), was treated 
with 21.4 g. (0.214 mole) of potassium bicarbonate in 87 ml. of 
water. The mixture was allowed to stand at room temperature 
until a clear solution was obtained, then heated 2-3 min. After 
acidification with concentrated hydrochloric acid and standing 
for 5.5 hr., a gummy white solid, 13.0 g., was obtained, m.p. 110- 
125°. This material was refluxed with 7.0 g. (0.125 mole) of 
potassium hydroxide in 40 ml. of 62% aqueous methanol for 2.5 
hr. After concentration, acidification, and filtration, the re
sulting white solid was recrystallized from water, yielding 2.5 g. 
(9%.) of solid, m.p. 221° dec. Two further crystallizations from 
10%, ethanol failed to change the melting point. The compound 
reacted immediately with potassium permanganate solution, and 
had an ester band in the infrared spectrum at 1739 cm. -1.

Anal. Calcd. for Ci2Hi40 6: C, 56.69; 11,5.55; neut. equiv., 
258. Found: C, 56.72; H, 5.48; neut. equiv., 254.

l-Carbomethoxy-lrans-2,3-dibromobicyclo |2.2.2) octane-2-car- 
boxylic Acid.—Bromine (4.8 g., 0.030 mole) in 25 ml. of chloro
form was added slowly to a stirred solution of 6.3 g. (0.030 mole) 
of l-carbomethoxybicyclo[2.2.2]oct-2-ene-2-carboxylic acid (V) 
in 25 ml. of chloroform. The reaction flask was illuminated with 
a 100-w. bulb for 10 hr., at which time the deep bromine color of 
the original solution was discharged. Evaporation gave a brown 
oil which did not crystallize from re-hexane-benzene mixtures. 
After standing 5 days, this oil partially crystallized and was found 
then to be recrystallizable from n-hexane-benzene. Three such 
crystallizations gave material melting at 170.0-171.5°.

'Anal. Calcd. for C„H14Br20 4: C, 35.70; H, 3.81; Br, 43.19. 
Found: C, 35.74; H.3.89; Br, 43.32.

1 -Carbomethoxybicyclo [2.2.1] hept-5-ene-2,2,3,3-tetracarbo- 
nitrile.—A solution of 2.5 g. (0.020 mole) of freshly distilled 1- 
carbomethoxy-1,3-cyclopentadiene“>25 and 2.6 g. (0.020 mole) 
of tetracyanoethylene in 16 ml. of dioxane was heated on the 
steam bath for 1.5 hr. After concentration in an air steam, 2.2 
g. (43%) of the crude adduct was obtained. Three crystalliza
tions from ethyl acetate gave pure product, m.p. 229-230° dec.

Anal. Calcd. for C,3H8N40 2: C, 61.90; H, 3.20; N, 22.21. 
Found: C, 61.74; H, 3.32; N, 22.18.

trans-2,3-Dihydroxymethylbicyclo [2.2.1 ] hept-5-enebismethane- 
sulfonate.—A solution of 17.2 g. (0.150 mole) of methane- 
sulfonyl chloride in 10 ml. of anhydrous chloroform was added 
slowly to a cooled solution of 11.7 g. (0.073 mole) of irarw-2,3-di- 
hydroxymethylbicyclo[2.2.1]hept-5-ene14 and 11.9 g. (0.150 
mole) of anhydrous pyridine in 20 ml. of chloroform. During the 
addition the temperature rose to 60°. After standing 20 hr. at 
room temperature, the colorless solution was poured onto a mix
ture of 90 g. of ice and 150 ml. of 10% hydrochloric acid. The 
organic layer was separated and the aqueous solution reextracted 
twice with 90-ml. portions of chloroform. The combined organic 
layers were separated and the aqueous layer re-extracted twice 
with 90-ml. portions of chloroform. The combined organic

(25) K. Alder, F. H. Flock, A. Hausweiler, and R Reeber, C h e m .  B e r . ,  

87, 1752 (1954).

layers were then dried with magnesium sulfate and evaporated to 
yield 19.8 g. (85.0%) of a dark oil. Crystallization readily oc
curred from absolute methanol, the analytically pure compound 
being obtained after two such crystallizations (11.7 g., 50.2%), 
m.p. 66-67°.

Anal. Calcd. for C„H,80 6S2: C, 42.57; H, 5.84; S, 20.66. 
Found: C, 42.59; H, 5.87; S, 20.71.

trans-2,3-Dihydromethylbicvclo [2.2.1 ] heptanebismethanesul- 
fonate.—A solution of 5.3 g. (0.017 mole) of ¿rares-2,3-dihydroxy- 
methylbicyclo[2.2.) jhept-5-enebismethanesulfonate in 70 ml. of 
ethyl acetate was hydrogenated with 0.4 g. of Adams’ catalyst at 
3 atm. Removal of the solvent gave 5.3 g. (quantitative) of 
pale yellow oil which, on cooling, and addition of a small amount 
of absolute methanol, crystallized. Two crystallizations from 
absolute methanol gave a white crystalline solid, melting at 83- 
84° (3.5 g„ 70%).

Anal. Calcd. for CnH2o06S*: C, 42.29; H, 6.45; S, 20.53. 
Found: C, 42.40; H.6.50; S, 20.53.

Bicyclo[2.2.2]oct-2-ene-2,3-dicarbonitrile.—Dimethyl bicyelo-
[2.2.2]octa-2,5-diene-2,3-dicarboxylate26 was subjected to partial 
hydrogenation with a 5% palladium-on-carbon catalyst, giving 
dimethyl bicyclo [2.2.2] ocv2-ene-2,3-dicarboxylate (quantita
tively) which was then converted into bicyclo[2.2.2]oct-2-ene-
2,3-dicarboxamide by methanolic ammonia containing a catalytic 
amount of sodium methoxide.13

Anal. Calcd. for Ci0H|4N2O2: C, 61.83; H, 7.27; N, 14.42. 
Found: C, 61.96; H , 6.71; N, 14.50.

Initial attempts to prepare the dinitrile by dehydrating the 
amide with thionyl chloride yielded only a cyclic amide irrespec
tive of whether solvent was used or not. However, phosphorus 
oxychloride was effective. Bicyclo[2.2.2]oct-2-ene-2,3-dicarbox
amide (12.47 g. 0.0655 mole) was heated on a steam bath with 
phosphorus oxychloride for 4.5 hr. The cooled solution was 
slowly poured onto crushed ice (150 g.) with constant stirring 
and then extracted with benzene (300 ml.).

The benzene extract was washed with water till neutral, then 
with ice-cold 5% sodium hydroxide (45 ml.), then again with 
water; it was dried over magnesium sulfate and the benzene was 
evaporated through a fractionating column. The residue ob
tained was crystallized from petroleum ether (m.p. 60-75°) giving 
light cream needles (6.18 g., 61%), m.p. 93°.

Anal. Calcd. for Ci0H],N2: C, 75.92; H, 6.37; N, 17.71. 
Found: C, 76.03; H.6.24; N, 17.61.

Bicyclo [2.2.1] hept-2-ene-2,3-dicarbonitrile.—The bicyclo- 
[2.2.1 [hept-2-ene-2,3-dicarboxamide was prepared in an analo
gous manner to the bicyclo[2.2.2]oct-2-ene-2,3-dicarboxamide.

Anal. Calcd. for C»H12N20 2: C, 59.98; H, 6.71; N, 15.55. 
Found: C, 59.91; H,6.71; N, 15.61.

The diamide (14 g . 0.078 mole) was heated with phosphorus 
oxychloride (100 ml.) on the steam bath for 4 hr. and was worked 
up as for the homolog, yielding a compound which was crystallized 
from petroleum ether (b.p. 60-75°) giving white plates (7.94 g., 
70.6%), m.p. 42.5°.

Anal. Calcd. for C9H8N2: C, 74.97; H, 5.59; N, 19.43. 
Found: C, 74.86; H, 5.56; N, 19.46.

trans-2,3-Bisaminomethylbicyclo [2.2.2] oct-5-ene Dihydro
chloride.—A solution of bicyclo[2.2.2)oct-5-ene-irares-2,3-dicar- 
bonitrile (10.9 g., 0.069 mole) in anhydrous ether (200 ml.) and 
benzene (100 ml.) was added dropwise with stirring to a slurry of 
lithium aluminum hydride (3 g., 0.34 mole) in anhydrous ether 
(100 ml.). During the addition which required 30 min., the 
reaction mixture was refluxed gently and the stirring was con
tinued a further 30 min. Then water (5.5 ml.) was slowly added, 
followed by 10% sodium hydroxide (5 ml.) and the stirring was 
continued for a further 3 hr. The solution was filtered and the 
filtrate dried over potassium hydroxide for 18 hr. Anhydrous 
hydrogen chloride was then passed through the solution for 1 hr., 
during which time a bulky precipitate (16.3 g., 0.0683 mole, 
99%) formed. The solid was recrystallized from ethanol-acetone 
(3:2) giving a pure white salt, m.p. 288.5° (9.6 g., 58%).

Anal. Calcd. for C,0H|8N2- 2HC1: C, 50.20; H, 8.43; N,
11.71. Found: C, 50.16; 11,8.23; N, 11.58.

2,3-Diacetoxycyclohexa-l, 3-diene.—Cyclohexane-1,2-dione, 
acetic anhydride, and boron trifluoride etherate were purified by 
distillation, then the dione (6.5 g. 0.058 mole) and acetic an
hydride (15 ml.) were added to a dry, nitrogen purged flask and 
boron trifluoride etherate (1 ml.) was added to the solution

(26) O. Diels and K. Alder. A n n . ,  490, 236 (1931).



N o v e m b e r , 1963 B i c y c l o [2 .2 .2]o c t a n e -1 ,2 -d ic a r b o x y l ic  A cid 2965

through which nitrogen was passed. The flask containing the 
solution, covered by an atmosphere of nitrogen, was tightly stop
pered and allowed to stand at room temperature for 2 days.

The brown liquid was then distilled under nitrogen giving a 
clear liquid (4.35 g., 0.022 mole, 38%), b.p. 54° (1 mm.). The 
distillate showed only ester absorption in the infrared.

Anal. Calcd. for CioH120 4: C, 61.21; H, 6.17. Found: C, 
61.10; H, 6.21.

Bis-2,3,5,6-(N-phenyl-wic-triazolino (bicyclo [2.2.1] heptane 
Phenyl Azide-Norbomadiene Adduct).—A 76-ml. carbon 

tetrachloride solution containing 12.0 g. (0.10 mole) of phenyl 
azide was added to 4.6 g. (0.05 mole) of bicyclo[2.2.1]heptadiene.

The pale green precipitate which first appeared after 12 hr. at 
room temperature was collected after 48 hr. A yield of 9.1 g. 
(55%), m.p. 229° dec-., was obtained. This material proved in
soluble in the usual solvents. Recrystallization was effected, 
however, in nitrobenzene (7.3 g., m.p. 229° dec.). The once re
crystallized material was boiled with absolute ethanol and chloro
form, to give analytically' pure material (6.7 g., 41%), m.p. 229° 
dec.

Anal. Calcd. for Gi9Hi8N6: C, 69.07; H, 5.49. Found: 
C, 69.07; H, 5.64.

This compound reacts to form a bright blue solution on treat
ment with glacial acetic acid.

B icyclo[2.2 .2 ]octan e-l,2 -d icarb oxy lic  A cid1

J ohn Kazan and Frederick D. Greene 
Department of Chemistry, Massachusetts Institute of Technology, Cambridge 39, Massachusetts

Received March 14, 1963

Bicyclo[2.2.2]octane-1,2-dicarboxylic acid has been synthesized via the reaction of dimethyl 1,3-cyclohexadi- 
ene-l,6-dicarboxylate with maleic anhydride (Chart I) and via the reaction of ethyl 1,3-cyclohexadiene-l-carbox- 
ylate with ethyl acrylate (Chart II). The latter reaction affords the four possible Diels-Alder adducts in the 
ratio of 30 (head-to-head emlo): 8 (head-to-tail endo): 5 (head-to-head exo): 1 (head-to-tail exo). Stereochemical 
and structural assignments for the intermediates in the syntheses are described.

As part of a program for the investigation of the be
havior of cyclic diacyl peroxides,2 an aliphatic six- 
membered cyclic diacyl peroxide was desired. Since 
peroxides prepared from the cyclohexane-1,2-d¡car
boxylic acids have been reported to be unstable,3 a re
quirement placed on the system at the outset was a 
structure in which bisdecarboxylation would be diffi
cult. The system selected was bicyclo [2.2.2 Joctane-
1.2- dicarboxylic acid (9). The preparation and proof 
of structure of compounds in this series are reported in 
this paper.

Bicyclo [2.2.2]octane-l,2-dicarboxylic acid (9) was 
prepared by two routes. The chemical evidence for the 
structural assignments is summarized in Charts I, II, 
and III. A higher over-all yield of 9 was obtained 
from the (less direct) route shown in Chart I, patterned 
after a synthesis reported by Grob, Ohta, Renk, and 
Weiss.4 However, the Diels-Alder reaction between 
ethyl 1,3-cyclohoxadiene-l-carboxylate and ethyl acryl
ate (Chart II) shows a fourfold preference for the forma
tion of head-to-head adducts over the head-to-tail ad
ducts; and this preference for head-to-head reaction, 
coupled with the ease of separation of 1,2-diacid 9 from
1.3- diacid 17 by means of the cyclic anhydride 10, 
renders route II a reasonable one for compound 9.

A few aspects of structure require amplification: 
(a) the structure of the product 3 of the base-catalyzed 
isomerization of dimethyl l,4-cyclohexadiene-l,2-di- 
carboxylate (2); and (b) the stereochemistry of 7, 19, 
and 4.

Isomerization of 2.—Structure 2, expected by the 
method of synthesis, is supported by the ultraviolet 
(Xma?H 239, e 2259)5 and n.ni.r. data. The n.m.r. 
spectrum exhibits three regions of absorption of area 
ratio 2:4:6 at 4.21 r [one band weakly split into a

(1) S u p p o rted  in  p a r t  b y  th e  research  p ro g ram  of the  A tom ic  E n e rg y  C om 
m ission u n d e r C o n tra c t N o. A T (3 0 -l)-9 0 f,. R e p ro d u c tio n  is p e rm itte d  for 
a n y  pu rpose  of th e  U. S. G o v e rn m en t.

(2) See F. D . G reene a n d  W . W . R ees, J .  A m .  C h e m .  S o c ..  80, 3432 (1958).
(3) W . von E . D oering , M. F a rb e r . an d  A. S ay igh , i b i d . ,  74, 4370 (1952).
(4) C . A. G rob , M. O h ta , E. R en k , an d  A. W eiss. H e h .  C h i m .  A c t a .  41, 

1191 (1958).
(5) F o r  re la ted  cases, see A. T . N ielson , ./. O r g .  C h e m . ,  22, 1539 (19«>7).

triplet (vinyl H)] ; 7.06 t [one band weakly split into a 
doublet (methylene)J; and 6.30 r [singlet (methyl)]. 
Compound 2 is readily isomerized by base. Of the six 
possible diene diesters, the new isomer is assigned struc
ture 3 on the basis of the n.m.r. spectrum (five regions 
of absorption of area ratio 1:2:6:1:2 at 3.02 r [broadened 
triplet (1 vinyl H)]; 3.96 r [multiplet (2 vinyl I t’s)];
6.27 and 6.38 r [two sharp singlets (6 methyl H’s)];
6.5 r [multiplet, partly obscured by the methyl peaks (1 
tertiary H) ]; 6.83-7.98 t [complex multiplet (2 meth
ylene H’s)]. Further support for this assignment is 
found in the infrared absorption at 1710 and 1735 cm.-1 
(both conjugated and unconjugated esters) and the 
ultraviolet absorption at Xmax 288 (e 8120) [compare 
with ethyl 1,3-cvclohexadiene-l-carboxylate 14, Xmax 
292 (e 8260)]. That no further isomerization of 3 oc
curs during the Diels-Alder reaction with maleic an
hydride may be concluded from an examination of 
Charts I and III and the spectral data cited in the 
Experimental section.

The base-catalyzed isomerization of 2 to 3 rather 
than to either of the two conjugated isomer's (1,2-di- 
carbomethoxy-l,3-cyclohexadiene or 2,3-dicarbometh- 
oxy-l,3-cyclohexadiene) is probably associated with the 
unfavorable steric situation between the adjacent ester 
groups in the latter two cases. The ester groups in 3 
may be staggered, permitting full conjugation of one of 
the groups with the diene system.6*

Stereochemistry of 7 and 19.—Compound 7 may be 
isomerized by sodium niethoxide in methanol, af
fording a mixture in which the endo isomer 19 pre
dominates over the exo isomer 7 by a ratio of 3.5 to 
1,6b The assignment of the exo structure to 7 and the 
endo to 19 is based on the inability of the former, and 
the ability of the latter, to afford a bromo lactone 
(Chart III). In addition, examination of the n.m.r. and

(6) (a) The positions of equilibria in cyclohexadienes present a number of 
points of special interest. W. von E. Doering, Abstracts, Carbanion Sym
posium, 144th National Meeting of the American Chemical Society, Los 
Angeles, Calif., April, 1963. (b) In methyl bicyclo|2.2.1 ]hept-5-ene-2-car-
boxylate the e n d o - e x o  ratio is 51.5:48.5 [ A .  C. Cope, E. Ciganek, and N. A. 
LeBel, J .  A m .  C h e m .  S o c . .  81, 2799 (1959)].
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C hart I C h a r t  II

Sy n th esis  of B icyclo [2.2.2] octane-1,2-dicarboxylic Acid 
and I ts D eriv a tiv es  via M aleic A nhydride R oute

Sy nthesis  of B icyclo[2.2.2]octane-1,2-dicarboxylic Acid via 
E thyl Acrylate

CHä02C-C= G-GO2GH3

1 2 14 ---------- 15

R = GO2G2H5
J3Lo

® (not isolated)

œ 2CH3
(not isolated)

mass spectra7 of these isomers indicates that the stereo
chemistry also may be assigned by either of these physi
cal methods.

C hart I I I
Structural C onfirm ation  and C orrelation  of th e  

I nterm ediates  of th e  T wo Syntheses

iH at C-2.... 6.8-7.1 7- quartet (four
(superimposed) 7.2-7.6 r .... -j roughly equal peaks)

(H at C-4.... 7.2-7.6 r (broad)
(singlet) 6.32 t  . . .  . H’s of I-COOCH3. . 6.31 t (singlet) 
(singlet) 6.40 t  . . .  . H’s of 2-COOCH.,. . 6.46 t  (singlet)
(two unequal peaks) 3.65-3.8 t . . . . vinyl H’s ........... 3.34-4.0 7-

(five major peaks)

The principal n.m.r. distinction between the exo and 
the endo isomers arises from the magnetic shielding 
effect of the 5,6-double bond at the region of C-2 that is 
endo to the double bond.8 The methyl peak of the C-2 
carbomethoxy group may be expected to appear at 
higher field in 19 than in 7 and the C-2 hydrogen may 
be expected to appear at higher field in 7 than in 19. 
Such differences are seen in the n.m.r. spectra of the 
endo and exo isomers, and this assignment of configura
tion is in accord with the conclusion from the chemical 
data (Chart III). A further difference in the n.m.r. 
spectrum is seen in the vinyl region. This region is 
more complex and broad in 19 than in 7, ascribed to the 
magnetic shielding effect of the carbon-oxygen double

(7) T h e  m ass sp e c tra l d is tin c tio n  w as suggested  an d  e lu c id a ted  by  D r. 
K laus B iem an n  of th is  d e p a rtm e n t .

(8) L. M . J a c k m a n , ‘A p p lica tions  of N u c le a r M ag n e tic  R esonance  S pec
tro sco p y  in  O rgan ic  C h e m is try ,” P erg am o n  P ress, N ew  Y ork , N . Y ., 1959, 
p. 129.

Dibromides 
(not isolated)

J8

^  co2c2h5
h _ _  / - r y * * *}2C2H5 H

15b 15 o

C02C2H5 C02C2H5
15 d 16 b

bond of the endo-carbomethoxy group on the C-6 hy
drogen.

The mass spectrométrie distinction between the two 
isomers is associated with the proximity in 7 of the 2-
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carbomethoxy group to a hydrogen atom of the satu
rated bridge. The spectrum of 7 shows intense peaks 
m/e 192 (associated with type E2 fragmentation leading 
to the M — 32 ion) and m/e 87 (associated with type H 
fragmentation). Both peaks are also present in 19 but 
at approximately one-fifth the intensity. These cases 
and others are discussed in more detail elsewhere.9

) c  = ch-ch2 
ch3o

m /e  87

Both 7 and 19 exhibit strong peaks at m/e 138, 
associated with cleavage of type D, a process not 
appreciably influenced by the stereochemistry of the 
carbomethoxy group.

Stereochemistry of 4.—The orientation of the 2- 
carbomethoxy group endo to the double bond in 
compound 4 is derived from the assignment of the 
exo structure to 7 and is supported by n.m.r. analysis 
in two ways: (a) the methyl band for the 2-carbometh- 
oxy group appears at higher field (6.38 t) in the spec
trum of compound 4 than in the spectrum of its hydro
genation product 5 in which it is found at 6.33 r ; (b) the 
vinyl region of 4 bears a strong resemblance to the vinyl 
region of compound 19 (cf. discussion of stereochemistry 
of 7 and 19). The orientation of the anhydride group 
endo to the double bond in 4 is based on the Alder rule 
analogies.10

Stereochemistry of 15A D.—The Diels-Alder re
action of ethyl 1,3-cyclohexadiene-l-carboxylate and 
ethyl acrylate (Chart II) affords all four possible iso
mers. The expected, and observed, major product is 
the 2-endo isomer 15B, which constitutes 68% of the 
diester mixture. Diesters 15D, A, and C constitute 
18, 11, and 2.3% of the mixture. The basis for the 
assignment of structure and stereochemistry of the 
major product 15B is shown in Charts II and III. 
The structural assignments of 15A, B, and D rest on the 
chemical relations shown. The endo and exo distinc
tion between 15D and C is based on the Alder rule 
analogies.10

corrected and all boiling points are uncorrected. The infrared 
spectra were determined with either a Baird Model B, Perkin- 
Elmer Model 21, or Perkin-Elmer Infracord spectrophotometer; 
ultraviolet spectra were determined with a Cary recording spec
trophotometer; n.m.r. spectra were determined on a Varian A-60 
with internal reference by tetramethylsilane. The microanalyses 
were performed by Dr. S. M. Nagy and his associates and by the 
Scandinavian Microanalytical Laboratory.

Dimethyl acetylenedicarboxylate (1) was prepared11 in 75% 
yield, b.p. 97-99° (23 mm.) [lit.11 b.p. 95-98° (19 mm.)].

Dimethyl l,4-cyclohexadiene-l,2-dicarboxylate (2) was pre
pared by the method of Sopov and Miklashevskaya12 in 94% 
yield, b.p. 92-93° (0.3 mm.), n s n  1.4918, » 19d  1.4941 [lit.12 b.p.
138.5- 139.5° (10 mm.), re20u 1.4950].

The ultraviolet spectrum of the product in methanol has a 
peak at 239 m,u (e 2259); the infrared spectrum (CCh) exhibits 
bands at 1710 and 1660 cm.-1.

Dimethyl l,3-Cyclohexadiene-l,6-dicarboxylate (3).—To 100 
ml. of absolute methanol-sodium methoxide [prepared from 0.87 
g. (0.0307 g.-atom) of sodium] was added 30 g. (1.53 moles) of 2 
under a nitrogen atmosphere. After 30 min. 2.53 g. (0.0422 
mole) of glacial acetic acid was added to neutralize the base. 
The bulk of the methanol was removed under reduced pressure 
and the residue wras extracted with 500 ml. of ether. The 
ethereal solution was washed with 275 ml. of water in two por
tions, and 75 ml. of saturated sodium bicarbonate, and then 
dried over anhydrous magnesium sulfate. The ether solution 
was separated from the drying agent, and the ether was removed 
by distillation. Fractionation of the residue gave 27.4 g. (91.5%) 
of dimethyl l,3-cyclohexadiene-l,6-dicarboxvlate (3) boiling 
at 85-93° (0 055 mm.); the refractive index of the fraction boil
ing at 90-93° (0.055 mm.) was n25D 1.5039. Gas-liquid phase 
chromatography (g.l.p.c.) indicated that the material was 92% 
3, 8% 2. A sample of 3 was collected by g.l.p.c. for analytical 
and spectral data.

Anal. Calcd. for C10H12O4: C, 61.19; H, 6.17. Found: 
C, 61.30; H, 5.96.

The ultraviolet spectrum of the product in methanol has a 
peak at 288 m¿i (e 8120); the infrared spectrum (CCh) exhibits 
bands at 1710, 1735 and 1650 cm.-1 attributed to a conjugated 
ester group, unconjugated ester group, and carbon-carbon 
double bonds.

1 -Carbomethoxy-2-cnrio-carbomethoxybicyclo [2.2.2 |oct-5-ene- 
7,8-endo-dicarboxylic Anhydride (4).—To 6.38 g. (0.033 mole) of 
3 was added 3.21 g. (0.033 mole) of maleic anhydride (crystallized 
from chloroform). The mixture was heated on a steam bath for 
2 hr. The resulting yellow solution when cooled to room tem
perature solidified to a viscous semisolid material. An equal 
volume of ether was added, and the mixture was stirred and 
scratched, whereupon the substance crystallized to a white solid. 
Filtration gave 7.82 g. of crude material. Recrystallization from 
chloroform-hexane gave 7.21 g. (75%) of 4 in the form of colorless 
prisms, m.p. 125.5-127.5°. A portion of the material recrvstal- 
lized three times from the same solvent mixture, melted at
126.5- 127.5°.

Anal. Calcd. for C14H14O7: C, 57.12; H, 4.80. Found: 
C, 57.09; H, 4.64.

The ultraviolet spectrum of the compound in methanol does 
not show a maximum above 210 m*i; the infrared spectrum 
(CHCh) exhibits bands at 1780 and 1860 cm. -1 attributed to the 
anhydride group, and a band at 1740 cm. -1 attributed to uncon- 
jugated ester groups.

1 -Carbomethoxy-2-endo-carbomethoxy bicyclo [2.2.2] octane-5,6- 
endo-dicarboxylic Anhydride13 (5).—A sample of 4, 27.5 g. 
(0.094 mole), was dissolved in 100 ml. of tetrahydrofuran (dis
tilled from lithium aluminum hydride, b.p. 66°). The solution 
was added to a suspension of 2.8 g. of reduced platinum oxide in 
50 ml. of tetrahydrofuran and the mixture was hydrogenated 
under atmospheric pressure. Hydrogen uptake amounted to 
0.095 mole. Following the removal of the catalyst the solution 
was concentrated until crystallization occurred. Three crops 
of crystals were obtained, the last upon addition of hexane,

Experimental
The order of description of experiments parallels the order of 

presentation in Charts I, II, and III. All melting points are

(9) K . B iem ann , "A p p lic a tio n s  of M ass  S p ec tro sco p y  to  O rgan ic  C hem is
t r y , ” M cG raw -H ill B ook C o m p a n y , In c ., N ew  Y o rk , N . Y ., 1962. p. 148-151.

(10) M . C . K loetze l, “ O rgan ic  R e a c tio n s ,” Vol. IV , Jo h n  W iley  an d  S ons, 
In c ., N ew  Y ork , N . Y ., 1948, p. 10; I . N . N aza ro v , A. I. K u zn e tso v a , and  
N . V. K u zn e tso v , J .  G e n .  C h e m .  U S S R , 25, 75 (1955); J . C . M a r t in  a n d  R .
K . H ill, C h e m .  R e v . ,  61. 537 (1961).

(11) E . H . H u n tre s s , T . E . L esalie, an d  J . B o rn s te in , O r g .  S y n . ,  32, 55 
(1952).

(12) W . P. S opov  an d  V. S. M ik la sh e v sk a y a . J .  G e n .  C h e m .  U S S R ,  26,
2133 (1956).
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yielding 25.8 g. (93%) of 5 in the form of colorless plates, m.p.
156.5-157.5°. Sublimation and crystallization from tctra- 
hydrofuran-hexane of a portion of the product gave a material 
melting at 157.7-158°.

Anal. Calcd. for CuH160 7: C, 56.73; H, 5.45. Found: 
C, 56.73; H.5.58.

The infrared spectrum (CHCh) of the product exhibits bands 
at 1790 and 1860 r m r 1 attributable to the anhydride group and a 
band at 1740 cm. -1 attributable to the presence of unconjugated 
ester groups.

1 -Carbomethoxy-2-cndo-carbomethoxybicyclo [2.2.2] octane-
5 ,6-endo-dicarboxylic Acid13 (6).—To 96 ml. of 20% potassium 
carbonate was added 24 g. of 5. The mixture was stirred and 
heated on a steam bath until a homogeneous solution was ob
tained. The solution was cooled to 0° and sufficient, concentrated 
hydrochloric acid was added to make the mixture acidic. Filtra
tion and crystallization of the material from water gave 23.1 g. 
(92%) of 6 in the form of colorless prisms, m.p. 150-152°.. A 
sample of the material, heated and sublimed under reduced 
pressure, regenerated the anhydride 5 identical in infrared 
spectrum and showing no melting point depression. A sample of 
the material, recrystallized from chloroform-hexane, melted at
151-152°.

Anal. Calcd. for CmHisOs: C, 53.48; H, 5.78; neut. equiv., 
157. Found: C, 53.60; H.5.81; neut. equiv., 154.

The infrared spectrum ot the compound (KBr pellet) exhibits 
bands at 1700 (acid) and 1740 cm."1 (ester).

Dimethyl Bicyclo¡2.2.2]oct-5-ene-l.cro-2-dicarboxylate (7).— 
To 83 ml. of anhydrous benzene under a nitrogen atmosphere 
was added 14.79 g. (0.0471 mole) of 6 , 5.59 g. (0.0707 mole) of 
anhydrous pyridine, and 22 g. (0.0471 mole) of lead tetracetate 
(crystallized from glacial acetic acid). The mixture was heated 
to the reflux temperature with stirring. Before this point was 
reached the solid dissolved, and a vigorous evolution of carbon 
dioxide occurred. The solution was refluxed for 2 hr. during 
whi'h time a white precipitate formed. The solution was sepa
rated from the solid and washed with 30 ml. of 2 N  sodium car
bonate. 40 ml. of 2 N hydrochloric acid, and 10 ml. of water. 
The solution was dried over magnesium sulfate and the bulk of 
the benzene was removed by fractional distillation. Addition of 
ether to the residue precipitated 1.9 g. of 5. Fractionation of the 
residue under reduced pressure gave 5.21 g. (50%) of 7 boiling at
86-87° (0.26 mm.), ra2Sd 1.4838.

Anal. Calcd. for Ci2HiCCh: C, 64.24; H, 7.20. Found:
C, 63.98; H, 7.25.

The infrared spectrum of the product exhibits bands at 1740 
and 1620 cm. -1 attributable to unconjugated ester groups and a 
carbon-carbon double bond.

Dimethyl Bicyclo[2 .2 .2]octane-l ,2-dicarboxylate (8 ).—To 5 ml. 
of absolute methanol was added 0.25 g. of platinum oxide. The 
catalyst was reduced and 2.49 g. of 7 dissolved in 6 ml. of meth
anol was added. Upon completion of the hydrogenation (uptake 
95%) the solution was separated from the catalyst and the bulk 
of the methanol was removed by fractional distillation. Frac
tionation of the residue under reduced pressure gave 2.34 g. 
(93%) of 8 , b.p. 84-85° (0.35 mm.), n%> 1.4778.

Anal. Calcd. for Ci2Hn,Ch: C, 63.68; H, 8.02. Found: 
C, 63.65; H, 8.34.

The infrared spectrum (CC14) exhibits a band at 1740 cm. -1 
attributable to the unconjugated ester groups.

Bicyclo12 .2 .2]octane-1,2-dicarboxylic Acid (9).—To 8 ml. of 
75% methanol was added with stirring 1.49 g. (0.0265 mole) of 
potassium hydroxide. When the base had dissolved 2 g. (0.00885 
mole) of 8 was added and the mixture was stirred and refluxed for 
4 hr. After cooling the solution, the bulk of the methanol was 
removed under reduced pressure and the residue was diluted with 
50 ml. of water. The resulting solution was cooled to ice-bath 
temperature and acidified with concentrated hydrochloric acid. 
The mixture was extracted with several portions of ether and the 
resulting ethereal solution was dried over anhydrous magnesium 
sulfate. The ether solution was separated from the drying agent 
and the solvent was removed on a steam bath. ItecrystalIiza- 
tion from water gave 1.49 g. (85%) of 9, m.p. 188-190°. A sam
ple of the material, recrystallized from water three times, gave 
colorless prisms, m.p. 200- 201°.

(13) T h e  e n d o  d e s ig n a tio n  fo r 5 and  6 refers  to  a  s y n  re la tio n  of a  s u b s t i tu 
e n t  to  th e  u n s u b s t i t u t e d  b r i d g e .  In  all o th e r  cases th e  e n d o  d es ig n a tio n  refers 
to  a  s y n  re la tio n  of a  s u b s t i tu e n t  to  an  u n s a t u r a t e d  b ridge .

Anal. Calcd. for CioHmO«: C, 60.57; H, 7.12. Found: C, 
60.64; H, 7.20.

The infrared spectrum (KBr pellet) exhibits a broad band at 
1700 cm. “1 attributable to unconjugated acid groups.

Bicyclo[2.2.2]octane-1,2-dicarboxylic Anhydride (10).—To 20
ml. of thionyl chloride, under anhydrous conditions, was added 1 
g. of previously dried 9. The mixture was stirred at reflux until 
solution occurred (1 hr.). The thionyl chloride was removed 
under reduced pressure. Crystallization of the residue from cyclo
hexane gave 0.82 g. (92%) of 10 in the form of colorless plates, 
m.p. 163.5-161.5°.

Anal. Calcd. for C i0H 12O j : C, 66.63; H, 6.71. Found: 
C, 66.67; H, 6.76.

The infrared spectrum (CCh) exhibits bands at 1800, 1875, 
and 1200 cm. “1 attributable to a cyclic 5-membered anhydride.

Bicyclo[2.2 2]octane-l ,2-dicarbonyl Chloride (11).—To 15 g. 
(0.076 mole) of drv 9 under a nitrogen atmosphere was added
31.8 g .  (0.152 mole) of phosphorus pentachloride. The solids 
were mixed by shaking, whereupon an exothermic reaction oc
curred, accompanied by the formation of a liquid. When the 
reaction had subsided the mixture was heated to 140° and kept at 
this temperature, with stirring, for 16 hr. Fractionation of the 
liquid under reduced pressure gave 16.7 g. (95%) of 11, b.p. 121— 
122° (0.3 mm.), n2So 1.5199.

The infrared spectrum (CH2C12) showed a strong band at 1800 
cm. -1 attributable to the acyl chloride groups and weak band at 
1870 cm. -1 attributable to the small quantity of cyclic anhydride 
which codistills with the acid chloride.

1-Diethylaminobutadiene < 12) was prepared by the method of 
Hunig and Kahanek13 14 in 42% yield, b.p. 66-67° (9-10 mm.) 
[lit.21 b.p. 64-66° (10 mm.)].

Ethyl m-2-diethylaminocyclohex-3-ene-l-carboxylate (13) was
prepared by the reaction of 12 with ethyl acrylate14 in 72% yield, 
b.p. 70-76° (0.07-0.14 mm.) [lit.14 b.p. 80-83° (0.2 mm.)].

Ethyl 1,3-cyclohexadiene-l-carboxylate (14) was prepared 
from 13 by the method of Grib, Ohta, Renk, and Weiss4 in 50% 
yield, b.p. 98-100° (17 mm.), n25d 1.4988 [lit.4 b.p. 90-92° (11
mm. I].

The ultraviolet spectrum of the product in ethanol has a 
maximum at 292 m/i (e 8260); the infrared spectrum (CCh) ex
hibits bands at 1710 and 1640 cm. -1 attributable to a conjugated 
ester and carbon-carbon double bonds.

exn and endo Isomers of Diethyl Bicyclo[2.2.2]oct-5-ene-l,2- 
(and l,3)-dicarboxylate (15).—To 75 mg. of hydroquinone was 
added 9.8 g. (0.0981 mole) of freshly distilled ethyl acrylate (b.p. 
99°) and 5 g. (0.0327 mole) of 14. The resulting solution 
was refluxed under nitrogen in the dark for 24 hr. and then was 
allowed to stand for 20 hr. at 0°. Fractionation gave 4.16 g. 
(50%) of a pale yellow liquid boiling at 90-94° (0.03 mm.). 
Gas-liquid chromatography indicated a mixture of four major 
components in the ratio of 5:30:1:8 (listed in the order of elu
tion). They were assigned as follows: diethyl bicyclo[2.2.2]oet-5- 
ene-1 ,exo-2-dicarboxylate (15A), diethyl bicyclo[2.2.2]oct-5-ene- 
1 ,eredo-2-dicarboxylate (15B). diethyl bicyclo[2.2.2]oct-5-ene-l,- 
ezo-3-dicarboxylate (150, and diethyl bicyclo[2.2.2]oct-5-ene-l,- 
emfo-3-dicarboxylate (15D). The ratio of A +  B vs. C +  D was
3.9 to 1. The esters were separated on a preparative g.l.p.c. 
column containing 25% 550 silicone oil on 60-80-mesh Chromo- 
sorb P (Johns Mansville firebrick). Ester 15C was not isolated.

Anal. Calcd. for CuH20()i: C, 66.63; H, 7.99. Found for 
15A: C, 66.03; H, S.16. Found for 15B: C, 66.38; H, 8.02. 
Found for 15D: C, 66.97; 11,8.11.

The infrared spectra of the esters (CCh) exhibit bands at 1730 
and 1615 cm.“1 attributable to unconjugated ester groups and a 
carbon-carbon double bond. The spectra of the three isolated 
esters were very similar with only minor differences in the finger
print region.

Diethyl Bicyclo[2.2.2]octane-l,2(and 1,3)-dicarboxylate (16). 
—To 200 mg. of platinum oxide was added 5 ml. of 95% ethanol. 
The catalyst was reduced and 2 g. (0.00994 mole) of 15 was added 
in 5 ml. of ethanol. Upon completion of the hydrogenation (up
take 0.01 mole of hydrogen) the solution was separated from the 
catalyst and the solvent was removed under reduced pressure. 
Fractionation of the residue gave 1.82 g. (95%) of a colorless 
liquid, b.p. 110-113° (0.07 mm.). Two major components were 
shown by g.l.p.c. in the ratio of 3.8 to 1, assigned as 16A and 
16B, respectively. The two components were separated on a

(14) S. H u n ig  and  H . K ah a n e k , C h e m .  B e r . .  90, 238 (1957).



N o v e m b e r , 1963 B ic y c l o [2 .2 .2 ]o c t a n e -1 ,2  d i c a r b o x y l i c  A cid 2969

g.l.p.c. column containing 25% 550 silicone oil on 60-80-mesh 
Chromosorb P.

Anal. Calcd. for C14H22O4: C, 66.10; H, 8.73. Found for 
16A: C, 66.04; H, 8.81. Found for 16B: C.66.16; H, 8.75.

The infrared spectra of the esters (CC14) show a band at 1730 
era. -1 (ester). The spectra of the two esters are very similar with 
only minor variations in the fingerprint region.

Bicyclo[2.2.2]octane-l,2(and 1,3 )-dicarboxylic Acid (9, 17).— 
To a solution of 0.8 g. (0.00315 mole) of 16 in 8 ml. of absolute 
ethanol was added 0.53 g. (0.00945 mole) of potassium hydroxide 
and 2 ml. of water. The solution was refluxed for 4 hr. At the 
end of this period the bulk of the ethanol was removed under 
reduced pressure and 10 ml. of water was added. The resulting 
solution was acidified with concentrated hydrochloric acid and 
extracted with ether. The combined ether extracts were dried 
over anhydrous magnesium sulfate. Filtration of the mixture 
and evaporation of the solvent gave 0.61 g. of a yellow solid, a 
mixture of 9 and 17. A 95-mg. sample of this mixture was 
treated with 2.5 ml. of thionyl chloride for 2 hr. Evaporation of 
the excess thionyl chloride and recrystallization of the residue 
from cyclohexane afforded 31 mg. of bicyclo[2.2.2]oetane-l,2- 
dicarboxylic anhydride (10), m.p. 163-164°, m.m.p. 163-164°, 
identical in infrared spectrum with the material prepared by the 
sequence of Chart I.

A second portion of the mixture of 9 and 17 (0.3 g.) was dis
solved in ether and treated with ethereal diazomethane. Ether 
was removed through a Vigreux column and the residue was 
distilled to give 0.21 g. of a colorless liquid. Two components 
were indicated by g.l.p.c. in the ratio of 2 to 1. The compounds 
were separated on a g.l.p.c. column containing 25% 550 silicone 
oil on 60-80-mesh Chromosorb P The major component had the 
same retention time and infrared spectrum as 8 .

Bicyclo[2.2.2]octane-l,3-dicarboxylic Acid (17i.—To 42 mg. 
(0.000163 mole) of 16B was added 1.24 ml. of absolute ethanol. 
To this was added 0.326 ml. of a solution of 8.3 g. of potassium 
hydroxide in 100 ml. of water (27.4 mg., 0.000489 mole). The 
resulting solution was refluxed tor 4 hr. Water (10 ml.) was 
added and the solution was acidified with concentrated hydro
chloric acid. The acidified solution was extracted with ether and 
the combined ether extracts were dried over anhydrous magne
sium sulfate. Filtration and evaporation of the solvent under 
reduced pressure gave 62 mg. of a yellow semisolid material. 
Sublimation and crystallization from acetone-hexane gave 14 mg. 
(44%) of 17 in the form of colorless needles, m.p. 206-208°.

Anal. Calcd. for C.oHuCR: C, 60.57; H, 7.12. Found: C, 
60.44; H, 7.02.

The infrared spectrum (KBr) has a band at 1700 cm. -1 at
tributable to carboxylic acid functions. The spectrum was similar 
to that of 9 with only minor differences in the fingerprint region.

Bromo Lactone in the Bicyclo[2.2.1]heptane System (18).—To 
a stirred solution of 5 g. (0.0328 mole) of a 3:1 mixture of endo 
and exo methyl bicyclo[2.2.1]hept-5-ene-2-earboxylate in 50 ml. 
of chloroform, cooled to 0°, was added dropwise 5.3 g. (0.0328 
mole) of bromine. When the addition of the bromine was com
plete the solvent was removed under reduced pressure, giving a 
dark green oil (color developed during concentration). De- 
colorization with Norit and crystallization from ether-pentane 
gave 3.3 g. (62% based on the amount of endo isomer) of the 
bromo lactone of bicyclo[2.2.1]hept-5-ene-cndo-2-carboxylic 
acid in the form of colorless cubic crystals, m.p. 68-70°. A sam
ple recrystallized from ether-pentane afforded material of melting 
point 67.5-69° (lit.10 m.p. 67.5-68.5°).

The infrared spectrum (CHCls) has bands at 1775 and 1010 
cm.-1 attributable to the five-membered ring lactone.

Dimethyl Bicyclo[2.2.2]oct-5-ene-l,endo-2-dicarboxylate (19). 
—To 15 ml. of absolute methanol-sodium methoxide solution 
(from 51 mg. of sodium) under a nitrogen atmosphere was added 
500 mg. (0.00233 mole) of 7. The resulting pale yellow solution 
was refluxed under nitrogen for 13.5 hr., cooled, and 134 mg. 
(0.00223 mole) of glacial acetic acid was added. The methanol 
was removed under reduced pressure. Ether and water were 
added to the residue and the water solution was further extracted 
with ether. The combined ether extracts were washed with 10% 
sodium bicarbonate and water and dried over anhydrous magne
sium sulfate. The solution was filtered and the ether was removed 
under reduced pressure. Distillation of the residue gave 352 mg. 
(70%) of a yellow liquid. Gas-liquid chromatography indicated

(15) C. D . V erN o o y  an d  C. S. R o n d e s tv e d t, J r . ,  J .  A m .  C h e m .  S o c . ,  77, 
3583 (1955).

two compounds in the ratio of 3.5 to 1. Comparison of retention 
indicated that the smaller peak was the starting material. Since, 
as indicated subsequently, reduction of the mixture gave only one 
component, 8 , the major component was designated as 19. The 
two components were separated on a g.l.p.c. column containing 
25% 710 silicone oil on 80-100-mesh Chromosorb P. The major 
component 19 crystallized and was recrystallized from pentane 
giving colorless cubic crystals, m.p. 44-45.5°.

Anal. Calcd. for C12H16O4: C, 64.24; H, 7.21. Found: 
C, 64.17; H, 7.21.

The infrared spectrum (CC14) of 19 had bands at 1730 and 1615 
cm. -1 attributable to an unconjugated ester group and a carbon- 
carbon double bond. The n.m.r. data are given in the discus
sion.

Dimethyl Bicyclo[2.2.2]octane-l,2-dicarboxvlate (8).—Plati
num oxide (10 mg.) was suspended in 1 ml. of absolute methanol, 
the catalyst was reduced, and 75 mg. (0.00334 mole) of the mix
ture containing 19 and 7 was added in 1.5 ml. of methanol. The 
amount of hydrogen absorbed was 0.0036 mole. Removal of the 
methanol under reduced pressure gave 72 mg. (94%) of a liquid, 
identical in infrared spectrum with 8 . Gas-liquid chromatogra
phy showed only one component which had the same retention 
time as 8 .

Bromo Lactone in Bicyclo[2.2.2]octane System (20).—To 2 ml. 
of methanol-free chloroform (passed through silica gel) cooled to 
0° was added 100 mg. (0.000446 mole) of ester mixture 19 and 7 
(80% 19) and 71 mg. (0.000446 mole) of bromine in 2 ml. of 
chloroform. The reaction mixture was allowed to stand in the 
dark for 24 hr. at 0°. The resulting solution was washed with 
5 ml. of 5% sodium sulfite, 5 ml. of water, and 5 ml. of saturated 
sodium chloride solution, and dried over magnesium sulfate. 
The chloroform was removed under reduced pressure leaving 172 
mg. of a pale yellow oil. Addition of a small amount of ether 
caused the oil to crystallize to a white st^id weighing 63 mg., 
m.p. 124-130°. Recrystallization from ether-pentane gave 43 
mg. (44% based on the amount of endo isomer) of the bromo 
lactone of 1-carbomethoxybicyclo [2.2.2] oet-5-ene-2-erarfo-car- 
boxylic acid, m.p. 128.5-129.5°. A sample recrystallized from 
acetone-hexane melted at 129-130°.

Anal. Calcd. for CoH,304Br: C, 45.67; H, 4.53; Br, 27.65. 
Found: C, 45.63; H, 4.52; Br, 27.92.

The infrared spectrum (CHClj) has bands at 1730 and 1790 
cm. -1 attributable to an unconjugated ester group and a 5-mem- 
bered lactone.

Attempted Lactonization of Dimethyl Bicyclo[2.2.2]oct-5-ene- 
l,exo-2-dicarboxylate (7).—A sample of 7 was subjected to the 
preceeding bromination conditions, employing the same work-up 
procedure. Evaporation of the chloroform gave 165 mg. of a 
pale yellow oil which could not be crystallized. The infrared 
spectrum of the oil (CHCL) showed a band at 1730 cm. -1 attrib
utable to unconjugated ester groups. There was no band in the 
region where lactone absorption is expected.

Dimethyl Bicyclo[2.2.2]octane-l,endo-2-dicarboxylate (19) 
from Diethyl Bicyclo[2.2.2]octane-l,endo-2-dicarboxylate (15B). 
—To 75 mg. (0.000298 mole) of 15B (containing 0.6% of 15A) 
under a nitrogen atmosphere, was added 5 ml. of collidine and 399 
mg. (0.00298 mole) of pulverized lithium iodide. The mixture 
was refluxed under nitrogen for 24 hr. After cooling, the reaction 
mixture was poured into a mixture of 5 ml. of concentrated hydro
chloric acid and 5 g. of ice. The resulting yellow solution was ex
tracted with ether and the combined ether extracts were dried 
over anhydrous magnesium sulfate. Filtration and evaporation 
of the ether under reduced pressure gave 65 mg. of a pale yellow 
semisolid material.

The crude solid was dissolved in 10 ml. of ether, cooled to 0°, 
and treated with an ethereal solution of diazomethane. The 
latter was added until a permanent yellow color occurred. The 
excess diazomethane was decomposed with 4 drops of glacial 
acetic acid. Evaporation of the ether under reduced pressure 
gave 74 mg. of a yellow oil. Gas-liquid chromatography of the 
liquid indicated two components in the ratio of 33 to 1. Com
parison with mixture 19, 7 indicated that the compounds had the 
same retention times. Purification of the major component on a 
column containing 25% 710 silicone oil on 80-100-mesh Chromo
sorb P gave a colorless oil which was crystallized from pentane. 
The infrared spectrum of the solid (CC14) was the same as the 
spectrum of 19.

Diethyl Bicyclo[2.2.2]oct-5-ene-l ,exo-2-dicarboxylate (15A) 
from Its endo Isomer 15B.—To 23.3 mg. (0.093 mmole) of 15B 
under a nitrogen atmosphere was added 0.41 ml. of a 0.228 M
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solution of ethanolic sodium ethoxide, and 7.5 ml. of absolute 
ethanol. The resulting solution was refluxed for 20 hr. under 
nitrogen. At the end of this period 5.6 mg. (0.093 mmole) of 
glacial acetic acid was added to neutralize the base. Evaporation 
of the solvent under reduced pressure left a small quantity of 
liquid which was extracted with two 10-ml. portions of ether. 
Drying of the ethereal solution over magnesium sulfate and evap
oration of the solvent gave 10 mg. (43%) of a colorless oil. 
Gas-liquid chromatography of the oil on a column containing 
20% XF-115016 on 80-100-mesh Chromosorb P showed two

(16) A n itr ile -s ilic o n  po ly m er o b ta in e d  from  G en era l E le c tric .

peaks in the ratio of 5 to 1. The lesser component was eluted first 
and had the same retention time as 15A. The larger peak had 
the same retention time as 15B.

Diethyl Bicyclo[2.2.2]octane-l,3-dicarboxylate (16B) from 
Diethyl Bicyclo[2.2.2]oct-5-ene-l,endo-3-dicarboxylate (15D).— 
A 12.5-mg. sample of 15D (containing 4.2% of 1SB) was hydro
genated by platinum oxide in ethanol (1 ml.). Removal of the 
catalyst and evaporation of the solvent under reduced pressure 
gave 12.3 mg. (98%) of a colorless liquid giving two peaks on a 
g.l.p.c. column containing 25% 710 silicone oil on Chromosorb P. 
The two peaks were in the ratio of 23 to 1. The major compo. 
nent had the same infrared spectrum and retention time as 16B-
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The cis- and frans-lactones of 2-hydroxycycloheptaneacetic acid have been prepared and equilibrated at var
ious temperatures. The cis isomer predominates slightly in the temperature range 384-423 3 4 5 6K. The thermody
namic. quantities have been calculated and the conformations are discussed and contrasted with those of the cy
clohexane analogs. Two examples of what appears to be partial cts-electrophilic addition to the cycloheptene 
double bond have been observed.

The lactone of m-2-hydroxycyclohexaneacetic acid3-6 
(I) is more stable than the trans isomer (II),7 the trans 
compound being convertible to the cis under the in
fluence of sulfuric acid-acetic acid 3 5 An analogous 
acid-catalyzed rearrangement is well known in the 
santonin series where the allylic position of the lactone 
ether oxygen renders the isomerization more facile,8 
but many other instances of this stability relationship 
among lactones of substituted 2-hydroxycyclohexane- 
acetic acid could be cited.9

In the last decade, a group of new sesquiterpene 
lactones has been discovered in which the y-lactone ring 
Is fused onto the seven-membered ring portion of per- 
hydroazulene skeleton.10 In discussions dealing with 
the stereochemistry of the new lactones, it has been

(1) S u p p o rte d  in  p a r t  b y  a g ra n t from  th e  N a tio n a l S cience F o u n d a tio n  
(N S F -G  14396).

(2) A b s tra c te d  from  a th e s is  s u b m it te d  in p a r t ia l  fu lfillm en t of th e  re
q u ire m e n ts  fo r th e  degree D o c to r of P h ilo so p h y , 1963.

(3) M . S. N ew m an  a n d  C. A. V ander W erf, ,/. A m .  C h e m .  S o c . ,  67, 233 
(1945).

(4) J . K lein , ./. O r g .  C h e m . ,  23, 1209 (1958).
(5) J . K lein , J .  A m .  C h e m .  S o c . ,  81, 3611 (1959).
(6) E . H . C h a rle sw o rth , H. J . C am pbell, an d  D. L. S tach iw , C a n .  J .  

C h e m . ,  37, 877 (1959).
(7) S. Coffey, R e c .  t r a r .  c h i m . ,  42, 387 (1923).
(8) \ .  A be, T . M ik i, M . S um i, an d  T . T oga, C h e m .  I n d .  (L o n d o n ), 953 

(1956); H. Ish ik a w a , J .  C h a r m .  S o c .  J a p a n , 76, 504 (1956); M . S um i, J .  

A m .  C h e m .  S o c . ,  80, 4869 (1958); D . H . R . B arto n , J . E . D . L ev isalles, an d  
J . T . P in h ey , J .  C h e m .  S o c . ,  3472 (1962); W . C ocker, B. D onnelly , H. G o b in - 
sin g h , T . B. H . M c M u rra y , an d  M . A. N isb e t, i b i d  , 1262 (1963).

(9) See, fo r exam ple, M. H in d er an d  M . S to ll, H e i r .  C h i m .  A c t a ,  36, 1995 
(1953); W . K lyne, ./. C h e m .  S o c .  3072 (1953).

(10) T h e  m ost recen t rev iew  of th is  ra p id ly  m ov ing  field is a lre a d y  v ery
m uch o u t of d a te , T . N ozoe an d  S. I to , F o r t s c h r .  C h e m .  O r g .  N a t u r s t o f f e ,  19,
32 (1961).

tacitly assumed11 that commonly accepted generaliza
tions about y-lactones fused onto six-membered rings 
can be extended to 7-lactones fused onto seven- 
membered rings. Because of our interest in naturally 
occurring perhydroazulenic lactones, we decided to 
examine this supposition by the synthesis and study of 
the previously unreported title compounds III and IV.

The energetics of cis- and trans-ring fusion to cyclo
heptanes have, in the meantime, been considered by 
Hendrickson,12 with particular reference to the cis- 
and ¿rans-bicyclo[5.3.0]decanes (perhydroazulenes). 
The conclusion was reached that the energy difference 
between cis- and (rans-perhydroazulene was likely to 
be virtually negligible, experimental support for this 
having been provided by Allinger and Zalkow.13 
When a lactone is substituted for a five-membered ring, 
inspection of Dreiding models suggests that in the cis 
isomer III the favored twist-chair conformation12 of 
the cycloheptane ring may be destabilized somewhat 
because of angle strain. Of the two (raris-forms of IV, 
the 2e-3e isomer appears to be affected only slightly, 
the 3e-4e isomer more so. The over-all effect is dif
ficult to assess but would not be expected to alter the 
stability relationships significantly.

Lactone III was prepared from VI, or more conven
iently from the mixture of V and VI prepared by cycli- 
zation of 2-oxocycloheptaneacetic acid.

Lactone IV was synthesized in a manner similar to 
that adopted by Newman and Vander Werf3 for the 
preparation of II. However, the first step, the re
action of cycloheptene oxide with malonate ion, was 
exceedingly slow as compared with the analogous re
action of cyclohexene oxide which reacts at least 10 
times as rapidly.

The reasons for this difference in reactivity are not 
quite clear. It has been shown that cyclohexene oxide 
reacts with methoxide ion about 1.5 times as fast as

(11) See, for exam p le , J . VV. H uffm an . F x p e r i e n t i a ,  16, 120 (1960). T h e  
c o m p lic a tio n s  have  been  recogn ized  by  J .  B. H en d rick so n  a n d  R . Rees, 
C h e m .  I n d .  (L o n d o n ), 1424 (1962).

(12) .1. B. H en d rick so n , J . A m .  C h e m .  S o c . ,  83, 4537 (1961).
(13) N. L. A llinger an d  V. B. Zalkow , i b i d . ,  83, 1144 (1961).
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cyclopentene oxide,14 but no data are available on the 
reaction of cycloheptene oxide. However, a number 
of reactions are known in which cvclopentane and cy
cloheptane derivatives react at comparable rates which 
may be greater or less than the rate of the correspond
ing cyclohexane derivative.18-17 The greater suscepti
bility of cyclohexane oxide to ring opening compared 
with that of cyclopentene oxide may be attributed to 
greater relief of eclipsed hydrogen interactions in the 
cyclohexane oxide system. A further effect is probably 
operative in cycloheptene oxide where Dreiding models 
indicate that there may be considerable steric hindrance 
to nucleophilic displacement of epoxide oxygen by the 
bulky malonate ion which would result in rate retarda
tion.

Nuclear Magnetic Resonance Spectra.—Since the 
main objective of this work was the determination of 
the relative thermodynamic stabilities of lactones III 
and IV, a method for the analysis of mixtures of III and 
IV was necessary. In spite of prolonged and tedious 
efforts, artificial mixtures of III and IV could not be 
separated satisfactorily by gas liquid chromatography. 
Also, while the infrared spectra of III and IV were dif
ferent, the distinguishing bands overlapped and the 
analysis by this method would have been difficult 
indeed.

A more than adequate solution to this problem was 
offered by n.m.r. spectroscopy. Table I lists important
n.m.r. peaks of lactones I-IV, whose implications will 
now be discussed.

T a b l e  V

Lactone C ,-H 8 Hote C H ,d

i 4.60q (4) 2.45 m 1.2-2.0 e, 1.55 s
1 1 3.97 h (10,4) 2.45 n,e 1.33-2.04e
h i 4.75 0 2.66 m 1 .2- 2.0  e
I V 4.25 n 2.42m 1 62 s

a Spectra were determined in CCh solution on Varian HR-60 
or A-60 spectrometers. Values in p.p.m. relative to tetramethyl- 
silane as internal standard. Signals are described as follows: 
e, envelope; h, sextet; m, multiplet of uncertain multiplicity; n, 
unresolved multiplet; o, octet; s, relative sharp signal correspond
ing to several protons. Numbers in parentheses denote cou
pling constants in c.p.s. 6 Intensity one proton. '  Intensity 
two protons. d Ring protons other than H2.

C2-H of I gives rise to a quadruplet at 4.60 p.p.m. 
characteristic of the A portion of an AX3 system. The 
multiplicity indicates that the three adjacent protons 
have approximately the same dihedral angle, a situa
tion which would prevail in a chair conformation in 
which Ci-H is axial and C2-H is equatorial. The di
hedral angles are then near 60°. This is in reasonable 
agreement with experimental values observed else
where.18 However, the observed multiplicity of C2-H 
could arise equally well from the time-averaged values 
of dihedral angles in a system which changes conforma
tions rapidly compared with the spin frequency. Since 
the methylene region indicates a fair degree of flexibility

(14) G . G ee, W . C. E . H igg in so n , P. L evesley , an d  K. J . T a y lo r, J .  C h e m .  

Soc., 1338 (1959).
(15) N . L . A llinger, J .  A m .  C h e m .  Soc., 81, 5727 (1959).
(16) II . C. B row n, R . S. F le tc h e r , an d  II. B . Jo h an n esen , i b i d . ,  73, 212 

(1951).
(17) E . L. E liel in  “ S te ric  E ffec ts  in  O rgan ic  C h e m is try ,”  M . S. N ew m an, 

E d .. Jo h n  W iley  an d  Sons, In c ., N ew  Y ork , N . Y ., 1956, p. 121; E . L. Eliel, 
“ S te re o c h e m is try  of C a rb o n  C o m p o u n d s ,” M cG raw -H ill B ook C o., Inc ., 
N ew  Y ork , N. Y., 1962, p. 265-269.

(18) M . K arp lu s , J .  C h e m .  P h y s . ,  30, 11 (1959).

(vide infra), it is not possible to decide between the two 
alternatives.

The two a-protons give rise to a complex system of 
bands centered at 2.45 p.p.m. which appears to contain 
two triplets at 2.51 (J  = 3.5) and 2.38 p.p.m. (J  = 
2.2). The methylene region contains an envelope from 
which there projects a relatively sharp high-intensity 
band at 1.55 p.p.m. This suggests a certain amount 
of methylene proton equivalence and a reasonable 
degree of ring flexibility as would be expected from a cis 
isomer.

By contrast, the n.m.r. spectrum of II exhibits only 
a broad envelope extending from 1.33 to 2.04 p.p.m., 
but no strong projecting peak. This is consistent with 
the assumption of a more rigid ring system. The situa
tion is reminiscent of that prevailing in cis- and trans- 
hydrindane,19 with the lactone ring of I and II re
placing the alicyclic five-membered ring. The a- 
protons of II are unresolved, but C2-H gives rise to a 
sextet centered at 3.97 p.p.m. which corresponds to X 
of an A2BX system (JAX = 10). This indicates that 
II is a chair in which C,-H and CVH are axial, in ac
cordance with the required frans-diequatorial fusion of 
five- and six-membered rings. The shielding of C2-H 
in II, as compared with C2-H of I, is as expected; the 
coupling constants are in agreement with the assump
tion that the dihedral angles between (VH and the 
three adjacent protons are approximately 180, 180, and 
60°.

Comparison of the n.m.r. spectra of I and II with 
those of III and IV reveals highly significant differences 
which point out the danger of drawing analogies be
tween bicyclo [5.3.0] and bicyclo [4.3.0] ring systems. 
C2-H of the cfs-fused lactone III gives rise to a complex 
multiplet centered at 4.75 p.p.m. which can be analyzed 
as an octet closely approximating X of an ABCX 
system where J AX = 10, J BX = 7, and J Cx = 4 c.p.s. 
Dreiding models suggest that the most likely conforma
tion is a chair in which C,-H and CrH are quasi-axial 
and the five-membered ring is quasi-diequatorially 
oriented. This should give rise to dihedral angles of 
about 0, 82, and 158°.12 A better fit is obtained by the 
twist-chair conformation advocated by Hendrickson12; 
this is shown in the appended formulae where the di
hedral angles are marked.20 I ll  is quite rigid as shown 
by the envelope in the 1.2-2-p.p.m. region. The a- 
protons give rise to a multiplet which could not be 
analyzed satisfactorily.

H H

(19) W . B . M on iz  an d  J . A. D ixon, J .  A m .  C h e m .  S o c . ,  83, 1671 (1961).
(20) W e w ish to  th a n k  one of th e  referees for d raw in g  o u r  a t te n t io n  to  th is  

p o in t.
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The trans-lactone IV on the other hand is very flexible 
as shown by the strong relatively sharp band at 1.67 
p.p.m. The flexibility of the seven-membered ring 
portion affects the dihedral angles and, hence, coupling 
of Cy-H. This proton which remains quasi-axial in all 
easily formed conformations gives rise to an unresolved 
multiplet at 4.25 p.p.m. The «-hydrogens are signaled 
by a multiplet centered at about 2.4 p.p.m. C>-II 
of III and IV are apparently both axial, but Dreiding 
models of III indicated that CVH of III is less shielded 
by the C3-C4 and C7-C1 bonds than the corresponding- 
proton of IV. This may account for the observed 
chemical shift.

The n.m.r. spectra of III and IV are in harmony 
with the suggestion12 that there are two equal conforma
tions for cycloheptane with a ¿rans-fused ring while 
there is only one energetically preferred conformation 
of cycloheptane with a «s-fused ring.

Models12 of cis- and traws-bicyclo [5.3,0 ¡decane sug
gest that, iust as in the case of lactones III and IV, 
the trans isomer may be more flexible also. If this were 
so, the explanation of the small entropy change in the 
equilibrium cis- ^  irans-bicyclo[5.3.0]decane given by 
Allinger and Zalkow13 would be in error. These workers 
assumed that the cis isomer was more flexible and that 
this was responsible for lowering the calculated en
tropy difference (1.4 e.u. greater for the trans isomer) 
to the observed small value of 0.3 ± 0.4 e.u.

Equilibration of III and IV.—Lactones III and IV 
were equilibrated under the influence of acid. The 
pronounced difference in the n.m.r. spectra of III and 
IV permitted the analysis of mixtures with an accuracy 
of ± 0.5% and a standard deviation of ± 0.24% using 
the H2 signal. Heating III or IV with acetic acid at 
temperatures up to 473 °K. resulted only in recovery of 
starting material. Equilibration with 5% sulfuric acid 
in acetic acid was quite incomplete, but use of 50% 
aqueous sulfuric acid in the temperature range 384- 
423°K. resulted in smooth equilibration. This sug
gests that the reaction involves hydronium ion cataly
sis. At lower temperatures the reaction was too slow 
to be useful; at more elevated temperatures extensive 
decomposition occurred.

Results for the equilibration at 384°K. for various 
times are tabulated in the Experimental section 
(Table II).

Equilibrium was approached from both sides but 
was reached only slowly at 384°K. After 48 hours, 
III yielded a mixture containing 41.8 ± 0.8% of
IV. Similar treatment of IV yielded a mixture con
taining 44.7 ± 1% of IV. The average, 43 ± 1%, 
approximates the experimental errors and was used 
to calculate Ke 1.32 (384°K.) and AF —0.215 kcal./ 
mole.

Measurements were also carried out at 401 and at 
420°K. and In K vs. 1 / T was plotted. Intercept and 
slope of the line drawn through the experimental points 
by the least squares method gave, for the liquid phase 
isomerization of III IV', K, 4(n° 117 ± 0.05, AF 
-0 .13 ± 0.03 kcal./mole, AHm ° -0.17 ± 0.06 kcal./ 
mole, and AS4oi° —0.13 ± 0.3 e.u.

The smallness of these quantities is surprising and is 
comparable to the values found by Allinger and 
Zalkow13 for the isomerization cis- v- ¿ran s-bicyclo-
[5.3.0]decane under conditions which were vastly

different. At the higher temperatures at which their 
equilibrations were carried out, the trans isomer was 
more stable than the cis, but enthalpy and entropy dif
ferences were small. At the lower temperatures used 
in this study, cis-lactone III is slightly more stable than 
/mn.s'-lactone IV, but extrapolation indicates that the 
situation should be reversed at temperatures above 
437 °K.

The assumption that cfs-lactones fused to seven- 
membered rings will necessarily be more stable than 
trans-lactones is, therefore, not supported by evidence. 
Minor changes in structure may easily change the re
lationship deduced for III and IV, particularly in com
plex systems like the guaianolides. The results offer 
a sharp contrast to the experiments reported by Klein5 
for the acid-catalyzed equilibration of I and II. His 
results indicated that less than 5% of the irans-lactone 
II was present at equilibrium. Recovery of only 50% 
of starting material was attributed to selective destruc
tion of the more reactive II. If equilibrium was indeed 
attained, Ke for cis-1 trans-11 would be greater than
19 and A F < —2.2 kcal./mole.21

Cyclizations of Cyclohepteneacetic Acids.—Over
whelming predominance of I in the equilibrium mixture 
of I and II suggested10 that the sole formation of the 
more stable isomer I on acid treatment of 1-cyclo- 
hexeneacetic acid (VII), originally4 attributed to stereo
specific protonation of the double bond, followed by 
cyclization, might conceivably involve an equilibration 
step. The existence of an equilibrium, however, does 
not necessarily eliminate stereospecific irans-addition 
as a possible mode of formation of the stable cis isomer 
as long as the Irans-lactone equilibrates via the olefin 
acid VII which then undergoes stereospecific trans
addition to I,23 and not by way of the carbonium 
ion.23 24

Stereospecific. syntheses of I were achieved via the 
iodolactonization reactions of VII and VIII. Ex
clusive formation of I by the second sequence was ex
plained in terms of irans-diaxial attack from the less 
hindered side of the molecule. Later work, however, 
has shown26 that iodine also attacks VIII from the

vm ix x
(21) P ro fessor E . L. E liel h as  |>ointed o u t  (p r iv a te  co m m u n ic a tio n )  th a t  

th e  c la im ed  p rep o n d e ra n ce  of I over I I  is so m ew h a t su rp r is in g , s ince  th e  
re su lts  of A llinger a n d  C oke on th e  re la tiv e  s ta b i li t ie s  of c i s -  an d  t r a n s -  

h y d r in d a n e 22 do  n o t d iffer m a te r ia lly  from  th o se  on th e  b icyclo [5 .3 .01- 
decanes. 13

(22) N. L. A llinger an d  J . L. C oke, J .  A m .  C h e m .  S o c ., 82, 2553 (1960).
(23) D. H x R . B a rto n , J .  O r g .  C h e m . ,  15, 466 (1950).
(24) C . H . C o llin s  an d  G. S. H am m o n d , i b i d . ,  25, 911 (1960).
(25) M . M . S h em y a k in , Y u. A. A rbuzov , M . N . K olosov, an d  Y u A. 

O vch in n ik o v , D o k l .  A k a d .  N a u k  S S S R ,  133, 1121 (1960); Y u. A. A rbuzov , 
M . N. K olosov, Y u . A. O v ch in n ik o v , a n d  M . M . S h em y a k in , i b i d . ,  377 
(1961).
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more hindered side. The resulting iodo acid X was 
converted to the trans-lactone XI.

Since the composition of the equilibrium mixture of 
III and IV had been determined, it was now possible 
to study analogous cyclizations of the corresponding 
cyclohepteneacetic acids and to determine whether 
this results in a greater degree of selectivity than could 
be expected on the basis of the equilibrium studies. 
The results were also expected to have a bearing on the 
mode of addition to double bonds in seven-membered 
rings.

2-Cycloheptene-l-acetic acid (XII), prepared from 
3-bromo-l-cycloheptene by condensation with diethyl 
malonate, hydrolysis to 2-cycloheptene-l-malonic acid, 
and decarboxylation, was refluxed with 50% aqueous 
sulfuric acid in acetic acid for 4 hours. The neutral 
product contained 53% ± 4% cts-lactone III and 47 ± 
4% irans-lactone IV, a composition which closely 
resembles that of the equilibrium mixture. This sug
gests that equilibration is involved in the acid-catalyzed 
cyclization and that the unsaturated acid or the cor
responding carbonium ion may be an intermediate in 
the acid-catalyzed equilibration of III and IV. If 
bridged ions are involved, little preference must be 
shown for the formation from XII to XIII or XIV, 
since rearward attack by the carboxyl group in XIII 
leads to III, and in XIV to IV.

The mixture of 1-cycloheptene-l-acetic acid (XV) and 
A^-cycloheptaneacetic acid (XVI) usually obtained 
by the literature method26 was refluxed with acid for 
11 hours in the usual way. The neutral product con
tained 26.3 ± 1.6% of the trans-lactone IV, a result 
which could not have arisen through prior formation of 
the cfs-lactone III followed by partial equilibration, 
since (see Table II, Experimental) after 12 hours under 
these conditions, pure III yields only 17.5 ± 1% of
IV. We, therefore, conclude that the acid-catalyzed 
cyclization of XV does probably not proceed stereo- 
specifically toward the cts-lactone by trans-quasi- 
diaxial electrophilic addition, but does produce stereo- 
selectively a preponderance of the cis isomer. The 
formation of 26% of the trans isomer requires an ap
preciable amount of cts-addition.27

The iodolactonization of acids XII and XV led to 
analogous results. Addition of the sodium salt of XII 
to iodine and potassium iodide furnished a noncrystal-

(26) G. G . A y e rs t an d  K. Schofield, J .  C h e m .  S o c . ,  3445 (1960). S ince 
X V I shou ld  n o t  cyclize u n le ss  p rio r re a r ra n g e m e n t to  X V  occurs, i t s  presence 
w as n o t considered  d is tu rb in g .

(27) A referee has co m m en ted  th a t  th e  re s u lts  could be exp la ined  by  a s 
su m in g  th a t  X V  (ap p ro x im a te ly  6 0 %  of th e  m ix tu re ) u ndergoes  s te reo 
specific /m n s-a d d itio n  to  r? 's-lactone w hich  in  th e  course of 11 h r . equ ili
b ra te s  to  ap p ro x im a te ly  8 5 %  c ts-lac to n e , w hile X V I (40%  of m ix tu re) is 
co n v e rted  to  A a n d  th e n  to  B w hich  im m ed ia te ly  fu rn ish es  th e  eq u ilib riu m  
m ix tu re  of I I I  an d  IV  (4 1 -4 5 % ) of cts-lac tone .

lizable, easily decomposed mixture of iodolactones 
(82%) whose hydrogenolysis resulted in a fraction con
taining 54 ± 2% III and 46 ± 2% IV. Thus, iodina- 
tion occurs from both sides of the cycloheptene ring 
system; the greater flexibility and more facile forma
tion of a irans-lactone, compared with the situation 
prevailing in the iodolactonization of VIII, results in 
the formation of both III and IV, whereas in the cyclo
hexene system, one of the intermediate bridged iodon- 
ium ions (iodine cis to the side chain) undergoes hy
droxylation rather than lactone ring closure to XI.

Iodolactonization of the mixture of acids XV and 
XVI led, in relatively low yield, to a mixture of iodolac
tones whose hydrogenolysis resulted in 66 ± 1% of 
III and 34 ± 1% of IV. Again, the formation of IV 
in appreciable amounts indicates that in the cyclohep
tene series frons-addition to the double bond is not the 
exclusive process demonstrated in the cyclohexene 
series.

The apparent nonstereospecificity of electrophilic 
additions to the cycloheptene ring system which has 
been observed in this study should be a source of cau
tion to workers in this area. It appears that nucleo
philic addition to activated double bonds, for example 
to 1-cyanocycloheptene, leads to trans-disubstituted 
compounds, but this is apparently due to the rapid 
base-catalyzed isomerization of the initially formed 
as-1,2-disubstituted cycloheptane to the more stable 
tra n s-1,2-d ie q u a to r i a 11 y substituted cycloheptane.28 29 
Thus both electrophilic and nucleophilic additions 
to cycloheptenes may lead to mixed products.

Experimental28 29 30
2-Oxocycloheptaneacetic Acid.— Ethyl l-carbethoxy-2-oxo- 

cycloheptane-1 -acetate31, b.p. 133-140° (1 mm.), was hydrolyzed 
and decarboxylated by the literature method3' to give 23.8 g. 
(71%) of acid, b.p. 125-130° (0.5 mm.), n25D 1.4873. In order 
to obtain this yield it was necessary to rehydrolyze the distilla
tion foreruns.

Lactones of 2-Hydroxy-l-cycloheptene-l-acetic Acid (V) and 
2-Hydroxycycloheptane-A1 "-acetic Acid (VI).3;.—Treatment of
29.8 g. of the previous compound with acetic anhydride and a 
drop of acetyl chloride furnished, after removal of acetic anhy
dride 25 g. of crude lactone mixture. Distillation furnished 
three fractions: b.p. 93-105° (0.6 mm.), 4.6 g.; b.p. 105-
113° (0.8 mm.), 11.2 g.; b.p. 113-121 ° (0.8 mm.), 5.1 g.; total 
yield, 22.7 g. (85%). Fraction 3 crystallized and fraction 2 
crystallized on seeding. The solid material was taken up in 
ether, washed with dilute bicarbonate solution, w’ater, dried, and 
the residue, 10.5 g. (39%), crystallized from hot pentane; yield,

(28) D . C . A yres an d  R . A. R ap h a e l, J .  C h e m .  S o c . ,  1779 (1958).
(29) J . S icher, F . S ipos, and  J . JonâS , C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n . ,  

26, 262 (1961).
(30) M eltin g  p o in ts  an d  bo ilin g  p o in ts  a re  u n co rree ted . A naly ses were 

b y  D rs . F ran z  P ascher, B onn , G e rm an y , an d  W eiler a n d  S tra u ss , O xford, 
E n g lan d . N .m .r. sp e c tra  w ere ru n  b y  M r. F red  B oerw ink le a n d  M r. G era ld  
C ap le  on a  V arian  H R -6 0  o r A -60 sp ec tro m e te r . T h e  A-60 in s tru m e n t w as 
p u rch ased  w ith  th e  a id  of a  g ra n t from  th e  N a tio n a l Science F o u n d a tio n . 
In fra re d  sp e c tra  w ere ru n  in  ca rb o n  te tra c h lo r id e  so lu tio n  un less o therw ise  
specified. U ltra v io le t sp e c tra  w ere d e te rm in ed  in  9 5 %  e th a n o l so lu tio n  on 
a C a ry  M odel 14 reco rd in g  sp e c tro p h o to m e te r . G a s - liq u id  ch ro m a to 
g ram s w ere ru n  on an  F  &  M  M odel 500 in s tru m e n t u s in g  0.25  f t .  X 2 f t. 
copper tu b in g  p ro g ram m ed  from  85 -2 2 0 ° a t  l l ° / m i n .  an d  held a t  th e  h igher 
te m p e ra tu re , c a rr ie r  gas helium  a t  60 m l./m in .

(31) PI. A. P la t tn e r , A. F iirs t, and  K. J ira s e k , H e l v .  C h i m .  A c t a ,  29 , 730 
(1946).
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8.3 g. of VI; m.p. 52-55° (lit. m.p. 55-56°); infrared bands at 
1760 and 1630 cm. -1 The liquid fractions were redistilled; b.p.
83-93° (0.4 mm.); yield, 6.5 g. (24%). The infrared spectrum 
indicated that this material was a 3:2 mixture of V-VI, bands at 
1800 and 1680 cm. -1 corresponding to V and bands at 1760 and 
1630 cm. -1 corresponding to VI.

Lactone of cis-2-Hydroxycycloheptaneacetic Acid (III).— 
Small-scale hydrogenation of 0.47 g. (0.00312 mole) of VI in 30 
ml. of ethanol with platinum oxide required 70 ml. (0.00312 
moles) of hydrogen. The catalyst was filtered; titration of the 
filtrate with sodium hydroxide solution revealed the presence of 
0.00018 equivalents (5-7%) of acid. Work-up in the usual man
ner furnished 0.3 g. of III, b.p. 94-96° (0.4 mm.); infrared band 
at 1780 cm. -1 (-y-lactone); re25d 1.4857.

Anal. Calcd. for C9H140 2: C, 70.10; H, 9.15. Found: C, 
69.98; H, 9 07.

The hydrazide, feathery needles from benzene, melted at 129- 
130.5°. '

Anal. Calcd. for C9H18N20 2: C, 58.03; H, 9.74; N, 15.04. 
Found: C, 57.78; 11,9.74; N, 15.10.

In a subsequent run, reduction of 2.97 g. of lactone mixture 
with W-2 Raney nickel in a Parr hydrogenator furnished 2.03 g. 
(68%) of III.

Lactone of ¿rans-2-Hydroxycycloheptaneacetic Acid.—To a
solution of sodium ethoxide (2.18 g. of sodium) in 70 ml. of ethanol 
was added with stirring 15.2 g. of malonic ester and then, after 
15 min. and cooling to 17°, dropwise 9.8 g. of eycloheptene oxide32 
The mixture was stirred at 70° for 32 hr., decomposed with water, 
and made alkaline with 8.1 g. of potassium hydroxide. Solvent 
was partially evaporated, the remainder refluxed for one hour, 
cooled, and acidified to pH 4. The acid solution was continu
ously extracted with ether for 1 day and the ether extract concen
trated. The residue, 6.8 g., was decarboxylated by heating at 
185° for 2 hr., distilled, and the fractions, b.p. 92.5-98° (0.4 mm.), 
collected (3.05 g. 23%). The analytical sample boiled at
91-92° (0.3 mm.), n25D 1.4826, infrared band at 1785 cm.-1.

Anal. Calcd. for C9Hi40 2: C, 70.10; H, 9.15. Found: C, 
70.25; H , 9.56.

The hydrazide was recrystallized from benzene, m.p. 131-132°, 
melting point depressed to 115-125° on admixture of the hy
drazide of I I I .

Anal. Calcd. for C9H18N20 2: C, 58.03; H, 9.74; N, 15.04. 
Found: C, 57.89; H, 9.64; N, 14.69.

In an attempt to increase the yield, the condensation of 16 g. 
of eycloheptene oxide with sodium malonic ester was carried out 
in refluxing amyl alcohol. The work-up was modified by cooling 
and acidifying with dilute acetic acid. Distillation furnished 1.51 
g. of eycloheptene oxide, 3.3 g. of diethyl malonate, 1.09 g. of a 
mixture of diethyl malonate, and lactone IV (1:1), 1.3 g. of a 
mixture of lactone IV,33 and lactone ester XVII, and 3.0 g. of 
lactone ester XVII (mixture of ethyl and amyl esters), b.p. 128° 
(0.1 mm.).

Anal. Calcd. for C[2Hi80 4: C, 63.70; H, 8.02. Calcd. for 
C,sH240 (: C, 67.13; H, 9.02. Found: C, 66.30; H, 9.29, 9.07.

The base-soluble fraction and water washings from this reaction 
were hydrolyzed with sodium hydroxide. The usual work-up, 
followed by distillation, furnished 3.71 g. of IV (25%).

Lactones of cis- and irans-2-Hydroxycydohexaneacetic Acid (I 
and II).—These compounds were prepared by the method of 
Newman and Vander Werf3: lactone I, 57% yield, b.p. 105-108° 
(3.5 mm.); lactone II, 50% yield, b.p. 87-88° (0.3 mm.). Heat
ing of 0.500 g. of I with 50% aqueous sulfuric acid in acetic acid as 
described by Klein5 gave 0.282 g. of pure I in the neutral fraction. 
If furnished 0.240 g. of a 7:3 mixture of I and II, but more pro
longed heating might possibly have caused complete conversion 
of II to I .5 Analyses were carried out by n.m.r. spectroscopy 
which would have detected less than 5% of either isomer.

Equilibration of III and IV.—Artificial mixtures of III and IV 
were analyzed by n.m.r. spectroscopy, using neat samples in the 
Varian HR-60 n.m.r. spectrometer. There was a small overlap of 
the H2 bands, but it was possible to cut out each band and weigh 
the pieces. Five to ten integrations of this type for each artificial 
mixture gave an accuracy of ±  1%, with a standard deviation of 
0.55-1.0%. For example, five spectra of a mixture containing

(32) P. B. T a lu k d a r  a n d  P. E. F a n ta , J. O r g .  C h e m ., 24, 555 (1959).
(33) T h e  d ire c t d e c a rb e th o x y la tio n  of th e  c o n d e n sa tio n  p ro d u c t to  IV  

on reflux ing  w ith  a lkox ide  finds i t  p a ra lle l in  a  re c e n tly  rep o rte d  reac tio n  of 
d ie th y l m a lo n a te  w ith  1 -cyc lohexenecyan ide .34

(34) R . A. A b ra m o v itc h , L. X . M a lla v a ra p u , a n d  D . L. S tru b le , R e p o rt
N o. 6, P e tro leu m  R esearch  F u n d , A m erican  C hem ica l S ocie ty , 1961, p . 146.

41.2% of IV gave a value of 41.3 ±  0.5% of IV. Machine inte
gration of the same mixture in deuteriochloroform on a Varian A- 
60 spectrometer, which became available later, yielded the com
position 41.6 ±  0.5% of IV with a standard deviation of the 
mean of ±0.24%.

Equilibrations were carried out by refluxing 0.500 g. of the 
lactone with 5 ml. of glacial acetic acid and 3 ml. of 50%, aqueous 
sulfuric acid for the desired period. The mixture was cooled and 
extracted with three 10-ml. portions of benzene. The benzene 
was washed with 10- and 5-ml. portions of 5% sodium bicarbonate 
solution and dried. Removal of benzene typically yielded 0.40- 
0.45 g. of residue which, on distillation, furnished 0.25-0.3 g. of 
mixed lactones, b.p. 72-75° (0.2 mm.), which were analyzed neat 
by n.m.r. spectroscopy. Results are tabulated in Table II.

For equilibrations carried out at temperatures above the boiling 
point, the solutions were placed in Carius tubes (1 X 6 in. heavy 
wall), sealed under nitrogen, and heated in a sealed tube furnace 
for the desired period. The tubes were cooled, opened, and the 
contents worked up in the usual manner. By-product undistill- 
able material was somewhat greater and total recovery smaller.

T a b l e  II
E q u i l i b r a t i o n  o f  t h e  L a c t o n e s  o f  cis- a n d  trans-2-ïI y d r < >x y - 

CYCLOHEPTANEACETIC ACID
Starting
Material

Temp., 
CC.

Time,
hr. %  cis % t r a n s

Inter
section0

h i in 6 89.8 ±  0.8 10.2 ±  0,8

IV in 6 13.5 ±  2.0 87.5 ±  2.0
41% IV

in in 12 82 5 ±  1.0 17.5 ±  1.0

IV in 12 25.8 ±  0.7 74.2 ±  0.7
41% IV

h i in 18 74.7 ±  1.7 25.3 ±  1.7

IV in 18 37 0 ±  1.3 63.0 ±  1.3
41% IV

III in 48 58 2 ±  1.0 41.8 ±  0.8

IV in 48 55 3 ±  1.0 44.7 ±  1.0
43% IV

III 128 12 54 ±  1 46 ±  1

IV 128 12 54 ±  1 46 ±  1
46%, IV

III 147 3 52.3 ±  0.8 47.7 ± 0 . 8

IV 147 3 52.5 ±  1.0 47.5 ±  1.0
47.6%

IV
“ Intersection of plot of composition vs. time at the indicated 

temperature.

2-Cycloheptene-l-acetic acid (XII).—To 100 ml. of sodium 
ethoxide solution (from 1.77 g. of sodium) was added 12.4 g. of 
diethylmalonate with stirring. After 15 min. the solution was 
cooled with ice and 13.5 g. of 3-bromo-l-cycloheptene35 in 15 ml. 
of ethanol was added dropwise. Stirring was continued at room 
temperature for 16 hr., the solution filtered, diluted with water, 
and extracted with ether. The combined organic layers were 
dried and distilled; yield, 13.8g. (71%); b.p. 105-106° (0.2 mm.).

The malonate, 12.0 g., was refluxed for 12 hr. with 8.05 g. 
of potassium hydroxide in 50 ml. of ethanol and 30 ml. of water. 
The base was neutralized with dilute hydrochloric acid and the 
solution evaporated at room temperature. The residue was 
thoroughly extracted with hot ethyl acetate and the extract con
centrated; yield, 5.4 g. (58%) of 2-cycloheptene-l-malonic acid; 
m.p. 144-145° dec. Recrystallization from ethyl acetate 
furnished needles, m.p. 151-152 dec.

Anal. Calcd. for ClcH140 4: C, 60.59; H, 7.12. Found: C, 
60.52; H, 7.12.

2-Cycloheptene-l-acetic acid was prepared in 70% yield by 
heating the malonic acid at 180° for 1 hr. and distilling the prod
uct at 80-90° (0.2 mm.). Redistillation furnished the analytical 
sample, b.p. 85° (0.2 mm.).

Anal. Calcd. for C9Hi40.: C, 70.10; H, 9.15. Found: C, 
69.95; H, 9.17.

Cyclizations of XII. (A).—A mixture of 0.7 g. of XII, 6 ml. of 
acetic acid and 4 ml. of 50% sulfuric acid was refluxed for 11 hr. 
and worked up as usual to yield 0.35 g. of neutral material (50%).

(35) E . A. B rau d e  a n d  E . A. E v a n s , J .  C h e m .  S o c . ,  607 (1954).
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The distillate, b.p. 75-80° (0.3 mm.), 0.19 g., was analyzed 
by n.m.r. spectroscopy, which indicated 46.7 ±  4.1% of IV and
53.3 ±  4.1 %of III. '

(±>).—To 3.5 g. of iodine and 6.8 g. of potassium iodide in 60 
ml. of water was added the sodium salt of XII (from 1.0 g. of XII 
and 1.73 g. of sodium bicarbonate) in 30 ml. of water. A heavy 
oil which separated was extracted with ether. The extracts were 
washed with sodium bisulfite solution until colorless, sodium bi
carbonate solution, and water and dried. Removal of ether 
furnished 1.5 g. (82%) of an undistillable (dec.) noncrystallizable 
oil which represented the iodolactone (infrared spectrum). Hy- 
drogenolvsis with W-2 Raney nickel in ethanol and triethylamine 
was only partially successful, whereas hydrogenolysis with 
nickel and sodium bicarbonate completed removal of iodine. In
frared and n.m.r. spectra of the product indicated that it was com
posed of III and IV; n.m.r. analvsis indicated the presence of
54.2 ±  2% III and 45.8 ±  2% IV.‘

1-Cycloheptene-l-acetic Acid (XV) and Cycloheptane-A1 '“-acetic 
Acid (XVI).—Dehydration of the hydroxy ester, obtained in 67%

yield by the Reformatsky reaction of cycloheptanone and ethyl 
bromoacetate, with thionyl chloride furnished a mixture of <*,/3- 
and d,7-unsaturated ester; b.p. 71-82° (1.5 mm.); yield, 51%; 
infrared bands at 1740 (ester), 1715 (conjugated ester), and 1635 
cm.-1 (conjugated double bond) which contained 60% of the 
/3,7-unsaturated compound (v.p.c.). Hydrolysis gave a mixture 
of the title compounds, b.p. 110-114 (18 mm.), 74% yield, which 
was used directly for the following reactions.

(A) .—Cyclization of the mixture with dilute sulfuric acid- 
acetic acid for 11 hr. and work-up in the usual manner gave 57% 
of a neutral fraction, b.p. 68-73° (0.15 mm.), whose n.m.r. 
analysis indicated that it was composed of 73.7 ±  1.6% cfs- 
lactone III and 26 ±  1.6% trans-lactone IV.

(B) .—Iodolactonization of the mixed acids yielded 26% of a 
noncrystallizable oil which decomposed on attempted distillation 
but was a mixture of iodolactones (infrared spectrum). W-2 
Raney nickel hydrogenolysis in ethanol with sodium bicarbonate 
gave a mixture of lactones III and IV, b.p. 88-92° (0.6 mm.), 
44% yield, which contained 66 1% of III ±  and 34 ±  1% of IV.

T he R eactions o f P h osp honic Acid Esters w ith  Acid C hlorides.
A Very M ild H ydrolytic R oute

Robert Rabinowitz

Chemical Research Department, Central Research Division, American Cyanamid Company, Stamford, Connecticut

Received June 14, 1963

The reaction of trimethylchlorosilane with a number of dialkyl esters of phosphonic acids and the hydrolysis 
of the resultant silyl phosphonates was studied as a means of preparing the phosphonic acids under very mild con
ditions. 2-Vinyloxyethylphosphonic acid, d-cvanovinyl phosphonic acid, and vinylphosphonic acid were suc
cessfully prepared and characterized as their dicyclohexylamine salts. The reaction of primary, secondary, 
and tertiary alcohols with bis(trimethylsilyl) methylphosphonate results in an equilibrium mixture containing 
starting materials, acidic products, and mixed ethers [ROSi(CH3)3j. Mercaptans do not react. The reaction 
of excess acetyl chloride with dimethyl methylphosphonate yields methyl chloride, acetic anhydride, and di
methyl dimethylpvrophosphonate. The stability of the latter in excess acetyl chloride is discussed. Mechanistic 
interpretations of all reactions are presented.

The conventional means of converting a phosphonic 
acid ester into the corresponding phosphonic acid is by 
refluxing in concentrated aqueous acid.1 However, 
this method is not applicable to phosphonates contain
ing acid or water sensitive groups like nitriles, vinyl 
ethers, acetals, etc. During an investigation of the 
preparation and reactions of bis(trimethylsilyl) benzyl- 
phosphonate it was noted that this compound was hy
drolyzed in high yield to benzylphosphonic acid when 
shaken in water at room temperature. Furthermore, 
the liquid bis(trimethylsilyl) ethylphosphonate slowly 
dissolved in water to give a strongly acidic solution. 
This suggested that conversion of phosphonates of the 
general formula RP(0)(0-alkyl)2 where R contains 
an acid labile group, to the corresponding bistri- 
methylsilyl phosphonates and subsequent hydrolysis 
should result in the preparation of phosphonic acids 
which ordinarily would be difficult to obtain.

Diethyl /3-cyanovinylphosphonate was converted in 
high yield to bis(trimethylsilyl) /3-cyanovinylphospho
nate. This was hydrolyzed in water, and a 30% yield 
of the /3-cyanovinylphosphonic acid was isolated and 
characterized as the crystalline dicyclohexylamine 
salt. When the bis(trimethylsilyl) compound reacted

2ClSi(CH3)3 +  NCCH = CHP(0)(0C2H5)2— >
2O2H5CI +  NCCH = CHP(0)[0Si(CH3)3]2

NCCH = CHP(0)[OSi(CH3)3]? ---- -— >NCCH = CHP(C))(OH)2
or CH3OH

(1) G . M . K osalapoff, “ O rg an o p h o sp h o ru s  C o m p o u n d s ,"  Jo h n  W iley  and  
S ons, In c ., N ew  Y ork , N . Y ., 1950.

with methanol, a quantitative yield of the phosphonic 
acid was obtained. Diethyl 2-vinyloxyethylphospho- 
nate was converted in good yield into the correspond
ing bistrimethylsilyl compound which, upon reaction 
with methanol, gave the phosphonic acid as an oil. 
It was characterized as the crystalline dicyclohexyl
amine salt. Finally bis(/3-chloroethyl) vinylphospho- 
nate and diethyl vinylphosphonate were converted, 
using this procedure, to vinyl phosphonic acid. Vinyl 
phosphonic acid has been a rather elusive compound 
and was reported only recently.2

Discussion
The reaction of trimethylchlorosilane with phos

phonates as well as phosphates to yield the correspond
ing trimethylsilyl derivatives has been described.3 
Although no mechanism is proposed it appears likely

+
(CH3)3SiCl + RP(OR')2 

j-

R
/

[(CH3)3SiOP Cl ]— R'Cl
/ V a J

R'O 0 —R'+y

0  O
I! II

(CH3)3SiOPR + (CH3)3SiCl [(CH3)3SiO]2PR

OR'

(2) M . I. K ab ach n ik  and  T. Y a. M edved , I z v .  A k a d .  N a u k  S S S R ,  O ld .  

K h i m .  N a u k ,  2142 (1959).
(3) H . W . K o h lsc h u tte r  an d  H . S im oleit, K u n s t s t o f f e — P l a s t i c s ,  6, 9 (1959).
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that a phosphonium-type Arbuzov intermediate is 
involved. (See p. 2975, col. 2, bottom.)

The reactions of the various phosphonates of this 
work with trimethylchlorosilane were all carried out by 
heating the phosphonate to approximately 120° and 
then adding trimethylchlorosilane until the reflux 
temperature of the system dropped to 70°. Additional 
quantities of trimethylchlorosilane were added peri
odically until it appealed that the reaction was com
plete. Even using a minimum temperature of 70°, 
the reaction in a number of cases required several 
days of attention. Dimethyl methylphosphonate was 
synthesized since it was presumed, on steric grounds, 
that this would be converted to the corresponding 
bistrimethylsilyl compound faster than any of the higher 
esters. Actually the reaction was complete in less than 
six hours, and a greater than 90% yield of product was 
obtained.

Aqueous hydrolysis of the bistrimethylsilyl phos
phonates, whether water attack is on silicon or phos
phorus, will yield the phosphonic acid. However, 
reaction with alcohols can lead to a phosphonate or a 
phosphonic acid or a mixed product depending on the 
position of attack (equations 1-3). The reaction of

O
II

HOSi(CH3)3 +  CH3P(OR)2

Separately it was shown that n-propy lamine does not 
react with bis(trimethylsilyl) methylphosphonate even 
at 100°.

Although the reaction of methanol or ethanol with 
a bistrimethylsilyl phosphonate reaches an equilibrium 
before complete reaction, this reaction can be used to 
convert the phosphonate completely to the phosphonic 
acid. This is possible by using a reasonable excess of 
the alcohol while taking advantage of the fact that the 
alcohol-mixed ether azeotrope always boils at a lower 
temperature than does the free alcohol.4

Amyl mercaptan and benzyl mercaptan do not react 
with bis(trimethylsilyl) methylphosphonate at room 
temperature. This was not surprising in view of the 
fact that the driving force of the reaction of alcohols 
with the phosphonate is the formation of the strong
O-.Si bond (89.1 kcal.)6 while the corresponding S-Si 
bond is considerably weaker (60.9 kcal.).5

The scope of the reaction of acid chlorides like tri
methylchlorosilane with phosphonates was investi
gated by studying the reaction of acetyl chloride with 
dimethyl methylphosphonate. The reaction was 
carried out in a large excess of acetyl chloride. The 
only products identified, besides methyl chloride, were 
acetic anhydride and dimethyl dimethyl pyrophos
phonate (49%). The course and proposed mechanism 
are the following.

A tta c k  on P
o
II

ROH +  CHjP-[OSi(CH,)al: -Mixed attack — >
CH.,P(0)(0R)0H (2)

O 6~

CHaC-Cl + CH3P(OCH3)2 
j + 6- * +

+ / OC(0)CH3 
ich3p - ^ c h 3’'c t  1 

x o c h 3

A tta c k  on Si

\ o
II

R( >Si(CHs)j +  CH3P(OH)2
(3)

bis(trimethylsilyl) methylphosphonate with a number 
of alcohols was studied with the aid of a Perkin-Elmer 
154D gas chromatography apparatus. Qualitatively 
the results are as follows. Primary and secondary 
alcohols like methanol, ethanol, 1-butanol, 1-heptanol, 
cyclohexanol, and phenol react instantaneously to give 
an equilibrium mixture containing the alcohol and the 
mixed ether (reaction 3). The existence of an equi
librium was postulated on the basis that significant 
amounts of the alcohol and the mixed ether were present 
when less than half of the stoichiometric amount of 
alcohol was added to the phosphonate. Tertiary 
alcohols like ¿-butyl and ¿-amyl alcohol react very slowly 
at room temperature; however, when heated for a few 
minutes at 80-110°, equilibrium is rapidly established. 
Although the equilibrium must involve both the half
acid ester and the full acid, it is convenient to simply 
express the over-all equilibrium as shown.
CH3P(0)[OSi(CH3)3]2 +  2ROH ^

2ROSi(CH3)3 +  CH3P(())(OH)2

Further evidence for the existence of this equilibrium 
was obtained by adding n-propy lamine to the reaction 
mixtures at equilibrium. This serves to remove the 
phosphonic acid or the half-acid ester as the salt, and 
as anticipated, the ratio of mixed ether to alcohol in
creased markedly as a result of the forward reaction 
proceeding in order to re-establish an equilibrium.

O
II

—>■ CH3C1 +  CH3P -O C H 3

occh3
II
0

(I)
0  0 0 0
II II II II

2CH3P —OCH3 - *  (CH3C)20  +  CH30 P - 0  —po c h3
OC(0)CH3 ch3 ch3

These results are in agreement with recent studies6 
on the action of acetyl bromide, acetyl chloride, and 
benzoyl chloride on diethyl ethylphosphonate. This 
work was carried out on a mole-to-mole basis and the 
survival of the pyrophosphonate against further acid 
chloride attack is understandable. However, the iso
lation of significant amounts of dimethyl dimethyl- 
pyrophosphonate after having carried out the reaction 
using a large excess of acetyl chloride was, at first, dif
ficult to rationalize. It is now felt that the stability 
of the mixed ester anhydride (I) and of the pyrophos
phonate toward further rapid acetyl chloride attack is 
due to the fact that, according to the proposed mech
anism, phosphorus must accept a positive charge in 
the transition state. This is not a favorable situation 
when the electron withdrawing -OC(O)- or OP(O)- 
groups are also attached to this phosphorus.

(4) R . O. S au er. J .  A m .  C h e m .  S o c . .  66, 1707 (1944).
(5) X. V. .Sidgwick, “ T h e  C hem ica l E lem e n ts  and  T h e ir  C o m p o u n d s ,"  

Vol. I, X X X I , C la red o n  Press, O xford , 1950, p- 551.
((>) A. N. P u d o v ik , A. A. M u ra to v a , T. I. K o nnova , T . F e o k tis to v a , and

L. X. L evkova, Z h .  O b s h c h .  K h i m . .  30, 2024 (I9 6 0 ).
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Experimental
Materials.—Dimethyl methylphosphonate and diethyl benzyl- 

phosphonate were prepared in high yields by treating trimethyl 
phosphite and triethyl phosphite with methyl iodide and benzyl 
chloride, respectively. Diethyl /3-cyanovinylphosphonate7 and 
diethyl 2-vinyloxyethylphosphonate8 were available at this 
laboratory. Bis('2-chloroethyl) vinylphosphonate was obtained 
from the Monsanto Chemical Company. Trimethylchlorosilane 
was Anderson’s “ pure” grade. Diethyl vinylphosphonate was 
prepared by triethylamine dehydrobromination of diethyl 2- 
bromoethylphosphonate, the reaction product of triethyl phos
phite and an excess of 1,2-dibromoethane.

Preparation of Bis(trimethylsilyl) Benzylphosphonate.—A solu
tion of 35.8 g. (0.155 mole) of diethyl benzylphosphonate and
16.9 g. (0.155 mole) of trimethylchlorosilane was heated under a 
reflux condenser which was connected to a Dry Ice-trichloro
ethylene trap. The initial reflux temperature was 72°. Periodi
cally during the next 4 days, when the reflux temperature was 
above 95°, a total of 29.4 g. (0.27 mole) of trimethylchlorosilane 
was added. Fractionation of the reaction mixture led to the re
covery of 5 g. of trimethylchlorosilane and the isolation of 45.6 
g. (93%) of bis(trimethylsilyl) benzylphosphonate, b.p. 96.5-98° 
(8 mm.).

Anal. Calcd. for C13H260 3PSi2: C, 49.4; H, 7.91; P, 9.80. 
Found: C, 50.2; H, 7.89; P, 10.10.

Hydrolysis of Bis(trimethylsilyl) Benzylphosphonate.—A mix
ture of 9.6 g. (0.030 mole) of bis(trimethylsilyl) benzylphospho
nate and 75 ml. of water was shaken for 1 hr. At this point an 
oil floated on the water, whereas in the original mixture the bis- 
(trimethylsilyl) benzylphosphonate was the lower layer. The 
mixture was extracted with three 50-ml. portions of chloroform, 
and the water layer was evaporated to dryness. The residue was a 
white solid, 4.1 g. (80%), which was recrystallized from 20 ml. of 
water. The crystalline product was collected and dried, m.p.
169-171°. This was identified as benzylphosphonic acid by com
parison with an authentic sample.

Preparation of Bis(trimethylsilyl) Vinylphosphonate. A. 
From Bis(2-chloroethyl) Vinylphosphonate.—Using the procedure 
described for the synthesis of bis(trimethylsilyl) benzylphospho
nate, 37.8 g. (0.162 mole) of bis(2-chloroethyl) vinylphosphonate 
reacted with a total of 56.1 g. (0.51 mole) of trimethylchlorosilane 
during a 30-day addition period. Fractionation yielded 32.6 g. 
(78%) of bis(trimethylsilyl) vinylphosphonate, b.p. 102.3-104° 
(14 mm.).

Anal. Calcd. for C8H2,03PSi2: C, 37.9; H.8.3; P, 12.20; Si,
22.4. Found: C, 37.8; H, 8.65; P, 12.31; Si, 19.6.

B. From Diethyl Vinylphosphonate.—Using the procedure 
described previously, 42.3 g. (0.26 mole) of diethyl vinylphos
phonate reacted with a total of 76.2 g. (0.70 mole) of trimethyl
chlorosilane during a five-day addition period. Fractionation 
yielded 60 g. (92%) of bis(trimethylsilyl) vinylphosphonate, b.p. 
103-104° (14 mm.).

Anal. Calcd. for C8H2103PSi2: C, 37.9; H, 8.3; P, 12.20. 
Found: C, 37.8; H, 8.7; P, 12.3.

Preparation of Vinylphosphonic Acid and Dicyclohexylamine 
Salt.—A solution of 7.0 g. (0.028 mole) of bis(trimethylsilyl) 
vinylphosphonate in 50 ml. of water was shaken for 16 hr. at room 
temperature. The oil floating on the water layer was extracted 
with three 50-ml. portions of chloroform. The water layer was 
devolatilized leaving 2.77 g. (93%) of very slightly yellow liquid 
residue, vinylphosphonic acid. One gram (0.0090 mole) of the 
vinylphosphonic acid was dissolved in 6 ml. of benzene and 4 ml. 
of acetone. This was added to a solution of 3.6 g. of dicyclo
hexylamine in 6 ml. of benzene and 4 ml. of acetone. Immedi
ately a white solid precipitated which was collected and air-dried,
2.63 g. (100%). A portion of this was recrystallized from dilute 
water in acetone, and a white crystalline product was obtained, 
m.p. 210-215°.

Anal. Calcd. for C„H2»N03P: C, 58.2; H, 9.7; N, 4.9; P,
10.7. Found: C, 58.0; H, 9.7; N, 4.9; P, 10.7.

Preparation of Bis(trimethylsilyl) 2 - Vinyloxyethylphospho- 
nate.—Using the procedure described previously, 50.0 g. (0.24 
mole) of diethyl 2-vinyloxyethylphosphonate reacted with 89.5 g. 
(0.82 mole) of trimethylchlorosilane during a 48-hr. period. Frac
tionation of the reaction mixture gave 50 g. (72%) of bis(tri- 
methylsilyl 2-vinyloxyethylphosphonate, b.p. 124-126° (5 mm.).

(7) T h is  w as p re p a re d  b y  D r. F . S co tti of th is  la b o ra to ry  b y  reac tin g  
tr ie th y lp h o sp h ite  w ith  0 -ch lo ro ac ry lo n itr ile .

(8) R . R ab in o w itz , J .  O r g .  C h e m . ,  26 , 5152 (1961).

Anal. Calcd. for CioH2604PSi2: C, 40.5; H, 8.43; P, 10.45. 
Found: C,39.2; H.7.83; P, 9.49.98

Preparation of 2-Vinyloxyethylphosphonic Acid and Dicyclo
hexylamine Salt.—A solution of 12 g. (0.038 mole) of bis(tri- 
methylsilyl) 2-vinyloxyethylphosphonate in 30 ml. of methanol 
was fractionally distilled,9b thus preferentially removing tri- 
methvlsiloxymethane and shifting the equilibrium continuously 
toward products. Finally all the remaining methanol was re
moved under reduced pressure leaving 5.5 g. (95%) of the phos
phonic acid. A solution of 1.8 g. (0.012 mole) of the phosphonic 
acid in 5 ml. of methanol was added to a solution of 3.0 g. of di
cyclohexylamine in 5 ml. of methanol. The temperature rose 
to 46°. The volume was reduced to 2-3 ml. and then the solu
tion was diluted with 25 ml. of acetone. The solid which precipi
tated was collected and air-dried, 4.23 g. (106%). This was re
crystallized from dilute methanol in acetone, m.p. 184-185°.

Anal. Calcd. for CieH^NChP: C, 57.8; H, 9.61; N, 4.21; 
P, 9.34. Found: C, 55.7; H, 9.63; N, 4.48; P, 10.0.^

Reaction of Trimethylchlorosilane with Dimethyl Methylphos
phonate. Preparation of Bis(trimethylsilyl i Methylphosphonate. 
—Using the procedure already outlined, 52.5 g. (0.423 mole) of 
dimethyl methylphosphonate reacted with 95.4 g. (0.88 mole) of 
trimethylchlorosilane during a 6-hr. period. Fractionation of 
the reaction mixture gave 92.0 g. (91%) of the desired product, 
b.p. 105-107.5° (27 mm.).

Anal. Calcd. for C?H2i03PSi2: C, 35.0; H, 8.73. Found: 
C, 35.6; H, 8.57.

Reactions of Bisitrimethylsilyl1 Methylphosphonate with Alco
hols.—The majority of these reactions were run on a qualitative 
basis using a Perkin-Elmer Model 154D gas chromatography 
(g.c.) apparatus for analysis. Usually the conditions were 180°, 
20 lb./sq. in. He, silicone (“O” ) column (on Celite). The 
elution times for the silyl phosphonate, pure alcohol, trimethyl- 
siloxymethane,9 10 and trimethylsiloxyethane10 were determined 
separately. The silyl phosphonate and the alcohol were mixed 
at room temperature and a sample immediately examined by 
g.c. The relative peak heights of the starting phosphonate, alco
hol, and product ether were measured. Although the elution 
t imes of the majority of trimethylsiloxy compounds were not inde
pendently determined, the major new peak that appeared in the 
g.c. pattern of the alcohol-silyl phosphonate reaction mixture 
was presumed to be the ether. In this manner it was shown that 
methanol, ethanol, 1-butanol, cyclohexanol, 1-heptanol, and 
phenol rapidly equilibrated with bis(trimethylsilyl) methylphos
phonate.

A. Demonstration of an Equilibrium.—When 0.33 cc. of bis- 
(trimethylsilyl) methylphosphonate and 5 drops of cyclohexanol 
were mixed, the ratio of silyl ether to cyclohexanol peak heights 
was 1.58. Addition of 5 drops of ra-propylamine resulted in the 
immediate increase of this ratio to 4.7.

B. Tertiary Alcohols.—When 0.33 cc. of the silyl phosphonate 
was contacted with 15 drops of ¿-butyl alcohol, the ratio of prod
uct ether to ¿-butyl alcohol was <0.0025. When this solution 
was heated for 10 min. at 110° this ratio increased to 0.30. An 
additional 8-min. heating at 110° had no further effect on the 
ratio.

When 0.33 cc. of the silyl ether was contacted with 15 drops of 
Eastman Practical ¿-amyl alcohol the ratio of product ether to t- 
amyl alcohol was 0.016. When the solution was heated for 15 
min. at 80° the ratio increased to 0.25. An additional 27 min. at 
80° and 10 min. at 110° had no effect on the ratio. When 9 drops 
of n-propylamine was added and the solution heated for 8 min. at 
100°, the ratio increased to 0.56.

Attempted Reaction of Amines with Bis(trimethylsilyl) Methyl
phosphonate.—Examination of a solution of the phosphonate and 
diethylamine by g.c. indicated no reaction had occurred. Start
ing materials were the only peaks noted. Likewise, no reaction 
was evident between the phosphonate and n-propylamine even 
after heating at 100° for 20 min.

Reaction of Acetyl Chloride and Dimethyl Methylphosphonate. 
—A total of 122.2 g. (1.56 moles) of acetyl chloride was slowly

(9) (a) E ffo rts  to  o b ta in  a  m ore s a tis fa c to ry  a n a ly s is  w ere unsuccessfu l, 
(b ) T h e  firs t d is ti lla te  bo iled  a t  50°, th e  repo rted*  bo iling  p o in t of th e  
m e th a n o l- tr im e th y ls ilo x y m e th a n e  azeo tro p e . W hen a la rg e-sca le  reac tio n  
of e th an o l an d  th e  sily l p h o sp h o n a te  w as c a rr ie d  o u t, th e  f irs t f ra c t io n  
boiled  a t  67 ° . T h e  repo rted*  boiling  p o in t of th e  e th a n o l- tr im e th y ls ilo x y -  
e th a n e  a z eo tro p e  is 66 ° .

(10) S am ples w ere k ind ly  su p p lie d  b y  D r. S ta n le y  H . L a n g e r  of th is  
la b o ra to ry ;  see S. H. L anger, S. C onnell, a n d  I . W ender, J .  O r g .  C h e m . .  23, 
50 (1958).



2978 J e a n l o z  a n d  R a p i n V o l . 2 8

added to 74.9 g. (0.534 mole) of the phosphonate during a 5-hr. 
addition period while refluxing. The condenser was attached to a 
Dry Ice trap, which, after a total of 24 hr. of refluxing had con
densed 51.7 g. (1.02 moles) of methyl chloride. Fractionation of 
the reaction mixture gave acetic anhydride and 26.4 g. (0.13 mole) 
of a liquid, b.p. 100-101.5° (0.4 mm.), which was identified as 
dimethyl dimethylpyrophosphonate. The infrared spectrum 
showed P-CH3 at 1325 and 900, P-OCH3 at 1190 and 1050, 
P-O-P at 960, and P = 0  at 1265 cm.-1.

Anal. Calcd. for GJTjOsPs: C, 23.7; H, 5.93. Found: 
C, 24.2; H, 6.25.

The residue in the distillation flask was a brown tacky immobile 
material which reacted rapidly with water.

Acknowledgment.—We wish to thank Drs. Joseph 
Pellon and Richard W. Young for their helpful sug
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Ammonolysis of l,6-anhydro-2,4-di-0-p-tolylsulfonyl-(3-D-glucopyranose afforded one diamino and two mono
amino derivatives. The structure of the first product was established as a 2,4-diamino-2,4-dideoxy derivative of 
D-glucose by its independent synthesis from 2-acetamido-l,6-anhydro-3-0-benzovl-2-deoxy-4-0-methylsulfonyl- 
/S-D-galactopyranose. One of the two monoamino compounds is presumably a derivative of 4-amino-4-deoxy-D- 
glucose.

Numerous diamino derivatives of hexoses have been 
Isolated from antibiotics in the last few years. In all 
these compounds, the amino groups are located at 
positions C-2 or C-3 and at position C-6 of the carbon 
chain. The recent isolation by Sharon and Jeanloz,1 2 
from a polysaccharide of Bacillus subtilis, of a diamino 
hexose in which the two amino groups are probably 
located at positions C-2 and C-4 of the carbon chain has 
aroused interest in this type of derivative. The syn
thesis of 2,4-diamino-2,4-dideoxy-D-glucose was, there
fore, investigated.

Numerous studies on the opening of epoxide rings of 
carbohydrates with ammonia have shown that the 
transdiaxal conformation was greatly favored when 
the spacial configuration of the starting material was 
stabilized by the presence of a 1,6-anhydro or a 4,6-0- 
benzylidene ring. During ammonolysis of 1,6-an- 
hydro-2,4-di-0-p-tolylsulfonyl-/3-n-glucopyranose (II), 
transdiaxal opening resulted in the preponderant 
formation of 2,4-diamino-l,6-anhydro-2,4-dideoxy-/3-D- 
glucopyranose isolated as the fully acetylated deriva
tive VII. The formation of this diamino product VII 
could proceed via either monoepoxide intermediate,
1,6 ;3,4-dianhydro-2-0-p-tolylsulfonyl -/3- D-galactopyra- 
nose (I) or 1,6;2,3-dianhydro-4-0-p-tolylsulfonyl- 
/3-D-mannopyranose (III). The presence of traces of 
water could result in the hydrolytic splitting of the p- 
tolylsulfonyl groups. Since the newly formed hydroxyl 
groups would be in Irans position to the epoxide groups, 
a second nucleophilic displacement would result in the 
formation of l,6;2,3-dianhydro-d-D-gulopyranose (V) 
from I and l,6;3,4-dianhydro-/3-D-altropyranose (IV) 
from III, respectively.3 Formation of the epoxide III

(1) A m ino  S u g ars  X X X V . T h is  is p u b lica tio n  no . 339 of T h e  R o b e r t  W . 
L o v e tt  M em oria l U n it  fo r th e  S tu d y  of C rip p lin g  D isease, H a rv a rd  M edical 
School a t  th e  M a ssa c h u se tts  G enera l H o sp ita l, B o s to n  14, M ass. T h is  in 
v es tig a tio n  has been  s u p p o r te d  b y  research  g ra n ts  from  th e  N a tio n a l In s t i 
tu te  of A rth r it is  a n d  M e ta b o lic  D iseases, N a tio n a l I n s t i tu te s  of H ea lth . 
U n ite d  S ta te s  P u b lic  H ea lth  S erv ice  (G ra n t A -3564). T h is  w ork w as p re 
sen te d  befo re  th e  D iv ision  of C a rb o h y d ra te  C h em is try , a t  th e  142nd N a 
tio n a l M eetin g  of th e  A m erican  C hem ica l S ocie ty , A tla n tic  C ity , N . J ., 
S ep te m b er. 1962.

(2) N . S h aro n  a n d  R . W . Jean lo z , J .  B i o l .  C h e m . .  235 , 1 (1960).

seems, however, not to be favored, since reaction of II 
with sodium methoxide, even for prolonged periods of 
time, gives a monotosyl monoepoxide product, which 
has been shown by Cerny and Pacak4 to be 1,6;3,4- 
dianhydro-2-O-p-tolylsulfonyl-d-n-galactopyranose (I). 
Additional evidence for the stability of I in the presence 
of alkali is shown by its formation during the reaction of
l,6-anhydro-2,3,4-tri-0-p-tolvlsulfonyl-/?-D-glucopyra- 
nose with a very large excess of barium hydroxide.6

In order to ascertain the gluco configuration of the 
diacetamido derivative VII, 2-acetamido-l,6-anhvdro-
3 - 0 - b e n z o y l - 2 - d e o x y - 4 - 0 - m e th y ls u l f o n y l- /3 - D - g a la c to p y -  
ranose (IX)6 was treated with sodium azide, and the 
resulting azido compound VIII was hydrogenated and 
acetylated to give a compound VII inentical to the one 
obtained by ammonolysis of II. The displacement by 
an azide group of a sulfonyloxy group located in a 
pyranose ring in vicinal position to a cis hydroxyl 
group, with concomittant Walden inversion, has been 
reported recently.7-9 Saponification of the 3-O-acetyl 
group gave crystalline VI.

Attempts to obtain 2,4-diamino-2,4-dideoxy-D-glu- 
cose as the dihydrochloride derivative by direct hydrol
ysis of VI were not successful. As had already been 
observed by Sharon and Jeanloz with the diamino 
sugar isolated from Bacillus subtilis2 and more recently 
by Reist, et al.,7 with derivatives of 4-amino-4-deoxy-D- 
glucose, hydrolysis of 4-amino-4-deoxy sugars results in 
extensive degradation. The hydrolysis of VI also was 
accompanied by much degradation and the hydrolyzate 
gave multiple spots on paper chromatograms. These

(3) W . H . G . L ak e  a n d  S. P e a t. J .  C h e m .  S o c . ,  1069 (1939); J . G . B u- 
c h a n an , C h e m .  I n d .  (L o n d o n ), 1484 (1954); F . H . N ew th , J . C h e m .  S o c . ,  441 
(1956).

(4) M . C e rn y  a n d  J . Pac&k, C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n . ,  27, 94 
(1962).

(5) R . M . H an n  a n d  N . K . R ic h tm y e r, p e rso n a l co m m u n ic a tio n  of D r. 
N . K . R ic h tm y e r.

(6) R . W . Jean lo z , J .  A m .  C h e m .  S o c . .  81, 1956 (1959).
(7) R . D . G u th rie  a n d  D . M u rp h y , C h e m .  I n d .  (L o n d o n ), 1473 (1962).
(8) E . J . R e is t , R . R . S pencer, B. R . B ake r, a n d  L. G o o d m an , i b i d . ,  1794 

(1962).
(9) M . L. W olfrom . J . B ern sm a n n , a n d  D . H o rto n , J .  O r g .  C h e m . ,  27 , 4505 

(1962).
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spots correspond to the various possible intermediates 
resulting from partial deacetylation at positions 2 and 4 
with or without opening of the 1,6-anhydro ring.

Opening of the 1,6-anhydro ring of VI was effected by 
acetolysis. Crystalline mixtures were obtained, but 
these could not be resolved by crystallization or by 
chromatography. During purification, partial deacety
lation had evidently occurred, giving a 3,6-di-O-acetyl 
derivative X as shown by mutarotation, elemental 
analysis, and color formation with the Morgan and 
Elson reagent. Reacetylation of X with acetic anhydride 
and pyridine gave in very small yield crystalline 2,4- 
diacetamido-1,3,6- tri- 0- acetyl- 2,4- dideoxy-d-o-glucose 
(XI). De-O-acetylation of mixtures of X and XI and of 
their anomers gave the crystalline 2,4-diacetamido-2,4- 
dideoxy-a-D-glucopyranose (XII). The same product 
was obtained in 16% yield by direct hydrolysis of VI, 
followed by X-acetylation and chromatographic sepa
ration of the resulting mixture of products. Hydrolysis 
of the diacetamido derivative XII was studied by paper 
chromatography, and the presence of a monoacet- 
amido-monoamino hydrochloride derivative and of a 
diamino dihydrochloride derivative could be ascertained. 
On a preparative scale, however, all attempts to obtain 
these products in crystalline form failed.

Chromatographic separation of the mixture resulting 
from the ammonolysis of l,6-anhydro-2,4-di-0-p-tolyl- 
sulfonyl-jS-D-glucopyranose (II) followed by acetylation 
gave an additional crystalline product, corresponding to 
a monoamino derivative. From the mode of prepara
tion and from the course of the reaction most likely to 
take place, it is probable that this monoamino deriva
tive resulted from traces of water, and that it corre
sponds to the 4-amino-4-deoxy derivative XIII. The 
very small yield of the compound, and the fact that the 
presence of a second monoamino derivative could be 
detected among the products of ammonolysis, raises 
some doubt about the validity of this structure. Vari
ous derivatives were prepared in order to confirm the 
proposed structure. The crystalline product XIII 
contained only one O-acetyl group at position 2 or 3 and 
could be de-O-acetylated into 4-acetamido-l,6-an- 
hydro-4-deoxy-|S-D-glucopyranose (XIV), which in turn 
could be fully acetylated to give XV. Attempts to 
hydrolyze XIV gave as the only crystalline product 4- 
amino-J ,6-anhydro-4-deoxy-/T D-glucopyranose hydro
chloride (XVI). .V-Tosylatioii of this material gave a 
crystalline product LXVII different from l,6-anhydro-2- 
deoxy-2-p-tolylsulfamido-d-D-glucopy ranose prepared 
previously by Micheel and Michaelis,10 thus establishing 
conclusively that, if the derivative XVI had the gluco 
configuration, the amino group could not be located at 
C-2. Acetolysis of XIV followed by de-O-acetylation 
gave in a 40% over-all yield the crystalline 4-acet- 
amido-4-deoxy-/3-D-gl ucose (XVIII), which showed 
no reaction in the Morgan and Elson test, a proof that 
it was not a 2-acetamido-2-deoxy sugar. Since the 
physical properties of XVIII or of 1,6-anhydro deriva
tive XIV differ from those of seven of the 3-acetamido- 
3-deoxyhexoses or of their 1,6-anhydro derivatives11-16
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(10) F . M icheel a n d  E . M ichaelis, C h e m .  B e r . ,  91, 188 (1958).
(11) M . J . C ro n , O. B . F a rd ig , D . L. Jo h n so n , H . S ch m itz , D . F . W h ite - 

h ead , I. R . H ooper, an d  R . U . L em ieux , J .  A m .  C h e m .  S e c . ,  80, 2342 (1958).
(12) R . K u h n  a n d  G . B aschang , A n n . ,  628, 206 (1959).
(13) R . K u h n  a n d  G. B aschang , i b i d . ,  636, 164 (1960).
(14) B . C oxon a n d  L. H ough , J .  C h e m .  S o r . ,  1463 (1961).
(15) R . W . Jean lo z  a n d  D . A. Jean lo z , ./. O r g .  C h e m . ,  26, 537 (1961).
(16) H . H . B aer, J .  A m .  C h e m .  S o c . ,  84, 83 (1962).
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it can he safely assumed that it is a 4-acetamido-4- 
deoxy sugar and the gluco configuration seems to be 
the most logical one.17 Attempts to obtain 4-amino-4- 
deoxy-D-glucose hydrochloride in crystalline form have 
failed up to now thus rendering impossible a comparison 
with the product prepared by Reist and associates.8

During the purification of XIII a sirupy fraction was 
isolated, which gave after de-O-acetylation a second 
crystalline 1,6-anhydromonoacetamidomonodeoxy-/3-D- 
hexopyranose. Splitting of the acetamido group gave a 
crystalline free amino hydrochloride, but all attempts to 
open the 1,6-anhydro ring or to obtain other crystalline 
derivatives failed, and no structure can, therefore, be 
proposed for this product at the present time.

A 4-amino-4-deoxy sugar recently has been isolated 
by Wheat and associates18 from Chromobacterium viola- 
ceum. This is the first time that a monoamino sugar 
with the amino group at position 4 has been isolated 
from a natural source, which points to the possible bio
logical importance of this type of compound.

Experimental
Melting points were taken on a hot stage, equipped with a 

microscope, and correspond to “corrected melting point.” 
Rotations were determined in semimicro or micro (for amounts 
smaller than 3 mg.) tubes with lengths of 100 or 200 mm., using 
a Rudolph photoelectric polarimeter attachment, Model 200; 
the chloroform used was A.R. grade and contained approxi
mately 0.75% of ethanol. Infrared spectra were determined on 
a Perkin-Elmer spectrophotometer Model 237. Chromato
grams were carried out with the flowing method on “Silica Gel 
Davison,” from the Davison Co., Baltimore 3, Md. (grade 950, 
60-200 mesh) used without pretreatment. The sequence of 
eluants was hexane, benzene or chloroform, ether, ethyl ace
tate, acetone, and methanol individually or in binary mixtures. 
The proportion of weight of substance to be absorbed to weight 
of adsorbent was 1 to 50-100. The proportion of weight of sub
stance in grams to volume of fraction of eluent in milliliters was 
1 to 100. The ratio of diameter to length of the column was 1 to 
20. Evaporations were carried out in vacuo, with an outside 
bath temperature kept below 45°. Amounts of volatile solvent 
smaller than 20 ml. were evaporated under a stream of dry nitro
gen. The microanalyses were done by Dr. M. Manser, Zurich, 
Switzerland.

Descending paper chromatograms were developed with a 
mixture of pyridine, ethyl acetate, acetic acid, water, 5:5:1:3 ,19 
on sheets of Whatman No. 1 and Whatman No. 54 paper, and 
the compounds were subsequently detected with ninhydrin or with 
aniline phthalate on no. 1 papers, and with the alkaline silver 
reagent on no. 54 papers.

Ammonolysis of 1,6-Anhydro-2,4-di-0-p-tolylsulfonyl-/3-D-glu- 
copyranose (II).—A solution of 5 g. of II20 in 320 ml. of methanol 
was saturated with ammonia gas at 0°, in tubes which were sealed, 
and then heated for 48 hr. at 100°. After cooling, the reaction 
mixture was evaporated to dryness, and the residue was acety- 
lated for 24 hr. at room temperature with 40 ml. of acetic anhy
dride and 120 ml. of anhydrous pyridine. The excess of anhy
dride was destroyed by adding methanol while cooling in ice, 
and the solution was evaporated, the last traces of pyridine being 
removed by codistillation with ethanol and toluene. The resi
due was dissolved in chloroform and the solution was chromato
graphed on 500 g. of silica gel. Mixtures of various concentra
tions of chloroform and ethyl acetate, and pure ethyl acetate 
eluted 1.34 g. of partially crystalline material which, upon de- 
O-acetylation with sodium methoxide, gave sirups from which no 
crystalline material could be isolated.

(17) T h e  possib ility  of th e  fo rm a tio n  of th e  a l i o  con fig u ra tio n  is v e ry  re
m ote.

(18) R . W . W h ea t, E. L. R ollins, a n d  J . M . L ea th erw o o d , B i o c h e m .  B i o -  

■ p h ys . R e s .  C o m m u n . ,  9, 120 (1962).
(19) F. G . F isch er a n d  N . J . N ebel, Z .  P h y s i o l .  C h e m . ,  302, 10 (1955).
(20) R . W . Jean lo z , A. M . C . R ap in , a n d  S. H ak o m o ri, J .  O r g .  C h e m . ,  26,

3939 (1961).

Mixtures of ethyl acetate and acetone, 9:1 and 4:1, eluted a 
partially crystalline material, which was purified by a second 
chromatography and recrystallized from a mixture of methanol, 
ethyl acetate, and pentane to give 140 mg. (5%) of 4-acetamido-
l ,  6-anhydro-4-deoxy-2- or 3-O-acetyl-/S-D-glucopyranose (XIII),
m. p. 195-205°. After two recrystallizations, thin, rectangular 
plates, m.p. 203-204°, with sublimation from 190°, were obtained 
(the melting point varies with the method of crystallization and 
the speed of heating); [ « ] 23d  —95° (c 1.24 in methanol).

Anal. Calcd. for C10H15O6N: C, 48.97; H, 6.17; N, 5.71. 
Found: C, 48.91; H, 6.11; N, 5.72.

During the purification of XIII, a second monoacetamido 
compound was isolated. The study of this product is described 
at the end of this paper.

Elution of the original silica gel column with mixtures of ethyl 
acetate and acetone, 2 :1, 3:2, and 1 :1, gave 1.66 g. of partially 
crystalline material which, after two recrystallizations from a 
mixture of methanol, ethyl acetate, and pentane, gave 0.90 g. 
(30%) of 2 ,4-diacetam ido-3-0-acety l-l,6-anhydro-2 ,4-dideoxy- 
/3-D-glucopyranose (VII) as prismatic needles, m.p. 226-228°, 
with sublimation about 200°; [ a ] 22D  —43° (c 1.04 in methanol).21

Anal. Calcd. for Ci2HiS0 6N2: C, 50.34; H, 6.34; N, 9.79. 
Found: C, 50.46; H, 6.31; N, 9.84.

Further elution of the silica gel column with pure acetone 
and with methanol gave 5.87 g. of side products which were not 
further investigated.

In another experiment where 4 g. of the ditosyl ester was 
treated as previously described, the yield of XIII was 35% for 
the crude material and 11% after recrystallization (m.p. 203- 
206°), whereas 52% of crude VII was obtained, giving 26% of 
pure material (m.p. 225-227°) after recrystallization.

2,4-Diacetamido-l ,6-anhvdro-2,4-dideoxy-/3-n -glucopyranose
(VI) from VII.—To a solution of 200 mg. of VII, in 13 ml. of 
methanol, cooled at 0°, was added 0.80 mmole (1.14 mole 
equivalent) of cold sodium methoxide, and the solution was kept 
at 0° for 3 days. After evaporation of the solvents, the residue 
was dissolved in 4 ml. of water, and deionized by passage through 
a short column of Dowex 50 (H+ form). The effluent was con
centrated to give a sirup which crystallized spontaneously. 
Recrystallization from a mixture of methanol, acetone, and ether 
gave 164 mg. (96%) of elongated prisms, m.p. 246-248° (with 
sublimation from 243°); [a]23D —46° (c 0.96 in methanol).21

Anal. Calcd. for CioILdfiNj: C, 49.17; H, 6.60. Found: 
C, 49.17; H, 6 .66.

2,4-Diacetamido-3-0-acetyl-l,6-anhydro-2,4-dideoxy-(3-n-
glucopyranose (VII) from IX.—A solution of 270 mg. of 2-acet- 
amido-l,6-anhvdro-3-0-benzoyl-4-0-methylsulfonyl-/3-n-galacto- 
pyranose (IX )6,22 and 150 mg. of sodium azide in 25 ml. of di- 
methylformamide was refluxed for 24 hr. The solution was then 
evaporated to dryness, and the residue was dissolved in 10 ml. of 
methanol. To the solution cooled at 0° was added 0.5 ml. of
1.75 N barium methoxide. After standing overnight at 0°, the 
solution was diluted with methanol and filtered through a double 
layer of Celite and Darco G-60. It was evaporated to dryness 
and the residue, dissolved in water, was passed through a column 
of Dowex 50 (H+ form). After evaporation, the residue weighed 
106 mg. and showed in the infrared spectra the typical adsorp
tion at 2120 cm. -1 for the azide group. The material was dis
solved in 20 ml. of ethanol and the solution was filtered through 
Darco G-60 and hydrogenated in the presence of 20 mg. of 
platinum oxide under a slight, pressure of hydrogen for 4 to 5 hr. 
After filtration, the solution was evaporated and the residue was 
acetylated overnight with 0.5 ml. of anhydrous pyridine and 0.3 
ml. of acetic anhydride. The excess of anhydride was decom
posed by addition of ice, and the solution was evaporated to 
dryness. The residue was dissolved in chloroform and chromato
graphed on silica gel. Elution with pure acetone gave 84 mg. of 
crystalline material which afforded, after recrystallization from a 
mixture of methanol, acetone and ether, 70 mg. (35%) of prismatic 
needles VII, m.p. 228-230°; [<x ] 21d  —44° (c 0.94 in methanol). 
The product showed no depression of the melting point in 
admixture with the product prepared by ammonolysis of II, 
and the infrared spectra of both samples were identical.

Anal. Calcd. for C^IfigOsNo: C, 50.34; H, 6.34; N, 9 79 
Found: C, 50.25; H, 6.40; N, 9.54.

(21) T h e  first p re p a ra tio n  of th is  p ro d u c t w as ca rried  o u t in  th is  la b o ra -  
b y  D r. S. H akom ori.

(22) O n la rg e  c ry s ta ls  a n d  ra p id  h ea tin g , m .p . 221 -2 2 2 °  dec., w as ob 
se rv ed .
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Acetolysis of VI.—A solution of 50 mg. of VI in a mixture con
taining 3 ml. of acetic anhydride, 0.05 ml. of concentrated 
sulfuric acid, and 1.95 ml. of glacial acetic acid was kept at room 
temperature for 5 days, during which time the optical rotation 
changed from |a]28n —37° (after 8 min.) to [a]28o +125° (after 
24 hr.), and |a]23o +117° (after 5 days). The excess of acetic 
anhydride was decomposed by addition of a small piece of ice, 
and the reaction mixture was neutralized with 230 mg. of an
hydrous barium acetate. The salts were eliminated by filtration 
through a double layer of Darco G-60 and Celite and, after 
evaporation of the solvents, the residue was dissolved in chloro
form, and the solution was chromatographed on silica gel. 
Elution with pure ethyl acetate and mixtures of ethyl acetate and 
acetone, 7:1 and 3:1, eluted 58 mg. of a nearly colorless sirup. 
Crystallization of this sirup from a mixture of methanol and 
ether gave 24 mg. of microcrystals, m.p. 183-200°. Both crystals 
and mother liquor gave two spots on paper chromatography 
(Whatman N"o. o4), with ft2-iicctiwnido-2-deox.vRiuco8e 1.28 and 
f?2-acetamido-2-<i:!OXyg]llcose 1.51. Complex mutarotations were ob
served in both cases; with the microcrystals, there was a change 
from [or]26i> +52° (after 12 min.) to |a]26n +71° (after 60 min.) 
and [a]26d +63° (after 24 hr., c 0.91 in methanol), whereas the 
mother liquor mutarotated from jal^D +79° (after 6 min.) to 
[ a ] 27D  +85° (after 30 min.) and [a]27n +65° (after 24 hr., c 
0.74 in methanol).

Acetylation of 12 mg. of impure crystalline material was car
ried out with 0.3 ml. of acetic anhydride and 3 ml. of anhydrous 
pyridine in the usual manner to give 18 mg. of a brown sirup 
which was purified by chromatography on silica gel. Elution 
with mixtures of ethyl acetate and acetone, 3:1 and 3:2, gave 11 
mg. of 2,4-diacetamido-3,6-di-0-acetyl-2,4-dideoxyglucose (X), 
a colorless sirup which could not be crystallized, but which gave 
only one spot on paper chromatography (Whatman No. 54), ftt 
0.91, /?2-acotamido-2-deoxyglucose 1./5.

Anal. Caled. for Ci4H220 8N2: C, 48.55; H, 6.40. Found: 
C, 48.63; H, 6.45.

Acetylation of 21 mg. of the microcrystals obtained initially 
gave 14 mg. of the same tetraacetate X.

In another acetolysis experiment carried out on 165 mg. of VI, 
the colorless sirup isolated in the first chromatogram was im
mediately acetylated with acetic anhydride and pyridine, and 
care was taken to avoid moisture. This gave 120 mg. of partially 
crystalline material, which was purified by chromatography on 
silicic acid. Mixtures of ethyl acetate and acetone (4:1, 3:2, 
and 1:1) eluted 43 mg. of partially crystalline material which, 
after crystallization from a mixture of methanol, ethyl acetate, 
and ether, gave 15 mg. (7%) of 2,4-diacetamido-l,3,6-tri-O- 
acetyl-2,4-dideoxy-+D-glucopyranose (XI), transparent platelets, 
m.p. 263-265°; [a]22t> —8° (c 0.89 in methanol); no mutarota- 
tion was observed.

Anal. Caled. for C16H240 9N2: C, 49.48; H, 6.23; N, 7.21. 
Found: C, 49.37; H, 6.24; N, 7.32.

The pentaaeetate gave a weak Morgan-Elson reaction which 
intensified on standing. In paper chromatography, the sugar 
moved with ftf of 0.89 and 0.94, and ft2—acetamide—2—deoxygiucose 
1.74 and 2.1 (on Whatman papers No 1 and 54, respectively); 
it reacted very weakly with the alkaline silver reagent and gave a 
light pink spot with aniline phthalate. Further elution of the 
initial silica gel column with acetone and with methanol gave 177 
mg. of sirup, giving a faintly positive Morgan-Elson reaction, and 
moving on paper chromatography with ft2-acetamido-2-iieoxygi<in>8e
1.06 and 1.35 (Whatman No. 54). This material could not be 
further purified, and it was de-O-acetylated as described in the 
next paragraph.

2,4-Diacetamido-2,4-dideoxy-a-n-glucopyranose (XII) from X 
and XI.—De-O-acetylation was carried out on a mixture of several 
more or less acetylated products obtained in the acetolysis experi
ment previously described; 210 mg. of sirupy material was dis
solved in 2 ml. of methanol, and to this cooled solution was added 
1.92 mmoles of cold sodium methoxide. The solution was kept at 
0° overnight, then evaporated to dryness. The residue was dis
solved in 1 ml. of water and deionized by passage through a short 
column of Dowex 50 (H+ form). After concentration 126 mg. of 
sirup was obtained, which was chromatographed on silica gel. 
A mixture of ethyl acetate and acetone, 1:1, and pure acetone 
eluted 81 mg. of a sirupy product which, on paper chromatograms, 
could be detected neither with aniline phthalate nor with the silver 
reagent, and which is probably a 1,6-anhydro derivative. Fur
ther elution of the silica gel column with mixtures of acetone and 
methanol (19:1, 9:1, and 4:1) gave 50 mg. of sirup which, after

two recrystallizations from a mixture of methanol, ethvl acetate, 
and ether, gave 10 mg. of XII, small prisms, decomposing with
out melting at about 233° (with partial transformation to needles 
at 210°). This compound was shown by paper chromatog
raphy (Ri 0.53, actum ¡»I»—2—,iei>xyeiiirosr 1.04, on Whatman No.
1 and 54) to be identical with N il obtained by hydrolysis of VI 
followed by .V-acetylation as described subsequently. Compound 
XII showed mutarotation in water, from [«]2ln +88° (after 7 
min.) to [a]24d +61 ° (after 3 hr. and after 24 hr., c 1.15).

2,4-Diacetamido-2,4-dideoxy-a-i)-glucopyranose (XII) from
VI.—A mixture of 82 mg. of VI and I ml. of 0.5 .V hydrochloric 
acid was heated for 1 hr. at 100°, after which a large amount of 
absolute ethanol was added, and the solution evaporated, the 
last traces of acid being removed by codistillation with ethanol 
and toluene. A dark-colored sirup was obtained (107 mg.) which 
was shown by paper chromatography (Whatman No. 54) to 
contain at least 4 components: ff2-amino-2-.ii.0xy«ii,c.s. 0.61,
2̂-am ino—2—deoxyji lucose 1.00, Ri —amino—2—dcoxyglut-ose 1.39, and
2̂-am i no—2-dc‘Oxyg lucose 1.96. No attempt was made to separate 

these products, and the crude hydrolysate was directly N- 
acetylated, by dissolving it in 2.5 ml. of methanol, and adding 284 
mg. of silver acetate and 1.5 ml. of acetic anhydride to the solu
tion. After standing overnight at room temperature, the mix
ture was refluxed for 5 min. and filtered while hot through a double 
layer of Celite and Darco G-60, and the salts were successively 
washed with hot methanol and hot water. To the filtrate was 
added 6 drops of 2 A hydrochloric acid, and, after 2 hr., the silver 
chloride precipitate was removed by filtration and washed with 
methanol. The filtrate was evaporated in the presence of toluene 
and absolute ethanol to give 104 mg. of dark brown sirup. It 
was chromatographed on silica gel, and pure acetone eluted 19 mg. 
(23%) of the starting material VI. Pure acetone, and a mix
ture of acetone and methanol, 19:1, eluted 17 mg. of a sirup show
ing an Ri 0.l3 and an ft2—acetamide-—2—deoxyg incose 1.26 on Whatman 
No. 1 paper; this material had a positive ninhydrin reaction 
but also gave a faint color in the Morgan-Elson reaction. The 
sirup could not be crystallized. Further elution of the silicic 
acid column with mixtures of acetone and methanol (19:1, 9:1, 
and 4:1) gave 32 mg. (36%) of partially crystalline material, 
which gave a very faint ninhydrin reaction. In the Morgan- 
Elson test, it gave a weak color which intensified on standing. 
Crystallization from a mixture of 95% ethanol, ethyl acetate, 
and ether gave 14 mg. (16%) of XII, small prisms, decomposing 
without melting at about 230°. This product had the same 
mobility on paper chromatograms as that obtained from XI 
(Ri  0.53, ft2-acetamido—2—deoxyalucose 1.04), and a mutarotation in 
water from [a]21D +84° (after 30 min.) to [«]22d +69° (after
2.5 hr. and 24 hr., c 0.32).

-4na(. Caled. for CioH[r()6N2: C, 45.80; H. 6.92. Found:
C, 45.86; H, 6.93.

Hydrolysis of VI.—Examination of the products resulting from 
the hydrolysis of VI with concentration of hydrochloric acid vary
ing from 0.5 N to 3 N and time of reaction varying from 30 min. 
to 24 hr. was made by paper chromatography. It showed, in 
cases where hydrolyses had been carried out for 30 min. with 2 N 
or 3 N acid, and for 30 min., 1 hr., and 3 hr. with 0.5 N acid, the 
presence of five different products. The ftf values and proper
ties of these products were as follows: Ri 0.19 (ft2_amino-2-
dpox.vRiucose 0.66), giving a purple spot with ninhydrin, a brown 
spot with aniline phthalate, and reducing silver nitrate; Rt 0.22 
(/?2—iimino—2—iteoxygiucose 0.76), blue with ninhydrin and not 
detected by the other two reagents; Ri 0.29 (Ri —amino—2—deoxys lucose
1.00), purple with ninhydrin, brown with aniline phthalate, and 
reducing silver nitrate; Ri 0.37 ( ft2-ami.o-2-deoxyRiuco.e 1.28), 
brownish yellow with ninhydrin, pink with aniline phthalate, and 
reducing silver nitrate; Rt 0.44 (ft2-ommo-2-doox.vRi.cose 1.52), purple 
with ninhydrin, but not detected with either aniline phthalate or 
silver nitrate. In addition, a pink spot of Rt 0.52 (ftniminc-i-dt- 
oxvgiucoso 2.00, ft2_acetamido—2—deoxyglucose 1.01) was observed with ani
line phthalate, but not with ninhydrin; this last named material 
must, therefore, correspond to the diaeetamido glucose XII previ
ously described. The five spots of ninhydrin positive material 
probably correspond to the various possible combinations of com
pounds having the 1,6-anhydro ring either present (compounds not 
reacting with silver nitrate and aniline phthalate) or opened (re
ducing compounds), and having either or both of the amino 
groups free or acetylated. All hydrolysates were found to be 
composed of complex mixtures and, even with strong acid and 
prolonged hydrolysis, the presumed 1,6-anhydro compounds 
were always found present.
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H ydrolysis of XII.—Samples of XII were hydrolyzed with 0.5 N 
and with 2 N  hydrochloric acid for 30 min., 2 hr., 6 hr., and 24 
hr., and the hydrolysates were examined by chromatography on 
paper. Paper chromatography on Whatman No. 1 paper 
showed that the starting material (Rt 0.50 and Ri —am i no—2—deoxyg lu— 
cose 1.82) had completely disappeared in less than 30 min. with 2 N 
acid, and in more than 2 hr. with 0.5 N acid. Two spots of nin- 
hydrin positive material were observed in all oases: one with an 
R, 0.17 and ff2-amino-2̂ ieoxygiuco»e 0.68, and a second having fit 0.28 
and /¿2—amiuo—2—deoxygiucosf 1.12. The slower moving component 
seemed to be present in slightly larger amounts, and it was in the 
2-hr. and the 6-hr. hydrolysates that the color obtained with nin- 
hydrin was most intense. Since both compounds must be amino 
sugar hydrochlorides, it was assumed that one of them, probably 
the faster moving component, was 4-(or 2 )-acetam ido-2-(or 4)- 
am ino-2,4-dideoxy-n-glucose hydrochloride and the other was
2,4-di-am ino-2,4-dideoxy-D -glucose d ihydroch loride .

Several attempts were made to hydrolyze XII on a preparative 
scale and to isolate the products, either by crystallization, or by 
elution from a Dowex-50 column (H+ form) with 0.3 .¥, 0.5 N, 
and 1 N  hydrochloric acid, according to the method described by 
Gardell23 for the separation of glucosamine and galactosamine. 
In no case, however, could a good separation be obtained, nor 
any crystalline material be isolated.

4-A cetam ido-l,6-anhydro-4-deoxy-d-D-glucopyranose (XIV).— 
To a cold solution of 102 mg. of XIII in 2 ml. of absolute methanol 
was added 1.15 mole equivalent of sodium methoxide. After 
standing overnight at 0°, the solution was evaporated to dryness 
and the residue dissolved in water, then deionized by passage 
through a short column of Dowex 50 (H+ form). After evapora
tion, the crystalline residue was recrystallized from a mixture of 
methanol and ether to give 73 mg. (87%) of small prisms, m.p. 
212-213° (with sublimation starting at 100°); [a]27o —118°
(c 0.73 in methanol).

Anal. Calcd. for C8H130 5N: C, 47.29; H, 6.45. Found: C, 
47.35; H, 6.63.

4-Acetamido-2,3-di-O-acetyl-l ,6-anhydro-4-deoxy-/3-D-gluco- 
pyranose (XV).—Acetylation of 24 mg. of XIV with acetic an
hydride in pyridine solution in the usual manner gave, after 
crystallization from a mixture of methanol and ether, 25 mg. 
(73%) of small prisms, m.p. 181.5-182.5°; [<*]27d —62° (c
0.83 in methanol).

Anal. Calcd. for C12H170,N: C, 50.17; H, 5.96; CH3CO,
44.95. Found: C, 50.10; H, 6.08; CH3C(), 44.95.

The same product was obtained in 34% yield by acetylation of
XIII. On paper chromatography (Whatman No. 54) XV had an 
R t of 0.93, and Ri OCetamido 2 deoxygiucose 1.71, giving a weak spot 
with the alkaline silver reagent.

4-Acetamido-4-deoxy-(3-i>-glucopyranose (XVIII).—A solution 
of 90 mg. of XIV in a mixture of 3 ml. of acetic anhydride, 0.05 
ml. of concentrated sulfuric acid, and 1.95 ml. of glacial acetic 
acid was kept for 24 hr. at room temperature, during which time 
the optical rotation was observed to shift from [<*]23d +89° (23 
min.)to |«| 21d +146° (19 hr. and 24 hr.). The acetolysis mixture 
was poured onto 10 ml. of crushed ice and then extracted with 200 
ml. of chloroform. The organic layer was washed three times 
with saturated sodium bicarbonate and three times with water, 
then dried over sodium sulfate. The solution was evaporated to 
dryness, to give 164 mg. of a pale yellow sirup which could not be 
crystallized. It was directly de-O-acetylated by dissolving it in 
2 ml. of absolute methanol, and adding to the solution cooled at 
0°, 1.92 mmoles of cold sodium methoxide. The mixture was 
kept overnight at 0°, then evaporated to dryness, and the residue 
was dissolved in water and passed through a short column of 
Dowex 50 (H+ form). The effluent was concentrated to give 100 
mg. of yellow sirup. It was dissolved in a mixture of ethyl ace
tate and acetone, and the solution was chromatographed on silica 
gel. Mixtures of acetone and methanol (19:1, 9:1, and 4:1) 
eluted 97 mg. of partially crystalline material which, after two 
recrystallizations from a mixture of ethanol and ether, gave 37 
mg. (40%) of very fine needles, m.p. 171-174° dec. The com
pound showed mutarotation from [<j]23d +12.5° (after 15 min.) 
to [a] 26d +19° (after 44 hr., at equilibrium) (c 0.79 in water).

Anal. Calcd. for CgHisOsN: C, 43.42; H, 6.84. Found: 
C, 43.48; H, 6.81.

The product gave no color with the Morgan-Elson reagent. 
On paper chromatography (Whatman No.l) it migrated with an 
Rf of 0.44 ( Î 2-amino-2-<ieoxygliicoae 1.37, /?2-acet,xmido.2-deoxygluco8e 0.90),

(23) S. G ardell, A c t a  C h e m .  S c a n d . ,  7, 207 (1953).

giving a reddish purple spot with aniline phthalate. When 3- 
acetamido-3-deoxy-d-D-glucose (,V-acetylkanosamine) was chro
matographed in the same solvent system, it moved with an R f  of 
0.49, f?2-amino-2-deoxyglucose 1.45 and fi+acetamido 2-deoxyglucose 0.95, 
giving a brownish red color with aniline phthalate.

Hydrolysis of 4-Acetamido-4-deoxy-d-o-glucopyranose (XVIII). 
—Samples of XVIII and 3-acetamido-3-deoxy-/3-D-glucopyranose 
for comparison were heated with 1 .V hydrochloric acid in sealed 
tubes at 100° for 2 hr. In the Elson-Morgan test the hydroly
sate of XVIII gave no color, whereas that of V'-acetylkanosamine 
gave a positive reaction. On paper chromatography (Whatman 
No. 1) the two hydrolyzates were found to migrate in the same
way: R f  0.32, R >  -amino-2-deoxyglucose 1.07, /¿2-acetamido-2-deoxyglucose
0.64; but the hydrolysate of XVIII (4-amino-4-deoxy-n-glucose 
hydrochloride) gave a brown color with aniline phthalate, whereas 
3-amino-3-deoxy-D-glucose hydrochloride gave a red-brown color.

Hydrolysis of XIV.—A solution of 70 mg. of XIV in 3.5 ml. of 
0.5 N hydrochloric acid was heated for 15 hr. in a sealed tube at 
100°. The brown hydrolyzate was evaporated, and the last 
traces of acid removed by codistillation with absolute ethanol 
and toluene. This gave 59 mg. of partially crystalline material 
which, after three recrystallizations from a mixture of aqueous 
ethanol and ether, gave 24 mg. (35%) of 4-amino-1,6-anhydro-4- 
deoxy-d-u-glucopyranose hydrochloride (XVI), small prisms de
composing without melting between 200 and 220°. The product 
had [a] 26d —103° (c 0.84 in water), and showed no mutarotation.

Anal. Calcd. for C6H120 4NC1: C, 36.46; H, 6.12; Cl, 17.94. 
Found: C, 36.33; H, 6.31; Cl, 17.28.

On paper chromatography (Whatman No. 1) XVI gave a spot 
of R i  0.37 and /?2-»mino-2-deoxygiucos* 1.28, which could be detected 
both by ninhydrin and by the silver reagent (the starting material 
XIV had an R >  -ainino-2 deoxygiucose of 2.40). Both the Elson- 
Morgan and the Morgan-Elson tests were negative with com
pound XVI.

In another experiment, hydrolysis of XIV was carried out with 
3 N hydrochloric acid and heating for 2.5 hr. at 100°. In this 
case a sirup was obtained which could not be crystallized. Paper 
chromatography (Whatman No. 1 I of this sirup showed three 
spots of ninhydrin positive material, with the following /?2 amino- 
2-deox.vglucose values: 0.87, 1.03, and 1.25. The fast moving material 
was the major component. The product with /¿2-ammo-2 deoxygiucce
1.25 corresponds to XVI, while that with 1.03 is probably 4- 
amino-4-deoxy-u-glucose hydrochloride. Acetylation of 13 mg. 
of the sirup with acetic anhydride in pyridine, in the usual manner, 
gave 25 mg. of a sirup from which 13 mg. of crystals, m.p. 160— 
172°, was obtained. After three recrystallizations from a mix
ture of methanol and ether, 7 mg. (37%) of 4-acetamido-2,3-di- 
O-acetyl-1,6-anhydro-4-deoxy-/3-i>-glucopyranose (XV) was ob
tained; m.p. 179-181°; [a]“ d —62° (c 0.84 in methanol). The 
melting point was not depressed by admixture with the pre
viously described XV.

1,6-Anhydro-4-deoxy-4-p-tolylsulfonamido-/3-D-glucopyranose
XVII.—A solution of 28 mg. of XVI, 27 mg. of crystalline sodium 
bicarbonate and 27 mg. (1.1 mole equivalent) of p-toluenesulfonyl 
chloride in 0.8 ml. of water was shaken for 6 hr. at room tem
perature. After addition of 2 ml. of water, crystals began to 
form. The mixture was left overnight at 0°, then poured into a 
large volume of chloroform, and the organic layer was washed 
three times with saturated sodium bicarbonate and three times 
with water, and finally dried over sodium sulfate. After evap
oration of the solvent, 31 mg. (69%) of a sirup was obtained 
which, by crystallization from a mixture of acetone and ether, 
gave 17 mg. (38%) of fine needles, m.p. 187-188.5°; [<*]22d 
— 52° (c 1.1 in methanol).

Anal. Calcd. for Ci3H170 6NS: C, 49.54; H, 5.43; S, 10.17. 
Found: C,49.28; H, 5.44; S, 10.00.

M onoam ino-1,6-anhydro-m onodeoxy-d-D -hexopyranose.—In 
the purification of XIII (which see), some sirupy material had 
been eluted from the second silicic acid column by mixtures of 
chloroform and ethyl acetate, and by acetone, either alone or 
mixed with methanol (whereas XIII was eluted by mixtures of 
ethyl acetate and acetone). This sirup was added to the mother 
liquors of XIII, to give a total of 1.17 g. of sirup which was dis
solved in methanol and de-O-acetylated by adding 5.28 mmoles of 
sodium methoxide, and keeping overnight at 0°. The reaction 
mixture was deionized by dilution with water and passage 
through a column of Dowex 50 (H + form), and the effluent was 
concentrated to give 0.92 g. of sirup which was chromatographed 
on silica gel. Mixtures of ethyl acetate and acetone, 1:1, and 
pure acetone eluted 297 mg. cf partially crystalline material from
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which 186 mg. of pure XIV, m.p. 209-211°, was obtained after 
recrystallization from a mixture of methanol and ether.

Further elution of the silica gel column with pure acetone, and 
with a mixture of acetone and methanol, 19:1, gave 593 mg. of a 
pale yellow sirup which could not be crystallized; [a] 23o —175° 
(c 1.08 in methanol). The elemental analysis corresponded to 
that of a monoacetamido-1,6-anhydro-monodeoxy-/3-D-hexo- 
pyranose with one mole of methanol added.

Anal. Calcd. for C8H,30 5N CH30H: C, 45.95; H, 7.28; N,
5.96. Found: C, 46.12; H, 7.38; N, 6.01.

On paper chromatography (Whatman No. 54) this product 
moved with an /¿2-amino-2-dc.wygiucose 2.07 and reacted weakly 
with the alkaline silver reagent.

A solution of 80 mg. of this sirup in 3.5 ml. of 0.5 N hydrochloric 
acid was heated for 15 hr. at 100° in a sealed tube. The solution 
was then evaporated to dryness, the last traces of acid being re
moved by codistillation with ethanol and toluene. This residue 
was crystallized from a mixture of water, ethanol, and ether to 
give 34 mg. (51%) of elongated prisms, decomposing at 215-225° 
without melting. This compound had [<*]26u —169° (c 1.10 in 
water), and no mutarotation was observed. The elemental an
alysis corresponded to a monoamino-1,6-anhydro-monodeoxy-d- 
u-hexopyranose hydrochloride.

Anal. Calcd. for CeH^CbNCl: C, 36.46; H, 6.12; Cl, 17.94. 
Found: C, 36.34; 11,6.15; Cl, 18.05.

This hydrochloride gave a positive ninhydrin reaction, but no 
color in either the Elson-Morgan or the Morgan-Elson test. 
By paper chromatography (Whatman No. 1 and 54) a single spot 
was obtained with Rf 0.32 and R% nmino-2 deoxyRiueose 1 ■ 10.

Several attempts were made to obtain the free sugar by opening 
the 1,6-anhydro ring by hydrolysis with 2 N ,Z  N , or 6 N hydro-
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chloric acid, but this was always accompanied by much decom
position, as evidenced on paper chromatograms by trailing and 
multiple spots, and no pure material could be obtained. At
tempts to obtain other crystalline derivatives by acetylation, 
tosylation, or acetolysis were also unsuccessful.

1,6;3,4-Dianhydro-2-0-p-tolylsulfonyl-d-o-galactopyra nose 
(I)-21—A solution of 300 mg. of II20 in 10 ml. of methanol and 5.8 
ml. of a solution of 0.43 N  sodium methylate (3.7 moles) was 
refluxed for 24 hr. After concentration to 3 ml., the sirup was 
diluted with 30 ml. of water and 76 mg. of crystals were filtered. 
The filtrate was deionized by passage through columns of Amber- 
lite IR 400 (OH - form) and Dowex 50 (H + form) and evaporated 
to dryness. The residue was crystallized from methanol to give 
an additional yield of 9 mg. (total yield, 70%). Recrystallization 
from a mixture of methanol and pentane raised the melting point 
to 149-150°; [aj^D —37° (c 0.56 in chloroform).24

Anal. Calcd. for Ci3Hu0 6S: C, 52.34; H, 4.73; S, 10.75. 
Found: C, 52.42; H.4.80; S, 10.59.
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T he synthesis of various deriva tives of the  benzyl a-D-glycoside of 2-am ino-3-0-(D -l-carboxyethyl)-2-deoxy- 
D-glucose (m uram ic acid ) and of the  disaccharide benzyl 6-0-(2-acetam ido-2-deoxy-d-n-glucopyranosyl)-2- 
acetam ido-3-0-(D -l-carboxyethyl)-2-deoxy-a-D -glucopyranoside is described. In  add ition , crystalline  2- 
acetam ido-3-0-(o-l-carboxyethyl)-2-deoxy-a-D -glucose (A '-acetylm uram ie acid) has been obtained.

In a previous paper,3 the synthesis of the acetylated 
methyl «-glycoside of the disaccharide 2-acetamido-2- 
deoxy-D-glucopyranosyl-(l 6)-(V-acetylmuramic acid 
has been described. This disaccharide has been postu
lated as one of the repeating units of the 2-amino-2- 
deoxyglucan, which constitutes the backbone of the 
cell wall of numerous Gram-positive and Gram-negative 
bacteria.4-6 Since removal of the protective methyl 
a-glycosidic group cannot be accomplished without 
considerable degradation of the disaccharide linkage, 
the synthesis of the disaccharide was repeated using the

(1) A m ino S u g ars  X X X V II . T h is  is p u b lica tio n  no . 341 of T h e  
R o b e rt W . L o v e tt M em oria l U n it  for th e  S tu d y  of C rip p lin g  D iseases, 
H a rv a rd  M ed ical School a t  th e  M a s sa c h u se tts  G en era l H o sp ita l , B o ston  14, 
M ass. T h is  in v e s tig a tio n  h as  b ee n  s u p p o r te d  b y  research  g ra n ts  from  th e  
N a tio n a l I n s t i tu te  of A llergy a n d  In fec tio u s  D iseases, N a tio n a l I n s t i tu te s  of 
H ea lth . U n ite d  S ta te s  P u b lic  H ea lth  S erv ice (G ra n t E-4282) a n d  th e  
N a tio n a l Science F o u n d a tio n  (G ra n t  9-2312). I t  w as p re sen ted  b efo re  th e  
D iv ision  of C a rb o h y d ra te  C h e m is try  a t  th e  142nd N a tio n a l M ee tin g  of th e  
A m erican  C hem ica l S ocie ty , A tla n tic  C ity , N. .1., S ep te m b er , 1962.

(2) O n leave  of ab sen ce  from  th e  W eizm an n  In s t i tu te  of S cience, R eho- 
v o th , Israel.

(3) H. M . F low ers a n d  R . W . Jean lo z , / .  O r g .  C h e m . ,  28, 1564 (1963).
(4) M . R . J . Sal to n  a n d  J . M . G h u y se n , B i o c h t m .  B i o p h y s .  A c t a ,  36 , 552 

(1959).
(5) M . R . J- S a lto n  a n d  J . M . G h u y se n , i b i d . ,  46 , 355 (1960).
(6) H. R . P erk in s , B i o c h e m .  J . ,  74 , 182 (1960).

protective benzyl «-glycoside group, which can be re
moved by catalytic hydrogenolysis. Starting from 
benzyl 2-acetamido-4,6-0-benzylidene-2-deoxy-a-o-glu- 
copyranoside (I),7 the synthesis proceeded along a 
route similar to the one described for the methyl a- 
glycoside derivative.3 The various crystalline muramic 
acid derivatives II to VIII were obtained in yields 
quite similar to those obtained for the methyl «- 
glycoside derivatives. The condensation of benzyl 
2-acetamido-4-0-acetyl-2-deoxy-3-0- [r>-l-(methyl car- 
boxy late) ethyl] - a - d  - glucopyranoside (VI) with 2- 
acetamido -3,4,6- tri-0-acetyl - 2 - deoxy - a - d  - gluco- 
pyranosyl bromide (XI) proceeded, however, in very 
low yield, and only 3 to 4% of the desired disaccharide
(XII) was obtained. Removal of the benzyl glycoside 
group of the deacetylated product XII by catalytic 
hydrogenation gave an amorphous disaccharide; its 
properties, compared to those of the disaccharide iso
lated from Micrococcus hjsodeikticus cell wall, will be 
described in a forthcoming publication.

Removal of the benzyl glycoside group of benzyl 2- 
acetamido - 3 -  0 -  (d - 1-  carboxyethyl) - 2 - deoxy-

(7) R . K u h n , H . H . B aer, a n d  A. Seeliger, A n n . ,  611, 236 (1958).
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NHCOCHa
R' R"

IX, H H
X, CHa COCHa

a  -  d  - glucopyranoside (VIII) gave crystalline 2- 
acetamido - 3 -  0 - (d - 1-  carboxyethyl) - 2 - deoxy- 
a  -  d  - glucose or N - acetylmuramic acid (IX). The 
preparation of a compound with a similar structure, 
but obtained in an amorphous form, recently has been 
reported.8 The preparation of VIII in a pure state 
allows the determination of its physical and chemical 
properties, especially its reactions with the Morgan

CH2OAc

Ac = COCH,

and Elson reagent9 and with the periodate ion. These 
tests have been extensively used in the determination of 
the structure of the glucosaminyl-muramic acid deriva
tive isolated from bacterial cell wall,4' 6 but no compari
son of the results with those obtained with pure N- 
acetylmuramic acid has been reported.

Experimental
Melting points were taken on a hot stage, equipped with a 

microscope, and correspond to “corrected melting point.” 
Rotations were determined in semimicro- or micro- (for amounts 
smaller than 3 mg.) tubes with lengths of 100 or 200 mm., using a 
Rudolph photoelectric polarimeter attachment, Model 200; the 
chloroform used was A.R. grade and contained approximately 
0.75% of ethanol. Infrared spectra were determined on a 
Perkin-Elmer spectrophotometer, Model 237. Chromatograms 
were made with the flowing method on “Silica Gel Davison,” 
from the Davison Co., Baltimore 3, Md. (grade 950, 60-200 
mesh), which was used without pretreatment. When deactiva
tion by contact with moist air occurred, reactivation was ob
tained by heating to 170-200° (manufacturer’s instructions). 
The sequence of eluents was hexane, benzene or ethylene di
chloride, ether, ethyl acetate, acetone, and methanol individually 
or in binary mixtures. The proportion of weight of substance to 
be adsorbed to weight of adsorbent was 1 to 50-100. The pro
portion of weight of substance in grams to volume of fraction of 
eluent in milliliters was 1 to 100. The ratio of diameter to 
length of the column was 1 to 20. Evaporations were carried out 
in vacuo, with an outside bath temperature kept below 45°. 
Amounts of volatile solvent smaller than 20 ml. were evaporated 
under a stream of dry nitrogen. The microanalyses were done 
by Dr. M. Manser, Zurich, Switzerland.

Benzyl 2-Acetamido-4,6-0-benzylidene-3-0-(i)-l-carboxyethyl)- 
2-deoxy-a-o-glucopyranoside (II).—A solution of 8 g. of benzyl 
2-acetamido-4,6-0-benzylidene-2-deoxy-a-D-glucopyranoside (I) 
dissolved in 500 ml. of dry dioxane was treated with sodium 
hydride and i,-a-chloropropionic acid as described previously 
for the preparation of the corresponding methyl a-glycoside 
derivative,3 except that the stirred mixture was maintained 
at 60° overnight to complete the reaction. After addition of 
20 ml. of ice-water, the clear solution was cooled and acidified 
with cold 6 A’ hydrochloric acid. Addition of 1 1. of ice-water 
precipitated a white solid which was separated by filtration, 
washed thoroughly with water and dried, giving 8.9 g. melting 
at 227-230°. Recrystallization from methanol gave 7.2 g. 
(77%) of needles, m.p. 237-239°, [a] 18d +115° (c 1.28, in 
methanol); the melting point was unaffected by a second re
crystallization.

Anal. Calcd. for C26H29N0 8: C, 63.68; H, 6.20; N, 2.97. 
Found: C, 63.64; H, 6.29; N, 3.00.

Benzyl 2-Acetamido-4,6-0-benzylidene-2-deoxy-3-0- [ d- 1 - 
(methyl carboxylate)ethyl)-a-D-glucopyranoside (III).—A solu
tion of 140 mg. of II in the minimum of methanol was esterified 
by the addition of a slight excess of diazomethane in ether. 
Evaporation of the solution and recrystallization of the residue 
from methanol gave 115 mg. (80%) of needles, m.p. 212-213°, 
[a] 21d +94° (c 0.70, in chloroform 1. The melting point was un
changed on recrystallization from ethyl acetate.

Anal. Calcd. for CjaHajNOj: C, 64.31; H, 6.44; N, 2.89. 
Found: C, 64.26; H, 6.49; N, 2.89.

Benzyl 2-Acetamido-2-deoxy-3-0-[D-l-(methyl carboxylate) 
ethyl]-a-D-glucopyranoside (IV).—A mixture of 90 mg. of III 
and 1 ml. of 60% acetic acid was heated for 30 min. on a boiling 
water bath. Evaporation gave a glassy residue which was freed 
from benzaldehyde by codistillation with water. I t was re
crystallized from a mixture of acetone, ether, and pentane, giving 
needles, m.p. 120-122°, [a]*»D +137° (c 0.94, in chloroform).

Anal. Calcd. for C19H27N 08: C, 57.42; H, 6.85; N, 3.52. 
Found: C, 57.40; H, 6.89: N, 3.52.

Compound IV also could be prepared conveniently directly 
from II: the benzylidene group was first removed with 60%
acetic acid, then the crude product was esterified with diazo
methane, and the resulting ester was recrystallized as described. 
In this way, 7.0 g. of II gave 3.0 g. of IV (50% over-all yield) 
m.p. 120- 122°.

(8) P. M . C arro ll, N a t u r e ,  197, 694 (1963). (9) W . T . J . M o rg an  a n d  L. A. E lson , B i o c h e m .  J . ,  28, 988 (1934').
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Benzyl 2-Acetamido-4-0-acetyl-2-deoxy-3-0-[D-l-(methyl 
carboxylate) ethyl] -b-O-triphenylmethyl-a-n-glucopyranoside (V).
—To a solution of 110 mg. of IV in 0.5 ml. of pyridine was 
added 100 mg. of triphenylchloromethane. The solution was 
heated to 100°, and 0.3 ml. of acetic anhydride was immediately 
added to the hot solution, which was allowed to cool to room 
temperature and left overnight. The solution was then poured 
into ice-water and the gummy precipitate obtained was separated, 
washed thoroughly with water and dried. It was dissolved in 
benzene and the solution was chromatographed on silica gel. 
Elution with a mixture of benzene and ether 4 :1 gave 153 mg. 
(81%) of crystalline material. It was recrystallized from a 
mixture of ethyl acetate and hexane, to give colorless prisms, 
m.p. 149-151°, [ a ] 25D +101° (c 0.88, in chloroform).

Anal. Calcd. for C40H43NO9: C, 70.47; H, 6.36. Found: 
C, 70.44; H, 6.40.

Benzyl 2-Acetamido-4-0-acetyl-2-deoxy-3-0- [ u-1 - (methyl 
carboxylate)ethyl]-a-n-glucopyranoside (VI). From V.—Forty 
milligrams of V was detritylated by heating at 100° for 30 min. 
with 0.5 ml. of 60% acetic acid. The acetic acid was removed by 
evaporation, and the residue was dissolved in benzene and chro
matographed on silica gel. A mixture of ether and ethyl acetate, 
1:1, eluted 18.5 mg. (72%) of crystalline fractions, which were 
recrystallized from a mixture of acetone and ether, giving needles, 
m.p. 152-153° after sintering at 144° and resolidifying; [<*]%> 
+  127° (c 1.49, in chloroform).

Anal. Calcd. for C2,H29N 09: C, 57.39; H, 6.65; N, 3.19. 
Found: C, 57.51; H, 6.79; N, 3.28.

From IV.—A solution of 2.0 g. of IV in 6 ml. of dry pyridine 
was allowed to react with 1.6 g. of triphenylchloromethane 
overnight at room temperature. The solution was then heated 
to 100°, 5 ml. of acetic anhydride was immediately added, and 
the reaction was allowed to proceed for an additional 7 hr. at 
room temperature. After pouring into water, the gummy pre
cipitate was separated, then hydrolyzed with dilute acetic acid, 
and purified by chromatography as described in the previous 
section. Recrystallization from a mixture of acetone and ether 
gave 1.22 g. (55% over-all yield from IV), m.p. 152-153° (after 
sintering at 144°), identical with the product described pre
viously.

Benzyl 2-Acetamido-4,6-di-0-acetyl-2-deoxy-3-0-[n-l-methyl 
carboxylate) ethyl] -a-o-glucopyranoside (VII).—Incomplete tri- 
tylation of the primary hydroxyl group occurred if insufficient 
time was allowed for the reaction between IV and triphenyl
chloromethane. A preparation of VI, obtained directly from IV, 
in which the addition of acetic anhydride to the mixture of IV and 
triphenylchloromethane in pyridine had been made without 
leaving the mixture overnight at room temperature, contained a 
second product. During the chromatography on silica gel this 
product was separated by elution with a mixture of ether and 
ethyl acetate, 9:1. Ilecrystallization from a mixture of acetone 
and ether gave needles, m.p. 128-129°, [a]21n +118° (c 2.63, 
in chloroform). The product showed no hydroxyl group absorp
tion in the infrared spectra. From 4.3 g. of IV, 0.6 g. (12%) of 
VII was thus obtained.

Anal. Calcd. for C23H31NO10: C, 57.37; H, 6.49; N,
2.91. Found: C, 57.32; H, 6.50; N, 2.96.

An identical product was obtained by direct acetylation of IV 
in pyridine solution with acetic anhydride.

Benzyl 2-Acetamido-3-0- ( d- 1 -carboxyethyl) -2-deoxy-a-D- 
glucopyranoside (VIII).—To a solution of 300 mg. of IV in 9 ml. 
of methanol was added 1 ml. of 2 A7 sodium hydroxide, and the 
clear solution obtained was left overnight at room temperature. 
The solution was acidified with dilute acetic acid and evaporated. 
The residue was dissolved in a few milliliters of water and passed 
through a column of Dowex 50W-X8 (H+ form). Evaporation 
of the solution gave a residue (275 mg.), which was recrystallized 
from a mixture of methanol and ethyl acetate, giving 250 mg. 
(86%) of'needles, m.p. 160-161°, [a]MD +168° (c 1.25, in 
methanol).

Anal. Calcd. for C1SH25N 08: C, 56.39; H, 6.57; N, 3.65. 
Found: C, 56 34; H, 6.70; N, 3.70.

2-Acetamido-3-0-(D-l-carboxyethvl)-2-deoxy-«-n-glucose
(A-acetylmuramic Acid) (IX).—A solution of 100 mg. of VIII
in 10 ml. of 90% ethanol was hydrogenolyzed at room tempera
ture and normal pressure in the presence of 10% palladium on 
charcoal as catalyst. The filtrate was concentrated by evapo
ration, and the residue was recrystallized from a mixture of 
ethyl acetate and methanol, giving 67 mg. (87%), m.p. 120-122°.

A second crystallization gave 40 mg. of prisms, m.p. 122-124°. 
The product had a mutarotation from [a]22o +59° (after 8 
min.) to +39° (at equilibrium, after 6 hr., (c 1.58, in water).

Anal. Calcd. for CuHi9N 08: C, 45.04; H, 6.53; N, 4.77. 
Found: C, 44.77; H, 7.07; N, 4.71.

The substance was homogeneous in descending chromatog
raphy, using Whatman No. 1 paper. In a mixuire of butanol, 
pyridine, and water, 6.4.3, the /(2-„m¡no—2—deoxygiucose was 1.0, and, 
in a mixture of butanol, acetic acid, and water, 4:1:5 (upper 
phase), the /f2 acotamido-2-dcoxx.iuc.8e was 2.0. The spot obtained 
with the silver nitrate reagent10 was the pale-centered spot typical 
for muramic acid derivatives; a strong color was produced with a 
modified Morgan-Elson spray reagent.11 Using the Reissig, 
et al., modification12 of the Morgan-Elson test, the molar extinc
tion value, after a heating time of 3 min., was 17,300, very similar 
to that obtained for 2-acetamido-2-deoxyglueose under the 
same conditions; after 35 min., it was 14,500. In the Aminoff, 
et al., modification10 11 12 13 14 of this test, the molar extinction was 18,625 
using filter no. 56 of the Klett-Sumerson spectrophotometer.

2-Acetamido-4.6-di-0-acetyl-2-deoxy-3-0-[D-l-(methyl car- 
boxylate)ethyl]-a-n-glucose (X).—A solution of 200 mg. of VII in 
10 ml. of 90% ethanol was hydrogenated at room temperature and 
normal pressure for 18 hr. in the presence of 10% palladium on 
charcoal as catalyst. After filtration, the solution was evapo
rated and the residue was dissolved in ethylene dichloride and 
chromatographed on silica gel. Elution with ethyl acetate gave 
142 mg. (87%) of material, which was crystallized from a mixture 
of acetone and ether into needles, m.p. 181-183°. A recrystal
lization from the same solvents gave m.p. 182-183°, [a]26D 
+66° (c 1.44, in 90% ethanol). The product had no apparent 
mutarotation and the a-anomer was assumed on the basis of the 
positive rotation.

Anal. Calcd. for C+HkNOio: C, 49.10; H, 6.44; N, 3.58.
Found: C, 48.95; H, 6.47; N, 3.72.

Benzyl 6-0-(2-Acetamido-3,4,6—tri-0-acetyl-2-deoxy-,8-D- 
glucopyranosyl) -  2 - acetamido- 4 - 0 - acetyl -  2 - deoxy - 3 - 0 -  
[D -l-(m ethyl carboxylatejethyl]-a-i -glucopyranoside (XII).—Ten 
milliliters of a dry chloroform solution containing 1.0 g. of 
2- acetamido -  3,4,6 -  tri - 0 -  acetyl -  deoxy- a  -  d -  glucopyianosyl 
bromide (XI), that was prepared in situ according to Inouye, 
et al.,'* was added in two equal portions to a stirred mixture of 
0.55 g. of VI and 0.70 g. of mercuric cyanide in 10 ml. of nitro- 
methane at room temperature. The second portion was added 
after 20 hr., and the reaction was allowed to proceed an additional 
24 hr. The reaction mixture was then diluted with chloroform, 
and the organic layer was washed several times with a saturated 
sodium bicarbonate solution, then with water, and dried. After 
evaporation, the residue (1.2 g.) was dissolved in benzene and 
purified by chromatography on silica gel. A mixture of ether 
and ethyl acetate, 4:1, eluted a fraction which, on recrystalliza
tion from a mixture of acetone and ether, gave 0.42 g. of colorless 
needles, m.p. 152-153° (after previously sintering at 145°), 
identical with the starting material V. Ethyl acetate eluted a 
colorless product which crystallized from a mixture of acetone and 
ethanol in needles, weighing 0.035 g. (3.5%), m.p. 253-254°. 
A second crystallization from this solvent mixture gave m.p.
252-253° with resolidification on further standing and final 
melting at 260°; [a]26D +58° (c 1.02, in chloroform).

Anal. Calcd. for C36H48N2Oi7: C, 54.68; H. 6.43; N, 3.67. 
Found: C, 54.60; H, 6.37; N, 3.73.

Benzyl 6-0-(2-Acetamido-2-deoxy-/3-i>-glucopyranosyl)-2- 
acetamido - 3- 0 - (d -1 -  carboxyethyl) - 2 - deoxy -  a -  n - gluco- 
pyranoside (XIII).—To a solution of 80 mg. of XII in 2 ml. of 
methanol was added 0.03 ml. of aqueous 2 .V sodium hydroxide 
solution. The clear solution was left overnight at room tempera
ture and then passed through a column of Dowex 50W-X8 (H+ 
form). The column was washed with water and evaporation of 
the aqueous eluates gave 70 mg. of residue. Crystallization from 
methanol gave 35 mg. (60%) of needles, m.p. 227-228°, [a]D 
+87° (c 1.21, in methanol). The melting point was unchanged

(10) P . J . S to ffyn  a n d  R . W . Jean lo z , A r c h .  B i o c h e m .  B i o p h y s . ,  52, 373 
(1954); N. S h aro n  a n d  R . W . Jean lo z , J .  B i o l .  C h e m . ,  235, 1 (1960).

(11) C . E . C a rd in i a n d  L. F . L elo ir, i b i d . ,  225, 317 (1957).
(12) J . L. R eissig , J . L. S tro m in g er, a n d  L. F . Lelo ir, i b i d . ,  217, 959 (1955).
(13) D . A m inoff, W . T . J . M o rg an , a n d  W . M . W a tk in s , B i o c h e m .  J ., 51, 

379 (1952).
(14) Y . In o u y e , K . O nodera , S. K ita o k a , a n d  H . O ch ia i, J .  A m .  C h e m .  

S o c . ,  79, 4218 (1957).
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on further crystallization from methanol, and the infrared spec
trum showed no ester band (potassium bromide disk).

Anal. Calcd. for C2«H38N20i3: C, 53.23; H, 6.53; N, 4.77. 
Found: C, 53.07; H, 6.55; N, 4.70.

Acknowledgment.—The authors wish to thank Chas 
Pfizer and Company for a kind gift of 2-acetamido-2- 
deoxy-D-glucose.
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The ethyl tetra-O-acetyl-l-thioglycosides of a(or /3)-D-glucopyranose, /3-D-galactopyranose, and /3-u-galaeto- 
furanose reacted with chlorine tcTproduce the tetra-0-acetyl-/3-D-glycosyl chloride. The corresponding deriva
tive of D-mannose yielded an anomeric mixture of tetra-O-acetyl-D-mannopyranosyl chlorides. All of the tetra- 
0-acetyl-/3-o-glycopyranosyl chlorides reacted with mercuric acetate in acetic acid to form the d-u-glj'copyra- 
nose pentaacetate; tetra-0-acetyl-/3-D-galactofuranosyl chloride reacted similarly to form d-u-galactofuranose 
pentaacetate. The latter reaction gives a new route to /3-D-galactofuranose pentaacetate, since the halide was 
made through the l-thiofuranoside. Ethyl l-thio-a-D-glucofuranoside was benzoylated to the tetrabenzoate, 
m.p. 108-109°, [a]24d  +62.5° (CHC13), which was chlorinated to its sirupy tetra-O-benzoyl-D-glueofuranosyl 
chloride, and this with mercuric acetate yielded tetra-O-benzoyl-d-u-glucofuranosyl acetate, m.p. 130.5°, [a]23D 
— 34° (CHC13). This route likewise provides a new entry to the glucofuranose series. An interpretation of the 
course of these reactions is given.

The reaction of alkylthio compounds with bromine 
was established by Bonner.2 The reaction takes the 
course shown below, wherein, in the sugar series, the 
alkylthio group is part of a dithioacetal function or is 
the thioacetal group of a 1-thioglycoside.

—SR' +  Br2 — —Br +  BrSR'

In a fully acetylated aldose dithioacetal the reaction 
product is an aldehydo-acetate formed probably through 
the 1,1-dibromo derivative; in a 1-thioglycoside the 
product is a poly-O-acylglycosyl bromide. Weygand 
and associates3 especially developed the application of 
this reaction in the sugar series. We have employed 
this reaction for the synthesis of acyclic analogs of 
nucleosides4 and of nucleohexofuranosides.6

Herein we wish to report on the action of chlorine on
1-thioglycosides. In all cases studied save that of 
ethyl 1-thio-d-D-mannopyranoside (V) wherein an 
anomeric mixture (VII +  VIII) was obtained, the 
ordinarily unstable tetra-0-acetyl-/3-D-glycosyl chloride 
was formed regardless of the anomeric nature of the 1- 
thioglycoside. This statement is based upon isolated 
crystalline substances and does not necessarily estab
lish these as the only reaction products. The mother 
liquors were investigated by thin-layer chromatographic 
techniques and were found to be rather complex. Chlo
rides of the d-o-form were produced from the acety
lated ethyl 1-thioglycosides of a (or (S)-D-glucopyranose 
(I and II), d-n-galactopyranose, and S-n-galacto- 
furanose.

Following Bonner,2 the chlorine reacts with the 1- 
ethylthio group to form the chlorosulfonium chloride

(1) P o s td o c to ra l Fellow  u n d e r  G ra n t  G 14629 of th e  N a tio n a l Science 
F o u n d a tio n  (T h e  O hio  S ta te  U n iv e rs ity  R esea rch  F o u n d a tio n  P ro je c t 1178). 
A ck n o w led g m en t is m ade  to  a  F u lb r ig h t tra v e l g ra n t .

(2) W . A. B onner, J .  A m .  C h e m .  S o c . ,  70, 770, 3491 (1948).
(3) (a) F . W ey g an d , H. J . B e s tm a n n , an d  H. Z iem ann , B e r . ,  91, 1040 

(1958); F . W e y g an d , H . Z iem an n , a n d  H . J . B e s tm a n n , i b i d . ,  91, 2534 
(1958); (b) F . W ey g an d  a n d  H . Z iem an n , A n n . ,  657, 179 (1962).

(4) M ..L . W olfrom , A. B. F o s te r , P . M cW ain , W . v o n  B e b e n b u rg , a n d  
A. T h o m p so n , J .  O r g .  C h e m . ,  26, 3095 (1961); M . L. W olfrom , P . M cW ain , 
an d  A. T h o m p so n , i b i d . ,  27, 3549 (1962).

(5) M . L. W olfrom  an d  P. M cW ain , A b s tra c ts , 142nd N a tio n a l M ee tin g  of 
th e  A m erican  C hem ica l S ocie ty , A tla n tic  C ity , N . J . ,  S ep te m b er, 1962, p . 70.

I (illustrated in the D-glucose structure), which on 
heterolysis of the C-l to S bond, could lead to two types 
of carbonium ions: III (D-glucose) or VI (illustrated for 
the D-mannose derivative). It would appear that the 
postulated bicyclic ion III. stabilized by resonance, is 
the favored form. Attack of chloride ion upon III 
would be hindered from the bottom side (as illustrated) 
and would lead exclusively to the d-n-glycosyl chloride. 
On the other hand, attack of a chloride ion upon VI 
could occur from either side and would lead to an ap
proximately equal mixture of glycosyl chlorides, as 
was found for the D-mannose structure. With a few 
modern refinements, this explanation is essentially that 
given by Pacsu6 in 1945 to explain the products formed 
in certain Koenigs-Knorr reactions and by Bonner2 
in 1948 to interpret the action of bromine on 1-thio
glycosides.

It was then our endeavor to utilize the tetra-O- 
acylglycosyl chlorides so formed as an entry to the fully 
esterified sugar ester series. To this end the chlorides 
were replaced by acetoxy groups through reaction with 
mercuric acetate in acetic acid.7 This reaction had 
been utilized for the formation of d-D-acetates from the 
acylated a-D-glycosyl halides. We were, therefore, 
surprised to find that all the tetra-0-acetyl-/3-D-glycosyl 
chlorides employed likewise gave the /3-D-form of the 
pentaacetate. This finding could be explained by the 
steric course of the reaction being completely domi
nated by the ortho ester effect, the 1,2-frans-acetates 
being formed regardless of the anomeric nature of the 
glycosyl halide. This reaction series provides another 
source for d-n-galactofuranose pentaacetate. When 
applied to the sirupy tetra-O-benzoyl-D-glucofuranosyl 
chloride (XI), herein formed from the known ethyl 1- 
thio-a-D-glucofuranoside (IX), a crystalline tetra-O- 
benzoyl-D-glucoforanosyl acetate (XII) was obtained 
which was likewise of the 3-o-type. First crystals of

(6) E . P acsu , A d v a n .  C a r b o h y d r a t e  C h e m . ,  1, 118 (1945).
(7) B . L in d b e rg , A c t a  C h e m .  S c a n d . ,  3, 1355 (1949); L . A sp a n d  B . L ind- 

berg , i b i d . ,  5, 665 (1951); 6 , 941 (1952); M . L. W olfrom , A. T h o m p so n , an d
M . In a to m e , J . A m .  C h e m .  S o c . ,  77, 3160 (1955); 79, 3868 (1957); M . L. 
W olfrom  a n d  D . L . F ie ld s, T a p p i ,  40, 335 (1957).



N o v e m b e r . 1 9 6 3 T e t r a -O -a c y lg ly c o sy l  C h l o r id e s 2 9 8 7

compound X were obtained by thin-layer chromato
graphic techniques, illustrating the further value of this 
method.

CH2OH CH2OBz

CH2OBz

BzO

Hg(OAc)2

OBz
XI XII

Experimental
Preparation of Tetra-0-acetyl-/3-n-galactofuranosyl Chloride 

from Ethyl Tetra-O-acetyl- 1-thio-a-o-galactofuranoside.—Ethyl 
tetra-O-acetyl-l-thio-a-D-galactofuranoside (4.0 g.) was dis
solved in carbon tetrachloride (40 ml.) and to this was added 6 
ml. of a solution of chlorine gas in dry chloroform (0.127 g. of 
chlorine per ml. of chloroform). After stirring for 0.5 hr., the 
solution was evaporated under reduced pressure to a colorless 
solid which, after removal of volatile by-products (repeated 
solution in ether and evaporation of solvent), was crystallized

from absolute ether; yield, 3.1 g. (83%); m.p. 73°; [ a ] 21D — 80° 
(c 0.9, chloroform). These constants identify the substance as 
tetra-0-acetyl-/3-D-galactofuranosyl chloride.8 The product was 
compared with that prepared by the method of Ness, Fletcher, 
and Hudson8 and was found to be identical with it.

/3-n-Galactofuranose Pentaacetate from Ethyl Tetra-O-acetyl-1- 
thio-d-D-galactofuranoside.—Tetra-O-acetyl - 0 - n - galactof urano- 
syl chloride (1.032 g., 2.82 mmoles), prepared from ethyl tetra- 
0-acetyl-l-thio-/3-D-galactofuranoside as described in the pre
ceding section, and 470 mg. (1.47 mmoles) of mercuric acetate 
were dissolved in 15 nd. of anhydrous acetic acid and allowed to 
stand overnight at room temperature. The residue obtained on 
solvent removal was taken up in chloroform, leaving a residue of 
mercuric chloride; yield of mercuric chloride, 360 mg. (93%). 
The chloroform solution w'as concentrated to a sirup which was 
crystallized by solution in 1 ml. of ethanol and nucleation. Re
crystallization was effected from ethanol (2 ml.); yield, 645 mg. 
(5 8 .5 % ); m.p. 98°, unchanged on admixture with authentic 0-d- 
galactofuranose pentaacetate8 of like melting point.

Tetra-O-acetyl-d-n-galactopyranosyl Chloride from Ethyl Tetra- 
O-acetyl-l-thio-d-D-galactopyranoside.—An amount of 1.00 g. 
(2.55 mmoles) of ethyl tetra-0-acetyl-l-thio-/3-D-galactopyrano- 
side9’10 was dissolved in 8 ml. of carbon tetrachloride and to this 
was added 3 ml. of a solution of 0.45 g. of chlorine in carbon tetra
chloride. The solution was maintained at room temperature for 
30 min. after which the solvent was removed under reduced pres
sure. The residual sirup was obtained crystalline by solut ion in 
absolute ether and solvent, removal (six times) and was recrystal
lized twice from 3 ml. of absolute ether; yield, 0.52 g. (55.5%); 
m.p. 93-95°; [a]20n +12° (c 1, chloroform). For tetra-O-aeetyl-

(8) C . S. H u d so n  an d  J . M . Jo h n so n , ./. A m .  C h e m .  S o r . .  38, 1223 (1016); 
l i .  II. S ch lu b ach  an d  V. P roch o w n ick , B e r . ,  63, 2208 (1930); R . K. N ess, 
II. G. F le tc h e r , J r . ,  a n d  C . S. H u d so n , J .  A m .  C h e m .  S o r . ,  73, 3742 (1951).

(9) J .  F rie d  a n d  D . E . W alz, i b i d . ,  71 , 140 (1949).
(10) R . U . L em ieux , C a n .  J .  C h e m . ,  29 , 1079 (1951).
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/3-D-galactopyranosyl chloride, Schlubach and Gilbert11 report
93-94° and +6° while Korytnyk and Mills12 report 93° and +15° 
for the constants.

The chlorination reaction also can be carried out in absolute 
chloroform solution. All solvents must be pure and dry. A 
alight excess of chlorine has no noticeable effect. For larger 
amounts of material, cooling with iced water is recommended. 
Codistillation with ether on the crude product is essential to re
move the readily volatile secondary product ethanesulfenyl 
chloride. All of these mother liquors were investigated by thin- 
layer chromatography but no other crystalline products were 
isolated. The reaction mixtures were found to be rather complex 
with any anomeric forms, if present, being difficult to separate.

Penta-O-acetyl-d-u-galactopyranose from Tetra-0-acetyl-/3-n- 
galactopyranosyl Chloride.— An amount of 247 mg. (0.67 mmole) 
of tetra-O-acetyl-fl-D-galactopyranosyl chloride and 125 mg. 
(0.39 mmole) of mercuric acetate were dissolved in 3 ml. of acetic 
acid and maintained overnight at room temperature. To  this 
solution was then added 30 ml. of chloroform and the whole was 
washed successively with water, 4% aqueous sodium bicarbonate, 
and again with water. The sirup obtained on solvent removal 
was crystallized from 95% ethanol and was recrystallized from 
this solvent; yield, 190 mg. (72%); m.p. 141°, undepressed on 
admixture with authentic /3-D-galactopyranose pentaaeetate13 of 
like melting point.

Replacement of the acetic acid with dioxane, acetonitrile, or 
benzene led to much lower yields of product.

Tetra-O-acetyl-d-D-glucopyranosyl Chloride (IV) from Ethyl 
Tetra-O-acetyl-l-thio-a-o-glucopyranoside (II).— An amount of 
483 mg. (1.23 mmoles) of ethyl tetra-O-acetyl-l-thio-a-D-glucopy- 
ranoside14 15 16 (II) was converted to tetra-O-acety-(j-D-glucopyrano- 
syl chloride (IV) as described for the conversion of ethyl tetra- 
0 -acetyl-1 -thio-fi-D-galactopyranoside to tetra-O-acety 1-d-D-ga- 
lactopyranosyl chloride with chlorine in carbon tetrachloride, and 
the crystalline product was purified in the same manner; yield, 
330 mg. (73% ); m.p. 99°; [ « ] 20d — 14° (e 1, chloroform). Schlu
bach15 records 99-100° and — 13° for the corresponding constants.

Tetra-O-acetylqS-D-glucopyranosyl chloride also was obtained 
by similar treatment of 520 mg. of ethyl tetra-O -acetyl-l-thio-0 - 
D-glucopyranoside16 ( I ) ;  yield, 295 mg. (61%); m.p. 97-98°, un
depressed on admixture with authentic material.

Penta-O-acetyl-d-o-glucopyranose from Tetra-O-acetyl-d-o-glu- 
copyranosyl Chloride.— Tetra-O-acetyl-0-D-glucopyranosyl chlo
ride (290 mg., 0.79 mmole) was treated with mercuric acetate as 
described for the corresponding n-galactose compound, and the 
product was isolated in the same manner. Recrystallization 
from ethanol yielded pure penta-O-aeetyl-d-D-glucopyranose; 
yield, 66 mg. (21%,); m.p. 131°, undepressed on admixture with 
an authentic sample of like melting point.

Anomeric Mixture of Tetra-O-acetyl-o-mannopyranosyl Chlo
rides from Ethyl Tetra-O-acetyl-l-thio-a-D-mannopyranoside (V). 
— An amount of 700 mg. (1.78 mmoles) of ethyl tetra-O-aeetyl-1- 
thio-a-D-mannopyranoside3b'9 (V )  was treated with chlorine in 
carbon tetrachloride as described previously, and the product was

(11) H. H . S ch lubach  a n d  R . G ilb e r t, B e r . ,  63, 2296 (1930).
(12) W . K o ry tn y k  an d  J . A. M ills, J .  C h e m .  S o c . ,  636 (1959).
(13) E . E rw ig  a n d  W . K oen igs, B e r . ,  22 , 2207 (1889).
(14) P. B rig l, K . G ro n em eie r, a n d  A. S chulz , i b i d . ,  72, 1052 (1939); 

E . P acsu  a n d  E . J . W ilson, J r . ,  J .  A m .  C h e m .  S o c . ,  61, 1930 (1939).
(15) H . H . S ch lu b ach , B e r . ,  59, 844 (1926).
(16) W . S ch n e id er, J . Sepp , a n d  O. S tie h le r, i b i d . ,  51, 220 (1918).

isolated in the same manner and recrystallized from ether; yield, 
330 mg. (50.5%); m.p. 95-96°; [apu +7° (c 1, chloroform). 
The rotation indicated an approximately equal anomeric mixture. 
Separation was effected by slow evaporation from 10 ml. of ether. 
The first crop separated as stout, square crystals, m.p. 79°. The 
a - D  anomer VIII is reported17 to melt at 81°. The second crop 
consisted of long needles, m.p. 159°. The (3-u-anomer VII is re
ported12 to melt at 165°.

Ethyl Tetra-O-benzoyl-l-thio-a-D-glucofuranoside (X).—A 
solution of 7.5 ml. of chloroform and 5 ml. of dry pyridine and 
another of 4.6 ml. (40 mmoles) of benzoyl chloride in 7.5 ml. of 
dry pyridine were mixed after precooling to —5°. To the stirred 
solution was added 2.92 g. (10 mmoles) of ethyl 1-thio-a-D-gluco- 
furanoside6,18 (IX) at such a rate as to maintain the temperature 
below 0°. The solution was then maintained overnight at 0°, 
diluted with 30 ml. of chloroform, and washed successively with 
cold solutions of 5 %  sulfuric acid, 4% aqueous sodium carbonate, 
and finally cold water. A sirup was obtained on solvent removal 
from the dried (decolorizing carbon) solution. First seed of the 
desired product was obtained by thin-layer chromatography. An 
amount of 100 mg. of the sirup was applied to a 1-mra. layer of 
silica gel G (Stahl) on an 8 X 8 in. plate. Development was 
effected with ethyl acetate-chloroform (1:9 v./v.). The zone 
material at R i  0.95 was removed and eluted with acetone. The 
sirup obtained on solvent removal crystallized after standing 3 
weeks. The remaining sirup was dissolved in a few milliliters of 
ether and seeded. Crystalline material was obtained on standing 
overnight. Recrystallization was effected from 20 ml. of ethanol; 
yield, 3.02 g. (47.5%); m.p. 108-109°; [a]24D +62.5° (c 1.5, 
chloroform).

A n a l .  Calcd. for C36H320)S: C, 67.49; H, 5.39; S, 5.30. 
Found: C, 67.61; H, 5.03; 3,5.00.

Tetra-O-benzoyl-u-u-glucofuranosyl Acetate (XII).—An amount 
of 1.28 g. (2 mmoles) of ethyl tetra-O-benzoyl-l-thio-a-D-glueo- 
furanoside (X) was dissolved in 20 ml. of carbon tetrachloride to 
which was added 3.5 ml. of a solution of chlorine in carbon tetra
chloride (0.15 g. per ml.). Aher stirring 30 min. the excess 
chlorine and solvent were removed under reduced pressure, and 
ether was added (several times) to the resultant sirup and re
moved by distillation. The resultant sirup resisted crystalli
zation; [ a ] 20D  —10.5° (c 1, chloroform). A similar value, indi
cating a probable anomeric mixture, was found by Schlubach and 
co-workers19 for this sirupy substance prepared from D-gluco- 
furanose pentabenzoate. Ar. amount of 1.10 g. (1.79 mmoles) of 
the sirupy tetra-O-benzoyl-o-glucofuranosyl chloride was dis
solved in 10 ml. of acetic acid to which was added 300 mg. (0.94 
mmole) of mercuric acetate, and the whole was allowed to stand 
overnight at room temperature. The residue obtained on solvent 
removal was taken up in chloroform and filtered from mercury 
salts. The sirup obtained on chloroform removal was crystallized 
from ethanol and recrystallized from the same solvent; yield, 600 
mg. (52.5%); m.p. 130°. Pure material XII was obtained on 
further recrystallization from ethanol; m.p. 130.5°; [a]23D —34° 
(c 2, chloroform).

A n a l .  Calcd. for C36H3oOii: 0,67.71; II, 4.73. Found: C, 
67.78; H, 4.61.

(17) E . P acsu , i b i d . ,  61, 1508 (1928).
(18) J . W . G reen  a n d  E . P acsu , J .  A m .  C h e m .  S o c . ,  59, 1205 (1937).
(19) H . H . S ch lu b ach , F . T re fz . a n d  W . R au c h e n b e rg e r , B e r . ,  61, 2368 

(1928).
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G lycosyl H alide D erivatives o f  S -A m in o-S -d eoxy-D -m an n ose1

M. L. Wolfrom, H. G. Garg, and D. Horton

Department of Chemistry, The Ohio State University, Columbus 10, Ohio 
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1-Thioglycoside deriva tives of 3 -acetam ido-2 ,4 ,6 -tri-0 -acety  1-3-deoxy-D-mannopyranose reac t w ith  chlorine or 
brom ine to  give 3-acetam ido-2,4,6-tri-0-acetyl-3-deoxy-Q !-D -m annopyranosyl chloride or brom ide, and th e  reac
tion  provides a  facile rou te  to  a versatile  sy n th e tic  in te rm ed iate  from  readily  available s ta r tin g  m ateria ls. N on- 
ace ty la ted  1-thioglyeoside deriva tives of 3-am ino-3-deoxy-D -m annose reac t w ith chlorine to  give a novel glycosyl 
halide deriva tive  in which th e  am ino and  hydroxyl groups a re  n o t acy lated . T h is substance  reac ts  w ith alcohols 
to  give glycosides of th e  a -n  configuration.

The work of Bonner2 and of Weygand and associates3 
has opened a new route to the poly-O-acylglycosyl 
bromides, useful in the synthesis of nucleosides.4 
The method consists in the replacement of the ethylthio 
group of acylated 1-thioglycosides with bromine. In 
this laboratory we have been especially concerned with 
the extension of this reaction to the corresponding 
chlorides.5 The glycosyl halide derivatives formed 
retain the ring form of their I-thioglycoside precursor, 
and the anomeric disposition of the product is de
pendent on conformational, polar, steric hindrance, and 
neighboring group participation effects in the deriva
tive considered.2 3

The present work describes the application of this 
procedure to amino sugar derivatives, for preparation 
of 3-acetamido-2,4,6-tri-0-acetyl-3-deoxy-a-D-manno- 
pyranosyl bromide (IV) and the analogous chloride
(III). Acetylated glycosyl halides are versatile syn
thetic intermediates and this work enables preparation 
of the stable crystalline III, with the rare 3-amino-3- 
deoxy-D-mannose structure,6 7 in 15% yield from methyl 
a-D-glucopyranoside, with only two isolated interme
diate stages.7 8 The reaction of the nonacetylated 1- 
thioglycosides with chlorine also was found to give a 
chloride derivative, and some reactions of this novel 
nonacetylated glycosyl halide are discussed.

Mercaptolysis of methyl 3-amino-3-deoxy-a-D-man- 
nopyranoside hydrochloride (IX) with ethanethiol and 
hydrochloric acid has been shown8 to give ethyl 3- 
amino-3-deoxy-l-thio-a(and d)-D-mannopyranoside as 
a mixture which is readily resolved, after acetylation 
to the corresponding tetraacetyl derivatives I and II.8 
Either anomeric form I or II reacted readily with 
chlorine, under appropriate conditions, to yield the 
same crystalline 3-acetamido-2,4,6-tri-0-acetyl-3-de- 
oxy-a-D-mannopyranosyl chloride (III) in nearly 
quantitative yield. The acetylated glycosyl chloride 
III is stable and suffers no apparent decomposition on

(1) T h is  w ork  w as s u p p o r te d  b y  G r a n t  N o. C Y -3232  (C 5) (T he O hio S ta te  
U n iv e rs ity  R esea rch  F o u n d a tio n  P ro je c t 759E} from  th e  D e p a r tm e n t of 
H ea lth , E d u c a tio n , a n d  W elfare , U . S. P u b lic  H e a lth  S erv ice, N a tio n a l 
I n s t i tu te s  of H e a lth , B e th esd a , M d . P re lim in a ry  n o tices  on p o rtio n s  
of th is  w ork h av e  a p p e a re d  in  S c i e n c e , 140, 386 (1963), a n d  in  A b s tra c ts , 
145th  N a tio n a l M ee tin g  of th e  A m erican  C h em ica l S oc ie ty , N ew  Y ork .
N . Y ., S ep te m b er, 1963, p. 8D .

(2) W . A. B onner, J . A m .  C h e m .  S o c . ,  70 , 3491 (1948).
(3) F . W ey g an d , H . Z iem ann , a n d  H . J .  B e s tm a n n , B e r . ,  91, 2534 

(1958); F . W e g an d  a n d  H . Z iem an n , A n n . ,  657, 179 (1962); see also 
H . Z inner, A. K oine, a n d  H . N im z , B e r . ,  93, 2705 (1960).

(4) M . L. W olfrom , P. M cW ain , a n d  A. T h o m p so n , A b s tra c ts , 142nd 
N a tio n a l M ee tin g  of th e  A m erican  C h em ica l S ocie ty , A tla n tic  C ity , N . J .. 
S ep te m b er, 1962, p. 7D .

(5) M . L. W olfrom  a n d  W . G roebke , J .  O r g .  C h e m . ,  28 , 2986 (1963).
(6) H . H . B aer a n d  H . O. L. F isch e r, J .  A m .  C h e m .  S o c . .  82 , 3709 (1960).
(7) A. C . R ic h a rd so n , J .  C h e m .  S o c . ,  373 (1962).
(8) M . L. W olfrom , D . H o rto n , a n d  H . G . G arg , J . O r g .  C h e m . ,  28 , 1569

(1963).

storage over several weeks. With alcohols in the 
presence of mercuric cyanide9 III gives glycosides 
with the <x- d  configuration, and no ortho ester type 
derivatives wrere observed in the products under these 
reaction conditions. In the case of the reaction 
with methanol, the structure of the product, methyl 
3 - acetamido - 2,4,6 - tri - 0  - acetyl - 3 - deoxy - a -  
D-mannopyranoside (V), was directly verified by com
parison with a known sample prepared by acetylation 
of methyl 3-amino-3-deoxy-a-D-mannopyranoside hy
drochloride, the anomeric configuration of which is 
known with certainty since it is synthesized from 
methyl a-D-glucopyranoside.6

CH2OAc
r —  o

k  NHAc )  AcO\| AcO/SQH5

SCjH*

X2
X

SCrt

IX

The positive specific rotation of the acetylated gly
cosyl chloride III would indicate that it possesses the 
a-D configuration, and this assignment is supported by 
the optical rotatory data listed in Table I for III and 
related derivatives.

The anomeric 1-thioglycosides I and II also under
went reaction with bromine under conditions similar 
to those used in the reaction with chlorine, to give a 
product formulated as 3-acetamido-2,4,6-tri-0-acetyl-
3-deoxy-a-D-mannopyranosyl bromide (IV). This 
product was relatively stable and could be stored for 
several weeks, but, in contrast to the analogous chlo
ride, it was difficult to purify, and acceptable analytical 
data were not obtained. However, it underwent con
version to the known acetylated methyl a-n-glycoside

(9) B. Helferich and K. F. Wedemeyer, A n n ., 563, 139 (1949); R. Kuhn
and W. Kirschenlohr, Ber., 86, 1331 (1953).
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T a b l e  I

O p t i c a l  R o t a t o r y  D a t a

Compound
[a]D, deg. 
(CHCL) [M ]d, deg. Ref.

3-Acetamido-2,4,6-tri-0-acetyl-3- 
deoxy-a-n-mannopyranosyl 
chloride ( I I I ) +  55 +  10,100 a

2,3,4,6-Tetra-O-acetyl-a-D-man- 
nopyranosyl chloride +90 +32.850 b

M ethyl 3-acetamido-2,4,6-tri-0- 
acetyl-3-deoxy-a-D-manno- 
pyranoside (V ) +  40 +  14,500 a, c

M ethyl 2,3,4,6-tetra-O-aeetyl-a- 
D-mannopyranoside +  49 +  17.800 d, e

M ethyl 3-aeetamido-3-deoxy-a- 
D-mannopyranoside +  44; +  10.350 a, c

M ethyl a-D-mannopyranoside +  797 +  18.700 a
2,3,4,6-Tetra-O-acetyl-0-D-man- 

nopyranosyl chloride -3 4 -12,500 h
M ethyl 2,3,4,6-tetra-0-acetyl-/3- 

u-mannopyranoside -4 8 -17.300 i, j
M ethyl (3-D-mannopyranoside -7 0 / * -16.500 j

° See Experimental. b D. H. Brauns, J . Am. Chem. Soc., 44, 
401 (1922); E. Pacsu, Her., 61, 1 508 (1928). c See ref. 6. 
d J. K. Dale, J. Am. Chem. Soc., 46, 1046 (1924). « T. L. Harris,
E. L. Hirst, and C. E. Wood, J. Chem. Soc., 2108 (1932). < In
water. f E. Fischer and L. Beenseh, Her., 29, 2927 (1896); 
J. E. Cadotte, F. Smith, and 1). Spriestersbach, J. Am. Chem. 
Soc., 74, 1501 (1952). h W. Korytn.vk and J. A. Mills, ./. Chem. 
Soc., 636 (1959). 1 H. G. Bott, W. N. Haworth, and E. L.
Hirst, ibid., 2653 (1930). 1 H. S. Isbell and Harriet L. Frush, 
J. Res. Natl. Bur. Std., 24, 125 (1940). k Calculated for the 
unsolvated glycoside.

V under the same conditions as were used for the 
analogous reaction of the chloride III. This clearly 
establishes the structure of the glycosyl bromide pre
cursor IV.

In contrast to the extensive investigations made on 
the poly-O-acetylglycosyl halides, the free glycosyl 
halides have received little study, and most of the re
ports have involved the glycosyl fluoride structure,10 
where the stability of the C-F bond permits saponi
fication of the poly-O-acyl derivatives. Other glycosyl 
halides might be expected to be quite unstable in view 
of the reactivity of the halogen atom at the anomeric 
center toward hydroxyl groups. Ethyl 3-amino-3- 
deoxy-l-thio-a(and /3)-r>-mannopyranoside (VII), sus
pended in absolute chloroform, underwent reaction 
with chlorine heterogeneously, under the conditions 
that were described, to yield a crystalline product 
which was the unacetylated chloride VIII. A suitable 
recrystallizing solvent could not be found for this sub
stance and its anomeric nature was not established. 
It was rapidly converted by water into 3-amino-3- 
deoxy-D-mannose, and chromatography indicated that 
this was essentially the sole reaction product. Meth
anol reacted readily with VIII, and the product, iso
lated in high yield, was identical with the known 
methyl 3-amino-3-deoxy-a-n-mannopyranoside (IX). 
Weygand and Ziemann3 prepared methyl «-n-gluco- 
pyranoside by treating a methanolic solution of ethyl 
1-thio-a-D-glucopyranoside with bromine; a nonacy- 
lated glycosyl halide is a probable intermediate in this 
reaction. Under similar conditions sugar diethyl 
dithioacetals also give glycosides.11

(10) F. M icheel a n d  A lm u th  K leiner, A d v a n .  C a r b o h y d r a t e  C h e m . ,  16, 
85 (1961).

(11) R . K u h n , W . B asch a n g -B is te r , a n d  W . D afe ld e ck er, A n n . ,  641, 160 
(1961).

An example of a crystalline, nonacylated highly 
reactive sugar derivative, 1-deoxy-l-diazo-D-gfaZacfo- 
heptulose has been reported.12 Such derivatives can 
normally be isolated only as the acylated forms.

The steric course of the reactions leading to forma
tion of the acetylated glycosyl halide derivatives III 
and IV, and their subsequent conversion into the glyco
sides V and VI with the a-u configuration, would suggest 
the involvement in each reaction of a common closed-ion 
intermediate XI, as proposed by Weygand and Zie
mann3 and mentioned by Wolfrom and Groebke.6 
The intermediate XI, probably distorted toward the 
half-chair form, would open by attack at C-l from 
below the plane of the ring to give the observed prod
ucts III, IV with the favored axial disposition of the 
halogen substituent. In this orientation, the inter
action of the C-l-X dipole with the dipole formed 
from the unshared electron pairs of the ring oxygen is 
at a minimum,13 and the halogen atom is trans to the 
C-5 substituent.14 A reversal of the step III(IV) -*■ 
XI may be regarded as the first step in the conversion 
of the glycosyl halide derivatives into a-o glycosides 
V, VI.

X * Cl or Br
j  -C2H5SX

The formation of the a-D-glycosides is analogous to 
the reaction, with alcohols, of other 1,2-trans related 
poly-O-acetylglycosyl halides, first noted by Levene 
and Wolfrom15 in the D-lyxose structure. In this case, 
as in others found later, the yield of the a-D-glycoside 
has been low owing to the operation of other path
ways leading to ortho ester and /3-n-glycoside forma
tion.1617 In the present work, the use of mercuric cya
nide9 in a homogeneous medium afforded the a-n-gly-

(12) M . L. W olfrom , R . L. B row n, a n d  E . F. E v a n s , J .  A m .  C h e m .  S o c . ,  
65, 1021 (1943).

(13) J . T . E d w a rd , C h e m .  I n d .  (L o n d o n ), 1102 (1955).
(14) O. H asse l a n d  B. O tta r ,  A c i a  C h e m .  S c a n d . ,  1, 929 (1947).
(15) P. A. L evene a n d  M . L. W olfrom , J .  B i o l .  C h e m . ,  78 , 525 (1928).
(16) E . P acsu , A d v a n .  C a r b o h y d r a t e  C h e m . ,  1, 77 (1945); R . U. L em ieux  

i b i d . ,  9, 1 (1954); L. J . H ay n es  an d  F. H . N ew th , i b i d . ,  10, 207 (1955).
(17) H . S. Isb e ll a n d  H a r r ie t  L. F ru sh , J .  R e s .  N a t l .  B u r .  S t d . ,  43 , 161 

(1949).
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cosides in high yield, and no other products were 
isolated.

The intermediate XI is pictured as being stabilized 
by acetate participation. It is not immediately ap
parent how this would apply to the unacetylated re
action series VII —► VIII —► IX wherein the a -D - 
glycoside was likewise obtained in high yield. As 
noted, the anomeric nature of VIII could not be 
established and indeed it may have been an anomeric 
mixture.

Experimental18 19
3-Acetamido-2,4,6-tri-0-acetyl-3-deoxy-a-D-mannopyranosyl 

Chloride (III). A. From Ethyl 3-Acetamido-2,4,6-tri-0-acetyl-3- 
deoxy - 1 - thio - 0 - v  - mannopyranoside (II).—Dry chlorine was 
passed5 for 5 min. through a chilled solution of II8 (0.50 g.) in 
dichloromethane (20 ml.). After 10 min. at room temperature 
the solution was evaporated, and the residue twice evaporated 
from dry ether (30 ml.). The colorless sirup crystallized on 
trituration with petroleum ether; yield, 0.42 g. (90%). Re
crystallization from anhydrous ether gave III as plates; m.p.
131-133°; [a]22i> +55 ±  2° (c 0.4, absolute chloroform18); X™(
3.0 (NH), 5.70 (OAc), 6.05, 6.50 (NHAc), 13.40 M (C-Cl19); 
X-ray powder diffraction data20: 1 1.87 w, 10.78 vw, 9.26 w,
8.51 w, 7.28 s (1), 5.45 m, 4.45 m (2), 4.07 m (3,3), 3.84 vw,
3.63 vw, 3.41 m (3), 3.17 w, 2.97 vw.

Anal. Calcd. for C14H20ClNO8: C, 45.96; H, 5.47; Cl, 9.71, 
N, 3.83. Found: C, 45.80; H, 5.92; Cl, 10.05; N, 3.93.

B. From Ethyl 3-Acetamido-2,4,6-tri-0-acetyl-3-deoxy-l-thio- 
a-u-mannopyranoside (I).—A solution of Is (0.20 g.) in anhydrous 
ether (60 ml.) was treated with chlorine and processed as in A, to 
give crystalline III; yield, 0.18 g. (96%); X-ray powder 
diffraction data and other physical constants identical with those 
recorded for III prepared from II.

The product could be stored in a desiccator for several weeks 
without decomposition.

Methyl 3-Acetamido-2,4,6-tri-0-acetyl-3-deoxy-«-D-manno- 
pyranoside (V). A. From 3-Acetamido-2,4,6-tri-0-acetyl-3- 
deoxv-a-D-mannopyranosyl Chloride (III).—Five hundred milli
grams of II was converted into III by treatment with chlorine, 
and to the product was added mercuric cyanide (0.50 g.), benzene 
(3 ml.), and anhydrous methanol (1 ml.). The mixture was 
stirred for 3 hr. at room temperature, diluted with chloroform (30 
ml.), and washed with five 20-ml. portions of water until the 
washings gave no precipitate with silver nitrate solution. The 
solution was dried (magnesium sulfate) and evaporated, and the 
crystalline residue w'as recrystallized from ethanol-petroleum 
ether to give V; yield, 0.25 g. (46%. on basis II); m.p. 151-152°, 
[a] 20n +40.2 ±  5.2° (c 0.4, water); A“",' 3.05 (NH), 5.70 (OAc),
6.02, 6.45 m (NHAc); X-ray powder diffraction data20 identical 
with that of an authentic specimen: 11.12 vw, 8.42 vw, 7.73 m,
6.73 s (1), 6 .11 w, 5.85 s (2), 5.05 s (2,2), 4.81 vw, 4.56 vw, 4.43 
m (3), 4.25 m (3,3), 4.06 w.

Anal. Calcd. for Ci5H23N 09: C, 49.86; H, 6.37; N, 3.87. 
Found: C, 50.29; H, 6.85; N, 3.87.

Richardson7 quotes m.p. 153°, [a]n +41° (water), for this 
compound.

B. From 3-Acetamido-2,4,6-tri-0-acetyl-3-deoxy-a-D-manno-

(18) M e ltin g  p o in ts  w ere ta k e n  w ith  a H e rsh b e rg  a p p a ra tu s .  E v a p o ra 
tio n s  w ere p e rfo rm ed  u n d e r  re d u ce d  p re ssu re  below  40 ° . Specific r o ta tio n s  
w ere d e te rm in e d  in a 2 -d in . tu b e . In f ra re d  s p e c tra  w ere o b ta in e d  on a 
P e rk in -E lm e r In fraco rd  in fra re d  sp e c tro p h o to m e te r . P ap e r c h ro m a to g 
ra p h y  w as effec ted  b y  th e  d escen d in g  te c h n iq u e  w ith  th e  u p p e r  la y e r  of a 
4 :1 : 5  1 -b u ta n o l-e th a n o l-w a te r  sy s te m ; R m  re fe rs  to  m o b ility  re la tiv e  to  
th a t  of 3 -am ino -3 -deoxy -D -m annose  h y d ro ch lo rid e . Zones w ere d e te c te d  
b y  th e  s ilv e r n i t r a te -s o d iu m  h y d ro x id e  p ro ced u re  of W . E . T re v e ly a n , D . 
P. P ro c to r, a n d  J . S. H a rriso n , N a t u r e ,  166, 444 (1950). E th a n o l-fre e  
ch lo ro fo rm  w as purified  by  w ash ing  su ccess iv e ly  w ith  su lfu ric  ac id , aq u eo u s  
sod ium  b ic a rb o n a te , an d  w a te r, a n d  w as d rie d  w ith  m agnesium  su lfa te . 
M icro a n a ly se s  w ere p erfo rm e d  b y  W . N . R ond .

(19) W . A. S k in n er, A. P. M a r tin e z . H . F . G ram , L. G o o d m an , a n d  B. 
R . B aker, J .  O r g .  C h e m . ,  26 , 148 (1961); A. P. M a rtin e z . W . A. S k in n er. 
W . YV. Lee, L. G o o d m an , a n d  B . R . B ak e r, J .  A m .  C h e m .  S o c . ,  82 , 6050 
(1960).

(20) In te rp la n a r  sp ac in g , A., C u K a  ra d ia tio n . R e la tiv e  in te n s ity , e s ti
m a te d  v isu a lly , s, s tro n g ; m , m e d iu m ; w, w eak ; v, ve ry . F ir s t  few lines
a re  n u m b e red  (1, s tro n g e s t) ,  d o u b le d  n u m b e rs  in d ic a te  a p p ro x im a te ly  equa l
in te n s itie s .

pyranosyl Bromide (IV).—To a chilled solution of ethyl 3-acet- 
amido - 2,4,6 - tri - 0  - acetyl - 3 - deoxy - 1 - thio - a - d  - manno
pyranoside8 (I) (0.20 g.) in anhydrous ether (60 ml.), was added 
bromine (0.08 g.) dissolved in a small amount of ether. The well 
stirred mixture was evaporated after 10 min. at room tempera
ture, the sirup re-evaporated with ether (twice), and the residue 
triturated with petroleum ether to give a pale yellow, amorphous 
product [yield, 0.18 g. (86%); m.p. 60°] to a viscous liquid which 
became mobile at 125°, [ a ] 20D  +58.7 ±  0.8° (0.5 hr., c 0.63, pure 
chloroform); A*“[ 2.95 (NH), 5.70 (OAc), 6.00, 6.45m (NHAc).

The same product was formed, in 81% yield, when ethyl 3- 
acetamido-2,4,6-tri-0-acetyl-3-deoxy-1 - thio -/3- d- mannopyrano
side (II) was used as the starting material.

The compound could be stored in a desiccator for 2 weeks with
out apparent decomposition.

Treatment of IV (0.10 g.) with methanol in the presence of 
mercuric cyanide as in A gave V [yield, 0.05 g. (57%)] with physi
cal constants identical to those of the product from A and to 
those of a sample prepared by acetylation of methyl 3-amino-3- 
deoxy-a-D-mannopyranoside hydrochloride (IX).

Methyl 3-Acetamido-3-deoxy-a-D-mannopyranoside—Methyl 
3-acetamido-2,4,6-tri-O-acety 1-3-deoxy-a-D-mannopy ranoside (V) 
was de-O-acetylated with methanolic ammonia at 0° to give the 
known methyl 3-aeetamido-3-deoxy-a-r>-mannopy ranoside in 
70% yield; m.p. 241-243°; [a]22d + 42.8 ±  0.8° (c 1.35, water). 
For this compound Richardson7 records the corresponding con
stants 241-242° and +44°.

Ethyl 3-Acetamido-2,4,6-tri-0-acetyl-3-deoxy-a-i>-mannopy- 
ranoside (VI).—To 3-acetamido-2,4,6-tri-0-acetyl-3-deoxy-a-D- 
mannopyranosyl chloride (III) prepared by the action of chlorine 
on I ( 1.00 g.) was added benzene (6 ml.), mercuric cyanide (1.0 
g.), and anhydrous ethanol (2 ml.). The mixture was stirred for 
3 hr. at room temperature, processed by the procedure used for V, 
and recrystallized from ethanol-petroleum ether as needles; 
yield, 0.65 g. (69% based on I); m.p. 162-163°; [aj^D +32.7 ±  
0.9° (c 0.6, methanol); 3.05 (NH), 5.70 (OAc), 6.05, 6.50  ̂
(NHAc); X-ray powder diffraction data20: 8.93 w, 7.83 m (3),
6.78 vw, 5.85 m (2), 4.62 vw, 4.45 m, 4.27 vw, 3.96 s (1), 3.70 
vw, 3.56 vw, 3.44 vw, 3.36 vw.

Anal. Calcd. for Ci6H2sN09: C, 51.20; H, 6 .66; N, 3.73. 
Found: C.51.14; H, 6.89; N,3.78.

Ethyl 3-Acetamido-3-deoxy-a-D-mannopyranoside.—Dry am
monia was passed for 30 min. through a solution of ethyl 3-acet- 
amido - 2,4,6 - tri - O - acetyl - 3 - a -deoxy - a - D  - mannopyrano
side (VI) (0.30 g.) in methanol (15 ml.) at 0°. After 1 hr. at 
room temperature the solution was evaporated and the residue w-as 
recrystallized from ethanol-ether; ydeld, 0.095 g. (52%); m.p. 
209-210°, softening at 189°; [«¡“ d +42.2 ±  1.2° (c0.44, meth
anol); X™' 2.95 (OH, NH), 6.02, 6.48 /1 (NHAc); X-ray powder 
diffraction data20: 8.67 m (3), 7.94 m, 7.41 vw, 6.26 m (3,3), 5.97 
s (1), 4.75 w, 4.15 vw, 3.93 s (2), 3.63 m, 3.41 vw, 3.24 vw, 3.12 
w.

Anal. Calcd. for C10H19NO6: C, 48.19; H, 7.63; N, 5.62 
Found: C, 48.32; H, 7.69; N,5.72.

3-Amino-3-deoxy-i)-mannopyranosyl Chloride Hydrochloride
(VIII).—A mixture (0.50 g.) containing approximately equal 
amounts of ethyl 3-arnino-3-deoxy-l -thio-a- and /3-n-manno- 
pyranosides (VII), as isolated by mercaptolysis of methyl 3- 
amino-3-deoxy-a-n-rnannopyranoside hydrochloride (IX ),8 was 
suspended in chloroform (50 ml.). Chlorine was passed for 10 
min. through the chilled suspension, which was then stirred for 3 
hr. and filtered. The crystalline solid was washed well with 
chloroform and dry ether; yield, 0.45 g. (100%). The crude prod
uct was insoluble in all nonhydroxylic solvents tried, and a suit
able recrystallization solvent could not be found; m.p. 165-175° 
(preliminary browning at 160°); [«¡21d +34.8 ±  0.5° (c 0.9,
.V,.V-dimethylformamide); A*”,' (#*) 3.05 (OH), 6.25, 6.55 (NH3+),
13.65 (C-Cl26); X-ray powder diffraction data20: 10.59 w, 7.28 
s (2), 5.17 vw, 4.86 vw, 4.32 vs (1), 4.08 vw, 3.28 w, 3.60 w, 3.39 
m (3), 3.08 m (3,3), 2.98 w, 2.67 w.

Anal. Calcd. for C6H,3C12N 04: C, 30.76; H.5.55; Cl, 30.34; 
N, 5.98. Found: C, 30.65; H,5.78; Cl, 30.30; X.5.96.

Reaction of 3-Amino-3-deoxy-D-mannopyranosyl Chloride Hy
drochloride (VIII) A. With Water.—A few milligrams of VIII 
was dissolved in water and the solution was examined by paper 
chromatography. A single major zone, Rm 1.0, indistinguishable 
from 3-amino-3-deoxy-D-mannose hydrochloride, was observed, 
together with a very weak zone, Rm 1-8 .

B. Methanol.—A solution of VIII (0.20 g.) in anhydrous
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methanol (2 ml.) was refluxed for 1 min. and left 1 day at room 
temperature. Addition of ether to the solution gave crystalline 
methyl 3 - amino - 3 - deoxy - a - d - mannopyranoside hydrochlo
ride (IX); yield, 0.16 g. (82%); physical constants identical to 
those of an authentic sample; X-ray powder diffraction data20:

10.98 m (3), 7.53 s (1), 6.03 vw, 5.45 vw, 5.23 vw, 4.46 s (2),
4.07 m, 3.79 m, 3.45 s (2,2), 3.14 w, 2.83 vw, 2.73 vw.

Examinations of the reaction mixture by paper chromatography 
revealed a major zone, Rm 1.66, corresponding to IX, with weak 
zones at Rm 1.0 and 2.7.

C onversion o f 2 -A m in o -2 -d eo x y -l-th io -D -g lu co se  D erivatives in to  G lycosyl H alide  
D erivatives. A T etra-O -acety lg lycosy lsu lfen y l B rom ide1

D. Horton, M. L. Wolfrom, and H. G. Garg 
Department of Chemistry, The Ohio State University, Columbus 10, Ohio 

Received May 29, 1963

The V- and S-substituted derivatives I, II, III, V, VI, and VIII of 3,4,6-tri-0-acetyl-2-amino-2-deoxy-l- 
thio-D-glueose react with chlorine or bromine to give the corresponding V-substituted 3,4,6-tri-0-acetyl-2- 
amino-2-deoxy-a-D-glucopyranosyl chlorides (IV, X) or bromides (VII). 3,4,6-Tri-0-acetyl-2-amino-2-deoxy- 
a-D-glucopyranosyl chloride hydrochloride (X) is also formed on chlorination of 3,4,6-tri-0-acetyl-2-anisylidene- 
amino-2-deoxy-d-D-glucopyranosyl ethylxanthate (IX). Bromination of 2,3,4,6-t.etra-0-acetyl-l-/S-acetyl-l- 
thio-fl-D-glucopyranose (XIII) in carbon tetrachloride solution gives crystalline 2,3,4,6-tetra-O-acetyl-d-u- 
glucopyranosylsulfenyl bromide (XIV), a novel derivative in the carbohydrate field with potential value as a 
synthetic intermediate. The V-substituted 2-(3,4,6-tri-0-acetyl-2-amino-2-deoxy-/3-D-glucopyranosyl)-2-thio- 
pseudourea salt derivatives XI and X II were found to be unreaetive under the halogenation conditions. The 
mechanism of these reactions is discussed from a common standpoint.

The conversion of acetylated phenyl 1-thioglycosides 
to poly-O-acetylglycosyl bromides by bromine treat
ment in an inert solvent was first described by Bonner,2 
and extended by Weygand and associates,3 and others,4 
with the ethyl analogs. Chlorination to the corre
sponding glycosyl chlorides was described by Wolfrom 
and Groebke,6 and the reaction was extended in this 
laboratory6 to the synthesis of amino sugar glycosyl 
halides in the 3-ammo-3-deoxy-D-mannose series.6 The 
present work describes the conversion of a range of Al
and ¿(-substituted derivatives of 3,4,6-tri-O-acety 1-2- 
ami i io-2-deoxy- 1 -thio-/S-D-gl ucose into W-substituted
3,4,6-tri-O-acety 1-2-ami no-2-deoxy- a-D-glucopyranosyl 
bromides or chlorides, and the behavior of related de
rivatives which do not react to give products of this 
type.

Most of the compounds utilized were prepared by the 
procedures described by Horton and Wolfrom.7 3,4,6- 
Tri - O - acetyl - 2 - deoxy - 2 - (2,4 - dinitroanilino)- 
/3-D-glucopyranosyl ethylxanthate (VI) was prepared 
by treatment of 3,4,6-tri-0-acetyl-2-deoxy-2-(2,4-dini- 
troanilino)-a-D-glucopyranosyl bromide (VII) with 
potassium ethylxanthate in acetone-ethanol solution, 
followed by chromatography of the product on silica 
gel.

Ethyl 2-acetamido-3,4,6-tri-0-acetyl-2-deoxy-l-thio- 
/3-D-glucopyranoside8 (I), 2-acetamido-3,4,6-tri-0-acetyl 
l-S-acetyl-2-deoxy-l-thio-/3-D-glucopyranose7 (II), and

(1) T h is  w ork  w as s u p p o r te d  in p a r t  b y  G ra n t  N o. C y-3232 (C 5) (T h e  O hio 
S ta te  U n iv e rs ity  R esea rc h  F u n d  P ro je c t 759E ) from  th e  D e p a r tm e n t  of 
H e a lth , E d u c a tio n , a n d  W elfare, U. S. P ub lic  H e a lth  S erv ice , N a tio n a l I n 
s t i tu te s  of H e a lth , B e th esd a , M d . ,a n d in  p a r t  b y  C o n tra c t  N o. D A -49-193- 
M D -2143  (T h e  O hio S ta te  U n iv e rs ity  R esea rch  F u n d  P ro je c t 1187) from  th e  
W a lte r  R eed  A rm y  I n s t i t u te  of R esea rch , W a sh in g to n , D . C . T h e  op in ions  
exp ressed  in  th is  a r t ic le  a re  th o se  of th e  a u th o rs , a n d  n o t necessa rily  th o se  of 
e i th e r  sp o n so rin g  agen cy . P re lim in a ry  re p o r t :  A b s tra c ts  of P ap e rs , 145th  
N a tio n a l M e e tin g  of th e  A m erican  C hem ica l S ocie ty , N ew  Y ork , N . Y .( 
vSeptem ber, 1963, p. 8D .

(2) W . A. B o n n er, J .  A m .  C h e m .  S o c . ,  70, 3491 (1948).
(3) F. W e y g an d , H . Z iem an n , a n d  H . J . B es tm an n , B e r . ,  91, 2534 (1958); 

F . W e y g an d  a n d  I i .  Z iem an n , A n n . ,  657, 179 (1962).
(4) H . Z in n er, A. K oine, an d  H . N im z, B e r . ,  93, 2705 (1960).
(5) M . L. W olfrom  a n d  W . G roebke , J .  O r g .  C h e m -., 28, 2986 (1963).
(6) M . L. W olfrom , H . G . G arg , a n d  D . H o rto n , i b i d . ,  28, 2989 (1963).
(7) D . H o r to n  a n d  M . L. W olfrom , i b i d . ,  27, 1794 (196.
(8) L. H ough  a n d  M . I. T a h a , J . C h e m .  S o c . ,  2042 (1 9 52 )6 ).

NHAc NHAc

2-acetamido-3,4,6-tri-O-acetyl - 2-deoxy -/3 - d  -glucopyr- 
anosyl ethylxanthate7 (III), all reacted rapidly in
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methylene chloride solution with chlorine at room tem
perature, to give crystalline 2-acetamido-3,4,6-tri-0- 
acetyl-2-deoxy-a-D-glucopyranosyl chloride79 (IV) in 
high yield. Treatment of 3,4,6-tri-0-acetyl-l-<S-acetyl- 
2-deoxy-2-(2,4-dinitroanilino)-l-thio-/3-D-glucopy lanose7 
(Y), or 3, 4, 6-tri-0-acetyl-2-deoxy-2-(2,4-dinitroani- 
lino)-/l-D-glucopyranosyl ethylxanthate (VI), in meth
ylene chloride solution, with bromine at room 
temperature gave in each case a high yield of 
crystalline 3,4,6 - tri - 0 - acetyl - 2 - deoxy - 2 - (2,4 - 
dinitroanilino) - a - d - glucopyranosyl bromide710 (VII). 
Similarly, treatment of 3,4,6-tn-O-acety 1-2-ami no- 
2 - deoxy - ¡3 - d - glucopyranosyl ethylxanthate hydro
chloride7 (VIII) in methylene chloride with chlo
rine gave a high yield of a crystalline product showing 
the correct analysis for the anticipated 3,4,6-tri-O- 
acetyl-2-amino-2-deoxy-a-D-glucopyranosyl chloride hy
drochloride (X). The latter compound has not to our 
knowledge been reported previously; it is the chlorine 
analog of 3,4,6-tri-0-acetyl-2-amino-2-deoxy-a-D-glu- 
copyranosyl bromide hydrobromide, a compound first 
described by Irvine and co-workers9 10 11 and widely used in 
synthetic work.12 13 The infrared spectra of X and Ir
vine’s compound11 were closely similar. The same 
product X was produced, in practically quantitative 
yield, when an ethereal solution of 3,4,6-tri-0-acetyl-2- 
anisylideneamino-2-deoxy-d-D-glucopyranosyl ethyl
xanthate13 (IX) was treated with chlorine at room tem
perature, indicating a rapid cleavage of the Schiff base 
substituent under these conditions. Generation of 
hydrogen chloride by hydrolysis of the sulfenyl chloride 
derivative formed from the C-l substituent was not 
considered probable. Rapid chlorination of the (acti
vated) aromatic nucleus, with cleavage of the (labilized) 
Schiff base by the hydrogen chloride thus formed, would 
logically explain the observed reaction.

The reaction at C-l in each of the foregoing examples 
would appear to follow the mechanism proposed by 
Bonner2 (Scheme A) for the bromination of phenyl 
tetra- 0  - acetyl -1-th io-/3-d - glucopy ranoside ; S - halo
génation by a halonium ion is followed by C-l to S- 
heterolysis to yield a glycosyl carbonium ion, which is 
attacked, possibly synchronously, by halide ion, to 
give the a-D halide. The rapidity of the reaction sug
gests that initial formation of a /3-d halide, and subse
quent anomerization, is not involved.

Sc h e m e  A

anilino)-/3-D-glucopyranosyl ]-2-thiopseudourea hydro
bromide7 (XI) (with bromine), and 2-(2-acetamido-
3,4,6-tri-O- acety 1 -2- deoxy -/3-d- glucopyranosyl) -2- thio- 
pseudourea hydrochloride7 (XII) (with chlorine) under 
considerably more vigorous conditions than those used 
in the foregoing conversions, gave no detectable reac
tion, and in each case the starting material was re
covered in high yield. It would appear probable that 
the inductive effect of the positively charged amidinium 
group and the contribution of resonance structures of 
the type

+NH2 n h 2
- /  /—S—c — »— s—c
" \  \

n h 2 +n h 2
\

n h 2

would so lower the electron density on the sulfur atom 
as to prevent electrophilic halogenation on the sulfur 
atom, the postulated first stage in the replacement reac
tion.

The reaction of 2,3,4,6-tetra-O-acetyl-l-N-acetyl-l- 
thio-/3-D-glucopyranose714 (XIII) follows a different 
course from the foregoing examples, and treatment of a 
carbon tetrachloride solution of XIII with bromine for 
five minutes at room temperature gives a high yield of a 
crystalline, strongly levorotatory product showing the 
correct analysis for tetra-0-acetyl-/3-D-glucopyranosyl- 
sulfenyl bromide (XIV). Formation of this product 
can be rationalized on the basis of an alternative cleav
age pathway (Scheme B) of the initial halogenated

S c h em e  B

OAc OAc OAc

derivative with, in this case, heterolysis of the sulfur to 
acetyl bond to give XIV and acetylium ion, which com
bines with the halide ion. It would appear that the 
course of the reaction will depend on the readiness with 
which the glycosyl carbonium ion (Scheme A) or the 
R + carbonium ion (Scheme B) are formed; clearly, in 
the case of ethyl 1-thioglycoside derivatives, Scheme A 
would be favored owing to the relative difficulty with 
which the C2H5+ carbonium ion is formed, while in the 
case of XIII the more stable acetylium ion can form, to 
favor reaction by Scheme B. Further experiments will 
be necessary to provide proof of this hypothesis, but a 
relevant parallel case may be cited in the hydrolysis of 
alkyl and aryl D-glucopyranosides, which is believed to 
occur16 (Scheme C) by initial reversible protonation to

Attempted halogenation of the thiopseudourea 
derivatives 2- [3,4,6-tri-0-acetyl-2-deoxy-2-(2,4-dinitro-

(9) B. R . B ak e r. J . P . J o se p h , R . E . S ch au b , a n d  J . H . W illiam s, J .  O r g  

C h e m . ,  19, 1786 (1954); D . H . L eab ack  a n d  P . G . W a lker, J .  C h e m .  S o c . ,  

4754 (1957); F . M icheel, F .-P . v an  de K am p , a n d  H . P e te rse n , B e r . ,  90, 
521 (1957).

(10) P. F . L loyd  a n d  M . S tac ey , T e t r a h e d r o n ,  9 , 116 (1960).
(11) J . C . I rv in e , D . M cN ico ll, a n d  A. H y n d , ./. C h e m .  S o c . ,  99, 250 

( 1 9 1 1 ) ; see also  M . L. W olfrom  an d  T . M . S hen  H a n , ./. O r g .  C h e m . ,  26 , 2145 
(1961).

(12) D . H o rto n , ‘‘T h e  A m ino  S u g a rs ,’ R . W . Jean lo z  an d  E . A. B alasz, 
E d ., Vol. 1, A cadem ic  P ress , In c ., N ew  Y o rk , N . Y ., 1963, in p ress .

(13) W . M ey er zu R e c k en d o rf a n d  W . A. B o n n er, B e r . ,  94 , 2431 (1961).

Sc h e m e  C

(14) T h e  a u th o rs  w ish to  acknow ledge an  ea rlie r  sy n th e s is  of X I I I  
b y  a ro u te  s im ila r  to  t h a t  desc rib ed  in ref. 7 b u t  n o t c ited  th e re in : J . F. 
D an ie lli, M . D an ie lli, J . B. F ra se r . P . D . M itc h e ll , L. N . O w en, a n d  G. 
S haw . B i o c h e m .  J . ,  41, 325 (1947).

(15) C . A rm our, C. A. B u n to n , S. P a ta i ,  L. H . S elm an , an d  C . A. V ernon , 
J .  C h e m .  S o c . ,  412 (1961).
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the conjugate acid, which then undergoes rate-deter
mining heterolysis, normally at point a with primary 
alkyl, or aryl groups, to give a glycopyranosyl carbon- 
ium ion intermediate. In the case of 1-butyl /3-n-glu- 
copvranoside, however, the evidence16 indicates cleav
age at b, the /-butyl carbonium ion being generated 
more readily than the glycopyranosyl carbonium ion.

The sulfenyl bromide derivative XIV showed no 
change in rotation in chloroform or ether solution over 
an observation period of four hours. The relative 
stability of alkanesulfenyl halide in nonpolar solvents 
such as carbon tetrachloride has been noted.16 Crystal
line XIV could be stored in a desiccator at 25° for 
several days before it decomposed to an oil. By analogy 
with the general reactivity of alkyl and aryl sulfenyl 
halides,17 carbohydrate sulfenyl halides should find wide 
application in syntheses, providing an electrophilic 
sulfur atom as an attacking group, in contrast to the 
nucleophilic character of known tliio sugar derivatives.18 
The observed stability of XIV would indicate a reac
tivity intermediate between that of the very labile alk
anesulfenyl halides and the more stable aryl analogs; 
it can be expected to undergo ionic addition to un- 
saturated functions, and to replace active hydrogen 
atoms as in ketones, diethyl malonate, ethyl acetoace- 
tate, and phenols. With amines it should form sulfen- 
amides; it should give disulfides with thiols, and sul
fides with Grignard reagents or aromatic hydrocarbons 
(Friedel-Crafts conditions).

Experimental19
2 -Acetamido-3,4,6-tri-0-acetyl-2-deoxy-a-i>-glucopyranosyl 

Chloride (IV). A. From Ethyl 2-Acetamido-3,4,6-tri-0- 
acetyl-2-deoxy-l-thio-/3-o-glucopyranoside (I).—Chlorine was 
passed for 5 min. through a chilled solution of I8 (100 mg.) in 
methylene chloride (10 ml.). Concentration of the solution 
after a 10-min. reaction time gave crystalline IV, yield, 90 mg. 
(96%); m.p. 130-132°; X-ray powder diffraction data identical 
with those of an authentic specimen.7

B. From 2-Acetamido-3,4,6- tri-0-acetyl-l-»S'-acetyl-2-deoxy- 
l-thio-0-n-glucose (II).—Treatment of II7 (0.50 g.) in methylene 
chloride (20 ml.), with chlorine, and processing as for A gave IV; 
yield, 0.38 g. (84%), with physical constants identical with those 
of authentic material.

C. From 2-Acetamido-3,4,6-tri-0-acetyl-2-deoxy-/3-i>-glucopy- 
ranosyl Ethylxanthate (III).—Treatment of III7 (0.50 g.) in 
methylene chloride (20 ml.) with chlorine, and processing as for 
A gave IV [yield (after two recrystallizations), 0.35 g. (73%)] 
with physical constants identical with those of authentic material.

3,4,6-Tri-0-acetyl-2-deoxy-2-(2,4-dinitroanilino)-|3-i)-glucopyra- 
nosyl Ethylxanthate (VI).—A solution of 3,4,6-tri-0-acet.yl-2-de- 
oxy-2-(2,4-dinitroanilino)-a-D-glucopyranosyl bromide (VII )’■10 
(0.62 g.) in acetone (10 ml.) was mixed with a solution of potas
sium ethylxanthate (0.35 g.) in ethanol (10 ml.). After 1 hr. the 
product was poured into water (250 ml.), and after 24 hr. the yel
low' gum was washed by decantation, dried, dissolved in benzene 
(15 ml.), and placed at the top of a 17 X 150 mm. column of silica

(16) C . G . M oore  a n d  M . P o r te r , J . C h e m .  S o c . ,  2890 (1958).
(17) I. B. D oug lass , in “ O rgan ic  S u lfu r C o m p o u n d s ,”  Vol. 1, N . K h arasch , 

l td ., P erg am o n  P ress, L ondon , 1961, p. 350.
(18) D. H o rto n  a n d  D . H . H u tso n , A d v a n .  C a r b o h y d r a t e  C h e m . ,  18, 123 

(1963).
(19) M e ltin g  p o in ts  w ere ta k e n  w ith  a H ersh b erg  a p p a ra tu s .  In fra re d

sp e c tra  w ere m easu red  w ith  a  P e rk in -E lm e r “ In f ra c o rd ” in fra re d  sp ec
tro p h o to m e te r . M ic ro a n a ly tic a l d e te rm in a tio n s  w ere m a d e  b y  W . N . 
R ond . X -R a y  p ow der d iffra c tio n  d a ta  g ive  in te rp la n a r  sp ac in g s, A., for 
C u K a  ra d ia tio n . R e la tiv e  in te n s ity , e s tim a te d  v isu a lly : 8, s tro n g ; m,
m ed iu m ; w, w eak ; v, ve ry . F ir s t  few  lines  a re  n u m b e red  (1 s tro n g e s t) ;  
d o u b le  n u m b e rs  in d ic a te  a p p ro x im a te ly  eq u a l in te n s itie s .

(20) S ilica Gel D av iso n , G rad e  950, 60—200 m esh , a  p ro d u c t of th e
D av ison  D iv is ion  of th e  W . R . G race  C hem ica l C o ., B a ltim o re , M d .

gel.20 The colored zone was developed off the column with ether 
to give the product VI as a yellow glass; yield, nearly quantita
tive; [<r]*D +65 ±  0.6° (c 0.9, chloroform); X™' 3.03 (NH),
5.73 (OAc), 6.17, 6.28, 6.56 (aryl C=C), 7.33 (C=S?), 7.48 
(N02), 13.43, 13.84 ¿c (substituted benzene). Traces of colored 
side-products remained at the top of the column.

Anal. Calcd. for C,,U>5N'30 12S;i: C, 43.82; H, 4.36; N, 
7.30; S, 11.13. Found: C, 43.79; H, 4.57; N, 7.35; S, 11.53.

3.4.6- Tri-0-acetyl-2-deoxy-2-(2,4-dinitroanilino)-a—n-gluco- 
pyranosyl Bromide (VII). A. From 3,4,6-Tri-O-acetyl-l-S-ace- 
tyl-2-deoxy-2-(2,4-dinitroanilino)-l-thio-/3-D-glucopyranose (V). 
—A solution of V7 (100 mg.) in methylene chloride (5 ml.) at 
room temperature was treated dropwise with a slight excess of 
bromine in methylene chloride, and after 10 min. at room tem
perature the solution was concentrated and triturated with ether 
to give a crystalline product, which was filtered and washed well 
with ether; yield, 75 mg. (75%); m.p. 150-152° dec., unde
pressed on admixture with authentic VII7; infrared spectrum 
identical with that of authentic VII.

B. From 3,4,6-Tri-0-acetyl-2-deoxy-2-(2,4-dinitroanilino)-/3- 
o-glucopyranosyl Ethylxanthate (VI).—Under conditions similar 
to those used in A above, VI (100 mg.) gave 80 mg. (86%) of 
VII, m.p. 150-152°, with an infrared spectrum indistinguishable 
from that of authentic material.

3,4,6-Tri-0-acetyl-2-amino-2-deoxy-a-D-glucopyranosyl Chlo
ride Hydrochloride (X). A. From 3,4,6-Tri-0-acetyl-2-anisyl- 
ideneamino-2-deoxy-d-i>-glucopyranosyl Ethylxanthate (IX).— 
Chlorine was passed for 5 min. through a solution of IX21 (1.0 g.) 
in anhydrous ether (30 ml.). A gummy product separated, and 
after 10 min. the ether was decanted and the residue triturated 
with anhydrous ether, whereupon it solidified, to give X in 
practically quantitative yield. Recrvstallization from methyl
ene chloride-ether was effected with little loss to give pure X; 
m.p. 155-157° dec., raised to 161-163° on further recrystalliza
tion; [a]20D +146 ± 1 °  (c 0.5, chloroform); X™( 2.90 (NH3+),
5.75 (OAc), 6.25 (NH,+), 13.55 M (C-Cl); X-ray powder dif
fraction data19: 13.39 vw, 11.19 w, 10.28 s (1), 7.76 s (2), 5.47 
m, 5.04 m, 4.77 m, 4.55 w, 4.33 m (3), 4.13 m (3,3), 3.93 vw, 3.87 
vw.

Anal. Calcd. for C,21IISC12\ 0 7: C, 40.00; H, 5.27; Cl, 
19.72; N, 3.88. Found: C, 40.26; H, 5.14; Cl, 19.50; N,
3.96.

B. From 3,4,6-Tri-0-acetyl-2-amino-2-deoxy-/3-o-gluco- 
pyranosyl Ethylxanthate Hydrochloride (VIII).—Chlorine was 
passed for 5 min. through a suspension of VIII7 (50 mg.) in 
methylene chloride (10 ml.) at 0°. The suspended material 
dissolved during this time, and concentration of the solution 
after an additional 10 min. at room temperature gave crystalline 
X; yield, 25 mg. (60%); m.p. 155-157° dec.; infrared spectrum 
identical with that of material isolated by procedure A above.

Attempted Reaction of 2-(Glycosyl)-2-thiopseudourea Deriva
tives with Chlorine and Bromine. A. Reaction of 2-[3,4,6-Tri- 
0  - acetyl - 2-deoxy- 2 -(2,4 -dinitroanilino)-0-n-glucopyranosyl)-2- 
thiopseudourea Hydrobromide (XI) with Bromine.—A suspension 
of XI7 (100 mg.) in methylene chloride was treated with a slight 
excess of bromine in methylene chloride at room temperature. 
After 1 hr. the undissolved solid was filtered and washed with 
methylene chloride, to give a quantitative return of material 
indistinguishable from the starting material by mixture melting 
point and infrared spectrum.

B. Reaction of 2-(2-Acetamido-3,4,6-tri-0-acetyl-2-deoxy-/3- 
n-glucopyranosyl)-2-thiopseudourea Hydrochloride (XII) with 
Chlorine.—Chlorine was passed for 10 min. through a suspension 
of XII7 (500 mg.) in methylene chloride at 0°. After 1 hr. at 
room temperature the suspension was filtered to give a quantita
tive return of starting material.

2.3.4.6- Tetra-0-acetvl-/3-D-glucopyranosylsulfenyl Bromide
(XIV).—A slight excess of bromine in carbon tetrachloride was 
added to a solution of 2,3,4,6-tetra-O-acetyl-l-S-acetyl-l-thio-)?- 
D-glucopyranose (XIII)7.14 (0.30 g.) in carbon tetrachloride (10 
ml.). After 5 min. at room temperature the pale yellow solution 
was evaporated, reevaporated twice from small quantities of 
anhydrous ether to give a fully crystalline product; yield, 0.25 g. 
(75%); m.p. 102-104° (browning); [<*]+) -5 9  ±  1° (c 0.64, 
chloroform), [ a ] 22D  -58  ±  1.5° (c 0.36, ether), both unchanged

(21) P re p a re d  b y  D r. D . H . H u ts o n  of th is  la b o ra to ry  b y  th e  m e th o d  
of M ey e r zu R e c k en d o rf an d  B o n n e r .13
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after 4 hr.; 5.90 m (OAc); X^”i0H 210 (1215), 256 («
731); X-ray powder diffraction data19: 12.81 w, 11.19 s (2),
9.83 s (2,2), 8.93 s (2,2), 6.61 vw, 6.24 vw, 5.19 m (3), 4.85 s (1),
4.48 m, 4.11 s (1,1), 3.71 w, 3.56 w.

Anal. Calcd. for CnHi9Br09S: C, 37.92; H, 4.28; Br,

18.05; S, 7.22. Found: C, 38.18; H, 4.74; Br, 18.00; S,
7.48.

The product could be stored unchanged in a desiccator for 2 
days at 25°, but it changed to an oil during the third or fourth 
day.

P reparation  o f  Som e tran s-A m in om ercap tofu ran ose  Sugars1

James E. Christensen and Leon Goodman

Life Sciences Research, Stanford Research Institute, Menlo Park, California 
Received June 5, 1963

Two fc-ans-aminomercapto glycosides, methyl 2-amino-2-deoxy-3-thio-a-D-arabinofuranoside hydrochloride
(VIII) and methyl 3-amino-3-deoxy-2-thio-a-D-xylofuranoside hydrochloride (XI), have been prepared using 
the benzylthio neighboring group approach. Assignments of structure of the intermediates to the final products 
were made on the basis of n.m.r. interpretation. An estimate is made of the relative amount of ring-opening 
at the two carbons of an episulfonium ion intermediate.

Use of the benzylthio moiety as a neighboring group 
permitted the synthesis of two fraws-aminomercapto- 
pyranose glycosides.2 The extension of these tech
niques to some furanosides has now led to the prepara
tion of methyl 2-amino-2-deoxy-3-thio-a-o-arabino- 
furanoside hydrochloride (VIII) and the isomeric 
fraws-aminomercaptan, methyl 3-amino-3-deoxy-2-thio- 
a-D-xylofuranoside hydrochloride (XI).

Both glycosides VIII and XI were derived from 
methyl 2,3-anhydro-a-D-lvxofuranoside (I).3 Treat
ment of I with sodium benzyl mercaptide gave an 
excellent yield of a sirup that could be converted, in 
good yield, to a crystalline dibenzoate. Ring opening 
of 2,3-anhydrofuranosides has been generally observed 
to occur predominantly at C-34 5 and, on this basis, the 
diol II that formed the dibenzoate III was the expected 
major product. The structure assignment for III was 
verified by the nuclear magnetic resonance spectrum 
which showed the C-l proton as a sharp singlet not 
visibly coupled to the frans-proton at C-2; the 2-benzyl- 
thio isomer of III would be expected to show its C-l 
proton as a doublet with . 7 ^ 5  c.p.s. according to its 
n.m.r. spectrum.5b The situation with the a-anhydro- 
lyxoside (I) contrasts with that in the reaction of methyl 
2,3-anhydro-S-o-lyxofuranoside and sodium benzyl 
mercaptide where the predominant product results 
from attack at C-2 of the epoxide.5a It seems probable 
that steric factors decide the position of attack in these 
two anomers; the bulky mercaptide ion’s access to C-2 
is seriously hindered by the C-l methoxyl group in I 
but not in the /3-anomer of I.

It was necessary to block the C-5 hydroxyl of II and 
this was done conveniently by reaction of II with 
slightly more than one equivalent of methyl chloro-

(1) T h is  w ork  w as ca rr ie d  o u t u n d e r  th e  jo in t  au sp ices  of th e  Office of 
th e  S urgeon  G en era l, M ed ical R esea rc h  a n d  D ev e lo p m en t C om m an d , 
u n d e r C o n tra c t N o. DA 49-193 -M D -2068  a n d  of th e  C an c er C h e m o th e ra p y  
N a tio n a l S erv ice C en te r , N a tio n a l C an c er I n s t i tu te ,  N a tio n a l I n s t i tu te s  of 
H ea lth , P u b lic  H e a lth  S erv ice  u n d e r  C o n tra c t  N o. SA -43-ph-1892. T h e  
op in ions expressed  in  th is  a r t ic le  a re  th o se  of th e  a u th o rs  a n d  n o t necessarily  
th o se  of e i th e r  sp o n so rin g  agency .

(2) (a) J . E . C h ris te n se n  an d  L. G o o d m an , J .  A m .  C h e m .  S o c . ,  83, 3827
(1961); (b) L. G o o d m an  an d  J . E . C h ris te n se n , J .  O r g .  C h e m . ,  28, 158
(1963).

(3) B. R . B ake r, R . E . S ch au b , a n d  J . H . W illiam s, J .  A m .  C h e m .  S o c . ,  

77, 7 (1955).
(4) F o r  le ad in g  references, see C . D . A nderson , L. G oo d m an , an d  B. R. 

B ake r, i b i d . ,  80, 5247 (1958).
(5) (a) G. C as in i a n d  L. G oo d m an , i b i d . ,  85, 235 (1963); (b) see K . L. 

R in e h a r t ,  J r . ,  W . S . C h ilto n , M . H ich en s, a n d  W . von  P h illip sb o rn , i b i d . .  

84, 3216 (1962), fo r a  d iscu ss io n  of th is  p o in t.

formate to give IV, which contained some II as shown by 
subsequent reactions. Use of the trityl blocking 
group for the C-5 hydroxyl gave poorer results. Treat-
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ment of IV with methanesulfonyl chloride afforded the 
methanesulfonate VII, again as a sirup, contaminated 
with some 2,5-di-O-methanesulfonate as a result of the 
presence of II in the starting material. When the crude 
methanesulfonate VII was treated with sodium azide in 
aqueous 2-methoxyethanol, the methoxycarbonyl group 
was cleaved and a mixture of azides (VI) was formed 
that also contained the 2(3),5-diazide mixture derived 
from the dimethanesulfonate of II. The azide mixture
(VI) results from opening of a derived episulfonium 
ion intermediate (XV), at least predominantly. Al
though a direct Sn2 displacement of the methanesulfo
nate of VII by azide ion, a strong nucleophile, to give 
the azide XVI with a ribose configuration represents a

c h 2c 6h 6
XV

h o c h 2

C6H6CHjS n 3 
XVI

real possibility, no compounds derivable from XVI 
could be detected in the subsequent work. The n.m.r. 
spectra of the 3-benzylthiofuranosides isolated showed 
either a C-l proton singlet or a C-l proton doublet with 
J  ~  1.5 c.p.s., absorptions that are generally charac
teristic for Ivans C-l-C-2 proton couplings in a furanose 
sugar. Using these considerations as the basis, no 
evidence was found for the formation of XVI in the 
reaction of VII with azide ions since compounds de
rived from XVI should possess a cis relationship of the 
C-l-C-2 protons and would be expected to show coup
ling constants for these protons of about 4-5 c.p.s.5b

Reduction of the azide mixture (VI) with sodium 
borohydride in isopropyl alcohol6 gave a mixture of 
amines (and diamines) that was acetylated yielding a 
mixture of IX, X, XIII, and XIV, the latter two com
pounds being derived from the dimethanesulfonate 
contaminant of VII. Chromatography using silicic 
acid served to separate the mixture of diamides XIII and 
XIV from the mixture of IX and X. Saponification of 
the mixture of monoamides IX and X yielded the amine 
mixture that was converted to a mixture of amine 
hydrochlorides, V and XII, easily separated into its 
components by recrystallization. The lower melting 
hydrochloride was converted to a crystalline X,0- 
diacetate whose n.m.r. spectrum identified it as the 
amide IX that was derived from the amine hydro
chloride V. Thus, the C-l proton of IX appeared at 
r 5.18 as a singlet not detectably coupled to the trans
proton at C-2. The higher melting hydrochloride XII 
was converted to a crystalline N,()-d ¡acetate X whose
n.m.r. spectrum showed the C-l proton as a doublet 
centered at r 5.16 with J  = 5 c.p.s. as a result of spin
coupling to the cfs-proton at C-2.

Reduction of the free benzylthio amines derived from 
V and XII with sodium in liquid ammonia afforded the 
aminomercaptans, isolated as their mercaptides by 
precipitation with mercuric chloride. The mercaptide 
from XII gave an analysis consistent with structure 
XVII. Decomposition of the mercury salts derived 
from V and XII using hydrogen sulfide afforded the

(6) P. A. S. S m ith , ,J. H. H all, an d  R . O. K an, ./. A m .  C h e m .  S o c . ,  84, 
485 (1962).

XVII

Hg-2HgCk

2HC1

¿rans-aminomercaptans (VIII and XI, respectively) 
isolated as analytically pure, crystalline solids.

It was not apparent from the relative amounts of 
XII and V that were isolated whether the opening of 
the episulfonium ion XV had occurred predominantly at 
C-2 as would be predicted from purely steric considera
tions or at C-3, and the complexity of the reaction 
products prevented any reasonable estimation of the 
ratio of products derived from XV. In order to get a 
more quantitative idea of the position of ring opening of 
an ion such as XV, the d:ol II, was converted to the 2,5- 
dimethanesulfonate which was then treated with so
dium azide in 2-methoxyethanol by the reaction condi
tions used in preparing VI. The diazide mixture was 
converted by reduction and acetylation to a mixture of 
the diamides XIII and XIV which was not completely 
pure because of some elimination of benzyl mercaptan 
that took place in the sodium azide reaction. However, 
the purity of the mixture was such that a reasonably 
reliable estimate of the composition of the mixture 
could be made on the basis of rotation data, and this 
suggested that 78% of the arabinoside XIII, formed by 
attack on the ion intermediate at C-2, was present.

The n.m.r. spectrum of the mixture showed clearly the 
resonances associated with the C-l proton of XIII 
and the C-l proton of XIV, and from the relative areas 
of these absorptions it was estimated that the mixture 
contained 69% of XI II and 31% of XIV; this estimate 
was subject to greater error than that from the rotation 
data. If the assumption is reasonable that the ring 
opening of the ion derived from the dimethanesulfonate 
of II is comparable with that of XV, the ratio, V/XII, 
formed from VII via XV should be about 3.

The pure diamides XIII and XIV required for refer
ence rotations and n.m.r. spectra were easily obtained 
from the diamide mixture by fractional recrystalliza
tion. Again the n.m.r. spectra of the compounds 
served to assign their structures. Thus, the predomi
nant diamide XIII showed the C-l proton as a doublet 
at t 5.12 with ./ = 1.5 c.p.s. as would be predicted for 
the poorly coupled C-l, C-2 hans-protons of a methyl 
furanoside. The xylose isomer XIV showed the C-l 
proton as a doublet centered at r 5.22 with J — 4.5 
c.p.s. consistent with the cis arrangement of the C-l 
and C-2 protons. These structure assignments for

XIII

AcNHCHj

XVIII

XIV

AcNHCHj

XIX
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XIII and XIV received further confirmation by a study 
of the n.rn.r. spectra of the crystalline diamides XVIII 
and XIX, respectively, obtained by Raney nickel 
desulfurization of XIII and XIV. The C-l proton of 
the 3-deoxyglycoside XVIII appeared as a singlet at 
r 5.12 (in deuteriochloroform), and the C-l proton of 
the 2-deoxyglycoside XIX appeared as a symmetrical 
triplet centered at t  4.98 w ith J  = 4 c.p.s. (in deuterated 
din.ethyl sulfoxide) as a result of equal coupling of the 
C-l proton to both C-2 protons. The appearance of a 
triplet for C-l in XIX parallels the situation with 2'- 
deoxyadenosine,7 but stands in contrast with that of 
the monoamide XX where the C-l proton appears as a

TrOCH, ^ TI

AcNH
XX

pair of doublets, one representing cis coupling with J  = 
5 c.p.s. and the other the result of frans-proton coupling 
with J = 1 c.p.s.8

Experimental9
Methyl 3-Benzyl-3-thio-«-i>-arabinofuranoside (II) and Its 

Dibenzoate (III).—To a chilled (0°) solution containing 1.69 g. 
(13.6 mmoles) of benzyl mercaptan, 0.74 g. (13.7 mmoles) of 
sodium methoxide, and 30 ml. of methanol was added 1.00 g. 
(6.84 mmoles) of the epoxide I, and the resulting solution, under 
nitrogen, was heated at reflux for 18 hr. The mixture was ad
justed to pH 7 with glacial acetic acid, then poured into 50 ml. of 
water and extracted with two 25-ml. portions of dichloromethane. 
The combined extracts were washed with two 25-ml. portions of 
water, then dried over magnesium sulfate. The solvent was 
evaporated, and the residue was washed by decantation with two
5-ml. portions of petroleum ether (b.p. 62-70°), then dried 
in vacuo to yield 1.73 g. (94%) of a pale yellow sirup that was 
suitable for further use.

The dibenzoate III was prepared from 34.8 g. (0.128 mole) of 
II, 250 ml. of pyridine, and 54.4 g. (0.387 mole) of benzoyl 
chloride to afford, after decomposition of the reaction mixture,
63.2 g. (102%) of cream-colored, crystalline product. Re
crystallization from 1 1. of petroleum ether (b.p. 88-99°) gave
53.6 g. (87%) of product, in.p. 110-112°. The analytical 
sample, prepared in another experiment, had m.p. 110- 111°; 
^m«°' 5.77, 5.81 (ester C = 0 ), 7.79 (ester C-O-C), 14.05, and 
14.26 m (monosubstituted phenyl); [« ]28d  +133°.

Anal. Calcd. for C2,H260 6S: C, 67.8; H, 5.48; S, 6.70. 
Found: C, 67.8; H, 5.90; S, 6.82.

A mixture of 25.9 g. of the dibenzoate III, 154 g. of potassium 
hydroxide, 400 ml. of methanol, and 75 ml. of water was heated 
at reflux for 4 hr., then cooled and evaporated in vacuo. The 
white residue was dissolved in 200 ml. of water, and the solution 
was extracted with one 200-ml. and one 100-ml. portion of di
chloromethane. The combined extracts were washed with three 
100-ml. portions of water, dried over potassium carbonate, and 
evaporated in vacuo, yielding 10.2 g. (70%) of pale yellow sirup 
II, nuu 1.5580. The analytical sample, ri23u 1.5560, [a]26D 
-f 145°, was obtained similarly from another run after decolorizing

(7) W. W. Lee, A. Benitez, C. D . Anderson, L. Goodman and B. R. B aker. 
J .  A m .  Chem. S o c .,  83, 1906 (1961).

(8) C. D. Anderson, W. W. Lee, L. Goodm an, and  B. R. Baker, ib id . ,  83, 
1900 (1961).

(9) M elting points are uncorrected and were obtained witli the  Fisher- 
Johns apparatus. O ptical ro ta tions are given for 1% solutions in chloro
form unless otherw ise noted. Paper chrom atography was run  by the 
descending technique on W hatm an No. 1 paper using solvent system s A, 
1-bu tano l-acetic  acid -w ater (5 :2 :3 ). and B, isopropyl alcohol-2 N  hydro
chloric acid (65:35). Spots were detected with the sodium azide-iod ine10 
spray  and were located re la tive  to adenine (/?f adenine = 1.00). The n.rn.r. 
spectra were obtained either with the Varian A-60 spectrom eter or the 
Varian V-4311 spectrom eter operated a t  60 Me.

(10) E. Chargaff, C. Levine, and C. Green. ./. B io l .  Chem.,  175, 67 (1948).

the sirup with Norit A in benzene. In the infrared it had
2.91 (OH), 14.20 u (monosubstituted phenyl).

Anal. Calcd. for Ci3H|80 4S: C, 57.8; H, 6.71; S, 11.9 . 
Found: C, 58.0; H. 6.72; S, 11.7.

Methyl 3-Benzyl-5-0-methoxycarbonyl-3-thio-a-D-arabinofur- 
anoside (IV).—To a chilled (0°) solution of 12.0 g. (44.4 mmoles) 
of II in 100 ml. of dry pyridine was added dropwise, with stirring, 
a solution of 4.94 g. (52.2 mmoles) of methyl ehloroformate in 
50 ml. of chloroform. The mixture was stirred for 1 hr. at 0° 
and at room temperature for 18 hr., then was poured, with stir
ring, into 400 ml. of cold saturated aqueous sodium bicarbonate. 
The organic layer was separated and the aqueous layer was 
extracted with 100 ml. of chloroform. The combined solutions 
were washed with 100 ml. of water, dried over magnesium sul
fate, and evaporated in vacuo. Pyridine was removed from the 
residue by the addition and evaporation of portions of toluene 
until the pyridine odor was gone. The residue, 14.5 g. (100% 
yield), was a sirup; XfJ” 2.90 (OH), 5.70 (ester C = 0 ), 7.82 
(ester C-O-C), 14.19 m (monosubstituted phenyl).

Methyl 3-Benzyl-5-0-methoxycarbonyl-2-0-methylsulfonyl-3- 
thio-a-D-arabinofuranoside (VII).—To. a chilled (0°), stirred 
mixture of 14.5 g. (44.2 mmoles) of IV in 100 ml. of dry pyridine 
wras added dropwise 13.4 g. (0.116 mole) of methanesulfonyl 
chloride. The solution was stirred at 0° for 1 hr. and at room 
temperature for 18 hr. and then was poured into 500 ml. of cold 
saturated aqueous sodium bicarbonate. The aqueous mixture 
was extracted with two 100-ml. portions of dichloromethane; 
the combined extracts were w'ashed with two 100-ml. portions of 
water, then decolorized with Norit A, and dried over magnesium 
sulfate. After removal of the solvent in vacuo, toluene was 
added and evaporated to remove all the pyridine, leaving 17.4 g. 
(97%) of amber sirup; A91™ 5.70 (ester C=O i, 7.33 and 8.50 
(sulfonate ester), 7.83 (ester C-O-C), 14.15 m (monosubstituted 
phenyl); there was no 3.0-m -OH band.

Methyl 2(3)-Azido-3(2)-benzyl-3(2)-thio-a-D-arabino(xylo)fur- 
anoside (VI).—A mixture of 17.4 g. (42.8 mmoles) of VII, 28 
g. (0.43 mole) of sodium azide, and 300 ml. of 95:5 2-methoxy- 
ethanol-water was heated with stirring under nitrogen at 110— 
120° for 18 hr., then cooled, and evaporated in vacuo. The 
residue was partitioned between 200 ml. of water and 200 ml. of 
dichloromethane. The aqueous layer was extracted with two 50- 
ml. portions of dichloromethane; the combined extracts were 
washed with two 100-ml. portions of water and then dried over 
magnesium sulfate. Evaporation in vacuo gave 11.9 g. (94%) of 
a dark oil; A81” 2.90 (OH), 4.77 (N3), 14.22 m (monosubstituted 
phenyl); there was no ester C = 0  band at 5.70 n-

Anal. Calcd. for C13H17N3O3S: N, 14.2. Found: N, 14.9.
Methyl 2-Amino-3-benzyl-2-deoxy-3-thio-«-n-arabinofurano- 

side Hydrochloride (V) and Methyl 3-Amino-2-benzyl-3-deoxy-2- 
thio-a-D-xylofuranoside (XII).—A mixture of 30.3 g. (0.102 mole) 
of VI, 9.0 g. (0.239 mole) of sodium borohydride, and 350 ml. of 
isopropyl alcohol was heated at reflux for 15 hr., then cooled, and 
evaporated in vacuo. The residue was partitioned between 400 
ml. of dichloromethane and 350 ml. of water, the resulting emul
sion being broken after filtration through Celite. The dichloro
methane extract was washed with 250 ml. of water, dried over 
magnesium sulfate, and evaporated in vacuo, affording 27.5 g. 
(100%) of orange sirup; A9»” 2.99, 3.04 (OH, NH2), 6.25 (NH2 
and aryl), 14.20 m (monosubstituted phenyl). The sirup was 
dissolved in 130 ml. of cold (0°) pyridine containing 15 ml. (0.108 
mole) of triethylamine, and this solution was treated with 67 ml. 
of acetic anhydride. The reaction mixture was kept at 5° for 
18 hr., then stirred at room temperature for 1 hr., then added to 
1 1. of ice-water. The mixture was neutralized with solid sodium 
carbonate and extracted with two 100-ml. portions of dichloro
methane; the combined extracts were w'ashed with tw'o 100-ml. 
portions of w'ater, then dried over magnesium sulfate. Evapora
tion in vacuo left 35.5 g. (98%) of a solid that was a mixture of 
the amides (IX and X) which contained some of the diamides 
(XIII and XIV).

This amide mixture w'as applied to a column of silica gel, 90- 
200 mesh (250 X 35 mm.). Elution with 200 ml. of ethyl 
acetate gave 1.26 g. (A) of orange liquid as a forerun which 
showed no amide bands in its infrared spectrum. A second 
portion of 800 ml. of ethyl acetate eluted 22.0 g. (B) of solid 
which was a mixture of the amides IX and X. Elution with 800 
ml. of chloroform yielded no product, and finally 200 ml. of 
methanol eluted the crude diamide mixture (C).

Fraction B, 22.0 g., was dissolved in a mixture of 1 1. of 
methanol, 250 ml. of water, and 300 g. of potassium hydroxide,



2998 C h r i s t e n s e n  a n d  G o o d m a n Vol . 28

and the solution was heated at reflux, under nitrogen, for 40 hr., 
then evaporated in vacuo. The residue was dissolved in 300 ml. 
of water and extracted with two 200-ml. portions of dichloro- 
methane; the extracts were washed with water until neutral, 
then dried over magnesium sulfate and evaporated in vacuo, 
leaving 13.0 g. (77%) of yellow sirup which contained no N- 
acetate according to the infrared spectrum. Two grams (7.43 
mmoles) of this residue was dissolved in 10 ml. of anhydrous 
ether, and a saturated solution of ethereal hydrogen chloride was 
added, dropwise, until precipitation was complete. The ether 
was decanted and the semisolid residue washed by decantation 
with several small portions of fresh ether leaving, after removal 
of the last traces of ether in vacuo, 2.04 g. (89%) of solid. This 
was dissolved in a minimum amount of methanol, and 25 ml. of 
ether was added. After chilling the solution, the white needles, 
0.47 g. (21%), m.p. 211-213° dec., were collected and shown to 
be the 2-amine salt XII by infrared spectral comparison with the 
analytical sample. The filtrate from XII was evaporated 
in vacuo and the residue crystallized from 30 ml. of acetonitrile 
to give 0.68 g. (30%) of white needles, m.p. 159-162°, whose 
infrared spectrum showed it to be V, free from XII.

The analytical sample of XII, prepared in an earlier experi
ment, had m.p. 210-212° dec.; M 25d +59° (1% in methanol);

2.99 (OH), 3.29, 3.66-3.82 (NH3+), 14.09 g (monosub- 
stituted phenyl).

Anal. Calcd. for C,3H2„C1N()3S: C, 51.1; H, 6.59; Cl,
11.6; N, 4.58; S, 10.5. Found: C, 51.2; H, 6.71; Cl, 11.4;
N, 4.53; S, 10.4.

The analytical sample of V, prepared in an earlier experiment, 
had m.p. 'l59-162°; [ « ] 25d  +104° (1% in methanol);
2.99 (OH); 3.21, 3.7-4.2 (NII3+), 13.95 g (monosubstituted 
phenyl).

Anal. Calcd. for C,3H20ClNO3S: C, 51.1; H, 6.59; Cl, 11.6; 
N, 4.58; S, 10.5. Found: C, 51.3; H, 6.54; Cl, 11.6; N,
4.55; S, 10.5.

Methyl 2,5-Diacetamido-3-benzyl-2,5-dideoxy-3-thio-o-i)-ara- 
binofuranoside (XIII) and Methyl 3,5-Diacetamido-2-benzyl-3,5- 
dideoxy-2-thio-a-n-xylofuranoside (XIV i.—Fraction C was stirred 
with 30 ml. of ethyl acetate. The insoluble white solid, 2.14 g., 
m.p. 190-231°, was recrystallized from chloroform to give 1.08 
g. of white crystals, m.p. 235-236°, which was shown to be XIV 
by comparison with the analytical sample. Petroleum ether 
(30-60°) was added to the ethyl acetate liquors which precipi
tated 2.54 g. of solid with m.p. 157-166°. Recrystallization from 
50 ml. of ethyl acetate gave 1.01 g. of white crystals, m.p. 163— 
165°, which proved to be XII.

The analytical sample of XIV had m.p. 231-235°; (a]24D 
-19.6°; x”“i°' 3.01, 3.03, 6.40 (NH), 6.03 (amide C = 0), 13.02,
14.27 g (monosubstituted phenyl). The n.m.r. spectrum, in 
deuteriochloroform, showed resonances at r 2.68 (aromatic), 4 
(broad NH), 5.22 (C-l, doublet, ./ = 4.5 c.p.s.), 6.23 (benzyl 
CH2), 6.65 (OCH3), 7.98, and 8.10 (CH3CO).

Anal. Calcd. for C,7H24N20 4S: C, 57.9; H, 6.86; N, 7.95; 
8, 9.10. Found: C, 58.0; H, 6.98; N, 7.96; S, 9.01.

The analytical sample of XIII had m.p. 163-166°; [a]24D
+  43.7°; X l f  3.02, 3.03, 6.40 (NH), 6.01, 6.03 (amide C = 0 );
13.07, 14.03 g (monosubstituted phenyl). The n.m.r. spectrum, 
determined in deuteriochloroform, showed resonances at r 2.70 
(aromatic), 4 (broad, NH), 5.12 (C-l, doublet, ./ = 1.5 c.p.s.),
6.18 (benzyl CH2), 6.66 (OCH3), 7.99 and 8.12(CH3CO).

Anal. Calcd. for C|7H2|N20 4S: C, 57.9; H, 6.86; N, 7.95; 
S, 9.10. Found: C, 57.9; H,6.82; N, 7.98; S, 9.09.

Methyl 2-Acetamido-5-0-acetyl-3-benzyl-2-deoxy-3-thio-a-n- 
arabinofuranoside (IX).—A mixture of 0.35 g. (1.14 mmoles) of 
X, 4 ml. of dry pyridine, 0.30 ml. of triethylamine, and 5 ml. 
of acetic anhydride was maintained at room temperature for 18 
hr. then poured into ice-water. The solid was collected and dried 
yielding 0.28 g . (69%) of white crystals. Recrystallization from 
water afforded 0.26 g. (64%) of needles, m.p. 134-136°; [<*]24n 
+  194°; X ^f 3.11 and 6.40 (N1I), 5.75 (ester C = 0 ), 6.08 
(amide C=()), 8.07 (ester C-O-C), 14.13 g (monosubstituted 
phenyl). The n.m.r. spectrum, in deuteriochloroform, showed 
resonances at r 2.70 (aromatic), 4-5 (broad, NH), 5.18 (C-l, 
singlet), 6.16 (benzyl CH_>), 6.64 (OCH3), 7.96 and 8.06 (CH3CO).

Anal. Calcd. for C|7H23N05S: C, 57.8; H, 6.56; N, 3.96;
8.9.07. Found: C, 57.9; H, 6.62; N, 3.96; 8, 9.21.

M ethyl 3-Acetamido-5-0-acetyl-2-benzyl -3-deoxy-2-thio-o-n- 
xylofuranoside (X).—Acetylation of 0.35 g. (1.14 mmoles) of 
XII by the procedure described for the preparation of IX gave 
after recrystallization from water 0.37 g. (92%) of white crystals,

m. p. 138-139°; m.m.p. 113-116° with IX; % ]24d +133°; 
Xm“i°' 3.09 and 6.62 (NH), 5.74 (ester C = 0), 6.05 (amide C = 0),
8.14 (ester C-O-C), 14.40 g (monosubstituted phenyl). The
n. m.r. spectrum, in carbon tetrachloride, showed resonances at t
2.66 (aromatic), 4-5 (broad, NH), 5.16 (C-l, doublet, J  =
4.5 c.p.s.), 6.21 (benzyl CH2), 6.63 (OCH3), 7.98 and 8.11 
(CIRCO).

Anal. Calcd. for CI7H23N()5S: C, 57.8; H, 6.56; N, 3.96; 
S, 9.07. Found: C, 58.1; H, 6.61; N, 2.94; S, 9.26.

Methyl 2-Amino-2-deoxy-3-thio-a-n-arabinofuranoside Hydro
chloride (VIII).—The free base of V was generated by dissolving
1.45 g. (4.73 mmoles) of X' in 30 ml. of saturated aqueous sodium 
bicarbonate. The solution was extracted with three 15-ml. 
portions of dichloromethane; the extracts were washed with 
water, dried over magnesium sulfate, and evaporated in vacuo, 
giving 1.23 g. (96%) of the free amine. A solution of the amine 
in 8 ml. of dry 1,2-dimethoxyethane was added dropwise to 
a well stirred solution of 0.55 g. (24 mg.-atoms) of sodium in 25 
ml. of liquid ammonia. The mixture was stirred for 30 min., 
then the excess sodium was decomposed by adding absolute 
ethanol to discharge the blue color. The ammonia was evapo
rated under nitrogen and the residue was dissolved in 8 ml. of 
water. The aqueous solution was adjusted to pH 7 with glacial 
acetic acid and was then treated with excess aqueous mercuric 
chloride solution. The white precipitate was washed with water 
and dried, then thoroughly triturated with dichloromethane to 
remove bibenzyl, affording finally 2.51 g. of white solid mercap- 
tide.

The mercaptide was suspended in 25 ml. of methanol and 
hydrogen sulfide was bubbled through the well stirred suspension 
for 20 min. The reaction mixture was filtered through Celite 
and the filtrate was evaporated in vacuo, affording 0.86 g. (84%) 
of a tan, crystalline residue. The residue was dissolved in 15 
ml. of methanol and precipitated with excess ether, giving a 
gummy product that solidified to a foam after being treated 
in vacuo. The nitroprusside-positive solid, 0.59 g. (58%), had 
H 24d +100.8° (1% in methanol); xlT ' 2.87, 2.96 (OH), 3.82 
(SH), 5.0, 6.22 and 6.55 g (NH3+); there was no phenyl absorp
tion near 14 g .  It was homogeneous on paper chromatography 
in solvents A and B with R\,\ 0.96 and 1.38, respectively.9

Anal. Calcd. for C6H14C1N03S: C, 33.4; H, 6.54; Cl, 
16.4; N, 6.49; 8, 14.9. Found: C, 33.4; H, 6.63; Cl, 16.7; 
N, 6.31; S, 14.8.

A portion (0.50 g.) of amorphous, but analytically pure, solid 
from another run was crystallized from 15 ml. of acetonitrile to 
give 0.13 g. of a crystalline solid, m.p. 138-145°; [<*]22d +94.6 
(1% in methanol).

Anal. Found: C, 33.6; H, 6.43; Cl, 16.5; N, 6.39; S, 
15.0. Iodometric thiol titration indicated the material to con
tain 93% of the theoretical mercaptan.

Methyl 3-Amino-3-deoxy-2-thio-a:-n-xylofuranoside Hydro
chloride (XI).—The salt XII, 2.40 g. (7.83 mmoles), was con
verted to its free base and thence to its mercaptide using the 
procedure described for the similar conversion of Y. The mer
captide was a brown solid, 4.81 g. In a previous run the mer
captide had been analyzed and appeared to be the bismercury 
compound XVII.

Anal. Calcd. for Ci2H26Cl4Hg3N20 6S2: C, 13.1; H, 2.38, 
Cl, 12.9, N, 2.55. Found: C, 12.7; H, 1.84; Cl, 12.9; N,
2.51.

The mercaptan was generated from XVII with hydrogen sulfide 
and gave 1.00 g. (59%) of crystalline solid, which was reprecipi
tated from methanol with ether to give 0.73 g. (43%) of the 
nitroprusside-positive analytical sample, [<*]24d +73.5° (1% in 
methanol); X™0' 3.02 3.17, (OH), 3.83 (SH), 6.22, 6.40, 6.60 
g (NH3+); there was weak and unexpected absorption at 14.3 g. 
The product was homogeneous on paper chromatography in 
solvents A and B with RM 0.98 and 1.36, respectively.

Anal. Calcd. for C6H,4C1N03S: C, 33.4; H, 6.54; Cl, 
16.4; N, 6.49; 8, 14.9. Found: C, 33.5; H, 6.78; Cl, 16.7; 
N, 6.73; S, 14.6.

From another run the analytically' pure solid showed 96% of the 
theoretical mercaptan content according to iodometric titration 
and gave a solid, m.p. 156-161°, after recrystallization from 
methanol-ether.

Conversion of the Diol II to the Mixture of Diamides XIII and
XIV.—The diol II, 2.04 g. (7.53 mmoles) in 30 ml. of dry pyridine 
was treated conventionally with 2.96 g. (25.9 mmoles) of meth- 
anesulfonyd chloride yielding 3.39 g. (105%) of the dimethane- 
sulfonate as a yellow oil whose infrared spectrum showed no
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-OH absorption near 3.0 m- The dimesylate, 3.2 g. (7.5 mmoles), 
was treated with excess sodium azide in 2-methoxyethanol as 
described for the preparation of VI, affording 2.09 g. (87%) of a 
yellow oil whose infrared spectrum showed little or no sulfonate 
ester absorption. The diazide, 2.0 g. (6.23 mmoles), was 
reduced with excess sodium borohydride in isopropyl alcohol to 
furnish 1.54 g. (92%) of a sirup whose infrared spectrum showed 
the absence of covalent azide absorption. Acetylation of 1.50 
g. of the amine mixture in pyridine containing triethylamine 
afforded 1.57 g. (79%) of a yellow crystalline solid whose analysis 
showed it to be deficient in nitrogen and to contain excess sulfur 
as calculated for the diamide mixture. Chromatography of 1.50 
g. of the solid over silicic acid gave 0.12 g. of a fraction eluted 
with ethyl acetate which appeared to be mostly dibenzyl disulfide 
and 1.27 g. of material eluted with methanol whose infrared 
spectrum indicated it to be a mixture of the diamides XIII and 
XIV, [a]24-5d +29.8°.

Anal. Calcd. for CnH^NsIXS: C, 57.9; H, 6.86; N, 7.95; 
S, 9.10. Found: C, 57.5; H, 6.80; N, 7.24, 7.30, S, 8.63.

Methyl 2,5-Diacetamido-2,3,5-trideoxy-a-D-Ifireo-pentofurano- 
side (XVIII).—A stirred mixture of 1.00 g. (2.83 mmoles) of 
X III, approximately 12 g. of Raney nickel11 (thoroughly washed 
with dioxane), and 50 ml. of dioxane was heated at reflux for 4.5 
hr., then was cooled, and filtered through Celite with adequate

(11) Sponge nickel cata ly st, D avison Chem ical Co., C incinnati 29, Ohio.

washing. The filtrate and the washings were evaporated in 
vacuo leaving 0.75 g. (115%) of a sirup whose infrared spectrum 
showed the absence of benzyl absorption near 14.3 p .  Four re
crystallizations of the residue using first benzene-petroleum ether 
(30-60°), then ethyl acetate afforded 0.23 g. (35%) of the analyti
cal sample, m.p. 127-132°; (a]21-5D +32°; 3.03, 3.27and
6.43 (NH), 6.09 u (amide C = 0).

Anal. Calcd. for CioHi8N20 4: C, 52.2; H. 7.88; N, 12.2. 
Found: C, 52.1; H, 7.88; N, 12.4.

Methyl 3,5-Diacetamido-2,3,5-trideoxy-a-D-Iftreo-pentofurano- 
side (XIX).—Desulfurization of 1.08 g. (3.06 mmoles) of XIV 
using the conditions described for preparation of XVIII gave, 
after four recrystallizations of the residue from ethyl acetate, 0.11 
g- (15%) of the analytical sample, m.p. 200-206°; [«]%> +172° 
(1% in dimethyl sulfoxide); 3.04, 3.22, 6.39 (NH), 6.05 m 
(amide C = 0); there was no S-benzyl absorption at 14.3 p.

Anal. Calcd. for Ci0Hi8N2O4: C, 52.2; H, 7.88; N, 12.2. 
Found: C, 52.5; H, 7.87; N, 12.0.
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The four 1-O-benzoyl-L-arabinoses have been prepared in pure form and their behavior in aqueous pyridine 
studied. Under the conditions chosen, both 1-O-benzoyl-a-i^arabinopyranose and 1-0-benzoyl-a-L-arabino- 
furanose are stable while the corresponding anomeric esters readily undergo acyl migration to yield 2-0-benzoyl- 
L-arabinopyranose. The rate of mutarotation of l-0-benzoyl-/3-i^arabinofuranose in aqueous pyridine is 
much faster than that of l-0-benzoyl-/3-i^arabinopyranose; since the rate of mutarotation of 2-O-benzovl-fi-L- 
arabinopyranose in aqueous pyridine is faster than either of the preceding mutarotations, it is concluded that 
the rates observed actually represent the acyl migration step in each of the two cases.

In 1956 Ness and Fletcher3 observed that the 1-0- 
benzoyl group in 1,3,5-tri-0-benzoyl-ff-D-ribofurailose 
readily migrates under mildly alkaline conditions to the 
C-2 position, giving 2,3,5-tri-O-benzoyl-D-ribofuranose. 
The ease with which this rearrangement takes place 
stands in marked contrast to the stability of 1-0- 
beiizoy 1-/3-o-glucopyrai lose4 5 under such conditions and 
suggested that 1-0-acyl aldoses may fall into two classes, 
v i z . , those with a hydroxyl group at C-2 c i s  to the 1-0- 
acyl group and a second, more stable class having a 
trans arrangement. Recent researches by various 
workers have tended to support this view. Lemieux 
and Brice5 predicted that 1,3,4,6-tetra-O-acetyl-a-D- 
glucopyranose ought to rearrange to 2,3,4,6-tetra-O- 
acetyl-n-glucopyranose and Bonner6 later showed that 
such a rearrangement did indeed take place.

While a variety of l-0-acyl-/3-n-glucopyranoses have

(1) T h e  p a p e r  b y  R . B a rk e r  a n d  H . G . F le tc h e r , J r . ,  e n t i t le d  ‘‘2,3,5- 
T ri-O -b en z y l-n -rib o sy l-  a n d  -L -a rab in o sy l b ro m id e s ” [ J . O r g .  C h e m . ,  26, 4605 
(1961)] is reg a rd e d  as  I of th is  series.

(2) V is itin g  A sso c ia te  of th e  P u b lic  H e a lth  S erv ice, 1961-1962 ; F a c u lty  
of P h a rm a c e u tic a l S ciences, School of M ed ic ine , H o k k a id o  U n iv e rs ity , 
S ap p o ro , J a p a n .

(3) R . K . N ess a n d  H . G. F le tc h e r , J r . ,  J .  A m .  C h e m .  Soc., 78, 4710 
(1956).

(4) L. Z e rvas. B e r . .  64, 2289 (1931).
(5) R. U. Lemieux and C. Brice, C a n .  J .  C h e m . ,  33, 109 (1955).

been discovered in nature, it is significant that no a- 
anomers having the acyl group cis to the hydroxyl at 
C-2 have been found. The first attempt to make a 
representative of this class, 1-0 -mesitovl-a-n-glucose,7 
clearly showed that the ester of even a sterically 
hindered acid readily undergoes migration from the C-l 
to the C-2 position in a-n-glucopyranose.8 It was only 
through the reaction of ethyl l-thio-/3-D-glucopyrano- 
side with silver mesitoate that Pedersen and Fletcher9 
finally succeeded in synthesizing 1-O-mesitoyl-a-o- 
glucopyranose, the first 1 -O-acy I - a-n-gl uco py ranose. 
When silver benzoate was used in this reaction only 
2-O-benzoyl-D-glucose was obtained, indicating the

(6) W. A. Bonner, J .  O r g .  C h e m . ,  24, 1388 (1959), found th a t  the m ethyla- 
tion  of 1,3,4,6-tetra-O -acetyl-a-D -glucopyranose w ith m ethyl iodide in 
the presence of silver oxide gives m ethyl /3-D-glucopyranoside te traace ta te  in 
81.2%  yield. I t  should be noted th a t  the anom eric te tra ace ta te  gave the 
sam e p roduct under these conditions b u t in significantly lower yield (51% ), 
dem onstra ting  th a t  m igration between t r a n s  positions may indeed take place. 
However, the possibility  of anom erization preceding acyl m igration  does 
no t seem to  be excluded here.

(7) H. B. Wood, Jr., and H. G. F letcher. Jr.. ./. A m .  C h e m .  S o c . ,  78, 2849 
(1956).

(8) As far as we are aware, th is  represents the only known case of an 
O —► O m igration of a mesitoyl group.

(9) C. Pedersen and K. G. Fletcher, Jr., ./. A m .  C h e m .  S o c . ,  82, 3215 
(1960).
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very considerable lability to be expected with 1-0- 
benzoyl-a-D-glucopyranose.

O. T. Schmidt and his coworkers10-12 recently have 
shown that both the p-hydroxybenzoyl and galloyl 
groups readily migrate from C-l to C-2 in a-D-glucopy- 
ranose. They were able to synthesize l-O-galloyl-a-D- 
glucopyranose through condensation of tri-O-benzyl- 
galloyl chloride with 2,3,4,6-tetra-O-benzyl-D-glucopy- 
ranose13 and subsequent hydrogenolysis of the benzyl 
groups.14

Inasmuch as the only anomeric pairs of 1-0-acylal- 
doses which have been studied were n-glucopyranose de
rivatives, it becomes of interest to examine the properties 
of a comparable pair of anomers in another sugar 
series and, particularly, of an aldofuranose. For this 
reason, we have undertaken the synthesis of the four 
possible 1-O-acyl-L-arabinoses.

Barker and Fletcher1 described the synthesis of 2,3,5- 
tri-O-benzyl-d-L-arabinofuranose (I) v ia  benzylation of 
crystalline methyl 2,3,5-tri-O-benzoyl-a-L-arabinofur- 
anoside, followed by hydrolysis of the glycoside, the 
over-all yield from L-arabinose being approximately 
27%. We have now found that I may be prepared 
directly from L-arabinose in 48% yield by a simple 
sequence of steps without the isolation of intermediates,

(1 0 ) O . T .  S c h m id t  a n d  I I .  R e u s s ,  A n n . ,  649, 137 (1 9 6 1 ).
( 1 1 ) O . T .  S c h m id t  a n d  H . S c h m a d e l ,  i b i d . ,  649, 149 (1 9 6 1 ).
(1 2 ) O . T .  S c h m id t  a n d  H . S c h m a d e l ,  i b i d . ,  649, 157 (1 9 6 1 ).
(1 3 ) O . T .  S c h m id t ,  T .  A u e r ,  a n d  H . S c h m a d e l ,  B e r . ,  93, 5 5 6  (1 9 6 0 ).
(1 4 ) I n  a  r e c e n t  p a p e r  [ C a n .  J .  C h e m . ,  40, 2 0 3 5  (1 9 6 2 )]  J .  J .  W il la rd  

s t a t e d  t h a t  “ N o  r e p o r t s  h a v e  b e e n  fo u n d ,  in  t h e  l i t e r a t u r e ,  in  w h ic h  b e n z y l  
e th e r  g r o u p s  w e re  r e m o v e d  b y  c a t a l y t i c  r e d u c t io n  f ro m  a  c a r b o h y d r a t e  a ls o  
c a r r y in g  e s te r  g r o u p s .  S in c e  n o  o t h e r  m e th o d  is  a v a i l a b le  fo r  r e m o v a l  o f 
b e n z y l  e th e r s  w i t h o u t  lo s s  o f  e s te r  g r o u p s ,  t h e  b e n z y l  e th e r  d o e s  n o t  a p p e a r  
t o  b e  a  u s e fu l  b lo c k in g  g r o u p  in  t h e  s y n th e s i s  o f  p a r t i a l  e s te r s  o f  t h e  m e th y l  
g lu c o s id e s . ’’ T h e  w o rk  o f  S c h m id t ,  A u e r ,  a n d  S c h m a d e l  ( re f .  13) a s  w ell 
a s  t h a t  r e p o r t e d  h e re  c le a r ly  r e f u t e s  t h i s  s t a t e m e n t .  I n d e e d ,  i t  is  now- 
o b v io u s  t h a t  O -b e n z y l  g r o u p s  m a y  b e  c le a v e d  in  t h e  p r e s e n c e  o f c o m p a r a 
t iv e ly  l a b i le  e s te r  l in k a g e s .

making this potentially valuable intermediate16 readily 
available. Careful purification of I indicated that the 
sample originally described1 had been most probably a 
mixture of anomers, the fl-anomer predominating.

Under conditions chosen to minimize mutarotation,
2,3,5-tri-O-benzyl-d-L-arabinose (I) was benzoylated 
to give crystalline 1-O-benzoy 1-2,3,5-tri-O-benzyl-d-L- 
arabinofuranose (II) ; catalytic hydrogenolysis of the 
benzyl groups of the latter afforded a mono-O-benzoyl- 
pentose which was stable in anhydrous pyridine and, on 
benzoylation in this solvent, was converted to the 
known /3-L-arabinofuranose tetrabenzoate,16 showing its 
structure to be 1-0-benzoyl-d-L-arabinofuranose (III). 
In 4:1 pyridine water the c is  ester III undergoes a 
rapid change which was followed polarimetrically; the 
rate was first order and the constant 0.026 (min., deci
mal logs), corresponding to a “half-life” of approxi
mately 11.6 min. The product of the reaction was 
isolated in crystalline form and found to be identical 
with 2-O-benzoyl-d-L-arabinopyranose (IV), the en- 
antiomorph of which was synthesized several years ago 
by Hammier and MacDonald.17

In anhydrous pyridine 2,3,5-tri-0-benzyl-/3-L-arabino- 
furanose (I) undergoes mutarotation; subsequent re
moval of the pyridine, and crystallization of the residue 
from aqueous pyridine afforded 2,3,5-tri-O-benzyl-a-L- 
arabinose (V). Benzoylation of I after it had been 
allowed to mutarotate in pyridine solution gave the 
1-0-benzoyl derivative (VI) which was hydrogenolyzed 
to 1-0-benzoyl-a-L-arabinofuranose (VII), the structure 
of which was confirmed by complete benzoylation to 
a-L-arabinofuranose tetrabenzoate.16 As expected, the 
tr a n s  ester VII proved to be stable in both pyridine and 
4:1 pyridine-water.

Successive benzylation and hydrolysis of methyl 
/3-L-arabinopyranoside gave a crystalline tri-O-benzyl- 
pentose which showed a levomutarotation and is, there
fore, 2,3,4-tri-O-benzvl-d-L-arabinopyranose (VIII). 
When benzoylated under conditions chosen to minimize 
prior anomerization, VIII afforded a crystalline benzo
ate IX which was debenzylated in the usual fashion to 
yield 1-0-benzoyl-d-L-arabinopyranose (X); complete 
benzoylation converted X to /3-L-arabinopyranose tetra
benzoate.18 In 4:1 pyridine-water l-0-benzoyl-/3-L- 
arabinopyranose (X) mutarotated very slowly, the 
first-order rate averaging 0.00016 (min., decimal logs), 
corresponding to a “half-life” of 1881 min. The prod
uct was isolated and identified as 2-0-benzoyl-/3-L- 
arabinopyranose (IV).

Attempts to obtain 2,3,4-tri-O-benzyl-a-L-arabino- 
pyranose (XI) in crystalline form were unsuccessful. 
However, benzoylation of an equilibrated 2,3,4-tri-O- 
benzyl-L-arabinopyranose (VIII +  XI) readily gave 
1-O-benzoy 1-2,3,4-tri-O-ben zy l-a-L-a r a b i no py r a n o s e
(XII). Hydrogenolysis of the benzyl groups in XII 
afforded 1-0-benzoyI-a-L-arabinopyranose (X III); the 
ester proved to be stable in 4:1 pyridine-water.

(1 5 ) T h e  u t i l i t y  o f s u c h  c o m p o u n d s  h a s  b e e n  d e m o n s t r a t e d  b y  C . P .  J .  
G la u d e m a n s  a n d  I I .  G . F l e tc h e r  f.7. O r g .  C h e m . ,  28, 3 0 0 4  ( 1 9 6 3 ) ]  w h o  e m 
p lo y e d  t h e  e n a n t io m o r p h  o f I to  s y n th e s i z e  9 - /3 - n -a r a b in o f u r a n o s y la d e n in e ,  a  
t y p e  o f s u b s ta n c e  w h ic h  is  d i f f ic u l t ly  a c c e s s ib le  b y  o t h e r  m e a n s .

(1 6 ) R .  K . N e s s  a n d  I I .  G .  F l e tc h e r ,  J r . ,  J .  A m .  C h e m .  S o e . ,  80, 200 7  
(1 9 5 8 ).

(1 7 ) D . I I .  R a m m le r  a n d  D . L . M a c D o n a ld ,  A r c h .  B i o c h e m .  B i o p h y s . ,  78, 
3 5 9  (1 9 5 8 ).

(1 8 ) I I .  G .  F l e tc h e r ,  J r . ,  a n d  C . S . H u d s o n ,  J .  A m .  C h e m .  S o c . ,  69, 1145 
(1 9 4 7 ).
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OH
XIII

In passing, it may be noted that each of the L-ara- 
binofuranose derivatives' described here is more levoro- 
tatory than the corresponding L-arabinopyranose deriva
tive of the same anomeric configuration, in agreement 
with the generalization made recently by Bhattacharya, 
Ness, and Fletcher.19

Discussion
The conversions of 1 -O-benzoyl-fl-L-arabinopyranose

(X) and of I-0-benzoyl-/S-L-arabinofuranose (III) to 
2-O-benzoyl-L-arabinopyranose (IV) are obviously 
multi-step processes. In both cases the first step is 
acyl migration, C-l to C-2. With the pyranose ester X, 
acyl migration is followed by anomerization of the form 
of 2-O-benzoyl-L-arabinose released (presumably /3). 
With the furanose ester (III), the 2-O-benzoyl-L-ara- 
binofuranose initially released (presumably (3) may ano- 
merize before ring expansion to 2-O-benzoyl-L-arabino- 
pyranose (IV) which must then come to anomeric 
equilibrium. Since the over-all rate of mutarotation of 
the l-O-tienzoy 1-/3-L-arabinopyranose (X) is much 
slower than that of its furanose analog III, it seems 
reasonable to assume that the rate-controlling step is 
the acyl migration itself. However, with the faster 
reaction (III -*• IV) there is the possibility that the 
rate-controlling step is actually the anomerization of the 
2-O-benzoyl-L-arabinopyranose (IV).20 To settle this 
point, the rate of mutarotation of 2-O-benzoyl-L-ara- 
binopyranose in aqueous pyridine was measured and 
found to be significantly faster (k = 0.064, h/2 = 4.7 
min.) than the conversion of III to IV in the same sol
vent mixture.21 It is, therefore, concluded that the 
acyl migration itself is most probably the rate-control
ling step in the conversion of III to IV.

(1 9 ) A . K . B h a t t a c h a r y a ,  R . K . N e s s ,  a n d  H . G . F l e tc h e r ,  J r . ,  . / .  Org. 
C h e m ., 2 8 , 4 2 8  ( 1 9 6 3 ) .

(2 0 )  I t  i s  a s s u m e d  t h a t  t h e  a n o m e r iz a t io n  o f  2 - O - b e n z o y l - L - a r a b in o -  
f u r a n o s e  a n d  t h e  r in g  e x p a n s io n  a r e  c o m p a r a t i v e l y  r a p id  r e a c t io n s .

(2 1 )  I t  m a y  b e  a p p r o p r ia t e  to  r e m in d  t h e  r e a d e r  t h a t  t h e  r a t e  o f t h e  c o n 
v e r s io n  o f A to  A +  B i s  t h e  s a m e  a s  t h e  r a t e  o f c o n v e r s io n  o f B i n t o  A  +  B 
in  a  s y s t e m  A B , i r r e s p e c t i v e  o f t h e  p r o p o r t io n s  o f A a n d  B a t  e q u i l i b r i u m .  
T h u s  t h e  ( a s  y e t  u n k n o w n )  2 - O - b e n z o y l - a - L - a r a b in o p y r a n o s e  w o u ld  m u t a r o -  
t a t e  a t  t h e  s a m e  r a t e  a s  i t s  d - a n o m e r  d e s c r ib e d  h e r e .  T h e  a r g u m e n t  p u t  
f o r w a r d  a b o v e  i s  t h e r e f o r e  v a l id  i r r e s p e c t i v e  o f w h ic h  a n o m e r  o f 2 - O - b e n -  
z o y l - L - a r a b in o p v r a n o s e  is  a n  i n t e r m e d ia t e  in  t h e  r e a r r a n g e m e n t  o f e i t h e r
nr or ix.

It seems possible that a study of the relative rates of 
migration of various types of acyl groups in a given 
sugar as well as a study of the relative rates of migration 
of a given acyl group in a variety of aldoses might lead 
to interesting generalizations.

Experimental22

2,3,5-Tri-0-benzyl-/3-i.-arabinofuranose (I) from L-Arabinose.
—Thirty grams of powdered L-arabinose was added to a mixture 
of 600 ml. of anhydrous methanol and 15 g. of Drierite and the 
suspension, after the addition of 4.5 ml. of concentrated sulturic 
acid, was stirred at room temperature for 5 hr. The reaction 
mixture, then being devoid of reducing power, was filtered and 
the filtrate passed through a column containing 150 ml. of IIt-45, 
the column being washed with 400 ml. of methanol. The com
bined solution and washings were concentrated in vacuo to a heavy 
sirup which was diluted with 50 ml. of freshly purified tetrahydro- 
furan and reconcentrated (35-40° bath). Freshly purified tetra- 
hydrofuran (400 ml.) was added and the solution treated with 30 
g. of Drierite, 156 g. of commercial powdered potassium hy
droxide,23 and 200 ml. of benzyl chloride. The mixture was 
stirred under gentle reflux overnight, cooled, filtered through a 
thin bed of Filter-Cel, and concentrated in vacuo, finally at ca. 
1 mm. and 100° (bath). The crude sirupv methyl 2,3,5-tri-O- 
benzyl-L-arabinofuranoside mixture was dissolved in 400 ml. of 
glacial acetic acid and the solution diluted with 60 ml. of 6 N 
hydrochloric acid. It was heated at 65° for 1.25 hr., concen
trated in vacuo to one-third its volume and poured into 1500 ml. 
of a mixture of ice and water. After seeding, the mixture was 
left at 5° overnight, the aqueous layer then being decanted from 
the partially crystalline mass which was dissolved in 200 ml. of 
diehloromethane. The solution was washed with cold aqueous 
sodium bicarbonate solution, dried with magnesium sulfate, 
filtered through a thin bed of decolorizing carbon, and concen
trated in vacuo to a thin sirup. This residue, dissolved in 200 
ml. of cyclohexane, seeded and left 1 hr. at room temperature 
and then at 5° overnight, afforded 40.1 g. (48%) of 2,3,5-tri-O- 
benzyl-/9-L-arabinofuranose melting at 88-89°. In 9:1 (v./v.) 
dioxane-water (c 2.0) it gave [a]20D +27.1° (2 min.) —*■ —11.6° 
(20 hr., constant); in diehloromethane it showed [«¡“d +6.5° 
(c 4.25).

2,3,5-Tri-O-benzyl-a-L-arabinofuranose (V).—2,3,5-Tri-O- 
benzyl-0-L-arabinofuranose (2.9039 g.) in a 1.5-dm. polarimeter 
tube was treated with 25 ml. of dry pyridine. Solution was al
most instantaneous, theobserved rotation going from [a)20n +8.29° 
to —2.12° (constant) in 328 min. After 8 hr. the solvent was 
removed in vacuo (40° bath); on standing, the sirupy residue 
crystallized completely after 6 hr. It was redissolved in 3 ml. of 
pyridine, the solution diluted with 3 ml. of water and the mixture 
(two layers) kept at —5° for 1 week to give a microcrystalline 
powder, m.p. 78-80° and [a]20n —4.52° in diehloromethane (c 
3.49).

Anal. Calcd. for C26H>gOo (420.48): C, 74.26; H, 6.71. 
Found: C, 74.53; H, 6.77.

The infrared spectrum of the compound appeared to be indis
tinguishable from that of its 0-anomer.

1-0-Benzoyl-2,3,5-tri-0-benzyl-/3-L-arabinofuranose (II).—To 
a mixture of 45 ml. of dry pyridine and 2.5 ml. of benzoyl chloride 
which had been cooled to —15° was added (in small portions, 
with stirring) 5.6 g. of 2,3,5-tri-0-benzyl-/3-L-arabinofuranose. 
After the addition was complete, the mixture was stirred for 1 hr. 
at room temperature and left at room temperature overnight. 
The excess benzoyl chloride was destroyed by the dropwise addi
tion of 5 ml. of water and, 30 min. later, the reaction mixture was 
diluted with diehloromethane. After washing successively with 
cold water, 3 A’ sulfuric acid and cold half-saturated aqueous 
sodium bicarbonate the solution was dried with sodium sulfate 
and concentrated in vacuo. The residue, dissolved in 30 ml. of 
warm isopropyl ether and seeded,24 gave long, colorless needles 
(5.4 g., 77%). Recrystallized three times from methanol (10 
parts) the pure product was obtained; m.p. 48°, [«]20i> +54.6° 
(c 2.98, CH2C12).

Anal. Calcd. for (524.59): C, 75.55; H, 6.15.
Found: C, 75.75: H, 6.30.

(2 2 ) M e l t in g  p o i n t s  a r e  c o r r e c te d .
(2 3 ) H o o k e r  C h e m ic a l  C o r p . ,  N ia g a r a  F a l ls ,  N . Y .
(2 4 ) S e e d s  w e re  o b t a in e d  b y  a d d in g  p e n ta n e  to  a  p o r t i o n  o f t h e  s o lu t io n .
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l-O-B enzoyl-2,3,5-tri-O-benzyl-a- L-arabinofuranose (VI).—
2,3,5-Tri-0-benzyl-/3-L-arabinofuranose (40 g.) was dissolved in 
350 ml. of dry pyridine and the solution kept at 20° until muta
rotation had ceased. It was then cooled to —15° and, while 
stirred, treated dropwise with 15 ml. of benzoyl chloride. Stirring 
was continued at —15° for 1.25 hr. and the solution left at room 
temperature for 18 hr. Water (10 ml.) was added dropwise to 
the chilled solution to decompose the excess benzoyl chloride; 
the mixture was then diluted with dichloromethane and washed 
successively with cold 3 A’ sulfuric acid and aqueous sodium bi
carbonate. Moisture was removed wdth sodium sulfate and the 
solution concentrated in vacuo (40° bath) to leave a residue 
(49 g., 98%) which crystallized completely. Recrystallized from 
250 ml. of warm isopropyl ether the product (28 g., 56%) melted 
at 61-63° and showed [<*]20d  —51.1° in dichloromethane (c 
2.94).

Anal. Caled. for C33H32O6 (524.59): C, 75.55; H, 6.15. 
Found: C, 75.33; H,6.38.

The same product was obtained in another experiment through 
the benzoylation of 2,3,5-tri-O-benzyl-a-L-arabinofuranose at a 
low temperature.

1-O-Benzoyl-ci-L-arabinofuranose (VII).—A solution of 3.41 g.
of 1-O-benzoy 1-2,3,5-tri-O-benzyl-o-L-arabinofuranose in 200 ml. 
of ethyl acetate was treated with 0.4 g. of 10% palladium on 
charcoal25 and the suspension was shaken wdth hydrogen at room 
temperature (25°) and pressure. The theoretical amount of 
hydrogen (476 ml.) was absorbed in 35 min. After removal of 
the catalyst, the solution wras concentrated in vacuo to give a sirup 
which, dissolved in 20 ml. of dichloromethane, gave 1.5 g. (91%) 
of crystalline product, ltecrystallized from 10 parts of boiling 
ethyl acetate, the ester melted at 130-131° and showed [a]20D 
—93.2° in dry pyridine (c 2.31).

Anal. Caled. for C^HhĈ  (254.23): C, 56.69; H, 5.55. 
Found: C, 56.70; H, 5.55.

1-0-Benzoyl-a-L-arabinofuranose failed to mutarotate in 
anhydrous pyridine solution over the course of 4.5 hr.; when the 
pyridine solution was diluted with a quarter of its volume of 
water no mutarotation could be observed over the course of 24 hr. 
and, thereafter, unchanged l-O-benzoyl-a-L-arabinofuranose was 
recovered.

A sample (0.5 g.) of 1-0-benzoyl-a-L-arabinofuranose was 
benzoylated in conventional fashion with benzoyl chloride in 
pyridine solution to give from ethanol 0.9 g. (81%) of a-h- 
arabinofuranose tetrabenzoate melting at 117-121° and showing 
[a]20i> —25.1° in chloroform (c 2.33). Ness and Fletcher16 
reported m.p. 117-121° and [a]20!) +27.9° (chloroform) for the 
enantiomorph of this compound.

1- 0-Benzoyl-d-L-arabinofuranose (III).—A solution of 5.27 g. 
of ]-0-benzoyl-2,3,5-tri-0-benzyl-/S-L-arabinofuranose in 300 ml. 
of ethyl acetate was reduced catalytically in the presence of 0.673 
g. of 10% palladium-on-charcoal at room temperature (27°) and 
atmospheric pressure. The theoretical amount of hydrogen 
(735 ml.) was absorbed during 1.75 hr. The catalyst was re
moved by filtration and the solution concentrated in vacuo (40° 
bath) to 30 ml.; colorless needles formed spontaneously and, 
after storage at —5° overnight, were removed, 2 g. (78%). 
Recrystallized from boiling ethyl acetate, the l-0-benzoyl-/3-L- 
arabinofuranose melted at 140-143° and showed [a]” ii +59.8° 
in dry pyridine (c 1.98).

Anal. Caled. for C12Hh0 6 (254.23): C, 56.69; H, 5.55. 
Found: C, 56.58; H, 5.99.

A sample (0.5 g.) of this ester was benzoylated in conventional 
fashion with benzoyl chloride in pyridine solution at —10° to 
give, from ethanol, 0.9 g. (81%) of 0-L-arabinofuranose tetra
benzoate melting at 121-122° and showing [a]20n +94.1° in 
chloroform (c 2.23). Ness and Fletcher16 reported m.p. 120-122° 
and [a)20n —94.0° (chloroform) for the u-form.

2- 0-Benzoyl-d-L-arabinopyranose (IV) from 1-0-Benzoyl-d-i,- 
arabinofuranose (III).—To 0.1065 g. of pure l-0-benzoyl-/3-L- 
arabinofuranose in a 1.5-dm. all glass polarimeter tube was added 
10 ml. of anhydrous pyridine. As soon as solution was complete, 
the solution was diluted with 2.50 ml. of water and the resulting 
mutarotation observed. The changing specific rotation and first- 
order reaction constants calculated therefrom are given in Table 
I. Based on an average reaction rate of 0.026 the “half-life” of 
the reaction was approximately 11.6 min.

(2 5 ) In  s u b s e q u e n t  w o rk  th e  p a l l a d iu m  b la c k ,  m a d e  b y  th e^ ’r e d u c t io n  
( w i th  h y d r o g e n )  o f p a l la d iu m  c h lo r id e  in  m e th a n o l  s o lu t io n  a c c o r d in g  to  th e  
m e th o d  o f O . T .  S c h m id t  a n d  W . S t a a b  [B er .,  87, 3 9 3  (1 9 5 4 )1 , w a s  fo u n d  
m a r k e d ly  s u p e r io r  to  a l l  o t h e r  p a l l a d iu m  c a t a l y s t s  fo r  s u c h  d é b e n z y la t i o n s .

T a b l e  I
M u t a r o t a t io n  o f  1 -O -B e n z o y l -0 -l - a r a b in o f u r a n o s e  in  

A q u e o u s  P y r id in e

k,
t, min. [ a ] 2 0 D d min., decimal logs

0 73 (extrapolated)
4 82 0.023
5 84 .023
5 .5 85 .023
7 89 .026
9 93 .027

14 101 .028
15 103 .029
24 111 .030
44 117 .027
79 120

100 120

“ Uncorrected for the small increase in volume caused by the 
solute.

In an experiment, essentially identical with the preceding rate 
measurement, using 0.393 g. of l-0-benzoyl-/3-L-arabinofuranose, 
the solution was concentrated in vacuo (40° bath) when mutarota
tion had ceased. The residual sirup was dissolved in a mixture 
of 5 ml. of ethyl acetate and 3 ml. of pentane and the solution 
kept at —5° overnight to give short needles. Recrystallized 
from 5 ml. of warm ethyl acetate, the product (0.3 g., 76%) 
melted at 133-135° and showed [a] %  +145.4 —► +102.5° in 
methanol (c 1.29). Rammler and MacDonald17 reported m.p.
132-133° and [a]23u —152 — —100° (methanol) for 2-O-benzoyl- 
/3-u-arabinopyranose.

Anal. Caled. for C1;H„06 (254.23): C, 56.69; H, 5.55. 
Found: C, 56.82; H, 5.77.

An authentic specimen of 2-0-benzoyl-/3-L-arabinopyranose, 
prepared through the hydrogenolysis of benzyl 2 -0 -b e nzo y l-^ -L- 
arabinopyranoside,17 failed to depress the m elting  p o int of the 
product obtained through the rearrangement of l-0 -b e nzoy l-/5 -L- 
arabinofuranose.

The mutarotation of 2-0-benzoyl-/3-L-arabinopyranose was 
measured as follows. A sample (33.6 mg.) of the crystalline 
ester in a 1-dm. polarimeter tube was dissolved in 3.00 ml. of 
anhydrous pyridine. Over the course of 4 min. the rotation 
(2.24°) was constant. Water (0.75 ml.) was then added and the 
mutarotation observed at 20°. The specific rotations and first- 
order rate constants are given in Table II.

T a b l e  II
M u t a r o t a t io n  o f  2 -0 -B e n z o y l -/3-i .-a r a b in o p y r a n o s e  i n  

A q u e o u s  P y r id in e

k.
L min. [a]wDa min., decimal logs

0 157 (extrapolated)
0.5 155 0.051
3 146 .059
5 142 .052
6 137 .068
7 134 .075
9 132 .068

11 129 .072
13 128 .070
31 124

“ Uncorrected for the small increase in volume caused by the 
solute and assuming that the final volume was 3.75 ml. Based 
on an average rate of 0.064, t- /, was 4.7 min.

2,3,4-Tri-O-benzyl-d-L-arabinopyranose (VIII).—Pure methyl 0- 
L-arabinopyranoside26 (44.5 g.), powdered potassium hydroxide23 
(212 g.), and pure tetrahydrufuran (543 ml.) were combined and 
treated with 271 ml. of benzyl chloride. The mixture was 
stirred under reflux for 5.5 hr., cooled, and filtered through Filter- 
Cel which was thereafter washed with dichloromethane. The 
combined filtrate and washings were concentrated in vacuo, 
finally being held at 140° (bath) and 0.01-mm. pressure. The

(2 6 ) C . S . H u d s o n ,  J .  A m .  C k e m . S o c ..  46, 2 6 5  (1 9 2 5 ) .
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crude, pale yellow methyl 2,3,4-tri-0-benzy]-/3-L-arabinopyrano- 
side (111) g., 94%) was dissolved in 2.2 1. of glacial acetic acid 
and the solution diluted with 880 ml. of 2 N hydrochloric acid. 
After being heated at 80° for 16 hr. the reaction mixturewas 
cooled and poured into 18 1. of ice-water, seeded27, and left at 
+5° until crystallization appeared to be complete (2 weeks). 
The 80.0 g. of tan solid was dissolved in 300 ml. of hot isopropyl 
ether, the solution filtered through a thin layer of DarcoX, and 
left at room temperature, 54.2 g. (48%), m.p. 71-79°, |a]20o 
+93.2° (c 0.84 in 9:1 dioxane-water, 3 min.). Recrystallized 
from 6.8 parts of warm cyclohexane, the 2,3,4-tri-0-benzyl-j3-L- 
arabinopyranose was obtained in pure form as long, fine needles, 
m.p. 83-86°. In 9:1 dioxane-water (v./v.), containing a trace 
of ammonia the substance showed [a]20!) +92.2° (3.5 min.) 
—* +87.6° (3 hr.) (c 0.97); in diehloromethane (c 1.76) the sub
stance showed' [a]20i> +66.5° —► +51.1° (2 days).

Anal. Calcd. for C,6H,80 :, (420.48): C, 74.26; H, 6.71. 
Found: C, 74.45; H, 6.9E.

l-0-Benzoyl-2,3,4-tri-0-benzyl-/9-L-arabinopyranose (IX).—To
a mixture of 3.5 ml. of benzoyl chloride and 30 ml. of dry pyridine 
which was kept, at 0° was added 10.0 g. of 2,3,4-tri-0-benzyl-/?-L- 
arabinopyranose. The mixture was allowed to warm to room 
temperature and, after 1 hr., was worked up in the usual way. 
When the purified sirupy product was dissolved in 50 ml. of warm 
methanol crystallization was spontaneous, 10.4 g. (83%), m.p.
81-83°, [or] 20d +129° (CH2CI2, c 0.40). A second crop (1.67 g.) 
proved to be crude l-0-benzoyl-2,3,4-tri-0-benzyl-a-L-arabino- 
pyranose. Recrystallization of the first crop from isopropyl 
ether, cyclohexane, isopropyl ether and, finally from methanol 
yielded pure l-0-benz<>yl-2,3,4-t,ri-0-benzyl-d-L-arabinopyranose 
as clear, stubby prisms, m.p. 82-83°, [aj20o +127.2° (CH2CI2, 
c 0.91).

Anal. Calcd. for C33H32O6 (524.59): C, 75.55; H, 6.15. 
Found: C, 75.85; H, 6.33.

l-0-Benzoyl-2,3,4-tri-0-benzyl-«-L-arabinopyranose (XII).—
2,3,4-Tri-O-benzyl-d-L-arabinopyranose (15.5 g.) was dissolved in 
80 ml. of dioxane, the solution treated with a little dilute aqueous 
ammonia and then diluted to 100 ml. with water. After 2 days 
at 20° the solution had ceased to mutarotate; it was then freeze- 
dried to give a sirup which was diluted with 15 ml. of pyridine. 
The solvent was removed in vacuo at less than room temperature 
and the amorphous residue diluted with 50 ml. of pyridine. The 
solution was cooled to below 0° and treated with 10 ml. of benzoyl 
chloride. After being allowed to warm slowly to room tempera
ture the reaction mixture was worked up in the customary manner 
to give a stiff sirup which was dissolved in 300 ml. of boiling 
methanol. On standing at room temperature the solution de
posited 7.2 g. of nearly pure l-0-benzoyl-2,3,4-tri-0-benzyl-a-L- 
arabinopyranose; a second crop (4.0 g.), obtained by evaporation 
of the mother liquor was less pure, while a third crop (6.9 g.) 
proved to be largely the /3-anomer. In separating the two ano- 
mers advantage was taken of the fact that the a-anomer is 
comparatively insoluble in methanol while the /3-anonier is 
comparatively insoluble in isopropyl ether. In this fashion 9.1 
g. (47%) of nearly pure a-anomer was obtained. One further 
recrystallization from methanol afforded the pure product, m.p. 
105°, (a]20i) -31.5° (CH.Cb, c 0.82).

Anal. Calcd. for C3.3H.12O6 (524.59): C, 75.55; H, 6.15. 
Found: C, 75.49; H, 6.29.

l-O-Benzoyl-a-i.-arabinopyranose (XIII).—Palladium chloride 
(0.6 g.) was suspended in ethyl acetate and reduced with hydrogen 
at room temperature. When the reduction was complete the 
catalyst was washed with ethyl acetate by decantation and a 
solution of l-0-benzoyl-2,3,4-tri-0-benzyl-a-L-arabinopyranose 
(2.97 g.) in a mixture of 90 ml. of ethyl acetate and 10 ml. of 
methanol added. Stirred vigorously at room temperature, the 
mixture absorbed the theoretical amount of hydrogen in 4 hr. 
After removal of the catalyst, the solution was concentrated

(2 7 ) S e e d s  w e re  i n i t i a l l y  o b t a in e d  b y  c h r o m a to g r a p h in g  a  s a m p le  of 
t h e  s i r u p y  m a te r i a l  o n  n e u t r a l i z e d  A lc o a  a lu m in a ,  e lu t i n g  w i th  b e n z e n e -  
e th e r  ( 1 :1 ) ,  a n d  e v a p o r a t in g  t h e  e lu a t e  in  vacuo . A  s a m p le  o f t h e  c ru d e  
h y d r o ly s a te  w a s  f re e d  o f  a c id  a t  t h i s  p o i n t  a n d  f o u n d  t o  g iv e  a  n e g lig ib le  
q u a n t i t y  o f 2 ,3 ,4 - tr i- O - b e n z y l- f l- L - a r a b in o p y r a n o s e .  S in c e  i t  s h o w e d  e s te r  
c a rb o n y l  ( a s  w ell a s  h y d r o x y l)  a b s o r p t io n  in  t h e  in f r a r e d  r e g io n ,  t h e  s a m p le  
w a s  t r e a t e d  b r ie f ly  w i th  s o d iu m  m e th o x id e  in  m e th a n o l ;  a  s u b s t a n t i a l  
q u a n t i t y  o f 2 ,3 ,4 - tr i - O - b e n z y l- 0 - l . - a r a b in o p y r a n o s e  w a s  t h e n  i s o l a te d .  O n  
th e  b a s i s  o f  t h i s  e v id e n c e ,  i t  s e e m s  l ik e ly  t h a t  s o m e  l - 0 - a c e t y l - 2 ,3 ,4 - t r i - 0 -  
b e n z y ! - i . - a r a b in o p y r a n o s e  is  fo rm e d  d u r in g  t h e  h y d r o ly s i s  a n d  t h a t  t h i s  
e s t e r  is  s u b s e q u e n t ly  h y d r o ly z e d  d u r in g  t h e  e x te n d e d  p e r io d  a f t e r  t h e  r e a c 
t i o n  m ix tu r e  is  d i lu t e d  w i th  t h e  v e ry  la r g e  p r o p o r t io n  o f w a te r .

T a b l e  III
M u t a r o ta tio n  o f  1-0 -B e n zo y l-/3-l-a r a b in o p y r a n o s e  in 

A q u e o u s  P y r id in e

k,
t, min. [a]20!)0 min., decimal logs

0 158
75 157 0.00017

120 156 .00013
183 155 .00018
285 154 .00018
475 152 .00017
640 150 .00018

1220 145 .00017
1611 142 ,00017
2045 140 00016
2697 137 .00015
4305 131 .00015
6000 128 .00014
7500 127 .00013
9985 125 .00014

11455 124

a Assuming the volumes were additive.

in vacuo at room temperature to a sirup. The sirup was diluted 
with 20 ml. of ethyl acetate and the solution reconcentrated in the 
same fashion. From 3 ml. of ethyl acetate the product slowly 
crystallized as very fine needles, 0.72 g. (48%), m.p. 122-125°. 
A second crop (0.3 g., m.p. 113-125°) raised the total yield to 
68%. Recrystallization of the first crop from ethyl acetate 
afforded pure 1-O-benzoyl-a-L-arabinopyranose, m.p. 123-125°, 
[ a ] 20D  +4.1° (methanol, c 0.86). In anhydrous pyridine (c 
1.62) the pure ester showed [a]20!) —6.2°. When the solution 
was diluted with a quarter of its volume of water the rotation 
became [a]20i> +6.2°,28 no mutarotation being observed over the 
course of 48 min.
Anal. Calcd. for C,.H„06 (254.23): C, 56.69; H, 5.55. 

Found: C, 56.79; H, 5.81.
A sample of the 1-O-benzoyl-a-L-arabinopyranose was benzoyl- 

ated in conventional fashion to give a-L-arabinopyranose tetra- 
benzoate in 34% yield, m.p. 159°, [a]20u +114.0° (chloroform, 
c 1.08). Fletcher and Hudson18 reported m.p. 160-161° and 
[a]20n +114.1° (chloroform) for this substance.

1- 0-Benzoyl-/3-i,-arabinopyranose (X).—l-0-Benzoyl-2,3,4-tri- 
0-benzyl-/3-L-arabinopyranose (4.04 g.), dissolved in a mixture 
of 44 ml. of methanol and 44 ml. of ethyl acetate, was added to 
palladium which had been freshly made by the reduction of 0.43 
g. of palladium chloride in the same solvent mixture. Stirred 
vigorously at room temperature, the mixture absorbed the theo
retical amount of hydrogen in 3 hr. The catalyst was removed by 
filtration and the solution concentrated in vacuo at room tempera
ture to a dry crystalline residue. Recrystallized at room tem
perature from a mixture of methanol and ethyl acetate, the 
product was obtained as elongated rectangular plates, 1.75 g. 
(89%), m.p. 136-143°, [ a ] » > D  +173° (methanol, c 0.55). Re- 
crystallized from warm acetone, the 1-O-benzoyl-d-L-arabino- 
pyranose melted at 134-150° and showed [a| *1) +175° (methanol, 
c 0.82). Further recrystallization failed either to narrow the 
melting point range or alter the specific rotation.

Anal. Calcd. for C1_.H1.,06 (254.43): C, 56.69; H, 5.55. 
Found: C, 56.82; H, 5.57.

Benzoylation of a sample of the 1-O-benzoyl-d-L-arabinopyran- 
ose in the usual fashion afforded (3-L-arabinopyranose tetrabenzo- 
atein 67% yield, m.p. 176°, [ a ] 20D  +321.9° (chloroform, c 1.38). 
Wolfrom and Christman29 reported m.p. 173-174° and [al^D 
+325° (chloroform) for 0-L-arabinopyranose tetrabenzoate.

2- 0-Benzoyl-/3-i.-arabinopyranose (IV) from l-0-Benzoyl-/9-L- 
arabinopyranose (X).— 1-O-Benzoyl-fJ- L-arabinopyranose (0.3308 
g.), dissolved in pyridine to a total volume of 10.0 ml., showed 
[a] 20d +164°, unchanged over the course of 11 min. Water (2.5

(2 8 ) I t  is  a s s u m e d  t h a t  t h e  v o lu m e s  w e re  a d d i t i v e .  N o  s a t i s f a c to r y  
e x p la n a t io n  o f  t h i s  r e v e r s a l  o f  t h e  s ig n  o f  r o t a t i o n  c a n  b e  m a d e  a t  t h i s  
j u n c t u r e .  C o n c e n t r a t io n  o f t h e  a q u e o u s  p y r id in e  s o lu t io n  le d  t o  t h e  i s o la 
t io n  o f u n c h a n g e d  I - O -b e n z o y l- a - l . - a r a b in o p y r a n o .s e .

(2 9 ) M . L . W o lf ro m  a n d  C . C . C h r i s t m a n ,  J .  A m .  C h e m . S o c ..  58, 39 
(1 9 3 6 ).
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ml.) was then added and the mutarotation observed at 20°. 
The specific rotations and first-order rate constants are given in 
Table III. Based on an average rate of 0.00016, the “ half-life” 
of the reaction was 1881 min.

When mutarotation had ceased, the solvent was removed 
in vacuo to give a sirup which was crystallized from ethyl acetate- 
pentane. The short, colorless needles thus obtained were re
crystallized from the same solvent mixture 0.2 g. (66%), m.p.
133-135°, M 20d +145.4° — +102.5° (methanol, c 1.27).

These values agree with those reported earlier in this paper for 2- 
0-benzoyl-/3-L-arabinopyranose.

Acknowledgment.—We are indebted to Mr. Harry
W. Diehl for the preparation of some starting materials. 
Analyses were performed by the Analytical Services 
Unit of this laboratory under the direction of Mr. H. 
G. McCann.
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Condensation of 2,3,5-tri-O-benzyl-n-arabinofuranosyl chloride with methanol leads predominantly to methyl
2,3,5-tri-0-benzyl-/3-n-arabinofuranoside. Condensation of the same halide with N’-benzoyladenine and subse
quent removal of the protecting groups readily gives 9-|3-D-arabinofuranosyladenine, a type of glycoside which 
is difficultly accessible by other means.

The most generally applicable method for the synthe
sis of glycosides is that which Koenigs and Knorr3 
devised over sixty years ago. However, the condensa
tion of a fully acylated glycosyl halide with a potential 
aglycon is normally a limited process in the sense that it 
leads to a product in which the aglycon is trans to the 
acyloxy group at C-2. With an acylated glycosyl halide 
bearing a halogen at C-l cis to an acyloxy group at C-2, 
simple inversion predominates; with a /rans-halide, 
participation of the acyloxy group at C-2 in the dis
placement of the halogen results either in no net inver
sion or formation of an ortho ester derivative.

A wide variety of special methods have been devised 
for the synthesis of 1,2-cfs-glycosides. Two of these 
methods deserve particular attention. In the first, the 
configuration of C-2 in a trans-glycoside is inverted by 
one means or other. The ingenious synthesis of 9-/3-D- 
arahinofuranosyladenine (V) from 9-/3-n-xylofuranosyl- 
adenine, described by Reist, Benitez, Goodman, Baker, 
and Lee,4 illustrates this approach. A second method 
involves the use of a glycosyl halide in which the hy
droxyl group at C-2 is masked with a group which does 
not participate in the displacement of the halogen at 
C-l. The synthesis of the cts-linked disaccharide iso
maltose (G-O-a-D-glucopyranosyl-D-glucose) through
3,4,6-tri-0-acetyI-2-0-nitro-/3-o-glucopyranosyl chlo
ride by Wolfrom, Pittet, and Gillam5 is of this type.

While the two aforementioned methods are emi
nently successful in some sugar series, their success de
pends, ultimately, on selective substitutions at C-2 of 
aldose derivatives; such selective substitution always 
involves a number of steps and is not practicable with 
some aldoses. The concept of using a glycosyl halide, 
fully substituted with the nonparticipating benzyl 
group has many attractive features inasmuch as hy

(1) Paper II of th is  series: S. T ejim a and H. G. Fletcher, J r ., ./. O r g .  

C h e m . ,  2999 (1963).
(2) V isiting Associate of the Public H ealth  Service, 1962-1963.
(3) W. Koenigs and E. K norr, S i t z h e r .  M a t h .  N a t u r w .  K l .  B a y e r .  A k a d .  

W i s e .  M u e n r h e n ,  30, 108 (1900); B e r . ,  34, 957 (1901).
(4) E. J. R eist, A. Benitez, L. Goodm an, B. R. B aker, and W. W. Lee, 

./. O r g .  C h e m . ,  25, 3274 (1962).
(5) M. L. W olfrom, A. O. P itte t, and I. C. Gillam , P r o a .  N a t l .  A r a d .  S r i .

U .  S . .  46, 700 (1961).

droxyl groups are readily masked as benzyl ethers and 
the benzyl groups readily cleaved by catalytic hydro
genation. Exploratory work by Barker and Fletcher6 
recently showed that 2,3,5-tri-O-benzyl-D-ribofuranosyl 
and 2,3,5-tri-O-benzyl-D-arabinofuranosyl bromides 
could be prepared, albeit only as highly reactive sirups. 
We wish now to describe the preparation of the more 
stable 2,3,5-tri-O-benzvl-D-arabinofuranosyl chloride
(III) and the studies of this substance which have led 
to the practicable synthesis of a 1,2-cfs-nucleoside.

2,3,5-Tri-0-benzyl-/3-D-arabinofuranose (I), readily 
preparable from D-arabinose by the improved procedure 
which Tejima and Fletcher1 described for its enanthio- 
morph, was converted into 2,3,5-tri-O-benzyl-D-ara- 
binofuranosyl chloride (III) either directly with hydro
gen chloride in the presence of a desiccant or indirectly 
through the action of hydrogen chloride on a mixture of 
anomers of 2,3,.5-tri-O-benzyl-l-O-p-nitrobenzoyl-n-ara- 
binofuranose (II).7 The chloride III proved to be a 
nearly colorless sirup, markedly more stable than the 
corresponding bromide.6 On condensation with meth
anol in the presence of sodium methoxide, it afforded a 
sirupy mixture of the anomeric methyl 2,3,5-tri-O- 
benzyl-D-arabinofuranosides; vapor phase chromatog
raphy showed that the /3-anomer (a 1,2-m-glycoside) 
predominated.

In order to ascertain whether other /3-n-arabinofurano- 
sides could be made by this process, a purine8 was used 
as an aglycon since there is considerable current interest 
in the biochemical properties of nucleosides containing 
the /3-n-arabinofuranosvl moiety,9 and adequate special

(6) R. B arker and H. G. F letcher, J r., J .  O r g .  C h e m . ,  26, 4605 (1961).
(7) I t  should be noted, however, th a t  the  2,3,5-tri-O-benzyl-D-arabino- 

furanosyl chloride (I I I )  differed in certa in  p roperties depending upon 
w hether i t  was prepared from I or II. The available evidence appears to 
ind icate  th a t  th is  difference arises from differing proportions of anom ers 
in the  two p reparations of I I I ;  see the Experim ental.

(8) T he suggestion th a t  adenine be used as first m ade to us by Professor 
B. R. Baker.

(9) M. H u b ert-H ab art and S. S. Cohen, B i o c h i m .  B i o p h y s .  A c t a ,  59, 468
(1962) ; H. Tono, J .  B i o l .  C h e m . ,  237, 1271 (1962); M. G. Chu and G. A. 
Fischer, B i o c h e m .  P h a r m a c o l . ,  11, 423 '.1962); G. E. U nderwood, P r o c .  S o c .  

E x p .  B i o l .  M e d . ,  I l l ,  660 (1962); R. W. Talley and V. K. Vaitkevicius, B l o o d ,  

21, 352 (1963); J. J. Brink and G. A. LePage, F e d e r a t i o n  P r o c . ,  22, 184
(1963) ; G. A. LePage and I. G. Junga, C a n c e r  R e s . ,  23, 739 (1963); S. S. 
Cohen, P e r s p e c t i v e s  B i o l .  M e d . ,  6. 215 (1963).
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C6H5CH20
II

C6H5CH2OCH2 .0  
< c6h:5ch2o Cl

c6h6ch2o
III

nh2

iv, r =c6h5ch2-
V, R = H

methods are available for the synthesis of pyrimidine 
/3-n-arabinofuranosides.10

Condensation of 2,3,5-tri-O-benzyl-D-arabinofurano- 
syl chloride (III) with a twofold excess of N-benzoyl- 
adenine, followed by alkaline N-debenzoylation, led to 
the isolation in 46% yield of a crystalline tri-O-benzyl- 
pentosyladenine which was further characterized as its 
crystalline picrate. Reductive hydrogenolysis of the 
tri-O-benzylpentosyladenine over palladium black af
forded 9-/3-D-arabinofuranosyladenine (V), identical 
with a sample kindly provided by Dr. Leon Goodman.4 
Investigation of the mother liquor afforded chromato
graphic evidence for the formation of the anomeric 
nucleoside, 9-a-n-arabinofuranosyladenine, in very low 
yield. The mother liquor also yielded a substantial 
quantity of methyl 2,3,5-tri-O-benzyl-D-arabinofurano- 
side. Although the initial condensation had been con
ducted for one week at room temperature in the presence 
of a solid acid acceptor (molecular sieve) and of an ex
cess of N-benzoyladenine, the isolation of the methyl 
glycoside may indicate that some 2,3,5-tri-O-benzyl-D- 
arabinofuranosyl chloride had survived to react with 
the barium methoxide used for the N-debenzoylation.

Discussion
While all benzylated glycosyl halides thus far pre

pared have been amorphous, it seems reasonable to as
sume that the proportions of anomeric forms in any one 
case are roughly those which are encountered with the 
corresponding acylated glycosyl halide. With both the
2.3.5- tri-O-benzoyl-D-arabinofuranosyl bromides11 and
2.3.5- tri-O-benzoyl-L-arabinofuranosyl chlorides12 the 
a-anomer greatly predominates. We might expect, 
therefore, that III is largely 2,3,5-tri-O-benzyl-a-n- 
arabinofuranosyl chloride and hence methyl 2,3,5-tri-O- 
benzy 1-/3- D-arabinofurai ioside and IV are formed via

(10) J . J. Fox and I. W em pen, A d v a n .  C a r b o h y d r a t e  C h e m . ,  14, 238 (1959)*
(11) R. K. Ness and H. G. F letcher, J r., J .  A m .  C h e m .  S o c . ,  80, 2007 

(1958).
(12) A. K. B hattach a ry a , R . K. Ness, and  H. G. F letcher, Jr., J .  O r g .  

C h e m . ,  28, 428 (1963).

Walden inversion at C-l. If this view were correct, one 
might predict that the synthetic pathway described 
here would be especially suitable for the synthesis of 
ds-glycosides from those sugars in which the dominant 
halide- is trans. Furthermore, exploratory experiments 
appear to show that the proportion of anomeric prod
ucts obtained from a given halide (lacking participating 
groups) may be modified through the use of appropriate 
reaction conditions,13 suggesting the possibility that 
any desired anomer may be preparable from a given 
halide. A study of the mechanism of the displacement 
of halogens in glycosyl halides lacking participating 
groups is currently being pursued in this laboratory.

Experimental14
2,3,5-Tri-0-benzyl-i>-arabinofuranosyl Chloride (III). (A) 

From the 2,3,5-Tri-O-benzyl- l-O-p -nitrobenzoyl-D-arabinofuran- 
oses (II).—A mixture of the anomeric forms of 2,3,5-tri-O- 
benzyl-l-0 -p-nitrobenzoyl-i>-arabmnfuranosesfi ([a]20o + 6° in 
CH2Ch, m.p. 70-79°, 0.3038 g.) which had been dried in vacuo 
at 50° was added to 7 ml. of a solution of hydrogen chloride in 
dichloromethane (0.31 N) which had been cooled to 0°. After 
standing at 0° for 2 hr., the reaction mixture was filtered, a 
nearly quantitative yield of p-nitrobenzoic acid being consis
tently recovered (the infrared spectrum being identical with 
authentic p-nitrobenzoic acid). On concentration in vacuo at 
room temperature, the filtrate gave a nearly colorless oil which 
was held in high vacuum over solid sodium hydroxide for 40 min.; 
the specific rotation of III, prepared in this fashion, varied from 
[or]20n +91.1 to +96° (CH2C12, c 1.25). A portion (0.149 g.) 
of this chloride was dissolved in 5 ml. of benzene and the solution 
treated with a mixture of 3 ml. of benzene and 2 ml. of sodium 
methoxide in methanol (0.86 N). A white precipitate became 
visible after 15 sec.; after 5 hr. the reaction mixture was washed 
with four portions of water, dried over magnesium sulfate, fil
tered, and concentrated to a sirup which showed [a]20n —52.6° 
(CH2C12, c  2.0).

Anal. Calcd. for C27H3oOi (434.51): OCH3, 7.14. Found: 
Found: OCH3, 7.01.

Gas chromatography15 showed the mixture to contain two 
components. The minor one cochromatographed with an 
authentic sample of methyl 2,3,5-tri-O-benzyl-a-L-arabinofurano- 
side6 * * *; it is assumed that the major peak is the 3-anomer. Based 
on the heights of the peaks, the mixture consisted of 98.3% of 
the 0-anomer of 1.7% of the a-anomer.

(B) From2,3,5-Tri-0-benzyl-/3-i>-arabinofuranose (I).—2,3,5- 
Tri-0-benzyl-<3-D-arabinofuranose (1.00 g.), prepared by the im
proved procedure for its enantiomorph described by Tejima and 
Fletcher,1 was dissolved in 60 ml. of benzene w-hich had been 
saturated with hydrogen chloride at room temperature. An
hydrous magnesium sulfate (5 g.) was added and the reaction 
mixture left at room temperature (with occasional shaking) for
2.5 hr., when the rotation had become constant. After filtration 
the solution was concentrated in vacuo and the residual sirup 
held briefly in high vacuum over solid sodium hydroxide; [a]20D 
+72.5° (CH2C12, c  1.25).16 The infrared spectrum of the sirup 
showed no hydroxyl absorption. A sample of the chloride (0.184 
g.) was dissolved in 7.5 ml. of benzene and the solution treated 
with a mixture of 3 ml. of 1 A' sodium methoxide in methanol and

(13) For instance, condensation of 2,3,5-tri-O-benzyl-D-arabinofuranosy] 
chloride (I II)  w ith chlorom ercuri-N -benzoyladenine in dim ethyl sulfoxide 
solution yields (after deblocking) a p roduct which, on the  basis of paper 
chrom atographic behavior in ace tone-w ater (95:5), appears to consist of the 
two anom eric 9-n-arabinofuranosyl-adenines in approxim ately  equal 
quan tities.

(14) M elting po in ts are corrected.
(15) SE 30 (1.5% ) on 100-400 Chrom osorb W, silanized, was used a t  

260°, together with a flame ionization detector.
(16) W hen prepared by th is m ethod, I I I  was uniform ly found to have a 

lower specific ro ta tio n  than  when made from II. In  another p repara tion  d i
chlorom ethane was used in place of benzene, giving I I I  with a ro ta tion  of
[0 ]%  + 7 3 °  (C H 2CI2) and, thence, m ethyl 2,3,5-tri-O-benzyl-D-arabino-
furanoside with a methoxyl content of 7.18%  and [ a ] MD —41.3° (C H 2CI2).
Use of I I I  m ade from I gave poor yields of IV  and the p roduct thus obtained 
proved difficult to purify.
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4 ml. of benzene. There was thus obtained a sirup which showed 
[a]20i> -39.3° (CH2CI2, C3.05).

Anal. Calcd. for C27H30O5 (434.51): OCH3, 7.14. Found:
OCHs, 7.36.

Gas chromatography15 showed the sirup to consist of methyl
2,3,5-tri-O-benzyl-a-D-arabinofuranoside (15.6%) and its 0- 
anomer (84.4%).17 Using the previous numerical data and the 
specific rotation (with changed sign) which Barker and Fletcher6 
reported for methyl 2,3,5-tri-O-benzyl-a-L-arabinofuranoside 
([a] 20i> —44.6° in CH2CI2), one may calculate the specific rotation 
of methyl 2,3,5-tri-0-benzyl-/3-n-arabinofuranoside. Based on 
the mixture obtained in A, this value is [aj20n —54.3°; the data 
obtained from B give a value of [a] 20i> —54.9°.

9-(2,3,5-Tri-0-benzyl-d-i>-arabinofuranosyl)adenine (IV).— 
Ten grams of a thoroughly dried mixture of the two anomeric 
forms of 2,3,5-tri-O-benzyl-1 -O-p-nitrobenzoyl- n-arabinofuranose 
was added to 165 ml. of dichloromethane which had been satu
rated with anhydrous hydrogen chloride at 0°. After 2 hr. at 
0°, the precipitate of p-nitrobenzoic acid (2.845 g., 97%) was 
removed by filtration and the solution concentrated in vacuo 
to a nearly colorless sirup which was held at 0.08 mm. and room 
temperature for 2 hr., [a]20D +91.1° (CH2Cl2, c 2.27). The 
chloride was then dissolved in 100 ml. of dry dichloromethane and 
the solution added to a mixture of dried N-benzoyladenine (9 g.,
2.14 moles/mole of II) and molecular sieve (29 g.).18 The re
action mixture was stirred at room temperature in a glass-stop
pered flask for 1 week, filtered through a layer of Celite, and 
concentrated in vacuo to a sirup (10.2 g.) which was dissolved in 
100 ml. of methanol. Barium methoxide (0.9 A', 85 ml.) was 
added and the solution boiled under reflux for 5 hr. to give a 
dark solution which was neutralized with carbon dioxide and 
filtered. Solvent was removed from the filtrate and the semi
solid mass was extracted with dichloromethane, the insoluble 
material being removed by centrifugation and then thoroughly 
washed. The combined extract and washings (350 ml.) were 
diluted with cyclohexane (450 ml.), filtered through Celite, and 
boiled in an open flask until the vapor temperature had risen to 
70° when crystallization began spontaneously. The solution was 
allowmd to cool slowly to give a mass of fine needles (5.20 g.). 
One recrystallization from 5.2 parts of warm isopropyl alcohol 
gave nearly pure 9-(2,3,5-tri-0-benzyl-(3-i>-arabinofuranosyl)- 
adenine, 4.38 g., 46%„ m.p. 125-128°, [af2»i> +21.8° (CH2C12, 
c 2.0). Two further recrystallizations from isopropyl alcohol 
raised the melting point to 128-129° but did not change the 
specific rotation.

Anal. Calcd. for C31H31N30 4 (537.60): C, 69.25; H, 5.81; 
N, 13.03. Found: C, 69.40; H, 6.03; N, 12.85.

A sample of IV (50 mg.) was dissolved in 1 ml. of ethanol and 
to this solution was added 4 ml. of a 4% ethanolic solution of 
picric acid. The precipitate (73 mg.) was recrystallized from 
boiling ethanol-acetone (3:2, 30 ml.) to give flat yellow needles 
of IV picrate, 64.1 mg. (90%), m.p. 196-199°, [a] 20u +29 7° 
(CH2CI2, c 0.45).

Anal. Calcd. for C3,HMN80„ (766.70): C, 57.95; H, 4.47; 
N, 14.61. Found: C, 58.06; H, 4.63; N, 14.89.

The original mother liquor from the preparation of IV was con
centrated to a sirup which was chromatographed on 100 g. of 
Mallinekrodt 100-mesh silicic acid. Succesive elution with

(17) The higher proportion  of a-anom er found here suggests th a t  II I ,  
prepared from 1 as described previously, contains a higher proportion of the 
d-anom er than  is tile case when i t  is prepared from II. This conclusion is 
supported  by the fact th a t  II I  is less dex tro ro ta to ry  when prepared from I 
than  when prepared from II.

(18) T ype 4A, '/le-in. pellets, Fisher Scientific Co.

benzene-ether (95:5), benzene-ether (70:30), ether, and acetone 
led to the recovery of a total of 2.06 g. of material. One fraction 
(eluted with benzene-ether, 95:5) (976 mg.) showed the infra
red spectrum and gas chromatographic behavior15 expected of a 
mixture of the anomeric methyl 2,3,5-tri-O-benzyl-D-arabino- 
furanosides; the yield was 13%.

Anal. Calcd. for C27H30O5 (434.51): OCH3, 7.14. Found: 
OCH,, 7.21.

A sample was hydrolyzed using the technique of Tejima and 
Fletcher1 to give, from a mixture of isopropyl and ethyl ethers, 
needles, m.p. 75-79°, [ a ] 20D +12.7° (final, c 1.1, dioxane-water, 
9:1, containing a trace of ammonia). An equilibrium value of 
fa] 20d  — 11.6° has been recorded1 for 2,3,5-tri-O-benzyl-L-arabino- 
furanose under these conditions.

Another fraction (281 mg.), eluted from the silicic acid column 
with acetone, was hydrogenated over palladium black and then 
chromatographed on paper using acetone-water (95:5); two 
components were observed (under ultraviolet light), migrating 
at the same rates as authentic samples of the two anomeric 
9-D-arabinofuranosyladenines.

9-/3-n-Arabinofuranosyladenine (V).—Palladium chloride (300 
mg.) was suspended in 150 ml. of methanol and reduced by shak
ing with hydrogen at room temperature. To the acidic suspen
sion was then added a solution of 300 mg. of 9-(2,3,5-tri-0-benzyl 
(3-n-arabinofuranosyl) adenine in 50 ml. of methanol. The 
reaction mixture was shaken with hydrogen until absorption of 
the gas was complete (100 min.). After the catalyst had been 
removed, the solution was passed through a column of Dowex 
2-X8 (HCO3- ) and concentrated in vacuo to a sirup (159 mg.) 
which crystallized on rubbing with water. Recrystallization 
from 12 ml. of hot water afforded the pure nucleoside, 148 mg. 
(93%., anhydrous basis), m.p. 258-260°, [a]20D —1.7° (pyridine, 
c 0.54), \™ n 258 mju. The product did not depress the melting 
point of a sample of 9-(3-D-arabinofuranosyladenine synthesized 
from 9-/3-D-xylofuranosyladenine4; the infrared spectra and 
chromatographic behavior of the two samples were identical. 
The analytical sample was dried in vacuo at 100° overnight, losing 
5.6% of its weight.

Anal. Calcd. for CioH13N50 4 (267.24): C, 44.94; H, 4.90; 
N, 26.21. Found: C, 45.06; H, 4.98; N, 26.09.

The nucleoside (26.1 mg., the analytical sample) was dissolved 
in hot water (2.50 ml.) and, after cooling (with partial crystal
lization), was treated with 0.60 ml. of 0.245 M sodium metaperio
date. It was left in the dark 4 days with intermittent shaking. 
Excess periodate was removed by the addition of barium chloride 
(24.5 mg.) followed by filtration. Ten milligrams of sodium 
borohydride was added to the filtrate, followed after 2 hr. by 
3 drops of glacial acetic acid. The specific rotation of the solu
tion of 2-0-[l-(9-adenyl)-2-(hydroxy)ethyl]glyc.erol (based on 
weight of the starting material) was [a]20n + 66°. When adeno
sine was oxidized and reduced in identical fashion, the resulting 
solution had [a]20u +61°.

Oxidation and reduction of 9-a-a-ribofuranosyladenine, leading 
to a product with [a]20D —66°, has been reported.19

Acknowledgment.—We are indebted to Dr. John A. 
Montgomery for the gift of a sample of authentic 9- 
a-D-arabinofuranosyladenine, to Mr. Harry W. Dieh1 
for assistance in the preparation of 2,3,5-tri-O-benzyl- 
d-n-arabinofuranose, and to the Analytical Services 
Unit of this laboratory, under the direction of Mr. H. G. 
McCann, for analyses.

(19) R. S. W right, G. M. Tener, and H. G. K horana , J .  A m .  C h e m . S o c .  

80, 2006 (1958).
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On th e  Barrier to  Inversion  o f  C yclooctatetraen e. T he T herm al D ecom p osition
o f  D ib e n z o fe ^ n i^ d ia z o c in e 1
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An attempt was made to measure the barrier to inversion of a cyclooctatetraene derivative by the thermal 
racemization of optically active dimethyl dibenzo[e.j][l,4]diazocine-3,10-dicarboxylate. At above 240° the 
compound fragmented to yield dimethyl 6-phenylphenanthridine-3,8-dicarboxylate and benzonitrile. The rate 
of the fragmentation reaction allowed estimation of the barrier to inversion of cyclooctatetraene as greater 
than 17 keal./mole.

Cyclooctatetraene is known to possess a tub-like 
configuration (D2d) with alternating long and short 
bonds,2 while the most detailed quantum mechanical 
calculations published on the system (Pariser-Parr 
approximation)3 indicate that the planar structure with 
alternating long and short bonds (D4h) should be slightly 
more stable. More recently better approximations 
have indicated4 that the D2ci structure should indeed be 
the more stable, but only by a few kcal./mole. An ex
perimental determination of the difference in energy 
between these two forms was considered desirable, so 
that the accuracy of the theoretical calculations might 
be assessed. [The energy of the symmetrical (D8h) 
structure of all equivalent bond lengths is calculated 
to be of such high energy that it is not being considered 
here although an experimental measurement of the 
D2d —► l ist, change has been reported.6]

An experimental method was devised for setting a 
lower limit for the energy of the change from the D 2d 

form to the D4h form. While in principle the energy 
could have been found, in fact the system underwent 
instead another reaction, which appears to be of a 
previously unknown type. While some modification 
of the system could probably have been made so as to 
give the desired results, an independent measurement 
of the desired quantity by another group6 has made it 
unnecessary to pursue the problem further, and there
fore only a lower limit to the energy for the change is 
reported here.

Instead of studying cyclooctatetraene itself, the 
system I was examined. This compound contains 
a (modified) cyclooctatetraene system which appeared

h n__I A
T \ n  c«h s

l

to be sufficient for our purposes. This particular sys
tem was chosen because an optically active derivative 
of it was already known.7 While this molecule has 
an apparent plane of symmetry in a planar projection, 
it is really a cyclooctatetraene derivative and should 
have the three dimensional structure (A), and hence is

(1) This research was supported  by  a g ran t from the  N ational Science 
Foundation.

(2) O. Bastiansen, L. Hedberg, and  K . Hedberg, J .  C h e m .  P h y s . ,  27, 
1311 (1957).

(3) N. L. Allinger, J .  O r g .  C h e m . ,  27, 443 (1962).
(4) M . A. M iller, unpublished results.
(5) F. A. L. A net, J .  A m .  C h e m .  S o c . ,  84, 671 (1962).
(6) K. Mislow and  H. D. P erlm utter, ibid., 84, 3591 (1962).
(7) F. Bell, J .  C h e m .  S o c . ,  1527 (1952).

CetR

potentially optically active. If the eight-membered 
ring becomes planar as in I, any optical activity would 
be lost. Now (A) contains a derivative of the DM 
system of cyclooctatetraene, while the planar form 
contains a derivative of the D4h system, and therefore 
measurement of the rate of racemization of an optically 
active derivative of I as a function of temperature 
would enable one to calculate the energy of activation 
(AH*) for the racemization reaction, and the latter is 
a measure of the desired energy, with some minor com
plications. The only complication which appears 
to be of real significance is that caused by the van der 
Waals’ interaction of the two hydrogens shown in the 
planar form. From the geometry of planar I, most of 
which can be rather accurately assumed, the distance 
between these hydrogens (assuming normal bond 
angles and lengths for the C-H bonds) was determined 
(see Appendix). Their van der Waals repulsion was 
calculated by the method of Hill8 and found to be 
enormous (over 200 kcal./mole). Obviously the aro
matic C-H bond angles would deform to move the 
hydrogens further apart and hence lower this energy. 
The energy required for such a deformation was cal
culated, and the deformation was allowed to proceed 
until the total energy (van der Waals plus bond de
formation) was minimized.9 The minimum total 
interaction energy of the hydrogens occurred when they 
were moved apart by distorting each C-C-H angle 23 ° 
from its normal value, and still amounted to 46 kcal./ 
mole. Since this energy is still very large, further 
smaller effects were taken into account, specifically the 
bending of the angles in the eight-membered ring and the 
compression of the C-H bonds. These quantities, to
gether with the angular distortion and van der Waals 
energies mentioned previously, were all simultaneously 
adjusted so as to minimize the total energy. The total 
interaction energy obtained in this way was 20 kcal./ 
mole, and this value is used for subsequent calculations.

(8) T. L. Hill, J .  C h e m .  P h y s . ,  16, 399 (1948).
(9) F. H . W estheim er, “ Steric Effects in Organic C hem istry ,” M. S. 

Newm an, E d ., John Wiley and Sons, New York, N. Y., 1956. p. 523.
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This total energy would be included in the experimental 
AH* ; so to find the energy change D 2d -*■ 1%, it is neces
sary to subtract it from the observed AH*. It was felt 
that this interaction was desirable from an experi
mental point of view in that it would raise the value of 
AH* sufficiently to make the material reasonably stable 
with respect to racemization. Without this interaction 
the value of AH* would be lower, and there was no 
guarantee that such a compound would even be re
solvable.

An optically active derivative of I is II, the synthesis 
of which was reported some years ago.7 For the present 
work, ( —)-II was obtained with some small modifica
tions of the published procedures. So as to avoid 
possible intermolecular reactions between the imine 
linkages and the carboxyl groups, which might present 
an alternative path for racemization, the ester III was 
first studied. When ( —)-III was heated at 200° in 
mesitylene solvent for twenty-four hours, no racemiza
tion or reaction took place as judged by the lack of 
change in the optical rotation. At 242° the optical 
activity was lost at a conveniently measurable rate. 
The reaction was first order to 50% completion, and the 
first-order rate constant was found to be 1.56 X 10-6 
sec.-1.

When (— )-III was heated in mesitylene at 278° for 
seventy-two hours on a preparative scale, an optically 
inactive compound, which was subsequently shown to 
be VI, was isolated in good yield. Under the same 
conditions racemic III also gave VI and in a similar 
manner II was converted to V. Under the same con
ditions it was then found that I was converted to IV. 
The latter is a known compound and the identification 
was by comparison with an authentic sample.

A
Copper

Quinoline

Compound VI was identified by analysis, molecular 
weight and infrared spectrum, and by hydrolysis to 
give V, which was also obtained by the thermal de
composition of II. Compound V was identified by 
analysis, infrared, and by decarboxylation to yield
IV- These interconversions are summarized on the 
flow sheet.

The other product of the thermal fragmentation 
indicated by the stoichiometry was benzonitrile. This 
compound proved to be difficult to isolate under the

reaction conditions, so a sample of III was placed in a 
small flask and heated until decomposition set in. A 
volatile material distilled which was identified as 
benzonitrile by the superimposability of its infrared 
spectrum with that of an authentic sample, and by 
hydrolysis to benzoic acid.

The mechanism of the thermal reaction is of interest, 
and since the reaction goes at high temperature in a 
hydrocarbon solvent, and since the rate of reaction 
is essentially the same in III when powerful electron- 
withdrawing groups are present, and in I, a reaction 
lacking in intermediates having a large charge separa
tion is indicated. The reaction can be written as pro
ceeding via a radical path.

—* IV

Evidence that this mechanism is at least a reasonable 
possibility comes from the fact that biphenyl, benzal- 
dehyde and polymeric material were isolated from the 
thermal decomposition of the dianil of benzil, as one 
would predict from a mechanism similar to that shown. 
This latter reaction occurred at a much slower rate 
than did the decomposition of I, however, and only 
traces of benzonitrile could be detected. The mech
anism may also be written as a bond switching.

It has been shown that both the photolysis10 and 
thermal decomposition10 of cyclooctatetraene give 
benzene and acetylene, and the decomposition of I 
would seem to be a closely analogous reaction.

The thermal elimination reaction defeated the 
attempt to find the barrier to inversion, since it was 
shown that when the thermal decomposition of III 
w'as allowed to proceed to 50% completion, the starting 
material and product could be cleanly separated by 
chromatography. The recovered III was found to have 
the same optical rotation as the starting material. 
Since the racemic III is higher melting and less soluble 
than the pure enantiomer, very little racemic III w'as 
present. If the racemic compound were present in the 
recovered starting material to the extent of 1% or 
more it would easily have been detectable. The rate 
constant for the racemization must, therefore, be no 
larger than 1.56 X 10-8 sec.-1 at 242°. From the

(10) (a) I. T anaka  and  M . O k jd a , J .  C h e m .  P h y s . ,  22, 1780 (1054); 
(b) I. T anaka, J .  C h e m .  S o c .  J a p a n ,  P u r e  C h e m .  S e c t . ,  75, 212 (1954).
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Eyring equation then, AF* is greater than 48 kcal./ 
mole.

A summary of racemization data for hindered bi
phenyls11 shows that these compounds have values of 
AS* which range from + 9  to —21 e.u. The very 
negative values are obtained when an ortho substituent 
is present which can rotate rather freely in the ground 
state but very slightly in the transition state. The 
restriction of the two phenyl substituents is less severe 
in this case and it would seem safe to say that the value 
for AjS* expected is no more negative than —21 e.u. 
At the observed temperature this corresponds to a 
value for TAS of —11 kcal./mole. The value for AF* 
(greater than 48 kcal./mole), therefore, corresponds to 
a AH* of greater than 37 kcal./mole.

The energy of the steric interaction between the 
interfering hydrogens in I, when minimized as pre
viously indicated, amounted to 20 kcal./mole, and when 
this value was subtracted from the calculated value 
of AH*, a difference was found which was greater than 
17 kcal./mole, and this represents an estimate of a mini
mum value for the energy of the cyclooctatetraene 
D2ci —► D4h transition.12 This minimum value is con
sistent with the other value (27 kcal./mole) reported6 
for the activation energy for this type of change. The 
theory indicates that this energy should be less than 
that for the D2d —► DSh change (14 kcal./mole). The 
comparison of theory and experiment leaves something 
to be desired, however, and substantial improvements 
in the theoretical quantities are also' possible. Our 
future efforts will be limited to improving the theory.

Experimental13
6,7-Diphenyldibenzo[e,(/] [l,4]diazocine (I).—This compound 

was prepared in 80% yield according to a published procedure,14 
yellow' plates, m.p. 236-238° (lit.14 m.p. 236-237°).

2,2'-Dinitro-4,4 -diphenyldicarboxylic Acid.1—Twenty grams 
of 4,4'-diphenyldicarboxylic acid16 was suspended in 200 ml. of 
concentrated sulfuric acid and 40 ml. of fuming (90%) nitric acid 
was added dropwise with stirring. The temperature was not 
allowed to rise above 60°. After stirring for 4 hr., the mixture 
was poured onto 2 kg. of crushed ice. The product was filtered 
and washed with water until the washings were neutral. After 
trituration with 50 ml. of hot methanol, 20 g. (73%) of a pale 
yellow powder was obtained, m.p. 341-343° (lit.16 m.p. 335-337°).

The methyl ester was prepared by the Fischer esterification 
method and had m.p. 159-161° (lit.17 m.p. 159-160°).

2.2'-Diamino-4,4 '-diphenyldicarboxylic Acid.—The diamine 
was prepared according to'the procedure of F. Bell.7 The ma
terial was used without purification m.p. 306-309° (lit.7 m.p.
3 0 7 -3 0 9 °).

Dibenzo|f,</] (l,4]diazocine-3,10-dicarboxylic Acid (II).—A
mixture of 10 g. of 2,2'-diamino-4,^4'-diphenyldicarboxylic acid 
and 10 g. of benzil in 300 ml. of glacial acetic acid was heated 
under reflux for 24 hr. After cooling the solution, the resulting 
product was collected and washed with small portions of pen
tane. After recrystallization from ethanol, 12 g. (73%) of a 
pale yellow solid was obtained, m.p. 348-352° (lit.7 m.p. 348°).18

(11) U. M. Hall and M . H. H arris, J .  C h e m .  S o c . ,  490 (1960).
(12) There are a good m any uncerta in ties which en ter in to  this calcula

tion, some of which are difficult to estim ate. Even if all of the errors the 
authors are able to imagine were to  en te r in to  the calculation in the same 
direction, i t  seems unlikely th a t  the actual en thalpy  for the inversion of 1,4- 
diazacyclooctatetraene could be less than  10 kcal./m ole.

(13) All m elting points are uncorrected.
(14) N. L. A llingerand G. A. Youngdale, J .  O r g .  C h e m . ,  24, 306 (1959).
(15) The au thors are indebted  to  the Dow Chem ical Com pany for fur

nishing a supply of this com pound.
(16) Z. v. Jakubow ski and  St. v. N iemtowski, B e r . ,  42, 634 (1909).
(17) F. U llm ann and J. Bielecki, ibid., 34, 2174 (1901).
(18) T his com pound also was prepared by the m ethod described by F.

Bell, see ref. 7. M ixture m elting po in t showed no depression.

The methyl and ethyl esters were prepared by the Fischer 
esterification method. The methyl ester (III) formed plates 
from methyl alcohol, m.p. 177-179°.

Anal. Calcd. for C30H22N2O4: C, 75.93; H, 4.67; N, 5.91. 
Found: C, 75.68; H, 4.70; N, 6.04.

The ethyl ester formed plates from ethyl alcohol, m.p. 177- 
179°.

Anal. Calcd. for C32H26N20 4: C, 76.47; H, 5.22; N, 5.58. 
Found: 0,76.54; H, 5.39; N, 5.66.

Resolution of Dibenzo[c,</] [l,4]diazocine-3,10-dicarboxylic Acid 
(II).—Diaeid II was resolved as the brucine salt as described by
F. Bell.7 From 10 g. of the brucine salt, 2.8 g . (56%) of opti
cally active acid (II) was obtained. After several crystallizations 
from ethanol-water, yellow needles were obtained, m.p. 223-225°, 
M19n —1384° (diglyme, c 0.530).

Anal. Calcd. for C28H1SN20 4: C, 75.32; H, 4.06; N, 6.28. 
Found: C, 75.03; H, 4.17; N, 6.26.

Fischer esterification of the resolved acid with methanol gave 
the optically active methyl ester ( — III). Crystallization from 
methyl alcohol afforded plates m.p. 130 -135°, M 20d — 1531° 
(e 0.420).

Anal. Calcd. for C30H22N2O4: C, 75.93; H, 4.67; N, 5.91. 
Found: C, 76.07; H, 4.86; N, 5.74.

Kinetics of Thermal Decomposition Methyl (— )-dibenzo[e,p.]- 
[l,4]diazocine-3,10-dicarboxylate, ( — )-III.—Small pyrex glass 
tubes were filled three-quarters full (ca. 4 ml.) with a solution of 
( —)-III in mesitylene (4.2 mg./ml.) and sealed. The samples 
were placed in a constant temperature furnace at 242° ±  2°. 
Samples were removed at time intervals (zero time, 5 min. after 
placing samples in furnace) and the specific rotations were ob
served. First-order kinetics were observed for the first 50% of 
the reaction.

T a b l e  I
K i n e t i c  D a t a  f o r  t h e  R e a c t io n  III ----> VI a t  242° in

M e s i t y l e n e  S o l v e n t

Time. hr. — “ obBd
0 6 625

25 5 750
49 5 047
73 4 400

167 2 576

Identification of Products from the Thermal Rearrangement of 
( — )-III.—A solution of 131 mg. of ( —)-III in 20 ml. of mesitylene 
was sealed in a Pyrex tube and heated at 278° for 72 hr. The 
solvent was removed in vacuo. Chromatography of the residue on 
5 g. of neutral alumina using benzene as eluent gave two products. 
The first product eluted, 60 mg. (69%), was optically inactive 
and had m.p. 240.5-242.5 and was identified as dimethyl 6- 
phenylphenanthridine-3,8-diearboxylate (VI).

Anal. Calcd.: C, 74.38; H ,'4.62; N, 3.77; O, 17.23; 
mol. wt., 371. Found: C, 74.33; H.4.72; N, 3.80; 0,16.81; 
mol. wt., 362.

A similar experiment carried out with optically inactive III 
also gave VI, m.p. 240.5-242.5°, which did not depress when 
mixed with the product arising from (— )-III. The second 
product from the chromatography, 20 mg. (15 % ), proved to be 
starting material. After recrystallization from benzene it melted 
at 129-134° and it was not depressed upon admixture with 
authentic ( —)-III. Its molecular rotation was unchanged, 
M 20d — 1528° i f  0.530). The benzene was evaporated from 
the filtrate and the rotation of the residue w'as measured, M20!) 
— 1518 °. No racemization was detectable.

A further experiment was carried out to isolate the other organic 
fragment arising from the decomposition of III. In a small 
distillation apparatus was placed 1.5 g. of (± )-III. The com
pound when heated above its melting point gave as one product 
a clear liquid (0.5 g.) which had an infrared spectrum that was 
superimposable on that of phenylcyanide. Acid hydrolysis of 
this liquid gave an acid, m.p. 120-122°. after recrystallization 
from water, and which was undepressed when mixed with authen
tic benzoic acid.

Rearrangement of 6,7-diphenyldibenzo[e,pl [l,4)diazocine (I) 
to 9-Phenylphenanthridine (IV).—A solution of 1.0 g. of I in 20
ml. of mesitylene was sealed in a Pyrex tube and heated at 278° 
for 7 days. The mesitylene was removed and the residue was 
crystallized from ethyl alcohol to give 0.5 g. (69%) of 9-pljenyl-
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phenanthridine, m.p. 103-104°. A mixture melting point with 
authentic material prepared as described19showedm.p. 103-105°. 
The infrared spectra of the two compounds were superimposable.

Decarboxylation of II to Give I.—A mixture of 1 g. of II and 1 
g. of copper powder in 25 ml. of quinoline was heated under 
reflux for 3 hr. The mixture was filtered, 50 ml. of chloroform 
was added, and the organic phase was washed in turn with N 
hydrochloric acid and water. The organic phase was dried and 
the solvent was removed. The yellow solid was recrystallized 
from acetic acid to give 0.6 g. (75%) of I, m.p. 235-238°. A 
mixture melting point with I showed no depression.

Thermal Rearrangement of II.—When II was heated in 
mesitylene at 278° for 5 days an acid (V) which did not melt 
below 360° was obtained. The infrared spectrum of this acid 
was identical with that of the acid obtained by hydrolysis of VI.

Anal. Calcd. for C2iH13N 04: C, 73.46; H, 3.82; N, 4.08. 
Found: C, 73.09; H, 3.78; N, 3.98.

Decarboxylation of V to IV.—The acid V, 60 mg., and 100 
mg. of copper powder in 2 ml. of quinoline were refluxed 3 hr. 
After filtration the quinoline was removed by heating in vacuo 
and the residue was recrystallized from ethanol to give 10 mg., of 
solid, m.p. 103-106°. The melting point was undepressed 
when mixed with authentic 9-phenylphenanthridine.19

Preparation and Thermal Rearrangement of Benzil Dianil.—A 
mixture of 4.2 g. of benzil, 4 g. of aniline, 0.5 g. of p-toluene- 
sulfonic acid, and 60 ml. of toluene was heated under reflux for 
2 days. The water which was formed from the reaction was 
removed with a water separator.

The cooled solution was filtered to remove the p-toluenesulfonic 
acid, and the solvent was removed in vacuo. The residues were 
recrystallized twice from an ether-pentane mixture, 5 g. (69%), 
m.p. 140-142° (lit.20 m.p. 141-142°).

A solution of 100 mg. of benzil dianil in 20 ml. of mesitylene 
was heated in a sealed tube at 280° for 24 hr. Upon evaporation 
of the mesitylene only starting material (90 mg.) was isolated, 
m.p. 139-142°. A solution of 1 g. of benzil dianil and 20 ml. of 
benzene was heated in a sealed tube at 278° for 8 days. After 
the benzene was removed the residues were chromatographed on 
acid-washed alumina. The first product eluted with pentane 
was biphenyl (100 mg.), m.p. 68-76°, which was undepressed 
when mixed with an authentic sample. The second fraction 
contained about 50 mg. of benzaldehyde, characterized as its
2,4-dinitrophenylhydrazone, m.p. 236-237°. The third frac
tion (300 mg.), m.p. 139-142°, was eluted with a 50-50 pentane- 
ether mixture and was shown to be starting material by a mix

ture melting point determination. The largest fraction of ma
terial (500 mg.) was eluted with ether and appeared to be a 
uoncrystalline polymer containing some starting material. The 
last product (about 5 mg.) was obtained by elution with meth
anol and was a deep purple water-soluble substance which was not 
characterized.

It was noted that, when the pure benzil dianil was heated above 
400° in a small glass tube, traces of benzonitrile could be detected 
from the infrared spectrum of the distillate and by odor.

Appendix
For the energy calculation, the initial geometry of the 

molecule in the planar form was assumed using normal 
bond lengths21 and these minimally deformed angles.

li 1.520 A. 
l21.390l. 
131.475 Â. 
h 1.350 A.
I5I . 45OÂ
161.09 A 
h0.70 A

e. 1 3 4 °
e-2136°
e3 1 3 4 °
0 4  137°
05120°

The stretching and bending constants used are those 
given by Westheimer9 for the aromatic hydrogen and 
for ethylene. The ethylene bending constant was 
used in this calculation for all angles not involving the 
aromatic hydrogen. The energy of the system was 
minimized with respect to 0i, 02, 03, 04, 05, h, and I7, 
simultaneously and in the minimum energy form these 
quantities had the values: 0i = 129°, 02 = 138°, 03 = 
141°, 04 = 132°, 06 =  111°, 16= 1.04 A., and 17 = 1.53 A.

(19) A. P ic te t and  A. H ubert, B e r . ,  29, 1182 (1896). (21) Tables of interatom ic distances and configurations in molecules and
(20) M . Siegfeld B e r .  25, 2600 (1892). ions, special publication no. 11, the Chem ical Society, London (1958).
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2-Amino-7-chloro-5-phenyl-3/t-l,4-benzodiazepine 4-oxide (I) gave 2-acetamido-3-aeetoxy-7-chloro-5-phenyl- 
3,/i-l,4-benzodiazepine (II), 10-acetyl-7-chloro-2-methyl-5-phenyl-10I7-oxazolo[4,5-6J-1,4-benzodiazepine (V), 
and 2-acetamido-7-chloro-5-phenyl-3if-l,4^benzodiazepin-3-one (VI) upon treatment with acetic anhydride under 
varying conditions. The structures of the products were established by chemical and spectroscopic evidence.
The 2-methylamino analog of I also was studied.

The rearrangement of l,3-dihydro-5-aryl-2Z/-l,4- 
benzodiazepin-2-one 4-oxides1 with acid anhydrides 
resulting in 3-acyloxy-l,3-dihydro-5-aryl-2H-l,4-ben- 
zodiazepin-2-ones recently has been reported from this 
laboratory.2 In a similar manner, 2-amino-5-aryl- 
3I/-1,4-benzodiazepine 4-oxides3 have undergone rear
rangements upon treatment with acid anhydrides. In

(1 ) (a) L. H. Sternbach and E. Reeder, J .  O r g .  C h e m . ,  26, 4936 (1961);
(b) S. C. Bell, T. S. Sulkowski, C. Gochm an, and S. J . Childress, i b i d . ,  27,
562 (1962).

(2) S. C. Bell and S. J. Childress, i b i d . ,  27, 1691 (1962).

some instances, however, several other products were 
isolated, the relative amounts often depending upon the 
conditions of the reactions.

The reaction of 2-amino-7-chloro-5-phenyl-3//-l,4- 
benzodiazepine 4-oxide (I) with acetic anhydride gave 
three rearranged products (II, V, VI). 2-Acetamido- 
3 - acetoxy - 7 - chloro - 5 - phenyl - 3H - 1,4 - benzo
diazepine (II), the expected compound, was hydrolyzed

(3) (a) L. H. Sternbach, U. S. P a te n t 2,893,992 (1959); (b) L. H. S tern 
bach and E. Reeder, J .  O r g .  C h e m . ,  26, 1111 (1961); and (c) S. C. Bell, C. 
Gochm an, and S. J . Childress, J .  M e d .  P h a r m .  C h e m . ,  5, 63 (1962).



N o v e m b e r , 1963 R e a r r a n g e m e n t  o f  2 -A m in o -5 - p h e n y l -3 7 7 -1 ,4 -b e n z o d ia z e p in e  4 -O x id e s 3011

with dilute acid to the known 3-acetoxy-7-chloro-l,3- 
dihydro-5-phenyl-27/-l,4-benzodiazepin-2-one2 (III) 
and with alkali to 2-amino-7-chloro-3-hydroxy-5- 
phenyl-377-1,4-benzodiazepine (IV).

The second product (V) of this reaction had an analy
sis corresponding to that of II minus the elements of 
water. Compound V also produced IV upon treat
ment with alkali. Compound IV, upon warming with 
acetic anhydride, was reacetylated to give II. The 
route (V — IV —*- II —► III) proved the retention of the 
seven-membered ring in V and IV. Upon heating IV 
in acetic anhydride under reflux, V was formed. Com
pound V was stable to catalytic reduction and to acid. 
It absorbed in the infrared at 5.90 n (C =0) and there 
were no bands corresponding to NH or OH. There 
were two methyl singlets in the n.m.r. spectrum (5 
2.25, 2.52).4 Compound V was, therefore, assigned 
the structure 10 - acetyl - 7 - chloro - 2 - methyl - 5- 
phenyl - 10H - oxazolo[4,5 - 6] - 1,4 - benzodiazepine. 
A plausible mechanism for its formation from II would 
be the acetylation of the tautomer of II followed by the 
elimination of acetic acid.

NHCOCHs NCOCH3

(4) The spectrum  was determ ined in deuteriochloroform  (tetram ethyl- 
silane standard ) w ith a V arian A-60 spectrom eter.

The third compound VI isolated from the original 
reaction had the empirical composition of the acetyl- 
ated starting material (I) minus one mole of hydrogen. 
VI readily underwent a rearrangement and hydrolysis 
in cold dilute alkali to form 6-chloro-4-phenylquinazo- 
line-2-carboxylic acid2 (VII). In refluxing alcoholic 
hydrogen chloride, VI afforded the ethyl ester of VII. 
When heated with acetic acid, VI rearranged to the 
isomeric N-acetyl-6-chloro-4-pheny lquinazoline-2-car- 
boxamide (VIII). Compound VIII was further hy
drolyzed to 6 - chloro - 4 - phenylquinazoline - 2- 
carboxamide (IX) with sodium hydroxide. IX was pre
pared unambiguously from VII for comparison. The 
conversion of VI to IV with lithium aluminum hydride 
confirmed the presence of the 1,4-benzodiazepine ring 
in VI. The infrared absorption spectrum of VI had 
two carbonyl bands (5.77, 5.88 n), one of which was 
ascribed to the 2-acetamido group, and the second to a 
carbonyl group in the ring. From these transforma
tions and infrared data as well as a consistent n.m.r. 
spectrum (methyl singlet, 8 2.14)5 it was concluded 
that VI was 2-acetamido-7-chloro-5-pheny 1-377-1,4- 
benzodiazepin-3-one.

7 - Chloro - 2 - methylamino - 5 - phenyl - 377-
1.4- benzodiazepine 4-oxide (X) was heated with acetic 
anhydride under varying conditions. When heated 
at 100° for a short time there was obtained a mono- 
acylated, rearranged compound, 3-acetoxy-7-chloro-2- 
methy lamino- 5 - phenyl - 377 - 1,4 - benzodiazepine (XI). 
The infrared absorption at 5.72 n suggested this struc
ture instead of the possible alternative, 7-chloro-3- 
hydroxy - 2 - N - methylacetamido - 5 - phenyl - 377-
1.4- benzodiazepine. Heating either X or XI with 
acetic anhydride for an extended period of time pro
duced the diacetylated compound, 3-acetoxy-2-N- 
methylacetamido - 7 - chloro - 5 - phenyl - 3H - 1,4- 
benzodiazepine (XII). Both XI and XII were con-

(5) D euterio  d im ethyl sulfoxide.
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verted into 7-chloro-3-hydroxy-2-methylamino-5- 
phenyl-3//-l,4-benzodiazepine (XIII) by treatment 
with alkali. Compound XII was hydrolyzed in dilute 
hydrochloric acid to the corresponding benzodiazepin- 
2-one (III).

N = C

N H C H s  

/  0

CljccC = N
I

c 6h 5

X I

) c h o c c h 3

(CH3C 0)20

Cl

/ y N=c,
,c h 2

C=N V

c 6h 5

X

NaOH

X I I

(CH3C 0)20

Cl
II ; )

I
C6H 6 

X I I I

n h c h 3
/

:c h o h

Experimental6
Reactions between I and Acetic Anhydride. A.—A mixture 

of 15 g. of I and 300 ml. of acetic anhydride was heated on the 
steam bath for 1.25 hr. The reaction mixture turned red. After 
cooling 3.0 g. of white VI, m.p. 239-240° (turned dark green), 
was filtered off.

Anal. Calcd. for C„H12C1N30 2: C, 62.67; H, 3.71; N,
12.90; Cl, 10.88. Found: C, 62.37; H, 3.70; N, 13.27; Cl,
10.60.

The filtrate from the reaction mixture was concentrated in 
vacuo, and the residue was recrystallized twice from ethanol giving
11.2 g. of II, yellow, m.p. 181-182°.

Anal. Calcd. for CI9H,6C1X30 3: C, 61.71; H, 4.36; N,
11.36; Cl, 9.59. Found: C, 61.94; H, 4.30; N, 11.45; Cl, 
9.87.

B. —A mixture of 5.0 g. of I and 200 ml. of acetic anhydride was 
heated under reflux for 15 min. The reaction mixture became 
red. The solution was concentrated to one-third its volume in 
vacuo. After cooling there was obtained 1.75 g. of VI. The 
remainder of the acetic anhydride was removed in vacuo, and the 
residue was recrystallized twice from ethanol to afford V, yellow, 
m.p. 183-185°.

Anal. Calcd. for Ci9HuC1N30 2: C, 64.87; H.4.01; N, 11.94; 
Cl, 10.08. Found: C, 64.66; H,3.92; N, 11.86; Cl, 9.90.

C. —Compound II or IV was converted into V by heating in 
acetic anhydride under reflux for 0.5 hr., removing the solvent in 
vacuo, and recrystallizing the product from ethanol.

D. —Compound IV was converted to compound II by warming 
on a steam bath in acetic anhydride for a few minutes, cooling the 
solution, and filtering off the product.

2-Amino-7-chloro-3-hydroxy-5-phenyl-3/M ,4-benzodiazepine
(IV). A.—To 3.0 g. of II suspended in 100 ml. of 50% alcohol 
was added with stirring 6 ml. of 4 N sodium hydroxide. When 
all of the solid had dissolved, the solution was acidified with 
acetic acid, diluted with water, and neutralized with sodium car
bonate. The precipitated product was collected, washed with 
aqueous alcohol followed by acetonitrile, and recrystallized from 
isopropyl alcohol giving 1.5 g. of IV, m.p. 181-183°.

Anai. Calcd. for C15H12C1X30: C, 63.06; H, 4.24; N, 14.71; 
Cl, 12.41. Found: C, 63.45; H,4.39; N, 15.00; Cl, 12.40.

(6) The m elting points are uncorrected.

B.—To a suspension of 1.0 g. of lithium aluminum hydride in 
75 ml. of ether was added with stirring 0.9 g. of VI. After 0.5 
hr. the reaction mixture was cautiously treated with water to 
decompose the excess hydride, and the ether was filtered from the 
solids. Evaporation of the ether followed by several recrystal
lizations of the residue from cyclohexane and benzene gave IV, 
m.p. 181-183°.

7-Chloro-3-hydroxy-2-methylamino-5-phenyl-3//-l ,4-benzo
diazepine (XIII), m.p. 202-204°, was prepared according to 
procedure A for IV from either XI or X II.

Anal. Calcd. for Ci6HhC1N30: C, 64.11; H.4.71; N, 14.02; 
Cl, 11.83. Found: C, 64.26; H,4.71; N, 14.26; 01,11.50.

3-Acetoxy-7-chloro-2-N-methylacetamido-5-phenyl-37/-l ,4- 
benzodiazepine (XII).—Ten grams of X was heated in 250 ml. of 
acetic anhydride on the steam bath for 15 min., the solvent was 
removed in vacuo, and the residue was recrystallized from alcohol 
affording 3.1 g. of XII, m.p. 150-151 °.

Anal. Calcd. for C20H,8ClN3O3: C, 62.58; H, 4.72; N,
10.94; Cl, 9.23. Found: C, 62.21; H, 4.65; N, 10.67; Cl,
9.20.

3-Acetoxy-7-chloro-2-methylamino-5-phenyl-3//-l ,4-benzodi
azepine (XI).—One and nine-tenths grams of X was heated in 40 
ml. of acetic anhydride on the steam bath for 5 min., the solvent 
was removed in vacuo, and the residue was recrystallized from 
ethanol yielding 0.7 g. of XI, m.p. 200-202°.

Anal. Calcd. for C^H.eClNVh: C, 63.25; H.4.72; X, 12.29; 
Cl, 10.37. Found: C, 63.17; H.4.78; X, 12.22; Cl, 10.21.

3-Acetoxy-7-chloro-l ,3-dihydro-5-phenyl-2//-l-4-benzodiaze- 
pin-2-one (III).—A suspension of 2.0 g. of either II or XII in 50 
ml. of alcohol containing 1 equivalent of hydrogen chloride was 
stirred until all of the solid dissolved. Upon dilution with an 
equal volume of water, a solid precipitated that was collected and 
recrystallized from ethanol to give white crystals of III, m.p. 
241-243°.2

6-Chloro-4-phenylquinazoIine-2-carboxylic acid (VII). A.—
To a suspension of 2.0 g. of VI in 20 ml. of ethanol and 40 ml. of 
water was added with stirring 10 ml. of 4 N sodium hydroxide. 
The mixture was warmed to 40-50°. After 5 min. the mixture 
was filtered from undissolved matter, acidified with acetic acid, 
and the precipitated product was collected. Recrystallization 
from toluene gave 1.0 g. of VII, m.p. 215-216° (effervescent).

Anal. Calcd. for Ci5H9C1N20 2: C, 63.26; H, 3.19; N, 9.84; 
Cl, 12.46. Found: C, 63.28: H.3.19; X,9.84; Cl, 12.54.

B.—6-Chloro-3,4-dihvdro-4-phenylquinazoline-2-carboxylic 
acid2 (1 g.) was dissolved in 100 ml. of a dilute sodium hydroxide 
solution and a saturated solution of potassium permanganate was 
added 'until the color became permanent. The solution was 
filtered and acidified with acetic acid. Compound VII, m.p. 
215-216° (effervescent), resulted.

2-Carbethoxy-6-chloro-4-phenylquinazoline (Vila). A.—A 
mixture of 2.0 g. of VI in 25 ml. of ethanol and 25 ml. of 6 IV hy
drochloric acid was heated under reflux for 1 hr. The reaction 
mixture was concentrated to half volume and cooled, and the re
sultant precipitate was separated. The base was obtained by 
dissolving the precipitate in alcohol and adding an aqueous solu
tion of triethylamine to give 1.0 g. of Vila, m.p. 175-177°.

Anal. Calcd. for CnH|2ClX20 2: 0,65.30; H, 4.19. Found: 
C, 65.39; H, 4.02.

B.—Compound Vila also was prepared by esterification of VII, 
using thionyl chloride followed by ethanol.

6-Chloro-4-phenylquinazoline-2-carboxamide (IX). A.—A 
solution of 1.0 g. of VII in 10 ml. of thionyl chloride was heated 
under reflux for 1 hr. and then evaporated to dryness in vacuo. 
The residue was treated with alcoholic ammonia, and the product 
was collected and recrvstallized from ethanol to give white crys
tals of IX, m.p. 264-266°.

Anal. Calcd. for Ci5H10C1X3O: C, 63.49; H, 3.56; X,
14.85; Cl, 12.52. Found: C, 63.66; II, 3.65; X, 15.10; Cl,
12.60.

B.—-A suspension of 1.0 g. of VIII in 30 ml. of 50% alcohol was 
treated with 1 equivalent of 1 N  sodium hydroxide at room 
temperature. The resultant solution was acidified with acetic 
acid, and the precipitate was collected and recrystallized from 
alcohol to give IX, m.p. 264-266°.

Acknowledgment.—We wish to thank Dr. Gordon 
Ellis and his associates for the microanalyses and Mr. 
Bruce Hofmann for helpful discussions of the spectra.
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C o n d e n s a t io n  o f 2 -c h lo ro -5 -n it ro -  o r  2 - c h lo r o - 5 - tr i f lu o r o in e th y lb e n z o p h e n o n e s  w i th  e th y le n e d ia m in e  gave, 
th e  7 - n i t r o -  o r  7 - t r i f lu o ro m e th y l - 2 ,3 -d ih y d r o -5 - p h e n y l- l , f f - l ,4 - b e n z o d L iz e p m e s  (V a ,b ) ,  r e s p e c tiv e ly .  T h e  t r i -  
f lu o ro m e th v l  d e r iv a t iv e  V b  w a s  h y d r o ly z e d  to  t h e  c o r r e s p o n d in g  c a rb o x y lic  a c id  I X .  T h e  l - m e th y l - 7 - n i t r o .  
d e r iv a t iv e  V i a  w a s  c o n v e r te d  i n to  t h e  7 -a m in o  d e r iv a t iv e  w h ic h , via a  S a n d .n e y e r  r e a c t io n ,  g a v e  th e  7 -c h lo ro , 
7 -b ro m o , a n d  7 -c y a n o  d e r iv a t iv e s ,  r e s p e c tiv e ly .

In continuation of our studies of 2,3-dihydro-5- 
phenyl-1/7-1,4-benzodiazepines,2 we sought synthetic 
methods leading to 7-nitro- and 7-trifluoromethyl de
rivatives. As starting materials, we chose the chloro- 
benzophenones la (X = N 02)3a and lb (X = F3C),3b 
which on treatment with ethylenediamine, were ex
pected to undergo nucleophilic displacement to form 
compounds of type III. In view of the marked tend
ency for formation of the benzodiazepine ring sys
tem,24 we expected that these diamines would cyclize 
readily to form the desired benzodiazepines Va,b.

Heating compounds of type I with an excess of 
ethylenediamine in pyridine indeed resulted in replace
ment of the chlorine atom, and concomitant cyclization 
of the primary reaction products of type III, to the 
2,3-dihydrobenzodiazepines Va6 and Vb, respectively.6 7

The nitro compound Va was obtained in a 60% yield 
directly from the reaction mixture. Acid hydrolysis of 
the mother liquors followed by treatment with refluxing 
pyridine, yielded an additional amount of Va (30%). 
This seems to indicate that the reaction mixture con
tained, in addition to Va, an appreciable amount of the 
Schiff base IVa which was, however, not isolated in 
crystalline form.

In the case of Vb, the reaction mixture (lb, ethylene
diamine, and pyridine) was, after concentration, 
treated with cold acid to hydrolyze any Schiff base 
IVb which might be present. This yielded a small 
amount of crystalline Illb  and finally, after cyclization 
in pyridine, the desired Vb in 61% yield. Compound 
Ilia  was best obtained by acid hydrolysis of Va. 
The “open” compounds III were relatively stable and 
did not show such a pronounced tendency to cyclize as 
the corresponding chloro derivatives discussed in our 
earlier paper.2

Vigorous treatment of Vb with hydrochloric acid 
resulted in hydrolysis of the trifluoronrethyl to a 
carboxylic acid group, and also in partial decarboxyla
tion. A compound which was most probably the

(1) Paper X IV : R. I. Fryer, B. B rust, and L. H . S ternbach, J .  C h e m .

S o c . ,  in press.
(2) L. H. S ternbach, E. Reeder, and  G. A. Archer, J .  O r g .  C h e m , . ,  28, 2456 

(1963).
(3) (a) K. Fries, K. Eishold, and  B. Vahlberg, A n n . ,  454, 287 (1927); 

(b) G. Saucy and L. H. Sternbach, H e l v .  C h i m .  A c t a ,  45, 226 (1962).
(4) L. H. S ternbach, R. Ian  Fryer, W. M etlesics, E. Reeder, G. Sach, G. 

Saucy, and A. Stempel, J .  O r g .  C h e m . ,  27, 3788 (1962).
(5) While our work was in progress J. A. Hill, A. W. Johnson, and T . J. 

King [,/. C h e m .  S o c . ,  4430 (1961)] reported  the isolation of Va as a  by
product in the reaction of 6-(2-benzoyi-4-nitrophenoxy)podocarpan-6-ol with 
ethylenediam ine, and proved its  s tru c tu re  by synthesis from la  and ethylene
diamine.

(6) Small am ounts of com pounds of type I I  could also be isolated from 
the reaction m ixture. Compound I la  was the m ajor reaction  p roduct 
when a smaller excess of ethylenediam ine was used.

(7) 2,5-D ichlorobenzophenone yielded, under sim ilar conditions, the  
corresponding 7-chlorobenzodiazepine (V, X  = Cl) in abou t 10% yield.

hydrochloride VII crystallized from the reaction mix
ture; it could, however, not be purified due to its 
great tendency to cyclize. The crude hydrochloride 

XI
+ a, X = N02

co NH2CH2CH2NH2 b,X = CF3jCC
X
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was, therefore, treated with boiling pyridine to cyclize it 
completely to the benzodiazepine. The product was 
isolated as the hydrochloride monohydrate IX ,8 and 
was characterized by conversion into the methyl ester 
XI. On treatment with alkali, the mother liquors 
from the acid hydrolysis yielded the decarboxylation 
product VIII. This compound was identified by direct 
comparison with a sample prepared from the benzo- 
diazepinone X4 by lithium aluminum hydride reduc
tion.2

Compounds of type V were readily methylated,2-9 via 
sodio derivatives, to yield the 1-methyl derivatives Via 
and b. The nitro compounds Va and Via were cataly- 
tically reduced to the corresponding 7-amino-2,3- 
dihydrobenzodiazepines.

a, X = Cl
b, X = Br
c, X = CN

The 7-amino derivative XII was a useful intermedi
ate for the preparation of compounds bearing a halogen 
or a cyano group in the 7-position. Benzodiazepines 
of this type were, as discussed previously,2 not readily 
available by the lithium aluminum hydride reduction 
of the corresponding benzodiazepin-2-ones.

The Sandmeyer reactions leading to the 7-chloro or 
7-bromo derivatives XIIIa,b proceeded in the normal 
way, but the 7-cyano derivative XIIIc could not be 
obtained by the conventional method; use of dimethyl- 
formamide as solvent, however, gave the desired prod
uct XIIIc, although in low yield (22%).

A homo log of Va was prepared by the reaction of la 
with propylenediamine. The structure of the product 
XIV was established by reduction to XV, followed by

•2HC1

Cl

-C O
\
CH—CH3

'C=N Cl

n h - ch2

^CH—CH3
C =N

C A
XVI

c6H5

XVII

(8) H eating i n  v a c u o  removed the mole of w ater of crystallization; ex
posure to moist a ir caused the reform ation of the hydrate.

(9) The products VIa,b were obtained in much higher yields th an  in the 
case of the 7-chlorobenzodiazepine (VI, X  = Cl), discussed in paper X I .2 
This is probably due to the effects of the strongly electron w ithdraw ing 
groups (NO2, C F 3) in the p a r a  position to the am ino groups in Va and b, 
resulting in greater ease of form ation of the corresponding sodio derivatives.

a Sandmeyer reaction, to give the chloro derivative 
XVII which, in turn, was prepared from the known 
benzodiazopinone XVI,4 by lithium aluminum hydride 
reduction.2

The formation of compound XIV, in which the steri- 
cally less hindered amino group is attached to the 
aromatic nucleus, indicates that in the reaction se
quence leading to 2,3-dihydrobenzodiazepines of type 
V or XIV, the first step is the nucleophilic exchange of 
the activated halogen atom, which is then followed by 
cyclization to the benzodiazepine.

Experimental
All melting points are corrected. The infrared absorption 

spectra of starting materials and products were compared when
ever necessary, in order to establish structural changes. Identity 
of compounds was proved by mixture melting point determination 
and by comparison of infrared spectra. The spectra were deter
mined in 1-5% chloroform solution, or in potassium bromide 
pellets.

2,3-Dihydro-7-nitro-5-phenyl-lH-l,4-benzodiazepine (Va).—A 
solution of 860 g. of 2-chloro-5-nitrobenozophenone (la) in a mix
ture of 2 1. of pyridine10 and 800 ml. of ethylenediamine was re
fluxed for 5 hr., then the reaction mixture was concentrated in 
vacuo to dryness. The residue was crystallized by addition of 
methanol, to give almost pure reaction product in 60% yield (527 
g.). The mother liquors were concentrated in vacuo, and the oily 
residue, consisting probably mostly of the Schiff base IVa was 
hydrolyzed by treatment for 2.5 hr. with an excess of boiling 1.5 
N  hydrochloric acid (2 1.). The mixture was then made alkaline 
and extracted with methylene chloride. The methylene chloride 
solution was dried, concentrated in vacuo, and the residue was 
cyclized by refluxing for 2.5 hr. in 1.1 1. of pyridine. Concentra
tion in vacuo to a small volume, and addition of methanol yielded 
266 g. of crystalline Va. This, together with £27 g. obtained 
from the original reaction mixture, resulted in a total yield of 
90%.u After recrystallization from acetone, the product formed 
yellow needles melting at 211-212°.

Anal. Calcd. for C^H^NA: C, 67.42; H, 4.90; Found: 
C, 67.36; H, 4.90.

2,2"-Ethylenediiminobis(5-nitrobenzophenone) (Ila).—A solu
tion of 26.1 g. (0.1 mole) of 2-chloro-5-nitrobenzophenone and 8 
ml. (0.12 mole) of ethylenediamine in 75 ml. of pyridine was re
fluxed for 2 hr. and then concentrated in vacuo. The residue was 
dissolved in methylene chloride and the solution was washed with 
water and concentrated in vacuo. Methanol was added, 
and the crude crystalline reaction product (6.9 g.) was 
separated by filtration. It was dissolved in methylene chloride 
and washed with dilute hydrochloric acid and dilute sodium hy
droxide. The organic layer was dried, concentrated in vacuo, 
and then diluted with ether. The precipitated crystalline reaction 
product (5.7 g.) was separated by filtration, and recrystallized 
from a mixture of methylene chloride and ether. It formed 
yellow needles melting at 217-218°; the melting point was de
pressed on admixture with Va.

Anal. Calcd. for C28H22N40 6: C, 65.87; H, 4.34; N, 10.98. 
Found: C, 65.88; H, 4.69; N, 11.30.

2-(2-Aminoethylamino)-5-nitrobenzophenone (Ilia) Hydro
chloride.—A solution of 2 g. of Va in a mixture of 20 ml. of 
ethanol and 20 ml. of 3 N hydrochloric acid was refluxed for 18 hr. 
The solution was concentrated in vacuo, and the residue crystal
lized from methanol to yield 1.8 g. of the crude hydrochloride 
of Ilia . After recrystallization from a mixture of methanol and 
ether, yellow needles were obtained, melting at 225-227° dec.

Anal. Calcd. for Ci5H16C1N3G3: C, 55.99; H, 5.01. Found: 
C, 56.40; H, 4.96.

Base Ilia.—The hydrochloride was treated with aqueous alkali 
and the resulting free base w*as extracted with methylene chloride. 
Crystallization from ether gave yellow prisms melting at 118- 
119°. Treatment with boiling pyridine resulted in reeyclization 
to Va.

(10) See ref. 5. Hill and co-workers did not use pyridine in th is  reac
tion. We have found th a t the use of pyridine considerably increased the 
yield of Va.

(11) The m other liquors yielded small am ounts (abou t 1% ) of compound 
Ila .
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Anal. Calcd. for Ci5Hi6N30 3: C, 63.15; H, 5.30. Found: 
C, 63.40; H, 5.22.

2.3- Dihydro-l-methyl-7-nitro-5-phenyl-l//-l, 4-benzodiazepine 
(Via).—To a solution of 160 g. of Va in 1.6 1. of N,N-dimethyl- 
formamide was added 35.6 g. of sodium methoxide. The result
ing mixture was stirred at room temperature for 1 hr., then 62.5 
ml. of dimethyl sulfate was added, and the stirring continued for 
an additional 2 hr. The reaction mixture was then diluted with 
water and extracted with methylene chloride. The organic 
solution was concentrated in vacuo, and the residue crystallized 
from a mixture of methylene chloride and ether to give yellow 
prisms melting at 187-188°. The yield was 128.5 g. (76%).

Anal. Calcd. for Ci6Hi6N30 2: C, 68.31; H, 5.38. Found: 
C, 68.32; H, 5.04.

2.3- Dihydro-5-phenyl-7-trifluoromethyl-1 H - l , 4-benzodiazepine 
(Vb) and 2-(2-Aminoethylamino)-5-trifluoromethylbenzophenone 
(Illb).—A solution of 200 g. of lb and 210 g. of ethylenediamine 
in 250 ml. of anhydrous pyridine was refluxed for 5 hr., and then 
concentrated in vacuo. The residue was dissolved in methylene 
chloride and the solution was washed with dilute sodium carbon
ate and concentrated. The residue was dissolved in 200 ml. of 
methanol and added, with stirring, to 41. of ice-cold aqueous 1 N 
hydrochloric acid. The mixture was stirred during an additional 
5 hr. at room temperature, and the resulting yellow precipitate 
was filtered off and washed with ether. Evaporation of the ether 
extract gave 51 g., (25% recovery) of starting material lb. The 
precipitate remaining on the funnel was combined with the acid 
aqueous layer. The mixture was made basic with 5 N  sodium 
hydroxide and extracted with methylene chloride. Concentra
tion of this extract gave a mixture of bases, from which, by re
peated fractional crystallizations from hexane, a small amount of 
Illb  could be obtained. It formed yellow prisms, m.p. 71-73°.

Anal. Calcd. for CI6H15F3N20: C, 62.33; H, 4.91; N, 9.09. 
Found: C, 62.38; N, 5.06; N, 8.90.

The remainder of the crude mixture containing Illb  and Vb was 
evaporated, and the residue was dissolved in 600 ml. of pyridine, 
and refluxed for 3 hr. to achieve complete cyclization to Vb. The 
mixture was then concentrated, and the residue was dissolved in 
methylene chloride and purified by filtration through a bed of 
activated alumina. The product, obtained after concentration 
of the filtrate, crystallized from a mixture of benzene and hexane 
as yellow prisms melting at 116-118°, or from hexane as long 
yellow needles melting at 110-111°.12 The yield was 61% based 
on unrecovered 2-chloro-5-trifluoromethylbenzophenone (lb).

Anal. Calcd. for Ci6Hi3F3N2: C, 66.19; H, 4.51; N, 9.65. 
Found (prisms): C, 65.88; H, 4.63; N,9.62. Found (needles): 
C, 66.10; H, 4.47; N.9.71.

The hydrochloride was prepared in methanol-ether with the 
calculated amount of methanolic hydrochloric acid. It formed 
yellow prisms, m.p. 283-285°.

Anal. Calcd. for CI6H14C1F3N2: C, 58.81; H, 4.32; N, 8.57. 
Found: C, 58.64; H, 4.72; N, 8.44.

2,2' '-Ethylenediimimobis( 5-tri fluoromethylbenzophenone) 
(lib).—The mother liquors from the crystallization of Vb yielded 
lib , which was readily separated by means of its very low solu
bility in dilute hydrochloric acid. It formed yellow needles 
(from ethanol), m.p. 184-185°.

Anal. Calcd. for C30H22F6N2O2: C, 64.75; H, 3.99; N, 5.04. 
Found: C, 64.69; H, 4.05; N, 5.13.

2,3-Dihydro-1 -methyl-5-phenyl-7-trifluoromethyl-1//-1,4-ben
zodiazepine (VIb).—The product was prepared in the same way 
as Via, using sodium hydride instead of sodium methoxide, to 
form the sodio derivative. After recrystallization from benzene- 
hexane and from hexane, pale yellow prisms (51% yield) were ob
tained melting at 151-152°.

Anal. Calcd. for C„H16F3N2: C, 67.09; H, 4.97; N, 9.21. 
Found: C, 67.16; H, 4.96; N, 9.46.

The hydrochloride was prepared in ether by addition of the 
calculated amount of methanolic hydrogen chloride. It formed 
orange prisms, melting at 261-262°.

Anal. Calcd. for C17H16C1F3N2: C, 59.91; H.4.73; Cl, 10.41. 
Found: C, 59.88; H,4.69; Cl, 10.38.

2.3- Dihydro-5-phenyl-iM,4-benzodiazepine-7-carboxylic Acid 
Hydrochloride (IX) and 2,3-Dihydro-5-phenyl-l//-l,4-benzodia
zepine (VIII) from Vb.—A solution of 60 g. of Vb in 600 ml. of 3 
N  hydrochloric acid was refluxed for 10 hr., and then cooled to

(12) T he  higher m elting prism s were the  more stable form. Both crys
talline m odifications had identical infrared spectra in chloroform solution, 
and yielded the sam e hydrochloride.

0°. The resulting yellow precipitate was filtered off, and washed 
successively with 3 N hydrochloric acid and ether, to give 48.3 g. 
of yellow crystals (probably VII), which melted at 185-187° with 
gas evolution, resolidified, and melted again at 315°. This crude 
hydrochloride was cyclized by heating in 500 ml. of refluxing 
pyridine for 3 hr. The solvent was evaporated, and the residue 
recrystallized from water to give IX as yellow prisms (41.3 g., 
62% yield), m.p. 315-316° dec.13

Anal. Calcd. for C1#HiSC1N20 2 H20: C, 59.89; H, 5.34; Cl,
11.06. Found: C, 59.88; H, 5.37; Cl, 11.28.

After drying at 118° in vacuo, the color changed to deep orange, 
and analysis of product agreed with that of anhydrous salt.

Anal. Calcd. for Ci6H16C1N20 2: C, 63.47; H, 4.99. Found: 
C, 63.26; H, 5.42.

Short exposure to moist air reconverted the product to the 
yellow monohydrate.

The hydrochloric acid filtrate and washings obtained in the 
preparation were made basic with sodium hydroxide solution, and 
extracted with methylene chloride to give a 24% yield of VIII. 
It formed yellow plates (from dilute alcohol or petroleum ether), 
m.p. 145-147°.

Anal. Calcd. for Ci6H14N2: C, 81.05; H, 6.35. Found: 
C, 81.12; H, 6.39.

The product was identical with the compound prepared by 
lithium aluminum hydride reduction of the benzodiazepinone X .1 
This reduction was carried out in the same manner as described2 
for the 7-chloro derivative.

2,3-Dihydro-5-phenyl-l//-l ,4-benzodiazepine-7-carboxylic Acid 
Methyl Ester (XI).—A solution of IX in methanol was treated in 
the customary way with an excess of diazomethane in ether. 
After crystallization from methylene chloride-petroleum ether 
(b.p. 40-60°) and dilute alcohol, pale yellow prisms were 
obtained, melting at 191-193°.

Anal. Calcd. for Ci,H,6N20 2: C, 72.83; H, 5.75. Found: 
C, 72.75; H, 5.43.

The hydrochloride was prepared in methanol-ether, and formed 
yellow prisms, m.p. 251-252° dec.

Anal. Calcd. for Ci7HnClN20 2: C, 64.45; H,5.41; Cl, 11.20. 
Found: C, 64.74; H, 5.45; Cl, 11.25.

7-Amino-2,3-dihydro-1 -methyl-5-phenyl-1H - 1,4-benzodiaze
pine (XII) Dihydrochloride.—A suspension of 126.5 g. (0.45 
mole) of Via in 2.2 1. of methanol was hydrogenated at room tem
perature and atmospheric pressure in the presence of 130 g. (5 
tablespoons) of Raney nickel. After the absorption of 1.35 moles 
of hydrogen (3 hr.) the catalyst was filtered off, and the filtrate 
acidified with an excess of methanolic hydrogen chloride. Part 
of the methanol was removed in vacuo, ether was added to the 
residual suspension, and the precipitated product (125 g.) was 
filtered. After recrystallization from a mixture of methanol and 
ether the product formed orange prisms melting at 267-268°.

Anal. Calcd. for Ci6Hi9C12N3: C, 59.26; H, 5.91. Found: 
C, 59.26; H, 6.22.

Base.—An ice-cold aqueous solution of the dihydrochloride of 
XII was made alkaline with potassium hydroxide. The base 
was extracted with methylene chloride and recrystallized from 
ether to form yellow prisms melting at 158-159°.

Anal. Calcd. for CieH17N3: C, 76.46; H, 6.82. Found: C, 
76.11; H, 7.03.

Acetyl Derivative.—A solution of 1.6 g. of the dihydrochloride 
of XII in a mixture of 20 ml. of pyridine and 10 ml. of acetic 
anhydride was left at room temperature for 60 hr. The preci
pitated crystalline hydrochloride of the reaction product (1 g.) 
was separated by filtration, and dissolved in ice-water. The 
base was liberated by treatment with dilute sodium hydroxide, 
and extracted with methylene chloride. The organic layer was 
dried and concentrated in vacuo, and the residue w*as crystallized 
from a mixture of methylene chloride and petroleum ether, to 
form yellow prisms melting at 176-177°.

Anal. Calcd. for Ci8Hi9N30: C, 73.69; H, 6.53. Found: 
C, 73.51; H, 6.57.

7-Amino-2,3-dihydro-5-phenyl-l//-l,4-benzodiazepine dihydro
chloride was prepared from Va, and crystallized in the same 
manner as the hydrochloride of XII. It formed yellow needles 
unmelted at 250°.

(13) The infrared spectrum , run as a 3%  solution in p iperid ine-chloro
form, showed a sharp  band a t  3630 cm. -1 which is probably due to the O -H  
stre tch ing  frequency of the w ater of crystallization. Com parison with the 
spectrum  of the anhydrous hydrochloride was impossible, owing to the ex
trem ely hygroscopic na tu re  of the la tte r  compound.
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Anal. Calcd. for C15R 7CI2N3: C, 58.07; H, 5.52. Found: 
C, 58.23; N, 5.81.

The corresponding base was not obtained in crystalline form.
7-Chloro-2,3-dihydro-l -methyl- 5-phenyl-liM ,4-benzodiaze

pine Hydrochloride (Xllla.)—To a cooled ( —10°), stirred solu
tion of 12.4 g. {0.03S mole) of 7-amino-2,3-dihydro-l-methyl-5- 
phenyl-lif-l ,4-benzodiazepine dihydrochloride in 40 ml. of 1 N 
hydrochloric acid, was added 40 ml. of 1 .V aqueous sodium nitrite. 
The temperature was allowed to rise to 10°. The resulting diazo
nium chloride solution was added over a period of 10 min. to a 
stirred solution of 7 g. of cuprous chloride in 40 ml. of concen
trated hydrochloric acid, which had been diluted with 20 ml. of 
water. The mixture was diluted with 100 nd. of water and heated 
for 3 hr. to 35-40°. It was then cooled to 10°, and the precipi
tated orange-red copper complex (m.p. 168-169°) was separated 
by filtration and decomposed by treatment with 35 ml. of 10% 
aqueous ammonia at 40°. Compound X llla  was extracted with 
methylene chloride, the extract was washed with water, dried, 
and concentrated in vacuo, and the residue was dissolved in 
acetone. The solution was filtered and treated with an excess of 
a solution of hydrogen chloride in isopropyl alcohol to give the 
hydrochloride of X llla  (58%). The product was in every respect 
identical with the compound formerly described.2

7-Bromo-2,3-dihydro-l-methyl-5-phenyl-1/7-1,4-benzodiaze- 
pine (XHIb).—This compound was made in the same manner as 
X llla . It formed orange-yellow prisms (from hexane), m.p.
104-105°.

Anal. Calcd. for Ci6Hi5BrX2: C, 60.96; H, 4.80; X, 8.89. 
Found: C, 60.94; H, 5.11; N, 8.78.

The hydrochloride was prepared in methanol-ether, and formed 
orange-yellow prisms, m.p. 257-258° dec.

Anal. Calcd. for Ci6H16BrClX2: C, 54.64; H, 4.58; X,
7.97. Found: C, 54.60; H.4.66; X, 7.75.

7-Cyano-2,3-dihydro-l-methyl-5-phenyl-l//-l,4-benzodiazepine 
(XIIIc).—To a cooled (0°-5°), stirred solution of 12.4 g. (0.038 
mole) of the dihydrochloride of XII in 40 ml. of 1 N hydrochloric 
acid was added 40 ml. of 1 N sodium nitrite. The resulting di
azonium chloride solution was added to a hot (80-90°), stirred 
suspension of 8 g. of cuprous cyanide in 300 ml. of X,X-dimethyl- 
formamide.11 The reaction mixture was cooled to 60°, diluted 
with 200 ml. of 25% aqueous ammonia, and extracted with benz
ene. The organic layer was dried and concentrated in vacuo, 
and the residue was extracted with boiling ether. The ether ex
tract was concentrated to SO ml. and purified by chromatography 
on a column of 140 g. of Woelm grade I alumina. Elution with 
750 ml. of ether yielded 5 g. of material which was crystallized 
from a mixture of ether and petroleum ether to give 2.2 g. of 
XIIIc (22% ). Recrystallization from ether gave slightly yellow 
plates, melting at 149-150°.

Anal. Calcd. for C17H15N3: C, 78.13; H, 5.79; N, 16.08. 
Found: C, 78.19; H, 5.79; X, 16.36. 14

(14) Experim ents using tire conventional Sandm eyer m ethod (addition 
of the  diazonim u chloride solution to a solution of cuprous cyanide in 
aqueous sodium cyanide) yielded only a red, crystalline, unidentified com
pound.

2,3-Dihydro-3-methyl-7-nitro-5-phenyl-l//-l, 4-benzodiazepine
(XIV) was prepared from la in the same manner as compound Va, 
using propylenediamine instead of ethylenediamine. The yield 
was 80%..

Anal. Calcd. for Ci6Hl5X302: C, 6S.31; H, 5.38. Found: 
C, 68.24; H, 5.71.

This compound was hydrolyzed to the aminoethylamino ketone 
as described for Ya.

The base, 2-(2-aminopropylamino)-5-nitrobenzophenone, after 
crystallization from a mixture of methylene chloride and ether, 
formed yellow needles melting at 98-99°.

Anal. Calcd. for Ci6Hi7X30 3: C, 64.20; H, 5.72. Found: 
C, 64.55; H, 5.79.

The hydrochloride formed yellow prisms from methanol-ether, 
melting at 204-205°.

Anal. Calcd. for C16H19CIN3O3: C, 57.40; H, 5.40. Found: 
C, 57.29; H, 5.78.

7-Chloro-2,3-dihydro-3-methyl-5-phenyl-l//-l ,4-benzodiaze
pine (XVII). A. From 2,3-Dihydro-3-methyl-7-nitro-5-phenyl- 
IH-1,4-benzodiazepine (XIV) via 7-Amino-2,3-dihydro-3-methyl-
5-phenyl-l//-l,4-benzodiazepine Dihydrochloride (XV).—Com
pound XIV was hydrogenated in the same manner as Via to yield 
XV as yellow prisms (from ethanol-ether), melting at 277-280° 
dec.

Anal. Calcd. for Ci6Hi9C(2N3: C, 59.26; H, 5.91. Found: 
C, 59.39; H, 5.97.

This compound was converted via a Sandmeyer reaction into the
7-chloro compound. To a cooled stirred solution of 6.4 g. of XV 
in 30 ml. of 6 N hydrochloric acid was added 20 ml. of 1 N sodium 
nitrite solution, while the temperature was kept below 5°. The 
solution was then added at room temperature to a stirred solution 
of 4 g. of cuprous chloride in 40 ml. of concentrated hydrochloric 
acid. The mixture was heated to 40° for 30 min., then to 85-90° 
for 20 min., cooled, treated with an excess of aqueous ammonia, 
and extracted with methylene chloride. The organic layer was 
dried and concentrated in vacuo; the residue was dissolved in 40 
ml. of ether, and adsorbed on to 60 g. of Woelm alumina grade 1. 
Elution with 250 ml. of ether gave 0.7 g. of material, which on 
crystallization from a mixture of ether and petroleum ether, 
yielded 0.3 g. of XVII. Further recrystallization gave pale yellow 
prisms, melting at 127-128°.

Anal. Calcd. for CuHuCINj: C, 70.97; H, 5.58. Found: 
C, 71.25; H, 5.51.

B. From 7-Chloro-l,3-dihydro-3-methyl-5-phenyl-2//-l,4- 
benzodiazepin-2-one (XVI).—Reduction of XVI4 with lithium 
aluminum hydride as described for the 3-demethyl derivative,2 
gave a 70% yield of XVII, which was in every respect identical 
with the product obtained by method A.
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A monoamine derivative L of chromium(III) acetylacetonate has been prepared by reduction of a mononitro 
derivative I. The chelate amine L was' transformed into a stable chelate diazonium fluoroborate N. The di
azonium salt was converted into a monofluoro chelate O. Nitration of mono- and dichloro chromium acetyl- 
acetonates afforded a series of chloro-, nitro-substituted chelates. Apparent displacement of chloro by nitro was 
observed during nitration of the dichloro chelate C.
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Recent reports from this and other laboratories have 
described the quasiaromatic properties of metal com
plexes of acetylacetone.15-13 These chelates undergo 
a wide variety of electrophilic substitution reactions 
under relatively mild conditions. Stereochemical stud
ies indicate that these substitutions are not attended by 
opening of the chelate rings.1416 The proton magnetic 
resonance spectra of unsymmetrically substituted metal 
acetylacetonates7 8 9 10 and of certain acetylacetone-ethylene 
diamine complexes16 suggest the presence of aromatic 
ring current in these substances. Classically, one of the 
most significant chemical indications of aromatic char
acter is the stabilization of a diazonium ion. This 
paper reports a successful preparation of a chelate dia
zonium salt and its chemical properties.

Our first attempts to synthesize amino-substituted 
metal acetylacetonates A, the logical precursors of che
late diazonium salts, were unsuccessful. Attempts at 
direct animation of the chelate ring failed. Nitro-sub
stituted chelates B, available from a previous study,5 6 
seemed to offer a route to the desired amino chelates A.

However, all attempts to reduce nitro groups on the 
nitrocobalt(III) or rhodium(III) chelates led to reduc
tion of the metals and subsequent decomposition of the 
complexes.5 On the other hand, chemical or catalytic 
reductions of the nitro chromium chelate B either afford
ed unchanged starting material or resulted in intract
able mixtures of unidentified products. We had pre
viously experienced difficulty in carrying out trails-

(1) Previous paper, J. P. Collman, R. L. M arshall, W. L. Young, II I , and 
C. T. Sears, Jr., J .  O r g .  C h e m . ,  28, 1449 (1963).
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Angeles, Calif., April 1-5, 1963, p. 6M.
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formations on other trifunctional chelates.11 It soon 
became apparent that the reduction of a trinitro chelate 
would be a formidable task. Our goal then became the 
synthesis of a chromium(III) chelate containing a 
single nitro group.

At this time we had prepared dichloro chromium ace
tylacetonate (C) for another study.7 13 14 It appeared that 
this dichloro chelate C easily could be transformed into 
the dichloromononitro chelate D which could then be 
reduced to a monoamino chelate—avoiding the diffi
culties of reducing a trinitro derivative. Chloro groups 
on these chelate rings were known to be resistant to 
catalytic reduction.

Preliminary experiments revealed that the trichloro 
chelate E was inert under the conditions of nitration. 
This, of course, was to be expected. However, nitra
tion of the dichloro compound C with copper nitrate 
trihydrate in acetic anhydride afforded a mixture of 
three chelates. These were separated by chromatog
raphy and eventually characterized as the expected 
dichloro mononitro chelate D and, unexpectedly, the 
dinitro monochloro chelate E, and the trichloro chelate 
E (Chart I). These surprising results may be inter
preted in two ways: (a) disproportionation of the
acetylacetonate rings during the reaction or (b) elec
trophilic cleavage of chlorine by the nitrating agent, 
followed by subsequent chlorination of the starting 
material in the presence of the released positive halogen.

The first of these alternative explanations is less 
likely in view of the retention of optical activity during 
electrophilic substitution of these chelate rings.1415 16 
However, it is evident that this nitration should be 
carried out on the resolved dichloro chromium acetyl
acetonate C in order to reaffirm the validity of this as
sumption. The concept of electrophilic cleavage of 
halogen from these chelate rings by the nitrating rea
gent seems more plausible in view of our earlier experi
ence with electrophilic substitutions17 of groups other 
than hydrogen from metal acetylacetonate rings. In
deed, in all of the cases that we have examined,11 17 di- 
substituted trisacetylacetonates undergo these cleavage 
reactions at a much greater rate than the mono- or the 
trisubstituted compounds. In order to investigate

(17) J. P. Collman, W. L. Young, I I I .  R. H. B arker, and M. Yam ada, 
A bstracts, 142nd N ational M eeting of the American Chem ical Society, Or
ganic Division, A tlantic C ity , N. J ., Septem ber, 1962, p. 400.
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C h a r t  I

Cu(N 0 3)2 3H ?0

Zn, pyrid ine

Ac20
Zn, pyridine

C h a r t  II

NO2

I

NCS

NCS no reaction

more fully this peculiar reaction, we carried out a nitra
tion of the monochloro chromium chelate G under the 
same conditions. Two products, F and H, were sepa
rated and characterized from this reaction mixture, but 
neither of these compounds was derived from cleavage 
of chlorine atoms from the chelate ring. Treatment of 
the monchloro mononitro chromium chelate 11 with N- 
chlorosuccinimide (NCS) afforded the dichloro mono
nitro chelate identical with the product D isolated from 
nitrating the dichloro chromium chelate C (see Chart I ), 
providing an extra check on the structures F, H, and D.

The structures of these mixed-ring chloro nitro che
lates were further substantiated as the result of a series 
of experiments that were being conducted concurrently6 
with those described. Nitration of chromium acetyl- 
acetonate using limited amounts of the nitrating reagent 
afforded mixtures of the mononitro, dinitro, and trinitro 
chromium acetylacotonate. These partially nitrated 
chelates I, .1, and B were easily separated by chromatog
raphy on Florisil. Chlorination of the dinitro chelate 
J afforded the dinitro monochloro chelate F in good 
yield. In the same way the mononitro dichloro chelate 
D was prepared from the mononitro chelate I. These 
reactions provided further support for the structures

that were assigned to I, J, F, and D (see Chart II).
The ready accessibility of the mononitro chromium 

chelate I prompted us to use this substance as a pre
cursor for the chelate amine and diazonium salt. Con
sequently, reductions of the ehloronitro chelates were 
not attempted. Chemical reduction of the mononitro 
compound I with a wide variety of the usual reducing 
agents either failed to effect any transformation or gave 
rise to anomalous reactions. For example, treatment of 
the mononitro chelate I with zinc dust in pyridine at 00° 
afforded the unsubstituted acetylacetonate K. This 
surprising result involves reduction of the nitro group 
from an unsaturated carbon atom and replacement by 
hydrogen. A similar reaction was observed when the 
dinitro compound J was reduced with zinc dust in 
pyridine under the same conditions. However, under 
these conditions the trinitro chelate B afforded a very 
complex mixture which contained at least six compon
ents (as determined by thin layer chromatography ex
periments). This mixture did not contain the unsub
stituted acetylacetonate K.

Catalytic hydrogenation of the nitro chelate I was 
more successful. Treatment of this nitro compound 
with hydrogen over palladium hydroxide afforded the
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Chart III

monoamine L in good yield. The amino chelate L be
haved as a normal aromatic amine forming stable salts 
with mineral acids, changing color upon salt formation, 
and reacting with acetic anhydride to afford an acetate 
derivative M. However, attempted hydrolysis of the 
N-acetyl group failed to yield the amine—probably 
because of the steric hindrance afforded by the flanking 
methyl groups on the chelate ring.

Treatment of an aqueous solution, the fluoroborate 
salt of the monamine L with a cold solution of sodium 
nitrite yielded a purple precipitate. This precipitate, 
which proved to be the pure chelate diazonium fluoro
borate N was isolated by rapidly collecting the powder 
on a filter and washing repeatedly with anhydrous ether. 
The diazonium salt was decomposed by exposure to 
water or other nucleophilic solvents. However, aque
ous solutions of the diazonium salt gave positive tests 
with /?-naphthol. The structure of the chelate diazon
ium fluoroborate N is based on elemental analyses, a 
sharp infrared peak at 2200 cm.-1 (diazonium ion), and 
reduction of the diazonium group to the unsubstituted 
chelate K by treatment with ethanol.

Attempted Sandmeyer reactions on the chelate dia
zonium salt were frustrated by the facile solvolysis of 
this ion. Hydrolysis of the chelate diazonium salt af
forded a hydroxy-substituted chelate, which was iso
lated as a twelve hydrate. The water-soluble, hydroxy 
chelate behaved as a mild acid and was unstable in boil
ing solvents. All attempts to obtain this substance in 
its anhydrous form failed—although some of the waters 
of dehydration could be removed.

Initial attempts to effect a Schiemann reaction with 
the chelate diazonium salt by the usual procedures af
forded tars and the unsubstituted acetylacetonate. 
However, sublimation of an intimate mixture of the 
powdered dry diazonium fluoroborate and anhydrous 
sodium fluoride at 200° under vacuum yielded a subli
mate from which chromium acetylacetonate K and the 
monofluoro chromium chelate O could be separated by

chromatography. The hitherto unknown fluoro-sub- 
stituted chelate O was isolated in only 6% yield. The 
structure of this substance was assigned on the basis of 
elemental analyses and an infrared spectrum which ex
hibited carbon-fluorine stretching bands at 1490, 1320, 
and 1152 cm.-1.

The chelate diazonium salt N exhibited good thermal 
stability, decomposing reproduceably from 165-167°. 
The salt was stored in a dry atmosphere for several 
months without any sign of decomposition.

Experiments in progress are designed to examine the 
mechanism of electrophilic cleavage of groups from un- 
symmetrically substituted chelate rings, and to carry 
out further transformations on the chelate diazonium 
salt.

Experimental
Nitration of Bis(2,4-pentanediono)(3-chloro-2,4-pen tanediono)- 

chromium(III) (G).—A mixture of 1.0 g .  (4.2 mmoles) of finely 
ground copper(II) nitrate trihydrate and 30 ml. of acetic anhy
dride was stirred for 45 min. at 0°. To this slurry was added
2.5 g. (6.5 mmoles) of monochlorochelate G, m.p. 197-198°. 
This reaction mixture was stirred for 4 hr. at 0°, allowed to come 
to room temperature, and then stirred for 1 more hr. This 
resulting mixture was poured into a mixture of 250 g. of ice, 150 
ml. of water, and 20 g. of sodium acetate and stirred for 1 hr. 
The water layer was extracted three times with chloroform, and 
the combined chloroform extracts were washed with 5% aqueous 
sodium acetate solution and then water. After drying over 
sodium sulfate, the solvent was removed under vacuum. The 
resulting residue was purified by Florisil chromatography.

From the first band there was obtained 0.34 g. (10.7%) of 
bis(3 - nitro - 2,4 - pentanediono)(3 - chloro - 2,4 - pentanediono)- 
chromium(III) (F), m.p. 227°. The infrared spectrum was 
identical with that of a sample described later.

From the second band there was obtained 0.66 g. (23.6%) of 
(3 - nitro - 2,4 - pentanediono)(3 - chloro - 2,4 - pentanediono)- 
(2,4-pentanediono)chromium(III) (H), m.p. 205-208°. After 
recrystallization from ethanol, brown needles were obtained, 
m.p. 207-209°; infrared spectrum (KBr), 822 cm.''(NOj) and 
1200, 1270 cm.-1 (unsubstituted C-H).

Anal. Calcd. for Ci5H190 8>JClCr: C, 42.01; H, 4.47; N, 
3.27; Cl, 8.27. Found: C, 41.81; H, 4.38; N, 3.07; Cl, 
8.12.

From the third band 0.52 g. (20.8%) of the starting material G 
was recovered.

Nitration of Bis(3-chloro-2,4-pentanediono)(2,4-pentane- 
diono)chromium(III) (C).—A mixture of 0.95 g. (4.0 mmoles) 
of finely ground copper(II) nitrate trihydrate and 20 ml. of acetic 
anhydride was stirred for 45 min. at 0°. To this slurry was 
added 1.5 g. (3.6 mmoles) of dichloro chelate C, m.p. 199-200°. 
This reaction mixture was stirred for 4 hr. at 0°. allowed to come 
to room temperature, and then stirred for 1 more hr. The re
sulting slurry was poured into a mixture of 150 g. of ice, 70 ml. 
of water, and 12 g. of sodium acetate, and then stirred for 1 hr. 
to decompose the acetic anhydride. The water layer was ex
tracted three times with chloroform and the combined chloro
form extracts were washed with 5% aqueous sodium acetate solu
tion and then with water. After drying over sodium sulfate, 
the solvent was evaporated under diminished pressure. The 
residue was purified by Florisil chromatography.

From the first band there was obtained 0.17 g. (19.5%) of 
tris(3 - chloro - 2,4 - pentanediono)chromium(III) (E), yellow 
needles, m.p. 207-208°. The infrared spectrum was identical 
with that of an authentic sample.8

The second fraction eluted with benzene afforded 0.20 g. 
(12.0%) of bis(3-chloro-2,4-pentanediono)(3-nitr >-2,4-pentane- 
diono)chromium(III) (D). After recrystallization from ethanol, 
yellow-brown hexagonal plates were obtained, m.p. 204-204.5°; 
infrared spectrum (KBr), 823, 1520 cm.-1 (-.\’()2).

Anal. Calcd. for C16H,80 8NCl2Cr: C, 38.81; H, 3.93.
Found: C ,39.03; H.4.09.

From the third band 0.18 g. (10.6%) of tis(3-nitro-2,4- 
pentanediono)(3 - chloro - 2,4 - pentanediono) hromium(III)
(F), m.p. 227° was obtained. The infrared spect um was iden
tical with that of an authentic sample.
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From the fourth band 0.19 g. (12.7%) of the starting material 
C was recovered.

Nitration of Tris(3-chloro-2,4-pentanediono)chromium(III) (E). 
—A mixture of 0.88 g. (3.63 mmoles) of finely ground copper- 
(II) nitrate trihydrate and 20 ml. of acetic anhydride was stirred 
for 45 min. at 0°. To this slurry was added 1.5 g. (3.3 mmoles) 
of chloro chelate E,8 m.p. 207-208°. This reaction mixture was 
stirred for 4 hr. at 0°, allowed to come to room temperature, 
and then stirred for 1 more hr. The resulting mixture was 
poured into a slurry of 150 g. of ice, 70 ml. of water, and 12 g. 
of sodium acetate, and stirred for 1 hr. to decompose the acetic 
anhydride. The water layer was extracted three times with 
chloroform and the combined chloroform extracts were washed 
with 5% aqueous sodium acetate solution and then with water. 
After drying over sodium sulfate, the solvent was removed under 
vacuum. The resulting residue was purified by Florisil chroma
tography, and 1.02 g. of the starting material E, m.p. 209°, was 
recovered. The infrared spectrum was identical with that of an 
authentic sample.8 The yield of recovered starting material 
was 68.0%.

Chlorination of (3-Nitro-2,4-pentanediono)(3-chloro-2,4- 
pentanediono)(2,4-pentanediono)chromium(III) (H).—To a boil
ing solution of the 100 mg. of nitrochloro chelate H in 5 ml. of 
chloroform was added 100 mg. of N-ehlorosuccinimide in 2 ml. 
of chloroform with vigorous stirring. The reaction mixture 
was heated at. reflux for 1 hr., cooled to room temperature, and 
washed with 5% aqueous sodium sulfite solution and then with 
water. After drying the organic layer over sodium sulfate, the 
solvent was removed under vacuum. The residue was recrystal
lized from ethanol, and 63 mg. (58.3%) of bis(3-chloro-2,4- 
pentanediono)(3 - nitro - 2,4 - pentanediono)chromium(III) (D), 
m.p. 204(5°, was obtained.

Nitration of Tris(2,4-pentanediono)chromium(III) (K).— 
A mixture of 3.1 g. (12.9 mmoles) of finely ground copper(II) 
nitrate trihydrate and 200 ml. of acetic anhydride was stirred 
for 30 min. at 0°. To this slurry was added 7.5 g. (21.5 mmoles) 
of chelate K. The reaction mixture was stirred for 3 hr. at 0°, 
allowed to come to room temperature, and then stirred for 1 
more hr. The resulting solution was poured into a slurry of 900 
g. of ice, 900 ml. of water, and 22 g. of sodium acetate, and 
stirred for 1 hr. The water layer was extracted three times with 
chloroform and the combined chloroform extracts were washed 
four times with 5% aqueous sodium acetate solution and once 
with w'ater. The organic layer was dried over sodium sulfate, 
and then removed under reduced pressure. The resulting resi
due was separated and purified by chromatography on Florisil 
(deactivated with 10% water) with benzene as the eluent.

From the first band 0.71 g. of bis(3-nitro-2,4-pentanediono)- 
(2,4-pentanediono)chromium(III) (J), 7.5% yield, was obtained. 
After recrystallization from chloroform-ethanol, brown needles 
were obtained, m.p. 246-246.5°.

Anal. Calcd. for Ci5H19Oi0N2Cr: C, 41.01; H, 4.36; N, 
6.38. Found: 0,41.30; H,4.37; N,6.44.

From the second band 5.46 g. of bis(2,4-pentanediono)(3- 
nitro-2,4-pentanediono)chromium(III) (I), 64.5%, yield, was 
obtained. After recrystallization from ethanol, brown prisms 
were obtained, m.p. 178-180°.

Anal. Calcd. for Ci6H2o08NCr: 0  , 45.69; H, 5.11; N, 3.55. 
Found: 0,46.14; H,5.32; N.3.89.

From the acetone eluent 0.88 g. (11.7%) of starting material 
K was recovered.

Chlorination of Bis(2,4-pentanediono)(3-nitro-2,4-pentane- 
diono)chromium(III) (I).—To a boiling solution of 100 mg. of 
nitro chelate I in 5 ml. of chloroform was added a solution of 200 
mg. of N-chlorosuccinimide in 3 ml. of chloroform. The slurry 
was heated at reflux for 1 hr. and then cooled to room tempera
ture. The reaction mixture was washed with 5%, aqueous so
dium sulfite solution and then with water. After drying over 
sodium sulfate, the solvent was evaporated under vacuum. The 
resulting residue was purified by chromatography on deactivated 
Florisil (10% water).

From the benzene eluent 80 mg. (68.0%) of bis(3-chloro-2,4- 
pentanediono)(3 - nitro - 2,4 - pentanediono)chromium(III) (D), 
m.p. 204-204.5°, was obtained. The infrared spectrum was iden
tical with that of an authentic sample of D.

Chlorination of Bis(3-nitro-2,4-pentanediono)(2,4-pentane- 
diono)chromium(III) (J).—To a boiling solution of 300 mg. of 
nitro chelate J in 15 ml. of chloroform was added 300 mg. of 
N-chlorosuccinimide in 15 ml. of chloroform. The slurry was 
heated under reflux for 1 hr. and then cooled to room tempera

ture. The reaction mixture was washed with 5%. aqueous so
dium sulfite solution and then with water. After drying over 
sodium sulfate, the solvent was removed under vacuum. The 
resulting residue was separated and purified by chromatography 
on Florisil (deactivated with 10% water).

From the first benzene eluent 100 mg. of bis(3-nitro-2,4- 
pentanediono)(3 - chloro - 2,4 - pentanediono )chromium(IIT ) (F), 
m.p. 225- 226° (30.9%, yield), was obtained. The infrared spec
trum was identical with that of an authentic sample.

From the second benzene eluent 140 mg. of starting material 
J (46.7% yield) was recovered.

Treatment of Bis(2,4-pentanediono)(3-nitro-2,4-pentane- 
diono)chromium(III) (I) with Zinc Dust. —To a mixture of 1.5 g. 
of nitro chelate I, 1.5 g. of zinc dust, and 20 ml. of pyridine was 
added 3 ml. of glacial acetic acid, keeping the temperature at 
60°. The mixture was stirred for 3 hr. at 60-70°. After cooling 
to room temperature, the reaction mixture was poured into a 
mixture of 150 g. of ice and 150 ml. of water. The water layer 
was extracted with chloroform. The organic layer was removed, 
dried over sodium sulfate, and then evaporated under reduced 
pressure. The resulting residue was purified by use of Florisil 
(deactivated with 10% water). From the benzene eluent 0.35 
g. of tris(2,4-pentanediono)chromium(III) (K), m.p. 210-211° 
(25.7%, yield), was obtained. The infrared spectrum was iden
tical with that of an authentic sample.

Treatment of Bis(3-nitro-2,4-pentanediono)(2,4-pentane- 
diono)chromium(III) (J) with Zinc Dust.—To a mixture of 0.8 g. 
of the nitro chelate J, 1.5 g. of zinc dust, and 10 ml. of pyridine 
was added 3 ml. of glacial acetic acid, keeping the temperature 
at 60°. The slurry was stirred for 3 hr. at 60-70°. The re
action mixture was cooled to room temperature and poured into 
150 ml. of ice water. The water layer was extracted with chloro
form. The organic layer was removed, dried over sodium sul
fate, and then the solvent was evaporated under vacuum. The 
resulting residue was purified by chromatography on Florisil 
(deactivated with 10%, water). From the benzene eluent was 
obtained 70 mg. of tris(2,4-pentanediono)chromium(III) (K), 
m.p. 210-211° (11.0%, yield). The infrared spectrum was 
identical with that of an authentic sample.

Bis( 2,4-pentanediono )(3-amino-2,4-pentanediono )chromium-
(III) (L).—A mixture of 6.0 g. of nitro chelate I, 2.0 g. of 
palladium hydroxide and 250 ml. of absolute ethanol (the 
chelate I was not completely dissolved in ethanol) was shaken 
in a Paar hydrogenator under 65 lb. pressure at room tempera
ture for 24 hr. The catalyst was removed by filtration and 
washed with ethanol until the filtrate was colorless. The com
bined solvent was evaporated under vacuum. The residue was 
purified by chromatography on Florisil using benzene containing 
5% methanol as the eluent. From the third band 3.83 g. of 
bis(2,4-pentanediono)(3-amino-2,4-pentanediono)chromium(III) 
(L) was obtained, m.p. 221-223° (69.1% yield). After recrystal
lization from benzene, brownish crystals were obtained, m.p.
221.5-223°.

Anal. Calcd. for Ci5H220 6NCr: C, 49.44; H, 6.09; N, 3.85; 
mol. wt., 364.35. Found: C, 49.29; H, 6.13; N, 3.67; mol. 
wt., 412.

Acetylation of Bis(2,4-pentanediono)(3-amino-2,4-pentane- 
diono)chromium(III) (L).—To a mixture of 100 mg. of amino 
chelate L and 2 ml. of acetic anhydride was added several drops 
of pyridine. This slurry was stirred at room temperature for 
24 hr. and then poured into 100 g. of ice water containing 2 g. 
of sodium acetate. The water layer was extracted three times 
with chloroform. The combined solvent was washed with water 
and then dried over sodium sulfate. After the solvent was re
moved, a purple solid remained, m.p. 255-258°. The yield of 
acetylamino chelate M was 90 mg. (80.7%). After recrystal
lization from ethanol-petroleum ether, purple needles were ob
tained, m.p. 259.5-261 °.

Anal. Calcd. for CnH^CbNCr: C, 50.24; H, 5.95; N, 3.45. 
Found: 0,49.54; H, 5.92; N,3.42.

Diazotization of Bis(2,4-pentanediono)(3-amino-2,4-pentane- 
diono)chromium(III) (L).—Amino chelate L (0.73 g., 2.0 mmoles) 
was dissolved in a cold (0°) solution of 1.08 g. of 48% fluoro- 
boric acid (6.0 mmoles) and 4.0 g. of water. To this solution was 
added 1.52 g. of a 10% aqueous sodium nitrite solution (2.2 
mmoles of sodium nitrite) at 0° for 5 min. with vigorous stirring. 
A pale purple precipitate appeared. After stirring for 5 min., 
the purple solid was quickly collected by filtration and washed 
with cold absolute ethanol and then with cold ether. If this 
collection and washing steps were not accomplished quickly,
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the precipitate became sticky and decomposed. The yield of 
chelate diazonium fluoroborate N was 0.51 g. (55.0%). The 
infrared spectrum exhibited a sharp peak at 2200 cm.“1 2 (diazon
ium ion18) and a peak at 1050 cm.“1 (fluoroborate anion19). The 
diazonium salt melted at 165° with decomposition.

Anal. Calcd. for Ci5H20O6N2CrBF4: C, 38.90; H, 4.35; N,
6.05. Found: C ,38.67; H,4.32; N.6.17.

Reduction of the Chelate Diazonium Fluoroborate N with 
Ethanol.—A solution of 50 mg. of the chelate diazonium fluoro
borate N in 2 ml. of absolute ethanol was heated at reflux on the 
steam bath for 2 hr. After the solvent was removed under 
vacuum, the resulting residue was purified by chromatography 
on Florisil using benzene. From the benzene eluent 15 mg. of 
tris(2,4-pentanediono)chromium(III) (K), m.p. 201-204° (40% 
yield), was obtained. After recrystallization from benzene- 
petroleum ether, the sample melted at 210-211°. The infrared 
spectrum was identical with that of an authentic sample.

Pyrolysis of the Chelate Diazonium Fluoroborate N.—A 
mixture of 1.0 g. of the chelate diazonium fluoroborate N and
4.0 g. of powdered sodium fluoride was heated at 180-200°

(18) (a) M . Aroney, R. J . W. LeFevre, and R. L. Werner, J .  

C h e m .  S o c . ,  276 (1955); (b) K. B. W hetsel, G. F. Hawkins, and F. E. John
son, J .  A m .  C h e m .  S o c . ,  78, 3360 (1956).

(.19) G. A. Olah, S. J . Kuhn, and W. S. Tolgyesi, ibid., 84, 2733 (1962).

(oil bath temperature) for 8 hr. under vacuum (0.5 mm.) in a 
sublimation apparatus. The sublimate weighed 240 mg. This 
solid was separated by chromatography on Florisil (deactivated 
with 10% water) using benzene. From the second benzene eluent 
was obtained 50 mg. of bis(2,4-pentanediono)(3-fluoro-2,4- 
pentanediono)chromium(III) (O), m.p. 208-210° (6.3% yield). 
After recrystallization from petroleum-ether, the melting point 
was 212.5-213.5°. The infrared spectrum exhibited selected 
maxima at 1490, 1320, and 1152 cm.“1.

Anal. Calcd. for Ci5H20O6FCr: C, 49.04; H, 5.49; F, 5.17. 
Found: C, 48.76; H, 5.31; F, 4.72.

From the third benzene eluent 120 mg. of tris(2,4-pentane- 
diono)chromium(III) (K), m.p. 209-211° (15.9% yield), was 
obtained. The infrared spectrum of this substance was identical 
with that of tris(2,4-pentanediono)chromium(III) (K).

Decomposition of the Chelate Diazonium Fluoroborate N in 
Water.—The chelate diazonium fluoroborate N (200 mg.) was 
dissolved in 2 ml. of water. This solution was warmed at 35-40° 
for 2 hr. and then extracted with a large amount of ether. The 
ether layer was separated and the solvent was removed under 
vacuum (at room temperature). The resulting residue weighed 
130 mg., m.p. 121-123°. After recrystallization from ethanol- 
benzene, purple cubic crystals were obtained, m.p. 121-123.

Anal. Calcd. for C^lTiCbCr- 12H20: C, 30.97; H, 7.80. 
Found: C, 30.71; H,7.60.
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+
A general reaction for the preparation of ternary iminium perchlorates, > C =N  < ClOi“, is found in the 

simple combination of an aldehyde or a ketone with a secondary amine perchlorate (Table I). The yields are 
excellent in the absence of serious steric interference. In the n.m.r. spectra of representative iminium salts, 
long-range coupling has been observed through three single bonds and the iminium bond and through four 
single bonds and the iminium bond. Mesityl oxide is converted to N-isopropylidenepyrrolidinium perchlorate
(VI) by reaction with pyrrolidine perchlorate, thereby providing an efficient dealdolization process.

\  + /
The importance of the C—N X “ function

/  \
in organic chemistry has been well documented by Hell- 
mann and Opitz.3 Immonium salts4 or ternary imin
ium salts5 6 7 8 (we prefer the latter name) occupy a key 
position in many organic reactions and are subject to 
rapid attack by a wide variety of nucleophilic reagents.3 6 
The salts are generally made by cleavage of a covalent

\  I
C-Y bond in a N—C—Y system,47 by alkylation of

/  I
aldimines or ketimines,4 and by protonation of en- 
amines.48 It is also possible to obtain ternary iminium 
complex salts by direct combination of an aldehyde or

(1) Supported by  a research g ran t (USPHS-GM -05829-05) from the 
N ational In s titu te s  of H ealth, U. S. Public H ealth  Service.

(2) Presented a t  the 144th N ational M eeting of the American Chemical 
Society, Los Angeles, Calif., April, 1963.

(3) H. Heilm an and G. Opitz, “ «-A m inoalkylierung,” Verlag Chem ie, 
G M BH , W einheim /B ergstr., G erm any, 1960, p. 1, and throughout.

(4) J. Goerdeler in “ M ethoden der Organischen Chem ie” (H ouben- 
W eyl), Vol. X I/2 , Georg Thiem e Verlag, S tu ttg a r t, G erm any, 1958, pp. 616- 
618; see also C. R. H auser and D. Lednicer, J . O r g .  C h e m . ,  24, 46 (1959).

(5) M. Lamchen, W. Pugh, and A. M. S tephen, J .  C h e m .  S o c . ,  4418 
(1954).

(6) N. J . Leonard and A. S. Hay, J .  A m .  C h e m .  S o c . ,  78, 1984 (1956), 
and references therein.

(7) H. G. Reiber and T. D. S tew art, i b i d . ,  62, 3026 (1940).
(8) The following references illustra te  sa lt form ation from enam ines

available from different rep resen tative  sources: (a) N. J. Leonard and
V. W. Gash, i b i d . ,  76, 2781 (1954); (b) N. J . Leonard and K. Jann , i b i d . ,

84, 4806 (1962); (c) N. J. Leonard, C. K. S te inhard t, and C. Lee, J .  O r g .

C h e m . ,  27 , 4027 (1962).

ketone with a secondary amine complex salt, e.g.; 
hexahalostannates,5 9-11 halobismuthates,59-10 halo- 
antimonates,5'9 *“ 11 hexahaloplatinates,910 or iodide- 
silver iodide complexes.12

We have now found an adaptation of this procedure, 
which is simple and generally useful, employing the 
perchlorate salts of the secondary amines. Our past 
experience directed us to the use of these salts since the 
products could be expected to be easily crystallizable 
and nonhygroscopic and since the monovalent perchlo
rate anion, being a poor nucleophile, would not inter
fere with reaction products sought beyond the ternary 
iminium stage.8b The general reaction which can be 
effected is that of a ketone or aldehyde with a secondary 
amine perchlorate to give a ternary iminium perchlo
rate.

H
\  \ + /  \  + /

C = 0  +  N CIO,“ — >- C =N  CIO," +  H20  (1)
/  / \  /  \

H

As an example of the ease with which conversion 
occurs, the mixing of pyrrolidine perchlorate with 
a slight excess of acetone liberates heat and produces 
crystalline N-isopropylidenepyrrolidinium perchlorate

(9) W. Pugh, J .  C h e m .  S o c . .  2423 (19S4).
(10) M. Lamchen, W. Pugh, and A. M. Stephen, i b i d . ,  2429 (1954).
(11) G. O pitz and W. M erz, A n n . ,  652, 139 (1962); see also G. Opitz, 

H. H ellm ann, and H. W. Schubert, i b i d . ,  623, 117 (1959).
(12) R. K uhn and H . Schretzm ann, B e r . ,  90, 557 (1957).
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Fig. 1.—N.m.r. spin-spin decoupling with N-isobutylidene- 
pyrrolidinium perchlorate (II).

in a matter of seconds. The yield of pure product 
is 96% (see Experimental, procedure A). A solvent 
such as ethanol (1-2 vol.) also may be used. The 
yields are generally high for other representative 
ketones: ethyl methyl ketone, diethyl ketone, and 
cyclohexanone. Acetophenone gives the correspond
ing ternary iminium salt with pyrrolidine perchlorate in 
70% yield, which is much greater than that obtainable 
by proceeding through the enamine from acetophenone 
and pyrrolidine followed by a separate protonation 
step. We expect the method to be applicable to sub
stituted acetophenones. The perchlorate salts of 
other secondary amines perform in similar manner,13 
here exemplified with morpholine and dimethylamine. 
The product of acetone and dimethylamine perchlorate, 
N-isopropylidenedimethylaminium perchlorate (I), 
readily obtained in 92% yield, deserves special men
tion since it is the simplest symmetrically substituted 
iminium salt obtainable.

CHj CH,
\  + /

c= n  c i o r
/  \

CH3 CHs
I

Illustrations of further scope of the reaction were ob
tained in the efficient condensation of cyclohexanone 
with morpholine perchlorate and of cyclohexanone with 
pyrrolidine fluoborate (see Table I). In general the 
fluoborate salts function less efficiently than the per
chlorates but are probably handled with greater assur
ance of safety. Both perchlorates and fluoborates are 
far superior to any other secondary amine salts having 
representative simple anions, e.g., chloride, bromide, 
nitrate, sulfate, which we have investigated. The 
condensation also can be effected in a solvent such as 
benzene, with azeotropic distillation of the water 
formed (see Experimental, procedure B). Aldehydes 
undergo reaction with pyrrolidine perchlorate efficiently 
with production of the corresponding ternary iminium 
salts (Table I), for which no route through an enamine— 
at least for the aromatic and a,/3-unsaturated alde
hydes—is possible. We have illustrated this facet of 
the reaction with benzaldehyde, isobutyraldehyde, 2-

(13) Unpublished results in this laboratory by W. J. Musliner and P. C.
Kelley.

ethylbutyraldehyde, furfural, cinnamaldehyde, and 
pivalaldehyde. The general reaction (1) may be formu
lated as a nucleophilic carbonyl addition followed by 
the elimination of water.

All of the products have been characterized by ele
mental analyses, by the strong infrared absorption

\  +/
band indicative of C =N , and by the n.m.r. spectra,

/  \
especially the chemical shifts for the methyl, methylene, 
or single protons attached to the carbon of the iminium 
grouping. We observed long-range coupling of these 
protons through the double bond with the «-methylene 
protons of the pyrrolidinium ring. While the n.m.r. 
spectra of the iminium compounds were suggestive of 
long-range coupling, the signals were sufficiently com
plex that the proton spin-spin coupling constants 
were not readily assignable except by double resonance 
experiments. The compound selected first for examina
tion was N-isobutylidenepyrrolidinium perchlorate 
(II). As seen in compressed form at the top of Fig. 1, 
the spectrum consisted of signals, expressed in c.p.s. 
downfield from tetramethylsilane as 0.0, occurring at 
501 (J  = 9.0 c.p.s., doublet) (A), 249.5 (B), 178 (C), 
134 (D), and 79 (J  = 7.0 c.p.s., doublet) (E). The 
assignments were made as shown.

®v
® A

— i

®
c h 3
I
c;

H ©

CIL

cior

II

Where there were appreciable effects of spin-spin 
decoupling due to irradiation at applied frequencies 
corresponding to A through E, successively, the altered 
segments of the spectra are reproduced on the second 
through sixth lines in Fig. 1. The A proton was shown 
to be coupled to C (JAc = 9.0 c.p.s.) (lines 2 and 4) 
and to B (JAB = 2.0) (lines 2 and 3). The magnitude 
of J  for spin-spin coupling through three single bonds 

\  + /
and the C =N  double bond is in the range previously 

/  \  ’
observed for long-range coupling in the system

\  /
C

\  /  \
C=C  H .14 The A proton also was possibly 

H
coupled to D, since decoupling from D by irradiation 
at 134 c.p.s. sharpened the spectrum of A (line 5 of 
Fig. 1). The B protons were shown to be coupled to 
A and D protons (line 3). When decoupled from C, 
the B spectrum became sharper. Irradiation at 134 
c.p.s. simplified the B spectrum to two broad singlets 
(line 5, see also line 3) separated by about 13 c.p.s., 
showing that the two «-methylene groups were not 
identical. The coupling of the C proton to the E 
protons of the methyl groups was clearly observed when 
irradiation at 178 c.p.s. caused the signal for the E pro-

(14) L. M. Jackm an, “ Applications of Nuclear M agnetic Resonance 
Spectroscopy in Organic C hem istry ,” Pergam on Press, L td ., G reat B ritain , 
1959, p. 85.



N o v e m b e r , 1963 D ir e c t  S y n t h e s i s  o f  T e r n a r y  I m i n iu m  S a l t s 3023

2'

U[ 5

iOic OiCO 8 rH COCO CO CO 9 8 t-HCO co (N00 8
t> CO CO CO id Id id CO Id id id

IO (M rH Id 8 <N o t-H <N rH 8 idwo co (N 00 rH co Tjl (N id CO oo
CO co id id id ** Id co id id id

<N 00 CO CO CO s? 3lO CO <N Id o 1—i 00 CO
CO CO w CO CO CO Id b» Id b̂

(N !> id 00 o id a Id id Id u.id co Id 05 o T—H 05 00 CO id
CO co b- CO id co id l> Id b-

<N 05 CO CO (N
°

00 co Id (M 8 00id 05 CO CO 00 CO T—( id
(N 05 (M Tt< id ci co o <N CO r}5 idCO CO id id id Nfl id

id (M o CO id O b- CQ o T}< oCO id H 00 CO 00 id CO CO co
(N 05 <N id Ï <M co o’ (M b̂ CO 3 IdCO CO id id id

d d d N"o
<
d

NÎ
2 d d

N*
o d d d d d d

2; 2; 2 2 fc 2 &
oCS q q q 3 «00 O q 3 q q oâ oes 3. s
cc d d K Xo Wo Ko d K W w ffio w w «
Ô d d c5 d d Ü d d d o d d d Ü

©Ja
.a
X
scS©
'S'.a

+2
3

r ©

s s
j  r - 2  -s£ Q .a

o' ^
£ *©4  d o
5,2 «8
05©©

xo
a
-fl9)a

PQ
Ino
◄
©In3x
8o
u *a
>>

-O

> 3. c8
O ► 
.~xoo d
§  8
: ©  
3 -û 
3 H

—• © 
3  aoS oa  -û . ©

X•c

I
1

I
s

3  ¿ -g
c5-fla

dopO

“r l
0 ’S

• s |si
§■;
1 *  § -d
§  |__ oT3 (-> d -d3 ^

|
I

i
d
?
<8

3
I
.3
&

o 'cTo' o o  o 05 © 00 00 © rH
c5©
©

oIna | | 1
i g rH H CO 00 (N (N 05 1-Î © rH H © fl

’a
©pC

’a "a 
2  § .a

a
z CO CO CS «O CS CS

, ; V br00 ©© ©GO ©©
\* i  â © © © ©rH rH rH rH

w/  \

8CO
CO © Tt<

- S3 (N (N
* oS o oi) <NCO(N

4 1CO
8 (N <N

■o <N © Nf ©is ^ © © 00 ©
>•

•oi 9
é s ◄ < < PQPh *g8

<00 C»
©

<b>
CS CS NSrH

Ct
©

HÎ00
<M rH © CS © © ©
b r’ b » b r b^ b - rH rH

© © © 00 CS 00 ©
© © CS © © ©
© © © © © © © ©T—1 rH rH rH

© (N rH CO © ©
CS
CS CS

©
CS

©
rH
J>

1 00
© i 1

©
1a © OO àrHCS

CS
CO
CS

©rH © 8

© CO © © CS CS ©
© © © t> OO © © ©

<1 « PQ PQ PQ PQ ◄ <

CS O

c5

1“Xd
i i
s  ?

a!

I
8 \  / © LU d
« i ? i î  9fi i 

8.®

s§

d,©

00

8
2o
CO

Xd /0 5 /
Od
3  ©¿4 doJ2

PQ

X>>

35
3
.5‘CaoIna
aoS
©

3On n n g n  g g  g g g
A à A A A A sA ê /
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tons to collapse from a doublet (JCe = 7.0 c.p.s.) to a 
singlet (line 4 of Fig. 1). Similarly, irradiation at 79 
c.p.s. changed the multiplet signal for the C proton to a 
broad doublet (bottom line), still coupled to A and 
perhaps B.

Another compound for which spin-spin decoupling 
revealed long-range splitting was N-isopropylidene- 
dimethylaminium perchlorate (I). The n.m.r. spec
trum consisted of two signals split into a quintuplet or 
septuplet. A decision between these possibilities was 
difficult because the line widths and the expected 
intensity ratio of 1:6:15:20:15:6:1 make the outside 
two peaks hard to find. Shoulders at the correct posi
tions were observed. When the lowfield signal was 
followed and the highfield protons were decoupled, or 
vice versa, the remaining signal collapsed to a sharp 
singlet. The coupling constant, J  = 1.0 c.p.s., ob
served was, therefore, assignable to long-range spin-

\  + /
spin coupling over four single bonds and one C=N

/ .  \
bond. The results obtained with N-isopropylidene- 
dimethylaminium perchlorate (I) support the observa
tion that in N-isobutylidenepyrrolidinium perchlorate 
(II) the C and B protons are involved in long-range 
coupling. Long-range coupling was observed in the
n.m.r. spectra of all the iminium salts derived from 
aldehydes and methyl ketones (Table I) except N-l- 
methylbenzylidenepyrrolidinium perchlorate, for which 
the signal for the methyl group was considerably 
broadened but the splitting was not resolved.

In further consideration of the chemistry of iminium 
salts, an interesting reversal of the aldol condensation 
has resulted from the treatment of mesityl oxide (IV) 
with pyrrolidine perchlorate. An intermediate dipolar 
ion containing the iminium group III has been postu
lated to explain the specific effect of a secondary amine 
in the aldolization-dealdolization of acetone.1516 We

2 CH 3 COCH 3  +  R 2NH

CH3
I

c h 3- c —c h 2- c —c h 3

0 “ /N  +
R R

III

+ H2O

CH3I
c h 3- c = c h -  c —c h 3 +  R 2 NH

IV

c h 3I
CH3—C= CH—C—CH3 +

IV o

6

Hw H

c io ;

CHj V 3*
AI I C104 

VI

c h 3
I

c h 3- c = c h - c - c h 3

Ô
V C104 15 16

(15) I . P. H am m ett, “ Physical Organic C hem istry ,” M cG raw-Hill Book 
Co., Inc., New York, N. Y., 1940, pp. 345, 363.

(16) J Hine, ‘Physical Organic C hem istry ,” 2nd Ed., M cG raw-Hill 
Book Co., Inc., New York, N. Y., 1962, p. 260.

thought it should be possible to approach this type of 
intermediate by condensation of mesityl oxide with 
pyrrolidine perchlorate, thereby forming initially the 
a,/3-unsaturated iminium salt V. The interrelation of 
III and V is obvious if the former is protonated and the 
latter hydrated. The reaction between IV and pyrroli
dine perchlorate in ethanol (1:2 mole ratio) at room 
temperature gave N-isopropylidenepyrrolidinium per
chlorate (VI) in 96% yield. The dealdolization could 
also be effected using benzene as a refluxing solvent with 
azeotropic removal of water.

Experimental17
General Method of Preparation of Amine Salts.—To 71.1 g.

(1.0 mole) of pyrrolidine in 500 ml. of ether was added perchloric 
acid (70% 1:1 in ethanol) until just acid to Congo red. A few 
drops of pyrrolidine were added and the solvent was removed 
under vacuum. The soft solid obtained was recrystallized from 
2-propanol-ether giving pyrrolidine perchlorate, colorless needles, 
rn.p. 240-242°.

General Method of Preparation of Ternary Iminium Salts.
A.—To 17.2 g. (0.100 mole) of pyrrolidine perchlorate in an 
erlenmeyer flask was added 11.6 g. (0.200 mole) of anhydrous 
acetone. The pyrrolidine perchlorate dissolved immediately 
and, on swirling, crystals separated with the evolution of heat. 
After a few minutes the crystals were washed with ether and 
recrystallized from 2-propanol, yielding 20.3 g. (96%) of N- 
isopropylidenepyrrolidinium perchlorate, m.p. 232-233° (Table 
I). Minor variations in procedure A included heating the 
combination of secondary amine salt and carbonyl compound 
when necessary and using ethanol as a solvent to dissolve the 
secondary amine salt before adding the carbonyl compound. The 
reaction could be speeded, where necessary, by addition of a few 
drops of the secondary amine or of a tertiary amine such as 
triethylamine or pyridine.

B.—To 18.8 g. (0.100 mole) of morpholine perchlorate were 
added 19.2 g. (0.200 mole) of cyclohexanone and 2 or 3 drops of 
morpholine. When no reaction was observed, 200 ml. of benzene 
was added and the heterogeneous mixture was heated under 
reflux overnight, with stirring and while removing water con
tinuously by means of a Dean-Stark trap. The separated solid 
was collected by filtration, washed with ethanol and ether and 
dried in vacuo. The product, N-cyclohexylidenemorpholinium 
perchlorate, 25.2 g. (94%), melted at 237-239°. Recrystalliza
tion from acetonitrile-ether raised the melting point to 239- 
241°. The use of a Soxhlet extractor containing molecular sieves 
and a solvent such as chloroform for azeotroping constituted a 
modification of procedure B, which was successful, for example, 
in the combination of pyrrolidine perchlorate and diethyl ketone, 
giving the iminium product in 86% yield.

Dealdolization of Mesityl Oxide.—A mixture of 17.2 g. (0.10 
mole) of pyrrolidine perchlorate, 4.9 g. (0.05 mole) of mesityl 
oxide, 5 drops of pyrrolidine, and 200 ml. of benzene was heated 
under reflux overnight with stirring while water was removed 
continuously by means of a Dean-Stark trap. The solvent was 
removed in vacuo, and the solid remaining was recrystallized 
from ethanol; m.p. 232-233°; yield, 19.7 g. (93%). It was 
identified as N-isopropylidenepyrrolidinium perchlorate (VI) 
by melting point, mixture melting point, infrared, and n.m.r. 
spectra. When excess mesityl oxide was used, the yield of the 
same product, based on pyrrolidine perchlorate, was unchanged.

A simpler variation, using the same amounts of pyrrolidine 
perchlorate and mesityl oxide as listed, with five drops of pyrrol
idine, in 20 ml. of ethanol, gave N-isopropylidenepyrrolidinium 
perchlorate in 96% yield after 36 hr. at 25°. * 237

(17) We wish to thank  M r. Josef N em eth, M iss M ary  Ann W eatherford, 
M rs. M ary Rose Kung, and M r. G ary D. C allahan for the microanaiyses. 
T he infrared absorption  spectra were determ ined on a P erkin-E lm er Mode]
237 infrared spectrom eter. The n.m .r. spectra were obtained  a t 60 Me. 
with a V arian Associates Model A-60 spectrom eter or with a Model 
V-4300B spectrom eter equipped with a  superstabilizer, using an  audio side
band technique for the double resonance spectra. We are indebted  to  M r. 
Oliver W. N orton  for the n.m .r. double resonance experim ents.
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Benzaldehyde phenylhydrazone reacted with carbon monoxide in the presence of dicobalt octaearbonyl at 230° 
and 3540 p.s.i. to give mainly N-phenylphthalimidine. At 200° the yield of the major product was greatly de
creased, whereas that of an organocobalt complex was increased. Tracer studies using benzaldehyde 1-phenyl- 
hydrazone-l-N15 established that the 2-X of the hydrazone was eliminated in the cyclization. Benzaldehyde m- 
tolylhydrazone at 230° gave the new compound, N-m-tolylphthalimidine. An independent synthesis of the latter 
compound is described. Under the same conditions, 1-naphthaldehyde phenylhydrazone afforded mainly 2- 
phenylbenz[e]isoindolin-l-one. Acetophenone phenylhydrazone yielded the new compounds N-phenyl-3-methyl- 
phthalimidine and 3-methylphthalimidine-N-carboxyanilide. In a erossed-over experiment using 1-naphthalde
hyde phenylhydrazone and benzaldehyde w-tolylhydrazone, the fact that no crossed-over products were ob
tained showed that the rearrangement proceeded by an intramolecular mechanism. The infrared spectra of the 
N15 tracer compounds are described.

It recently has been shown3 that benzophenone 
phenylhydrazone cyclized with carbon monoxide at 
230° and 3800 p.s.i. to give 3-phenylphthalimidine-N- 
carboxyanilide (1), and at 190-220° to give a mixture of 
the same compound and 3-phenylphthalimidine (2). 
Because the number of carbon monoxide entities in
corporated into the product was temperature dependent 
and scission of the N-N bond had occurred, we decided 
to study further the cyclization of aromatic phenyl
hydrazones in order to determine the generality and 
mechanism of this reaction.

1 2

The aromatic aldehyde or ketone phenylhydrazone, 
dissolved in benzene as solvent, reacted with commer
cial high purity carbon monoxide in the presence of 
preformed dicobalt octaearbonyl as catalyst in a 300- 
ml. rocker bomb fitted with a glass liner. After the 
carbon monoxide was vented, only that portion of the 
reaction mixture which was still in the glass liner was 
freed of catalyst, either by chromatography or by heat
ing it at 70°. The per cent yields of products reported 
in the experiments involving less than 1 g. of substrate 
were always less than those in which about 10 g. of 
starting material were used because of greater mechani
cal losses in the former than in the latter. Since about 
10% of the substrate escaped through the hole of the 
liner (material outside of the liner was not recovered 
because of possible contamination), the reported yields 
of products are correspondingly lower than they actu
ally were. In general, the aromatic aldehyde phenyl
hydrazones gave more complex product mixtures with 
lower yields of cyclic products (these were N-substituted 
phthalimidines) than did the aromatic ketone phenyl-

(1) Presented before the X IX  In terna tiona l Congress of Pure and Applied 
Chem istry, London, England, Ju ly , 1963.

(2) D epartm ent of Chem istry, T he U niversity  of A lberta, Calgary Branch, 
Calgary, Alberta, C anada.

(3) A. Rosenthal and M ary  R. S. Weir, C a n .  J .  C h e m . ,  40, 610 (1962).

hydrazones. In contrast to our findings, Murahashi 
and Horiie4 reported recently that benzaldehyde phenyl
hydrazone did not give any definite result when treated 
with synthesis gas.

Benzaldehyde phenylhydrazone reacted with carbon 
monoxide at 230° and 3540 p.s.i. to give N-phenyl
phthalimidine (3) in 50% yield. It is interesting to 
note that one nitrogen has been eliminated from the 
phenylhydrazone in this reaction. The structure of 
compound 3 was confirmed by direct comparison (mix
ture melting point and infrared analysis) with an authen
tic sample of N-phenylphthalimidine, prepared by the 
reduction of phthalanil as described by Graebe.5 In 
addition to the N-phenylphthalimidine, the reaction 
mixture also contained small amounts of benzonitrile, 
benzaldehyde, N,N'-diphenylurea, and a blue-black 
solid which appeared to be an organometallic complex. 
Treatment of the last substance with sodium hydroxide 
yielded ammonia and aniline.

+ PhCsN 
+ PhCHO 
+ (PhNH)2C0

On lowering the carbonylation temperature to 200°, 
benzaldehyde phenylhydrazone gave only 5% of N- 
phenylphthalimidine in the product mixture. This 
reduction of the yield of cyclized product by lowering 
the reaction temperature is in accord with similar ob
servations previously reported on the carbonylation of 
benzophenone phenylhydrazone.3 In the 200° experi
ment a higher yield of the organocobalt complex was 
obtained as well as 3% of a yellow crystalline compound 
of empirical formula C7H6N. The remainder of the 
product mixture was again a complex mixture of oils.

In order to determine which nitrogen atom was 
eliminated from benzaldehyde phenylhydrazone during 
its conversion to N-phenylphthalimidine, labeled benz
aldehyde 1-phenylhydrazone-l-N15 was treated with 
carbon monoxide under the same conditions as those 
used for the carbonylation of the normal phenylhydra-

(4) S. M urahashi and S. Horiie, B u l l .  C h e m .  S o c .  J a p a n .  33, 78 (1959).
(5) C. Graebe. A n n . ,  247, 288 (1888).
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zone. Alumina chromatography of the products from 
the labeled phenylhydrazone gave N-phenylphthali- 
midine-N16 (4). Infrared and mass spectrometric 
analyses showed conclusively that compound 4 was the

essentially pure N15 labeled compound. As shown in 
the Experimental section, the only peaks which were 
displaced (displacement of the N16 N-phenylphthali- 
midine shown in brackets) occurred at 1390 [10], 1372 
[2], 1264 [4], 1149 [14], 1061 [6], and 877 cm.“ 1 [4], 
Since the labeled N-phenylphthalimidine did not ex
hibit any trace of peaks which would arise from N14-C 
groups, it was tentatively surmised that the labeled 
compound was essentially pure. Unequivocal proof of 
the purity of the labeled N-phenylphthalimidine was 
provided by mass spectrometric analysis which showed 
that the labeled N-phenylphthalimidine contained 
97.5% enriched nitrogen. Since the benzaldehyde 1- 
phenylhydrazone-l-N16 contained at least 95% enriched 
nitrogen (analysis supplied by Merck Sharp and Dohme 
of Canada), it was definitely concluded that the labeled 
N-phenylphthalimidine was essentially pure and that 
2-N of the phenylhydrazone was completely eliminated 
during the reaction.

With reference to the infrared spectra (shown in the 
Experimental) of the normal and labeled benzaldehyde 
phenylhydrazones and N-phenylphthalimidines, the 
peaks at 1132 and 1149 cm.“ 1 in the normal compounds 
were assigned to the N-Ph stretch of the hydrazone 
and the phthalimidine, respectively (or probably the 
C-N bond participated in ring vibration). Confirma
tion of this assignment is provided by the recent work of 
Kübler and co-workers.6

Although it appeared that the phenyl group attached 
to the nitrogen of the phthalimidine originated from the 
phenylhydrazone, it was conceivable that it also might 
have been produced by the solvent benzene. Since 
previous workers7 have shown that the yield of ureas 
obtained from the carbonylation of azo compounds 
varied with the solvent used, it might be concluded 
that the solvent furnished the hydrogen which was 
necessary for the reduction of the azo compound to the 
hydrazo form and the latter was then carbonylated to 
yield the urea. .On the basis of this assumption it might 
be expected that the solvent benzene could also supply 
phenyl groups in addition to hydrogen. In order to 
test this hypothesis a phenylhydrazone was chosen that 
contained a methyl “tagged” phenyl group on the 
nitrogen. Thus, when m-tolylhydrazone was carbonyl
ated using benzene as solvent at 230°, N-m-tolylphthal- 
imidine (5) was the sole cyclized product obtained.

. This “tagged” methyl group was shown to be in the 
meta position of the tagged substituted phthalimidine 
by comparing compound 5 with an authentic sample 
of N-ra-tolylphthalimidine prepared by the condensa
tion of phthalic anhydride with m-toluidine and sub

sequent reduction of the N-m-tolylphthalimide with 
tin and hydrochloric acid (each phthalimidine had the 
same melting point and infrared spectrum). Therefore, 
the group on the nitrogen of the N-phenylphthalimidine 
was a moiety of benzaldehyde phenylhydrazone and did 
not arise from the solvent. In addition, the m-tolvl group 
must not have come free during the rearrangement since 
the structural purity of the wi-tolyl group had been re
tained. Further additional convincing proof that the re
action must have proceeded via an intramolecular mech
anism was provided by carrying out a crossed-over car- 
bonylation experiment involving two different phenylhy
drazones having approximately the same rates of reac
tion. Thus, when an equimolar mixture of 1-naphthalde- 
hyde phenylhydrazone and benzaldehyde m-tolylphenyl- 
hydrazone was carbonylated at 230°, the only cyclized 
products were N-?n-tolylphthalimidine (5) and 2- 
phenylbenz [e]isoindolin-l-one (6).

6.

Because the aromatic aldehyde phenylhydrazones 
cyclized with carbon monoxide to yield a product in 
which one nitrogen was eliminated from the starting 
material whereas the diaryl ketone phenylhydrazones 
cyclized under similar conditions to give a product con
taining both nitrogens, it appeared of interest to car- 
bonylate an alkyl aryl ketone phenylhydrazone. Car
bonylation of acetophenone phenylhydrazone afforded 
3-methylphthalimidine-N-carboxyanilide and 3-methyl- 
N-phenylphthalimidine. It would, therefore, appear 
that the substituents, other than hydrogen, attached 
to the carbon of the imino group have little effect on 
the cyclization. In this connection it is interesting to 
note that Murahashi and Horiie8 recently reported that 
substituents on the carbon of C =N  group of anils had 
no discernible steric effect on the velocity of the cycliza
tion with carbon monoxide.

Although the complete mechanism for the unusual 
rearrangement of the aromatic aldehyde phenylhydra
zones is unknown, the following postulations may be of 
interest since evidence for some of the proposed steps 
exist in the literature. Based on the fact that the 
phenylhydrazones of aldehydes and ketones rapidly 
tautomerize to benzene azoalkanes,9 the assumption can 
be made that the azo tautomer 7 (Chart I) of benzal
dehyde phenylhydrazone reacts with the metal carbonyl 
to give a nitrogen-metal 2 bond as shown in structure 8 .

(6) R. Kübler, W. Lüttke, and S. W eckberlin, Z. E l e c k t . ,  64, 650 (1960). (8) S. Horiie and  S. M urahashi, i b i d . ,  33, 247 (1960).
(7) S. Horiie and S. M urahashi, B u l l .  C h e m .  S o c .  J a p a n ,  33, 88 (1959). (9) R. O’Connor, J .  O r g .  C h e m . ,  26, 4375 (1961).
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C h a r t  I
M e c h a n is m  o f  C a r b o n y l a t io n  o f  B e n z a l d e h y d e  1 - P h e n y l h y d r a z o n e - 1 - N 15

After CO from the metal carbonyl is inserted between 
the nitrogen and the cobalt atom10 to give intermediate 
9, cyclization of the CO to the aromatic ring occurs to 
yield intermediate 10. Alternatively, the assumption 
that the attack of dicobalt octacarbonyl on the phenyl- 
hydrazone gives the N-formyl compound 11 which 
undergoes cyclization to yield labeled N-phenylphthal- 
imidine 12, is based on the facts that amines gave 
formamides with dicobalt octacarbonyl,11 and aniline 
yields formanilide, and N.N'-diphcnylurea with nickel 
carbonyl.12 Hydrogenolysis of the C-N bond might be 
expected to take place easily because of the activating 
effect of the benzylic group. The hydrogen must be 
furnished by the reactants in some type of transfer 
process, possibly via the formation and decomposition 
of cobalt hydrocarbonyl as envisaged by Natta, Pino, 
and Ercoli.13 The apparent analogy between the 
rearrangement of benzaldehyde phenylhydrazone to 
yield N-phenylphthalimidine in the research described 
herein and the Fischer indole synthesis,14 which also 
involves elimination of 2-N of the phenylhydrazone, is 
misleading, we believe, since the former reaction in
volves cyclization with carbon monoxide, whereas the 
latter does not.

Experimental
General Considerations.—The high pressure equipment has 

been described previously.15 After each experiment, only the

(10) I. W ender, privât« com m unication.
(11) H. W. Sternberg, I. W ender, R. A. Friedel, and M. Orehin, J .  A m .  

C h e m .  S o c . .  76, 3148 (1953).
(12) W. Replie, A n n . ,  682, 1 (1953).
(13) G. N a tta , P. I’ino, and  R. Ercoli, J .  A m .  C h e m .  S o c . ,  74, 4496 (1952).
(14) C. F. H. Allen and C. V. Wilson, i b i d . .  66, 611 (1943).

product inside the glass liner was utilized (part of the reaction 
mixture leaked through the hole of the glass liner into the metal 
reaction vessel). High purity carbon monoxide was obtained 
from the Matheson Co., East Rutherford, N. J. All melting 
points were obtained on a Leitz heating stage. The infrared an
alyses were done on a Perkin-Elmer Model 21 instrument using 
sodium chloride optics. The mass spectrometric analysis was 
done on an A. E. I. instrument with heated inlet.

Benzaldehyde 1-Phenylhydrazone-I-N15.—To 0.75 g. of benz
aldehyde was added with stirring 0.75 g. of 1-phenylhydrazine-l- 
N16'16 and the hydrazone kept at 75° for 10 min. Anhydrous 
ethanol (50 ml.) was added and the hydrazone heated at reflux 
for 10 min. Removal of the solvent under reduced pressure was 
followed by recrystallization of the residue from 90% ethanol' 
m.p. 159-160°.

Infrared (KBr) (peaks given in brackets are for normal benz
aldehyde phenylhydrazone): 3288 [3292] [w], 1588 (s), 1562 (m), 
1509 [1516], 1488 (s), 1442 (m), 1356 (m), 1312 (m), 1298 (m), 
1285 (m), 1255 (s), 1162 (w), 1122 [1132] (s), 1063 (s), 1025 (w), 
926 (s), 900 (907) (w), 880 (m), 750 (s), 640 (s) cm.-1.

Reaction of Benzaldehyde Phenylhydrazone with Carbon 
Monoxide to Yield N-Phenylphthalimidine. Procedure A (at
230-240°). Carbonylation of Normal Benzaldehyde Phenyl
hydrazone.—Benzaldehyde phenylhydrazone (8 g.) was car- 
bonylated at 230-240° and at 3540 p.s.i. for 2.2 hr. as described 
previously.3 The recorded pressure drop at 20° was 80 p.s.i. 
After the reaction mixture was filtered to remove the blue-black 
organocobalt complex (1.0 g.), the catalyst was destroyed by 
heating at 70°. The solution was again filtered, evaporated to 
dryness under vacuum, and the residue recrystallized twice from 
ethanol; yield, 4.2 g. (50%); m.p. 166.5-167.5°. Chromatog
raphy of this substance on alumina using benzene-chloroform 
(1:1) as developer showed one zone. The mixture melting point 
of the product with an authentic sample of N-phenylphthalimi- 
dine5 was 166-167°.

(15) A. Rosenthal, R . F. A stbury, and A. H ubscher, J .  O r g .  C h e m . ,  23, 
1037 (1958).

(16) Products of M erck Sharp and  D ohm e of C anada Lim ited, M ontreal, 
C anada. The labeled phenylhydrazine contained a t  least 95%  of N 15.
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Anal. Caled. for C,«H„NO: C, 80.37; H, 5.30; N, 6.70; O, 
7.04; mol. wt., 209. Found: C, 80.15; H, 5.44; N, 6.69; O, 
7.79; mol. wt. (Hast), 210.

Infrared spectrum of X-phenylphthalimidine in KBr (cm.-1): 
3030 (w), 1680 (s), 1590 (m), 1495 (s), 1468 (m), 1455 (w), 1439 
(s), 1390 (s), 1327 (s), 1305 (s), 1264 (ni), 1221 (m), 1200 (w), 
1184 (w), 1149 (s), 1090 (m), 1061 (w), 945 (w), 894 (m), 877 
(w), 751 (s), 732 (s), 681 (s) (s = strong; m = medium; w = 
weak).

Anal, of organocobalt complex. Found: C, 31.56; H, 4.13; 
N, 6.59.

The organocobalt complex was insoluble in ethanol and acetone. 
Treatment of the complex with hot concentrated sodium hydrox
ide yielded aniline (isolated and characterized as 2,4,6-tribromo- 
aniline, m.p. 129-130°).

Since less than 1 g. of benzaldehyde 1-phenylhydrazone-l-X15 
was available for carbonylation, it was decided to carry out an 
experiment on a like quantity of the normal phenylhydrazone 
using the same 300-ml. reaction vessel and to separate the prod
ucts by chromatography. It was believed that the trace of mois
ture present in the carbon monoxide (the molar concentration 
remained essentially constant in all experiments) might have a 
greater hydrolytic effect on a 1-g. than on an 8-g. quantity of 
benzaldehyde phenylhydrazone.

An amount of 2 g. of the product obtained from the carbonyla
tion of 2 g. of benzaldehyde phenylhydrazone was placed on a 
column of Florisil17 and chromatographed with the following re
sults. (i) Benzene eluted 0.35 g. of oil which contained benzal
dehyde and benzonitrile (the former was isolated as the 2,4-di- 
nitrophenylhydrazone derivative). A trace of an unstable red oil 
(no carbonyl) accompanied the first zone, (li) N-Phenylphthali- 
midine (0.86 g., 42% yield) was eluted with benzene, (iii) Ben
zene-chloroform (4:1) eluted 0.05 g. of X,X'-diprienylurea which 
was recrystallized from chloroform; m.p. 251-252°; m.m.p. 251 — 
252" with an authentic sample, (iv) Benzene-ethanol (9:1) 
eluted 0.2 g. of an oil (which contained no cyclic carbonyl group 
as evidenced by the fact that the material did not absorb in the 
region 1630 to 1750 cm.-1).

Carbonylation of Benzaldehyde l-Phenylhydrazone-l-N15 
(l-Benzylidene-2-phenylhydrazine-2-N15).—An amount of 0.80 
g. of benzaldehyde 1-phenylhydrazone-l-X15 was carbonylated 
at 230-240° as described previously. The organocobalt complex 
(0.02 g.) was removed by filtration.

Anal. Found: X, 7.12.
The filtrate was then chromatographed as described in the pre

ceding section with the following results, (i) Petroleum ether 
(b.p. 65-80°) eluted the catalyst, (ii) Benzene eluted a red zone 
which gave 0.32 g. of sirup. Rechromatography of this red 
material on alumina yielded 0.11 g. of benzaldehyde which was 
characterized as benzaldehyde 2,4-dinitrophenylhydrazone, m.p. 
239°, m.m.p. with an authentic sample of benzaldehyde 2,4-di- 
nitrophenylhydrazone was 239-240°, the infrared spectra of both 
substances were identical. Benzonitrile (0.09 g.) was also iso
lated and characterized by comparison of its infrared spectrum 
with that of an authentic sample. The red oil, which was present 
in trace amount, contained no carbonyl group and was not 
characterized, (iii) After elution of the red zone, X-phenyl- 
phthalimidine-X15 was eluted with benzene and recrystallized 
from ethanol; yield, 0.2(1 g.; m.p. 166-167°; normal and labeled 
N-phenylphthalimidine had m.m.p. 166-168°; infrared (KBr) 
of labeled X-phenylphthalimidine was 1380 (s), 1325 (s), 
1260 (m), 1135 (s), 1055 (w), 873 (w) cm.-1. The remaining 
peaks of the normal and labeled X-phenylphthalimidine were 
identical. Analysis of X-phenylphthalimidine-X15 by mass 
spectrometric means showed 97.5% (±  1%) of X15 content.
(iv) Further elution of the column with benzene-chloroform 
(4:1 v./v.) yielded 0.026 g. of a solid substance which on re
crystallization from chloroform afforded N,XT'-diphenylurea.
(v) Benzene-ethanol (9:1 v./v.) gave 0.033 g. of an oil. As in
frared analysis showed the absence of a cyclic carbonyl group, the 
material was not characterized.

Procedure B (at 200°.)—Benzaldehyde phenylhydrazone (8 g.) 
reacted with carbon monoxide at 200° to yield an organocobalt 
complex (2 g.), X-phenylphthalimidine (5%, yield), and a yellow 
crystalline compound which crystallized from the original benzene 
solution (3%), m.p. 187-187.5°.

Anal. Caled. for C7H6X: C, 80.76; H, 5.76; X, 13.46. 
Found: C’, 80.49; H, 5.61; X, 13.59.

(17) Product of Floridin Com pany, Tallahassee, Fla.

Infrared (KBr): 1595 (w), 1512 (s), 1492 (s), 1477 (s), 1455
(s), 1300 (m), 1262 (w), 1230 (w), 1185 (w), 1150 (s) cm.-1. 
Ultraviolet: 4000 cm.-1.

Anal, (of organocobalt complex). Found: C, 31.56; H,4.13; 
X, 6.59.

Treatment of the complex with sodium hydroxide liberated 
ammonia and aniline (characterized as 2,4,6-tribromoaniline).

Infrared (KBr) of the complex: 3040 (w), 2920 (w), 2290 (w), 
1712 un), 1685 (w), 1600 (s), 1495 (s), 1400 (s), 1350 (m), 1185 
(s) cm.-1.

Carbonylation of Benzaldehyde m-Tolylhydrazone to Yield 
N-m-Tolylphthalimidine.—Benzaldehyde m-tolylhydrazone (8 
g.) was carbonylated at 230° and the crude product recrystallized 
several times from ethanol; yield, 1.7 g.; m.p. 147-149°; m.m.p. 
147-149° with an authentic sample of N-m-tolylphthalimidine. 
The infrared spectra of both substances were identical.

Anal. Caled. for C,6H,3NO: C, 80.70; H, 5.84, X, 6.28. 
Found: C, 80.52; H, 5.89; N, 6.42.

Infrared (KBr): 3080 (w), 2920 (w), 1685 (s), 1600 (s), 1495 
(s), 1465 (m), 1448 (s), 1390 (s), 1338 (w), 1300 (s), 1222 (m), 
1200 (s), 1182 (w), 1158 (s), 1105 (w), 1092 (m), 1075 (m) cm.-1.

Synthesis of N-m-Tolylphthalimidine. A. N-m-Tolylphthali- 
mide. —X-w-Tolylphthalimide was prepared according to a 
modification of the method used by ( Iraebe.5 A mixture of 3.2 g. 
(0.033 mole) of freshly distilled m-toluidine and 7.4 g. (0.050 
mole) of phthalie anhydride in 60 ml. of acetic acid was heated at 
reflux for 1 hr. The solution was then poured into 450 ml. of 
water, boiled, and allowed to stand overnight. The resulting 
solid was filtered and air-dried, giving 7.3 g. of white powder 
which on crystallization from 95% ethanol had m.p. 175-178°.

Anal. Caled. for CaHnXCb: C, 75.90; H, 4.64; N, 5.91. 
Found: C, 75.74; H, 4.65; X, 5.86.

B. N -m-Tolylphthalimidine.—N-m-Tolylphthalimide (4 g.) 
dissolved in ethanol was treated with 4.4 g. of granulated tin. 
The mixture was warmed on a water bath, and concentrated 
hydrochloric acid added gradually during the warming till all the 
tin had dissolved. The white solid, which precipitated on cooling 
overnight, was filtered, washed, and dried. On crystallization 
from 95% ethanol, it had m.p. 150-151°.

Anal. Caled. for C,*H13NO: C, 80.70, H, 5.84; X, 6.28. 
Found: C, 80.61; H, 5.72; X, 6.28.

3-Methylphthalimidine-K-carboxyanilide and 3-Methyl-N- 
phenylphthalimidine from Acetophenone Phenylhydrazone.— 
Acetophenone phenylhydrazone (8 g.) was cyclized with carbon 
monoxide at 230° for 2.5 hr.

Chromatography of 2.9 g. of the crude product (first freed of 
catalyst) on alumina, using benzene as a developer, yielded 3- 
phenylphthalimidine-X-earboxyanilide, 0.9 g., which was re- 
crystallized from ethanol, m.p. 97-99°.

Anal. Caled. for C16HMN,0,: C. 72.25; H, 5.26; X, 10.52. 
Found: C, 71.98; H, 5.19; X, 10.48.

Infrared (KBr): 3205 (w), 1715 (s), 1685 (m), 1595 (s), 1505 
(w), 1490 (w), 1470 (w), 1450 (m), 1355 (s) cm.-1.

Further elution of the column with benzene-chloroform (9:1) 
afforded 3-methyl-X-phenylphthalimidine; yield, 0.52 g.; m.p.
76-78° (from ethanol).

Anal. Caled. for C,:,H,:)NO: C, 80.70; H, 5.84; X, 6.28. 
Found: C, 80.76; H, 5.86; X, 6.05.

Infrared (KBr): 1685 (s), 1595 (s), 1500 (w), 1470 (w), 1455 
(m), 1365 (m) cm.-1.

Reaction of 1-Naphthaldehyde Phenylhydrazone with Carbon 
Monoxide to Yield 2-Phenylbenz|e|isoindolin-l-one, 1-Naph- 
thonitrile, and Aniline.—Similarly, 1-naphthaldehyde phenyl
hydrazone (7 g.) was treated with carbon monoxide at 230-235° 
for 2.5 hr.

After removing the solid organocobalt complex (1.0 g.) from 
the reaction mixture, the filtrate was added to a column of 
Florisil. The catalyst was eluted using petroleum ether as de
veloper. Organic material (6.7 g..i was then eluted with benzene- 
absolute ethanol (9:1). A 3 .1-g. portion of the residue was 
chromatographed on B.D.H. Alumina (80 X 72 mm. diameter) 
column using benzene-absolute ethanol (99.4:0.6 v./v.) as 
developer. Four fractions, two of which fluoresced, were col
lected.

Fraction A (0.6 g.) was separated by vapor phase chromatog
raphy to yield aniline and 1-naphthonitrile, m.p. 31-33°. The 
latter compound was hydrolyzed with ethanolic potassium hy
droxide according to the method of Rule and Barnett18 to give 1-

(18) H. G. Rule and A. J. G. B arnett, J  C h e m .  S o c . ,  177 (1932).
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naphthoic acid, m.p. 161°, m.m.p. 160-161° with an authentic 
sample. The infrared spectra of both compounds were identi
cal.

Fraction R, which appeared as a brown zone (0.56 g.), was re- 
chromatographed on alumina using benzene-chloroform (6:1 
v./v.) as developer. Most of fraction B fluoresced and was 
identical to fraction C. The slow’ moving fraction called B (re- 
crystallized from ethanol to yield 0.030 g., m.p. 225-226°) is 
possibly the N-carboxyanilide derivative of 2-phenylbenz [e] 
isoindolin-l-one.

Anal. Calcd. for Ci9Hl4N20,: C, 75.52; H, 4.64; N, 9.28. 
Found: C, 75.77; H, 5.14; N, 8.87.

Infrared spectrum of substance B (KBr): 3200 (w), 3030 (w), 
2900 (w), 1700 (s), 1680 (m), 1645 (w), 1590 (s), 1548 (s), 1500 
(m), 1447 (s), 1395 (w), 1359 (s), 1310 (w), 1275 (m), 1237 (s), 
1178 (w), 1156 (m) cm.-1.

Fraction C (0.33 g.) was rechromatographed on alumina ac
cording to the same procedure used for fraction B, yield 0.30 g. 
Recrystallization from ethanol gave pure material, m.p. 177°. 
The literature melting point of 2-phenylbenz[c]isoindolin-l-one19 
is 177°.

Anal. Calcd. for C18H,3NO: C, 83.20; H, 5.02; N, 5.40. 
Found: C, 82.89; H, 5.32; N, 5.66.

Infrared spectrum of 2-phenylbenz[e] isoindolin-l-one in KBr: 
3030 (w), 2900 (w), 1682 (s), 1643 (w), 1593 (m), 1550 (m), 1500 
(m), 1444 (m), 1375 (s), 1294 (w), 1273 (w), 1245 (w), 1148 (m) 
cm.-1.

Crossed Carbonylation Experiment of 1-Naphthaldehyde 
Phenylhydrazone and Benzaldehyde m-Tolylhydrazone to Yield 
2-Phenylbenz [e]isoindolin-l-one and N-m-Tolylphthalimidine.—

(19) S. M u ra h a s h i, S. H oriie , a n d  T . Jö , B u l l .  C h e m .  S o c .  J a p a n ,  33, 81 
(1959).

A mixture of 1-naphthaldehyde phenylhydrazone (0.32 g., 0.0013 
mole) and benzaldehyde m-tolylphenylhydrazone (0.27 g., 0.0013 
mole) was carbonylated as described previously in the Experi
mental section.

The product consisted of an organocobalt complex (0.066 g.) 
and a mixture of products which were separated by chromatog
raphy as described previously.

Benzaldehyde (0.032 g.), benzonitrile (about 0.020 g.), and 
1-naphthonitrile were obtained from the first fraction. The sec 
ond fraction was rechromatographed on alumina using benzene- 
petroleum ether (b.p. 30-65°) (6:1 v./v.) as developer. The 
product, 0.24 g., was recrystallized from ethanol, m.p. 177°, 
m.m.p. 177° with a sample of 2-phenylbenz[e]isoindolin-l-one 
prepared as described in the Experimental. The infrared 
spectra of both substances were identical.

The third fraction (0.14 g.), rechromatographed on alumina 
using benzene-chloroform (1:1 v./v.) as developer, was recrystal
lized from ethanol, m.p. 148-149°, m.m.p. 148-149° with an 
authentic sample of N-m-tolylphthalimidine. The infrared 
spectra of both compounds were identical.
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A reinvestigation of the dry codistillation of barium n-dodecanoate and barium formate has shown that 
Krafft’s «-dodecanal, which was first reported in 1880, is n-dodecanal hemihydrate. n-Dodecanal, «-decanal, 
and n-heptanal on treatment with water form isolable hemihydrates in which the carbonyl groups and water are 
chemically combined. Hemihydrate formation appears to be a general reaction for normal aliphatic aldehydes. 
The experimental evidence indicates that the structures of the addition products are a,a'-dihydroxy ether 
derivatives.

In 1880, Krafft reported the synthesis of n-dodecanal 
and other higher aldehydes by the dry codistillation of 
the barium salts of the corresponding acids and barium 
formate.2 3 4 The Ci2 aldehyde was characterized as a 
solid, melting at 44.5°. Subsequent investigators, 
however, characterized n-dodecanal, obtained by nu
merous synthetic methods3-8 and from natural prod
ucts,9-10 as a high boiling liquid with a melting point of 
about 11 °.

Krafft’s n-dodecanal has been the subject of periodic 
conjecture since its isolation. The product has been 
postulated to be n-dodecanal polymer,1112 a hydrogen

(1) To whom requests for reprin ts  should be sent in care of T he Pure 
Oil Com pany, Research C enter, C rystal Lake, 111.

(2) F. Krafft, B e r . ,  13, 1413 (1880).
(3) C. M annich and A. H. N adelm ann, i b i d . ,  63, 796 (1930).
(4) B. Zaar, ./. p r a k l .  C h e m . ,  132, 163 1.1931).
(5) B. Zaar, i b i d . ,  132, 169 (1931).
(6) E. Lieber, ./. A m .  C h e m .  S o c . ,  71, 2862 (1949).
(7) S. Komori and S. Sakakibara, J .  C h e m .  S o c .  J a p a n ,  I n d .  C h e m .  

S e c t . ,  53, 44 (1950); 54,91 (1951).
(8) H. P. K aufm ann, H. Kirschnek, and E . G. Hoffm ann, F e t t e  S e i f e n  

A n s t r i c h m i t t e l ,  55, 847 (1953).
(9) E. S. G uenther and E. E. Langenau, J .  A m .  C h e m .  S o c . ,  65, 959 

(1943).
(10) Yves. R. Naves. P e r f u m e r y  E s s e n t .  O i l  R e c o r d ,  38, 295 (1947).

bonded complex of n-dodecanal and n-dodecanol,7 8 the 
hemiacetal of n-dodecanal and n-dodecanol,13 and n- 
dodecanal enol.6 The polymeric structure does not 
appear to be the correct structure of Krafft’s n-dode
canal because polymers of n-dodecanal have been pre
pared, and they have properties inconsistent with the 
properties of Krafft’s material.812 The hydrogen 
bonded structure and the hemiacetal are not satis
factory because Krafft’s n-dodecanal has been prepared 
from liquid n-dodecanal purified through the bisulfite 
addition product5 and the semicarbazone derivative,10 
thereby precluding the presence of n-dodecanol. The 
enolic structure postulated by Zaar6 seemed to be the 
correct structure even though enols of simple aldehydes 
generally cannot be isolated.14 This investigation was 
undertaken to confirm the enolic structure of Krafft’s 
n-dodecanal.

(11) H . R . L eS ueu r, J .  C h e m .  S o c . .  87, 1888 (1905).
(12) R . F eu lgen  a n d  M . B ehrens, Z .  P h y s i o l .  C h e m . ,  177, 221 (1928).
(13) J . L. E . E rick so n  a n d  C. R . C am p b ell, J r . ,  J .  A m .  C h e m .  S o c . ,  76, 

4472 (1954).
(14) C f .  P . H . H e rm an s , “ T h e o re tic a l O rgan ic  C h e m is try ,” E lsev ie r 

P u b lish in g  C o., A m ste rd a m , 1954, C h ap . X I I .
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Fig. 1.—Infrared spectra of Krafft’s n-dodecanal and n-dodecanal hemihydrate, solid (A); n-dodecanal-n-dodecanol hemiaeetal,
Nujol mull (B); and n-dodecanal trimer, Nujol mull (C).

Discussion

Krafft’s procedure2 was repeated to isolate his n-do
decanal for characterization by infrared analysis. 
Several experiments were carried out, but in each case, 
by-products were formed along with the desired prod- 
duct. Liquid n-dodecanal, n-dodecanal -n-dodecanol 
hemiaeetal, and n-dodecanol were isolated by fractional 
distillation of the product mixture obtained from the 
dry co-distillation of barium n-dodecanoate and barium 
formate. A white, crystalline, odorless solid was iso
lated in low yields from the initial fractions and was 
characterized as Krafft’s n-dodecanal by melting point 
and other properties. When the product was melted, 
decomposition occurred to yield liquid n-dodecanal. A 
direct comparison of the infrared spectra, shown in Fig. 
1, of the solid product and the hemiaeetal established 
the nonidentity of the compounds. These facts are in 
agreement with Zaar’s earlier observations that Krafft’s 
n-dodecanal affords liquid n-dodecanal on distillation, 
that the same carbonyl derivatives are formed from 
both products, and that Krafft’s n-dodecanal and the 
hemiaeetal are different.4-5 The nonidentity of the 
solid and n-dodecanal trimer also was established in this 
work by direct comparison of the infrared spectra 
shown in Fig. 1.

Since several chemical reactions occurred when the 
mixture of the barium salts of n-dodecanoic and formic 
acids was thermally decomposed, attempts were made 
to develop a better preparative procedure to facilitate 
further characterization. Commercial stocks of liquid 
n-dodecanal purified through the bisulfite addition 
product and maintained under an inert atmosphere at a 
temperature slightly above the melting point of the 
aldehyde gave Krafft’s n-dodecanal in low yields. 
Samples of liquid n-dodecanal that had been purified 
through the bisulfite addition product and also fraction
ally distilled formed the crystalline solid very slowly 
and in low yields on prolonged storage. Attempts to 
recrystallize the solid from most solvents resulted in 
decomposition to liquid aldehyde. On storage at room 
temperature, Krafft’s n-dodecanal gradually reverted to 
liquid aldehyde as shown by infrared analysis and odor. 
Storage at lower temperatures reduced the rate of de
composition.

The properties of Krafft’s n-dodecanal and the spec
tral evidence supported the enolic structure. The 
compound exhibits hydroxyl group absorption, and it 
has no carbonyl absorption as shown in Fig. 1. The 
absence of carbonyl absorption also tended to rule out 
the hydrogen bonded complex as a possible structure. 
However, additional evidence indicated that the enol 
could also be eliminated as a possible structure. Krafft’s 
product did not give positive results in tests which are 
usually characteristic of enols, and it was found that 
liquid n-dodecanal from which Krafft’s product had 
been removed did not form additional solid on storage. 
This latter observation was unexpected because the 
keto-enol equilibrium should of course be maintained.

The composition of Krafft’s n-dodecanal was ulti
mately established as n-dodecanal hemihydrate by 
careful elemental analysis. Confirmatory evidence was 
obtained by the Karl Fischer and Zerewitinoff deter
minations, and by treatment of n-dodecanal, which had 
previously been separated from the hemihydrate, with 
trace amounts of water; the hemihydrate formed again 
on cool storage of the aldehyde. Conclusive evidence 
was obtained by treatment of liquid n-dodecanal with 
stoichiometric amounts of water; n-dodecanal hemi
hydrate identical with Krafft’s n-dodecanal formed 
quantitatively. Pure anhydrous liquid n-dodecanal 
which cannot form the hemihydrate is thus difficult to 
prepare by the dry codistillation of the mixture of 
salts, by fractional distillation of the liquid aldehyde, or 
by use of conventional drying agents. The hemihy
drate separates when samples of the liquid aldehyde 
containing trace amounts of water are stored.

To our knowledge, this investigation is the first 
characterization of a hemihydrate of a simple carbonyl 
compound, and it became of interest to examine the 
behavior of other aldehydes. It was found that both 
n-decanal and n-heptanal afford isolable hemihydrates. 
The infrared spectra of n-decanal hemihydrate and pure 
n-decanal reproduced in Fig. 2 show that the hemi
hydrate gradually decomposes to n-decanal in the in
frared beam. The hemihydrate of n-heptanal was too 
unstable under ambient conditions to obtain the 
spectra in the usual manner. No further work was 
done with other aldehydes, but it seems probable that
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Fig- 2.—Infrared spectra of «.-decanal hemihydrate, solid (A); re-decanal hemihydrate after 30 rain, in infrared beam (B);
and re-decanal, liquid (C).

hemihydrate formation is general for normal aliphatic 
aldehydes.

A few hydrates of simple aldehydes have been re
ported by other workers. In 1845, Bussy isolated a 
hydrate of n-heptanal,1616 and Noorduyn was later 
able to prepare a monohydrate and a dihydrate of the 
same aldehyde.17 Colies reported several hydrates of 
acetaldehyde but the products were characterized only 
by analysis for acetaldehyde.18 It is probable that one 
of Colles’ hydrates which formed at —95° from a 2:1 
molar mixture of acetaldehyde and water is acetalde
hyde hemihydrate. Attempts were made in this in
vestigation to prepare monohydrates by treatment of 
the aldehydes with equimolar quantities of water in 
both homogeneous and heterogeneous systems, but in 
each case, only the hemihydrate could be isolated. 
The melting points of each product prepared in this 
work are shown in Table I.

T a b l e  I
M e l t in g  P o i n t s '*

Free aldehyde 
Hemihydrate6

Hemiacetal
Trimer

n-H ep tanal

-43.2 to -42.2
54-59 dec."

Not prepared 
Not prepared

n-D ecanal

- 5  to -3 .2  
58.5-63 dec.” 
41-42 dec. 
Not prepared 
Not prepared

n-D odecanal

11-12.5 
56-60 dec.” 
41-44 dec. 
46-48 
55-57

° Unless stated otherwise, melting points were taken at 
atmospheric pressure and are reported without stem corrections. 
6 Heating rate of 2°/min. c Evacuated capillary tubes.

The structures of the hemihydrates have not been 
rigorously established in this investigation, but it is 
probable that they are a,a'-dihydroxy ethers as shown 
in structure I. Compounds of structure I could form 
by simple addition of one molecule of the aldehyde 
monohydrate to the carbonyl group of another molecule 
of free aldehyde. Apparently, the equilibria are shifted 
to the hemihydrate, and its solubility characteristics 15 16 17 18

(15) M. Bussy, J . P h a r m .  C h i m . ,  8 , 321 (1845).
(16) In  1845, w ater was considered to be HO, and  the atom ic weights of 

C, H, and O were 6, 1, and  8, respectively. By m odern atom ic weights, the 
form ula calculable from B ussy’s analysis for 7?-heptanal is C7H 14O, the  cor
rect empirical form ula. B ussy’s hyd ra te  would then  correspond to the 
hem ihydrate.

(17) A. C. N oorduyn, R e c .  t r a r .  c h i m . ,  38, 344 (1919).
(18) W. M. Colles, Jr.. J .  C h e m .  S o c . ,  89, 1246 (1906).

O
/ \

RCH CHR
I I

OH R '

I, R = Alkyl
R ' = Hydroxyl 

la, R = n-Undecyl 
R ' = Hydroxyl

II, R = re-Undecyl 
R ' = Hydrogen

0

RCH CHR
I I

O O 
\  /  

CHR
III, R = re-Undecyl

and relatively high stability result in isolation of the 
hemihydrate and not the monohydrate. Some evi
dence in support of structure I has been collected during 
this work. The infrared data indicate that carbonyl 
groups are absent in the hemihydrates because carbonyl 
absorption1911 is absent as shown in Tig. 1 and 2. It is 
possible that carbonyl absorption is obliterated in the 
spectra of the hemihydrates by strong hydrogen bond
ing of water of crystallization with the carbonyl groups. 
We consider this possibility to be unlikely however be
cause infrared spectra of solutions of the hemihydrates 
in various solvents exhibit increasingly greater carbonyl 
group absorption with time, without the simultaneous 
appearance of the 6.0- 6.2-/* peak characteristic of 
molecular water19b (see next paragraph). The absence 
of the 6.0- 6.2-;u peak in the spectra of the pure hemi
hydrates is also partial support for structure I. Other 
tentative conclusions can be reached by comparing the 
spectrum of n-dodecanal hemihydrate (la) with spectra 
of n-dodecanal-n-dodecanol hemiacetal (II) and n- 
dodecanal trimer (III) shown in Fig. 1. The hemiacetal 
(Nujol mull) has a sharp peak at 2.85 ti which corre
sponds to an unassociated hydroxyl group while the 
hemihydrate (solid) has a broad band at 3.0 a. This 
latter peak may be caused by associated hydroxyl 
groups, although the difference in the physical states of 
la and II during measurement of the spectra could re
sult in frequency shifts of the hydroxyl absorption 
bands.20 The hydroxyl groups of structure I would be 
expected to absorb at longer wave lengths because the 
positions of these groups favor intramolecular associa-

(19) C f .  (a) L. J. Bellamy, “ T he Infrared Spectra of Complex M ole
cules,’’ 2nd Ed., John  Wiley and Sons, Inc., New York, N . Y., 1958, 
Chap. 9; (b) H. M. Randall, e t  a/., “ In frared  D eterm ination  of Organic 
S tructu res,” D. Van N ostrand Com pany, Inc., New York, N . Y., 1949.

(20) See ref. 19a, Chap. 6.
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tion.21 Attempts to confirm experimentally the pres
ence of two hydroxyl groups in the hemihydrates by the 
Zerewitinoff determination failed, presumably because 
the compounds decomposed in the solvent. The 
liberated water resulted in the detection of only one 
active hydrogen atom per mole of hemihydrate.22 Di
etherification with diazomethane also failed. Further 
examination of the spectra in Fig. 1 suggests the pres
ence of ethereal oxygen atoms because of absorption in 
the 9-n region. Absorption in this region arising from 
the C-O- stretching vibrations is characteristic of 
ethers.19 The remainder of the “fingerprint” region is 
a complex series of bands which are similar in many 
respects. The peaks which occur at 10.6 y. and slightly 
greater than 11 y appear to be characteristic of the 
ethereal oxygen atoms in structures la, II, and III.

Two inconsistencies remain. Zaar determined the 
molecular weight of Ivrafft’s n-dodecanal in benzene by 
the freezing point technique, and he found that the 
molecular weight was about the same as that of n-do- 
decanal.6 The origin of the water required to form n- 
dodecanal hemihydrate by Krafft’s process also re
quires explanation. If Krafft’s n-dodecanal decom
posed in benzene to afford n-dodecanal and n-dodecanal 
monohvdrate, the molecular weight determination 
would be very close to the molecular weight of R-do- 
decanal. Experimental evidence to support this hy
pothesis was obtained by infrared examination of benzene 
solutions of the hemihydrate. The hemihydrate was 
found to decompose in benzene solutions to yield n- 
dodecanal as shown by the appearance of the carbonyl 
peak immediately after solution occurred. Molecular 
water as measured by the 6.0- 6.2-/Í peak appeared 
only slowly in benzene solution. The pure hemihy- 
drates also appear to decompose in a similar manner as 
illustrated by curves A and B in Fig. 2.

The formation of the necessary water during the dry 
co-distillation of the barium salts is difficult to explain 
because the salts were thoroughly dried before use. In 
later experiments, after Krafft’s R-dodecanal had been 
characterized as the hemihydrate, it was established 
that water is evolved during the dry distillation when 
the temperature of the salt mixture is considerably 
above the boiling point of water. Water is apparently 
formed from the salts themselves during the high tem
perature decomposition. Krafft and Zaar probably did 
not observe product water because it combined with 
the aldehyde or because only small amounts of water 
were produced. Relatively small amounts of water are 
required to convert quantitatively the higher aldehydes 
to the hemihydrates.

Additional work is in progress on the mechanism of 
formation and decomposition of aldehyde hemi
hydrates.

Experimental23
Preparation of Acid Salts.—A solution of 100.2 g. n-dodecanoic 

acid, (0.50 mole), and 20.4 g. (0.51 mole) of sodium hydroxide 
in 1.1 1. of water was treated with 63.5 g. (0.26 mole) of barium

(2 1 ) L. P. Kuhn, ./. A m .  C h e m .  S o r . . 74, 2 4 9 2  (1 9 5 2 ).
(2 2 ) D. L. K lass and W. N. Jensen, J .  O r g .  C h e m  , 26, 2 1 1 0  (1 9 6 1 ).
(2 3 ) E lem ental analyses were perform ed by the  Analytical Research and

Services Division of The Pure Oil Com pany, C rystal Lake, 111., and Micro-
Tech Laboratories, Skokie, 111. Karl Fischer analyses were performed by
Colburn Laboratories, Chicago, 111., and by Prof. K. A. Connors of the 
School of Pharm acy, U niversity of W isconsin. All m elting points are un
corrected.

chloride dihydrate in 150 ml. of hot water. The mixture was 
stirred vigorously during the addition and then cooled to 5°. 
Filtration, successive washing with water, Formula 30 alcohol 
(90.9 vol. % ethanol, 9.1 vol. % methanol), and ether, and 
drying at 60° (0.1 mm.) for 16 hr. gave barium n-dodecanoate.

Anal. Calcd. for (CisHs-AABa (535.97): Ba, 25.63. Found: 
Ba, 25.30.

A solution of 138.9 g. (3.02 moles) of formic acid, and 120.6 g. 
(3.01 moles) of sodium hydroxide in 500 ml. of water was treated 
with 366.5 g. (1.50 moles) of barium chloride dihydrate in 700
ml. of hot water. Formula 30 alcohol (4 1.) was then added with 
agitation to the cooled solution. Filtration, washing with 
Formula 30 alcohol, and drying at 105° for 5 days gave barium 
formate.

Aval. Calcd. for (CHChbBa (227.40): Ba, 60.44. Found: 
Ba, 59.60.

Similar procedures were used to prepare the calcium salts.
Krafft’s n-Dodecanal.—Krafft’s procedure was followed. A 

mixture of 75.0 g. of barium formate, 50.0 g. of barium n-dode- 
canoate, and 15.2 g. of barium carbonate (C.p. Baker’s Anal
yzed) was thoroughly dispersed with a mortar and pestle. The 
mixture, 138 g., in a 500-ml. round-bottom flask equipped with 
a heating mantle, thermometer, and condensing apparatus was 
heated over 5.5 hr. (20 mm.). Distillation commenced when the 
pot temperature was about 248°. Slow distillation over a 2.5-hr. 
period at pot temperatures from 248 to 289° gave 14.0 g. of light 
yellow distillate which solidified to a semisolid mass in the 
cooled receiver. The product was fractionally distilled at 0.37
mm. , and the distillation data are summarized in Table II.

T a b l e  II
F ra c tio n B .p ., ’ C. W t., g.

1 60-62° 0 . 8
2 60-62° 2 . 0
3 60-75° 1 . 2

Trap 0 . 8
Not Distilled 8.9

Fraction 1 gave about 0.4 g. of a white crystalline, odorless 
solid after standing at 14° for a few hours. The product was 
collected by filtration, washed with cold anhydrous ether, and 
dried in the funnel. The product was characterized as Krafft’s 
n-dodecanal by melting point, its reversion to liquid n-dodecanal 
on melting, and by infrared analysis.

After Krafft’s n-dodecanal had been identified as n-dodecanal 
hemihydrate by comparison with hemihydrate prepared from 
liquid n-dodecanal, water was identified as a product of the dry 
distillation by infrared analysis and the anhydrous copper sulfate 
test. Water was found to distil from the reaction mixture at 
pot temperatures between 115 and 160° over the pressure 
range, 2-20 mm. Significant quantities of water, about 0.5-
1.0 wt. % of the total salt mixture, were liberated from carefully 
dried salts; so water is probably a product of the reaction. Most 
of the water can be separated from the initial fractions of liquid 
n-dodecanal by use of reduced pressure and a cold trap.

Ot her experiments were carried out using modifications of this 
technique. Calcium salts and the barium and calcium salts 
together were also tried. In all experiments, liquid n-dodecanal, 
n-dodecanol, n-dodecanal-n-dodecanol hemiacetal, and water 
were isolated and identified by infrared analysis. In several 
experiments, it w-as difficult to obtain n-dodecanal hemihydrate 
uncontaminated with the hemiacetal by-product unless the 
aldehyde was further purified. Other products also formed 
during the dry distillation but they were not identified. An 
example of the fractional distillation at 0.11 mm. of 4.1 g. of 
product obtained from the dry distillation of 69.9 g . of barium 
formate, 27.1 g. of calcium n-dodecanoate, and 5.2 g. of calcium 
carbonate is showm in Table III.

Purification of Aldehydes.—n-Decanal24 * and n-dodecanal26 
were obtained from commercial stocks and converted to the bisul
fite addition products which were stored under nitrogen in a 
desiccator. As needed, each aldehyde was recovered by steam 
distillation of the addition product from aqueous solutions of 
sodium bicarbonate, and the recovered aldehyde was fractionated,

(24) A ld rich  C hem ica l C o m p a n y , In c ., M ilw aukee, W is.
(25) K in d ly  su p p lie d  b y  th e  R esea rch  D iv is ion , A rm o u r a n d  C o m p an y , 

C h icago , 111.
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T a b l e  III
Fraction B.p., "C. W t., g. P roduct

1 62-65 0.52 »-Dodecanal
2 62-65 0.68 »-Dodecanal
3 57-65 0.48 Impure re-dodecanal
4 65-67 0.78 re-Dodecanal-re-dodecanol hemiacetal
5 65-75 0.11 re-Dodecanal-re-dodecanol hemiacetal
6 76-86 0.33 Impure re-dodeeanol

Trap 0.84 Impure water
Residue 0.28 Not identified

stored under nitrogen, and used within 24 hr. A sample proce
dure was the following.

«-Decanal, 420 g., was added to a solution of 440 g. of sodium 
bisulfite in 950 ml. of water. The mixture was agitated overnight 
on a rolling mill and the addition product was collected by filtra
tion, washed successively with water, alcohol, and ether, and 
dried. The addition product, 225 g., was added to 2 1. of pre
boiled water containing 225 g. of sodium bicarbonate, and the 
resulting mixture was steam-distilled. The distillate w'as 
washed with water and dried with sodium sulfate; yield, 65.9 g. 
Fractionation through a Vigreux column gave a major fraction 
or pure »-decanal; yield, 52.7 g.; b.p. 58-60° (1.5 mm.); re19i> 
1.4275.

Anal. Calcd. for Ci0H20O (156.26): C, 76.71; H, 12.87. 
Found: C, 76.92; H, 12.78.

The oxime derivative was prepared in the usual manner and 
recrystallized from alcohol and benzene, m.p. 68-69°.

»-Dodecanal purified by this procedure exhibited b.p. 119-120° 
(10 mm.), re25D 1.4302.

Anal. Calcd. for C12H24O (184.31): C, 78.19; H, 13.13. 
Found: C, 78.10, 78.00; H, 13.00, 13.03.

The oxime derivative was prepared in the usual manner and 
recrystallized three times from alcohol, m.p. 77-78°.

n-Heptanal was used as received.26
The purity of the aldehydes was determined by titration with 

hydroxylamine in the usual manner and from plots of the melting 
“plateaus.” Four grams of the aldehyde was placed in a Pyrex 
test tube of 10-mm. i.d. carrying a calibrated thermometer, and 
the aldehyde was “quick frozen” to avoid polymerization; 
the C,o and C12 aldehydes were solidified at —29°, and n-heptanal 
was solidified at —49°. The tube containing the frozen alde
hyde was then enclosed in a larger test tube of 20-mm. i.d. and 
the apparatus was transferred to a room maintained at a constant 
temperature, 22° for n-dodecanal and 7° for »-decanal and re- 
heptanal. The time and temperature variations were measured 
and plotted in the usual manner. The flatness of the “plateaus” 
was considered to be the best criterion of purity. The melting 
points are listed in Table I.

Hydration of n-Dodecanal.—The hemihydrate was prepared 
by treatment of 5.0 g. of »-dodecanal with 0.24 g. of water 
(1 :0.5 molar ratio), and the resulting mixture was placed under 
nitrogen in a refrigerator at 15°. The entire reaction mixture 
solidified to yield the waxy hemihydrate quantitatively. The 
odorless, white crystalline product was transferred to a funnel, 
washed with cold anhydrous ether, and dried in an evacuated 
desiccator; all of these operations were carried out in a room 
maintained at 4-5°. The product was insoluble at room tem
perature in nitrobenzene, cyclohexanol, and diphenyl ether; 
partially soluble in dioxane, ether, benzene, and cyclohexane; 
and soluble in pyridine and tetrahydrofuran. An infrared 
examination of benzene, ether, and tetrahydrofuran solutions of 
the product showed that the hemihydrate slowly decomposes 
with the regeneration of n-dodecanal. Qualitative tests including 
the bromine and ferric chloride tests in different solvents were 
carried out. for »-dodecanal end under a variety of conditions and 
all tests were negative.27 The hemihydrate was identical with 
Krafft’s »-dodecanal. The hemihydrate was stored for about 1 
hr. in a Dry Ice-acetone cooling bath before elemental analysis 
was performed.

Anal. Calcd. for (CkHojOIŝ O  (386.64): C, 74.55; H,
13.03. Found: C, 74.88; H, 13.01.

(26) D istillation Products Industries, E astm an  Organic Chemicals, 
Rochester, N. Y.

Î27) R. L. Shriner and R. C. Fuson, "T h e  System atic Identification of 
Organic Com pounds,” 3rd Ed., John Wiley and Sons, Inc., New York, 
N . Y., 1948, pp. 93, 98.

Numerous attempts were made to detect two active hydrogen 
atoms per molecule of »-dodecanal hemihydrate by the Zerewiti- 
noff determination using a previously developed technique.22 
One active hydrogen atom was detected in pyridine solvent.

The Karl Fischer determinations for water were carried out 
with 0.25-g. samples of the product.

Anal. Calcd. for (Ci2H240 )2H20  (386.64): H20, 4.66.
Found: H20, 4.0, 3.9, 3.9.

Attempts were made to isolate re-dodecanal monohydrate by 
conducting a similar experiment with a 1 : 1 molar mixture of 
»-dodecanal and water. Only the hemihydrate could be iso
lated.

Anal. Calcd. for (C^H^iORftO (386.64): C, 74.55; H,
13.03. Found: C, 74.57; H, 12.70.

Attempts also were made to prepare »-dodecanal monohydrate 
in homogeneous aqueous solutions of tetrahydrofuran and pyri
dine; the hemihydrate was isolated. On numerous occasions, 
small amounts of the hemihydrate formed on storage of “pure” 
aldehyde at temperatures slightly above 12°. Removal of the 
hemihydrate gave filtrates which did not yield additional product 
on storage until trace amounts of water were added.

re-Dodeeanal hemihydrate decomposed slowly on storage under 
nitrogen at room temperature. Repurification was accomplished 
by washing the aged samples wdth chilled anhydrous ether fol
lowed by drying in an evacuated desiccator. Recrystallization 
from ether gave reduced yields of the hemilrydrate. Low tem
perature recrystallization without excessive decomposition may 
be possible, but this technique was not tried.

Freshly prepared samples of the hemihydrate decomposed 
wdien heated in open capillary tubes to slightly turbid liquid 
aldehyde which appeared to contain minute droplets of sus
pended water, and the decomposition point varied with the 
rate of heating. The decomposition points listed in Table I 
were obtained at a heating rate of about 2°/min.

The instrument used for measurement of the infrared spectra 
was a Perkin-Elmer Model No. 21 recording spectrophotometer 
installed in a room maintained at 21 °. The spectra of »-dode
canal hemihydrate shown in Fig. 1 were obtained by pressing a 
few' crystals of the compound between the sodium chloride plates 
of the sample holder in a room maintained at 4-5°. The sample 
holder w'as then immediately transferred to the spectrophotom
eter and the spectra were recorded in the usual manner. This 
technique was found to be the best procedure for recording 
reproducible spectra of the hemihydrate.

Hydration of »-Decanal.—The hemihydrate was prepared by 
the procedure used for re-dodecanal hemihydrate. »-Decanal 
hemihydrate was isolated as odorless, white crystals when the 
mixture of aldehyde and water was stored at 0°.

Anal Calcd.“ for (C^HjoObHoO (330.54); C, 72.68; H, 
12.81; H20, 5.45. Found: C, 72.74, 72.56: H, 13.00, 12.83; 
H20, 5.6, 5.3, 5.8.

Attempts to isolate »-decanal monohvdrate from equimolar 
mixtures of water and »-decanal afforded only hemihydrate. 
At room temperature, the hemihydrate was insoluble in sym- 
tetrabromoethane, slightly soluble in ether, and soluble in acetic 
acid and pyridine. Methylation with diazomethane in ether 
failed. Small amounts of the hemihydrate deposited on several 
occasions when supposedly dry «-decanal was stored in the re
frigerator. Removal of the precipitate gave filtrates which did 
not form hemihydrate until small amounts of water were added. 
The decomposition points listed in Table I were measured at a 
heating rate of about 2°/min. The infrared spectra of the hemi
hydrate shown in Fig. 2 were obtained by the technique used 
with re-dodecanal hemihydrate.

Hydration of »-Heptanal.—»-Heptanal hemihydrate w'as iso
lated by the procedure used for »-dodecanal hemihydrate when 
the mixture of aldehyde and water was stored at —40°. The 
white crystalline product was odorless.

Anal. Calcd. for (CvHnObHaO (246.38): C, 68.24; H,
12.27; H.,0, 7.31. Found: C, 67.93: H. 12.12; H,0, 8.0, 8.9,
8.9.

Attempts to prepare re-heptanal monohydrate using equi
molar mixtures of aldehyde and water gave hemihydrate only. 
Attempts to obtain the infrared spectra of re-heptanal hemihydrate 
failed because the compound decomposed too rapidly under am
bient conditions. The decomposition point shown in Table 1 
w'as measured at a heating rate of about 2°/min.

re-Dodecanol-re-dodecanoI Hemiacetal.—The hemiacetal was 
prepared according to the procedure of Erickson and Campbell.13 
Recrystallization from acetone gave pure hemiacetal, m.p.
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46-48°. The infrared spectrum of a Nujol mull of the hemiacetal 
is reproduced in Fig. 1.

n-Dodecanal Trimer.—Four grams of n-dodecanal was placed 
in a stoppered test tube under nitrogen. The test tube contained 
a side arm in which 1 drop of concentrated hydrochloric acid was 
placed to promote the polymerization. The aldehyde was frozen 
and kept in the refrigerator at 4-5° for 1 month. The product 
was then transferred to an erlenmeyer flask and 25 ml. of alcohol,
3.1 ml. of 0.5 N sodium hydroxide solution, and 40 ml. of 3.0 N

hydroxylamine hydrochloride reagent were added. The mixture 
was stored at room temperature for 2 weeks to convert all un
changed aldehyde to the oxime, and the insoluble polymer was 
then filtered, washed with water, and air-dried; yield, 3.5 g. 
Recrystallization from alcohol afforded pure ra-dodecanal trimer, 
m.p. 55-57° (lit.8 m.p. 57°). Molecular weight determinations 
in benzene by the freezing point technique gave values of 526 
and 529, calcd. 553. The infrared spectrum of a Nujol mull is 
reproduced in Fig. 1.

T h e A dd ition  o f  A rom atic  N itroso  C om pou nd s to  C onju gated  D ienes

J a n  H a m e r , M u s h t a q  A h m a d , a n d  R o h e r t  E. H o l l i d a y

Department of Chemistry, Tulane University, Sew Orleans 18, Ijouisiana 
Received May 27, 1963

The addition of aromatic nitroso compounds to 2,3-dimethyl-l,3-butadiene was found to be a first-order reac
tion in respect to the nitroso compound and to the diene. The energies of activation of the reaction betweeen 
the conjugated diene and nitrosobenzene or p-bromonitrosobenzene were found to be, respectively, 14.23 and 
12.46 kcal./mole. Nitrosobenzene failed to react with anthracene, but yielded an adduct with 1,3-cycloocta- 
diene.

Reactions involving the aromatic nitroso group lend 
themselves well to kinetic studies, since the nitroso 
group exhibits specific absorption bands in the visible, 
ultraviolet, and infrared spectra. Complications may 
arise from the fact that for many aromatic nitroso 
compounds in solution an equilibrium exists between 
the monomeric and dimeric forms. This complication 
may be avoided by the selection of aromatic nitroso

O Ar
\  / __ .

N = N  2Ar—N=Q
/  \

Ar O

compounds known to be monomeric in solution, e.g., 
nitrosobenzene, p-halonitrosobenzenes, and p-nitroso- 
NjN-dimethylaniline.1

The addition of aromatic nitroso compounds to con
jugated dienes is commonly considered a Diels-Alder 
reaction of heteroatomic compounds.2 3 4 The reaction 
generally proceeds smoothly at moderate tempera
tures. With few exceptions the sole reaction product 
has been found to be a substituted 3,f>-dihydro-l,2- 
oxazine.2-4 Kinetic studies of the addition of aromatic 
nitroso compounds to conjugated dienes have not been 
reported thus far.

o
The dissociation of a 3,6-dihydro-l ,2-oxazine into 

conjugated diene and nitroso compound normally re
quires considerably higher temperatures than the addi
tion. The formation of an aromatic nitroso compound 
by the dissociation of the Diels-Alder adduct of various 
aromatic nitroso compounds and 2,3-dimethyl-1,3- 
butadiene could not be detected at temperatures below 
35°. The rate of this reverse reaction at temperatures 
below 3o° is, therefore, negligible, facilitating the de

(1) B. O. Gowenlock and W. Luettke , Q u a r t .  R e v .  (L ondon), 12, 385 
(1958); W. J . M ijs, “ S tructu re  and Properties of Some M onomeric and 
Dimeric Arom atic N itroso Com pounds,” d issertation , U niversity  of Leyden, 
1959.

(2) S. B. N eedlem an and M. C. C hang Kuo, C h e m .  R e v . ,  62, 407 (1962).
(3) J. H am er and R. E. B ernard, R e c .  t r a v .  e k i m . ,  81, 734 (1962).
(4) J. H am er and R. E. B ernard , ./. O r g .  C l t e m . ,  28, 1405 (1963).

termination of the rate of the addition of aromatic 
nitroso compounds to 2,3-dimethyl-l,3-butadiene.

Nitrosobenzene when treated with 2,3-dimethyl-l ,3- 
butadiene has been reported to yield small quantities 
of a side product of unknown structure in addition to 
the expected X-phenyl-3,(>-dihydro-4,o-dimethyl-l,2- 
oxazine.5 When a large excess of diene was employed 
the sole product of the reaction was the oxazine. The 
side product is believed to be derived from the reaction 
of nitrosobenzene and the oxazine derivative.6 For 
p-bromonitrosobenzene, on the other hand, only one 
product, the expected oxazine, was observed in the 
addition reaction, employing various concentrations 
of 2,3-dimethyl-l,3-butadiene.

Results
In order to suppress the formation of a side product, 

the reaction of nitrosobenzene and 2,3-dimethyl-1,3- 
butadiene was studied in dichloromethane with a fifty
fold excess of diene. Several Guggenheim plots were 
constructed at 2° and 2d°. The reaction was found 
to be a first-order reaction in respect to nitrosobenzene, 
with a specific rate constant at 2° and 25° of 2.84 X
10-4 and 2.10 X 10- 31. moles-1 sec.-1. The energy of 
activation was found to be 14.23 kcal./mole, and the 
frequency factor, G.2 X 10* 1. moles-1 sec.-1.

Nitrosobenzene did not form an adduct with anthra
cene, even after prolonged reflux in chloroform. An 
adduct between nitrosobenzene and 1,3-cyclooctadiene 
was obtained, but the yield was less than 5%, and the 
reaction was too slow to permit observation.

The reaction between p-bromonitrosobenzene and a 
fiftyfold excess of 2,3-dimethyl-l,3-butadiene also was 
found to be a first-order reaction (see Fig. 1). It was 
found to bo first order in respect to p-bromonitroso- 
benzene and first order in respect to 2,3-dimethvl-
1,3-butadiene when the concentrations of the reactants 
were of the same magnitude. The specific rate con
stants were found to be 1.10 X 10-3, 3.84 X 10-3,
7.00 X 10-3, and 8.29 X 10-3 1. moles-1 sec.-1 at 2,

(5) Yu A. A rbuzov, N. I,. Fedyukina, U. V. Shavvrina, and R. I. Shepe- 
leva, B u l l .  A c a d .  S c i .  U S S R ,  D i r .  C h e m .  S c i . ,  539 (1952); C h e m .  A b s t r . ,  
47, 4341 (1953).

(6) J. H am er and A. M acaluso, T e t r a h e d r o n  L e t t e r s ,  No. 6, 381 (1963).



N o v e m b e r , 1963 A d d it io n  o f  A r o m a t ic  N it r o so  C o m po u n d s  t o  C o n ju g a t e d  D ie n e s 3035

18, 25, and 30°, respectively. The energy of activa
tion was found to be 12.46 kcal./mole, and the fre
quency factor, 9.3 X 1061. moles“ 1 sec.“ 1 (see Fig. 2).

The rate of the reaction between p-nitroso-N,N- 
dimethylaniline and 2,3-dimethyl-l,3-butadiene was 
too slow to permit observation.

Discussion

The positive value of Hammett’s ^-constant for the 
bromo substituent, together with the higher rate con
stant and the lower energy of activation for the re
action of p-bromonitrosobenzene with 2,3-dimethyl-
1.3- butadiene than for the corresponding reaction of 
nitrosobenzene, indicated that the reaction was ac
celerated by electron-withdrawing substituents on the 
phenyl ring.

A tentative p-constant may be found from the rate 
constants at 2 and 25° for the reactions of nitrosoben
zene or p-bromonitrosobenzene and 2,3-dimethyl-
1.3- butadiene. Employing +0.23 as the value of the 
(7-constant of the para bromo substituent, p was cal
culated to be 2.51 ± 0.04.

The sluggishness of the reaction between p-nitroso- 
N,N-dimethylaniline and 2,3-dimethyl-l,3-butadiene 
is then due to the electron donating effect of the di- 
methylamino group. The half-time of this reaction 
should be ca. forty-two hours at 25° if 0.1 M concentra
tions of nitroso compound and diene are used, assuming 
— 0.60 as the value of the o-constant of the para di- 
methylamino group.

It has been reported that o- or p-substituted nitroso- 
benzenes react considerably slower with dienes than 
nitrosobenzene, while the reverse was reported for m- 
substituted nitrosobenzenes.7 Among the reported 
substituents were the nitro, methyl, and bromo groups.

Recently, however, we reported that the presence of 
a nitro group in either the ortho, vieta, or para position 
in nitrosobenzene seemed to accelerate the reaction 
with dienes considerably.3 4 It also is known that ali
phatic nitroso compounds will undergo a Diels-Alder 
reaction only if a strong electron-withdrawing substit
uent is present on the carbon carrying the nitroso 
group.2 Our results also indicate clearly that the 
electronic character of the substituent determines the 
acceleration or retardation of the addition reaction, 
and not, as reported by Kojima, the position of the sub
stituent.

Our results fall in the general pattern of Diels-Alder 
reactions. The more electron-poor dienophiles com
monly exhibit higher reactivities in these reactions. 
The frequency factor and energies of activation re
ported here are of the same order of magnitude as those 
reported for some conventional Diels-Alder reactions.8 
In view of this the failure of nitrosobenzene to add to 
anthracene is rather surprising. Maleic anhydride and 
other dienophiles add easily to anthracene.9 The 
reason for the failure does not seem to lie with an ex
cessively high energy of activation, the instability of 
the formed adduct, or the frequency factor. An at-

(7) S. Kojima, K o g y n  K a y a k  u  Z a s s k i ,  68, 540 (1958); 59, 951 (1959) 
(cited from ref. 2).

(8) A. W asserm an, J .  C h e m .  S o c . ,  1028 (1936); G. B. K istiakowsky and
J. R . Lacker, A m .  C h e m .  S o c . ,  58, 123 (1936).

(.9) L. J . Andrews and R. M. Keefer, ibid. 6294 (1955).
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Fig. 1.—Guggenheim plot of the addition of nitrosobenzene or 
p-bromonitrosobenzene to 2,3-dimethyl-l,3-butadiene (fiftyfold 
excess), in dichloromethane: middle, p-bromonitrosobenzene at
2°; lower, nitrosobenzene at 2°; upper, nitrosobenzene at 25°.

l/r .

Fig. 2.—Log k vs. 1/7’ for the reaction between p-bromonitroso- 
benzene and 2,3-dimethyl-l,3-butadiene.

tempted reaction of anthracene with p-nitronitrosoben- 
zene also failed.

The Diels-Alder reaction fails with dienes having 
rings of eight to eleven members.10 Nitrosoben
zene, however, when treated with 1,3-cyclooctadiene at 
5° for nearly one month yielded less than 5% of an 
adduct. The same adduct was obtained in approxi
mately the same yield when nitrosobenzene was treated 
at room temperature for about five days with 1,3- 
cyclooctadiene. Attempts in this laboratory to effect 
a reaction between maleic anhydride and 1,3-cyclo
octadiene failed.

Elemental analysis of the adduct of nitrosobenzene 
and 1,3-cyclooctadiene' indicated a compound of the 
formula ChHhNO. The infrared spectrum of the 
adduct, determined in a potassium bromide pellet, 
showed the presence of a phenyl ring, and the absence

(10) J. G. M artin  and R. K. Hill, C h e m .  R e v . ,  61, 542 (1961).
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of an XH or OH bond, excluding the possibility of an 
allylic addition such as that found with azodicarboxy- 
late esters." A weak band was found at 6.10 p, 
indicating the presence of an isolated double bond, 
while the typical —X= 0  band had disappeared.

Experimental
Reagents.—Nitrosobenzene,11 12 m.p. 68°, p-bromonitrosoben- 

zene,13 m.p. 94°, and p-nitroso-N,N-dimethylaniline,14 m.p. 85°, 
were prepared by known procedures. Anthracene, 2,3-dimethyl-
1.3- butadiene, and 1,3-cyclooetadiene were obtained from Colum
bia Organic Chemicals.

Kinetic Measurements.—The change of concentrations of the 
nitroso compounds were followed in the visible region (720-730 
mp) with a Beckman DB. Speetrograde diehloromethane was 
employed as the solvent. Solvent, dienes, and products did 
not absorb in the visible region. Solutions of the nitroso com
pounds were found to follow the Lambert-Beer law when the 
concentrations were between 0.025 and 0.002 mole/1.

In a typical run to obtain Guggenheim plots, the following con
centrations were employed: diene, 2.5000 moles/1., and nitroso 
compound, 0.050 mole/1. Several Guggenheim plots were ob
tained for the reaction between nitrosobenzene and 2,3-dimethyl-
1.3- butadiene at 2° and 25°, and for p-bromonitrosobenzene and 
the same diene at 2° (see Fig. 1).

(11) B. T . Gillis and P. E. Beck, J .  O r g .  C h e m . ,  27, 1947 (1962); B. 
F ranzus and J. H. Surridge, i b i d . ,  27, 1951 (1962).

(12) “ Organic Syntheses,” Coll. Vol. I l l ,  John  Wiley and  Sons, Inc., 
New York, N. Y., 1955, p. 668.

(13) E. Bam berger, B e r . ,  28, 1222 (1895).
(14) A. I. Vogel, “ Practical Organic C hem istry ,” Longm ans Green and 

Co., New York, N. Y., 1957, p. 573.

p-Bromonitrosobenzene was treated with the same diene at 
18°, 25°, and 30°, employing the following approximate concen
trations: nitroso compound, 0.025 mole/1., and 2,3-dimethyl- 
butadiene, 0.100 mole/1. A graph of time vs. log b/a (a — x/- 
b — x) yielded a straight line from which k was calculated.

Anthracene.—0.53 g. (3 mmoles) was treated with nitroso
benzene, 0.53 g. (5 mmoles) in chloroform, 75 ml., at room tem
perature. The optical density of the solution at 730 mp re
mained unchanged after several hours standing, indicating that 
nitrosobenzene had not reacted. The solution was then refluxed 
under nitrogen for 2 hr. The optical density at 730 mp was 
again unchanged.

Nitrosobenzene.—5.5 g. (51 mmoles) was mixed with 1,3- 
cyclooctadiene, 7.8 g. (72 mmoles) in ether, 50 ml. The optical 
density at 730 mp was slightly reduced after 1 week of standing at 
5°. After about 25 days of standing at 5°, the solution was con
centrated to approximately 5 ml. by evaporation under reduced 
pressure. Ethyl alcohol, 5 ml., was added, and crystals precip
itated after standing for 2 hr. at 5°. The yield of the isolated 
crude product was 0.5 g. (4.53%. based on nitrosobenzene), m.p. 
80-83°. The crude product was purified by washing with 
ethanol, yielding 30 mg. of a white solid, m.p. 83.5-84.5°.

Anal.'1 Caled, for C„H,TNO: C, 77.73; H, 8.28; N, 6.48. 
Found: C, 77.78; 11,8.13; N, 6.40.

Infrared bands (determined in a potassium bromide pellet):
3.4 (m), 3.45 (s), 3.52 (s), 6.1 (w), 6.3 (s), 6.74 (s), 6.95 (s), 8.1 
(s), 8.52 (s), 9.75 (s), 9.9 (m), 11.26 (m), 12.7 (s), 12.96 (m),
13.3 (s), 13.6 (m), and 14.48 (s) p.
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It has been found that free radicals initiate a reaction between tetrahydrofuran and maleic anhydride to form 
(tetrahydro-2-furyl)succinic anhydride in 70% yield. An analogous reaction using tetrahydro-2-methylfuran 
formed (tetrahydro-2-methyl-2-furvl)suecinic anhydride in 70% yield. This reaction appears to be specific 
with respect to five-membered cyclic ethers since efforts to utilize other ethers either failed to yield a 1:1 adduct 
with maleic anhydride or gave only low conversions.

The free radical-promoted reactions of olefins with 
acetals and ortho esters have been studied extensively2; 
however, little is known relative to the behavior of 
simple ethers in this type of reaction. The formation 
of (a-alkoxybenzyl)succinic anhydrides by the addition 
of benzyl alkyl ethers to maleic anhydride in the pres
ence of free radical initiators has been described.3 
More recently, the peroxide-induced reaction of various 
cyclic ethers with 1-octene was reported.4 Ketonic 
products were obtained, and a chain mechanism in
volving «-hydrogen abstraction followed by decycliza- 
tion of the ether was postulated.

The latter study prompts us to report the results of a 
similar investigation involving free radical-initiated 
reactions between cyclic ethers and maleic anhydride. 
Our results differ significantly from those reported by 
Wallace and Gritter4 in that addition without ring 
opening has been observed as the major course of

(1 ) M aum ee Chem ical Co., Toledo, Ohio.
(2) For references see C. Walling, “ Free Radicals in Solution,” John 

Wiley and Sons, Inc., New York, N. Y., 1957, p. 287.
(3) T . Patrick , J r ., U. S. P a te n t 2,841,592 (1958).
(4) T. J. Wallace and R. J. G ritter. J .  O r g .  C h e m . ,  27, 3067 (1962).

reaction. The reaction of tetrahydrofuran with maleic 
anhydride in the presence of free radical initiators was 
found to give a 70% yield of (tetrahydro-2-furyl)- 
succinic anhydride (I). The reaction probably pro
ceeds by the following chain process.

Q -

+  R- — ►
Q -

+  n —  n
V
0

j >

0

+  tCVi
- A

O'
0

The difference in the course of reaction of tetrahydro
furan with maleic anhydride and with 1-octene may 
arise from the double bond of maleic anhydride being 
more reactive than that of 1-octene. With the more 
reactive olefin, capture of the furyl radical might occur
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before rearrangement. Some support of such a hy
pothesis may be found in the effect of temperature upon 
the reactions. Whereas a 41% yield of 4-dodecanone 
was obtained from the reaction of tetrahydrofuran with
1-octene at 150° by Wallace and Critter,4 with these 
same reactants at 70° we found only a trace of carbonyl- 
containing product and recovered the bulk of the 
starting materials unreacted. Comparable experi
ments with tetrahydrofuran and maleic anhydride gave 
54-60% yields of I at 70° and 42% yield at 150°. 
The failure to find the product of the ring fission reac
tion (butyrylsuccinic anhydride) in the products from 
the maleic anhydride-tetrahydrofuran reactions was 
not considered surprising. Such a compound would be 
the anhydride of a /3-keto acid and as such might be 
unstable. It would be expected that rearrangement of 
the furyl radical would proceed more rapidly at elevated 
temperatures, and the decrease in yield of I in going 
from 70 to 150° may arise from the production of 
increased amounts of butyrylsuccinic anhydride, which 
condensed to produce the large amount of residue.5

The reaction of maleic anhydride with tetrahydro-2- 
methylfuran gave a 70% yield of adduct under condi
tions which resulted in a 60% yield of 1 in the case of 
tetrahydrofuran. Nuclear magnetic resonance spectra 
indicate that the product is a mixture of diastereomers 
of II rather than III.

An azobisisobutyronitrile-catalyzed reaction between 
maleic anhydride and tetrahydrothiophene gave a 31% 
conversion to a 1:1 adduct. Benzoyl peroxide was in
effective as an initiator for this reaction.

Although it is reported that tetrahydropyran adds 
about as readily as tetrahydrofuran to 1-octene,4 we 
have found the reactions of tetrahydropyran and of 1,4- 
dioxane with maleic anhydride to lead only to nondistil- 
lable products. It thus appears that the five-membered 
ring cyclic ethers can differ appreciably from the cor
responding six-membered ring compounds in free- 
radical reactions.

Attempts were made to effect reactions of tetra
hydrofuran with chloromaleic anhydride, citraconic 
anhydride, dimethyl acetylenedicarboxylate, and di
ethyl maleate. Only in the case of diethyl maleate was 
more than a trace (27%) of 1:1 adduct obtained.

Experimental
Reaction of Maleic Anhydride with Tetrahydrofuran.—A 216-g. 

quantity of purified tetrahydrofuran6 was heated to reflux 
under a nitrogen atmosphere, and a solution of 3.7 g. (0.01.5 mole) 
of benzoyl peroxide and 49.0 g. (0.5 mole) of maleic anhydride in 
144 g. (2.0 moles) of tetrahydrofuran was added with stirring 
over an N-hr. period. The temperature of the refluxing mixture

(5) The d a ta  presented fit also the  a lte rna te  m echanism suggested in the 
work of W allace and  C ritte r . 4 In  the  present case, the decreased yield of 
(tetrahydro-2-furyl)succinic anhydride a t 150° could be due to an increased 
rate of removal of th is  product, and  butyrylsuccin ic anhydride is not, there
fore, necessarily involved.

(.6) T he e ther was purified by  distilla tion  from sodium benzophenone 
ketyl. M. S. K harasch and  O. R einm uth , “ G rignard Reactions of Non- 
m etallic Substances,” Prentice-H all, Inc., New York, N. \ 1954, p. 25.

rose from 65 to 68° during the addition. Excess tetrahydrofuran 
was then removed from the product by distillation at reduced 
pressure (25 mm.). After a 3.7 g. crude benzoic acid fraction 
distilled, there was obtained 59.2 g. (70%) of I, b.p. 129-142° 
(0.5-2 mm.), and a 19.5-g. residue. The distillation was stopped 
when the pot temperature reached 220° since some decomposition 
was occurring as evidenced by the appearance of color in the dis
tillate and a rise in the pressure. The product was redistilled to 
obtain colorless distillate, b.p. 105-110° (0.1 mm.), re25n 1.4792.

Anal. Calcd. for CsH,o04: C, 56.46; H, 5.92; neut. equiv.,
85.1. Found: C, 56.84; H, 5.86; neut. equiv., 85.5.

The absence of aldehyde or ketone in the distillate was indi
cated by a negative result obtained with 2,4-dinitrophenyl- 
hydrazine test reagent.7 8

Experiments in which all of the reactants were present at the 
start of the reaction (10:1 ether-anhydride ratio) produced I in 
about 60% yield. The yield was further decreased to about 50% 
in going from a 10:1 to a 5:1 ratio of reactants. The decrease in 
the yield of I occurred largely with the production of larger quan
tities of nondistillable residue; essentially complete consumption 
of the maleic anhydride occurred.

In another experiment, a solution of tetrahydrofuran (5.0 
moles) and maleic anhydride (0.5 mole) was heated at reflux in a 
Pyrex flask and illuminated by a sunlamp (General Electric, CG 
401-E6) for 6 hr. There was obtained 52 g. (61%) of I and 28.6 
g. of residue. A similar experiment using azobisisobutyronitrile 
(0.82 g., 0.005 mole) in place of light gave 54% of I.

The reaction was also carried out using ¿-butyl peroxide (3 
mole % based on maleic anhydride) on twice the scale of the 
previous experiments. All the reactants were mixed before 
charging to a stainless steel autoclave and heating at 150-155° 
for 5 hr. There w'as obtained 71.1 g. (42%) of I and 76.3 g. of 
residue. The infrared spectrum and the refractive index of the 
product were identical with those of compound I obtained from 
reactions at lower temperatures and other initiators.

Preparation of the Dibutyl Ester of I.—This ester was prepared 
in order that the presence of the band of the tetrahydrofuran 
ring system (9.3 ti)* in the infrared spectrum might be observed 
without interference from the band of the cyclic anhydride sys
tem.

A solution of 43.0 g. (0.25 mole) of I, 200 ml. of n-butyl alcohol 
and 1.0 g. (0.006 mole) of p-toluenesulfonic acid was refluxed 
for 5 hr. while 2.7 ml. of water separated in a Dean-Stark trap. 
After removing the catalyst by washing wdth 5% sodium bicar
bonate solution, the product was distilled under vacuum to yield
69.4 g. (93%) of the dibutyl ester, b.p. 149-153° (1 mm.), tc25d 
1.4515. The infrared spectrum showed the anticipated band 
at 9.4 n.

Anal. Calcd. for C^IEsO,: C, 64.06; H, 9.4; sapon. 
equiv., 150. Found: C, 63.92; H, 9.35; sapon. equiv., 151.

Reaction of Maleic Anhydride with Tetrahydro-2-methylfuran. 
—A solution of 49 g. (0.5 mole) of maleic anhydride, 1.21 g. 
(0.005 mole) of benzoyl peroxide and 430 g. (5.0 moles) of puri
fied6 tetrahydro-2-methylfuran was refluxed (75-80°) under a 
nitrogen atmosphere for 5 hr. Distillation yielded 65.3 g. (70%) 
of II, b.p. 121-152° (1 mm.), and 22.6 g. of residue. Redistil
lation through a 2 X 24-cm. column packed with glass helices 
gave a heart cut, b.p. 150-151° (6 mm.), n2iu 1.4752.

Anal. Calcd. for C9Hi2()4: 0,58.67; H, 6.57; neut. equiv.,
92.1. Found: C, 58.76; H, 6.69; neut. equiv., 92.3.

The n.m.r. spectrum of the product was compared wdth that of 
tetrahydro-2-methylfuran.9 The spectrum of the product was in 
accord with structure II. The methyl proton line was observed 
to be split into a doublet (1.2-c.p.s. separation) probably because 
of the presence of two diastereomers. If the product had struc
ture III, a much wider splitting, caused by spin coupling with 
the adjacent proton, would be expected. Such a splitting of the

(7) R. L. Shriner and R. C. Fuson, “ The System atic Identification of 
Organic C om pounds,” 3rd Ed., John  Wiley and Sons, Inc.. New York, 
N. Y., 1948, p. 97.

(8) G. M. Harrow and  S. Searles, J .  A m .  C h e m .  S o c . ,  75, 1175 (1953).
(9) The n.m .r. spectra were observed with a V arian A ssociates Model 

4302 D P  60 high resolution spectrom eter, field strength , 60 Me. a t  14 kilo- 
gauss. T he spectra afford the first d irect evidence th a t  the in itia l site  of 
hydrogen abstrac tion  in free radical-catalyzed reactions of te trahydrofurans 
with maleic anhydride is a t  position 2 of the  te trahydrofuran  ring. If the 
in itia l free-radical a ttack  were a t  any other position, the m ethyl would 
show spin -sp in  sp litting  as noted in the  spectrum  of te trah y d ro -2-m ethyl- 
furan.
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methyl proton line (6 c.p.s.) was observed In the spectrum of 
tetrahydro-2-methylfuran.

The absence of aldehyde or ketone in the product was indi
cated by a negative test obtained with 2,4-dinitrophenylhydrazine 
test reagent.7

Reaction of Maleic Anhydride with Tetrahydrothiophene.—A
solution of 5.0 g. (0.003 mole) of azobisisobutyronitrile, 24.5 g. 
(0.25 mole) of maleic anhydride and 220 g. (2.5 moles) of tetra
hydrothiophene10 was heated at 70-73° for 5 hr. under a nitrogen 
atmosphere. Distillation yielded 211 g. (96%) of tetrahydro
thiophene, 10 g. (41%) of maleic anhydride, 14.2 g. (31%) of 
1:1 adduct, b.p. 132-168° (1 mm.), and 7.2 g. of residue.

Anal. Calcd. for C8H,0O3S: S, 17.2; neut. equiv., 93.1. 
Found: S, 16.9; neut. equiv., 94.4.

A similar experiment using benzoyl peroxide in place of azo
bisisobutyronitrile yielded only recovered starting materials 
upon distillation.

Reaction of Maleic Anhydride with Tetrahydropyran.—A solu
tion of 49 g. (0.5 mole) of maleic anhydride and 1.21 g. (0.005 
mole) of benzoyl peroxide in 430 g. (5.0 moles) of purified5 
tetrahydropyran was heated at 69-71° for 6 hr. under a nitrogen 
atmosphere. Distillation of the product yielded 409 g. (95%) 
of tetrahydropyran, 19 g. (40%) of maleic anhydride, and 51.6 g. 
of residue. The residue solidified to an orange glass upon cool
ing.

A similar reaction was carried out in which no peroxide was 
used, but the reaction mixture was irradiated with a General 
Electric sunlamp while maintained at 85-90° for 6 hr. The 
product was identical with that of the previous experiment.

Reaction of Maleic Anhydride wth 1,4-Dioxane.—When a solu
tion of 39.2 g. (0.4 mole) of maleic anhydride and 352 g. (4.0

(10) The te trahydro th iophene  was dried by  distilling  and  discarding a
small portion . I t  was then  used w ithout additional trea tm en t.

moles) of purified11 1,4-dioxane was maintained at 96° and illumi
nated by a General Electric sunlamp for 8 hr., the product was 
found to consist of unreacted starting materials and 12.7 g. 
of residue. No trace of 1:1 adduct was detected.

Reaction of 1-Octene with Tetrahydrofuran.—A solution of
56.1 g. (0.5 mole) of 1-octene, 1.21 g. (0.005 mole) of benzoyl 
peroxide, and 360 g. (5.0 moles) of tetrahydrofuran was held at 
reflux (67-68°) for 8 hr. under a nitrogen atmosphere. After 
3 hr. and after 5 hr., additional 1.21-g. portions of benzoyl 
peroxide were added. The product was distilled through a 
column packed with glass helices to yield 357 g. (99%) of tetra
hydrofuran, 51.3 g. (91%) of 1-octene, and 8.6 g. of residue. 
A solid which separated from the residue was identified as benzoic 
acid by its infrared spectrum and its melting point. The residue 
gave a negative test with 2,4-dinitrophenylhydrazine reagent.7 
A trace of aldehyde or ketone was detected both by reagent and 
by infrared spectrum (5.8 m) in a small intermediate fraction 
boiling between tetrahydrofuran and 1-octene.

A similar experiment employing 0.82 g. (0.005 mole) of azo
bisisobutyronitrile in place of benzoyl peroxide yielded a 1.2 g. 
fraction, b.p. 79-119° (4.5 mm.), n 20D 1.4092, which showed a 
weak carbonyl band at 5.85 y in its infrared spectrum. The bulk 
of the product was again unreacted starting materials.

Acknowledgment.—The authors wish to express 
their appreciation to Mr. W. E. Zitelli for assistance in 
the experimental work and to Mr. J. E. Graham for the 
determination and interpretation of infrared spectra. 
We are indebted to Dr. R. J. Kurland of Carnegie 
Institute of Technology for the n.m.r. spectra and 
their interpretation.

(11) L. F . Fieser, “ Experim ents in  Organic C hem istry ,” 3rd Ed., D. C. 
H eath  and Co., Boston, M ass., 1955, p. 285.
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Syntheses are described for the preparation of 5-amino-3-methyl- and 5-amino-3-ethylpyrimido[5,4-e]-as- 
triazine (Villa and VUIb). These compounds are the first representatives of the pyrimido[5,4-e]-as-triazine 
ring system capable of resonance in both rings. Reaction of V illa and VUIb with certain nucleophilic reagents 
under mild conditions produced other heteroaromatic pyrimido[5,4-e]-as-triazines.

In previous publications3'4 5 from our laboratories 
we have reported the preparation of some dihydro- 
pyrimido [5,4-e)-as-triazines and the unsuccessful oxi
dization of 5-chloro-l,2-dihydropyrimido[5,4-e]-as-tri- 
azine (XII) to 5-chloropyrimido[5,4-e]-as-triazine
(XIII).4 Although a few other partially saturated 
pyrimido[5,4-e]-as-triazines have been reported,5 a 
heteroaromatic representative of this ring system 
capable of resonance in both rings has yet to be de
scribed. This paper is concerned with the synthesis 
of some aromatic 5-amino- and 5-hydroxypyrimido- 
[5,4-e]-as-triazines and is part of our program directed

(1) This work was supported  by  funds from the C. F . K ettering  F ounda
tion  and from the Cancer C hem otherapy N ational Service C enter, N ational 
Cancer Institu tes , N ational In s titu te s  of H ealth, C o n trac t No. SA-43-ph- 
1740.

(2) Affiliated with the S loan-K ette ring  In s titu te .
(3) J. A. M ontgom ery and C. Temple, J r ., J .  A m .  C h e m .  S o c . ,  82, 4592 

(1960).
(4) C. Temple, J r ., R . L. M cKee, and J. A. M ontgom ery, J .  O r g .  C h e m . ,  

28, 923 (1963).
(5) (a) W. Pfleiderer and K. H. Schundehutte, A n n . ,  615, 42 (1958); 

(b) G. D. Daves, J r., R. K. Robins, and C. C. Cheng, J .  A m .  C h e m .  S o c . ,  

84* 1724 (1961); (c) E. C. Taylor, J. W. B arton, and W. W. Paudler, 
J .  O r g .  C h e m . .  26, 4961 (1961).

toward the preparation of pteridine analogs having 
potential antifolic acid activity.

Treatment of ethyl .V-(4-amino-6-chloro-5-pyrimi- 
dinyl)formimidate (Ha) with hydrazine in an attempt 
to prepare 5-amino-l,2-dihydropyrimido[5,4-e]-os-tri- 
azine (Va) failed to provide an identifiable product. 
In contrast, reaction of ethyl A-(4-amino-6-chloro-5- 
pyrimidinyl)acetimidate (lib )6 with a methanolic 
solution of hydrazine in phosphate buffer gave directly 
5 - amino - 3 - methylpyrimido [5,4 - e] - as - triazine 
(V illa)7-10 in 23% yield. Undoubtedly, in this con
version 5-amino-l,2-dihydro-3-methylpyrimido [5,4-e]- 
as-triazine (Vb) is an intermediate which undergoes

(6) J. A. M ontgom ery and C. Temple, J r .,  ibid., 25, 395 (1960).
(7) The tau tom erization  of this compound to a s tru c tu re  like V II should be 

considered possible in view of the results obtained from  studies conducted 
with certa in  4-am inopteridines .8 For ano ther view point see ref. 9.

(8) E. C. T aylor and C. K. Cain. J .  A m .  C h e m .  S o c . ,  71, 2538 (1949).
(9) A. A lbert, D. J. Brown, and G. Cheesem an, J .  C h e m .  S o c . ,  4219 

(1952).
(10) Two nonequivalent K ekul6 form 3 for the as-triazine ring of pyrim ido- 

[5,4-e]-as-triazines a re  possible. The Kekul£ form used in th is paper is 
repo rted 11 to be the m ore stable for as-triazine itself, based on quantum - 
mechanical com putations.

(11) A. M accoll, J .  C h e m .  S o c . ,  670 (1946).
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spontaneous air oxidization to provide Villa. The 
intermediate preceding Vb can be either ethyl N- 
(4-amino-6-hydrazino-5-pyrimidinyl)acetimidate (III) 
or A?-annno-Ar'-(4-ami no-O-chloro-o-pv rim id inyl)acet- 
amidine (I). The mild conditions required for the 
conversion of imidates to amidrazones,12 however, 
suggests that I is the precursor to Vb. The oxidization 
of Vb to V illa  but not of XII to XIII is consistent 
with the observation that 2,4-diamino-5,6,7,8-tetra- 
hydro- and 2,4-diaminodihydropteridine are readily 
oxidized to 2,4-diaminopteridine, but that neither
5,6,7,8-tetrahydro- nor 2,4-dichloro-5,6,7,8-tetra.hydro- 
pteridine is dehydrogenated under a variety of condi
tions.13 14

The results obtained by Naylor, et al.,14 indicated 
that the reaction of lib  with hydrazine could give 6,9- 
diamino-8-methylpurine (IX). This structure and the 
isomeric 6-hydrazino-8-methylpurine were eliminated 
from consideration by the hydrogen analysis and by 
comparison of the ultraviolet spectrum of M ila  with 
those of 6,9-diaminopurine15 and 6-hydrazinopurine.16

Under conditions that converted lib  to Villa, ethyl 
N - (4 - amino - 6 - chloro - 5 - pyrimidinyl)propionimi-

(12) R. Roger and D. G. Neilson, C h e m .  R e v . ,  61, 200 (1901).
( 13) E. C. T aylor and  W. R. Sherm an, J .  A m .  C h e m .  S o c 81, 2404 

(1959).
(14) R. N. N aylor, G. Shaw, D. V. Wilson, and (in part) D. N. Butler. 

./. C h e m .  S o c . .  4845 (1901).
(15) J. A. M ontgom ery and H. J. Thom as, unpublished data .
(10) J. A. M ontgom ery and L. B. Holum, J .  A m .  C h e m .  S o c . ,  79, 2185

(1957).

18 16 18 16 
W ave num ber (cm . -1 X 10 - 2).

Fig. 1. Infrared spectra of XIa in the 1800-1600-em. -1 region for 
(A) solid state and (B) acetonitrile solution.

date (lie)6 and hydrazine gave a 32% yield of 5-amino-
3-ethylpyrimido[5,4-e]-as-triazine (Vlllb). When this 
reaction was attempted in methanol in the absence of 
phosphate salts, the major product isolated was C 7 I I 9 X 7 

rather than V lllb  (C7H8X6). The same product was 
obtained in 74% yield by treatment of V lllb  with hot 
methanolic hydrazine. Apparently the amino group 
of Vlllb is replaced by hydrazine to give 3-ethyl-5- 
hydrazinopyrimido [5,4-e ]-as-triazine (VI) .17 Similar 
type displacements of amino groups of other bicyclic 
pyrimidines have been reported.18

Additional support for the hydrazinolysis reaction 
was provided by reaction of V lllb  with benzylamine 
in boiling propanol to give 5-benzylamino-3-ethyl- 
pyrimido[5,4-e]-as-triazine (X) in 82% yield.17 Con
trary to expectations, animation of Vlllb with benzyl- 
methylamine or methylhydrazine under the usual con
ditions was unsuccessful. Under forcing conditions 
(Parr bomb), these reactions gave mixtures from which 
neither IVa nor IVb was isolated.

The replacement of the amino group of V illa and 
V lllb with a hydroxy group took place under remark
ably mild conditions. The action of one equivalent 
of aqueous sodium hydroxide at room temperature 
converted V illa  and Vlllb, respectively, to 3-methyl- 
and 3 - ethylpyrimido - [5,4 - e] - as - triazine - 5(6/7)-

(17) The mechanism of this rep lacem ent reaction has not ye t been deter
mined b u t m ay involve opening of the pyrim idine ring by the basic reagent, 
followed by  reclosure of the as-triazine in term ediate  to give the product. 
For sim ilar type reactions of p teridines and purines, see ref. 18.

(18) (a) E. C. Taylor, J r ., J .  A m .  C h e m .  S o c . ,  74, 1651 (1952), and pre
ceding papers; (b) C. W. W hitehead and J. J. T raverso, i b i d . ,  82, 3971 
(1960).
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9.20 8.59 7.42 6.18 3.03
8.63 7.85

Fig. 2. Proton magnetic resonance spectra (60 Me./sec.) of 
Villa and XII, respectively, in dimethyl sulfoxide-rf6 and di
methyl sulfoxide; field increases from left to right; chemical shifts 
in parts per million, relative to internal tetramethylsilane.

one (XIa and Xlb) in 75 and 68% yield.1719 The de
tection of an intermediate, the structure of which is 
unknown, in the ultraviolet spectrum of a solution of 
V illa in 0.1 N sodium hydroxide implied that the 
conversion of V illa  to XIa involved more than the 
bimolecular replacement of the amino group with the 
hydroxy group. The initial spectrum of this solution 
changed rapidly so that after about 25 minutes the 
maximum of the intermediate at 315 nip had disap
peared and the shoulder around 400 nip had changed 
to the maximum of XIa at 372 nip.20 Furthermore, 
the ultraviolet spectrum and paper chromatograms 
showed that treatment of X with 0.1 A7 sodium hy
droxide at room temperature caused hydrolysis of the 
benzylamino group to provide Xlb, although the rate 
of conversion was slower than that of V illa  to XIa.

(19) T h a t o ther tau tom ers of X Ia  and X lb  may exist is recognized.
(20) For comparison, the u ltrav io le t spectrum  of 4-am inopteridine has 

been determ ined in 0.2 N  sodium hydroxide .21

The ultraviolet spectra of XIa and 4-hydroxypteri- 
dine in an acidic medium are similar in that each shows 
three maxima, and dissimilar in that the long wave
length band of XIa is 26 nip higher than the cor
responding band in 4-hydroxypteridine.21 Likewise, 
the long wave-length band of V illa  occurs at a higher 
wave length than the corresponding band of 4-amino 
pteridine.21 That the spectrum of XIa at pH 13 is 
practically identical with that of Villa at pH 7 is 
consistent with the observation that the spectrum of the 
anion of 4-hydroxypteridine closely resembles the spec
trum of the neutral molecule of 4-aminopteridine.21 
In addition, replacement of the amino group of 4- 
aminopteridine with an alkylamino group produced a 
shift in the maxima to longer wave lengths,9 and the 
same effect is observed by replacement of the amino 
group of VUIb with a benzylamino group to give X.

'Fhe infrared spectrum of XIa in the solid state is 
unusual, not only in that it exhibits three carbonyl 
bands,22 but that the bands occur at higher wave 
numbers than would be anticipated (Fig. 1). A solu
tion of XIa in acetonitrile shows only one band in the 
carbonyl region (Fig. 1) and this suggests that the 
multiple bands in the solid state spectrum are due to 
crystal-orientation effects. Xo doubt the high fre
quency of this carbonyl absorption is associated with 
the electron-withdrawing effect of the triazine ring.

Comparison of the p.m.r. spectrum of XII with 
that of V illa at 60 Me./sec. showed the expected 
differences (Fig. 2).23 The spectrum of XII showed 
not only the C-3 and C-7 protons, but also the N-l 
and N-2 protons, exchangeable with deuterium oxide. 
The doublet at 6.18 p.p.m., with a coupling constant 
of 3.0 c.p.s., is attributed to the spin-spin interaction 
of the proton at C-3 with the proton at N-2. The spec
trum of V illa  consisted of three bands with relative 
intensities 3:1:2, which are assigned to the 3-CH3, 
the 7-ring proton, and the 5-NH2, respectively.

Experimental
The melting points reported were determined on a Kofler Heiz- 

bank and are corrected. The ultraviolet and infrared spectra, 
respectively, were determined in aqueous solution writh a Cary 
Model 14 recording spectrophotometer and in pressed potassium 
bromide disks with a Perkin-Elmer, Model 22], spectrophoto
meter.

Ethyl N-(4-amino-6-chloro-5-pyrimidinyl)formimidate (Ila).—
A suspension of 6-chloro-4,5-diaminopyrimidine (1.27 g., 8.77 
mmoles) in ethyl orthoformate (50 ml.) was heated with vigorous 
stirring at 83° (preheated oil bath) for 30 min., and then the tem
perature was raised to 95° within 10 min. After filtration the 
solution was evaporated to dryness, and the residue was washed 
with petroleum ether (85-105°) and dried in vacuo over phos
phorus pentoxide; yield, 1.20 g . (68%); m.p. 109-110°. lie- 
crystallization of this sample from benzene-petroleum ether (85— 
105°) did not raise the melting point. Xraax m^ (e X 10—3) at pH 
7: 250 (7.26), 282 (6.74). cm.’ 1: 3450 and 3280 (NH);
2980 and 2900 (aliphatic CH); 1640, 1630, and 1550 (NH, 
C = C , C = N ) .

Anal. Calcd. for CjHgCINTO: C, 41.85; H, 4.48; Cl, 17.70; 
X, 27.90. Found: C, 42.14; H, 4.76; Cl, 17.8; N, 28.23.

3-Ethyl-5-hydrazinopyrimido(5,4-e]-iis-triazine (VI).—A sus
pension of 5-ami no-3-ethylpyrimido [5,4-e]ns-triazine (250 mg.,

(21) A. A lbert, D. J. Brown, and G. Cheesem an, J .  C h e m .  S o c . .  474 (1951).
(22) D. J. Brown and S. F. M ason [y. C h e m .  S o c . ,  3447 (1950)) reported 

th a t  the in frared  spectrum  of 4-hydroxypteridine in the solid s ta te  showed 
tw o carbonyl bands.

(23) The p.m .r. spec tra  were determ ined w ith a  V arian Associates Model 
A-60 spectrom eter. Probe tem peratu re  was 42 ±  1°.
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l .  42 mmoles) in methanol (5 ml.) containing anhydrous 95% 
hydrazine (0.05 ml.) was refluxed for 4 hr., and the mixture was 
allowed to stand at room temperature overnight. The pure solid 
was collected by filtration, washed with methanol (4 ml.), and 
dried in vacuo over phosphorus pentoxide; yield, 200 mg. (74%). 
This compound decomposed rapidly without melting above 200°. 
The sample was recrystallized from N,N-dimethylformamide- 
ethanol. Xmax m^ (e X 10—3) at pH 1: 270 (4.44), 372 (7.35). 
¡ w  cm .-': 3400 and 3260 (NH); 3080 (aromatic CH); 2980, 
2945, 2860, and 2820 (aliphatic CH); 1625 (NH); 1555 and 1485 
(C=C, C =N ).

Anal. Calcd. for C7H9N7: C, 43.95; H, 4.72; N, 51.25. 
Found: C, 43.90; H,4.92; N, 51.32.

From the combined filtrate and wash, 50 mg. of V lllb slightly 
contaminated with VI, was recovered.

5-Amino-3-methylpyrimido [ 5,4-e] -as-triazine (Villa).—Solid 
ethyl Ar-(4-amino-6-chloro-5-pyrimidinyl)acetimidate (2.0 g.,
9.3 mmoles)6 was added to a solution of sodium dihydrogen 
phosphate hydrate (1.35 g.) and disodium hydrogen phosphate 
(1.35 g.) in methanol (10 ml.) and water (25 ml.) containing 95% 
hydrazine (0.42 ml.). The mixture was heated at 80° for 2 hr. 
and the resulting solution was allowed to stand at room tempera
ture overnight. The dark crystals that deposited were collected 
by filtration, washed with water (5 ml.), and dried in vacuo over 
phosphorus pentoxide; yield, 500 mg. This solid was recrystal
lized from ethanol (50 ml.) to yield 350 mg. (23%) of product in 
two crops, m.p. 277-280° dec. Xmax m / t ( e  X 10“3)a tp H  1: 245 
(8.25), 350 (8.40), 358 (sh) (8.25); at pH 7: 252 (13.6), 280 (sh) 
(2.56), 372 (5.88). Pmax cm .-1: 3290 and 3100 (broad) (NH); 
1655 (NH); 1575 and 1510 (C=C, C =N ); 1445, 1350, and 1220 
(strong unassigned bands).

Anal. Calcd. for C6H6N6: C, 44.44; H, 3.73; N, 51.83. 
Found: C, 44.18; H, 3.95; N, 51.90.

5-Amino-3-ethylpyrimido|5,4-e]-as-triazine (Vlllb) was pre
pared by a similar process from 2.0 g. of ethyl ,V-(4-amino-6- 
chloro-5-pyrimidinyl)propionimidate6; yield, 500 mg. (32%);
m. p. 223-225° dec. Xmax mM (e X lO“3) at pH 1: 246 (8.34), 350 
(8.34), 359 (sh! (8.17); at pH 7 : 253 (13.65), 371 (5.90). 
imax cm.-1: 3290 and 3100 (NH); 2975, 2940, and 2880 (aliphatic 
CH ); 1650 (NH); 1570 and 1510 (C =C , C =N ).

Anal. Calcd. for C7H8N6: C, 47.72; H, 4.55; N, 47.72. 
Found: C, 47.60; H,4.61; N, 47.98.

5-Benzylamino-3-ethylpyrimido |5,4-e] -as-triazine (X).—A 
solution of 5-amino-3-ethylpyrimido [5,4-e]-as-triazine (1.0 g.,
5.7 mmoles) in propanol (20 ml.) containing benzylamine (3.0 
ml.) was refluxed for 5 hr. and evaporated to a small volume in 
vacuo. After this residue was washed on a funnel with water 
(60 ml.) to remove an insoluble dark oil, the remaining solid was 
dried in vacuo over phosphorus pentoxide to yield 1.28 g. (82%),

m.p. 143-145° dec. For analysis a sample was recrystallized 
from petroleum ether (85-105°); m.p. 153-154° dec. Xmax my (e 
X 10-3) at pH 1: 223 (15.6), 254 (5.85), 362 (sh) (12.1), 369 
(12.3); at pH 7: 224 (17.9), 257 (9.75), 385 (8.35). ¡w c m ." 1: 
3190 (NH); 2950 and 2910 (aliphatic CH); 1600, 1585 (sh), 
1560, and 1500 (C=C, C =N ).

Anal. Calcd. for ChHhNj: C, 63.18; H, 5.27; N, 31.55. 
Found: C, 63.22; H.5.21; N, 31.68.

3-Methylpyrimido|5,4-e]-as-triazin-5(6H)-one (XIa).-—A sus
pension of 5-amino-3-methylpyrimido[5,4-e]-as-triazine (250 mg.,
1.54 mmoles) in 1.07 N sodium hydroxide (1.65 ml.) was stirred 
at room temperature for 3 hr. The resulting solution was neu
tralized with 1.03 N hydrochloric acid (1.71 ml.) and evaporated 
to dryness in vacuo. This residue ŵ as extracted with two 25-ml. 
portions of acetone, and the combined extracts were evaporated 
to yield 190 mg. (75%). Recrystallization of this solid from 
tetrahydrofuran-petroleum ether (85-105°) gave the analytical 
sample; m.p. 199-200° solidifies and remelts at 213-215 dec. 
Xmax mM (i X 10“3) at pH 1: 236 (8.7), 264 (5.36), 336 (5.28). 
At pH 7: 249 (12.4), 355 (3.73): at pH 13 : 251 (15.7), 278 
(sh) (2.96), 372 (4.66). ¡ w  cm.-’: 3200 (NH); 2900-2500 
(acidicH); 1750, 1735, and 1710 (C =  0); 1610, 1595, 1540, and 
1520 (C=C, C=N ).

Anal. Calcd. for C6H6N50: C, 44.20; H, 3.07; N, 42.90. 
Found: C, 44.30; H,3.03; N, 42.79.

3-Ethylpyrimido15,4-ej-as-triazin-5(6H )-one (Xlb) was pre
pared by a similar process from 500 mg. of 5-amino-3-ethylpy- 
rimido[5,4-e]-as-triazine: yield, 340 mg. (68%) m.p. 183-185° 
dec. A second recrystallization from tetrahydrofuran-petroleum 
ether gave the analytical sample; m.p., 185-188° dec. Xmax my 
(e X 10~3) at pH C 237 (8.70), 265 (5.65), 338 (6.05); at pH 
7: 250 (12.7), 360 (3.80); at pH 13: 250 (12.2), 280 (sh) (3.4), 
373 (4.68). fmax cm.-1: 3200 and 3150 (NH); 2980 (aliphatic 
CH); 2900-2500 (acidic H); 1730 and 1700 (C = 0); 1610 (sh), 
1600, 1540, and 1520 (C=C, C =N ).

Anal. Calcd. for C7H7N»0: C, 47.40; H, 3.95; N, 39.50. 
Found: C, 47.00; H, 3.78; N, 39.39.
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the spectral and most of the analytical determinations 
reported, and to Dr. W. C. Coburn and Mrs. M. C. 
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The synthesis of the imidazo [4,5-c] pyridine ring has been accomplished for the first time from imidazole 
intermediates. 4,6-Dihydroxyimidazo [4,5-c] pyridine and related 2-substituted derivatives have been prepared 
for the first time from the requisite 4-imidazoleacetamide-5-carboxylic acid ester. 4,6-Dih}’droxyimidazo[4,5-c]- 
pyridine (I) has been shown by n.m.r. to exist as the diketo form la. This accounts for the ease of pyridine ring 
cleavage of the 4,6-dihydroxy compounds in the presence of hot acid or base. Evidence is considered which 
supports the existence of the more aromatic enol form Ic present as the anion in dilute base.

Although the synthesis of 4-aminoimidazo[4,5-c]- 
pyridine (3-deazaadenine) and 4-hydroxyimidazo [4,b-
c]pyridine (3-deazahypoxanthine) previously has been

(1) Supported in p a rt by  G ran t CH -28 from the Am erican Cancer Society 
and in p a rt by G ran t N S F -G 13291 from the  N ational Science Foundation .

(2) In  p a rt from the  M aste r’s theses of C laude V. Greco and C alvin G. 
Beames, Jr., New Mexico H ighlands U niversity , 1953 and 1955.

reported,3 other purine analogs such as 4,6-dihydroxy- 
imidazo[4,5-c]pvridine (I), the xanthine analog, and
2,4,6-trihydroxyimidazo[4,5-c]pyridine (II), the analog 
of uric acid, have not been recorded previously. Pre-

(3) C. A. Salemink and G. M. Van der W ant, R e c .  t r a v .  c h i m . ,  68, 
1013 (,1949).
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OH OH
I II

vious syntheses of the imidazo [4,o-c ¡pyridine ring4-10 
have all proceeded from the appropriate 3,4-diamino- 
pyridine which was then ring closed by various means 
to give the requisite imidazo [4,5-c jpyridiue.

It seemed of theoretical interest to investigate the 
possibility of an alternative synthesis which would 
involve a substituted imidazole that could then be 
ring closed to form the pyridine portion of the molecule.

The synthesis of a number of previously unknown 
required derivatives of imidazole were accordingly in
vestigated. The commercial availability of methyl 
acetonedicarboxylate (III)11 and improvement in the 
synthesis of ethyl acetonedicarboxylate (IV)12 provided 
a ready source of starting material for the present 
work. Methyl acetonedicarboxylate (III) was nitro- 
sated with sodium nitrite in glacial acetic acid after a 
modified procedure of Pechmann13 for the diethyl ester 
to yield dimethyl-2-nitroso-3-ketoglutarate (V) which 
was reduced with sodium hydrosulfite to the amino 
derivative VI. When VI was treated with potassium 
cyanate in the presence of sulfuric acid, 4-acetic acid-
2-imidazolone-o-carböxylic acid dimethyl ester (VII) 
was readily obtained. Potassium thiocyanate in the 
presence of acid ring closed VI to 4-acetic acid-2- 
imidazolethione-5-carboxylic acid dimethyl ester
(VIII). Treatment of 4-acetic acid-2-imidazolone-5- 
carboxylic acid dimethyl ester (VII) and phosphorus 
oxychloride provided 4-acetic acid-2-chloroimidazole-5- 
carboxylic acid dimethyl ester (XI).

When 4-acetic acid-2-imidazolone-ö-carboxylic acid 
dimethyl ester (VII) was treated with aqueous am
monia heated on the steam bath, a monoamide, 4- 
acetamide-2-imidazolone-5-carboxylic acid methyl ester
(X), was readily prepared. 4-Acetic acid-2-imidazole- 
thione-5-carbbxylic acid dimethyl ester (VIII) and hot 
aqueous ammonia provided 4-acetamide-2-imidazole- 
thione-5-carboxylic acid methyl ester (XII). Treat
ment of XII with Raney nickel in refluxing ethanol 
gave 4-imidazolcacetamide-5-carboxylic acid methyl 
ester (XIII).

The assignment of structure for compounds X, XVI, 
and XIII as derivatives of 4-imidazoleacetamide-5- 
carboxylic acid methyl ester was made on the basis of
n.m.r. studies.

Examination of Table I reveals that in trifluoro- 
acetic acid, the methyl groups of imidazole-4,5-di-

(4) If. G raboyes and  A. R. Day, J .  A m .  C h e m .  S o c . ,  79, 6421 (1957).
(5) W. Knob loch and If. K ühne, J .  p r a k t .  C h e m . ,  17, 199 (1962).
(6) R. W eidenhagen and E. W eeden, B e r . ,  71, 2347 (1938).
(7) H. Wegner, L. N ordstrom , R. W eidenhagen, and G. T rain , i b i d . ,  

75, 1936 (1942).
(8) F. Kogl, G. M. Van der W ant, and  C. A. Salernink, R e c .  t r a t ,  c h i m . ,  

67, 29 (1948).
(9) P. C. Ja in , S. K. C hatterjee , and  N. A nand, I n d i a n  J .  C h e m . ,  1, 

30 (1963).
(10) (a) A. A lbert and C. Pedersen, ./. C h e m .  S o c . ,  4683 (1956); (b) C. A. 

Salernink, R e c .  t r a r .  c h i m . ,  80, 545 (1961); (c) A. R. D ay, N .  Y .  A c a d .  S e i . ,  

20, 3 (1957); (d) H. S usch it/ky , ./. C h e m .  S o c . ,  1666 (1963).
(11) The au tho rs  wish to  thank  Chas. Pfizer and Co., Inc., Brooklyn, 

N. Y.. for a generous gift of th is com pound used in th is s tudy .
(12) B. R. Baker. R. E. Schaub, and M. V. Q uerry, ./. O r g .  C h e m . ,  17, 

97 (1952).
(13) If. v. Pechm ann. B e r . .  24, 860 (1891).

Scheme I
O °  0
■c—c h 2—c — c h 2— 1RO—C—u m 2
III, r  = c h 3
IV, R = C2H:

o

CHjCOOH
OR NaNO¿ I

V H V V
C H ¡0 — C—  c -  c - c h 2- c -  o c h 3

NO
V
0 H

C H 30 - C - C H 2- C = 0  k c n s  ̂ CH3OCCH0— rj'N '^ = S  

C H 30 - C - C - N H 2 h + C H aO C — — N

0
VI
KCNOl |  H +

o
II

H
N

o
VIII

o

-N
H

jR aney Ni

c h 3o c c h 2—rfi ','T = o  
CH30 ^ — I----M

H
N.

0
-N

H

C H 3O C C H 2—  

C H 3O C—^— N

carboxylic acid dimethyl ester (XVII)14 appear at
4.12 8. Treatment of 4-acetic acid-2-imidazolethione-
5-carboxylic acid dimethyl ester (VIII) with Raney 
nickel gave 4-acetic acid-2-imidazole-o-carboxylic acid 
dimethyl ester (IX). I11 compound IX the methyl
group of the aliphatic ester appears at 3.94 5, and the 
aromatic methyl ester shows a sharp singlet at 4.12 8.

The n.m.r. spectrum of XIII reveals that the sharp 
singlet at 3.94 8 has disappeared, while the singlet at
4.12 9 remains. Thus, the structure of XIII must be
4-imidazoleacetamide-5-carboxylic acid methyl ester. 
Since XIII was prepared from XII, it follows that the 
structure of XII is 4-acetamide-2-imidazolethione-5- 
carboxylic acid methyl ester. Inspection of Table I 
shows that similar structural assignment can be made 
with the 2-chloroimidazole derivatives. Since XVI 
was prepared by the treatment of XI with ammonia, 
the structure of XVI must be 4-acetamide-2-chloro- 
imidazole-5-carboxylic acid methyl ester. Treatment 
of X with phosphorus oxychloride gave 4-acetonitrile- 
2 - chloroimidazole - 5 - carboxylic acid methyl ester 
(XVIII). Since the n.m.r. of XVIII shows the sharp 
singlet at 4.12 8 due to the methyl group of the aromatic 
ester, it follows that the structure of X is 4-acetamide-2- 
imidazolone-o-carboxylic acid methyl ester. Thus, 
in all cases the aliphatic ester reacted to give the cor
responding amide. This might be expected, due to the 
known greater reactivity of aliphatic esters over aro
matic esters.

(14) R. A. Baxter and F. S. Spring, J . Chem . Soc., 232 (1945).
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Scheme II

HO— 'll
N

OH
I

N a0C 2H 5

XV XIV

the band at 1740 cm.“ 1 has been replaced by amide 
carbonyl absorption at 1680 cm.“ 1.

Attempts to cyclize X, XII, XIII, XVI, and XVIII 
to a derivative of imidazo[4,5-c]pyridine were made 
using refluxing methanolic hydrogen chloride, con
centrated sulfuric acid, refluxing 2 N  sodium hydroxide, 
concentrated hydrochloric acid, and refluxing form- 
amide. No cyclized product could be isolated from 
these inactions. It is now known that, due to the 
general instability of the 4,6-dihydroxyimidazo [4,5- 
c]pyridine ring, the desired compounds, if formed, would 
have had little chance of surviving under these condi
tions. In an effort to vary this approach, 4-acetamide- 
2-chloroimidazole-5-carboxamide (XIX) was prepared 
from 4-acetic acid-2-chloroimidazole-5-carboxylic acid 
dimethyl ester (XI) and ethanolic ammonia at 150°. 
Attempts to ring close XIX by various means were 
likewise unrewarding.

The synthesis of 4,6-dihydroxyimidazo [4,5-c]pyri- 
dine (I) was finally accomplished from X III by em
ploying sodium ethoxide in refluxing absolute ethanol. 
The preparation of 4-acetamide-2-chloroimidazole-5- 
carboxylic acid methyl ester (XVI) was accomplished 
from XI and aqueous ammonia. Ring closure of XVI 
with sodium ethoxide in absolute ethanol gave 2- 
chloro-4,6-dihydroxyimidazo[4,5-c]pyridine (XX). 4,6- 
Dihydroxyimidazo[4,5-c]pyridine-2-thiol (XIV) was

Strong supporting evidence for this structural as
signment of XIII is found in the infrared spectra. 
Compound IX exhibits two sharp bands in the carbonyl 
region, 1740 cm.“ 1 (alkyl ester) and 1710 cm.“ 1 (aryl 
ester). The corresponding monoamide XIII exhibits 
the same sharp band at 1710 cm.“ 1 (aryl ester), but

T a b l e  I

N u c l e a r  M a g n e t ic  R e s o n a n c e  S p e c t r a  o f  C e r t a in  
I m id a z o l e  D e r i v a t i v e s “

H

R^ N i r Rl
Rj- L n

Compound Ri Ri R.
O O
II II

IX H CH2—C—OCH, C—OCH,
(8.85) (4.39) (3.94) (4.12)

O O

XI Cl CH2—C—OCH, C—OCH,
(4.38) (3.94) (4.12)

O O
II II

XIII H ch2-  c—n h 2 C—OCH,
(8.80) (4.38) (4.12)

O O
II II

XV sch , CH.—C—OCH, C—OCH,
(2.85) (4.30) (3.90) (4.10)

O 0

XVI Cl CH.—C—NH2
II

C-OCH,
(4.36) (4.11)

O O
IIC—OCH,XVII H C—OCH,

(8.97) (4.12) (4.12)
O

XVIII Cl 0 EC 1 O III

IIC—OCH,
(4.43) (4.12)

“ N.m.r. spectra run in trifluoroacetic acid with tetramethyl- 
silane as an external standard. Values expressed as p.p.m. 5. 
All spectra appeared as sharp singlets.

O 
II

H 2NCCH2
H

i 2iNx^n2—rj" —Y
CH3OC— — N 

II 
O
X, Y = OH 

XVI, Y = Cl

OH
II, Y = OH 

XX, Y = Cl|

similarly prepared from the amide ester XII. The 
uric acid analog, 2,4,6-trihydroxyimidazo[4,5-c]pyri- 
dine (II), was obtained from X by boiling aqueous 
sodium carbonate which was found to be a superior 
reagent for this specific ring closure.

A general study of the action of refluxing N  sulfuric 
acid on the various 4,6-dihydroxyimidazo [4,5-c]pyri- 
dines revealed that 50% decomposition occurred in 
90 minutes with the 2-chloro derivative (XX), in 135 
minutes with 4,6-dihydroxyimidazo [4,5-c Jpyridine (I). 
Refluxing 0.01 N  sodium hydroxide hydrolyzed XX and
1 50% in 10 minutes as judged by the loss of ultraviolet 
absorption at 316 and 310 m/i, respectively. The com
pounds 2,4,6-trihydroxyimidazo[4,5-c[pyridine (II) and
4,6-dihydroxyimidazo [4,5-c ]pyridine-2-thiol (XIV) also 
decomposed under similar conditions at a slightly 
slower rate. Although detailed studies were not made 
to identify the degradation products, in most instances 
general absorption in the 250-mr region, typical of 
imidazole derivatives, was noted. With 4,6-dihydroxy
imidazo [4,5-c]pyridine (I) the ultraviolet absorption 
spectra of the acidic and basic degradation products 
were identical to that of 4-imidazoleacetamide-5- 
carboxylic acid, prepared by the action of refluxing
2 N  sodium hydroxide on the ester XIII. Since the 
corresponding purines, xanthine and uric acid, are 
essentially unchanged by these conditions, further 
structural studies of these imidazo[4,5-c]pyridines were 
initiated.
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Inspection of I reveals that 4,6-dihydroxyimidazo- 
[4,5-c]pyridine could well exist in the diketo form la or 
the monoketo form lb. Examination of the n.m.r. 
spectrum of 4,6-dihydroxyimidazo [4,5-c ¡pyridine in 
trifluoroacetic acid revealed a sharp singlet at 9.1 5 
(proton at position 2), another singlet at 4.5 8 which 
integrated for two protons, and finally a broad absorp-

v ¥ j iH N ^d-----N

O
la

HO, H

OH
lb

tion at 10.1 5 attributed to XH at position 5 since the 
proton in the imidazole ring is known to exchange in 
trifluoroacetic acid. Such a spectrum is consistent 
only with structure la where the singlet at 4.5 8 is due 
to the CH2 grouping in position 7. Similarly, 2-chloro-
4.6- dihydroxyimidazo[4,5-c]pyridine (XX) in trifluoro
acetic acid showed one proton (XH) at 10.15 8 and a 
singlet (2 protons) at 4.5 8. Inspection of the ultra
violet absorption spectra of I and XX revealed that 
the trifluoroacetic acid, employed as a solvent, had not 
altered the compounds by hydrolysis. 2-Chloro-
4.6- dihydroxyimidazo [4,5-c ¡pyridine (XX) was also 
examined in deuterated dimethyl sulfoxide in the n.m.r. 
Absorption appeared at 10.8 8 (I proton, XH) and a 
singlet at 3.9 8 (2 protons), which again is strong sup
port for the diketo structure. The structure la ex
plains the ready hydrolysis of the pyridine ring since 
this system is simply a cyclic imide. It is of interest 
that no evidence of the structure lb could be detected 
by n.m.r. Structure lb might be expected since this 
tautomer would give the system stability due to in
creased aromaticity. Inspection of the ultraviolet 
absorption of the 4,(3-dihydroxyimidazo[4,5-c]pyridines 
(Table HI) reveals some interesting facts. The ab
sorption maxima of these compounds at pH 1, as com
pared to the uncyclized imidazoles (Table II), are ap
proximately in the range one might expect for a con
jugated cyclic imide. However, at pH 11 in each case 
the absorption maxima of the 4,6-dihydroxyimidazo- 
[4,5-c]pyridines undergo a bathochromic shift of ap
proximately 20-45 mm- It would thus appear that in a 
basic solution the anion which is formed has more 
aromatic character than the unionized species. Thus, 
it is quite possible that the proton is removed from

T a b l e  II
U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a  o f  C e r t a i n  I m i d a z o l e s  

i n  A q u e o u s  S o l u t i o n  a t  pH I 
H

R.i—̂ — N

C om p o u n d Ri r 2
VII OH CH2CO2CH3
V ili SH C H jC O î C H j

X OH CH2CONH2
XI Cl CH2CO2CH3
XII S H CH2CONH2

XIII H CH2CONH2
XV s c h 3 CH2C02CH3
XVI Cl c h 2c o n h 2
XVIII Cl c h 2c = n

^maxi ^min.
r 3 mpt € m/i €

C 0 2 C H 3 269 10 ,280 229 1720
C 0 2 C H 3 257 12 ,180 275 9200

284 9 ,9 4 0 223 3910
c o 2c h 3 270 1 0 ,5 4 0 227 1392
C 0 2 C H 3 244 7 ,6 7 0
C 0 2 C H 3 257 1 3 ,8 0 0 223 3880

285 10 ,750
C 0 2 C H 3 226 1 0 ,2 0 0
C 0 2 C H 3 263 12 ,450
c o 2c h 3 244 9 ,8 0 0
c o 2c h 3 247 12 ,550

U l t r a v io l e t  A bso rptio n  S p e c t r a  o f  S ome 
4,6-D ih yd ro xyim id azo  [4,5-c] py'b id in e s

T able II I

C o m p o u n d  R

I H

II OH

XIV SH

XX Cl

OH
.---------pH 1

Xmax,
mu t

242 5,440
290 6,030
302 7,700

259 12,800
309 8,760
271 7,060

pH 11
Xmax,
m /, e
262 S, 300
308 7,860
278 10,700
321 7,540
242 19,400
320 7.330
265 5,380
316 8,170

position 7 to give an anion of type Ic or Id, which would 
afford greater aromaticity to the system and better 
conjugation with the imidazole ring. An n.m.r. 
study of 2-chloro-4,6-dihydroxyimidazo [4,5-c ¡pyridine 
(XX) in deuterium oxide in the presence of sodium 
peroxide revealed no strong absorption. Thus, there 
is rapid exchange with the hydrogens at position 7, 
which is additional evidence for the existence of an 
anion such as Ic.

Experimental15
4-Acetic Acid-2-imidazolor.e-5-carboxylic Acid Dimethyl Ester 

(VII).—To 128 g. of methyl aeetonediearboxylate11 and 160 ml. of 
glacial acetic acid was added, with stirring, a solution of 43.2 g. of 
sodium nitrite dissolved in 64 ml. of water. The sodium nitrite 
solution was added at such a rate that the temperature remained 
between 25-35°. After addition of all the sodium nitrite solution, 
the mixture was stirred an additional 30 min.; then 600 ml. of 
water was added, and the solution was stirred for an additional 
hour. The mixture was transferred to a 4-1. beaker, and 800 ml. 
of water was added. To this solution was added 384 g . of sodium 
hvdrosulfite, and the solution was stirred until all the solid had 
dissolved. The mixture was then adjusted to pH 4 by the addi
tion of dilute sulfuric acid, and to this solution was added, in 
small portions, 200 g. of potassium cyanate. During this process 
the solution was stirred and cooled in an ice bath. After addition 
was complete, the solution was allowed to stand for 20 min. and 
then was heated to 70° on a steam bath. The solution was cooled 
overnight, and the light yellow crystals were filtered to yield 
31.25 g. of crude material, m p. 208-218°. The yellow solid was 
recrystallized from methanol and melted at 228-230°.

Anal. Calcd. for C8HioN2Os: C, 44.9; H, 4.7; N, 13.2, 
Found: C, 44.5; H, 4.9; N, 13.5.

4-Acetic Acid-2-imidazolone-5-carboxylic Acid Diethyl Ester.— 
This compound was similarly prepared from ethyl acetonedicar- 
boxvlate12 in an over-all yield of 38% . The product was recrystal
lized from hot water to give white needles, m.p. 186-187°.

Anal. Calcd. for Ci0H,,N.O5: C, 49.6; H, 5.8; N, 11.6 . 
Found: C, 49.6; H, 5.9; N, 11.6 .

4-Acetic Acid-2-imidazolethione-5-carboxylic Acid Dimethyl 
Ester (VIII).—This compound was prepared by the same proce
dure employed for the synthesis of 4-acetic acid-2-imidazolone-5- 
carboxylic acid dimethyl ester (VII) except that 184 g. of potas-

(15) All m e ltin g  p o in ts  a re  u n co rrec ted  an d  w ere d e te rm in e d  on a  F isher- 
Jo h n s  m e ltin g  p o in t a p p a ra tu s .
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sium thiocyanate was used instead of 200 g. of potassium cyanate. 
No cooling in an ice bath was necessary for this addition. After 
the yellow solution was heated to 70°, charcoal was added, and 
the solution was filtered and cooled to yield 32.0 g. of a yellow 
solid, m.p. 220- 222°, which was recrystallized from water to 
raise the melting point to 222°.

Anal. Calcd. for C9H11N2O4S: C, 44.3; H, 4.9; N, 11.5. 
Found: C,44.1; H, 5.2; N, 11.6.

4-Acetic Acid-2-imidazolethione-5-carboxylic Acid Diethyl 
Ester.—This compound was similarly prepared from ethyl ace- 
tonediearboxylate12 to give a product, m.p. 163-164°, after re- 
crystallization from water.

Anal. Calcd. for C10H14N2O4S: C, 46.5; H, 5.4. Found: 
C, 46.7; H, 5.8.

4-Acetic Acid-2-imidazole-5-carboxylic Acid Dimethyl Ester
(IX) .—To 500 ml. of absolute methanol was added 30 g. of 4- 
acetic acid-2-imidazolethione-5-carboxylic acid dimethyl ester
(VIII) and 60 g. of wet Raney nickel. The mixture was heated to 
vigorous reflux for 12 hr. The solution was then filtered, the 
nickel was washed with hot methanol, and the washings were 
added to the filtrate. The methanol was then removed under 
reduced pressure, and the yellow residue was recrystallized from 
water to yield 13.0 g., m.p. 163-178°. A second recrystallization 
from water raised the melting point to 178-180°.

Anal. Calcd. for CsH^NzO,: C, 48.5; H, 5.0; N, 14.2. 
Found: C, 48.8; H, 5.2; N, 14.4.

4-Acetic Acid-2-imidazole-5-carboxylic Acid Diethyl Ester.— 
This compound was prepared in a similar fashion. Recrystalliza
tion of the product from hot water gave white needles, m.p. 130- 
131°.

Anal. Calcd. for C^HuNzO,: C, 53.1; H, 6.2; N, 12.8. 
Found: C, 52.7; H, 6 .6 ; N, 12.8.

4-Acetamide-2-imidazolone-5-carboxylic Acid Methyl Ester
(X) .—To 100 ml. of boiling 28% ammonium hydroxide was added
6.0 g. of the diester (VII) in small portions. After addition was 
complete, the solution was boiled for 10 min. on the steam bath, 
filtered, and cooled in an ice bath. The dark solution was then 
acidified with dilute sulfuric acid and cooled overnight. The 
crystals were filtered to yield 4.0 g. (73%) of crude product, m.p. 
290-295° dec., which was recrystallized from water to give a 
pure product, m.p. 299-301° dec.

Anal. Calcd. for C,H9N30 4: C, 42.8; H, 4.6; N, 21.4. 
Found: C, 42.3; H, 4.6; N,21.2.

4-Acetamide-2-imidazolone-5-carboxylic Acid Ethyl Ester.— 
This compound was similarly prepared. The product was re
crystallized from water and melted at 278-279°.

Anal. Calcd. for CsHnNsOi: C, 45.1; H, 5.2. Found: C, 
45.1; 11,5.4.

4-Acetic Acid-2-chloroimidazole-5-carboxylic Acid Dimethyl 
Ester (XI).—Dry 4-acetic acid-2-imidazolone-5-carboxylic acid 
dimethyl ester (VII, 5 g.) was added to 75 ml. of phosphorus oxy
chloride. The solution was refluxed for 3.5 hr., and the excess 
phosphorus oxychloride was removed under reduced pressure 
using a water bath as the source of heat. The residue was poured, 
with vigorous stirring, onto crushed ice, and the mixture, while 
still cold, was adjusted to pH 5 with 28% ammonium hydroxide. 
The solution was allowed to stand 30 min. at room temperature 
and then was extracted with ether in a continuous extractor for 
30 hr. Distillation of the ethereal solution left 3.9 g. (72%) of 
yellow solid, which was recrystallized from benzene to yield 
white crystals, m.p. 137°.

Anal. Calcd. for CsHsClNzO,: C, 41.3; H, 3.9; N, 12.0. 
Found: C, 41.9; H, 4.0; N, 12.2.

4-Acetamide-2-chloroimidazole-5-carboxamide (XIX).—4-Ace
tic acid-2-chloroimidazole-5-carboxylic acid dimethyl ester (XI, 
2 g.) was added to 150 ml. of ethanol which had been saturated 
with ammonia at 0°. The reaction mixture was heated in a steel 
vessel at 150° for 6 hr. The alcoholic solution was cooled and 
evaporated to dryness on the steam bath, and a small amount of 
cold water was added to dissolve the inorganic salts. The 
aqueous solution was filtered, and the product was recrystallized 
from water to yield 0.424 g. The solid was recrystallized twice 
from water using decolorizing charcoal and gave a product melt
ing at 275“ dec.

Anal. Calcd. for C6H7C1N402: C, 35.6; H, 3.4; N, 27.7. 
Found: C, 35.6; H,3.6; N,27.9.

4-Acetic Acid-2-methylthioimidazole-5-carboxylic Acid Di
methyl Ester (XV).—To 100 ml. of water was added 3 g. of VIII 
and just enough potassium hydroxide to effect solution. Methyl 
iodide (1.0 g.) was added, and the solution was stirred vigorously

at 20° for 1 hr. The pH of the solution at the end of this period 
was 8 . The solution was cooled overnight and filtered to yield
2.6 g. of white solid, m.p. 102-105°, which was recrystallized 
from water to give needles, m.p. 107°.

Anal. Calcd. for C9H12N204S: C, 44.3; H, 4.9; N, 11.5. 
Found: C, 44.1; H, 5.2; N, 11.6.

4-Acetamide-2-imidazolethione-5-carboxylic Acid Methyl 
Ester (XII).—4-Acetic acid-2-imidazolethione-o-carboxylic acid 
dimethyl ester (VIII, 20 g.) was added in small portions to 300 
ml. of boiling 28% ammonium hydroxide on a steam bath. After 
each addition the flask and contents were shaken to effect solution. 
After addition was complete, the dark solution was boiled an addi
tional 5 min. and then filtered and cooled. The solution was 
acidified to pH 3 with dilute sulfuric acid and cooled overnight, 
and the light tan crystals were filtered and washed with water to 
yield 15.7 g. (84%). The compound was recrystallized from 
water to give a melting point of 233° dec.

Anal. Calcd. for C7H9N30 3S: C, 39.1; H. 4.2; N, 19.5. 
Found: C, 39.1; H.4.1; N, 19.5.

4-Acetamide-2-imidazolethione-5-carboxylic Acid Ethyl Ester. 
—This compound was similarly prepared from 4-acetic acid-2- 
imidazolethione-5-carboxylic acid diethyl ester and was recrys
tallized from water to give a melting point of 235-236°.

Anal. Calcd. for C8HnN30 3S: C, 41.9; H; 4.8; N, 18.3. 
Found: C,42.3; H, 5.2; N, 18.4.

4-Acetonitrile-2-chloroimidazole-5-carboxylic Acid Methyl 
Ester (XVIII).—To 4.0 g. of 4-acetamide-2-imidazolone-5-car- 
boxylic acid methyl ester (X) was added 75 ml. of phosphorus 
oxychloride. This mixture was refluxed for 2.5 hr., and then the 
volume of the solution was reduced to 35 ml. under reduced pres
sure. The dark liquid was poured slowly with stirring onto 
crushed ice, and the cold, aqueous solution was adjusted to pH 5 
with 28% aqueous ammonia and extracted with ether. The 
ethereal solution was then washed with a small amount of water 
and dried over sodium sulfate, and the ether was distilled to 
leave a yellow viscous residue. The crude product was recrystal
lized from benzene to yield 1.6 g. (40%) of pure white crystals, 
m.p. 137°.

Anal. Calcd. for C,H6C1N30 2: C, 42.0: H, 3.0; N, 21.0 . 
Found: C, 42.3; H, 2.7; N, 20.6.

4-Imidazoleacetamide-5-carboxylic Acid Methyl Ester[ (XIII). 
—4-Acetamide-2-imidazolethione-5-carboxylic acid methyl ester 
(XII, 4 g.) and 15 g. of Raney nickel catalyst were added to 100 
ml. of absolute ethanol. The mixture was refluxed for 2 hr.; 
then the Raney nickel was filtered, and the alcoholic filtrate was 
evaporated to dryness on a steam bath. The light grey residue 
was easily recrystallized from water to yield 1.48 g. of pure white 
solid (44%), m.p. 242-244°.

Anal. Calcd. for C7H9N30 3: C, 45.9; H, 5.0; N, 22.9. 
Found: C, 46.2; H, 5.0; N, 22.9.

4-Imidazoleacetamide-5-carboxylic Acid Ethyl Ester.—This 
compound was similarly prepared from 4-acetamide-2-imidazol- 
ethione-5-carboxylie acid ethyl ester to give white crystals (75% 
yield), m.p. 206° dec.

Anal. Calcd. for C8HuN30 3: C, 48.7; H, 5.6; N, 21.4. 
Found: C, 48.5; H,5.3; N, 20.8.

2,4,6-Trihydroxyimidazo[4,5-c)pyridine (II). Method 1.— 
To 35 ml. of boiling 10% sodium carbonate solution was added
3.5 g. of 4-acetamide-2-imidazolone-5-carboxylic acid methyl 
ester (m.p. 278-279°). The solution was refluxed for 5 min., and 
the reaction mixture was treated with charcoal and filtered. The 
hot filtrate was neutralized (pH 3) with concentrated hydrochloric 
acid, which precipitated the desired product. The solution was 
filtered while hot, and the product was suspended in boiling dis
tilled water and filtered. The product was washed three times 
with distilled water and dried in a vessel open to the atmosphere. 
The yield of cyclized material was 0.592 g. (22.2%), m.p. > 300°.

Anal. Calcd. for C6H6N30 3 H20 : C, 38.9; H, 3.8; N, 22.7. 
Found: C, 39.5; H, 3.9; N, 23.0.

A sample was dried in an oven at 130°.
Anal. Calcd. for C6H5N30 3: C, 43.1; H, 3.0; N, 25.2. 

Found: C, 42.9; H, 3.5; N, 24.8.
Method 2 .—When 4-aeetamide-2-imidazolone-5-carboxylic 

acid methyl ester (X, 4.0 g.) was employed as in method 1, a 
white solid (1.6 g., 47%), m.p. > 300°, was obtained. This 
product was washed with ethanol and recrystallized from glacial 
acetic acid. The compound thus ob.ained was shown by ultra
violet absorption spectra to be identical to that prepared by 
method 1.
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4,6-Dihy droxyimidazo [4,5-c] pyridine-2 -thiol (XIV).—Sodium 
(4.5 g.) was dissolved in 180 ml. of absolute ethanol, and then 6.0 
g. of 4-acetamide-2-imidazolethione-5-carboxylic acid methyl 
ester (XII) was added. The solution was refluxed for 15 min. on 
a steam bath, and then the pH was adjusted to 6 with glacial 
acetic acid. The mixture was stirred for 30 min. and cooled. 
The light green solid was filtered, suspended in 75 ml. of distilled 
water, and stirred an additional 30 min. The crude material 
was filtered and washed well first with distilled water and then 
with ethanol. The light green solid was dried at 60° to yield 5.3 
g., m.p. > 300°.

A n a l . Calcd. for C6H5N30 2S H20 : C.35.8; H, 3.5; N, 20.9. 
Found: C,36.0; H,4.6; N, 20.5.

A sample was dried at 130°.
A n a l . Calcd. for C6H6N30 2S: C, 39.3; H, 2.7; N, 22.9. 

Found: C, 39.3; H,3.0; N, 22.7.
4,6-Dihydroxyimidazo[4,5-c]pyridine (I).—4-Imidazoleacet- 

amide-5-carboxylic acid methyl ester (XIII, 10.0 g.) was added 
to 7.5 g. of sodium dissolved in 300 ml. of absolute ethanol. The 
solution was refluxed on a steam bath for 30 min. and then acidi
fied with glacial acetic acid. The mixture was stirred for 30 
min., cooled, and filtered, and the light tan material was sus
pended in 100 ml. of water, stirred for 30 min., and again filtered. 
The cyclized product was dried to yield 7.5 g. (91%), m.p. > 
300°, and a small sample was recrystallized from glacial acetic 
acid and dried at 130° for analysis.

A n a l . Calcd. for C6H4N30 2: C, 47.7; H, 3.3; N, 27.8. 
Found: C, 47.6; H, 3.4; N, 28.0.

4-Acetamide-2-chloroimidazole-5-carboxylic Acid Methyl Ester
(XVI).—4-Acetic acid-2-chloroimidazole-5-carboxylic acid di
methyl ester (XI, 10 g.) was treated with aqueous ammonia as

for the synthesis of XII and X. The solid was recrystallized 
from methanol-water to give 8.0 g. of product, m.p. 235-237° 
dec.

A n a l . Calcd. for C,H8C1N30 3: C, 38.7; H, 3.7; N, 19.3. 
Found: C.38.6; H,3.3; N, 19.0.

2-Chloro-4,6-dihydroxyimidazo[4,5-c]pyridine (XX).—4-Ace- 
tamide-2-chloroimidazole-5-carboxylic acid methyl ester (XVI, 
10.0 g.) was added to 7.5 g. of sodium dissolved in 300 ml. of 
absolute ethanol. This solution was refluxed on a steam bath 
for 30 min. and then transferred to an erlenmeyer flask. The 
pH of the solution was adjusted to 6 with glacial acetic acid, and 
the mixture was stirred for 30 min. and cooled. The light yellow 
material was filtered, suspended in 100 ml. of distilled water, and 
stirred for 30 min. The cyclized product was filtered and dried 
to yield 5.5 g. of light pink solid (65%), m.p. > 300°. A small 
sample was recrystallized from glacial acetic acid for analysis.

A n a l . Calcd. for C6H4C1N30 2: H, 2.2; N, 22.6. Found: 
H, 2.5; N, 22.7.

4-Imidazoleacetamide-5-carboxylic Acid.—To 50 ml. of 2 A’
sodium hydroxide was added 2 g. of 4-imidazoleacetamide-5-car- 
boxylic acid methyl ester (XIII). The solution was gently re
fluxed for 45 min. and then acidified with glacial acetic acid and 
placed in the refrigerator for 12 hr. The crude brown crystals 
which were filtered weighed 1.2 g. (70.6%). The crude product 
was reprecipitated from hot dilute sodium hydroxide (30 ml.) 
with acetic acid, and the white crystals obtained melted at 240° 
dec. The compound was dried over phosphorus pentoxide at 
110° for analysis.

A n a l . Calcd. for C6H7X30 2: C, 42.6; H, 4.1; N, 24.8; 
neut. equiv., 169. Found: C, 42.4; H, 3.9; N, 24.9; neut. 
equiv., 168.

T he C onversion o f 3-A m in oalk ylid en e-2 ,4 -p yran d ion es in to  4-Pyridones

R. N. Schut, W. G. Strycker, and Thomas M. H. Liu 
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Dehydroacetic acid reacts rapidly with primary amines in warm aqueous dimethylformamide to give amino- 
ethylidenepyrandiones. These compounds can be converted into N-substituted 4-pyridones. Proof of struc
ture of the intermediate compounds and the mechanistic pathway of the dehydroacetic acid-pvridone conversion
are discussed.

The conversion of dehydroacetic acid (I) into 2,6- 
dimethyl-4-pyridinol by the action of aqueous ammonia 
was first described by Haitinger in 1885.1 When 
methylamine was used, l,2,6-trimethyl-4-pyridone was 
formed in 94% yield.2

Two mechanisms have been proposed for the reaction 
of ammonia with I. The simpler route, as suggested by 
Brody and Ruby,3 involves attack by ammonia at the
6-position followed by opening of the pyrone ring and 
recyclization with the loss of water and carbon dioxide. 
A more complicated mechanism was proposed earlier 
by Feist.4 He postulated that ammonia condensed 
first with the carbonyl group in the side chain with 
elimination of water. This step is analogous to the 
reaction of ammonia with ethyl acetoacetate.5 The 
pyrone ring would then be opened (presumably by at
tack of water) and subsequently closed to the pyridone 
system. The isolation of 3-(l-iminoethyl)-4-hydroxy-
6-methyl-2-pyrone and its conversion into 2,6-dimethyl-
4-pyridinol6a b would lend support to the latter theory.

(1) L. H aitinger, B e r . ,  18, 452 (1885).
(2) S. H iinig and G. Kobrich A n n . ,  617, 181 (1958).
(3) F . Brody and  P. R . R uby , “ Pyridine and  D erivatives,” P a r t  1, E. 

K lingsberg, E d ., Interseience Publishers, In c ., New Y ork, N. Y . , 1960,
p. 186.

(4) F . F eist, A n n . ,  257, 253 (1890).
(5) R . C. Fuson, “ A dvanced Organic C hem istry ,” John  W iley and  Sons, 

Inc ., New Y ork, N. Y ., 1953, p. 106.

We have synthesized several N-substituted 4-pyri
dones (Table III) using dehydro acids and primary 
amines as starting materials. The rearrangement of 
the intermediate compounds (Table II) was studied in 
detail. Phenethylamine and dehydroacetic acid were 
heated in 50% aqueous dimethylformamide for 30 
minutes. A nonbasic compound, whose analysis indi
cated condensation with loss of one molecule of water, 
was obtained in 70% yield. A minor product, isolated 
in 5% yield, was shown to be l-phenethyl-2,6-dimethyl-
4-pyridone (IV) by an unequivocal synthesis in which
2,6-dimethyl-4-pyrone (V) was used as starting ma
terial.7 8

The ultraviolet spectrum of the major product shows 
maxima at 237 and 314 m^ while the pyridone IV has 
a single maximum at 266 mp. The course of the

(6) (a) S. Iguchi, K. H isatsune, M. H im eno, and  S. M uraoka, C h e m .

P h a r m .  B u l l .  (Tokyo), 7, 323 (1959). (b) N o t e  A d d e d  A u g u s t  7, 1963:
S. G a rra tt, J .  O r g .  C h e m . ,  28, 1886 (1963), reported  the  conversion of
3-(a-m ethylam ino)ethylidene-6-m ethylpyran-2,4-dione in to  N- m ethyllutidone 
by  the action  of m ethylam ine. In  th is case, b is-2 ,7-m ethylam inohepta-
2,5-dien-4-one was isolated as an  in term ediate.

(7) R . T . Conley, E . Nowoswiat, and W. G. Reid, C h e m .  I n d  (London), 
1157 (1959).

(8) R . T . Conley, E. Nowoswiat, and  E . Kosak, A bstract of Papers, 
138th N ational M eeting of the  American Chem ical Society, New York, 
N. Y., Septem ber, 1960, p. 13-0. W e wish to thank  D r. Conley for a private 
com m unication in which he described th e  experim ental conditions for ring 
closure of bis (am inovinyl) ketones.
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reaction was followed by measuring the ultraviolet 
spectrum of the solid material isolated periodically 
from an aliquot of reaction solution (Table I). The 
results show that the intermediate compound is formed 
rapidly and is converted slowly into IV.

T a b l e  I

R e a c t io n  o f  D e h y d r o a c e t ic  A c id  w it h  P h e n e t h y l a m in e  in

D im e t h y l f o r m a m id e - W a t e r  (1:1) a t  105°
Time ' Amai i m/x—' «max

30 min. 237 314 21,300 22,700
90 min. 237 266 314 18,400 8,900 18,900
3 hr. 237 266 314 11,300 9,600 11,300
6 hr. 266 314 19,800 8,600

12 hr. 266 20,900

Structures II, VII, and VUIb were regarded as possi
bilities for the intermediate compound. The insolu
bility of the intermediate in sodium bicarbonate and 
hydroxide solution definitely excludes structure VII. 
Although 2,6-dimethyl-4-hydroxy-3-pyridinecarboxylic 
acid was the major product formed in the reaction of 
ammonia with dehydroacetic acid at temperatures 
below 100°,9 we have never been able to isolate pyridone- 
carboxylic acids in our work with primary amines. 
In one attempt to synthesize this type of compound,
2,6-dimethyl-4-oxo-3-pyrancarboxylic acid10 was treated 
with a solution of phenethylamine in aqueous dimethyl- 
formamide at steam bath temperature. Rapid de
carboxylation took place under these conditions; com
pound IV was the only product isolated.

Ketene reacts with pyridine to give a compound of 
rather complex structure. One of the degradation 
products (IX) as well as simpler models (Villa) were

(9) J . N. Collie, J .  C h e m .  S o c . ,  77, 971 (1900).
(10) J. N. Collie and T . P. H ilditch. i b i d . ,  787 (1907).

studied by Berson and co-workers.1112 A hypsochro- 
mic shift of the highest absorption band occurs when 
the ultraviolet spectra of these compounds are meas
ured in basic solution. The compounds are soluble in 
sodium hydroxide solution, give positive ferric chloride 
tests and form 2,4-dinitrophenylhydrazone derivatives. 
Since none of these properties were shown by the inter
mediate we isolated, structure VUIb also may be 
rejected.

Evidence for structure II was obtained by degrada
tion of the intermediate to sodium dehydroacetate and 
phenethylamine in the presence of hot alcoholic sodium 
carbonate solution. The infrared spectrum (chloro
form) of II showed strong bands at 1700 (lactone C = 0), 
1660, 1610, and 1580 cm.-1. There was no OH or 
NH absorption in the normal frequency range in either 
the infrared or near infrared spectrum; however, 
strong hydrogen bonding or chelation effects would be 
expected in this type of compound.13

The nuclear magnetic resonance spectra of a number 
of compounds obtained from the condensation of /}- 
diketones with primary amines have been studied.14 
Of the three tautomeric possibilities (Xa, Xb, or Xc), 
the compounds were shown to exist predominantly in 
the ketamine form Xb. Confirmatory evidence for 
the ketamine structure in the case of the intermediates 
reported in this paper was provided by the n.m.r. 
spectrum (deuteriochloroform) of compound XI. The 
data obtained was quite similar to that reported by 
Dudek and Holm. The significant feature of the 
spectrum was a doublet centered at 5.37 t  (J = 6.0 
c.p.s.). This indicates splitting of the N-CH2 signal 
by a hydrogen attached to the nitrogen atom.

R .n
rk

Xc
R'

The pathway from compound II to the pyridone ring 
system most likely involves the open chain interme
diate III; however, this part of the mechanism has not 
been proved conclusively. The dependence upon water 
for the conversion of II to IV was demonstrated by 
heating a solution of the ketamine in purified dimethyl- 
formamide. At the end of four hours, the ultraviolet 
spectrum of the recovered solid product did not show 
the typical 4-pyridone absorption at 266 him.

Subtle steric factors apparently play a part in the 
transformation of the ketamine intermediates into 4- 
pyridones. This was evident from the fact that a- 
methylphenethylamine and dehydroacetic acid gave 
XII as the sole product after twelve hours under the 
usual reaction conditions (see Table I). Formation of 
the pyridone XVI in this case required treatment with 
warm mineral acid. Analogy for this rearrangement is 
found in the acid-catalyzed conversion of a-anilino- 
methylene 5-lactones into cyclic enamines.15 We sug-

(11) J. A. Berson, W. M. Jones, and L. F. O’Callaghan, J .  A m .  C h e m .  

S o c . ,  78, 622 (1956).
(12) J. A. Berson and  W. M. Jones, i b i d . ,  78, 1625 (1956).
(13) N. H. Cromwell, F. A. Miller, A. R. Johnson, R. L. F rank , and 

D. J. W allace, i b i d . ,  71, 3337 (1949).
(14) G. O. D udek and  R. H. Holm, i b i d . ,  84, 2691 (1962).
(15) F . Korte, A n g e w .  C h e m .  I n t e r n .  E d .  E n g l . ,  1, 61 (1962).
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T a b l e  II
A m in o a l k y l id e n e p y r a n d io n e s

Compd. R R'/
Yield,

%
M .p.,
°C. Form ula c

—Calcd.----
H N c

—Found----
H N

ii c h 2c h 2c 6h 5 c h 3 70 90-91 C16H17NO3 70.85 6.28 5.17 71.06 6.19 5.27
XI CH2C6Hs c h 3 69 80-81 C15H15NO3 70.04 5.84 5.45 70.11 5.99 5.37
XII c h c h 3c h 2c 6h 6 c h 3 70 84-85 C17H19NO3 71.58 6.66 4.91 71.52 6.37 4.91
XIII (CH2)3N(CH3)2 c 6h 5 27 120-121 C23H24N2O3 73.40 6.39 7.45 73.69 6.53 7.47
XIV c h 2c h 2c 6h 6 c 6h 6 34 146-147 C26-H-2]NC)3 78.99 5.32 3.54 78.99 5.31 3.60
XV |S-(3-Indolyl)ethy] c h 3 80 196-198 c 18h ,8n 2o 3 69.68 5.81 9.03 69.29 6.17 9.12

T a b l e  III 
4 -P y k id o n e s  

0

Compd. R R ' M ethod“
Yield,

%
M .p.,
°C. Form ula c

-C a lcd .-
H N C

-F o u n d -
H N

IV c h 2c h 2c 6h 6 c h 3 A 25 164-166 c 16h 17no 79.30 7 50 6.17 79.20 7.76 6.23
XVI c h c h 3c h 2c 6h 6 c h 3 A 31 235-236 c 16h 19n o -h c i- ’' 69.06 7.20 12.77k 69.04 7.57 12.71b
XVII c h 2c h 2c 6h 6 c 6h 6 A 48 247-252' c25h 21no 85.47 5.98 3.99 85.50 6.05 3.77
XVIII /3-(3-Indolyl)ethyl c h 3 A 79 281-282 c „h ,sn 2o 76.69 6.77 10.53 75.87 6.66 10.60
XIX (CH2)3-N(CH3)2 c h 3 B 70 123-125 c ,2h 2„n 2o 69.3 9 62 13.46 69.8 9.66 13.38
XX (CH2)3OH c h 3 B 74 188-189 c 10h 15n o 2 7.73 7.88

XXI
CA

c h 3 B 48 157-158 c 19h 26n 3o 13.50 13.42

XXII (CHiX—1/  J n—CjHj
c h 3 B 50 144-145 c2„h 27n 3o 12.92 12.67

0 Method A is the rearrangement of the corresponding pyrandione by heating in dilute sulfuric acid-methanol. Method B is heating 
a mixture of dehydroacid and amine in water or aqueous dimethylformamide for 6 hr. 6 Chloride ion by titration. c Lit. m.p. 258°, 
M. J. Chauvelier, Bull. soc. chim. France, 734 (1954).

gest structure XXIII as an intermediate for the con
version of aminoalkylidene pyrandiones into 4-pyri- 
dones in acidic media. In such a species, there should 
be less crowding in the transition state for ring closure 
than in structure III; decarboxylation and ring closure 
would probably occur in concerted fashion.

XXIII

Some hydrolytic cleavage of the aminoalkylidene- 
pyrandione to dehydro acid and primary amine took 
place during rearrangement in acid. This side reaction 
was especially serious when R' = phenyl. At first it 
was thought that this cleavage represented an alterna
tive pathway for pyridone formation from the inter
mediate compounds. To test this idea, an equimolar 
mixture of dehydroacetic acid and phenethylamine was 
subjected to the conditions of the acid-catalyzed re
arrangement. No 4-pyridone was formed; the only 
solid product isolated was 2,6-dimethyl-4-pyrone, a 
product of rearrangement of dehydroacetic acid. 
Therefore, the 4-pyridones formed in the acid-catalyzed

rearrangement of aminoalkylidenepyrandiones must be 
derived from an open-chain species such as XXIII.

Experirrental,B
General Procedure for Synthesis of Aminoalkylidenepyran

diones.—Equimolar quantities of the dehydro acid and primary 
amine are dissolved in 50%. aqueous dimethylformamide. The 
solution is heated under reflux ca. 30 min. in the case of the sim
pler amines. When higher molecular weight amines or dehydro- 
benzoylacetic acid are used, a dimethylformamide solution is 
heated under reflux for 6 hr. The solvents are distilled in vacuo 
and the residual oil is stirred with ether to cause solidification. 
The crude product may be purified by recrystallization from 
benzene-hexane or ether-benzene.

3-( 1 -Phenethylamino )ethylidene-6-methyl-3//-pyran-2,4-dione 
(II).—A solution of 16.8 g.‘(0.10 mole) of dehydroacetic acid and
12.1 g. (0.10 mole) of phenethylamine in 60 ml. of 50% dimethyl
formamide was heated under reflux for 30 min. The solvent 
was distilled in vacuo and the residue was treated with ether to 
produce a solid material. The crude product was stirred for 15 
min. in 100 ml. of cold 10% hydrochloric acid, then filtered to 
give 19.0 g. (70%) of ivory-colored crystals, m.p. 88-89°. 
An analytical sample of 3-(l-phenethylamino)ethylidene-6- 
methyl-3//-pyran-2,4-dione (II) was prepared by recrystalliza
tion from benzene-ether, m.p. 90-91°; 237, 314 m/i
(e 20,600; 22,200). The infrared spectrum (chloroform) showed 
strong bands at 1700 (lactone 0 = 0 ) ,  1660, 1610, and 1580 c m r1. 16

(16) M elting points were taken  in open capillaries and  are corrected. 
Infrared spectra were determ ined with a Perkin-E lm er Infracord  M odel 137 
spectrophotom eter; u ltrav io le t spectra were m easured w ith a W arren 
Spectracord. The n.m .r. spectrum  was determ ined a t 60 Me. w ith a Varian, 
Model HR-60, spectrom eter.
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The compound was insoluble in dilute sodium hydroxide solution, 
and the ferric chloride test wa3 negative. The iodoform test 
was also negative and no dinitrophenylhydrazone formed.

The acid filtrate from the previous experiment described was 
made basic and extracted with chloroform. Drying and concen
tration in vacuo gave 1.0.5 g. (4.6%) of l-phenethyl-2,6-dimethyl-
4-pyridone, m.p. 164-167°.

2.6- Diphenethylamino-2,5-heptadien-4-one (VI).—A solution 
of 6.0 g. (0.049 mole) of 2,6-dimethyl-4-pyrone in 50 ml. of water 
was treated with 11.7 g. (0.097 mole) of phenethylamine. The 
solution was heated at 90° for 30 min. and cooled. The solid 
material which formed was collected and recrystallized from 
benzene-ether to give 4.8 g. (29%) of light, yellow crystals, 
m.p. 114-115°; x ""H 380 ium (e 47,400); r™ "3 1695, 1590, 1540 
(sh), and 1315 cm.-1.

Anal. Calcd. for C23H28N20: 0 ,79.31; H, 8.05; N, 8.05. 
Found; 0,79.46; H, 7.96; N, 8.18.

l-Phenethyl-2,6-dimethyl-4-pyridone (IV).—A mixture of 3.80 
g. (0.011 mole) of the bis( amino vinyl) ketone (VI) and 50 ml. of 
water was steam distilled over a 6-hr. period. The distillate was 
concentrated in vacuo, the residue was dissolved in methanol- 
ether and converted to the hydrochloride (1.26 g., m.p. 257- 
259°) The free base was regenerated and extracted into 
chloroform. Drying and concentration in vacuo gave a white 
solid which was stirred in ether and collected; yield, 0.78g.; m.p. 
168-170°. A mixture melting point with l-phenethyl-2,6- 
dimethyl-4-pyridone prepared by acid-catalyzed rearrangement 
of compound II was not depressed.

Conversion of 3-( l-Phenethylamino)ethylidene-6-methyl-3/f- 
pyran-2,4-dione (II) into l-Phenethyl-2,6-dimethyl-4-pyridone
(IV).—A solution of 24.0 g. (0.089 mole) of the pyrandione 
in 200 ml. of methanol and 100 ml. of 30% sulfuric acid was 
heated under reflux for 1 day. The solution was diluted with 
100 ml. of water, and the methanol was distilled. The aqueous 
solution was made alkaline and extracted with chloroform. 
Drying and concentration in vacuo gave 13.5 g. of yellow solid. 
Recrystallization from aqueous methanol gave 5.0 g. of white 
crystalline product, m.p. 168-169°. A further recrystallization 
gave the analytical sample, m.p. 164-166°; x“'°H 266 m/u (e
20,000); r™°13 1640 and 1560 cm.-1.

The identity of the compound with that obtained from dehydro- 
acetic acid and phenethylamine after 12-hr. heating in 50% 
dimethylformamide was established by spectroscopic and mixture 
melting point determinations.

2.6- Dimethyl-4-oxo-3-pyrancarboxylic Acid.—A modified pro
cedure of Collie and Hilditch10 was used. A 10-g. sample of 
dehydroacetic acid was heated in the presence of 35 ml. of 85% 
sulfuric acid at 95-100° for 30 min. The orange-colored solution 
was poured onto 200 g. of ice. The solid which formed was filtered 
and washed with water to give 1.7 g. of the desired pyrancar- 
boxylic acid, m.p. 97-99° (lit.10 m.p. 98.5-99°); mixture melting 
point with dehydroacetic acid was depressed to 80-90°.

Reaction of 2,6-Dimethyl-4-oxo-3-pyrancarboxylic Acid with 
Phenethylamine.—A solution of 0.70 g. (5.7 mmoles) of phen
ethylamine and 0.96 g. (5.7 mmoles) of 2,6-dimethyl-4-oxo-3- 
pyrancarboxylic acid in 25 ml. of 50%. dimethylformamide was

heated on the steam bath for 90 min. During the first few min
utes a brisk evolution of gas was noticed. The solvents were 
concentrated in vacuo and the residue was triturated with ether. 
The light yellow solid obtained (0.47 g.) had m.p. 150-160°. 
Recrystallization from benzene ether gave material with m.p.
159-163°; mixture melting point with l-phenethyl-2,6-dimethyl-
4-pyridone was not depressed.

Basic Cleavage of 3-(l-Phenethylamino)ethylidene-6-methyl- 
3//-pyran-2,4-dione.—A mixture of 0.56 g. (2.1 mmoles) of 
compound II, 10 ml. of 10% sodium carbonate solution, and 
enough methanol to give a clear solution was heated under reflux 
for 2 hr. The methanol was distilled in vacuo and cold dilute 
hydrochloric acid was added to the aqueous solution until pH 4 
was attained. The precipitated material was collected and 
washed with cold water; yield, 0.18 g .; m.p. 108-110°; a mixture 
melting point with dehydroacetic acid showed no depression.

Behavior of Compound II when Heated under Anhydrous 
Conditions.—A solution of 1.88 g. of 3-( 1-phenethylamino)- 
ethylidene-6-methyl-3H-pyran-2,4-dione (II) in 25 ml. of dried 
and distilled dimethylformamide was heated at 103° for 4 hr. 
The absence of the 266-m/i band in the ultraviolet spectrum of the 
recovered solid indicated that no 4-pyridione formed. There 
was recovered 1.51 g. (80%) of starting material, m.p. 89-90°.

Hydrolysis of 3-(l-Phenethylamino)ethylidene-6-methyl-3//- 
pyran-2,4-dione in Acidic Medium.—A solution of 6.78 g. (0.025 
mole) of compound II in 40 ml. of methanol, 20 ml. of water, and 
7 ml. of concentrated sulfuric acid was heated under reflux for 
2 hr. The solution was concentrated to a small volume; the 
solid material which formed at this point was collected and 
treated with cold dilute sodium hydroxide solution. A chloro
form extract yielded 1.69 g. of l-phenethvl-2,6-dimethyl-4- 
pyridone (IV). The basic aqueous extract was acidified with 
hydrochloric acid to give 1.01 g. of dehydroacetic acid.

Attempted Formation of l-Phenethyl-2,6-dimethyl-4-pyridone 
from Dehydroacetic Acid and Phenethylamine in Acidic Medium. 
—To a solution of 16.8 g. (0.10 mole) of dehydroacetic acid in 200 
ml. of methanol and 100 ml. of 30% sulfuric acid (by volume) 
was added 12.1 g. (0.10 mole) of phenethylamine. The solution 
was heated under reflux for 1 day. The methanol was removed 
by distillation and the acidic aqueous solution was extracted 
with benzene. The organic extract was concentrated to produce
l . 7 g. of dehydroacetic acid, m.p. 109-111°. The aqueous layer 
was made alkaline and extracted with chloroform. Concentra
tion of the dried extract gave 7.7 g. of acid-soluble material,
m. p. 130-140°. Recrystallization from benzene-ether gave 3.6 
g. of white crystalline compound, m.p. 134-135°; mixture melt
ing point with 2,6-dimethyl-4-pyrone showed no depression.
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C oncerning th e  P o sition  o f T h iocyan ation  in  Pyrrole1
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Chemical evidence is presented which confirms the assignment of the structure of 2-thiocyanopyrrole to the 
product of the thiocyanation of pyrrole. The thiocyanopyrrole obtained from pyrrole is converted to 2-methyl- 
sulfonylpyrrole, the structure of which is established by its identity with 2-methylsulfonylpyrrole synthesized 
from diethyl 3,4-pyrroledicarboxylate by thiocyanation, méthylation, oxidation, and decarboxylation.

The position of thiocyanation in pyrrole has been of 
recent interest.3 4 In the synthesis of thieno [3,2-51- 
pyrrole (I), the initial step was thiocyanation of pyr
role (II) with thiocyanogen to give a compound whose 
structure was assigned as 3-thiocyanopyrrole (III).5 
The evidence for this assignment was that the ketone V, 
obtained by treating III with bromoacetic acid in basic 
aqueous methanol and subsequent ring closure of the 
resulting acid IV with polyphosphoric acid, yielded 2- 
acetylpyrrole (VI) upon desulfurization with Raney 
nickel.6

c C l
I t  x n ^ coch3H

VI

In studies of the nuclear magnetic resonance spectra 
of various substituted thiophenes6 and pyrroles,7 it 
developed3 that the n.m.r. spectra of monothiocyano- 
pyrrole and its simple derivatives are consistent with 
those of 2-substituted pyrroles and not of the 3-isomers. 
Gronowitz, Hornfeldt, Gestblom, and Hoffman, there
fore, reassigned the structure of the thiocyanation 
product as 2-thiocyanopyrrole and recognized the 
occurrence of rearrangement in the ring closure of 2- 
pyrrolylthioacetic acid (VIII) in polyphosphoric acid.3 
This paper reports new chemical evidence concerning 
the position of thiocyanation in pyrrole.

The initial goal was the thiocyanation of a pyrrole 
having the 3 and 4 positions blocked by groups that 
could be removed subsequently. Diethyl 3,4-pyrrole- 
dicarboxylate8 (IX) appeared to be a suitable starting 
material, provided that the combined effect of the two 
electron-withdrawing groups would not entirely inhibit 
the thiocyanation. Although attempts at the thio
cyanation with thiocyanogen under a variety of condi
tions failed, the desired monothiocyano derivative X 
could be obtained in good yield with the aid of the more

(1) Supported in p a rt by a research g ran t (C 3969-Bio) from the N ational 
Cancer In s titu te , Public H ealth Service.

(2) N ational Science Foundation  Fellow, 1962-1963.
(3) S. Gronowitz, A. Hornfeldt, B. G estblom , and R. A. Hoffman, A r k i v .  

K e m i ,  18, 151 (1961); see also S. Gronowitz, U. R ud 6n, and B. Gestblom , 
i b i d . , 20, 297 (1963).

(4) S. Gronowitz, A. Hornfeldt, B. Gestblom , and R. A. Hoffm an, J .  O r g .  

C h e m . ,  26, 2615 (1961).
(5) D. S. M atteson and H. R. Snyder, J .  O r g .  C h e m . ,  22, 1500 (1957).
(6) S. Gronowitz and R. A. Hoffman, A r k i v .  K e m i ,  16, 563 (1960).
(7) S. Gronowitz, A. H ornfeldt, B. Gestblom , and R. A. Hoffman, i b i d . ,  

18, 133 (1961).
(8) E. C. Kornfeld and R. G. Jones, J .  O r g .  C h e m . ,  19, 1671 (1954).

reactive reagent thiocyanogen chloride.9 The infrared 
spectrum of X has a band at 2155 cm.-1 due to the 
thiocyano group, plus bands for the N-H and ester 
groups. Compound X was converted to the methyl- 
thiopyrrole XI by the reaction with methyl iodide and 
base in aqueous methanol.5 Oxidation of XI with 
hydrogen peroxide in acetic acid10 occurred to yield the 
sulfone XII, the infrared spectrum of which has bands 
at 1300 and 1133 cm.-1 due to the sulfonyl group. 
The sulfone XII underwent basic hydrolysis to the di
acid XIII which was decarboxylated upon heating 
under reflux in 2-aminoethanol11 to yield 2-methyl-
sulfonylpyrrole (XIV). The reactions all occurred in 
yields of better than 70% except for the decarboxylation, 
which occurred in a yield of 53%.

c2h6o2<v  ,co2c2h5 c2h5o2c .

V  -
H

. /C 0 2C2H6
)  1  -  

N V3CN H
IX X

c,h5o2g  ^ co2c2h5 c2h5o2c.

H SCH3

N ^ co2c2h5

T Y  —N ^so ^H ,
XI XII

ho2c% .co,h

X X  -
H SO,CH3 a H S02CH3

xm XIV

The infrared spectrum of 2-methylsulfonylpyrrole
(XIV) shows absorption due to the N-H group at 
3420 and the sulfonyl group at 1300 and 1135 cm.-1, 
and has no bands due to carbonyl absorption. The
n.m.r. spectrum consists of three multiplets assigned to 
the three ring protons as follows: r6 = 2.95, r3 = 3.06, 
and r4 = 3.67 p.p.m., and a singlet at t = 6.86 p.p.m. 
due to the side-chain methyl hydrogens. The coupling 
constants, calculated from a spectrum in which coupling 
with the proton on nitrogen has been eliminated by 
addition of a few per cent of pyrrolidine,3 are J 34 = 3.6, 
,/46 = 2.5, and J 36 = 1.4 c.p.s. These values are in the 
range expected for a pyrrole substituted in the «-posi
tion, the reported values being ,/34 = 3.40-3.80, J 46 = 
2.40-3.10, and J 36 = 1.35-1.50 c.p.s.7

The second objective was to transform the mono- 
thiocyanopyrrole obtained from pyrrole to the cor
responding sulfone and to compare this with 2-methyl
sulfonylpyrrole (XIV). Pyrrole was treated with thio-

(9) R. G. R. Bacon and R. G. Guy, J .  C h e m .  S o c . ,  318 (1960).
(10) R. B. W agner and H. D. Zook, “ Synthetic Organic C hem istry ,” 

John  W iley and Sons, Inc., New York, N. Y., 1953, p. 801.
(11) E. J. Chu and  T. O. Chu, J .  O r g .  C h e m . ,  19, 266 (1954).
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cyanogen at —70° in methanol6 and the thiocyano 
compound VII was converted to the methylthiopyrrole 
XV by treatment with methyl iodide and alkali in 
aqueous methanol.5 The infrared spectrum of the 
methylthiopyrrole XV was superimposable on a 
previously published spectrum3 of a sample prepared in 
the same way.

«
H SCN H SCH3 H SOCHj H S02CH3

VII XV XVI XVII

The oxidation of the methylthiopyrrole XV to the 
sulfone proved to be the critical step. The best re
sults were obtained in a stepwise conversion, first to the 
sulfoxide and then to the sulfone. Attempts to prepare 
the sulfone directly from XV gave, in poor yields, a 
mixture of the sulfoxide and sulfone which proved to be 
difficult to separate. The sulfoxide XVI was prepared 
either by oxidation with hydrogen peroxide in acetone 
(73% yield) or with hydrogen peroxide in aqueous 
acetic acid (81% yield).10 The infrared spectrum of the 
sulfoxide XVI shows strong absorption at 1015-1040 
cm.-1 in the region for sulfoxide absorption. The 
decoupled n.m.r. spectrum shows the ring protons as 
three quartets assigned as follows: r 5 = 3.05, r 3 =
3.33, and = 3.83 p.p.m., and a singlet due to the 
methyl protons at r  = 7.05 p.p.m. The coupling 
constants calculated are Ju  = 3.60, ./is = 2.55, and 
J 35 = 1.40 c.p.s., in good agreement with those ex
pected for the 2-isomer but not for the 3-isomer.7 
The sulfoxide XVI was reduced to XV with lithium 
aluminum hydride,12 thus establishing that no re
arrangement had occurred in the oxidation to the sulf
oxide.

The sulfone XVII was formed in a 52% yield from 
the sulfoxide by oxidation with hydrogen peroxide in 
acetic acid. The sulfone XVII obtained from thio- 
cyanopyrrole proved to be identical with 2-methyl- 
sulfonylpyrrole (XIV) (melting point, mixture melting 
point, infrared, and n.m.r. spectra).

These results provide chemical evidence that thio
cyanation of pyrrole does occur in the a-position and 
that the previously reported monothiocyanopyrrole3 6 
is, indeed, 2-thiocyanopyrrole (VII).

Experimental13
Diethyl 2-Thiocyanopyrrole-3,4-dicarboxylate (X).—A solution 

of thiocyanogen chloride9 was prepared by adding potassium 
thiocyanate (2.95 g., 30.4 mmoles) in one portion to a solution of 
chlorine (2.13 g., 30.0 mmoles) in 170 ml. of acetic acid which had 
previously been dried by refluxing with a few milliliters of acetic 
anhydride. The resulting solution was stirred for 0.5 hr. at room 
temperature. Diethyl 3,4-pyrroledicarboxylate, prepared ac
cording to Kornfeld and Jones,8 was added in one portion to the 
solution of thiocyanogen chloride and the reaction mixture was 
stirred at room temperature for 16 hr.

The yellow solution containing dispersed potassium chloride 
was poured into 600 ml. of cold water, whereupon a yellow 
solid formed. The mixture was allowed to stand in the refriger
ator for 45 min., after which it was filtered, washed with cold 
water, and the yellow solid allowed to air dry. The crude 
product weighed 6.1 g. (82%), m.p. 140.5-142.5°. An analyti

(12) F. G. Bordwell and W. H. M cKellin, A m .  C h e m .  S o c . ,  73, 2251 
(1951).

(13) M elting points are uncorrected. T he spectra were determ ined by 
M r. D. H. Johnson and his associates. T he m icroanalyses were performed 
by M r. Josef Nem eth and his associates.

cal sample was prepared by three recrystallizations from 95% 
ethanol, m.p. 144-145°.

Anal. Calcd. for C,iH12N204S: C, 49.24; H.4.51; N, 10.44. 
Found: C, 49.25; H, 4.34; N, 10.53.

Diethyl 2-Methylthiopyrrole-3,4-dicarboxylate (XI).—A 
solution of diethyl 2-thiocyanopyrrole-3,4-dicarboxylate (X) 
(3.0 g., 11.2 mmoles) and methyl iodide (2.0 g., 14.0 mmoles) 
in 35 ml. of methanol was cooled in an ice bath. To the stirred 
solution was added in one portion a solution of potassium hy
droxide (0.7 g., 12.5 mmoles) in 20 ml. of water and 10 ml. of 
methanol. The reaction mixture was stirred for 4 hr. during 
which time it was allowed to warm to room temperature. Most 
of the methanol was removed under vacuum on the steam bath. 
The yellow oil, which formed in the aqueous phase, was extracted 
with four portions of methylene chloride and the combined 
extracts were dried over magnesium sulfate. After filtration, 
the solvent was evaporated on the steam bath to yield a yellow 
oil. This oil solidified upon cooling 1 hr. in the refrigerator;
2.6 g. (90%), m.p. 86-92°. Recrystallization from benzene- 
low boiling petroleum ether (b.p. 30-60°) yielded crystals melting 
at 94-96°.

Anal. Calcd. for CuH15N04S: C, 51.35; H, 5.88; N, 5.44. 
Found: C.51.23; H, 5.80; N, 5.27.

Diethyl 2-Methylsulfonylpyrrole-3,4-dicarboxylate (XII).—Di
ethyl 2-methylthiopyrrole-3,4-dicarboxylate (XI) (1.2 g., 4.67 
mmoles) was dissolved in 8 ml. of glacial acetic acid. To this 
solution was added 6 ml. of 30% hydrogen peroxide. The result
ing solution was refluxed for 1 hr. and then allowed to cool and 
stand at room temperature for 16 hr. The reaction mixture was 
partially neutralized with 7 N ammonium hydroxide until 
crystals formed, after which it was cooled for 1 hr. in an ice 
bath. The crystals were filtered, washed with water, and dried 
overnight in a vacuum desiccator over phosphorus pentoxide to 
yield 1.0 g. of white needles (74%), m.p. 122-125°. An analyti
cal sample was prepared by recrystallizing three times from 
ethanol-water, m.p. 125-127°.

Anal. Calcd. for CuHi5N 06S: C, 45.65; H, 5.22; N, 4.84. 
Found: C, 45.71; H, 5.24; N, 4.73.

2-Methylsulfonylpyrrole-3,4-dicarboxylic Acid (XIII).—A solu
tion of diethyl 2-methylsulfonylpyrrole-3,4-dicarboxylate (0.8 
g., 2.8 mmoles) and potassium hydroxide (0.6 g., 15 mmoles) 
in 9 ml. of water and 9 ml. of ethanol was refluxed for 2 hr. 
The reaction mixture was cooled to room temperature and 
concentrated to about half under vacuum. The reaction mixture 
was made slightly acidic with concentrated hydrochloric acid, 
and a white solid formed. The reaction mixture was cooled in an 
ice bath, filtered, washed with water, and the solid air-dried. 
The crude product (0.5 g., 78%) was recrystallized from water, 
m.p. 282-284° dec.

Anal. Calcd. for C,H,N06S: C, 36.04; H, 3.03; N, 6.01. 
Found: C, 36.29; H, 3.08; N, 5.94.

2-Methylsulfonylpyrrole (XIV).—2-Methylsulfonylpyrrole-3,4- 
dicarboxylic acid (0.137 g., 0.59 mmole) in 1 ml. of 2-amino- 
ethanol was heated at reflux for 15 min. The yellow reaction 
mixture was cooled and poured into 10 ml. of water. The clear 
aqueous solution was acidified with concentrated hydrochloric 
acid and extracted with four portions of methylene chloride. 
The combined methylene chloride extracts were washed once 
with 10% sodium bicarbonate, twice with water, and dried 
over magnesium sulfate. After filtration, the solvent was 
removed on a steam bath. There was obtained 45 mg. (53%) 
of light yellow needles, m.p. 121-123°. An analytical sample 
was prepared by recrystallizing twice from a methylene chloride- 
low boiling petroleum ether (b.p. 30-60°) solvent pair, m.p.
122-123°.

Anal. Calcd. for C5H7N 02S: C, 41.36; H, 4.86; N, 9.65. 
Found: C, 41.19; H, 4.80; N, 9.76.

2-Methylsulfinylpvrrole (XVI). Method A.—Freshly distilled 
2-methylthiopyrrole (1.5 g., 13.3 mmoles), prepared from pyrrole 
according to the method of Matteson and Snyder,5 was dissolved 
in 3 ml. of acetone. To this solution was added dropwise a solu
tion of 2 ml. of 30% hydrogen peroxide and 3 ml. of acetone. 
The temperature rose and the reaction mixture turned a rose 
color within minutes after addition of the hydrogen peroxide 
solution. The reaction mixture was allowed to stand at room 
temperature for 72 hr. Most of the acetone was removed under 
vacuum. The brown liquid that remained was taken up in 
methylene chloride; water was added and the layers were sepa
rated. The aqueous phase was extracted again with methylene
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chloride. The combined extracts were dried over magnesium 
sulfate. After filtration and removal of the solvent on the 
steam bath, there was obtained 1.26 g. (73%) of an orange liquid 
which crystallized upon standing in the refrigerator for 2 hr., 
m.p. 83-88°. Infrared and n.m.r. spectra showed the product to 
contain less than 5% of the sulfone. An analytical sample was 
prepared by chromatography on a short column of neutral alu
mina, eluting with methylene chloride. The clear liquid ob
tained crystallized upon standing in the refrigerator and the 
solid was recrystallized three times by dissolving in methylene 
chloride and adding low boiling petroleum ether (b.p. 30-60°) 
almost to the cloud point, m.p. 88.5-90°.

Anal. Calcd. for C5H7NOS: C, 46.47; H, 5.46; B, 10.84. 
Found: C, 46.78; H, 5.47; N, 10.67.

Method B.—Freshly distilled 2-methylthiopyrrole'1 (3.0 g.,
26.6 mmoles) was dissolved in 3 ml. of acetic acid. Water was 
added until the solution became cloudy. The mixture was 
stirred magnetically and cooled in an ice bath, whereupon more 
solid formed. To this heterogeneous mixture was added 4 ml. of 
30% hydrogen peroxide at such a rate as to maintain the tempera
ture between 10-14°. The reaction mixture became homogen
eous shortly after addition of the hydrogen peroxide; it was then 
allowed to warm to room temperature and was stirred for 13 hr. 
The reaction mixture was made slightly basic with 50% potas
sium hydroxide, extracted with four portions of methylene chlo
ride, and the combined extracts were dried over magnesium 
sulfate. After removal of the drying agent and solvent, there 
was obtained 3.14 g. (81%) of tan colored crystals, m.p. 73-83°. 
Two recrystallizations as described in method A gave product 
melting at 87-89°.

Reduction of 2-Methylsulfinylpyrrole (XVI) with Lithium 
Aluminum Hydride.11—To a suspension of lithium aluminum 
hydride (0.19 g., 5 mmoles) in 12 ml. of dry ether was added in 
portions a solution of 2-methylsulfinylpyrrole (XVI) (0.488 g.,
3.78 mmoles) in 20 ml. of ether. After the addition, the reaction 
mixture was refluxed for 6 hr. The excess lithium aluminum 
hydride was destroyed with water and the aluminum salts were 
dissolved by the addition of 10% hydrochloric acid. The two 
layers were separated and the aqueous phase was extracted with 
three more portions of ether. The combined ether extracts were 
dried over magnesium sulfate. Filtration and evaporation of 
the solvent yielded a yellow liquid. Distillation of the liquid 
through a 24-cm. heated column gave a 50% yield of 2-methyI- 
thiopyrrole (XV), identified by comparison of the infrared 
spectrum with that of an authentic sample.

2-Methylsulfonylpyrrole (XVII).—A solution of 2-methyl- 
sulfinylpyrrole (0.122 g., 0.94 mmoles) and 30% hydrogen per
oxide (0.4 ml., 4.0 mmoles) in 2 ml. of glacial acetic acid was 
allowed to stand at room temperature for 43 hr. Ten milli
liters of water was added and the reaction mixture was extracted 
with three portions of methylene chloride. The combined 
methylene chloride extracts were washed once with 10% sodium 
bicarbonate solution and once with water, followed by drying 
over magnesium sulfate. The drying agent was filtered off and 
the solvent removed on a steam bath to yield 71 mg. (52%) of a 
light yellow solid, m.p. 115-119°. The solid recrystallized from 
benzene-low boiling petroleum ether (b.p. 30-60°), m.p. 121.5- 
123°. This compound proved to be identical with 2-methyl- 
sulfonylpyrrole (XIV) as shown by melting point, mixture melt
ing point, and comparison of the infrared and n.m.r. spectra.
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Convenient syntheses have been devised for all the C-methylpyrroles with the exception of 3-methylpyrrole. 
Lithium aluminum hydride reduction of a C-acyl to a C-alkyl group wTas the key step in most of the syntheses. 
Attempts to use this method for the preparation of N-methylpyrroles were unsuccessful because reduction of C- 
acyl-N-methylpyrroles stopped at the hydroxymethyl stage, regardless of whether the acyl group was at the 2- 
or the 3-position. 1,2-Dimethylpyrrole and 1,2,3,5-tetramethylpyrrole were prepared, however, by méthylation 
of the potassium salts of the required C-methyl derivatives. Infrared, ultraviolet, and proton magnetic resonance 
spectra are tabulated for pyrrole and fourteen N- and C-methylpyrroles.

In the course of a general study of the behavior of 
indoles and pyrroles in acidic media,1 an extensive 
series of methylpyrroles was required. Although these 
compounds have been known for many years, most of 
the reported synthetic routes are tedious to carry out 
and the compounds themselves have not been well 
characterized.2 Exceptions are 2,5-dimethylpyrrole 
and its N-substituted derivatives which can be pre
pared with ease from 1,4-diketones and the appropriate 
amines.lb

The pyrroles studied in the course of this work are 
listed in Table II. Pyrrole, 1-methyl pyrrole, 2,4- 
dimethylpyrrole, and pentamethylpyrrole were pur
chased. Ring closure of the appropriate 1,4-diketone, 
the method used to prepare 2,5-dimethyl- and 1,2,5- 
trimethylpyrrole,lb was used for the synthesis of 2,3,-
4,5-tetramethylpyrrole. 1,2-Dimethyl- and 1,2,3,5- 
tetramethylpyrroles were prepared by N-methylation 
of the appropriate precursor. The other pyrroles were 
synthesized as described subsequently.

(1) For leading references see: (a) R. L. Hinm an and E. B. Whipple,
./. A m .  C h e m .  S o c . ,  84, 2534 (1962); (b) E. B. Whip-pie, Y. Chiang, and R. L. 
H inm an, i b i d . ,  85, 26 (1963); (c) Y. C hiang and E. B. W hipple, i b i d . ,  85, 
2763 (1963).

(2) For fu rther discussion of th is point and characterization  of some of
the higher alkylpyrroles, see P. S. Skell and G. P. Bean, i b i d . ,  84, 4655 (1962).

Profiting by the observations that carbonyl groups 
attached to positions 2 or 3 of the pyrrole ring can 
be reduced to hydrocarbon residues by lithium alumi
num hydride,3 we have devised relatively simple syn
theses of only two or three steps for the remaining C- 
methylpyrroles, with the exception of 3-methylpyr
role. The methods are summarized in equations 
1-6 and yields of products are given in Table I. Start
ing materials for the hydride reductions were prepared 
by methods in the literature as shown in the equations 
and cited in Table I. It should be noted that the con
version of a carbonyl group to an alkyl group is not new 
in the pyrrole series, Wolff-Kishner reductions having 
been used for many years for this purpose.24 How
ever, the present methods offer much greater freedom 
in the choice of starting materials.

(3) (a) A. Treibs and H. Scherer. A n n . ,  577, 139 (1952); (b) A. Treibs 
and H. D erra-Scherer, i b i d . ,  589, 188 (1954); (c) W. Herz and C. F. C ourt
ney, J .  A m .  C h e m .  S o c . ,  76, 576 (1954); (d) acyl groups a t  the 3-position of 
the indole nucleus also are reduced to the hydrocarbon residue [E. Leete and 
L. M arion, C a n .  J .  C h e m . ,  31, 775 (1953)], b u t acyl groups a t  the 2-position 
are reduced only to the carbinol [E. Leete, ./. A m .  C h e m .  S o c . ,  81, 6023 
(1959)].

(4) (a) H. Fischer and B. W alach, A n n . ,  450, 109 (1926); (b) J . W. Corn- 
forth  and M. E. Firth , ./. C h e m .  S o c . ,  1091 (1958); (c) F. P. Doyle, M. D. 
M ahta, G. S. Sach, and J. L. Pearson, i b i d . ,  4458 (1958).
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Pyrrole derivative

Ref. to 
p reparation  
of s ta r tin g

Yield of 
s ta rtin g

M oles of 
pyrrole 
deriv.

Moles
of

Vol. of" 
solvent, P roduct (as derivative Yield,

O ver
all

yield,
reduced m aterial m ateria l reduced Li A1H, ml. of pyrrole) % %

2-Formyl b 80 0.2 0.4 70()c 2-Methyl 63 48
2-Carboxylic acid 20 0.1 0.2 300 2-Methyl 54 10
2-Methyl-3-oarbethoxyd e 53 0.045 0.09 100 2,3-Dimethyl“ 61» 30
1,3,4-Triscarbomethoxy f 40 0.02 0.08 150 3,4-Dimethyl 50 20
3-Carbethoxy-4-methyl-2- 

carboxy lie acid y 50 0.025 0.17 150 2,3,4-Trimethyl 47 25
2,5-1 )imet by 1-3-formyl 62 0.04 0.08 100 2.3,5-Trimethyl'' 81 50
3-Carbethoxy-2,5-dimethyl i 60 0.15 0.30 200 2,3,5-Trimethyl'1 80 48
1 -Methyl-2-formyP k 62 0.05 0.10 250' 2-Hydroxy methyl-l-methyK 76'
l,2,5-Trimethyl-3-forinyl 99 0.05 0.10 125"' 3-Hydroxy methyl-1,2,5-trimethyl" 44

» Tetrahydrofuran except where noted otherwise. Reaction mixture refluxed overnight except where noted otherwise. b See ref. 6. 
c Ether, reflux time 4 hr. d Reduction of 2-methvlpyrrole-3-carboxylie acid was effected in 40% yield. * E. Benary, Her., 44, 493 
(1911). / See ref. 11. ‘'See ref. 10. h Picrate (from methanol), m.p. 83°. Anal. Calcd. for C7HnN-CeHoNsOj: C, 46.15; H, 4.14; 
N, 16.75. Found: C, 46.15; H, 4.17; N, 16.56. ' H. Fischer and B. Heyse, Ann., 439, 254 (1924), and (1. Korschun, Bcr., 37, 2196
(1904). 1 Reduction of l-methylpyrrole-2-carboxylic acid was effected in tetrahydrofuran in 82% yield. k See ref. 8. ' Ether. m Reflux 
time, 4 hr. “ Anal. Calcd. for C«H,jXO: C, 69.02; H, 9.41; N, 10.06. Found: C, 69.10; H, 9.32; N, 9.84.

2-Methylpyrrole

aSN '
H CHO H CH3

(1)

H C02H

2, 3-Dimethylpyrrole

CH3C0CH2C02C2H6 
+ CH2C1CHC10C

—  n f(
2h 5 n A

P 02C2H5 

H V)H3

c h 3

l

3, 4-Dimethylpyrrole

H CH3
(2)

c 2h 5o2c  c o 2c2h 5 c h 3o VNr + T
Ac C2H50 2CC=CC0 2C2H5 Ac

2, 3, 4 Trimethylpyrrole

C2H60 2CC0CH2C02C2H5 
+

h 3

(3)

NH2CH2COCH3 c h 3 co2c 2h 5 c h 3 ,c h .

H CO2H

(4)
N .
H CH:,

2,3,5-Trirnethylpyrrole

CH3C0CH2C02C2H5
+  N H 4OH

C1CH2C0CH3 ------ “ ”

co2c 2h 6 c h 3

—/U( (5)
c h 3 h  c h 3 c h 3 h  c h 3

MejNCHO
POCI3

CHO c h 3

O , . — . M . . .  -  Wc h 3' ^  c h 3 c h 3 u  c h

(6)

H CHs H CH

would readily undergo polymerization, and polymeriza
tion of l-methylpyrrole-2-carbinol has been reported 
to occur with explosive violence.40 In most of our ex
periments lithium aluminum hydride was present in 
300% excess of that required to reduce the carbonyl 
group to the alkyl group. Since the previous workers38 
appear to have used in general only small excesses of 
hydride, substantial quantities of carbinol may have 
been present at the time of work-up during which 
polymerization was observed. The success of our tech
nique would then be due simply to the use of more 
drastic conditions for reduction. Treibs also reported3*5 
that carboxyl groups are reduced more readily than are 
carbethoxy groups. Although our conditions were too 
severe to permit this distinction to be observed, in all 
cases studied higher yields of methylpyrroles were ob
tained from reduction of the esters than from the cor
responding acids (Table I).

The loss of the .V-acetyl group from 1-acetyl-3,4- 
dicarbethoxypyrrole has a number of precedents of 
which the closest is found in the hydride reduction of 1- 
acylindoles.5

An attempt was made to prepare 2,3-dimethylpyr- 
role by formylation of 3-methyl pyrrole with dimethyl- 
formamide,6 followed by hydride reduction. The 
products of formylation consisted of a mixture of 2- 
formy 1-3-methyl- and 2-formyl-4-methylpyrrole in a 
4:1 ratio, as measured by n.m.r. Reduction of this 
mixture produced a mixture of 2,3- and 2,4-dimethyl- 
pyrroles, also in a 4:1 ratio. The ratio of products 
from the formylation reaction was foreshadowed by 
the 15:1 ratio7 of conjugate acids of 3-methylpyrrole 
observed by n.m.r. in 12-18 3/ sulfuric acid,10 and fore
tells in turn the general pattern to be expected of 
electrophilic substitution of 3-methylpyrrole.

A few points about the syntheses deserve special 
comment. Although in our hands the reduction of 3- 
carbethoxy-2-methylpyrrole gave 2,3-dimethylpyrrole 
in 61% yield, essentially the same procedure was re
ported by Treibs to give only tar.38 We have no simple 
explanation for this difference. However, Treibs 
proposed that the carbinols, which are presumed to be 
intermediate in the formation of the alkylpyrroles,

(5) (a) V. M. Micovic and M. Lj. M ihailovic, J .  O r g .  C h e m . ,  18, 1190 
(1953); (b) see also N. G. G aylord, “ Reduction with Complex M etal 
H ydrides,’’ Interscience Publishers, Inc., New York, N. Y., 1956, pp. 575- 
590.

(6) R. M. Silverstein, E. E. Ryskiewicz. and C .  W illard, O r g .  S y n . ,  36, 
74 (1956).

(7) Steric hindrance by the 3-m ethyl group to su b stitu tio n  a t  the  2-posi
tion by the bulky complex of dim ethylform am ide and phosphorus oxy
chloride [see. for example, G. F. Sm ith, J .  C h e m .  S o c . ,  3842 (1954)] would 
account for the decreased ratio  of 2- to 5 -substitu tion  in form ylation as com 
pared to th a t for protonation.
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An attempt to extend the general method to the 
reduction of acylpyrroles bearing an X-methyl group 
was not successful. It has been observed that X- 
methylpyrrole-2-carboxaldehyde (I) is similar to pyr- 
role-2-carboxaldehyde (II) in its failure to undergo 
many typical reactions of aldehydes,86 and earlier work8b 
had shown that inverse addition in the hydride reduc
tion of 2-acylpyrroles leads to carbinols. However, 
even massive excesses of hydride ((> moles of hydride/ 
mole of aldehyde) in the normal mode of addition did 
not carry the reduction of I beyond the carbinol stage. 
The reduction of X-methylpyrrole-2-carboxylic acid 
also stopped at the carbinol stage, as expected. This 
effect of an X-methyl group is, interestingly, conveyed 
also to the 3-position, as shown by the formation of
l,2,o-trimethylpyrrole-3-carbinol from the correspond
ing formyl compound in contrast to the clean reduction 
of the formyl to the C-methyl group in the des-X- 
methyl case (Table I).

These results bear on the mechanism proposed by 
Leete to explain a similar effect of an N-methyl group 
in the indole series.3d It was assumed in the earlier 
work3d that abstraction of hydrogen from the X-H 
of an indole-3-carbinol would be accompanied by loss

because the two additional pyrroles can be obtained by 
reduction of intermediates prepared en route to 3- 
methylpyrrole. The economy of effort more than 
makes up for the number of steps.

In attempting to devise a simpler route to 3-methyl- 
pyrrole, the reaction of 1-carbomethoxypyrrole with 
ethyl propiolate was carried out in a manner similar 
to that used for the reaction with dimethyl acetylene- 
dicarboxylate. However, instead of the desired 1- 
carbomethoxy-3-carbethoxypyrrole, a product was 
obtained which contained ester and vinyl groups, and 
appeared to be a /3-pyrrylacrylic acid ester, formed by 
conjugate addition of the pyrrole ring to the acetylenic 
ester. The preference of pyrroles to add to dienophiles 
in the conjugate manner rather than in Diels-Alder 
fashion is well known."

A fairly extensive study of the dehydrogenation of 
3-methylpyrrolidine also was made. The pyrrolidine 
is readily obtained by the sequence shown in equation 7.

NH,
dry distillation

of hydroxyl (in reality —0 —A1—) from the carbinol
\

to form a 3-methyleneindolenine III, which would in 
turn be reduced to the 3-alkylindole. An X-methyl

group would prevent this 1,4-elimination. Signifi
cantly, 2-hydroxymethvlindole did not undergo hy- 
drogenolysis by lithium aluminum hydride, and the 
lack of reactivity was attributed to the difficulty of 
forming structure IV, which would be of higher energy 
than structure III. The clear preference for structures 
of type III as compared to type IV can be deduced 
from protonation studies.1“ In the pyrrole series, 
structures of type IV are preferred in protonation, but 
the preference for IV over III is not as marked as is 
the inverse relationship in the indole series.Ibc With 
the protonation work as background the hydrogen- 
olysis of carbinol groups at the 2- or 3-positions of 
pyrrole and the inhibition by X-methyl in both cases 
appears to be entirely consistent with the Leete mech
anism.

The preceding methods provide routes to all the C- 
methylpyrroles except 3-methyl, for which a simple 
synthesis has yet to be found. Of the more recent 
methods4b-910 devised for the preparation of 3-methyl- 
pyrrole that of Lancaster and VanderWerf10 is the most 
straightforward, leading to the desired product in 
35% overall yield for the four steps. If 2,3,4-trimethyl- 
and 3,4-dimethylpyrrole are desired in addition to 3- 
methylpyrrole, this method becomes very attractive

(8) (a) W. Herz and J. Brasch, J .  O r g .  C h e m . ,  23, 1513 (1958); (b) W- 
Herz and C. F. C ourtney, ./. A m .  C h e m .  S o c . ,  76, 576 (1954); R. M. Silver- 
stein , E. E. Ryskiewicz, and S. W. Chaikin, i b i d . ,  76, 4485 (1954).

(9) H. Plieninger and W. Biihler, A n g e w .  C h e m . .  71, 163 (1959).
(10) R. E. Lancaster, Jr., and C. A. VanderW erf, J .  O r g .  C h e m . ,  23, 1208 

(1958).

The rhodium-alumina catalyst which has been used for 
the conversion of pyrrolidine to pyrrole12 was effective, 
but at 000° where no pyrrolidine was recovered the 
product was a mixture of about 20% 3-methylpyrrole 
and 75% of what appeared from n.m.r. and v.p.c. 
data to be 2-methylpyrrole.13 At 400° no 2-methyl- 
pyrrole was isolated, but 30-40% of the product mix
ture was unchanged 3-methylpyrrolidine. Despite the 
quite different boiling points of the two materials, 
separation by fractional distillation was difficult, 
probably because of association. Some higher boiling 
material, probably of the pyrrolidylpyrrole type found 
in the dehydrogenation of pyrrolidine,12 and in the hy
drogenation of pyrrole,14 was obtained in each case, 
and an attempt to effect complete conversion by con
tinuous recyclization of the product mixture at the 
lower temperatures led to increased quantities of the 
higher boiling materials. Attempts to carry out the 
reaction in a static system15 under pressure at lower 
temperatures (<300°) were also unsuccessful.

In the course of preparing 3-methylpyrrolidine it 
was found that the base forms a hydrate from which 
water cannot be removed by ordinary dessicants such 
as calcium sulfate. The water, which was identified 
by v.p.c. and n.m.r., could be removed by calcium hy
dride. In the v.p.c. the hydrate gives rise to two peaks, 
one for water and one for the pyrrolidine, from which 
the composition of the hydrate is estimated as 3-methyl
pyrrolidine -2H20. In the usual method of isolation of 
the pyrrolidine the hydrate distils first at 92-94°, 
and the free base comes over at 103-104° after all of 
the hydrate has been removed. When the crude mix
ture was treated with calcium hydride before distilla-

(11) N. W. Gabel, i b i d . .  27, :101 (1962); c f .  R. M. Acheson and J. M. Ver- 
non, J .  C h e m .  S o c . ,  457 (1961).

(12) J. M. Patterson  and P. Drenchko, J .  O r g .  C h e m . ,  24, 878 (1959).
(13) Isom erization of alkylpyrroles a t  high tem peratures has been noted 

previously. For leading references see I. A. Jacobson, H. H. H eady, and 
G. V. Dineen, J .  P h y s .  C h e m . ,  62. 1563 (1958); I. A. Jacobson and H. B. 
Jensen, i b i d . ,  66, 1245 (1962); also ref. 2.

(14) D. W. Fuhlhage and C. A. VanderW erf, J .  A m .  C h e m .  S o c . ,  80, 6249 
(1958).

(15) H. Adkins and L. G. Lundsted, i b i d . ,  71, 2964 (1949).
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T a b l e  I I

S p e c t r a l  P r o p e r t ie s  o f  P y r r o l e s

'-----------------------U ltrav io le t bands®-
Lit. Free base (in H 2O) C onjugate  acid“’

B .p. [m .p .] B.p. [m.p.] In frared  bands, y p Xmax Xir.ax
Pyrrole (m m .), °C. (m in.), °C. HD (“C.) N H" VIIoA

1 nip imax tn/t «max
Pyrrole“ 132 130-131 (761 )b 2.96r 6.38 (w), 

6.46 (w), 
6.53 (m)v

205* 6700* 241 3900 (7.6)

1-Methyl« 116 112-114' 6.50 (sh), 
6.56 ( sh ), 
6.66 (s)

210 5800 247 4100 (7.2)

2-Methyl 146-149 148 (755)d 1.5017 (23)" 2.93 6.35 (m), 
6.43 (w)

208 7100 233 4500 (4.3)

3-Methyl 143-143.5 80 (70)* 1.4961 (25)° 2.92 6.40 (m) 208 5900 258 4800 (4.8)
1,2-1 limethyl 139-141 (760) 139-140' 1.4910 (25)' 6.26 (w), 

6.48 (m), 
6.70 (s)

210 7200 240 4500 (5.1)

2,3-Dimethyl 97 (65) 65 (14)» 1.4978 (25) 2.95 6.30 (m). 
6.51 (w)

208 5600 246 3800 (5.7)

2,4-Dimethyl“ 166 160-165 (760)* 2.96 6.30 (m), 
6.64 (w)

209 5800 249 5200 (4.0)

2,5-Dimethyl t 2.90 6.25 (w), 209 7700 237, 2900, (2.5)
6.55 (w) 275" 740"

3,4-Dimethyl 66-67 (16) 65-66 (14)y 2.92s 6.36 (w), 
6.70 (w)-'

205s 4400 271 5800 (4.0)

1,2,5-Trimethyl i 6.24 (w), 
6.38 (m), 
6.62 (s)

211 8300 243““ 3100““ (3.0)

2,3,4-Trimethyl 79 (15) 
[39.5-40]

[39] ’ 2.90 6.25 (w) 208 510066 262 5000“ (6 .8)

2,3,5-Trimethyl 78-80 (1,5-16) 75-76 (14-15)* 1.5045 (24) 2 99 6.22 (s), 
6.46 (w), 
6.60 (w)

212 6600 252 5700 (4.0)

1,2,3,5-Tetramethyl 80-81 (16) 62-64 (5)' 1.4950 (25) 6.30 (m), 
6.60 ( m)

216 7500 259 5600 (5.1)

2,3,4,5-T etramethy 1 [HO] [112]* 2.90 6.20 (m), 
6.42 (w)

216 5800" 265 5200" (2 .0 )

1,2,3,4,5-PentamethyT [70] [69-70]m 6.28 (w), 
6 .54 (wr)

216 7000 269 5600 (5.1)

“ Indicates pyrroles which were purchased; all others were prepared in this laboratory. 6 G. L. Ciamician and M. Dennstedt, Ber, 
16,1536(1883). « H. Rapaport and E. Jorgensen, J. Org. Chem., 14, 664 (1949). d Ref. 4b. '  Ref. 2. < Reported n25t> 1.4013 (footnote 
c). " 0. Piloty, Ber., 45, 2586 (1912). * Ref. 22. . 1 Ref. lb. J Ref. 4a. * G. Korschun, Ber., 38, 1125 (1905). ' F. Ya Perveev and
E. M. Kuznetsova, Zh. Obshch. Khim., 28, 2360 (1958). m Private communication from supplier, Aldrich Chemical Co. ” Reported 

1.5002 (ref. 2). 0 Reported nKD 1.4955 (ref. 2). v Measurements made on pure liquid. Q All bands very strong. r Reported for 
CCh solution : 2.8 n (ref. 21b). 5 Values reported for 3,4-diethylpyrrole (pure liquid): 2.97, 6.39, 6.60 n (ref. 21b). ' Assignment on 
basis of ref. 21a. ” Reported: 6.34, 6.40, 6.53 n (ref. 21a). " Measurements made on 10_4-10“à A/ solutions of pyrroles. w Figures 
in parentheses are molarities of sulfuric acid solutions on which measurements were made. 1 Xmax (95% EtOH) 208 nip (fmax 7300) 
Xma* (n-hexane) 217 m*» (emaI 7900). Each value is the average of two determinations on freshly distilled material. v t’allies assigned to 
d-protonated isomer (ref. lb). 2 Broad. ““ Long tail absorption to 300 mp due to /S-protonated isomer (ref. lc). bb Uncertain because 
of impurities observed in n.m.r. cc Uncertain because absorption intensity of free base decreases very rapidly with time. Spectrum of 
conjugate acid undergoes little change.

tion only material of b.p. 103-104° was obtained. 
Recognition of the existence of the hydrate explains a 
discrepancy in boiling points for 3-methylpyrrolidine 
reported some sixty years apart in the literature.16

For the syntheses of the N-methylpyrroles methyla- 
tion of the potassium salt proved the best procedure 
for 1,2-dimethyl-and 1,2,3,5-tetramethyl pyrrole. Syn
thesis of 1,2-dimethylpyrrole by way of the appropriate
2,5-dimethoxytetrahydrofuran17 also was carried out, 
but the last step, conversion of the tetrahydrofuran 
to the pyrrole by the action of methylamine in acetic 
acid gave only low yields of product.

Finally it should be noted that the synthesis of 2,3,4,-
5-tetramethylpyrrole from commercially available 3,4-

(16) F. F. Blicke and C. Lu, J .  A m .  C h e m .  S o c . ,  74, 3933 (1952). re
ported 92-94°, whereas H. Oldach, B e r . ,  20, 1657 (1887), pave 103-105°.

(17) N. Elr iing and N. C lauson-K aas. A c t a  C h e m .  S c a n d  . 6 , 867 (1952).

dimethylhexane-2,5-dione18a is much more convenient 
than that reported recently in Organic Synlheses.Kb 
and has the added advantage of being simply extended 
to the synthesis of N-alkyl derivatives by the substitu
tion of the appropriate amine for ammonia.

As mentioned at the beginning of this report, charac
terization of the methylpyrroles (and of the alkyl- 
pyrroles generally2) has in the past been minimal. 
We report here the infrared, ultraviolet, aid  proton 
magnetic resonance spectra at 60 Me. of all the simple 
C-methylpyrroles that have been synthesized or pur
chased, at well as data for some of their X-methyl 
derivatives (Tables II and III).

(18) (a) This reaction previously had been carried out w ith liqu id  am 
monia under pressure; see L. A. Brooks and M. M arkarian . U. S. P a ten t 
2,417,046; C h e m .  A b s t r . ,  41, 3821c (1947). (b) A. W. Johnson and R.
Price. O r g .  S y n . ,  42, 92 (1962).
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Fig. 1.—Proton magnetic resonance spectra of 1,2,5-trimethyl- 
A3-pyrroline; values in p.p.m. relative to internal tetramethyl- 
silane; upper, in carbon tetrachloride, lower, in trifluoroacetic 
acid.

From the ultraviolet data it is apparent that the 
introduction of methyl groups generally causes small 
bathochromic shifts in the 205-mp band of pyrrole. 
Increases in intensity accompany 2-substitution, 
whereas introduction of a 3-methyl group has the reverse 
effect. In this connection it should be noted that an 
erroneous early report of the ultraviolet spectrum of 
pyrrole in hexane (Amax 210, 240 m/i; e,nax 15000, 
300)19a has been quoted by a number of authors without 
verification191120 and has led to incorrect conclusions 
about the perturbing effect of methyl substituents,19 20 
in particular that alkyl substitution generally causes 
a decrease in intensity of absorption.20“ Iledetermina- 
tion of the spectrum of purified pyrrole revealed suc
cessive bathochromic shifts and increases in 6lnax in

(19) (a) C. M enczel, Z. P h y s i f c .  C h e m .  (Leipzig), 125, 161 (1927); (b)
K. Bowden, E. A. B raude, and E. R. H. Jones, ,/. C h e m .  S o c . ,  948 (1946).

(20) (a) G. H. Cookson, i b i d . ,  2789 (1953); (b) V. E isner and P. H. Gore,
i b i d . ,  922 (1958).

T a b l e  I I I

P r o t o n  M a g n e t ic  R e s o n a n c e  S p e c t r a  o f  P y r r o l e s  in  
C a r b o n  T e t r a c h l o r id e

Chemical shifts a t  ring  positions indicated*1

1 2 3 4 5
Pyrrole*e 7.7 6.62 6.05 6.05 6.62
1-Methyl (3.60) 6.37 5.92 5.92 6.37
2-Methyl'1'* 7.2 (2.16) 5.72 5.89 6.36
3-Methyl b 6.28 (2.05) 5.85 6.42
1,2-Dimethyl (3.48) (2.16) 5.67 5.77 6.30
2,3-DimethyP 7.1 (2 .02) (1.96) 5.82 6.28
2,4-Dimethyl*1* 7.0 (2.07) 5.57 (2.001 6.08
3,4-Dimethyl* b 6.27 (1.95) (1.95) 6.27
2,5-Dimethyl* 7.1 (2.13) 5.57 5.57 (2.13)
1,2,5-Trimethyl (3.27) (2 . 10) 5.52 5.52 (2 . 10)
2,3,5-Trimethyl* b (2 .02) (1.87) 5.42 (2.08)
2,3,4-Trimethyl* b (2.08) (1.84) (1.92) 6.15
1,2,3,5-Tetra-

methyl (3.28) (2.05) (1.89) 5.41 (2 . 10)
2,3,4,5-Tetra-

methyl* 6.8 (1.98) (1.80) (1.80) (1 98)
Pentamethyl (3.27) (2 .02) (1.82) (1.82) (2 .02)

° Referred in p.p.m. to internal tetramethvlsilane with positive 
sense in direction of decreasing magnetic field. Figures in paren
theses denote shifts of methyl group protons. 6 Not measured 
(all NH peaks are very broad). * For reported values at 60 Me. 
relative to an internal dioxane reference, see R. J. Abraham, E. 
Bullock, and S. S. Mitra, Can. J . Chem., 37, 1859 (1959). d For 
values at 40 Me., see G. S. Reddy and J. H. Goldstein, J . Am. 
Chem. Soc., 83, 5020 (1961); R. Abraham and H. Bernstein, 
Can. J. Chem., 39, 905 (1961); also ref. 2. * For measurements 
on pure liquids, see ibid., 37, 1057 (1959).

changing from solutions in water to 95% ethanol to re
hexane, but even in the last case emax was only about 
half the value reported earlier and in the concentration 
range of our experiments there was no evidence of a 
a peak at 240 m/x (Table II). Bathochromic shifts 
accompanying methyl substitution in the pyrrole 
conjugate acids are much larger than those observed 
for the free bases. The additivity of substituent effects 
on the 241 mn  band of pyrrole conjugate acidlc and the 
fact that the absorption maximum of a 3-protonated 
conjugated acid appears at longer wave lengths than its 
2-protonated isomerlb have been pointed out in other 
work from this laboratory.

In the infrared spectra, weak bands assigned to the 
vinyl 0  H appear in the customary place from 3.18 to 
3.26 n  and methyl CH appears as a strong band in 
the region from 3.37-3.46 a- Neither band is shifted 
much by ring substitution. In the region of 6.25-6.70 
n  appear bands that have been previously assigned to 
carbon-carbon double bonds of pyrrole.21 This assign
ment should be accepted with caution, however, since 
pyrrolidine and 3-inethylpyrrolidine both have bands 
of medium intensity at 6.38 and 6.44 p. Almost all 
the pyrroles studied had bands of weak intensity be
tween 5.9 and 6.0 ¡j.. On the assumption that these 
were due to carbonyl groups formed by autoxidation, 
a sample of 2,4-dimethylpyrrole, in which this absorp
tion was particularly strong, was distilled from sodium 
under a nitrogen atmosphere. The intensity of this 
band in the distillate was greatly reduced, although 
it was still visible. As the distillate stood open to the 
atmosphere during fifteen minutes, the intensity of the 
band increased greatly. By the next day crystals

(21) (a) P. M irone, G a z z .  c h i m .  i t a l . ,  86, 165 (1956); (b) V. Eisner and
R L. Erskine, J .  C h e m .  S o c . ,  971 (1958).
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had formed iji the red oil.22 To minimize autoxidation 
all distillations were carried out under nitrogen and 
spectral measurements were made as soon as possible 
on freshly distilled material.

For characterization of pyrroles picrates would be 
useful solid derivatives, were it not for the tendency of 
pyrroles to dimerize under acidic conditions.1 The 
more highly substituted pyrroles such as the 2,3,4-4a 
and ?,3,5-trimethyl- (this work, Table I) and 2,3,4,5- 
tetramethyl-43 pyrroles form picrates of the parent 
monomers. 2,3-Dimethylpyrrole23 yields a picrate of 
its dimer, which is nevertheless useful as a derivative.
3-Methylpyrrole also formed a product melting sharply 
at 103-103.5°, but a satisfactory analysis for the picrate 
of either the monomer or the dimer could not be ob
tained. No products were obtained from attempts to 
prepare trinitrobenzene derivatives of the pyrroles in 
methanol.

In the course of this work we had occasion to carry 
out reductions of 1,2,5-trimethyl- and 2,3,4,5-tetra- 
methylpyrrole with zinc and hydrochloric acid by the 
procedure reported for the former.24 25 The A3-pyr- 
rolines were the principal products in both cases. The 
trans configuration was assigned to the methyls of 1,2,5- 
trimethyl-A3-pyrroline on the basis of the n.m.r. spec
trum taken in trifluoroacetic acid (Fig. 1). In carbon 
tetrachloride the C-methyls appear as a doublet cen
tered at 1.03 p.p.m. (tetramethylsilane reference), 
with a coupling constant of 7 c.p.s., but in the conjugate 
acid the methyl resonance is a triplet centered at 1.53 
p.p.m., indicating that the two methyls are in different 
environments. The remainder of the spectrum is 
assigned as follows: doublet at 3.02 p.p.m. (N-CH3); 
broad multiplet at 4.67 p.p.m. (ring protons at 2- and 5- 
position); singlet at 6.01 p.p.m. (vinyl protons). The 
technique of assigning stereochemistry by the use of the
n.m.r. spectrum of the conjugate acid of an N-alkyl- 
amine may be useful in other cases.26

Experimental26
2,5-Dimethyl-3-formylpyrrole.—The procedure was similar to 

that used for the synthesis of pyrrole-2-carboxaldehyde.6 While 
holding the temperature at 20-25°, 16.9 g. (0.11 mole) of phos- 
phosur oxychloride was added dropwise with stirring to 10 g. of 
dimethylformamide in a flask protected from atmospheric mois
ture. A solution of 2,5-dimethylpyrrole (9.5 g., 0.1 mole) in 
2 g. of dimethylformamide was added slowly to the stirred 
mixture while the temperature was maintained at 20-25°. 
The mixture was stirred at 50° for 30 min., then poured onto 
100 g. of ice. The mixture was made alkaline with 125 ml. of 
20T7 sodium hydroxide and heated to boiling for 1 min. After 
cooling a brown solid separated and was removed by filtration. 
The filtrate was extracted with ether, the ether was evaporated, 
and the residual solid was combined with the brown solid isolated 
by filtration. Crystallization of the combined solids from acetone 
yielded 7.6 g. (62'))) of pale yellow solid, m.p. 144-144.5° 
(lit.27 m.p. 144°).

(22) H. Fischer, "O rganic Syntheses,” Coll. Vol. I I , John W iley and Sons, 
Inc., New York, N. Y., 1943, p. 217.

(23) O. P iloty and S. J. T hannhauser, A n n . ,  390, 201 (1912).
(24) G. G. Evans, J .  A m .  C h e m .  ice ., 73 , 5230 (1951).
(25) The authors are indebted to Dr. E. B. W hipple for suggesting and 

carrying out this experim ent.
(26) Boiling points and m elting points are uncorrected. In frared  spectra 

were determ ined with a Perkin-E lm er Model-21 recording spectrophotom 
eter, equipped with sodium chloride optics. U ltravio le t spectra were deter
mined with a Beckm an DK-2 recording spectrophotom eter using quartz 
cuvettes  of 1-cm. light path.

(27) E. Ghizi and A. D rusiani, A t t i .  a c c a d .  s c i .  i s t .  B o l o g n a ,  C l a s s e  set.
f i s . ,  11, 14 (1957); C h e m .  A b s t r . ,  52, 11818a (1958).

3-Formyl-l,2,5-trimethylpyrrole.—The procedure was similar 
to and on the same scale as that described previously, but 20 ml. 
of ethylene dichloride was added to the phosphorus oxychloride- 
dimethylformamide mixture, followed by 1,2,5-trimethylpyrrole 
in 5 ml. of ethylene dichloride. The reaction mixture was then 
heated to 50-60° for 15 min. and finally for 2-3 min. at 85°. 
After the reaction mixture had cooled to room temperature, 200 
ml. of water was added and the mixture was then made alkaline 
with a solution of 25 g. of sodium hydroxide in 100 ml. of water. 
The mixture was heated at 85° for 10 min., cooled, and the di- 
chloroethylene layer was separated. The aqueous phase was 
extracted with two 25-ml. portions of chloroform. The com
bined chloroform and dichloroethylene solutions were dried 
over sodium sulfate and the solvents were removed in vacuo. 
The solid residue was crystallized from an acetone-ether mixture, 
yielding 13 g. (9997) of 3-formvl-l ,2,5-trimethyipyrrole, m.p.
96.5-97° (lit.27 m.p. 96°).

2,3,4,5-Tetramethylpyrrole.—This compound was prepared in 
74% yield from 3,4-dimethylhe.\ane-2,5-dione28 and ammonia by 
the method reported previously' for 2,5-dimethylpyrrrle.lb The 
product was a white solid, m.p. 110° (lit.'10 m.p. 112°).

Reductions with Lithium Aluminum Hydride.—These reactions 
were all carried out by essentially the same procedure, the com
pound to be reduced being added to the stirred slurry of the 
hydride. The conditions are summarized in Table I. De
composition of excess hydride was effected by the addition in 
succession of n ml. of water, n ml. of 15% sodium hydroxide 
solution, and 3 n mi. of water,5“ where n is the number of grams 
of hydride originally used. The inorganic solids were removed 
by filtration, the organic layer was dried over magnesium or 
sodium sulfate, and the solvents were then removed in vacuo 
and the residue was distilled through a 12-in. spinning-band 
column.

V.p.c. Analysis of Methylpyrroles.—The purity of all methyl- 
pyrroles was established by n.m.r. and v.p.c. analysis. With 
a Perkin-Klmer Model I54-B chromatograph, equipped with an 
O column, and using helium as the carrier gas at a flow rate of 
about 80 ml./min., all puriied pyrroles showed a single peak of 
retention time greater than 6 min. at a temperature 15-20° 
below their boiling points. Under these conditions 2-methyl- 
and 3-methylpyrrole were easily separated (see section on 
dehydrogenation of 3-methylpyrrolidine). Thes" isomers could 
also be identified in their mixtures by infrared spectra,2 but we 
found the v.p.c. method more sensitive.

Dehydrogenation of 3-methylpyrrolidine.—The procedure was 
adapted from that used for the dehydrogenation of pyrrolidine.12 
The reaction chamber was a Pyrex tube 34 X 1.3 cm., preceded 
by a preheater 22 X 1.3 cm. The preheater contained 15 ml. 
of Berl saddles, while the reaction tube contained 25 ml. of 
rhodium-alumina catalyst12 with a 3-ml. layer of Berl saddles 
above it and a 7-ml. layer beneath it. Charges of 5-10 g. of 
3-methylpyrrolidine were dropped slowly into the reaction tube 
under dry nitrogen at a flow rate of 150 ml./min. Under these 
conditions the product mixture obtained as analyzed by v.p.c. 
is given in Table IV.

T a b l e  IV

P r o d u c t  M i x t u r e  O b t a i n e d  a s  A n a l y z e d  b y  V .p .c .
---------- Yields of p roducts0---------

Compound 600° 500° 400°

3-Methylpyrrolidine none 10% 30-40' i
3-Methylpy'rrole 20% 40% 60-70%
2-Methy'lpyrrole 75% / 40% None
Higher boiling materials 5% Some Some

° Temperatures are of catalyst bed.

On a Perkin-Elmer O column, column temperature 70°, and 
flow rate of helium about 80 ml./min., 2-methyl and 3-methyl- 
pyrrole had retention times of 12 and 13 min., respectively'.

2,3,4,5-Tetramethyl-A3-pyrroline.—The procedure was a modi
fication of that described for the reduction of 1,2,5-trimethyl- 
pyrrole.24 Ten grams of tetramethylpyrrole was dissolved in 50 
ml. of methanol and 50 g. of zinc powder was added. Then 300 
ml. of 10% hydrochloric acid in methanol was added dropwise to 
the stirred mixture while the temperature was held at 15-20°. 
Finally, 50 ml. of concentrated hydrochloric acid was added and

(28) Aldrich Chemical Co., M ilwaukee. Wis.
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the mixture was stirred for four more hours. Residual zinc was 
removed by filtration, and the methanol was removed under 
reduced pressure. The residue was diluted with water, brought 
to pH 10 with 10% sodium hydroxide solution, and extracted 
with ether. The combined extracts were dried over potassium 
carbonate and distilled. The first fraction, b.p. 140-144°, 
weighed 2 g. and appeared to be the pyrrolidine. A second 
fraction of 4.5 g. (45%), distilling at 149°, was the A3-pyrroline. 
The infrared spectrum (pure liquid) had a band at 6.10 y. 
The GO-Mc. n.m.r. spectrum in carbon tetrachloride (tetramethyl- 
silane reference) showed a doublet centered at 8.92 p.p.m. with 
coupling constant of 7 c.p.s., assigned to the 2- and 5-methyls 
(c/. 1,2,5-trimethylpyrrole). A singlet at 8.48 p.p.m. is assigned 
to the 3- and 4-methyls, and a broad peak at 6.40 p.p.m. is due 
to the ring protons at the 2- and 5-positions.

The perchlorate, recrystallized from methanol and ether, 
melted at 172°.

Anal. Calcd. for CsHioClNCh: C, 42.58; H, 7.14; N, 6.20. 
Found: C, 42.60; H, 7.13; N, 6.46.

l-Methylpyrrole-2-carboxylic Acid.—Fifteen grams of 1- 
methylpyrrole-2-carboxaldehyde was d ssolved in a solution of 10 
g. of sodium hydroxide in 300 ml. of water, and 20 g. of potassium 
permanganate was added in three portions to the stirred mixture. 
The temperature rose to 60-70° and was maintained there for 
3-4 hr. The filtrate obtained by removal of the manganese 
dioxide was cooled to 5° and acidified to pH 2 with 5% hydro
chloric acid. The product separated in white needles which were 
recrystallized from water, yielding 3.4 g. (20%) of pure material, 
m.p. 134-135° (lit.29 1 2 m.p. 135°).

1,2-Dimethylpyrrole.—2-Methylpvrrole (8.19, 0.1 mole) was 
added dropwise to a stirred mixture of 4.7 g. (0.12 g.-atom) 
of potassium metal in 200 ml. of anhydrous ether, contained in a 
flask which was under a positive pressure of nitrogen and which 
had been previously dried over an open flame while purging with 
nitrogen. The mixture was refluxed overnight, cooled, and then 
30 g. of methyl iodide was added. The resulting solution was 
refluxed for 4 hr., cooled, filtered, and the solvents were removed 
under reduced pressure. The residue was dissolved in ether, 
about 1 g. of potassium metal was added, and the mixture was 
refluxed for 4 hr. A chaser of 5 ml. of phenyl ether was added 
and the pyrrole was distilled. The colorless liquid, weighing 6.2 g. 
(65%), distilled at 74° (65 mm.), and its vapor chromatogram 
showed a single peak.

1,2,3,5-Tetramethylpyrrole.—The procedure was similar to 
that presented previously for the preparation of 1,2-dimethyl- 
pyrrole, but 1,2-dimethoxyethane was used as the solvent, and 
the second treatment with potassium was not needed. The 
product, which weighed 17 g. (67% based on 22 g. of 2,3,5- 
trimethylpyrrole), was a colorless liquid that distilled at 80-81° 
(16 mm.).

Anal. Calcd. for C8H13N: C, 77.99; H, 10.63; N, 11.37.
Found: C, 78.11; H, 10.75; N, 11.57.

When more than a 20% excess of potassium was used, the 
product was contaminated by what appeared from n.m.r. data to 
be pentamethylpyrrole.

(29) E. Fischer, B e r . ,  46, 2510 (1913).

Arrested D ea m in ation  in  th e  F ischer Indole S yn th esis. T he S y n th esis  
o f l,2 ,3 ,3a,4,8b-H exahydropyrrolo[3,4-b]indoles w ith  A ngular S u b s titu tio n 1

P h ilip  L. Southw ick , B eren ice  M cG r ew , R obert R . E ngel ,2 
G eorge E. M illim an , and R ichard J. Ow ellen 3

Department of Chemistry, Carnegie Institute of Technology, Pittsburgh, Pennsylvania 
Received June 6, 1963

Phenvlhydrazones of 1-substituted 4-benzyl-2,3-dioxopyrrolidines (I) rearrange in methanol-hydrochloric 
acid mixtures to yield 2-substituted 3a-amino-8b-benzyl-l,3a,4,8b-tetrahydropyrrolo[3,4-6]indol-3(2fl')-ones 
(IV). This type of transformation represents a normal Fischer indole synthesis arrested at the point at which 
ammonia is usually eliminated. The compounds IV were converted into a variety of other products containing 
the hexahydropyrrolo [3,4-b] indole ring system. Thus, it was possible to reduce the lactam carbonyl to a meth
ylene group, to replace the angular 3a-amino function by hydrogen or hydroxyl, to acylate the 4-nitrogen, and to 
obtain products embodying two or more of such changes. It was shown that compounds of this series resemble 
alkaloids of the indoline type with respect to ultraviolet spectra and certain color tests.

Compounds in the pyrrolo [3,4-6 ]indole series have 
recently been made available by application of the 
Fischer indole synthesis to phenylhydrazones of 2,3- 
dioxopyrrolidines.4 In order to make possible a more 
complete assessment of the potential biological activity 
of compounds containing this new heterocyclic ring 
system it was considered of interest to prepare members 
of the series of the type II, in which an angular substitu
ent and an indolenine rather than an indole nucleus is 
present. Reduction of such compounds was expected 
to lead to structures of the type IX, related to the 
heterocyclic ring system of eserine, but with the position 
of the nitrogen changed in the outer pyrrolidine ring.

It was anticipated that the compounds II would re
sult from the Fischer indole reaction of phenylhydra-

(1) Supported by a research g ran t (RG-4371) from the N ational In s titu te s  
of H ealth , U. S. Public H ealth Service.

(2) N ational Science Foundation  U ndergraduate Research P articipan t, 
1961-1962.

(3) N ational Science Foundation  Cooperative Predoctoral Fellow, 1959- 
1960. This paper is based principally on a thesis subm itted  by  Richard 
J. Owellen in partia l fulfillment of the requirem ents for the degree of Doctor 
of Philosophy, Carnegie In s titu te  of Technology, September, 1960.

(4) P. L. Southwick and R. J. Owellen, J .  O r g .  C h e m . ,  25, 1133 (1960).

zones of 4-substituted 2,3-dioxopyrrolidines (I). When 
four phenylhydrazones of a series of recently obtained 
1-substituted 4-benzyl-2,3-dioxopyrrolidines5 (I, R' = 
benzyl; R = methyl, isopropyl, cyclohexyl, or benzyl) 
were heated for a short time with methanolic hydro
chloric acid, however, rearrangement products which

CH-Jr 
0  

I

N—R

IV

(5) P. L. Southwick and E. F. Barnas, ibid., 27, 98 (1962).
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retained all three nitrogens of the starting materials 
were produced in yields of 40-90%. Thus indolenine 
derivatives II were not formed, but a family of com
pounds of more novel structure became available for 
chemical and biological investigation.

It was evident that the first phases of the mechanism 
of the Fischer indole synthesis had proceeded, since the 
rearrangement products readily underwent loss of 
ammonia when heated for thirty minutes with aqueous 
acetic acid or when heated for longer periods of time 
with sodium ethoxide. The easy removal of one nitro
gen from these products by mild hydrolysis indicated 
that the X-X bond of the phenylhydrazones had been 
cleaved in the rearrangement itself, as expected in the 
Fischer reaction. This result suggested that the 
products might have the imine structure III, analogous 
to a product reported by Plieninger6 to result from acid 
treatment of the phenylhydrazone of a-ketobutyrolac- 
tone. However, the spectroscopic data and the chemi
cal behavior discussed below have led us to con
clude that the compounds have the structure of 2- 
substituted 3a-amino-8b-benzyl-l ,3a,4,8b-tetrahydro- 
pyrroIo[3,4-h]indoI-3(2//)-ones (IV, It' = benzyl). 
It should be noted that somewhat analogous l-acyl-2- 
aminoindolines have been described by Leuchs and his 
associates,7 who obtained them by the action of am
monia on suitable 1-acy 1-2-halo- or l-acyl-2-acyloxy- 
indolines.

The failure of the compounds IV to undergo conver
sion to the indolenines II can apparently be attributed 
to ring strain which would be associated with a struc
ture such as II. An analogous Fischer indole reaction 
was carried out by Abramovitch and Muchowski8® on 
the phenylhydrazone A to yield a product tentatively

identified as the indolenine B. The difference between 
this result and our observations with phenylhydrazones 
of the type I would appear to reflect the difference in 
the size of the lactam ring. Our results suggest that 
the indolenine double bond is not readily accommodated 
in a fused ring system of the type II, in which two 
rings are five-numbered and rather rigid: whereas if 
the indolenine B has been obtained as indicated, it is 
clear that no comparable difficulty exists when the 
more flexible six-membered lactam (piperidone) ring is 
present.8bc

(6) (a) H. Plieninger, B e r . ,  83, 273 (1950); (b) H. Plieninger and I.
Nogradi, i b i d . ,  88, 1965 (1955).

(7) (a) H. Leuchs, D. P h ilpo tt, P. Sander, A. Heller, and H. Kohler, 
A n n . ,  461, 27 (1928); (b) H. Leuchs, A. Heller, and A. Hoffmann. B e r . ,  62, 
871 (1929).

(8) (a) R. A. Abram ovitch and J. M. M uchowski, C a n .  J .  C h e m . ,  38,
557 (1960). (b) O ther in teresting  effects which can be a ttr ib u ted  to the
stra in  which would accom pany the presence of a te trahedra l and a trigonal 
carbon a t  the junction  of two fused five-membered rings have been reported 
recently by Zaugg and his associates, who have discussed the lite ra tu re  per
taining to the stra in  energy of such a system . See H. E. Zaugg and R. W. 
DeNet, J .  A m .  C h e m .  S o c . ,  84, 4574 (1962), and references cited therein. 
vc) A referee has pointed out th a t  the rapid ring opening of the presumed 
indolenine hydroperoxide from autox idation  of cyclopentanoindole [B. 
W itkop and .1. B. Patrick , J .  A m .  C h e m .  S o c . ,  73, 2196 (1951)] also may 
illustra te  the effects of s tra in  in such system s.

C h a r t  I

R '
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Starting from compounds of type IV, a variety of re
lated structures were obtained, as indicated in Chart I. 
The numbered formulas in the chart designate struc
tural types; individual compounds under discussion 
will be identified by appending to the number for the 
structural type a letter indicating the nature of the 
group R: b for benzyl, c for cyclohexyl, i for isopropyl, 
and m for methyl. Most of the reactions were first 
examined with the cyclohexyl derivative IVc, and then 
applied to one or more of the other compounds. In all 
compounds which were studied the group It' was 
benzyl.

It will become apparent from the ensuing discussion 
that the interrelationships and properties of the var
ied reaction products support the assigned struc
ture IV for the initial rearrangement products. It 
should be noted at the outset, however, that the un- 
cyclized imine structure III for these compounds does 
not appear to be consistent with their failure to yield 
diazonium salts (IVc appeared to be converted largely 
to an X-nitroso compound), to give condensation 
products with salicylaldehyde, or to undergo hydrogena
tion in the presence of platinum or Raney nickel 
catalysts. Moreover, the ultraviolet data to be dis
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cussed and the lack of an infrared band assignable to 
an imino group9 10 11 favor the choice of structure IV over 
structure III.

Also pertinent to the question of whether structure 
III or structure IV should represent the initial rearrange
ment products was the behavior of a phenylthiourea 
derivative obtained from one of the rearrangement 
products (IVc) with excess phenyl isothiocyanate. The 
hydrolysis of this substance, which occurred when it 
was merely heated for a short time in aqueous acetic 
acid, resulted in the loss of the entire phenylthioureido 
group; the hydrolysis products were phenylthiourea and 
the same compound %c) produced by mild hydrolysis 
of IVc itself. A product formed by reaction of the 
aromatic amino group of IIIc with phenyl isothiocyan
ate could yield phenylthiourea only by cleavage of the 
bond between nitrogen and the aromatic ring. Since 
such cleavage is not reasonable, the phenyl isothiocyan
ate must have reacted with a different nitrogen atom, 
and in the case of structure III, this would be the nitro
gen of the imino group. Such a result would require 
that the imino group be reactive and the amino group 
be relatively inert toward phenyl isothiocyanate. Xo 
reason for such unexpected behavior is evident. Struc
ture IV, on the other hand, would seem to accommodate 
the observations plausibly through direct conversion 
to a derivative of structure XI Ic.

It would not have been surprising to find the products 
Vc, Vi, and Vm, obtained by hydrolysis of compounds 
of the types IV or XII with aqueous acetic acid, existing 
at least in part in an open form XIII. However, al
though some samples of Vc showed a barely discernible 
absorption at 0.68 a, the infrared spectra of these com
pounds in chloroform never displayed the strong absorp
tion at that wave length which is characteristic of the 
ketonic carbonyl of 2,3-dioxopyrrolidines.1011 The 
open form XIII can therefore have been present only in 
a very small concentration in these solutions, and the 
tricyclic fused ring formula V with the angular hydroxyl 
probably correctly represents the structure of the com
pounds. The infrared spectra in chloroform solution 
showed a shoulder at ca. 2.8 a and a broad absorption 
at ca. 3.0 n consistent with the O-H and X-H bonds 
of formula V.12

Lithium aluminum hydride reduction of the angular 
amino compounds IVc, IVi, and I \m  removed the 
lactam (pyrrolidone) carbonyl group, but all of the 
nitrogen atoms were retained. The yields were in the 
range 47 to 61%. The infrared spectra revealed no 
evidence of a carbon-nitrogen double bond or other 
unsaturation. The composition and the additional spec

(9) T he phenylhydrazones all displayed very strong  infrared bands a t 
6.20-6.24 g  which were much dim inished in in tensity  in their rearrangem ent 
products. The rem aining weaker absorption a t 6.18-6.24 g  persisted in all 
members of the series of compounds, including the fully reduced structu res 
IX . A band a t  this position is characteristic  of indolines. See W. V. Phil- 
ipsborn, H. M eyer, H. Schmid and I \  Karrer, H e i r .  C h i m .  A c t a . ,  41, 1257 
(1958).

(10) P. L. Southwick, E. P. Previc, J. Casanova, Jr., and E. H. Carlson, 
./. O r g .  C h e m . ,  21, 1087 (1956).

(11) C f .  (a) W. L. M eyer and W. It. Vaughan, i b i d . ,  22, 98, 1554, 1560
(1957) ; (b) W. R. Vaughan and I. S. Covey, J .  A m .  C h e m .  S o c , ,  80, 2197
(1958) ; (c) H. IT. W asserm an and R. C. Koch, C h e m .  I n d .  (London), 128 
(1957); •/. O r g .  C h e m . ,  27, 35 (1962).

(12) In  the  case of compound Vm, crystallization from different solvents 
(95% ethanol or an «-hexane-benzene m ixture) produced different c rystal
line forms which exhibited the sam e infrared spectrum  in chloroform, b u t 
gave potassium  brom ide pellet spectra which differed slightly  in the carbonyl
region.

troscopic evidence to be discussed subsequently favor 
formula VI for these basic compounds, with the fused 
ring system and angular amino group left undisturbed 
during the reductions.

Lithium aluminum hydride reduction also removed 
the pyrrolidone carbonyl group from the compounds 
Vc and Vm, but two reduction products were obtained 
in each case, one in which the angular hydroxyl group 
was retained (structure VIII) and a second in which 
that group had been removed (structure IX). Com
bined yields of both products were typically around 
70%, but the relative amounts of VIII and IX obtained 
varied considerably between different runs. It was 
found that treatment of VIIIc with lithium aluminum 
hydride under the conditions of the original reduction 
converted a part of it into the desoxy compound IXc, 
but the conversion was never found to be complete. 
The infrared spectra of compounds VIIIc and VHIm 
showed bands at 2.80 and 2.95 m, indicating the presence 
of both O-H and N-H bonds, whereas IXc and IXm 
showed only the X-H absorption at 2.95 n, The 
successful synthesis of the l,2,3,3a,4,8b-hexahydropyr- 
rolo [3,4-61indoles IXc and IXm represented the ful
fillment of one of the original objectives of the investi
gation.

Compound Vc was also reduced with zinc and acetic 
acid, a procedure which has been applied to 2-hydroxy- 
indolines by Volz and Wieland.13 As in the case of the 
latter compounds, the hydroxyl group was removed. 
In the present instance, acetylation accompanied the 
reduction to yield a product of structure X. The com
pound showed no infrared bands corresponding to 
X-H or O-H absorption, and had very intense absorp
tion at 5.94 M,14a evidently representing both amide and 
pyrrolidone carbonyl groups. The same procedure 
also gave Xc from IVc.

Acetylation of either the angular amino compound 
IVc or the angular hydroxy compound Vc yielded a 
product of structure VIIc with an angular hydroxyl 
group and an acetylated indoline nitrogen. (The proc
essing of the reaction mixtures would have allowed for 
hydrolytic removal of the angular nitrogen.) It was 
found that compound VI Ic could be made directly from 
the phenylhydrazone Ic in 50% yield by adding acetic 
anhydride to acetic acid-hydrochloric acid solutions in 
which rearrangement of the phenylhydrazone was being 
carried out. The acetylated angular hydroxy com
pound VIIc showed broad hydroxyl absorption (3.04-
3.13 /i) indicative of hydrogen bonding. Two well 
separated carbonyl bands were present (5.92 and 6.13 
,u). The 6.13-yu band can no doubt be assigned to the 
X-acetyl group, and the shift to longer wave length as 
compared to the band for the X-acetyl group in com
pound X probably reflects hydrogen bonding with the 
angular hydroxyl.I4b

Lithium aluminum hydride reduction of Vile reduced 
both amide carbonyls to yield the X-ethyl derivative 
XIc, with the angular hydroxyl retained as in com
pounds VIIIc or VHIm. The infrared spectrum of com-

(13) H. Volz and T. Wieland, A n n . ,  604, 1 (1957).
(14) (a) This carbonyl absorption is a t  a wave length in term ediate  be

tween th a t  observed for N -acetylindoles (5.90 g )  and for some acety la ted  
indoline alkaloids (6.01 g ) .  See B. W itkop and J. B. Patrick , ./. A m .  C h e m .  

S o c . ,  76, .‘»603 (1954). (b) W itkop and Patrick  found the carbonyl absorp
tion of an N-acetyl indoline derivative (dem ethylaspidosperm ine) shifted 
to 6.12  g  by hydrogen bonding with a hydroxyl group.



N o v e m b e r , 1963 A r r e s t e d  D e a m in a t io n  in  t h e  F is c h e r  I n d o l e  S y n t h e s is 3061

T a b l e  I
C o l o r  T e s t s  a n d  U l t r a v io l e t  M a x im a

------------- U ltravio let maxima-------- 1—
H2S04-C e (S 0«)2 colors'1--------- * /----------------HNOa colors6-------------------  ̂ N eutral solutionc Acid solution^

Com pound Im m ediate A fter 20 min. Im m ediate A fter 15 min. X, m/i log e X, mg log i
Ic Blue Orange

IVc Pale crimson Crimson Pale yellow Iled-brown 241 3.78 235 3.79
295 3.37 286 3.58

Vc Crimson Deep crimson Pale crimson Pale red-orange
Vic Bright orange Orange-red Pale yellow Pale orange-brown 246 3.86 238 3.87

301 3.43 294 3.40
Vile Pale wine-red Pale red-brown None Pale yellow 252 4.11

277 i 3.42
2S7 3.30

Ville Bright orange Orange-red Pale yellow Orange 246 3.89 241 3.90
300 3.43 301 3.45

IXc ( )range-red Orange-red Yellow Orange 246 3.85 246 3.86
301 3.40 302 3.42

Xc Pale pink Pale yellow-brown None None 252 4.09
279 3.41
288 3.33

XIc Pale crimson Pale crimson Dee]) scarlet 1 )eep scarlet 258 4.08 252 4.08
311 3.58 302 3.35

0 The reagent21 was a 1: 1 mixture, by volume, of concentrated sulfuric acid and 1CZ  ceric sulfate in 2 .Y sulfuric acid. 6 The reagent 
was concentrated nitric acid. e Ultraviolet spectra in 95 9t. ethanol; i indicates inflection. d Solvent was 0.1 to 0.25 A- hydrochloric 
acid in aqueous ethanol.

pound XIc showed only a single sharp band at 2.80 n 
in the O-H or N -II region.

The members of this series of hexahydropyrrolo- 
[ 3,4-5]indoles resemble such alkaloids as ajmaline,15 
tetraphyllicine,16 and C-alkloid-Y17 in that they incor
porate the partial structures C or D. As a result, 
there were noted among these compounds some simi
larities to the properties of the alkaloids or their

derivatives which cannot be attributed just to the 
presence of the indoline structure alone. All of the 
members of the series show typical indoline ultraviolet 
spectra (Table I), with principal maxima near 250 mu 
and secondary maxima near 300 m/x, but it is particu
larly significant that when the spectrum of a compound 
of the type IX (IXc) was measured in dilute acid solu
tion there was almost no change, although the spectra 
of aromatic amines or simple indolines18 are completely 
altered in appearance and greatly reduced in intensity 
in such acid solutions. In this respect, the behavior of 
IXc parallels that of deoxydihydroajmaline,18 and it is 
evident that the indoline nitrogen is not being proton- 
ated in either case, probably, as pointed out by Hodson 
and Smith18 with respect to deoxydihydroajmaline, 
because a more basic nonindoline nitrogen, only two 
carbons removed, has been protonated first. The com

(15) See (a) R. R. W oodward, A n g e x c .  C h e m . ,  68, 13 (1956); (b) M. F. 
R artle tt, R . Sklar, W. I. Taylor, E. Schlittler, R. L. S. Ainai, P. Peak, N. 
V. Rringi, and E. W enkert, ,/. A m .  C h e m .  S o c . ,  84, 622 (1962), and refer
ences cited therein.

(16) (a) C. D jerassi, M. Gorman, S. C. Pakraski, and R. R. W oodward, 
i b i d . .  78, 1259 (1956); (b) C. D jerassi, J. Fishm an, M. Gorm an, J. P. Ivut- 
ney, and S. C. Pakraski, i b i d . ,  79, 1217 (1957).

(17) (a) H. Fritz, T. W ieland, and E. Resch, A n n . ,  611, 268 (1958); (b) 
A. R. R attersby  and II. F. Hodson, Q u a r t .  R e v .  (London), 14, 77 (1960).

(18) H. F. Hodson and G. F. Sm ith, J .  C h e m .  S o c . ,  1877 (1957).

pounds VIIIc and XIc also retained spectra of the 
indoline type in acid solution, although a small hypso- 
chromic shift was observed.19

Compounds of the types IV and VI, like eserine, con
tain a basic nitrogen atom attached at the 2-position of 
the indoline portion of the structure. The ultraviolet 
spectra of these compounds are very similar to that of 
eserine,18 both in neutral solution and in dilute acid 
solution, in which all of the spectra undergo a hypso- 
chromic shift of 6 to 10 mg. This spectroscopic resem
blance to eserine constitutes additional substantial 
evidence that these compounds incorporate a 2-amino- 
indoline structure. The compounds Vile and Xc 
showed ultraviolet spectra typical of X-acylindolines.20

Certain color tests which have proved useful in the 
classification of curare alkaloids,171’ 21 were found appli
cable to the synthetic hexahydropyrrolo [3,4-6jindoles 
obtained in the present investigation (sec Table I). 
With ceric sulfate in sulfuric acid21 all of the compounds 
tested developed characteristic colors, but the colors 
were rather pale in the case of the compounds VUc, 
Xc, and XIc in which the indoline nitrogen was sub
stituted. A stable orange color was obtained from 
compound IXc, as is true of indoline alkaloids having an 
unsubstituted indoline nitrogen.I7b The test with con
centrated nitric acid served to distinguish compounds 
with an acylated indoline nitrogen (VI Ic and Xc gave 
little or no color) from the other members of the series. 
The most striking result with nitric acid was the deep 
scarlet color obtained from XIc which recalls the similar 
characteristic color reportedly obtained from C- 
alkaloid-Y.l7a Like XIc, the alkaloid is believed to

(19) A ddition of sodium hydroxide did not fu rther extend the batho- 
chromic shift represented by the change in spectra upon changing the  hydro
chlorides of V III and IX  into the corresponding free bases, a lthough certain 
alkaloids containing the 2-hydroxyindoline stru c tu re  show a bathochrom ic 
sh ift in sodium hydroxide.17 The reason for th is  difference is not clear, b u t 
it may be associated with such struc tu ra l d issim ilarities as the more rigid 
ring system s or the additional basic nitrogen in V III and X I as compared to 
the alkaloids.

(20) C j .  J. Kebrle. II. Schmid, P. Waser, and P. K arrer, H e l v .  C h i m .  

A c t a ,  36, 102 (1953).
(21) H. Schmid, J. Kebrle, and P. Karrer, i b i d . ,  35, 1864 (1952).
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T a b l e  II
N u c l e a r  M a g n e t ic  R e s o n a n c e  D a t a

v 11

Xc (d)
Line positions Chem ical shift, r-scaleb

Proton (c.p.s.) separation Individual
Com pound position Line pa tte rn from TM S° proton Av.

IVb' a AB quartet 1 -161, 2 -174 7.17 7.0 0
3 — 186J, 4 -  199 6.82

b AB quartet 1 — 186rf, 2 -195 6.81 6.56
3 -217, 4 -226 6.32

c Broad peak (2 protons) - 1 2 2 7.97
d Broad peak ( 1 proton) - 3 0 3 4.95

IVc' a AB quartet 1 -162, 2 -175 7 17 6.97
3 -189, 4 — 2027 6.77

b AB quartet 1 -  193, 2 -  202d 6.69 6.50
3 -218,4 -227 6.31

c Broad peak7 ca. -119 ca. 8 .0 2
d Broad peak ( 1 proton) ca. —298 ca. 5.03

Xce" a Singlet (2 protons) - I S O 7.00
b Singlet ( 2 protons ) - 2 2 1 6.31
c Singlet ( 1 proton) -281 5.31*
d Singlet (3 protons) -  141 7.65

° Determinations were made at 60 Me. with a Varian high-resolution dual purpose instrument, Model V-4302. The solvent used 
was deuteriochloroform, with tetramethylsilane (TMS) as the internal reference. b Calculated chemical shifts for individual protons 
in pairs which give AB quartets (see Jackman, ref. 22a, pp. 89-90) are recorded in the left-hand column. In the right-hand (Av.) col
umn absorptions appearing as singlets are given, as well as midpoints of AB quartets and approximate centers of broad unresolved 
absorptions. c In compound IVb the N-benzyl group gave rise to a barely resolved AB quartet with lines at —247, —262, —266, 
and — 282 c.p.s.; midpoint 5.60 t .  d Strongest signal of the overlapping AB patterns; coincidence of lines indicated. e In the spectra 
of IVc and Xc the lines at ca. 6.30 r were apparently superimposed over a broad unresolved absorption which is presumed, on the basis 
of its appearance and chemical shift, to be due to the proton on C-l of the cyclohexyl group. 7 The absorption overlapped that arising 
from a portion of the spectrum of the cyclohexyl group. Q A multiplet corresponding approximately to one proton was observed at ca.
1.88 t  on the downlield side of the main aromatic absorption of Xc. These signals may' arise from the proton at position 5 of the ring 
system, which might be subjected to a long-range shielding effect by the acetyl carbonyl group at position 4 (c f . Jackman, ref. 22a, pp.
121-125). h The chemical shift of this proton is intermediate between those of similarly situated protons at the 2-position of the N- 
acetylindoline structures in spegazzinidine (doublet at 5.95 t )  and 3-dehydrospegazzinidine dimethyl ether (singlet at 4.89 r). See 
C. Djerassi, el. a l . ,  J. A m .  ( ' h e m .  Soc. 84, 3480 (1962). The downfield shift of this absorption in the spectra of compound Xc and 
3-dehy'drospegazzinidine dimethyl ether relative to its position in the spectrum of spegazzinidine reflects the effect of an «-carbonyl 
group, which in compound Xc may be partly' offset by long-range shielding from the aromatic ring in the benzyl group (cf. Jackman, 
ref. 22a, pp. 18-19 and 51-52).

contain the partial structure D with an angular hy
droxyl group and a substituted indoline nitrogen.

Nuclear magnetic resonance (n.m.r.) spectra of 
several numbers of this series were measured, and in the 
case of two types of compounds (IV and X) the signals 
from the various hydrogens were sufficiently well sepa
rated to permit an analysis of the significant part of the 
data (see Table II). In structures IV and X the 
angular benzyl methylene group and the only hydrogen
bearing carbons of the pyrrolidine rings are all sepa
rated from each other by a quaternary carbon, the atom 
at position 8b of the ring system. Hence there should 
be no vicinal spin-spin coupling affecting these hydro
gens, and relatively simple line patterns might be 
anticipated. In the case of compound Xc, the spec
trum from these portions of the structure was in fact, as 
simple as possible; there were single unresolved lines 
with appropriate intensity relationships for the benzyl 
methylene hydrogens at position a (see formulas given 
with Table II), for the pyrrolidine methylene hydrogens 
at position b, for the single pyrrolidine hydrogen at

position c, and for the acetyl methyl hydrogens at 
position d. Evidently the individual hydrogens con 
stituting the geminal pairs at positions a and b do not 
differ sufficiently from each other in chemical shift to 
give rise to resolved patterns of the AB type,223 despite 
the fact that these hydrogens are configurationally 
nonequivalent in this asymmetric structure.

On the other hand, the data indicate that each of the 
two pairs of geminal hydrogens at positions a and b in 
compounds IVb and IVc give rise to an AB quartet. 
These two quartets overlap to a slightly different extent 
in the spectra of the two compounds; as indicated in 
Table II, line 3 of the pattern from position a coincides 
with line 1 from position b in the spectrum of IVb, 
whereas line 4 of the pattern from position a coincides

(22) (a) See L. M. Jackm an, “ Applications of N uclear M agnetic Reso
nance Spectroscopy in Organic C hem istry ,” Pergam on Press, London, 1959, 
pp. 89, 90. (b) private  com m unication from Dr. B ernard L. Shapiro; the
compound in question  is th a t labeled V II in the com m unication by  F. A. 
Hochstein, H. Els, W. D. Celmer, B. L. Shapiro, and R. B. W oodward, J . 

A m .  C h e m .  S o c . ,  82, 3225 (1960); the geminal coupling constan t was 9.8 ±
0.2 c.p.s.. (c) See L. M. Jackm an, ref. 22a, Chap. 4.
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with line 2 from position b in the spectrum of IVc. 
The amino proton at position d evidently gave rise to 
the broad and somewhat variable absorption seen at 
ca. 5.0 t  in the spectra of IVb and IVc, and the two 
protons of the angular amino group at position c ap
peared as a rather broad but well defined absorption at 
ca. 8.0 t in the spectrum of IVb. The latter absorption 
was evident in the spectrum of IVc, also, but overlapped 
the absorption of the cyclohexane ring. The geminal 
coupling constants for the hydrogens at b in IVb and 
IVc were in the range of 9 to 10 c.p.s., close to a value 
observed for analogously situated geminal hydrogens in 
the 7-lactone portion of an oleandomycin degradation 
product22*1; the spectra of five-membered lactams and 
lactones are apparently similar in this respect.

The indicated assignments of the lines of the n.m.r. 
spectra are supported by chemical shift data on related 
pyrrolidones which have been examined in this labora
tory, and by similar data in the literature.220 That the 
spectra of compounds IVb and IVc are more complex 
than that of Xc may in part reflect the fact that with 
molecules in the relatively unstrained cis configuration 
at the junction of the two five-membered rings the 
angular benzyl group would be cis to the angular amino 
group in compounds IVb and IVc, so that the two pro
tons of the geminal pair at position a, as well as those 
at position b, could be unequally influenced by the 
amino group.

One of the compounds in the pyrrolo [3,4-6 [indole 
series prepared previously,4 2-cyclohexyl-l,2,3,4-tetra- 
hydropyrrolo [3,4-6[indole, has shown some indica
tions of weak activity in tests for central nervous system 
effects.23 Several compounds obtained in the present 
investigation are undergoing biological screening, but 
no significant activity has been demonstrated as yet.

E x p e r im e n ta l24

l-Isopropyl-4-benzyl-2,3-dioxopyrrolidine.—A suspension of 20 
g . of l-isopropyl-4-benzal-2,3-dioxopyrrolidine5 in 250 ml. of 95% 
ethanol and 1 ml. of concentrated hydrochloric acid was hydro
genated over 120 mg. of Adams’ platinum oxide catalyst in a 
Parr apparatus for 30 min. at ca. 5-atm. initial pressure while the 
pressure bottle was heated with an infrared lamp. (Recent ex
periments with other similar compounds indicate that a 10% 
palladium-on-calcium carbonate catalyst used in neutral ethanol 
at room temperature may give superior results in this type of 
hydrogenation.) The solution was filtered while still hot to re
move the catalyst and an insoluble, white by-product, and evap
orated to dryness under reduced pressure. The residual oil was 
crystallized from aqueous ethanol to give 10 g. (50%) of white 
needles. For analysis the compound was recrystallized three 
times from cyclohexane to give long colorless needles, m.p. 171- 
172.5°.

A n a l .  Calcd. for C14H„N02: C, 72.70; H, 7.41; N, 6.06. 
Found: C, 72.38; H, 7.17; N, 6.06.

(23) The au thors are indebted to Sm ith Kline and French Laboratories 
for biological screening. 2-Cyclohexyl-l,2,3,4-tetrahydropyrrolo[3,4-(j]- 
indole produced some behavioral effects ind icative  of central nervous stim u
lation in ra ts  a t  high dose levels, and was found partia lly  effective in pre
venting  one of the central effects of reserpine in the  ra t, the reserpine-induced 
ptosis. C f .  J. R. G illette, J . V. Dingell, F. Sulser, R. K untzm an, and  li. 
B. Brodie, E x p e r i e n l i a .  17, 417 (1961), and references cited therein..

(24) M elting (joints are uncorrected. M icroanalyses are by Drs. G. 
W eiler and F. 15. S trauss, Oxford, England, and Geller M icroanalytical 
Laboratories, Bardonia, N. Y. U ltravio let spectra  were determ ined with a 
Cary recording spectrophotom eter; infrared spectra  with a Perkin-Elm er 
Model 21 spectrophotom eter. In tensities  of infrared bands are recorded 
as strong, s (0-30%  transm ittance), m edium, m (30-60%  transm ittance), 
and weak, w (60-90%  transm ittance); wave lengths (g) are given for the
2.5- to 8.0-g range in chloroform. Shoulders are indicated by (sh).

Infrared spectrum (/t); 2.80 w, 3.14 s, 3.32 s, 3.40 m, 3.48m, 
5.62 w, 5.98 s, 6.19 m, 6 .6 6  m, 6.82 s, 6.97 m, 7.16 s, 7.21 s, 7.28 
s, 7.45 m, 7.53 m, 7.83 s.

1-Substituted 4-Benzyl-2,3-dioxopyrrolidine Phenylhydrazones 
(I, R ' = Benzyl).—These compounds were prepared by suspend
ing the 1-substituted 4-benzyl-2,3-dioxopyrrolidines5 in 95% 
ethanol (5 ml./g.), adding phenylhydrazine (150 mole %) and 
glacial acetic acid (2  ml.), then heating the mixture at the boiling 
point for 10 to 20 min. Most of the starting material gradually 
dissolved and the solution turned yellow before the product began 
to precipitate. At the end of the heating period the mixture was 
cooled in an ice bath to complete precipitation of the product, 
which was collected by filtration, washed with cold 95% ethanol, 
and air-dried. Yields quoted are of the crystalline products as ob
tained in this way directly from the reaction mixtures. In a 
number of cases the products were pure enough to be used in the 
subsequent reaction without further purification. For analysis 
the compounds were recrystallized three times from 95% ethanol. 
Results with individual compounds are described in subsequent 
sections.

l-Methyl-4-benzyl-2,3-dioxopyrrolidine Phenylhydrazone.—
The yield was 10 g. (95%) of pale yellow cubic crystals m.p.
163-165°, from 8 g. of l-methyl-4-benzyl-2,3-dioxopyrrolidine. 
The analytical sample melted at 168-170° dec.

•4na(. ~ Calcd. for Cl8Hl9N30: C, 73.69; H, 6.53; N, 14.33. 
Found: C, 73.96; H, 6.63; N, 14.44.

Infrared spectrum: 2.97 m, 3.31 m, 3.39 m, 3.44 m, 5.88 s,
6.20 s, 6 .6 8  s, 6.85 m, 6.96 s, 7.09 m, 7.62 m, 7.74 m, 7.94 s.

l-Isopropyl-4-benzyl-2,3-dioxopyrrolidine Phenylhydrazone.— 
The yield was 4 g. (48%) of long white needles, m.p. 205-206°. 
from 6 g. of l-isopropyl-4-benzyl-2,3-dioxopyrrolidine.

A n a l .  Calcd. for C20H23N3O: C, 74.74; H, 7.21; N, 13.07. 
Found: C, 74.32; H, 7.06; N, 12.92.

Infrared spectrum: 2.97 w, 3.32 m, 3.37 w, 3.42 w, 5.91 m,
5.97 m, 6.22 s, 6.60 m, 6.65 m, 6.70 m, 6.90 m, 6.97 s, 7.28 w,
7.74 m.

1,4-Dibenzyl-2,3-dioxopyrrolidine Phenylhydrazone.—The
yield was 10 g. (75%) of fluffy white needles, m.p. 189-191°, 
from 10 g. of l,4-dibenzyl-2,3-dioxopyrrolidine.

A n a l .  Calcd. for C24H23N30: C, 78.02; H, 6.28; N, 11.37. 
Found: C, 77.38, 77.13; H, 6.24, 6.10; N, 11.50. (No reason 
for the low carbon value is apparent.)

Infrared spectrum: 2.98 w, 3.33 w, 3.43 w, 5.90 s, 6.20 s, 6.61 
w, 6 .68  m, 6.71 m, 6.92 m, 6.98 m, 7.36 w, 7.54 w, 7.76 w, 7.98 s.

l-Cyclohexyl-4-benzyl-2,3-dioxopyrrolidine Phenylhydrazone. 
—The yield was 24 g. (8 6%) of pale yellow' or colorless prisms, 
m.p. 194-196° dec., from 20 g. of l-cyclohexyl-4-benzyl-2,3-di- 
oxopyrrolidine.

A n a l .  Calcd. for C23H27N30 : C, 76.42; H, 7.53; N, 11.63. 
Found: C, 76.00; H, 7.72; N, 11.80.

Infrared spectrum: 2.99 w, 3.33 m, 3.41 m, 3.49 m, 5.95 s,
6.24 s, 6.62 m, 6 .6 8  m, 6.73 m, 7.01 s, 7.77 m, 7.99 s.

The normal white phenylhydrazone melting at 194-196° dec. 
(1 g.) was isomerized to what may be a s y n - a n t i  isomer when it 
w'as refluxed for 2 hr. on the steam cone in a chloroform-benzene 
mixture (1:1 by volume), and the solution was evaporated to 
dryness. The residual oil crystallized slowly from a benzene-n- 
hexane mixture. There resulted 0.6 g. (60%) of bright orange 
needles that melted at 119-120° after three more recrystalliza
tions from 95% ethanol. This material remained unchanged dur
ing 36-hr. refluxing in 95% ethanol.25

A n a l .  Calcd. for C23H27N30 : C, 76.42; H, 7.53; N, 11.63. 
Found: C, 76.32; H, 7.44; N, 11.55.

Infrared spectrum: 3.09 w, 3.42 s, 3.51 m, 6.04 s, 6.28 s, 6.64 
s, 6.74 m (sh), 6.91 s (sh), 7.02 s, 7.66 m, 7.78 m, 8.01 s.

2-Substituted 3a-Amino-8b-benzyl-l ,3a,4,8b-tetrahydropyrrolo- 
!3,4-5]indol-3(2// i-ones (IV).—The 1-substituted 4-benzyl-2,3 
dioxopyrrolidine phenylhydrazone (I) was suspended in a solution 
prepared from methanol (10  ml./g. of phenylhydrazone) and 
concentrated hydrochloric acid (1 ml./g. of phenylhydrazone). 
The mixture was heated on a steam cone until complete solution 
had occurred. After the solution had been cooled to room tem
perature rapidly in an ice bath, 10 to 2 0% aqueous sodium hy
droxide was added slowly with cooling until the solution was 
strongly basic. (“Alkacid” test paper, Fisher Scientific Co.,

(25) R. A. Abram ovitch, C a n .  J .  C h e m . ,  36, 354 (1958), reports  the oc
currence of s y n - a n t i  isom erization of the phenylhydrazone of 4-m ethyl-2,3- 
dioxopiperidine in the presence of zinc chloride or boron trifiuoride, and  the 
failure of the  substance, unlike the isomer described here, to  .undergo the 
Fischer indole synthesis.
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indicated a pH >12.) The product was extracted into chloroform 
and the solution was dried over magnesium sulfate. After 
filtration the chloroform solution was evaporated to dryness 
under reduced pressure, the residual oil was taken up in hot ben
zene or chloroform, and re-hexane was added to induce crystalliza
tion. Yields quoted are of the crystalline products as obtained 
in this wajr. (Alternatively, initial crystallization of IVc was 
induced by adding anhydrous ether to the residual oil.) The 
compounds were recrystallized from benzene-re-hexane mixtures 
with the exception of the 2-benzyl and 2-isopropyl compounds 
(IYb and IVi), with which chloroform-re-hexane mixtures were 
used. Benzene was avoided altogether in work with these com
pounds because it formed solvated crystals. Compound IVc 
crystallized well from mixtures of benzene and anhydrous ether. 
Results with individual compounds are listed.

3a-Amino-8b-benzyl-2-methyl-l ,3a,4,8b-tetrahydropyrrolo- 
[3,4-6]-indol-3(2//)-one (IVm).—The yield was 1.4 g. (70' ,) of 
colorless needles, m.p. 176-177°, from 2 g . of l-methyl-4-benzyl-
2,3-dioxopyrrolidine phenyllyydrazone.

A n a l .  Calcd. for CiSH19X30: C, 73.69; II, 6.53; N, 14.33. 
Found: C, 73.76; H,6.37; N, 14.60.

Infrared spectrum: 2.97 w, 3.36 m, 3.43 w, 3.50 w, 5.92 s,
6.22 m, 6.70 m, 6.75 s, 6.83 s, 6.90 m, 6.96 m, 7.12 m, 7.17 m,
7.66 m, 8.02 m.

3a-Amino-8b-benzyl-2-isopropyl-l,3a,4,8b-tetrahydropyrrolo- 
[3,4-5]indol-3(2/7)-one (IVi).—The yield was 1.5 g. (75' , ) of 
short white needles, m.p. 148.5-149°, from 2.0 g. of 1-isopropyl-
4-benzyl-2,3-dioxopyrrolidine phenylhydrazone.

A n a l .  Calcd. for C20H23X3O: C, 74.74; H, 7.21; N, 13.07. 
Found: C, 74.62; H, 7.05; N, 13.19.

Infrared spectrum: 2.95 m, 3.33 m, 3.44 w, 5.91 s, 6.17 m, 
6.71 s, 6.80 s, 7.18 m, 7.28 m, 7.62 m.

3a-Amino-2,8b-dibenzyl-l ,3a ,4,8b-tetrahydropyrrolo [3,4-6]in- 
dol-3(27/)-one (IVb).—The yield was 2 g. (57%) of crude prod
uct, m.p. 90-100°, from 3.5 g. of 1,4-dibenzvl-2,3-dioxopyrroli- 
dine phenylhydrazone. After two recrystallizations from acetic 
acid-water, two from benzene-re-hexane, and four more from 
benzene, white needles were obtained, m.p. 132-133°.

A n a l .  Calcd. for (7; 112,-jN:i(): C, 78.02; H, 6.28; X, 11.63. 
Found: C, 78.30; H, 6.48; X, 11.25.

Infrared spectrum: 2.98 w, 3.33 w, 3.43 w, 5.90 s, 6.23 s, 6.61 
w, 6 .6 8  m, 6.71 m, 6.92 m, 6.98 m, 7.36 w, 7.54 w, 7.76 w, 7.98 s.

3a-Amino-8b-benzyl-2-cyclohexyl-l ,3a,4,8b-tetrahydropyrrolo- 
(3,4-5]indol-3(2// (-one (IVc).—The yield was 18 g. (90% ) of 
colorless prisms, m.p. 163-164°, from 20 g. of l-cyclohexyl-4- 
benzyl-2,3-dioxopyrrolidine phenylhydrazone.

A n a l .  Calcd. for C23H27N30: C, 76.42; H, 7.53; X, 11.63. 
Found: C, 76.48; H,7.31; X, 11.87.

Infrared spectrum: 3.01 w, 3.38 w, 3.43 in, 3.51 w, 5.97 s,
6.24 m, 6.76 m, 6.84 m, 6.91 m, 7.20 w, 7.79 w.

Starting with l.Og. of the orange isomer (m.p. 119-120°) of the 
normal phenylhydrazone, the same product was obtained in a 
yield of 0.4 g. (40%). The identity of the two products was 
shown by a mixture melting point determination.

2-Substituted 3a-Amino-8b-benzyl-l ,2,3,3a,4,8b-hexahydro- 
pyrrolo[3,4-5]indoles (VI).—To a stirred solution of lithium 
aluminum hydride dissolved in ether (0.04 g./ml.) the solid 2-sub- 
stituted 3a-amino-8b-benzyl-l ,3a,4,8b-tetrahydropyrrolo[3,4-5]- 
indol-3(2I/)-one (IV) was added in small portions. The lithium 
aluminum hydride was present in excess; 1 g. was used per gram 
of compound reduced. The mixture was refluxed for 2 hr. with 
stirring after the addition was complete. The excess hydride 
was destroyed by slow addition of a 2 0 %, aqueous solution of 
sodium potassium tartrate with continued stirring. The mix
ture was allowed to stir for 20 min. and was then filtered. The 
ether layer was separated and evaporated to dryness. The resid
ual oily product was crystallized from re-hexane. Results with 
individual compounds are described.

3a-Amino-8b-benzyl-2-methyl-l ,2,3,3a,4,8b-hexahydropyrrolo- 
[3,4-5]indole (Vim).—The yield was 0.35 g. (61%,) of white 
needles, m.p. 144-145°, from 0.6 g. of compound IVm. Three 
recrystallizations from cyclohexane failed to raise the melting 
point.

A n a l .  Calcd. for Ci8H2iX3: C, 77.38; H, 7.58; X, 15.04. 
Found: C, 77.29; H, 7.98; X, 14.55.

Infrared spectrum: 2.95 w, 3.42 m, 3.53 w, 3.62 m, 6.22 m, 
6.73 s, 6.83 s, 7.18 m, 7.58 w, 7.98 m.

3a-Amino-8b-benzyl-2-isopropyl-l ,2,3,3a,4,8b-hexahydropyr- 
rolo[3,4-5]indole (Vli).—The yield was 0.45 g. (47%) of white 
needles, m.p. 118-119°, from 1.0 g. of compound IVi. Three

more recrystallizations from re-hexane failed to raise the melting 
point.

A n a l .  Calcd. for C2oH25X3: C, 78.13; H, 8.20; X, 13.67. 
Found: C, 77.77; 11,8.46; X, 13.61.

Infrared spectrum: 2.91 w. 3.34 s, 3.56 m, 6.18 m, 6.70 s,
6.80 s, 7.10 m, 7.17 in, 7.32 m, 8.00 m.

3a-Amino-8b-benzyl-2-cy clohexyl-1,2,3,3a, 4,8b-hexahydro- 
pyrrolo(3,4-5]indole (Vic).— The yield was 6.0 g. (62% ) of color
less prisms from 10 g. of compound IVc. Three reerystallizations 
from re-hexane yielded a product of m.p. 107-108°. (Another 
crystalline form, m.p. 115-117°, was also encountered.)

A n a l .  Calcd. for C^H^Ns: C, 79.49; H, 8.41; X, 12.09. 
Found: C, 79.61; II, 8.44; X, 12.13.

Infrared spectrum: 2.96 w, 3.43 m, 3.51 m, 3.60 w, 6.24 m, 6.74 
in, 6.84 in, 6.90 in, 7.18 w, 7.36-7.48 w.

2-Substituted 3a-Hydroxy-8b-benzyl-l,3a,4,8b-tetrahydro- 
pyrrolo[3,4-5]indol-3(2//)-ones (V).—A mixture of the 2-sub- 
stituted 3a-amino-8b-benzyl-l ,3a,4,8b-tetrahydropyrrolo[3,4-6]- 
indol-3(2//)-one (IV) and 60%, aqueous acetic acid (c a . 6 ml./g. 
of compound) was heated on a steam cone. Compounds Vc and 
Vm precipitated during a heating period of 30 to 90 min. The 
mixture was then cooled (to room temperature for Vc and Vm, to 
0° for Vi) and the product was collected by filtration, washed with 
water, and air-dried. Yields quoted are of the initial crystalline 
product unless otherwise indicated.

2-Methyl-3a-hydroxy-8b-benzyl-l,3a,4,8b-tetrahydropyrrolo- 
|3,4-6]indol-3(277)-one (Vm).—The yield was 1.2 g. (48%) of 
orange plates from 2.5 g. of compound IVc. After three recrystal
lizations from benzene-re-hexane or aqueous acetic acid, white 
plates were obtained, m.p. 20,5-207°.

A n a l . Calcd. for C18H18X202: C, 73.45; H, 6.16; X, 9.52. 
Found: C, 72.91; 11,6.17; X, 9.39.

Infrared spectrum: 3.00 w, 3.35 w, 3.43 w, 3.50 w, 5.91 s, 6.20 
w, 6.69 w, 6.74 m. 6.82 m, 6.88 w, 7.12 w, 7.68 w.

A second form of the compound, m.p. 215-217°, was obtained 
by crystallization from 95% ethanol.

' A n a l .  Calcd. for C1sH18N202: C, 73.45; H, 6.16; X, 9.52. 
Found: C, 73.36; H, 6.28; X.9.29.

The 217° form melted at 207° when crystallized from benzene- 
re-hexane. The infrared spectra of the two forms were identical 
in chloroform, although the potassium bromide pellet spectrum of 
the 207° form showed a closely spaced splitting of the carbonyl 
band (5.83, 5.88, 5.94 ¿i) not found in the 217° form.

2-Isopropyl-3a-hydroxy-8b-benzyl-l ,3a,4,8b-tetrahydropyrrolo- 
[3,4-6]indol-3(2/I)-one (Vi).—The yield after two recrystalliza
tions from absolute ethanol, was 0.8 g. (53%) of white needles, 
m.p. 197°, from 1.5 g. of compound IV heated for 2.5 hr.

A n a l .  Calcd. for C2oH22N20 2: C, 74.51; H, 8.69; H, 6 .8 8 . 
Found: C, 74.71; 11,8.55; N.7.01.

2-Cyclohexyl-3a-hydroxy-8b-benzyl-l,3a,4,8b-tetrahydropyr- 
rolo[3,4-5]indol-3(27/)-one (Vc).—The yield was 3.5 g. (70%) of 
pale yellow prisms, m.p. 163-166°, from 5.0 g. of compound IV. 
After three reerystallizations from aqueous acetic acid, colorless 
plates w'ere obtained, m.p. 164-165°.

A n a l .  Calcd. for C23H26X202: C, 76.21; H, 7.23; X, 7.73. 
Found: C, 75.69; H, 7.32; N, 7.79.

Infrared spectrum: 2.80 w, 3.00 m, 3.34 m, 3.41 s, 3.49 m,
5.96 s, 6.19 m, 6.78 s, 6.81 s. 6.87 s, 7.30 w, 7.70 m, 7.95 m.

When IVc was refluxed with ethanolic sodium ethoxide, am
monia was evolved. The reaction mixture yielded Vc (29% 
yield) as the only crystalline product.

2-Substituted 8b-Benzyl-l,2,3,3a,4,8b-hexahydropyrrolo[3,4- 
(flindoles (IX) and 2-Substituted 8b-Benzyl-3a-hydroxy-l ,2,3,- 
3a,4,8b-hexahydropyrrolo[3,4-5]indoles (VIII).—To a solution 
of lithium aluminum hydride (1 g./g. of compound to be reduced) 
in anhydrous ether (ca . 100 ml./g. of hydride) the 2-substituted 
3a-hydroxy-8b-benzyl-l ,3a,4,8b-tetrahydropyrrolo|3,4-6jindol-3- 
(2/7)-one (V) to be reduced was added in solid form. The mix
ture was stirred and refluxed for 1 -8  hr. then the excess hydride 
was destroyed by cautious addition of a 2 0% aqueous sodium 
potassium tartrate solution. The mixture was stirred for an 
additional 30 min., and the ether solution filtered and evaporated 
to dryness under reduced pressure. Results in the preparation 
of individual compounds are given.

8b-Benzyl-2-cyclohexyl-3a-hydroxy-l,2,3,3a,4,8b-hexahydro- 
pyrrolo (3,4-5] indole (VIIIc).—The reduction of 4 g. of compound 
Vc using a 1-hr. reaction period yielded an oil which was dis
solved in hot re-hexane. When the solution was cooled to ca . 30° 
and allowed to stand, white needles, m.p. 126-130°, were de
posited first. Recrystallization from cyclohexane afforded 0.95
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g. (32%) of fluff)' white needles, m.p. 129°. (Yields in different 
runs varied from 20 to 32%, and IXc once separated before 
VIIIo.) An analytical sample, m.p. 129-130°, was prepared by 
successive crystallizations from re-hexane and cyclohexane.

A n a l .  Calcd. for C23H28N20: C, 79.27; H, 8.10; N, 8.04. 
Found: C, 79.29; H.7.75; N, 7.13, 8.16.

Infrared spectrum: 2.80 w, 2.95 w, 3.43 s, 3.51 m, 3.60 m,
6.21 m, 6.72 m, 6.82 m, 6.89 m, 7.15 m, 7.27 m, 7.46 m, 7.60 w.

8b-Benzyl-2-cyclohexyl-l,2,3,3a,4,8b-hexahydropyrrolo(3,4-6]- 
indole (IXc). A. From Vc Directly.—The re-hexane solution from 
which the crystals of compound VIIIc had been deposited ini
tially in the procedure described previously was concentrated by 
evaporation. A 1.15-g. quantity (40%) of compound IXc was 
deposited as colorless prisms, m.p. 96-99°. Yields of this 
product varied from 37 to 49%, in different runs. Repeated re
crystallization from re-hexane raised the m.p. to 98-100°.

A n a l .  Calcd. for C23H28N2: C, 83.08; H, 8.49; N, 8.43. 
Found: C, 83.04; H, 8.23; N, 8.51.

Infrared spectrum: 2.95 w, 3.42 s, 3.51 m, 3.60 w, 6.22 m, 6.70 
w, 6.76 m, 6.83 m, 6.90 m, 7.29 w, 7.57-7.68 w, 8.02 w.

B. From VIIIc.—Reduction of 0.65 g. of compound VIIIc by 
the same procedure used with Vc yielded, as the first crop of 
crystals from re-hexane, 0.15 g. (23%) of recovered starting 
material, and, as the second crop, 0.35 g. (56%,) of compound 
IXc, m.p. 93-98°. Recrystallization from re-hexane gave color
less prisms, m.p. 98-110°. In another run 32% of VIIIc was re
covered and 41% of IXc was obtained.

8b-Benzyl-3a-hydroxy-2-methyl-l,2,3,3a,4,8b-hexahydropyr- 
rolo[3,4-5]indole (VHIm).—An 8-hr. reaction period was used for 
the reduction of 5.5 g. of Vm. The crude product was dissolved 
in a boiling benzene-re-hexane mixture and the solution allowed 
to cool slowly to room temperature. Crystals of compound VHIm 
separated over a period of several hours. After removal of the 
mother liquor by decantation the product (1.1 g., 2 2%, m.p.
128-129°) was recrystallized three times from benzene-re-hexane 
mixtures to give colorless prisms, m.p. 129-130°.

A n a l .  Calcd. for C18H2oN2(): C, 77.14; II, 7.17; N, 10.00. 
Found: C, 76.55, 77.15; H, 7.05, 7.18; N, 10.35.

Infrared spectrum: 2.79 w, 2.92 w, 3.38 m, 3.48 m, 3.56 m,
6.18 m, 6.70 m, 6.80 m, 7.12 m, 7.42 w, 7.55 m, 7.96 m.

8b-Benzyl-2-methyl-l ,2,3,3a,4,8b-hexahydropyrrolo[3,4-/i jin- 
dole (IXm).—The mother liquor from which the crystals of com
pound VHIm had separated, as described previously, was cooled 
for 36 hr. in a refrigerator. A second product (IXm) (2.3 g., 
48%, m.p. 84-85°) separated and was recrystallized twice from 
benzene-re-hexane mixtures to yield long, colorless needles, m.p.
84.5-85.5°.

A n a l .  Calcd. for C18H2„N2: C, 81.78; H, 7.63; N, 10.60. 
Found: C, 81.55; H, 7.58; N, 10.78.

Infrared spectrum: 2.90 w, 3.38 m, 3.49 m, 3.58 m, 6.21 m, 
6.71 s, 6.81 s, 7.14 w, 7.38 w, 7.59 w, 7.97 m.

4-Acetyl-8b-benzyl-2-cyclohexyl-3a-hydroxy-I,3a,4,8b-tetra- 
hydropyrrolo(3,4-/;jindol-3(2//)-one (VIIc). A.—To 5 g. of com
pound Vc was added 10 ml. of freshly distilled acetyl chloride, and 
the mixture was warmed on a steam cone until all of the excess 
acetyl chloride had evaporated. The.flask was then cooled to 
room temperature and 25 ml. of cold water was added. The 
gummy product was stirred until it had completely solidified. 
The water layer was then decanted and the solid recrystallized 
from aqueous ethanol to give 3.2 g. ( 5 7 % )  of white needles, m.p. 
195-198°. Two recrystallizations from a benzene-re-hexane mix
ture raised the m.p. to 199-200°.

A n a l .  Calcd. for C25H28N203: C, 74.23; H, 6.98; N, 6.93. 
Found: C, 74.67; H, 7.01; N, 6.90.

Infrared spectrum: 3.04-3.13 w, 3.42 m, 3.51 m, 5.92 s, 6.13 s,
6.27 m, 6.76 s, 6.84 m, 7.10 m, 7.30 s, 7.43 s, 7.56 m, 7.74 m.

B.—To a solution of 35 ml. of glacial acetic acid and 8 ml. of 
acetic anhydride saturated with dry hydrogen chloride was rap
idly added 3.5 g. of l-cyclohexyl-4-benzyl-2,3-dioxopyrrolidine 
phenylhydrazone. The mixture was swirled until the solution 
was complete, allowed to stand for 90 min. at room 
temperature, and then made strongly basic by addition of 2 0 % 
aqueous sodium hydroxide with cooling. The product 
was extracted into benzene, and the benzene solution was dried 
over magnesium sulfate, then chromatographed on alumina. 
The product was eluted with acetone after the column had been 
washed with benzene, and was crystallized from an acetic acid- 
water mixture. Two grams (50%) of white needles was obtained, 
m.p. 197-198°. A mixture melting point with the product ob
tained by procedure A was not depressed.

8b-Benzyl-2-cy clohexyl-4-ethyl-3a-hydroxy-1,2,3,3 a ,4,8b-hexa- 
hydropyrrolo13,i - h ]indole (XIc).—To a solution of 2 g. of lithium 
aluminum hydride in 50 ml. of anhydrous ether, 1.9 g. of com
pound VIIc was added in small portions. The mixture was stirred 
and refluxed for 1 hr., then 2 0% aqueous sodium potassium tar
trate solution was added dropwise until the excess hydride was 
destroyed. The mixture was then stirred for 30 min. and filtered. 
The ether solution was evaporated to dryness under reduced 
pressure and the residual oil was crystallized from re-hexane. 
There resulted 0.7 g. (40%) of colorless prisms which, after two 
more recrystallizations from re-hexane, melted at 91.5-93°.

A n a l .  Calcd. for C26H32N20: C, 79.74; H, 8.57; N, 7.44. 
Found: 0,79.67; H, 8.63; N, 7.91.

Infrared spectrum: 2.80 m, 3.44 s, 3.51 s, 3.60 m, 6.23 s, 6.73 
s, 6.84 s (sh), 6.90 s, 7.29 s, 7.42 s, 7.74 s.

4-Acetyl-8b-benzyl-2-cyclohexyl-l,3a,4,8b-tetrahydropyrrolo- 
[3,4-5]indol-3(2I/)-one (Xc).—A solution of 1.0 g. of compound 
IVc in 50 ml. of 80% aqueous acetic acid was refluxed with 2 g. of 
zinc dust for 24 hr.13 The solution was filtered to remove un
changed zinc, and diluted to 250 ml. with water. After standing 
3 hr. the mixture was filtered to give 0.2 g . (19%) of product. 
Following three recrystallizations from cyclohexane or a benzene- 
re-pentane mixture white needles were obtained, m.p. 188-189°.

A n a l .  Calcd. for C25H28N20:: C, 77.29; H, 7.27; N, 7.21; 
N-acetyl, 9.79. Found: C, 77.07; H, 7.24; N, 7.35; N-Acetyl,
9.04.

Infrared spectrum: 3.43 m, 3.51 w, 5.94 s, 6.26 w, 6.77 m, 6.85 
m, 6.89 m, 6.98 m, 7.18 s, 7.41 w, 7.72 m, 7.82 w.

8b-Benzyl-2-cydohexyl-3a-N-phenylthioureido-l,3a,4,8b-tetra- 
hydropyrrolo[3,4-7]indol-3i2//)-one (XIIc).—To 3 g. of com
pound IVc was added 4.5 ml. of phenyl isothiocyanate, and the 
mixture was heated on a steam cone for ca . 7 min. The resulting 
oil became viscous when cooled and then crystallized. The crys
tals were collected on a filter and washed successively with re
pentane and 50% aqueous ethanol. Recrystallization from 70% 
aqueous ethanol yielded 3.5 g. (8 6%) of white crystals, m.p. 173- 
174°. Further recrystallizations from 70% aqueous ethanol 
raised the m.p. to 181-182°.

A n a l .  Calcd. for C30H32N4OS: C, 72.55; H, 6.50; N, 11.28. 
Found: C, 72.25; H, 6.36; N, 11.25.

Infrared spectrum: 3.02 w, 3.35 w, 3.42 m, 3.51 w, 5.98 s, 6.15 
m, 6.61-6.68 s, 6.73 s, 6.82 s, 6.89 m, 7.10 w, 7.19 w, 7.42 m,
7.68 m, 7.95 m.

Compound Vc was recovered unchanged when treated with 
phenyl isothiocyanate by the same procedure used with IVc.

Acetic Acid Hydrolysis of the Phenylthiourea Derivative XIIc. 
—Compound XIIc (1.5g.)was heated on a steam cone for 1 hr.in 
300 ml. of 75% (by volume) aqueous acetic acid. The solution 
was allowed to cool to room temperature slowly and then was 
evaporated under reduced pressure to remove the solvents. The 
last traces of acetic acid were removed from the residue by adding 
and evaporating three 100-ml. portions of benzene. During the 
third evaporation a white solid, m.p. 148-150°, precipitated. 
Recrystallization from hot water produced fine white needles, 
m.p. 152-153°. The infrared spectrum (Nujol mull) was identi
cal with that of authentic phenylthiourea, and there was no 
mixture melting point depression.

The mother liquor from which the phenylthiourea had sepa
rated was concentrated to yield a brown oil. A white crystalline 
compound, m.p. 140-145°, precipitated when the oil was dis
solved in re-heptane with a few drops of absolute ethanol added. 
Recrystallization from the same solvent mixture afforded white 
needles, m.p. 165-167°, which were shown to be compound Vc.

Reaction of Compound IVc with Nitrous Acid.—A solution con
taining 1 g. of compound IVc and 1.5 ml. of concentrated hydro
chloric acid in 8 ml. of 95% ethanol was cooled to 5° and treated 
with 10 ml. of a cold 10% aqueous sodium nitrate solution. The 
mixture was allowed to stand in an ice bath for 5 min. and wras 
then extracted with ether. The ether extract w'as washed with 
ice-water, dried over magnesium sulfate, and evaporated under 
reduced pressure without heating. The residue was recrystal
lized three times from a benzene-re-hexane mixture to yield 0.35 
g. (32%) of a product which melted at 155-156° with extensive 
decomposition, corresponded in composition approximately to 
a mononitroso derivative of IVc, and gave a Liebermann’s test.

A n a l .  Calcd. for C23H26N402: C, 70.74; H, 6.71; N, 14.35. 
Found: C, 71.34; H, 6.91; N, 14.32.

Infrared spectrum: 295—3.02 w, 3.43 m, 3.51 m, 5.90 s, 6.18 m,
6.23 m (sh), 6.70 w (sh), 6.80 (sh), 6.90-7.00 s, 7.50-7.57 s, 7.74 
m, 7.84 s, 7.98 s.
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Reduction of l-[2-(3-indolyl)-2-oxoethyl]pyridinium salts IV with lithium aluminum hydride in tetrahydro- 
furan solution gave indolo[2,3-o]quinolizine derivatives III, whereas in diethyl ether solution l-[2-(3-indolyl)- 
ethyl]-l ,2,5,6-tetrahydropyridines II were obtained. This method presents a convenient route to these quinol- 
izines and lias been utilized in a synthesis of d/-A15120’-yohimbene, which has previously been converted into 
sempervirine and di-alloyohimbane, and also in a synthesis of fiavopereirine.

In previous papers in this series,4 5 the reduction of a 
2- [2-(3-indolyl)cthyl]- or 2- [2-(3-indolyl)-2-oxoethyl]- 
isoquinolinium salt with lithium aluminum hydride 
was shown to be a ready means of obtaining in good 
yield the basic ring skeleton of the yohimbine alkaloids. 
We now wish to report the extension of our original 
investigations to the use of pyridinium salts and the 
utilization of the reaction as a means of obtaining simple 
quinolizine derivatives related to the indole alkaloids.6 
This same “reductive cyclization” approach to the a- 
indole alkaloids also has been described recently by 
Wenkert.6 The main difference in the two reaction 
sequences is our choice of l-[2-(3-indolyl)-2-oxoethyl]- 
pyridinium salts as starting materials and an interest
ing solvent effect upon the course of the reduction. 
Since the final products from several of the examples 
chosen to illustrate the two methods are the same, we 
report those of our results not anticipated by Professor 
Wenkert’s publication, or results that are necessary for 
structural proof.

Early attempts at the reductive cyclization of in- 
dolylethylpyridinium salts with lithium aluminum 
hydride were unsuccessful. Elderfield,7 as well as
K.T.P.,8 found several years ago that the reduction of 
l-[2-(3-indolyl)ethyl]pyridinium bromide (I, R = 
R ' = H) with lithium aluminum hydride or sodium 
borohydride gave only the tetrahydropyridine deriva
tive II; no cyclization to the indolo[2,3-a]quinolizine 
system III was observed. The conditions under which 
the cyclization of salts of type I can be effected have 
been determined recently by Wenkert.6

The intermediate pyridinium salts IV used in our 
reaction sequence were obtained by condensation of 3- 
acetylindole with the appropriate pyridine in the pres
ence of iodine or from the reaction of w-bromoacetyl- 
indole, itself easily prepared from 3-acetylindole and 
bromine,9 and the pyridine.

(1) Presented a t the 2nd In te rna tiona l Sym posium  on the C hem istry  of 
N atural Products, Prague, Czechoslovakia, August. 1962.

(2) D epartm ent of C hem istry, U niversity  of Louisville, Louisville, Ken
tucky.

(3) R ecipient of a C .S .I.R .O . Senior P ostgraduate  S tuden tsh ip  (1961- 
1962).

(4) P a rt II, D. R. Liljegren and K. T. P o tts. ./. O r g .  C h e m . ,  27, 377 
(1962).

(5) T his investigation  was supported in part by PH S G ran t H-6475 from 
the N ational H eart In s titu te , Public H ealth Service.

(6) E. W enkert. R. A. M assy-W estropp, and R. G. Lewis, ./. A m .  C h e m .  

S o c . ,  84, 3732 (1962).
(7) R. C. Elderfield, B. Fischer, and J . M. Lagowski, ./. O r g .  C h e m ., 22, 

1376 (1957).
(8) K. T. P o tts, unpublished observations (1954).
(9) K. Bodendorf and A. W alk, A r c h .  P h a r m . ,  294, 484 (1961).

In initial experiments the parent salt (IV, R = R' 
= H) was subjected to lithium aluminum hydride 
reduction in ether and in tetrahydrofuran solutions. 
The general procedure for the work-up of the reaction 
mixture involved decomposition of the excess hydride 
and treatment of the solutions with dilute hydrochloric 
acid, followed by basification, and chromatography of 
the mixtures of the crude bases. Rather surprisingly, 
different products were obtained when the reduction 
of l-[2-(3-indolyl)-2-oxoethyl]pyridinium iodide (IV, 
R = R ' = H) was carried out in ether and in tetra
hydrofuran solutions. When ether was the solvent em
ployed, 1- [2-(3-indolyl)ethyl ]-l,2,5,6-tetrahydropyri-
dine (II, R = R ' = H) was isolated in 33% yield. 
Verification of this structure was obtained by ab
sorption of one mole of hydrogen in the presence of 
Adams’ catalyst with the formation of l-[2-(3-indolyl)- 
ethyl]piperidine, the identity of the latter being estab
lished by comparison with authentic material obtained 
by lithium aluminum hydride reduction of 1-[1,2- 
dioxo-2-(3-indolyl)ethyl]piperidine prepared from in- 
dole-3-glyoxyloyl chloride and piperidine.10 However, 
when the reduction of IV (R = It' = H) was carried out 
in tetrahydrofuran solution the tetracyclic product, 
l,4,6,7,12,12b-hexahydroindolo[2,3-o]quinolizine (III, 
It = It' = II), was formed in 56% yield. Hydrogena
tion of this material gave l,2,3,4,6,7,12,12b-octahydro- 
indolo[2,3-a]qumolizine, a compound well character
ized in the literature. The yields of both products were 
found to vary with length of reaction time (see Table I). 
The position of the double bjnd in III (R = It' = H) 
was not established directly, but rather the structure (in
stead of the alternative 3,4,6,7,12,12b-hexahydro prod
uct) was formulated by analogy with products formed in

(10) T. Nogradi, M o n a t s h .  C h e m . .  88, 768 (1957).
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T a b l e  I

P r o d u c t s  I s o l a t e d  f r o m  t h e  L i t h i u m  A l u m in u m  H y d r id e  
R e d u c t io n s  o f  S a l t s  o f  S t r u c t u r e  IV

Reaction
P aren t pyridine Solvent time, hr. % II % HI

Pyridine Ether 6 33
Pyridine Ether 3 42
Pyridine THF" 4.5 44
Pyridine THF 2 56
3-Ethylpyridine Ether 4 35 5
3-Ethvlpyridine THF 4.5 48
3-Ethylpyridine THF 2 52
3-Ethyl-4-methylpyridine THF 3.5 62
5,6-Tetramethylenepyridine THF 3 67

“ THF = tetrahydrofuran.

similar reductions of substituted pyridinium salts where 
definite assignments could be made on the basis of n.m.r. 
spectral data (see Experimental11).

A similar solvent effect on the course of the lithium 
aluminum hydride reduction was observed with 3- 
ethyl-l-[2-(3-indolyl)-2-oxoethyl]pyridinium iodide (IV, 
R = Et; It' = H) in ether and in tetrahydrofuran 
solutions. When the former solvent was employed, 3- 
ethyl-1 - [2-(3-indolyl)ethyl]-l,2,5,6-tetrahydropyridine 
(II, II = Et; R ' = II) was isolated together with a 
small amount of 3-ethyl-l,4,6,7,12,12b-hexahydroin- 
dolo [2,3-a ¡quinolizine (IV, It = Et; R' = H). The 
latter compound was the sole product when tetra
hydrofuran was the solvent for the reaction, and the 
small variations in yield with reaction time are sum
marized in Table I.

Both the tetrahydropyridine (II, R = Et; R' = H) 
and the quinolizine (III, R = Et; R ' = H) absorbed 
one mole of hydrogen on catalytic reduction, demon
strating the presence of the isolated double bond. De
finitive proof of the structures assigned to these com
pounds was obtained from their nuclear magnetic reso
nance spectral data which are reported in the Experi
mental. The quinolizine III was converted into the 
alkaloid flavopereirine,12 from G e is s o sp e rm u m  laeve or 
ve llo si, by a reaction sequence reported in the litera
ture13 involving reduction of III (R = Et; R' = H) 
to octahydroflavopereirine, oxidation with mercuric 
acetate to 3-ethyl-l,2,3,4,6,7-hexahydro-12//-indolo- 
[2,3-a]quinolizinium perchlorate, followed by dehydro
genation of this salt with palladium-carbon. The flavo
pereirine, isolated as the perchlorate, was identical 
with the natural product.

Further extensions of this reaction sequence in the 
pyridinium series were next investigated with the aim 
of ultimately obtaining pentacyclic compounds possess
ing rings D and E in the fully reduced state. We first 
chose a disubstituted pyridine, /3-collidine, as a model. 
This readily gave the intermediate pyridinium salt 
(IV, R = Et; R' = CH3) which was reduced in the 
usual manner with lithium aluminum hydride in tetra-

(11) The spectra were recorded from a Yarian V-4302 dual purpose, 60- 
M c„ n.m .r. spectrom eter, and chemical shift values are reported in t  units, 
using tetram ethylsilane as internal standard . We are indebted to Dr. T. H. 
Crawford for his assistance in the determ ination  of these spectra.

(12) Num erous syntheses of flavopereirine have been effected: see ref. 6, 
24, and am ong others, A. Le Hir, M .-M . Jano t, and I). van Stolk, B u l l .  s o c .  

c h i m .  F r a n c e .  551 (1958); K. B. Prasad and G. A. Swan, J .  C h e m .  S o c . ,  2024 
(1958); H- Kaneko, ./. l i h a r m .  S o c .  J a p a n ,  80, 1374 (I960); Y. Ban and 
M. Seo, T e t r a h e d r o n ,  16, 5 (1961).

(13) A. Le Hir, M .-M . Jano t, and D. van Stolk, B u l l .  s o c .  c h i m .  F r a n c e ,

551 (1958). We are indebted to Professor H. R apoport for au then tic  samples
ol flavopereirine and its  perchlorate.

hydrofuran solution and gave a base with properties 
similar to those of the products described by formula III 
previously.

The assignment of structure III (R = Et; It' = 
CH3), 2-methyl-3-ethyl-l,4,6,7,12,12b-hexahydroindolo- 
[2,3-a¡quinolizine, was on the basis of analytical data, 
as well as the absence of absorption due to olefinic pro
tons and also the a-proton of the indole nucleus in its
n.m.r. spectrum. It is interesting that the reduction 
and cyclization of the pyridine nucleus occurs pre
dominantly in the way shown, a fact which was also 
noted by Wenkert.6 By using 3,4-diethylpyridine one 
would have an easy method of obtaining a product re
lated to dihydrocorynantheane and flavocoryline.

The use of 5,6,7,8-tetrahydroisoquinoline in this 
reaction offered an interesting route to the alloyohim- 
banes. The intermediate salt (IV, R = R ' = 
-(CH2)r) was obtained in poor yield from the reaction 
of 3-acetylindole, iodine, and the tetrahydroisoquino- 
line. The low yield was due to mechanical loss in the 
isolation procedure. An excellent yield of the salt was 
obtained, however, from the reaction of u-bromoacetyl- 
indole and the isoquinoline. Reduction of this salt 
with lithium aluminum hydride in tetrahydrofuran 
solution gave l,2,3,4,5,7,8,13,13b,14-decahydrobenz- 
¡ 5  jindolo [2,3-a ¡quinolizine (III, R = R ' = -(CH2)4-) 
[A15<20>-yohimbene]. The physical characteristics of 
this product agreed with those described in the litera
ture14 and the structure was supported by the absence 
of olefinic proton and a-indole proton absorption in the
n.m.r. spectrum. Attempts to reduce the isolated 
double bond in A15(2d)-yohimbine by the usual methods 
were unsuccessful14; even the highly active platinum 
catalyst recently described by Brown15 did not effect 
reduction, nor did the conditions used by Janot and co
workers16 in the preparation of alloyohimbane from sem- 
pervirine prove effective. A15<20)-Yohimbene has been 
converted into sempervirine and also (//-alloyohimbane 
and (//-epiallovohimbane, and its synthesis thus con
stitutes syntheses of these products.17

A'5'20'-Yohimbene was a satisfactory intermediate for 
resolving an interesting point in sempervirine chemis
try reported in the literature. Sodium borohydride 
reduction of N-methylsempervirinium salts V gave a 
hexahydro base formulated as VI, though the alterna
tive position for the double bond (C-3-C-14) was also 
considered.18 Methylation of A15<20)-yohimbene should 
give a base identical with that obtained from the 
sodium borohydride reduction, and on treatment with 
sodamide and methyl iodide in liquid ammonia solu
tion A15<20>-yohimbene gave such a product.19 This 
directly confirmed the correctness of structure VI.

The instability of members of this series of com
pounds is worthy of mention. Without exception those 
quinolizines or 1,2,5,6-tetrahydropyridines containing 
an isolated double bond in ring D or at the junction of 
rings D and E rapidly decomposed in air and light. 
During recrystallizations, solutions obtained colorless

(14) E. W enkert and R. R ovchaudhuri, J .  A m .  C h e m .  S o c . ,  80, 1613 
(1958).

(15) H. C. Brown and C. A. Brown, i b i d . ,  84, 1494 (1962).
(16) A. Le Hir, R. G outarel. and M .-M . Jano t, C o m p t .  r e n d . ,  236, 63 

(1952).
(17) See reference quoted in ref. 14.
(18) B. W itkop, J .  A m .  C h e m .  S o c . ,  76, 3361 (1953).
(19) We are indebted to Dr. B. W itkop for his gift of l-m ethy l-A ^H 10)- 

yohim bene picrate to carry ou t direct com parisons.
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after treatment with charcoal became yellow within a 
few minutes, and this effect was most noticeable in 
hydrocarbon solvents. This phenomenon is undoubt
edly connected with an oxidative process involving the 
double bond, for when this was removed by reduction 
the bases were found to be stable and more easily puri
fied.

Experimental'20
3-Ethyl-l-[2-(3-indolyl)-2-oxoethyl]pyridinium Iodide (IV,

R = Et; R' = H; X = I).—3-Ethylpyridine (2.8 g., 0.03 mole) 
and 3-acetylindole (1.6 g., 0.01 mole) were warmed together on a 
water bath. Iodine (2.54 g., 0.01 mole) was added and the 
mixture heated at 95-100°. The product began to crystallize 
after several minutes, and heating was continued for 1 hr. The 
solid product was triturated with ethanol (ca. 20 ml.) and the 
cream powder collected. The iodide (3.1 g., 80%) crystallized 
from water as a mixture of fawn plates and needles, m.p. 257° 
dec., with darkening from 248°. Both of these crystalline forms 
of the iodide separated from ethanol as fine colorless needles, 
m.p. 260-262° dec. with darkening from 255°.

A n a l .  Calcd. for C17H17N2OI: C, 52.1; H, 4.4; N, 7.1. 
Found: C, 52.0; H, 4.5; N, 7.2.

Solutions of the iodide in ethanol gradually became deep yellow 
on standing at room temperature for several hours.

3-Ethyl-l-[2-(3-Lndolyl)-2-oxoethyl]pyridinium Bromide (IV, 
R = Et; R' = H; X = Br).—A mixture of 3-bromoacetylindole9 
(0.48 g., 0.002 mole) and 3-ethylpyridine (0.28 g., 0.003 mole) 
was gently warmed on a water bath for a few minutes. The 
solid product was rubbed with a little ethanol and the colorless 
powder that precipitated was collected and washed with ether. 
The bromide separated from water as colorless needles, m.p. 
268-271° dec.

A n a l .  Calcd. for CnHnl^OBr: C, 59.1; H, 5.0; N, 8.2. 
Found: C, 58.7; H, 4.7; N, 8.2.

Conversion into the Iodide.—The addition of an aqueous solu
tion of potassium iodide to an aqueous solution of the bromide in 
hot water produced an immediate precipitate of 3-ethyl-l-[2-(3- 
indolyl)-2-oxoethyl]pyridinium iodide that crystallized from 
water as colorless needles, m.p. and m.m.p. 259-261° dec. with 
a sample prepared using the same procedure.

2-[2-(3-Indolyl)-2-oxoethyl]-5,6,7,8-tetrahydroisoquinolinium 
Chloride (IV, R, R' = -(CH2)4-; X = Cl).—5,6,7,8-Tetrahydro- 
isoquinoline21 (2.7 g., 0.02 mole) and 3-chloroacetylindole22 (1.7 
g., 0.009 mole) were mixed together in a flask protected by a 
drying tube, and then warmed on a water bath. A pink solution 
formed and after 1-2  min. the reaction mixture solidified to a 
cream mass. Titration with ethanol (6-7 ml.) yielded a color
less powder, m.p. 269-270°. The chloride (2.9 g., quant.) 
crystallized from methanol as colorless plates, m.p. 270-272° 
dec.

A n a l .  Calcd. for C19IT9N2OCI: C, 69.8; H, 5.9; N, 8 .6 . 
Found: C, 69.3; H, 6.1; N, 8.7.

Conversion into the Iodide.—This was carried out as described 
previously, the iodide crystallizing from water as cream needles, 
m.p. 249-251° dec. The melting point was not depressed on 
admixture with a sample of the iodide prepared by the following 
method.

(20) Petroleum  ether refers to the fraction  b.p. 60-80° unless otherwise 
sta ted . E vapora tions were under reduced pressure on a w ater ba th  and 
m elting po in ts were determ ined in capillaries. U ltravio let spectra were re
corded in 95%  ethanol solution, using an  O ptica CF4 spectrophotom eter, and 
analyses were perform ed by the C .S .I.R .O . M icroanalytical Service, M el
bourne. Woelm neutral alum ina, ac tiv ity  4, was found m ost successful in 
the chrom atography experim ents.

(21) R. Grewe and A. M ondon, B e r . ,  81, 279 (1948).
(22) R. M ajim a and M. K otake, i b i d . ,  65B, 3865 (1922).

2-[2-(3-Indolyl)-2-oxoethyl]-5,6,7,8-tetrahydroisoquinolinium 
Iodide (IV, R,R' = -(CH2),-; X = I).—3-Acetylindole (0.8 g.,
0.005 mole) and 5,6,7,8-tetrahydroisoquinoline (2.0 g., 0.015 
mole) were heated together on a steam bath with iodine (1.25 g., 
0.005 mole) for 40 min. The cooled melt was extracted with 
boiling water (charcoal) and on cooling a yellow oil was deposited. 
The mother liquor was decanted and when the oil was rubbed with 
a little ethanol a pale yellow powder precipitated. The iodide 
(84 mg., 4%) crystallized from water as fine cream needles, m.p. 
251-252° dec.

A n a l .  Calcd. for Ci9Hi9N2OI: C, 54.6; H, 4.6; N, 6.7. 
Found: C, 54.7; H, 4.6; N, 6 .8 .

l-[2-(3-Indolyl)ethyl]-l,2,5,6-tetrahydropyridine (II, R = R'
= H).—l-[2-(3-Indolyl)-2-oxoethyl]pyridinium iodide4 (2.7 g., 
0.0075 mole) was added portionwise over a period of 30 min. to a 
stirred solution of lithium aluminum hydride (1.0 g., 0.025 mole) 
in anhydrous ether (ca . 200 ml.) while a stream of dry nitrogen 
was passed into the reaction vessel. The mixture was heated 
under gentle reflux for 6 hr. and as the reaction progressed the 
yellow starting material dissolved and a flocculant white sub
stance precipitated. At the end of the reaction period the excess 
hydride was decomposed by the addition of hydrated sodium 
sulfate and the precipitated inorganic material removed by fil
tration under nitrogen. The etheral filtrate was pale green with 
a blue fluorescence. Dilute hydrochloric acid was added with the 
immediate precipitation of a yellow* gum. After removal of the 
ether on a water bath, the acidic solution was allowed to stand for 
2 hr. Making basic with aqueous potassium hydroxide solution 
precipitated the bases, which were extracted into ether and dried 
(sodium sulfate). The yellow oil obtained on removal of the 
solvent was absorbed onto 8 g. of neutral alumina which was then 
added to a column of alumina (65 g.). Elution with a 1:1 mixture 
of benzene-petroleum ether yielded a pale yellow crystalline 
material. 1 - [2 - (3 - Indolyl)ethyl] - 1,2,5,6 - tetrahydropyridine 
(0.52 g , 33%) crystallized from hexane as colorless needles, m.p.
152-153° (lit.7 m.p. 152-153°).

A n a l .  Calcd. for C,5H18N2: C, 79.6; H, 8.0; N, 12.4. 
Found: C, 79.5; H, 8.1; N, 12.4.

The mixture melting point of this sample with 1,4,6,7,12,12b- 
hexahydroindolo(2,3-a]quinolizine was 114-116°. Further de
velopment of the column with benzene and a mixture of benzene- 
ether (4:1) yielded a few milligrams of yellow oily material that 
could not be characterized.

The picrate, prepared in ethanol, crystallized from ethanol as 
orange needles, m.p. 174-175°.

A n a l .  Calcd. for CyEBiNsCb: C, 55.4; H, 4.7; N, 15.4. 
Found: C, 54.9; H, 4.7; N, 15.1.

Platinum oxide (15.4 mg.), suspended in absolute alcohol (10 
ml.), was reduced and saturated with hydrogen. l-[2-(3 - 
Indolyl)ethyl]-l,2,5,6-tetrahydropyridine (30.0 mg.) was added 
and hydrogen (3.12 ml., theoretical 3.21 ml.) was absorbed over 
a period of 20 min. The colorless, crystalline residue of l-[2-(3- 
indolyl)ethyl]piperidine separated from hexane as small, colorless 
needles, m.p. 149-150° (lit.7, m.p. 151-152°), not depressed on 
admixture with an authentic specimen prepared by reduction of 
l-[l,2-dioxo-2-(3-indolyl)ethy]]piperidine.10 The infrared spec
tra of the samples were identical.

l,2,6,7,12,12b-Hexahydroindolo[2,3-a]quinolizine (III, 
R = R' = H).—l-[2-(3-Indolyl)-2-oxoethyl]pyridinium iodide 
(1.7 g., 0.0047 mole) was added portionwise over a period of 15 
min. to a stirred solution of lithium aluminum hydride (0 .6  g., 
0.015 mole) in tetrahydrofuran (120 ml.). Marked effervescence 
occurred, and the solution developed a pale green color with a 
green fluorescence. After 2 hr. heating in a stream of dry nitro
gen, the reaction mixture was worked up as described pre
viously. The residual brown gum from the ether extract was 
absorbed onto neutral alumina (8 g.) and transferred to the top 
of a column of alumina (50 g.). Elution with a 1:1  mixture of
benzene-petroleum ether yielded 1,4,6 ,7,12,12b-hexahydroindolo- 
[2,3-a]quinolizine (0.58 g., 56%) m.p. 144-146°. It crystallized 
from hexane or petroleum ether as clusters of thick, colorless 
plates, m.p. 147-148° (lit.6 m.p. 144—144.5°).

A n a l .  Calcd. for Ci5H16N2: C. 80.3; H, 7.2; N, 12.5. 
Found: C, 79.7; H, 7.2; N, 12.6.

Ultraviolet absorption: Xmax 2260, 2830, 2910 A.; log e 
4.61,3.92,3.84; Xmi„ 2470, 2890 A.; log e 3.30, 3.81.

The crystalline base or its solutions in hydrocarbon.or alcoholic 
solvents rapidly changed from colorless to pale yellow-green in the 
presence of air and light.



N o v e m b e r , 1963 T h e  I n d o l e  A l k a l o id s  I I I 3069

The picrate formed in ethanol, crystallized from aqueous meth
anol as dusters of orange needles, m.p. 119-121°.

A n a l .  Calcd. for C21H19N5O7 H2O: C, 53.5; H, 4.5; N,
14.9. Found: C, 53.7; H, 4.5; N, 15.1.

Further development of the column with benzene and a 4:1 
mixture of benzene-ether gave 55 mg. of a yellow oil that could 
not be induced to crystallize or form a crystalline derivative.

Adams’ catalyst (20 mg.) was suspended in ethanol (10 ml.) 
and saturated with hydrogen. The preceding base (40 mg.) 
was added, and hydrogen (4.6 ml., theoretical 4.4 ml.) was ab
sorbed over a period of 10 min. 1,2,3,4,6,7,12,12b-Octahydro- 
indolo[2,3-a]quinolizine separated from hexane as small colorless 
prisms, m.p. 152-153° (lit.23 m.p. 147-147.5°).

A n a l .  Calcd. for CisHi8N2: C, 79.6: H, 8 .0 . Found: C, 
79.3; H, 8.1.

The mixture melting point of the product with 1 -[2-(3-indolyl)- 
ethyl [piperidine was 119-121°.

3-Ethyl-l-(2-(3-indolyl)ethyl]-l,2,5,6-tetrahydropyridine (II, 
R = Et; R' = H).—Dried, powdered 3-ethyl-l-[2-(3-indolyl)-2- 
oxoethyl]pyridinium iodide (IV, It = Et; It' = H) (3.44 g. 
0.0087 mole) was added to a stirred solution of lithium aluminum 
hydride (1.2 g., 0.0.3 mole) in ether (300 ml.) under an atmos
phere of dry nitrogen and the pale green mixture was heated 
under reflux for 3 hr.

Using the previous general work-up procedure, the final oily 
product obtained was absorbed onto alumina (10 g.) and trans
ferred to the top of a column of alumina (100 g.) and eluted 
with a 1:4 mixture of benzene-petroleum ether. The first two 
fractions (800 ml.) contained 3-ethyl-l ,4,6,7,12,12b-hexahydro- 
indolo [2,3-a] quinolizine (0.111 g., 5%), m.p. 143-145°. (The 
characterization of this product is described fully subsequently.) 
Further development of the column with a 1:1 mixture of ben
zene-petroleum ether gave pale yellow, crystalline material, 
m.p. 117-120°. The 3-ethyl-l-(2-(3-indolyl)ethyl]-l ,2,5,6-tetra- 
hydropyridine (0.879 g., 40%) crystallized from a colorless 
solution in hexane as very pale yellow, irregular prisms, m.p.
121-123° (lit.6 m.p. 119-122°).

A n a l .  Calcd. for C17H22N2: N, 11.0. Found: N, 10.9.
N.m.r. spectrum (deuteriochloroform): ind-a-H, 3.22; ole-

finic CH, 4.62; ethyl CH3, 9.00 r (triplet, J  = 7.0 c.p.s.).
The picrate, prepared in alcohol, separated as orange-red 

needles, m.p. 155-157°, and successive crystallizations from 
methanol raised this value to 165-167° (lit.6 m.p. 161-163°).

A n a l .  Calcd. for C23H25N5O7: C, 57.1; H, 5.2; N, 14.5.
Found: C, 57.0; H, 5.3; N, 14.1.

Palladium on carbon (20 mg., 20% catalyst) was suspended in 
ethanol (10 ml.) and saturated with hydrogen. The unsaturated 
base prepared previously (37.4 mg.) was added, and hydrogen 
(3.84 ml., theor. 3.63 ml.) was absorbed over a period of 4 hr. 
The oily base was very soluble in hexane and petroleum ether 
(b.p. 4(U60°) and could not be obtained crystallinê

Ultraviolet absorption: Xmax 2230,2830 , 2920 A .; Xmi„2440 ,
2890 A . It was characterized as the picrate which was formed in 
ethanol and crystallized from methanol-water in the form of fine, 
orange needles, m.p. 12 7 -1 2 8 °.

A n a l .  Calcd. for C23H27N607: C, 56.9; H, 5.6; N, 14.4.
Found: C, 56.8; H, 5.6; N, 14.2.

3-Ethyl-l,4 ,6 ,7 ,12,12b-hexahydroindolo|2 ,3-a]quinolizine (III, 
R = Et; R ' = H).—The finely powdered iodide (5.88 g., 0.015 
mole) was added in small portions over a period of 15 min. to a 
stirred solution of lithium aluminum hydride (2.0 g., 0.05 mole) 
in tetrahydrofuran (300 ml.). Marked effervescence occurred, 
and the solution became pale green with a green fluorescence. 
After 2 hr. heating in a nitrogen atmosphere, the reaction mixture 
was worked up as before. The residual yellow fluorescent 
glass was absorbed onto alumina (10 g.) and transferred to the 
top of a column of alumina (100 g.). Elution with a 1:1 
mixture of benzene-petroleum ether gave a crystalline product, 
m.p. 143-145°. The 3-ethyl-l,4 ,6 ,7 ,12,12b-hexahydroindolo- 
¡2,3-o]quinolizine (1.32 g., 52%) crystallized from hexane as 
colorless plates, m.p. 146-148° (lit.6 m.p. 143-145°).

A n a l .  Calcd. for C„H2oN>: C, 80.9; H, 8 .0 ; N, 11.1. 
Found: C, 80.2; H, 7.9; N,11.4.

Ultraviolet absorption: Xm.,s 2260, 2830, 2910 (sh.) A.; log «
4.52, 3.83, 3.75; Xmi„ 2450 A.; log e 3.17. N.m.r. spectrum 
(deuteriochloroform): olefinie CH, 4.62; ethyl CHa, 8.97 r
(triplet, J  = 7.3 c.p.s.).

(23) L. H. Groves and  G. A. Swan, J . C h e m .  S o c . ,  650 (3952).

The crystalline base or its solutions v e r y  rapidly became yellow 
on exposure to air and light.

The picrate was formed in ethanol and crystallized from an 
ethanol-petroleum ether mixture as small, yellow needles, m.p.
184-186° dec.

A n a l .  Calcd. for C23H23N507: C, 57.4; H, 4.8; N, 14.6. 
Found: C, 56.9; H, 4.4; X, 14.5.

Adams’ catalyst (10 mg.), suspended in ethanol (10 ml.), was 
reduced and saturated with hydrogen. The previous unsaturated 
base (25.2 mg.) was added and hydrogen (2.42 ml., theoretical
2.36 ml.) was absorbed over a period of 80 min. The colorless 
3 - ethyl - 1,2,3,4,6,7,12,12b - octahydroindolo[2,3 - a]quinolizine 
(octahydroflavopereirine) could not be obtained crystalline (Thes- 
ing and Festag2i report an oil; Hughes and Itapoport24 25 and Wen- 
kert6 report m.p. 163-164°). The picrate was prepared in eth
anol and crystallized from methanol as small, irregular orange 
prisms, m.p. 208-210° dec., alone and when mixed with authentic 
octahydroflavopereirine picrate, kindly supplied by Dr. J. 
Thesing. The infrared spectra of the two samples were super- 
imposable.

2-Methyl-3-ethvl-l ,4,6,7,12,12b-hexahydroindolo[2,3-a] quin
olizine (III, R = Et; R' = CH;,). A.—Finely powdered 3- 
ethyl - 1 - [2- (3 - indolyl) - 2 - oxoethyl] - 4 - methylpyridinium 
iodide (IV, R = Et; It' = CH3; X = I) (1.2g., 0.003 mole) was 
added to a solution of lithium aluminum hydride (0.7 g., 0.018 
mole) in dry tetrahydrofuran (100 ml.) and the mixture heated 
under reflux for 3.5 hr. in a nitrogen atmosphere. After cooling 
the reaction mixture, water was cautiously added to decompose 
the excess hydride. Treatment with dilute hydrochloric acid 
gave a yellow solution containing suspended grey inorganic mat
ter. This was removed as described previously and tetrahydro
furan evaporated from the filtrate at 30-40° under reduced 
pressure. As the solution concentrated a yellow product sepa
rated and was collected by filtration. Further concentration of 
the mother liquor precipitated a yellow oil that solidified on 
standing. This was identified as the quinolizinium hydroiodide 
(0.7 g., 61 %) which crystallized from methanol as colorless 
needles, m.p. 296-298° dec.

A n a l .  Calcd. for Ci8H23N2I: C, 54.8; H, 5.8; N, 7.1. 
Found: C, 54.8; H, 5.8; X, 7.1.

No coloration was obtained with Flhrlich’s reagent. The 
free base was obtained by the addition of ammonia to an aqueous 
solution of the hydroiodide. It separated from aqueous meth
anol as colorless needles, m.p. 171-173°.

A n a l . Calcd. for C,8H22N2: C, 81.2; H, 8.3; N, 10.5. 
Found: C, 80.7; H, 8.3; N, 10.5.

Ultraviolet absorption: Xmax 2260, 2820, 2900 A.; log e
4.39, 3.92, 3.83; Xmin 2470, 2880, A.; log i 3.34, 3.82. N.m.r. 
spectrum (deuteriochloroform): methyl of (CHj)C=C, 8.33;
ethyl methyl, 9.00 t; (triplet, /  = 7.0 c.p.s.); no olefinie proton.

B.—In another reduction it w7as possible to isolate the quinoli
zine as its crystalline hydrochloride. After decomposition of the 
reaction mixture with hydrated sodium sulfate and removal of 
the inorganic salts, the filtrate was acidified with dilute hydro
chloric acid and the volume of the solution reduced by heating on 
the water bath. On cooling, colorless crystals of 2-methyl-3- 
ethyl-1,4,6,7,12,12b-hexahydroindolo[2,3-a]quinolizinium hydro
chloride (0.85 g., 43%) separated. It crystallized from meth
anol as long, colorless needles, m.p. 281-282° with frothing.

A n a l .  Calcd. for Ci8H2.3N2Cl: N, 9.3. Found: N, 9.0.
From the acidic mother liquors, by a process involving basifi- 

cation, ether extraction, and chromatography as described in the 
previous experiments, a further 325 mg. (18%) of the free base 
was obtained, m.p. 171-172°. Further development of the 
chromatography column with a 4:1 mixture of benzene-ether 
gave 170 mg. of a brown oil that could not be induced to crystal
lize or to form a crystalline picrate or hydrochloride.

l,2,3,4,5,7,8,13.13b,14-Decahydrobenz[<7]indolo(2,3-a]quino- 
lizine (III, R,R' = -(CH,)4-).—2-[2-(3-Indoiyl)-2-oxoethyl]-
5,6,7,8-tetrahydroisoquinolinium chloride (IV, It, It' = -(CH2)4-; 
X = Cl) (2.4 g., 0.0076 mole) w7as added in small portions to 
lithium aluminum hydride (1.0 g., 0.025 mole) suspended in dry 
tetrahydrofuran (150 ml.). Vigorous effervescence occurred and 
a yellow-green solution with an intense pale green fluorescence 
was formed. After 3 hr. reflux with stirring in a nitrogen atmos
phere, hydrated sodium sulfate was added and the reaction mix
ture worked up as previously described. The final brown oil was

(24) J. Thesing and W. Festag, E x p e r i e n t i a ,  17, 127 ( 19-59).
(25) N. A. Hughes and H. Rapoport, J .  A m .  C h e m .  S o c . .  80, 1604 (1958).
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absorbed onto alumina (10 g.) and transferred to the top of a 
column of alumina (80 g.). The column was eluted with a 1:1 
mixture of benzene-petroleum ether and 200-ml. fractions taken. 
Fractions 2,3 and 4 were combined and on removal of the solvent 
a pale yellow crystalline residue was obtained. 1,2,3,4,5,7,8,- 
13,13b,14-Decahydrobenz[(/]indolo(2,3-a]quinolizine, A15<20)- 
yohimbene, (1.42 g., 67%) separated from benzene ¡is colorless 
needles, m.p. 106-197° with darkening (lit.11 m.p. 196-197°). 
N.m.r. spectrum (deuteriochloroform): methylene, 6.99-8.34 r;
no oleilnic proton.

A n a l .  Calcd. for C,9H.,..N2: C, 82.0: H, 8 .0 ; N, 10.1.
Found: C, 81.6; H, 7.9; N, 10.2.

The base, or its solutions, rapidly became yellow on exposure to 
air and light.

The picrate, formed in ethanol, separated from aqueous meth
anol as fine yellow needles, m.p. 178-180° dec., with previous 
darkening.

A n a l .  Calcd. for C25H25N5O7: C, 59.2; H, 5.0; N, 13.8.
Found: C, 59.5; H, 5.1; N, 13.6.

Further development of the column with a 4:1 mixture of 
benzene-ether gave a small amount of ¡1 brown oily material 
which could not be characterized.

l,2,3,4,5,7,8,13,13b,14-Decahydro-T-methylbenz[i/]indolo- 
[2,3-nlquinolizine (N-Methyl-A15(20’-yohimbene) (VI).—Liquid 
ammonia (c a . 15 ml.) was distilled from sodium and collected in a

small flask immersed in a Dry Ice-ethanol bath. A crystal of 
ferric nitrate was added, followed by sodium (22 mg.). The 
mixture was stirred for several minutes, A15(20’-yohimbine (225 
mg.) was added, and after a further 10 min. methyl iodide (150 
mg.) was introduced. Stirring was continued at room tempera
ture until all the ammonia had evaporated, and then water was 
added and the product collected (230 ing., m.p. 112-115°). 
N-Methyl-A15(20l-yohimbene crystallized from aqueous methanol 
as line, colorless needles, m.p. 137-138° (lit.18 m.p. 137-139°). 
N.m.r. spectrum (deuteriochloroform): ind-N methyl, 6.37;
methylene, 6.85-8.15 r.

A n a l .  Calcd. for CMHJ4.N2: C, 82.1; H, 8.3; N, 9.6. 
Found: C, 81.9; H, 7.9; N, 9.7.

The picrate, prepared in alcohol solution, crystallized from 
methanol as yellow needles, m.p. 182-185° (lit.18 m.p. 188-192°).

A n a l .  Calcd. for C26H27N50 7 CH30H: C, 58.6; H, 5.6; 
N, 12.7. Found: C, 58.5; H, 5.4; N, 13.0.

The melting point of the picrate was not depressed on admix
ture with an authentic sample kindly provided by Dr. B. Witkop, 
and the infrared spectra of the two samples were identical.
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Aromatic Cyclodehydration. LIV . 1 Indolo[2,3-a]acridizinium Salts

C. K. B radsher  and  A. J. H. U mans

D e p a r tm e n t  o f  C h e m is t r y , D u k e  U n ive r s i ty ,  D u r h a m ,  N o r th  C aro l in a  

Received A p r i l  29, 19 6 3

9//-[3,4-6]Pyridoindole-l-carboxaldehyde h;is been synthesized and quaternized with benzyl halides. Cycli- 
zation of the crude quaternary salts in acidic media has afforded indolo[2,3-a]acridizinium salts.

The indolo[2,3-a]acridizinium2 (VI) nucleus may he 
considered as the parent system of the yohimbine, 
reserpine, and alstoniline3 alkaloids. A near approach 
to the synthesis of VI has been made by four different 
research groups,4a-d each of which prepared 7,8-di- 
hydroindolo[2,3-a]acridizinium salts (I). Two of these 
groups40 4d have recorded their attempts to dehydro
genate the 7,8-dihydro system (I) to the fully aromatic

9 8

nucleus (VI). Glover and Jones40 report that their ex
periments were unsuccessful. Swan,4,1 using tetra- 
chloro-o-benzoquinone as the dehydrogenating agent, 
isolated (as the iodide) a chocolate brown powder. 
This substance “was probably not obtained pure” 
and no analysis was reported. The reported absorp-

(1) For the preceding com m unication of this series, see ./. O r g .  C h e m . ,  28, 
1009 (19G3). This research was supported by a research g ran t (II-2170) 
from the N ational H eart In s titu te  of the N ational In s titu tes  of Health, 
presented before the X IX th  M eeting of the In ternational Union for Pure 
and Applied C hem istry, London, England, July, 1903.

(2) The name acridizinium  has been proposed for the benzo[/>]cjuinolizin- 
ium system : J .  A m .  C h e m .  S o c . ,  77, 4812 (19”)”)). The C h e m i c a l  A b s t r a c t s  

name for VI is 13//-bonz[0]indolo[2,3-a]quinolizinium .
(3) R. C. Elderfield and S. L. W ythe, ./. O r g .  C h e m . ,  19, 083 (1954).
(4) (a) R. M. Jacob and J. Fouché, 10th Congress, Union of Pure and

Applied Chem istry, Paris, 1957; Résumés des Com m ., Vol. II, p. 310. 
(b) R. C. Elderfield. J. M. Lagowski, O. L. M cC urdy, and S. L. W ythe, J .  

O r g .  C h e m . ,  23, 435 (1958). (c) E. E. G lover and G. Jones, J .  C h e m .  S o c . ,  

1750 (1958). (d) G. A. Swan, ibid., 2038 (1958).

tion spectrum was simpler (only two maxima) than that 
of any known acridizinium compound, and the ulti
mate absorption maximum was at 345 m/x as against 
399 m,u for the acridizinium ion.5

It appeared probable that the methods of aromatic 
cyclodehydration6 might provide a direct route to the 
aromatic system without recourse to dehydrogenation 
of a quaternary salt. The preparation of 1-methoxy- 
methyl-9//- [3,4-6 Jpyridoindole (methoxyharman, II) 
from methoxyacetaldehyde and tryptophan7 was fol
lowed by cleavage of the ether linkage by hydrobromic 
acid, affording the carbinol III. The carbinol was oxi
dized to the aldehyde IV8 using activated manganese 
dioxide.

Quaternization of the pyridoindolecarboxaldehyde 
with benzyl bromide was carried out in dimethylform- 
amide at room temperature, and the crude salt (V, X 
1 ’>' was used directly in the cyclization. Cyclode
hydration was brought about by heating the quaternary 
salt V for 24 hr. in polyphosphoric acid at 120°, and 
the orange-yellow product had the properties which 
would be expected of an indoloacridizinium system.

Quaternary salts derived from 3-methoxybenzyl 
bromide and 2,3-dimethoxybenzyl bromide were cy- 
clized to the expected indoloacridizinium salts VII and

(5) An additional com plication is th a t, in the tex t of Sw an's paper, (ref. 
4d) the dehydrogenation of 7,3-dihydroindolo[2.3-a]acridizinium  (I) is dis
cussed, while, in the experim ental part, only the dehydrogenation of the 13- 
methyl derivative  of I is described.

(0) G. K. B radsher, C h e m .  R e v . ,  38, 447 (1940).
(7) C f .  H. R. Snyder, S. M. Parm enterer, and L. K atz, J .  A m .  C h e m .  

S o c . ,  70, 222 (1948).
(8) We are indebted to Dr. Hans Berger who developed this procedure for 

the synthesis of 9//-[3 ,4-/;]pyridoindole-l-carboxaldehyde in this labora
tory .
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VIII. Since the methoxyl groups facilitate cycliza- 
tion, heating in concentrated hydrochloric acid for 15 
min. on the steam bath was sufficient.9 The quaternary 
salt from 3-(3,4,5-trimethoxybenzoxy)-4-methoxybenzyl 
bromide (XII) proved more difficult to cyclize, but did 
afford a product IX having the expected composition, 
and some of the features of the gross reserpine skeleton.

Experimental
All analyses were by Dr. I. A. Schoeller, Mikroanalyt.isehes 

Laboratorium, Kronach, West Germany. Unless otherwise 
indicated all infrared absorption spectra were determined by use 
of potassium bromide pellets. Unless otherwise indicated ul
traviolet absorption spectra were made with the Cary Model 
14 PM spectrophotometer using acetonitrile as the solvent. 
Wave lengths marked with an asterisk (*) represent shoulders 
rather than clearly defined peaks.

l-Methoxymethyl-9//- [3,4-6]pyridoindole (II).7—A mixture 
containing 2 g. of di-tryptophan, 1.5 g. of methoxyaeetaldehyde10 
in SO ml. of water, and 1 ml. of ethanol was heated at 60° for 22 
hr. The solution was then diluted to 500 ml. and boiled for a few 
minutes, and then 96 ml. of 10% potassium dichromate solution 
and 20 ml. of acetic acid were added. Heating was continued 
for only 2-3 min. and then the brown suspension was cooled 
under the water tap. After the addition of sodium sulfite to 
destroy excess oxidant, the mixture was made alkaline with solid 
sodium carbonate, and extracted repeatedly with ether. Evapo
ration of the ether left 1.57 g. of crude methoxyharman suitable 
for the next step. An analytical sample was prepared by re- 
crystallization from dilute ethanol, m.p. 129-130°.

A n a l .  Calcd. for CI3H,.2N20: C, 73.55; H, 5.70; N, 13.22. 
Found: C, 73.21; H.5.92; N, 13.51.

l-Hydroxymethyl-97/-[3,4-5]pyridomdole (III).—Two grams 
of crude methoxyharman was dissolved in 60 ml. of 48%, hydro- 
bromic acid and the mixture refluxed for 1.5 hr. The red solu
tion was evaporated to near dryness, 60 ml. of water was added, 
and refluxing was continued for two additional hours. The hot 
solution was filtered to remove a small amount of tar, cooled, 
and made alkaline with sodium carbonate. The crude grayish 
precipitate, m.p. 218-220°, yield 1.{» g. (93%), was pure enough 
for further reactions. Recrystallization was difficult because the 
substance was nearly insoluble in most of the common organic 
solvents. Further purification could be effected if the carbinol 
was dissolved in hot 10%) hydrochloric acid (Norite) and pre
cipitated by addition of solid potassium carbonate to the cooled 
solution. The grayish white precipitate, when collected, washed 
with water, and dried, melted at 220-223°. The analytical 
sample was obtained as colorless needles by crystallizing 325 mg. 
from 700 ml. of water, m.p. 228-229°.

(9) Spectrographic evidence indicates th a t the activated  (methoxy) 
benzyl salts may undergo some cvclization a t room tem pera tu re  during 
the quaternization period.

(10) C. D. H urd and .1. L. A bernethy, J .  A m .  C h a n .  S o c . .  63, 1900 (1941); 
the initial d istillate obtained by the H urd and A bernethy procedure was 
usually used w i t h o u t  fractionation .

A n a l .  Calcd. for CisHinNoO: C, 72.71; H, 5.09; N, 14.13. 
Found11: C, 72.92; H, 5.27; N, 14.19.

The ultraviolet absorption spectrum of this compound, 
as well as that of the related methoxymethylpyridoindole II 
closely resembles the spectrum of harman.

9//-[3,4-6]Pyridoindole-l-carboxyaldehyde (IV).—One gram 
of the hydroxyharman III and 10 g. of specially prepared man
ganese dioxide12 were suspended in 350 ml. of tetraehloroethane 
and were stirred for 16 hr. by means of a magnetic stirrer. The 
temperature went as high as 39° because of the heat from the 
stirrer motor. The reaction mixture was filtered through filter- 
aid, the residue washed with chloroform, and the combined solu
tions evaporated to dryness. The product was recrystallized 
from ethanol affording 0.51 g. (52%,) of yellow aldehyde as a 
microcrystalline powder, m.p. 198-200°. The analytical sample 
was recrystallized from benzene, m.p. 202-202.5°.

A n a l . '  Calcd. for 012H8N20: C, 73.46; H, 4.08; N, 14.28. 
Found: C, 73.68; H.3.66; N, 13.95.

The oxime crystallized from ethanol as almost colorless 
needles, m.p. 264-266° dec.

A n a l .  Calcd. for 0i2H9N30: C, 68.24; H, 4.29. Found: 
C, 68.14; H, 4.47.

l-Formyl-2-benzyl-9//-[3,4-fc]pyridoindolium Perchlorate (V). 
—The pyridoindoleearboxaldehyde IV was usually dissolved in 
the minimum quantity of dimethylformamide and an excess of 
benzyl bromide added and the mixture was allowed to stand for 
7 days. The crude bromide salt precipitated by the addition of 
ether was satisfactory for further reactions, but a small sample 
was converted to the perchlorate by the addition of 2 0%, per
chloric acid to an ethanol solution. The orange product precipi
tated from acetonitrile-ethyl acetate as a powder, m.p. 223- 
224° dec. The alcohol solution had a blue fluorescence.

A n a l .  Calcd. for C19H,5N205C1: C, 58.99; H, 3.91; N, 7.24. 
Found: C, 58.86; H.3.93; N.7.32.

Indolo [2,3-a] acridizinium Perchlorate (VI).—The crude py- 
ridoindolium V bromide (1.0 g.) was mixed with polyphosphoric 
acid (20 g.) and heated for about 24 hr. at 120°. The mixture 
was next cooled and stirred and water was added, causing the 
precipitation of the product as a phosphate salt. The grayish 
brown solid was collected, washed with water, and dried. The 
dry salt was dissolved in methanol acidified with a small quantity 
of hydrochloric acid, and ion exchanged through an Amberlite 
IRA-401 chloride column. The alcoholic solution was concen
trated and 20% perchloric acid added to the hot solution. The 
precipitate was collected, washed with cold water-ethanol, and 
dried. The brownish product which decomposed starting at 
275°, (0.72 g., 72%) was recrystallized from acetonitrile-ether, 
affording an analytical sample as yellow-orange crystals, m.p. 307- 
310° dec., which showed a strong yellow-green fluorescence in 
solution. The infrared absorption spectrum showed a peak at
2.96 n (assigned to indole NH) but no significant absorption in 
the carbonyl region; Xmax13 (log e) 209 (4.29), 255 (4.44), 280 
(4.19), 288* (4.17), 346 (4.24), 401 (3.83), and 443 mM (3.71).

A n a l .  Calcd. for C19H,3N204C1: 0,61.88; H, 3.55; N, 7.60. 
Found: C, 62.14; H.3.90; N,7.57.

3-Methoxyindolo[2,3-a]acridizinium (VII) Perchlorate.—The 
pyridoindole carboxaldehyde (0.5 g.) was quaternized with m-  
methoxybenzyl bromide in the usual way. The quaternary salt 
which formed was precipitated from solution as an oil or impure 
solid by the addition of ether. The solvent was decanted and 
the residue was taken up in a small quantity of methanol. Ten 
milliliters of concentrated hydrochloric acid was added and the 
mixture heated on the steam bath for 15 min. A yellowish 
precipitate formed, and after cooling the mixture, it was col
lected and washed with cold water. To a hot alcoholic solution 
of the salt, 2 0%, perchloric acid was added dropwise, and after 
cooling the mixture, the precipitated perchlorate salt was col
lected, washed with water, and dried. The yellowish product 
(0.81 g., 80%,) decomposed slowly when heated above 280°. 
The analytical sample, obtained by recrystallization from ace to-

(11) Analysis by D. C. Daessle, M ontreal, Quebec, Canada.
(12) C f .  R . J. H ighet and W. C. W ildm an, J .  A m .  C h e m .  S o c . ,  77, 4399 

(1955); J. A ttenburrow , A. F. B. Cam eron, J. H. Chapm an, R. M. Evans, 
B. A. Hems, A. B. A. Jensen, and T. W alker, J .  C h e m .  S o c . ,  1094 (1952). 
In  la te r experim ents it was found more convenient to use 350-700 ml. of 
acetone or chloroform as the solvent since subsequent concentration  of the 
solution was made easier.

(13) This m easurem ent made in 95% ethanol solution using the Perkin- 
E lm er Model 202 spectrophotom eter.
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nitrile or acetonitrile-ether, decomposed at temperatures above 
300°, but did not melt below 400°.

A n a l .  Galcd. for G2„HISN,05C1: C, 60.23; H, 3.79; N, 7.02. 
Found: G, 60.51; H,3.92; N, 6.06.

The infrared absorption spectrum showed the absence of any 
significant absorption in the carbonyl region and a definite ab
sorption at 2.94 fx assigned to the indole NH; Amax (log «) 258 
(4.36), 268* (4.33), 330 (4.29), 405 (3.82), and 440* mM (3.49).

3,4-Dimethoxyindolo[2,3-ajacridizinium (VIII) Perchlorate.— 
Starting with 0.8 g. of the pyridoindoleearboxaldehyde and using
2,3-dimethoxybenzyl bromide14 instead of 3-methoxybenzyl 
bromide, but otherwise following the procedure used for making 
the 3-methoxy derivative VII, the desired 3,4-dimethoxyindolo- 
acridizinium perchlorate VIII was obtained as a red-brown prod
uct, m.p. about 290° dec.; yield, 1.41 g . (81%). An analytical 
sample, prepared by recrystallization from acetonitrile or aceto
nitrile-ether, was'orange, m.p. 313-314°; \max (log e) 260 (4.53), 
290 (4.37), 359 (4.50), 385* (4.17) and 480 mM (3.90).

A n a l .  Caled. for C21H,7N2C106: C, 58.82; H, 4.00; N, 6.53. 
Found: G, 58.93; H.4.05; N,6.53.

The infrared absorption spectrum showed no significant 
absorption in the carbonyl region but a strong absorption at
2.96 a, assigned to indole NH.

3-(3,4,5-Trimethoxybenzoxy)-4-methoxybenzaldehyde (X).— 
Isovanillin15 (3.0 g.) was dissolved in freshly distilled pyridine 
and the solution cooled and stirred vigorously while a slight 
excess of 3,4,5-trimethoxybenzoyl chloride16 was added slowly in 
small portions. After the solution had been kept for several 
hours at room temperature, the pasty mixture was poured into 2 
1. of 3 N  hydrochloric acid containing some ice. The precipitate 
was collected, washed with water, and dried, giving 5.5 g. (81%) 
of a slightly yellow colored solid, m.p. 145-150°, that was pure 
enough for the next step. The analytical sample formed ir
regular crystals, m.p. 158-160°, from benzene-petroleum ether 
(60-90°).

A n a l .  Galcd. for C18H1807: C, 62.42; H, 5.24. Found: 
C, 62.88; H.5.17.

(14) R. D. H aw orth and W. H. Perkin, J r .,  J .  C h e m .  S o c . ,  127, 1434 
(1925).

(15) A. Lovecy, R. Robinson, and S. Sugasawa, i b i d . ,  817 (1930).
(10) W. H. Perkin, J r .,  and C. W eizmann, i b i d . ,  89, 1049 (1900).

3-(3,4,5-Trimethoxybenzoxy)-4-methoxybenzyl Alcohol (XI).—
A pasty suspension of 3.0 g. of the aldehyde in methanol was 
added in small portions to a cooled solution (5%) containing 1 g. 
of sodium borohydride in methanol. After the reaction was com
plete the excess hydride was destroyed by dropwise addition of 
dilute sulfuric acid. The precipitated alcohol was collected, 
washed with water, and dried; yield, 2.5 g. (82%); m.p. 120- 
125°. The colorless alcohol formed irregular crystals from ben
zene-petroleum ether, m.p. 128-129°.

A n a l .  Galcd. for C 18H».i0 7: G, 62.06; H, 5.79. Found: C, 
62.46; H, 5.70.

3-(3,4,5-Trimethoxybenzoxy)-4-methoxybenzyl Bromide (XII).
A well stirred suspension of the alcohol XI (2.0 g.) in dry ether 
(100 ml.) was maintained at 0 ° and treated dropwise with 1.0 g. 
of phosphorus tribromide. The mixture was allowed to stand 
overnight at room temperature, and then shaken repeatedly with 
cold water until free from acid. The ethereal solution was dried, 
the ether evaporated, and the residue crystallized from benzene- 
petroleum ether as colorless nodules; m.p. 112-113°; vield, 1.7 g. 
(74%).

A n a l .  Galcd. for Ĉ HmOsBr: C, 52.57; H, 4.66. Found: 
C, 52.56; H.4.71.

2-M ethoxy-3- (3,4,5-trim ethoxy benzoxyiindolo [ 2-3-«] acridi- 
zinium (IX) Perchlorate.—One gram of the pyridoindole car- 
boxaldehyde IV was quaternized with XII in the usual way. To 
the crude quaternary salt in 25 ml. of methanol, 10 ml. of con
centrated hydrochloric acid was added, and cyclization carried 
out as usual, except that heating was continued for 1 hr. instead 
of the usual 15 min. The acid was evaporated, the resulting oil 
taken up in methanol and precipitated as the perchlorate by the 
addition of 20% perchloric acid. The oily perchlorate was 
washed with water and recrystallized from acetonitrile-ether. 
The product which showed some signs of decomposition during 
re crystallization consisted of a red-brown powder; m.p. 203-209° 
dec.; yield, 2.26 g. (73%). Alcoholic solutions of the product 
showed a very strong yellow-green fluorescence, and the infrared 
spectrum showed an absorption in the carbonyl region at 5.75 ¡x 
and another absorption in the 2.90-m region attributed to the NH 
peak.

A n a l .  Caled. for G:l„H2I,N2C10,„ ■ H-C): C, 57.47; H, 4.34; 
N, 4.47; OGH2, 19.80. Found: C, 57.41; H, 4.30; N, 4.49’ 
OCHs, 20.43.

The Solvolysis of 4a- and 4/S-Methylcholesteryl p-Toluenesulfonatela

R o b e r t  M . M oriarty  and  R ose  M a r ie  de So u s a1*5 

D e p a r tm e n t  o f  C h e m is t r y , T he Catholic  l University o f  A m er ic a ,  W a s h in g to n ,  D i s t r ic t  o f  C o lu m b ia
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The hydrolysis of 4a-methyleholesteryl p-toluenesulfonate (IX) in 60% aqueous acetone in the presence of 
potassium acetate yields 55% of 3a,5a-eyolo-4a-methylcholestan-6/3-ol (XVIII) together with minor amounts 
of diene and unrearranged parent alcohol X. The type and distribution of products obtained indicate that this 
solvolytic reaction is completely analogous to that of eholesteryl p-toluenesulfonate. In contrast, under the 
same conditions, 4/3-methyIeliolesteryl p-toluenesulfonate (XVI) yields 80%. of 4-methyl-A3'5-cholestadiene
(XX), 5-7% of the ring-contracted alcohol 3/3-(]/3-hydroxyethyl)-A5-A-noreholestene (XIX) and a trace of un
rearranged parent alcohol (XVII); no 3a,5a-cyclosterol is obtained. Elucidation of the structures of these 
products and a discussion of factors which may account for the striking difference in solvolytic behavior of 
IX and XVI are presented.

The 3|8-hydroxy-A5 system of steroids represents a 
useful substrate for the study of homoallylic participa
tion in solvolytic reactions. Under nonacidic condi
tions, the solvolysis of ester derivatives of this system 
yields the corresponding homoallylic rearrangement 
product, namely, a 3a,5a-cyclo-6d substituted steroid.2 
Substantial rate enhancement also is observed3; for 
example, the relative rates of acetolysis at 100° of

(1 ) (a) Acknowledgm ent is made to the donors of the Petroleum  Research 
Fund, adm inistered by the American Chemical Society for support of this 
project under G ran t 1347-A4; (b) taken  in p a rt from the doctoral d isserta
tion of R. M. de Sousa, The C atholic U niversity  of America, 1903.

(2) E. S. Wallis, 10. Fernholtz, and F. T. G ephardt, ./. A m .  C h e m .  S o c . ,  

59, 137 (1937).
(3) S. W instein and R. Adams, i b i d . ,  70, 838 (1948).

cholestanyl and eholesteryl p-toluenesulfonates are 
1:100. Rate acceleration and stereospecific formation 
of pi'oducts in the eholesteryl system may be explained 
in terms of an activation process' involving ionization 
at C-3 facilitated by participation of the C-5-C-6 
double bond. The extent of participation in the 
transition state for ionization depends upon how ef
fectively the p-orbital at C-5 of the double bond can 
overlap with the developing p-orbital at C-3. Simo
netta and Winstein4 have applied semiempirical molecu
lar orbital calculations to the eholesteryl cation with 
the important results that (a) at a normal C-3-C-5

(4) M. Sim onetta and S. W instein, i b i d . ,  76, 18 (1954).



N o v e m b e r , 1963 S o l v o l y sis  o f  4 a -  a n d  4/3-M e t h y l c h o l e s t e r y l  p - T o l u e n e s u l f o n a t e 3073

o
distance of 2.5 A. electron delocalization may lead to 
appreciable stabilization, and (b) with moderate com
pression of the C-3-C-5 distance, the 1,3-overlap in
tegral increases significantly.

With a view toward learning the effect of substi
tuents at C-4 upon the 1,3-electron delocalization in 
this system, a study of the products5“ and kinetics6b 
of solvolysis of 4,4-dimethylcholesteryl p-toluenesulfo- 
nate (I) was undertaken. The rate of solvolysis of this 
compound was found to be about four times faster than 
that of cholesteryl p-toluenesulfonate, while the satu
rated analog, 4,4-dimethylcholestanyl p-toluenesulfo
nate, solvolysed at a rate only one-third greater than 
cholestanyl p-toluenesulfonate. These results clearly 
indicate participation of the double bond in I in the 
rate-limiting ionization step. Two further inferences 
may also be drawn. Firstly, contrary to a “flattened 
A-ring” which has been proposed by Allinger6 as a 
means of relieving the 1,3-diaxial methyl interaction 
between the methyl groups at C-4 and C-10 in 4,4- 
dimethyl-3-keto steroids no substantial flattening can 
exist in I. If such flattening did occur, participation 
would be precluded due to the increased C-3-C-5 
distance, and the rate of solvolysis of I would, therefore, 
resemble that of cholestanyl p-toluenesulfonate. Sec
ondly, the rate enhancement observed for I over 
cholesteryl p-toluenesulfonate may be considered to 
arise from either a steric effect of the geminal di
methyl group at C-4, involving a Thorpe I ngold7 
type compression of the C-3-C-5 distance and thus 
allowing better overlap, or the methyl groups may 
stabilize the homoallylic ion by an inductive mech
anism. A further point of interest in the solvolysis of
4,4-dimethylcholesteryl p-toluenesulfonate (I) is the 
observation that no f-steroid is formed but only ring- 
contracted diene 111 (70%) and ring-contracted alcohol
3-(2-hydroxypropyl)-A5-A-norcholestene (II) (20%).5a

(I) in that the 1,3-diaxial interaction between the 
C-4 and C-10 methyl groups is present. 4a-Methyl- 
cholesteryl p-toluenesulfonate (IX) does not possess 
this interaction, and, in this sense, resembles cholesteryl 
p-toluenesulfonate. These stereochemical relation
ships are depicted by structures A and B.

Preparation of Compounds.—4a-Methylcholesteryl 
p-toluenesulfonate (IX) was prepared via the steps 
outlined in Chart I. Dehydration of the 4a-methyl- 
ch()lestane-3/3,oa-diol 3-p-toluenesulfonate (VIII) with 
thionyl chloride in pyridine was found to be the best 
method of preparation for compound IX. The direct 
tosylation of the parent alcohol, 4a-methylcholesterol
(X), gave low yields of IX. 4a-Methylcholesterol
(X) has been prepared by Julia and Lavaux8 by de
hydration of the 3-monoacetate of VII followed by 
saponification. An alternative method for the prepa
ration of X is via sodium borohydride reduction of 4- 
methyl-A35-cholestadien-3-ol acetate.9 A maximum 
yield of 12% of X was achieved by this method. The

Chart I

An obviously pertinent extension of this study is the 
investigation of the solvolytic behavior of the isomeric 
4a- and 4/3-methylcholesteryl p-toluenesulfonate esters, 
IX and XVI, respectively, which is reported in this 
paper. 4/3-Methylcholesteryl p-toluenesulfonate (XVI) 
resembles 4,4-dimethylcholesteryl p-toluenesulfonate

IX

position of the double bond in IX was established to 
be at C-5-C -6 rather than the a priori more likely 
C-4-C-5 position (the hydrogen at C-4 and the hy
droxyl group at C-5 are trans coplanar in VIII) by the 
following data. Firstly, the n.m.r. spectrum11 showed 
the absence of CH3-C = C  in the 8.3-r region and the 
presence of one vinyl proton 4.70 r. Secondly, the 
material was levorotatory which is characteristic of

(5)(a) R. M. M oriarty  and E. S. Wallis. J .  O r g .  C h e m  , 24, 1274, 1987. 
(1959); (b) W. J . A. Vanden Heuvel. R. M. M oriarty , and E. S. Wallis. 
i b i d . .  27, 725 (1902).

(C) N. L. Allinger and M. A. Da Rooge, J .  A m .  C h e m .  S o c . .  84, 4561 
(1962).

(7) For a recent discussion of the T horpe-Ingo ld  effect see: P. von R.
.Schleyer. i b i d . , 83, 1368 (1961).

(8) S. Ju lia  and J. P. Lavaux, C o r n e t ,  r e n d . ,  254, 3702 (1962).
(9) Unpublished experim ent of J . A. Feeley. This synthesis will bp re

ported in a fu ture  paper dealing with the mechanism of sodium borohydride 
reduction of dienol acetates.

(10) All peak positions are reported  in r-values relative to te tram ethy l- 
silane as internal reference. C arbon tetrachloride is used as solvent unless 
otherwise s tated .
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A6 steroids.11 Thirdly, the same compound was ob
tained by tosylation of the parent alcohol X prepared 
by the borohydride reduction of the enol acetate 
mentioned before9 or via the method of Julia and 
Lavaux.8 The direction of dehydration in this case 
is probably determined by the relative stabilities of the 
products. In the cholesteryl series, infrared olefinic 
stretching frequencies indicate that the A5 double bond 
(1690 cm.-1) is more stable than the A4 double bond 
(1657 cm.-1).12

The synthesis of 4/3-methylcholesteryl p-toluene- 
sulfonate (XVI) is outlined in Chart II. Again the 
final step in this synthesis is the thionyl chloride- 
pyridine dehydration of the hydroxy tosylate precur
sor. 4/3-Methylcholestane-3d,5a-diol (XIV) has been 
previously prepared by Julia and Lavaux,18 who also 
transformed the 3-monoacetate derivative via dehy
dration and saponification into 4/3-methylcholesterol
(XVII). A4-Cholesten-3/3-ol-acetate (XII) (allocho-

C h a r t  II

'0
xi xn xm

jaCHjMgl

ch3
xvn

lesteryl acetate) was prepared in 60% yield by lithium 
aluminum hydride reduction of cholestenone (XI) 
followed by acetylation and separation from epiallo- 
cholesteryl acetate by chromatography. The highly 
stereoselective a-epoxidation of XII has been discussed 
by Henbest and Wilson.14 The stereochemistry of the 
Grignard reaction product XIV is reasonable in terms 
of analogy with the course of lithium aluminum hy
dride reduction of epoxide XIV to yield only choles- 
tane-3/8,5a-diol.14 Tosylate XVI also could be ob
tained from 4/3-methylcholesterol (XVII) by direct 
treatment with p-toluenesulfonyl chloride in pyridine, 
although in much inferior yields compared with the 
previously described method.

Experimental Results
The products resulting from the buffered hydrolysis 

of 4 a-methylc ho lesteryl p-toluenesulfonate (IX) and 
4/3-methylcholesteryl p-toluenesulfonate (XVI) are out
lined in Chart III.

(11) S. Bernstein, E. M. Hicks, J r ., D. M. C lark, and E. S. Wallis, «/. 
O r g .  C h e m . ,  11 ,046 (1940).

(12) R. N. Jones and F. Herling, i b i d . ,  19, 1202 (1954).
(13) S. Ju lia  and J. P. Lavaux, C o m p t .  r e n d . .  251, 733 (1900).
(14) H. B. H enbest and R. A. L. Wilson, J .  C h e m .  S o c . ,  1958 (1957).

C h a r t  III

The crude product from the hydrolysis of XVI was 
readily separable by chromatography into an olefinic 
part and alcoholic part. The crystalline olefinic 
fraction accounted for 80% of the product and was iden
tified as 4-methyl-A3'5-cholestadiene (XX); m.p. 73- 
74°; [u ]d -100°; X,?a°H 231 sh (e 15,800), 239 (20,000), 
247 m^ sh (11,000).13 The alcohol part, upon rechro
matography, yielded 4-7% of rearranged alcohol XIX, 
CjgEhsO, m.p. 113-14°, [ a ] D  —40°. A trace of a 
second alcohol was also obtained which proved to be 
4d-methylcholesterol (XVII). Alcohol XIX was im
mediately recognized as not being an ¿-steroid due to 
the presence of unsaturation (tetranitromethane16 and 
bromine in carbon tetrachloride) and also due to the neg
ative sign of its rotation (the 3/3-ol-A5 —► 3a,5a-cyclo-6/3- 
ol transformation is invariably accompanied by a change 
in the sign of optical rotation from a negative value to a 
positive value).16 The n.m.r. spectrum of XIX showed 
absence of cyclopropyl protons in the 9.5-9.9-r region. 
The vinyl proton at C-5 was observed at 4.30 r and the 
(CH3)-CH-OH methyl appeared as a doublet at 8.76 r. 
Oxidation of XIX with chromium trioxide in pyridine 
yielded a crude product which possessed infrared ab
sorption (CCL) at 5.83 and 5.93 a- This result cor
responds to oxidation of the ethanol side chain at 
C-3 to a mixture of the unconjugated and conju
gated carbonyl derivative. Chromatographic sepa
ration yielded the pure latter compound, X 
257 m/x (e 13,600). The properties of this material are 
in agreement with those reported for 3-acetyl-A4-A- 
norcholestene.17 Mild acid-catalyzed rearrangement 
of XIX (filtration over acidic alumina) afforded 4- 
methyl-A3 6-cholestadiene (XX). These data are taken 
to establish the structure of XIX as 3/3-(l/3-hydroxy- 
ethyl)-A5-A-norcholestene. The stereochemistry of the 
hydroxyl group of the ethanol side chain is tentatively 
assigned the /3-configuration (using the C-20 pregnane 
convention). This assignment is based upon the pre
sumed stereochemistry of attack of solvent on the in
termediary homoallylic ion (see discussion section).

(15) Although it has been repo rted18*5 th a t cyclopropyl containing com
pounds give a fain t yellow color with te tran itrom ethane , the conditions for 
use of the reagent in the present study  were standardized based upon the 
production of no color with 3a,5ar-cyclocholestan-0/3-ol.

(10) This conclusion is based upon an exam ination of the optical ro ta tions 
of num erous 3cr,5a-cyclo-0/3 substitu ted  steroids.

(17) S. Julia, J -P  Lavaux, 5. R. Pa thak , and G. H. W hitham . C o m p t .  

r e n d . .  256, 1537 (1903).
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Julia, et al.,17 have also reported, in preliminary form, 
results on the hydrolysis of 4/3-methylcholesteryl p- 
toluenesulfonate (XVI). They have found the same 
products and amounts of products as obtained in the 
present investigation. They assign, without explana
tion, the ^-configuration to the hydroxyl group of the 
hydroxyethyl side chain of XIX. Stereoselective 
synthesis is required to establish this point of stereo
chemistry.

The products from the solvolysis of IX were sepa
rated into the olefinic component (20%) and the alcohol 
part (75%) by means of chromatography. The 
ultraviolet spectrum of the dienic fraction was similar 
to that of 4-methyl-A3 5-cholestadiene (XX), although 
this material failed to crystallize. Rechromatography 
of the alcoholic fraction yielded two alcohols. The 
first of the alcohols XVIII, C28H48O, m.p. 101-102°, 
[a]D +18°, gave no indication of being unsaturated 
in the tetranitromethane test15 and bromine in carbon 
tetrachloride test, and showed no olefinic absorption in 
the infrared. The saturated nature of XVIII, together 
with its positive sign of rotation and mode of formation 
indicated an ¿-steroidal structure for this substance. 
Further, chemical evidence supporting this conclusion 
came from the oxidation of XVIII with chromium 
trioxide-pyridine to a ketone with infrared carbonyl 
absorption (CCh) at 5.91 a and no ultraviolet absorption 
above 225 m/u. These properties are consonant with 
the properties expected for the corresponding ¿-ketone. 
The structure of XVIII is therefore assigned as 3a,5a- 
cyclo-4a-methylcholestane-6-|8-ol. The second alcohol 
was identified as the unrearranged parent compound, 
namely, 4a-methylcholesterol (X), by comparison with 
a known sample.

Discussion of Results
It is clear from the identity and distribution of the 

products formed in the solvolysis of 4a- and 4/3-methyl
cholesteryl p-toluenesulfoilate (IX and XVI) that the 
configuration of the C-4 methyl group plays a key role in 
the product forming step. A reasonable description of 
the influence of the methyl group may be achieved by 
considering (a) steric strain present in the ground states 
of IX and XVI, (b) steric and electronic factors con
tributing to the stability of the corresponding homo- 
allylic ions derived from IX and XVI, and, (c) the steric 
factors present in the observed and possible products.

The solvolysis of 4a-methylcholesteryl p-toluenesulfo- 
nate (IX) is completely analogous to that of cholesteryl 
p-toluenesulfonate. This is not unexpected due to the 
neutral steric influence of the equatorial methyl group 
at C-4. The corresponding homoallylic ion in this case 
should possess enhanced stability due to the inductive 
effect of the methyl group. The ¿-steroid XVIII which 
is obtained is no more strained than ¿-cholesterol itself. 
No conceivable alternative path of decomposition for 
the intermediary ion is open; ring contraction to a 
five-membered A-ring structure is energetically unre
warding both in terms of strain energy and electronic 
stability; i.e., transformation of the homoallylic ion to 
an open secondary carbonium ion is accompanied by a 
considerable decrease in electronic stability with no 
compensating gain in steric stability.

The solvolytic behavior of XVI is comparatively 
more complex. The ground state of XVI is strained to

the extent of about 3.7 kcal./'mole due to the 1,3-diaxial 
C-4-C-10 dimethyl interaction.5 Both the transition 
state for ionization and the intermediary homoallylic 
ion retain this steric interaction. Formation of the 
ring-contracted alcohol is clearly accompanied by a 
favorable free energy change due to removal of this 
steric destabilization. Furthermore, obtention of one 
alcohol is in agreement with stereospecific attack upon 
the unsymmetrical homoallylic ion C as indicated (C 
- D ) .

E F

Also contributors E and F must be considered in de
scribing the homoallylic intermediate. Formation of 
unrearranged parent alcohol may derive from an un
symmetrical contributor such as E.

The formation of 80% of 4-methyl-A3 5-cholestadiene
(XX), to a first approximation, may be considered as a 
simple loss of a proton from the intermediary homo
allylic ion. Two further modes of formation which 
cannot be excluded by the present data are (a) the 
corresponding ¿-steroid forms but undergoes dehydra
tion under the reaction conditions, and (b) the diene 
originates by partial dehydration in situ of XIX.

The ¿-steroid, 3a, 5a-cyclo-4/3-methylcholestan-6/3-ol, 
would be expected to possess high reactivity. A 3a, 
5a-cyclosterol is estimated to be about 6 kcal./mole less 
stable than the corresponding A5-sterol.18 In addition, 
3a, 5a-cyclo-4/3-methylcholestan-6/3-ol would be further 
destabilized to the extent of 3.7 kcal./mole6 due to the
1,3-diaxial methyl interaction and to at least 4 kcal./ 
mole due to the additional interactions of the axial 
hydroxyl group with the two methyl groups. If equili
bration could take place under the reaction conditions 
employed for the solvolysis, rearrangement of the i- 
steroid to diene XX would be possible. At present, this 
possibility cannot be experimentally tested due to the 
unavailability of 3a,5a-cyclo-4/3-methylcholestan-6/3-ol. 
The second conceivable origin of diene XX may be 
from dehydration of initially formed XIX via Wagner- 
Meerwein rearrangement followed by proton loss. This 
path is considered due to the facts that (a) such a reac
tion has been carried out, albeit under acidic condition, 
(b) XIX undergoes mutarotation at room temperature 
in chloroform solution, and (c) the ultraviolet spectrum 
of XIX upon standing develops absorption typical of 
diene XX. These results point to a facile dehydration 
of XIX to XX. Such a dehydration could also occur 
under the solvolytic conditions used for its formation. 
This reaction is currently under investigation.

A basically different explanation for predominant 
diene formation is that the ground state conformation of 
the A-ring of 4/3-methylcholesteryl p-toluenesulfonate
(XVI) may exist in a boat form (G). Such a confor-

(18) (a) C. W. Shoppee and D. F. W illiams, J .  C h e n .  S o c . ,  2488 (1950); 
(b) C. W. Shoppee and G. H. R. Summ ers, i b i d . .  3.301 (1952).
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mational change replaces the 1,3-dimethyl interaction 
by a 1,4-diaxial tosyloxy-methyl interaction and two 
sets of eclipsed hydrogen interactions at C-l and C-2. 
Assuming that A-values19 may be applied in this system, 
we may compare the A-value for tosyloxy, variously 
estimated at 0.6, 0.7, and less likely 1.7 kcal/mole, with 
the corresponding A-value19 for methyl of 1.5-1.9 kcal./ 
mole. Furthermore, the conformational equilibria in
volving 1,3-diaxial dimethyl have an interaction energy 
of 3.7 kcal./mole6 while the corresponding value for 
methyl hydroxyl is 2.2-2.4 kcal./mole (the A-value for 
hydroxyl is 0.4-0.9 kcal./mole). The value for the 
two eclipsed sets of hydrogens at C-l and C-2 is about
1.8 kcal./mole. Consideration of these energy values
3.7 kcal./mole for a chair A-ring and about 4.0 kcal./ 
mole for a boat A-ring indicate that discussion of the 
mechanism of solvolysis of 4/3-methylcholesteryl p- 
toluenesulfonate (XVI) in terms of a boat form A-ring 
is not unwarranted. The value of such a formulation is

TsO

that the Irans coplanar relationship of the C-3 tosyloxy 
group and C-4 hydrogen presents the requisite stereo
chemistry for elimination. Furthermore, hydrogen 
participation may occur in the activation step for ioniza
tion. That such participation occurs and provides 
substantial anchimeric assistance is indicated by the 
relative rates of methanolysis at 35° for cholestanyl, 
epicholesteryl, and cholesteryl p-toluenesulfonates, 
1:15:100.20 The proposal of a boat form A-ring for 
XVI and the rejection of a boat form A-ring for 4,4-di- 
methylcholesteryl p-toluenesulfonate (I) (see introduc
tion) is not inconsistent in that one methyl group at C-4 
in the geminal dimethyl case is always axially oriented 
and thus destabilized by interactions with protons on 
the a-side of the A-ring.

Experimental11
4-Methylcholestenone (IV) was prepared by the method o 

Ringold and Malhotra22 in 25% yield and had m.p. 102-103°’ 
[a]D +108° (c 1), X“ H 251 mM (* 15,200).

4-Methyl-A4-cholesten-3|3-ol Acetate (V).—To a stirred slurry 
of 5.0 g. of lithium aluminum hydride in 300 ml. of 1:1 ether- 
tetrahydrofuran at reflux, 10 g. of 4-methylcholestenone, dis
solved in 150 ml. of ether, was added dropwise over 0.5 hr. 
The reaction mixture was kept at reflux for 2 hr. Excess reduc
ing agent was decomposed by addition of acetone followed by 
water. Extraction with ether, drying, and concentration under 
reduced pressure yielded 10 g., m.p. 132-134°; recrystallization 
from acetone yielded 8.0 g., m.p. 151-152° (lit.8152°).

Acetylation of this material with acetic anhydride-pyridine 
yielded 7.0 g. of acetate, m.p. 108-111° (from acetone), [<*]d 
+ 40° (c 1) (lit.8 111°, [<*]d  +45°). 19 20 21 22

(19) E. Eliel, “ Stereochem istry of C arbon C om pounds,” M cGraw-Hill 
Book Co., Inc. New York, N. Y., 1962, pp. 236-237.

(20) L. C. King and M. J . Bigelow, J .  A m .  C h e m .  S o c ., 74, 6238 (1952).
(21) M elting points are uncorrected and were determ ined on a Fislier- 

Jones m elting po in t block. Infrared  spec tra  were recorded on a Perkin- 
E lm er Infracord  spectrophotom eter. U ltravio le t spectra  were determ ined 
on a Bausch and Lomb Model 505 recording spectrophotom eter. Nuclear 
m agnetic resonance spectra  were determ ined on a Varian A-60 spectro
photom eter operating  a t  60.0 M e. Optical ro tations were taken in chloro
form solution. A nhydrous magnesium sulfa te  was used as d ry ing  agent. 
M icroanalysis were carried ou t by George I. Robertson, F lorham  Park, 
New Jersey.

(22) H. J. Ringold and S. K. M alhotra, i b i d . ,  84, 3402 (1962).

4a,5«-Oxido-4/3-methylcholestan-3/3-ol Acetate (VI).—To a
solution of 4.4 g. (10 mmoles) of compound V in 60 ml. of benzene 
was added a solution of 13 mmoles of perbenzoic acid in chloro
form at room temperature. After 8 hr. at room temperature, 
an additional 100 ml. of benzene was added, and the resulting 
solution was washed with a solution of 25%. aqueous sodium 
carbonate followed by washing with water. The dried benzene 
solution was concentrated to dryness in  vacuo. The resulting 
oil, 4.3 g., showed no tendency to crystallize. Chromatography 
on unactivated Merck neutral alumina, 140 g., yielded two 
crystalline products. Elution with pentane-benzene (8:2) 
yielded 600 mg., of m.p. 80-81°, which may be the corresponding 
4 ,̂5+oxide, but, this material was not further investigated. 
Elution with pentane-benzene (1:1, 1.3 1.) yielded product 
which after recrystallization from acetone afforded 1.05 g. of the 
desired oxide VI, m.p. 132-34°, [a]n +78° ( c  1) (lit. 9 131°, [ o ] d  

+80°).
4a-Methylcholestane-3/3,5a-diol (VII).—To a stirred slurry of 

0 .6  g. of lithium aluminum hydride in 100 ml. of ether at reflux 
was added 1.2 g. of compound VI in 50 ml. of ether. After 2 hr. 
at reflux, 50 ml. of tet.rahydrofuran was added, and the reaction 
was kept at reflux for an additional 2 hr. At the end of this 
period, aqueous acetone was added and the solution was ex
tracted with ether-benzene (1:1). Concentration of the dried 
combined extracts yielded 1.2 g. of crystalline solid. Recrystal
lization from ethanol yielded 0.90 g., m.p. 172-173° (lit, .9 171°).

4«-Methylcholesteryl p-Toluenesulfonate (IX).—Compound 
VII (0.90 g.) was dissolved in 4 ml. of purified pyridine by warm
ing. After cooling to 20°, 0.90 g. of p-toluenesulfonyl chloride 
was added, and the solution was swirled for about 2 min., where
upon the reaction mixture solidified. It was kept at room 
temperature for 12 hr. Then an additional 10 ml. of pyridine 
was added, the solution was cooled to 0°, and 2.3 ml. of thionyl 
chloride was added dropwise with stirring. The reaction mixture 
was kept at 0° for 15 min. and then diluted with 100 ml. of ether. 
The ether solution was cautiously treated with ice to decompose 
the excess thionyl chloride, washed with saturated sodium bi
carbonate and water, dried, and concentrated to dryness in  
vacuo. The crude crystalline product was kept at 45° and 0.001 
mm. for 15 min. The product was recrystallized from rigorously 
dried acetone and yielded 750 mg. of the p-toluenesulfonate 
ester IX, m.p. 121-122° dec., [a]o —3° (c 0.4). The infrared 
spectrum (CC14) possessed absorption bands at 8.40 and 8.46 m 
which are characteristic of the p-toluenesulfonate ester group. 
The analytical sample was prepared by recrystallization from 
acetone.

A n a l .  Calcd. for C36H5103S: C, 75.73; H, 9.79. Found: 
C, 75.71; H, 9.70.

A4-Cholesten-30-ol Acetate (XII).—A solution of 2.5 g. of
cholestenone in 30 ml. of ether and 30 ml. of tet.rahydrofuran was 
added dropwise to a stirred slurry of 0 .8  g. of lithium aluminum 
hydride in 80 ml. of ether. The reaction mixture was heated to 
reflux and kept at reflux for 1 hr. The product was isolated in 
the usual way and acetylated directly with 4 ml. of acetic anhy
dride in 10 ml. of pyridine. A gun. resulted which was chroma
tographed on 60 g. of neutral alumina. Elution with hexane- 
benzene yielded 1.0 g., m.p. 78-79°. Recrystallization from 
acetone yielded 0.74 g., m.p. 81-82° (lit.23 85°).

4:,,5a-Oxidocholestan-3/3-ol Acetate (XIII).—This material was 
prepared in 60% yield by the epoxidation of XIII according to 
the method of Henbest. and Wilson14 and had m.p. 115-117°.

4+Methylcholestane-3/3,5a-diol (XIV).—To a stirred solution 
of 4a,5a-oxidocholestan-3/3-ol acetate (XIII) (11 g.) in 130 ml. of 
anisole at 60°, a ninefold molar excess of methylmagnesium iodide 
in ether was added dropwise. The reaction was stirred overnight 
at 60°. At the end of this period it was cautiously added to 0.5
l. of acetic acid-water solution (1:1). This mixture was heated 
on the steam bath for 10 min. and then thoroughly extracted 
with ether. The ether solution was washed with saturated 
sodium bicarbonate solution and water. The dried ether solu
tion was concentrated to dryness i n  vacuo and then heated at 50° 
and 0.001 mm. to remove the residual anisole. The crude crystal
line product weighing 10 g. was chromatographed on 400 g. of 
Merck neutral alumina. Elution with chloroform yielded 6 g. 
of material of m.p. 179-182°. Recrystallization yielded 4.56 g.,
m . p. 181-183°, [a ]d +18° (c 1) ( lit .1“8 181.5-182.5°, [o ] d +17°).

4|3-Methylcholestane-3f3,5a:-diol 3-p-Toluenesulfonate (XV).—
A solution of 2.0 g. of compound XIV in 3 ml. of dry pyridine was

(23) H. McKennis and G. Gaffney, J . Biol. Chern.. 176, 218 (1948).
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cooled to 2 0 °, ;tnd 2 .0  g. of p-toluenesulfonyl chloride was added 
in one portion. The reaction was allowed to stand at room 
temperature overnight. An additional 7 ml. of dry pyridine was 
added, and a 1-ml. aliquot was removed for isolation of the 
hydroxy tosylate XV. Treatment of this aliquot with ice yielded 
solid which.was collected and dried under high vacuum. Re- 
crystallization from drv acetone yielded material, m.p. 97-98° 
dec., [a]i) - 1.2 ° (c 0.4).

A n a l .  Calcd. for C36HMS04: C, 73.38; H, 9.85. Found: 
C, 73.43; H, 9.71.

4/3-Methylcholesteryl p-Toluenesulfonate (XVI).—The
pyridine solution of hydroxy tosylate XV was cooled to 0°, and 
4 ml. of thionyl chloride was added dropwise with stirring. After 
10 min. at 0°, 100 ml. of ether was added. The ether solution was 
cautiously treated with water. The ether was washed with a 
saturated solution of sodium bicarbonate followed by water. 
The ether solution was dried and concentrated to dryness 
i n  vacuo yielding a crystalline solid. Recrystallization from 
dry acetone yielded 1.4 g., m.p. 98-100° dec., [a]u —77.8° (r 
1 ).

A n a l .  Calcd. for C^HmSOs: C', 75.73; H, 9.79. Found: 
C, 75.36; H, 9.53.

Hydrolysis of 4a-Methylcholesteryl p-Toluenesulfonate (IX). 
—A solution of 400 mg. of IX in 60 ml. of acetone and 10 ml. of 
water containing 400 mg. of potassium acetate was kept at reflux 
for 12 hr. Then most of the acetone was removed under reduced 
pressure. The remainder was extracted with ether; the ether 
solution was dried and concentrated to dryness in  vacuo yielding 
300 mg. of crystalline product. This material was chromato
graphed upon 5 g. of Merck neutral alumina. Elution with 
pentane yielded 60 mg. of oil which failed to crystallize. The 
ultraviolet spectrum of this oil was similar to that of XX. 
Further elution with benzene-ether (1:1) yielded 180 mg. of 
XVIII, m.p. 99-101°, [a]u +18° (c 1). The analytical sample 
prepared by recrystallization from acetone had m.p. 101 - 102°.

A n a l .  Calcd. for C28H480: C, 83.93; H, 12.07. Found: 
C, 83.90; H, 12.01.

Elution with chloroform afforded 60 mg. of crystalline material. 
Upon recrystallization from acetone, this material had m.p.
164-165°, [<*]d —16°, identical with a sample of 4a-methyl- 
cholesterol (X).

Hydrolysis of 4+Methylcholesteryl p-Toluenesulfonate (XVI).
—A solution of 2.0 g. of tosylate XVI was dissolved in 300 ml. of 
acetone and 50 ml. of water containing 2.1 g. of potassium acetate. 
This reaction mixture was kept at reflux overnight. The acetone 
was removed under vacuum, and the residue was thoroughly 
extracted with ether. The ether solution was dried and con
centrated i n  vacuo to a gum, 1.4 g. Chromatography upon 60 
g. of Merck alumina yielded 1.20 g. of 4-methyl-A3'5-cholesta-

diene (XX), identified by comparison with a known sample. 
Further elution with benzene-ether (1:1, 3:7) gave lit) mg. of 
crystalline material which upon recrystallization from acetone 
yielded 90 mg. of XIX, m.p. 113-114°, [«]d —40° (e().4).

A n a l .  Calcd. for (AsFbsO: C, 83.93; H, 12.07. Found:
C, 84.00; H, 12.30.

Further elution with chloroform gave 6 mg. of material identi
fied as 4/3-methylcholesterol (XVII) by comparison with a known 
sample prepared by the met hod of Julia.13

Chromium Trioxide-Pyridine Oxidation of IX.—To a chro
mium trioxide-pyridine complex, prepared by portionwise addi
tion of 24 mg. of chromium trioxide to 0.25 ml. of pyridine, was 
added a solution of 24 mg. of IX in 0.25 ml. of pyridine. The re
action mixture was stored at room temperature overnight. Ice 
was added followed by water, and the final mixture was extracted 
with six portions of chloroform. The combined extracts were 
washed with dilute hydrochloric acid, a saturated solution of 
sodium bicarbonate, and finally with water. The organic layer 
was dried and concentrated to dryness under reduced pressure. 
The resulting gum, 27 mg., possessed infrared absorption (CC14) 
at 5.91 /i, and no ultraviolet absorption above 225 m p .  Chroma
tography upon neutral alumina (Merck) yielded 17 mg., m.p. 
100-106°.

A n a l .  Calcd. for C>8H4S0: C, 84.35; H, 11.63. Found: 
C, 84.00; H, 11.82.

Chromium Trioxide-Pyridine Oxidation cf XIX.—The required 
oxidizing complex was prepared by portionwise addition of 43 mg. 
of chromium trioxide to 0.50 ml. of pyridine. A solution of 43 
mg. of XIX in 0.50 ml. of pyridine was added, and the reaction 
mixture was allowed to stand at room temperature overnight. 
Isolation of the product by the method used yielded a gum weigh
ing 47 mg. This material possessed infrared absorption (CCh) 
at 5.83 and 5.93 y. (C=0 in ratio of 2:5, respectively). Chroma
tography upon Merck basic alumina yielded 21 mg., m.p. 97- 
99°, C°H 257 mM (e 13,700).

A n a l .  Calcd. for C>8Hj60: C, 84.35; H, 11.63. Found: 
C, 84.10. H, 11.40.

Dehydration of XIX.—A 9-mg. sample of XVIII in benzene was 
charged to a Woelm acid-washed alumina column. After 0.5 
hr., elution with pentane yielded 5 mg., m.p. 71-72°, unde
pressed upon admixture with an authentic sample of 4-methyl- 
A3’5-cholestadiene (XX).
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Acylarylthiols are prepared from arylthiol precursors. The new procedure comprises protection of the sulfur 
atom with a carboxymethyl group, acylation of the aromatic ring, and, finally, removal of the protective group.

An earlier paper4 described a new method of obtaining 
monohaloarylthiols from arylthiols. A summary of the 
steps involved is provided by equation 1.

This scheme suggested an attractive means of ob
taining acylarylthiols, compounds previously preparable 
only by tedious, classical methods, or by the use of a 
more complex approach.5 A survey of the literature re-

(1) This work is the sub ject of C anadian, United States, and o ther paten t 
applications.

(2) Presented a t the 142nd N ational M eeting of the American Chemical 
Society, A tlantic C ity , N. J ., Septem ber, 19G2.

(3) Arapahoe Chemicals, Inc.. Boulder, Colo.
(4) D. W alker and J- Leib, J .  O r y .  C h e m . ,  27, 4455 (1962).

X  +
CeKUSH — >- C6H.=,SCH2C0 2H ------>>

— H +
H +

x c 6h 4s c h ,c o 2h -------> XC6H4SH ( 1 )
h 20 2

vealed no examples of the Friedel-Crafts acylation of 
arylmercaptoacetic acids, though Dann and Kokorudz6 
report formation of p-acetylphenylmercaptoacetic acid 
in very low yield by the action of hydrogen fluoride on 
phenylmercaptoacetic acid. In view of the ease with

(5) D. S. Tarbell and A. H. Herz, J . A m .  C h e m .  S o c . ,  75, 4657 (1953).
(6) O. D ann and M. Kokorudz, C h e m .  B e r . ,  86, 1449 (1953).
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T a b l e  I
A c e t y l a t io n  o f  A r y l m e r c a p t o a c e t ic  A c id s

- Analyses
----Found—

S tarting  m aterial Solvent Product Yield, % M .p., °C. C H S

C6H58 CH2C<)2H c,h6no2 4-CH3C0C6H4SCH2C02H" 62 156-158
CS2-CgH5N02 96

2-ch3c6h4sch,co2h CsHsNC )2 4-CH3C()-2-CH3C6H3SCH2C02H 57 118-119 58.69 4.98 14.35
CS2-Cf,H5X< >2 90

3-ch3c6h4sch2co2h c a u N o , ( 2-CH3C( )-3(5 )-CH3C„H3SCH2C( kB' 2 161-162«' 58.69 5.42 14.52
Í4-CH3C()-3-CH3C6H3SCH,C02H 7 7 )

cs2-c6h 5no2 4-CH3C( )-3-CH:,C6H3SCH2C( )2H 94 j 121-122 58.75 5.58 14.41
4-CH3C6H4SCH2C02H c6h5no. 5-Methylbenzo[5 ]thiophen-3-ol 25 98-100

cs,-c6h6no2 2-CH3C( )-4-CH3C6H3SC H,C( ),H 70 161-162 58.59 5.27 14.54
“ Calcd. for 0,,H,2O;iS: C, 58.93; H, 5.4; 8 , 14.28. b Methyl ester, b.p. 175° (1 ram. ), m.p.. 42-43° (petroleum ether, b.p. 30-60° )■

A n a l . Calcd. for CnH|2O 3S : C, 58.93; H, 5.4; 8 , 14.28. Found: C, 58.47; H, 5.21; 8 , 13..82. c Gives a yellow color on warming
with mineral acids.

which arylmercaptoacetic acids are known to cyclize to 
thioindigoid dye intermediates,6 7 acylation of these 
acids under Friedel-Crafts catalysis might be expected 
to lead, at least in part, to the formation of benzo[6j- 
thiophen-3-ols. However, absence of any confirmatory 
data led us to study the acylation of arylmercaptoacetic 
acids in the hope of obtaining acylarylmercaptoacetic 
acids. We expected that these latter acids would be 
cleaved to acylarylthiols by the action of hydrogen 
peroxide in the presence of mineral acids (equation 1).

This paper describes the acetylation and benzoyla
tion of phenylmercaptoacetic acid and ol all three 
tolylmercaptoacetic acids, as well as the preparation of 
acylarylthiols, and their disulfides, from the acylaryl
mercaptoacetic acids thus obtained.

Results and Discussion
Acylarylmercaptoacetic Acids. A. Acetylations in 

Nitrobenzene.—Phenylmercaptoacetic acid and o-tolyl- 
and wi-tolylmercaptoacetic acids were acetylated in 
nitrobenzene to give good yields of p-acetylarylnrercap- 
toacetic acids (see Table I).

In the case of the acetylation of m-tolylmercaptoace- 
tic acid a very small amount of 2-acetyl-3(or 5)-methyl- 
phenylmercaptoacetic acid (I) was also obtained. The 
ortho orientation of the acetyl group with respect to the 
sulfur atom was established by cyclization to a benzo- 
[6 (thiophene (equation 2).

CH
-c o c h 3

s c h 2co2h
I

The position of the methyl group in the benzene ring 
was not established although the compound I isolated 
by us appeared to possess properties similar to those 
previously described8 for 2-acetyl-3-methylphenylmer- 
captoacetic acid.

Friedel-Crafts acetylation of p-tolylmercaptoacetic 
acid could not be carried out in nitrobenzene, possibly 
owing to steric hindrance of the bulky nitrobenzene- 
aluminum chloride-acetyl chloride complex; instead, 
cyclization to 5-methylbenzo[6]thiophen-3-ol (II) ap
peared to be the predominant reaction (equation 3).

CH,- SCH,CO,H
CH;COCl, A iq  

nitrobenzene

n

The structure of 5-methylbenzo [6]thiophen-3-ol (II) 
was established by converting this material to 5-methyl
benzo (6 )tliiophene-2,3-dione.3

B. Acetylations and Benzoylations in Carbon Di
sulfide-Nitrobenzene.—In the preferred method of 
acylating arylmercaptoacetic acids carbon disulfide 
containing a small amount of nitrobenzene was em
ployed as the reaction medium. The final reaction 
mixture was decomposed in the usual way and the 
desired acylarylmercaptoacetic acid simply filtered. 
Very high yields of substantially pure product were 
thus obtained.

Phenylmercaptoacetic acid and all three tolylmer
captoacetic acids were acetylated by this method (see 
Table I). The acetyl group entered the position para 
to the sulfur atom except in the case of p-tolylmercapto- 
acetic acid where substitution occurred ortho to the 
sulfur atom. In the latter case the ortho orientation of 
the acetyl group was established by cyclizing 2-acetyl-4- 
methylphenylmercaptoacetic acid to 3,5-dimethylbenzo-
[5]thiophene-2-carboxylic acid.

Under the conditions used for preparing 2,4-dinitro- 
phenylhydrazones of 2-acetyl-4-methylphenylmercapto- 
acetic acid and 4-acetyl-2-methylphenylmercaptoacetic 
acid esterification of the carboxylic acid group also took 
place.

Benzoylation of phenylmercaptoacetic acid and o- 
tolyl- and m-tolylmercaptoacetic acids proceeded in the 
same facile manner as did acetylation (see Table II). 
On the other hand p-tolylmercaptoacetic acid could 
not be benzoylated by any of the methods described. 
This failure may again be largely due to steric hindrance 
(compare the acetylation of p-tolylmercaptoacetic acid 
in nitrobenzene).

Acylarylthiols and Their Disulfides.—The acylaryl
mercaptoacetic acids were readily converted to acyl
arylthiols by the oxidative acid-catalyzed cleavage re
action described in the preceding paper.4 However, 
since the acylarylthiols were only slightly volatile in 
steam, and could not be removed as formed, the thiol 
produced in the scission competed with unchanged

(7) K. Holzle, E x p e r i e n t i a ,  3, 149 (1947).
(8) F. Krollpfeifer, K. L. Schneider, and A. Wissner, A n n . ,  566, 139

(1950).

(9) The m ethod used was the same as th a t em ployed by P. Friedlander, 
A. Bezdrik, and P. Koeniger, B e r . ,  41, 235 (1908), for converting benzo [b  ]- 
thiophen-3-ol to benzo(6]thiophene-2,3-dione.
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'------------------------------------ Analyses-----------------------------------v
Yield, M .p., ✓---------C alculated--------- n ✓--------- — Found------— —

S tarting  m aterial Product % °C. c H s C H *5
c6h6sch2co2h 4-C6H5C< )C6H4SCH2C0 2H 90 134-135 0 6 . 16 4.44 11 73 66.09 4 .46 11. 71
2-CH3C6H4SCH2C0 2H 4-C6H5C< >-2-CH3C6H;,SCH2C0 2H 86 124-125 67.11 4 .93 1 1 2 67.73 5 .07 10 .8 8
3-CH3C6H4SCH2C0 2H 4-C6H5C0 -3-CH3C6H3SCH2CO2H 50 102-103 67.11 4.93 112 67.40 5 .26 11 .05

T a b l e  I I I

C l e a v a g e  o f  A c y l a r y l m e r c a p t o a c e t ic  A c id s  (1.25 .11 H2()2)

Yield,
M .p. or

c b.p., (mm.)
------------------------------—Analyses-------
/------C alculated----- ----- -F ound-

A cylarylm ercaptoacetic acid Products % °C. c H s c H S

Unchanged acid 28 156-158
4-CH3C0C6H4SCH2C02H 4-CH3COC6H4SH 26 135-136

(7)
(4-CH3C()C6H4S% 2 27 97-98
Unchanged acid 19

4-CH3C0-2-CH3C6H3SCH2C02H 4-CH3CO-2-CH3C6H3SH 17 146-147
(6 )° 65.02 6.06 19.29 65.20 6 . 1 1 18.94

(4-CH3C( )-2-CHsC6H3S% 2 53 112.5-113.5 65.42 5.49 19.40 65.S3 5 . 6 8 19.05
Unchanged acid 27

4-CH3C0-3-CH3C6H,SCH2C02H 4-CH3CO-3-CHiC6H.-,SH 18 139-140
(7) 65.02 606 19.29 64 76 6 . 2 1 19.60

(4-CH3CO-3-CH3C6H3S% 2 40 60-61 65.42 5,49 19.40 65.29 5.32 19.50
Unchanged acid 33

4-C6H5C( )C6H4SCH2C02H 4-C6H5COC6H4.SH'> 27 71-72 72 86 4.71 14.96 72.72 4.48 14.50
(4-C«H5C()C6H,S)2 35 126-127 73 21 4.25 15.03 73.12 4.21 14.80

“ M.p. 30-31°. 6 p-Nitrobenzoyl ester, m.p. 157-158°. Calcd. for C20H13O4NS ! C, 66 .10; H, 3.61; N, 3.86; S, 8.82. Found :
C, 65.97; H, 3.63; N, 3.66; S, 8.65. ' Based on starting acid.

T a b l e  IVr
C l e a v a g e  o f  A c y l a r y l m e r c a p t o a c e t ic  A c id s  (2.0-2.5 M  H202)

A cylarylm ercaptoacetic acid
Moles of H îOï per 

mole of inercapto acid Disulfide M .p., ° c . Yield, %

4-CH3C0C6H4SCH2C02H 2 . 0 (4-CH3C( )C6H4S)2 96-97“ 84
4-CH3C0-2-CH3C6H3SCH2C02H 2 . 0 (4-CH3CO-2-CH3C6H3S), 112.5-113 5“ 80
4-CH3CO-3-CH3C6H3SCH2CC >2h 2 . 0 (4-CH.,CO-3-CH3C6H3S)2 60-61" 82
4-C6H5COC6H4SCH2C()2H 2 . 0 O-CeHsCOCelhSh 126-127“ 86
4-C6HsCO-2-CH3C6H3SCH2C02H 2.5' ( 4-C6H5C( 1-2-C H3C6H 3S )2 Viscous oilh 21
4-C6H6C()-3-CH3C6H3SCH2C02H 2 .2 ( 4-C6H5C( )-3-C H3C6H3S )2 Viscous oil'' 84

“ These materials were identical with those prepared as described in Table III. 6 These materials could not be isolated as solids. No 
elemental analyses were obtained. 'This experiment gave 56% acidic product (not identified), 21% disulfide, and 23% thiol, b.p. 
172-175 (1 mm.), m.p. 81-82 (petroleum ether, b.p. 88-98°). A n a l . Calcd. for CnHi2OS: C, 73.65; H, 5.3; S, 14.04. Found: C, 
73.44; H, 5.31; S, 14.08.

sulfide for the oxidizing agent. Thus, the products of 
the interaction of one mole of acylarylmercaptoacetic 
acid and one and a quarter moles of hydrogen peroxide 
were unchanged acid and acylarylthiol mixed with the 
corresponding disulfide. Yields of thiol and disulfide, 
based on conversion of acylarylmercaptoacetic acid, 
were consistently better than 70% (see Table III). 
By using two moles of hydrogen peroxide per mole of 
acylarylmercaptoacetic acid disulfides were produced 
directly usually in over 80% yield (see Table IV). In 
some cases the crude disulfides were oily; however, 
trituration with aqueous sodium hydroxide frequently 
converted oily to granular products. The oiliness was 
probably due, in major part, to the presence of thiols.

Most of the hydrogen peroxide cleavage reactions 
were carried out at 100°. In one cleavage reaction car
ried out at 60°, using two and a half moles of hydrogen 
peroxide, substantial amounts of acylarylsulfonylacetic 
acid accompanied a low yield of di(acylaryl) disulfide.

Reduction of di(acylaryl) disulfides to the correspond
ing thiols generally did not prove satisfactory10 (see 
Table V). Reduction of di(4-benzoyl-3-methylphenyl) 
disulfide with zinc and acetic acid led to the formation 
of 4-benzyl-3-methylbenzenethiol in fair yield. Consid
erable resin formation was apparent in almost all of 
the reductions carried out, perhaps because of formation 
of styrene derivatives and/or condensation of thiol and 
keto groups.

Another approach to the preparation of acvlarylthiols 
was to oxidize the acylarylmercaptoacetic acids to acyl- 
arylsulfinylacetic acids and hydrolyze the latter in 
boiling dilute mineral acid. Moderate yields of acyl- 
arylthiols were obtained in this way though some di-

(10) Since the work described in this paper was completed a new m ethod 
of preparing ary lth io ls from disulfides has been published: .1. R. Cam pbell.
J .  O r g .  C h e m . ,  27, 2207 (1902). This m ethod may offer a prom ising approach 
to the p repara tion  of acylary lth io ls from di(acylaryl) disulfides.
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T a b l e  V

R e d u c t io n  o f  D i ( a c y l a r y l ) D i s u l f i d e s

Disulfide Thiol Yield, %

(4-CH:,COC6H4S0-2 4-CH3COC6H4SH“ 29
(4-CH3CO-2-CH3C6H3S-h 4-CH3C0-2-CH3C6H3SH» 15
(4-C6H5CO-3-CH3C6H3Ŝ -2 4-C6H5CH2-3-CH3C6H3SH‘ 42

M .p. or 
b.p. (mm .). °C.

133-136(7) 
150-154 ( 7 ) b 
128(0.2)

“ These materials were identical with those prepared as described in Table III. 6 M.p. 30-31° (petroleum ether, b.p. 30-60°). 
c A n a l . Calcd. for CI4HUS: C, 78.45; H. 6.58; S, 14.96. Found: C, 78.42; H, 6.81; S, 15.40. S-Benzoyl derivative, m.p. 65-66° 
(aqueous methanol). A n a l . Calcd. for CjiHigOS: C, 79.21; H, 5.7; 8,10.06. Found: C, 79.48; H, 5.76; S. 10.04.

T a b l e  V I

A c y l a k y l s u l f in y l a c e t ic  A c id s

Analyses-
—C alculated—----------- . c--------- — Found—

Yield, % M .p., °C. C H s c H s
47 136-137 53.09 4 45 14.13 53.58 4.68 13.89

100“ Syrup
90 181-182 dec. 54.98 5.03 13.34 55.32 5.12 12.91

100" Syrup

A cylarylsulfinylacetic acid

4-CH3C0C6H4S0CH2C02H
4-CH3C0-2-CH3C6H3S0CH2C02H 
2-CH3C0-4-CH3C6H3S0CH2C02H
4-C6H6C0-3-CH3C6H3S0CH2C02H 
° Crude yield.

sulfide was frequently found among the reaction prod
ucts (see Table VI).

It was noticed from qualitative observations, that the 
acid-catalyzed hydrolytic cleavage of acylarylsulfinyl
acetic acids occurred at a slower rate than was the case 
with the haloarylsulfinylacetic acids.4 While this may 
be due in part to the lower solubility of the acylaryl
sulfinylacetic acids alternative reasoning is possible. 
The sulfinyl group in acylarylsulfinylacetic acids would, 
on account of the deactivating acyl group, be expected 
to be less “basic” than the same group in the halo- or 
alkylarylsulfinylacetic acids. The less “basic” aryl- 
sulfinylacetic acid would not be expected to form easily 
the conjugate acid III necessary for the rearrangement 
(equation 4).11

In regard to the necessity of formation of a conjugate 
acid it is interesting to note that hydrogen peroxide 
oxidation of p-nitrophenylmercaptoacetic acid to p-nitro- 
benzenethiol and di(p-nitrophenyl) disulfide also pro
ceeded with some difficulty. In this case, even at 100°, 
the oxidizing agent quite successfully competed with 
proton at the p-n itrophei lylsul fi i ivlacetic acid stage 
with the result that p-nitrophenylsulfonylacetic acid 
was also formed. The importance of the formation of 
conjugate acids to the rearrangement of arylsulfinyl 
acetic acids (ref. 4 and equation 4) is further emphasized 
by the inability of arylsulfonylacetic acids to form con
jugate acids and hence rearrangement products.

(11) A referee has suggested th a t protonation  of the carbonyl group may 
also be a factor in the difference between the halo- and acyl-substituted
compounds.

Summary
The scheme outlined in equation 1 has been success

fully applied to the preparation of acylarylthiols from 
arylthiol precursors. Yields of acylarylthiols obtainable 
directly according to equation 1 are only moderate; the 
process lends itself very well, however, to the direct prep
aration of high yields of di(acylaryl) disulfides. Al
though the present study of the new process has been 
limited to the acylation of benzenethiol and the three 
toluenethiols there seems no reason why it could not 
be extended to heterocyclic and condensed homocyclic 
aromatic ring systems. The new process is limited in its 
generality inasmuch as the position taken up by the en
tering acyl group depends on the substituents already in 
the ring.

Experimental12
Acetylations. A. In Nitrobenzene.—Aluminum chloride 

(3.3-4.0 moles) was added slowly to nitrobenzene (11 moles). Two- 
thirds of this solution was treated, at 0-5°, with acetyl chloride 
(1.1 moles); the remaining one-third was treated, at 0-5°, 
with the arylmercaptoacetic acid (1 mole). The acetyl chloride- 
aluminum chloride mixture was then added, over 1.5 hr., to the 
arylmercaptoacetic acid-aluminum chloride mixture. Through
out the addition the temperature was maintained at 8- 10° with 
an ice-water bath. After completion of the addition the mix
ture was stirred at 7-10° for 1 hr. and then allowed to warm to 
room temperature during an additional 4 hr. The deeply colored 
nitrobenzene solution was decomposed by pouring it into a large 
excess of ice and hydrochloric acid; removal of the nitrobenzene 
by steam distillation left a crude acylarylmercaptoacetic acid.

The crude acetylation products from phenyl-, o-tolyl-, and m -  
tolvlmercaptoacetic acids were solids at room temperature and 
were not steam volatile. These solids were partially purified by 
solution in aqueous sodium bicarbonate followed by filtration 
and acidification. Pure samples were obtained by crystalliza
tion first from water or aqueous methanol, and then from carbon 
tetrachloride containing a little methanol.

Only in the case of the acetylation of m-tolylmereaptoacetic 
acid were two acidic products isolated. Acidification of the 
sodium bicarbonate solution at 35° precipitated 4-acetyl-3- 
methylphenylmercaptoacetic acid, which was immediately 
filtered. A small amount of the second acid deposited when 
the filtrate was cooled. Further work (see subsequent reaction) 
showed that the second acid was 2-acety 1-3(or 5)-methylphenyl- 
mereaptoacetio acid.

(12) Temperatures are uncorrected. Microanalyses were by Drs. CL
Weilerand F. B. Strauss, Oxford, England.
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The product from the attempted acetylation of p-tolylmercap- 
toacetic acid was steam volatile. It was partially separated 
from the nitrobenzene during the steam distillation of the latter. 
Further work showed that this steam volatile solid was 5-methyl- 
benzo[i>]thiophen-3-ol (see subsequent reaction).

B. In Carbon Disulfide-Nitrobenzene.—Acetyl chloride (1.1 
moles) was added gradually to a suspension of aluminum chloride 
(3.3-4.1 moles) in carbon disulfide (16.5 moles) at 0-5° under 
ice-bath cooling. Arylmercaptoacetic acid (1 mole) was then 
sprinkled in gradually while the temperature was held below 
10°. Small quantities of nitrobenzene were added periodically 
to ease stirring. The amount of nitrobenzene used varied from 
0.5 to 2.5 moles. After all the acid had been added the suspen
sion was stirred until evolution of hydrogen chloride had ceased. 
The mixture was decomposed by pouring it into a large excess of 
ice and hydrochloric acid. Carbon disulfide was removed by 
distillation and the acetylarylmercaptoacetic acid was filtered, 
washed with petroleum ether (b.p. 88-98°), and dried. The 
product thus obtained was essentially pure. Analytical speci
mens were obtained by crystallization from water or a mixture of 
carbon tetrachloride and methanol.

The structure of 2-acetyl-4-methylphenylmercaptoacetic acid 
was established by converting it to 3,5-dimethylbenzo[6]thio- 
phene-2-carboxylic acid (which see). Table I summarizes 
results of the acetylation experiments.

Partial Proof of Structure of 2-Acetyl-3(or 5)-methylphenyl- 
mercaptoacetic Acid.—The acidic by-product from the prepara
tion of 4-acetyl-3-methylphenylmercaptoacetic acid was shown to 
contain an acetyl group in an ortho position to the sulfur atom by 
the following experiment.

The acid (0.01 mole), m.p. 161-162° dec., was boiled in 20% 
hydrochloric acid (20 ml.) for 5 hr. The solid product was fil
tered and crystallized twice from aqueous acetic acid. The 
yield of pure 3,4(or 3,6)-dimethylbenzo(f>]thiophene-2-carboxylic 
acid, m.p. 261-262° dec., was 90%.

A n a l .  Calcd. for CnHuAS: C, 64.05; H, 4.89; S, 15.54. 
Found: C, 63.71; H, 5.07; S, 15.65.

Proof of Structure of 5-Methylbenzo[6]thiophen-3-ol.—Steam 
distillation of the decomposed reaction mixture from the attemp
ted acetylation of p-tolylmercaptoacetic acid in nitrobenzene 
gave a steam volatile solid, m.p. 96-98°. A single crystalliza
tion from petroleum ether (b.p. 88-98°) gave colorless needles, 
m.p. 98-100°. The literature6 reports a melting point of 101- 
102° for 5-methylbenzo[6]thiophen-3-ol.

The compound, m.p. 98-100°, was converted to 5-methyl- 
benzo[6]thiophene-2,3-dione by a known method. 6 5-Methyl- 
benzo[6]thiophene-2,3-dione was obtained as red prismatic 
needles, m.p. 146-147° (aqueous methanol! (lit.13 m.p. 144-145°).

A n a l .  Calcd. for C9H602S: S, 17.99. Found: S, 17.76.
Proof of Structure of 2-Acetyl-4-methylphenylmercaptoacetic 

Acid.—The acid (2 g.) was heated in 30% aqueous sodium 
hydroxide (20 ml.) for 5 hr. Dilution of the suspension with 
water followed by acidification gave a quantitative yield of 3,5- 
dimethylbenzo[6Jthiophene-2-carboxylic acid, m.p. 262-264° 
dec. Recrystallization from acetic acid gave an analytically 
pure sample, m.p. 263-264° dec. (lit.8m.p. 262°).

A n a l .  Calcd. for C„H10O2S: C, 64.05; H, 4.89; S, 15.54. 
Found: C,63.91; H,5.13; S, 15.65.

Preparation of 2,4-Dinitrophenylhydrazones.—Derivatives of 
2-acetyl-4-methylphenylmercaptoacetic acid and 4-acetyl-2- 
methylphenylmercaptoacetic acid were prepared in the following 
way. A suspension of 2,4-dinitrophenylhydrazine (0.25 g.) in 
boiling ethanol (20 ml.) was treated with concentrated hydro
chloric acid (2 ml.) and the mixture heated until a clear solution 
resulted. The acetyl compound (0.25 g.) was added to this 
solution. The mixture was boiled for 10 min., allowed to stand 
for 30 min., cooled, and filtered. The crystals thus obtained 
were purified by recrystallization from ethanol. Analysis showed 
that the carboxy group had been esterified during this process.
2,4-Dinitrophenylhydrazone of ethyl 2-acetyl-4-methylphenyl- 
mercaptoacetate had m.p. 142°.

A ria l . Calcd. for C,„H20N4OsS: C, 52.77; H, 4.66; N, 12.96;
S, 7.41. Found: C, 52.41; H, 4.22; N, 13.24; S, 7.39.

2,4-Dinitrophenylhydrazone of ethyl 4-acetyl-2-methylphenyl- 
mercaptoacetate had m.p. 122-123°.

A n a l .  Calcd. for Ĉ H-oNjOrS: X, 12.96; S, 7.41. Found:
N, 12.89; S, 7.25.

Benzoylations.—Aluminum chloride (4 moles) was suspended

(13) C. E. Dalgliesh and F. G. Mann, J . Chem . Soc., 893 (1945).

in carbon disulfide (80 moles), and benzoyl chloride (1.1 moles) 
was added over 15 min. The temperature was held below 15° 
with an ice-water bath. Arylmercaptoacetic acid (1 mole) 
was sprinkled in over 20 min. while the temperature was held at 
about 15°. Nitrobenzene (about 2 moles in all) was added 
periodically to ease stirring. After the arylmercaptoacetic acid 
had been added, the mixture was held at 15° for 1.5 hr., and 
then allowed to warm to room temperature in 4 hr. The reaction 
mixture was decomposed in the usual way, carbon disulfide was 
removed by distillation, and the benzoylmercaptoacetic acid was 
collected by filtration. The crude product was partially purified 
by dissolving it in aqueous sodium bicarbonate, filtering, and 
acidifying. Further purification was effected by crystallization 
from carbon tetrachloride containing a very small amount of 
petroleum ether (b.p. 88-98°). Table II summarizes results of 
the benzoylation experiments.

Acylarylthiols and Disulfides from Acylarylmercaptoacetic 
Acids. A. 1.25 Moles of Hydrogen Peroxide at 100°.—Acylaryl
mercaptoacetic acid (0.1 mole) was refluxed in water (200 ml.) con
taining sulfuric acid (11 g.). Hydrogen peroxide (0.1 mole as a 
30% aqueous solution) was added dropwise to the refluxing mixture 
over a period of about 15 min. After addition of the hydrogen 
peroxide was completed the mixture was refluxed for 20 min. and 
a further 0.025 mole of hydrogen peroxide added over 10 min. 
The suspension was refluxed an additional 2 hr. and cooied. 
The oily product was extracted with ether and the ether layer 
extracted first with aqueous sodium bicarbonate and then with 
sodium hydroxide. Acidification of the sodium hydroxide ex
tract gave acylarylthiol. Evaporation of the ether layer gener
ally gave an oily disulfide which became granular on trituration 
with aqueous sodium hydroxide. Aqueous methanol was used 
to crystallize the disulfides. Petroleum ether (b.p. 63-69°) 
was used to crystallize the solid thiols. Table III summarizes 
the results obtained.

B. 2.0-2.5 Moles of Hydrogen Peroxide at 100°.—Acylaryl
mercaptoacetic acid (0.1 mole) was refluxed in water (200 ml.) 
containing sulfuric acid (4 g.). Hydrogen peroxide (0.1 mole 
as a 30% aqueous solution) was added dropwise to the refluxing 
mixture over a period of about 20 min. Some 20 min. after 
addition of the first 0.1 mole of hydrogen peroxide, another 0.05 
mole was added over 10 min. About 15 min. later an additional 
0.05 mole of hydrogen peroxide was added and the mixture re
fluxed an additional 90 min. In those cases where the product 
was oily, trituration with aqueous sodium hydroxide frequently 
gave a manageable solid product. Aqueous methanol proved a 
useful solvent for crystallization. Table IV summarizes the 
results obtained.

C. 2.5 Moles of Hydrogen Peroxide at 60°.—A suspension of 
finely powdered 4-acetyl-3-methylphenylmercaptoacetic acid 
(0.15 mole) in 10% hydrochloric acid (150 nd.) was heated to 
60°. Hydrogen peroxide (0.15 mole as a 30%, aqueous solution) 
was added dropwise over 15 min. After stirring for 30 min. an 
additional 0.15 mole of hydrogen peroxide was added over 10 
min. One hour later a further 0.075 mole of hydrogen peroxide 
was added and the mixture stirred an additional 2 hr. The tem
perature was maintained at 60° throughout the reaction. After 
cooling to 10° the solid product was filtered and extracted with 
aqueous sodium bicarbonate. The sodium bicarbonate solution 
on acidification gave 4-acetyl-3-methylphenylsu:fonylacetic acid 
(14%), m.p. 146-148°. A single crystallization from water 
yielded needles, m.p. 150-151°.

A n a l .  Calcd. for Ci,H12C5S: C, 51.54; H, 4.72; S, 12.51; 
equiv. wt., 256.3. Found: C, 51.91; H,4.54; S, 12.04; equiv.
wt., 255.5.

The solid insoluble in aqueous sodium bicarbonate was oily in 
appearance. Treatment with aqueous sodium hydroxide gave a 
granular product, m.p. 57-59°. Crystallization from aqueous 
methanol yielded di(4-acetyl-3-methylphenyl) disulfide (26%) 
as plates, m.p. 60-61°. The sodium hydroxide on acidification 
gave a small amount of an unidentified resinous product.

Acylarylsulfonylacetic acids are undoubtedly formed in most 
oxidation reactions which use excess hydrogen peroxide. In 
addition to the cited preparation of 4-acetyl-3-methylphenyl- 
sulfonylacetic acid, we isolated 4-acetylphenylsulfonylacetic 
acid, m.p. ~170° dec., and 4-acetylphenylmethyl sulfone from 
the aqueous liquors from the acid-catalyzed oxidation cleavage of
4-acetylphenylmercaptoacetic acid. The crude acid, m.p. 
~170° dec., was converted to 4-acetylphenylmethyl sulfone by 
heating at 160-180° for 3 hr. A specimen of this sulfone, when 
crystallized from wrater, melted at 127-128°.
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T able VII
Acid-C atalyzed C leavage of Acylarylsulfinylacetic Acids 

Acylarylsulfinylacetic acid Thiol Yield, % B.p. (mm .), °C.

4-CH3C0-2-CH3C6H3S0CH2C02H 4-CH3CO-2-CH3C6H3SH 43 143-144(5)
2-CH3C0-4-CH3C6H3S0CH2C02H 2-CH3CO-4-CH3C6H3SH“ 45 139-140(5.5)
4-C6H5C0-3-CH3C6H3S0CH2C02H 4-C6H6CO-3-CH3C6H3SH5 39 152(2)

<* M.p. 32-33°. A n a l . Caled, for C9H,„OS: C, 65.02; H, 6.06; S, 19.29. Found: C, 65.20; H, 6.19; S, 19.01. Disulfide, m.p. 
178° (aqueous methanol). A n a l . Caled, for Ci8H,802S2: C, 65.42; H. 5.49; 8,19.40. Found: C, 65.84; H, 5.47; 8,19.01. b A n a l .  
Caled, for ChH,2OS: C, 73.65; H, 5.3; S, 14.04. Found: C, 74.15; H, 5.69; 8 , 13.24. S-Benzoyl derivative, m.p. 97.5-98.5 
(methanol). A n a l . Caled, for C21H1602S: C, 76.18; H, 4.85; S, 9.64. Found: C, 76.72; H, 4.95; S, 9.68.

A n a l .  Caled. for C9H10O3S: C, 54.53; H, 5.08; S, 16.17. 
Found: C, 54.32; H.4.91; S, 15.95.

This material gave no depression of melting point with an 
authentic sample prepared from 4-aeetylphenylmethyl sulfide14 
by hydrogen peroxide oxidation.15

Thiols from Di(acylaryl) Disulfides.—The disulfide (0.05 
mole) was refluxed in aeetic acid (1 mole) and water (2 moles) 
and the mixture treated, over a period of 40 min., with zinc dust 
(0.3 to 0.4 mole). After refluxing for an additional 3 hr. the 
mixture was poured into water. Excess zinc was removed by 
adding a little concentrated hydrochloric acid. The oil was taken 
up in ether and crude thiol extracted from this with aqueous 
sodium hydroxide. Acidification of the sodium hydroxide 
solution gave crude thiol which was redissolved in ether; the 
ether was washed with water and dried. The ether was distilled 
and the thiol purified by vacuum distillation.

The reduction of di(4-benzoyl-3-methylphenyl) disulfide using 
zinc and acetic acid gave 4-benzyl-3-methylbenzenethiol as the 
major product. Table V summarizes the results obtained.

Acylarylthiols from Acylarylsulfinylacetic Acids. A. Prepa
ration of Acylarylsulfinylacetic Acids.—Aeylarylmercapto- 
acetic acid (0.1 mole) was suspended in 75%. acetic acid (250 ml.) 
and the mixture stirred and heated to about 60°. Hydrogen 
peroxide (0.1 mole as a 30% aqueous solution) was added over 
50 min. at this temperature. The mixture was kept at 60° for 
5 hr. and allowed to stand overnight. Half of the solvent 
mixture was removed under vacuum at 50-60° (rotary evapora
tor). Cooling of the acetic acid solution sometimes led to 
crystallization of the acylarylsulfinylacetic acid. In a few 
cases the acylarylsulfinyl acetic acid was obtained as a sirup by 
complete evaporation of the aqueous acetic acid. Table VI 
summarizes the results obtained.

(14) G. B. Bachm an and C. L. C arlson, J .  A m .  C h e m .  S o c . ,  73, 2857
(1951).

(15) U. S. P a ten t 2,802,033 (1957) to E. I. du P on t de Nem ours and Co.

B. Cleavage of Acylarylsulfinylacetic Acids.—Acylarylsul
finylacetic acid (0.05 mole) wds refluxed in 6 % sulfuric acid 
(200 ml.) for 5 to 6 hr. The oily suspension was extracted with 
ether and the ether extracted first with aqueous sodium bicarbo
nate and then with aqueous sodium hydroxide. Acidification of 
the sodium bicarbonate extracts usually gave some acidic ma
terial (2-acetyl-4-methylphenylsulfinylacetie acid gave some high 
melting acid, probably 3,5-dimethylbenzo[b]thiophene-2-car- 
boxylic acid or its sulfoxide). Acidification of the sodium hy
droxide extracts gave the crude thiols which were purified by dis
tillation. The neutral ether layer on evaporation usually yielded 
a small quantity of the disulfide (the neutral product from 2- 
acetyl-4-methylphenylsulfinylacetic acid was complex). Table 
VII summarizes the results obtained.

Hydrogen Peroxide Oxidation of 4-Nitrophenylmercaptoacetic 
Acid.—4-Nitrophenylmercaptoacetic acid (0.05 mole) was finely 
ground and suspended in water (55 ml.) containing 80%, phos
phoric acid (3 ml.). The suspension was boiled and hydrogen 
peroxide (0.055 mole as a 30%, aqueous solution) added over about 
30 min. Steam was passed in during the peroxide addition and 
for 1 hr. after that. The solid in the reaction flask turned first to 
a yellow oil and finally to a solid. About 0.5 g. of product 
steam distilled ; this proved to be a mixture of about equal weights 
of 4-nitrobenzenethiol, m.p. 76-77°, and di(4-nitrophenyl) 
disulfide, m.p. 179-180°. The contents of the reaction flask 
were filtered and the solid extracted with aqueous sodium bi
carbonate. Acidification of this extract gave 3 9 g. of acidic 
material, m.p. 155-160°. Several crystallizations of the latter 
from methanol afforded 4-nitrophenylsulfonylacetic acid, m.p. 
168° déc.

A n a l .  Caled. for CgHïNOsS: N, 5.71; S, 13.06. Found: 
N, 5.76; S, 13.40.

The solid insoluble in aqueous sodium bicarbonate was di(4- 
nitrophenyl) disulfide, m.p. 175-177°. Crystallization from 
acetic acid gave a pure product, m.p. 180-181°

T he R eaction  b etw een  A cen a p h th en eq u in o n e  and P h en y llith iu m

H. M a r j o r ie  C raw ford

S a n d e r s  L a bora tory  o f  C h em is try ,  V a s sa r  College, P o u g h k e e p s ie , N e w  Y o rk  

Received M a r c h  f ,  1968

The reaction between acenaphthenequinone and phenyllithium gave the expected ¿rares-l,2-diphenyl-l,2- 
acenaphthenediol in low yields as well as four other solid products. Two of these were known compounds. The 
structures of one of the other products (II) and of several new compounds related to it have been established. 
II is the result of the unusual 1,4-addition of phenyllithium to an aryl ketone.

The reaction between acenaphthenequinone and 
phenylmagnesium bromide gave (raras-1,2-diphenyl-
1,2-acenaphtbenediol in 81% yield.1 In the reactions 
of other quinones with organometallic reagents,2 better 
yields of 1,2-addition products were obtained by the 
use of phenyllithium rather than phenylmagnesium 
bromide. The present study shows that acenaphthene
quinone behaved more like phenanthrenequinone3 and

(1) P. D. B artle tt and R. F. Brown, ./. A m .  C h e m .  S o c . ,  62, 2927 (1940).
(2) H. M. Crawford, i b i d . ,  61, 3310 (1939); 70, 1081 (1948); H. M. C raw 

ford and  M. M cD onald, i b i d . ,  71, 2681 (1949).
(3) H. M. Crawford, M. Lum pkin, and M. M cD onald, i b i d . ,  74, 4087

(1952).

gave the trans-l, 2-diphenyl-l,2-acenaphthenediol in 
poor yields, 10-28%, as well as several other solid prod
ucts and a dark oil from which no more solid could be 
isolated either by crystallization or by chromatography. 
Naphthalic anhydride (1-6%) was isolated from five of 
the twenty-five reactions which were carried out. 
Fourteen of the reactions gave the lactone of l-(di- 
phenylhydroxymethyl)-8-naphthoic acid (I, 7-22%). 
These compounds were identified by comparison with 
known samples.4 Four of the reactions gave small 
amounts of a lactone melting at 176°, which has not

(4) G. Wittig, M. Leo, and W. Wiemer, Ber., 64, 2405 (1931).
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been completely identified. Ten of the reactions gave
1-30% of a compound which has been identified as 
the lactone of l-(diphenylhydroxvmethyl)-7-phenyl-8- 
naphthoic acid (II). The lactone II was identified by 
infrared and nuclear magnetic resonance spectra and by 
the similarity of a series of compounds related to it and 
another series of known compounds related to the lac
tone I.

In Chart I, all of the compounds with odd numbers 
were already known and were made by the methods 
which have been described. All of the compounds with 
even numbers, except X, are described for the first time.

The infrared spectra of corresponding compounds 
were compared and in every case they showed marked 
similarities.

In one attempt to make X from IX, the only product 
(48%) was a bright orange-red compound XIV, which 
was made later from IX, isolating and identifying the 
intermediates X and XII.

Again the infrared spectra of the corresponding com
pounds were very similar.

Experimental
Melting points are uncorrected.
Acenaphthenequinone was prepared in 50% yields by the oxi

dation of acenaphthene.5
The Reaction between Acenaphthenequinone and Phenyl

lithium.—As in other studies of this type2' 3 the quantities of 
reactants and the method of procedure were varied. The best 
yields of solid products were obtained by adding 0.05 mole of 
quinone suspended in ether, to 0.125 mole of phenyllithium in 
ether. After standing overnight, the organometallic product was 
decomposed with cold ammonium chloride solution. The ether 
layer was allowed to evaporate slowly, and successive crops of 
solid were removed and recrystallized. After no more solid 
could be separated from the heavy, dark oils, a benzene solution 
of the oil was poured onto a column of alumina. Successive por
tions of petroleum ether (b.p. 60-70°). ethyl acetate, and meth
anol were used to elute material from the column. In some cases 
the first ether solution was chromatographed immediately with 
no difference in the results. Any solids resulting from the evapo
ration of the various fractions were crystallized and identified. 
t ra r i s - \ ,2-Diphenyl-l,2-acenaphthenediol was obtained in yields 
varying from 10 to 28%. No cis diol was isolated from any of 
the twenty-five reactions. In five of the reactions 1-6% of 
naphthalie anhydride was obtained. Fourteen of the reactions 
gave the known lactone of l-(diphenylhvdroxymethyP-8-naph- 
thoic acid (I). Its identity was established by mixture melting 
point with a known sample of the lactone, prepared from naph
thalie anhydride and phenyllithium.4

Two other solids were isolated, but never from the same re
action; the 176° lactone was obtained four times in yields of 
3-15%,, and 179° lactone II, was obtained ten times in yields 
of 1-30%,.

The 176° Lactone.—This compound crystallized from methanol 
in small, colorless needles. It gave no 2,4-dinitrophenylhydra- 
zone or oxime. It gave no color and was recovered unchanged 
after heating with hydrogen chloride in glacial acetic acid. It 
was recovered unchanged after heating with Lucas’ reagent or

(5) C. S. Maxwell and C. F. H. Allen, Org. S y n ., 24, 1 (1944).
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with iodine in glacial acetic acid. It depressed the melting 
point of known samples of the cis diol melting at 174-170°; of 
IX melting at 173-174°; of the monoethyl ether of the cis diol 
melting at 176.5-177.5° (kindly supplied by R. F. Brown6); 
and of 1 ,2 ,2-triphenyl-l-aeenaphthenul melting at 167-169°. 
The 176° compound is soluble in aqueous potassium hydroxide 
from which it was recovered by treatment with hydrochloric acid. 
This indicates a lactone structure. Treatment with phenyl- 
lithium gave biphenyl as the only identifiable product. The in
frared spectrum shows absorption at 3.4, 3.5, 5.8, and 8 .6  p in 
addition to the bands due to monosubstituted benzenes. The 
nuclear magnetic resonance spectrum indicates a -CIL- group, 
a large number (19-27) of aromatic protons, and three others not 
on a naphthalene or benzene ring.

A n a l . C, 87.2; H, 5.4; mol. wt., 373 (in benzene).
Lactone of l-(Diphenylhydroxymethyl )-7-phenyl-8-naphthoic 

Acid (II).—This lactone is much less soluble than the 176° 
lactone. It can be crystallized from ethanol, benzene, or ethyl 
acetate as colorless prisms melting at 179-180°. It gave no 
carbonyl derivatives, gave no color with hydrogen chloride in 
acetic acid, and was recovered unchanged after heating with 
sulfuric acid in acetic acid. It was not soluble in alcoholic 
potassium hydroxide. This agrees with the behavior of the 
known lactone I to which it corresponds. (It reacted with phenyl- 
lithium to give a very small amount of a compound which melted 
at 255° and contained 86.93% C and 5.53% H.) The infrared 
spectra of I and II were run on the same paper. Both showed no 
absorption in the hydroxyl region; carbonyl absorption at 5.7,
8 .2 , and 9.1 m, and the rest of the spectra were very similar. 
The n.m.r. spectrum of II is consistent with the structure 
assigned.

A n a l .  Calc.d. for Ca>H»Os: C, 87.35; H, 4.9; mol. wt.,
412. Found: C, 86.62; 11,5.2; mol. wt., 415 (in camphor).

Oxidation of II with chromium trioxide in glacial acetic acid 
gave benzoic acid, benzophenone (identified as the 2,4-dinitro- 
phenylhydrazone), and biphenyl-2 ,3,4-tricarboxyIic acid melting 
at 208-209° (lit.7 210°). The same acid was obtained by the 
oxidation of VIII. The infrared spectrum of the acid, in carbon 
disulfide, showed absorption at 13.4 and 14.3 g for a mono- 
substituted benzene, as well as the absorption for the carboxyl 
groups.

l-Hydroxy-3,3-diphenyl-lii,3//-9-phenylnaphtho(l ,8-c,(/]pyran 
(IV).—Compound II (2 g.) was refluxed for 4 hr. with 1.5 g. of 
lithium aluminum hydride in 50 ml. of ether. The excess lithium 
aluminum hydride was decomposed with water and the ether 
extract allowed to evaporate. Treatment of the resulting glass 
with methanol and diisopropyl ether gave 1.9 g. (90%) of white 
solid. Recrystallization from ethanol gave IV, m.p. 198.5- 
199.5°. For comparison, the lactone I was reduced by a similar 
procedure and product III was obtained. It melted at 164— 
165° (lit.8 166-167.5°). Both III and IV showed infrared 
absorption at 2 .8  g and none in the carbonyl region.

A n a l .  Calcd. for C30H22O2: C, 86.93; H, 5.35. Found:
C, 87.28, H, 5.7.

1-Ethoxy-3,3-diphenyl-l if ,3i7-9-phenylnaphtho(l,8-<v/] pyran 
(VI).—This acetal was prepared very easily by treating the 
hydroxy compound IV in ethanol with a trace of acid. In fact, 
if the excess lithium aluminum hydride (after the reduction of II) 
was decomposed with ethyl acetate, or the aluminum hydroxide 
sludge was dissolved in hydrochloric acid, the first crop of crystals 
separating was the hydroxy compound IV, and later the acetal 
VI was obtained. Crystallization from ethanol gave small color
less prisms melting 150-151°. The corresponding acetal V8 
was prepared in the same way and melted at 197-198°. Both 
acetals showed infrared absorption in the ether region, 8.5-10.0 
n, and none in the hydroxyl or carbonyl regions.

A n a l .  Calcd. for C^HmOs: C, 86.84; H, 5.92. Found;
C, 8 6 .6 ; H, 6.0.

l-(Diphenylmethyl)-7-phenyl-8-naphthoic Acid (VIII).—The
hemiacetal IV (0.3 g.) was refluxed for 35 min. with 0.2 g. of 
iodine in 25 ml. of acetic acid as described for the preparation of

(6) R. F. Brown, A m .  C h e m .  S o c . ,  74, 428 (1952).
(7) G. Charrier and E. Ghigi, B e r . ,  69, 2223 (1936).
(8) R. L. Letsinger and P. T. Lansbury, ./. A m .  C h e m .  S u e . .  81, 938

(1959).

VII from III. The solution was poured into water containing a 
small amount of sodium bisulfite. The solid (0.26 g., 87%) crys
tallized from ethanol as shiny, colorless plates and melted at 
259-260°. This same acid was obtained by opening the ketone 
ring of X by refluxing if with potassium hydroxide in diethylene 
glycol. Refluxing with potassium hydroxide in ethanol did not 
open this ring.9 The corresponding acid VII was prepared 
according to the method of Zsuffa9 by refluxing 2.0 g. of IX with 
10 g. of potassium hydroxide, 10 ml. of water, and 100 ml. of 
ethanol for 4 hr. Dilution of the solution with water gave a 
quantitative yield of the acid VII. One crystallization from 
ethanol and ethyl acetate gave a white solid, m.p. 228-229°. 
Both acids (VII and VIII) showed infrared absorption at 3-3.5,
5.85, and 8.2 g. Letsinger and Lansbury8 made the lactone I 
by oxidation of the acid VII. A similar oxidation of the acid
VIII by chromium trioxide gave biphenyl-2 ,3,4-triearboxylic acid, 
identical with the acid obtained by' the oxidation of the lactone 
II.

A n a l . Calcd. for CwHaOj: C, 86.93; H, 5.35. Found: 
C, 8 6 .8 ; H, 5.5.

1 .1 .3- Triphenyl-2-acenaphthenone (X).—This ketone was de
scribed by Fuson and Griffin10 as resulting from a forced reaction 
of pheny Imagnesium bromide on 2,2-diphenyl-L-acenaphthenone
(IX). Their product melted at 160-161° and its color was not 
mentioned. The ketone IX was made by the usual pinaeol re
arrangement of t r a n s - 1 ,2-diphenyl-l ,2-acenaphthendiol. In the 
first attempt to make the ketone X (using 9.6 g., 0.03 mole, of 
the ketone IX and 0.17 mole of phenylmagnesium bromide and 
chromatographing on alumina) the only product obtained was 5.5 
g. (48%) of a bright orange-red solid XIV which is described 
later. The melting point was 14.5-146°. Another attempt, 
using 3.9 g. of IX, gave 1.02 g. of a pale yellow solid, m.p. 145- 
146°, which showed infrared absorption at 5.7 and 5.8 /«. A 
later crop of crystals melted at 157-158°. A third attempt, 
using 3.8 g. of IX, was chromatographed at once and gave 2.1 g. 
(45% ) of material first melting at 157-158°, identical with the 
material from the second attempt. After several recrystalliza
tions from ethanol and ethyl acetate, the shiny lemon .yellow 
plates melted at 168.5-169°. The infrared absorption spectra of
IX and X are very similar, showing carbonyl absorption at ,5.85 
/x. A mixture melting point of ketone X with a sample sup
plied by Dr. Griffin10 was 161-169°.

A n a l . Calcd. for CmHjoO: C, 90.88; H, 5.09. Found: 
C, 90.6; H, 5.2.

2-Hydroxy-l ,1,3-triphenylacenaphthene (XII).—The yellow 
ketone X (0.3 g.) was refluxed for 1 hr. with 0.2 g. of lithium 
aluminum hydride in 30 ml. of ether. Excess lithium aluminum 
hydride was decomposed with ethyl acetate. The ether extract 
gave a quantitative yield of colorless needles of the alcohol XII 
melting 172-173°. The infrared spectra of this alcohol and the 
corresponding alcohol XI showed identical absorption at 2.8 /» 
and none in the carbonyl region.

A n a l .  Calcd. for C30H22O; C, 90.42; H, 5.57. Found; C, 
90.4; H, 5.6.

1.2.3- Triphenylacenaph:hylene (XIV).—This hydrocarbon was 
prepared by heating the alcohol XII with formic acid for 15 min. 
on the steam bath. The solution was colorless at first but 
quickly became yellow, then orange. The solution was diluted 
with water, and the resulting solid was separated and crystallized 
from ethanol and ethyl acetate. It separated as bright orange- 
red needles and melted at 143-145°. The mixture melting point 
was 144-145° with the orange-red hydrocarbon described earlier. 
The infrared spectra of this hydrocarbon and of the red hydro
carbon XIII (made according to the directions of Letsinger and 
Lansbury8 from XI) were practically identical.

A n a l .  Calcd. for C30H20: C, 94.70; H, 5.30; mol. wt., 380. 
Found: C, 94.8; H, 5.3; mol. wt., 385.
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A relatively simple apparatus and procedure for preparing a variety of perdeuterated aliphatic compounds 
are applied to the synthesis of n-octane-d,8 and 2,2,4-trimethylpent.ane-djS. The properties of these compounds 
are reported.

As part of a continuing study of the relationship of 
physical properties to hydrocarbon structure, the 
changes in the properties when deuterium is substituted 
for hydrogen in hydrocarbons have been under study 
in this laboratory. Earlier, benzene-d6 and cyclo- 
hexane-d]-. were prepared4 and the properties de
termined.5 6̂7 The changes in the properties upon 
deuteration observed with these two hydrocarbons and 
the recent corresponding states treatments of classi
cally, isotopically substituted liquids8 9 10 suggested that 
the preparation and study of additional perdeuterated 
hydrocarbons having significantly different spatial and 
symmetry characteristics might be worthwhile.

Although the literature9-12 records the preparation of 
a number of perdeuterated hydrocarbons, none of the 
procedures appeared to be satisfactory for the synthesis 
of molar quantities in the C6 to C i2 molecular weight 
range. The reported syntheses may be divided into 
two broad classes.

(1) Syntheses starting from available chemical in
termediates and utilizing classical chemical reactions to 
construct the desired perdeuterated molecule. An 
example of this procedure is the synthesis of spiro- 
pentane-dg starting from calcium carbide by House, 
Lord, and Rao.11

(2) Syntheses starting from a hydrocarbon possessing 
the same carbon skeleton as that desired in the final 
product and involving exchange of the hydrogens of 
the hydrocarbon with the deuterium atoms in a deu
terium-containing molecule, e.q., D20, D2SO4. The 
synthesis of benzene-d6 by Ingold and co-workers12 
is a classic example of this approach.

Group 1 syntheses suffer from the fundamental dis
advantage that each hydrocarbon structural-type

(1) Presented before the  D ivision of Fuel Chem istry, 141st N ational 
M eeting of the American Chem ical Society, W ashington, D. C ., M arch 
20-24. 1962.

(2) American Petroleum  In s titu te  Fellow, 1957-1959.
(3) A bstracted from a thesis subm itted  in partia l fulfillm ent of the re

quirem ents for the Ph.D . degree, 1959.
(4) J . A. Dixon and R. W. Schiessler, J . A m .  C h e m .  S o c . ,  76, 2197 (1954).
(5) J. A. Dixon and R. W. Schiessler, ./. P h y s .  C h e m . ,  58, 430 (1954).
(6) R. T. Davis, Jr., and R. W. Schiessler, i b i d . ,  57, 966 (1953).
(7) R. T. Davis, Jr., and R. W. Schiessler, J .  A m .  C h e m .  S o c . ,  75, 2763

(1953).
(8) (a) K. S. Pitzer, D. Z. Lippm ann, R. T . Curl, J r ., C. M. Higgins, and 

D. E. l eterson, i b i d . ,  77, 3433 (1955); (b) J. O. H irshfelder, C. T. C urtis, 
and R. B. B ird, ‘‘M olecular Theory of Gases and Liquids,” John Wiley 
and Sons, Inc., New York, N. Y., 1954; (c) W. A. Steele, J . C h e m .  P h y s . ,  

33, 1619 (1960); 34, 802 (1961); (d) J. P. Boon and G. Thom as, P h y s i c a ,  

28, (1962), and references therein.
(9) R. L. Burwell, Jr., C h e m .  R e v . ,  57, 895 (1957).
(10) (a) T. I. Taylor, “ C ataly sis ,” Vol. V, P. H. E m m ett, Ed., Reinhold 

Publishing C orp ., New York, N. Y., 1957, pp. 257-403; (b) A. H. K imball, 
“ Bibliography of Research on H eavy H ydrogen Com pounds,” M cGraw- 
Hill Book Co., Inc., New York, N. Y., 1949; (c) “ A Review of the Proper
ties of D euterium  C om pounds,” NBS-2492 (1947-1952), NBS-1777 (1950), 
NBS-2529 (1951), NBS-3144 (1952), NBS-3985 (1953).

(11) H. O. House, R. C. Lord, and H. R. Rao, O r g .  C h e m . ,  21, 1487 
(1956).

(12) C. K. Ingold, C. G. Raisin, C. L. Wilson, C. R. Bailey, and B. Topley.
./. C h e m .  S o c . ,  915 (1936).

requires a different synthetic route. Further, as the 
carbon skeleton of the molecule becomes more complex, 
the number of synthetic steps frequently increases 
rapidly. Since group 2 routes do not have these dis
advantages, the present effort was confined to develop
ing a procedure of this type but avoiding the problems 
noted below.

The exchange of deuterium between deuteriosulfuric 
acid and aromatic hydrocarbons proceeds readily at 
temperatures where no skeletal changes or other side 
reactions occur to any significant extent. Unfortu
nately, with aliphatic hydrocarbons Setkina and co
workers13 have found that under mild conditions only 
the tertiary hydrogens are exchanged. Under forcing 
conditions the expected carbonium ion rearrangements 
accompany the exchange.14 Similarly, Dixon and 
Schiessler15 found that the vapor phase exchange be
tween deuterium oxide and hydrocarbons is attended 
by significant cracking and/or isomerization.

In contrast, Burwell and co-workers16-19 in their 
study of the mechanism of hydrogen exchange observed 
that the exchange of deuterium gas with aliphatic hy
drocarbons proceeded rapidly in the vapor phase over 
metal catalysts and was accompanied by little or no 
carbon skeletal rearrangement. This procedure suffers 
only from the disadvantage that for the synthesis of 
molar quantities of a C6 to C,2 paraffin hydrocarbon 
extremely large volumes (of the order of thousands of 
liters at STB) of deuterium must be used. To avoid 
this a scheme involving the direct deuterium-hydro
carbon exchange but avoiding the handling of large 
amounts of deuterium was developed.

The Apparatus and Procedure.—Figure 1 is a flow 
diagram of the apparatus. A complete description of 
the apparatus and full experimental details may be 
found in ref. 20. The principal operations occurring 
in the system are the following.

(1) Hydrogen-deuterium gas is continuously circu
lated through the entire apparatus.

(2) In the “deuterator” section this gas mixed with 
hydrocarbon vapor passes over a pelleted nickel on 
kieselguhr21 catalyst. A statistical distribution of 
deuterium and hydrogen atoms between the gas and the 
hydrocarbon results, c.y.

(13) V. N. Setkina, D. N. K ursanov, O. D. Sterlingov, and A. L. Liber
m an, D o k l .  A k a d .  N n u k .  S S S R ,  85, 1045 (1952); C h e m .  A b s t r . ,  47, 851 
(1953).

(14) J . A. Dixon, unpublished results.
(15) J. A. Dixon and R. W. Schiessler, J .  A m .  C h e m .  S o c . ,  73, 5452 

(1951).
(16) R. L. Burwell, J r ., and W. S. Briggs, i b i d . ,  74, 5096 (1952).
(17) H. C .  Rowlinson, R. L. Burwell, Jr., and R. H. T uxw orth, J .  P h y s .  

C h e m . ,  59, 225 (1955).
(18) R. L. Burwell, J r .,  and R. II. Tuxw orth, i b i d . ,  60, 1043 (1956).
(19) R. L. Burwell, Jr., B. Shim , and H. C. Rowlinson, J .  A m .  C h e m .  

S o c . ,  79, 5142 (1957).
(20) J. W. M arr, Ph.D . thesis, The Pennsylvania S ta te  U niversity , 1959.
(21) M anufactured  by  U niversal Oil Products Co., D etroit, Mich.
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A. Hydrocarbon reservoir
B. Catalyst chamber
C. Hydrocarbon collector
D. Double-flow condenser
E. Graham condenser
F. Friedrichs condenser
G. West condenser
H. Preheater
J. Boiler
K. McLeod gauge
L. U-tube manometer
M. Ballast
N. Hydrogen cylinder 
P. Nitrogen cylinder 
V. Vacuum traps

Stopcocks —Q ~

Fig. 1.—Deuteration apparatus.

I)2 + C,H1S C8H,7D + HD

The partially deuteraied hydrocarbon is then sepa
rated by condensation and the hydrogen-deuterium gas 
passes to the “regenerator” section.

(3) Here, the hydrogen-deuterium gas, mixed with 
superheated deuterium oxide vapor, is passed over the 
nickel on kieselguhr catalyst at 300°. The gas is 
reenriched in deuterium from the heavy water and as

HD + D,() HDO + D2

the gases leave the “regenerator” the water is sepa
rated by condensation while the hydrogen-deuterium 
gas returns to the “deuterator” section.

By this technique, the advantages of both the deu
terium-hydrocarbon and deuterium oxide-hydrocarbon 
exchange processes are realized without the disad
vantages of either. Although the hydrocarbon was in 
contact with approximately 1000 liters of deuterium 
gas during each twenty-four-hour period of opera
tion, there were only twelve liters of gas in the ap
paratus at any given time.

The apparatus .was all glass except for the circulation 
pump -which consisted of two counteracting brass 
Sylphon22 bellows. Neither the deuterium oxide nor 
the hydrocarbon came in contact with the pump.

The maximum transfer of deuterium from heavy 
water to hydrocarbon is obtained by passing the hydro
carbon through the deuterator only once per charge 
of heavy water to the boiler. A method of operation 
for accomplishing this and an equation for calculating 
the number of equilibrations (or cycles) to obtain a

(22) M anufactured  by the Fulton  Sylphon Co., Knoxville, Tenn.

given amount of a hydrocarbon of a given deuterium 
content are discussed in detail in ref. 20.

Catalysts.—An extensive investigation of catalysts 
was not made. However, it was observed that nickel 
supported on kieselguhr produced rapid deuterium 
exchange with less cracking and isomerization than 
platinum on carbon or platinum on glass beads.

Preparation of /i-Octane-r/ls and 2,2,4-Trimethyl- 
pentane-dis.—n-Octane-% and 2,2,4-trimethylpentane- 
dI8 were chosen for synthesis because: complete
physical property and thermodynamic data are avail
able on the hydrocarbons; they have appreciably 
different (for isomers) viscosities, viscosity-tempera
ture characteristics and boiling points; in many ap
proaches to the correlation of molecular structure and 
physical properties the normal paraffins are used as 
base-line or reference compounds23; they are liquid 
over a relatively extensive temperature range; and the 
corresponding deuteriocarbons should be separable by 
efficient fractional distillation from any impurities re
sulting from isomerization or cracking. n-Octane is 
the highest-boiling octane and 2,2,4-trimethylpentane 
is the lowest-boiling octane.

n-Octane-dis was prepared from Phillips Research 
grade «-octane by the exchange procedure described 
previously. At 115-130° the mixture of hydrocarbon 
vapor and deuterium gas reached isotopic equilibrium 
very rapidly, and there was almost no cracking or iso
merization as shown by efficient fractional distillation 
and gas-liquid chromatography.24 The product of 
the exchange reaction contained approximately 0.2% 
of lower-boiling impurities. These were removed by 
fractional distillation to yield an n-octane-dis containing 
less than 0.1% of hydrocarbons having a different 
carbon skeleton and of isotopic composition 90.1% 
D, 0.9% H. Isotope per cents were estimated from 
density and quantitative infrared measurements.

Unfortunately, the rate of attainment of isotopic 
equilibrium between 2,2,4-trimethylpentane vapor and 
deuterium was extremely slow at the temperature used 
for the deuteration of «-octane. It is believed that 
this was due to the phenomenon described by Bur- 
well16-19; i.e., a single adsorption-desorption of the
hydrocarbon on the catalyst surface will not result in 
complete isotopic equilibration if the hydrocarbon 
possesses a quaternary carbon atom. The quaternary 
carbon atom in 2,2,4-trimethylpentane has attached to 
it a 2-methylpropyl group and three methyl groups. 
Should the 2-methylpropyl group be chemisorbed on 
the catalyst surface one-half of the hydrogen atoms in 
the hydrocarbon molecule will equilibrate with deute
rium and the deuterium content will be half that pro
duced by an equivalent chemisorption of n-octane and 
deuterium. However, chemisorption of the hydro
carbon molecule via a methyl group (the probability 
of this event is 0.5, on the basis of the hydrogen atoms 
accessible to the catalyst) will yield a deuterium con-

(23) (a) H. W iener, ./. A m .  C l i e m .  S o c . .  69, 17, 2636 (1947); J .  C h e m .  

P h y s . ,  18, 766 (1947); J .  l ' k y s .  C h e m . ,  62, 425, 1082 (1948); (b) .1. R. P la tt, 
ibid., 56, 328 (1952); (c) J. B. (ireenshields and F. D. Rossini, ibid., 62, 
271 (1958).

(24) A 10-ft column of Apiezon L on firebrick was used a t  85°. The 
re tention  tim es of seventeen of the eighteen possible octanes were indi
vidually  determ ined with th is  column and i t  was established th a t  as little  
as 0 .1%  of any  of the isomers could be detected  in either Tv.-octane or 2,2,4- 
trim ethylpentane. The missing isomer was 2,2,3 ,3-tetram ethylbutane. 
See ref. 20 for details including the re tention  tim es of the various isomers.
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T a b l e  I
D e n s i t i e s  a n d  V i s c o s it i e s  o f  n-OcTANE-dia a n d  2 ,2 ,4 - T r i m e t h y l p e n t a n e - ^ s

Hydrocarbon % D 0°
Density (g./cc.) 

20° 37.8° 60° 0°
Viscosity (cp.) 

20° 37.8° 60°
n-Octane 0.0 0.7185 0.7027 0.6884 0.6703 0.7091 0.5428 0.4437 0.3524

99.1 0.8337 0.8152 0.7984 0.7765 0.7668 0.5895 0.4852 0.3794
1 0 0 .0» 0.8347 0.8162 0.7794 0.7774 0.7673 0.5899 0.4856 0.3796

2,2,4-Trimethylpentane 0 .0 0.7081 0.6919 0.6774 0.6587 0.6495 0.5042 0.4146 0.3323
97.4 0.8197 0.8007 0.7835 0.7612 0.6989 0.5406 0.4424 0.3536

1 0 0 .0« 0.8226 0.8036 0.7863 0.7639 0.7001 0.5415 0.4430 0.3541
° Obtained by linear extrapolation of the property of the most highly deuterium-substituted product.

T a b l e  II
R e f r a c t iv e  I n d ic e s , M o l a r  R e f r a c t io n s , a n d  M o l a r  V o l u m e s  o f  n -O cT A N E -d ,8 a n d  2,2,4-TRiMETHYLPENTANE-dis

Hydrocarbon % D 20°

n-Octane 0.0 1 .39756
99.1 1.39311

1 0 0 .0« 1.39307
2,2,4-Trimethylpentane 0.0 1 39137

97.4 1.38715
1 0 0 .0« 1.38704

Molar Molar
-----nl D-------- refraction volume

30° 40° 20° 20°

1 . 3927o 1.38789 39 .19 3 162 .55
1.38831 1 . 3834s
1.38827 1.38344 38.706 16 2 .15
1.38657 1.38 152 39.256 165.09
1.38235 1.27736
1.38224 1.3 772 5 38 .776 164.69

“ Obtained by linear extrapolation of the property of the most highly deuterium-substituted product.

T a b l e  III
T e m p e r a t u r e  C o e f f i c i e n t s

Com pound
- d > , / d r  X 10“ 

(cp. deg. 20°)«
-  l /n  d , / d  T  X 10“ 

(d e g .- ‘, 20°)« (g./cc. - 1 deg. -1, 20°)
dr,:A T  X 10* 

30°
n-Octane 5.328 0.982 7.96 4.84
n-Octane-dia 7.629 1.293 9.34 4.82
2,2,4-T rimethylpentane 6.076 1.205 8 .1 2 4.93
2,2,4-Trimethylpentane-di8 6.511 1 .2 0 2 9.60 a . 90

“ Calculated from the differential form of the equation log ij = A — B / ( C  + T ) .

tent one-eighteenth that produced by the equivalent 
chemisorption of n-octane and deuterium.

An attempt was made to produce equilibration by 
raising the temperature of the catalyst chamber. 
Not only should complete equilibration be favored by 
more frequent adsorption-desorption of the hydro
carbon on the catalyst surface, but the temperature 
increase should also increase the probability of a methyl
ene-type adsorption suggested by both Burwell9 and 
Kemball.26 Such adsorption would by its nature in
crease the deuterium content of the molecule.

Equilibrium between deuterium and the hydrocarbon 
was approached rapidly in the 181-195° range but was 
accompanied by extensive cracking and isomerization. 
A temperature of 154-164° was used as a compromise 
between a rapid reaction with extensive production of 
impurities and a very slow reaction without produc
tion of detectable impurities.

The 2,2,4-trimethylpentane-di8 obtained under these 
conditions had approximately 1.8% of impurities due to 
cracking and isomerization. Upon efficient fractional 
distillation a material was obtained with the isotopic 
composition 97.4% D, 2.6% H, and containing less 25

(25) C. Kemball, Proc. Roy. Soc., A207, 539 (1951).

than 0.1% of any material with a different carbon 
skeleton.

It was shown by g.l.c. and fractional distillation that 
of the 1.8% impurities in the crude product approxi
mately 1.6% were lower molecular weight compounds. 
These were not further identified, but the 0-2% of 
isomeric octanes were concentrated by fractional distil
lation and analyzed by g.l.c. Three peaks were ob
served. However, under the conditions used, 2,5- 
dimethylhexane had the same retention time as 2,4- 
dimethylhexane and 2,2,3-trimethvlpentane had the 
same retention time as 3,3-dimethylhexane. Thus 
there may have been as many as five isomeric octanes 
present. The major isomeric impurity (~0.1%) was
2,4-dimethylhexane and/or 2,5-dimethylhexane; the 
other impurities were 2,2-dimethylhexane and 3,3- 
dimethylhexane and/or 2,2,3-trimethylpentane.

Properties.—The physical properties of the hydro
carbons and corresponding deuteriocarbons are shown 
in Tables I, II, and III. The procedures for obtaining 
the properties have been described previously.4 5
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S y n th eses  o f  a-K eto A m ides and A cids from  E thyl A lk y lid en ecy a n o a ceta tes1

M i n o r u  I g a r a s h i  a n d  H i r o s h i  M i d o r i k a w a  

T he In s t i tu te  of  P h y s i c a l  a n d  Ch em ica l  Research, K o m a y o m e ,  B u n k y o - k u ,  T okyo ,  J a p a n
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Ethyl alkylidenecyanoacetates (I) have been used as starting materials for the synthesis of a-keto acids.
The key intermediates in this synthesis are epoxy amides (II) prepared from I and hydrogen peroxide. The 
epoxy amides were converted into the corresponding acids (III) by alkaline hydrolysis. Decarboxylation gave 
a-keto amides (IV); further, the amides (IV) were hydrolyzed to a-keto acids in good yield.

Ethyl alkylidenecyanoacetates were readily prepared 
from many carbonyl compounds by the Knoevenagel- 
Cope2 3 4 reaction with ethyl cyanoacetate. It is well 
known that oxidation of the double bond adjacent to a 
cyano group with hydrogen peroxide results in the for
mation of an epoxy amide rather than an epoxy ni
trile.34 In the present study, the ethyl alkylidene- 
cyanoacetate (I) was converted into the epoxy amide 
(II) by oxidation with hydrogen peroxide in the pres
ence of an alkali such as sodium tungstate5 or trisodium 
phosphate. The use of potassium carbonate as a 
catalyst gave a poor yield of II from I except in the 
case of ethyl cyclohexylidenecyanoacetato. The oxi
dations were carried out in ethanolic solution at an 
optimum temperature of 70-80°. After the peroxide 
had been consumed, the solvent was removed by distil
lation. In many cases the epoxy amides were isolated 
as viscous oils which solidified after standing overnight. 
Yields were from 50-80%.

The epoxy compounds (II) could be hydrolyzed in 
excellent yield to the corresponding acids (III) with 
alcoholic potassium hydroxide.

Decarboxylation of a glycidic acid is a well known 
synthetic method for the preparation of an aliphatic 
aldehyde.6 In the present work, the epoxy acids were 
generally converted into resinous products by heating 
to the decomposition point. However, in the pres
ence of a small amount of water, III smoothly gave 
a-keto amides (IV) on decarboxylation. Iveto amides 
were hydrolyzed to a-keto acids in good yield.

The synthetic steps are shown in Chart I.
Payne7 obtained 3-methyl-2,3-epoxy-2-ethoxy- 

carbonylbutyramide (VI) in 37% yield by oxidation of 
ethyl isopropylidenecyanoacetate with 50% hydrogen 
peroxide under controlled pH conditions. In the pres
ent work, treatment of the same unsaturated nitrile 
with an excess of 30% hydrogen peroxide in the presence 
of sodium tungstate at 70-80° for one hour gave a 61% 
yield of VI. It could be hydrolyzed in 85% yield to
3-methyl-2,3-epoxy-2-carboxybutyramide (VII). Puri
fication of VII by recrystallization from water was un
suitable since the resulting crystals always contained 
a small amount of decarboxylation product. It was 
best recrystallized from absolute ethanol. The com
pound gave mainly a resinous product when it was

(1) A brief report on a portion of this work has been published: M.
Igarashi and H. M idorikawa, B u l l .  C h e m .  S o c .  J a p a n ,  34, 1543 (1961).

(2) A. C. Cope, C. M. Hofmann, C. Wyckoff, and E. H ardenbergh, J .  

A m .  C h e m .  S o c . ,  63, 3452 (1941).
(3) J . V. M urray  and J. B. Cloke, i b i d . ,  56, 2749 (1934).
(4) E. C. Kornfeld, e t  a l . , i b i d . ,  78, 3087 (1956).
(5) G. B. Payne and P. H. Williams, O r g .  C h e m . ,  24, 54 (1959). The 

au tho rs have shown th a t cr,/3-unsaturated acids such as crotonic acid and 
maleic acid are efficiently epoxidized with hydrogen peroxide using sodium 
tungsta te  as a ca ta ly s t a t  pH  4-5.5.

(6) M. S. Newm an and B. J. M agerlein, O r g .  R e a c t i o n s ,  V, 413 (1951).
(7) G. B. Payne, J .  O r g .  C h e m . .  26, 663 (1961).

heated at 140-150°; in addition, a very small amount 
of colorless plates sublimed. The latter was assigned 
the keto amide structure (VIII) by infrared absorption 
and elementary analysis. The most efficient conver
sion of VII to 3-methyl-2-oxobutyramide (VIII) was 
achieved by decarboxylation in a warm aqueous solu
tion. The yield was 50%.

The reaction of ethyl 1-methylpropylidenccyano- 
acetate with hydrogen peroxide was carried out under 
similar conditions to give 3-methyl-2,3-epoxy-2-eth- 
oxycarbonylvaleramide (IX) in 80% yield. By the 
use of potassium carbonate as a catalyst, the yield was 
40%. With sodium or potassium hydroxide as cata
lyst, the yield was only 30%.

This epoxy ester reacted with dry ammonia in ethanol 
to form 3-methyl-2,3-epoxy-2-carbamoylvaleramide (X).

It CONH2 R conh2
\  /  n h , \  /c— c ---- > c— c
/  \  /  \  /  \  /  \It' O COOEt R' O COXH,

IX X, R = CH„; R' = CAR
XXXIX XL, R = H; R' = l-C3H7

The conversion of the ester IX to 3-methyl-2,3- 
epoxy-2-carboxyvaleramide (XI) was effected by the 
usual alkaline hydrolysis. The yield was 86%. A 
50% yield of 3-methvl-2-oxovaleramide (XII) was 
secured when the decarboxylation was carried out in 
water, acetic acid, or xylene solution. (See Table IV.) 
The hydrolysis of XII gave 3-methyl-2 oxovaleric acid
(XIII) in good yield. XIII could also be prepared from 
XI by reaction with dilute hydrochloric acid. XII 
and XIII formed the corresponding oximes.

The epoxidation of ethyl cyclopentylidenecyano- 
acetate proceeded to the epoxy amide XXVII in 75% 
yield. Alkaline hydrolysis of the ethoxycarbonyl 
group and successive acidification with dilute hydro
chloric acid at room temperature gave cyclopentane- 
glyoxylamide (XXVIII) directly without isolation of 
the corresponding epoxy acid. XXVIII was also 
hydrolyzed easily to the corresponding a-keto acid by 
dilute hydrochloric acid in excellent yield. Without 
isolating XXVIII, the over-all yield of cyclopentane- 
glyoxylic acid (XXIX) from XXVII was 60%.

Trisodium phosphate was used as catalyst in the 
epoxidation of ethyl benzylidenecyanoacetate. So
dium tungstate and potassium carbonate were unsuit
able in this case. Other conditions and results in the 
formation of the a-keto acid (XLVIII) were similar to 
the preceding cases.

2,3-Epoxy-2-carboxypelargonamide (XLIV) gave no 
keto amide by the usual process. By heating the 
aqueous solution for a length of time, about 95% of the 
starting material was recovered. Meanwhile the 
epoxy amide (XLIV) was converted into 2-oxopelargon-
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R
C h a r t  I 

CN

c = c

R'

VI
R

C H

R
\

C-----C
/  \ / \  

IT 0
II

CONH

COOEt

IT
C H

IX C H c 2h
XIV CH, î-C4Lj
XVII c h 3 c 6h ,3
XX C:,H- c 3h ;
XXIV CH c 6h 5
XXVII
XXX
XXXIV H

-(C H h-
-(C H k-

c 2h
XXXVII H c 3h 7
XXXIX H t c 3h7
XLI II H c 6h 13
XLV 11 H CeH5

VIII

R

CH— CO—
/

R' IV 
R

c h

CONH

R'
CH

XII c h c 2h 5
XV c h 3 z-C.H.j
XXII c 3h 7 c 3h 7
XXV CH., c 6h
XXVIII
XXXII
XXXV H

-(CH ),-
-(CH2)6-

Co Hr,
XXXVIII H c 3h ,
XLV H c 6h 13

COOEt

R CONH
\ /

c -c
/  \ /

It' o COOH
III

It IT
VII C H CH,
XI C H C2R
XVIII C H c „h 13
XXI C3Ib c 3h 7
XXXI -(CH).-
XLI H t-C;H
XLI V H C6H13

R

CH—CO—COOH
/R' V

It It'
XIII CH c 2h 5
XVI CH i-CII
XIX CH c 6h 13
XXIII c 3r c 3h 7
XXVI
XXIX

CH
4CH)r

c 6h 5
XXXIII
XXXVI H

-(CHL-
CoH5

XLII II ¡-CH
XL VI H c 6h 13
X L v m H c 6h

T a ble  1
E poxydation of E thyl Alk ylidenecyanoacetates

•Analyses, %-
Epoxy r------- Calcd. ------ % Found------ ,

compound Ethyl alkylidenecyanoacetate Yield, % a M.p., °C. Formula c H N c H N
VI Isopropvlidene6 61 (A) 10T CsHaNO, 51.33 7 00 7.48 50 89 6 .5 3 7.45
IX l-Methylpropylidened 80 (A), 40 (C), 

30 (D)
77 C9R 5NO, 53.72 7.51 6.96 53.28 7.45 7 .0 1

XIV 1,3-1 )imethylbutylidened 71 (A) 69
(b.p. 178-182

5 mm.)

C11H19NO.J
0

57.62 8 .3 5 6 11 57.37 8 .0 1 6 15

XVII 1-Methylheptylidened 64 (A) 88 C,3H23NO, 60.68 9 .0 1 5.44 60,62 8.78 5.42
XX 1-Propylbuty lidened 50 (A) 99 c ,2h ,no( 59.24 8.70 5 75 58.85 8.40 5.84
XXIV 1-Pheny lethyl idened 70(A) 91 c,3h15no4 62.64 6 07 5.62 62 40 6 .1 1 5.58
XXVII Cyclopen tylidene* 75(A) 123 C„H1òN04 56.32 7.09 6.57 55.99 6.83 6 .53
XXX Cyclohexylidened 65(A), 69(C), 20 (D) 111 CnHnXO, 58.13 7.54 6 16 58 23 7 45 6 07
XXXIV Propylidene7 48(A) 130-131 C8H13N()4 51.33 7 .0 0 7.48 51 .45 6 93 7.48
XXXVII n-Butylidenec 55 (A) 110-111 c9h ,5no4 53.72 7.51 6.96 53 20 7 09 7.07
XXXIX Isobutylidene" 52(A)

64(B), 28 (C)
122 CsHisNOj 53.72 7.51 6.96 53 35 7.38 7.16

XLIII Heptylidene* 47 (A) 81-82 C,2H21NO, 59 24 8 70 5.76 59 13 8.40 5 75
XLvn Benzilidene* 46 (B) 152-154 c ,2h ,3no , 61.27 5.57 5 96 61.27 5.40 5.91

° Capital letters refer to epoxidation methods designated by these letters in the Experimental section. b f . £i. Prout, J . Org. ( ’hem.,
18, 928 (1953). c Lit.7 102-103°. d See ref. 2. * V. J. Harding and W. X. Haworth, .7. ( 'hem. S oc . , 97, 486 (19101. ! K. V. Anwers.
B er . , 56, 1172 (1923). 9 F. I). Popp and A. Catala, ./. Org. C'hem., 26, 2738 (1961). * . 
121, 2741 ( 1922 ). ' W. Baker and A. Lap worth, i b id . , 127, 560 ( 1925 ).

/V. Lapworth and J. A. McRae, ,/. Cheta . Soc.,

amide (XLV) by heating at 130-140° in an oil bath. 
The crude keto amide turned a violet color with ferric 
chloride in an alcoholic solution, but it gave no dis
coloration after purification. Therefore, it is assumed 
that the decarboxylation of the epoxy amide is ac
companied with the formation of a very small amount

of /3-keto amide as a by-product. The yield of XLV 
was 88%.

4-M ethyl - 2,3 - epoxy - 2 - carboxy valeramide (XLI)
gave no 4-methyl-2-oxovaleramide, either by heating 
at the decomposition point (159°) or by warming it in 
the aqueous solution. By the former treatment a
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Hydrolysis of Ethyl 2,3-Epoxy-2-carbamoylcarboxylates
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Analyses, %-
Epoxy Calcd.— ---* Found —
acid Yield, %a M.p., °C. Formula C H N C 11 N

VII 85(A) 133-134 dei:. CetbXth 45 .28 5.70 8.80 44 96 5.61 8. 77
XI 86(A), 70(B) 140-141 dec C7HuNO., 48 . 55 6.40 8.09 48.37 5.88 8 16
XVIII 84(A) 108 dec. C11H19NO4 57 62 8.53 56.97 8.30
XXI 57(C) 117 dec. CioHitNOj 55 80 7 96 56.01 7.84
XXXI 80(A) 145 dec. C9H11XO, 54 26 6.58 7 03 54.31 6 50 1 02
XLI 92(A) 159-160 dec CtHhNO, 48 . 55 6.40 8.09 48.52 6.41 8 11
XLIV 85(A) 118 dec. C,oH,7XO., 55 .80 7.96 6.51 55.52 7 60 6 44

» Capital letters refer to hydrolysis methods designated by these letters in the Experimental section.

Table III
Preparation of 2-Oxocarboxyamides from 2,3-Epoxy-2--carbamoylcarboxylic Acids

- - ------ Analyses, %—
---------- Calcd.— -Found

Keto ainide Yield, % a M.p., °C. Formula C H N C H N
VIII 50(A) 112'’ C.dbXO, 52. 16 7.88 12.17 51.89 7.77 11.99

Oxime 130-132 C.HioXAb 21 .53 21.54
XII 52(A) /1 CftHnNOo 55.79 8.58 10.85 55.81 8.59 10.85

Oxime 115-116 Cf,H,,,X,0,> 49.98 8.39 19.43 50.18 7.82 19.39
XV 42c 143-145 CsHuXOo 61 12 9.62 8.91 61.26 9.37 8.84

Oxime 103 C,H,6X,.Oo 10.27 16.22
XXII 80 (A) 63 (MI,7XO., 63.13 1 0 .0 0 8.18 62 84 9.49 8 .2 0
XXV 64 (A) 116 C10H11XO? 6< . 18 6.26 7 91 67 53 6 11 7.84
XXVIII 40d 134 C7HuXO, 59 55 7.85 9.92 59 37 7.62 9.91
XXXII 48(A) 120 C,H,-,XO, 61.91 8.44 9.03 62 07 8.18 9.02

Oxime 177 dec. CsH, ,X202 16.46 16.41
XXXV 53(A), 82(B) 10.5-106 CTLXO.j 52 16 7.88 12.17 52.48 7.71 12.24
XXXVIII 47(A) 87-88 C6H„X02 55.79 8.58 10.85 55.27 8 .1 0 10.50
XLV 88 (B) 112e C»H,7N02 63.13 1 0 .0 0 8.18 63.11 9.90 8.14

Oxime 134 C,H,„N202 15 04 14.96
“ Capital letters refer to decarboxylation methods designated by these letters in the 1Experimental section. 6 Lit. m.]p. 109O [G.

Barger and A. J. Evvins, J .  Chem . S oc . ,  97, 284 (1910)). c From 3,5-dimethyl-2,3-epoxy-2-carboxycaproamide hydrate (see Experi
mental). d From 2-ethoxycarbonyl-l-oxaspiro[2.4]heptane-2-carboxyamide (see Experimental). 'Lit. m.p. 111° [J. Schreiber, 
C o m p t .  re n d . , 242, 139(1956)].

Table IV
Decarboxylation of 3-Methyl-2,3-epoxy-2-carboxyvai.era- 

mide (XI) in Various Solvents
No. Solvent Heating time Yield of XII, %

1 Water 2-3 min. 52
2 Acetic acid 2-3 min. 50
3 Ethanol 2-3 min. Recovered
4 Benzene" 1 hr. Trace
5 Toluene 10 min. Trace
6 Toluene 5 hr. 47
7 Xylene 10 min. 48

° In suspension.

resinous product was obtained. On the other hand, 
the direct conversion of the epoxy amide XLI to 4- 
methyl-2-oxovaleric acid (XLII) in the presence of 
hydrochloric acid gave good results.

The epoxidation of ethyl butylidenecyanoacetate 
was also carried out by use of trisodium phosphate as 
a catalyst. The use of sodium tungstate as a catalyst 
lowered the yield from of) to 40%.

In a few cases, oxirane ring-openings of epoxy amides 
were tried by treatment with concentrated hydrochloric

R COXH,
\  /

C---- C
/ I  I \R' Cl OH R"

XLIX, It = H; R' = j-CjHt; R" = COOH 
L, R, R' = -(CH2)S-; R" = COOEt

acid. Chlorohydrins were formed but it was not corn- 
firmed which isomers were obtained.

These results are shown in Tables I-V.

Experimental
Epoxidation of Ethyl Alkylidenecyanoacetates. A.—Into a 

round-bottom flask equipped with thermometer and condenser 
was charged a solution of 0.05 mole of ethyl alkylidenecyanoace- 
tate in 30-50 cc. of ethanol. To this was added 1.5 g. of sodium 
tungstate dihydrate and then 50 cc. of 30% hydrogen peroxide. 
A moderate exothermic reaction was held at 70-80° by warming 
on a water bath for 1-3 hr. After removal of the solvent, the 
residue was extracted by the use of chloroform or ether and 
the solvent evaporated. The oily residue solidified when 
it was allowed to stand at room temperature. The semi
solid was washed with petroleum ether (b.p. 30-70°) to give 
colorless crystals of 2,3-epo.\y-2-ethoxycarbonylcarboxyamide. 
The product was recrystallized prior to analysis.

The epoxidation of ethyl 1,3-dimethylbutylidenecyanoacetate 
was carried out according to the procedure already described. 
The ethereal extract was concentrated and distilled under reduced 
pressure. The fraction distilling at 178-182° (5 mm.) was col
lected. The distillate was dissolved in chloroform and then 
petroleum ether was added. When the solution was allowed to 
stand overnight in an icebox, a precipitate was formed. The 
precipitate was collected by suction filtration, and washed with 
petroleum ether. Recrystallization from chloroform-petroleum 
ether gave colorless microcrystals.

B.—The epoxidation was carried out as in A using 70 cc. of 
ethanol as solvent, 3.5 g. of trisodium phosphate dodecahydrate 
as catalyst, and 70 cc. of 30% hydrogen peroxide as oxidant. 
The separation of the product was carried out according to the 
procedure A.
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Table V
S y n t h e s is  o f  2 -O x o c a r b o x y l ic  A c id s

—Analyses, %•
B.p. (mm.), Calcd. --------------X T ound ---------------- >

K eto acid Yield. % a m.p., °C. Form ula c H N c H N
XIII 75(A) 82-84 (18)6 c6h,„o3 55.37 7.75 55.01 7.59

(m.p. 40)
Oxime 164 dec.' c6h„no3 9.65 9.51

XVI 80 (B) 104-110(7) C8H1403 60.74 8.92 60 04 8.69
Oxime 132 dec. C8H,óN03 8.09 8.03

XIX 92(A) 126-129(8)d C10H18O3 64.49 9.74 63.97 9.41
Oxime 90 dec.' C10H19NO3 6.96 6.71

XXIII 80 (B) 118-124(7) c9h ,6o3 62.76 9 36 62 00 9.2l
Oxime 144 dec. c9h„no3 7.48 7.33

XXVI 90 (B i 53 C10H10O3 67.40 5.66 66.86 5.56
Oxime 120 dec. C.oH„N03 7.25 7.02

XXIX 60(A)/ 54s C,H,o03 59.14 7.09 58.77 7.11
Oxime 131 dec. C7H„X03 8.91 8.92

XXXIII 98(B) 50* C8H1203 61.52 7.75 60.98 7.62
Oxime 170 CsH,3N03 8.18 8.18

XXXVI 83 (B) 61-63(6)’ CdLOs
Oxime 145 dec.1 CTLXO:, 10.68 10.52

XLII 82 (A) 90-94 (20), CsH.oOs
(m.p. 10)*

Oxime 148 dec.* C6H„X03 9.65 9.42
XLVI 95(B) 42” c9h ,6o3

Oxime 97" c9h I7no3 7.48 7.20
XLVIII 47 (A)° 154-156 dec.” c9h8o3 65.85 4.91 65.48 4.91

Oxime 173 dec.5 c9h 9no3 7.82 7.51
° Capital letters refer to synthetic methods designated by these letters in the Experimental section. h Lit. b.p. 73° (10 mm.), m.p. 

38-40°: A. Meister, J .  B io l .  C h em . , 190, 269 (1951). c Lit. m.p. 164° dec.: L. Bouveault and R. Locquin, C o m p ì ,  rend . , 141, 115,
(1905). d Lit. b.p. 124-125° (9 mm.): R. Locquin, B u ll .  soc. chin i.  France , [3] 31, 1153 (1904). * Lit. m.p. 89-90° dec.: R. Locquin 
i b id . , [3] 31, 1075 (1904). 'Potassium salt of 2-carboxy-l-oxaspiro[2.4]heptane-2-carboxyamide (see Experimental) was treated by 
method A. s J. D. Fissekis, C. G. Skinner, and W. Shive, J .  A m .  Chem . S oc . , 81, 2715 (1959), report m.p. 25-30° for this derivative. 
* Lit. m.p. 45-49°: D. D. E. Newman and L. N. Owen, J .  C hem . S oc . , 4713 (1952). ' Lit. b.p. 66° (6 mm.): F. AdickesandG. Andre-
sen, A n n . ,  555, 41 (1944). J Lit. m.p. 145° dec.: K. E. Hamlin and W. H. Hartung, J . B io l .  C h em . , 145, 351 (1942). * Lit. b.p. 84° 
(15 mm.): J. Schreiber, A n n .  Chini . (Paris), [12] 2, 98(1947). 1 Lit. m.p. 147° dec.: T. Uyemura, B u l l .  A g r .  C hem . Soc.  J a p a n ,  15,
353 (1939). m Lit.* m.p. 43-44°. n Lit.1 m.p. 98-98.5°. 0 3-Phenyl-2,3-epoxy-2-ethoxycarbonylpropionamide (XLVII) was treated 
with ethanolic potassium hydroxide, and then the potassium salt was treated by method A. v Lit. m.p. 156° dec.: M. Bergmann and 
A. Miekeley, A n n . ,  458, 40 ( 1927). 5 Lit. m.p. 173-174° dec. : Ch. Grànacher, Helv .  Ch in i .  A c ta . , 5, 610 (1922).

C. —To a flask equipped with stirrer, thermometer, and drop
ping funnel were charged 0.05 mole of ethyl alkylidenecyanoace- 
tate, 10 cc. of 30% hydrogen peroxide, and 50-60 cc. of ethanol. 
Ten cubic centimeters of 4 N  potassium carbonate was added 
dropwise to the mixture with stirring and cooling at 40-45°. 
After an additional 3 hr., the solvent was removed under reduced 
pressure. The reaction mixture, containing a precipitate, was 
diluted with water, chilled, and filtered to give the corresponding 
epoxy amide II.

D. —The process was carried out as in the foregoing method 
using 20 cc. of 15% hydrogen peroxide and 10 cc. of 4 A sodium 
hydroxide (or potassium hydroxide) at 30-35°. The reaction 
mixture was allowed to stand for 1 day at room temperature and 
then concentrated under vacuum. The residue was digested with 
ethanol to be separated into ethanol-soluble and insoluble parts. 
From the ethanol-soluble part, the corresponding epoxy amide II 
was obtained.

The ethanol-insoluble part was dissolved in water and acidified 
with dilute hydrochloric acid. The resulting precipitate was 
collected by filtration. Recrystallization from ethanol gave 
colorless microcrystals. This compound was identified as the 
corresponding 2,3-epoxy-2-carbamoylcarboxylic acid (III) by 
infrared spectrum and by the melting point.

By this method, 2-carboxy-l-oxaspiro[2.5]octane-2-carboxy- 
amide (XXXI) was obtained in 12%: yield from ethyl cyclohexyli- 
denecyanoacetate. From ethyl 1-methylpropylidenecyanoace- 
tate, XI was also obtained in a few per cent yield.

Hydrolysis of 2,3-Epoxy-2-ethoxycarbonylcarboxyamides. A. 
—To a three-necked flask equipped with a stirrer, dropping 
funnel, and thermometer was charged a solution of 2,3-epoxy-2- 
ethoxycarbonylcarboxyamide in ethanol, and ethanol containing 
an excess of potassium hydroxide was added dropwise under 
stirring at room temperature. After the mixture was allowed to 
stand overnight, the resulting white precipitate was separated 
by filtration, washed with ethanol, and dried. The potassium

salt was again dissolved in a small amount of water, cooled in an 
ice bath, and neutralized with dilute hydrochloric acid. The 
resulting precipitate was collected by filtration, washed with a 
small amount of cold water, and dried. A sample was recrys
tallized from absolute ethanol or methanol prior to analysis.

B. —A mixture of 2,3-epoxy-2-ethoxycarbonylcarboxyamide 
and water containing an excess of sodium hydroxide was warmed 
on a water bath for about 1 hr. and allow'ed to cool to room tem
perature. The mixture was then treated with dilute hydrochloric 
acid and the resulting precipitate was collected by filtration.

C. —Hydrolysis of 3-propyl-2,3-epoxy-2-ethoxycarbonylcapro- 
amide (XX) with ethanolic potassium hydroxide was carried out 
as before. (Treatment of the potassium salt with dilute hydro
chloric acid gave only 3-propyi-2,3-epoxy-2-carboxycaproamide 
hydrate.) The barium salt was prepared from the potassium 
salt by the addition of barium chloride dissolved in hot water. 
A suspension of 3 g. of the barium salt and 1 g. of anhydrous 
magnesium sulfate in 30 cc. of ether was stirred at 0-5° and 
treated by adding the solution containing 0.6 g. of sulfuric acid in 
3 cc. of ether in dropping form. The mixture was automatically 
stirred overnight at room temperature. After removal of barium 
sulfate by filtration, the filtrate was dried over magnesium sulfate 
and concentrated under vacuum to give 1.3 g. of 3-propyl-2,3- 
epoxy-2-carboxycaproamide (XXI), m.p. 117° dec.

Recrystallization of XXI from chloroform gave 3-propvl-2,3- 
epoxy-2-carboxycaproamide hydrate, m.p. 102° dec., which was 
dehydrated by heating at 70-80°.

A n a l .  Calcd. for C,0H„NO4-H2O: C, 51.49; H, 8.21; N, 
6.01. Found: C, 51.41: H, 7.81; N, 5.96.

3,5-Dimethyl-2.3-epoxy-2-carboxycaproamide Hydrate.—3,5- 
Dimethyl-2,3-epoxv-2-ethoxycarbony!caproamide (XIV) was 
treated with alcoholic potassium hydroxide. The resulting 
potassium salt was dissolved in water and neutralized with dilute 
hydrochloric acid to give 3,5-dimethyl-2,3-epoxy-2-earboxycapro-
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amide hydrate. The yield was 87%. Recrystallization from 
ether gave colorless microcrystals, m.p. 105’ dec.

A n a l .  Calcd. for C9H15N04 H20: C, 49.30; H, 7.82; N,
6.39. Found: 0,49.49; H, 7.52; N.6.41.

This compound was used for the following reaction without 
further dehyd.ation.

3-Phenyl-2,3-epoxy-2-carboxybutyramide Hydrate.—Hydroly
sis of 3-phenyl-2,3-epoxy-2-ethoxycarbonylbutyramide (XXIV) 
was carried out by method A. 3-Phenyl-2,3-epoxy-2-carboxy- 
butvramide hydrate was obtained in 60% yield; m.p. 104° dec. 
(colorless needles from ether).

A n a l .  Calcd. for CnHnNOr H20: O, 55.23; H, 5.48; N,
5.86. Found; 0,55.01; H, 6.11; N, 5.58.

This was used without further treatment for the following prep
aration.

Decarboxylation of 2,3-Epoxy-2-carbamoylcarboxylic Acids.
A.—The epoxy acid III was heated with a small amount of water 
for a short time and allowed to cool to room temperature. The 
reaction mixture containing precipitated product was filtered to 
give colorless plates of essentially pure 2-oxoearboxyamide (IV). 
A sample was recrystallized from water prior to analysis. The 
oxime was obtained by the usual way.

B.—2,3-Epo.xy-2-carbamoylcarboxvlic acid (III) was heated at 
130 1 -W)0 in an oil bath for .5-10 min. Here, carbon dioxide 
evolved. The product solidified after cooling. Recrystallization 
from ethanol or water afforded colorless plates of 2-oxoearboxy- 
amide.

In the case of 2,3-epoxy-2-carboxypelargonamide (XLIV), the 
crude product gave a violet color with ferric chloride in ethanol 
whereas the pure substance gave no discoloration.

3,5-Dimethyl-2-oxocaproamide (XV).—3,5-Dimethyl-2,3- 
epoxy-2-carboxycaproamide hydrate was heated with water for
l . 5 hr. The mixture was cooled and extracted with ether. The 
ethereal solution was dried over anhydrous sodium sulfate, and 
then the ether was removed by distillation. Fractional distilla
tion of the residue gave 3,5-dimethyl-2-oxoeaproamide (XV), b.p.
122-130° (8  mm.), which solidified on standing in an ice bath,
m. p. 138-143°. Recrystallization from ethanol gave colorless 
microcrystals, m.p. 143-145°.

Cyclopentaneglyoxylamide (XXVIII).—To a solution of 3 g. of
2 - ethoxyearbonyl - 1 - oxaspiro[2.41 heptane - 2 - earboxyamide 
(XXYII) in ethanol, ethanolic potassium hydroxide was added 
at room temperature. A white crystalline precipitate formed 
during the addition. After the mixture had stood overnight, it 
was separated by filtration, washed with ethanol, and dried. The 
yield of the potassium salt was 2.8 g. (89% ). The potassium 
salt was dissolved in water and neutralized with dilute hydro
chloric acid. After standing overnight at room temperature, the 
resulting precipitate was collected by filtration. An additional 
amount of the product was obtained from the mother liquor by 
allowing it to stand for 2-3 days. The total yield was 0.8 g. 
(40% based on XXVII). Recrystallization from water gave 
colorless plates of cyclopentaneglyoxylamide.

Decarboxylation of 3-Methyl-2,3-epoxy-2-carboxyvaleramide
(XI) in Various Solvents. —The decarboxylation of XI was carried 
out according to procedure A using water, acetic acid, ethanol, 
benzene, toluene, and xylene as solvent. The results are shown 
in Table IV.

Synthesis of 2-Oxocarboxylic Acids. A. From 2,3-Epoxy-2- 
carbamoylcarboxylic Acids.—The epoxy acid III was heated with 
an excess of dilute hydrochloric acid (1:1) for 1 hr. The solution 
was cooled and extracted by using three portions of ether. The 
combined ether solutions were dried over anhydrous sodium sul
fate, and then the solvent was removed by distillation. The 
fractional distillation under reduced pressure gave colorless 
liquid of 2-oxoearboxylic acid (V).

XLVIII was recrystallized from chloroform to give colorless 
plates, m.p. 154-156° dec.

B. From 2-Oxocarboxyamides.—The keto amide IV was 
treated with a slight excess of dilute hydrochloric acid and then 
extracted with ether. From the ethereal extract, 2-oxocarboxylic 
acid (V) was obtained by fractional distillation (or by recrystal
lization of the residue).

3- Methyl-2,3-epoxy-2-carbamoylvaleramide (X).—Reaction of 
a sample of 3-methyl-2,3-epoxy-2-ethoxycarbonvlvaleramide (IX) 
with ammonia in alcohol at room temperature gave X, m.p. 237° 
dec.

A n a l .  Calcd. for C7H,,N203: C, 48.83; H, 7.03. Found: 
C, 48.79; H, 6.72.

4- Methyl-2 ,3-epoxy-2-carbamoylvaleramide (XL).—4-Methyl-
2,3-epoxy-2-ethoxycarbonylvaleramide (XXXIX) was shaken 15 
min. with concentrated aqueous ammonia. The solid dissolved, 
followed shortly thereafter by precipitation of the product XL, 
m.p. 181-182°'

A n a l . Calcd. for C7H,2NjO,: C, 48.83; H, 7.03; X, 16.27. 
Found: C, 48.83; H, 6.48, X, 16.28.

Reaction of Epoxy Amide II with Concentrated Hydrochloric 
Acid.—A sample of 4-methyl-2,3-epoxy-2-ethoxycarbonylvaler- 
amide (XXXIX) was dissolved in concentrated hydrochloric acid 
and allowed to stand at room temperature for 2 days. Recrystal
lization of the resulting precipitate gave prisms, m.p. 113-114° 
dec., having an analysis in substantial agreement for 4-methyl-3- 
hydroxy-2-chloro-2-carbamoylvaleric acid or its isomer, 4-methyl- 
3-chloro-2-hydroxy-2-carbamoylveric acid (XL1X, R = C»Hj, 
It' = H). ' ‘

A n a l . Calcd. for CM12NO4CI: C, 40.10; H, 5.76; N, 6.67; 
Cl, 16.91. Found: C, 40.57; H, 5.94; N, 6.48; Cl, 16.29.

A sample of 3-phenyl-2,3-epoxy-2-ethoxycarbonylpropion- 
amide (XLVII) was shaken with concentrated hydrochloric acid 
at room temperature for a few minutes. The product, m.p. 
169-172°, had an empirical formula in agreement with 3-phenyl- 
3-chloro-2-hydroxy-2-ethoxycarbonylpropionamid (L) or its iso
mer, 3-phenyl -3 - hydri >xy - 2 - chloro - 2 - ethoxycarbonylpropion - 
amide.

A n a l .  Calcd. for C,2H,4N04C1: C. 53.04; H.5.19; Cl, 13.04. 
Found: C, 52.96; 11,4.94; Cl, 12.75.
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l-lod o-2-(p erflu oroa lk y l)cyc loa lk an es by th e  Free R adical A d d ition  
o f  Iodoperfluoroalkanes to  C yclohexane and C yclopentene

N e a l  0 .  B r a c e

C o n tr ib u t io n  X o .  3 4 2 ,  R e s e a rc h  a n d  D e v e lo p m e n t D iv i s i o n ,  O r g a n ic  C h e m ic a ls  D e p a r tm e n t ,
E .  1 . d u  P o n t  d e  N e m o u r s  a n d  C o m p a n y ,  W i lm in g to n ,  D e la w a r e

R e c e iv e d  M a y  2 , 1 9 6 3

Iodoperfluoroalkanes and cyclohexene or cyclopentene gave adducts in up to 50% conversion (80-90% yield) by a short chain free 
radical process initiated by peroxides, azonitriles, or radiant energy. The b a n s - c i s  ratio of the nonplanar l-iodo-2-(perfluoroalkyl)- 
cyclohexanes varied with the iodoperfluoroalkane being added, and with the initiation method. 1-Iodoperfluorobutane and 
cyclopentene gave only a I ro n s  adduct; cyelopentadiene gave no adduct at all. Trifluoriodoniethane, 1-iodoperfluoropropane, and 
2-iodoperfluoropropane gave adducts with cyclohexene in relative amounts of 0.05:1:2; the ratio of RfI addition to abstraction 
(giving RfH) was 6.56 for CF3CF2CF2I and only 1.73 for (CF3)2CFI. No CF3H could be detected from CFJ. Though formed at 
a greater rate, the adducts from 2-iodoperfluoropropane were unusually labile and were isolated in lower yield. This behavior was not 
typical for (CF3)2CFI; it reacted faster and more efficiently than CF3CF2CF2I with 1-heptene and norbornene.

Free radical addition of 1-iodoperfluoropropane to 
strained bicyclic olefins like norbornene or norborna- 
diene occurred with great facility when an azonitrile 
initiator was used.12 In analogous reaction of cyclo
hexene or cyclopentene with tetrahalomethanes, how
ever, there is also a serious competing process by which 
an allylic hydrogen is abstracted.1 2 3 The ratio of addi
tion to abstraction for cyclohexene and BrCCI3 was 
found4 to be only 1.2, while for 1-octene it was 43. 
Consequently, a chain of reasonable length, which 
depends on efficient propagation and transfer steps for 
its success, has been difficult to achieve with cyclic 
olefins.3’4 Indeed, preliminary experiments showed 
that cyclohexene and 1-iodoperfluoropropane in equi
molar amount gave only a 2 to 5% conversion to 
adducts5 6 using the procedure1 which gave excellent 
addition .to /3-pinene, norbornene, or vinyl acetate. 
Serious wastage of initiator must have occurred, since 
essentially all the olefin and 1-iodoperfluoropropane 
were recovered.

A more careful examination of the reaction system 
was therefore made in order to discover the reasons for 
the inefficient chain reaction with cyclohexene. We 
also wished to learn if this behavior was typical for 
iodoperfluoroalkanes (RfI) having shorter or longer Rf 
groups and for both primary and secondary iodides. 
In order to ascertain optimum conditions, the effect 
of reaction variables —temperature, extent of reaction, 
reactant ratios, and initiator concentration —on yield 
and conversion to adducts was explored. The mode 
of generating the initiating radicals was also varied, 
since photochemical or X-ray initiation would not in
troduce extraneous initiator fragments unavoidably 
associated with peroxide or azonitrile catalysts. The 
relative rate of addition and the ratio of addition to 
abstraction as a function of the structure of the RfI 
was determined for cyclohexene and for norbornene 
(which has no abstractable allylic hydrogen) and 1- 
heptene. The stereochemistry of the addition re
action was examined in detail, and evidence was ob
tained which provided a rational basis for discussion 
of this radical chain reaction. The reaction of RfI 
with cyclopentene and with cyelopentadiene was also

(1) N. O. Brace, J .  O r g .  C h e m . .  27, 3027. 3033 (1962).
(2) N. O. Brace, A bstracts of the 142nd N ational M eeting of the American 

Chemical Society, A tlantic C ity , N. J., 1962, p. 95Q.
(3) For a review of the subject see C. Walling, “ Free Radicals in Solu

tio n ,” John Wiley and Sons, Inc., New York, N. Y., 1957, p. 247.
(4) E. S. H uyser, J .  O r g .  C h e m . ,  26, 3261 (1961).
(5) N. O. Brace, J .  A m .  C h e m .  S o c . ,  8 4 ,  3 0 2 0  (1962).

carried out, taking advantage of the techniques first 
developed for cyclohexene.

The n.m.r. spectra,5 dipole moments, conformation 
equilibria, and some of the novel aspects of the chem
istry of the adducts are being reported sepa
rately.

Results and Discussion
Synthesis of Adducts Using Azonitrile or Peroxide 

Initiators.—Iodoperfluoroalkanes having Rf groups 
varying from CF3-  to CF3(CF2)n- (n = 1, 2, 3, 6) and 
(CF3)2CF- gave widely differing amounts of cis and 
trans isomers of the family of l-iodo-2-(perfiuoroalkyl)- 
cyclohexanes. Results for azonitrile and peroxide- 
induced reactions are given in Table I. The lowest 
conversion and efficiency was shown by CF3I and the 
highest by CF3(CF2)2I, or higher homologs. The 
secondary iodide, (CF3)2CFI, gave a lower yield than 
did CF3(CF2)2I. In order to attain a 50% conversion at 
90% yield of adducts, a severalfold excess of cyclohexene,
3-5 mole % (on RfI) of initiator, arid a sufficient length 
of time for the decomposition of the initiator must be 
employed.

Gas-liquid chromatography (g.l.c.) was used to 
establish the amounts of the various products. The 
rate of reaction at 6o° and isomer ratios are shown 
graphically for CF3(CF2)2I in Fig. 1 and for (CF3)2- 
CFI in Fig. 2. It is apparent that the trans-cis 
adduct ratio is dependent upon the structure of RfI.

Fig. 1.—Rate of conversion to adducts from CF3CF2CF2I and 
cyclohexene at 65°

(6) N. O. Brace, to be published.
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A z o n it r il e  o r  P e r o x id e - I n d u ced  A d d it io n  o f  RfI to C y c l o h e x e n e

Expt.
no. RfI Mole

Cyclohexene,0/
RfI,

moles
Initiator, 
mole %

Tem p.,
°C.

Time,
hr. Conversion, %‘

Yield,6
%

trans/
cis

Reaction
efficiency9

I c f 3f ' 0.25 5 ABN 4 80 20 7.0 90 1.81 1.7
2 CFJ'' .25 8 ABN 4 80 15 8.0 90 1 95 2.0
3 CF:,OF,r' 40 8“ DTBP 10 130 15 40.0 1 14 4 0
4 (CF3)2CFI .5 4 ABN 6 68 22 16 70 2.5 2.7
5 (CF3)2CFI .17 4 ABN 6 50 30 19 80 2.5 3.3
6 (CF3)2CFI 15 49 ABN 6.7 68 15 25 80 3.8
7 (CF3)2CFI .25 8 ABN 12 68 21 50 80 2.7 4.2
8 CF3(CF2)2I .2 1 ABN7 1.2 53 11 ca. 7 95 4.2
9 CF3(CF2)2r ' .1 1 DTBP 3.4 140 10 ca. 7 95 2.0

10 CF3(CF2)2I .15 4' ABN 6.7 71 16 35 90 1.01 5.0
11 CF3(CF2)2I .4 5 ABN 6“ 68 46 50" 87 1.01 7.9
12 CF3(CF2)2I .2 5" ABN 3 50 22 50 90 1.01 16.1
13 CF3(CF2)3I .2 Ie ABN 5 72 13 21.5 90 4.2
14 CF3(CF2)3I .1 2‘ ABN 5 75 10 27 90 1 07 5.2
15 CF3(CF2)6I .1 2" ABN 5 75 12 31 88 1 05 6.1
16 CF3(CF2)6I .1 3‘ ABN 5 75 22 35 88 1.1 7.0

" Treated with activated alumina under nitrogen to remove peroxide unless otherwise noted. 6 Conversion is mole of adducts per 
mole of RfI charged times 100; yield is per cent of distilled adducts on RtI used up. 9 Moles of adducts per mole of a,a-azobisisobu- 
tyronitrile9 (ABN) or per mole of di-<-butyl peroxide (DTBP) charged. :i Reaction in a 400-ml. sealed shaker tube. e Cyclohexene 
not treated to remove peroxide. 7 Either ABN or azobis-2,4-dimethylvaleronitrile9 (AVN) were used. 0 One-half of the ABN was 
added after 23 hr. The conversion (by g.l.c.) was 23% after 23 hr.

TIME (HRS.).

Fig. 2.—Rate of conversion to adducts from (CF3)2CFI and 
cyclohexene at 65°.

C h a r t  I

Initiation: RfI R °̂r h- - + jRf-] +  RI (1)

Addition: (2)

Transfer:

R t trans cis
(CF3)2CF- A B
CF3(CF2)2- C D
c f 3- E F

Radical disproportionation and coupling: (4)

Ratios for other R,I are listed in Table I. Less ef
ficient reaction resulted from replacing part of the 
excess cyclohexene with cyclohexane7 or benzene. The 
conversion to adducts was cut in half. Evidently, the 
over-all rate of reaction is affected by the concentra
tion of cyclohexene.8 Peroxide-free cyclohexene gave a 
slower rate of addition and lower conversion to product 
than did untreated cyclohexene. In fact, (CI^RCI'T 
and cyclohexene in sealed cylinders which contained 
some oxygen were found to react on standing at 2o°. 
Reaction was apparently induced by peroxide formed 
in situ.

Side Reactions Which Caused Poor Efficiency.—In
Chart I are summarized the successive steps (1 to 3) 
in the normal chain reaction sequence.3 Steps 4 and

(7) W. J. K irkham  and J. C. Robb, T r a n s .  F a r a d a y  S o c . ,  57 [10], 1757 
(1961), observed a sevenfold reduction in the ra te  of BrCCh telornerination 
of styrene when cyclohexane was used as solvent.

(8) In  the case of (CFs^CKI and cyclohexene in cyclohexane solution 
a significant side reaction gave as much iodocyclohexane as c i s  and t r a n s  

adducts, whereas only a trace of iodocyclohexane was obtained from CFa- 
OF2C F2I and cyclohexene in cyclohexane. H ydrogen abstrac tion  from 
cyclohexane by (C FahC F-, or (C H shC C N  occurred, since a m ixture of 
A  BN and  (OF.i^OFI in cyclohexane (no cyclohexene) gave iodocyclohexane 
in a facile, b u t short chain process. K irkham  and R obb7 noted th a t  no 
reaction occurred between BrCCla and cyclohexane when photolyzed a t
3650 A

q -r - a ,  q t r '  + ç r E '  + Q r E '

(RH is cyclohexene or other hydrogen-containing compounds.)

5 are side reactions which remove some of the adduct 
radicals or Ilf radicals from the system and reduce the 
length of the repetitive chain process. A third cause 
of poor efficiency was decomposition of the adducts 
themselves. This resulted ultimately in hydrogen 
iodide being formed which itself is an efficient radical 
chain inhibitor. In some unknown manner small 
amounts of iodocyclohexane and cyclohexenyl iodide 
were also formed, probably through cyclohexenyl 
radical (from equation 5) abstraction and dispropor
tionation reactions.

The reason for the poor efficiency observed with 
CF3I was the slow rate of transfer (equation 3) rather
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than hydrogen abstraction. Some of the intermediate 
adduct radical was used up in coupling and dispro
portionation reactions. The amount of CF3H ob
tained was too small to detect by mass spectrum analy
sis, in contrast to the large amount.4 of HCC13 given by 
CCUBror CCI,.3 4

With CFjCFjI, using di-f-butyl peroxide initiator, 
C F 3 C F 2H  again was a minor side product, but a 
significant amount of high-boiling residue was found. 
However, hydrogen abstraction was a major side re
action of (CF3)2CF-, giving ( C F s R C F H  which was 
quantitatively determined by g.l.c. analysis. The 
ratio of adducts A and B to ( C F 3) 2C F H  was about 
2.0; for C and D to C F 3C F 2C F 2 H ,  the ratio was 6.56. 
These results will be discussed later.

Inhibition of addition to cyclohexene by decompo
sition of the labile adducts A and B was demonstrated 
in three parallel experiments. As seen in Fig. 1, cis and 
trans adducts from CF3CF2CF2I continued to be formed 
up to 20 hours, whereas with (CF3)2CFI (Fig. 2) 
adduct concentration leveled off after 12 hours of re
action. Initiator [azobisisobutyronitrile (ABN), half- 
life,9 10 11 4.6 hours, at 68° ] is not completely decomposed 
during this time. In a mixture of (CF3)2CFI and CFS- 
CF2CFJ with cyclohexene, formation of both sets of adducts 
ceased after 15 hours (Fig. 3). Therefore, cyanoiso- 
propyl radicals were being consumed by side reactions 
not giving addition. This is true in spite of the fact 
that twice as much of the adducts from (CF3)2CFI as 
from CF3CF2CF2I was obtained. The total rate of 
conversion to products in separate experiments is com
pared directly in Fig. 4. At first a slower rate of re
action of CF3CF2CF2I was observed compared with 
(CF3)2CFI; after 8 hours the rate of C and D forma
tion was faster and after 12 to 20 hours, the total 
amount of addition exceeded that obtained from 
(CF3)2CFI. Note also that chain initiation by azo
bisisobutyronitrile was still occurring after 20 hours in 
the presence of CF3CF2CF2I and its adducts.

Under these conditions (CF3)2CFI and 1-heptene 
gave complete conversion to the adduct (CF3)2CFCH2- 
CHI(CH2),CH3 (G) in only one hour. Therefore, 
(CFfiiCFI itself is not responsible for inhibition of addi
tion to cyclohexene. The (CF3)2CFI adduct A was un
affected by heating in cyclohexene at 71° for one hour, 
but with azobisisobutyronitrile present about 35% 
of A was converted to disproportionation and coupling 
products of equation 4. Hence, cyanoisopropyl radi
cals readily induce decomposition of this labile adduct, 
and hydrogen iodide and iodine are in some manner 
released. Proof for this was easily secured.

In preparative experiments with (CF3)2CFI a solid 
hydroiodide salt precipitated during reaction; at the 
same time, adduct radical disproportionation and 
coupling products were obtained. The water-soluble 
salt was identified as tetramethyI-5-imino-2-pyrrolidone 
hydroiodide formed by cyclization1011 and partial 
hydrolysis" of the hydrogen iodide adduct of tetra-

(9) C. G. O verberger, M- T . O ’Shaughnes^y, and H. Shalit, J ■ A m -  

C b e m . S o c . ,  71,2661 (1940). The half-life of AVN (see fo o tn o te /o f  Table  I)
is one hour a t 68 °.

(10) T. J. Dougherty, i b i d . ,  83, 4849 (1961).
(11) A. F. Bickel and W. A. W aters, R e c .  t r a r .  c h i m . ,  69, 1493 (I960);

c f .  M. C. Ford and W. A. W aters, ./. C h e m .  S o c . ,  1857 (1951). Bickel and
Waters previously observed the cyclization of T M SN  to te tram ethy l 
succinimide during alkaline hydrolysis. Acid hydrolysis, however, gave an 
in trac tab le  m ixture.

CYCLOHEXENE 10

Fig. 3.—Relative rates of reaction of CF3CF2CF2I and (CF3)2CFI 
with cyclohexene at 65°.
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Fig. 4.—Rate of conversion to adducts at 65°; —O— of
CF3CF2CF2I and cyclohexene; —□— of (CF3)2CFI and cyclo
hexene.

methylsuccinonitrile, the coupling product from cyano
isopropyl radicals. In reactions of CF3CF2CF2I no 
precipitate of salt was observed; however, the adduct 
radical disproportionation and coupling product mix
ture w'as obtained, though in smaller amount.
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In peroxide-induced reactions a significant amount 
of l-cyclohexen-3-one was invariably obtained, which 
was also present in cyclohexene exposed to the air. 
It was, therefore, probably derived from the hydro
peroxide.

Reaction Induced by Radiant Energy.—For the ex
periments listed in Table II, reaction was induced by 
sunlight passing through Pyrex glass, by ultraviolet 
light from mercury vapor in an internal quartz coil12 or 
by X-rays from a gold target. It was anticipated that 
cleaner product could be obtained at the lower tempera
tures possible with irradiation, and, of course, initiator 
decomposition products would be absent. Unfortu
nately, photolysis13 of the adducts also usually occurred,

(12) M. S. K harasch and H. N. Friedlander, O r g .  C h e m . ,  14, 239 
(1949).

(13) G. V. D. Tiers, i b i d . ,  27, 2261 (1962).
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T a b l e  II

R a d ia tio n -I nduced  A ddition  o f  R fI to  C y c lo h e x e n e

C y c l o h e x e n e /
E x p t . RfI . Tern])., T i m e , C o n v e r s i o n , 0 Yield,“
no. R f I M o l e moles ° C . h r . % % t r a n s / c i s

I 6 CFsI 0.05 35.2 20-40 11.7 35.4 ca. 50 1.4
2° (CF3)2CFI .1 4.0 25-30 168 26 46 1.5

i2 ¡10.5 [ 9.3 [2.54
3" (CF3)2CFI .08 5.0

2
j 2 2 ( 14.0 (2.16

1 2 1 50 (18.6 (2 . 1

4” CF3(CF2)2I . 2 2 4.55 - 2 0  to 2 19.5 416 72 0.82-0.92
5' CF3(CF2)2I . 2 0 5.0 25-35 96 39 77 0.87
6 rf CF3(CF,).,I . 1 0 5.0 47 35 32 70 1 . 0

- d
t CF3(CF2)3I .14 4.5 48-60 126 49 6 8 1 .04
8 * CF3(CF2)eI .1 3.0 25 LOCO

2 0 90 1.07
9 C CF3(CF2)J .1 3.0 25 5.75" 41 75 1 . 1 0

a Conversion is moles of adducts per mole of RfI charged times 100; yield is per cent of distilled adducts based on RfI used up. 0 A 
cell having an internal quartz coil described by Kharasch and Friedlander12 was used, mounted under a —70° condenser. Shielding 
of the portion of the coil not immersed in liquid gave cleaner reaction. ' Pyrex heavy-walled tube sealed in vacuo, was placed outside 
in the sun in August. d A (leneral Electric 275-watt sunlamp placed eight inches from the liquid in a Pyrex flask was used. e See 
Experimental. 1 30,000 rads/min. calculated by Dr. F. W. Stacey from standard dosimetry methods. g 45,000 rads/min. calculated 
by Dr. F. W. Stacey.

T a b l e  III

Ph y s ic a l  P r o pe r tie s  o f  1-Iodo-2(p e r f l u o r o a l k y l )c y c i.o h e x a n e s

/■—--------------------------------------A n a l y s e s
R f C m c H K c m n c H î n . p . , R e t e n t i o n U l t r a v i o l e t , ■------ -— -------C a l e d . — — -----------------X -— — F o u n d ------

R f I s o m e r ° C .  ( m m . ) t i m e , m i n . n 25 d d 254 € \ CH3OH A max m  fi C H F 1 C I I F I

C F , — trans- 7 6  ( 1 7 ) 1 3 . 9 ° 1 . 4 8 0 3 3 0 . 2 3 3 . 6 2 2 0  5 4 5  64 3 0 . 3 3 . 6 2 0  0 4 5 . 8
cis- 4 8  ( 2 . 5 ) 2 2 . 9 ° 1 . 4 8 1 1 3 0 . 3 3 . 6 2 0 . 3 4 5 . 1

C F a C F î — trans- 6 0  ( 6 . 0 ) 7 . 0 ° 1 8  . O'1 1 . 4 5 1 2 1 . 7 6 6 5 1 7 2 6 5 2 9 . 2 9 3 . 0 7 2 8  96 3 8 . 6 9 2 9 . 3 3 . 0 2 9 . 1 3 8 . 9
cis- 7 0  ( 6 . 0 ) 1 4 . 0 ° 2 8 . 2h 1 . 4 5 2 7 1 . 7 8 0 5 1 2 2 6 0 2 9 . 4 3 . 0 2 9 . 1 3 9 . 0

( C F j R C F — trans- 4 8 ( 1 . 3 ) 9 . 2 ° 2 0 . 8b 1 . 4 3 9 2 1 . 7 9 2 5 2 5 2 6 6 2 8 . 7 2 . 6 4 3 5  3 3 3 . 6 2 8 . 7 2 . 9 3 5 . 8 3 3 . 0
cis- 5 0 ( 1 . 3 ) 1 2 . 5 ° 2 6 . 4 k 1 . 4 3 8 7 1 . 8 0 4 4 9 8 261 28.9 2.8 35.7 33.3

C F î (C F ï)î— trans- 76(8.0) 7.5° 10. oh 1.4311 1.772 516 265 28.7 2.64 35.3 33.6 28.8 2.7 35.3 33.8
cis- 80 (8.0) 15.5° 28.66 1.4331 1.784 533 261 28.8 2.7 35.2 33.8

C F 3( C F 2)3— trans- 80 (5)' 9.05f 8.8rf 1,4170e 1,792e 28 05 2.59 39 94 29.64 28.3 2.4 39.1 29.8
cis- 78 (3.3)e 13.1e 10.24 1,4188e 1,801e 28.2 2.4 39.4 29.4

C F g C F , ) « — trans- 74 (0.7)e 15.0e 15.34 1.3933e 27.0 1.74 49.3 21.95 27.2 1.8 49.0 22.1
cis- m.p. 45-46« 20 7e 20 . V S o l i d 27.0 1.8 49.0 22.0

a One-meter tricresyl phosphate (20%) on firebrick column at 124° using helium carrier gas (I.5-p.s.i. applied pressure) at about 53 
ml./min. 6 Two-meter polypropylene glycol (Perkin-Elmer “It” ) column at 150° using helium carrier gas (15-p.s.i. applied pressure) 
at about 46 ml./min. : Same column at 173°; helium at about 27 ml./min. d Three-meter “Apiezon” M on alkaline washed “Chro- 
mosorb” W (60-80 mesh) at 150° using helium (15-p.s.i. applied pressure) at about 65 ml./min. ' Approximately 95% puie indicated 
isomer; remainder is the other isomer.

which limited the usefulness of this technique. Much 
iodine and decomposition products were obtained. As 
with azonitrile initiator, CFJ and (CF3)2CFI gave lower 
yields than did CF3CF2CF2I. Free radical addition of 
CF3(CF2)6I, induced by X-ray irradiation at room 
temperature, gave a moderate conversion in a few hours, 
and no free iodine. No advantage in yield or rate of 
reaction over azonitrile initiation could be realized. 
The trans-cis isomer ratios were lower for (CF3)2CFI 
or CF3CF2CF2I addition than the values obtained with 
analogous azonitrile-initiated reactions. The ratio of 
C to D was quite close to the equilibrium ratio,6 which 
indicated equilibration was occurring during reaction. 
This observation is consistent with the dependence of 
isomer ratio upon irradiation time and temperature.

Physical Properties and Separation of cis and trans 
Isomers.—The physical constants and analyses of the 
various adducts, including the retention times for g.l.c. 
columns and^ conditions we have used, are listed in 
Table III. For each,pair of isomers the trans adduct 
had the lower boiling point (or retention time), refrac
tive index (except for A and B), and density. The 
ultraviolet absorption maximum of the trans isomers 
having C2F5-  or isomeric perfluoropropyl groups oc
curred at a slightly longer wave length (265 mg) than 
the cis isomers (261 mg). The absorption maximum of

iodocyclohexane in ethanol was reported14 to be 259 
mg while that of CF3CH2CH2I 14 was 261 mg. For 
comparison, the maximum for (CF3)2CFI in methanol 
is 252 mg (e 189) and in isooctane, 278 mg (e 237). 
Preparative g.l.c. was required to separate cleanly 
cis and trans isomers, except for m-l-iodo-2-(perfluoro- 
heptyl)cyclohexane which was obtained as a crystal
line solid. Not only were the isomers similar in vola
tility, but the thermal stability of A and B was not 
sufficient to permit fractional distillation under condi
tions adequate for their separation. Decomposition 
to iodine, HI, and tars occurred when the distillation 
flask was heated above 75°. By careful fractionation 
in an efficient spinning-band column the adducts from 
CF3(CF2)„I (n = 1, 2, 3) were separated to a great 
extent (95-99%).

Relative Reactivity of R I with Olefins.—By allowing 
an equimolar mixture of two RfI to compete for an 
equivalent amount of cyclohexene, the relative reac
tivity was determined (see Fig. 3). In similar fashion 
1-heptene and norbornene were employed as the olefin 
substrate. The data are in Table IV. (CF3)2CFI
was invariably twice as reactive as C F /'F /’F-J even 
though the over-all rate of reaction varied considerably

( 1 4 )  R .  N .  H a s z e l d i n e ,  J. C h e m .  S o c . ,  1 7 64  ( 1 9 5 3 ) .
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T a b l e  IV
R e l a t i v e  R e a c t i v i t y  o f  R f l  w i t h  O l e f i n s

R a t i o  o f  a d d i t i o n  (&2) R a t i o  o f  a d d i t i o n  to
C F jC 'F .G F jI,/ fC F tR C F l/ abstraction (k,/h)

Olefin P F s I CF3CF2CF2I CF3OF2OF2I (GFahOFI
1-Heptene F -" 2hx 104 192
N orbornene 5 “ b

cfh.d
4 6 bd B3- ''

Cvclohexene 18 2 6 .56r 1.73e'7
"  A mixture of 0.05 mole each of olefin, the two Rfl, 0.35 mole

of cyclohexane, and 0.002') mole of ABN was kept at 78° for 
ten hours. Total conversion was 88 to 80' <• b Analysis was 
by g.l.c. using the “R” column at 150° with 15 p.s.i. of helium 
pressure. c A mixture of 0.01 mole each of olefin, the two Rfl, 
0.07 mole of cyclohexane, and 0.0002") mole of ABN was kept 
at 78° for 4 hours. Total conversion was 87%. rf Amount 
of compound (0.01 mole) heated for 3 hr. at 05° using 0.0001 
mole of ABN. Conversion was 96% . e After 21 hours of reac
tion at 65°. f  k t / k t  was 2.05 after 4.5 hours.

with each olefin. However, with C FJ and CF3CF2CF2I 
the same set of olefins gave quite different results; 
with cyclohexene CF3CF2CF2I gave eighteen times as 
much adduct as CFJ, but with 1-heptene and with nor- 
bornene the discrimination was not so great (rate 
factor = 4 to 5). These ratios are consistent with 
results from a different series of reactions in which 1- 
heptene and norbornene or 1-heptene and cyclohexene 
were allowed to compete for CF3CF2CF2I (Table V).

T a b l e  V

R e l a t i v e  R e a c t i v i t y  o f  O l e f i n s  w i t h  CF3OF2CF2I
O l e f i n  m i x t u r e  R a t i o  of  a d d u c t s  T o t a l  c o n v e r s i o n ,  %

l-Heptene-norbornene 1/1 100
1-Heptene-cyclohexene 14/1 ca. 30

Norbornene and 1-heptene reacted at comparable rates, 
but cyclohexene was only 1/14 as reactive as 1-heptene. 
A strong retardation of addition to 1-heptene also was 
observed when cyclohexene was present. This we 
would now ascribe to chain-breaking reactions involv
ing cyclohexene and its adducts. It is significant also 
that telomers of 1-heptene and norbornene were ob
tained only with CFJ. The rate of transfer (%) 
was sufficiently low to permit addition of the adduct 
radical to another molecule of olefin before transfer 
occurred. Ordinarily, telomers of such reactive non- 
polymerizable olefins with RJ were not observed.

Ratio of Addition to Hydrogen Abstraction.—The 
much smaller ratio of addition to abstraction for 
(CFs)2CF- and cyclohexene (k2/k 6 = 1.73) as compared 
with CF3OF2CF2-(A-2, % = 6.56) is especially striking 
when compared with the ratios observed for reaction 
with 1-heptene or norbornene (Table IV). For 
(CF3)2CF-, k2 'h  = 192 after 7 hours of reaction 
with two moles of 1-heptene; for CF3CF2CF2- it was 
104, according to g.l.c. analysis of sealed reaction mix
tures. Thus, addition of (CF3)2CFI to the o-pen chain 
olefin was twice as efficient and rapid as the addition of 
CF3CF2CF2L It is significant that with two moles of 
(CFJ.CFI and only one mole of 1-heptene k2/ h  fell to 
33.5. In the first case all of the R J was gone in less 
than an hour and the yield of adduct was 9 9 % ; in the 
second instance hydrogen abstraction by (C I3)2CI 
continued 0 1 1  after all the olefin was used up, since the 
yield of adduct was still 99%. These results provide 
strong presumptive evidence for ascribing the lower 
k2 'ki value of (CF3)2CF- with cvclohexene to a greater

steric retardation of k2 with the bulkier RfI. From the 
decrease in k2/k% with time it appears that with cyclo
hexene also, hydrogen abstraction continues unabated 
after adduct concentration has reached a maximum 
(see Fig. 4). The much smaller difference in k2/kb 
values of the two isomeric RJ with norbornene is con
sistent with a considerably smaller steric retardation 
of k2.

Theoretical Considerations.— It is interesting to con
sider the basis for the marked differences in addition 
and transfer rates of the various Rfl with cvclohexene 
and other olefins. A decrease in bond dissociation 
energy in the series CFJ > CF3CF2I > CF3CF2CF2I 
> (CF3)2CFI may be postulated in accord with the 
known3 variation of RX dissociation energies with 
alkyl structure. An increase in the resonance energy 
of Rp with increasing size has been suggested1516 as the 
reason for the greater reactivity of C'F3CF2CF2I over 
CFJ in addition to ethylene or propargyl alcohol. 
Presumably this comes about because of a lower acti
vation energy for addition, since the reaonance energy 
of Rp can be contributed to the adduct radical in the 
addition step (equation 2, Chart I). In this connection 
it may he appropriate to reiterate the principle cited 
by Walling17: . .as one goes down a table of bond
dissociation energies and radical stabilization, the 
radicals are formed with increasing ease. But they 
become progressively less reactive. This balance is 
often very important in determining the scope of a 
given type of chain reaction.” Not only may IR radi
cals differ in energy, but the adduct radicals with 
various olefins may have quite different stabilization 
energies. The competition between transfer and 
hydrogen abstraction or coupling reactions can be 
profoundly affected.

Idie greater reactivity of (CF3)2CFI over CF3CF2CF2I 
may be attributed to a smaller bond dissociation energy,

/
principally as a result of steric pressure on the I-C -

\
bond by the flanking CF3 groups, and partly because of 
resonance stabilization. The twofold difference in 
reactivity between (CF3)2CFI and CF3CF2CF2I may be 
thus explained, but a further consideration may also be 
significant.

In addition of a radical to an olefin, polar structures 
involving a dipole interaction between the radical and 
the ir-electrons of the double bond can reduce the energy 
required to bring the two species together.1718

CF3v ^ c f 3n —
>CF- C=C >CF—C -C

c f 3 /  \ c f / /  \

( c f 3) 2c f i  ^ ( C F 3 ) 2 C F _ p _ p _ I  

+

1(CF3)2CF-] 15 16 17 18

( 1 5 )  F .  E .  L a w l o r ,  A b s t r a c t s ,  1 2 8 t h  N a t i o n a l  M e e t i n g  o f  t h e  A m e r i c a n  
C h e m i c a l  S o c i e t y ,  M i n n e a p o l i s ,  M i n n . ,  1 9 5 5 .

( 1 6 )  J .  D. P a r k ,  F .  E. R o g e r s ,  a n d  J .  R .  L â c h e r ,  ./. Org. Chem.,  2 6 ,  2 0 8 9  
( 1 9 6 1 ) .

( 1 7 )  C. W a l l i n g ,  Chem. Eng. News,  39, 1 0 2  ( 1 9 6 1 ) .
( 1 8 )  A .  P .  S t e f a n i  a n d  M. S z w a r c ,  J. Am. Chem. Soc.,  84, 3 6 6 1  ( 1 9 6 2 ) ;  

( b )  J. G r e s s e r ,  A. R a j b e n b a c h ,  a n d  M. S z w a r c ,  ib id ., 83, 3 0 0 5  ( 1 9 6 1 ) ;  ( c )  
A .  P .  S t e f a n i ,  L. H e r k ,  a n d  M .  S z w a r c ,  ibid., 83, 4 7 3 2  ( 1 9 6 1 ) .

CF3> c f - c - c
c f /  /  \
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One would certainly expect that (CF3)2CF- would be 
better able to participate in a polar addition complex of 
the sort pictured than would CF3CF2CFY which has 
only two (3-fluorines. The addition complex may actu
ally involve additional resonance structures such as

F CFi

CF-

\  + 
CF-- C —C
/  /  \

which can contribute to the over-all structure. In other 
words (CF3)2CF'- is the more electrophilic radical. A 
similar argument may be given for CF3CFY or Cl'Y 
when compared with CH3- or alkyl as has been done 
by Stefani and Szwarc.18

It is evident that selectivity of the olefin towards 
addition or hydrogen abstraction of Rr is strongly 
influenced by the over-all reaction process. The 
marked difference in reactivity of cyclohexene and 1- 
heptene is a manifestation of the generally observed 
preference for addition of a radical to a more accessible 
terminal olefinic linkage.3 In this respect the un
usually low “methyl affinity” of cyclohexene in com
parison with other olefins18b is quite consistent, as is the 
unusually high reactivity of norbornene which involves, 
of course, relief ring strain. The reduced selectivity 
of Cl'Y (0.8) as compared with CH3- (1.0 by defini
tion) 18 is another indication that Rf- will be less dis
criminating in its reactions. In further studies this 
discrimination of addition of Rfl vs. abstraction by Rf- 
with various olefins will be explored.

Stereochemistry of the Addition Reaction.—The dis
covery5 that the isomeric adducts A, B, C, and D assume 
different preferred conformations makes the stereo
chemical course of the reaction of great interest. There 
are evidently two contradictory steric considerations: 
(1) the bulky and electronegative iodine and perfluoro- 
alkyl groups would prefer to be separated as far from 
each other as possible1; (2) in cyclohexane chair struc
tures, axial hydrogens exert a crowding force on large 
axial substituents on the same side of the ring.19

One possible representation of the steric relation
ships which are involved during reaction is as follows.

It has been possible from a study of the n.m.r. 
spectra and dipole moments of the adducts to ascertain 
the preferred conformation of the 1,2-substituted 
cyclohexane rings.5 These data are being reported in

(19) For a recent excellent discussion see E. L. Eliel, “ Stereochem istry 
of C arbon C om pounds,” M cGraw-Hill Book Com pany, Inc., New York, 
N. Y., 1962, p. 204.

detail separately,6 but the conclusions are summarized 
here.20

The cis isomers in the chair conformation have the 
Rf group (rather than the smaller iodo group) ex
clusively in the more open equatorial position. The 
trans isomers are faced with a disagreeable decision; 
either the two groups must be both equatorial and 
uncomfortably close to each other or they must both be 
subjected to repulsions by the four axial protons. 
For those trans isomers in which Rf is larger than CI'Y 
and linear, the preferred choice is to go into the diaxial 
conformation, with considerable bending away from 
the axial protons. This option appears to be closed to 
the adducts with (CF.ffiCF- (which is branched at the 
bonding carbon) because of space limitations in the 
axial position. In both cases some distortion of the 
ring from a true chair structure is probable.6

The trans (a,a) conformers Ha from CF3(CF2)„I 
(n = 1,2, 3, 6) have a higher energy content at 70° than 
the cis (a,e) conformers lb, according to thermal equili
bration studies.6 Therefore, the slight preference for 
trans over cis in the preparative experiments must 
arise from kinetic control. The rate of transfer of 
adduct radical II with Rfl, giving trans isomer Ila, 
may be slightly faster than in the case of radical I, 
which gives cis isomer lb, for steric reasons. The bulky 
Rf group of I is in a gauche position with respect to the 
incipient bond with Rfl; for II the groups are in an 
anti or trans position. In the transition state complex 
in radical transfer reactions of this type, a high degree 
of rigidity (because of low entropy value) has been 
postulated.3-418

The 3:1 preference for trans over cis isomer from 
(CF3)2CFI is a more striking illustration of kinetic 
control, since trans (e,e) adduct is also slightly less 
stable6 than the cis (e,a) conformer at 70°. Observe 
that the n.m.r. data indicate there is no detectable 
interconversion of cis conformers lb and lib  or of 
trans conformers la and Ila (when Rf is greater than 
CF3). Transfer of radical I from the more open equa
torial side of the ring with (CF3)2CFI might be expected 
to occur at a faster rate than from the axial side which 
may suffer from axial hydrogen opposition limiting the 
rate of transfer. A more sophisticated treatment 
must be deterred for the present.

In the case of CF3I adducts, the fact that equilibra
tion between conformations la  and Ila (but not be
tween lb and lib) is taking place above —90° may be 
decisive in giving a trans-cis ratio of 2.0. Transfer 
with CF3I in the anti sense can occur with either radical 
I or II. The cis adduct exists to a detectable degree 
only in the (e,a) conformation lb, derived from radical 
I. Therefore, lb has only half the probability of being 
formed as la and Ila, other factors being equal.

Iodoperfluoroalkane Addition to Cyclopentane.— 
F'ree radical addition of 1-iodoperfluorobutane to cyclo- 
pentene by either light- or azonitrile-induced reaction 
gave /rans-l-iodo-2-(perfluorobutyl)cyelopentane (M) 
in 40% conversion (80% yield). No evidence for an

(20) A dduct A prefers conform ation la , and adduct B, conform ation lb  
according to n.m .r. spectra.5 The t r a n s  adducts from CF3(CF2),J (n = 
1, 2, 3, 6), however, assum e the diaxial conform ation I la  even though the 
c i s  adducts  prefer conform ation lb . Tem peratures from 90° to —100° 
did not significantly affect the n.m.r. spectra of the c i s  or t r a n s  adducts  from 
C F3(CF2)„I (n = I, 2, 3) or from (C FahC FI, and the c i s  adduct from C F 3I. 
Ju s t as found for iodocyclohexane, however, the mobile equilibrium  of the 
two t r a n s  conformers of E (la  I la )  was arrested  a t —90° to — 105°.6
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isomeric adduct was obtained. The trans structure is 
consistent with the n.m.r. spectrum which has a low- 
field multiplet of four lines spaced 5 to 6 c.p.s. apart at 
— 267 c.p.s. (relative to tetramethylsilane at 60 Me.). 
The splitting is attributed to the proton on C-l coupled 
with two protons (J  = ca. 6 c.p.s.) on C-5 and with a 
proton on C-2 (./ = ca. 5 c.p.s.). These are reasonable 
values for coupling constants of /rans-oriented protons 
of cyclopentane rings.21

From an examination of models it is clear that a ds 
adduct would have considerable crowding of the Rf 
and iodo groups.

Elimination of HI by heating M  with tri-n-butyl- 
amine gave an olefin mixture (94%) which consisted of 
the A'-isomer N (18%) and the A2-isomer 0  (82%) 
according to g.l.c. analysis and n.m.r. spectra. The 
relative amounts of N and 0  are reasonable for pref
erential trans elimination of hydrogen iodide, taking 
into consideration the dihedral angle of about 123° 
rather than the preferred 180° known to obtain for 
trans elimination in this system.22-23 * The correspond
ing cis adduct would be expected to give a preponder
ance of N by elimination of the more acidic trans 
proton attached to the carbon atom bearing the Rf 
group.6

The dipole moment of M (2.99 D.) was quite close to 
the value (3.09 D.) obtained for endo-2-iodo-3-e:ro-(per- 
fluoropropyOnorbornane.16 This further supports the 
trans structure, since the bond angles are quite similar 
to those found in the five-membered ring of the trans- 
norbornane derivative.

Radical addition to cyclopentadiene of 1-iodoper- 
fluoropropane could not be effected, nor would the 
azonitrile-induced addition to 1-heptene occur in the 
presence of this reactive diene. It is probable that the 
perfluoropropyl radicals, therefore, add readily to the 
conjugated diene, but that transfer of the resonance- 
stabilized adduct radical with R(I does not occur at a 
rate sufficient to maintain a chain reaction. Such a 
situation was observed for styrene1 which gives a 
stable benzyl-type adduct radical.

Experimental

and conditions used are listed in Table III. Except where speci
fied, a reagent grade of cyclohexene was used (99.82 mole % 
minimum, Phillips Petroleum Co., treated with Woelm activated 
alumina, activity grade I, to remove peroxide). Iodotrifluoro- 
methane, 1-iodoperfluoroethane, 1-iodoperfluoropropane, and 1- 
iodoperfluoroheptane were obtained from Columbia Organic 
Chemical Co. 1-Iodoperfluoroethane (b.p. 13°, 99.9% pure), 1- 
iodoperfluoropropane (colorless, b.p. 41°, r25d 1.3250, 99.9% 
pure), and l-iodoperfluoroheptane [b.p. 70° (70 mm.), w26d 
1.3270, containing about 10% of an isomeric impurity as shown 
by g.l.c.] were redistilled. 1-Iodoperfluorobutane was prepared 
from iodoperfluoroethane and tetrafluoroethylene21 and redis
tilled, b.p. 67.8°; n25n 1.3258 (98% pure). 2-Iodoperfluoropro- 
pane was prepared from perfluoropropylene and iodine penta- 
fluoride,26 b.p. 39.5°; ra26D 1.3263 (99.9% pure). 1-Heptenewas 
obtained from the Humphrey-Wilkinson Co., and redistilled, b.p. 
93°; n 25D 1.3975. Cvclopentene, from the Aldrich Chemical Co., 
was redistilled, b.p. 44°; n25d 1.4190 (100%. pure). Norbornene 
was redistilled, b.p. 94-95°, sublimable solid (99% pure). 1- 
Hydroperfluoropropane26 (b.p. —17°) and 2-hydroperfluoropro- 
pane26 (b.p. —18°) were a gift from S. Andreades. Experi
ments with CFJ and CF3CF2I were carried out in Hastelloy C- 
lined steel 400-ml. shaker tubes.

frans-l-Iodo-2-(perfluoroisopropyl)cyclohsxane (A) and cis 
Isomer B. (a) From Azobisisobutyronitrile-Initiated Reaction. 
—Cyclohexene (54.7 g., 0.67 mole, 99.8 mole %), 2-iodoper- 
fluoropropane (50.0 g., 0.17 mole), and azobisisobutyronitrile 
(1.6 g., 0.01 mole) were heated at 50° in an oil bath at constant 
temperature for 30 hr. in a flask fitted with a syringe port and 
having a —70° condenser. Samples removed showed by g.l.c. 
analysis a steady increase in product concentration up to 25 hr., 
and then a decrease; the ratio of A to B fell from 3.3 after 9 hr. 
to 2.7 after 17 hr. The conversion to A and B from g.l.c. analysis 
was 21%; the yield was 82%. The orange solution (101.2 g.) 
was cooled to 5° and filtered. 2-Hydroperfluoropropane and 2- 
iodoperfluoropropane were lost during filtration. The filtrate 
(96.2 g.) was fractionated in a 3-ft. platinum spinning band 
column (column A). 2-Iodoperfluoropropane (30.4 g.) cyclo
hexene (50 g.), and a mixture of A and B (with small amount of 
impurities), b.p. 36-43° (0.8 mm.) (12.5 g., 19.5% conversion), 
distilled, leaving a dark residue of 1.2 g. (10%). The adducts 
were kept dark and cold. Preparative g.l.c. was used for purifica
tion.

The solid obtained at 5° was rinsed with 25 ml. each of cyclo
hexene and dichloromethane. Azobisisobutyronitrile (ABN) 
(0.215 g.), m.p. 100-101° (undepressed by mixture with ABN), 
was obtained. Other substances w-ere present, in the filtrate.

(b) Isolation and Identification of Tetramethyl-5-imino-2- 
pyrrolidone Hydroiodide.—2-Iodoperfluoropropane (150.0 g., 
0.5 mole), cyclohexene (164 g., 2.0 moles), and ABN (5.0 g., 0.03 
mole) were heated for 22 hr. at 52-70°. Solid (0.335 g.) remained 
in the flask when the product mixture was decanted at 5°. The 
light sensitive solid was placed in a subliming tube and volatile 
material removed at 125° at 0.1 mm., leaving 0.23 g. of nonvola
tile salt. I t decomposed when heated in an open melting point 
tube. In a sealed capillary tube, however, the salt melted at 
315° without evident decomposition. It was soluble in water, 
giving a precipitate of silver iodide by reaction with silver nitrate 
solution, and was recrystallized from acetone in the dark at 5°. 
A solution gradually darkened and formed tar. An infrared 
spectrum27 (potassium bromide disk) showed a strong bonded NH 
band at 3.0 m. carbonyl group bands at 5.60 and 6.15 m. and several 
longer wave-length bands. These bands are analogous to those 
reported28 for creatinine hydrochloride which also has an

I I
HX HN=C-NHCO- grouping.

Anal. Calcd. for C8H14N2OI: C, 34.18: H, 5.02; N, 9.97; 
1,45.15. Found: C, 34.4; H,5.7; N (Dumas), 9.5; 1,44.8.

(c) Relative Rates of Allylic Hydrogen Abstraction and of 
Addition of 2-Iodoperfluoropropane or 1-Iodoperfiuoropropane to 
Cyclohexene.—Cyclohexene (4.2 g., 0.05 mole), 2-iodoperfiuoro-

All experiments were carried out in an atmosphere of nitrogen. 
Gas-liquid chromatography of all compounds was done with a 
Perkin-Elmer vapor fractometer, Model 154-C. The columns

(21) C. D. Jardestzky , J .  A m .  C h e m .  S o c . ,  84, 62 (1962).
(22) E. S. Gould, ‘‘M echanism  and S tructu re  in Organic C hem istry ,”

H enry H olt and Com pany, Inc-, New York, N. Y., 1959, p. 472.
123) (a) P. I. Abell and C. Chiao, J .  A m .  C h e m .  S o c . .  82, 3610 (1960); (b)

C. H. De Puy. R. D. T hurn , and G. F. M orris, i b i d . ,  84, 1314 (1962).

(24) R. N. Haszeldine, J .  C h e m .  S o c . ,  2856 (1949); i b i d . ,  3761 (1953).
(25) M. H auptsehein and M. Braid, J .  A m .  C h e m .  S o c . ,  83, 2383 (1961).
(26) A. M. Lovelace, D. A. Rausch, and W. Postelnek, “ A liphatic Fluorine 

C om pounds,” Reinhold Publishing Corp., New York, N. Y., 1958, p. 60.
(27) I am indebted to Dr. R. K. M iller for assistance in ob tain ing  and 

in te rp reting  the infrared spectrum .
(28) H. M. Randall, R. G. Fowler, N. Fuson, and J. R. Dangl, “ Infrared 

D eterm ination  of Organic S tructu res,” D. Van N ostrand and Com pany, 
Inc., Princeton, N. J., 1949, p. 229.
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propane (3.0 g., 0.10 mole), and ABN (0.081 g., 0.0005 mole) were 
sealed in a 10-ml. stainless steel cylinder, filled with nitrogen, and 
heated at 73° for 20.5 hr. While inverted, the cylinder was sam
pled at 7.5 mm. allowing the liquid to expand at 25° into a 1-1. 
volume chamber which had been previously evacuated to 0.5 mm. 
A 25-ml. portion of the gas mixture was passed into the vapor 
fraetometer. Relative areas of (CF3)2CFH, (CF3)2CFI and of 
cyclohexene were determined for the original mixture, for samples 
taken at 4.5 and 20.5 hr., and two known weighed mixtures of 
these compounds. The amount of (CF3)2CFH increased from 
about 12.2 to 16% conversion during this time, but the amount of 
(CF3)2CFI converted to adducts could not be accurately deter
mined by this technique, because of changes in weight/area 
factors with change in composition and low volatility of the ad
ducts. However, the total product mixture at —50° was sampled 
with a cold syringe and the composition determined by g.l.c. 
analysis. The conversion to (CFjLCFH was 15.9% , to A, 19.3% , 
and to B, 8.2% ; the amount of (CF3)2CFI used up was 50% , and 
the ratio of addition to abstraction was, therefore, 1.73. The 
radical coupling products less volatile than B were not observed 
by this technique.

An identical procedure using 1-iodoperfluoropropane gave 
CF3CFjCF2H (8 .2%), recovered CF3CF2CF,I (42% ), and C and 
D (26 and 27.8%,, res; actively). The ratio of addition to abstrac
tion was 6.56. The yield of adducts was 93%. based on 1-iodo- 
perfluoropropane used up. To determine product composition 
the g.l.c. weight/area factors were determined at two levels of 
conversion: CF3CF2CF2H (weight %, 1.66; weight/area, 0.70); 
CF3CF2CF2I (32.0; 2.16); cyclohexene (52.3; 0.78); C and I) 
(13.48; 1.25); and CF3CF2CF2H (9.50; 0.79); CF3GF2CF2I (29.0; 
1.98); cyclohexene (54.6; 0.85); and C and 1) adducts (6.82; 
1.31). The 1-m. tricresyl phosphate column operated at 124° 
was used (see Table III). Similar results were obtained using 
(CF3)2CFI and its products.

¿rans-l-Iodo-2-(perfluoropropyl)cyclohexane (C) and the cis 
isomer D. (a) ABN-Initiated Reaction.—1-Iodoperfluoropro- 
pane (62.0 g., 0.20 mole), cyclohexene (Phillips, 99.8%, not 
treated with activated alumina; 82 g., 1.0 mole) and ABN (1.00 
g., 0.008 mole) were heated at 50° for 22 hr. G.l.c. analysis 
showed a steady increase in conversion with time. The ratio of 
trans C to II ris isomers was constant at 1.01. Distillation of the 
slightly colored liquid in a 16-in. platinum spinning band column 
(column B' gave cuts: (1) 1-iodoperfluorpropane, b.p. 41°, n 25D  
1.3335 (21.5 g.); (2) cyclohexene, b.p. 50° (200 mm.), n25n 
1.4418 (65 g.); (3) contained tetramethylsuccinonitrile (TMSN), 
C, and D, b.p. 40-42° (2.2 mm.) (2.2 g.); (4) a second impure 
fraction, b.p. 47-50° (2.0 mm.), n25d 1.4620, 7.3 g., which con
tained 79.4% of C, 10.5% of D, l-cyclohexen-3-one {ca. 0.4 g .), 
and iodocvelohexane and/or 3-iodo-l-cyclohexene (ca. 0.1 g.); 
(5) C and D, b.p. 51-53° (2.0 mm.), n 25D  1.4340, 28.9 g.; and 
hold-up in the column, n2bn 1.4475, 1.5 g. There was no tarry 
residue. The hold-up contained C, D, and “dimeric” coupled 
products6 with retention times of 27.4 (ca. 0.15 g.) and 39.3 min. 
(ca. 0.6 g.). The trap contained 2.5 g. of 1-iodoperfluoropropane 
and 1-hydroperfluoropropane mixture. The total conversion of 
C and D was 50% on 1-iodoperfluoropropane (90%, yield). The 
conversion under other conditions is given in Table I; analytical 
data and physical properties are in Table III. C and D were 
separated by g.l.c. on a preparative scale. Fractionation in 
column A gave partial separation; cuts containing 80%' of C and 
20% of I), and 5% of C and 95% of I) were obtained.

(b) Ultraviolet Light-Reduced Reaction at —20 to 0°.—A 
reaction vessel identical to that described by Kharasch and Fried- 
lander12 was used. 1-iodoperfluoropropane (63.7 g., 0.215 mole) 
and cyclohexene (82.3 g., 1.0 mole, 99.82% not treated with alu
mina) was irradiated at —20°. In a few minutes, a dark deposit 
formed in the reactor and the liquid darkened. After 1 hr., a 23% 
conversion to C and I) was attained: the ratio of C to II was 0.86. 
After 4 hr. at —15° to — 13°, the conversion was 38% , and after 
6 hr. at —13°, 51.0%. Further irradiation at 0° for 8 hr., (14 
hr. total) gave no further increase of C and D, and, after 5.5 hr. at 
0 to 2° (19.5 hr. total), a small decrease in C and I). The ratio 
of C/D also rose to 0.92. The total amount of (perfluoropropvl) 
cyclohexane and of 1- and 3-(perfluoropropyl)-l-cyclohexene was: 
after 1 hr., 1.5%, 4 hr., 2.0%: 6 hr., 2.7%; 14 hr., 3.4%; and
19.5 hr., 3.5%.

Distillation gave C and D (41% conversion, 72% yield on 
recovered 1-iodoperfluoropropane), the (perfluoropropvl)evelo- 
hexane—cyclohexene mixture (which see) (1.2 g.), and iodocvclo- 
hexane and 3-iodo-l-cyclohexene as above not separated from C

and D (1.55 g., 3.4% conversion, g.l.c. analysis). The residue 
was 1.3 g. of black tar. The darkly colored distilled C and D was 
treated with activated alumina and carbon to remove iodine.

Zrans-l-Iodo-2-(trifiuoromethyl)cyclohexane (E) and cis Isomer 
F by ABN-Initiated Reaction.—CFJ (49.0 g., 0.25 mole), cyclo
hexene (162.0 g., 2.0 mmoles), and ABN (1.64 g., 0.01 mole) 
were shaken at 80° for 15 hr., and vented at 50° into a cold trap. 
The CF3I which was collected (5.0 g., 95.3%) contained no CF3H 
by mass spectra analysis. The liquid (211 g.) was cooled to
— 20°, sampled for g.l.c. analysis, filtered from 0.2 g. of tetra
methylsuccinonitrile (TMSN) (m.p. 155-160°, crude), and dis
tilled in column A using a liquid nitrogen cooled trap to collect 
CF3I (39.5 g.). Cyclohexene, b.p. 50° (200 mm.) (156.0 g.) and 
a mixture of E and F and coupled products [b.p. 49-52° (2.5 
mm.), ra25i> 1.4814 to 1.4828 (7.53 g .)] were obtained. The residue 
(1.4 g.) was a light-sensitive gum, soluble in dichloromethane. 
Analyses showed 24.0% iodine and mol wt. (ebulloscopic. in ace
tone) of 280. The volatile products were redistilled, b.p. 66-75°
( 17 mm ), without effecting a separation. The sample contained 
(weight % ) 20% of C'F3I, 74% of cyclohexene, 0.8% of isomeric 
trifluorooyelohexenes, 1.8 ' ,  (3.8 g .) of trans adduct E, 0.9%, ( 1.9 
g.) of cis adduct F, and 0.31%, of TMSN (8% conversion to E 
and F ).

Time-of-flight mass spectra analysis29 of g.l.c. separated cuts 
showed the main components (80 to 90%,) were E and F. The 
presence of cyclnhexenyl iodide in one cut was confirmed, but it 
was only about 0.008% of the total material distilled. Prepara
tive g.l.c. was used to separate the materials, which then were 
better than 99% pure isomer. The addition of CF3I to cyclo- 
hexene, by reaction with a large amount of magnesium amalgam, 
has been recently reported.30 The physical properties of the 
isomer mixture obtained in 43% yield agree well with the values 
for the pure isomers given in Table I I I .

cis- and trans- l-Iodo-2-l perfluoroethyDcyclohexanes by Per
oxide-Initiated Reaction.- Cyclohexene (184 g., 2.0 moles) di-t- 
butyl peroxide (6.0 g., 0.04 mole) and iodopentafluoroethane 
(98.4 g., 0.4 mole) were shaken for 15 hr. at 130°. The product 
mixture was transferred while cold to a distilling flask and frac
tionated in column A. Low boiling liquid (26 g.) collected in the
— 70° trap and was analyzed by g.l.c. [2.5-m. “ R” polypropylene 
glycol column, helium at 14 p.s.i., temperature programmed at 
the rate of 40°/min. from 25 to 100°], and time-of-flight mass 
spectrum analysis.29 Compounds were eluted in the order: hy- 
dropentafluoroethane (2.8% ), isobutylene (9.4), iodopentafluoro
ethane (85%), acetone (0.07), iodomethane (0.09), cyclohexane 
(0.02), t-butyl alcohol (0.18), cyclohexene (2.3), and benzene 
(0.16). There was less benzene and cyclohexane in the original 
cyclohexene than this.

The first fraction, b.p. 43° (160 mm.), 162.0 g., contained cy
clohexene, acetone, f-butyl alcohol, and other substances. Frac
tion 2, b.p. 49-52° (5.0 mm.) (6.0 g.), contained about 1% of 1- 
(and 3 )-(perfluoroethyl (cyclohexene, 55% of ¿rans-l-iodo-2-(per- 
fluoroethyl(cyclohexane, 22% of l-eyclohexen-3-one, 5.5% of 
iodocyclohexane and 3-iodo-l-cyclohexene, and 3.4% of «8-1- 
iodo-2-(perfluoroot,hyl (cyclohexane. The side products were 
unequivocally identified by t.o.f. mass spectrum analysis29 of 
g.l.c. separated components. The infrared spectrum also showed 
a strong carbonyl band at 5.99-6.02 n (doublet) attributed to the 
unsaturated ketone. Subsequent fractions, b.p. 50° (5.2 mm. to
2.0 mm.), totaled 53.0 g. and contained 28.1 g. of trans and 24.5 
g. of cis adduct (40%' conversion; trans-cis, 1.15; total recovery 
95% ) according to g.l.c. analysis. The pot residue was 6.2 g. of a 
viscous dark liquid condensation product .

The dark adduct mixture was passed down activated alumina 
and carbon and the colorless material redistilled. Careful frac
tionation in column A afforded trans isomer, b.p. 58° (5.5 mm.) 
(96% pure), and cis isomer, b.p. 68° (5.5 mm.) (99% pure, g.l.c. 
analysis).

When less pure cvclohexene (2.0 moles. 98.6%) was used (see 
following experiment) the conversion fell to 14% of the adducts. 
When the amount of cyclohexene (99%) was reduced to 64 g. 
(0.8 mole), and 64 g. (0.8 mole) of benzene was added, the con
version to adducts was reduced to 15%.

(29) Time-of-flight (t.o.f.) analyses were performed by Dr. D. O. M iller
and Dr. F. K itson, to whom I am indebted for assistance in ob tain ing  and 
in te rp reting  these data.

CIO) E. T. McRee, R. D. B attershell, and H. P. Braendlin, ./. O r g .  C h e m . ,

28, 1131 (1963).



N o v e m b e r , 1963 1 -Io d o-2 -(p e r f l u o r o a l k y l ) c y c l o a l k a n e s  by  F r e e  R a d ic a l  A d d it io n 31 0 1

Crystalline as-l-iodo-2-i perfluoroheptyl ¡cyclohexane by X-Ray- 
Induced Reaction.—Cyclohexene (24.6 g., 0.3 mole, 98.6% by 
g.l.c., containing 1.3% of methylcyclopentene by t.o.f. analysis) 
and l-iodoperfluoroheptane (49.6 g., 0.1 mole, containing about 
10%, of an isomeric iodoperfiuoroheptane by g.l.c.) was sealed 
under nitrogen in a 300-ml. steel tube fitted with a colla,r device 
for rotating in front of a gold target impinged upon by an elec
tron beam from a Van de Graf accelerator.31 After 3.5 hr. at 25° 
and 30,000 rads/min. dose rate, a sample (nearly colorless) 
showed about 20% conversion (90% yield) to adducts; after 5.75 
hr. at 45,000 rads/min., the reaction mixture was sampled and 
distilled. There was evidence of decomposition, since white 
fumes and dark blue liquid was obtained. The recovery of 1- 
iodoperfluoroheptane was 28 g. (73%), and the yield of isomeric 
adducts was 23 g. (41% conversion). There was about 4 g. (10%) 
of CtF15H formed and isolated as an azeotrope (with cyclohexene) 
which separated into two layers. The isomeric mixture of ad
ducts partly solidified when cooled to 5° for 1 day. When placed 
on a cold Hirseh funnel, 0.8 g. of solid cis isomer was collected;
18.0 g. of liquid mixture was recovered. Recrystallization from 
dichloromethane at —70° gave 0.4 g. of cis isomer, m.p. (sinter 
45°) 46-47° (g.l.c., 95% pure).

Preparative scale g.l.c. of the isomeric mixture gave the solid 
cis and the pure liquid trans isomer which distilled at b.p. 74° 
(0.7 mm.); n2Su 1.3933.

G.l.c. Separation of Isomeric Adducts.32—The most suitable 
conditions found for the separation of these sensitive materials by 
g.l.c. was as follows. A 12-ft. by 0.75-in. column packed with 
20% of tricresyl phosphate on “ Chromasorb” was heated to 150° 
while helium at 1550 ml./min. was used as a carrier gas to elute
1- ml. quantities of trans and cis adducts. The colorless material 
was transferred to ampoules without appreciable darkening, and 
kept dark and cold. An attempt to purify the product mixture 
using similar conditions with a polypropylene glycol column 
packing satisfactory for analysis failed because the liquid did not 
elute properly. Properties and analysis of adducts are listed in 
Table III.

Relative Rate of Reaction of CF3I and CF3CF2CF>I with Cyclo
hexene.—Iodotrifluoromethane (3.92 g., 0.02 mole) was weighed 
in a small brass cylinder, and condensed into a 400-ml. steel 
shaker tube (with a Hastelloy C liner) in which had been placed
16.4 g. (0.20 mole) of cyclohexene, 5.92 g. (0.02 mole) of 1-iodo- 
perfluoropropane, and 0.33 g. (0.002 mole) of ABN. The tube 
was heated to 80° for 20 hr. while shaking, cooled to 25°, vented, 
and the liquid product (23.0 g.) sampled for g.l.c. analysis (1-m. 
“TCP” column, 125°, 53 ml./min. of helium). The areas of the 
component peaks were converted to per cent conversion by cal
culation using the factors obtained from a similar mixture.33 
The products were a mixture of (perfiuoroalkyl)cyclohexenes (Itf 
= CF3 and C3Ft ), ca. 2.5% conversion (on total Rd); trans iso
mer C (1.77 g., 23.5%); trans isomer E (0.10 g., 1.75% based on 
CF3I); cis isomer I) (1.69 g., 22.3%); cis isomer F (0.06 g., 
0.85%,); TMSN (0.129 g., 47% on ABN); and coupled products 
(two peaks; ca. 2.3% on total Itil). The disproportionation 
products were identified by comparison with the previously iso
lated compounds,6 and are the sum of the mixture obtained. 
The ratio of adducts from CF3CF2CF2I to adducts from CF3I was 
17.6; the ratio of E to F was 2.06 and of C to D, 1.05. The 
efficiency of addition in total moles of adducts was 4.83. For 
comparison, with CF3I and cyclohexene alone under similar condi
tions the efficiency was 2.67; with CF3CF2CF2I and cyclohexene,
7.91.

Distillation of 22.5 g. (94.3% of total) gave CF3I (collected in 
the -70° trap, 1.3 g.); CF3CF2CF2I (0.83 g.); cyclohexene 
(14.0 g.); and a mixture of the two pairs of adducts, b.p. 56-66° 
(4.5-3.5 mm.); 3.57 g. (theory, 3.61 g.). The residue and hold
up was 0.56 g . . G.l.c. analysis showed that the ratio of adducts in 
the distilled sample was 18.6 to 1 in close agreement with the re
sults given above.

Relative Rate of Addition of CF3CF2CF2I and (CF3)2CFI to 
Cyclohexene, (a) At 65° with ABN Initiator.—Cyclohexene 
(8.21 g., 0.10 mole), 1-iodoperfluoropropane (2.96 g., 0.01 mole),
2- iodoperfluoropropane (2.96 g., 0.01 mole), and ABN (0.164,g., 
0.0010 mole) were heated at 65°. The per cent conversions to

(31) The technique and equ ipm ent was th a t  used by  Dr. F. W. Stacey, 
to whom I am indebted for assistance.

(32) I am indebted to J. B. Robson for assistance.
(33) The w eigh t/area  factors for the product m ixture were very sim ilar 

to those given for adducts  A to  D in sim ilar m ixtures.

adducts obtained are plotted as a function of time in Fig. 3. At 
the conclusion of the experiment the product mixture was a light 
yellow color. After 11-20 hr. about 2-4% of (perfluoropropyl) 
cyclohexenes was present in the product mixture.

Precisely the same conditions were used with 1-iodoperfluoro
propane or 2-iodoperfluoropropane atone in separate experiments. 
The rate of total product formation is plotted in Fig. 1, 2, and 4. 
There was no change in the isomer ratio with time in either case. 
There was no (perfluoropropyl)cyelohe.xene obtained from reac
tion of 1-iodoperfluoropropane, but a 2-3% conversion to a (per- 
fluoroisopropyl)cyolohexene mixture occurred with 2-iodoper
fluoropropane. A variable amount of RfH was lost by the 
sampling technique, and no attempt was made to measure the 
quantity present.

Over-all reaction rates were also determined in cyclohexane 
solution. Cyclohexane (Kpectro Grade, 5.89 g., 0.070 mole), 2- 
iodoperfluoropropane (2.96 g., 0.01 mole), cyclohexene (0.82 g., 
0.01 mole), and ABN (0.082 g., 0.0005 mole) was heated at 65°, 
samples taken, and analyzed. The conversion to adducts at
tained 10.5% of A and 4.5% of B after 17 or 23 hr. For the same 
reaction time 9.0 % conversion [on (CF3)2 CFI] to iodocyclohex- 
ane was obtained and about 1%. of (perfluoroisopropyl)cyclohex- 
enes. The solution was slightly yellow and the crystalline hydrio- 
dide salt was formed.

1- Iodoperfluoropropane under these conditions gave a 15% 
conversion to C and D in 17 hr., 17% conversion in 24 hr., and 
18.4% conversion in 29 hr. The (perfluoropropyl)cyclohexenes 
were formed after 21-hr. reaction time (about 1 %. conversion).

2- Iodoperfluoropropane, cyclohexane, and ABN (same amounts 
as before; no cyclohexene) gave iodocyclohexane as follows: 1 hr., 
4.45%, conversion [on (CF3)2CFIJ; 2 hr., 6.73%; 3 hr., 9.79%; 
4 hr., 12.0%; 5 hr., 16.0% (or 0.0013 mole). The amount of 
ABN decomposed during this time (half-life, 4 hr. at 74°) was 
ca. 0.00025 mole; therefore, about 6 moles of iodocyclohexane 
was produced for each mole of ABN decomposed.

(b) At 130° with Di-i-butyl Peroxide Initiator.—-1-Iodoper- 
fluoropropane (40 g., 0.135 mole), 2-iodoperfluoropropane (21.0 
g., 0.71 mole), cyclohexene (not treated with alumina, 164 g.
2.00 moles), and di-i-butyl peroxide (6.0 g., 0.04 mole) were 
heated in a Hastelloy C-lined shaker tube at 130° for 15 hr. The 
ratio of adducts was ascertained before and after work up by g.l.c. 
analysis. The recovered iodoperfluoroalkane cuts (16.0 g.) con
tained a large number of components. The distilled cis and trans 
adducts (30.8 g., 40')/ total conversion) comprised: A, 33.2% 
conversion and B, 15.5% [from (CF3)2CFI]; and C, 21.3% and 
I), 18% conversion (from CF3CF2CF2I). The ratio of adducts 
(A +  B/C +  D) was 0.653, whereas the ratio of reactants was 
0.526; hence, the rate of adduct formation from 2-iodoperfluoro
propane was 1.24 times greater. Because of the large number of 
volatile products obtained no estimate of the ratio of abstraction 
to addition could be made.

Azonitrile-Induced Isomerization and Disproportionation of A.
—A mixture of 0.1951 g. (0.000516 mole) of A, 4.1 g. (0.0050 
mole) of cyclohexene, and ABN (0.0827 g., 0.000504 mole) was 
heated in a bath at 71°. The relative amounts were estimated 
from the areas in comparison with cyclohexene. Initially only A 
(4.45% by weight) and cyclohexene (95.4% by weight) were pres
ent. After 1 hr. the composition was cyclohexene (93%), 1- 
and 3-(perfluoroisopropyl)l-cyclohexene6 mixture (0.5%), A 
(2.8%), B (1.3%), TMSN (0.5%), and “coupled” product6 
(0.5%). After3, 5, 10, or 22 hr., the composition was cyclohexene 
(95%), olefin mixture (0.5%), A (3.0%,), TMSN, and “coupled” 
product (2.5%).

Relative Rates of Addition and Abstraction of CF3CF2CF2I or of 
(CF3)2CFI with 1-Heptene.—l-Perfluoropropyl-2-iodoheptane (II) 
was prepared from 1-heptene (4.0 g., 0.04 mole), 1-iodoperfluoro
propane (6.0 g., 0.02 mole), and ABN (0.03 g., 0.0002 mole) kept 
at 65° for 6 hr. in a 10-ml. steel cylinder, which was evacuated to 
0.5 mm. at —70°. The liquid was sampled at —70° for g.l.c. 
analysis (2-m. “ R ” column; 150°; 15 p.s.i. of helium pressure) 
and distilled in column B, b.p. 86° (10 mm.); re2=n 1.4072, </25u 
1.5608; 6.5 g. (84%, recovery). Moles of H/CF3CF2CF2H from 
area ratio X weight/area factor (1.2 for both substances) was 
104/1. There was only 0.0022% of CF3CF2CF2I unreacted. A 
99% yield of H was shown by g.l.c. analysis. Retention time 
was 19.4 min.

Anal. Calcd. for C,„H14F7I: C, 30.4; F, 33.7; H, 3.56; I,
32.2. Found: C, 30.5; F.33.6; H, 3.8; 1,31.9.

l-Isoperfluoropropyl-2-iodo-heptane (G) was prepared under 
the conditions used previously, and also in cyclohexane solution.
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No further reaction occurred after 1 hr. at 6.5°, and all the 2-iodo- 
perfluoropropane was used up (g.l.c. analysis of samples). Dis
tillation in column B gave G, b.p. 78° (10 nun.); n25u 1.4075;
7.1 g. (90% recovery). Retention time was 14.6 min. Moles 
G/(CF3)2CHF was 192; yield of G was better than 99% ■

1- Heptene (1.95 g., 0.02 mole), 2-iodoperfluoropropane (11.4 
g., 0.03S mole), and ABN (0.03 g., 0.0002 mole) under these con
ditions gave by distillation, G (6.8 g., 86% recovery), and (CF»)»- 
CFI (5.4 g.). G.l.c. analysis showed that (CF3)2CFH (0.12 g., 
2.1% conversion), (! (99% conversion), and no 1-heptene were 
present. Moles of G/(CF3)2CFH was 33.5.

Anal. Calcd. for C10HuF,I: C, 30.5; F, 33.7; H, 3.56; I,
32.2. Found: C, 30.4; F, 33.3; H, 3.8; 1,31.9.

2- en<fo-Iodo-3-e.ro-trifluoromethylnorbomane (J) and 2,2'- 
Bis-(3-iodo-3'-Trifluoromethylnorbomyl).—Iodotrifluoromethane 
(9.8 g., 0.05 mole), norbornene (9.0 g., 0.1 mole), and ABN (1.0 
g., 0.0061 mole) were kept at 80° for 15 hr. while shaking. Frac
tionation gave norbornene (1.65 g.), J (b.p. 87° (20 mm.) or 72° 
(6.0 rum.); ra25t> 1.4851; 10.2 g. (60%)], and 2,2'-bis(3-iodo-3'- 
trifluoromethylnorbornyl) [b.p. 106° (0.3 mm.); n25n 1.5238;
4.2 g. (22%)]. G.l.c. analysis showed that J contained about 
5% of TMSN. The liquid was twice cooled to 5°, filtered from 
solid TMSN and passed over activated alumina. TMSN was 
reduced to 1.6%, but was not completely removed (high carbon 
analysis).

Anal. Calcd. for CgHioF3I: C, 33.12; H, 3.47; F, 19.65; 1,
43.75. Found: C.33.8; H,3.5; F, 19.8; 1,42.7.

Anal. Calcd. for C15H2oF3I: C, 46.9; H, 5.24; 1,33.0; mol. 
wt., 384.2. Found: C, 46.9; H, 5.1; 1,33.8; mol. wt. (ebullo- 
scopic in acetone), 365.

l-Trifluoromethyl-2-iodoheptane (K) and l-Trifluoromethyl-4- 
iodo-8-pentylnonane.—CF3I (9.8 g., 0.05 mole), 1-heptene 
( 10.0 g., 0.1 mole), and ABN (1.0 g., 0.0061 mole) were kept at 
80° while shaking for 15 hr. Distillation in column B gave K, 
b.p. 72° (10 mm.); n25u 1.4398 (9.0 g., 68% yield) and CF3CH2- 
CH[(CH2)4CH3]CH2CHI(CH2)4CH3, b.p. 94-96° (0.25 mm.); 
m25d 1.4597 (4.90 g., 25% yield). G.l.c. analysis of K showed that 
5% of an isomeric substance was present . TMSN was removed 
by filtration and chromatography on alumina. The 2 to 1 telo- 
mer was redistilled in a sublimer cup, b.p. 80° (0.15 mm.).

Anal. Calcd. for CgH,4F3I: C, 32.7; H, 4.8; F, 19.4; I, 
43.1. Found: C, 32.7; H, 4.8; F, 19.7; 1,42.6.

Anal. Calcd. for Ci7H2SF3I: C, 45.9; H, 7.2; F, 14.5; 1,
32.3. Found: C, 46.1 ; H, 7.0; F, 13.9; 1,32.4.

Relative Rates of Reaction of Cyclohexene and 1-Heptene and 
of Norbornene and 1-Heptene with 1-Iodoperfluoropropane.— 
1-Heptene (1.04 g., 10.6 mmoles), cyclohexene (1.00 g., 12.3 
mmoles), 1-iodoperfluoropropane (3.06 g., 10.3 mmoles), and 
AVN9 (0.025 g., 0.1 mmole) were divided among 6 tubes sealed 
in vacuo at —70° and heated at 70 ±  1° in an oil bath for the 
period indicated. The amount of reaction was determined by 
g.l.c. analysis having previously obtained the characteristic re
tention times and weight/area factors. Less than 30% of the 
CF3CF2CF2I was used up in 4 hr. The ratio of H to C and D 
taken from the areas under the curves were at the times given: 
0.25 hr., 14.0; 1.0 hr., 11.5; 2 hr., 10.1; 3 hr., 8.5. The ratios 
reflect the changing reactant composition, and the low over-all 
conversion the retarding effect of the cyclic olefin and its adducts 
on the radical-induced addition.

1-Heptene (0.98 g., 10.0 mmoles), norbornene (0.94 g., 10.0 
mmoles), 1-iodoperfluoropropane (3.32 g., 11.2 mmoles), and 
AVN9(0.025 g., 0.1 mmole) were used as before. Almost complete 
reaction of 1-iodoperfluoropropane resulted. The ratio of H to the 
norbornene adduct1 L taken from the areas under the curves were 
as follows: 0.25 hr., 0.98; 0.5 hr., 1.05; 1.0 hr., 1.05; 2 hr.,
1 15; 3.0 hr., 1.10. Very little discriminaton between olefins 
was observed and no retardation of addition.

1-Iodoperfluoropropane and Cyclopentadiene.—1-Iodoper- 
fluoropropane (29.6 g., 0.1 mole) and freshly distilled cyclopenta
diene (6.6 g., 0.1 mole), kept at —70° (obtained by thermal 
cracking of cyclopentadiene dimer), and ABN (0.2 g., 0.0008

mole) were heated to reflux under nitrogen in a flask fitted with a
— 70° reflux condenser in an oil bath at 73-76° for 20 hr. (inside 
temperature 64-70°). The mixture turned green in color. G.l.c. 
analysis showed that none of the 1-iodoperfluoropropane was 
used up, but that about one-half of the cyclopentadiene was gone. 
Distillation gave 4.5 g. of viscous oil residue, but no volatile ad
ducts.

1-Iodoperfluoropropane (35.2 g., 0.12 mole), cyclopentadiene 
(1.0 g., 0.015 mole), 1-heptene (10.0 g., 0.1 mole), and ABN (0.2 
g., 0.0008 mole) were heated as before for 8 hr. at reflux tempera
ture (52-53°). G. l.c. analysis showed that very little reaction 
had occurred. Distillation gave 27.4 g. of unchanged 1-iodoper
fluoropropane and 8.2 g. of 1-heptene. There was a residue of 2.8 
g. Without cyclopentadiene, these reactants gave in 4 hr. an 
84% conversion to H.

iraas-l-Iodo-2-(perfluorobiityl)cyclopentane (M).— 1-Iodoper- 
fluorobutane (52.0 g., 0.15 mole), cyclopentene (34 g., 0.47 mole) 
and ABN (1.64 g., 0.01 mole) sealed in a heavy wall Pyrex glass 
tube in vacuo were heated at 75-82° for 7.5 hr. The red liquid 
(80.3 g.) was fractionated in column B. Cyclopentene and 1- 
iodoperfluorobutane codistilled, b.p. 36-39°; a25d 1.3929; 48.5 
g. An intermediate cut, b.p. 54-82° (20 mm.), n25o 1.4030, 1.3 
g., and (M), b.p. 86- 88° (21 mm.), n2iu 1,4045, 21.9 g. (38% con
version; about 75%, yield on Rfl) distilled, leaving a hold-up of 
0.95 g. and a residue of 1.1 g. The —70° trap contained 12.2 g. 
of 1-iodoperfluorobutane (total recovered, 24.6 g. from g.l.c. 
analysis). The product fractions were filtered from TMSN at 5° 
and redistilled. G.l.c. analysis (usinga2-in. “R ” column; 150°; 
27 ml./min. of helium) showed one substance (99.2%) at a re
tention time of 10.5 min. The ultraviolet spectrum in CH3OH 
gave X,,,,,* at 263 m^ (« 461.2).

Anal. Calcd. for C9F9HJ: C, 26.1; H, 1.95; I, 30.65. 
Found: C, 26.2; H, 2.0; 1,30.3.

The recovered mixture (48.3 g.) containing 13.6 g. (0.04 mole) 
of 1-iodoperfluorobutane and 35.3 g. (0.52 mole) of cyclopentene 
was placed in a heavy wall Pyrex glass tube as before. After a 
31-hr. exposure to direct sunlight in August (ambient tempera
tures to 35°), the liquid (44.5 g.) was removed from a dark, solid 
deposit, filtered through activated carbon, and distilled. A mix
ture of cyclopentene and 1-iodoperfluorobutane (b.p. 41-45°; 
re25n 1.4013; 21.7 g.) and dark colored liquid M, b.p. 60-65° (10 
to 5 mm.), 11.2 g. (42% conversion), was obtained. Decomposi
tion of material in the pot flask was observed. The trap liquid 
(8.0 g.) was mostly 1-iodoperfluorobutane.

l-(Perfluorobutyl)-l-cyclopentene (N) and 3-(Perfluorobutyl)- 
1-cyclopentene (O).—M (5.0 g., 0.012 mole) and tri-ra-butylamine 
(3.7 g., 0.020 mole) were heated in column B for 1 hr. at 150°, and 
then to 200° while taking off distillate, b.p. 126-130°; re25u 
1.3401; 2.97 g. The column hold-up (0.60 g.) was pulled over by 
reducing the pressure. After washing with 10% hydrochloric 
acid and drying over magnesium sulfate the mixture of N and O 
(3.24 g., 94%) distilled, b.p. 124-126°; ?i25o 1.3386. An in
frared spectrum showed a vinyl stretching band at 3.22 n and 
bands at 8.10 and 10.05 u-

Anal. Calcd. for C9H7F9: C, 37.8; H, 2.5; F, 59.8. Found: 
C, 37.8; H, 2.4; F, 60.2.

G.l.c. analysis (using a 2-m. bis-2-methoxyethyl phthalate 
(20% ) on 60-80 mesh “Chromasorb” column at 65°; 46 ml./min. 
of helium) showed two substances were present; 16.1% at 12.1 
min. retention time and 83.3% at 14.65 min.

The proton n.m.r. spectrum, taken with a Varian Associates 
A-60 spectrometer at 60 Me. with tetramethylsilane internal ref
erence, gave vinyl proton resonances for two different olefins. 
There was a distorted three-fine resonance of one vinyl proton 
(0.18 proton area) centered at —380 c.p.s., two vinyl proton res
onances at -358 and —343 c.p.s. (0.79 and 0.70 proton area)

and a broad proton resonance band of the H—C—Rr at —240 to
— 180 c.p.s. (0.88 proton area). The vinyl proton resonance of 
the A1 olefin was also at lower field than the two vinyl proton 
resonances for the A2 olefin in the related A1 and A2-(perfluoropro- 
pyDcyelohexene isomers.6
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Cydoheptadec-9-en-l-one (I) was converted to oycloheptadeca-l,9-dione (VI) and to 2-bromoeycloliepta- 
deca-l,10-dione (VIII). Dehydrobroniination of the latter which was shown to have a quasi-axial conforma
tion yielded a mixture of a,ß- and /3,7-unsaturated diketones IX and X. The double bond was found to be Irons 
in both IX and X while infrared data indicated that IX existed as an S-cis, S-trans mixture.
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As part of an investigation of the conformation of 
large-ring unsaturated ketones we have studied the de- 
hydrobromination of 2-bromocycloheptadeca-l ,10-dione
(VIII). Synthesis of this substance was effected by a 
straight-forward route (Chart I) involving the addition 
of hypobromous acid to civetone2 (cycloheptadec-9- 
en-l-one)(I) followed by chromic acid oxidation of the 
intermediate bromohydrin (VII). The requisite bromo 
diketone VIII, which was obtained as an oil solidifying 
only below room temperature, was homogeneous on 
thin-layer chromatography (silica gel) and gave the 
proper elemental analysis, while its infrared spectrum

man projection) which places the bromine atom and the 
polymethylene groups attached to the C-3 carbon at 
maximum distance from each other.

Dehydrobroniination of the bromo ketone (VIII) 
with powdered calcium carbonate in boiling dimethyl- 
formamide yielded, in a number of runs, ratios of about 
3:2 to 3:1 of the a,0-unsaturated ketone IX and an 
accompanying by-product which was shown to be 
the /3,7-unsaturated ketone X, as well as significant 
quantities of more polar materials which were not in
vestigated further. The two unsaturated ketones, 
obtained as oils, were readily separable by thin-layer

T a b l e  I

I n f r a r e d  S p e c t r a  o f  C y c l o h e p t a d e c a n e  D e r iv a t iv e s '1 
H

S u b stitu en t C = 0 C = C
1

-cm - C H r - C = 0 - ( C H |) , -

l-Keto 1715
H

1458, 1442 (sh)6 1407 728
1-Keto-A9 (I) 1710 972 1463,1442 1417 722
l-Keto-9-Br-10-0H (VII) 1712 1457,1445 1410 725
1,9-Dike to (VI) 1712 1460,1442 1410 722
2-Br-l,10-diketo (VIII) 1714,1711 1460,1440 1410 725
A2-l,10-Diketo (IX) 1710, 1692, 1667 1625, 985 1465, 1445 1412 725
A3-l,10-Diketo (X) 1712 973 1463,1440 1410 725

« Determined as a liquid film and reported as cm. *. Estimated accuracy of readings ± 2  cm. '. 6 Poorly resolved in 1430-1450-
cm. " 1 region. Ref. 13 reports bands at 1450 and 1438 cm. -1 in carbon tetrachloride.

(Table I) indicated a C—B r/C = 0  angle of about 90° 
(quasi-axial conformation)3 in accord with the findings 
of Leonard and Owens4 in 2-bromocycloalkanones con
taining 11-15 carbon atoms. The least strained con
formation of VIII about C-1,2,3 would appear to be one 
with dihedral angles of 60° and 180° (pictured in New-

(1) Supported in p a rt by G ran t T-185, American Cancer Society.
(2) Purchased from the  Firm enich Co , Geneva, Sw itzerland, and sta ted  

by  the m anufacturer to consist of a m ixture of c i s  and t r i m s  isomers in a 
1: 2 ratio .

(3) In  liquid film and in carbon te trachloride  a  sp lit carbonyl peak with 
maxima a t  1711 and 1714 c m .-1 was observed, the  higher frequency peak 
being assigned to the  a-brom o ketone group. T his small sh ift denotes th a t 
the  C -B r bond possesses little  if any  sj/n-skew character (see ref. 4).

(4' N. J. Leonard and F. H. Owens. J .  A m .  C h e m .  S o e . ,  80, 6039 (1958).

chromatography with the 0,7-isomer being the faste 
moving substance.

The a,0-unsaturated ketone IX gave a satisfactory 
elemental analysis and exhibited the anticipated mass 
number 264 as the principal molecular ion in the mass 
spectrum,6 while catalytic reduction resulted in the up
take of just one mole of hydrogen with the formation 
of cycloheptane-l,9-dione (VI) in high yield. In the 
ultraviolet spectrum, determined in ethanol solution, 
a maximum appeared at 227 m̂ i (e 13,800) which 
was shifted to 220 rri/u in isooctane (c 12,050). A bis- 
semicarbazone was obtained with Amax 230 mp (e 24,400) 
and 263 mp (t 22,500), the higher wave-length maximum 
being due to the a,0-unsaturated semicarbazone moiety6 
while the 230-m/i maximum is clearly due to the satu
rated semicarbazone group.67 The infrared spectrum 
of IX (Fig. 1), which was determined in carbon tetra
chloride solution, showed a strong carbonyl band at

(5) We are grateful to Dr. H. Budzikiewicz and Prof. Carl D jerassi, 
S tanford U niversity , for the m ass spectrom etric analyses.

(6) L. D orfm an, C h e m .  R e v . ,  53, 85 (1953).
(7) The abnorm ally high t a t  230 m u ,  instead  of the expected6 13,GOO- 

14,000, may be a ttr ib u te d  to  the con tribu tion  of the unsatu rated  sem icarba
zone a t  th a t  wave length. T estosterone sem icarbazone, for example, 
(Xmnx 270 m u ,  e 22,700) exhibits an «-value of 7,200 a t  230 m/x-



3 1 0 4 B u r s t e in  a n d  R in g o ld V o l . 28

Chart I

C H = C H

1

0

C H  =  C H  IT

0
II

C

(C H J ,2'8

C H — C H  2 E E

* 1
O H

0
H

c

(C H ,) , (C H ,)t

V J
C H — C
I II

B r  0
v r r r

° \
^ C ^ - ( C H 2)t 

(C H A  3

V /c
C H = C H

L X

0

C H - C H  m

V

c
II

0

(C H 2)7 

2 1

UW ( C H 2)t

(  c ^ °

(CH< ' '
C H = C H

X

c h 2- c h 2

O H

I
0

O H

^  (C H f )T

H O C H  NC H O H
- ( I

(C H 2)5 ^ c h 2

\ h = c h
XL

1714 (saturated ketone), a considerably weaker band 
at 1670 (unsaturated ketone), an intense band at 1624 
of about one-half the area of the 1670 band (C=C 
stretching), and a strong band at 987 cm.-1 character
istic of a Ivans double bond. Neither in film nor in 
carbon disulfide was a band characteristic of a cis 
olefin found, which is in accord with the finding of 
Leonard and Owens4 that in rings of greater than ten 
carbon atoms the Ivans olefin is greatly favored over the 
cis compound.

In the carbonyl region, apart from the bands de
scribed, a weaker but definite band appeared at 
1696 (CCh CHCfi), 1693 (film), and 1692 cm. - 1 (CS2). 
This band does not appear to be due to an impurity 
since all samples of IX as well as a sample of the mono
ketone cycloheptadec-2-en-l-one exhibited a peak 
at this position. It is probable that IX exists as a 
mixture of S-cis and S-lvans isomers and the peak at 
1696 cm.-1 is due to the S-cis conformation while the 
1670 cm.-1 band may be assigned to the S-tvans un
saturated ketone. These two conformations are

The propensity of S-cis unsaturated ketones to rear
range to the /3,7-unsatu rated isomers has been noted 
by Noack and Jones8 and would account for the pres
ence of significant quantities of X in the crude dehy- 
drobromination mixture. However, it must be noted 
that the extinction coefficient of IX in the ultraviolet 
(e 13,800) is unusually high9 if a significant portion of 
compound is present in an S-cis configuration. Ad
ditional support for the presence of S-cis isomer comes 
from the pronounced intensity of the C=C  stretching 
frequency band at 1624 cm.-1 in the infrared, which is 
consistent10 for an S-cis and not for an S-lvans ketone. 
The C =C  stretching frequency band for the S-tvans 
compound may be concealed beneath this 1624 cm. - 1 
band, or a shoulder appearing at about 1640 cm. - 1 
may be due to the S-lvar,is compound. The possibility 
cannot be excluded, however, that the 1696-cm.-1 peak 
is not, in fact, a carbonyl band and is instead a combi
nation band or a Fermi resonance band due to the ab
sorption at 987 and 726 cm.-1.11

The principal features of interest in the n.m.r. spec-

0

X0

(CH,)n T  (CH.

H <CH,)n

5 “ Cis I - I ro n s

a ,/? -  u n sa tu ra ted ketone (EC)

0  h
(CH,>n

(8) K. Noack and R. N. Jones, C a n .  J .  C h e m . ,  39, 2225 (1961).
(9) T he extinction  coefficient of S - c i s  a ,0 -unsa tu ra ted  ketones is reported 

to range between 4700-7200; R. B. T urner, I). M. Voitle, ./. A m .  C h e m .  

S o c . ,  73, 1403 (1951), and references therein.
(10) R. L. Erskine and E. S. W aight, J .  C h e m .  S o c . ,  3425 (1960); K. 

Noack and R. N. Jones, C a n .  J .  C h e m . ,  39. 2201 (1961).
(11) The broad band appearing a t  725 c m .-1 was also found in cyclo- 

heptadecanone and in cycloheptadecane-l,9-dione and m ay be a ttrib u ted  
to a rocking mode of the (C H 2)» groups.
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trum of IX (Fig. 2) were the vinylic proton peaks, 
the C-2 proton appearing as a doublet at 357 and 372.5 
c.p.s., while the C-3 proton appeared as a sextet spaced 
between 393 and 422.5 c.p.s.12 13 The coupling constant 
of the doublet, ./ = 15.5 c.p.s., is the order that would 
be expected for a pair of trans protons.

The/3,7-unsaturated diketone X, which had no strong 
selective absorption in the ultraviolet, exhibited in the 
infrared a single intense carbonyl band at 1718 cm. ' 1 
(CCU) and a band at 971 cm.-1 characteristic of a trans 
olefin (Fig. 1). As in the case of IX no evidence was 
found for the presence of a cis olefin. Both the a,/3- 
and /3,7-isomers showed a band at 1410 cm.-1 due to 
the methylene groups adjacent to the carbonyl func
tions13 with the more pronounced peak being present 
in the spectrum of X. Although a satisfactory ele
mental analysis could not be obtained for X, a crystal
line bissemicarbazone with correct analysis was pre
pared. The derivative had only a single maximum at 
229 niM (e 20,800) which demonstrated that the double 
bond had not conjugated. Catalytic reduction of X 
gave an almost quantitative yield of cycloheptadeca-
1,9-dione which established that no skeletal rearrange
ment had occurred during dehydrobromination and 
left the /3,7-structure as the only reasonable one. The
n.m.r. spectrum (Fig. 3), which was confirmatory for 
this structure, exhibited the olefinic protons as a series 
of at least six lines centered at 313 c.p.s. with the outer 
peaks separated by 10 c.p.s. The doubly activated 
methylenic protons appeared as a doublet (containing 
additional unresolved fine structure) at 171 and 176 
c.p.s. while broad absorption centered at 137.5 c.p.s. 
is attributed to the balance of methylene groups adja
cent to the carbonyl functions. Base-catalyzed ex
change carried out in methanol-ah supported these 
assignments since the peaks in the 171-176-c.p.s. region 
disappeared the most rapidly, as would be expected 
for the doubly activated methylene position, followed 
then by diminution of absorption in the 137 c.p.s. 
region. The deuterated material was reisolated after 
sixteen hours of deuterium exchange and showed, in 
the infrared, complete disappearance of the afore
mentioned a-methylene absorption at 1410 cm.-1 and 
appearance of the anticipated C -D bands in the 2000- 
2200-cm.-1 region. The /3,7-isomer X is schematically 
depicted with no conformational implications since it 
is not known whether or not the carbonyl and double 
bond are coplanar.

The mass spectrum5 of X was anomolous. In two 
different analyses the compound demonstrated a 
molecular ion peak at the anticipated position of mass 
264, but the major peak appeared at mass 250 in one 
run and at 262 in the second run. Since in each case 
the samples were stored in glass for approximately one 
month prior to the mass spectral determination it is 
not known whether chemical modification occurred on 
storage or if the differences are due to some variation in 
analytical procedure. For additional mass spectral 
investigation, X was reduced with lithium aluminum 
hydride to the unsaturated diol XI which exhibited

(12) We wish to  thank  M r. Thom as W itts truck  for the  n.m .r. determ ina
tions which were carried ou t in deuteriochloroform  solution with te tra - 
m ethylsilane as internal s tandard , utilizing a V arian 4302 60 M e./sec. spec
trom eter. Peak positions are reported  in c.p.s. downfield from the standard .

(13) G. Chiurdoglu. Th. D oehard. and B. Tursch, B u l l .  s o c .  c h i m .  F r a n c e .  

1322 (1960).

Fig. 1.—The infrared spectrum of A, cydoheptadec-2-ene- 
1,10-dione (IX); and B, cycloheptadec-3-ene-l,10-dione (X) 
determined in carbon tetrachloride.

a principal mass peak at 250. The loss of mass 18 is 
almost certainly due to the elimination of water, a 
behavior not unexpected for a /3,7-unsaturated alcohol.

The partial conversion of IX to X was readily demon
strable by treating the a,/3-unsaturated ketone with 
calcium carbonate in dimethylformamide or by stirring 
an ether or benzene solution of the substance with 
alkaline alumina. The a,/3-unsaturated ketone re
mained the predominant isomer in each case but be
cause of low recovery due to the formation of polar 
by-products it is not possible to state whether or not 
this is a reflection of the true stability of the two isomers. 
It was also possible to effect the partial conversion of 
the /3,7-unsaturated to the a,/3-unsaturated isomer under 
identical conditions but with extremely low product 
recovery.

It would appear to be pertinent to comment on the 
structure of the large-ring a,/3-unsaturated monoke
tones (Cio to Cw) which have been reported4 to exhibit 
unusually low «-values in the ultraviolet and whose 
infrared spectra indicate the presence of both satu-
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Fig. 3.—N.m.r. spectrum12 of cycloheptadec-3-ene-l,10-dione 
(X) determined in deuteriochloroform (c.p.s.).

rated and unsaturated carbonyl functions, while semi- 
carbazones derived from these substances possess ultra
violet spectral maxima characteristic of saturated 
rather than unsaturated carbonyl derivatives. These 
results, which have been explained4 on the basis of 
steric inhibition of resonance, are probably due to a 
preponderance of /3,7-unsaturated isomer in the 
unsaturated ketone mixture.

The synthesis of cycloheptadeca-l,i)-dione (VI) and 
an unsuccessful attempt to prepare the requisite bromo 
diketone VIII via this compound are also briefly docu
mented (Chart I). Civetone (I) was converted by 
conventional means to the cycloethylene ketal14 15 
II which on treatment with monoperphthalic acid gave 
the 9,10-oxido ketal III. Reduction of III with lith
ium aluminum hydride in ether solution produced the 
hydroxyketal IV, and acid hydrolysis of the ketal 
moiety yielded the ketol V as a d,/-pair. It should be 
noted that attack of hydride on the oxide at either C-9 
or C-10 yields the same compound. Chromic acid 
oxidation of the ketol gave cycloheptadeeane-1,9- 
dione (VI) as a crystalline solid.16 17 Attempts to mono- 
brominate VI led invariably to polyhalogenated sub
stances.

Experimental16
l-Ethylenedioxycycloheptadec-9-ene (II).—A sample of cive- 

tone3 (I) (10.0 g.) was dissolved in benzene (200 ml.) containing 
ethylene glycol (20.0 ml.) and p-toluenesulfonie acid (200 mg.), 
and the solution was boiled for 20 hr. with continuous separation 
of water. The cooled solution, after washing with dilute bicar
bonate and water, was' taken to dryness, leaving a crystalline 
residue of II, m.p. 36-41 °n; yield, 12.0 g .; no carbonyl absorption 
in the infrared.

l-Ethylendioxy-9-hydroxycycloheptadecane (IV).—The ketal 
from the foregoing procedure (11.!) g.) in ether (100 ml.) at 0° 
was treated with a cold solution of monoperphthalic acid (2

(14) M. Stoll, ,1. H ulstkarnp, and A. Rouve, H e i r .  C h i m .  A c t a ,  31, .543 
(1948).

(15) M. Stoll. M. Hinder, and  L. Ruzicka, i b i d . ,  31, 1176 (1948), reported 
YTI as a liquid.

(16) M elting poin ts are uncorrected. We are very grateful to Mr. 
Neville Bacon for infrared determ inations which were carried out on a 
Beckm an IR-7 with Rausch and Lomb replica grating .

(17) L i t .14 m .p. of c i s  isomer. 19—21°; t r a n s  isomer, 49—50°.

equiv.) in ether (300 ml.), and the mixture was stored in a refrig
erator for 25 hr. Titration indicated the uptake of 1 equiv. of 
peracid. The solution was washed with sodium bicarbonate 
solution, then water, and dried over sodium sulfate. Evapora
tion gave l-ethylenedioxy-9,10-oxidocycloheptadecane (III) 
(12.5 g.) as an oil solidifying below room temperature. Without 
purification, III was taken up in dry ether (100 ml.) and added to 
a suspension of lithium aluminum hydride (5.0 g.) in ether (200 
ml.). The mixture was boiled for 7 hr. and then allowed to stand 
for 16 hr. at room temperature. Saturated sodium sulfate solu
tion was cautiously added dropwise until solid adhered to the 
sides of the reaction vessel, and then solid sodium sulfate was 
added. The ether solution was decanted, the residue was 
thoroughly washed with ether, and the combined solutions were 
evaporated yielding 11.5 g. of IV, m.p. 50-52°. An analytical 
sample was obtained by recrystallization from pentane, m.p.
51-52°.

Anal. Calcd. for C19H350 3: C, 73.03; H, 11.61. Found: 
C, 73.30; H, 11.71.

9-Hydroxycycloheptadecanone (V).—The hydroxyketal IV 
(2.0 g.) was allowed to stand in a mixture of acetone (30 ml.), 
water (2.0 ml.), and 10% hydrochloric acid (1.0 ml.) for 5 hr. at 
room temperature. Dilution with water and ether extraction 
gave V, 1.28 g., m.p. 76-77°. The melting point was unchanged 
on further crystallization from pentane.

Anal. Calcd. for C17H32O2: C, 76.06; H, 12.02. Found: 
C, 76.20; H, 12.12.

Cycloheptadecane-1,9-dione (VI).—A solution of V (0.2 g.) in 
5 ml. of acetone (previously distilled from potassium permanga
nate) was cooled in an ice bath and treated dropwise with Jones’ 
reagent18 (8 .V chromic acid in sulfuric acid) until the color of the 
reagent persisted. The mixture was allowed to stand at 0° for 5 
min. before the addition of water and isolation of product by 
ether extraction; yield, 0.18 g., m.p. 62-64°. Crystallization 
from aqueous acetone gave the analytical sample of .VI, m.p.
63-65°.16 The infrared bands of interest are listed in Table I 
(see p. 3103).

Anal. Calcd. for CnH3„02: C, 76.64; H, 11.35. Found: 
C, 76.46; H, 11.37.

9-Bromo-10-hydroxycycloheptadecanone (VII).—Civetone 
(0.25 g.) was dissolved in a mixture of purified dioxane (3.0 ml.) 
and dilute perchloric acid (0.4 ml., 0.5 N). N-Bromoacetamide 
(0.18 g.) was added in one portion, and the resulting clear solu
tion was left for 1.5 hr. at room temperature. The excess X- 
bromo reagent was destroyed by the addition of dilute sodium 
bisulfite and the product isolated by ether extraction. The ex
tract was washed with water, dried over sodium sulfate, and 
evaporated leaving the bromohydrin ( t i l )  as a colorless oil; 
yield, 0.3 g. The analytical sample, obtained as an oil, was pre
pared by chromatography on a silica gel thin-layer plate utilizing 
97% benzene-3% ethyl acetate as solvent. Apart from the in
frared bands listed in Table I, hydroxyl absorption was seen at 
3540 cm. -1 (film).

Anal. Calcd. for CnllaiBrCb: C, 58.79; H, 9.00. Found: 
C, 59.01; 11,8.82.

2-Bromocycloheptadeca-l,10-dione (VIII).—Crude bromo
hydrin (VII) (0.3 g.) was dissolved in acetone (15 ml.) and treated 
with 0.8 ml. of Jones’ reagent.18 After 5-min. reaction at room 
temperature a few drops of methanol were added to destroy the 
excess chromic acid, and the mixture was diluted with water. 
The bromo diketone was extracted with ether, and the extract 
was washed, dried, and evaporated in vacuo, leaving 0.24 g. of 
\ HI as an oil which crystallized only upon cooling below room 
temperature. The material was essentially homogeneous on 
thin-layer chromatography with 97% benzene-3% ethyl acetate 
as solvent. An analytical specimen was obtained as an oil by 
column chromatography on silica gel with benzene as the eluting 
solvent: ultraviolet, X™,3011 299 mg; infrared, see Table I;
n.m.r., quartet centered at 243 c.p.s.12 due to coupling of the C-2 
proton with the two protons at C-3. A first-order analysis indi
cates coupling constants of J = 8.7 and 6.2 c.p.s.

Anal. Calcd. for Civil,,,BrO-,: C, 59.13; H, 8.47. Found: 
C, 59.38; H, 8.61.

Cycloheptadec-2-ene-l ,10-dione (IX).—The bromo diketone 
\  III (0.3 g.) was heated for 6 hr. in a boiling, stirred mixture of 
finely powdered calcium carbonate (0.4 g.) and dimethylform- 
amide (10 ml.). The cooled mixture was filtered and, after the

(18) A. Rowers, T. G. Halsall, E. R. H. Jones, a nd A. J. Lemin, ./. Chem .
Soc., 2548 (1953).
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addition of water to the filtrate, the dehydrobromination products 
were extracted with ether. The washed and dried ether solution 
was taken to dryness leaving a yellow' oil which was purified by 
chromatography on silica gel plates19 with 18% ethyl acetate- 
82 % benzene as developing* solvent. Apart from traces of 
starting bromo compound and polar material remaining at the 
origin, two major zones were detected. The more polar zone, 
which had moved about 50% of the length of the plate, was 
eluted with ether yielding 90 mg. of a,/3-unsaturated diketone IX 
as an oil. Rechromatography in the same system gave an analy
tical specimen: X^°H 227 m/i (e 13,800); 220 m/z (e 12,050);
mass spectrum, principal peak 264. The infrared spectrum 
peaks are shown in Fig. 1 and Table I, W'hile the n.m.r. spectrum 
is shown in Fig. 2.

Anal. Calcd. for CitH isO,: C, 77.22; H, 10.67. Found: 
C, 77.05; H, 10.41.

A bissemicarbazone of IX was prepared by treatment with 
excess semicarbazide hydrochloride in aqueous alcohol containing 
sodium acetate. The semicarbazone, after recrystallization from 
methanol-water melted at 225° dec.; X.',%H 230 mg (« 24,400) 
and 263 mg (e 22,500).

Anal. Calcd. for C19H,4N60 2: C, 60.29; H, 9.05; X, 22.20. 
Found: C, 60.54; H, 9.19; N, 21.16.

Cycloheptadec-3-ene-l ,10-dione (X).—The less polar zone from 
the dehydrobromination of VIII had moved about 60%, of the 
length of the silica gel plate. Elution of this zone with ether gave 
65 mg. of the /3,7-unsaturated ketone X as an oil which showed no 
strong selective absorption in the ultraviolet. The infrared 
spectrum peaks are shown in Fig. 1 and Table I and the n.m.r. 
spectrum in Fig. 3. The mass spectral determination is noted in 
the discussion section. A satisfactory elemental analysis could 
not be obtained with carbon values consistently running about 
2% low.

A bissemicarbazone of X, prepared as described under IX, 
underwent gradual decomposition when heated above 250° and 
exhibited X“ “  229 mg (« 20,800).

Anal. Calcd. for ClsH34N60 2: C, 60.29; H, 9.05; N, 22.20. 
Found: C, 59.80; H, 9.44; N, 22.03.

Equilibration of IX and X. A.—A solution of a,/3-unsaturated 
ketone IX (45 mg.) in dimethylformamide (3 ml.) v'as treated 
with calcium carbonate (0.1 g.) and boiled for 5 hr. Conventional 
work-up and thin-layer chromatography yielded 6.2 mg. of /3,7-un
saturated compound X and 25 mg. of IX.
‘ B.—A solution of 25 mg. of IX in 5 ml. of benzene was stirred 
for 25 hr. with 0.25 g. of Woelm alumina, activity grade I. 
Removal of alumina, followed by thin-layer chromatography 
gave 4.0 mg. of X and 7.1 mg. of IX.

C.—The equilibration of a small sample of /3,7-unsaturated

(19) For spotting, the silica gel layer was 0.25 mm. thick, while for pre
parative purposes a 1-mm. layer wras utilized.

isomer X as described in B led to the formation of the a,/3-unsat- 
urated isomer whith was characterized by thin-layer chromatog
raphy and by' infrared spectrum. While quantitative data was 
not obtained, the two isomers appeared to be present in about 
equal quantities but recovery was extremely low.

Reduction of IX to Cycloheptadecane-1,9-dione (VI).—The 
reduction of 24 mg. of IX was carried out in 2 ml. of absolute 
ethanol over 25 mg. of 5%, palladium-on-barium sulfate at 20 
p.s.i. and 25°. After 2 hr. the catalyst was removed and washed 
with acetone, and the combined solutions were treated with 
water to the point of turbidity. Chilling afforded 15 mg. of VI, 
m.p. 63-65°,5 which was identical in all respects with the sample 
prepared by the oxidation of V.

Reduction of X to Cycloheptadecane-1,9-dione.—The catalytic 
reduction of 20 mg. of X carried out exactly as described in the 
preceding section, gave 11 mg. of VI, m.p. 64-65°, whose in
frared spectrum chromatographic behavior and mass spectral 
pattern were identical with an authentic sample. The crystal
line, but low melting mother liquors, were shown by chromatog
raphy and mass spectrum to consist almost exclusively of VI 
with only small amounts of impurities.

Cycloheptadec-3-ene-l,10-diol (XI).—A solution of 24 mg. of 
cycloheptadec-3-ene-l,9-dione (X) in 5 ml. of dry ether was 
added to 25 mg. of lithium aluminum hydride in 5 ml. of ether, 
and the mixture was stirred for 1 hr. at room temperature. The 
work-up was carried out with sodium sulfate as described under 
the preparation of IV. Crystallization of the residue from pent
ane yielded 20 mg. of the crystalline diol, m.p. 73-75°, 3 70
(OH), 989 c m r1 (HC=CH). Although XI is undoubtedly a 
mixture of 1,10-as and -trans diols, only one spot appeared on 
thin-layer chromatography. An analytical specimen, from 
pentane, melted at 78° and exhibited the main peak in the mass 
spectrum at 250.

Anal. Calcd. for CnH.eOu C, 76.06; H, 12.02. Found: 
C, 75.67; H, 11.96.

Deuterium Exchange of X.—A 25-mg. sample of X was dis
solved in 0.25 ml. <4 methanol-d, and the n.m.r. spectrum traced 
in the conventional manner and also scanned on an oscilloscope. 
The C-2 methydene group appeared in the 175-e.p.s.2 region 
while the balance of methylene groups adjacent to ketonie func
tions appeared in the 135-c.p.s. region. A drop of sodium deu- 
teriomethoxide solution was added and the spectrum followed on 
the oscilloscope. Exchange was seen to occur most rapidly' in 
the 175-e.p.s. region while protons in the 135-c.p.s. region ex
changed more slowly. Partial isomerization to the a,/3-unsatu- 
rated ketone was seen to be a much slower process. After 
standing for 16 hr. the deuterated X was reisolated by thin-layer 
chromatography. The infrared (film) demonstrated complete 
disappearance of the 1410-cm.“1 hand (CH2—C = 0), saturated 
carbonyl absorption at 1700 cm.“1 and trans double bond absorp
tion at 975 cm.“1.
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A lk ylation s o f  P h en y la cetic  Esters w ith  H alides by M eans o f S od iu m  A m ide  
in  L iquid A m m on ia . C om parisons wi th A lk ylation s o f P h en y lacetic  A cid la
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Ethyl phenylacetate was alkylated with alkyl and aralkyl halides through the sodio ester, which was pre
pared by means of sodium amide in liquid ammonia. The methyl, n-butyl, benzyl, and the a- and /3-phenyl- 
ethyl derivatives were obtained in high yields but the a,(3-diphenylethyl derivative was produced in only fair 
yield along with stilbene. Similarly, i-butyl phenylacetate was alkylated with representative halides through the 
sodio ester. The a-phenylethylation of both the ethyl and i-butyl phenylacetates afforded largely the corre
sponding erythro isomers. Evidence was obtained that the latter alkylation is stereospecific. The alkylated 
ethyl and i-butyl phenylacetates were hydrolyzed by alkali and acid, respectively. The present method of 
alkylation appears preferable to earlier methods for the synthesis of alkylated phenylacetic esters and, also, for 
the preparation of certain of the corresponding carboxylic acids. Alkylations of the sodio esters are compared 
with those of disodiophenvlacetate, which has a greater tendency to effect side reactions with certain of the 
halides. In contrast to sodio ethyl phenylacetate, disodiophenvlacetate reacted with /3-phenylethvl bromide to
give mainly styrene.

A number of alkylations of ethyl phenylacetate have 
previously been effected with alkyl halides by means of 
basic reagents, but the yields generally have not been 
very satisfactory.1 2 Three of the best yields have been 
35% with ethyl bromide by potassium in ether,2 38% 
with benzyl chloride by potassium hydroxide in certain 
acetals or ethers,2 and 45% with /(-butyl bromide by 
sodium in ether and toluene.3

In the present investigation alkylations of this ester 
were accomplished in much better yields by means of 
sodium amide in liquid ammonia (equation 1).

NaN'Hz Na R X
C6H5CH2COOC2H6 —— CsHoCHCOOCdE — >■

liq. N H 3 X
R
1

C6H6CHCOOC2H6 (1) 
II

As indicated, ethyl phenylacetate was converted to its 
sodio derivative I with a molecular equivalent each of 
the reagent and of the halide.

The results are summarized in Table I. Alkylations 
with the first six halides listed in this table afforded the 
corresponding monoalkylation products II in good to 
excellent yields (69-91%). The liquid products were 
shown by v.p.c. to be essentially pure, though that from 
methyl iodide evidently contained a trace of the cor
responding dimethylation derivative. The alkylation 
products II generally afforded good to excellent yields 
on saponification (see Experimental).

The a-phenylethylation was of particular interest 
since the formation of diasteroisomers of II (R = a- 
phenylethyl) was possible. Actually only one isomer 
was isolated, its yield being 70%. On the basis of the 
corresponding results with /-butyl phenylacetate de
scribed later, this isomer may be assumed to have the 
erythro configuration. Saponification of this isomer 
evidently brought about some epimerization, since both 
the erythro and threo acids were obtained.

Although the alkylation of sodio ester I with 13- 
phenylethyl bromide was unaccompanied by ap] re-

(1) (a) Supported in part by the N ational Science Foundation; (b) 
Union C arbide and C arbon Chem icals Co. Fellow, 1961-1963.

(2) See A. C. Cope. H. L. Holmes, and H. O. House, O r g .  R e a c t i o n s ,  9, 
284 (19.57).

(3) A. L. M ndzhoyan, O. L. M ndzhoyan, E. II. Bagdasaryan, and V. 
A. M natsakanyan , D o k l .  A k a d .  X a u k  A r m .  S S R ,  30, 97 (1960); C h e m .

A b s t r . ,  55, 3508/1 (1961).

ciable ^-elimination (see Table I), that of I with a,/3- 
diphenylethyl chloride was accompanied by con
siderable /3-elimination to form stilbene (Scheme A).

S c h e m e  A
C6H6

Na
C6H6CHCOOC2Hs +  C6H5CH2CHC1

liq. NH3
alkylation /¡-elimination

I I
t  4

II (R = C,/3-d!- C6H5CH=CHC6H-,
phenylethyl)

This experiment afforded the erythro isomer of II 
and stilbene in yields of 32 and 39%, respectively. 
Also, an oil was obtained that appeared to consist of 
alkylation product (15%). Saponification of the pure 
erythro isomer, as well as that of the oil, yielded a 
mixture of the erythro and threo acids.

Similarly /-butyl phenylacetate was alkylated through 
its sodio intermediate III to form IV in yields of 72- 
93% (Table II). Acid-catalyzed hydrolysis of the 
alkylation products IV afforded good to excellent 
yields of the corresponding carboxylic acids (see Ex
perimental).

R
Na I

C6H5CHCOOC(CHa), (MLCHCOOCfCIRh (2 ) 
III IV

Like the sodio ethyl ester I, the sodio /-butyl ester III 
underwent a-phenylethylation to form largely (72- 
73%) one of the two possible diastereoisomers which, in 
this case, was shown to have the erythro configuration. 
This was accomplished by acid-catalyzed hydrolysis, 
which occurred without epimerization to form the cor
responding erythro carboxylic acid (equation 3).
C6H6CHCH3 h c i  CeHsCHCHs

i ---- ! (3)CetLCHCOOC/CHah dioxane (VHoCHCOOH
erythro erythro

Actually the yield of the erythro alkylated ester IV 
(R = a-phenylethyl) must have been at least 80%, 
since treatment of the crude product4 with p-toluene-

(4) An a ttem p ted  analysis of the crude este r product by  v.p.c. was un
successful, since pure e r y t h r o  ester, as well as the pure t h r e o  ester, underw ent 
epim erization under these conditions.
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T a b l e  I

A l k y l a t io n s  o f  E t h y l  P h e n y l a c e t a t e  w i t h  H a l id e s  b y  S o d iu m  A m id e  in  L iq u id  A m m o n ia  t o  F o r m  E s t e r s  I I  ( S e e  E q u a t io n  1)

Halide
Moles of each 

reactant Time, hr Ethyl esters II Yield. %
-— B.p. (mm) or 

Found
m.p., °C .-------------- »

Literature
Methyl iodide 0.1“ 0.5 2-Phenylpropanoate 695 115-118(19) 229-230 (atm.)'
«-Butyl bromide 0.2 1 2-Phenylhexanoate 91 76-77(0.1) 1 1 4- 119 (4 )d
Benzyl chloride 0.1 1 2,3-Diphenylpropanoate 85 115-116.5(0.13) 325 (atm.)'
Benzhydryl chloride 0.1 6 2,3,3-Diphenylpropanoate 76 ' 122-123 120"
«-Phenylethyl chloride 0.05 2 2,3-1 liphenylbutanoate 70* 88-89.5 91-92’
/9-Phenylethyl bromide 0.05 10 2,4- Diphenylbu t anoate 87' 113-114(0.05)
a,j3-1 Jiphenylethyl chloride 0.05 12 2,3,4-Triphenylbutanoate 32* 90-92 91.5-92.5'

" A 10% excess (0.11 mole) of sodium amide was used. h Purity (v.p.e.) 97% (see Experimental). c W. Wislicenus and It. v. Schriit- 
ter, Ann., 424, 215 (1021). d Ref. 3. ' A. Meyer, Her., 21, 1306 (1888). 1 A 50% yield was obtained in 2 hr. a E. P. Kohler and G.
Heritage, .1 m. Chem. J ., 33, 153 (1905). * Presumably the erythro isomer. * W. It. Brasen and C. It. Hauser, ./. Am. ('hem. Soc., 79,
395 (1957). j A low yield was obtained when the chloride was used (see Experimental). “ erythro isomer. Stilbene (39%) was also 
obtained (see Experimental). 1 Ref. 20.

T a b l e  I I

A l k y l a t io n s  o f  î- B u t y l  P h e n y l a c e t a t e  w i t h  H a l id e s  b y  S o d iu m  A m id e  in  L iq u id  A m m o n ia  t o  F o r m  E s t e r s  IV ( S e e  E q u a t io n  2)
-I-Butyl Esters IV o-

Halide
Moles of 

each reac tan t
Time,

hr.
Yield,

%
B.p. (mm.) 
or m .p., °C. Formula Caled.

-C--------- .
Found Caled.

H------------- -
Found

n-Butyl bromide 0.1 i 86 93(1.0) C16H24O2 77.37 77.15 9.74 9.72
Benzyl chloride 0.1 i 93 38.5 (-40)* C19H22O2 80.81 81.13 7.86 7.80
Benzhydryl chloride 0.05 6 78c 127—128d C25H26O2 83.76 83.97 7.31 7.34
a-Phenylethyl chloride 0.08 0.25 72-73' 136-136 5J C20H24O2 81.04 81.29 8.16 8.28

" See Table I for names of the acid portions of the esters. h Itecrystallized from methanol-water. '  A 52%, yield was obtained in 
2 hr. d Recrystallized from 95% ethanol. e erythro isomer. f  Recrystallized from methanol.

sulfonic acid in refluxing toluene afforded the erythro 
acid in this yield based on the starting ester or halide. 
Also there was obtained a mixture of the erythro and 
threo acids (11%) and the pure threo acid (1%).

Interestingly, the a-phenylethylation of sodio t- 
butyl phenylacetate (III), and presumably also that 
of sodio ethyl phenylacetate (I), appears to be stereo
specific. Thus, blank experiments involving treat
ment of the threo isomer of IV (R = a-phenylethyl) 
with the starting sodio ester III or sodium amide failed 
to afford an isolable amount of the erythro isomer (see 
Experimental). The threo isomer of IV employed in 
these blank experiments was obtained by treating the 
erythro isomer with a catalytic amount of potassium 
amide in ether, and then separating the resulting mix
ture of the erythro and threo isomers.

A possible explanation of the predominant formation 
of the erythro isomer is that the a-phenylethylation, 
which presumably involves the Sx2 type of mechanism, 
has a more favorable transition state leading to this 
isomer than that leading to the threo isomer. The 
transition states may be assumed to have configurations 
similar to those of the alkylation products as repre
sented by Va and Vb for the erythro and threo isomers, 
respectively (R = C2H5, C(CH3)S).

Va ( e r y t h r o )  Vb (threo)

The present method of alkylation of phenylacetic 
esters by means of sodium amide in liquid ammonia 
appears superior to earlier methods. Thus, our yields

of n-butylation and benzylation products of ethyl 
phenylacetate (see Table I) were twice the best of 
those reported previously (see introduction).

Incidentally, i-butyl acetate5 and triethylcarbinyl 
diethylacetate6 previously have been alkylated satis
factorily with halides in liquid ammonia by means of 
lithium amide and potassium amide, respectively.

Comparison with Alkylations of Phenylacetic Acid.— 
The alkylations of phenylacetic esters described above 
compliment earlier alkylations of phenylacetic acid by 
means of two molecular equivalents of sodium amide in 
liquid ammonia (equation 4).7-9

2NaNHî Na
CgHsCH2CO()H------->• CeHsCHCOONa

liq. N H i
VI

1. RX 
 >-
2. acid

R
I

C6HäCHC()()H (4) 
VII

Alkylations of disodio salt VI with n-butyl bromide, 
and benzyl and a-phenylethyl chlorides have afforded 
VII in yields of 65-88%, which are comparable to those 
(70-93%) of II and IV obtained in corresponding al
kylations of sodio esters I and III (see Tables I and II). 
Moreover, like the a-phenylethylation of sodio ester 
III, that of disodio acid VI is evidently stereospecific 
to form largely the corresponding erythro isomer of VII8; 
in fact, the yield of this isomer is about the same (80%) 
as that obtained in the a-phenylethylation of the sodio 
ester III followed by hydrolysis (see preceeding sec
tion) .

However, alkylations of disodio salt VI with benzhy- 
dryl, /3-phenylethyl, and a,/3-diphenylethyl halides

(5) K. Sisido, Y. K azam a, H. K odam a, and H. Nozaki, J .  A m .  C h e m .  

S o c . ,  81, 5817 (1959).
(6) C. R. H auser and W. J . Cham bers, i b i d . ,  78, 3837 (1956).
(7) C. R. H auser and W. J. C ham bers, i b i d . ,  78, 4942 (1956).
(8) C. R. Hauser, D. Lednicer, and W. R. Brasen, i b i d . ,  80, 4345 (1958).
(9) R. B. M eyer and C. R. H auser, J . O r g .  C h e m . ,  26, 3696 (10*61).
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have not been as satisfactory as those of sodio ester I 
or III with these halides. This is because the dianion 
VI, which is presumably a stronger base than the mono
anion of I or III, effects side reactions involving the a- 
hydrogen of the first halide and the /3-hydrogen 0f the 
second and third halides as described subsequently.

The reaction of disodio salt VI with benzhydryl 
chloride has been shown to form not only the cor
responding alkylation product VII (51%) but also 
tetraphenylethylene (39%).7 The latter product arose 
through self-alkylation of the halide, followed by /3- 
elimination.10 None of this side reaction was ob
served in the alkylation of sodio ester I or III with 
benzhydryl chloride, in which the corresponding alkyla
tion product II or IV was obtained in yields of 76-78% 
(see Tables I and II).11

The reaction of disodio salt VI with /3-phenylethyl 
chloride has afforded the corresponding alkylation 
product VII in only 45% yield,9 compared to the 87% 
yield of alkylation product II from sodio ester I and 
/3-phenylethyl bromide12 (see Table I). We have ob
served that alkylation of disodio salt VI with /3-phenyl
ethyl chloride is accompanied by /3-elimination to form 
styrene, and that relatively more S-elimination occurs 
with the bromide (Scheme B).

S c h e m e  B
VI +  C6H.,CH2CH,X

alkylation
liq. N H j

/¡-elimination

r
VII (R = CH2CH,C6H5) 
X = Cl, yield 39-45%
X = Br, yield <11%

“7
c6h 6c h = c h 2
X = Cl, yield 13% 
X = Br, yield 67%

The reaction of disodio salt VI with a,/3-diphenyl- 
ethyl chloride has afforded none of the corresponding 
alkylation product VII; instead /3-elimination occurred 
to form stilbene (75% ).13 Even sodio ester I under
goes considerable /3-elimination with this halide, though 
the corresponding alkylation product II was obtained 
in fair yield (see Table I).

It should be pointed out that benzhydrylation and 
/3-phenylethylation of sodio ester I or III, followed by 
hydrolysis, has afforded better over-all yields of the cor
responding phenylacetic acid derivatives VII than the 
direct alkylation of disodio salt VI.

Although the alkyl derivatives of phenylacetic acid 
VII would generally be prepared by direct alkylation 
of disodiophenylacetate VI or through the sodio ester 
I or III (see preeeeding section), the method of choice 
for acid VII where R is <*,/3-diphenylethyl involves the 
alkylation of sodiophenylacetonitrile with a,/3-diphenyl- 
ethyl chloride, followed by hydrolysis.14 Actually, 
hydrolysis of the alkylated nitrile with acid and alkali

(10) See C. R. Hauser, W. R.. Brasen, P. S. Skell, S. W. K antor, and  A. 
E. Brodhag, J .  A m .  C h e m .  S o c . ,  78, 1653 (1956).

(11) Sodio este r I underw ent a lky lation  with benzhydryl brom ide in abou t 
the sam e yield as with the chloride under sim ilar conditions (2 hr., footnote 
/, Table I) . N either te traphenylethylene nor te traphenylethane  was de
tected  by  v.p.c. T he la tte r  hydrocarbon (39% ) has been obtained along 
with the alkylation  p roduct (21% ) in the  reaction of disodio salt VI with 
benzhydryl brom ide; ref. 7, footnote 7.

(12) /S-Phenylethyl chloride afforded, under sim ilar conditions (see Table 
I), only a 48%  yield of a lky lation  p roduct as determ ined by  v.p.c. A trace 
of s ty rene  was also detected.

(13) C. R. Hauser, C. F. Hauser, and P. J. H am rick, J r., J .  O r g .  C h e m . ,  
23, 1713 (1958).

(14) D. Lednicer and C. R. Hauser, J .  A m .  C h e m .  S o c . ,  80, 3409 (1958).

have afforded the erylhro and threo isomers of the acid 
in over-all yields of 71 and 72%, respectively.14

Experimental15 16
Alkylations of Ethyl Phenylacetate (Table I).—To a stirred 

suspension of 0.05-0.2 mole of sodium amide16 in 250-500 ml. of 
commercial, anhydrous liquid ammonia was added a molecular 
equivalent of ethyl phenylacetate in 25-50 ml. of dry ether, fol
lowed after 10-15 min. by a molecular equivalent of the appropri
ate halide in 25-50 ml. of dry ether. After stirring for the appro
priate length of time, using a Dry Ice-acetone condenser for 
longer periods, a slight excess of a molecular equivalent of am
monium chloride was added, and the ammonia was evaporated on 
the steam bath as an equal volume of ether was added. The re
sulting ethereal suspension was cooled, acidified with 100 ml. of 3 
N hydrochloric acid, and stirred for 15 min., followed by separa
tion of the two layers. The ethereal layer was washed with 
saturated sodium bicarbonate solution, followed by saturated 
sodium chloride solution, and then combined with two ethereal 
washings of the original aqueous solution. The ethereal solution 
of the product was dried over anhydrous magnesium sulfate, and 
the solvent was removed. The residue was distilled in vacuo or 
recrystallized. Data and results are summarized in Table I or as 
described later.

In the experiment with methyl iodide employing the slight ex
cess of sodium amide (see Table I), the ethereal solution of the 
reaction product was washed with saturated sodum bisulfite 
solution to remove the brown color (iodine) before drying. After 
drying, the solvent was removed and the residue was distilled in 
vacuo. A vapor phase chromatogram (5-ft. Apiezon L column) 
of a sample of the distillate showed that it consisted of 97% of 
ethyl 2-phenylpropanoate, 3% of ethyl 2-methyl-2-phenylpro- 
panoate, and no ethyl phenylacetate. When the methylation 
was effected without the slight excess of reagent (3-hr. reaction 
period), the product (58% yield) was shown by v.p.c. to consist 
of 93% of ethyi 2-phenylpropanoate, 2% of ethyd 2-methyl-2- 
phenydpropanoate, and 5% of ethyl phenylacetate.

In the experiments with /¿-butyl bromide and benzyl chloride 
the residues were distilled in vacuo to give ethyi 2-phenylhexano- 
ate and ethyl 2,3-diphenyipropanoate, respectively. Vapor 
phase chromatograms of samples of each of these products showed 
only a single peak, indicating that each was essentially pure.

In the experiments with benzfyvdryl and a-phenylethyl chlo
rides, the residues were recrystallized from methanol-water and 
95% ethanol, respectively ,̂ to yield ethyl 2,3,3-triphenylpropano- 
ate and ethyl er?/iAro-2,3-diphenylbutanoate, each product being 
obtained in two crops.

In the experiment with /3-phenylethyl bromide, a few crystals of 
hydroquinone were added to the dried ether solution of the prod
uct and the solvent was then removed. A vapor phase chroma
togram of the crude residue showed a large peak corresponding to 
the monoalkylation product II (R = /3-phenylethyl), small peaks 
for ethyl phenylacetate and /3-phenylethyi bromide, but no 
noticeable peak for styrene. Distillation of the crude residue 
afforded the pure alkylation product (87%), b.p. 113-116° (0.06 
mm.). A vapor phase chromatogram of the distillate showed only 
one peak. The boiling point of an analytical sample was 113-1)4° 
(0.05 mm.).

Anal. Calcd. for C18H20O2: C, 80.56; H, 7.51. Found: C, 
80.38; H, 7.75.

In the experiment with a,/3-diphenylethyl chloride, the residue 
was distilled in vacuo to recover 1.93 g. (24%) of ethyl phenyl
acetate, b.p. 115-118° (20 mm.) [lit.17 b.p. 132-138° (32 mm.)>. 
and give 3.54 g . (39%) of ¿rans-stilbene,18 b.p. 97-100° (1 mm.)

(15) Analyses are by Dr. Ing. Sehoeller, K ronach, W est G erm any, and 
G albraith  M icroanalytical Laboratories, Knoxville, Tennessee. M elting 
points and boiling points are uncorreeted. An F A M Model 500 p ro
gram m ed tem pera tu re  gas chrom atograph, using a 2-ft. silicone gum rubber 
colum n except where noted, was used to  produce the vapor phase chrom a
togram s. The carrier gas was helium.

(16) See C. R. Hauser, F. W. S wamer, and J. T. Adams, O r g .  R e a c t i o n s ,  
8, 122 (1954).

(17) I. Heilbron, "D ictionary  of Organic Com pounds,’’ Vol. IV, Oxford 
U niversity  Press, New York, N. Y., 1953, p. 96.

(18) This stilbene evidently  arose from the  reaction of sodio este r I with 
the a./3-diphenylethyl chloride, and not from the possible therm al elim ina
tion, since th is  halide has been distilled w ithout apparen t decom position a t 
127—129° (0.5 m m .); see C. R. Hauser, S. W. Fvantor, and W. R. Brasen 
J .  A m .  C h e m .  S o c . ,  75, 2660 (1953).
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Table I ll
Saponifications of Alkylation ProdiJCTs II to Form Carboxylic Acids

-----------B.p. (nun.) or m.p., 3C.-----------»
E ster II, R Carboxylic acid Yield, % Found L iteratu re

Methyl” 2-Phenylpropanoic 20 (91 )6 153-155(21) 155(21)«
»-Butyl 2-Phenylhexanoic 57 (92)° 170-178(19) 180-183 (20)d
Benzyl 2,3-Diphenylpropanoic 97 84-85« N2/
Benzhydryl 2,3,3-Triphenylpropanoie 94 221,5-222" 221.5-222'
a-Phenylethyl 2,3-Diphenylbutanoic (96/' h 130-170 187-187.5/ 135'
d-Phenylethyl 2,4-Diphenylbutanoic 67(99)° 70.5-72* 72-73'
aj/S-Diphenylethyl"- “ 2,3,4-Triphenylbutanoic 85(95)° 145-150 131-135,° 159-160"

“ 0.02 mole of potassium hydroxide used. ° Crude yield. « S. P. Bakslii and 10. E. Turner, J. Chem. Soc.. 171 (1961). d 1
« Reerystallized from ether -hexane. 1 Ref. 7. 0 Reerystallized from methanol. h Fractionally reerystallized from ethanol

3111

3.
Fractionally recrystallized from ethanol-water 

to yield erythro isomer (52%, m.p. 184-180°) and threo isomer (33%, m.p. 125-128°). i erythro isomer, ref. 8. j threo isomer, ref. 8. 
k Reerystallized from hexane. ' Ref. 9. " 0.005 mole of ester and 0.02 mole of potassium hydroxide used in each case. " Data refer
to the crystalline ester (m.p. 90-92°). The same quantities of oil (see Experimental) and base gave an 84 (94)% yield of acids, m.p. 
145-147°. 0 erythro isomer, ref. 14. p threo isomer, ref. 14.

[lit.19 b.j). 166-167° (12 mm.)]. After crystallization from 
methanol-chloroform the stilbene melted at 122-124°, m.m.p.
121-124° (lit.13 m.p. 126-127°). Crystallization of the pot 
residue from methanol-water afforded 5.42 g. (32%) of ethyl 
en/f/iro-2,3,4-triphenylbutanoate, m.p. 88-89° and 90-92° after 
recrystallization from ethanol. Evaporation of the mother 
liquor left 4.08 g. (15%) of an oil, which presumably consisted at 
least partly of the pure threo isomer, since it has been reported as 
an oil.20

Saponification of Alkylation Products II (Table III).—Solutions 
of 0.01 mole of esters II and 5.6 g. (0.1 mole) of potassium hy
droxide in 25 ml. of 95% ethanol were refluxed for 24 hr. The 
ethanol was removed by distillation, and the residue dissolved in 
water. After the aqueous solution was extracted once with ether 
to remove any unchanged ester, it was chilled and acidified with 
concentrated hydrochloric acid. Three ether extracts of the 
aqueous solution were cvashed with saturated sodium chloride 
solution, combined, and dried over anhydrous magnesium sulfate. 
The solvent was removed and the residue distilled in vacuo or re- 
crystallized from an appropriate solvent (see Table III).

The residue from the saponification of ethyl erythro-2,3-diphen- 
ylbutanoate was fractionally crystallized from ethanol-water to 
give 1.24 g. (52% ) of enyihre-2,3-diphenylbutanoic acid, m.p. 184— 
186°, and 0.79 g. (33%) of i/ira>-2,3-diphenylbutanoie acid, m.p.
12.5- 128°.

The residue from the saponification of ethyl erythro-2,3,4-tri- 
phenvlbutanoate was recrystallized from 95% ethanol to give
1.28 g. (85%) of acid, m.p. 145-150°, which was apparently a 
mixture of the erythro and threo acids, m.p. 131-135° and 159- 
160°,11 respectively. Similarly, saponification of the oil (footnote 
o, Table III) gave 1.23 g. (84%) of a mixture of the acids, m.p.
14.5- 147°.

¿-Butyl Phenylacetate.—This ester was prepared by an adap
tion of the method described previously for ¿-butyl acetate.19 * 21

A solution of 45 g. of ¿-butyl alcohol and 75 g. of dimethyl- 
aniline in 200 ml. of dry ether was treated writh 93 g. of phenyl- 
acetyl chloride. After refluxing 1 hr., the reaction mixture was 
cooled and treated with water. The ethereal layer was washed 
with 3 N hydrochloric acid, 10% sodium bicarbonate solution, 
and water, and dried over anhydrous magnesium sulfate. The 
solvent was removed and the residue was distilled to give ¿-butyl 
phenylacetate (44%,), b.p. 108-110° (15 mm.) [lit.22 b.p. 1I0°(15 
mm.)].

Alkylations of ¿-Butyl Phenylacetate (Table II).—These alky
lations-were effected and worked up essentially as described 
earlier for the corresponding alkylations of ethyl phenylacetate.

In the experiment with n-butyl bromide, the residue was dis
tilled in vacuo and the distillate was shown to be pure by v.p.e.

In the experiments with benzyl, benzhydryl, and a-phenyl- 
ethyl chlorides, the residues were reerystallized from appropriate 
solvents (see Table II).

Acid-Catalyzed Hydrolysis of Alkylation Products IV (Table
IV).—Solutions of 0.005-0.01 mole of esters IV in 25 ml. of di-

(19) See ref. 17, |>. 37.5.
(20 1 H. M. Crawford, J . C. D avidson, and M. A. P lunkett A m .  C h e r n .  

Hoc.. 66, 2010 (1944).
(21) C. E. Hauser, 11. E. Hudson, II. A bram ovitch, and J. C. Shivers. 

“ Organic Syntheses," Coll. Vol. I l l ,  .John Wiley and Sons, Ine., New York. 
N. Y., p. 142.

(22) D. L. Yabroff and C. W. Porter, ./. .4m. C h e m .  S o r . .  54, 2453 (1932).

oxane and 5 ml. of concentrated hydrochloric acid were refluxed 
for 2 hr. After cooling, the reaction mixture was diluted with 
ether and the resulting solution was extracted with cold 5% 
sodium hydroxide solution. The aqueous alkaline extract was 
washed with ether, chilled, and acidified with concentrated hydro
chloric acid. The resulting mixture was extracted three times 
with ether, and the combined ethereal extract was dried over an
hydrous magnesium sulfate. After removal of the solvent, the 
residue was distilled in vacuo or reerystallized from an appropriate 
solvent (see Table IV).

Tabi.e IV7
Acid-Catalyzed Hydrolysis of Alkylation Products IV to 

Form Carboxylic Acids
' ------ B.p. (nun.) or-------'

E ster IV Carboxylic Yield, I l l .p.. °c.
R acid % Found L iteratu re”

n-B utyl 2-Phenylhexanoic 78 173-178
(19)

180-183 (20;

Benzyl 2,3-D iphenyl
propanoic

62 9:3-96 9 5 .5 -9 6 .5

Benzhydryl 2,3,3-Triphenylpro-
panoic

99 2 2 1 .5 - 
222 5

221.5-222

a-Phenylethyl 2,3-Diphenyl-
butanoic

75 ( 8 8 ) b -c 188-189* 187-187 5*

" See Table III for references and recrystallization solvents. 
° Crude yield. « erythro isomer.

a-Phenylethylation of ¿-Butyl Phenylacetate and Hydrolysis of 
Crude Product.—This alkylation was carried out on the 0.05- 
mole scale as indicated above to give a 96% yield of solid crude 
product. A portion (2.96 g., 0.01 mole) of the crude product was 
dissolved in 50 ml. of dry toluene containing 0.5 g. (0.0026 mole) 
of p-toluenesulfonic acid monohydrate. The solution was re
fluxed, until the evolution of isobutylene had ceased. After 
cooling, the reaction mixture was diluted with an equal volume of 
ether and washed with water to remove the acid catalyst. The 
organic layer was extracted with two portions of 10%. sodium 
hydroxide solution which were combined, chilled, and acidified 
with concentrated hydrochloric acid. The acidified aqueous 
solution was extracted three times with ether, the combined ex
tract dried over anhydrous magnesium sulfate, and the solvent 
removed to leave 2.17 g. (91% ) of crude 2,3-diphenylbutanoic 
acids, m.p. 175-185°. A portion (2.13 g.) of this residue was 
crystallized from ethanol-water to yield 1.70 g. (80%) of erythro-
2,3-diphenylbutanoic acid, m.p. 184-186°. There was also ob
tained a second crop (0.24 g., 1 1%), m.p. 120-145°; and a third 
crop (0.03 g., 1% ) m.p. 123-128°, which showed no depression 
upon admixture with an authentic sample of threo-2,3-diphenyl- 
butanoic acid (see Table III for lit. melting points).

¿¿ireo-i-Butyl 2,3-Diphenylbutanoate.—The threo isomer was 
prepared by refluxing 8.9 g. (0.03 mole) of erythro-t-bvtiy\ 2,3-di- 
phenylbutanoate in 300 ml. of dry ether containing a suspension 
of 0.006 mole of potassium amide for 2 hr. essentially as described 
previously' for erythro- and ¿Areo-2,3-diphenylbutyronitrile.8 
Removal of the solvent from the dried ethereal solution of the 
product gave a residue which was fractionally crystallized from 
methanol to afford the erythro (55%) and the threo (14%) isomers.
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The threo-l-batyl 2,3-diphenylbutanoate (white cubes) melted at 
99-100.5°.

Anal. Calcd. for C20H24O2: C, 81.04; H, 8.16. Found; C, 
80.92; H, 8.02.

A mixture of the threo isomer and the erythro isomer (m.p.
136-136.5°) melted at 88-104°. Hydrolysis of 0.2 g. of Ihreo-t- 
butyl 2,3-diphenylbutanoate by the dioxane-hydrochloric acid 
method (see preceding section) yielded <Areo-2,3-diphenylbut- 
anoic acid (94%), m.p. 134-136° (see Table IV for literature 
melting point and reference).

Failure of threo-1-Butyl 2,3-Diphenylbutanoate to Undergo 
Epimerization in Liquid Ammonia. (A) With Sodio ¿-Butyl 
Phenylacetate.—To a stirred suspension of 0.01 mole of sodium 
amide in 100 ml. of liquid ammonia was added 1.41 g. (0.01 mole) 
of i-butyl phenylacetate in 10 ml. of dry ether, followed, after 15 
min., by 0.053 g. (1.79 mmoles) of finely powdered iAreo-i-butyl
2,3-diphenylbutanoate (washed in with 5 ml. of dry ether). 
After stirring for 2 hr., the reaction mixture was neutralized with 
ammonium chloride, and the ammonia was replaced with ether. 
The resulting ethereal suspension was worked up as described 
before for the alkylations of ethyl and i-butyl phenylaeetates. 
The residue left after removal of the solvent from the dried 
ethereal solution was distilled in vacuo to remove the i-butyl 
phenylacetate. Recrystallization of the pot residue from 
methanol-water yielded iAreo-i-butyl 2,3-diphenylbutanoate, 
m.p. 91-94°. Upon admixture with an authentic sample (m.p. 
96-98°) it melted 94-97°. None of the erythro isomer (m.p. 
136-136.5°) was found.23

IB) With Sodium Amide.—To a stirred suspension of 0.609 
mmole of sodium amide in 100 ml. of liquid ammonia was added 
0.1504 g. (0.501 mmole) of iAreo-i-butyl 2,3-diphenylbutanoate in 
10 ml. of dry ether. After stirring for 2 hr., the reaction mixture 
was worked up as described before for the alkylation of ethyl and 
i-butyl phenylaeetates. Removal of the solvent from the dried

(23) Since the  e r y t h r o  isomer is less soluble than  the t h r e o  isom er in the 
so lven t system  em ployed, any  e r y t h r o  isomer present should have precipi
ta ted  as the first crop.

ethereal solution of the product gave a residue which was crystal
lized from methanol-water to yield 0.0726 g. (48%) of recovered 
threo-t-butyl 2,3-diphenylbutanoate, m.p. 92-96°. Upon admix
ture with an authentic sample (m.p. 96-98°) it had m.p. 94-97°. 
None of the erythro isomer (m.p. 136-136.5°) was found.23

Alkylation of Phenylacetic Acid. (A) With d-Phenylethyl 
Chloride.—To a green stirred suspension of 0.05 mole of disodio- 
phenylaeetate (VI), prepared from 0.1 mole of sodium amide and 
6.81 g. (0.05 mole) of solid phenylacetic acid in 250 ml. of liquid 
ammonia, was added 7.03 g. (0.05 mole) of /3-phenylethyl chlo
ride in 25 ml. of dry ether. After 1 hr., the reaction mixture was 
neutralized with ammonium chloride and the ammonia replaced 
with ether. The resulting ether suspension was extracted twice 
with 5% sodium hydroxide solution and after addition of a few 
crystals of hydroquinone, the ethereal solution was dried over 
anhydrous magnesium sulfate. A portion of the solvent was re
moved and the solution was chilled, followed by the addition of a 
slight excess of 10% bromine-carbon tetrachloride solution. The 
excess bromine was decomposed with 10% sodium bisulfite solu
tion and the layers were separated. The organic layer was washed 
with 10% sodium bisulfite solution and water and dried over an
hydrous magnesium sulfate. The solvent was removed under 
reduced pressure and the residue recrystallized from ethanol- 
water to yield 2.36 g. (13%) of styrene dibromide, m.p. 71-72° 
(lit.24 * 67 m.p. 72-73°).

The alkaline extract of the reaction product mentioned before 
was worked up as described previously' to give recovered phenyl
acetic acid (33%) and 2,4-diphenylbutanoic acid (39%).9

(B) With /3-Phenylethyl Bromide.—The alkylation was per
formed as described above, except that 9.26 g. (0.05 mole) of 0- 
phenylethyl bromide was used. The ethereal layer was worked 
up to yield 12.24 g. (67%) of styrene dibromide, m.p. 72-73.5°, 
after crystallization from ethanol-water. The yield of 2,4-di- 
phenylbutanoic acid was less than 11%.

(24) C. R. H auser, J. C. Shivers, and P. S. Skell, J .  A m .  C h e m .  S o c . ,

67, 409 (1945).
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The ethylenediketene dimer obtained from the dehydrochlorination of adipyl dichloride has been reinvesti
gated and assigned the structure IV. Products derived from this dimer by hydrolysis and oxidation have been 
identified. The pertinence of this structural information to modes of reaction of alkylketenes is discussed.

In 1912, Staudinger announced Wedekind’s discovery 
that adipyl dichloride reacts with triethylamine to give 
a C12H,20 4 compound, corresponding to a dimer of 
ethylenediketene (I) .1 Thirteen years later, Wedekind 
and co-workers published the details of this reaction 
and of their attempts to determine the structure of the

0 = C = C H —CH.CH,—C H = C = 0 
I

dimer.2 The Cl2Hi20 4 compound, m.p. 141-142°, 
reacted with phenvlhydrazine to give a bisphenyl- 
hydrazone, with alkaline peroxide to give both a diacid 
of m.p. 170-171° (CioHuCh) and an acidic substance of 
m.p. 81-82° (CefTAO3, and with aqueous acid to give 
adipic acid.

(1) H. S taudinger, “ Die K etene,” Ferdinand Enke, S tu ttg a r t, 1912, p. 19.
(2) E. W edekind, M. M iller, and O. W einard, ./. p r a k t .  C h e m . ,  [2] 109, 

161 (1925).
(3) There are two ap p aren t m isprin ts in the analy tical d a ta  reported for 

the com pound of m.p. 81-82° (ref. 2, p. 171); the first sam ple for com
bustion  is evidently  0.1023 g. ra the r than  0.1203 g., and the calculated car
bon and hydrogen percentages correspond to CeHioOs, ra th e r than  to CeHioCh
as printed.

Two structures for the dimer (II and III) were sug
gested for consideration; the biscyclobutanedione III 
was favored. Xo attempt was made to assign struc
tures to the diacid of m.p. 170-171° or the acidic 
substance of m.p. 81-82°.

Assigning structures to the three compounds, C,2- 
Hi2Cb, CioHJ4O4, and C6Hi0O6, appeared difficult. An 
experimental reinvestigation of these compounds pro
vided new analytical, chemical, and spectral data which 
were sufficient to resolve the problem.

Results and Discussion
The ethylenediketene dimer was prepared and found 

to have m.p. 142-144° and the molecular formula C12-
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H12O4. The structure IV may be assigned to the dimer 
from a comparison of the ultraviolet and infrared 
spectral data for the compound [X®'™ 313 mm (e 
7800); rmaxC'! 1765, 1710, 1640, and 1575 cm.-1] 
with that for X' 4 [A™0*11 326 mM (« 9300); i£ £ cu 
1761, 1692, 1631, and 1565 cm.-1] and VI4 [Â a*11 
324 mil (e 10,500); ^ c‘2 1773, 1706, 1626, and 
1567 cm.-1].

Treatment of the dimer IV with alkaline peroxide 
according to the procedure of Wedekind and co
workers2 gave the diacid of m.p. 170-171°. The ele
mental analysis, molecular weight, and neutralization 
equivalent of the compound indicated that it was 
C12H14O5, rather than C10H14O4. Direct hydrolysis of 
the dimer IV with aqueous sodium hydroxide also gave 
the diacid, thus confirming that the conversion process 
is hydrolysis, not oxidation.

The Ci2Hi405-diacid may be formulated as VII since 
the infrared spectrum, containing bands at 1707, 1660, 
1628, and 1562 cm.-1, clearly indicates that the a- 
pyrone structure of IV survived hydrolysis.5 The 
comparable infrared bands at 1689, 1653, 1621, and 
1550 cm.-1 reported for the acid VIII4 may be viewed 
as supporting a similar structural assignment for VII.

The acidic substance of m.p. 81-82° was isolated and 
found to be CsHgO,, rather than CfTlioOs- The in
frared spectrum of the compound suggested that it 
might be an impure specimen of glutaric acid and this 
possibility was confirmed by paper chromatographic 
analysis. No effort was made to isolate and identify 
the substance mixed with the glutaric acid.

The formation of the dimer IV from the dehydro
chlorination of adipyl dichloride is worth comment. 
Long-chain a,cc-diacid chlorides may be dehydro- 
chlorinated to give materials that probably are /3- 
lactone intramolecular alkylketene dimers.6 The short- 
chain a,co-diacid chlorides do not behave similarly. 
They give polymers when dehydrochlorinated and left 
to react in aprotic media6-7, or, as in the present work, 
dimers based on an a-pyrone structure.

Two main possibilities may be considered responsible 
for this diffrence in behavior. It may be that the short-

(4) P. Y ates and E. A. C handross, T e t r a h e d r o n  L e t t e r s ,  No. 20, 1 (1959); 
E. A. Chandross and P. Y ates, C h e m .  I n d .  (London), 149 (1960).

(5) K. N akanishi, " In fra red  A bsorption Spectroscopy,” H olden-D ay, 
San Francisco, Calif., 1962, p. 52.

(6) A. T. B lom quist and R. D. Spencer, J .  A m .  C h e m .  S o c . ,  69, 472 
(1947): 70 ,30(1948).

(7) For example, see J. C. Sauer, i b i d . ,  69, 2444 (1947).

o - S )

IX

chain a,a>-diacid chlorides cannot give intramolecular 
ketene condensation products (such as IX from ethylene- 
diketene) for steric reasons; or it may be that a hypo
thetical intermediate such as X would condense intra- 
molecularly with the nearby ketene function and sub
sequently eliminate hydrogen chloride to give XI and, 
eventually, dimers of X I,8 9 * and a /3-lactone is not 
obtained because an «, co-dike tene is never involved.

0 = C = C H —CH^H*— CH— COCI 
X

Experimental tests of these two rationalizations are 
now in progress.

Experimental11
Ethylenediketene Dimer.2—A solution of 105 g. (1.15 equiv.) 

of adipyl dichloride in 1250 ml. of absolute ether was placed in a 
dry 2-1. three-necked flask; this flask was equipped with a reflux 
condenser, mechanical stirrer, addition funnel, nitrogen line, and 
drying tube. Triethylamine (119 g., 1.17 moles, freshly distilled 
from a-naphthyl isocyanate) was added to the stirred mixture in 
an atmosphere of nitrogen during 70 min. Three days later the 
ethereal solution from the reaction was separated from insoluble 
polymer and salt by inverted filtration and concentrated to give 
a colorless solid. Two recrystallizations from benzene gave the 
ethylenediketene dimer of m.p. 142-144° (lit.2 m.p. 141-142°) 
(2.8 g., 4.4% yield).

Anal. Calcd. for C12H12O4: C, 65.44; H, 5.49; mol. wt., 220. 
Found: 0,65.22; H, 5.51; mol. wt., 215.

The compound had n.m.r. absorptions only in the region be
tween 110 and 190 c.p.s. below tetramethylsilane and x]j;'°;4 3)3 
mM(e 7800); r°“2CI2 (selected) 1765, 1710, 1640, 1575, 1370, 1225, 
1195, 1110, 1070, 1050, 1035, and 965 cm.-1.

Hydrolysis Product from Ethylenediketene Dimer.—The dimer 
of m.p. 142-144° (583 mg.) was covered with 5 ml. of water and 
treated with 1.43 g. of sodium peroxide according to the method 
of Wedekind, el alA Acidification of the reaction mixture gave a 
colorless solid which was recrystallized from water to afford 283 
mg. (45%) of hydrolysis product having m.p. 168-170°. The 
analytical sample had m.p. 169.5-171° (lit.2 m.p. 170-171°), 
X ^" 298 m/j (e 11,400), shifted to 292 m/i on addition of sodium 
hydroxide; (selected) 1707, 1660, 1628, and 1562 cm.-1.

Anal. Calcd. for Ci2HnG5: C, 60.50; H,5.92; mol. wt., 238; 
neut. equiv., 119. Found: C, 60.48; H, 5.87; mol. wt., 241; 
neut. equiv., 121.

When 73 mg. of the dimer and 1 ml. of 5% aqueous sodium 
hydroxide were combined and heated for 40 min. at 80°, a clear 
solution was obtained which was cooled and acidified to give 83 
mg. (105%) of crude diacid, m.p. 169-171°; the infrared spec
trum of this material was identical with that of the diacid of m.p.
169.5-171° obtained previously.

Oxidation Product from Ethylenediketene Dimer.—The 
mother liquor of the acidified reaction mixture from 583 mg. of 
dimer (IV) and 1.43 g. of sodium peroxide (cf. previous section) 
was extracted ten times with 10-ml. portions of ether. The 
combined ether extracts were washed once with saturated sodium 
chloride, dried over calcium sulfate, filtered, and concentrated to

(8) See ref. 4, and W. R. H atchard  and A. K. Schneider, i b i d . ,  79, 6261 
(1957).

(9) M elting po in ts  are uncorrected. Analyses are by J. N em eth and
associates, U rbana, 111.
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give 19) mg. of colorless crystals, m.p. 80-83° (lit.1 2 m.p. 81- 
82°). Recrystallization from benzene gave material of m.p. 
83-84° (partial melt; clear melt at 190°).

Anal. Calcd. for CjHsO,: C, 45.45; H.6.10; neut. equiv., 66. 
Found: C, 45.73; H.6.09; neut. equiv., 72.

Examination of this material by infrared spectroscopy and

paper chromatography with 1-propanol-concentrated ammonium 
hydroxide-water (60:20:20 by volume) as developer indicated 
that it was mostly glutaric acid (Rt 0.52). No acidic impurities 
were detected by paper chromatography; the infrared spectra of 
the oxidation product and glutaric acid were similar, but not 
superimposable.

T he Ferric C hloride O xidation o f  5 -S u b stitu ted  o -S em id in es  and th e  Polarographic
Properties o f  th e P rod u cts .

A lfred  P. K o t t e n h a h n , E d d ie  T. S e o , and  H osm er  W. Sto n e  

Contribution No. 1524 from the Department of Chemistry, University of California, Los Angeles 24, California

Received April 30, 1963

The ferric chloride oxidation of 5-substituted o-semidines (2-aminodiphenylamines) yielded 7-substituted 2- 
amino-3,5-dihydro-5-phenyl-3-phenyliminophenazines as main products, with elimination of one of the 5-substit- 
uents of the starting o-semidine. Condensation of these phenazine derivatives with ketones led to character
istic Schiff bases. Some polarographic properties of these phenazine derivatives were studied and the effect of 
substituents on the half-wave potentials was found to be in good agreement with Hammett’s tr-values.

The ferric chloride oxidation of mono-iV-substituted
o-phenylenediamines has been investigated by Barry 
et al.,l~3 who have proven that the main oxidation 
products are phenazine derivatives existing in two 
isomeric structures I and II which are formed either 
as a mixture or separately, depending on the nature of 
the starting amine.

In the oxidation of 2-amino-5-chlorodiphenylamine 
one chlorine atom is eliminated and only the 7-chloro-
II-isomer is formed.

In this laboratory, oxidation products of substituted 
2-aminodiphenylamines (o-semidines) had been investi
gated previously as to their suitability as internal indi
cators in redox titrations. The present paper reports 
on compounds obtained by the ferric chloride oxidation 
of some 5-substituted 2-aminodiphenylamines and some 
of their polarographic properties.

A series of 5-substituted 2-aminodiphenylamines (as 
the hydrochlorides) were oxidized in aqueous alcoholic 
solution with ferric chloride. The 5-substituents in
cluded various halogen and alkoxy groups. These
o-semidines were obtained by reduction of the corre
sponding substituted 2-nitrodiphenylamines, which in 
turn were prepared by the reaction of substituted 
anilines with substituted o-dinitro- or o-halonitroben- 
zenes. The oxidation products were separated and 
purified by liquid column chromatography on alumina.

(1) V. C. Barry, J. G. Belton, J. I1'. O’Sullivan, and D. Twomey, J .  C h e m .  

S o c ., 888 (1956). This paper includes a lite ra tu re  survey of earlier work.
(2) V. C. Barry, J. G. Belton, J. F. O’Sullivan, and D. Twomey, i b i d . ,

895 (1956).
M) V. C. Barry, J. G. Belton, J. F. O’Sullivan, and D. Twomey, i b i d . ,

896 (1956).

On the basis of the previously cited prior investiga- 
tions, the deeply colored main oxidation products were 
expected to be phenazine derivatives with structures 
analogous to the proceeding I- or II-isomers. This was 
indeed supported by the elemental analyses of these 
compounds which also indicated that in each case one 
of the 5-substituents had been eliminated in the oxida
tion. Since it seemed not altogether certain whether 
an alkoxy group would be eliminated in the same fashion 
as one of the chlorine atoms in the previously mentioned 
oxidation of 2-amino-5-chlorodiphenylamine, the struc
ture of the main oxidation product of 2-amino-5- 
ethoxydiphenylamine was determined as 2-amino-3,5- 
dihydro - 7 - ethoxy-5-phenyl-3-phenyliminophenazine
(III) by the following reactions.

Treatment of this oxidation product with aniline 
(analogous to Barry, et a/.,4) yields compound V, which 
was independently synthesized by condensation of 2- 
amino-5-ethoxydiphenylamine with 4,5-dianilino-o-quin- 
one. This proved a structure analogous to either

(4) V. C. B arry , J . C. Belton, J . F. O’Sullivan, and D. Twom ey i b i d  
895 (1958).
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I or I I ,4 with the ethoxy group in the 7-position. Struc
ture III (II-isomer) was verified by the condensation 
of the oxidation product with cyclohexanone to the 
green Schiff base IV. In a control experiment, a 
similar green compound was obtained from cyclohexan
one and the oxidation product of 2-amino-5-chlorodi- 
phenylamine, for which the structure of a 7-chloro-II- 
isomer had been ascertained previously.4

The formation of green Schiff bases (described in 
detail later) with cyclohexanone was used subsequently 
to establish the structure of 11-isomers for the oxidation 
products from other 5-substituted 2-aminodiphenyl- 
amines. The newly prepared compounds VI together 
with the corresponding starting materials are shown.

where X = F, Br, I, —OCH3, —OC2H5 for Y = H 
and X = —OCH, for Y = F, Cl, — OCH,

2-Aminodiphenylamines with a substituent in the Im
position have, it seems, a tendency to form II-isomers 
on oxidation, provided that the substituent can be 
eliminated in the reaction. A 5-methyl group would be 
expected to be very difficult to displace and, in fact, the 
oxidation product of 2-amino-5-methyldiphenylamine 
had properties quite different from those of either the
I- or II-isomers. The chromatogram of the crude base 
had a development pattern unlike any of the other 
investigated compounds. Elution of the orange major 
band gave a blight red compound which dissolved 
easily in benzene forming a yellow-orange solution. 
Three other bands on elution gave yellow-green fluores
cent, violet, and blue solutions in benzene. The struc
ture of the major constituent has yet not been deter
mined. Similar observations were reported5 for the 
oxidation of 2-amino-4-methyldiphenylamine where the 
stable methyl group in the 4-position also prevents the 
formation of the phenazine skeleton which involves 
both the 4- and 5-positions of the starting amine.

On the other hand, the lack of a substituent in the 5- 
position of the starting amine causes the formation on 
oxidation of either a mixture of both isomers or the I- 
isomer exclusively, as has been shown by Barry, et al.1-3

Schiff Bases from II-isomers by Condensation with 
Cyclohexanone.—As previously mentioned, the reaction 
of the II-isomers with cyclohexanone in acid solutions 
resulted in the formation of green compounds which 
were distinctly different from the glyoxalino derivatives 
obtained by Barry, et al.,1-6 in reactions of I-isomers with 
ketones. These glyoxalines were described as yellow to 
orange-red compounds which were quite soluble, exhi
bited a greenish yellow fluorescence in solution, and when 
chromatographed on alumina formed a rather fast mov
ing band on elution with benzene.

(5) V. C. B arry, J. G. Belton, M. L. C onalty , and D. Tvramey, N a t u r e  

162, 022 (1048).
(6) V. C. Barry, J. G. Belton, .1. F. O 'Sullivan, and D. Twom ey, ./. 

C h e r n .  S o c . .  3347 (1956).

From the experimental results, it appears quite clear 
that these green compounds are Schiff bases of type VII. 
The new carbon-nitrogen double bond of the cyclo- 
hexylideneamino group can then be responsible for the 
color difference between the Schiff bases and the parent
II-isomers by extending the resonance system of the 
phenazine skeleton. The color change of the Schiff 
bases from green to red in hydroxylic solvents (espe
cially rapid in the presence of traces of acid) suggests 
a protonation of the cyclohexylideneamino double bond, 
thus interrupting the conjugation with the phenazine 
system and possibly initiating the addition of water 
(or alcohol) to form amino-hydroxyl (or amino-alkoxy) 
ketals.

Further substantiation of the structure of these green 
compounds as Schiff bases was obtained from hydrogen
ation experiments on the Schiff base of 2-amino-3,5- 
dihydro-7-ethoxy-5-phenyl-3- phenyliminophenazine. 
The chromatographic behavior of this substance 
was very similar to that of compound IV. The 
infrared spectrum of this new compound had a single 
band in the X -H region, thus suggesting the presence 
of a secondary amine. Both elementary analysis and 
infrared spectrum indicated that the cyclohexyl group 
had been preserved in the molecule. Similar results 
also were obtained for the methoxy analog.

From the foregoing evidence, it appears that during 
the reduction of the Schiff base VII both the quinoidal 
system and the carbon-nitrogen double bond of the 
cyclohexylideneamino group are hydrogenated and in 
the reoxidation only the quinoidal system is reformed. 
The structure of the new compound can then be repre
sented correctly by formula VIII.

Thus the formation of the Schiff base, its reduction 
and reoxidation leads in effect to an alkylation of the 
free amino group of the original II-isomer. The nature 
of the X-substituent thus introduced will, obviously, 
depend on the structure of the carbonyl compound 
employed in the formation of the Schiff base.

Some Polarographic Properties of These Phenazine 
Derivatives.—The substituted 2-amino-3-anilino-5- 
phenylphenazinium chlorides described earlier are com
pounds which, in alcoholic solutions, are intensely red. 
This property suggested their possible use as internal 
redox indicators. Preliminary studies have indicated 
the feasibility of these compounds in the titration of 
dissolved oxygen with chromium(II) and europium(II) 
solutions. In these cases, the phenazine is reduced 
rapidly to a greenish yellow solution of the semiquinone 
in acid solution.. The reduction product in turn is 
readily reoxidized by oxygen to the colored phenazine. 
However, their surprisingly low solubility in water and 
aqueous alcoholic solutions compared to other 5- 
phenylphenazinium compounds, such as the commercial 
safranines and phenosafranine, discouraged such use.

However, it still remained possible to determine the 
effect of a substituent group in terms of the difference
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Fig. 1.—Half-wave potential-pH dependence of substituted 2- 
amino-3-anilino-5-phenvlphenazinium chlorides: ■ X = Y =
— OCH3; □ X = -O C H 3, Y = H; A X = -O C H 3, Y = F; 
•  X = -O C H 3, Y = Cl; Q  X = Y = H; A X = F, Y = H; 
and O X = Br, Y = H.

in the reduction potential between the substituted and 
unsubstituted compounds. Polarographic techniques 
provided a means for such an investigation.

As representative compounds for study, those that 
had the structure that follows were considered, where

X = H, F, and Br for Y = H; X = —OCH3 
for Y = H, F, Cl, and —OCH3. The choices were 
guided somewhat by Hammett’s u-values for para 
substitution. The polarographic data reported here 
were obtained at a concentration of 0.25 mF in 3:1 
95% ethanol-water solutions with lithium acetate- 
nitric acid buffers and with lithium nitrate added to 
increase the ionic strength to 0.25 M. The choices for 
solvent composition and supporting electrolyte were 
governed by solubility considerations.

In experiments to determine the effects of concentra
tion, solutions 0.50 and 0.75 mF gave waves similar to 
those obtained with the 0.25 mF solution. Likewise, 
half-wave potentials obtained over the ionic strength 
range of 0.05 to 0.25 M were the same after corrections 
were applied for changes in pH and iR drop.

It was found advisable to prepare the ethanolic 
solutions just prior to the polarographic runs. A small

prewave was observed with some of the solutions that 
had been allowed to stand for one or two days. These 
waves were V20 —‘/-¿b the height of the main wave and 
occurred at a potential about 0.2 volt more positive. 
Among the solutions that were set aside for one to two 
months, that of the bromo (X = Br, Y = H) compound 
did not develop such a wave while the prewave of the 
fluoro (X = F, Y = H) compound increased slightly. 
The analogous waves of the methoxy (X = —OCII3, 
Y = H) and methoxyfluoro (X = —OCH3, Y = F) 
phenazinium chlorides in a month’s period had in
creased to about a third of the height of the original 
main wave. In all cases, the total height of the two 
waves remained about constant. The cause of the 
anomalous waves has not been established.

The experimental half-wave potentials are sum
marized in Table I. The pH values are “apparent” ones 
obtained with a glass electrode. The estimated pre
cision for the pH measurements and the half-wave 
potentials are ± 0.02 pll units and ±2  mv., respec
tively.

Table I
Measured Half-Wave Potentials (S.c.e.) at Various pH 

Values

A Dimethoxy (X = Y = —OCH,)
pH 0 85 1. 88 2 88 4.28 5 26 6 24
— F i/2, V. 0 147 0 214 0 .271 0.349 0 386 0 423

B. Methoxy (X = —(.)<7H3, Y = h ;1
pH 0 86 1 88 •>85 4.29 5 25 6 23
— Fl/2, V. 0 117 0 175 0 233 0 313 0 350 0 .383

C. Methoxy]fluoro (X = - -<>CH„, Y = F)
pH 0 .86 1 86 2 .88 4 26 5 25 6 23
- E u  2, V. 0 111 0. 170 0 228 0.301 0 336 0 371

D. Metliloxyt■hlori ■(X = - -o c h 3, y = Cl)
pH 0 .85 1.86 2 88 4 27 5 .26 6 23
— E'_l 2, V. 0 . 089 0 148 0 209 0.280 0 .313 0 345

E. Unsubstituted (X = Y = H)
pH 0 .87 1. 87 2 88 4.28 5 .26 6. 23
— F1/2, V. 0. 068 0 124 0. 185 0.265 0 .298 0 330

F. Fluoro (X = F, Y = H)
pH 0 . 85 1 86 2 88 4.26 5 .25 6 20
— Ey/t, V. 0 .054 0 . 114 0 . 173 0 245 0 284 0. 317

G. Bromo (X == Br, Y = H )
pH 1 57 2. 88 4.27 5 .25 6. 20
— Sl/2, V. 0 . 065 0 .142 0.215 0 . 254 0 .292

The tabular data is presented graphically in Fig. 1. 
The — E 1/2 vs. pH slope, for all compounds, in the low- 
pH region is, within experimental error, 0.059 volt/pH 
unit, and at higher pH values decreases, approaching 
0.030 volt/pH unit.

In Table II, the substituent effects in terms of the 
half-wave potentials are summarized as differences, 
AFi 2, between a substituted compound and the selected 
reference compound. (AF, 2)i represents the com
pounds with Y = II and X = substituent with the 
unsubstituted compound (X = Y = H) as the reference 
and (AF’i/ 2)2 represents those with X = — OCH3 and 
Y = substituent with the methoxy (X = — OCH3, Y 
= H) compound as the reference. The AFi 2 values are
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the average differences in the region where the —2?, 2 
vs. pH slope is 0.059 volt pH unit. The shifts in the 
half-wave potentials are in the direction expected if one 
considers the electron donating and withdrawing ten
dencies of the substituents. Good correlation with the 
Hammett cr-values for para substitution7 is shown 
in Fig. 2.

T a b l e  II

C h a n g e s  in  t h e  H a l f - W a v e  P o t e n t i a l  R e s u l t in g  f r o m  
S u b s t it u e n t  E f f e c t s

C ompound (A/.'i/,), l AL’i/2)2
Dimethoxy (X = Y = —OCH3) -0 .035
Methoxy (X = —OCH3, Y = H) -0 .050 0.000
Methoxyfluoro ( X = —OCH3, Y = F) 0.006
Methoxy chloro (X = —()CH3, Y 
Unsubstituted (X = Y = H)

= Cl)
0.000

0.027

Fluoro (X = F, Y = H) 0.011
Bromo (X = Rr, Y = H) 0.043

In order to determine the reversibility of the waves 
and the mechanism of the electroreduction of the 
phenazinium chlorides, a preliminary hydrogenation 
experiment was performed. A plot of —E,i.,n.e. vs. 
log i/(i,i — i) had indicated a one-electron reduction 
in the low pH region and a two-electron reduction at 
higher pH values. This was consistent with pH data 
in Fig. 1 since a one-electron reduction to a semiquinone 
would require one proton. Hydrogenation of a sample 
at low pH with palladium-on-charcoal catalyst gave a 
deep green solution typical of those of semiquinones. 
Similar treatment of a solution at higher pH values 
resulted in a yellow-green solution. A polarogram of a 
low pH solution partially hydrogenated had a composite 
anodic-cathodic wave with no inflection in the vicinity 
of the residual current, hence, indicating reversibility 
between the semiquinone and the phenazine. Further 
investigations are currently being undertaken to deter
mine electron spin resonance and chronopotentiometrie 
characteristics and the effect of other X- and Y-substit- 
uent combinations on Fig. 2 type plots.

Experimental
The Ferric Chloride Oxidation of 5-Substituted o-Semidines. 

I. Synthesis of Substituted 2-Nitrodiphenylamines. Starting 
Materials.— Aniline and p-anisidine were redistilled under reduced 
pressure from a small amount of zinc dust. p-Chloroaniline was 
used without further purification. All were Eastman White 
Label. p-Fluoroaniline was prepared by tin-hydrochloric acid 
reduction of p-Huoronitrobenzene, obtained by thermal decom
position of the tetrafluornborate diazonium salt of p-nitroaniline.8

3,4-1 linitrohalobenzenes were prepared by nitration of the ap
propriate l-halo-3-nitrobenzene with a mixture of sulfuric and 
fuming nitric acids. The chloro compound was purified by re
duced pressure distillation, b.p. 115(0.3), 120 (0.6), and 127° (1 
mini.9 The bromo, m.p. 5,8.0-58.5° (lit.10 50.4, 50-50.5°), and 
iodo, m.p. 73-74° (lit.11 74°),. were recrystallized from 05', 
ethanol.

2,4-1 Oittuoronitrobenzene was prepared according to Finger and 
Kruse.12 3,4-1 linitrotoluene was obtained through a two-step

(7) K . g . .  H. II. .latte, C h e m .  H e r . .  53. till (19531.
(8) A. Roe, “ Organic R eactions,” Vol. V, John Wiley ami Sons, Inc., 

New York. N. Y., 1949. p. 193.
a, For preparations involving recrystallization, see, r .i7., A. Lauben- 

heim er. l i e , . .  9, 7(5(1 (137(1).
(10) W. Korner, G n z z .  c h i m .  U n i . .  4, 349 (1874!) A. M angini. )I n d . . 66, 

675 (1936).
(11) R. S. Kapil, C h e m .  S o « - . . 4127 (1959).
(12) Cl. C .  Finger and C. W. Kruse, J .  ,4m. C h e m .  S o c . .  78, 6034 (1956).

Fig. 2.—Plot of AE,i2 values of Table II vs. substituent constants. 
a„„r„. Legend: same as in Fig. 1.

oxidation of 4-amino-3-nitrotoluene with Caro’s acid13 and fuming 
nitric acid14 followed by reduced pressure molecular distillation 
and recrystallization from methanol, m.p. 5,3.3-59.0°.

2-Nitrodiphenylamine (Eastman Kodak 3906) was recrystal
lized from 95% ethanol.

5-Chloro-2-nitrodiphenylamine.— A solution of 102 g. (0.5 
mole) of l-chloro-3,4-dinitrobenzene and 140 ml. (1.5 moles) of 
aniline in 500 ml. of 95% ethanol was allowed to stand for 72 hr. 
The product was filtered, washed with cold ethanol until free of 
dark discolorations, digested with 3 .V hydrochloric acid, and 
recrystallized from ethanol. Yield was SI g. (65% ), m.p. 112.2- 
112.6° (cor.) ( l i t .7' 108.5°, from 2,4-dichloronitrobenzene,
110°16).

5-Bromo-2-nitrodiphenylamine.— l-Bromo-3,4-dinitrobenzene 
(125 g., 0.5 mole) treated as the preceding chloro analog gave 85 
g. (57%) of product, m.p. 117.9-11,3.9° (cor.) (lit.17 116°).

5-Iodo-2-nitrodiphenylamine.—3,4-1 )initroiodobenzene (50 g., 
0.17 mole) treated as the previous chloro analog gave 21 g. (36%) 
of product, m.p. 113.5-114.(1° (lit.18 111°).

5-Chloro-4'-methoxy-2-nitrodiphenylamine.—One hundred 
grams (0.5 mole) of I-chloro-3,4-dinitrobenzene treated with p- 
anisidine by the procedure given in the previous section for 5- 
chloro-2-nitrodiphenylamine, gave on recrystallization from 95% 
ethanol, ,36 g. (62%) of product, m.p. 115.9-116.4°. The an
alytical sample on further recrystallization from petroleum ether 
(J .T . Baker, b.p. 20-40°) gave m.p. 115.7-116.2°.

Anal. Calcd. for Oi)ilIii();iX2Cl: C, 56.02; H, 3.98; N, 10.05. 
Found: C, 56.23; 11,3.89; X, 10.06.

4',5-Dichloro-2-nitrodiphcnylamine. —-A solution of 20.3 g. 
(0.1 mole) of l-chloro-3,4-dinitrobenzene and 41.5 g. (0.3 mole) 
of p-chloroaniline in 150 ml. of 95% ethanol was heated at 40-50° 
for 4 hr. The crystalline product obtained upon cooling was 
filtered, washed with mid ethanol, digested with 3 A hydrochloric 
acid, and recrystallized from ethanol. Yield was 15 g. (53%), 
m.p. 158.0 158.5° (lit.111 from 2,4-dichloronitrobenzene, 156°).

5-Fluoro-2-nitrodiphenylamine.1:l—In a modification of the 
Susehitzky procedure, a solution containing 17 g. (0.11 mole) of
2,4-difl non (nitrobenzene and 30 ml. (0.33 mole) of aniline in 100 
ml. of 95% ethanol was allowed to stand for 48 hr. Refluxing 
was prevented by the precipitation of insoluble plates, later 
identified as aniline hydrofluoride, C6H5XH2.4HF, bv infrared 
speetrophotometric comparison with an authentic sample.20 
The mixture of crystals obtained upon cooling was isolated and 
extracted with ethyl ether. The ether was removed and the de-

(13) W. I). Langley. “ Organic Syntheses,” Coll. Vol. I l l ,  John Wiley 
and Sons, Inc., New York, N.  ̂ ., 19.').'), j.. 334.

(14) J. M eisenheim er and E. Hess, h e r . ,  52, 1161 (1919).
(15) A. Laubenheim er, ibid., 9, 760 (1876).
(16) V. F. Borodkin. Z h .  P r i k l .  Khim.. 21, 987 (1948).
(17) P. Jacobson and It. Crosse, A n n . ,  303, 323 (1898).
(18) P. Jacobson, F. K. Fertsch, and F. H eubach. ibid.. 303, 330 (1898).
(19) H. Susehitzky, J. C h e m .  S o c . ,  3042 (1953).
(20) J. F. T. Berliner and R. M. Har.n, ./. P h y s .  C h e m . .  32. 114 2 (1928).
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sired product was recrystallized from 95% ethanol. Yield was 18 
g. (73%), m.p. 92.0-93.5° (lit.1993-94°).

5-Chloro-4'-fluoro-2-nitrodiphenylamine.—A mixture of 26 g. 
(0.23 mole) of p-fluoroaniline, 47 g. (0.23 mole) of l-chloro-3,4- 
dinitrobenzene, and 33 g. (0.4 mole) of sodium acetate in 250 ml. 
of 95% ethanol was refluxed on a steam bath for 12 hr. Upon 
cooling, the solid was isolated, washed with cold ethanol, water, 
and 10% sodium bicarbonate solution, digested with 3 N  hydro
chloric acid, and recrystallized twice from ethanol. Yield was 
15 g. (25%), m.p. 110.0-110.6°.

Anal. Calcd. for C12H8N20 2C1F: C, 54.05; If, 3.02; N, 
10.51. Found: C, 54.22; H.3.31; N, 10.76.

5-Methoxy-2-nitrodiphenylamine.—To 25 g. (0.085 mole) of 5- 
brorno-2-ni trodiphenylamine was added a solution prepared by 
dissolving 5 g. (0.22 mole) of sodium in 375 ml. of absolute 
methanol. The resulting solution was refluxed for 48 hr. Upon 
cooling, the crystalline product was isolated, washed with water, 
and recrystallized from 95% ethanol. Yield was 18.5 g. (89%), 
m.p. 112.5-113.2°. The analytical sample on further recrystal
lization had m.p. 112.6-113.3°.

Anal. Calcd. for Ci3Hi2N2()3: C, 63.92; H, 4.95; N, 11.47. 
Found: C, 63.81; H, 5.20; N, 11.25.

4 '-Fluoro-5-methoxy-2-ni trodiphenylamine.—5-Chloro-4 '- 
fluoro-2-nitrodiphenylamine (6 g., 0.023 mole) was treated with 
sodium methoxide solution (5 g. of sodium in 250 ml. of methanol) 
as before. Upon two recrystallizations from methanol, the yield 
was 5 g. (87%), m.p. 112.2-112.7°.

Anal. Calcd. for Ci3H„N20 3F: C, 59.54; H, 4.23; N, 10.68. 
Found: C, 59.84; H, 4.31; N, 10.77.

4'-Chloro-5-methoxy-2-nitrodiphenylamine.—4',5-Dichloro-2- 
nitrodiphenvlamine (5.7 g., 0.02 mole) was treated with sodium 
methoxide solution (9 g. of sodium in 800 ml. of methanol) as 
before. Upon recrystallization from methanol, the yield w-as 4.8 g. 
(86%), m.p. 131.4-131.9°.

Anal. Calcd. for CI3HuN20 3C1: C, 56.02; H, 3.98; N, 10.05. 
Found: C, 56.25; H, 4.19; N, 9.86.

4', 5-Dimethoxy-2-nitrodiphenylamine.—5-Chloro-4 '-methoxy-
2-nitrodiphenyIamine (40 g., 0.144 mole) was treated with sodium 
methoxide solution (10 g. of sodium in 750 ml. of methanol) as 
before. Recrystallization from 95% ethanol gave 38 g. (97%) of 
product, m.p. 105.6-106.2°. The analytical sample on further 
recrystallization from ethanol had m.p. 106.0-106.5°.

Anal. Calcd. for CuH140 4N2: C, 61.30; H, 5.15; N, 10.21. 
Found: C, 61.17; H.5.21; N, 10.29.

5-Ethoxy-2-nitrodiphenylamine.—To 29 g. (0.117 mole) of
5-chloro-2-nitrodiphenylamine in a pressure bottle was added a 
solution prepared by dissolving 6 g. (0.26 mole) of sodium in 400 
ml. of commercial absolute ethanol. The bottle was sealed and 
heated at 100° for 48 hr. Upon cooling, the crystalline product 
was isolated, washed with 3 N hydrochloric acid, and reerystal- 
lized from 95% ethanol with the aid of charcoal. Yield was 24 g. 
(71%), m.p. 107.5-108.0° (lit.21 106-106.5°).

5-Methyl-2-nitrodiphenylamine.—Ten grams (0.055 mole) of
3,4-dinitrotoluene, 15 ml. (0.16 mole) of aniline, and 5 g. of 
sodium acetate in 50 ml. of nitrobenzene was heated 48 hr. at 
150°. The nitrobenzene was removed by steam distillation and 
the residue extracted with ethyl ether. The product, obtained by 
drying the extract and evaporating the solvent, was placed on 
alumina (Merck 71707) with benzene and eluted with n-pentane. 
Upon recrvstallization from light petroleum (Skell.v B), the yield 
was 7 g. (56%,), m.p. 109-110°. The analytical sample on further 
recrystallization had m.p. 111.2-111.6°.

Anal. Calcd. for C,3Hi2N20 2: C, 68.41; H, 5.30; N, 12.27. 
Found: C, 68.72; H, 5.08; N, 12.23.

The structure was confirmed by infrared speetrophotometric 
comparison with an authentic sample obtained by desulfonation 
of barium 4-anilino-2-methyl-5-nitrobenzenesulfonate, m.p. 
110°.22

II. Synthesis of Substituted 2-Amino-3,5-dihydro-5-phenyl-3- 
phenyliminophenazines. General.—The 2-nitrodiphenylamines 
were reduced to the amine by hydrogenation in 95% ethanol with 
0.5 g. of 10% palladium-on-charcoal (Matheson Coleman and Bell 
5865) as catalyst unless otherwise stated.

Melting point determinations (uncorrected) were made on a 
Kofler micro hot stage (A. H. Thomas Co.) and the reported 
decomposition points are temperatures at which the crystals ap

(21) P. Jacobson, F. C. Fertsch, and W. Fischer, B e r . ,  26, 681 (1893).
(22) C. Schraube and E. Romig, ibid., 26, 575 (1893).

peared to deform. The compounds discolored when heated above 
200°.

The alumina used in the chromatographic purifications were 
Merck chromatographic grade 71707, Woelm basic (Brockmann) 
activity grade I, and Harshaw 90% catalyst 0101P. The Har- 
shaw product was neutralized with ethyl acetate, washed with 
water and methanol, dried, and activated by heating for several 
days at 150°. The hydrochlorides of the substituted phenazines 
were prepared by treating a solution of the compound in methanol 
with a slight excess of hydrochloric acid. The salt thus obtained 
was recrystallized twice from methanol.

All these compounds have rather low solubility in alcohols, are 
moderately soluble in benzene, dichloromethane and acetic acid, 
and are very sparingly soluble in ether, and insoluble in water and 
carbon tetrachloride. All 7-alkoxylated bases form crystals with 
a green luster while the 7-halogenated ones are brown. The 
hydrochlorides of these compounds are needles or plates with 
golden green luster and dissolve in alcohols to give violet-red 
solutions, while the solutions of the free bases in organic solvents 
are red-brown.

The mic.roanalyses were performed by Dr. Adalbert Elek and 
Miss Heather King.

2-Amino-3,5-dihydro-7-ethoxy-5-phenyl-3-phenyliminophena- 
zine.—Three grams of 2-amino-5-ethoxydiphenylamine hydro
chloride, obtained by hydrogenation of 5-ethoxy-2-nitrodiphenyl- 
amine in 95% ethanol and subsequent precipitation in anhydrous 
ethyl ether with gaseous hydrogen chloride, was dissolved in 220 
ml. of 3:1 95% ethanol-water and oxidized with a solution con
taining 7 g. of ferric chloride hexahydrate in 70 ml. of water. 
After stirring for 3.5 hr., the crude hydrochloride was isolated, 
dissolved in methanol, and precipitated as the free base with am
monium hydroxide. The 2.25 g. of base thus obtained was chro
matographed on alumina (450 g. of Woelm activity III) with 
benzene. The major red band gave, on elution and recrystalliza
tion from benzene 1.78 g. (77%) of crystals with a greenish luster, 
dec. pt. 245-248°.

Anal. Calcd. for C26H22N40: C, 76.82; H, 5.46; N, 13.78; 
C2HsO, 11.09. Found: C, 76.58; H, 5.36; N, 13.57; C2H50,
10.83.

The hydrochloride was obtained as needles with a golden green 
luster.

Anal. Calcd. for C26H22N40-HC1: C, 70.50; H, 5.23.
Found: C, 70.31; H, 5.32.

Material from a second red band, much slower moving and 
narrow, was obtained by extrusion and treatment of the adsorbent 
with benzene-methanol. This material (after removal of solvent) 
was rechromatographed with benzene on alumina (Woelm 
activity IV). Similarly to the original chromatogram, two bands 
were observed, a broad red band and a slow narrow one. Elution 
and recrystallization of the first band gave 0.15 g. of material 
which was identical with the earlier product when compared by 
decomposition point and infrared spectrophotometry (potassium 
bromide pellet).

This behavior suggests the presence of an equilibrium between 
two isomeric structures of the same compound, one being more 
strongly absorbed than the other, causing the observed separation 
of bands on the column. In solution, however, the equilibrium 
seems to be re-established rapidly, thus preventing ready isolation 
of the pure isomers. These results were obtained regardless of 
whether or not the solutions, prior to chromatography, were 
heated to the boiling point of benzene or maintained at room tem
perature. Similar behavior was observed with the methoxy and 
the dimethoxy (X = Y = —OCH3) analogs.

2-Anilino-3,5-dihydro-7-ethoxy-5-phenyl-3-phenyliminophen- 
azine.—(A) A mixture of 0.37 g. of 2-amino-3,5-dihydro-7- 
ethoxy-5-phenyl-3-phenyliminophenazine hydrochloride, 0.11 g. 
of aniline hydrochloride, and 6 ml. of aniline was refluxed for 12 
min. The crude product, obtained by pouring the cooled reac
tion mixture into ethyl ether, was isolated, dissolved in methanol, 
and precipitated as the free base with ammonium hydroxide. 
The base was chromatographed on alumina (Woelm activity I I I ) 
with benzene. Two strong bands developed, the faster being the 
desired product and the other larger band the unchanged starting 
material. The product, when rechromatographed on activity II 
alumina and recrystallized from benzene-methanol, resulted in 
0.068 g. (17%,) of brown crystals.

(B) A solution of 1.6 g. of 2-amino-5-ethoxvdiphenylamine 
hydrochloride and 1.8 g. of 4,5-dianilino-o-quinone (from the 
oxidative condensation of catechol and aniline with potassium
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iodate,23 m.p. 193°) in 100 ml. of 95% ethanol was refluxed for 2 
hr. Upon cooling, the product was isolated, recrystallized from 
95% ethanol, converted to the free base with ammonium hy
droxide, and chromatographed on alumina (Woelm activity III) 
with benzene. The product obtained from elution of the rapid 
major band was recrvstallized from benzene. Yield was 1.6 g. 
(55%) of brown crystals, dec. pt. 252-254°.

Anal. Calcd. for C32H26X4(): C, 79.28; H, 5.43; X, 11.61; 
C2H50 , 9.34. Found: C, 79.16; H, 5.29; X, 11.40; C2H50, 
9.30.

The hydrochloride was obtained as needles with greenish luster.
Anal. Calcd. for C32H26X4O HCI: C, 74.05; H,5.24. Found: 

C, 74.16; H, 5.33.
The decomposition points and infrared spectra (potassium bro

mide pelletsl of both preparations were identical.
2-Amino-3,5-dihydro-7-methoxy-5-phenyl-3-phenyliminophen- 

azine.—To the solution obtained by' hydrogenating 3 g. of 5- 
methoxy-2-nitrodiphenylamine in 120 ml. of 95% ethanol was 
added 2 ml. of hy'drochloric acid and then an oxidizing solution 
containing 8 g. of ferric chloride hexahydrate in 80 ml. of water. 
After stirring for 2 hr., the mixture was diluted with water and 
crude hydrochloride, which crystallized, was isolated, dissolved in 
methanol, and precipitated as the free base with ammonium 
hy'droxide. The base, 1.7 g., was chromatographed on alumina 
(500 g. of Merck with 8 wt. % of water added) with benzene as 
solvent and 95:1 benzene-ether as eluent. Elution of the major 
band, removal of solvent and recry'Stallization from benzene gave
1.52 g. (62%) of crystals with a greenish luster, dec. pt. 252- 
254°.

Anal. Calcd. for C25H20X4O: C, 76.51; H, 5.14; X, 14.28; 
CH30, 7.91. Found: C, 76.58; H, 5.14; X, 14.30; CH3(), 7.81.

The hydrochloride was obtained as needles with greenish luster.
Anal. Calcd. for C24H20X4O HC1: C, 70.00; H, 4.93. Found: 

C, 69.98; H, 5.36.
2-Amino-5-p-anisyl-3-p-anisylimino-3,5-dihydro-7-methoxy- 

phenazine was obtained in 72% yield from 4',5-dimethoxy-2- 
nitrodiphenylamine by the above procedure as crystals with 
greenish luster, dec. pt. 258-260°.

Anal. Calcd. for C27H24X4O3: C, 71.66; H, 5.34; CH30, 
20.53. Found: C, 71.65; H, 5.21; CH30 , 20.51.

The hydrochloride was obtained as needles with greenish luster.
Anal. Calcd. for C27H24X40 3 HC1H20: C, 63.96; H, 5.38; 

Cl, 6.99. Found: C, 64.24; H, 5.24; Cl, 7.07.
2-Amino-3,5-dihydro- 5-p-fluorophenyl-3-p-fluorophenylimino-

7-methoxyphenazine was obtained in 77% yield from 4'-fluoro-5- 
methoxy-2-nitrodiphenylamine byr the above procedure as crys
tals with greenish luster, dec. pt. 244-246°.

Anal. Calcd. for C25H18X40F2: C, 70.08; H, 4.23; CH30,
7.24. Found: C, 70.17; H, 4.37; CH3(), 7.31.

The hydrochloride was obtained as needles with a golden green 
luster.

Anal. Calcd. for C2SH18X4OF2 HC1: C, 64.59; H, 4.12.
Found: C, 64.30; H, 4.42.

2-Amino-5-p-chlorophenyl-3,5-dihydro-3-p-chlorophenylimino-
7-methoxyphenazine.—A solution of 4 g. of 4'-chloro-5-methoxy- 
2-nitrodiphenylamine, 12 g. of iron filings, and 4 ml. of acetic 
acid in 220 ml. of 50% ethanol was refluxed for 1.5 hr. and ex
tracted with ethyl ether. The ethereal phase was dried with 
sodium hy'droxide and the hydrochloride of the product precipi
tated with hy'drogen chloride gas. The amine hydrochloride thus 
obtained (3.6 g.) was treated by the previous procedure. Yield 
of crystals with greenish luster was 2.3 g. (80%), dec. pt. above 
250°'.

Anal. Calcd. for C25H i8X4OC12: C, 65.08; H.3.93; X, 12.15; 
Cl, 15.37. Found: C, 65.29; H.4.16; X, 12.09; Cl, 15.22.

Hydrogenation of 4'-chloro-5-methoxy-2-nitrodiphenylamine 
with palladium catalyst and subsequent oxidation gave a com
pound corresponding to the product from 2-amino-5-met.hoxydi- 
phenylamine.

The hydrochloride was obtained as plates with a golden green 
luster.

Anal. Calcd. for C25H,8X4<>C1. HC10.5H2(): C, 59.24; H,
3.98; Cl, 20.98. Found: C, 59.36; H, 4.01; Cl, 20.82.

2-Amino-3.5-dihydro-7-fluoro-5-phenyl-3-phenyliminophena- 
zine.—To the solution obtained by hydrogenating 5 g. of 5- 
fluoro-2-nitrodipheny lamine in 150 ml. of 95% ethanol was added
2.3 ml. of hydrochloric acid and an oxidizing solution containing 
14 g. of ferric chloride hexahydrate in lot) ml. of water. After

(23) F. Kehrinann and M. Cordone, Ber.. 46, 3009 (1913).

stirring for 90 min., the hydrochloride of the crude product was 
precipitated by the addition of water, isolated, dissolved in 
methanol, and precipitated as the free base with ammonium hy
droxide. The 3.2 g . of product thus obtained was chromato
graphed on alumina (500 g. of Merck with 10 wt. % of water 
added) with benzene. The main reddish brown band was eluted 
and rechromatographed on more active alumina. Upon recrystal
lizing twice from benzene, the vield of dark brown crystals was
1.65 g. (40%), dec. pt. 250-252°.

Anal. Calcd. for G24H17X4F: C, 75.77; H, 4.51; X, 14.73. 
Found: C, 75.84; H.4.55; X, 14.74.

The hydrochloride was obtained as plates with greenish luster.
Anal. Calcd. for GuHuX.F HC1: C, 69.14; H, 4.35.

Found: C, 69.30; H, 4.45.
2-Amino-3,5-dihydro-7-iodo-5-phenyl-3-phenyliminophenazine.

—5-lodo-2-nitrodiphenylamine was reduced with tin-hydro
chloric acid18 and converted to the hydrochloride by gaseous hy'
drogen chloride precipitation in anhydrous ethyl ether. Catalytic 
hydrogenation was unsuccessful with this compound.

A solution of 3.4 g. of 2-amino-5-iododiphenylamine hydro
chloride in 150 ml. of 95% ethanol was oxidized by stirring for 3 
hr. with a solution containing 6.3 g. of ferric chloride hexahydrate 
in 60 ml. of water. The hydrochloride of the crude product was 
precipitated by the addition of water, isolated, and recrystal
lized from methanol; y'ield, 2.35 g. Conversion to the free base 
with ammonium hydroxide gave 1.9 g. of brown crystals which, 
when chromatographed on alumina (300 g. of Merck with 8 wt. % 
of water added) with benzene, yielded 1.3 g. (62%) of product, 
dec. pt. 269-272°.

Anal. Calcd. for CmH.jXjI: C, 59.02; H, 3.51; X, 11.47;
1,25.99. Found: C, 59.20; H, 3.53; X, 11.41; 1,25.86.

The hydrochloride was obtained as needles with golden green 
luster.

A,ml. Calcd. for CiiHnX.I HC1: C, 54.92; H, 3.46.
Found: C, 54.79; H, 3.53.

2-Amino-7-bromo-3,5-dihydro-5-phenyl-3-phenyliminophena- 
zine.—To a solution obtained by hydrogenating 11.7 g. of 5- 
bromo-2-nitrodiphenylamine in 200 ml. of 95% ethanol was added 
an oxidizing solution containing 30 g.of ferric chloride hexahydrate 
and 2 ml. of hydrochloric acid in 30 ml. of water. After standing 
48 hr., the solution was chilled, yielding 3.5 g. of crude hydro
chloride. Fifteen grams of the hydrochloride thus prepared was 
converted with ammonium hydroxide in 95% ethanol to 8.6 g. of 
crude free base which in turn was chromatographed on alumina 
(2 kg. of Harshaw with 10 wt. % of water added) with benzene. 
The product obtained by elution of the main band was recrvstal
lized twice from dichloromethane-methanol as follows. After 
adding an equal volume of methanol to a warm solution of the 
base in 300 ml. of dichloromethane, the resulting solution was 
reduced to 300 ml. and allowed to cool. The yield was 4.8 g., 
dec. pt. gradual above 200°.

Anal. Calcd. for C24Hi7X4Br: C, 65.31; H, 3.88. Found:
C, 65.47; H, 4.00. The hydrochloride was obtained as needles 
with dark green luster.

Anal. Calcd. for CyH.jXjBr-HCl: C, 60.33; H, 3.80.
Found: C, 60.19; H, 3.86.

2-Amino-7-chloro-3,5-dihydro-5-phenyl-3-phenyliminophen- 
azine.—5-Cldoro-2-nitrodipheny lamine was treated similarly to 
the bromo analog.24

The hydrochloride was obtained as plates with greenish luster.
.1»«/.' Calcd. for C2,Hi,X,C1HC1: C, 66.52; H, 4.19.

Found: C, 66.62; H, 4.25.
2-Amino-3,5-dihydro-5-phenyl-3-phenyliminophenazine.—2-

Nitrodiphenylamine was hydrogenated and the resulting di
amine was precipitated as the hydrochloride from anhydrous 
ethyl ether with gaseous hydrogen chloride. The 2-amino- 
diphenylamine hydrochloride thus obtained was oxidized with 
ferric chloride by the procedure of Barry, et al and chromato
graphed on alumina (3 g. of base on 700 g. of Merck with 10 wt. 
% of water added) with benzene. The deep red band gave, 
on elution and recrvstallization from dichloromethane-methanol, 
dark red plates, dec. pt. 258-260°.

Anal. Calcd. for C-^H^N,: C, 79.53; H, 5.01. Found:
C, 79.71; H, 4.84.

The hydrochloride was obtained as plates with greenish luster.
Anal. Calcd. for C2)H,sN4 HC10.51U): C, 70.66; H,

4.94; Cl, 8.69. Found: C, 70.39; H, 5.10; Cl, 8.31.

(24) Cf. ref. 3.
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A second broad orange band resulted from 2-anilino-3,;5- 
dihydro-3-imino-5-phenylphenazine, m.p. 200° (lit. 1 202-203°).

Anal. Calcd. for C24H18X4: C, 79.53; H, 5.01. Found:
C, 79.60; H, 4.93.

The hydrochloride was obtained as plates with greenish luster.
Anal. Calcd. for C24HisX4HC1: 0 , 72.26; H, 4.80.

Found: 0  , 72.22; H, 4.93.
III. Condensation of 7-Substituted 2-Amino-3,5-dihydro-5- 

phenyl-3-phenyliminophenazines with Cyclohexanone. The prep
aration of the 7-ehloro compound is given in detail. Other com
pounds were prepared in like manner with similar yields. All 
the compounds are green crystals with bluish luster which gradu
ally decompose on heating above 220° without a distinct melting 
point.

The green products obtained from the II-isomers are only 
slightly soluble in cold benzene and dichloromethane giving 
green, nonfluorescent solutions, insoluble in ether and carbon 
tetrachloride, very sparingly soluble in water with a red color, 
and slightly soluble in alcohols. Concentrated alcoholic solutions 
are green and upon dilution became red with fluorescence. 
When an attempt was made to chromatograph these compounds 
in benzene solution on alumina (Woelm, basic, activity III), 
the compounds immediately changed to a red form which was 
adsorbed very strongly and could not be eluted with benzene. 
The infrared spectra of these green substances (obtained with 
potassium bromide pellets on the Beckman ili-4 instrument with 
lithium fluoride optics) do not show any bands in the region of 
the N-1I stretch frequencies, thus indicating Unit, all the amino 
groups were fully substituted. The elei lentary analyses cor
respond to 1:1 condensation products between the parent II- 
isomers and cyclohexanone with the elimination of one molecule 
of water.

Addition of sodium hydroxide solution to the red alcoholic 
solutions of the protonated SehifT bases returns the green color. 
The color change occurs between pH 9 and 12 depending on the 
nature of the 7-substituent.

7-Chloro-2-cyclohexylideneamino-3,5- dihydro - 5 - phenyl - 3 - 
phenyliminophenazine.—A solution of 0.20 g. of 2-amino-7- 
chloro-3,5-dihydro-5-phenyl-3-phenylimin< phenazine, 0.5 g. of 
polyphosphorie acid, and 0.5 ml. of cyclohexanone (Kastman 
Kodak 972) in 20 ml. of 95', ethanol was refluxed for 2 hr. The 
red reaction mixture was made alkaline with 10' ,  sodium hy
droxide solution and the green product precipitated by the addi
tion of water. The crude SehifT base was isolated, washed with 
water, dried, and repeatedly recrvstallized from benzene. The 
yield was 0.20 g. (85' , ).

Anal. Calcd. for 0 :ioH25X401: C, 75.53; II, 5.28; Cl,
7.43. Found: C, 75.35; H, 5.41; Cl, 7.23.

7-Bromo-2-cyclohexylideneamino-3,5-dihydro-5-phenyl-3- 
phenyliminophenazine.

Anal. Oaled. for OaoHjsXjBr: C, 69.08; 11,4.83; Br, 15.32.
Found: (1,68.95; H, 5.10; Br, 15.63.

2-Cyclohexylideneamino-3.5-dihydro-7-fiuoro-5-phenyl-3- 
phenyliminophenazine.

Anal. Calcd. for C30H25X4F: C, 78.24; if, 5.-17; X, 12.17. 
Found: C, 78.39; 11,5.59; X, 12.09.

2-Cyclohexylideneamino-3,5-dihydro-7-iodo-5-phenyl-3-phenyl-
iminophenazine.

Anal. Calcd. for C;l„lK.-.XJ: C, 68.38; 11, 4.43; X. 9.86;
1,22.33. Found: C, 63.57; H, 4.53; X.9.90; 1,22.24.

2-Cyclohexylideneamino-3,5-dihydro-7-ethoxy-S-phenyl-3- 
phenyliminophenazine.

Anal. Calcd. for C.tjHj.XCO: C, 78.98; H, 6.21; X, 11.51; 
C2H5O, 9.26. Found: C, 78.87; H, 6.08; N, 11.55; Cdl-.O,
9.05.

Hydrogenation of a solution containing 0.15 g. of the SehifT 
base, 0.2 g. of palladium catalyst, and a few drops of IOC sodium 
hydroxide solution in 75 ml. of absolute ethanol followed by the 
removal of t he catalyst, air reoxidation, and reduel ion of volume, 
gave, upon addition of water and some sodium hydroxide solu
tion, a precipitate which was chromatographed with benzene on 
alumina (Woelm activity III). The diluent of a rapid orange 
band was reduced in volume, dried, and rechromatographed on 
activity II alumina. Been stallizat ion from benzene Skellvsolve 
B gave 0.041 g. of 2-cyclohexylamino-3.5-dih.ydro-7-ethoxy-o- 
phenvl-3-phenvliminophenazine as brown needles, m.p. 225- 
227°.

Anal. Calcd. for C:i_>H:12X'4(): C, 7S.65; 11,6.60; X, 11.47;
CjHsO, 9.20. Found: C. 78.39: H, 6.53; N, 11.61; C,HsO, 
9.00.

A second brown-red band was identified by its infrared spec
trum as 2-amino-3,5-dihydro-7-etho.xy-5-phenyl-3-phenylimino- 
phenazine, the hydrolysis product of the SehifT base.

2-Cyclohexylideneamino-3, 5-dihydro-7-methoxy-5-phenyl-3- 
phenyliminophenazine.

Anal. Calcd. for OjiH-aXA): C, 78.78; H, 5.97; CH30,
6.56. Found: C, 78.68; II. 6.30; CH3(), 6.48.

A hydrogenation-reoxidation sequence similar to that de
scribed for tin- 7-ethoxy analog gave, from 0.31 g. of SehifT 
base, 0.056 g. of 2-eyclohexylamino-3,5-dihydro-7-met,hoxy-5- 
phenyl-3-phenyliminophenazine, m.p. 218-220°.

Anal. Calcd. for CjiIIjoNjO: C, 78.44; H, (>.37; X, 11.81; 
C’H3(>, 6.54. Found: C, 78.43; H, 6.37; X. 11.91; CH30,
6.60.

2-Cyclohexylideneamino-3.5-dihydro- 5-phenyl-3-phenylimino- 
phenazine.

Anal. Calcd. for CjoH26N40 : C, 81.42; H, 5.92; X, 12.66. 
Found: ( ’, 81.33; II, 5.87; X, 12.62.

Others. Similar green products were obtained when the oxi
dation products of 2-amino-4',5-dimethoxydiphenylamine, 2- 
amino-4'-fluoro-5-methoxydiphenvlamine, and 2-amino-4'-ehloro-
5-methoxydiphenylamine were reacted with cyclohexanone in the 
manner described. These SehifT bases, however were not 
analyzed.

Polarography. Materials.—The substituted phenazine hy
drochlorides have been described. All inorganic reagents were 
reagent grade and were used without further purification. Nitro
gen used for purging sample solutions free of oxygen was 99.9% 
dry-grade (Liquid Carbonic Corp.) which was scrubbed with 
vanadous chloride solution and water.25 The nitrogen was 
further conditioned by passage through a 5-mi. sample of the 
supporting electrolyte. Ethanol was 190 proof alcohol (U. S. 
Industrial Chemicals) distilled from dilute sulfuric acid, then 
from silver nitrate-potassium hydroxide26 through 15-plate per
forated-plate vacuum-jacketed column with a built-in electronic
ally controlled head.27

Apparatus.- The polarograph was a recording instrument 
constructed in the Department and previously described by 
Crowell, et al.K The cell was of the Peesok-Juvet type29 and 
thermostated at. 25.00 ±  0.05°.

The pH data were obtained with a Beckman Model <1 pH 
meter in conjunction with a Beckman 40498 glass electrode im
mersed in the solutions compartment and using the cell calomel 
electrode. The assembly was standardized against Beckman 
buffer solutions.

Solutions.- The polarograms were obtained in 3:1 95% eth
anol-aqueous buffer mixtures. The buffer solutions were sodium 
acetate-nitric acid systems prepared analogously to Walpole’s36 
sodium acetate-hydrochloric acid solutions. The total acetate 
concentration was 0.2 F and appropriate amounts of lithium 
nitrate were added to increase the ionic strength to I .1/.

The ethanolie solutions were 0.333 niF in the organic com
pound. Hence, on 3:1 dilution, the resulting solutions were 
nominally 0.25 mF in the phenazine derivative and 0.25 M in 
ionic strength. Xo corrections were made for the volume con
tractions.

Polarogram Measurements.—The half-wave potentials were 
obtained graphically using the maxima of the oscillations. Buf
fer blanks were used to estimate the residual current when in the 
region of the mercury dissolution potential. The precision of the 
graphical data was about ± 2  mv.
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Hammett substituent constants can be estimated from the equation, »xoi = max +  c, where X is some sub
stituent, (¡2 is a group to which it is attached, m is the slope, and c the intercept. This equation lias been shown 
to apply with G2 equal to O, S, NH, CO, and 0-, m-, and p-phenylene. This equation greatly increases the 
number of a-values available, and also makes possible the estimation of a-values for groups for which experi
mental determination by means of the p o f  the corresponding substituted benzoic acid would be difficult.

In the course of work on other problems, values of the 
Hammett substituent constants3 for certain groups were 
required. I11 order to develop useful methods of 
estimating substituent constants, relationships be
tween series of substituent constants were sought. 
McDaniel4“ and Bauld4b have pointed out that certain 
series of substituents show a linear relationship between 
<rm_x and cr,,_x. These relationships, while theoreti
cally interesting, are of limited use in predicting new 
substituent constants. We have sought for relation
ships between substituent constants for structurally 
related substituents.

We can consider almost any reaction series to which 
the Hammett equation is applicable as consisting of a 
substituent X, and a reaction site Y; both of which are 
attached to some group G. Thus, for substituted 
benzoic acids, X represents the substituent, Y the 
carboxyl group, and G the phenylene group. In some 
reaction series we may find it convenient to divide G 
into the sub-groups Gi, G2, . . . .  G„. In the cinnamic 
acids, for example, we may choose to consider the 
series to be of the form XGY where G is the styrylene 
group, or of the form XG2G1Y, where Gi is the trans- 
vinylene group and G2, the phenylene group. If we 
write the Hammett equation in its most general form

Q x  =  P<r\ +  Qh ( l )

where Q is the quantity being correlated, we can now 
consider two ways of correlating data for the series 
described above. In the first case, we may consider the 
substituent constant to include only the effect of X, 
the reaction constant accounting for G2G|Y and the 
reaction conditions. In the second cast', we may 
include G2 with the substituent constant, leaving the 
reaction constant to account for GjY and the reaction 
conditions. Thus in the first case, the unsubstituted 
compound may be written as HG»GiY, whereas in the 
second case, it would be written as HGiY. Then for 
a given X, the Hammett equation would be written for 
the first case as

Qx — PGiG2<rX “b QhgiG2 (2a)

while for the second case,
Q x G2 =  PGi°G2X Y  Q hG! ( 2 b )

obviously
Qx 02 =  Qx (2c)

(1) (a) A bstracted from p a rt of the Doctoral D issertation  of M. C harton, 
Stevens In s titu te  of Technology; (b) presented a t  the 142nd N ational 
M eeting of the American Chem ical Society, A tlantic C ity , N. J ., September, 
1962.

(2) D ept, of C hem istry, P ra tt  In s titu te , Brooklyn 5, N. Y.
(3) fa) L. P. H am m ett, “ Physical Organic C hem istry ," M cGraw-Hill

Book Co., Inc.. New York, N. Y.. 1940; (b) H. H. Jaflfe C h e m .  R e v . ,  53, 
191 (1953); (c) R. W. T aft, J r ., in M. 8. Newm an, ‘Steric Effects in Organic 
C hem istry ," John Wiley and Sons, Inc., New York, N. Y . t 1956.

Combining 2a and 2b and rearranging, gives

PClG 2 1 QhG2G1 QhGi ,®G2x = <rx + -----------------  (da)Pg, Pg,
or

«■ex = nur x +  c (3b)

This implies a straight line relationship between the 
two constants. At first glance, this relationship 
appears obvious and uninteresting. If we choose 
certain G2 values however, this relationship could 
provide us with u-values which are otherwise difficult to 
obtain. When for example, G2 is the carbonyl group, 
it should be possible to calculate a,„ and <jp for the 
chlorocarbonyl(COCl) group. Such a value would be 
difficult to obtain by measurement of an ionization 
constant. Again, if G2 is an oxygen atom, the v-values 
for the hypobromite(BrO) group could be calculated.

To test eq. 3b, least mean square correlations of 
<j have been made with tr,„_x, <vx, and <qx for G2 
equal to 0-, m-, and p-phenylene, carbonyl, oxygen, 
sulfur, and imino.

The results of these correlations are given in Table 
III, and the a-constants used are given in Table II. 
The reaction series studied are listed in Table I.

T a b l e  I

S e r i e s  C o r r e l a t e d

1 in-X CO X = OH, H, XH2, ()- , Me, OMe, OEt, Ph
•> wi-X 0 X = H, Ac. Me, GFj. Et, Ph
3 m-X X H X = Me, Ac, Et, Bu, Bz, H, OH, x h 2
4 »ii-XS X = CF„ Me, Ac, II
5 p-XCO X = OH, NH2, O , Mle, OMe, Ofit, Ph
(i p-X () X = CF3, Me, Ac, Et, Pr, Bu, 11
7 p-XNH X = Me, Ac, Et, Bu, Bz, H, OH, x h 2
8 p-XS X = CF,, Me, Ac, Et, ¡-Pr, CX, 19
!) p-X(p-C6H,)-X X = NO-., Cl, Br, OH, Me, OMe, H, XH2

10 p-X(m-C6Hi) X = XO>, Cl, Br, OH , Me, OMe, H
11 p-X(o-C6H4) X = H, Me, OH, OMe, Cl NO,

Discussion

The results of the correlations show that <tX g , 4S 
indeed a linear function of <7,„_x, <rp.x, or triX. In 
some cases it is not yet possible to determine which of 
the three <7X-constants gives the best correlation. It 
should be pointed out that the Hammett om.x and 
<r„.x values are not necessarily identical with the 
values of <rx of eq. 3. However ox may be represented 
by

OYX = +  5r

The data do not warrant the use of a four-parameter 
equation. They were, therefore, studied in terms of 
<r,„_x, 0>x, and °i- This is equivalent to X = 1,
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Table II
Substituent Constants Used in Correlations
X a m «i

H 0“ 0“ 0“
Me -0.069" -0.170" -0.05*
Et -0.07" - 0 .  157" -0.05*
Pr -0 .0 5 ‘i -0.126* — 0 .027
t-Pr -0 .0 T 1 -0.151" -0 .0 3 7
Bu -0 .0 7 d - 0 . 161* - 0 .02/
Ph 0.06" - 0 .01" 0 . 10*
CF3 0 43" 0.54" 0.4T
Ac 0.376" 0 502" 0.28*
Bz 0.343" 0.459* 0.29*
COjMe 0.315* 0.436' 0.30*
C()2Et 0.37" 0.45" 0.30*
C()2H 0.37" 0 45" 0.30*
c o 2- - 0 . 1" 0 .0' h

CHO 0.382'
c o n h 2 0.280* 0.36" h

CN 0.615' 0.660" 0.58*
OH 0 . 121" -0.37" 0.25*
OMe 0.115" -0.268" 0.25*
OEt 0 . 1" -0.24" 0.27*
OPr 0 . 1" -0.25"
OBu 0 . 1" -0.32"
o c f 3 0.36" 0.32"
OAc 0.39" 0.31"
o - -0.708* -0.519* -0.80*
OPh 0.252" (-0.028)*

(-0.320)"
NHj -0.16" -0.26" 0 . 10*
NHMe -0 .302 ' -0.592*

(-0.84)"
NHEt

0Tt-01o1 -0.607"
NHBu -0.344* -0.512"
NHOH -0.044* -0.399*
n h n h 2 -0.31" -0.550*
NHAc 0 .21" 0 .00"
NHBz 0.217* 0.078*
SH 0.25" 0.15" 0.25*
SMe 0.15" 0 .00" 0.25*
SEt 0.03" 0.25*
S(l-Pr) 0.07" 0.25*
SCN 0.52"
SAc 0.39" 0.44"
SCF3 0.35m 0 38”
n o 2 0.710" 0 .778" 0.63*
Cl 0.373" 0 .227" 0.47*
Br 0.391" 0.232" 0.45*
F 0.337" 0.062" 0.52*
I 0.352" 0.27* 0.39"
SiMe, -0.04" -0.07" - 0 . 12*
S02Me 0.60" 0.72" 0 .59*
SO Me 0.52" 0 49" 0.52*
2-MeCsH, -0.025''
2-HOCeH, -0 .090 '’
2-MeOCeH, -0 .004”
2-ClCsH, 0.126”
2-(),NC6H4 0.173”
3-OîNCeH, 0.183"
3-C1C.H, 0.092”
3-BrC6H4 0.093"
3-HOC.H, 0 033”
3-MeC6H4 0.008”
3-MeOC6H, 0.045”
4-02\ C 6H, 0.229’
4-CIC6H4 0.081"
4-BrC,H4 0.083"
4-H()C6H4 -0.242"
4-HA’CcH, - 0  303"
4-MeC6H4 - 0  048"
4-MeOCeH, -0.088"

a By definition. " D. H. McDaniel and H. C. Brown, ./. Org. 
Chem., 23, 420 (1958). e R. W. Taft, Jr., and I. C. Lewis
J. Am. Chem. Soc., 80, 2436 (1958). d Calculated from a,„ = 
(op +  2<ri)/3. Footnote c. 'See ref. 3b. •''Calculated from 
cti = a*/6.23: R. W. Taft, Jr., J. Phys. Chem., 64, 1805 (1960).
5 W. N. White, R. Schlitt, and D. Gwynn, J. Org. Chem., 
26, 3613 (1961). " Calculated from or = (3<rm — o>)/2. Foot
note c. * M. Charton and H. Meislich, J . Am. Chem. Soc., 80, 
5940 (1958). 1 See ref. 3a. k Calculated from data of J. D.
Roberts and C. M. Regan, ibid., 76, 939 (1954). 1 M. M. Fick-
ling, A. Fischer, B. R. Mann, J. Packer, and J. Vaughan, ibid., 
81, 4226 ( 1959). m L. M. Yagupolskii and L. N. Vagupolskaya, 
Dokl. Akad. Naiik SSSR, 134, 1381 (1960). " M. Charton,
Abstracts, 137th National Meeting of the American Chemical 
Society, Cleveland, Ohio, April, 1960, p. 78-P. 0 H. H. Jaffé,
L. 1). Freedman, and G. O. Doak, J. Am. Chem. Soc., 75, 2209 
(1953). ” Calculated from correlation of K„ of trans-m- and
p-cinnamic acids. These results will be reported elsewhere. 
" E. Berliner and L. H. Liu, J . Am. Chem. Soc., 75, 2417 (1953).
T R. A. Robinson and K. P. Ang, J. Chem. Soc., 2314 (1959).

5 = 0; X = 1, 5 = ‘/j to y 2; X = 1, 8 = 1; for ah 
<rm, <rp, respectively.

Results of Correlations.—When G2 is meta or para 
-O, -NH, or -CO, the best correlation is obtained 
with the crm-x-constants. In the case of G2 = -CO, this 
is in accord with the observation that vinylidene re
action series are correlated by the (rm.x-constants,5 
as the carbonyl group may be considered to be a 
hetero vinylidene group. When G2 is m- or p-S, the 
best correlation is obtained with the o>y-constants. 
It is premature to attempt to account for the difference 
in behavior between S and -0 , -NH or -CO. It 
has been pointed out by one of the referees, however, 
that those series which show significant correlation 
with <rp contain, except for H, only carbon substituents, 
and he has suggested that the <7m.x values be used for 
all calculations of new <r-constants in series 1 through
8. As there is no wajr to evaluate this proposal from 
the available data, values of rnm and cm are given as 
footnotes to Table III.

For G2 equal to p-phenylene, best results were ob
tained with < 7p-x  as is expected. Similarly, for m- 
phenylene best results were obtained with o-m.x. 
In accord with the successful correlation of o-phenylene 
reaction series (in which no steric effect is present) with 
the Op-constants,61 best results for the o-phenylene series 
were obtained with op.x.

It should be noted that when G2 is -CO the correla
tions are very sensitive to the value for X = 0 “. 
Exclusion of this value from series 1 and 5 gives poorer 
correlation, and best results are now obtained with op. 
The results are still significant, however (90% and 95% 
confidence levels for series 1 and 5, respectively). 
The difficulty in these series is the small range of oXOi 
when the value for O- is excluded (0.10 and 0.14 n- 
units, respectively for series 1 and 5 as compared with 
0.29, 0.53, 0.24, 0.69, 0.74, and 0.52 for series 2, 3, 4, 
6, 7, and 8, respectively).

Calculation of New Substituent Constants.—The
values of m and c given in Table III are for the o-x- 
constant which gave the best correlation, as deter-

(4) (a) I). H. M cDaniel. J .  O - g .  C h e m . .  26, 4692 (1961); (b) N. L. Bauld, 
A bstracts, 139th M eeting of the American Chem ical Society, St. Louis, 
M o., M arch, 1961.

(5) M. C harton , A bstracts, 140th N ational M eeting of the  American 
Chem ical Society, Chicago, 111., Septem ber, 1961, p. 91-Q.

(6) (a) M. C harton . C a n .  ./. C h e m . .  38, 2493 (1960); (b) A. C. F arth ing  
and B. Nam, “ Steric Effects of Conjugated System s,” Academic Press, 
New York, N. Y „ 1958, p. 131 and ref. 3.
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T a b l e  III
R e s u l t s  o f  C o r r e l a t io n s

Series G2 I'm“ rpa n* sb m C n d
1 m-CO 0.943 0.544 0.904 0.0581 0.553 0.329 1.61 -0.538
2 to-0 0.956 0.935 0.945 0.0427 0.555 0.156 1.65 -0.246
3 m-NH 0.982 0.803 0.874 0.0467 1.11 -0.187 0.871 0.165
4 TO-SC 0.933 0.962 0.880 0.0362 0.290 0.222 3.19 -0.692
5 p - C O 0.942 0.576 0.904 0.0637 0.546 0.422 1.62 -0.693
6 p - 0 0.969 0.953 0.955 0.0808 1.29 -0.218 0.727 0.163
7 p - NH 0.938 0.738 0.894 0.107 1.33 -0.476 0.662 0.322
8 p-Sd 0.978 0.988 0.954 0.0358 0.567 0.128 1.72 -0.216
9 p-CJ-b 0.828 0.970 0.634 0.0457 0.384 -0.0262 2.45 0.0626

10 to-C6H4 0.984 0.857 0.941 0.0128 0.237 0.00792 4.09 -0.0249
11 o-C6H4 0.867 0.933 0.778 0.0402 0.221 0.0211 3.94 -0.0787
r = correlation coefficient. 6 s = standard deviation. c rnm = 0.393, Cm = 0.213. d Trim = 0.719, Cm = 0.103.

T a b l e  IV
C a l c u l a t e d  S u b s t it u e n t  C o n s t a n t s

X
-̂-----G2

CTm
= 0 ------.

<Tp
•---- G2 =
<r m

NH---- .
<Tp

-̂---G2

<7m
= S---- .

<7 p
F 0.34 0.22 0.19 -0 .0 3 0.24 0.16
Cl 0.36 0.26 0.23 0.02 0.29 0.26
Br 0.37 0.29 0.25 0.04 0.29 0.26
I 0.35 0.24 0.20 -0 .0 1 0.30 0.28
CN 0.50 0.58 0.50 0.34 0.41 0.50
Si Me., 0.13 -0 .2 7 -0 .2 3 -0 .5 3 0.20 0.09
n o 2 0.55 0.70 0.60 0.47 0.45 0.57
SMe 0.24 -0 .0 2 -0 .0 2 -0 .2 8 0.22 0.13
SOMe 0.44 0.45 0.39 0.22 0.36 0.41
SOsMe 0.49 0.56 0.48 0.32 0.43 0.54

It is also possible to calculate new values of <jx from 
the appropriate <rXG,. For this purpose the equation

ax = nax g2 +  d (4)

is required, n and d being the slope and intercept ob
tained by linear regression of ax  on <xXG,3b (that is, by 
assuming <rXG2 free °f error). Values of n and d are 
given in Table III.

It has been reported (see footnote /, Table II) that 
<ri and o-R values can be estimated from the equations

a I = (3 On, — ap)/2 (5)

T a b l e  V

C a l c u l a t e d  V a l u e s  o f  to

m m
Series Gi G 2 «Gl pGGl2 (Cirled.) (observed)

11 inms-C^Fb o-C6H4 1.64“ 0.3896 0.237 0 . 2 2 1

10 trans-C2H2 to-CsH, 1.64“ 0.4666 0.284 0.237
9a i«ms-C2H2 p-CsHi 1.64“ 0.466‘ 0.284 0.384
9b p-C6H, p-C6H( 1.4156 0 .4826 0.341 0.384

a See footnote p ,  Table II. " See ref. 3b. “ See ref. 6a.

T a b l e  VI
C a l c u l a t e d  V a l u e s  o f  c

C C

Series Q H G 2 G 1 Q h g i ( e a l e d . ) (observed)
11 -4 .4 1 3 “ — 4.448" 0.0213 0.0211
10 -4 .4 4 7 “ -4 .4 4 8 '’ 0.000610 0.00792
9a -4 .4 4 7 “ -4 .448" 0.000610 -0.0262
9b -5 .6 3 6 “ -5 .6 2 7 “ -0.00636 -0 .0262

a See ref. 6a. b See footnote p, Table II. " See ref. 3b. 

T a b l e  VII
t T e s t s  o f  to a n d  c

Con Con
fidence fidence

Series tm level tc level
11 0 . 3 7 5 20 0.014 20
1 0 2.452 90 1.508 80
9a 2.561 95 1.658 80
9b 1.097 70 1.226 70

mined by the value of r. These are the preferred
values for use in estimating new o-XGrvalues.

To illustrate the utility of the method, a number of 
new substituent constants have been calculated for 
groups for which experimental determination would be 
difficult. These values are given in Table IV.

and
a„ = aj + o-r (6)

Calculation of m and c.—The existence of a linear 
relationship between crXGl and <rx does not in itself 
constitute proof of the validity of eq. 3, as the observed 
linear relationships might be purely empirical. Al
though this would not in the slightest diminish their 
utility, it is of interest to determine whether or not the 
derivation of eq. 3 is valid. One test of its validity is 
the calculation of m and c from the appropriate values 
of p and Qh. Calculated values of m and c are given in 
Tables V and VI for G2 equal to <>-, m-, and ¡o-phenyl- 
ene.

To determine the significance of the difference be
tween the calculated and observed values of m and c, l 
tests were performed.7 The values of / and the confi
dence levels obtained are given in Table VII. In 
general, the results of the t tests support the validity of 
eq. 3. In 9a and 10, however, the calculated and ob
served values of m and significantly different. As 
the pg.Oj and Qhg.o, values for 9a and 10 are identical 
and represent an average of w-phenylene and p- 
phenylene, it is more reasonable to compare average

(7) A. Hald, “ S tatis tical Theory with Engineering A pplications,’- John 
Wiley and Sons, Inc-., New York, N. Y., 1952, p. 540.
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observed m- and c values with the calculated values. 
For these series, m = 0.311, c = —0.0914. These 
average values are obviously in good agreement with the 
calculated values of m and c.

Equation 3 is thus supported, at least for series 9, 10, 
and 11. Although it is true that these are the series

least likely to deviate from the equation, it is neverthe
less encouraging to find such agreement.

Acknowledgment.--The author wishes to acknowl
edge helpful discussion of the content of this paper 
with Professor H. H. .laffe, University of Cincinnati.
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Phthalic anhydride (or acid) can be reduced by hydrogen sulfide to thiophthalide in high yields. Hydrogen 
may be substituted for part of the hydrogen sulfide. The reaction appears general, but gives lower yields for 
other anhydrides. Reduction of cyclohexane-1,2-dicarboxvlic anhydride gives 3,4,o,(i-tetrahydrot,hiophtha
lide. Other aromatic acids or nitriles are reduced completely to hydrocarbon, while aliphatic acids are inert 
under reaction conditions. While metal sulfides may catalyze (lie reaction, they are not essential. In their 
absence, a homogeneous reduction wit h hydrogen is realized.

In the course of studying the oxidation of organic 
compounds with sulfur and water, but in the absence of 
a base, it was found that the reaction was reversible.1 
For example, toluene is oxidized by sulfur and water 
at 31o°. A similar equilibrium exists in the reaction

C6H5CHs +  :tS +  2H2<> ('JLOtbH +  3H2S (1)

producing nitriles from hydrocarbon, sulfur, and am
monia.2

C6H5CH:l +  3S +  NH3 ( ’Jb,ON +  3H2S (2)

In the reverse reactions, a carboxylic acid or nitrile is 
reduced to a hydrocarbon with hydrogen sulfide. 
Sulfur is also formed. By adding hydrogen to the sys
tem, sulfur is converted to hydrogen sulfide which tends 
to drive the reaction to completion. The over-all reac
tion is reduction of a carboxyl or nitrile group to a 
methyl group bv hydrogen, with hydrogen sulfide as a 
catalyst. Reduction begins at about 150° but reaches 
a practical rate at about 2d0°. Such reductions have 
not been reported previously. They may have only 
limited practical value but do have theoretical signifi
cance. For example, the system hydrogen, water, 
benzoic acid, and hydrogen sulfide contains no solid 
catalyst and hence represents an example of homo
geneous catalysis, a relative rarity in reduction by hy
drogen. Xitrile reduction represents a similar situa
tion. The number of other groups capable of reduction 
in this way has not yet been fully explored.

Of greater interest is the reduction of phthalic an
hydride from which a number of intermediate com

pounds were isolated. The yield of any one may be on 
hanced by the proper choice of conditions and the re
cycling of undesired intermediates. These inter
mediate compounds shed light on a probable mecha
nism of sulfur oxidations. The major reaction se
quence involves the following compounds, all of which 
have been isolated (run 10, Table I).

Small amounts of o-toluic acid also have been found. 
It has not been established whether this is part of the 
above sequence or a competing reaction. The most 
stable entity at 315° in the presence of water, sulfur, 
and hydrogen sulfide is thiophthalide (I). It can be 
obtained in 94% yields by reduction of phthalic anhy
dride or phthalic acid.

+  2H20  +  2S (4)

I

Some typical results are given in Table I. The re
verse reactions, the oxidation of o-xylene to thio
phthalide with sulfur and water, has been described.1

An example of the spectrum of intermediates (3) is 
given in run 10 of Table I. In this case, their concen
trations were enhanced by adding e-xylene to the sys
tem and limiting the amount of hydrogen sulfide em
ployed. As a result, the major products were thio- 
phthalic anhydride (II), thiophthalide (I), and <>- 
xylylene sulfide (III); identification was by a high 
mass spectrometer. Minor peaks matched masses for 
di- and trithiophthalic anhydride. Benzoic acid, a 
major product, probably resulted from decarboxylation 
of phthalic acid at this temperature. Reduction of the 
intermediate thiophthalic anhydride with hydrogen 
sulfide at atmospheric pressure gave thiophthalide.

Table I shows that hydrogen sulfide alone as the re
ducing agent gives good yields of thiophthalide over 
the temperature range of 17o-31.r>°. Conversions in
crease with temperature while yields decrease. Above 
31.1°, decarboxylation and reduction to o-xylene and
o-xylylene sulfide occurs. The ratio of hydrogen sulfide

( 1) W. CL Toland. ./. O r g .  C h e m . ,  2G, 2929 (1001 >. 
(2) W. G. Toland. i b i d . ,  27, 869 (1962).
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T a b l e  I
R e d u c t io n  o f  P h t h a i.ic  A n h y d r id e  to  T h io p h t h a i.id e

Run no. 1 2 3 4 5 (> 7 8 9 10
Charge, moles

Phthalic anhydride 4.0 4.0 1 0 1.0 2.0 10 2.0 2.0 2.0 2.0
H.,S 4.3 8.2 10 10 10 20 2. 1 0.5 3.0 1 0
Hydrogen 0 0 0 0 0 0 11.5 7.0 7.9 2.0“
Water 100 100 100 100 0 0 0 100 100 100

Conditions
Temperature, °C 175 200 80-260 290-315 260 260 260 260 260 315
Time at temp., min. 120 120 120 50 60 120 60 120 145 120

Products, moles
i r,s
Sulfur

1.7
1.25

1.65
3.2 1.24

6.82
1.16

4.44
4.44

1 62 
4.11 0

0.30
0

1.41
0

Hydrogen 
Phthalic arid 3.52 2.14 0.37 0.042 0 3 46

9.8
0.91

5.6 
1 .77 0.59

1 .5“ 
1 .0

Benzoic (It) or toluic (T) acid 0 0 0 0.05 (T) 0 2.1* 0 0 0.03 (T) 0.5 (B)
Other 

Tar, grams 20.3 3.0 16.8

3.0
(H,<> I 
0

11 5 
(ICO) 

138.2

0 .60c 

112 6.6

0.072'' 

12. 1

0.07“

0.07''
Thiophthalide 0.452 1.68 0.565 0.69 1 .91 2. 1 0.23 0. 10 1 .07 0.22
Conversion of phthalic

anhydride, % 12.0 47.2 62.8 95.8 too 65.5» 55.2 12.8 70.8 50.0
Yield of thiophthalide, mole %

on 1RS
on phthalic anhydride

51.7
94.2

77.1
90.3 89.9

65.2
72.2

101 2 
94.1 64.26 20.4

214.0
38.5

202.0 
74.3 22.0

0 o-.Yviene (substituted for H2). 6 A3,3'-Bithiophthalide. c Thiophthalic anhydride. rf o-X riviene sulfide.

to pi it Italic anhydride (or acid) is not critical; but since 
three moles are required per mole of phthalic anhydride 
or acid to form thiophthalide, at least this ratio is pre
ferred. Above 10:1 molar ratios, additional hydrogen 
sulfide probably has little effect. Except in the reduc
tion of thiophthalic anhydride, only autogenous pres
sures were studied.

In the reduction of phthalic anhydride, water may be 
used as a solvent, as shown in runs 1-4. Apparently, 
the tendency to form cyclic structures is so strong in 
this case that the opportunity for hydrolysis to open 
chain species has little effect on the course or degree of 
reduction.

In one attempt to scale up the reaction (run 6) the 
reduction took a different course. This could have re
sulted from an insufficient amount of hydrogen sulfide 
to complete the conversion, poor mixing of the larger 
quantities in the same size vessel, or possibly subsequent 
reactions occurring in the still pot during product dis
tillation. In any event, a condensation occurred, prob
ably between thiophthalide and thiophthalic anhydride 
with loss of water, to give A-3,3'-bithiophthalide (IV) 
in 64% yield. Oxidation of A-3,3'-bithiophthalide with 
sulfur and water gave phthalic acid in 74% yield.

The formation of sulfur in the reduction ot phthalic 
anhydride could lead to side reactions with thioph- 
thafide. However, it was shown that under reaction 
conditions sulfur reacts with hydrogen to form hydrogen

sulfide. It was shown that hydrogen in the absence of 
hydrogen sulfide does not react with phthalic acid. 
When both hydrogen and hydrogen sulfide are present, 
thiophthalide is formed in yields at least twice those 
theoretically obtainable from the hydrogen sulfide alone 
(runs 8 and 9). In such cases, hydrogen sulfide serves 
both as a reagent and as a catalyst for the reduction.

The reaction of hydrogen sulfide with 4-cyclohexene-
1,2-dicarboxylic anhydride (V) and l-cyelohexene-1,2- 
dicarboxylic anhydride (AT) gave thiophthalide in 65% 
and 91% yields, respectively. The sequence of reac
tions in these transformations is complex. First, 
double bond isomerization of the unsaturated cyclic an
hydrides (or the corresponding acids) may occur. 
Second, and more important, sulfur produced during 
the carbonyl reduction is available to dehydrogenate 
the partially saturated ring. In addition, any of these 
tetrahydrophthalic anhydrides (or corresponding acids) 
which are dehydrogenated by sulfur to phthalic an
hydride (or phthalic acid) can be reduced under these 
reaction conditions to thiophthalide. Anhydride in
itially reduced by the hydrogen sulfide to thiolactone 
may be dehydrogenated similarly to thiophthalide.

When a hydrogen-hydrogen sulfide mixture was used 
for reduction of 4-cyclohexene-l,2-dicarboxylic an
hydride, a mixture of thiophthalide and the unexpected 
and previously unreported 3,4,5,6-tetrahydrothioph- 
thalide (VII) was produced. The same products were 
isolated from the hydrogen sulfide reduction of cyclo
hexane-1,2-dicarboxylic anhydride (VIII), (Table II). 
When a hydrogen-hydrogen sulfide mixture is used for 
reduction of VIII, the ratio of VII to I increases.

VIII
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T a b l e  II
R e d a c t io n  o f  C y c l o h e x a n e  a n d  C y c l o h e x e n e -1 ,2 -I ) ic a r -

BOXY LIC A n h y d r id e s

% Yield. %  Yield,
Reducing thio- te trahyd ro th io -

A nhydride agent. phthalide (I) phthalide (VII)

4-Cyclohexene-1 ,2- h 2s 65
diearboxy lie h 2s - h 2° 23 29
anhydride

1-Cyclohexene-1,2- h 2s 91
dicarboxylic
anhydride

Cyclohexane-1,2- h 2s 21 25
dicarboxylic H.S-H, 23 34
anhydride H2S-H2“ 47
a Steel-lined autoclave used.

When, instead of the usual glass-lined autoclave, an 
unlined steel one was used, only VII was found. Ap
parently the autoclave walls act as a catalytic surface 
and allow the hydrogen to easily reduce any sulfur 
formed.

The reduction of succinic anhydride by hydrogen 
sulfide gave y-thiolbutyrolactone (IX) in 24% yield.

3 + 3H2S
i— COOH

-
1— COOH

+ 2S (7)

From the over-all equation 7 it is apparent that only 
33% of the succinic anhydride can be converted to y- 
thiolbutyrolactone since the water formed in the reac
tion hydrolyzes succinic anhydride to succinic acid. 
In contrast to o-phthalic acid, the carboxyl groups in 
succinic acid may assume conformations unfavorable 
for anhydride formation. When succinic acid was sub
jected to the reducing conditions, only 3.6% of the suc
cinic acid was converted to y-thiolbutyrolactone.

In the same manner acetic anhydride gave a product 
which was 7.4 mole per cent ethyl thiolacetate. Hy
drogen sulfide reduction of benzoic anhydride in the 
presence of hydrogen at 177° gave a product contain
ing 9 mole per cent benzyl thiolbenzoatc, 36 mole per 
cent benzene, 51 mole per cent benzoic acid, and traces 
of other materials. When the temperature was raised 
to 260°, toluene was the product. Benzoic acid re
quired temperatures of greater than 300° to be reduced 
to toluene, but under these conditions lauric acid was 
unchanged. Reaction of hydrogen sulfide with 
phthalimide gave no identifiable products and dibenzoyl 
amine (made in situ from benzoic acid and benzo- 
nitrile) yielded only toluene.

Discussion
The initial step in this type of reduction has been de

scribed. Hydrogen sulfide reacts with anhydrides be
low 100° in the presence of tertiary amine accelerators 
and between 120 and 160° over activated carbon to 
produce thiocarboxylic acids.3 4 Sulfonic acids ap
parently also function as catalysts.* Xo reduction is

(3 ) (a) H. Behringer and H. W. Stein, Germ an Paten t 800,412 (N ovem ber 
8, 1950); (b) H. Behringer and IT. \V. Stein, G erm an Paten t Application 
No. B 388 IV d /120  (October, 1949); (c) H. Behringer, G erm an P a ten t 
A pplication No. B 854 d /120  (N ovem ber, 1949).

(4) J. C. Me Cool, U. S. Patent 2.587.580 (M arch 4. 1952).

involved in this first step, but rather replacement of 
one oxygen by a sulfur.

Catalytic reduction of a variety of functional groups 
to thiols using hydrogen with hydrogen sulfide has been 
described.6 Keto- and aldehydocarboxylic acids, an
hydrides, esters, and amides are reduced to mercapto- 
carboxylic compounds. Levulinic acid, for example, 
gives y-mercaptovaleric acid and its tliio lactone. The 
anhydride group, however, apparently is unaffected 
under the conditions of keto group reduction. Simple 
aldehydes and ketones, thio ketones, tliio acids, and 
cyano groups are all reduced to mercaptans at tem
peratures up to about 300° but give hydrocarbons above 
this temperature.

Reductions have been observed in studies of the 
Willgerodt reaction. When acetophenone is treated 
with aqueous ammonium sulfide, it gives a mixture of 
a-phenylethyl mercaptan, a-phenylethyl disulfide, sty
rene, ethylbenzene, diphenylthiophene, and free sulfur.6 
The sulfide reduction of ketones is complicated by sub
sequent reactions, some of which may involve the free 
sulfur produced initially. Similarly, 1-acetylacenaph- 
thene is reduced to 1-ethylacenaphthene in 67% yield 
by ammonium polysulfide with little of the expected 
Willgerodt product, 1-acenaphthenacetamide being 
formed.6

While a carbonyl function is also reduced to a 
methylene in anhydride reduction, it cannot occur by 
any of the mechanisms proposed to date for such re
ductions. The reduction of phthalic anhydride can
not proceed through either an olefinic7 or a thioepoxide8 
intermediate. The reduction of anhydrides may ac
tually parallel more closely the mechanism involved in 
sulfate reduction by bisulfide to give thiosulfate9 and 
ultimately polysulfide.10

An abbreviated schematic series of steps (Scheme 1) 
illustrates a potential path of phthalic anhydride reduc
tion consistent with known sulfur chemistry. Many 
reactive reducing species may be present in the reaction 
mixture. In this reaction scheme examples of'several 
are used: hydrogen sulfide, reaction 1; sulfur, reac
tion 7; and hydrogen polysulfide, a species formed 1 y 
reaction of sulfur with hydrogen sulfide, reaction 4. 
Beginning with the thioanhydride group, the sequence 
is illustrated in Scheme 1.

A possible reaction sequence for the reduction of 
cyclohexane-1,2-dicarboxylic anhydride (VIII) is pre
sented in Scheme 2. Intermediate X is formed as sug
gested in reaction 7 in Scheme 1. However, with X 
and alternative reaction path, hydrogen sulfide elimina
tion to XI, is possible. Rearrangement of the double 
bond into conjugation with the carbonyl group gives
3,4,5,6-totrahydrothiophthalide (VII). Sulfur formed 
in reactions 6 and 20 can dehydrogenate VII to thio- 
phthalide (I). When hydrogen is also present, it can 
react with sulfur, reducing the amount of VII oxidized. 
When the reaction was carried out in an unlined steel

(5) M. W. Farlow, W. A. Lazier, and F. K. Signaigo, Ind. ling. Chem 
42. 2547 (1950).

(6) (a) C. W illgerodt, Ber., 21, 534 (1888); fb) K. Baum ann and K. 
From m , ilud., 28, 907 (189.)); (c) L. F. Fieser and G. W. K ilmer, ./. .4?n 
C h e m .  S o r . ,  62, 1354 (1940).

(7) M. C arm ack and I). F. D etar, ibid.. 68, 2029 ("1946): .1. A. King 
and F. IT. M cM illan, ibid.. 68, 525, 632 (1946).

(8) M. A. Naylor and A. W .  Anderson, ibid., 7 5 ,  6392 (1953).
(9) \Y\ G. Toland. ibid.. 82 1911 (1960).
(10) R .  E. Davis, i b i d . ,  80. 3565 (1958).



N o v e m b e r , 1963 T h io l e s t e r s 3 1 2 7
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autoclave whose walls can catalyze the hydrogen-sulfur 
reaction, the yield of VII increased considerably. The 
alternate path, reactions 19 and 21, in which hexa- 
hydrothiophthalide (XII) is formed and then selec
tively dehydrogenated to VII seems unlikely since no 
XII was found. This would require the dehydrogena
tion of the completely saturated XII to VII to be more 
facile than dehydrogenation of the tetrahydrothio- 
phthalide (VII) to thiophthalide (I). However, steps 
18 and 19 cannot be ruled out in these cases in which 
no 3,4,5,6-tetrahydrothiophthalide (VII) is found.

The hydrogen sulfide-hydrogen reduction of 4- 
cyclohexene-l,2-dicarboxylic anhydride (V) gave a 
mixture of thiophthalide (I), 23% yield, and 3,4,5,6- 
tetrahydrothiophthalide (VII), 29% yield. The reduc
tion of cyclohexane-1,2-dicarboxylic anhydride (VIII) 
under essentially the same conditions gave only VII; 
no thiophthalide was found. It is unlikely, then, that 
VII is the precusor of the thiophthalide found in the re
duction of 4-cyclohexene-1,2-dicarboxylic anhydride. 
A possible reaction path for this unusual transforma
tion involves formation of an intermediate, 3,6-dihydro- 
thiophthalide (XIII), which disproportionates to I and

(8)

VII. Partial prior hydrogenation of 4-cyclohexene-1,2- 
dicarboxylic anhydride to cyclohexane-1,2-dicarboxylic 
anhydride cannot be dismissed, but it is not likely, es
pecially in the absence of a catalyst other than the 
metal autoclave walls.

S c h e m e  2

XII I VII

if________________ t
21

Experimental
All runs were conducted in 4.5-1. 316-steel rocking autoclaves 

equipped with bursting disk, pressure gage, thermowell, bleed 
valve, and heating jacket.

Reagents were added to the bomb directly where possible. 
Hydrogen sulfide (and hydrogen) was pressured in after sealing the 
head. Contents were shaken wdiile heating to temperature 
which took about 1 hr. After the specified reaction time, the 
autoclave was allowed to cool overnight to room temperature. 
Caseous products were withdrawn through a caustic scrubber to 
absorb hydrogen sulfide and carbon dioxide. A Dry Ice trap 
was used when volatile products were expected, and in the phthalic 
anhydride reduction a wet test meter was used to measure un
converted hydrogen. Liquid and solid products were then worked 
up as indicated for each type of product.

Phthalic Anhydride Reduction.—Table I summarizes these 
runs. In those cases where water was used, products were 
isolated as follows. They were first steam distilled. A chloro
form extraction then separated all thiophthalide, benzoic, and 
toluic acids, as well as other organic by-products. Sulfur par
tially dissolved in the chloroform, but the bulk of it was re
covered by filtration of the chloroform-water mixture. Un
changed phthalic acid was recovered from the water phase by 
crystallization and by evaporation of the filtrates to dryness. 
The chloroform solution was extracted with aqueous sodium 
bicarbonate to remove benzoic and toluic acids, which were 
isolated by acidifying with dilute mineral acid, filtering, washing, 
and drying. Identity was established by neutralization equiva
lent. The remaining chloroform solution was then distilled 
through a 1 -ft. glass helices-packed column. Distillation of the 
thiophthalide fraction was done at reduced pressure (10-50 mm. 
of mercury) and select cuts were analyzed by high mass spectrom
etry, saponification and neutralization equivalents, and ele
mental analysis for sulfur. Still residues were analyzed for free 
and total sulfur. By-product tars were found here.

Those runs done with no water present were worked up by 
diluting with benzene, azeotropically distilling water of reaction, 
and then fractionally distilling through a 4-ft. zigzag column 
under reduced pressure.

The green-yellow needles of A-3,3'bithiopht,halide (IV), m.p. 
335°, lit.11 m.p. 332-333°, obtained in run 6 were soluble only ip 
nitrobenzene and ethyl benzoate. Sublimation gave orange- 
yellow needles.

In run 9, o-xylylene sulfide (III), b.p. 90-100° (2-4 mm.), 
lit.12 b.p. 106-107° (9 mm.), was obtained as a yellow oil. The 
compound was further purified by steam distillation done under 
an atmosphere of nitrogen.

Anal. Calcd. for CsHsS (136.21): C, 70.54; H, 5.29; S,
23.54. Found: C, 69.90; H, 6.05; S, 23.0.

A-3,3'-Bithiophthalide (IV) Oxidation.—A3,3'-Bithiophthalide 
(32.8 g., 0.111 mole), sulfur (32 g., 1 g.-atom), and water (1800 
g., 100 moles) were charged to the autoclave. The autoclave 
was held at 260° for 2 hr. The product of the reaction was fil
tered while still hot, giving a dark solid (27.5 g.) whose analysis 
showed 79% free sulfur; the aqueous filtrate was partially

(11) S. Gabriel and E. Lenpold, Ber., 31, 2646 (1898).
(12) S. F . B irch, R .  A. Dean, and E. V. W hitehead, J .  Inst. Petrol., 40, 

76 (1954).
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evaporated and then chilled to yield crude phthalic acid (27.2 g., 
0.164 mole, 74%).

Thiophthalic Anhydride (II) Reduction.—Thiophthalic anhy
dride was prepared from phthalic anhydride and sodium sulfide 
as described by lleissert and Halle.13 Hydrogen sulfide was 
passed through the thiophthalic anhydride (5.0 g., 0.030 mole) 
for 6 hr. as the reaction mixture was heated to 260°. The re
action took place at atmospheric pressure. Ether extraction of 
the cooled reaction product left sulfur (0.34 g., 0.011 g.-atom). 
Mass spectrometry analysis of the residue left after evaporation 
of the ether showed the following (in mole per cent): thio
phthalic anhydride, 87; thiophthalide, 3.0; toluic acid, 0.9; and 
benzoic acid, 0 .2 .

Succinic Anhydride Reduction.—Succinic anhydride (200 g.,
2.0 moles) and hydrogen sulfide (500 g., 15 moles) were heated 
in an autoclave at 260° for 1 hr. and then allowed to cool slowly 
overnight. The foul smelling reaction product was extracted 
with benzene and filtered, leaving succinic acid (58 g., 0.20 mole) 
and sulfur (42.5 g., 1.34 g.-atoms). The succinic acid was identi
fied by its infrared spectrum and the percentage sulfur present 
was determined by free sulfur analysis. The filtrate was dis
tilled, giving 7-thiolbutyrolactone (48.55 g., 0.475 mole, 24%), 
b.p. 53-57“ (4 mm.), n^n 1.5219-1.5296. Redistillation gave 
pure 7-thiolbutyrolactone, b.p. 57° (4 mm.), n20i> 1.5277; lit.14 
b.p. 56-57° (4 mm.), nwn 1.5240; pC-0 1725 cm. ' 1 in carbon 
tetrachloride.

Anal. Calcd. for G,H6S() (102.16): C, 47.02; H, 5.92; 
S, 31.39. Found C, 46.99; H, 5.91; S, 31.42.

Succinic Acid Reduction.—A mixture of succinic acid (237 g.,
2.01 moles) and hydrogen sulfide (320 g., 9.4 moles) was charged 
to an autoclave. The autoclave was heated to 269° and held at 
this temperature for 2 hr. The autoclave was allowed to cool 
slowly overnight before it was vented. The crude product (257 
g.), which was a mixture of crystals and black oil, was extracted 
with benzene (1 1.). Distillation of the benzene extract gave y -  
thiolbutyrolactone (7.4 g., 0.072 mole, 3.6%.), b.p. 45-56° (1 
mm.). The benzene-insoluble material was extracted with hot 
water and separated from the insoluble tar. Evaporation of the 
water gave succinic acid, (137 g., 1.16 moles, 58% recovery), 
m.p. 182-184°, which was identified by its infrared spectrum in 
Nujol.

Acetic Anhydride Reduction.—Acetic anhydride (510 g., 5.0 
moles) and hydrogen sulfide (510 g., 15 moles) were charged to 
an autoclave. The mixture was heated to 260° for 2 hr. After 
cooling and venting the unchanged hydrogen sulfide, the mixture 
was filtered to remove sulfur (59.9 g., 1.86 g.-atoms) and then 
fractionally distilled through a 36-in. heliees-packed column. 
Ethyl thiolacetate, b.p. 117°, lit.15 b.p. 116-117° was obtained 
by washing out the acetic acid in the distillate with water and 
then redistilling.

The composition, in mole per cent, indicated by mass spectrom
etry analysis of the crude reaction mixture was acetic acid, 89; 
ethyl thiolacetate, 7; diethyl disulfide, 1; »-butyl mercaptan, 
0 .8 ; ethyl mercaptan, 0 .6 ; n-propy 1 mercaptan, 0 .2 ; and methyl 
mercaptan, 0 .1.

Benzoic Anhydride, Benzoic Acid, »(-Toluic Acid Reduction.—
A mixture of benzoic anhydride (56.6 g., 0.250 mole) benzene 
(780 g., 10 moles), and hydrogen sulfide (34 g., 1.0 mole) was 
charged to an autoclave. Hydrogen was pressured in to 1500 
p.s.i.g. and then the autoclave was heated to 177° for 2 hr. 
After cooling and venting the autoclave, the benzene was dis
tilled, and the residue (71.9 g.) was allowed to cool. The com
position, in mole per cent, of the residue as determined by mass 
spectrometry analysis was benzene, 36; benzoic acid, 51; benzyl 
thiolbenzoate, 9; benzoic anhydride, 3; benzyl mercaptan, 1; 
and a trace of toluene.

A similar run at 260° gave almost all toluene. Benzoic acid 
was unreactive at 260°, but at about 300° was reduced to toluene 
in 68% yield. Under similar reducing conditions at 340°, m- 
toluic acid gave »(-xylene in 13% yield; laurie acid was recovered 
unchanged.

Phthalimide Reduction.—Phthalimide (14S g., 1.0 mole) and 
hydrogen sulfide (204 g., 6 moles) were charged to an autoclave. 
After heating for 2 hr. at 260°, the reaction mixture was slowly 
allowed to cool. The resulting dark mixture yielded no identifi
able products.

(13) A. Reissert and H. Halle, Ber., 44, 3029 (1911).
(14) C. M. Stevens and D. S. Tarbell, J. Org. Chem., 19, 199G (1954).
(15) R. B. Baker and E. E. Reid, J. Am. Chem. Soc., 51, 1568 (1929).

Benzonitrile Benzoic Acid Mixture Reduction.—Benzonitrile 
(103 g., 1.0 mole), benzoic acid (122 g., 1.0 mole), and hydrogen 
sulfide (200 g., 5.9 moles) were charged to an autoclave which was 
heated for 2 hr. at 280° and then allowed to cool slowly. Other 
than toluene (48 g.), only benzoic acid was recovered from the 
reaction.

Reduction of V, VI, and VIII.—The reduction of compounds V, 
VI, and VIII was done as follows. The carboxylic anhydride 
was put in a 4.5-1. glass-lined autoclave. Hydrogen sulfide, and 
hydrogen when used, was then charged to the autoclave which 
was placed in the rocker. Heat was applied until the tempera
ture of the autoclave reached 260°. After 2 hr. at 260°, the 
rocker was stopped, and the autoclave was allowed to cool over
night. The hydrogen sulfide was vented into aqueous sodium 
hydroxide and the product was removed from the autoclave.

4-Cyclohexene-l ,2-dicarboxylic Anhydride (V) Reduction.
A.—4-Cyclohexene-1,2-dicarboxylic anhydride (304 g., 2.00 
moles) and hydrogen sulfide (390 g., 11.5 moles) were allowed to 
react as described above. The crude product was a viscous red- 
brown oil containing water, 9.6 g. '(0.53 mole), which was sepa
rated. The remaining oil (350 g.) was analyzed by integration of 
the vapor phase chromatograph trace and was estimated to be 
65% (211 g., 1.41 moles) thiophthalide. Vacuum distillation of 
the crude product gave thiophthalide, b.p. 105-120° (1 mm.), 
m.p. 49-52°, in only 45% yield before the material in the pot 
resinified.

B.—4-Cyclohexene-l ,2-dicarboxylic anhydride (322 g., 2.15 
moles), hydrogen sulfide (150 g., 4.4 moles), and hydrogen (to 
1000 p.s.i.g.) were allowed to react in a 2.5-1. stainless steel auto
clave. The crude product (380 g .), a viscous deep red oil, was 
diluted with benzene and extracted with 10% aqueous sodium 
hydroxide. The benzene solution was evaporated, leaving a red 
oil (171 g.) estimated to be 56% 3,4,5,6-tetrahydrothiophthalide 
(96 g., 0.63 mole, 29% ) and 44% thiophthalide (75 g., 0.50 mole, 
23%) by integration of the vapor phase chromatography trace. 
A 12-ft. 25% t!E SF-96 silicone-on-firebrick column was used in 
vapor phase chromatograph separations.

1-Cyclohexene-l ,2-dicarboxylic Anhydride (VI) Reduction.— 
1-Cyclohexene-1,2-dicarboxylic anhydride (125 g., 0.822 mole) 
and hydrogen sulfide (300 g., 8.8 moles) were allowed to react as 
described previously. The deep red crude product (144 g.) was 
filtered, leaving a yellow solid (2.4 g.), m.p. 202-215° with ap
parent water evolution. The water layer (8.1 g., 0.45 mole) in 
the filtrate was separated and the thiophthalide content of the 
organic layer (122 g.) was estimated to be 92% (112 g., 0.746 
mole, 91%) by integration of the vapor phase chromatograph 
trace.

Cyclohexane-1,2-dicarboxylic Anhydride (VIII) Reduction.
A.—Cyclohexane-1,2-dicarboxylic anhydride (308 g., 2.00 moles) 
and hydrogen sulfide (340 g., 10 moles) were allowed to react as 
described previously. The crude product was a deep red oil with a 
light colored solid suspended in it. The solid was separated, and 
the filtrate (150 g.) was estimated to consist of 51 % 3,4,5,6-tetra- 
hydrothiophthalide (76.5 g., 0.50 mole, 25%) and 42%, thio
phthalide (63.0 g., 0.42 mole, 21%) by integration of the vapor 
phase chromatography trace.

B. —Cyclohexane-1,2-dicarboxylic anhydride (250 g., 1.62 
moles), hydrogen sulfide (300 g., 8.8 moles), and hydrogen (to 
800 p.s.i.g.) were allowed to react as described previously. The 
solid in the deep red oil was separated and washed with benzene, 
giving a white solid diacid (120 g., 0.70 mole, 43%), m.p. 180- 
215°, neutralization equivalent 86.6 , calculated for cyclohexane 
diearboxylie acid, 86.1. This was probably a mixture of cis- and 
¿rans-cyclohexane-1,2-dicarboxylic acids, m.p. 190-196° dec.16 
and 215-221°,17 respectively. The benzene in the filtrate 
was evaporated under a stream of nitrogen to give a red oil (143 
g.) which was estimated from the integrated vapor phase chro
matography trace to be 60% 3,4,5,6-tetrahydrothiophthalide 
(85 g., 0.55 mole, 34% ) and 40% thiophthalide (58 g., 0.38 mole, 
23%).

C, —Cyelohexane-1,2-dicarboxylic anhydride (385 g., 2.50 
moles), hydrogen sulfide (170 g., 5.0 mole), and hydrogen (to 
900 p.s.i.g.) were allowed to react in a 2.5-1. steel autoclave 
as described previously. The product was a deep red oil contain
ing white solid. The solid was separated and then washed with 
benzene, leaving light greenish white crystals (200 g., 1.16 mole,

(16) W. Replie, O. Schlechting, K. Kluger, and T. Toepel, Ann., 660, 
57 (1948).

(17) M. S. Newman and H. A. Loyd, J. Org. Chem., 17, 579 (1952).
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47%), m.p. 214-22N0, of imns-cyclohexane-1,2-dicarboxylic 
aeid. The viscous red filtrate was estimated by integration of the 
vapor phase chromatography trace to be 90% 3,4,5,6-tetrahydro- 
thiophthalide (179 g., 1.16 moles, 47%). The benzene wash 
solution was added to the viscous red oil and the resulting solution 
extracted with 5% aqueous sodium bicarbonate. The benzene 
was then evaporated and the oil cooled to 0°. The oil partially 
crystallized, and a sticky yellow solid was collected. Two re- 
crystallizations of the yellow solid from methanol (with char
coal) gave 3,4,5,6-tetrahydrothiophthalide as white crystals (74 
g., 0.48 mole, 19% i, m.p. 36-43°. Further recrystallizations 
gave white crystals, m.p. 42-43°; in 95% ethanol; 233
niju (log e 4.02), 258 inflection (3.43); rc_o 1690, rc_c 1655 c m r1 
in carbon tetrachloride. The nuclear magnetic resonance spec

trum18 showed the following absorptions (in r-values, tetra- 
methylsilane external standard): 8.25, quartet, unconjugated
methylene; 7.70, diffuse multiplet, vinyl methylene; 6.17, 
singlet, split slightly, vinyl methylene adjacent to sulfur; cal
culated area ratio 2:2:1; observed, 2.1:2.1 : 1.

Anal. Calcd. for CgHioOS (154.31): C, 62.26; H, 6.53; S, 
20.68. Found: C, 61.98; H, 6.48; S, 20.52. The molecular 
weight as determined by mass spectrometry was 154.

When this reaction was repeated in a freshly reamed autoclave, 
the product oil after separation of the solid diacid, was estimated 
to contain 69%, 3,4,5,6-tetrahydrothiophthalide and 21%, thio- 
phthalide.

(18) The n.rn.r. spectrum was obtained on a Varian A-60 spectrometer.

2 -A m in o -5 ,6 -d ih y d ro -l,3 -o x a z in es. T he R ed u ction  o f Carboxylic Esters w ith
S od iu m  B orohydride1

Joseph A. Meschino and Carol H. Bond 
M c N e il Laboratories, In c ., Fort W ashington, P ennsylvan ia  

Received J u n e  21, 1263

Several 5-substiruted 2-amino-5,6-dihydro-1,3-oxazines (Table III) were prepared by the cvclization of the 
appropriately substituted 1,3-amino alcohols (Table II) with cyanogen bromide. The amino alcohols were pre
pared most readily by a two-step process: (1) sodium borohydride reduction of a-substituted eyanoacetates
to the novel hydracrylonitriles (Table I), and (2) lithium aluminum hydride reduction of these to the requisite 
amino alcohols. A side product of step 1 has been shown to result from the reduction of the nitrile function with 
sodium borohydride.

The 2-aniino-5,0-dihydro-l,3-oxazine system (I) has 
apparently received little attention. In 1890 Gabriel 
and Lauer2 described the parent compound (I, IR = 
R2 = R3 = H) and more recently Najer and co-workers3 
reported the synthesis of several N-substituted deriva
tives (I, Ri = R2 = H; Rj = alkyl, aryl, and aralkyl). 
Our interest in this system concerned the possible 
biological activity of analogs in which the 5-position 
was substituted {e.g., I, Ri = R2 = phenyl; R3 = H).

R3NHC0NHCH2CH2CH2C1

II

The general method employed by the earlier workers 
was cyclization of the appropriately N-substituted 
N'-y-chloropropylureas (II) in boiling water. Our 
approach was the cyclization of 2-substituted 1,3- 
amino alcohols (III) with cyanogen bromide. The

Rx  x CH2OH
C. +  BrCN —►

R CH2NH2 
III

analogous reaction between 1,2-amino alcohols and 
cyanogen bromide to give the corresponding 2-amino- 
oxazolines {e.g., IV) has been reported.4

The requisite 1,3-amino alcohols were in general new 
compounds. In the search for a method of preparation,

(1) Presented in part at the Fovirth Delaware Valley Regional Meeting, 
Philadelphia, Pa., January 25-26. 1962.

(2) S. Gabriel and S. Lauer, B e r . .  23, 95 11890).
(3) H. Najer. P. Chabrier, and R. Giudicelli. Bull. sor. r h i m .  France, fill

(1959).
14) G. Fodorand K. Korzka, .7. C h e m .  S u e . .  850 (1952); R. R. Wittekind, 

J. D. Rosenau, and G. I. Poos, .1 ■ O r g .  C h e m . ,  26, 444 11961): G. I. Poos,
.1. R. ( arson, .1. D. Rosenau, A. P. Roszowski, N. M. Kelley, and .1. Mc
Gowan, ./. M e d .  C h e m . ,  6, 266 (1963).

-Q

*—N
/ ^ N H 2

IV

we were attracted by the report5 that lithium aluminum 
hydride reduces md-un,saturated eyanoacetates {e.g.,
V) to the corresponding saturated amino alcohols (VI). 
Numerous attempts to reproduce these results led only 
to poor yields of colored oils from which none of the 
desired amino alcohols could be isolated.6 Two excep
tions were noted, namely, ethyl methylphenylcyano- 
acetate and ethyl diphenylcyanoacetate (see XXXI and 
XXXII, respectively, Table II). Evidently, disub
stitution of the «-position of ethyl cyanoacetate allows 
reduction with lithium aluminum hydride to proceed 
satisfactorily.

CH2OH

The desired amino alcohols were finally obtained by 
either of the two following methods.

1. Nickel-catalyzed hydrogenation of the a,(3- 
unsaturated eyanoacetates {e.g., V) to give the corre
sponding amino esters {e.g.. VII).7 The latter sub-

(5) A. Dornow, O. Messwarb, and H. H. Frey, Ber., 83, 445 (1950).
(6) The extraordinary work-up and isolation techniques employed by 

Dornow, et al., and the generally poor yields reported suggest that they ex
perienced similar difficulties.

(7) R. R. Burtner and J. W. Cusie, J.,Am. Chem. Sor., 65, 262 (1943), 
used a similar method to reduce methyl diphenylcyanoacetate to the amino 
ester.
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Com pound

XU

vm

xxn

XXffl

XXIV

XXV

XXVI

XXVII

xxvm

XIV

CHi 

CH3o  p

CH3o

c 6h 5

Rj

H

H

H

H

II

H

c 6h 5

T a b l e  I
H y d r a c r y l o n i t h i l e s  

R, CN

C

r 2
M .p. or b.p. 
(m m .), °C.

104-105

153 (0.5)

95.5-96.5

CH2()H
Recrystd.

from
Yield,

%

Ether-pet. ether 80

96

68-69

EtOH

CHCh-ether

91

68

F o r  m u la

c ,,h „n o

C.,H„NO,

C,2H15N03

CjHioNíO

Caled.

C 80.98 
H 6.37 
N 5.90

N 6.83

C 65.14 
H 6.83 
N 6.33

C 66.65 
H 6.22

65-66

138-48 (0.1)

140-142 (0.1)

65-66

EtOH 94

50

81

Ether-pet. ether 85°

C.aHnNOr

C,oH.„ClNO

CuHnNO

Ci6H13NO

N 8.69

C 62.14 
H 6.82 
N 5.57

N 6.89

C 80.69 
H 5.87 
N 6.27

Prepared from diphenylacetonitrile and formaldehyde (see Experimental).

Found

C 80.85 
H 6.45 
N 5.65

X 6.62

C 65.02 
II 6.82 
N 6.12

C 66.81 
H 6 46

0 , H 43.5-44.5 90 c„ i i ,3n o 2 C 69.09 C 69.30
CHj 135° (0.1) H 6 85 H 6.80

< x . H 90 (0.1) 50 CioHuNO C 74.51 
H fi s«

C 74.28
11 7 19
N 8.96

C 62.41 
H 7 08 
N 5.40

N 7.16 N 6.77

N 6.74

C 80.58 
H 6.08 
X 6.18

stances were readily converted to the amino alcohols 
(e.g., VI) with lithium aluminum hydride with none of 
the previously described difficulties.

reduction, namely, that of ethyl a-acetamidocyano- 
acetate (IX) to a-acetamidohydracrylonitrile (X) with 
sodium borohydride, has been reported.8 The hydra - 
crvlonitriles (VIII) were then reduced to the desired 
amino alcohols with lithium aluminum hydride.

LiAIH, vr
CN
I

CH—NHCOCHj

COOEt.
IX

CN
N a B H j  I

------->- Ch —NHC0 CH3

CH2< )H 
X

2. Chemical reduction of the a,/?-unsaturated cyano- 
acetates with sodium borohydride to the corresponding 
saturated hydracrylonitriles (e.g., VIII). A related

(8) L. Berlinguet, C a n .  J .  C h e m . ,  33, 1119 (1955); G. W. K. C avill and 
F. B. W hitfield, P r o c .  C h e m .  S a c . .  380 (1962), report the sodium  boro
hydride reduction of i to the corresponding cyano-alcohol. No experi
m ental details are given. We thank Dr. R ichard K. Hill of Princeton 
U niversity for bringing this report to our a tten tion .

/ ° - [
I

C t C-?oJ
C H -C N
I
COOEt

VIII 1
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While method 1 afforded adequate yields of amino 
alcohols for subsequent cyclization, method 2 was used 
almost exclusively when it became clear that in terms 
of yields and simplicity of operation it was the more 
satisfactory.

A basic by-product in the reduction of ethyl a- 
cyano-/3-phenylciimamate (XI) with sodium borohy
dride in diglyme was identified as ethyl a-diphenyl- 
methyl-/3-alaninatc (XIII), isolated in 8% yield. This 
product was identical with that obtained by catalytic

80 % 8 i

(nickel) hydrogenation of XI. Apparently, this is the 
first reported instance of the reduction of a nitrile with 
sodium borohydride. It is interesting to note that with 
isopropyl alcohol (the usual solvent for these reduc
tions), a negligible amount of basic product was ob
tained. The scope of this side reduction has .yet to be 
studied.

The hydracrylonitriles (Table I) were found to be 
surprisingly stable to heat; e.g., several of them were 
purified by distillation at temperatures around 150°; 
they form the usual derivatives, e.g., tosylates, urethans, 
carbamates. They are readily hydrolyzed with alkaline 
peroxide to the corresponding hydracrylamides and with 
thionyl chloride they are converted to the corresponding 
/3-chloropropion it riles.

Two cases that follow are worthy of further note.
1. While ethyl diphenylcyanoacetate is converted 

to diphenylhydracrylonitrile (XIV) with sodium boro
hydride, the yield is poor (ca. 40%). A better method 
for preparing XIV is condensation of diphenylacetoni- 
trile with formaldehyde in the presence of a base such 
as calcium oxide.

2. Ethyl phenylcyanoacetate (XV) was recovered 
unchanged when treated with sodium borohydride. 
The vigorous evolution of gas when the reagents are 
brought together suggests the formation of anion XVI 
which is apparently resistant to further attack by

BIT ~.9 Wheeler and Wheeler10 report that carboxylate 
ion may likewise inhibit attack of BH4_ at another cen
ter of the molecule.

Conversions of carboxylic esters to the corresponding 
primary alcohols with sodium borohydride are not 
generally observed11 although exceptions have been 
noted.12 That the a,/3-unsaturation has little to do with 
the reduction of the ester function is evident from the 
fact that both ethyl diphenylcyanoacetate and ethyl 
a-cyano-/3-phenylhydrocinnamate (XVIII) 13 are re
duced to the respective hydracrylonitriles with sodium 
borohydride and it is likely that the first step in the re
duction of a,/?-unsaturated cyanoacetates is attack of 
hydride ion at the /3-position.14 Since several diethyl 
malonates studied in this laboratory were found to

C H - C H - C N  
I

COOEt

X V I I I

be totally resistant to the action of sodium borohydride, 
one must conclude that the strongly electron-with- 
drawing nitrile function plays a major role in the facile 
reductions observed here, probably by enhancing the 
electrophilic character of the carbethoxy function (see
XIX).

(9) E thyl a-cyano-/3-phenylhydrocinnam ate (ii), while possessing an a -  

hydrogen, is reduced to  the corresponding hydracrylonitrile  (X II) with 
sodium borohydride. This would indicate th a t  an a-phenyl group such as 
th a t present in XV makes the a-hydrogen appreciably more acidic tow ards 
sodium borohydride.

(10) D. M. S. Wheeler and M. M. W heeler, J .  O r g .  C h e m . ,  27, 3796 
(1962).

(11) S. W. Chaikin and W. G. Brown, J .  A m .  C h e m .  S o c . ,  71, 122 (1949). 
For reductions in the  presence of alum inum  chloride, boron trichloride, 
and lithium  iodide, see H. C. Brown and B. C. Subba Rao, i b i d . ,  77, 3164 
(1955); H. C. Brown, U. S. P a ten t 2,945,886; R. Paul and N. Joseph, B u l l ,  

s o c .  c h i m .  F r a n c e ,  550 (1952), respectively. Presum ably, these  additives 
do not enhance the  reductive powers of sodium borohydride bu t convert 
it, i n  s i t u ,  to a more reactive hydride. For example, the addition  of lithium  
halide produces lithium  borohydride [H. C. Brown, E. J. M ead, and B. C. 
Subba Rao, J .  A m .  C h e m .  S o c .  77, 6209 (1955)].-a reagent which readily 
reduces esters [R. F. N ystrom , S. W. Chaikin, and W. G. Brown, i b i d . ,  71, 
3245 (1949)].

(12) See N. G. G aylord, “ Reduction with Complex M etal H ydrides,” 
Interscience Publishers, Inc., New York, N. Y., 1956, p. 503. The ex
amples include two steroidal methyl este rs  and several m ethyl uronates. 
See also, .1. Kollonitsch, O. Fuchs, and V. Gabor, N a t u r e ,  175, 346 (1955). 
These au tho rs give no exam ples or experim ental derails.

(13) E. P. Kohler and M. Reimer, A m .  C h e m .  ./., 33, 333 (1905).
(14) H. Le M oal, R. Carrié, and M. Bargain, C n m p t .  r e n d . ,  251, 2541 

(1960), report th a t  potassium  borohydride in m ethanol reduces ethyl a -  

cyano-/3-phenylcinnamate (X I) to the  dihydro compound, i . e . ,  X V III.
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T a b l e  II

Com pound no.

XXIX

VI

XXX

XXXI

XXXII

xxxm

3-A mino-1-pr o p a n o ls

Ri

C6H6

c6h6
ch3

ch2

Ri CH2OH
\  /

C
/  \

r 2 c h 2n h 2
R ecrystd. Yield,

r 2 M .p., °C. from %

H 157-159° EtOH-ether 87*
86”

H 173-174'' MeOH 40

H 162-163 MeOH 40

c h 3 114 subì. MeOH 42'

c 6h 5 176-177" Aqueous EtOH 71*

H 152 then 
171-172

MeOH-ether 43

Form ula Calcd. Found

(C,6H19N0 )2C4H,04C N 4.68 N 4.39

(CnH.sNOs^HiO, N 5.24 N 5.14

C12H,9N0 3-C4H404 N 4.10 N 4.35

CioH15NO-C4H404 C 59.77 
H 6.81 
N 4.98

C 59.93 
II 7.00 
N 4.86

C15HnN0 -C4H404 N 4.08 N 4.30

C13H2lNOHCl N 6.76 NT 6.65

a The free base melts 99.5-104.5°. * Using ethyl a-diphenylmethyl-/3-alaninate as starting material, the yield was 77%. c C4H4O4
refers to fumaric acid. d Dornow, el al., ref. 4, report m.p. 140° for the oxalate salt. f Using ethyl a-(3,4-methylenedioxybenzyl) 
alanine as starting material, the yield was 40%. 1 Ethyl methylphenylcyanoacetate was starting material. g The free base melts
108-108.5°. * Using ethyl diphenylcyanoacetate as starting material, the yield was 47%.

NC COOEt
\  /

C
/  \

XIX

Reduction of the acrylonitriles with lithium alumi
num hydride afforded the requisite, 1,3-amino alcohols 
in good yields (Table II). These subsequently reacted 
with cyanogen bromide to give the desired 2-amino-1,3- 
oxazincs in moderate yields (Table III). In most 
cases, the intermediate cyanamide alcohol could be 
isolated and in one case (XX) it was characterized. 
This behavior contrasts sharply with that observed in 
the case of 1,2-amino alcohols,4 where the intermediate 
cyanamide alcohols cyclize spontaneously in every 
reported case.15

Cylization of the intermediate cyanamide alcohols 
was found to occur readily upon treatment with anhy
drous hydrogen chloride. In one case (XXI), however, 
cyclization took place spontaneously, a probable conse
quence of the two phenyl groups forcing the cyanamide 
and alcohol functions closer together.

(15) A p riva te  com m unication from G. I. Poos, and J. D . Rosenau of 
these laboratories, reveals th a t a t least one exception to  th is  has been found, 
namely, iii, which is obtained from th e  corresponding am ino alcohol upon 
trea tm en t with cyanogen brom ide. The deta ils  of th is  and o ther related 
work will appear elsewhere.

OH
NHCN

iii

Experimental
All melting points are uncorrected and were taken on a Thomas- 

Hoover capillary melting point apparatus.
The starting <*,(3-unsaturated cyanoacetates were prepared 

from the appropriate aldehydes and ethyl cvanoacetate by 
known methods.16 Ethyl diphenylcyanoacetate was prepared 
from ethyl chlorodiphenylacetate and mercurous cyanide.17 18 
Ethyl methylphenylcyanoacetate was prepared by methylating 
ethyl phenylcyanoacetate.16

The descriptions which follow are general methods and appli
cable to all examples in Table I—III unless otherwise noted.

Hydracrylonitriles (Table I). Method A.—To a stirred, cooled 
(15°) solution of 3.6 g. (0.1 mole) of sodium borohydride in 50 
ml. of diglvme was added over a period of 15 min. a solution of 
10 g. (0.036 mole) of ethyl a-cyano-/9-phenylcinnamate in 50 
ml. of diglyme. The temperature was allowed to reach room 
temperature and stirring maintained for 3 hr. after which the 
mixture was poured over water and extracted with ether several 
times. The combined organic solutions were washed twice with 
2 N HC1 and finally once with water. After drying over anhy
drous sodium sulfate and concentration in vacuo there remained
7.5 g. of a crystalline residue, m.p. 90-100°, which was recrystal
lized from ether-petroleum ether to give 6.8 g. (80%) of analyti
cally pure a-diphenylmethylhvdracrylonitrile, m.p. 104-105°;

(16) E. J. Cragoe, J r .,  C. M. Robb, and J . M . Sprague, J .  O r p .  C h e m .; 
16, 381 (1950); F. D. Popp, i b i d . ,  l b ,  646 (I960).

(17) A. llickel. T ie r . . 22, 1.537 (1889).
(18) S. W ideqvist. C h e m . Z e n t r .  1 1 , 1184 (1943).
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Compound

T a b l e  III
2-A mino-5,6-dih yd ro-1,3-o x a zin e s

c4h4o/

Yield,
no. Ri R M .p., °C. from % Form ula Calcd. Found

XXXIV a
a

H 209-211 b 65 (C„H18N20)2C4H40 4 c
11
N

70.35
6 .2 2
8.64

c
H
N

70.29 
6.43 
8 53

CH2—0

XXXV H 178-180 Aqueous EtOH 40 (Ci2Hi4N203)2C4H40 4 C 57.53 C 57.59
Ta H 5.52 H 5.76

N 9.59 N 9.16
OCH,

XXXVI “W H 196.5-197 EtOH 46 (C,3H18N20 3)2C4H40 4 C 58.43 C 58.55
LX H 6.54 H 6.58

XXXVII C eH s CH3 234 dec. Aqueous EtOH 50 ( CuH14N20  )?C4H40 4 N 11.28 N 11.04
xxxvm C6HS c 6h 6 248 dec. 6 65 (C15H16N20 )2C4H40 4 C 69.66 C 69.66

H 5.85 H 5.85
N 9.03 N 8 .6 8

ch3

XXXIX
CHjCH H 194.5 dec. MeOH 70 (ChH20N2O)2C4H4O4 N 9.65 N 9.63

CH,
“ C4H40 4 signifies fumaric acid. 6 Purified by boiling in ethanol or 2-propanol.

Xgj 2.86, 3.25, 3.35, 3.41, 4.39, 6.22, 6.65, 6.84 M; x“„e,0H 221, 
263 mg; e 9800, 230. The analytical data are reported in Table I.

The aqueous acidic washes of the reaction mixture were made 
basic with concentrated sodium hydroxide solution and extracted 
with ether. The organic solution was worked up in standard 
fashion to yield 1 g. of oil which was converted to a hydrochloride 
salt, m.p. 199-201°. The yield vcas 0.85 g. (8%). Comparison 
with an authentic sample showed this material to be ethyl a- 
diphenylmethyl-d-alaninate hydrochloride.

Method B.—To a stirred, cooled (15°) suspension of 11.4 g. 
(0.3 mole) of sodium borohydride in 50 ml. of 2-propanol was 
added over 5 min. a solution of ethyl a-cyano-fl-phenylcinnamate 
in 200 ml. of 2-propanol. After stirring for 8 hr., the excess 
borohydride was destroyed with dilute acetic acid and most of 
the 2-propanol removed in vacuo. From this point, the reaction 
was worked up as previously described in method A. The yield 
of a-diphenylmethylhydracrylonitrile was comparable to that 
obtained from the diglyme system, although the amount of basic 
material obtained was negligible.

Method C (for a,a-Diphenylhydracrylonitrile Only).—To a 
stirred mixture of 25 g. (0.13 mole) of diphenylacetonitrile, 11.5 
g. (0.38 mole) of paraformaldehyde, 30 ml. of water, and 100 ml. 
of tetrahydrofuran was added in several portions 5.5 g. (0.1 mole) 
of calcium oxide. The temperature rose to about 30° after 
which it returned to room temperature and stirring was continued 
for 8 hr.

The mixture was then made slightly acidic with formic acid 
and concentrated to near dryness in vacuo. The residue was 
diluted with water and extracted several times with ether after 
which the combined ether solutions were washed with water, 
dried over anhydrous potassium carbonate, and concentrated to 
dryness leaving about 30 g. of an oil which slowly crystallized. 
The yield of pure crystalline a,a-diphenylhydracrylonitrile (re- 
crvstallized from ether-petroleum ether) was only about 15 g. 
(52%), although if the crude product is treated with lithium 
aluminum hydride a 71 % yield of the corresponding amino alcohol, 
i.e. 3-amino-2,2-diphenyl-l-propanol is obtained.

a.a-Diphenylhydacrylonitrile has the following physical prop
erties: m.p. 65-66°; xj)!,'* 2.88, 3.25, 3.40, 4.44, 6.24, 6.67-
6.88 ju. The analytical data are reported in Table I.

Amino Alcohols (Table II).—To a stirred suspension of 3.9 g. 
(0.1 mole) of lithium aluminum hydride in 75 ml. of anhydrous

ether was added, over a convenient period, a solution of 9 g. 
(0.03 mole) of a-diphenylmethylhydracrylonitrile (or an equiva
lent, amount of ethyl a-diphenylmethyl-/3-alaninate) in 100 ml. of 
ether. After stirring for 5 hr., the excess hydride was destroyed 
with water, the ether solution filtered and concentrated to dry
ness. The residue, 6.5 g., was recrystallized from ether-hexane to 
give 6.1 g. (79%) of pure 3-amino-2-diphenylmethyl- 1-propanol, 
m.p. 99.5-104.5°; 3.14, 3.40, 3.45, 6.24, 6.65, 6.85 g.

Where the amino alcohols were oils or difficultly recrystalliz- 
able, they were converted to a convenient salt (see Table II) and 
characterized.

2-Amino-5,6-dihydro-47M,3-oxazines (Table III).—To a
stirred, cooled (10°) mixture of 8 g. (0.03 mole) of 3-amino-2- 
diphenylmethyl-1-propanol and 5.6 g. (0.06 mole) of sodium 
acetate in 100 ml. of methanol was added drop by drop a solution 
of 3.6 g. (0.034 mole) of cyanogen bromide in 50 ml. of methanol. 
The homogeneous mixture was then stirred for 8 hr.

The solution was concentrated to near dryness and the residue 
treated with cold concentrated aqueous sodium hydroxide. The 
mixture was then extracted with ether several times after which 
the combined ether solutions were washed once with water, 
dried over anhydrous potassium carbonate and evaporated to 
dryness. The crystalline residue was recrystallized from benzene 
to give 7.4 g. (84%) of 2-diphenylmethyl-3-hydroxypropyloyana- 
mide, m.p. 91-92° (with subsequent resolidification and fusion 
at 205°); x“"; 2.98, 3.19, 3.40, 4.46, 6.23, 6.66, 6.68 g.

Anal. Calcd. for Ci7H|8N20: N, 10.52. Found: N, 10.31.
When the previously described substance was dissolved in 

ether and treated with anhydrous hydrogen chloride, a hygro
scopic solid precipitated. From this 5.1 g. of the free amine, 
m.p. 197-200°, was obtained.19 .This was converted to a fuma- 
rate salt, m.p. 209-211°; the yield was 3 g. (31%); x|)"„r 3.04, 
3.40, 5.88, 6.50, 6.84 g . The analytical data are reported in 
Table III.

Ethyl a-Diphenylmethyl-/3-alaninate Hydrochloride.—In a
stainless steel autoclave was placed 10 g. (0.036 mole) of ethyl a- 
cyano-/3-phenyl einnamate, about 10 g. of triethylamine, about 2 
g. of sponge nickel catalyst (Davison Chemical Co.), and 150

(19) W hether th is was the p roduct obtained  upon m elting 2-diphenyl- 
m ethyl-3-hydroxypropylcyanam ide (note its  m elting point) was no t investi
gated.



3 1 3 4 H u e b n e r , D o r f m a n , R o b is o n , D o n o g h u e , P ie r s o n , a n d  St r a c h a n Vol . 28

ml. of absolute ethanol. The autoclave was then shaken under
1,000 lb. of hydrogen pressure at 100° for 1 hr.

After filtration, the solution was concentrated in vacuo and the 
oily residue taken up in ether and separated into basic and neutral 
fractions. The basic fraction was converted to its hydrochloride 
salt and recrystallized from ethanol-ether to give 5.8 g. (50%) 
of analytically pure ethyl a-diphenylmethyl-/3-alaninate hydro
chloride, rn.]>. 200-202°; 3.50, 5.80, 6.15, 6.22, 6.29, 6.65,
6.84 M; XL, 258 mM, e 475.

Anal. Calcd. for C„H,,N()., HG1: C, 67.59, H, 6.94; N, 
4.38. Found: C, 67.89; H, 7.01; N, 4.36.

Acknowledgment.—Wo wish to thank Dr. George I. 
Poos who suggested the original problem for helpful 
discussions, and Mrs. Mary Christie for the spectro
scopic data and nitrogen analyses.
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Enamines derived from cyclic ketones react with ethyl propiolate or dimethyl acetylenediearboxylate to pro
duce intermediate cyclobutene adducts which have, in several cases, been isolated. These eyclobutenes on heat
ing, undergo bond rearrangement with expansion of the cyclic ketone ring by two carbon atoms. In at least one 
case, however, treatment with dilute acid in the cold results in a second reaction course to form a Michael-type 
adduct of the ester and cyclic ketone. Reactions of dimethyl acetylenediearboxylate with enamines derived 
from /3-diketones and /3-keto esters also are described.

Since the introduction by Stork and co-workers' in 
1954 of a relatively general procedure for the alkylation 
of carbonyl compounds via their enamine derivatives, 
reactions of the latter with a wide variety of electro
philes have been studied by various investigators.1 
Although alkylations with electrophilic olefins, re
ported in 19562, have been widely studied,1 little, until 
recently, has been known about the corresponding re
actions of enamines with electrophilic acetylene com
pounds. The earliest report of such a reaction, in 
abstract form,3 indicates that enamines react with con
jugated acetylenic esters to produce an intermediate 
cyclobutene adduct, which rearranges in such a manner 
as to interpose the two acetylenic carbon atoms be
tween the erstwhile olefinic carbons of the enamine. 
We had been independently studying this reaction for

+

CH

C
I

COOR
COOR | —  COOR

N

some time with both cyclic and acyclic4 enamines when 
we became aware of the activities of two other groups 
of investigators in this field. Bose and Minah5 have re
ported on reactions of enamines of cyclic ketones with 
dimethyl acetylenediearboxylate and with methyl 
propiolate to yield ring-expanded products by an anal
ogous process, and a pending paper by Berchtold6 is 
concerned with the dimethyl acetylenediearboxylate 
reaction in similar cases. In spite of some duplication 
in these investigations, we present our findings on re-

(1) C f .  G. Stork, A. Brizzolara, H. Landesm an, J. Smuszkovicz, and R. 
Terrell, ./. A m .  C h e m .  *Soc., 85, 207 (1963), for a recent survey.

(2) G. S tork and If. Landesm an, i b i d . ,  78, 5128 (1956).
(3) K. C. B rannock, A bstracts  of Papers, 140th N ational M eeting of the 

American Chem ical Society, Chicago, 111., Septem ber, 1961, p. 450.
(4) C f .  C. F. Huebner and E. Donoghue, J .  O r g .  C h e m . ,  28, 1732 (1963).
(5) A. K. Bose and G. L. M inah, M etropolitan  Regional M eeting of the 

Am erican Chem ical Society, Newark, N. J ., Jan u ary  28, 1963.
(6) G. A. Berchtold and G. F. Uhlig, J .  O r g .  C h e m . . ,  28, 1459 (1963). We 

wish to thank  Dr. Berchtold who, through Dr. F. Greene, m ade a  copy of his 
paper available to  us before publication, on subm ission of the previous m anu
scrip t4 from th is  laboratory.

actions of cyclic enamines here, for they include cer
tain unique results, among these the isolation of several 
of the intermediate cyclobutene adducts. In addition we 
have found that the cyclobutenes may, at least in cer
tain cases, be converted either to the ring-expanded 
derivatives,6-6 or (on hydrolysis) to the unsaturated 
Iceto esters corresponding to Michael-type additions of 
acetylenic esters to ketones. In addition, we report here 
reactions of acetylenic esters with various acyclic en
amines derived from d-diketones or /3-ket.o esters, the 
courses of which are widely diverse in nature.

The early experiments with ethyl propiolate were 
carried out by addition of the ester to a dioxane solution 
of 1-pyrrolidinocyclopentene (la) at ambient, tempera
ture, and subsequent heating of the mixture on the 
steam bath. Removal of solvent allowed isolation of 
the crystalline l-pyrrolidino-2-carbethoxy-l ,3-cyclo- 
hept.adiene (3). The structure of this substance was 
indicated by infrared bands at 1661 and 1605 cm.-1 (Nu- 
jol) representing C = 0  and C=C  absorptions, respec
tively. In the n.m.r. spectrum7 the C-3 proton was 
observed as a doublet at 6.45 8 (./3,4 = 10.1) and H-4 
as a triplet of a doublet at 5.70 8 (J3A = 10.1, Jns.s — 
6.4). Chemical confirmation of the structure was ob
tained in several ways. Mild acid hydrolysis of the 
enamine group resulted in the formation of the keto- 
enol mixture (4), which was reduced catalytically to 
the known8 2-carbethoxycycloheptanone (6). This 
keto ester was identified by its reaction with phenyl- 
hydrazine to yield the solid phenylpyrazolone deriva
tive,8 and by its hydrolysis and decarboxylation to 
cyclohept.anone, the semicarbazone of which was com
pared with an authentic sample. The sequence of 
reactions also was carried out in reversed order, partial 
hydrogenation preceding the mild hydrolysis to yield 
the same product.

When, on the other hand, ethyl propiolate and la 
were allowed to react below room temperature and the

(7) Spectra were obtained with the Varian A-60 spectrom eter a t  60 M e./ 
sec. using te tram ethylsilane as internal reference. Chemical shifts are quoted 
in field-independent 5-units (p.p.m .) where 5 is defined by the  relationship 
5 = 106| / / rcf — H \ / H r(. f ,  coupling constan ts  (./) are expressed in c.p.s.

(8) W. D ieckm ann, B e r . .  55 2485 (1922).
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CH
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c o 2c 2h 5

h 3o +

c f

2 H 30 *

OH 0
J ^ . C 0 2 C2H5 C02C2H5

c h c h 2c o 2c 2h 6 L ^
7 a 4 b

h 2
O

h 2

o  i h , c o 2c 2H5
h 3o +

g
c h 2c h 2c o 2c 2h 5

8
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NR:

(CHA

la-d

2 I
c o 2c h 3

+
c
I
C0 2 CH3

12

n r »- co2ch3 
(ch2) , J X

^  ^CO.CHa 

10a-d

n r 2.
I ----L ^ C 0 2CH;

( C H A j ^ lib H3or / - V

c o 2c h 3

lla-d

OH
c o 2c h 3

l\ —iAcO sCH a
13

a, n = 1, R 2 = -C H 2CH2CH2CH2-
b, n = 2 I
c, n = 3 >R2 = -C H 2CH2OCH2CH2-
d, n = 4 J

reaction mixture was treated with dilute acetic acid 
without heating, the Michael-type adduct 7 was ob
tained. Its structure, indicated by infrared absorp
tion bands at 1730 (ester 0 = 0 )  and 1660 cm.-1 (C =  
C—0 = 0 )  and by a single vinyl proton signal appearing 
in the n.m.r. spectrum as a triplet at 6.37 5 (J = 7), 
was further established by partial hydrogenation to 
ethyl d-(2-oxocyclopentyl) propionate (8). The iden
tity of this reduction product with the substance as 
prepared unequivocally by reaction of la with ethyl 
acrylate1 was demonstrated by comparison of spectra 
and of solid derivatives.

Isolation of 5-pyrrolidino-6-carbethoxybicyclo [3.2.0]- 
hept-6-ene (2) was effected by reaction of la and the 
acetylenic ester in absolute ether at about 15°. Re- 
rnoval of the solvent at low temperature yielded essen
tially pure 2 as an oil. The n.m.r. spectrum of the 
compound in deuteriobenzene solution showed one 
vinyl proton which appeared as a singlet (J  < 1) 41 
c.p.s. upheld from the benzene proton (impurity in 
CeDe). Such a signal is to be expected for the vinyl 
proton in 2, since its dihedral angle with the bridgehead 
proton is close to 90°, as seen on examination of models. 
Heating the deuteriobenzene solution resulted in a 
change of the spectrum and the appearance of signals 
characteristic of 3. Treatment of the oily cyclobutene 2 
with dilute acetic acid, on the other hand, resulted in 
the formation of the cyclopentanone 7, isolated and 
characterized by the usual criteria. In this connection 
it is of interest that treatment of 2 with dilute hydro
chloric acid under similar conditions did not effect this 
rearrangement and hydrolysis; little or no nonbasic 
material could be extracted from the acidic medium. 
Although it was not possible to crystallize 2 as such, 
or to prepare a solid acid salt as a derivative, the sub
stance was readily converted to a crystalline, stable 
methiodide 9. The n.m.r. spectrum of this derivative 
again showed the single vinyl proton as a single (8 = 
7.35) and the other spectral data were consistent with 
the proposed structure.

Reactions of enamines (la-d) were also carried out 
with dimethyl acetylenedicarboxylate (12)9 to yield, 
after heating, the corresponding ring expansion prod

(9) After this report had been submitted, a detailed paper by Brannock
[K. C. Brannock, R. D. Burpitt, V. W. Goodlett, and J. G. Thweatt, J .  O r g .  

Chem., 28, 1464 (1963)] appeared in print. Since this, together with the 
work of Berchtold [G. A. Berchtold and G. F. Uhlig, i b i d . ,  28, 1459 (1963)], 
is concerned with these same reactions, we limit our description here to sig
nificant variations in approach.

ucts 11. One such material (lib) was hydrolyzed by 
mild acid to produce the corresponding enol 13.

In another experiment, the acetylenic ester and 1- 
morpholinocyclohexene (lb) were allowed to react in 
deuteriobenzene below 25°. The n.m.r. spectrum of the 
solution, determined 30 min. after mixing, showed the 
complete absence of vinyl protons, a finding consistent 
only with structure 10b. Refluxing an aliquot of the 
solution produced lib, isolated, in this case, in 21% 
yield. Another portion of the solution was evaporated 
at low temperature to produce 10b as an oil. Hydro
genation resulted in the uptake of one mole of hydro
gen to yield the corresponding cyclobutane 14, isolated 
as the hydrochloride. The cyclobutene 10b is appar
ently stable indefinitely in benzene, but in diglyme 
solution even at room temperature, conversion to lib  
takes place in good yield within several days.

10b f  ^
pd-c S r

- c o 2c h 3 
- c o 2c h 3

14
Reactions of dimethyl acetylenedicarboxylate with 

enamines derived from /3-diketones and /3-keto esters 
were also studied. It was not necessarily expected 
that these reaction courses would be analogous to those 
described, since the more complex enamines, being 
vinylogous amides, differ considerably from the simpler 
vinylamines in their reactivities.10 In the event, the 
reactions were found to be diverse and complex in 
nature, and indeed, the structures of some of the prod
ucts cannot yet be formulated with complete certainty.

The first of these transformations was found to lead 
to a new synthesis of the benzene ring under unusually 
mild conditions.4 Thus, addition of 12 to 4-pyrrolidino- 
penten-3-one-2 (15)1011 in tetrahydrofuran results in an

(10) N. J. Leonard and J. A. Adarnik, .7. A m .  C h e m .  S o r . ,  81, 595 (1959).
(11) Ultraviolet and n.m.r. data indicate th a t 0-dialkylamino-a,0-un- 

saturated ketones and esters exist predominantly in the geometric form with 
the amino and carbonyl groupings t r a n s  to one another, unlike the correspond
ing incompletely alkylated amines, which exist in a e i x ,  chelated configuration 
[ef .  G. O. Dudek and R. H. Holm, J . A m .  C h e m .  S o c . .  83, 3914 (1961)]. 
Thus, the t r a n s  configuration of 15 is reflected in its high extinction coefficient 
[Xmax 310 mg ( e 32,900)] relative to that of 4-aminopenten-3-one-2 [ vid e  

i n f r a ,  Xm(ix 298 mg (e 18.310)]. Further, deshielding of the methyl group 
protons by the adjacent ( c i s )  acetyl function in the former is reflected in a 
downfield shift of the p.m.r. signal (2.52 vs. 1.90 5). Several other examples 
of this preferred configuration, not directly pertinent to this investigation, 
have been observed in this laboratory.
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exothermic reaction. Dilution of the mixture with 
water yields dimethyl-3-pyrrolidino-5-methylphthaIat,e 
(16) in 60% yield. The reaction presumably proceeds 
via the cyclobutene 17 and diolefin 18. The presence 
of water appears to accelerate the conversion of 18 to 16, 
since evaporation of the tetrahydrofuran yields an oil 
which only slowly produces crystalline 16. The struc
ture of the product was indicated by the n.m.r. spec
trum, which revealed signals for two isolated aromatic 
protons at 0.94 and 0.62 5 with indications of me la split
ting, and a three-proton singlet at 2.27 5 attributable 
to an aromatic methyl group.

H

CH3C'A
g

CH,
12

15

0
Il I

CH3CCH—<jj—ch3

ch3o2c —c= = c— co2ch3
17

H

ch3

c = o c h3
/ I

ch3o2c co2ch3 
18

A detailed n.m.r. study of the reaction course was 
carried out as described for the preparation of 2. 
Molar equivalents of 15 and 12 were mixed in deuterio- 
benzene at a temperature below 25°, and the spectrum 
was measured at intervals. The vinyl proton signal 
of 15 at 4.78 <5 disappeared slowly as the strength of the 
vinyl proton signal of 18 (0.03 5) increased. After 20 
min. the conversion to 18 was 27% complete and after 
2 hr., 07%. The sum of the two protons taken at 
different times was always equal to 1/21 of the total 
proton count, thus indicating that no measurable 
concentration of the cyclobutene 17 accumulated. The 
formation of 17 is thus slower and its breakdown much 
more rapid than in the case of the cyclobutenes de
rived from simple enamines. The geometric structure 
indicated for 18 is preferred, since the position of the 
vinyl proton signal indicates deshielding by the ¡3- 
carbomethoxyl group. Further, the shift of the 
CH3C=C  signal from 2.48 for 15 to 1.80 6 for 18 indi
cates a marked change in environment, implying that 
the CIFj is no longer cis to a C =() group. It is note
worthy that 18 is the only one of the four possible 
geometric isomers which can undergo direct ring 
closure.

Reaction of an diamine of a cyclic d-diketone was 
exemplified in 5,5-dimethyl-l-pyrrolidinocyclohexen-l- 
one-3 (19), which on treatment with dimethyl ac.etyl- 
enedicarboxylate and subsequent hydrolysis yielded
2,3-dicarbomethoxy-7,7-dimcthyl-l-hydroxy-5-oxo-l ,3-

cyclooctadiene (20). The structure of the product 
follows from spectral data (vide infra).

The reaction of ethyl 3-aniIinocrotonate (21) with 
12 in deuteriobenzene was characterized by the slow 
disappearance of the vinyl proton signal of 21 at 4.80 5 
and no measurable accumulation of a cyclobutene. 
Two new vinyl proton signals appeared, the stronger at 
.">.92 and a second at 0.87 5. As estimated by the dis
appearance of 21, reaction was 25% complete after
2.5 hr., and 08% complete after 0 hr. On work-up of 
the reaction mixture it was possible to isolate 22, the 
major diene, by crystallization. When the reaction was 
run in diglyme solution and the temperature was al
lowed to reach 85°, on the other hand, the diene 23 
was formed in larger amount. Structural assignments 
are based on spectral measurements. The infrared 
spectra of both 22 and 23 show strongly bonded NH 
groups, even in dilute solution. This result was con
firmed by the positions of the NH signals in the n.m.r. 
spectra. These were observed at 11.45 and 11.33 6, 
respectively. The carbomethoxyl and amino groups 
must therefore be cis. The vinyl proton of 23 appears 
farther downfield in the n.m.r. spectrum; this proton 
is therefore cis to the /3-carbomethoxy group and more 
deshielded. Corroborative evidence is obtained from 
the ultraviolet spectra. Diene 22 with an all tra.ns 
extended chromophore would be expected to have the 
larger extinction coefficient, as is observed." It may 
be noted that the two geometric isomers 22 and 23 
cannot arise from a single cyclobutene intermediate 
unless partial inversion at a carbon atom takes place 
during its breakdown. Another possibility would be 
intervention of 24, a type of intermediate proposed by 
Stork,1 which can lead to the two cyclobutenes, and, 
in turn, yield 22 and 23.

c2h 6o 2c  n h c 6h 5

H CH3 
21

I12
c h 3o2c  c o 2c h 3

c 2h 5o2c . §HC,

CH3O2C NHC6H5

^  4b

H CH3 
24

c h 3o2c n h c 6h 6
c 2h 5o2c y = (  

y = \  ch3
H C02CH3 

23

c h 3
c2h 6o2c c o 2c h 3 

22

c h 3o2c co2c h 3

c2h 5o2c , NHCsHs

J - \H CH3
+

c h 3o2c c o 2c h 3
/

C2H50 2C. —  c h 3

H NHC6H5

Reaction of 12 with 4-aminopenten-3-one-2 (25) was 
followed by n.m.r. measurements in a similar manner, 
and the slow formation of two dienes was again noted. 
These were characterized by vinyl proton signals at 5.89 
and 7.21 5, in a ratio of 2.1 to 1. In this case only the 
former compound (26) was isolated in pure form. 
Assignment of structure is analogous to that for 22, 
Although 26 may be recrystallized from anhydrous 
ethanol, treatment with water at room temperature 
converts it to the amide 27. Seemingly water must 
function as a proton-donating solvent facilitating the19
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conversion of 26 via 26-A to a geometric isomer capable 
of ring closure. The depicted stereochemistry of 27 is 
preferred, since the position of the vinyl proton signal 
far downfield at 7.13 8 indicates strong deshielding 
by a 0-carbonyl group. It may be noted that neither 
22 nor 23 undergoes lactamization under the conditions 
used in formation of 27.

It must be mentioned that reaction of 21 and 25 
with dimethyl acetylenedicarboxylate by the Michael 
route, rather than via the cyclobutenes can not be 
entirely excluded by these data. The products which 
would be obtained, 28 and 29, are isomeric with the 
above structures, and it has not been possible to dis
tinguish chemically between the possibilities. However, 
since all of the enamines derived from simple ketones as 
well as 15 derived from a diketone react via the cyclo- 
butene with interposition of two carbon atoms in the 
chain, it is more satisfactory to view the reactions of 21 
and 25 in the same way.

C2H50 2C NHCbH6 CHnCO NH2

Finally, it may be noted that while reactions of 12 
with enamines derived from 0-diket.ones or 0-koto esters 
proceed much more slowly than with simple enamines, 
introduction of another electronegative group, as in 
the case of 30, prevents reaction altogether. Xo tem
perature rise was noted on mixing 30 and 12 in diglyme, 
and the malonic ester derivative was recovered from the 
reaction mixture after twenty-four hours.

C02C2H5
0 'lMCH=/

CO2C2H5
30

Experimental'2
l-Pyrrolidino-2-carbethoxy-l ,3-cycloheptadiene (3).—Ethyl 

propiolate (9.80 g.) in 40 ml. of dioxane (purified by passage 
through alumina) was added slowly under nitrogen to a solution 
of 13.75 g. of 1-pyrroiidinoeyelopentene1 and a trace of hydro- 
quinone in 40 ml. of purified dioxane. Heat was evolved and a 
small quantity of solid precipitated from the solution. The 
mixture was warmed on the steam bath for 15 min., during which 
period it turned red and the solid redissolved. Removal of 
solvent in vacuo left, after thorough drying in vacuo, 23.75 g. of

(12) M elting points and boiling points are uncorrected. U ltravio le t 
spectra (wave lengths expressed in in**, extinction coefficients as log e) were
determ ined in ethanol, and n.m .r. spectra, in deuteriochloroform , unless o ther
wise indicated.

semicrystalline solid. This was triturated thoroughly with cold, 
low-boiling petroleum ether. The resulting yellow crystals were 
separated by filtration and recrystallized from cyclohexane; 
yield of pure product 8.53 g., m.p. 100.5-101.5°; Xlnax (log t) 220 
(3.87), 271 (4.00), and 340 mM (4.04); Xmi„ (log e) 243 (3.66), 
295 him (3.29).

Anal. Calcd. for CuHs,N 02: C, 71.45; H, 9.00; N, 5.95. 
Found: C, 71.17; H.9.01; X, 5.56.

Hydrolysis of 3.— Compound 3 (5.88 g.) was stirred under 
nitrogen for 12-18 hr. with a mixture of 5 ml. of glacial acetic acid, 
25 ml. of water, and a trace of hydroquinone. The product was 
extracted into ether and the extracts were washed successively 
with 5% hydrochloric acid, water, and saturated brine. The 
dried extract was filtered through a pad of Darco, the solvent was 
evaporated, and the residue distilled to yield 2.99 g. of colorless 
liquid 4, b.p. 85-88° (0.5 mm.). This product, like the other 
cyclic /3-keto esters, gives a dark blue color with ferric chloride. 
The ultraviolet spectrum exhibited maxima at 229 (3.92), and 
287 (3.65), while a minimum was observed at 252 m̂ i (3.05). 
The infrared spectrum (liquid film) showed strong absorption 
bands at 1640 and 1605 cm.-1 and a shoulder at 1728 cm.”1. 
The n.m.r. spectrum reveals that 4 is about 70% in the enolic 
form 4a, as indicated by the intensity' of the OH proton signal 
far downfield (12.9 6). For the enolic modification H-3 is 
revealed as a doublet at 6.12 5 (J3., -  12) which, in turn, is 
split into two triplets (.7 = 1.2), presumably because of long- 
range coupling with C-5. The vinyd proton at C-4 appears as a 
triplet of a doublet at 5.53 5 (J4l3 = 12, J,.b.b = 4.5). The 
ketonie modification is best formulated as 4b, as seen by the 
signal of a single vinyl proton at C-3, a poorly resolved triplet at
7.17 5. Two CH3 groups are seen as triplets at 1.27 and 1.30 S 
(J  = 6.5) as a consequence of the equilibrium mixture.

Anal. Calcd. for CioHu0 3: C, 65.91; H, 7.74. Found: 
C, 66.20; H, 7.83.

Hydrogenation of 4.—The mixture of tautomers (895 mg.) was 
hydrogenated in ethanol solution at atmospheric pressure in the 
presence of 0.25 g. of 10% palladium on carbon. Hydrogen 
uptake was quantitative in 1 hr. Separation of the catalyst and 
removal of solvent aflorded a quantitative y'ield of 2-carbethoxy- 
eycloheptanone as a pale yellow oil, which was hydrolyzed and 
decarboxylated by' refluxing for 2 hr. with a mixture of 25 ml. of 
5% aqueous sulfuric acid and 0.5 ml. of ethanol. The resulting 
0.5 g. of cycloheptanone was converted to the semiearbazone, 
m.p. 161-164° (lit.12 13 m.p. 163°), undepressed on admixture with 
an authentic sample.

In another experiment, 85 mg. of hydrogenation product was 
heated with 55 mg. of phenylhy'drazine in 1 ml. of ethanol for 45 
min. at steam-bath temperature, during which period the ethanol 
was allowed to evaporate. The resulting solid mass was washed 
with ether and recrystallized from ethanol to yield 20 mg. of the 
phenylpyrazolone derivative, m.p. 213-214° (lit.8 m.p. 210°).

l-Pyrrolidino-2-carbethoxycycloheptene (5).—Compound 3 
(4.70 g.) was hydrogenated at atmospheric pressure using 0.25 
g. of 10% palladium on carbon in 50 ml. of absolute ethanol. 
The reduction was interrupted when 1 mole of hydrogen had been 
absorbed. The usual work-up afforded an oily residue which 
crystallized on standing. Recrystallizations from n-hexane 
(Darco) afforded 1.38 g. of colorless plates, m.p. 63.5-64.5°. 
The ester carbonyl was observed at 1662 cm.”1 (Nujol), and the 
ultraviolet spectrum showed a maximum at 322 (3.67) and a 
minimum at 265 m/i (2.61).

Anal. Calcd. for CuH^NCh: C, 70.85; H, 9.77; N, 5.90. 
Found: C, 70.92; H, 9.83; N, 5.77.

Mild acid hydrolysis of the cycloheptene produced 2-carheth- 
oxycydoheptanone, as shown by its conversion to the phenyl- 
pyrazolone derivative.

Formation of 7.—Ethyl propiolate (2.45 g.) in 10 ml. of puri
fied dioxane was added under nitrogen with swirling to 3.44 g. of 
1-pyrolidinocyclopentene (la) in 10 ml. of dioxane, the tem
perature being maintained at about 15°. The mixture was 
allowed to stand for 45 min. at this temperature, then 10 ml. of 
water and 3 ml. of acetic acid were added, and the solution 
was stirred overnight. After evaporation of the dioxane in 
vacua, the residue was extracted into ether, and the extracts 
were washed successively with 5%, HC1, water, and saturated 
brine. Evaporation of the dried extracts after addition of

•(13) R. L. Shriner, R. C. Fuson, and D. Y. C urtin , “ The S ystem atic  
Identification of Organic C om pounds.” John Wiley and Sons. Inc., New 
York, N. Y „ 1956, p. 316.
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hydroquinone left a residue which could be only partially distilled. 
Considerable decomposition and polymerization took place on 
heating. The product was obtained as a yellow oil, b.p. 108- 
112° (0.55 mm.). The ultraviolet spectrum of the somewhat 
impure material exhibited maxima at 240 (8.93) and 315 (2.64) 
and a minimum at 228 m/x (2.35). The single vinyl proton 
appeared as a triplet at 6.37 & (./ = 7). Each band of the triplet 
was split again into a triplet by long-range coupling with the 
adjacent ring CH2 (J = 2.5). The side-chain CH> appeared as a 
doublet at 3.11 5 (J = 7).

Anal. Calcd. for CioHuOj: C, 65.91; H, 7.74. Found:
C, 64.83; H, 7.44.

For characterization 7 was converted to its 2,4-dinitrophenyl- 
hydrazone by conventional methods.14 The orange-red plates, 
m.p. 138.5-139.5° from ethanol, showed infrared absorption 
(Nujol) at 1744 cm.-1. In the ultraviolet, maxima were ob
served at 240-255 (4.21), 266 (417), 290 (3.97), and 384 (4.51), 
while the minimum appeared at 312 ni/i (3.76).

Anal. Calcd. for Ci6H18N406: C, 53.03; 11,5.01; X, 15.46. 
Found: C, 53.30; H, 5.10; N, 15.41.

Ethyl /3-(2-Oxocyclopentyl)propionate (8).—The unsaturated 
keto ester (365 mg.) was hydrogenated at atmospheric pressure 
in the presence of 0.1 g. of 10% palladium-on-carbon in 50 ml. 
of 95% ethanol. The usual work-up afforded 8 as a colorless 
oil which was converted to its 2,4-dinitrophenylhydrazone, m.p.
88-89.5°, from ethanol. Compound 8 was also prepared by 
reaction of la with ethyl acrylate by the method employed by 
Stork1 for the corresponding methyl ester. The infrared spectrum 
was identical with that of the reduction product. The dinitro- 
phenylhydrazone had m.p. 90-90.5°, undepressed on admixture 
with the derivative from the reduction product.

Anal. Calcd. for Ci6H2oN<06: C, 52.74; H, 5.53; N, 15.38. 
Found: C, 52.44; H, 5.45; N, 15.25.

5-Pyrrolidino-6-carbethoxybicyclo [3.2.0] hept-6-ene (2).— 
Compound la (13.75 g.) and ethyl propiolate (9.80 g.) were 
separately dissolved in 50-ml. portions of anhydrous ether, and 
the solutions were chilled in an ice bath. The ester solution 
was added over a 10-min. period to the enamine in a nitro
gen atmosphere. A small quantity of amorphous, polar solid 
precipitated, which was separated by filtration. The orange 
filtrate was kept at ice-bath temperature for 1 hr. and then fil
tered through a pad of Darco. The solvent was evaporated 
in vacuo at ice-bath temperature. The resulting oil resisted 
crystallization, but was relatively pure 2, as shown by spectral 
examination. The infrared spectrum of the liquid showed a 
carbonyl band at 1710 cm.-1 and a C =C  band at 1610 cm.-1. 
The ultraviolet spectrum exhibited maxima at 220 (3.78) and 
283 (3.12) and a minimum at 260 m/x (2.95).

Conversion of 2 to the Michael Adduct 7.—A mixture of 2.36 
g. of the cyclobutene, 8 ml. of purified dioxane, 4 ml. of water, 
and 1.2 ml. of acetic acid was stirred overnight at room tempera
ture in a nitrogen atmosphere. The mixture, initially homo
geneous, separated into two layers during the reaction. Evapo
ration of the dioxane in vacuo was folllowed by addition of water 
and extraction into ether, washing the extracts with 5% hydro
chloric acid, water, and brine, and drying and evaporation of 
solvent to yield 1.6 g. of oil. Distillation in vacuo yielded 0.42 
g. of yellow oil, b.p. about 94° (0.2 mm.), together with con
siderable polymeric residue. The infrared spectrum of the 
liquid was identical with that of the adduct prepared earlier. 
The keto ester was converted to its 2,4-dinitrophenylhydrazone, 
m.p. 138-139.5°. The infrared spectrum of this derivative also 
agreed in all details with the compound referred to above.

In a separate experiment 7.05 g. of the cyclobutene was stirred 
for 4 hr. with 35 ml. of 5% hydrochloric acid. Extraction of the 
solution with ether yielded only a very small quantity of polar 
oil and none of the desired keto ester.

5-Pyrrolidino-6-carbethoxybicyclo [3.2.0] hept-6-ene Meth- 
iodide (9).—A solution of 0.47 g. of the amine in 10 ml. of dry 
benzene was added to a solution of 0.56 g. of methyl iodide in the 
same solvent. The mixture was allowed to stand overnight and 
the resulting dirty yellow needles were separated by filtration 
and washed with benzene. There was obtained 0.43 g. of crude 
product, m.p. 100-104°. The analytical sample was prepared by 
recrystallizations from ethyl acetate containing a little isopropyl 
alcohol. The resulting white needles had m.p. 116-117.5°. 
The infrared spectrum showed bands at 1710 and 1610 cm.-1.

(14) Ref. 13. p. 219.

In the n.m.r., aside from the vinyl proton singlet mentioned ear
lier, a feature of interest was the N-methyl group signal at 3.60 S.

Anal. Calcd. for C15H24NOJ: C, 47.75; H, 6.42; N, 3.72. 
Found: C, 47.56; H,6.38; N, 3.67.

1-Morpholinocyclooctene (Id).—This enamine, b.p. 117-149° 
(14 mm.), was prepared in 50% yield by the method used by 
Djerassi and Tursch15 for 1-morpholinocyclohexene.

Anal. Calcd. for C,2H2iNO: 0 , 73.79; 11,10.84; N, 7.19.
Found: C, 73.18; H, 10.47; N, 7.59.

l-Morpholino-2,3-dicarbomethoxy-l,3-cyclooctadiene (lib ).— 
Dimethyl acetylenedicarboxvlate (2.55 g.) was carefully added to
3.0 g. of 1-morpholinocyclohexene1 (lb) in 3 ml. of “diglyme.” 
A spontaneous exothermic reaction ensued with the temperature 
rising to ca. 105°. The solution was allowed to cool, and the 
product was separated by filtration and re crystallized from 
chloroform-acetone; yield 50%, m.p. 210-212°. The ultra
violet spectrum exhibited (log t) 303 (4.06) and a plateau 
at 312-324 m/x (4.05), while the infrared spectrum (Nujol) 
showed carbonyl absorptions at 1714 and 1680 cm.-1 and C=C 
absorption at 1614 cm.-1. In the n.m.r. spectrum the vinyl 
proton appeared as a quartet at 6.75 5 ( /  = 7.3, 9.8) .1B

Anal. Calcd. for C16H,3N 05: C, 62.12; H, 7.49; X, 4.53. 
Found: C, 61.87; 11,7.72; X, 4.60.

l-Pyrrolidino-2,3-dicarbomethoxy-l,3-cycloheptadiene (11a). 
From the requisite enamines this product, as well as 11c and lid  
(vide infra), were prepared in like manner and in similar yield. 
Compound 11a had m.p. 135-138° after recrystallizations from 
ethanol-water. The ultraviolet spectrum showed Xm:lx (log e) 
324 (4.04), while infrared bands were found at 1718, 1683, and 
1605 cm.-1. The vinyl proton signal appeared as a triplet (or 
a quartet with the center peaks superimposed) at 6.83 6 (./ = 7).

Anal. Calcd. for Ci5H2lN 04: C, 64.49; H, 7.58; X, 5.01. 
Found: C, 64.76; II, 7.60: X, 4.98.

l-Morpholino-2,3-dicarbomethoxy-l,3-cyclononadiene (11c).— 
This compound, after recrystallization from methanol, had m.p.
152-155°, but was contaminated by an unknown impurity, as 
shown by the n.m.r. spectrum. In this case the vinyl proton 
signal was observed at 6.05 6 (J = 4, 12).16 * The ultraviolet 
maximum was observed at 328 m/x (4.11).

Anal. Calcd. for CnHaXO»: C, 63.14; H, 7.79; X, 4.33. 
Found: C, 63.20; H.7.59; X.4.43.

l-Morpholino-2,3-dicarbomethoxy-l ,3-cyclodecadiene (lid). 
—After recrystallizations from ethanol-water the compound had 
m.p. 114-115°, Xm„x (log e) 326 m/x (4.14). The infrared absorp
tions were observed at 1722, 1690, and 1630 cm.-1 and the vinyl 
proton signal at 5.82 S (J  = 4, 12).18

Anal. Calcd. for CisH^XO»: C, 64.07; H, 8.06; X, 4.15. 
Found: C, 63.83; 11,8.05; X , 4.11.

1 -Hydroxy-2,3-dicarbomethoxy-1,3-cyclooctadiene (13). —One- 
half gram of lib  was allowed to stand for several hours at room 
temperature in 5 ml. of 15% aqueous hydrochloric acid, with oc
casional swirling. Momentary solution was followed by turbidity 
and crystallization of the enolic product, which was separated by 
filtration and recrystallized from acetone-water; yield, 95%. 
The substance, m.p. 60-64°, gave a deep purple color with ferric 
chloride. The infrared spectra in chloroform and in Nujol gave 
no indication of hydroxyl absorption, apparently because of 
strong internal hydrogen bonding. Infrared bands were ob
served at 1725, 1663, and 1609 cm.-1, while the ultraviolet 
maximum was seen at 254 m/x (4.00). In the n.m.r. the chelated 
hydroxyl proton appeared at 12.7 and the vinyl proton at 6.98 
5 (J = 7.1,9.41.

Anal. Calcd. for ( VI 1 i d C ,  59.99; H, 6.71. Found: C, 
60.26; H ,6.95.

6-Morpholino-7,8-dicarbomethoxybicyclo [4.2.0] oct-7-ene 
(10b).—A solution of 0.234 g. of dimethyl acetylenedicarboxylate 
in 2.34 ml. of deuteriobenzene was mixed with a solution of 0.25 
g. of lb in 2.5 ml. of the same solvent. The characteristic triplet 
at 4.68 & (J = 3.1) due to the vinyl proton of lb was completely 
absent from the n.m.r. spectrum determined 30 min. after mixing, 
and no new vinyl proton signals appeared.

Rased on these observations, a large-scale preparative experi
ment was run in an attempt to isolate the cyclobutene or a deriva
tive. A solution of 7.6 g. of the ester in 75 ml. of benzene was 
added slowly with cooling (5-7°) to 8.0 g. of lb in 80 ml. of

(15) C. D jerassi and B. Tursch, J .  O r g .  C h e m . ,  27, 1041 (1962).
(16) These coupling constants m ust re ta in  a certain  degree of uncerta in ty

because of the extrem e difficulty in analyzing the rem ainder of the complex
spectrum .



N o v e m b e r , 196.3 A c e t y l e n ic  E s t e r s  w it h  E x a m in e s 3139

benzene. The final volume of the solution was 168 ml. A 25- 
ml. aliquot of the solution was refluxed for 4 hr. and evaporated 
to dryness. The crystals of lib , after filtration and washing with 
ether, weighed 0.51 g. (21%), m.p. 210-212°. Another 38- 
ml. aliquot of the benzene solution was evaporated at reduced 
pressure to yield crude 10b as an orange oil. Attempts to 
crystallize the product as the base or as its hydrochloride or 
methiodide salt were unsuccessful. Although the preparation 
contained neither starting material nor eight-membered enamine 
lib  , as shown by thin-layer chromatography, purification by 
chromatography on alumina was not successful. The major 
component, though obtained in a fairly pure state, appeared to 
generate another minor component on further treatment. The 
nature of these transformations is unknown.17

In another experiment 2.34 g. of the acetylenic ester in 2.5 ml. 
of diglyme was added dropwise to a solution of 2.5 g. of lb in
2.5 ml. of the same solvent, keeping the temperature at 5-7°. 
The mixture (9.5 ml.) was placed in the refrigerator overnight. 
An aliquot (7.5 ml.) was then heated to 130° for 10 min. On 
cooling, 1.22 g. (34%) of lib  was obtained, m.p. 210-212°. 
The remainder of the solution was allowed to stand at room 
temperature for 3 days, during which period lib  was slowly 
produced. The yield of crystalline material at the end of this 
period was 0.52 g.

6-Morpholino-7,8-dicarbomethoxybicyclo [4.2.0] octane Hy
drochloride (14).—The remainder of the benzene solution re
ferred to in the previous section (105 ml.) was shaken with 
hydrogen at 40 p.s.i. in the presence of 1 g. of 10%, palladium 
on charcoal for 3 hr. After separation of the catalyst the benzene 
was stirred with 12 ml. of 15% aqueous hydrochloric acid for 2 
hr. The aqueous extract was made alkaline with ammonia, the 
product was extracted into ether, and the solvent was removed 
from the dried extracts. Addition of 6 .V ethanolie hydrogen 
chloride to the residue yielded a solid hydrochloride which, after 
recrystallization from ethanol weighed 4 g. and had m.p. 193- 
194°. The ultraviolet spectrum showed only end absorption, 
while in the infrared ester carbonyl absorptions were observed at 
1754 and 1740 cm. -1.

Anal. Oalcd. for ChH'jNOs.HCI: C, 55.31; H, 7.48; N,
4.03. Found: C, 55.00; H,7.31; N,4.23.

Dimethyl 3-Pyrrolidino-5-methylphthalate (16).—Dimethyl 
acetylenedicarboxylate (4.7 g.) was added over a period of several 
minutes to a solution of 5 g. of 4-pyrrolidinopenten-3-one-2
(15)10 in 10 ml. of warm tetrahydrofuran. An exothermic reac
tion took place, after which the mixture was heated 15 min. on the 
steam bath, then poured into water. The resulting solid was 
collected by filtration and recrystallized from methanol to yield
5.4 g. of 16, m.p. 82-84°. The ultraviolet spectrum had Xmax 
(log e) 236 (4.21), 274 (3.90), and 347 (3.54), and X,„in (log e) 
259 (3.86) and 301 upi (2.89). The infrared spectrum (Nujol) 
showed ester carbonyl absorptions at 1732 and 1713 with aro
matic absorption at 1605 cm.-1.

Anal. Calcd. for C1SH1„N01: C, 64.96; H, 6.91; X, 5.05. 
Found: C ,65.25; H,6.85; N.5.01.

For the spectral studies a solution of 0.18 g. of dimethyl 
acetylenedicarboxylate in 1.8 ml. of deuteriobenzene was added 
over a period of several minutes to a solution of 0.15 g. of 15 
in 1.5 ml. of deuteriobenzene while keeping the temperature at 
5°. After mixing, the reaction was warmed to 25° and the n.m.r. 
spectrum was measured at intervals.

2,3-Dicarbomethoxy-7,7-dimethyl- l-hydroxy-5-oxo-l ,3-cyclo- 
octadiene (20).—To a solution of 5 g. of 191(l in 20 ml. of diglyme 
maintained at 60°, 3.68 g. of dimethyl acetylenedicarboxylate 
was added dropwise, after which the mixture was heated at 
steam-bath temperature for 30 min. The contents were poured 
into water and the oil was extracted into ether, the ether removed, 
and the residue treated with 15 ml. of 15% hydrochloric acid for 
1 day. A crystalline material gradually separated which was 
recrystallized from ethanol; m.p. 147-149°. The n.m.r. spec
trum of 20 indicates a chelated hydroxyl proton at 13.1 5, split 
by long-range coupling with one of the adjacent methylene 
protons (J  = 1.6). The vinyl hydrogen signal appears at 6.55 
S (./ = 1.4), coupled with a 0-6 proton. The C-6 methylene 
signal was observed as a quartet (AB type) at 2.50 5 (./ = 12.1). 
The high field proton of this quartet was split into a doublet by 
long-range coupling (J = 1.4) with H-4. The C-8 methylene

(17) Com pound 10b had an l i t  value of 0.47, while the m inor com ponent 
ran a t  0.56 on alum inum  oxide G, using 1:1 benzene-m ethylene chloride as 
solvent.

signal was also observed as a quartet (AB type) at 2.30 6 (J 
= 11.4). The low-field proton in this case was split into a doublet 
(J = 1 -6) by coupling with the hydroxyl proton. This long-range 
coupling disappears on addition of deuterium oxide. Strong 
infrared bands are observed at 1745, 1727, and 1603 cm.-1.

Anal. Calcd. for CuH,sOG: C, 59.56; H, 6.43. Found: C, 
59.83; H, 6.39.

Ethyl 5-Anilino-3,4-dicarbomethoxy-fnms,rts-2,4-hexadienoate
(22) and Ethyl 5-Anilino-3,4-dicarbomethoxy-c!>,m-2,4-hexa
dienoate (23).—A solution of 0.19 g. of 12 in 1.9 ml. of deuterio
benzene was added to a solution of 0.25 g. of ethyl 3-anilino- 
erotonate (21) in 2.5 ml of deuteriobenzene under the conditions 
described in the preceding experiment. Since the downfield 
band in the n.m.r. spectrum was somewhat obscured by incom
pletely deuterated solvent, the deuteriobenzene was removed 
after the reaction was complete (24 hr.) and the spectrum de
termined in deuteriochloroform. Integration of the vinyl 
protons showed 22 and 23 to be present in a ratio of 1.4 to 1.0. 
A solution of 6.1 g. of 12 in 60 ml. of benzene was then added 
dropwise to a solution of 8.0 g. of 21 in 80 ml. of benzene while 
keeping the reaction temperature at 5°. The mixture was then 
allowed to warm to room temperature. After allowing it to 
stand for 48 hr., the solvent was removed in vacuo, and the residue 
was recrystallized twice from methanol-water to yield 5.0 g. of 
22, m.p. 88-90°. The ultraviolet spectrum showed maxima 
at 256 (4.07), 302 (3.73), and 342 (3.74) and minima at 230
(3.93), 289 (3.70), and 318 m/a (3.71). The infrared spectrum 
in methylene chloride showed a broad bonded NH band at 3250 
to 3000 cm.-1 which was unaltered on dilution. Pertinent fea
tures of the n.m.r. spectrum were the vinyl proton signal at
6.00 S and the CH3—C=C signal at 2.08 5.

Anal. Calcd. for CI8H21NG6: C, 62.24; H, 6.10; N, 4.03. 
Found: C, 62.4.3 H.6.16; N.3.95.

A solution of 5.0 g. of 12 in 5 ml. of diglyme was added to 7.2 
g. of 21 in 5 ml. of diglyme in small portions; the temperature 
rose to 85°. The mixture was then heated on the steam bath for 
15 min. and poured into water. The resulting oil was extracted 
with ether and the extract was dried and evaporated. The 
residue crystallized on standing. Recrystallization from meth
anol gave 5.7 g. of 23, m.p. 72-74°, depressed to 55-65° on ad
mixture with 22. The ultraviolet spectrum showed maxima at 
254 (4.07), 312 (3.49), and 336-360 plateau (3.46); and minima 
at 230 (3.99) and 294 upi (3.45). The infrared spectrum in 
methylene chloride showed a broad band at 3250 to 3000 cm.-1 
which was unaltered on dilution. Features of the n.m.r. spec
trum were the vinyl proton signal at 6.89 5 and the CH:i—C=C 
signal at 2.08 5.

Anal. Calcd. for Ci8H2iN0 6: C, 62.24; H, 6.10; X, 4.03. 
Found: C, 62.10; H, 6.04; X.4.02.

6-Amino-4,5-dicarbomethoxy-irtm.Vj's-3,5-heptadien-2-one
(26).—A solution of 18.6 g. of 12 in 10 ml. of anhydrous tetra
hydrofuran was added in small portions to 13.0 g. of 25 in 10 ml. 
of tetrahydrofuran over several minutes. The temperature rose 
to 85°. After an hour, about half of the tetrahydrofuran w-as 
removed by distillation, and the residue was chilled to effect 
crystallization. Recrystallization from ethyl acetate gave 12 g. 
of 26, m.p. 115-116°. The ultraviolet absorption spectrum was 
characterized by a maximum at 300 (4.12) and a minimum at 
257 mji (3.34). The infrared spectrum in methylene chloride 
showed a strongly-bonded NH at 3140 and a weakly bonded XH 
at 3430 cm.-1, neither of which changed on dilution. The n.m.r. 
spectrum showed a vinyl proton signal at 5.92 6 and a CH:|—C=C 
signal at 2.12 5.

Anal. Calcd. for C„H15NOi: C, 54.76; H, 6.27; X, 5.83. 
Found: C, 54.46; H,6.50; N,5.73.

Methyl 2-Methyl-5-oxo-4-(2-oxo-propylidene -2-pyrroline-3- 
carboxylate (27).—When a portion of the tetrahydrofuran reac
tion mixture containing 26 was poured into water, a pale yellow, 
crystalline substance separated. Recrystallization from ethanol 
yielded 27, m.p. 179-181°. Conversion of 26 to 27 could also 
conveniently be carried out in 90% yield by solution of the former 
in minimum boiling water and collection of product on cooling. 
The ultraviolet spectrum showed maxima at 267 (3.98) and 363 
(3.69), and minima at 224 (3.35) and 306 mu (3.16). The 
compound dissolved in aqueous sodium hydroxide with a deep
ening of the color-maximum 434. The n.m.r. spectrum showed 
the vinyl proton signal at 7.14 5.

Anal. Calcd. for Ck.HuNCE: C, 57.41; H, 5.30; X, 6.70. 
Found: C, 57.57; H,5.35; N,6.57.

Attempted Reaction of Diethyl 4-Morpholinylmethylene-
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malonic Ester (30) with 12.—A mixture of 5 g. of 3018 and 2.76 
g. of 12 were mixed in 10 ml. of diglyme. No temperature rise 
was noted. After 24 hr. at room temperature, the reaction was 
diluted with water and unchanged 30 recovered, m.p. 58-61 °.

(18) C. D. H urd and L. T. Sherwood, J .  O r g .  C h e m . ,  13, 471 (1948).
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Isothiocyanates reacted with 2-mercaptoethylamine hydrochloride to give S-substituted products, the hydro
chlorides of S-2-aminoethyl N-alkyldithioearbamates. With free 2-mercaptoethylamine, one mole of phenyl 
isothiocyanate gave the N-substituted product, l-(2-mereaptoethyl)-3-phenyl-2-thiourea, and two moles gave 
the N,S-disubstituted product. All aliphatic isothiocyanates gave disuhstituted products, the l-[2-(N-alkyl- 
dithiocarbamoyl)ethyl]-3-alkyl-2-tluoureas, regardless of the relative amount of isothiocyanate. The disub- 
stituted products were cleaved by silver nitrate to one mole of the isothiocyanate and the silver mercaptide of 
the l-(2-mercaptoethyl)-3-alkyl-2-thiourea, from which the free thiourea was obtained by treatment with sodium 
sulfide. Isocyanates, regardless of relative amount, reacted with 2-mercaptoethylamine to give the N,S-disub- 
stituted products. Cleavage with silver nitrate afforded the l-(2-mercaptoethyl)-3-alkylureas.

The behavior of isocyanates and isothiocyanates 
toward active hydrogen compounds has been studied 
since the earliest days of organic chemistry, and it is 
well known that both react vigorously with amines, and 
that isocyanates also react, somewhat less vigorously, 
with alcohols and water.2 In contrast, isothiocyanates 
are so relatively unreactive toward hydroxyl-containing 
compounds that aqueous media often are used in their 
preparation,3 and their reaction with hydroxyalkyl 
amines gives hydroxyalkyl thioureas.4 Both isocy
anates and isothiocyanates have been reported to react 
with thiols,5 but there is no evidence to indicate how 
readily these reactions proceed relative to reaction with 
the amino group. Consequently there was no a priori 
way of predicting how compounds containing both the 
thiol and the amino function would react with iso
cyanates and isothiocyanates. This question became 
of importance in connection with the proposed prepara
tion of a number of 2-mercaptoethyl ureas and thio
ureas for testing as radioprotective drugs, and an ex
amination of the reaction of 2-mercaptoethylamine with 
isocyanates and isothiocyanates was undertaken.

The reaction with isothiocyanates was studied first, 
since there seemed to be a better chance of directing 
this reaction preferentially to one or the other functions 
of the 2-mercaptoethylamine molecule. When a solu
tion of 2-mercaptoethylamine hydrochloride in ethanol 
(pH 5 to Hvdrion test paper) was treated with phenyl 
or n-butyl isothiocyanate, there was no reaction. 
However, when a few drops of aqueous sodium hy
droxide were added, raising the pH to 6-6.5, vigorous 
exothermic reaction took place and solid products 
crystallized. Analysis indicated that these products

(1) This work was supported  by the U. S. Army M edical R esearch and 
D evelopm ent Com m and. D epartm ent of the Army, under C ontract No. 
DA-4ÍM 93-M D-2174.

(2) I. D. M orton  and E. H oggarth, “ C hem istry oí C arbon Com pounds,” 
Vol. IB. E. H. Rodd. Ed., Elsevier Publishing Co., A m sterdam , The N e ther
lands, 1952, p. 939.

(3) M. I,. Moore and F. S. Crossley, “ Organic Syntheses,” Coll. Vol. 
I l l ,  John Wiley and Sons, Inc., New York, N. Y., 1955, p. 599.

(4) F. B. Dains, R. Q. Brewster, I. L. M alm . A. W. M iller, R. V. M aneval, 
and  J. A. Sultzaberger, J .  A m .  C h e m .  S o c . ,  47, 1981 (1925).

(5) E. 10. Reid, “ Organic C hem istry of B ivalent Sulfur. ' Vol. IV, Chem i
cal Publishing Co., Inc., New York, N. Y., 1962, pp. 201 and 238.

S
¡1

HSCH2CH2NH3+C1- -(- RXCS — >- RNHCSCH2CH2NH3+C1-

were the result of reaction at the thiol function, that is, 
that they were the hydrochlorides of S-2-aminoethyl 
X-phenyldithiocarbamate (72% yield) and X-n-butyl- 
dithiocarbamate (74%), respectively. This structure 
assignment was confirmed by their chemical behavior 
and by the fact that 2-dimethylaminoethanethiol hy
drochloride, which can react only at the thiol function, 
reacted vigorously with phenyl isothiocyanate at pH 6. 
Treatment of an aqueous solution of the product with 
base gave free S-(2-dimethylamino)ethyl N-phenyldi- 
thiocarbamate in 66% yield.

The dithiocarbamates derived from 2-mercaptoethyl
amine were much less stable. The hydrochlorides dis
solved in water to give clear solutions, but the solutions 
underwent rapid hydrolysis. In a few minutes cloudi
ness appeared, and the characteristic odor of the parent 
isothiocyanate became strongly noticeable. When the 
hydrochlorides were treated with an equivalent of weak 
base, they rearranged to the corresponding N-sub- 
stituted derivatives of 2-mercaptoethylamine, giving

S
II EtaN

RNHCSCH2CH2NH3+C1- ------->
r s  s— CHf

\ /  c
/ \

RN N—CH;
_ H H:

HgCl,
------- RNCS +  ClHgSCH2CH2NH2EtaN

l-(2-mercaptoethyl)-3-phenyl-2-thiourea (77%) and 
somewhat impure l-(2-mercaptoethyl)-3-w-butyl-2- 
thiourea (77%). This rearrangement appears to be 
exactly analogous to the known rearrangement of S- 
acyl 2-mercaptoethylamine derivatives.67 As a pre
parative route to 2-mercaptoethylthioureas this reaction 
was less satisfactory than other techniques to be de-

(6) J. Baddiley and E. M. Thain, J .  C h e m .  S o c . ,  3425 (1951).
(7) T. W ieland and E. Bokelmann, A n n . ,  576, 20 (1952).

h s c h 2c h 2n h c n h r
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Table I
1—[2—( X -A lkyldithiocarbamoyl)eth  yl-3-alkyl]-2-thio ureas

S S
II II

r x h c s c h 2c h 2x h c x h u

R Yie ld , % M . p . , °C. c l l N s C H N s

c h 3 74 1 3 0 - 1 3 8 3 2 . 2 0 5 . 8 0 1 8 . 8 1 4 3 . 0 0 3 2 . 4 0 5 . 0 2 1 8 . 0 0 4 3  2 4
c , h ., 7<S 1 2 4 . 5 - 1 2 6 . 5 3 8 . 2 1 0 . 8 2 1 0 . 7 1 3 8 . 2 5 3 8 .  10 0 . 8 5 1 0 .7 1 3 8 .  1 1
t - C , H , 8 7 1 2 8 - 1 2 0 . 5 4 2 . 0 7 7 . 5 8 1 5 . 0 4 3 4 . 4 2 4 3 . 0 4 7 . 0 0 1 4 . 8 8 3 4 . 2 5
n - C 4H 9 100 0 8 - 1 0 1  5 4 0 . 8 7 8.10 1 3 . 6 0 31 . 2 8 4 7 . 0 2 8.10 1 3 . 5 7 3 1 . 4 0
n - C , H , 5 00 0 1 - 0 2 . 5 5 5 . 1 0 0 . 5 2 1 0 . 7 3 2 4 . 5 0 5 5 . 1 1 0 . 4 0 1 0 . 7 S 2 4 . 5 9
C6HS 0 8 1 5 0 . 5 - 1 5 2 . 5 5 5 . 3 0 4  0 3 12.00 2 7 . 0 8 5 5 . 1 5 5 . 0 2 1 1 . 0 5 2 7 . 8 5

T a b l e  I I

2 ,4-D in itr o ph en y l  S u lfid e  D e r i v a t i v e s  o f  1-Alkyl-3-(2-m ercaptoethyl)-2-th io crea s

0,N- sch2ch2nhcnhr 
no2

R
<—----- i ield, *
Thiourea Deriv. M.p., °c. c

----C'alcd.—
11 ISi s C

— ---1*
H

ound—
j

c h 3 57 53 158--160 37.07 3 .83 17 .71 20.27 38.05 3 .89 17 .68 20 .38
C.H, 58 73 142.5- 145 30.00 4 .27 10 .06 19 41 40.02 4 .30 10.83 19 . 12
n-Ci H, 47 00 135- 137 43.56 5 .00 15.03 17.89 43.66 4 .88 15 . 50 18 00
R-C7H,5 00 00 145.5- 140.5 47.08 0 .04 13 00 16.01 48.17 0 10 14. 04 15. 88

scribed later. 'The free dithiocarbamates apparently 
re(|uired a finite period to rearrange, for when a sus
pension of S-2-aminoethyl N-phenyldithiocarbamate 
hydrochloride in acetone was treated with triethylamine 
and then immediately with a solution of mercuric 
chloride in acetone, phenyl isothiocyanate was obtained 
in 41% yield. This could have been obtained only 
from the dithiocarbamate by metal ion-assisted mercap
tan elimination.8 Regeneration of the isothiocyanate 
in this reaction constitutes excellent proof that the 
structure of the dithiocarbamate was correctly assigned.

When free 2-mercaptoethylamine was treated with 
an equimolar amount of phenyl isothiocyanate, reac
tion took place at the amino function, and l-(2-mer- 
captoethyl)-3-phenyl-2-thiourea was obtained in 91% 
yield. It was expected that this reaction could be ex
tended to the aliphatic isothiocyanates and that a 
series of 2-inercaptoethylthioureas could be prepared 
easily. However, aliphatic isothiocyanates invariably 
reacted at both functions of 2-mercaptoethylamine 
even when present in deficient amount, and the prod
ucts were the l-[2-(N-alkyldithiocarbamoyl)ethyl]-3- 
alkyl-2-thioureas. Products of this type were prepared

s  s
II II

HSCHsCHjNH. 4- RXCS----► RXHCSCH,OH,XH C X H R

from a number of aliphatic isothiocyanates and from 
phenyl isothiocyanate when it reacted with 2-mercapto- 
cthylamine in a 2:1 ratio. The properties of these 
materials are summarized in T able I. The excellent 
yields reported were obtained with a 2:1 isothiocyanate 
to 2-mercaptoethylamine mole ratio.

Since the l-[2-(N-alkyldithiocarbamoyl)ethyl ]-3- 
alkyl-2-thioureas were easily prepared and easily puri- 
iied by recrystallization, they appeared to be excellent 
starting materials for the preparation of 2-mercapto- 
ethylthioureas. Basic hydrolysis removed the dithio- 
carbamoyl group, but the 2-mercaptoethylthioureas

(8) A- F .  F e r r i s  and B .  A. Schütz,  ./. Org. C h e m . ,  28, 71 (1963).

were obtained in impure form. A more satisfactory 
preparative procedure was to treat the N,S-disub- 
stituted products with silver nitrate in acetonitrile. 
The N-alkyldithiocarbamoyl function was cleaved by 
this treatment and the thiourea function was unaffected, 
the products being one mole of alkyl isothiocyanate 
and the silver mercaptide of the 2-mercaptoethyl 
thiourea. This preparation is another example of the

AgNO,
R N H CSC H2CH2X HC X H R -------- >

E t j N

RXCS +  Kt.iNH+NO.,- +  AgSCH2CH2NHCNHR
N ajS |  NaOII

S SXa
I! n *

HSCH,CH,XHCXHR -6—  XaSCH,CH,NHC=NR +  Ag..S

metal ion-assisted mercaptan elimination reaction,8 one 
in which the mercaptan is the product of interest and 
not the isothiocyanate. Silver ion could not be elimi
nated completely from the mercaptide by treatment 
with hydrogen sulfide, but, when the mercaptide was 
triturated with a solution of sodium sulfide and sodium 
hydroxide, silver sulfide was precipitated completely. 
Acidification of the filtrate gave the 2-mercaptoethyl- 
thiourca in relatively pure form. In this manner the 
l-alkyl-3-(2-mereaptoethyl)-2-thioureas were prepared 
in which the alkyl group was methyl, ethyl, isopropyl, 
•«-butyl, and n-heptyl. All but the isopropyl compound 
were liquids at room temperature.

When an attempt was made to distil l-(2-mercapto- 
ethyl)-3-w-butyl-2-thiourea at reduced pressure, mate
rial came over at 102-120° (1.5 mm.) and solidified in 
the receiver. This solid gave an infrared spectrum 
quire different from that of the thiourea. It appeared 
that cyclization to 2-n-butylamino-2-thiazoline had oc
curred, and this was confirmed when the thiazoline was 
prepared by treating 2-aminoethanol with «-butyl iso-
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T able  III
1- [2-( X -A lk y l t h i o i .c a r b a m o y 'i.)e t h  yi.]-3-ai .kylcreas  

() ()

RXHCSCH2CH2XHCXHR 
------------------- Caled.-------------- -Found-

R Yield. % M.p.. °C. C H N s C H N 5

n-C3H7 94 138-139 48.55 8.50 10.99 12.90 48.72 8.65 16.72 13 16
re-C4H9 82 127.5-130 52.33 9.15 15.20 11.04 52.18 8.98 15.41 11 .48
n-C,2H25 100 129.5-131 07 28 11 50 8.41 6 41 67.16 11.36 8.54 6 00
c2h 5o2c c h 2 83 131-133.5 42.97 6.31 12.53 9.50 43 08 6.49 12.58 9 40
c 6h 5 90 196.5-200 00 93 5 43 13.32 10 17 60.76 5.58 13.31 10 19

T a b l e  I \ '

1-(2-Mercaptoethyl)-3-alkyixreas
()

HSCH.CH.XHCXHR
,----—------------Caled.------------- -Found—

R Yield, % M.p., "C. c H N 8 c H X s
a-C3H, 87 120-121 44 41 8.70 17.27 19.76 44.58 8.56 17.08 19.83
n-CjHj 85 75.5-77 47 69 9.15 15.90 18. 19 47.48 9.01 16.06 18.32
n-Ci2H25 79 98-99 62 45 11.18 9.71 11 11 02.24 11 08 9.79 11 22
c2h 5o2c c h 2 59 85.5-87 40 76 6.84 13.58 15.54 40.69 6 09 13.38 15.70
h o 2c c h 2 71 149.5-150.5 33 70 5.06 15.72 17.99 33.76 5 70 15.83 17.99
c 6h 3 99 141.5 143 55.07 6 16 14.28 16.33 55.18 0.23 14.22 16. 19

th iocyanate  and treating the product w ith hydiro- silver n itra te , followed by trea tm en t of the silver
chloric acid. Since most of the 2-mercaptcethyl- 
thioureas could not be purified either by crystallization 
or by distillation, they were characterized as 2,4-di- 
nitrophenyl sulfides (Table II).

S — CH2

c 4h 9x h c x h c h 2c h 2sh CiHaXH
HC1

-c
N—CH,

HîNCHïC HîOH
— ------------- C4H9XHCXHCH2CH2()Hc 4h 9x c s

The isocyanates had an even stronger tendency than 
the isothiocyanates to react at both ends of the 2-mer- 
captoethylamine molecule. When phenyl isocyanate 
was added to a suspension of 2-mercaptoethylamine 
hydrochloride in acetonitrile no reaction took place. 
When a little water was added the 2-mercaptoethyl
amine hydrochloride hydrolyzed sufficiently to react, 
and the N,S-disubstituted product, l-[2-(X-phenyl- 
thiolcarbamoyl)ethyl]-3-phenylurea, was formed, along 
with some si/wi-diphenylurea from reaction of the iso
cyanate with water. Free 2-mercaptoethylamine re-

HSCH2('H2NH,+01- +  H2() :±
HSCH2CH2XH2 +  H d)+ +  Cl-

UeHiNCO |
() ()
II II

CtH5XHCSCH2CH2XHCXHC6H6

acted with one mole of phenyl isocyanate to give a 48% 
yield (based on 2-mercaptoethylamine) of the \,S-di- 
substituted material as the sole product. With two 
moles of isocyanate the yield was 90%. When the 
sodium salt of 2-mercaptoethylamine reacted with the 
isocyanate, the disubstituted compound was again the 
principal product, but a 34%’ yield of l-(2-mercapto- 
ethyl)-3-phcnylurea was obtained also. A better route 
to the mercaptoethylurea (99% yield) was cleavage of 
l-[2-(X-phenylthiolcarbamoyl)ethyl]-3-phenylurea with

mercaptide with aqueous sodium sulfide or alcoholic 
hydrogen sulfide.

Extension of this reaction to other isocyanates pro
vided a very general route to l-(2-mercaptoethvl)-3- 
alkylureas. Reaction of 2-mercaptoethylamine with 
two moles of isocyanate, followed by cleavage of the 
N,S-disubstituted product with silver nitrate or mer
curic chloride and treatment of the mercaptide with 
sulfide gave good yields of mercaptoethylureas.

O o
2RNC0

HSCH2CH2NH2 ------- R X HCSCH2C H2X H CX H R
EtaNA-NOi I  Eta?

O
II

AgSCH2GH2XHCXH R +  RXCO +  Et3XH+X03- 
Hasj

o
II

HSCH2CH2XHCXHR +  Ag2S

The X,S-disubstituted compounds from n-propyl, 
n-butyl, and n-dodecyl isocyanates and from ethyl 
isocyanatoaeetate were prepared, and all were cleaved 
to the corresponding mercaptoethylureas by the metal 
ion-assisted reaction. In addition, l-[2-(X-ethoxy- 
c a r b o n y 1 m e t h y 11 h i o 1 carbamoyl)ethyl ]-3-ethoxycar- 
bonylmethylurea was hydrolyzed directly to l-(2- 
mercaptoethyl)-3-carbexymethylurea in 71% yield by 
treatment with aqueous base. Recently l-(2- 
mercaptoethyl)-3-methylurea has been prepared by 
treating cystamine (the disulfide of 2-mercaptoethyl
amine) with methyl isocyanate and subjecting the prod-

O ()
II II

E t02CCH2XHCSCH2CH2XHCXHCH2C02Et
O

NaOH
-> HSCH2CH2XHCXHCH2C()2Hthen II *
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uct to electrolytic reduction.9 Unless equipment for 
such reduction is readily available, the technique here 
described will be found more convenient. Properties 
of the l-[2-(N-alkylthiolcarbamoyl)ethyl ]-3-aIkylureas 
are summarized in Table 111, and those of the l-(2- 
mercaptoethyl)-3-alkylureas in Table IV.

Experimental10
S-(2-Aminoethyl) N-Phenyldithiocarbamate Hydrochloride.—

To a solution of 12.5 g. (0.11 mole) of 2-mercaptoethylamine 
hydrochloride in 100 ml. of 95% ethanol (pH 5.5) was added 13.5 
g. (0.10 mole) of phenyl isothiocyanate at 23°. There was no 
apparent reaction. When 5 drops of 10%, sodium hydroxide 
solution was added (pH 6) the temperature began to rise. At38° 
solid began to precipitate, and at 40° the mixture set up solid. 
After 2 hr. the temperature had fallen back to room temperature. 
An additional 50 ml. of ethanol was added, and the solid was re
covered by suction filtration. Cooling the filtrate in ice brought 
down more solid, also recovered by suction filtration. The solids 
were combined and dried in air. The crude S-(2-aminoethyl) 
N-phenyldithioearbamate hydrochloride thus recovered amounted 
to 17.9 g. (72%) and melted at 155-162°. The solid was recrys
tallized twice from 95%, ethanol to give pure product, m.p. 160— 
164° dec.

Anal. Calcd. for C9H13X282C1: C, 43.45; H, 5.27; X, 11.26; 
8,25.77. Found: C, 43.23; H, 5.20; XT, 11.18; S, 25.91.

S-(2-Aminoethyl) N-n-Butyldithiocarbamate Hydrochloride.— 
2-Mereaptoethylamine hydrochloride (12.5 g., 0.11 mole) and
11.5 g. (0.10 mole) of «-butyl isothiocyanate reacted as described 
previously to give 17.0 g. (74%,) of S-(2-aminoethyl) X-n-butyl- 
dithiocarbamate hydrochloride, m.p. 151-155°. Two recrys
tallizations from absolute ethanol gave pure product, m.p. 153- 
156°.

Anal. Calcd. for C7H17X282C1: C, 36.74; H, 7.49; X, 12.25; 
S, 28.02; Cl, 15.50. Found: C, 36.77; H, 7.57; X, 12.24; S, 
28.13; Cl, 15.38.

S-(2-Dimethylamino (ethyl N-Phenyldithiocarbamate.—2-
(Dimethylamino)ethyl mercaptan hydrochloride (7.1 g., 0.05 
mole) and 6.8 g. (0.05 mole) of phenyl isothiocyanate reacted as 
described previously, and the reaction mixture was poured into 
200 ml. of ice water. When the mixture was made strongly basic 
a solid separated. After recovery and drying it amounted to
7.9 g. (66%b m.p. 109-113°. Two recrystallizations from 95% 
ethanol gave 4.9 g. of pure S-(2-dimethylamino)ethyl X-phenyl- 
dithiocarbamate, m.p. 110.5-112.5°.

Anal. Calcd. for CnH16X2S2: C, 54.96; H, 6.71; X, 11.66;
8,26.67. Found: C, 54.82; 14,6.76; X, 11.87; S, 26.46.

l-(2-Mercaptoethyl)-3-phenyl-2-thiourea.—To a solution of
6.8 g. (0.06 mole) of 2-mercaptoethylamine hydrochloride in 35 
ml. of 95% ethanol was added a solution of 2.4 g. (0.06 mole) of 
sodium hydroxide in 4 ml. of water. Sodium chloride precipi
tated. To this mixture at 23° was added 6.8 g. (0.05 mole) of 
phenyl iso thiocyanate. The temperature rose rapidly to 39°, 
then dropped slowly. After 2 hr. the reaction mixture was poured 
into 200 ml. of ice water, and a solid separated. After recovery 
by suction filtration and drying in vacuo the crude l-(2-mercapto- 
ethy 1 )-3-phenyl-2-thiourea amounted to 9.7 g. (91%), m.p. 105— 
114°. Two recrystallizations from 95% ethanol raised the melt
ing point to 113-116.5°.

Anal. Calcd. for C9HI2X282: C, 50.91; H, 5.70; X, 13.20;
8,30.20. Found: C, 50.74; 11,5.60; X, 13.41; 8,30.48.

1-12-( N-u-Butyldithiocarbamoyl )ethyl ]-3-«-butyl-2-thiourea.— 
To a suspension of 11.4 g. (0.10 mole) of 2-mercaptoethylamine 
hydrochloride in 25 ml. of 95% ethanol was added a solution of
4.0 g. (0.10 mole) of sodium hydroxide in 5 ml. of water. A new 
solid came out of solution. To this mixture was then added 23.1 
g. (0.2 mole) of «-butyl isothiocyanate. The temperature rose 
rapidly from 33° to 75°, then dropped back to 30° over about an 
hour. The reaction mixture was then poured into 400 ml. of 
ice water. The solid which separated was recovered by suction 
filtration and dried in vacuo. The crude l-[2-(N-«-butyldithio- 
carbamoyl)ethyl]-3-«-butyl-2-thiourea amounted to 30.8 g.

(9) K. Schim m elschniidt, H. Hoffmann, and E. M undlos. B e r . ,  96, 38 
(1963).

(10) All m elting po in ts are corrected and boiling points are uncorrected. 
M icroanalyses by G albraith  Laboratories, Knoxville, Tennessee.

(100%). The entire sample was recrystallized from 150 ml. of 
acetonitrile to give 17.5 g. of purified material, m.p. 98-101.5°. 
A second recrystallization of a portion from acetonitrile did not 
change the melting point.

Anal. Calcd. for Ci2H 26 X 3 83: C, 46.87; H, 8.19; X, 13.66; 
S, 31.28 Found: C, 47.02; H, 8.10; X, 13.57; 8,31.46.

1- (2-Mercaptoethyl;-3-«-butyl-2-thiourea.—To a solution of
55.4 g. (0.18 mole) of l-[2-(X-«-butyldithiocarbamoyl)ethyl]-3- 
ra-butyl-2-thiourea in 250 ml. of acetonitrile was added 18.2 g . 
(0.18 mole) of triethylamine and, with vigorous stirring, a solu
tion of 30.6 g. (0.18 mole) of silver nitrate in 75 ml. of acetonitrile. 
The gray-brown silver derivative which separated was recovered 
by suction filtration and washed with acetonitrile. The damp 
solid was triturated with a solution of 60.1 g. (0.25 mole) of 
sodium sulfide nonahydrate to which 100 ml. of 10% sodium hy
droxide solution had been added. The black silver sulfide which 
was formed was removed by filtration and washed with water. 
A yellow oil separated when the filtrate was made acid with 5 N 
hydrochloric acid, and was extracted into two 200-ml. portions 
of ether. The ether solution was dried over anhydrous magnesium 
sulfate, and on evaporation left 16.4 g. (47%) of yellow liquid 
l-(2-niereaptoethyl)-3-n-butyl-2-thiourea.

An attempt was made to distil a 5.5-g. sample of the crude 
thiourea at reduced pressure. At 1.5 mm. and a pot tempera
ture of 150-170°, material distilled at 102-120° (1.5 mm.) and 
solidified in the receiver. There was obtained 2.5 g. of white 
solid, m.p. 61-66°. The infrared spectrum of this material was 
identical to that of 2-n-butylamino-2-thiazoline. Yield of thiazo- 
line produced in this pyrolysis was 55%.

To a solution of 1.9 g. (0.01 mole) of crude thiourea in 25 ml. of 
95% ethanol was added 4 ml. of 10% sodium hydroxide solution 
(0.01 mole) and a solution ot 2.0 g. (0.01 mole) of l-chloro-2,4- 
dinitrobenzene in 35 ml. of ethanol. The solution was heated to 
boiling and filtered hot, and on cooling deposited a yellow solid. 
The 2,4-dinitrophenyl sulfide derivative of l-(2-mercaptoethyl)- 
3-n-butyl-2-thiourea amounted to 2.5 g. (69%). m.p. 135-137°. 
Two recrystallizations from 95% ethanol gave purified solid, 
m.p. 135-137°.

Anal. Calcd. for Ci3HiaO|X4S2: C, 43.56; H, 5.06; X, 15.63; 
S, 17.89. Found; C, 43.66; H, 4.88; X, 15.50: 8, 18.00.

2- «-Butylamino-2-thiazoline.—To a solution of 9.2 g. (0.15 
mole) of 2-aminoethanol in 50 ml. of 95% ethanol was added 
slowly 17.3 g. (0.15 mole) of «-butyl isothiocyanate. The tem
perature was held at 30-45° by cooling. After standing 3 hr., the 
reaction mixture was poured into 300 ml. of ice-water, and an oil 
separated. The oil was extracted into two 100-ml. portions of 
ether, and the ether solution was dried over anhydrous magne
sium sulfate. Evaporation of the ether left 21.3 g. (81 %■) of crude 
l-«-butvl-3-( 2-hydroxyethyl)-2-thiourea.

To the crude thiourea (0.077 mole) was added 66 ml. (0.77 
mole) of concentrated hydrochloric acid, and the resulting 
homogeneous solution was heated under reflux for 7 hr. The 
solution was cooled in ice and made strongly basic with a solution 
of 35 g. of sodium hydroxide in 50 ml. of water. A white solid 
separated and was recovered by suction filtration and dried. The. 
crude 2-«-butylamino-2-thiazoline amounted to 17.2 g. (90%) and 
melted at 64-67.5°. A sample recrvstallized from 1:1 ethanol- 
water melted at 67-69°.

Anal. Calcd. for C7HnN2S: C, 53.12; H, 8.92; X, 17.71; 
8,20.26. Found: C. 52.97; 14,8.96; X, 17.83; 8,19.99.

Rearrangement of S-( 2-Aminoethyl) N-Phenyldithiocarbamate 
Hydrochloride.—In 50 ml. of anhydrous acetonitrile was sus
pended 7.5 g. (0.03 mole) of S-(2 aminoethyl) X-phenyldithio- 
carbamate hydrochloride, and 4.0 g. (0.04 mole) of triethylamine 
was added. On trituration all the solid went into solution, and a 
new solid crystallized. After 2 hr. the mixture was poured into 
300 ml. of water, and an oil separated and crystallized. After 
recovery and drying the solid amounted to 4.9 g. (77%), m.p.
111.5-114°. Its infrared spectrum was identical with that of an 
authentic sample of l-(2-mereaptoethyl)-3-phenyl-2 thiourea.

l-(2-Mercaptoethyl)-3-isopropyl-2-thiourea—The procedure 
for l-(2-mercaptoethyl)-3-«-butyl-2-thourea was followed with
28.0 g. (0.10. mole) of l-[2-(isopropvldithiocarbamoyl)ethyl)-3- 
isopropyl-3-thiourea, 17.0 g. (0.10 mole) of silver nitrate, 10.1 
g. (0.10 mole) of triethylamine, and 28.8 g. (0.12 mole) of sodium 
sulfide nonahydrate. There was obtained 12.6 g. (71%) of crude 
l-(2-mercaptoethyl)-S-isopropyl-2-thiourea, m.p. 102-103°. Two 
recrystallizations from 95% ethanol gave pure material, m.p. 102- 
103.5°.
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Anal. Calcd. for C6HUN2S2: C, 40.41; H, 7.91; X, 15.71; 
8,35.96. Found: C, 40.58; H, 7.94; X, 15.79; 8,36.17.

l-|2-(N-Phenylthiolcarbamoyl)ethyll-3-phenylurea.—To a sus
pension of 6.S g. (0.05 mole) of 2-mercaptoethylamine hydro
chloride in 50 ml. of acetonitrile was added 5.1 g. (0.05 mole) of 
triethylamine. A new solid came out of solution. To the result
ing suspension was added 6.0 g. (0.05 mole) of phenyl isocyanate. 
The temperature rose rapidly from 25° to 53°, then dropped back 
to 25° over about 90 min. The reaction mixture was poured into 
200 ml. of ice water and a solid separated. After recovery by 
suction filtration and drying, the l-[2-(X-phenylthiolearbamoyl)- 
ethyl]-3-phenylurea amounted to 7.6 g. (96%), m.p. 165-189°. 
A portion of this solid was recrystallized three times from 95% 
ethanol to give material melting at 196.5-200°.

Anal. Calcd. for C,6HI70 2X3S: C, 60.93; H, 5.43; X, 13.32; 
S, 10.17. Found: C, 60.76; H, 5.58; X, 13.31; 8, 10.19.

l-(2-Mercaptoethyl )-3-phenylurea.—In a solution of 4.6 g. 
(0.0457 mole) of triethylamine in 75 ml. of acetonitrile was sus
pended 14.4 g. (0.0457 mole) of l-[2-(X-phenylthiolearbamoyl)- 
ethyl]-3-phenylurea. To the suspension was added a solution of
7.8 g. (0.0457 mole) of silver nitrate in 25 ml. of acetonitrile. 
The mixture was triturated for an hour, an intense odor of phenyl 
isocyanate becoming apparent. The pH at this point was about 
six. When 2 ml. of triethylamine was added, bringing the pH to
7.5, the isocyanate odor rapidly disappeared.

The solid silver mereaptide was recovered by suction filtration 
and washed with 25 ml. of acetonitrile. While still damp it was 
added to a solution of 18.0 g. (0.075 mole) of sodium sulfide non- 
ahydrate in 75 ml. of water. Black silver sulfide appeared rapidly 
when the mixture was triturated. When conversion appeared to 
be complete, the silver sulfide was recovered by suction filtration, 
washed with 25 ml. of water, and air-dried. The aqueous fil
trate was made strongly acid with 5 A'' hydrochloric acid, and a

copious cream colored precipitate came down. This was re
covered by suction filtration, washed with 25 ml. of water, and 
air-dried. The acetonitrile filtrate from the original reaction was 
poured into 300 ml. of water, and a white solid, presumably by
product 1,3-diphenylurea, came out. It was recovered by suc
tion filtration and dried.

The silver sulfide recovered amounted to 6.2 g. (theory 5.7 g.). 
The by-product 1,3-diphenylurea amounted to 3.7 g. (77%), m.p. 
221-228°. After recrystallization from ethanol it melted 
at 236-243°. The crude l-(2-mercaptoethyl)-3-phenylurea 
amounted to 8.9 g. (99%). Recrystallization from 75 ml. of 
ethanol gave 7.2 g. of relatively pure material, m.p. 141-143°. 
Two more recrystallizations from ethanol gave an analytical 
sample, m.p. 141.5-143°.

Anal. Calcd. for ( 11 id)X;,S: C, 55.07; H, 6.16; X, 14.28; 
8, 16.33. Found: C, 55.18; H,6.23; X, 14.22; S, 16.19.

1-12-Mercaptoethyl )-3-carboxymethylurea.—To 16.8 g. (0.05 
mole) of 1 - [2-( X-ethc>.\y<:arb<inylmethylthiiilearbamoyl )ethv 1] -3- 
ethoxyearbonylmethylurea was added 80 ml. of 10% sodium 
hydroxide solution (0.20 mole). The solid went into solution 
rapidly, and the solution became warm. After an hour the solu
tion was filtered and cooled in ice, and 40 ml. of 5 \  hydrochloric 
acid was added slowly, (¡as evolved vigorously, and a solid 
crystallized. It was recovered by.suction filtration and dried in a 
vacuum oven. The crude l-(2-mercaptoethyl)-3-carboxymethyl- 
urea amounted to 6.3 g. (71 %,), m.p. 143-147°. The crude prod
uct was dissolved in 60 ml. of hot ethanol, and the solution was 
filtered to remove a small amount of sodium chloride. Cooling 
brought down 3.7 g. of purified urea, m.p. 147-149°. A portion 
was recrystallized a second time from ethanol to give an analytical 
sample, m.p. 149.5-150.5°.

Anal. Calcd. for CaHmO;iX2S: C, 33.70; H, 5.66; NT, 15.72; 
8, 17.99. Found: C, 33.76; H, 5.70; X, 15.83; 8, 17.99.
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Tertiary aromatic amines were dealkylated smoothly to secondary aromatic amines at about 150° by passing 
hydrogen bromide through the molten salt. Secondary aromatic amines were converted to anilines at about 
200°. All the rates followed pseudo first-order kinetics which made possible a comparative study among a
number of tertiary amines under varying conditions.

We observed the rather unusual results of an attemp
ted Friedel-Crafts reaction, para Substitution in di- 
methylaniline was anticipated but instead the product 
I was isolated in good yield. Obviously a dealkylation

had occurred prior to the coupling process, and this 
paper reports our study of the dealkylation process. 

Many methods of dealkylation are available.3-11 1 2 3 * * * 7

(1) A bstracted  from the Ph.D . thesis of K. A. C., National Defense 
E ducation Act Fellow, 1959-1962.

(2) To whom correspondence should be addressed.
(3) Cyanogen brom ide: IT. A. Hagomann, “ Organic R eactions,’’ Vol. 7,

John Wiley and Sons, New York, N. Y., 1953, pp. 198-262.
(A) Acetyl brom ide: W. Staedel, B e r . ,  19, 1917 (1886).
(.>) Lead te tra ace ta te : K. von I'oerst, “ Neuere M ethoden der Prepara-

tiven O lganischen Chtunie,” Band 2, Yerlag Chemie W einheim, G erm any, 
1949. p. 267.

16) M anganese dioxide: IT. B. Henbest and J. W. S tra tfo rd , C h e m .

I v d .  (London), 1 170 (1960).
(7) Potassium  ferricyanide: T. I). Perrine, ./. O r g .  C h e m . .  16, 1803

0951).

Only a few methods deal with the direct action of a 
mineral acid on an alky lamine,12 stemming mainly from 
the work of llickiubottom,1314 who found that N- 
methylaniline, heated in a slow stream of hydrogen 
chloride, yields aniline. Monoalkylaniline hydrobro
mides decompose between 250-300° with the elimina
tion of the alkyl group as olefin and alkyl bromide. 
Tertiary alkyl groups are removed readily by acids at
111) 140°.15 Treatment of N-methylaniline under 
Zeisel conditions results in a yield of only 3% methyl 
iodide. N-Butylanilinc is unaffected by 19 sulfuric 
acid at 140° for 30 hours. An interesting application

(8) Silicon te trabrom ide: IT. Breeder veld, H e r .  t r a v .  r h i m ., 78, 589
(1959).

(9) T e tran itrom et ha ne: E. Schmidt and H. Fischer, B e r . ,  53, 1537, (1920).
(10) Occasional n itra tio n  or halogénation : 10. E. Ayling, J. 11. G orvin,

and L. 10. Ilinkel, ./. Chem. S o c . ,  755 (1942).
(11) Zinc or cobalt halides: » K. Ingold, “ S tructu re  and M echanism

in Organic C h em istry ,'’ Cornell U niversity Press, Ithaca, N. Y., 1953, pp. 
615-618.

0 2 )  Plie IT ofm ann-M artius rearrangem ent11 concerns the direct action 
of a mineral acid, but, since it is carried out in a sealed tube  a t a high tem 
peratu re  and involves rearrangem ent, it is not included in the  discussion.

(13) W. J. 1 fickinbottom , “ Reactions of Organic Com pounds,” Long
mans Green and Co., New York, N. Y., 1948. p. 306.

(14) P. Sabatier and G. Gaudion, C o m p t .  r e n d . ,  165, 309 ( 1917).
(15) W. J. H ickinbottom , ./. C h e m .  S e e . ,  1070 (1933).
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Hlir
C6H5N'H(CH2),XHC6H6 ------ C6H5XH-.HBr +

230°
tetrahydroquinoline hydrobromide

of dealkylation in preparative work has been reported 
recently.16

The purpose of this paper is to determine the mildest 
conditions under which dealkylation occurs with mineral 
acid and to run several comparative studies to under
stand the scope of the reaction. Without going into the 
details of the development of the procedure, the follow
ing conditions were found most useful: hydrogen bro
mide as a gas was introduced into the molten salt main
tained at ca. 150°; the rate of dealkylation of tertiary 
alkyl amines at this temperature was quite rapid and in
dependent of the flow rate of hydrogen bromide above 
200 ml./min. Remarkably, the rates in this medium of 
molten aromatic amine-hydrobromide salt through 
which hydrogen bromide was passing to maintain the 
hydrogen bromide concentration and to sweep out alkyl 
bromide, followed pseudo first-order kinetic laws as 
shown in Experimental and in Table I. The rates of 
dealkylation of secondary aromatic amines were suffi
ciently slow at this temperature so that pure secondary 
amines could be isolated. Nevertheless, secondary 
aromatic amines could be dealkylated smoothly at a 
higher temperature, ca. 195°. All the facts established 
in this study are listed below:

T a b l e  I

R a t e s  o f  D e a l k y l a t io n  o f  T e r t ia r y  t o  S e c o n d a r y  A m in e s  
by  H y d r o g e n  B r o m id e  a t  156°“

N,N-A mines k. min. 1 f 1/2, min.

Dimethylaniline 0 012 58
Di-n-propylaniline6 0 0031 223
Dimethyl-ni-chloroaniline 0 016 43
1 )imet!ivl-p-toluidine 0  0058 110
l)imetliyl-o-toluidine 0 021 34
Dietliylaniline' Very slow, 20%

dealkylation 
in 2 hr.

a Pseudo first-order rates at flow rate of hydrogen bromide 
425 ml./min. ±  2.5 nd. 6 20% silicone gum rubber used for 
stationary phase in g.l.c. c 10% Carbowax used for stationary 
phase.

1. Tertiary aromatic amines arc dealkylated more 
readily than secondary aromatic amines.

2. Hydrogen bromide is more effective than hydro
gen chloride.

3. The sequence of ease of elimination of alkyl 
groups is in the order: methyl > n-propyl > ethyl in 
tertiary aromatic amines.

4. A small but appreciable amount of isopropyl 
bromide was isolated in addition to n-propyl bromide 
in the dealkylation of di-n-propvlaniline.

5. Electron-attracting groups in the aromatic ring 
increase the rate of dealkylation and vice versa.

6. ortho Substituents increase the rate of dealkyla
tion to a greater extent than any other factor.

7. Aliphatic amines are more resistant to dealkyla
tion and are not dealkylated in any useful manner by 
this procedure.17 Cyclic amines such as X-methyl- 
piperidine and nicotine gave polymeric products, and 
tri-n-butylamine was largely unaffected.

(16) C>. B. Russell, G. Sutherland, R. I). Topsom, and J. Vaughan. 
./. O r g .  C h e m . ,  27, 4375 (1962).

The preceding facts were accumulated under condi
tions to stress the synthetic rather than the mechanistic 
aspects of dealkylation. Nevertheless, the facts are 
suggestive of a simple mechanism which has been useful 
in carrying out the preceding work and in predicting 
these and other results. We believe that the reaction 
is remarkably akin to a solvolytic reaction of the S\2 
type reverting to the Sxl type as the alkyl group is 
changed.

314.à

Br'O /H .-'R—QH.,
H
II

R
I

CH3Br + :NCsH5
H

III

The nitrogen atom in II is tetrahedral and in III is 
tending toward the trigonal planar structure, i.e., If 
and H in the same plane as the benzene ring. Thus, 
a driving force exists in II to be transformed to the 
resonance-stabilized III. The driving force possibly 
could explain the more facile dealkylation of aromatic 
amines compared to aliphatic amines. If the It group 
in II is an alkyl group rather than a hydrogen atom, 
some steric crowding may exist, and this would explain 
the more facile dealkylation of tertiary amines com
pared to secondary amines.18 Obviously, the reactivity 
sequences: HBr > HC1 > H2SO4 for acids and m-chloro 
> hydrogen > p-methyl for aromatic substituents, 
should hold as long as the mechanism is S\2. A methyl 
group should dealkylate in preference to an ethyl or 
other primary alkyl groups, and this prediction has been 
found to be true in the demethylation of kairoline (see 
Experimental). In our interpretation, the Sn2 mecha
nism reverts in part to the SnI mechanism with the 
introduction of a propyl group, judging from the 
faster rate of dealkylation and the isolation of a small 
amount of isopropyl bromide in the reaction of di-n- 
propylaniline with hydrogen bromide. Unquestion
ably, the tertiary alkyl group must dealkvlate by the 
S n I mechanism.1518

Whether the working hypothesis can be accepted as a 
mechanism remains to be seen. But disregarding this 
point, we were impressed in this work by the ease of 
cleavage of the carbon nitrogen bond and the resem
blance of the cleavage to that of the carbon-oxygen 
bond.

The experimental work was facilitated greatly by the 
gas chromatographic techniques described in the next 
section.

(17) O ther com m ents on dealkylation of aliphatic am ines are to  be found 
in C. D. Hurd, “ The Pyrolysis of Carbon C om pounds,’ A.C.S. M ono
graph ’>0, Chemical Catalog Co.. New York. X. Y., 1929, pp. 310-329, and 
in reference by C. A insworth and N. R. E aston, ,/. O r g .  C h e m . ,  27, 4118 
(1962).

(18) If steric crowding exists in II when R is an alkyl group, a greater
steric  crowding effect should be present in a q u a te rn a ry  am m onium  salt 
which should therefore dealkylate more easily with hydrogen brom ide than  
II . We propose to te st this prediction, a lthough an exam ple has been 
noted: A. T. Babayan, M. (J. Indzhikyan, Z. (¡. Gegelyan, and A. A.
G rigoryan, D n k l .  A k a d .  .\ n u k  A r m . ,  S S R ,  35, 67 (1962): C h e m .  A b s t r . ,  58.

5543 (1963). C H L N IIC H , +  ( I t, C H  C1LN R ----- *~

CtiH.N (CHi)CH,CH=CHi +  RuNH
(19) Anchiiuerieally assisted  groups also should he cleaved easily from

the nitrogen atom  by the S n I mechanism. Such a cleavage has been ob
served with a norbornane lactam  using 59c hydrochloric acid: L. H. Zalkow
and C. I>. Kennedy, J .  O r g .  C h e m . ,  28, 852 (1963).
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3 1 4 6  C h a m b e r s  a n d  P e a r so n  V o l . 2 8

Arom atic am ine B.p., °C.
R eten tion  time, 

sec. Arom atic amine B.p., °C.
R eten tion  time, 

sec.

Aniline 184 122 m-Toluidine 203 184
X-Methylaniline 196 138 X,X-I)imethyl-m-toluidine 212 132
N,N-Dimethylaniline 193 98 o-Chloraniline 209 242
o-Toluidine 201 142 X’, X-Uimethyl-o-chlorouniline 206 120
N-Methyl-o-toluidine 208 178 m-Chloroaniline 230 484
X,X-I )imethyl-o-toluidine 185 56 X-Methyl-m-ehloroaniline 235 492
p-Toluidine 200 172 X, X-Dimet hyl-m-chlort »aniline 232 300
N-Methyl-p-toluidine 211 196 2,6-Xylidene 214 242
N,N-I)imethyl-p-toluidine 211 132 X,N-Dimethyl-2,6-.xvlidene 196 52
X-Ethvlaniline 205 160 X-n-Propylaniline 222 210
N,X-I)iethylaniline 215 124 N,X-I)i-n-propylaniline 245 210

The conditions are given in g.l.c. analysis section. Most curves
X-Methy Ipiperidine 

are Gaussian in shape with about 1-
107 26 

-cm. width at base of curve.

Experimental
The Reaction of Dimethylaniline and 4,7-Dichloroquinoline.20—

This experiment led to the subsequent results reported here. 
N N-Dimethylaniline (0.3 mole) and 4,7-diohloroquinoline (0.1 
mole) were heated to 100° whereupon a slow stream of hydrogen 
chloride was passed beneath the surface. The temperature 
climbed rapidly to 160° and after heat of neutralization had 
spent itself external heating was applied to maintain a tempera
ture of 185°. After 2 hr. the mixture was cooled, poured into 
water, filtered, and washed with more water. The brown 
precipitate (26.2 g.) was recrystallized from ethanol containing an 
equal volume of hydrochloric acid. The crystalline hydrochloride 
(m.p. 295-300°; neut. equiv., 293) was converted to the free 
base by dissolving in ethanol and adding 0.1 .V sodium hydroxide 
solution until the solution was basic. The white platelets were 
collected by filtration, washed thoroughly with water, air-dried 
and sublimed under reduced pressure, m.p. 207-207.5°, mixture 
melting point with 4-phenylamino-7-ehloroquinohne, synthesized 
from aniline and 4,7-diohloroquinoline, the same.

Apparatus and General Procedure for Dealkylation.—The 
constant temperature bath was a three-necked two-piece 2-1. 
resin kettle equipped with thermometer, condenser, and a 200 X 
25 mm. test tube. The test tube, inserted in one of the necks of 
the resin flask, was long enough to be bathed in the vapors of the 
refluxing liquid. A gas inlet tube for hydrogen halide entered the 
side of the test tube and terminated at the bottom in a sintered 
glass disk to give a well distributed flow of hydrogen halide. 
Temperatures in the apparatus could be maintained within 
0.5° over long periods of time.

The pure amine (0.25 mole) was placed in the test tube to 
which a drying tube was attached. Dry hydrogen halide was 
passed through the amine until the hydrohalide had precipitated. 
The heat was dissipated with a water bath. To prevent pressure 
building up when the hydrohalide solidified, the hydrogen halide 
was by passed by opening the closed end of a Y tube in the piping 
system. The test tube was now placed in the constant tern- 
temperature bath, the drying tube being replaced by a condenser. 
The temperature of the bath fell about 15° but was regained in 
about 3-5 min. When the hydrohalide melted, the safety valve 
was closed again to pass hydrogen halide through the molten 
salt. The exit hydrogen halide was led to a water trap.

To obtain rates an aliquot was removed from the test tube at 
appropriate intervals with a 1-ml. glass dipper and dissolved in 
water. The aliquot was made strongly basic and thoroughly 
extracted with ether. The ether layer was dried with solid potas
sium hydroxide and evaporated by means of a Itinco evaporator. 
The amine residue, about 0.5 g., was analyzed by gas-liquid 
chromatography when all aliquots had been accumulated. It 
was unnecessary to withdraw exact amounts of aliquot as analy
sis was based on the ratio of tertiary to secondary or primary 
amines.

G.l.c. Analysis.—Temperatures: column 230°; Gowmac
detector, 217°. Column: 6 ft., l/< >n- copper tubing packed
with 60-80-mesh Chromosorb W, containing 5% polyethylene-

(20) We are indebted to M r. W. Carl D yer for m aking the  in itia l run  on 
th is reaction.

benzonitrile as a stationary phase.21 Flow rate: 90 ml. of He/ 
min. Detector current: 100 ma. Sample volume: 5 yal.
The retention times are given in Table II.

Where separation was not brought about by the polyethylene 
benzonitrile resin, such a mixture of dipropylaniline and propyl- 
aniline, other resins that are specified were utilized.

Considerable study was done on calibration curves using known 
percentages of tertiary amine dissolved in secondary amine.1 
In all cases, the approximate area ( peak height X 0.5 peak width 
at base of peak) was linear with respect to the concentration of 
tertiary amine. Therefore, rates were obtained by plotting log 
area of the tertiary amine peak vs. time.22

Results of Kinetic Studies Using Optimum Conditions for 
Dealkylation.—Hydrogen bromide was found to be more reactive 
than hydrogen chloride. A temperature of 156° (b.p. of 3-hep- 
tanol) and a flow rate of hydrogen bromide of 400 ml./min. 
were selected for comparison conditions. (The rate of dealkyla
tion was independent of flow rate as low as 200 ml./min.; below 
this flow rate, however, the rate of dealkylation was dependent on 
flow rate.) All rates followed pseudo first-order rate kinetics. 
A typical rate is shown with N,N-dimethylaniline (k = 0.012 
min.-1; ¡1/2 = 58 min.).

Time (min.) Log area

17 0.89
30 0.82
43 0.76
59 0.67
73 0.61
90 0.52

At this temperature, negligible amounts of primary amines 
were formed, perhaps amounting to a few per cent in the case of 
the fastest dealkylating amine. Thus the dealkylation rate is 
mainly that of tertiary aromatic amine degrading to secondary 
amine. The comparative results using optimum conditions are 
shown in Table I.

Direct Comparison of Hydrogen Chloride and Hydrogen 
Bromide as Dealkylating Agents.—A direct comparison was 
made on dimethylaniline at a temperature of 177° and a flow 
rate of 146 ml./min.

HC1: k = 0.015 min.-1; ¿1/2 = 46 min.
HBr: k = 0.021 min.-1; t i /2 — 33 min.

Dealkylation of N-methylaniline.—As stated earlier, the 
rates of dealkylation of secondary amines are much slower than 
tertiary amines. A comparison was made at 195° at an approxi
mate flow-rate of 100 ml./min. of hydrogen chloride.

(21) The resin was made by the condensation of equim olecular qu an ti
ties of benzonitrile and ethylene brom ide following the  conditions for 
brom ination of acetophenone reported by D. E. Pearson, H. W. Pope, and 
VV. W. Hargrove, O r g .  S y n .  40, 7 (1960).

(22) T his m ethod of analysis placed em phasis on accurate  delivery of 
ÔME- sam ples for g.l.c. Therefore, two or th ree  sam ples were injected, and 
the average area for the te rtia ry  am ine was used to obtain  ra tes. Usually, 
all areas were identical.



N o v e m b e r , 1963 H a l o g é n a t io n  o f  A r o m a t ic  A c id  D e r iv a t iv e s 3 1 4 7

N,N-Dimethylaniline23: k = 0.014 min.-1; 6 /2 = 50 min.
N-Methvlaniiine: Very slow; kinetics complicated by appear

ance of N,N-dimethylaniline, reaching 10% by weight of total 
amine fraction at end of 1 hr. This means that rate of alkylation 
of N-methylaniline is faster than its rate of dealkylation, the 
latter being extremely slow. To demonstrate this, methyl 
chloride was passed through molten N-methylaniline hydrochlo
ride at 195° and at a flow rate af 154 ml./min. After 3 hr., an 
aliquot contained 20% tertiary amine. This experiment demon
strates that the reverse reaction, alkylation, is slow under the 
conditions of dealkylation. Besides being slow it does not be
come important until the concentration of secondary amine is 
high.

The Isolation of the Alkyl Bromide from Dealkylation of 
N.N-Di-n-propylaniline.—The effluent hydrogen bromide con
taining alkyl bromide was passed through an efficient trap cooled 
with ice-water-salt mixture. The condensate was washed with 
cold water, separated, and dried. Analysis by gas chromatog

(23) One notes th a t the  ra te  of dealkylation a t  195° is about the  sam e as 
the ra te  a t 177°. P a rt of th is  sim ilarity  is caused by different flow rates. 
B ut, ano ther factor is th a t hydrogen chloride is not as soluble a t higher tem 
peratu res in the m elt. Thus, an  increase in tem pera tu re  does not neces
sarily increase the ra te  appreciably. An experim ent to determ ine the 
am ount of hydrogen chloride dissolved showed th a t  1 equivalent of hydrogen 
chloride dissolved per 1 equivalent of amine.

raphy (oven temperature, 93°; 10% SE-30 stationary phase, 
32 ml./min. He flow rate, retention time for /¡-propyl bromide 
= 154 sec., retention time for isopropyl bromide = 126 sec.) 
showed 96% «-propyl bromide, 4% isopropyl bromide, and no 
propylene bromide. Pure /¡-propyl bromide did not isomerize 
when subjected to conditions identical with isolation procedure.

Demethylation of N-Methyltetrahydroquinoline (Kairoline) to 
Tetrahydroquinoline.—To show that methyl groups are removed 
preferentially, kairoline (0.2 mole) was treated with hydrogen 
chloride at 195° for 13 hr. Recovery of the basic product gave 
tetrahydroquinoline (0.19 mole, free from tertiary amine as 
denoted by g.l.c., benzenesulfonamide m.p. 65.6-66.5°, lit. 
m.p. 67°).

Attempts to Dealkylate Aliphatic Amines.—Regardless of 
changes in conditions and irrespective of the addition of catalysts 
or trapping agents such as 4,7-dichloroquinoline or 2,4-dinitro- 
chlorobenzene, the dealkylation of nicotine and of N-methyl- 
piperidine led only to black, polymeric tars. The attempted 
dealkylation of tri-n-butylamine at 195° for 6 hr. gave approxi
mately 1% re-butyl bromide.

Acknowledgment.—The authors are indebted to the 
National Science Foundation for a grant in support of 
this work.
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A study- of the halogénation of the aluminum chloride complexes of acid derivatives using excess aluminum 
chloride was undertaken. All the following acid derivatives were halogenated as aluminum chloride complexes.
Methyl benzoate gave 86% methyl 3-bromobenzoate on monobromination and 89% methyl 2,5-dibromo- 
benzoate on dibromination. p-Toluyl chloride gave 85% methyl 3,5-dibromo-4-toluate on dibron ¡nation.
Methyl p-toluate gave 71% 3-chloro-4-toluic acid on chlorination and 65% methyl 3-iodo-4-toluate on iodina- 
tion. Coumarin gave 74% 6-bromocoumarin. Benzonitrile gave 64% 3-bromobenzonitrile on monobromina
tion and 79% 2,5-dibromobenzonitrile on dibromination. N-Methyl- and N,N-dimethylbenzamides gave poor 
yields in bromination. Methyl o-toluate gave a mixture of halogenated products which could not be separated 
easily. The preceding procedure is probably the best method of direct introduction of chlorine or bromine into 
aromatic acid derivatives.

One may ask the question : how is m-bromobenzoic 
acid obtained? The immediate answer would seem 
to be direct bromination of benzoic acid. This path
way is fraught with obstacles. The halogénation is 
very slow and incomplete, and the temperature of 
halogénation is high enough to bring about sublima
tion of unreacted benzoic acid.4 To quote one source,5 
“direct halogénation is seldom successful and scarcely 
ever used” with aromatic acids.

We have now found that direct halogénation of the 
aromatic acid esters or chlorides can be carried out with 
eminent success using the swamping catalyst effect as 
shown.

65 °
CdTCOOCH, +  2A!Cl:i +  Br2 — >

m-BrC6H,COOCH3(86% ) +  HBr

The swamping catalyst effect entails halogénation 
of the aluminum chloride complex with a highly reac
tive halogénation species, either X + itself, or the ion
pair, X+AICbX. The halogenating species cannot

(1) P a rt IV: B. R. Su thers , P. H. Riggins, and D. E. Pearson, J .  O r g .

C h e m . .  27, 447 (1962).
(2) A bstracted  mainly from the Ph.D . thesis  of W . E. S., 1962.
(.3) A bstracted  in part from the  Ph.D . thesis  of B. R. S., 1961.
(4) H. H u b n e ran d  O. Weiss, B e r . ,  6, 175 (1873): P. S. V anna and P. B. 

Pa nicker, ./. I n d i a n  C h e m .  S o c . ,  7, 503 (1930).
(5) G. M. Dyson, “ M anual of Organic C hem istry ,” Vol. I. Longm ans. 

G reen and Co., New York, N. A ., 1950, p. 590.

be obtained unless more than one equivalent, and pref
erably two equivalents, of aluminuiYi chloride are 
used.6 No solvent is employed.

(6) In an earlier paper,7 we s ta ted  th a t  a unique p a rt of the  sw am ping 
ca ta ly s t efi'ect with ketones was the  form ation of an eight-m einbered ring 
between two moles of acetophenone and two moles of alum inum  chloride. 
From fu rth er study  of the  lite ra tu re  on complexes,8 we believe th a t these 
s truc tu res  are som ewhat variable9 and it is best to  consider the  complex

simply as a Lewis sa lt: R 2 C = 0  AlCla ^  R 2C— O A lCb or

O A ids A1C1*
/  - /

RC ■< >■ RC — O , which may associate to  give complexes
\  \

OR OR
of higher molecular weight or even dissociate.

(7) D. E. Pearson, H. \Y. Pope, W. W. H argrove, and W. E. S tam per, 
J .  O r g .  C h e m . ,  23, 1412 (1958).

(8) E ste r-a lum inum  chloride complexes: M. F. L appert, ./. C h e m .

S o c .  817 (1961); 542 (1962); J. Vanderhoek, B a s k e r v i l l e  C h e m .  J .  C i t y  C o l l .  

A*. 10, No. 1, 13 (1960). Acid chloride-alum inum  halide com plexes:
B. N. M enshutkin, J .  R u s s .  R h y s .  C h e m .  S o c . ,  42, 1310 (1911); E. P. Kohler, 
A m .  C h e m .  J . ,  24, 385 (1900); J. Boeseken, R e c .  t r a p ,  c h i m . ,  19, 19 (1900); 
N. N. Lebedev, Z h .  O h s h c h .  K h i m . ,  21, 1788 (1951); C h e m .  A b s t r . ,  46, 6586 
(1952); VV. N espital, Z .  p h y s i k .  C h e m .  (Leipzig), 16B, 153 (1932); B.
P. Susz and J. J. W h u m a n n , H e l v .  C h i m .  A c t a ,  40, 971 (1957), and earlier 
papers. N itrile-alum inum  halide complexes: I. Kablukov and A. S. A.
Khanov, J .  R u s s .  R h y s .  C h e m .  S o c . .  41, 1755 (1910): C h e m .  A b s t r . ,  5, 1419 
(1911); R. M üller and G. W ersitsch, Z .  a n o r g .  a l l g e m .  C h e m . ,  208, 304 
(1932); R. E. Van Dyke and T. S. H arrison , ./. .4m. C h e m .  S o c . .  73. 402 
(1951).

(9) S. C. J. Olivier, R e c .  t e a r ,  c h i m . ,  37, 205 (1918); H. Ulich, Z .  p h y s i k .  

C h e m . ,  B odenstein-Festband, 423 (1931).
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As noted in halogénation of the ketone-aluminum 
chloride complexes,7 we found that the acid derivative- 
aluminum chloride complexes were deactivated toward 
substitution, gave meta oriented products, but had 
very poor control of the orientation. They behaved 
as though the directive influence of the complexed 
group was purely inductive in nature. Any other 
group attached to the aromatic nucleus seemed to 
control the orientation. Thus, in the dibromination 
of methyl benzoate, the reaction was as follows.

AlClj
C6H6C02CH3A1C13 +  2Br2 ------- >

Br. C02CH3

(89%)

The first bromine substitution which is in the meta 
position controls the orientation of the second bromine 
substitution. But with p-toluyl chloride (and very 
likely with the ester), the reaction was as follows.

p-CRhCslbCOCl-AlCh +  2Br2
1. A1CU

(85%)

The inductive effect of the methyl group, perhaps 
combined with the small steric effect of the complexed 
ester grouping, predominates over the orientation 
influence of the first bromine atom introduced. Chlo
rination also can be carried out as demonstrated by 
the preparation of 3-chloro-4-toluic acid in 71% yield. 
Iodination using iodine monochloride gave methyl
3-iodo-4-toluate in 65% yield. Coumarin, if bromin- 
ated without complexing with aluminum chloride, 
yields 3,4-dibromocoumarin which can be dehydro- 
brominated to 3-bromocoumarin.10a The coumarin- 
aluminum chloride complex, on the other hand, gave
6-bromocoumarin in good yield.11

The second question one may ask is whether other 
methods of directly halogenating aromatic acids are 
available. The Derbyshire-Waters method12 is quite 
comparable in respect to yields and orientation. The 
only decision to be made is whether one prefers con
centrated sulfuric acid and silver sulfate as a medium 
or anhydrous aluminum chloride.

Considerable literature does exist on the halogena- 
tion of acid derivatives using small amounts (or no) 
catalyst. The chlorination of benzoyl chloride with 
small amounts of ferric chloride yields a mixture of 
about 80% meta- and 20% ortoo-chlorobenzoyl chlo
ride.13 The chlorination of methyl benzoate leads first 
to benzoyl chloride and then on the addition of ferric

(10) E. H. Rodd, “ C hem istry  of C arbon Com pounds,” Elsevier P ublish
ing Co., New York, N. Y., 1959; (a) Vol. IVB, 877; (b) Vol. IVC, 1569.

(11) A repo rt is given in the lite ra tu re  th a t  brom ine w ater yields 6-brom o
coum arin: J. Read and W. G. Reid, J .  C h e m .  S o c . ,  745 (1928).

(12) D. H. D erbyshire and W. A. W aters, i b i d . ,  3694 (1950) ; J. H. Gorvin, 
C h e m .  I n d .  (London), 910 (1951); A. M. Fleifel, J .  O r g .  C h e m . ,  25, 1024 
(1960).

(13) E. Hope and G. C. Riley, J .  C h e m .  S o c . ,  123, 2470 (1923); m-bromo-
benzoyl chloride using bromine and chlorine: E. C. B ritto n  and R. M. Tree,
U. S. P a ten t 2,607,802, (Aug. 19, 1952); C h e m .  A b s t r . ,  47, 5437 (1953); for 
ch lorination  of benzoic acid in a sealed tube, see J. T . B ornw ater and A. F. 
Holleman, R e c .  t r a v .  c h i m . ,  31, 221 (1912).

chloride to chloro-substituted benzoyl chlorides.14 
Iodination of phthalic anhydride in fuming sulfuric 
acid of course is a well known process loading to tetra- 
iodophthalic anhydride.15

With no many processes available for the halogéna
tion of aromatic acids, one must discriminate among 
them. We suggest that for laboratory preparation of 
meto-chloro- or bromo-substituted acids the swamping 
catalyst method be used starting with the ester or acid 
chloride but for the preparation of meto-iodo acids the 
Derbyshire-Waters method be used.

The swamping catalyst method appears to be quite 
superior to other methods for preparing m-halobenzoni- 
triles. For example in this paper, m-bromobenzonitrile 
was prepared in 64% yield on monobromination and
2,5-dibromobenzonitrile in 79% yield on dibromination. 
Gas phase bromination of benzonitrile leads to a mixture 
of monobrominated isomers.16 p-Bromobenzonitrile is 
obtained in small yield using heterogeneous conditions 
with sulfuric acid.17 18 Fjarlier reports mention poor 
yields or complex products from the halogénation of 
benzonitrile in scaled tubes.16 None of these results 
appears comparable to those of the swamping catalyst 
technique.

Among other acid derivatives investigated in halo
génation were N-methyl- and N,N-dimethylbenzamide. 
They were much more difficult to brominate, particu
larly N-methylbenzamide. Nevertheless, the meta- 
brominated products were obtained in 30 and 50% 
yields, respectively.

Experimental
General Procedure.—The apparatus and conditions described 

in Organic Syntheses were employed.19 Unless otherwise stated, 
0.3 mole of acid derivative and 0.8 mole of finely divided, an
hydrous aluminum chloride were mixed to form the complex 
and then 0.35 mole (or 0.7 mole for dihalogenation) of halogen 
was added dropwise or by passing under the surface.

The halogenated acid chloride complexes, in the halogenation 
of acid chlorides, were decomposed by dropwise addition of 
methanol to the flask cooled in ice rather than by transfer of the 
complex to ice and water. Thus, the halogenated acid chloride 
complexes were isolated as inethyl esters.

Methyl 3-Bromobenzoate.—The gray complex from methyl 
benzoate and aluminum chloride was brominated smoothly at 
60° by dropwise addition of bromine over a period of about 1 hr. 
The 3-bromo ester was obtained in 85% yield, m.p. 30-31°, 
after fractionation, b.p. 138-140° at 10 mm., and one recrystal
lization from hexane.

The red complex from benzoyl chloride and aluminum chloride 
was brominated in the same manner and after decomposition 
with methanol yielded 86% methyl 3-bromobenzoate, m.p. 
30-31°.

(14) E. K atzschm ann, Germ an P a ten t 1,097,973 (January  26, 1961): C h e m .  

A b s t r . ,  55, 24685 (1961); Heyden N ew port Chemical Co., B ritish  P a ten t 
831,051 (M arch 23, 1960); C h e m .  A b s t r . ,  54, 24556 (1960); S. I. Burm istrov 
and L. G. Zagorskaya, J .  G e n .  C h e m .  U S S R ,  32, 1253 (1962).

(15) C. F. H. Allen, H. W. J. C ressm an, and H. B. Johnson, “ Organic
Syntheses," Coll. Vol. I l l ,  John Wiley and Sons, Inc., New York, 
N. Y., 1955, p. 796. For chlorination of benzoic acid using iodine as a 
cata ly st see S. 1. B urm istrov and L. G. Zagorskaya, U .S.S.R. P a te n t 140,052, 
(D ecem ber8, 1960); C h e m .  A b s t r . ,  56, 10049 (1962). Phthalic  anhydride can 
be chlorinated w ithout sulfuric acid: E. H. H untress, “ Organic C hlorine
Com pounds.” John Wiley and Sons, Inc., New York. N. Y.. 1948, p. 488.

(16) J. W. Engelsm a and E. C. Kooyman, P r o c .  C h e m .  S o c . ,  258 (1958).
(17) P. S. Varm a and N. B. Sen-G upta, J .  I n d i a n  C h e m .  S o c . ,  10, 593 

(1933).
(18) C. Engler, A n n . ,  133, 144 (1865); L. H. Friedberg. i b i d . ,  158, 29

(1871); V. M erz and W. W eith, B e r . ,  16, 2890 (1883); add ition  of chlorine 
in sunlight: T. Van D er Linden, R e c .  t r a v .  c h i m . ,  53, 47 (1934).

(19) D. E. Pearson, H. W. Pope, and W. W. Hargrove, O r g .  S y n . ,  40, 7 
(1960).
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Methyl 2,5-Dibromobenzoate.—Two equivalents of bromine 
were employed. The crude product was fractionated to remove 
the monobrominated ester, and the dibrominated ester collected 
at 94-96° at 0.5 mm., m.p. 39-40° after one recrystallization 
from hexane. From methyl benzoate the yield was 84%, and 
from benzoyl chloride it was 45%., the difference in the yield 
being caused by less complete bromination of the benzoyl chloride 
complex. A portion of the 2,5-dibromo ester was saponified in 
S9r ,' yield to 2,5-dibromobenzoic acid, m.p. 154-155°, lit.20 m.p. 
153°.'

Methyl 3,5-Dibromo-4-toluate.—The crude product (95 g., 
b.p. 131-151° at 2 mm.) obtained from 0.3 mole of p-toluyl 
chloride, was recrystallized from methanol several times to yield 
78 g. (85%) of methyl 3,5-dibromo-4-toluate, m.p. 87.5-88.5°; 
sapon. equiv., 311; calcd. 308. A portion of the ester yielded 3,5- 
dibromo-4-toluic acid, m.p. 238-239° after saponification and 
recrystallization from methanol, lit.21 m.p. 235-236°, mixture 
melting point the same with a sample of the acid prepared from
3.5-dibromo-4-methylacetophenone.7

3-Chloro-4 toluic acid.—The chlorination was carried out as 
described previously7 starting with methyl p-toluate. The re
action mixture was quenched with water rather than methanol and 
yielded 71%. 3-ehloro-4-toIuic acid, m.p. 201-202° after one re
crystallization from aqueous ethanol, lit.22 m.p. 200-202°.

Methyl 3-Iodo-4-toluate.—Because of the tendency of iodine 
monochloride to dissociate to chlorine and iodine in the presence 
of aluminum chloride,7 the reaction conditions were made as 
mild as possible. To 0.4 mole of anhydrous aluminum chloride 
was added 0.13 mole of methyl 4-toluate. The complex was 
heated to 65°, the usual reaction temperature, and then cooled 
to room temperature. Iodine monochloride (0.14 mole) was 
added over a period of 8 hr., the mixture stirred an additional 4 
hr. and quenched with 165 g. of methanol added dropwise while 
the flask was cooled. Fractional distillation of the residue from 
the dry, neutral ether extract gave 7 g. (26%) of methyl 3-chloro-
4-toluate, b.p. 85-87° at 2 mm., ?i26d 1.5253; and 22 g. (65%) of 
methyl 3-iodo-4-toluate, m.p. 28-29°, lit.23 m.p. 28°, sapon. 
equiv., 279, 281; calcd. 277. The acid melted at 210-211°, lit.22 
m.p. 205-206°.

Attempted Preparation of 5-Bromo-2-toluic Acid.—The bromi
nation of methyl o-toluate under swamping conditions led to a 
mixture of methyl bromo-o-toluate esters which could not be 
separated by fractionation in a Helipak filled column. Both 3- 
bromo- and 5-bromo-2-toluic acids were isolated in poor yield 
from the saponified mixture. Chlorination of methyl o-toluate 
also gave an inseparable mixture.

6-Bromocoumarin.—The crude product was collected at 144- 
155° (1 mm.). It was recrystallized from ethanol to obtain 74% 
of colorless, fine needles, m.p. 165-166°, lit.24 * m.p. 164°. The 
mixture melting point with a sample made from the Perkin con
densation of 5-bromosalicylaldehyde and acetic anhydride was 
also the same. 3,4,6-Tribromocoumarin, m.p. 318-319°, was 
made from 6-bromocoumarin and bromine in carbon bisulfide, 
lit.24 m.p. 316°.

3-Bromobenzonitrile.—The yellow complex between benzoni- 
trile (0.43 mole) and aluminum chloride (0.85 mole) was bromi- 
nated at 60° using 0.43 mole of bromine. The addition took 30 
min. and was followed by a heating period of 11 hr. (probably an 
excessive heating time). Benzonitrile (8 g.. 19%) was removed 
at 46-50° (2 mm.) and the residue dissolved in hexane, decolor

(20) C. S. Gibson and B. Levin, J .  C h e m .  S o c . ,  2395 (1931); W . von E. 
Doering and A. A. Sayigh, J .  A m .  C h e m .  S o c . ,  76, 39 (1954).

(21) A. Claus and R. Seibert, A n n . ,  265, 378 (1891).
(22) I. Heilbron and H. M. B anbury , “ D ictionary  of Organic Com 

pounds,’’ E yre and  Spottisw oode, London, England, 1953.
(23) W. K enner and E. W itham , J .  C h e m .  S o c . ,  103, 235 (1913).
(24) K. C. Pandya and R. B. K. Pandya, P r o c .  I n d i a n  A c a d .  S c i . ,  18A ,

164 (1943); H. Simonis and G. Wenzel, B e r . ,  33, 1961 (1900).

ized with Norit, and chilled. After filtration and air-drying
3-bromobenzonitrile (50 g., 64%) was obtained, m.p. 37-38°, 
lit.26 m.p. 38°. The benzamide. prepared from the nitrile, 
melted at 156-156.5°, lit.22 m.p. 155°. When the bromination 
was run with iron as a catalyst, in place of aluminum chloride, 
only benzonitrile and .sym-triphenyltriazine (27%,, m.p. 231-232°, 
lit.10b m.p. the same) were obtained.

2.5- Dibromobenzonitrile.—The ratios of reagents were alu
minum chloride 3.5 moles, benzonitrile 1.1 moles and bromine 3.1 
moles. The bromine addition was carried out at 60° for 3 hr. 
followed byr another 3-hr. heating period. The product was 
distilled up to 120° (2 mm.). The distillate was fractionally 
crystallized from benzene to yield 235 g. (79%) of 2,5-dibromo- 
benzonitrile, m.p. 144-145°, lit.26 m.p. 132°.

Anal. Calcd. for C7H3Br2N: Br, 61.2. Found: Br, 61.2.
2.5- Dibromobenzoic acid, m.p. 156-157°, lit.20 m.p. 153°, 

was obtained by hydrolysis of the nitrile. 2,5-Dibromoaceto- 
phenone, m.p. 40-41°, lit.20 m.p. the same, was prepared from the 
nitrile by addition of methylmagnesium iodide. The oxime, m.p.
139-140°, was rearranged to 2,5-dibromoacetanilide. m.p. 171— 
172°, lit.28 m.p. the same. The infrared spectrum of 2,5-dibromo- 
benzonitrile showed a peak at 820 cm v1 and none at 780 cm .-1, 
which is to be expected of two adjacent aromatic hydrogens.

Competitive Bromination of Acetophenone with Methyl 
Benzoate and with Benzoyl Chloride under Swamping Condi
tions.—A mixture of acetophenone (0.05 mole) and methyl benzo
ate (0.05 mole) was added dropwise to aluminum chloride (0.2 
mole). While the fluid complex was maintained at 65°, bromine 
(0.05 mole) was added dropwise in 95 min. Gas chromatography 
of the four components,29 the two starting materials, m-bromo- 
acetophenone, and methyl m-bromobenzoate indicated that 
methyl benzoate was brominated at least twice as readily as 
acetophenone. Similarly, it was shown that acetophenone was 
brominated at least twice as rapidly as benzoyl chloride.

3-Bromo-N-methylbenzamide.—The green complex of N- 
methylbenzamide and aluminum chloride did not brominate at 
temperatures lower than 120°. With the higher temperature of 
reaction more tar was obtained. However, 3-bromo-N-methyl- 
benzamide was isolated in 30% yield, m.p. 96-97° from aqueous 
methanol, mixture melting point with a sample prepared from m- 
bromobenzoyl chloride and methylamine the same.

3-Bromo-N,N-dimethylbenzamide.—The brown complex be
tween aluminum chloride and N,N-dimethylbenzamide was brom
inated at 75°. The titled compound was obtained in 50% yield 
m.p. 52-53°, mixture melting point with an authentic sample 
from meta-bromobenzoyl chloride and dimethylamine the same.

Anal. Calcd. for C9Hi0BrNO: Br, 35.1. Found: Br.
35.7.

3-Bromo-4-ethylacetophenone.—By the regular procedure19 
this compound was obtained in 59% yield, b.p. 106-107° at 1.7 
mm., n26D 1.5669.

Anal. Calcd. for CioHnBrO: Br, 35.2. Found: Br, 35.2.
The oxime from hexane melted at 70-70.5° and the 2,4-dinitro- 

phenylhydrazone at 194-194.5°.
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The 2:2 condensation product of nitromethane and cyclohexanone is shown by (1) appropriate degradative 
experiments, (2) the synthesis of the key degradation products XV and IT, and (3) n.m.r. studies of the location 
of the double bond, to have structure I.

Isolation of a high-melting crystalline solid C1J I 20- 
N20 3 (I) from condensation of nitromethane with cyclo
hexanone, catalyzed by secondary amines, has been re
ported from several sources.2-7 Nightingale and her 
students have investigated the generality of formation 
of high-melting condensation products, analogous to I, 
from other aliphatic nitro compounds and cyclic ke
tones. Nitromethane is unique among the nitro com
pounds which were investigated, because nitroethane,
1-nitropropane, and phenylnitromethane gave no solid 
products with cyclohexanone analogous to I .6 Com
pounds analogous to I are obtained, however, from 
condensations of nitromethane with cyclopentanone 
(8-24%)6'7 cycloheptanone (51%),7 and cyclooctanone 
(1%),7 as well as with the substituted cyclohexanones,
3- methylcyclohexanone (1% )4 (but not with 2-methyl- 
cyclohexanone6), 4-methylcyclohexanone (5-40%),46'7
4- isopropylcyclohexanone (40%),7 4-sec-butylcyclo- 
hexanone (23%),7 4-f-butyIcyclohexanone (34%),7 and
4-cyclohexylcyclohexanone (20%).7 Secondary amines 
used as catalysts (with the yields given for formation of 
I from nitromethane and cyclohexanone) include piperi
dine4 (8-14,6 20%7), piperazine (67%),7 2-methyl- 
piperazine (27%),7 pyrrolidine (23%),7 morpholine 
(22%),7 hexamethyleneimine (24%),7 diethylamine 
(19%),3 and di-n-propylamine,6 but neither the primary 
amine, methylamine,4 nor the tertiary amine, triethyl- 
amine,7 nor tetramethylammonium hydroxide,7 nor 
sodium ethoxide,6 catalyzed the formation of I. Com
pound I also has been obtained from condensation of 
nitromethane with the other cyclohexanone reaction 
products,3 l-(nitromethyl)cyclohexanol (4% )35 and 1- 
(nitromethyl)cyclohexene,6 and with the enamines,8 
1-piperidinocyclohexene (10% ),6 l,4-bis(l-cyclohex- 
enyl)piperazine (22%),7 and 1-hexamethyleneimino- 
cyclohexene (43% ).7

In 1958 Nightingale, Reich, and Erickson reported 
an extensive study of the reactions of I, and proposed 
the partial structure Ci3H1sN 0-(C =0)N H 0H .6 They 
suggested further that I contained a C =N  group and

a —C = C — group, both of which are unconjugated.

(1) (a) N ational Science Foundation  G raduate  Fellow, June, 1960-June, 
1962, and du Pont Sum m er Fellow, 1st Sum m er Session, 1962; (b) from the 
Ph.D . thesis of R ichard J. Sundberg, U niversity  of M innesota, August, 
1962; D i s s e r t a t i o n  A b s t r . ,  24, 85 (1963).

(2) N. C. K night (with D orothy  V. N ightingale), M.S. thesis, U niversity  
of M issouri, 1943; cited in ref. 5.

(3) A. L am bert and A. Lowe, J .  C h e m .  S o c . ,  1517 (1947).
(4) D. V. N ightingale, F. B. Erickson, and J. M. Shackelford, J .  O r g .  

C h e m . ,  17, 1005 (1952).
(5) D. V. N ightingale, D. A. Reich, and F. B. Erickson, i b i d . ,  23, 236 

(1958).
(6) Z. Eckstein, A. Sacha, and W. Sobotka, B u l l .  A c a d .  P o l o n .  S c i . ,  S e r .  

S c i . ,  C h i m . ,  G e o l .  G e o g r a p h . ,  7, 295 (1959); R o c z n i k i  C h e m . ,  34, 1329 (1960).
(7) D. V. N ightingale, S. Miki, D. N. Heintz, and D. A. Reich, J .  O r g .  

C h e m . ,  28, 642 (1963).
(8) G. Stork, A. Brizzolara, H. Landesm an. J. Szmuszkovicz, and R. 

Terrell, J ■ A m .  C h e m .  S o c . ,  85, 207 (1963).

After the appearance of this publication, work aimed 
at a complete elucidation of the structure of I was be
gun in our laboratory. The results of the functional 
group determination and the proof of the atomic skele
ton (structure I in Chart 1), which are described in de
tail here, have been presented previously in a Com
munication.9 Shortly after submission of our Com
munication, we had established the location of the ole- 
finic double bond, making it possible for Nightingale 
and her co-workers to utilize the complete structure of I 
in her most recent paper.7 Recently, House and 
Magin10 have reported independent degradative ex
periments which demonstrate the same atomic skeleton 
for I, but by a different and complementary route pro
ceeding through selective reduction of the double bond 
(of IV). From n.m.r. data (on IV and IVa), they nar
rowed possible locations of the olefinic double bond to a 
single position in either cyclohexane ring; the final, 
correct choice was based on the difficulty of writing a 
rational mechanism to place the double bond in the 
other cyclohexane ring.10

The Functional Groups.—The acidic hydrolysis of 
I to Ci4Hi9N03(IVn), which corresponds to the hy
drolysis of an oximino group, was previously formu
lated as the conversion of a hydroxamic acid to the 
corresponding carboxylic acid.5 It followed then that 
the monomethyl derivative C15H21NO3 (IVa), formed 
by action of potassium hydroxide and methyl iodide on 
IV, was the methyl ester of the carboxylic acid IV.5 In 
the present work, méthylation of IV to IVa (obtained 
as dimorphic forms both melting at 95-96°) has also 
been accomplished with diazomethane,12 but attempted 
esterification of IV with methanol containing sulfuric 
acid gave only unchanged IV.13 Failure of the acid- 
catalyzed esterification, and the low frequencies of in
frared bands possibly attributable5 to a carboxyl group 
in IV and to a methoxycarbonyl group in IVa, cast 
doubt on the presence of these functional groups.

Compounds IV and IVa, like compound I ,5 contain 
a carbon to carbon double bond, as shown by the olefinic 
band present in their infrared spectra, and by the two 
vinyl proton resonances present in the n.m.r. spectra 
of I and IVa. Catalytic hydrogenation of both IV 
and IVa over Raney nickel at two atmospheres gave 
the same neutral product C14H21NO2 (XV), the con
version being carried out under much milder conditions 
than in the high-pressure hydrogenation previously

(9) W. E. Noland and R. J. Sundberg, T e t r a h e d r o n  L e t t e r s ,  295 (1962).
(10) H. O. House and R. W. M agin, J .  O r g .  C h e m . ,  28, 647 (1963).
(11) W herever appropriate, our usage of rom an num eral designations 

corresponds to th a t  of N ightingale (ref. 5). W ith new com pounds 
num bers have been chosen so as not to conflict with num bers already- 
assigned to mem bers of the  N ightingale series.

(12) Experim ent performed by Vernon D. Parker, U niversity  of M inne
sota, 1959.

(13) Experim ent performed by Allan M. Huffm an, U niversity  of M inne
sota, 1959.
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C h a r t  1

li, R = S02C6H5 (54 %)
lj, R = H(13%)

employed.6 Hydrogenolysis of the acidic hydroxyl 
group in IV and of the related methoxyl group in IVa 
under mild conditions is incompatible with the formu
lation of IV as a carboxylic acid and of IVa as its 
methyl ester. The acidity and ease of hydrogenolysis 
of the hydroxyl group, and the position of the amide' 
carbonyl band in the infrared spectra, are all consistent, 
however, with the structure in I and IV of a five-mem- 
bered ring N-hydroxylactam, which was resistant to 
hydrolysis. The remaining nitrogen and oxygen atom 
of I must then be a part of the oximino group which 
undergoes hydrolysis. The position of the oxime band 
in the infrared spectrum of I, and of the ketone car
bonyl band in IV, in the methyl derivative IVa, and in 
the product XV, all indicate that a ketoxime group in 
I has undergone hydrolysis to a five-membered ring 
ketone.14

Catalytic hydrogenation of I over Raney nickel at 
two atmospheres and room temperature gave the pri
mary aminolactam C14H24N2O (II) under much milder 
conditions than in the high-pressure hydrogenation 
previously employed.6 This leaves a single oxygen 
atom in a five-membered ring amide carbonyl group. 
In some hydrogenation experiments, reduction stopped 
partially or completely before saturation of the carbon 
nitrogen double bond, giving as the product, the imino- 
lactam C14H22N2O (Ilg). Hydrogenation of Ilg over 
fresh Raney nickel catalyst completed the reduction 
to II. Hydrolysis of Ilg with aqueous ethanolic sul
furic acid gave the ketolactam XV. Oxidation of II 
with chromium trioxide in acetic acid, or with aqueous 
potassium permanganate, also gave XV. Conversely, 
XV was converted to II by oximation (to XVc, 
C14H22N2O2) and subsequent catalytic hydrogenation 
over Raney nickel at two atmospheres pressure.

An attempt to reconvert the ketone IV to the oxime 
I by oximation gave, instead, Ie (C14H20N2O3) the syn 
or anti stereoisomer of I. Partial isomerization of I to 
Ie was effected by refluxing I in xylene. A small

(14) In the infrared  spectra  of the ketolactains IV, IVa, and XV (as well 
as of M -IVa, IVc-e, IV g-j) the  five-membered ring ketone carbonyl band 
a t  1736-1767 c m .-1 is of medium in tensity , always much less intense than  
the  strong lactam  carbonyl band in the region of 1650-1701 c m .“ 1. This 
m arked in tensity  difference is rem iniscent of th a t  in anhydrides and imides, 
and led to the infrared evidence for the five-m embered ring ketone carbonyl 
group being overlooked in the  original work (ref. 5).

amount of Ie, along with I, was also isolated from an in
complete oxidation of I with aqueous potassium per
manganate at 95°. That the isomerization of I to Ie 
during the oxidation is not due solely to action of the 
alkali generated is suggested by the quantitative re
covery of I from an aqueous 10% potassium hydroxide 
solution at room temperature. Catalytic hydrogena
tion of Ie under the conditions used for I also gave the 
aminolactam II, proving that I and Ie have the same 
atomic skeleton. Methylation of I and Ie with potas
sium hydroxide and methyl iodide gave isomeric 
methyl derivatives C16H22N2O3, Id and If, respectively. 
Both isomers were hydrolyzed with aqueous hydro
chloric acid to IVa, proving that the difference between 
Id and If (and, thus, of their parent compounds I and 
Ie) must lie in the stereochemistry of the oxime 
group. Completion of the series of transformations 
described previously confirmed that I is an unsaturated, 
five-membered ring ketoxime N-hydroxylactam.

The Atomic Skeleton: by Degradation.—For deg
radation, the primary aminolactam II, obtained by 
low-pressure hydrogenation of I, was chosen as a 
subject for study. Dimethylation of II with formalde
hyde and formic acid15 gave an N,N-dimethylamino- 
lactam Ci6H28N20  (IId), which was converted to its 
methiodide He (C17H31N2OI). Application of the Hof
mann degradation to He produced a displacement prod
uct, C14H23NO2 (XIV), in which the trimethylammo- 
nium group has been replaced by a hydroxyl group. 
The product XIV had been obtained previously by 
Nightingale, Reich, and Erickson5 by high-pressure 
hydrogenation of the keto X-methoxylactam IVa. In 
the present work the same transformation has been 
effected via the sodium borohydride reduction of XV. 
Application of the Hofmann degradation to He in 
ethylene glycol also produced a displacement product, 
C16H27NO3 (Ilf), in which the trimethylammonium 
group has been replaced by a 2-hydroxyethoxyl group 
derived from ethylene glycol. The fact that applica
tion of the Hofmann degradation to He did not result 
in formation of an olefinic elimination product, but 
produced instead the displacement products XIV and

(15) H. T. Clarke, H. B. Gillespie, and S. Z. W eisshaus, J .  A m .  C h e m .  

H o c . .  55, 4571 (1933).
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Ch a r t  2

C h a r t  3

°= c H

(CH3)2NCH2

XXXI
CH-

(CH3)2NH

0=CH.

H'

2 1 »

>o c 16h 29no
XXXII 

m. p. 85.5-87°

Ci6H29N 02 
XXXVIII 

m. p. 126.5-127.5°

Ilf, strongly suggests that the carbon bearing the tri- 
methylammonium group in lie  (and, correspondingly, 
the carbon bearing the hydroxyl group of XIV and the 
amino group of II and lid) is attached to carbons 
bearing no hydrogens.

Attention was then turned to degradative procedures 
involving the second nitrogen of II, the nitrogen atom 
still present in the lactam group of XIV and XV. 
Lithium aluminum hydride reduction of XIV gave 
the hydroxyamine CnH2;,NO (V), in which the lactam 
group has been reduced to an amino group. The 
product V had been obtained previously by Nightin
gale, Reich, and Erickson5 by high-pressure hydrogena
tion of XV, of IVa, and of the unsaturated hydroxy
amine CnHiaNO (IX). Methylation of V with formal
dehyde and formic acid15 gave the hydroxy-N-methyl- 
amine C15H27NO (Vb). Compound Vb has been ob
tained previously by Nightingale, Reich, and Erickson5 
by high-pressure hydrogenation of IVa in methanol 
solution, in which the methanol apparently acted as a 
methylating agent. Conversion of Vb to its known 
methiodide Ci6H;i0NOI (XI)5 and application of the 
Hofmann degradation produced a colorless oil, the 
epoxy-N,N-dimethylamine CielRgNO (XXX), an intra
molecular displacement product. Formation of ep
oxides by intramolecular displacement under Hofmann 
degradation conditions is characteristic of /3-hydroxy- 
amine methiodides.16® Consequently, in XI and its 
precursors V and Vb, the hydroxyl group corresponding

(16) (a) A. C. Cope and E. R. Trumbull, Org. Reactions, 11, 352 (1960);
(b) 380 (1960).

to the primary amino group of II must be beta to the 
amino nitrogen.

Reaction of the epoxide XXX with periodic acid gave, 
in addition to an isomeric rearrangement product 
XXXII and an oxidation product C16H29NO2 (XXX-
VIII), the known cleavage product, 1-dimethylamino- 
methylcyclohexanecarboxaldehyde17 (XXXI). The 
identity of the cleavage product XXXI was established 
by comparison of its methiodide (XXXIa) with the 
methiodide of a synthetic sample prepared by a Man- 
nich reaction17 from cyclohexanecarboxaldehyde. Iso
lation of XXXI as a cleavage product proves the struc
ture of the epoxyamine (see XXX), if the plausible as
sumption is made that the remaining six carbons not 
present in the cleavage fragment XXXI were part of a 
second cyclohexane ring. Such an assumption is con
sistent with the already established fact that the 
hydroxyl carbon atom in XIV must be attached only 
to quaternary carbons. The second of the quaternary 
carbons, not present in XXXI, can, therefore, be part 
of a cyclohexane ring connected through a spiro junc
tion to the hydroxyl carbon and the nitrogen atom of 
XIV .18 This conclusion is strongly supported by the
n.m.r. spectrum of the precursor XV, which contains a

(17) C. M annich, B. Lesser, and F.*Silten, B e r . ,  65, 378 (1932).
(18) Cleavage of X X X  with periodic acid would be expected to  yield 

cyclohexanone as well as X X X I, bu t all a tte m p ts  to isolate cyclohexanone 
from the reaction as its  2 ,4-dinitrophenylhydrazone were unsuccessful. 
When cyclohexanone was treated  under the  conditions of the  periodic 
cleavage, an  a tte m p t to isolate it as  its  2 ,4-dinitrophenylhydrazone was 
equally unsuccessful. I t  is assum ed, therefore, th a t  under the  conditions 
of the periodic acid cleavage cyclohexanone undergoes iodination or fu rther 
oxidation.
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single large peak at 8.31 r, attributed to the twenty 
essentially equivalent methylene protons of the two 
cyclohexane rings. Assignment of structure XXX to 
the epoxyamine permits assignment of structural for
mulas to its precursors XI, Vb, V, XIV, and the key 
compounds XV and II, as well as to their derivatives 
XVc, lid, He, Ilf, and Ilg (see Charts 2-4).

The Atomic Skeleton: by Synthesis of XV and II.— 
The ketolactam XV was chosen as the target compound 
for a synthetic proof of the atomic skeleton of I. 
The synthesis began with 1-aminocyclohexanecarbo- 
nitrile (XXXIV), obtained by action19 of ammonia 
on cyclohexanone cyanohydrin. Acylation with ethyl 
chloroformylacetate in pyridine gave XXXV (see 
Chart 4) as an oil, which was cyclized with sodium 
ethoxide to XXXVI (isolated in dimorphic forms).20 
Alkaline hydrolysis of XXXVI, with accompanying 
decarboxylation, gave XXXVII.20 21 Dialkylation of 
XXXVII with 1,5-dibromopentane, catalyzed by 
sodium hydride in N,N-dimethylformamide,26 gave XV 
in 2-3% yield.27 30 The synthetic sample of XV was 
identical, as shown by mixture melting point and in
frared comparison, with the sample obtained by deg-

(19) R. A. Jacobson, J .  A m .  C h e m .  S o c . ,  67, 1996 (1945).
(20) The Nujol infrared spec tra  of the  tw o dimor.phs of X X X V I show 

th a t  they  are in the  enol form in th e  solid s ta te . Likewise, X X X V II is 
largely b u t not entirely  enolized in th e  solid sta te . T his is shown by the 
presence in the  Nujol infrared spectrum  of a weak five-m embered ring 
ketone carbonyl band a t  1764 and a medium inflection a t  1677 c m .-1, a t 
tribu ted  to  an unconjugated lac tam  carbonyl band; and strong conjugated 
lactam  and conjugated double bond bands a t  1655 and 1595 c m .-1, which 
are a ttr ib u ted  to  th e  enol form. The u ltrav io le t spectra  of X X X V I and 
X X X V II show th a t  the  tw o com pounds also exist as  enols in e thanol solu
tion; the  u ltrav io le t spec tra  com pare favorably with those of related  enolic 
te tram ic22 and te tro n ic 23-24 acids. In  agreem ent with its enolic s tructu re , 
com pound X X X V II reacts a lm ost instan taneously  w ith brom ine in water 
to  form a dibrom ide X X X V IIa , as does the  related 7 ,7-d im ethy ltetram ic 
acid, 4-hydroxy-5,5-dim ethyl-3-pyrrolin-2-one.2S

(21) Synthesis of X X X V II has analogy in the  synthesis of 3,4-dihydroxy- 
2-pentenoic acid 7 -lactone (7 -m ethylte tronic  acid), in  which th e  ¡-(ethoxy- 
carbonyl) ethyl ethyl ester of malonic acid was cyclized by the  action of 
sodium in toluene, with accom panying loss of the ethoxycarbonyl group: L. J. 
Haynes and A. H. S tanners, J .  C h e m .  S o c . ,  4103 (1956).

(22) R. N. Lacey, i b i d . ,  850 (1954).
(23) E. R. H. Jones and M. C. W hiting, i b i d . .  1419 (1949).
(24) R. N. Lacey, i b i d . ,  832 (1954).
(25) S. Gabriel, B e r . ,  47, 3033 (1914).
(26) H. E. Zaugg, D. A. Dunnigan, R. J. M ichaels, L. R . Sw ett, T. S. 

Wang, A. H. Somm ers, and R. W. D eN et, J . O r g .  C h e m . ,  26, 644 (1961).

radation of I. As XV has been converted to II, syn
thesis of XV also constitutes a total synthesis o f II 
(Chart 4). Since II is derivable from I under mild 
conditions by low-pressure hydrogenation, it is assumed 
that the atomic skeleton proved to be present in II is 
also present in I.

Location of the Olefinic Double Bond : the Com
plete Structure of I.—Action of strong alkali at 200° 
on IV gave cyclohexanecarboxylic acid, also charac
terized as its amide. This acid cleavage of the /3- 
ketolactam group (and subsequent hydrolysis of the 
N-hydroxyamide linkage) proves that the olefinic 
double bond is not present in the right-hand cyclo
hexane ring of IV and its precursor I (as written in 
Chart 1). To differentiate between the two possible 
positions in the left-hand ring, the n.m.r. spectrum of 
the more soluble derivative I Va was compared with that

C h a r t  5

NOH NOH

(27) The low solubility and high crystallin ity  perm itted  XV to be isolated 
wdthout difficulty. The low yield m ay be due in p a rt to interm olecular 
dialkylation, leading to polym erization, and in part, to O -alkylation. O- 
A lkylation occurs to  the exclusion of C -alkylation in m éthy lation  wdth di
m ethyl sulfate of a related am bident an ion ,28 the  sodium  salt of 3,4-dihy- 
droxy-2-m ethyl-2-butenoic acid 7 -lactone (the sodium sa lt of a-m ethy l- 
tetronic acid).29

(28) N. Kornblum , R. A. Smiley, R. K. Blackwood, and D. C. Iffland, 
J .  A m .  C h e m .  S o c . ,  77, 6269 (1955).

(29) L. J. H aynes and J. R. Plimmer, Q u a r t .  R e v .  (London), 14, 309 
(1960).

(30) Synthesis of spiro system s from enolate anions by d ia lkylation has
also been accomplished previously: M. M ousseron, R. Jacquier, and H.
C hristol, B u l l .  s o c .  c h i m .  F r a n c e , 346 (1957).
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C h a r t  6
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OH OH 
LXIX

1. - H 20
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0 2NCH2'5 0
LXX

2CH3N 0 2
- h 2o

LXXV

of M-IVa, its 3,11-dimethyl homolog. For this pur
pose, M-I31 (Chart 5), formed by condensation of 
nitromethane with 4-methylcyclohexanone was methyl
ated (to Al-Id) and then hydrolyzed to M-IVa, 
analogous to the conversion of I to Id to IVa.

The n.m.r. spectrum of M-IVa shows clearly that 
the double bond is not in the 10,11-position, as such a 
structure would contain only one vinyl proton, rather 
than the two seen to be present. The n.m.r. spectra of 
I, IVa, and M-IVa all contain two doublets (./ =
9-10.7 c.p.s.), a simple one centered at 4.67-4.75 r 
(C-9 olefinic proton, which has no adjacent aliphatic 
protons) and a more complex one centered at 3.84-
4.01 t  (C-10 olefinic proton). The C-10 proton is 
coupled to two C-l 1 protons in I and IVa, accounting 
for the complexity of the doublet. With M-IVa, in 
which the C-10 proton is coupled to the single C-ll 
proton, each member of the C-10 proton doublet is it
self a finely split doublet (J = 3.1 c.p.s.). The simi
larity of the vinyl proton region in the n.m.r. spectra of 
I, IVa, and M-IVa shows that the double bond is in 
the same position in all three compounds, and cannot 
have rearranged during the acid hydrolysis of I to IV, 
or during the alkaline methylation of IV to IVa. With 
location of the double bond in the 9,10-position, it is 
now possible to assign complete structural formulas to 
I, IVa, and M-IVa, and to their unsaturated deriva
tives, including Id, Ie, If, IV, IX, M-I, and M-Id 
(Charts 1, 5, 7). By analogy with the structure of I, 
it is assumed that similar structures may be assigned to 
the related condensation products of nitromethane with 
cyclopentanone,57 cycloheptanone,7 cyclooctanone,7 
and 3-32 and 4-alkylsubstituted5’732 cyclohexanones.

A Plausible Mechanism for Formation of Compound 
I.—Formation of I from nitromethane and cyclohexa
none probably proceeds (Chart 6) through the key 
intermediate LXXI, which could be formed either (1) 
via the 2:1 condensation product LXX (which has been 
isolated from a reaction in which I was also formed3), 
or (2) via the 1:2 adduct LXIX. From LXXI there 
would follow a series of steps (possibly proceeding in the 
order LXXII-LXXVII shown33), involving intra-

(31) Form erly designated as compound X X I (ref. 5); now compound 
M -I (ref. 7).

(32) D. V. Nightingale, F. B. Erickson, and J. M. Shackelford, J .  O r g .  

C h e m ., 17, 1005 (1952).
(33) We wish to th an k  a referee for suggesting th e  sequence L X X II I-  

LXXVI.

molecular oxygen transfer, dehydration, and oxidation- 
reduction, culminating in a second key intermediate 
LXXVII, which could readily isomerize to I. Trans
formation of the nitromethyl group of LXXI to the 
hydroxamic acid group of LXXVII is seen to be an 
example of the Viitor Meyer reaction, which usually 
occurs under strongly acidic conditions.34 35

Ancillary Degradative Experiments.—Reduction of 
IV with lithium aluminum hydride gave diastereoiso- 
meric amino alcohols C14H23NO, IXa (isolated as di
morphic forms, m.p. 129-131° and 133-134°) and IXb 
(m.p. 150-152°), and a reduction intermediate C14- 
H21NO2, the nitrone IXc (Chart 7), analogous to the 
saturated derivative recently described by House and 
Magin.10 Diastereoisomer IXa is assigned the struc
ture in which the 7-hydroxyl group and the 9,10-double 
bond are attached cis to the central pyrrolidine ring 
(Chart 8). The n.m.r. spectrum of IXa differs from 
that of IXb in (1) the 0.18 r relative deshielding in IXa 
of the two 9,10-double bond protons by the cis 7-hy
droxyl group, (2) the 0.07 r  relative deshielding in IXb 
of the cis C-H proton (at 6.59 r )  of the secondary al
cohol by the C-9 double bond proton, and (3) the dif
ference in chemical shift in IXa between the two C-15 
methylene protons, which gives rise to a 4-peak AB 
pattern (J = 11.3 c.p.s.) centered at 7.15 t, while IXb 
gives only a single sharp peak at 7.15 t. It is likely 
that IXc is stereochemically related to IXb, since with 
reduction under more vigorous conditions the yield of 
IXc decreased from 21 to 4% while that of IXb in
creased from 20 to 33%, but the yield of IXa changed 
only slightly, from 15 to 13%. Comparison of the in
frared spectra shows that the reduction product IX ,5 
m.p. 140-141°, of Nightingale and Reich36 consisted 
predominantly of the less soluble diastereoisomer IXb.

Methylation of a crude mixture of diastereoisomers 
IX with formaldehyde and formic acid15 gave a corre
sponding mixture of the methyl derivatives (IXg). 
The separate diastereoisomers IXa and IXb were 
methylated with methyl iodide to the corresponding 
methiodides IXe and IXd, both of which showed a 
marked tendency to crystallize as 2:1 complexes with

(34) H. B. H ass and E. F. Riley, C h e m .  R e v . ,  32, 373 (1943).
(35) W. E. Noland, i b i d . ,  55, 137 (1955).
(36) Donald A. Reich, Ph.D . thesis  (w ith D orothy  V. N ightingale), 

U niversity  of M issouri, June, 1953, p. 34; D i s s e r t a t i o n  A b s t r . ,  16, 2313 
(1956).
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benzene from ethanol-benzene solution. Pyrolysis of 
the methohydroxide of IXd gave on one occasion a dis
tillable oil C16H27NO, which, from the n.m.r. and in
frared spectra, appears to consist largely of the epoxide 
XLV (Chart 8), with a small amount of the isomeric 
conjugated diene alcohol XLVII (or, less likely, the iso
mer XLVIIa). The ultraviolet spectrum of the oil, 
using a-pyronene (XLVIII) as a model,37 indicates the 
presence of 16% conjugated diene. Pyrolysis on other 
occasions of the methohydroxides of IXd and IXe gave 
in the distillate impure oils, having aromatic ultraviolet 
spectra and identical infrared spectra. The oils, puri
fied through the crystalline picrate (XLVIa), were 
shown to consist largely of the aromatized product 
Ci6H26N (XLVI) assumed to result from pyrolytic de
hydration of the intermediates XLV and XLVII. 
The aromatic ultraviolet spectrum of XLVI agrees well 
with those of toluene38 and l-(l-dimethylaminomethyl- 
cyclohexyl)-l-phenylmethanol (LVI), prepared by ac
tion of phenyllithium on 1-dimethylaminomethylcyclo- 
hexanecarboxaldehyde (XXXI). Attempts to pro
vide an independent synthesis of XLVI by converting 
LVI to XLVI were unsuccessful; highly sterically 
hindered benzyl alcohols are reported to resist hydro- 
genolysis.39

Additional Derivatives.—Action of benzenesulfonyl

(37) Xmax in isooctane: 263 ni/i (log « 3.76) ; R. T. O’Connor and L. A.
G oldblatt, A n a l .  C h e m . ,  26, 1726 (1954).

(38) (a) E. A. Fehnel and M. Carm ack, J .  A m .  C h e m .  S o c . ,  71, 84 (1949); 
(b) T. W. Cam pbell, S. Linden, S. G odshalk, and W. G. Young, i b i d . .  69, 880 
(1947).

(39) W. H. H artung  and R. Simonoff, O r g .  R e a c t i o n s ,  7, 268 (1953).

chloride in pyridine on I gave both a monobenzene- 
sulfonyl derivative C20H24N2O5S (Ij), and a dibenzene- 
sulfonyl derivative C26H28N2O7 (Ii) analogous to the di
acetyl derivative la .36 The monobenzenesulfonyl de
rivative is assigned the N-hydroxylac.tam benzene- 
sulfonate structure (Ij in Chart 1) on the basis of the 
position of the hydroxyl band in the infrared spectrum, 
and the fact that it was recovered unchanged (76%) 
from attempted reaction with hydrochloric acid under 
conditions known to effect Beckmann rearrangement 
of oxime sulfonate esters.40 Reaction of II with 
nitrous acid gave ChH20N2O2 (VII), which has a strong, 
conjugated ultraviolet spectrum, and OH or NH bands 
as well as an amide carbonyl band in the infrared spec
trum. Fusion of XV with tetraphosphorus decasulfide 
gave a monothioamide C,dLiN()K (XVd, Chart 2), as 
shown by the five-membered ring ketone carbonyl band 
in the infrared spectrum.

Oxidation41 of IV with peracetic acid has been re
ported6 to yield a compound Ci6H23N07, m.p. 219-221°. 
Working with a larger ratio of hydrogen peroxide and 
acetic acid, we isolated instead a hydroxy acetate 
C16H23NO6 (If d, m.p. 242-246°) and three isomeric glv- 
cols ChH21N 06 (Chart 7): IVc (m.p. 220-221°), IVg 
(m.p. 235-237°), and IVh (m.p. 240-243°, sublimes). 
As IVg and IVh were isolated after alkaline saponifica
tion, one of them may be derived from IVd; IVh was

(40) L. G. D onarum a and W. Z. H eldt, i b i d . ,  11, 1 (1960).
(41) We have found th a t ozonolysis of IV and IV a in ethyl ace ta te  solu

tion, followed by oxidation with hydrogen peroxide, gave oils which failed 
to crystallize.
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most readily isolated as a sodium salt monohydrate 
(IVf). Oxidation of IV with performic acid gave, after 
saponification, IVg and IVh (as IVf). Formation of a 
total of three glycols implies that, unless double bond 
migration42 43 or skeletal rearrangement has occurred, in 
addition to the expected two trans isomers, one of the 
cis forms was also obtained, a fact which can be ra
tionalized in terms of anchimeric assistance by the 
neighboring N-hydroxyl group. Catalytic hydrogena
tion of IVd, IVg, and IVh over Raney nickel at two 
atmospheres and room temperature gave the hydro- 
genolysis products IVe, I Vi, and IVj, containing one less 
oxygen atom, analogous to the conversion of IV to XV.

During the course of this work cyclohexanehy- 
droxamic acid (LXXIX) and its methyl derivative 
(LXXX) were prepared for examination as model com
pounds.

0

RO— N— C—

H
LXXIX, R = H 
LXXX, R = CH3

Experimental
Melting points were determined on a calibrated Kofler micro 

hot stage. Where not specified, the drying agent used for organic 
solutions was anhydrous magnesium sulfate.

14-Hydroxy- 14-azadispiro [5.1.5.2 ] pentadec-9-ene-7,1 S-dione,
7-Oxime, Isomer 1 (I).—The procedure used was essentially that 
of Nightingale, Reich, and Erickson,5 except that the reflux 
period was increased from 30 to 72 hr., and the catalyst, piperi
dine, was added occasionally during the reflux period. The 
product consisted of small white needles, m.p. 271-274° sublimes 
(29%), lit.7 24%; lit.3 m.p. 270-271°, lit.7 273-274° dec. (sub
limes); roH 3180 m infl., 3080 m, 2650 m, (KBr), 3070 s, 2650 w 
(Nujol), rc_x 1690 m (KBr), 1693 m (Nujol), re-o. c-c 1655 s, 
1639 s (KBr), 1654 s, 1641 s (stronger) cm.-1 (Nujol).13 The
n.m.r. spectrum of a saturated solution in N,N-dimethylform- 
amide13“ contains the most intense absorption (in r; I t = 56.44 
c.p.s.) in the aliphatic methylene proton region as a complex 
with a major peak at 8.35 and a lesser peak at 8.13. In the vinyl 
proton region there is a doublet (4.78, and stronger peak at 4.61; 
J  = 9.6 c.p.s.) centered at 4.70, and a more complex multiplet 
having its strongest peak at 4.01. In a 1:1 solution of chloro- 
form-rf and dimethyl sulfoxide-d643b (in r; 1 r = 100 c.p.s.) there 
is a central peak at 8.19, with side peaks at 8.39 and 7.89 (16.4 
protons). The two vinyl protons appear as a doublet (4.77, and 
stronger peak at 4.68; J  = 9 c.p.s.) centered at 4.73, and a more 
complex doublet (stronger peak at 3.96, and 3.87; J  = 9 c.p.s.) 
centered at 3.94, and the two hydroxyl protons appear as sharp 
singlets at +0.56 and —0.67.

Anal.'3 Calcd. for C„HMN20 3 (264.32): C, 63.61; H, 7.63; 
N, 10.60. Found: C, 63.83; H.7.71; N, 10.52.

Diacetyl Derivative of I: 14-Acetoxy-14-azadispiro[5.1.5.2]- 
pentadec-9-ene-7,15-dione, 7-Acetyloxime (la).312—A solution 
of I (2.00 g., 0.00756 mole) in acetic anhydride (50 cc., 0.53 mole) 
was refluxed for 10 min., and the excess acetic anhydride was 
evaporated under aspirator pressure. The white residue was 
recrystallized from ethanol-water, yielding white crystals (2.15 
g., 82%), m.p. 129-130°; lit.3' 5 m.p. 128-129°; ¡/0h none, 
rc=o, c = n  1804 s and 1/90 s (doublet), 1733 s, rc=c 1655 mw 
cm.-1 (Nujol).

Anal.'3 Calcd. for C18H24N20 5 (348.39): C, 62.05; H, 6.94; 
N, 8.04. Found: C, 62.28; H.7.08; N.8.03.

Benzenesulfonyl Derivatives of I.—Action of benzenesulfonyl 
chloride (10 cc., 0.079 mole) on I (2.00 g., 0.00756 mole) in re

(42) Double bond m igration in acetic acid is unlikely, because i t  did not 
occur during the  hydrolysis of I to  IV in aqueous ethanolic sulfuric acid.

(43) Spectrum  determ ined (a) by George B. Bodem, U niversity  of 
M innesota, A ugust 5, 1959; (b) by LeRoy F. Johnson, Varian Associates, 
Palo Alto, Calif., N ovem ber 27, 1962.

fluxing pyridine (100 cc.) gave a mixture of benzenesulfonyl deriv
atives as a brown oil, which was dissolved in 1:1 benzene- 
methylene chloride (8 cc.) and chromatographed on alumina. 
Elution with benzene removed a clear yellow oil which quickly 
solidified to a white solid (Ii, 2.22 g., 54%), m.p. 125-127°. 
Elution with methylene chloride removed an orange crystalline 
solid (Ij, 0.41 g., 13%), m.p. 190°.

Two recrystallizations of Ii from ethanol-water yielded 14- 
benzenesulfonyloxy-14 - azadispiro [5.1.5.2] pentadecane - 7,15 - di- 
one, 7-benzenesulfonyloxime (Ii, dibenzenesulfonyl derivative 
of I) as a granular white solid, m.p. 124-125°; ron none, re-o 
1745 m, vosoi 1381 s, 1195 s cm.-1 (Nujol).

Anal. Calcd. for C26H28N20,S2 (544.63): C, 57.33; H, 5.18; 
N, 5.14; S, 11.78. Found: C, 57.35; H, 5.19; N, 4.80; S, 
12.14.

Four recrystallizations of Ij from methanol-water yielded 14- 
benzenesulfonyloxy-14 - azadispiro [5.1.5.2] pentadecane -7,15- di- 
one, 7-oxime (Ij, monobenzenesulfonyl derivative of I) as white
prisms, m.p. 184-187° dec.; vqh 3290 m, rc_o 1727s, rc-N 1647 m, 
rosos 1389 s, 1190 s cm."1 (Nujol).

Anal. Calcd. for C20H24N2O6S (404.47): C, 59.39; H, 5.98;
N, 6.93; S, 7.93. Found: C, 59.74; H, 5.90; N,6.79; S.8.39.

Methyl Derivative of I: 14-Methoxy-14-azadispiro[5.1.5.2]-
pentadec-9-ene-7,15-dione, 7-Oxime, Isomer 1 (Id).—Methyl 
iodide (28 g., 0.197 mole) was added to a solution of I (37.0 g.,
O. 140 mole) and potassium hydroxide (9.25 g., 0.165 mole) in 
methanol (350 cc.), and the resulting solution refluxed for 2.5 hr. 
The solution was then concentrated by distilling methanol (~150 
cc.), and diluted with boiling water (350 cc.). Fine white needles 
(39.3 g., 100%), m.p. 183-185°, crystallized. Two recrystalliza
tions from methanol-water yielded fine white needles, m.p. 185— 
186°; roH 3210 ms, 3060 m, m_n. c - o  1689 s, vc-c 1647 ms cm.-1 
(Nujol).

Anal. Calcd. for CisH-aN+L (278.34): C, 64.72; H,7.97; N,
10.07. Found: C, 64.67; H. 7.98; N, 10.22.

14-Hydroxy-14-azadispiro 5.1.5.2]pentadec-9-ene-7,15-dione,
7-Oxime, Isomer 2 (Ie). (A) From Oximation of IV.—A solu
tion of IV (6.07 g., 0.0244 mole) and hydroxylamine hydrochlo
ride (4.0 g., 0.057 mole) in pyridine (25 cc.) and absolute ethanol 
(25 cc.) was refluxed for 36 hr. At fourteen convenient intervals 
during the "reflux period, one-fourteenth of each of the following 
was added: hydroxylamine hydrochloride (28.0 g., 0.403 mole), 
pyridine (140 cc.), and absolute ethanol (140 cc.). At the end 
of the reflux period, the solvents were evaporated in a stream of 
air. The residual mushy solid was extracted successively with 
water and chloroform, leaving behind nearly pure crystalline 
solid (5.93 g., 92%). Recrystallization from ethyl acetate-light 
petroleum ether (b.p. 60-68°) yielded fine needles, m.p. 262- 
264°, having an infrared spectrum different from that of I; xoh 
3360-2360 ms (very broad), i/C _ n  1696s , rc-o 1673s, rc_c 1655 
ms infl. cm.-1 (Nujol).

Anal. Calcd. for ChHmNA, (264.32): C, 63.61; H, 7.63; 
N, 10.60. Found: C, 63.57; H, 7.58; N, 10.44.

(B) From Partial Thermal Isomerization of I in Xylene.—A 
mixture of I (2.0 g.) and xylene (80 cc.) was refluxed for 72 hr., 
but remained heterogeneous throughout the period. Then the 
hot mixture was quickly filtered, removing unchanged I (1.53 
g., 76%), m.p. 276-278°, identified by its infrared spectrum 
(Nujol). Upon being cooled overnight, the filtrate deposited a 
mixture of I and Ie (0.11 g., 5%), m.p. 250-256° dec., the pres
ence of Ie being shown in particular by the shape of the carbonyl 
band, and of the doublet in the 950-900-cm.~' region.

(C) From Partial Thermal Isomerization of I in Xylene in the 
Presence of Chloranil.—A mixture of I (3.0 g.), chloranil (5.6 
g.), and xylene (150 cc.) was refluxed for 13 hr., and then filtered 
while hot. The filtrate deposited a dark brown solid (1.17 g.) 
after a time. This solid was dissolved in aqueous potassium hy
droxide and the mixture filtered to remove an insoluble black tar. 
The filtrate was treated with charcoal, and then acidified, causing 
precipitation of a light tan powder (1.13 g., 38%), m.p. 260-262° 
(sublimes above 200°), having an infrared spectrum (Nujol) in
dicating it to be predominantly Ie. Fractional crystallization 
from ethyl acetate-light petroleum ether (b.p. 60-68°) separated 
unchanged I (0.34 g., 11% recovery) and Ie (0.14 g., 5%), as 
shown by their infrared spectra (Nujol). Recrystallization of 
the Ie from ethyl acetate-light petroleum ether yielded small 
white needles, m.p. 262-263° dec. (sublimes above 200°), having 
an infrared spectrum (Nujol) identical with that of the sample 
prepared by oximation of IV.



N o v e m b e r , 1963 S t r u c t u r e  o f  2 :2  C o n d e n s a t io n  P r o d u c t  o f  N it r o m e t h a n e  a n d  C y c l o h e x a x o n e  3157

A n a l .  Found: C, 63.25; H, 7.79; N, 10.52.
Methyl Derivative of le: 14-Methoxy-14-azadispiro[5.1.5.2]- 

pentadec-9-ene-7,15-dione, 7-Oxime, Isomer 2 (If).—Méthyla
tion of Ie (0.22 g., 0.00083 mole) essentially as described previ
ously for méthylation of I to obtain Id gave white crystals (0.12 
g., 52%), m.p. 184-186° sublimes. Recrystallization from 
methanol-water yielded a white powder, m.p. 185-186°; ron 
3210 m, 3080 vw, i>c. n. c - o  1692 s, rc-c 1658 m cm. -1 (Nujol). 
The infrared spectrum is different from that of Id.

Anal. Caled. for C]SH22N203 (278.34): C, 64.72; H, 7.97; 
N, 10.07. Found: C, 64.75; H, 8.05; N, 10.23.

14-Hydroxy-14-azadispiro [5.1.5.21 pentadec-9-ene-7,15-dione 
(IV).—The compound was prepared essentially' according to the 
procedure of Nightingale, Reich, and Erickson,5 except that the 
reflux period was decreased from 53 to 24 hr., and ethanol was 
added in order to decrease the solvent volume required. The 
crystalline product was dissolved in methylene chloride (in which 
any unchanged I is insoluble), and the solution was dried, treated 
with charcoal, and concentrated. Dilution with hot light petro
leum ether (b.p. 60-68°) yielded white crystals (90%), m.p.
174-175°; lit.5 91%, m.p. 170-172°; cOH 3060 m, 2690 w (KBr), 
3060 m, 2690 w, 3360-2200m (very' broad)in Nujol, 3040 m, 2660 
w (haloearbon oil), rc-o 1755 ms, 1676 s (KBr), 1752 m, 1676 s 
(Nujol), 1750 ms, 1675 s (haloearbon oil), vc.-c 1648 ms (KBr), 
1646 m (Nujol), 1645 ms cm. “1 (haloearbon oil).13

A n a l . ' 3 Caled. for C„H,9N03 (249.30): C, 67.14; H, 7.68;
N, 5.62. Found: C, 67.67; H, 7.75; N, 5.71; neut. equiv., 
232, 142.

14-Methoxy-14-azadispiro [5.1.5.2] pentadec-9-ene-7,15-dione 
(IVa). (A) From Méthylation of IV with Potassium Hydroxide 
and Methyl Iodide.—The preparation of IVa in 80% yield by 
méthylation of IV with potassium hydroxide and methyl iodide 
has been described by' Nightingale, Reich, and Erickson.5 These 
authors report that IVa, like I and IV, gives a purple color with 
ferric chloride solution. In our hands IVa, like Id, does not 
give a positive ferric chloride test. The positive reaction pre
viously observed with IVa may possibly' have been due to the 
presence of unmethydated IV as a contaminant in the IVa.

(Bi From Méthylation of IV with Diazomethane.12—An 
ethereal solution of diazomethane44 was prepared by' adding N- 
nitroso-N-methylurea (10.3 g., 0.100 mole) to a mixture of 
aqueous 50% potassium hydroxide solution (30 cc.) and ether 
(¡00 cc.) at 5°. The distilled ethereal solution of diazomethane 
was added to IV (2 g., 0.0080 mole), with swirling, until no more 
gas evolution was observed. The ether was evaporated and the 
grayish residue was recrystallized from methanol-water, yielding 
white platelets, m.p. 89-91°, having an infrared spectrum (Nujol) 
which showed the product to be IVa.

(C) From Acidic Hydrolysis of Id.—Compound Id (0.32 g.,
O. 00115 mole) was stirred with a solution of concentrated hydro
chloric acid (14 cc.) in water (86 cc.) at 90° on a steam bath. 
After 3.5 hr. the mixture had become homogeneous, but stirring 
and heating were continued for 1 more hr. The solution was then 
allowed to cool to room temperature, and long needles crystallized 
(0.23 g., 76%), m.p. 86-90°, having an infrared spectrum (Nujol) 
identical with that of a sample prepared by méthylation of IV as 
described in part A. Recrystallization from methanol-water 
yielded a sample, m.p. 92-94°, which gave no depression in 
m.m.p., 92-94°, with a sample of m.p. 95-96° prepared by 
méthylation of IV as described in part A; lit.5 m.p. 95-96°.

(D) From Acidic Hydrolysis of If.—Hydrolysis of If (0.20 g., 
0.00072 mole) as described for Id in part C gave needles (0.09 g., 
47%). m.p. 95-95.5°, which gave no depression in m.m.p.,
95-96°, with a sample of m.p. 95-96° prepared by méthylation of 
IV as described in part A.5 The infrared spectra of the two sam
ples (Nujol) were identical.

(E) Dimorphism of IVa.—Compound IVa was obtained in 
two dimorphic forms, both melting at 95-96°, but having dif
ferent infrared spectra (Nujol). The spectrum of dimorph A is 
characterized by three sharp bands of relative intensity (going 
toward lower frequency') m, s, s around 735 cm.-1, while dimorph 
B has sharp bands of relative intensity m, s, m in the same region.

Dimorph A, m.p. 95-96°, was obtained by crystallization from 
ethanol—water ; vc-o 1751 ms, 1/01 s; ce- c 1650 m cm. 1
(Nujol).12 The n.m.r. spectrum of a 10% solution in carbon

(44) (a) A. I. Vogel, "P rac tica l Organic C hem istry ,” 3rd Ed., John Wiley 
and Sons. Inc.. New York. N. Y., 1956, pp. 969-971; (b) F. A rndt, "O rganic 
Syntheses.” Coll. Vol. II. John  Wiley and Sons, Inc., New York, N. Y.,
1943, p. 165.

tetrachloride contains the most intense absorption (in r; 1 r = 
56.44 c.p.s.) in the aliphatic methylene proton region, as a com
plex with a major peak at 8.34 and lesser declining peaks at 8.06 
and 7.88. There is a sharp peak at 6.15 ( 14-methoxyd group pro
tons). The two vinyl protons appear as a doublet (4.76, and 
stronger peak at 4.58; J  = 10.1 c.p.s.) centered at 4.67, and a 
more complex doublet (stronger peak at 3.94, and 3.75; J  =
10.7 c.p.s.) centered at 3.85.

Ancd.n Caled. for C,.,H,,N()3 (263.33): C, 68.41; H, 8.04;
N, 5.32. Found: C, 68.63; 11,8.01; N.5.35.

Dimorph A, upon recovery from refluxing in acetic anhy'dride, 
crystallized as dimorph B, m.p. 95-96°,12 thus constituting di- 
morph interconversion in one direction. Recrystallization of 
IVa, prepared as described in part A,5 from methanol-water also 
gave dimorph B, m.p. 95-96°13; cc-o 1748 m, 1698 s (Nujol, 
haloearbon oil); cc-c 1643 mw cm.-1 (Nujol, haloearbon oil).

Anal. Found: C, 68.39; H, 8.03; N, 5.43.
7-Amino-14-azadispiro[5.1.5.2]pentadecan-15-one (II). (A)

From Low-Pressure Hydrogenation of I.—Compound I (8.58 g.,
O. 0324 mole) in ethanol (250 cc.) was hy'drogenated over Raney 
nickel at 2 atm. and room temperature. Compound I was not 
completely soluble in the original solution, but dissolved com
pletely as the hydrogenation proceeded. Hydrogen uptake 
ceased after 43 hr. of shaking, when the pressure drop corre
sponded to 123% of the calculated amount, but shaking was con
tinued for an additional 24 hr. The catalyst was filtered off and 
washed with hot 95% ethanol. The combined ethanol filtrate 
and washings were concentrated and diluted with hot water, caus
ing crystallization of clusters of fine white needles (7.3 g., 95%), 
m.p. 193-195°. Several recry'stallizations from ethanol-water 
yielded fine white needles, m.p. 195-196°, lit.5 m.p. 192-193°; 
cnh 3160 m, 3040 mw (KBr), 3150 m, 3050 mw (Nujol), 3130 
and 3030 mw (haloearbonoil), rc-o 1676 s (KBr), 1678 s (Nujol), 
1673 s cm. -1 (haloearbon oil).

Anal. Caled. for ChH2,|N20  (236.35): C, 71.14; H, 10.24;
N, 11.85. Found: C, 70.95; H, 10.18; N, 11.89.

(B) From Low-Pressure Hydrogenation of Ie.—Compound 
Ie (1.00 g., 0.00378 mole) dissolved in absolute ethanol (200 cc.) 
was hydrogenated as described in part A. After filtration of the 
catalyst, the combined ethanol filtrate and washings were evap
orated to dryness, and the residue was dissolved in chloroform. 
The chloroform solution was extracted with dilute hydrochloric 
acid, and the acid extract made alkaline with sodium hydroxide. 
Extraction with chloroform, drying, and evaporation of the 
chloroform gave a hard white solid (0.67 g., 75%), m.p. 193— 
195°, which gave no depression in m.m.p., 193-195°, with a sample 
of m.p. 193-196° prepared from I. The infrared spectra 
(Nujol) of the two samples were identical.

(C) From Low-Pressure Hydrogenation of Ilg.—Compound 
Ilg (0.45 g., 0.00192 mole) was hydrogenated and the reaction 
mixture worked up essentially as described in part B, giving white 
needles (0.22 g., 48%), m.p. 193-196°, having an infrared spec
trum (Nujol) identical with that of a sample prepared from I.

(D) From Low-Pressure Hydrogenation of XVc.—Compound 
XVc (1.00 g., 0.00400 mole) in ethanol (200 cc.) was hydro
genated and the reaction mixture worked up as described in part 
B, giving a hard white solid (0.58 g., 61%), m.p. 192-194°. 
Recrystallization from ethanol-water gave a sample which gave 
no depression in m.m.p., 193-196°, with a sample of m.p. 193— 
196° prepared from I. The infrared spectra (Nujol) of the two 
samples were identical.

Monoacetyl Derivative of II: 7-Acetamido-14-azadispiro-
[5.1.5.2] pentadecan-15-one (Ila).5'* 1943 45—A solution of II (0.90 g.,
O. 00380 mole) in acetic anhy'dride (25 cc., 0.265 mole) was 
heated on a steam bath for 20 min. The solution was then poured 
into ice water and the precipitated white solid filtered off. One 
recrystallization from ethanol-water yielded colorless plates 
(0.58g., 55%), m.p. 277-278°, lit.5 m.p. 271-272°; vnh 3330 m, 
3140 m, 3040 m, rc-o 1683 s, 1651 s cm. -1 (Nujol).

Diacetyl Derivative of II: 7-Diacetylamino-14-azadispiro-
[5 .1.5 .2] pent adecan-15-one.5 45—A solution of II (1.07 g., 
0.00453 mole' in acetic anhydride (25 cc., 0.265 mole) was re
fluxed for 3 hr. After the solution had cooled to room tempera
ture and had been kej t for 2 days, the white crystals, m.p. 226- 
227°, were filtered off. Addition of water to the filtrate caused 
separation of most of the product (total 0.50 g., 34%); lit.5 m.p.

(45) Experim ent first performed by Roger D. Johnson, N ational Science 
Foundation  U ndergraduate  Research Partic ipan t, U niversity  of M innesota, 
sum m er, 1959, w ith  support from NSF G ran t G-8179.
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224.5-226°; rNH 3310 ms, 3100 raw, vc.o 1728 s, 1703 s, 1644 s 
cm . -1 (Nujol).

Action of Nitrous Acid on II: Preparation of VII.—Sufficient 
hydrochloric acid was added to a mixture of II (3.00 g., 0.0127 
mole) and water (375 cc.) to dissolve completely the solid. The 
pH was then adjusted to 4-5 by addition of aqueous potassium 
hydroxide solution. The solution was cooled in an ice bath and a 
cold solution of sodium nitrite (2.63 g., 0.0381 mole) in water (375 
cc.) was added gradually. The solution was stirred at room 
temperature for 30 hr. and then filtered, giving a yellow solid 
(2.41 g.), having an infrared spectrum (Nujol) very similar to 
that of the analytical sample. Two crystallizations from meth
anol-water, and a final recrystallization from ethanol-water, 
yielded white crystals, m.p. 261-262° dec. (sealed capillary); 
Xmax (log e) in 95% ethanol: 225 (4.15), 277 (3.95); » n h »  o h  
3330 m, 3190 w, 3110 m, vc-o 1681 s cm. -1 (Nujol).

Anal. Calcd. for C14H20N2O2 (248.32): C, 67.71; H, 8.12; 
N, 11.28. Found: C, 67.79; H, 8.30; N, 10.98.

Incomplete Hydrogenation of I: Preparation of 14-Azadispiro-
[5.1,5.2]pentadecane-7,15-dione, 7-Imine (Ilg).—Compound I 
(10.0 g., 0.0378 mole) in ethanol (250 cc.) was hydrogenated over 
Raney nickel at 2 atm. and room temperature. Hydrogen uptake 
ceased after 72 hr. of shaking, but the pressure drop corresponded 
to only 93% of the calculated amount. The hydrogenation 
solution, which contained a white precipitate, was heated to boil
ing to dissolve the precipitate. Then the catalyst was filtered 
off and the filtrate concentrated, diluted with hot water, and 
allowed to cool to room temperature. The resulting white 
crystalline precipitate (4.28 g., 48%), m.p. 214,° was recrystal
lized twice from ethanol-water, and then twice from methylene 
chloride-light petroleum ether (b.p. 60-63°), yielding white 
needles, m.p. 209-210° sublimes; ujh 3130 ms, 3040 m, vc-o 
1698 s, rc-N 1661 s c m r1 (Nujol).

Anal. Calcd. for C14H22N20  (234.33): C, 71.75; H, 9.46; 
N, 11.96. Found: C, 71.75; H, 9.27; N, 11.32.46

14-Azadispiro[5.1.5.2]pentadecane-7,15-dione (XV). (A)
From Low-Pressure Hydrogenation of IV.45—Compound IV 
(10.0 g., 0.0401 mole) in 95% ethanol (200 cc.) solution was 
hydrogenated over Raney nickel at 2 atm. and room temperature 
for 6 hr. The hydrogenation solution, which contained precipi
tated product, was heated to boiling to dissolve the precipitate. 
Then the catalyst was filtered off and washed with hot ethanol. 
Concentration and cooling of the combined filtrate and washings 
gave colorless needles (8.06 g., 85%), m.p. 238-239°. Three 
recrystallizations from ethanol-water yielded glistening white 
needles, m.p. 244-245°, lit.5 m.p. 233-234°; v n h  3150 m, 3060 
m, rc-o 1754 m, 1695 s cm. -1 (Nujol). The n.m.r. spectrum of 
a 3% solution in deuteriochloroform contains a single, large peak 
at 8.31 ±  0.01 r.

Anal. Calcd. for C,4H2lN02 (235.32): C, 71.45; H, 9.00; 
N, 5.95. Found: C, 71.60; H, 9.22; N, 5.91.

(B) From Low-Pressure Hydrogenation of IVa.—Compound 
IVa (0.18 g., 0.00068 mole) in methanol (100 cc.) solution was 
hydrogenated over Raney nickel at 2 atm. and room temperature 
for 42 hr. The mixture was then heated to 55° and the catalyst 
filtered off. The filtrate was concentrated to about 15 cc. and 
diluted with water, causing precipitation of a white solid (0.13 g., 
81%) in two crops, m.p. 225-236° and 235-237°. The infrared 
spectrum (Nujol) is identical with that of a sample prepared 
from IV. Recrystallization of the white solid from ethanol- 
water gave a sample, m.p. 235-237°, which gave no depression 
in rn.m.p., 241-243°, with a sample of m.p. 243-244° prepared 
from IV.

(C) From Oxidation of II with Chromium Trioxide.—Chro
mium trioxide (2.7 g., 0.027 mole) was stirred with glacial acetic 
acid (80 cc.). The resulting violet-brown solution was decanted 
from a small amount of undissolved residue and added over a 
period of 1 hr., with occasional warming on a steam bath, to a 
solution of II (2.0 g., 0.0085 mole) in glacial acetic acid (30 cc.). 
Then the resulting solution was diluted with water until it 
became cloudy, and cooled overnight. The resulting precipitate 
was crystallized from ethanol-water, giving a solid (0.60 g., 
30%) in two crops, m.p. 238-240° and 230-237°. One re
crystallization from ethanol-water gave a sample, m.p. 236-238°, 
which gave no depression in rn.m.p., 236-238°, with a sample of 
m.p. 240-241° prepared from IV. The infrared spectra of the 
two samples (Nujol) were identical. 46

(46) T he com pound gave low and  erra tic  nitrogen analyses.

Oxidation of II (2.0 g.) with refluxing aqueous potassium 
permanganate solution added in portions also gave XV (16%), 
along with unchanged 11.(36%).

(D) From Acidic Hydrolysis of Ilg.—A mixture of Ilg (1.00 
g., 0.00427 mole) and a solution of concentrated sulfuric acid 
(10 cc.) in ethanol (20 cc.) and water (30 cc.) was refluxed for 20 
hr. The mixture remained inhomogeneous throughout the reflux 
period. The hot mixture was filtered. After .the filtrate had 
cooled, white needles precipitated (0.286 g.,), m.p. 235-237°. 
Additional solid (0.14 g.; total, 0.426 g., 42%) was obtained by 
recrystallization of the filtered solid from ethanol-water. The 
infrared spectrum (Nujol) is identical with that of a sample 
prepared from IV.

Oxime of XV: 14-Azadispiro[5.1.5.2]pentadecane-7,15-dione,
7-Oxime (XVc).—Compound XV (3.0 g., 0.0128 mole) and 
hydroxylamine hydrochloride (2.0 g., 0.029 mole) in pyridine (15 
cc.) and absolute ethanol (15 cc.) was refluxed for 37 hr. At 
seven convenient intervals during the reflux period, one seventh 
of each of the following was added: hydroxylamine hydrochlo
ride (7.0 g., 0.101 mole), pyridine (35 cc.), and absolute ethanol 
(35 cc.). At the end of the reflux period the solvents were 
evaporated in a stream of air. The residual solid was extracted 
with water to dissolve salts, and the remaining solid was refluxed 
with 3 25-ml. portions of 90% ethanol to extract unchanged XV. 
The residue (2.50 g., 78%) was recrystallized twice from dioxane- 
ethanol-water, yielding a white powder, m.p. 320-322° uncor
rected (sealed tube); roH 3240 m infl., i>»h 3140 m, 3050 m, 
vc-o 1698 s, rc-N 1667 ms cm. -1 (Nujol).

Anal. Calcd. for C14H22N20 2 (250.33): C, 67.17; H, 8 .86;
N, 11.19. Found: C, 67.18; H, 8.90; N, 11.01.

Action of Tetraphosphorus Decasulfide on XV: 14-Azadispiro-
[5.1.5.2]pentadecan-7-one-15-thione (XVd).—Compound XV 
(0.50 g., 0.00212 mole) and tetraphosphorus decasulfide (0.75 g.,
O. 00169 mole) were fused over a small flame. Additional tetra
phosphorus decasulfide (0.25 g., 0.00056 mole) was added and the 
fusion was repeated. After the fused mass had cooled, it was 
crushed and stirred with dilute hydrochloric acid. The undis
solved solid was dissolved in ethanol, and the solution treated 
with charcoal and filtered. The filtrate deposited brownish 
needles (0.26 g., 49%), m.p. 240-250°. Three recrystalliza
tions from absolute ethanol yielded colorless needles, m.p. 248- 
249°; PNH 3130 m, vc-o 1748 m, 1669 w, rc-s 1512 s cm. -1 (Nujol).

Anal. Calcd. for Ci4H2iNOS (251.38): C, 66.88; H, 8.42;
N, 5.57. Found: C, 66.39; II, 8.06; N, 5.73.

7-Dimethylamino-14-azadispiro [5.1.5.2] pentadecan-15-one 
(lid).—For the purpose of methylation,16 a solution of II (5.7 g.,
O. 0241 mole), aqueous 35% formaldehyde solution (14 cc., 0.16 
mole), and aqueous 88% formic acid (14 cc., 0.33 mole) was re
fluxed for 15 hr. The solution was then concentrated by passing 
a stream of air over the heated solution. The residual white solid 
was dissolved in dilute hydrochloric acid and the acidic solution 
extracted with chloroform. The acidic aqueous layer was made 
alkaline with sodium hydroxide and extracted with chloroform. 
The extract was dried and evaporated to dryness. Recrystalliza
tion of the residual white solid from light petroleum ether (b.p. 
60-68°) gave white crystals (3.4 g., 53%) in two crops, m.p. 
152-156° and 150-153°. Four more recrystallizations from 
light petpoleum ether yielded fine white needles, m.p. 156-158°; 
pnh 3150 m, 3050 w, vc-o 1684 s cm.“1 (Nujol).

Anal. Calcd. for C16H28N20  (264.40): C, 72.68; H, 10.67; 
N, 10.60. Found: C, 72.59; H, 10.47; N, 10.04, 10.21.

Methiodide (He) of lid.—Compound lid  (7.1 g., 0.0268 mole) 
and methyl iodide (23 g., 0.162 mole) in benzene (100 cc.) were 
refluxed for 44 hr. During this time additional methyl iodide 
(46 g., 0.324 mole) was added in two portions. Filtration of the 
reaction mixture gave He (4.51 g.), m.p. 222-228°. Filtration 
of the reaction mixture after additional reflux periods of 48 and 
24 hr. gave more lie (4.43 g.; total, 8.94 g., 82%), m.p. 216- 
226°. Three recrystallizations from absolute ethanol yielded 
white needles, m.p. 226-230°; j-nh 3270 m, rc-o 1695 s cm. -1 
(Nujol).

Anal. Calcd. for C17H3iN2OI (406.35): C, 50.24; H, 7.69; 
N, 6.89. Found: C, 50.28; H, 7.68; N, 6.21,6.28.

7-Hydroxy-14-azadispiro[5.1.5.2]pentadecan-15-one (XIV).
(A) From the Displacement Reaction of Hydroxyl Ion on He.— 
Silver oxide, freshly preparedI6b from silver nitrate (2.17 g., 0.128 
mole) and sodium hydroxide (0.55 g., 0.137 mole), was added to 
a solution of He (2.17 g., 0.00534 mole) in aqueous 10% meth
anol (100 cc.). The resulting mixture was stirred for 1.5 hr. and
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filtered. The filtrate was concentrated by distillation of the 
water under reduced pressure, taking precautions to avoid ex
cessive foaming, and then was distilled under reduced pressure to 
dryness at about 100°. The brown residue was extracted with a 
mixture of water and chloroform. The chloroform layer was 
washed with dilute hydrochloric acid, dried, and evaporated, 
giving a clear, colorless, viscous oil, which soon crystallized. 
Recrystallization from chloroform-light petroleum ether (b.p. 
60-68°) gave a white solid (0.70 g., 55%), m.p. 200-208°. 
One more recrystallization of part of the crystals from chloro
form-light petroleum ether yielded XIV as white prisms, m.p. 
215-217° sublimes, lit.6’47 m.p. 190-191°; von 3360 m, v n h  3170 
m, 3050 vvw infi., rc-o 1686 s cm. -1 (Nujol).

Anal. Calcd. for C14H23N02 (237.33): C, 70.85; H, 9.77; 
N, 5.90. Found: C, 70.69; H, 9.69; N, 5.84.

The major portion of the original crystals, m.p. 200-208°, and 
an oily residue isolated from the mother liquors were combined, 
dissolved in chloroform, and chromatographed on alumina. 
Elution with 1; 1 benzene-chloroform removed an unidentified 
white semisolid (0.06 g.). Elution with chloroform removed a 
solid which, after recrystallization from chloroform-light petro
leum ether (b.p. 60-68°), gave XIV (0.43 g., 34%), m.p. 218- 
219° sublimes.

(B) From Reduction of XV with Sodium Borohydride.—A
solution of sodium borohydride (3.0 g., 0.0079 mole) in absolute 
ethanol (100 cc.) was added dropwise to a suspension of XV 
(37.9 g., 0.161 mole) in absolute ethanol (1000 cc.). The mix
ture was refluxed for 0.5 hr. and then additional sodium boro
hydride (3.0 g., 0.0079 mole) in absolute ethanol (50 cc.) was 
added, and refluxing was continued for an additional 1.75 hr. 
The volume of the5solution was reduced by distillation to about 
300 cc. and hot 2% hydrochloric acid (275 cc.) was added. The 
resulting solution was decanted from a gummy white solid, 
and the solution concentrated and cooled, giving white prisms 
(36.5 g., 96%), m.p. 216-217° sublimes,47 which gave no de
pression in m.m.p., 216-218° sublimes, with a sample of m.p. 
215-217° sublimes, prepared from lie (part A). The infrared 
spectra (Nujol) of the two samples were identical, and were also 
identical with the infrared spectrum of a sample48 of m.p. 198- 
199° sublimes47 prepared by hydrogenation of IVa at 177 atm. 
and 230° over copper chromium oxide.6

7-( 2-Hydroxyethoxy)- 14-azadispiro 15.1.5.2) pentadecan-15-one 
(Ilf).—In an attempt to effect a Hofmann elimination reaction,49 * 
a solution of He (4.25 g., 0.0104 mole) and potassium hydroxide 
(42.0 g., 0.75 mole) in ethylene glycol (225 cc.) and water (42 cc.) 
was refluxed for 6 hr. The solution was cooled, diluted with 
water, and extracted with ether. The ether extract was washed 
with dilute hydrochloric acid, dried, and evaporated, leaving 
a yellow oil which soon crystallized, giving a gray solid (1.31 g., 
45%), m.p. 146-150°. Two recrystallizations from ethanol- 
water yielded fine white needles, m.p. 150-157°; von 3390 mw, 
rNH 3180 m, 3050 w, vc-o 1692 s c m r1 (Nujol).

Anal. Calcd. for C16H21N03 (281.38): C, 68.29; II, 9.67; 
N, 4.98. Found: C, 68.34; H, 9.76; N, 5.02.

7-Hydroxy-14-azadispiro[5.1,5.2]pentadecane (V).—A solu
tion of XIV (36.5 g., 0.154 mole) in anhydrous tetrahydrofuran 
(500 cc.) was added dropwise to a suspension of lithium alumi
num hydride (7.9 g., 0.208 mole) in ether (950 cc.), and then the 
mixture was refluxed, with stirring, for 26 hr. The excess 
lithium aluminum hydride was decomposed by addition of abso
lute ethanol, and then water (150 cc.) was added dropwise with 
vigorous stirring, causing formation of a heavy white precipitate. 
The ether-tetrahydrofuran solution was decanted, and the 
residual precipitate was washed twice with ether. The combined 
decanted ether solution and washings were extracted with dilute 
hydrochloric acid, and the acidic extract was made alkaline 
with sodium hydroxide and cooled. The resulting white crystal
line precipitate was filtered and dried, giving a solid (32.0 g., 
93%), m.p. 169-170°. Sublimation at 130° (4 mm.) yielded 
fine white needles, m.p. 166.5-167.5°, lit.5'47 m.p. 162-163°; 
„ N H , o h  3390 s, 3320 w (3500-3200, very broad) cm.-1 in Nujol.

(47) The varia tion  in reported  m elting points, particu larly  of X IV , bu t 
also of o ther com pounds in th is  series, including I, V, and  XV, is a ttr ib u ted  
prim arily  to  the extensive sublim ation which occurs prior to  the  actual m elt
ing point.

(48) We are indebted to Prof. D orothy  V. N ightingale of the U niversity  of 
M issouri for sending us a sam ple of XIV, prepared as described in ref. 5.

(49) p . L. Julian, E. W. M eyer, and H. C. P rin ty , J .  A m .  C l i e m .  S o c . ,

70, 8S7 (1948).

Anal. Calcd. for C14H25NO (223.35): C, 75.28; H, 11.28;
N, 6.27. Found: C, 75.01; H, 11.25; N, 6.36.

7-Hydroxy-14-methyl-4-azadispiro[5.1.5.21 pentadecane (Vb).
—For the purpose of methylation,15 a mixture of V (32.0 g.,
O. 144 mole), aqueous 35% formaldehyde, and aqueous 88% for
mic acid was stirred at 90° for 17 hr. Concentrated hydrochloric 
acid (30 cc.) was added, and the solution was concentrated by 
distillation until the residue became viscous. The residue was 
then dissolved in water and washed with ether. The water layer 
was made alkaline with sodium hydroxide and kept for several 
hr., with occasional stirring, during which time an oil separated. 
The mixture was extracted with light petroleum ether (b.p. 
60-68°), and the extract dried and evaporated, leaving a clear 
oil. The oil was dissolved in an equal volume of light petroleum 
ether (b.p. 30-60°), and solution cooled for several hours in a 
freezer, causing crystallization of a hard white solid (27.6 g., 
80%), m.p. 75-78°, lit.5 m.p. 79-81°; «oh 3150 s, 2680 w 
cm. -1 (Nujol).

Methiodide (XI) of Vb.—Compound XI ha3 been prepared 
previously in unstated yield in absolute ethanol solution.5 
In the present work, the use of ether as solvent resulted in 
precipitation of the product in quantitative yield. A solution of 
Vb (10.0 g., 0.0422 mole) and methyl iodide (11.5 g., 0.081 mole) 
in ether (40 cc.) was kept at room temperature for 12 hr. A 
white solid began to precipitate soon after the addition of methyl 
iodide. After 12 hr., additional methyl iodide (4.6 g., 0.032 
mole) in ether (20 cc.) was added, and the mixture was kept at 
room temperature for 2 days more. The precipitate was then 
filtered off, being obtained as a white microcrystalline solid 
(16.4 g., 102%), m.p. 190-195°, lit.5 m.p. 186-187°; vou 
3290 s cm. -1 (Nujol).

2-(l-Dimethylaminocyclohexyl)-l-oxaspiro[2 5] octane (XXX). 
—Silver oxide, freshly prepared166 from silver nitrate (16.6 g., 
0.098 mole) and sodium hydroxide (4.2 g., 0.105 mole), was 
added to a solution of XI (16.4 g., 0.0433 mole) in aqueous 43% 
methanol (280 cc.). The resulting mixture was stirred vigorously 
for 3 hr. and then filtered. The filtrate was concentrated by 
distilling off the solvents at aspirator pressure. In order to 
prevent foaming, the filtrate was added gradually to the distilling 
flask from a pressure equalized dropping funnel at a rate such 
that only a small volume of solution was present in the distilling 
flask at any time. When the concentrate became viscous, the 
aspirator was replaced by a vacuum pump. As the pyrolysis 
proceeded, a colorless, slightly viscous liquid distilled (7.30 g., 
67%). Redistillation yielded a sample (6.70 g., 62%), b.p.
135-140° (0.5 mm.), re25d 1.4939; voh none, rc-o none, on the 
liquid.

Anal. Calcd. for Ci6H29NO (251.40): C, 76.44; H, 11.63; 
N, 5.57. Found: C, 76.47, 76.46; H, 11.61, 11.83; N, 6.53,
6.40, 5.54.

Picrate (XXXa) of XXX.—During an unsuccessful attempt to 
prepare the N-oxide of XXX, a solution of XXX (0.50 g., 0.00199 
mole) and aqueous 30% hydrogen peroxide (2.0 cc.) in methanol 
(6 cc.) was kept at room temperature for 20 hr. Then platinum 
black was added to decompose the peroxide, and the mixture was 
kept for an additional 10 hr. A saturated solution (10 cc.) of 
picric acid in ethanol was added, causing formation of a yellow 
precipitate (0.80 g., 82%), m.p. 176-180°. Two recrystalliza
tions from absolute ethanol yielded yellow plates, m.p. 178-180°.

Anal. Calcd. for C22H32N40 8 (480.51): C, 54.99; H, 6.71;
N, 11.66. Found: C, 55.33; H, 6.44; N, 11.58.

Methiodide (XXXc) of XXX.—A solution of XXX (4.0 g„
O. 0159 mole) and methyl iodide (4.6 g., 0.0324 mole) in ether (10 
cc.) and light petroleum ether (b.p. 60-68°, 10 cc.) was stirred 
at room temperature overnight. More methyl iodide (4.6 g., 
0.0324 mole) was added and the solution was refluxed for 24 hr. 
and kept at room temperature for an additional 24 hr. Filtra
tion removed a white solid (4.82 g., 77%) in two crops, m.p. 
161-165° and 163-165°. As attempted recrystallization from 
ethanol-ethyl acetate produced decomposition, the crude product 
was vacuum dried for analysis, yielding a white powder, m.p. 
163-165°; coh 3450 mw cm. -1 (Nujol).

Anal. Calcd. for C„H32NOI (393.35): C, 51.91; H, 8.20. 
Found: C, 51.34; H, 8.09.

1 -Dimethylaminomethylcyclohexanecarboxaldehyde (XXXI).
(A) From XXX by Periodic Acid Cleavage.—Sodium periodate 
(5.35 g., 0.0250 mole) was added to a solution of XXX (5.00 g., 
0.0199 mole) in water (100 cc.) containing concentrated sulfuric 
acid (2.5 cc.), causing separation of an oil. The mixture was
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stirred at room temperature. At intervals, aliquots (2 ce. each) 
were removed and titrated for periodic acid with standard arsenite 
and iodine solutions.50 The amount of sodium periodate con
sumed at the end of 2 hr. was 0.86 g. (0.00402 mole, 20% of 
theoretical), and at the end of 5 hr. a total of 1.23 g. (0.00575 
mole, 29%) had been consumed. At this point 50 cc. of a 
solution prepared from sodium periodate (5.35 g., 0.0250 mole), 
concentrated sulfuric acid (2.5 cc.), and water (100 cc.) was 
added, and the mixture was stirred at room temperature for an 
additional 2 hr. The mixture was then made alkaline with 
sodium bicarbonate and extracted with ether. The ether layer 
was extracted with dilute hydrochloric acid. The ether layer 
was then concentrated and treated with 2,4-dinitrophenylhydra- 
zine reagent, but the precipitate which formed melted over a 
wide range and could not be purified by recrystallization (see 
under XXXVIII).

The dilute hydrochloric acid layer was made alkaline with 
sodium hydroxide, and extracted with ether. The ether was 
distilled and the residue vacuum distilled. The first fraction of 
the distillate was 1-dimethylaminomethylcyclohexanecarbox- 
aldehyde (XXXI) (0.38 g., 12%), b.p. 75-80° (2 mm.), ?i30d 
1.4655, having an infrared spectrum on the oil identical, except 
for a band at 1687 m cm.-1, with that of the sample prepared 
from cyclohexanecarboxaldehyde. The second fraction of the 
distillate consisted primarily of an alcohol Ci6H29NO (XXXII) 
(1.57 g., 31%), b.p. 160° (2 mm.), n26d 1.5119; y0H 3210 mw 
(very broad), kc- o 1722 mw cm. -1 on the liquid. The infrared 
spectrum, including the carbonyl band at 1722 mw cm.-1, 
indicates that the sample was contaminated with XXXI. See 
subsequent discussion for preparation of the methiodide 
(XXXIIa) from this sample of XXXII.

(B) From Cyclohexanecarboxaldehyde.—Essentially by the 
general procedure of Mannich, Lesser, and Silten,17 a mixture of 
cyclohexanecarboxaldehyde (Columbia Organic Chemicals Co., 
Inc., Columbia, S. C.; 15.0 g., 0.134 mole), sj/m-trioxane (5.4 g., 
0.18 mole as CH20), dimethylamine hydrochloride (10.0 g., 
0.123 mole), and absolute ethanol (6 cc.) w'as refluxed for 1 hr. 
More sym-trioxane (5.4 g., 0.18 mole CH20) was added and the 
mixture was refluxed for an additional hour. The mixture was 
then diluted with ether, and the resulting two-phase system was 
extracted with dilute hydrochloric acid. The acid extract was 
made alkaline with sodium hydroxide and extracted with ether. 
The ether extract was dried, the ether was then distilled, and 
the residual liquid was distilled, yielding a colorless liquid (7.20 
g„ 34%), b.p. 90° (7 mm.), ra25d 1.4659; lit.17 b.p. 102-104° (17 
mm.); v c - o  1719 s cm. -1 on the liquid.

Methiodide of XXXI: (l-Formylcyclohexyl)methyltrimethyl-
ammonium Iodide (XXXIa). (A) From XXXI Obtained from 
XXX by Periodic Acid Cleavage.—Methyl iodide (4.60 g., 
0.0324 mole) was added to a solution of XXXI (0.29 g., 0.00182 
mole) in ether (9 cc.). A white microcrystalline solid (0.338 g., 
60%), m.p. 231-233°, was filtered off. This solid had an infra
red spectrum (Nujol) identical with that of the sample prepared 
from XXXI obtained from cyclohexanecarboxaldehyde. Re
crystallization from absolute ethanol-benzene yielded glistening 
white plates, m.p. 236-237°, having an infrared spectrum (Nujol) 
identical with that of the unrecrystallized product.

(B) From XXXI Obtained from Cyclohexanecarboxaldehyde. 
—According to the procedure described in part A, XXXI 
(1.00 g., 0.00628 mole), obtained from cyclohexanecarboxalde
hyde, gave a white microcrystalline solid (1.01 g., 52%), m.p. 
227-232°. Two recrystallizations from absolute ethanol-ben
zene yielded glistening white plates, m.p. 239-240°, lit.17 m.p. 
223°; v c - o  1725 s cm. -1 (Nujol).

Anal. Calcd. for CnH^NOI (311.21): C, 42.45; H, 7.13; 
N, 4.50. Found: C, 42.67; H, 7.06; N, 4.57.

Alcohol C16H29NO (XXXII) and Its Methiodide (XXXIIa). (A) 
From Attempted Deoxygenation51 of XXX with Acetic Acid in the 
Presence of Sodium Iodide and Zinc Dust.—A solution of sodium 
iodide (2.1 g., 0.0140 mole), sodium acetate (0.7 g.), and water 
(0.4 cc.) in acetic acid (5 cc.) w7as cooled in an ice bath and zinc 
dust (2.1 g., 0.032 g.-atom) was added. Compound XXX 
(1.00 g., 0.00398 mole) was added dropwise, wdth stirring, 
over a period of about 10 min., and then the mixture was 
allowed to wrarm to room temperature over a period of 2 hr. 
The mixture was filtered, diluted with water, and extracted with

(50) E . L. Jackson, O r g .  R é a c t i o n s ,  2, 361 (1944).
(51) J. W. C ornforth , R. H. C ornforth , and  K. K. M athew , J .  C h e m .  

S o c . ,  112 (1959).

ether. The ether layer was washed with aqueous sodium carbon
ate solution and then extracted with dilute hydrochloric acid- 
The hydrochloric acid extract was made alkaline with sodium 
hydroxide and extracted with ether. The ether extract was 
dried and evaporated, giving a white solid (0.537 g., 54%), 
m.p. 62-85°. Two recrystallizations from light petroleum ether 
(b.p. 30-60°) in a Dry Ice-acetone bath yielded the alcohol 
C16H,9NO (XXXII), m.p. 85.5-87°, having an infrared spectrum 
(Nujol) identical with that of the unrecrystallized sample; 
j'oh 3150 m, v c - o  none cm.-1 (Nujol). The n.m.r. spectrum of a 
12% solution in carbon tetrachloride contains (in r ±  0.01 
average deviation, with areas relative to 29 protons given in 
parentheses; 1 r  = 56.44 c.p.s.) a major peak at 8.55 (10.1 
protons, attributed to an intact cyclohexane ring) and an asso
ciated peak at 8.39 (3.9), a peak at 7.99 (4.0), a sharp peak at
7.68 (6.7, the 6 protons of the two N-methyl groups), two sharp 
peaks (possibly the lower half of an AB pattern due to the N- 
methylene protons) at 7.36 (0.9) and 7.14 (0.4), a sharp peak at
6.22 (1.1 proton, the CH proton of a secondary alcohol), and 
the two broader singlets at 4.47 (1.0 vinyl proton) and 3.90 
(1.0 vinyl proton).

Anal. Calcd. for C,6H29NO (251.40): C, 76.44; H, 11.63; 
N, 5.57. Found: C, 76.68; H, 11.63; N, 5.89.

Attempted hydrogenation of XXXII in methanol at 2 atm. 
over palladium on calcium carbonate or Raney nickel gave un
changed XXXII in recoveries of 31%, m.p. 83-87°, and 46%, 
respectively.62

Reaction of this sample of XXXII (0.10 g., 0.00040 mole) 
with excess methyl iodide in ether gave a white solid precipitate 
(0.048 g., 31%), m.p. 190-221°. Recrystallization from 
absolute ethanol-benzene yielded the methiodide (XXXIIa) of 
XXXII (0.018 g., 11%), m.p. 216-219°, having an infrared 
spectrum (Nujol) identical with that of the sample of XXXIIa 
prepared by methylation of XXXII obtained from attempted 
deoxygenation of XXX with triphenylphosphine (part B).

(B) From Attempted Deoxygenation52 53 of XXX with Triphenyl
phosphine.—Compound XXX (1.00 g., 0.00398 mole) and tri
phenylphosphine (1.05 g., 0.00400 mole) w'ere heated together 
at 200° for 40 min. Distillation of the product at 155-158° (1 
mm.) gave an oil, which was dissolved in ether and extracted 
with dilute hydrochloric acid. The hydrochloric acid layer was 
made alkaline with sodium hydroxide and extracted with ether. 
The ether extract was dried and evaporated, giving the alcohol 
Ci6H29NO (XXXII) as an impure oil. identified by comparison of 
its infrared spectrum (Nujol) with that of pure XXXII obtained 
from XXX as described in part A. Reaction of the oil with 
excess methyl iodide in ether gave a wdiite microcrystalline solid 
precipitate (0.60 g., 38%), m.p. 218-223°. Two recrystalliza
tions from absolute ethanol-benzene yielded the methiodide 
(XXXIIa) of XXXII as fluffy white needles, m.p. 220-222°; 
roH 3330 m cm.-1 (Nujol).

Anal. Calcd. for C17H32NOI (393.35): C, 51.91; H, 8.20; 
N, 3.56. Found: C, 52.17; H, 8.36; N, 3.59.

(C) Methiodide (XXXIIa) of XXXII Obtained from XXX by 
Attempted Periodic Acid Cleavage.—Reaction of XXXII 
(1.57 g., 0.00625 mole), obtained in the form of an oil as the 
major product from the attempted periodic acid cleavage of XXX, 
with excess methyl iodide in ether soon caused precipitation of a 
small amount of XXXIa, having an infrared spectrum (Nujol) 
identical with that of the sample of XXXIa prepared from XXXI 
obtained from cyclohexanecarboxaldehyde. After filtration of 
the XXXIa, the filtrate w'as kept at room temperature for one 
day, and then the precipitated XXXIIa (1.02 g., 41%), m.p. 
218-220°, was filtered off. Recrystallization from absolute 
ethanol-benzene yielded the methiodide (XXXIIa) of XXXII as 
white needles, m.p. 221-223°, having an infrared spectrum 
(Nujol) identical w'ith that of the sample prepared from XXXII 
obtained from attempted deoxygenation of XXX with triphenyl
phosphine (part B).

Alcohol Ci6H29N02 (XXXVIII) from XXX by Periodic Acid 
Cleavage and Oxidation.—Sodium periodate (3.9 g., 0.0182 
mole) was added to a solution of XXX (4.0 g., 0.0159 mole) in 
water (25 cc.) containing concentrated sulfuric acid (1.8 cc.), 
causing separation of an oil. The mixture was stirred at room

(52) This failure of X X X II to  hydrogenate and the  apparen t absence of 
olefinic unsatu ration  in the  infrared spectrum  led to  the  descrip tion  of 
X X X II in our Com m unication9 as a “ sa tu ra ted  alcohol.” The n.m .r. spec
trum , as  noted, shows th e  presence of tw o vinyl protons.

(53) G. W ittig  and W. Haag, B e r . ,  88, 1654 (1955).



N o v e m b e r , 1963 S t r u c t u r e  o f  2 :2  C o n d e n s a t io n  P r o d u c t  o f  N it r o m e t h a n e  a n d  C y c l o h e x a n o n e  3161

temperature for 9 hr. Aqueous 25% sulfuric acid (20 cc.) was 
then added, causing the oil to dissolve and the brown color of 
iodine to develop. The brown solution was then extracted 
rapidly with ether, and the dark ether extract was treated with 
aqueous sodium thiosulfate, causing partial decolorization. 
The acidic aqueous layer was made alkaline with sodium hy
droxide, and the brown oil which separated was extracted with 
ether. Evaporation of the ether extract left a brown oil, which, 
after being kept and scratched, partially crystallized. The 
remaining oil was decanted from the crystals and distilled, giving 
1-dimethylaminomethylcyclohexanecarboxaldehyde (XXXI), b.p. 
70° (0.7 mm.), re29d 1.4732, having an infrared spectrum on the 
liquid identical with that of the sample prepared from cyclo- 
hexanecarboxaldehyde. The infrared spectrum (Nujol) of the 
methiodide (XXXIa), m.p. 224-227°, was also identical with 
that of the methiodide of XXXI prepared from cyclohexane- 
carboxaldehyde.

The crystallized fraction of the oil was dissolved in methylene 
chloride, treated with charcoal, and then recrystallized from 
ethanol-water, giving a sample (0.86 g., 20%), m.p. 120-126°. 
Two recrystallizations from ethanol-water yielded the alcohol 
C16H29NO2 (XXXVIII) as glistening white platelets, m.p. 126.5- 
127.5°; koh 3280 s, 2660 m (broad) cm. -1 in Nujol.

Anal. Calcd. for C,6H29N02 (267.40): C, 71.86; H, 10.93; 
N, 5.24. Found: C, 71.99; H, 10.86; N, 5.22.

The original ether extract, which had been treated with sodium 
thiosulfate, was evaporated. The residue was treated with 2,4- 
dinitrophenylhydrazine reagent, giving a reddish solid. Two 
recrystallizations from ethanol yielded a red powder, m.p.
213.5-216.5°; kkh 3320 mw, 3120 mw, vc-n 1629 s, rc-c 1600 s 
cm.“1 (Nujol). This compound is not cyclohexanone 2,4- 
dinitrophenylhydrazone (lit.64 m.p. 160.5-161.5°).

Anal. Found: C, 39.35; H, 3.09.
When cyclohexanone was treated under the conditions of the 

periodic acid cleavage, followed by treatment with 2,4-dinitro- 
phenylhydrazine reagent, cyclohexanone 2,4-dinitrophenyl- 
hydrazone was still not isolated. Instead, a red compound was 
isolated, having an infrared spectrum (Nujol) almost identical 
with that of the 2,4-dinitrophenylhvdrazone isolated from the 
periodic acid cleavage of XXX. Thus, it was not possible to 
establish that cyclohexanone is a product of the periodic acid 
cleavage of XXX.

1-Aminocyclohexanecarbonitrile (XXXIV).—This compound, 
previously prepared by other methods,55-57 was prepared19 by 
passing ammonia through cyclohexanone cyanohydrin58 ( n 23D  
1.4635, m.p. 30-33°; 100 g., 0.798 mole) for 6 hr., with cooling 
in an ice bath during the initial exothermic stage of the reaction. 
At the end of the 6 hr., the reaction flask was stoppered and Kept 
at room temperature for 15 hr., after which ammonia was 
passed through the solution for 5 hr. more. Then nitrogen was 
passed through the solution for 3 hr. to remove excess ammonia. 
The residual oil was dissolved in benzene (in later runs, ether was 
used to facilitate subsequent isolation of solvent free XXXV) 
and the solution extracted with water. The benzene layer was 
dried and the benzene evaporated, leaving a yellowish orange 
oil (61 g., 61%); rNH 3560 m infl., 3370 ms, 3320 ms, 2660 w, 
1614 ms, re-N 2230 w, >>c-o 1706 rn cm. -1 on the liquid. As the 
compound is reported to be unstable towards heat and distilla
tion,54 55 56 57 58 59 60 further purification was not attempted.

l-(2-Ethoxycarbonylacetamido ¡cyclohexanecarbonitrile (XXXV). 
—Ethyl chloroformylacetate59'60 (29.8 g.. 0.198 mole) was added 
dropwise, with stirring, over a period of 1 hr. to a solution of 1- 
aminocyelohexanecarbonitrile (prepared as described previously 
from 45.0 g., 0.359 mole, of cyclohexanone cyanohydrin) in 
anhydrous pyridine (100 cc.) and benzene (200 cc.). The result
ing mixture of orange solution and white precipitate was stirred 
at room temperature for 24 hr. and then washed successively

(54) (a) C. F. H. Allen, J .  A m .  C h e m .  S o c . ,  52, 2958 (1930); (b) N. R.
Cam pbell, A n a l y s t .  Gl, 393 (1936); (c) W. S. Johnson and  R. H. H unt,
J .  A m .  C h e m .  S o c . . 72, 939 ( 1950).

(55) (a) A. P. Snyesarev, J .  R u s s .  R h y s .  C h e m .  S o c . ,  46, 206 (1014); 
C h e m .  A b s i r . ,  8, 2550 (1914); (b) A. P. Snessarew, J .  y r a k t .  C h e m . ,  [2] 
89, 361 (1914).

(56) W. Cocker, A. L apw orth, and A. T. Peters, J .  C h e m .  S o c . ,  1382 
(1931).

(57) R. M. H erbst and T. B. Johnson, ./. A m .  C h e m .  S o c . ,  64, 2463 (1932).
(58) S. M. M cElvain and R. E. S tarn , Jr., i b id . ,  77, 4571 (1955).
(59) R. E. Strube, O r g .  S y n . ,  37, 34 (1957).
(60) D. S. Breslow, E. B aum garten, and C. R. H auser, J .  A m .  C h e m .  

S o c . .  66, 1286 (1944).

with 10% hydrochloric acid and aqueous sodium bicarbonate 
solution. The benzene layer was dried and evaporated, leaving 
an orange oil (21.7 g., 42% from 1-aminocyelohexanecarbonitrile). 
The oil was chromatographed on alumina and eluted with ben
zene, yielding a yellow oil, w 24d  1.4839; j>n h  3320 ms, r c - N  2230 w, 
vc-o 1736 s, 1667 s cm. -1 on the liquid.

Anal. Calcd. for C,2H18N20 3 (238.28): C, 60.48; H, 7.61; 
N, 11.76. Found: C, 59.87; H, 7.69; N, 11.01.

4-Amino-3-ethoxycarbonyl-l-azaspiro[4.5]dec-3-en-2-one 
(XXXVI).—A solution of sodium ethoxide prepared from sodium 
(0.37 g., 0.0161 g.-atom) in absolute ethanol (5 cc.) was added to 
a solution of XXXV (2.75 g., 0.0116 mole) in absolute ethanol 
(5 cc.). The resulting solution was refluxed for 3 hr., and then 
a solution of concentrated hydrochloric acid ( 1.6 cc.) in hot water 
(10 cc.) was added. Dimorph A (1.88 g., 68%) crystallized in 
two crops, m.p. 263-265° dec. and 267-269° dec. Recrystalliza
tion from ethanol yielded dimorph B as a granular white solid, 
m.p. 269-273° dec., having an infrared spectrum (Nujol) different 
from that of dimorph A; Xmax rn.fi (log t) in 95% ethanol: 220
(4.27), 269 (4.12); xnh 3400 mw, 3330 m, 3040 m, 1580 ms, 
vc-o 1702 s, 1660 s, vc-c 1628 cm. -1 (Nujol).

Anal. Calcd. for Ci2H18N20 3 (238.28): C, 60.48; H, 7.61; 
N, 11.76. Found: C, 60.68; H, 7.65; N, 11.84.

Dimorph B was reconverted to Dimorph A by dissolving Di
morph B in chloroform and allowing the solution to evaporate 
slowly to dryness. The residue had an infrared spectrum (Nujol) 
identical, except for a band at 1724 mw cm.-1 in the former, 
with that of Dimorph A obtained by recrystallizing the sample 
from chloroform. By recrystallization from chloroform di
morph A was obtained as a white powder, m.p. 267-270° dec.; 
Xmax m// (log e) in 95% ethanol: 220 (4.25), 269 (4.11); cnh 
3370 m, 3170 ms, 1552 ms, ¡>c«o 1675 s, 1659 s, j-c - c  1623 cm .-1 
(Nujol).

Anal. Found: C, 60.40; H, 7.28.
4-Hydroxy- 1-azaspiro 14.5] dec-3-en-2-one (XXXVII).—Com

pound XXXVI (8.3 g., 0.0348 mole) was dissolved in a solution 
of potassium hydroxide (8.0 g., 0.143 mole) in water, and the 
resulting solution was refluxed for 1 hr. Concentrated hydro
chloric acid was added until the solution became just acidic. 
Cooling.caused precipitation of a white powder (3.9 g., 67%), m.p. 
220-222°. Recrystallization from hot water yielded a white 
powder, m.p. 219-220°; Xma* m/u (log e) in 95% ethanol: 261
(3.78); cnh 3180 m, von 3500-2160 mw (very broad), vc-o 
1764 w, 1677 m (infl.), 1655 s, vc-c 1595 s cm. -1 (Nujol).

Anal. Calcd. for C„H13N02 (167.20): C, 64.65; H, 7.84; 
N, 8.38. Found: C, 64.72; H, 8.01; N, 8.35.

Dibromo Derivative of XXXVII: 3,3-Dibromo-l-azaspiro-
(4.5]decane-2,4-dione (XXXVIIa).—Av solution of XXXVII 
(0.040 g., 0.000239 mole) in ethanol (2 cc.) was diluted with 
hot water (20 cc.), and bromine (1 drop) was added to the warm 
solution, causing a white precipitate to form almost instanta
neously. Filtration gave a white powder (0.056 g., 72%), m.p. 
243-248° dec. (sublimes). Three recrystallizations from meth
anol yielded small white prisms, m.p. 246-250° dec. (sublimes); 
rNn 3160 m, 3060 m, vc-o 1778 m, 1707 s cm. -1 (Nujol).

Anal. Calcd. for C9H„N02Br2 (325.02): C, 33.26; H, 3.41; 
N.4.31. Found: C, 33.07; H, 3.54; N, 4.26.

Synthesis of 14-Azadispiro[5.1,5.2]pentadecane-7,15-dione
(XV).—A solution of XXXVII (2.55 g., 0.0152 mole) in freshly 
distilled N,N-dimethylformamide (100 cc.) was added dropwise 
to a suspension of solid sodium hydride (0.74 g., 0.0308 mole) 
in N,N-dimethylformamide25 (100 cc.). Then the resulting 
solution was stirred until hydrogen evolution became very slow 
(about 1 hr.). The solution was then transferred to a dropping 
funnel. This solution and a solution of 1,5-dibromopentane 
(3.90 g., 0.0170 mole) in N,N-dimethylformamide (50 cc.) were 
then dropped into a flask maintained at I 10° at rates such that the 
two reagents were always present in nearly equivalent amounts. 
The addition was complete in 10 hr., and the solution was then 
refluxed for 12 hr. The solvent was removed under reduced pres
sure, leaving a semisolid orange residue. The residue was 
partitioned between dilute aqueous potassium hydroxide solu
tion and chloroform. The orange chloroform solution was then 
washed with dilute hydrochloric acid, dried, and the chloroform 
evaporated, leaving an oil. The oil was redissolved in chloro
form (30 cc.) and hot light petroleum ether (b.p. 60-68°) was 
added. A brown oil separated rapidly. The supernatant 
liquid was decanted from the oil after about 15 min., and was 
allowed to evaporate. The residual orange-white solid, m.p.
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150-200°, was dissolved in ethanol (7 cc.), hot water (7 cc.) 
was added, and the solution was filtered quickly. Upon cooling 
of the solution, fine white needles (0.123 g., 3%), m.p. 233-241°, 
separated. The infrared spectrum (Nujol) of the white needles 
was identical with that of a sample of XV prepared by hydro
genation of IV. In another similar experiment, XV, m.p. 236- 
239°, was isolated in 2% yield. The infrared spectrum (Nujol) 
of this sample was also identical with that of the sample of XV, 
m.p. 236-238°, prepared by hydrogenation of IV, and there was 
no depression in m.m.p., 236-239°.47

In contrast to the successful reactions catalyzed by sodium 
hydride, an attempt to synthesize XV by catalyzing the conden
sation of XXXVII with 1,5-dibromopentane with potassium t- 
butoxide in refluxing solutions of benzene and N,N-dimethyl- 
formamide was unsuccessful. The only crystalline solid isolated 
was unchanged XXXVII, in 42% recovery, having an infrared 
spectrum (Nujol) identical with that of the starting material.

Cyclohexanecarboxylic Acid from Acid Cleavage of IV. (A) 
Under Wolff-Kishner Conditions.—A solution of IV (8.00 g., 
0.0321 mole), potassium hydroxide (8.4 g., 0.150 mole), and 
hydrazine (95%, 25 cc.) in diethylene glycol (150 cc.) was re
fluxed for 8 hr. The condenser was then removed and the 
vapors allowed to escape until the temperature of the boiling 
solution reached 195°. Refluxing was then resumed for an 
additional 10 hr. The hot solution was poured into hot water 
(500 cc.) and acidified. After being kept at room temperature 
for several hours, the acidic solution was extracted with chloro
form. The chloroform extract was dried and evaporated, leav
ing an oil. The oil was distilled, giving a colorless liquid (0.38 
g., 9%), b.p. 81-83° (0.9 mm.), m.p. 28°; lit.61'62 m.p. 27-29°, 
lit.63'64 29-30°. The infrared spectrum was identical with that 
of authentic cyclohexanecarboxylic acid.

(B) With Potassium Hydroxide in Diethylene Glycol.—A 
solution of IV (10.0 g., 0.0401 mole) and potassium hydroxide 
(10.0 g., 0.178 mole) in water (10 cc.) and diethylene glycol (120 
cc.) was refluxed for 2 hr. The condenser was then removed and 
the vapors allowed to escape until the temperature of the boiling 
solution reached 200°. Refluxing was then resumed for an 
additional 16 hr. The dark solution was poured into hot water, 
kept at room temperature for 24 hr., washed with chloroform, 
and acidified. The acidic solution was extracted with chloro
form, and the chloroform extract dried and evaporated, leaving 
a dark oil. The oil was distilled, giving a colorless liquid (2.42 
g.), b.p. 83-88° (0.7 mm.), estimated from the infrared spectrum 
to contain about 70% cyclohexanecarboxylic acid (32% yield). 
A portion of the liquid (2.2 g.) was refluxed with thionyl chloride 
(10 cc., 0.14 mole) for 30 min. The resulting brown solution 
was poured into ammonia, giving a precipitate (0.91 g.), m.p. 
130-170° sublimes. Recrystallization from chloroform-light 
petroleum ether (b.p. 60-68°) yielded cyclohexanecarboxamide 
(0.34 g., 7% based on IV), m.p. 188-190° sublimes; lit.62,63 
m.p. 184°, lit.61 185-186°. The infrared spectrum (Nujol) was 
identical with that of an authentic sample.

14-Hydroxy-3,11 -dimethyl-14-azadispiro [5.1.5.2] pentadec-9- 
ene-7,15-dione, 7-Oxime (M-I).12’31—Compound M-I was ob
tained in 5% yield, essentially according to the procedure of 
Nightingale, Reich, and Erickson,5 as a white solid, m.p. 276- 
279°. Recrystallization from 95% ethanol yielded a white 
powder, m.p. 277-279°; reported 5% ,32 9%,5 15-40%7; m.p.
257-258° dec.,7,32 272-274° 7; con 3180 ms, 3060 ms, kc- n 
1695 ms, v c —o  1653 s cm. -1 (Nujol).

Anal. Calcd. for Cl6H24N20 3 (292.37): C, 65.72; H, 8.27;
N, 9.58. Found: C, 65.72; H, 8.30; N, 9.56.

Methyl Derivative of M-I: 14-Methoxy-3,ll-dimethyl-14-
azadispiro[5.1.5.2]pentadec-9-ene-7,15-dione, 7-Oxime (M-Id). 
—Methyl iodide (11.4 g., 0.080 mole) was added to a solution of 
M-I (5.0 g., 0.0171 mole) and potassium hydroxide (0.95 g.,
O. 0169 mole) in methanol (50 cc.) and the resulting solution 
refluxed for 4 hr. About half of the methanol was then boiled 
off, and the concentrated solution was diluted to the point of 
cloudiness with hot water. Fluffy yellow crystals (4.82 g., 92%, 
m.p. 180-190°) separated. Two recrystallizations from meth
anol water yielded fluffy white needles, m.p. 192-194°; vim 
3210 m, 3050 vw, v c - o  1692 s, v c - c  1645 m cm. -1 (Nujol).

(61) M . M arkow n iko ff, B e r . .  25, 3355 (1892).
(62) O. A sch an . A n n . .  271, 231 (1892).
(63) J . S. L u m sd e n , ./. C h e m .  S o c . ,  87, 90 (1905).
(64) G . S. H ie rs  w ith  R . A dam s, J .  A m .  C h e m .  S o c . ,  48, 2385 (1926).

Anal. Calcd. for C„H26N20 3 (306.39): C, 66.64; H, 8.55; 
N, 9.14. Found: C, 66.90; H, 8.69; N, 9.22.

14-Methoxy-3,ll-dimethyl-14-azadispiro[5.1.5.2]pentadec-9- 
ene-7,15-dione (M-IVa).—A suspension of M-Id (2.0 g., 0.065 
mole) in a solution of concentrated hydrochloric acid (10 cc.) in 
methanol (10 cc.) and water (20 cc.) was refluxed for 2 hr., but the 
mixture did not become homogeneous. Additional concentrated 
hydrochloric acid (10 cc.) in methanol (20 cc.) and water (10 cc.) 
was added and refluxing was continued for 12 more hr., during 
which time the mixture became homogeneous. Some of the 
methanol was then boiled off, and the concentrated solution was 
diluted with hot water and allowed to cool. Colorless needles 
(1.07 g., 57%), m.p. 121-124°, crystallized. Two recrystalliza
tions from methanol-water yielded white needles, m.p. 128- 
129°; cc-o 1764 m, 1701 s, v c - c  1639 mw cm. -1 (Nujol). The
n.m.r. spectrum of a 10% solution in carbon tetrachloride con
tains (in r ±  0.01 average deviation; 1 t  = 56.44 c.p.s.) a strong 
peak at 8.97 and a lesser peak at 8.86 (3- and 11-methyl group 
protons), a very strong peak at 8.39 with lesser declining peaks at
8.26, 8.05, and 7.86 (ring protons on saturated carbon atoms), 
and a sharp peak at 6.16 (14-methoxyl group protons). The 
two vinyl protons appear as a doublet (J  = 10.2 c.p.s.) at 4.84 
and 4.66 (stronger); and another doublet (J = 10.7 c.p.s.) 
at 4.10 (stronger) and 3.91, each member of which is itself a finely 
split doublet ( /  = 3.1 c.p.s.).

Anal. Calcd. for Ci7H25N03 (291.38): C, 70.07; H, 8.65; 
N, 4.81. Found: C, 70.11; H, 8.80; N, 4.88.

The Two Diastereoisomers (IXa and IXb) of 7-Hydroxy-14- 
azadispiro[5.1.5.2]pentadec-9-ene (IX) and the Nitrone, 7- 
Hydroxy-14-azadispiro[5.1.5.2] pentadeca-9,14-diene 14-Oxide
(IXc).—A solution of IV (18.00 g., 0.0723 mole) in anhydrous 
tetrahydrofuran (120 cc.) was added dropwise to a stirred suspen
sion of lithium aluminum hydride (7.5 g., 0.198 mole) in anhy
drous ether (600 cc.). The resulting mixture was refluxed lor 71 
hr. Then the excess lithium aluminum hydride was destroyed 
by adding moist ether and absolute ethanol. Cold water (90 cc.) 
was then added to the vigorously stirred suspension. After 15 
min. of stirring, the ether layer was decanted from the coagulated 
white precipitate, and the residual solid was washed with ether. 
The combined ether decantate and washings were extracted with 
dilute hydrochloric acid, and the acidic extract was made alkaline 
with sodium hydroxide. The alkaline solution was extracted 
with chloroform and the extract dried and evaporated, leaving an 
oil. The oil was dissolved in hot light petroleum ether (b.p. 
60-68°) and, upon cooling, it crystallized as a white solid (14.2 
g., 89%), m.p. 115-132°. The solid was dissolved in 1:1 
benzene-chloroform and chromatographed on a column of 
alumina (4 X 30 cm.). Elution with solutions of 0-20% chloro
form in benzene removed a white solid, in fractions melting from 
128-135°. Crystallization from light petroleum ether gave 
diastereoisomer IXa (2.34 g., 15%), m.p. 129.5-131°. Three 
recrystallizations from light petroleum ether yielded glistening 
white plates, m.p. 129-131°; i-oh.nh 3500-2300 s (very broad), 
3100 m, vc-c 1639 vw cm. -1 (Nujol). The n.m.r. spectrum of a 
7% solution in deuteriochloroform contains (in t  ±  0.02 average 
deviation; 1 t  = 56.44 c.p.s.) a complex in the aliphatic methylene 
proton region, with the major peak at 8.57, a medium strong peak 
at 8.25, a sharp strong peak at 8.19. and a medium weak peak at 
8.00; a 4 peak AB pattern at 7.38 w, 7.18 m, 7.11 m, and 6.91 w, 
centered at 7.15 ( /  = 11.3 c.p.s.); and a sharp medium peak at
6 .66. The two vinyl protons appear as a doublet (J  = 10.7 
c.p.s.) at 4.46 and 4.27 (stronger), and a more complex doublet 
(J = 10.2 c.p.s.) at 4.09 (stronger) and 3.91.

Anal. Calcd. for Ci4H23NO (221.33): C, 75.97; H, 10.47; 
N, 6.33. Found: C, 76.04; H, 10.31; N, 6.56.

In another run, crystallization of IXa from light petroleum 
ether (b.p. 60-68°) produced what is assumed to be a dimorphic 
form, m.p. 133-134°, having an infrared spectrum (Nujol) 
different from that of a previous sample; c o h , n h  3450-2370 s 
(very broad), 3110 s, cc-c 1639 vw cm.-1 (Nujol). Attempts to 
prepare an analytical sample of the second form by recrvstalliza- 
tion from light petroleum ether only reconverted it to the first 
form.

Elution with solutions of 25-33%, chloroform in benzene re
moved fractions melting from 144-152°. Crystallization from 
light petroleum ether (b.p. 60-68°) gave diastereoisomer IXb 
(3.12 g., 20%), m.p. 150-152°. Three recrystallizations from 
light petroleum ether yielded colorless needles, m.p. 150-152°; 
c o h . n h  3400-2400 s (very broad), 3060 m, v c - c  1639 vw cm. -1
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(Nujol). The n.m.r. spectrum of a 9% solution in deuterio- 
chloroform contains (in r ±  0.01 average deviation; 1 r = 56.44 
c.p.s.) a complex with the major peak at 8.58, a medium peak at 
8.30, a medium weak peak at 8.10, and a medium strong peak 
at 7.80; a sharp medium peak at 7.15; and a sharp weaker 
medium peak at 6.59. The two vinyl protons appear as a doub
let (J = 9.6 c.p.s.) at 4.64 and 4.47 (strongest), and a more 
complex doublet (J = 11.9 c.p.s.) at 4.27 (stronger) and 4.06.

Anal. Found: C, 75.96; H, 10.37; N, 6.55.
Elution with chloroform removed a third product, which was 

crystallized from benzene, giving the nitrone IXc (3.60 g., 21%), 
m.p. 182-184°. Three recrystallizations from benzene yielded 
colorless prisms, m.p. 182.5-184.5°; Xmax mji (log e) in 95% 
ethanol: 241 (3.93); voh.nh 3090 s, vc-c 1647 w, vc=n+ 1577 s 
cm. -1 (Nujol).

Anal. Calcd. for C14H21NO2 (235.32): C, 71.45; H, 9.00; 
N, 5.95. Found: C, 71.57; H, 8.99; N, 6.06.

In another run under slightly more severe conditions, in which 
70% more lithium aluminum hydride, 275% more tetrahydro- 
furan, and only half as much ether were used, and the reflux 
time was extended by 21 hr., the yields were 13% of IXa, 33% 
of IXb, and 4% of the nitrone IXc.

Methyl Derivatives of IX: Mixture of the Two Diastereoiso-
mers of 7-Hydroxy-14-methyl-14-azadispiro[5.1.5.2]pentadecane 
(IXg).—For the purpose of methylation,15 a solution of the crude 
mixture of diastereoisomers of IX (15.0 g., 0.0679 mole) in 
aqueous 35% formaldehyde solution (50 cc., 0.58 mole) and 
aqueous 88% formic acid (50 cc., 1.16 mole) was refluxed for 20 
hr. Dilute aqueous hydrochloric acid was added, and the solu
tion was washed with chloroform and made alkaline with sodium 
hydroxide. The alkaline solution was extracted with light 
petroleum ether (b.p. 60-68°), and the extract dried and evapo
rated, leaving a brown oil. Distillation of the oil at 135-140° 
(0.3 mm.) gave a very viscous yellow oil, which soon solidified to 
a hard white solid (4.92 g., 31%), m.p. 70-73°. Three crystal
lizations from light petroleum ether (b.p. 60-68°) yielded 
white plates, m.p. 75-88°; voh 3110 m, vc-c 1639 vw c m r1 
(Nujol).

Anal. Calcd. for C15H25NO (235.36): C, 76.54; H, 10.71; 
N, 5.95. Found: C, 76.66; H, 10.68; N, 6.04.

Methiodide (IXe) of IXa.—Potassium hydroxide (1.0 g., 0.018 
mole) was added to a solution of IXa (1.80 g., 0.00814 mole) 
and methyl iodide (9.1 g., 0.0642 mole) in absolute ethanol (50 
cc.), and the solution was kept at room temperature for 48 hr. 
The precipitated potassium iodide was filtered off, and the fil
trate was concentrated and diluted with hot benzene, causing 
precipitation of white needles (1.32 g., 43%), m.p. 214-216°. 
Two recrystallizations from absolute ethanol-benzene yielded 
white needles, m.p. 216-217°; voh 3330 m, vc-c 1642 vw cm. -1 
(Nujol).

Anal. Calcd. for C16H28NOI (377.31): C, 50.93; H, 7.48; 
N, 3.71. Found: C, 51.12; H, 7.47; N, 3.69.

Partial evaporation of the benzene mother liquor gave a 
benzene complex as plates (0.80 g., 24%,), m.p. 195-197°. 
Two recrystallizations from ethanol-benzene yielded plates, 
m.p. 189-193°; v0h 3250 s, vc-c 1642 vw cm. -1 (Nujol).

.4na(. Calcd. for C^H^NOI'/yDsHe (416.37): C, 54.80; 
H, 7.51; N, 3.36. Found: C, 54.82; H, 7.62; N,3.31.

Heating the benzene complex (0.41 g., 0.0098 mole) to 190° 
expelled benzene and left a white powder (0.37 g., 100%), m.p 
215-217°, having an infrared spectrum (Nujol) identical with 
that of the uncomplexed sample.

Methiodide (IXd) of IXb.—Methylation of IXb (2.50 g., 0.0113 
mole) with methyl iodide and potassium carbonate in methanol, 
and work-up in a manner similar to that described previously for 
the preparation of IXe, gave a benzene complex as lustrous 
plates (4.20 g., 89%), m.p. 120-150°, resolidifying and then 
remelting at 228-230°. Two recrystallizations from absolute 
ethanol-benzene yielded lustrous plates, m.p. 144-147°, reso
lidifying and remelting at 225-227°; voh 3220 ms, vc_c 1634 
vw c m r1 (Nujol).

Anal. Calcd. for C16H28NOI-\/2C6H6 (416.37): C, 54.80; 
H, 7.51; N, 3.36. Found: C, 54.47; H, 7.48; N, 3.55.

Heating the benzene complex (0.20 g., 0.00048 mole) to 200° 
caused it to melt and resolidify to a hard, granular white solid 
(0.17 g., 94%), m.p. 225-227°; voh 3230 s, vc-c 1645 vw cm. 1 
(Nujol). The infrared spectrum (Nujol) is different from that of 
the diastereoisomer IXe.

Anal. Calcd. for C,6H2SNOI (377.311: C, 50.93; H, 7.48; 
N, 3.71. Found: C, 51.00; H, 7.47; N, 3.99.

Recrystallization of the uncomplexed sample from ethanol- 
benzene regenerated the benzene complex, as shown by its infra
red spectrum (Nujol).

Mixture of 2-(l-Dimethylaminomethylcyclohexyl)-l-oxaspiro-
[2.5]oct-4-ene (XLV) and l-(Cyclohexa-l,3-dienyl)-l-(l-dimethyl- 
aminomethylcyclohexyl)methanol (XLVII).—Silver oxide, freshly 
prepared166 from silver nitrate (8.4 g., 0.0494 mole) and sodium 
hydroxide (3.0 g., 0.075 mole), was added to a solution of IXd 
benzene complex (9.73 g., 0.0233 mole) in water (60 cc.). The 
mixture was filtered, and the filtrate concentrated at 30 mm. and 
then pyrolyzed by distillation at 1 mm., giving an oil (4.17 g., 
72%), b.p. 142-145° (1 mm.). Redistillation gave a sample, 
b.p. 137-140° (0.6 mm.), «25d 1.5098; Xmax m/i (log «) in 95% 
ethanol: 267 (2.97); voh 3130 mw (broad), vc-c 1639 vw cm. ' 1 
on the liquid. The n.m.r. spectrum of a 7.5% solution in carbon 
tetrachloride contains (in r ±  0.01 average deviations; 1 t = 
56.44 c.p.s.) complex aliphatic proton absorption, with the 
strongest peak at 8.59; and major peaks at 8.12 m, 7.78 s, 7.69 
ms, 7.59 m, and 7.40 w; a very weak peak at 6.09 (CH proton of 
the secondary alcohol group in XLYII); olefinie peaks consisting 
of a sharp doublet (proton at the 4-position of the double bond 
in XLV; J  = 11.3 c.p.s.) at 5.08 and 4.88 (stronger); and a larger 
more complex multiplet (proton at the 5-position of the double 
bond in XLV, plus the olefinie protons in XLVII) containing a 
pair of stronger peaks at 4.22 and 4.14 and a lessor peak at
3.94.

Anal. Calcd. for C16H27NO (249.38): C, 77.06; H, 10.91; 
N, 5.62. Found: C, 77.10; H, 10.89; N, 5.64.

Picrate (XLVa) from the Mixture of XLV and XLVII.—A satu
rated solution of picric acid in 95% ethanol (5 cc.) was added to a 
solution of the mixture of XLV and XLVII (0.25 g., 0.00100 
mole) in 95% ethanol (5 cc.), causing crystallization of glisten
ing yellow plates (0.32 g., 67%), m.p. 214-215°. Recrystalliza
tion from 95% ethanol yielded yellow plates, m.p. 214-217°; 
voh 3320 ms cm. -1 (Nujol).

,4na(. Calcd. for C22H3„N40 8 (478.49): C, 55.22; H, 6.32; 
N, 11.70. Found: C, 55.19; H, 6.34; N, 11.68.

1-Benzyl-l-dimethylaminomethylcyclohexane (XLVI). (A) 
From IXd.—Silver oxide, freshly prepared156 from silver nitrate 
(4.2 g., 0.0247 mole) and sodium hydroxide (1.5 g., 0.037 mole), 
was added to a slurry of IXd benzene complex (4.30 g., 0.0103 
mole) in water (30 cc.), and the mixture was stirred for 3 hr. 
The mixture was filtered, and the filtrate concentrated at 30 mm. 
and then pyrolyzed by distillation at 1 mm. Redistillation of 
the colorless distillate gave a colorless oil (1.10 g., 46%), b.p.
129-135° (2 mm.), n 28D 1.5161; Xmax m/u (log e) in 95% ethanol: 
255 infl. (2.97), 262 (3.01), 265 (3.01), 269 infl. (2.99); voh 3340 
m, vc-o 1715 m, vc-c 1592 w cm.-1 on the liquid.

Anal. Calcd. for C,6H25N (231.27): C, 83.05; H, 10.89;
N, 6.05. Found: C, 80.28; H, 10.89; N, 6.74.

As the sample was obviously impure, it was purified through 
the picrate XLVIa, described subsequently. The picrate XLVIa 
(0.77 g., 0.00167 mole) was shaken with aqueous 5% sodium 
hydroxide solution until it dissolved. The resulting yellow orange 
solution was extracted with light petroleum ether (b.p. 60-68°) 
and with ether, and the combined extracts dried and evaporated, 
leaving a colorless oil. Distillation at a bath temperature of 
180° (0.5 mm.) yielded a colorless oil (0.33 g., 86%), re28D
l.  5235; Xmax niAi (log «) in 95% ethanol: 248 infl. (2.29), 255 
(2.30), 260 (2.33), 265 (2.23), 269 (2.13); vc-c 1590 m cm. ' 1 on 
the liquid.

Anal. Found: C, 82.61; H, 10.94; N, 6.32.
(B) From IXe.—Silver oxide, freshly prepared166 from silver 

nitrate (2.1 g., 0.0123 mole) and sodium hydroxide (0.8 g., 0.020 
mole), wras added to a slurry of IXe (1.70 g., 0.00451 mole) in 
water (20 cc.), and the mixture was stirred for 1.5 hr. The 
mixture was filtered, and the filtrate concentrated*and pyrolyzed 
as described in part A, giving as the distillate an oil (0.15 g., 
14%), having an infrared spectrum identical with that of the 
crude sample isolated from IXd, as described in part A. The 
residual oil which did not distill from the reaction flask was 
treated with a saturated solution of picric acid in 95% ethanol, 
giving a picrate (0.40 g., 19%), m.p. 169-1712, having an infra
red spectrum (Nujol) identical with that of the picrate (XLVIa) 
of XLVI from IXd, described subsequently.

Picrate (XLVIa) of XLVI.—A crude sample of XLVI (0.56 g.,
O. 00242 mole), prepared from IXd, gave a picrate (1.02 g., 91%),
m. p. 168-170°. Two recrystallizations from 95% ethanol 
yielded yellow prisms, m.p. 170-172°; voh none (Nujol).
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Anal. Calcd. for C22H28N40 , (460.48): C, 57.38; H. 6.13; 
N, 12.17. Found: C, 57.37; H, 6.00; N, 12.16.

l-( l-Dimethylaminomethylcyclohexyl)-l-phenylmethanol (LVI).
—Phenyllithium (0.0159 mole) was prepared by adding a solution 
of bromobenzene (2.5 g., 0.0159 mole) in anhydrous ether (5 
cc.) to lithium metal (0.25 .g., 0.036 g.-atom) in ether (15 cc.). 
The resulting mixture was refluxed until the lithium had com
pletely dissolved (4 hr.) and then a solution of 1-dimethylamino- 
methylcyclohexaneearboxaldehyde (XXXI, 2.50 g., 0.0157 
mole) in ether (10 cc.) was added dropwise. The solution was 
stirred at room temperature for 16 hr. and then hydrolyzed with 
dilute hydrochloric acid. The ether layer was separated, 
extracted with dilute hydrochloric acid, and the acid extract 
combined with the acidic aqueous layer. The acidic layer was 
then made alkaline with sodium hydroxide and extracted with 
methylene chloride. The extract was dried, evaporated, and 
distilled, yielding a colorless, very viscous oil (2.66 g., 69%), 
b.p. 152-157° (1-2 mm.), re%> 1.5348; Xm»x m/j (log e) in 95% 
ethanol: 247 infl. (2.38), 253 (2.36), 259 (2.36), 265 ( 2.23), 268 
infl. (1.98); koh 3150 w, 3570-2370 m (very broad), vc-c 1600 w 
cm. -1 on the liquid.

Anal. Calcd. for C16H25NO (247.37): C, 77.68; H, 10.19;
N, 5.66. Found: C, 77.43; H, 9.99; N, 5.93.

Attempted Hydrogenolysis of LVI to XLVI. (A) By Reduc
tion of the Corresponding Chloride.—A solution of LVI (0.50 g.,
O. 00202 mole) and thionyl chloride (4 cc., 0.055 mole) in benzene 
(2 cc.) was kept at room temperature for 1 hr. and then refluxed 
for 1.5 hr. Benzene (10 cc.) was added and then boiled off to 
remove excess thionyl cloride. Addition of light petroleum 
ether (b.p. 60-68°) caused precipitation of an oil, which was 
separated and washed with ether. Then anhydrous ether (10 
cc.) and lithium aluminum hydride (0.20 g., 0.0053 mole) were 
added and the mixture was kept at room temperature for 24 hr. 
The excess hydride was destroyed by addition of ethanol and the 
product, assumed to be an oil, isolated as a picrate (0.26 g.). 
Itecrj'stallization from 95% ethanol yielded yellow prisms, m.p.
156-157°; von none, »nh 2700 w cm. -1 (Nujol). The elemental 
analyses show that the desired product was not obtained.

Anal. Calcd. for C22H28N407 (460.48): C, 57.38; H, 6.13;
N, 12.17. Found: C, 54.22; H, 5.73; N, 8.03.

(B) By Catalytic Hydrogenolysis. (1) With Palladium on 
Charcoal in Concentrated Hydrochloric Acid.—A solution of 
LVI (0.30 g.) in concentrated hydrochloric acid (7 cc.) was hydro
genated at 2 atm. over palladium-on-charcoal (0.1 g.) at room 
temperature for 17 hr. The solution was diluted with water, 
filtered, and washed with chloroform. The aqueous acidic layer 
was made alkaline with sodium hydroxide and extracted with 
chloroform. Drying and evaporation of the chloroform layrer 
left unchanged LVI, as shown by its infrared spectrum.

(2) With Raney Nickel.—A solution of LVI (1.00 g.) in 
absolute ethanol (150 cc.) was refluxed with Raney nickel (8.0 g.) 
for 4 hr. Removal of the catalyst and evaporation of the 
ethanol left unchanged LVI (0.80 g., 80%), having an infrared 
spectrum identical with that of the starting material.

Oxidation of IV with Peracids. (A) 9,10,14-Trihydroxy-14- 
azadispiro[5.1.5.2]pentadecane-7,15-dione (Isomer 1, IVc) and 
10(?) -Acetoxy- 9(?),14 - dihydroxy - 14- azadispiro[5.1 5.2]penta- 
decane-7,15-dione (IVd) by Oxidation of IV with Peracetic Acid. 
—A solution of IV (3.90 g., 0.0157 mole I and aqueous 30% 
hydrogen peroxide (10 cc., 0.10 mole) in glacial acetic acid (50 
cc.) was kept at 90° for 5 hr. Platinum black was then added to 
destroy excess peroxides, and the solvents were removed under 
reduced pressure, leaving a brown oil, which soon solidified to a 
glass. The glass was dissolved in ethyl acetate-chloroform, and 
the solution was concentrated and more chloroform added to the 
warm concentrate. Upon cooling of the solution, crystals formed 
(0.52 g., 12%), m.p. 220-223°. Two recrystallizations from 
ethyl acetate-chloroform, followed by two recrystallizations from 
methanol-ethyl acetate, yielded IVc as fine wdiite needles, m.p. 
220-221°; voh 3390 ms, 3060 w, 3220-2450 m (very broad), 
vc-o 1767 m, 1675 s cm. -1 (Nujol).

Anal. Calcd. for C,4H2lN05 (283.32): C, 59.35; H, 7.47; 
N, 4.94. Found: C, 59.39; H, 7.53; N, 4.90.

The mother liquor from the isolation of IVc was concentrated, 
producing crystals (0.32 g., 6%), m.p. 244-250°. Recrystalliza
tion from methanol-ethyl acetate yielded IVd as small white 
plates, m.p. 242-246° dec.; x0H 3060 ms, vc-o 1736 s, 1692 s, 1629 
m cm. -1 (Nujol).

Anal. Calcd. for C,6H2,N 06 (325.35): C, 59.06; II, 7.13; 
N, 4.31. Found: C, 58.49; H, 6.99; N,4.91.

(B) Sodium 9,10-Dihydroxy-14-azadispiro[5.1.5.2]penta- 
decane-7,15-dione-14-hydroxylate (IVf) and 9,10,14-Trihydroxy- 
14-azadispiro[5.1,5.2jpentadecane-7,15-dione (Isomer 2, IVg). 
(1) By Oxidation of IV with Peracetic Acid.—A mixture of 
IV (20.0 g., 0.0804 mole) in aqueous 30% hydrogen peroxide (45 
cc., 0.44 mole) and glacial acetic acid (150 cc.) was kept at 90° 
for 4 hr. and at room temperature for 10 hr. The resulting solu
tion was stirred with platinum black for several hours to destroy 
excess peroxides, and the solvents were evaporated. The resid
ual glass was then dissolved in methanol (200 cc.) and treated 
with hydrogen at 2 atm. over Raney nickel66 at room temperature 
for 12 hr. The catalyst was then filtered off and the filtrate 
concentrated to a volume of about 50 cc. Sodium hydroxide 
(20 g., 0.50 mole) and water (10 cc.) were added and the alkaline 
solution was refluxed for 2 hr. Dilute hydrochloric acid (3 N , 
15 cc.) was then added cautiously to the hot solution. Upon 
cooling of the solution needles formed (4.92 g., 19%), which 
decomposed above 220° without melting. Three recrystalliza
tions from 95% ethanol yielded IVf as fine white needles, which 
decomposed above 215° without melting; voh 3370 s, 2620 m 
(very broad), vc-o 1748 m, 1639 s cm. -1 (Nujol).

Anal. Calcd. for C,4H2c,N05N a H 20  (323.32): C (after
allowing for 0.5 C atom in the residue as Na2COs), 50.14; H, 
6 .86; N, 4.33. Found: C, 50.48; H, 6.83; N, 4.24.

The mother liquor from the isolation of IVf was acidified with 
hydrochloric acid and extracted with chloroform. The extract 
was dried, concentrated, and diluted with light petroleum ether 
(b.p. 60-68°), causing precipitation of a solid (3.02 g., 13%), 
m.p. 215-220°. Extraction of the solid with hot 1:2 chloro
form-light petroleum ether (b.p. 60-68°) left undissolved a white 
solid (2.10 g., 9%), m.p. 230-235°. Two recrystallizations from 
methanol-ethyl acetate yielded IVg as a granular -white solid, 
m.p. 235-237°; voh 3280 ms, 3130 w, vc-o 1757 m, 1672 s cm. -1 
(Nujol).

Anal. Calcd. for C,4H21N06 (283.32): C, 59.35; H, 7.47; 
N, 4.94. Found: C, 59.19; H, 7.23; N, 4.76.

(2) By Oxidation of IV with Performic Acid.—A mixture of 
IV (8.30 g., 0.0333 mole) in aqueous 30% hydrogen peroxide 
(20 cc., 0.20 mole) and aqueous 90% formic acid (80 cc.) was 
stirred at room temperatre for 2 hr. Then more 30% hydrogen 
peroxide (20 cc., 0.20 mole) and 90% formic acid (80 cc.) were 
added, and stirring at room temperature was continued for 6 hr. 
more, during which time the mixture became homogeneous. A 
catalytic amount of platinum black was then added and the 
mixture was stirred at room temperature for 12 hr. to destroy 
excess peroxides. The mixture was filtered, and the filtrate was 
concentrated under reduced pressure in a rotary evaporator, 
giving a brown oil. Aqueous 10% sodium hydroxide solution 
was added to the oil, and the resulting mixture of brotvn solution 
and solid precipitate was kept at 90° for 1.5 hr. The mixture 
was then filtered, and the tan solid was washed -with a small 
amount of cold water. The solid (3.27 g., 0.0101 mole, 30%) 
was shown to be IVf by comparison of its infrared spectrum (Nu
jol) with that of IVf from the oxidation of IV with peracetic acid, 
described in part 1.

Acidification of the combined alkaline filtrate and water wash 
with concentrated hydrochloric acid gave IVg (2.17 g„ 23%), 
m.p. 227-239°, identified by comparison of its infrared spectrum 
(Nujol) with that of IVg from the oxidation of IV with peracetic 
acid, described in part 1. Recrystallization from methanol-ethyl 
acetate gave a sample, m.p. 241-244°.

(C) 9,10,14-T rihydroxy-14-azadispiro [ 5.1.5.2) pentadecane-
7.15- dione (Isomer 3, IVh), from Acidification of IVf.—Compound 
IVf (0.20 g., 0.00062 mole) was stirred with hydrochloric acid 
(2.4 N , 5 cc.) for 5 min. The mixture was filtered, giving a white 
powder (0.14 g., 80%), m.p. 235-238° sublimes. Two crystal
lizations from methanol-ethyl acetate yielded IVh as glistening 
white needles, m.p. 240-243° sublimes; voh 3230 ms, 3110 ms, 
vc-o 1760 m, 1672,s cm. -1 (Nujol). The infrared spectrum 
(Nujol) was different from those of IVc and IVg.

Anal. Calcd. for C14H2,N06 (283.32): C, 59.35; H, 7.47; 
N, 4.94. Found: C, 59.40; H, 7.41; N, 4.89.

10( ? )-Acetoxy-9( ? )-hydroxy-14-azadispiro [ 5.1.5.2 ] pentadecane-
7.15- dione (IVe).—Compound IVd (0.90 g., 0.00277 mole) dis
solved in 95% ethanol (100 cc.) was hydrogenated over Raney 
nickel at 2 atm. and room temperature for 8 hr. The mixture 65

(65) A p p a re n tly  in  th is  case th e  c a ta ly s t  w as d e a c tiv a te d  by  reac tio n  
p ro d u c ts ; see th e  p re p a ra tio n  of IV j an d  I Vi for th e  successfu l h y d ro g en o ly 
s is  of IV f and  IVg.
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was then heated, the catalyst filtered off, and the filtrate concen
trated and diluted with hot water. Upon cooling, glistening 
white needles separated (0.60 g., 70%), m.p. 261-264°. Re
crystallization from ethanol-water yielded white needles (0.25 
g., 20%), m.p. 268-270°; r0H 3440 ms, rNH 3150 m, 3060 m, 
vc-o 1751 ms, 1689 s cm. -1 (Nujol).

Anal. Calcd. for C^H^NO» (309.35): C, 62.12; H, 7.49; 
N, 4.53. Found: C, 62.36; 11,7.69; N, 4.54.

9.10- Dihydroxy-14-azadispiro 15.1.5.2] pentadecane-7,15-dione 
(Isomer 2 , IVi).—Compound IVg (1.38 g.,0.00487 mole) dissolved 
in 95% ethanol (120 cc.) was hydrogenated over Raney nickel at 
2 atm. and room temperature for 24 hr. The catalyst was fil
tered off and the filtrate evaporated to dryness. Crystallization 
of the residue from methanol-ethyl acetate gave crystals (0.95 
g., 73%), m.p. 289-292°. Recrystallization from methanol- 
ethyl acetate yielded fine white needles, m.p. 290-292°; voa 
3340 m, j>nh 3130 m, 3040 w, rc-o 1751m, 1650 s cm. -1 (Nujol).

Anal. Calcd. for C,4H21N 04 (267.32): C, 62.90; H, 7.92; 
N, 5.24. Found: C, 62.64; H, 8.00; N, 5.25.

9.10- Dihydroxy-14-azadispiro [5.1.5.2] pentadecane-7,15-dione 
(Isomer 3, IVj).—Compound IVf (2.0 g., 0.0062 mole) was con
verted to IVh by stirring with aqueous 10% hydrochloric acid 
(50 cc.) for 10 min. The white solid (IVh) was then filtered off, 
dissolved in ethanol (50 cc.), and hydrogenated over Raney' nickel 
at 2 atm. and room temperature for 24 hr. The catalyst was 
filtered off and the filtrate evaporated to dryness. Crystalliza
tion from ethanol-ethyl acetate-light petroleum ether (b.p. 
60-68°) gave a white solid (1.13 g. 68%), m.p. 178-180°. Two 
recrystallizations from ethyl acetate-light petroleum ether yielded 
a granular white solid, m.p. 178-180°; foh 3310 m, vc-o 1748 
mw, 1681 s cm. -1 (Nujol).

Anal. Calcd. for C„H21N 04 (267.32): C, 62.90; H, 7.92; 
N, 5.24. Found: C, 63.19; H, 8.18; N, 4.83.

Cyclohexanehydroxamic Acid (LXXIX).—The product, pre
pared in 38% yield from cyclohexanecarbonyl chloride66 according 
to a procedure for benzohydroxamic acid,67 was crystallized 
twice from chloroform, giving matted white needles, m.p. 136- 
137°; lit.68 65%, lit.68 m.p. 132°, lit.69 132-133°: rNH,oh 3160 s, 
3010 m, >>c-o 1658 s, v, 1538 m cm. -1 (Nujol).

Anal. Calcd. for C,H13N02 (143.18): C, 58.72; H, 9.15;
N, 9.78. Found: C, 58.53; H, 9.06; N, 9.92.

Methylation of LXXIX: Preparation of N-Methoxycyclo-
hexanecarboxamide LXXX i.—A solution of cyclohexanehydrox
amic acid (1.4 g., 0.0098 mole), potassium hydroxide (0.6 g.,
O. 011 mole), and methyl iodide (2.0 g., 0.0141 mole) in methanol 
(10 cc.) was refluxed for 2 hr. The solution was then evaporated 
to dryness in a rotary evaporator. The residue was extracted 
with light petroleum ether (b.p. 60-68°), and the extract filtered, 
concentrated, and cooled, causing precipitation of feathery 
needles (0.23 g., 15%), m.p. 73-75°. Two recrystallizations 
from light petroleum ether yielded feathery white needles, m.p.
77-79°; fnh 3170 s, rc-o 1650 s, v, 1513 m cm.~' (Nujol)

Anal. Calcd. for C8H15N 02 (157.21): C, 61.12; H, 9.62; 
N, 8.91. Found: C, 60.87; H, 9.53; N, 9.07.
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T he P reparation  and Stereospecific R earran gem en t o f Spiro[bicyclo[2.2.1]hept- 
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The addition of dimethylsulfoxonium methylide in dimethyl sulfoxide to bicyclo[2.2.1]hepU2-en-7-one occurs 
in a stereospecific manner to yield spiro[bicyclo[2.2.1]hept-2-en-an/?-7,2'-oxacyclopropane]. This epoxide is 
rearranged stereospecifically with retention of configuration at the migration terminus by the action of heat and/ 
or Lewis acids to yield bicyclo[2.2.1]hept-2-ene-si/ra-7-carboxaldehyde. The structures of the epoxide and alde
hyde are established by chemical and physical means. A mechanism for the rearrangement, is suggested which 
incorporates a nonclassical intermediate.

Norton2 reports that bicyclo [2.2.1 ]hept-2-en-7-one 
(2) reacts with the nitrogen-containing nucleophiles, 
hydroxylamine, semicarbazide, and 2,4-dinitrophenyl- 
hydrazine with exceptional ease. Therefore, when 
searching for a suitable starting material for the prepa
ration of some 7-functionally substituted bicyclo [2.2.1 ]- 
hept-2-enes, we decided to examine the reactions 
of this ketone with some nucleophiles in which the 
attacking atom would be carbon rather than nitrogen. 
One of the more interesting nucleophiles, whose re
activity toward ketones has recently been demon
strated, is dimethylsulfoxonium methylide.3 We re
port here the results of our investigation into the re

(1) (a) P o r tio n s  of th is  w ork  h av e  b ee n  p re se n te d  a t  th e  14 th  S o u th 
e a s te rn  R eg io n a l M e e tin g  of th e  A m erican  C hem ica l S ocie ty , G a tl in b u rg , 
T e n n ., N o v em b e r, 1962, a n d  a t  th e  144 th  N a tio n a l M ee tin g  of th e  A m erican  
C hem ica l S oc ie ty , Los A ngeles, C a lif ., A p ril, 1963 (A b s tra c ts  of m ee tin g , p. 
25 M ); (b) S ince th e re  a re  p re s e n tly  no ac ce p te d  co n v e n tio n s  for d e s ig n a tin g  
th e  s te re o c h e m is try  of 7 - s u b s t itu te d  b ic y c lo h ep ten es  we w ill a rb i tr a r i ly  refer 
to  th o se  in  w hich  th e  fu n c tio n a l g ro u p  of th e  7 - s u b s t i tu e n t  a n d  th e  b icyclo - 
h ep ten e  d o u b le  b o n d  a re  on th e  sam e s id e  of th e  p la n e  defined  b y  th e  1, 4, 
a n d  7 c a rb o n s  a s  s y n ,  th o se  in w hich  th e y  a re  on o p p o s ite  s id es  as  a n t i .

(2) C . J . N o rto n , P h .D . th e s is , H a rv a rd  U n iv e rs ity , 1955, pp . 103, 126 ff.

action of dimethylsulfoxonium methylide in dimethyl 
sulfoxide with bicyclo[2.2.1 ]hept-2-en-7-one (2).

Results
Bicyclo [2.2.1 ]hept-2-en-7-one (2) was first prepared 

and characterized by Norton.2 The final step in his 
synthetic scheme involved the oxidation of bicyclo- 
[2.2.1 ]hept-2-en-7-ol (of unspecified configuration but 
probably anti) with chromic acid in acetone.4 The 
ketone, obtained in 38% yield, was identified by its 
infrared and ultraviolet spectra, its facile reaction with 
hydroxylamine, 2.4-dinitrophenylhydrazine, and semi
carbazide, and by its reduction with lithium aluminum 
hydride back to bicyclo [2.2.1 ]hept-2-en-7-ol. As the 
starting point for our synthesis we used bicyclo [2.2.1 ]- 
hept-2-en-anb-7-ol (1), prepared in 21% over-all 
yield from bicyclo [2.2.1 Jheptadiene by the procedure

(3) E . J . C o rey  a n d  M . C h ay k o v sk y , J .  A m .  C h e m .  S o c . ,  84, 867, 868, 
3782 (1962).

(4) P . B la d o n , J . M . F a b ia n , H . B. H e n b e s t,  H . P. K och , a n d  W . G. 
W ood, J .  C h e m .  S o c . ,  2407 (1951).
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of Story.5 6 Our attempts to oxidize this alcohol with 
chromium trioxide in pyridine,6 and with aluminum 
i-butoxide in an acetone-benzene mixture,7 8 led pri
marily to the recovery of unchanged starting material. 
When the oxidation was carried out with chromic acid 
in an acetone-water-sulfuric acid mixture according 
to the procedure of Jones, et al.,s a very complex mix
ture was obtained. By carrying out the oxidation 
with aluminum ¿-butoxide in benzene, using quinone 
as a hydrogen acceptor'].9 we were able to prepare 
bicyclo[2.2.1]hept-2-en-7-one (2) from bicyclo [2.2.1 ]- 
hept-2-en-anb'-7-ol (1) in 7.^% yield.

The infrared spectrum of our material and the melt
ing point and ultraviolet spectrum of its 2,4-dinitro- 
phenylhydrazone, were all identical to those reported 
by Norton.2 The ultraviolet spectrum of the pure ke
tone was not. Norton reports that his material showed 
a strong absorption in the short wave-length region 
of the spectrum, 233 m#x (« 1300), as well as the
more normal absorption at a longer wave length, 
Xmax°tane 275 mu (t 33). Norton attributed this unusual 
short wave-length absorption to “a very unique trans- 
annular interaction between the nonconjugated double 
bond and the carbonyl group.” 10 This ultraviolet 
absorption has been widely quoted11 12; the short wave
length band has been suggested to arise from the charge 
transfer w—*tt* transition,1112 and has been the object 
of considerable theoretical speculation. Consequently, 
we were disturbed when the ultraviolet spectrum of our 
ketone in 95% ethanol exhibited no detectable maxi
mum at 233 m/j or thereabouts, but rose gradually to 
« 2700 at 200 m/x. At 233 m/x the molar extinction co
efficient was approximately 250. The absorption of 
our material at longer wave length was quite similar to 
that of Norton’s, be., Xmax11 272 m/x (e 38.9). The fact 
that the gas chromatographic analysis of our material 
showed it to be pure led us to conclude that we had in
deed prepared bicyclo [2.2.1 ]hept-2-en-7-one.13 We 
have no explanation for the short wave-length absorp
tion observed by Norton.14

When a solution containing a stoichiometric amount 
of dimethylsulfoxonium methylide in dimethyl sulf
oxide3 was allowed to react with bicyclo [2.2.1 [hept-2- 
en-7-one (2), a gas chromatographic analysis of the 
products on a silicone oil 200 column at 110° showed the 
presence of two compounds, 3 and 4. On this column 
the retention time of 3 was 0.82 times that of 4; its

(5) P. S tory, J .  O r g .  C h e m . ,  26, 289 (1961).
(6) G. I. Poos, G. E. A rth, R. E. Beyler, and L. H. S arett, J .  A m .  C h e m .  

S o c . ,  76, 422 (1953).
(7) R. V. O ppenauer, "O rganic Syntheses," Coll. Vol. I l l ,  John  Wiley 

and Sons, Inc., New York, N. Y., 1955, p. 207.
(8) K. Bowden, I. M. H eilbron, E. R. H. Jones, and  B. C. L. Weedon, 

J .  C h e m .  S o c . ,  39 (1946).
(9) R. B. W oodward and T . J. K atz, T e t r a h e d r o n ,  6, 70 (1959).
(10) Ref. 2, p. 126.
(11) E . q . ,  S. W instein, L. DeVries, and R. Orloski, J .  A m .  C h e m .  S o c . ,  

83. 2020 (1961), and references cited  therein.
(12) (a) M. S im onetta  and S. W instein, ibid., 76, 18 (1954); (b) H.

L abhart and  G. W agni^re, H e l v .  C h i m .  A c t a ,  42, 2219 (1959); R. C. Cook-
son and J. H udec, J .  C h e m .  S o c . ,  429 (1962).

peak area relative to 4 was 0.053, although this ratio 
could be changed from 1.2 to 0 by varying the condi
tions of analysis, be., column, column and preheater 
temperature, flow rate.

Both of these compounds were neutral and each had 
the empirical formula, UJhoO. The infrared spectrum 
of 3 confirmed the presence of a double bond (6.17 n) 
and a vinyl hydrogen (3.26, 14.25 /x), and the absence 
of a hydroxyl or carbonyl function. Hence the oxygen 
must be present as an epoxide or as an ether. The 
presence of absorptions at 3.19, 7.19, 10.95, and 11.84 /x, 
which could be attributed to a terminal epoxide,15 
and the strong C-0 stretching vibrations at 10.18 
and 10.57 /x confirm this. Compound 4 showed strong 
absorptions at 3.26 and 14.35 (vinyl hydrogen), 3.70 
(aldehydic hydrogen), 5.81 (carbonyl), and 6.12 /x 
(double bond). This evidence, taken collectively, 
indicates that compound 3 is a spiro [bicyclo [2.2.1]- 
hept-2-ene-7,2'-oxacyclopropane],16 and that com
pound 4 is a bicyclo [2.2.1 ]hept-2-ene-7-carboxaldehyde.

0
II

H CHo —c h 2
0
II

(CH3)2S=CH2
+ Zb

3 4

These structures were established chemically in the 
following manner. The reduction of 3 with lithium 
aluminum hydride affords a single unsaturated alcohol, 
C8H12Q (5), which is identical to the single alcohol 
produced by the reaction of 2 with methylmagnesium 
iodide followed by hydrolysis. Compound 4 is oxi
dized by silver oxide to a bieyclic unsaturated carbox-

(13) The n.m .r. spectrum  of this m aterial seems com patib le w ith this 
struc tu re , e . g . ,  two vinyl protons sp lit into a trip le t (3.50 r, J  = 2.3 c.p.s.) 
by a t  least two o ther hydrogens, two bridgehead protons sp lit in to  a q u in te t 
(7.25 r) by a t least three o ther hydrogens, and four m ethylene hydrogens 
which appear as a complex absorption (7.8-9.1 r). W hile the  vinyl hydro
gen resonance of th is  ketone appears a t a  lower field th an  do those of the 
o ther 7 -substitu ted  bicyclo [2.2.1 ]hept-2-enes which we have exam ined, it is 
reported  th a t the vinyl hydrogen resonances of bo th  anii-7-chloro- and s y n -

7-brom obicyclo[2.2.1 ]hept-2-ene occur a t an even lower field, i . e . ,  3.15 r 
[L. K aplan, H. K w art, and P. von R. Schleyer, ,/. A m .  C h e m .  S o c . ,  82, 
2341 (I960)]. I t  is known th a t  both the chemical sh ifts and the coupling 
constan ts  of hydrogens in bicyclic com pounds are qu ite  sensitive to changes 
in their steric an d /o r  electronic environm ent [O. L. C hapm an, i b i d . ,  86, 
2014 (1963)]. The fact th a t  the vinyl hydrogens in bicyclo[2.2.1 ]hept-2-en- 
7-one appear as a  trip le t which shows evidence of fu rther sp litting  is quite 
characteristic  of sym m etric 7 -substitu ted  bicyclo [2.2.1 ]heptenes (see 
Experim ental).

(14) (a) J . J. H u rs t and G. H. W hitham , J .  C h e m .  S o c . ,  710 (1963), re
po rt th a t l,5 ,5-trim ethylbicyclo[2.2.1]hept-2-en-7-one shows an n—*-?r* 
absorption , 270 m/x (< 58), b u t only an  ill-defined absorp tion  a t  short
wave lengths rising to e  3000 a t  c a .  200 m*x. These au tho rs repo rt a  private  
com m unication from R. Orloski whose reexam ination of the spectrum  of 
bicyclo [2.2.1 ]hept-2-en-7-one shows i t  to 'b e  sim ilar to th a t  of 1,5,5-tri- 
m ethylb icyclo[2.2.1 ]hept-2-en-7-one; (b) K. V. Scherer, J r., A bstracts  of the 
144th N ational M eeting of the American Chem ical Society, Los Angeles, 
April, 1963, p. 61M , reports th a t the u ltrav io le t spectrum  of A5-dihydro- 
dicyclopentadien-8-one, run  in isooctane, exhib its shoulders a t  203.0 (2900) 
and 215 m y  (e 800), and shows a maxim um  a t  269 m/z ( e  30.6); ( c ) P .G .  
G assm an and P. G. Pape, T e t r a h e d r o n  L e t t e r s ,  No. 1, 9 (1963), have recently 
reported an  u ltrav io le t spectrum  for bicyclo[2.2.1 ]hept-2-en-7-one sim ilar 
to th a t  which we found.

(15) (a) K. N akanishi, "In fra red  A bsorption Spectroscopy,” Holden-D ay, 
Inc., San Francisco, Calif., 1963, pp. 36, 155; (b) S. B. Soloway and S. J. 
C ristol, J . O r g .  C h e m . ,  26, 327 (1960); (c) G. M. Barrow and S. Searles, 
J .  A m .  C h e m .  S o c . ,  76, 1175 (1953).

(16) When bicyclo[2.2.1 ]hept-2-en-7-one is allowed to  react in the  pres
ence of excess dim ethylsulfoxonium  m ethylide, a  com pound which we be
lieve to be sp iro[bicyclo[2.2.1 ]hept-2-en-ani?-7,2,/-oxacyclobutane] is formed 
in good yield. We shall discuss this reaction in a separate  com m unication 
since i t  does n o t bear d irectly  on this work.
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HO

LiAlHi 1, CH3M8I

2, HjO

ylic acid, C8H10O2 (6), and is reduced by lithium alumi
num hydride to a single unsaturated alcohol, C8Hi20 
(7), which is different from 5, but which is identical to

bicyclo[2.2.1 ]heptan-7-ol (9), prepared by catalytic 
reduction of 5, occurs at 3618 cm.-1. The fact that 
the oxygen-hydrogen stretching vibration of both the 
saturated and the unsaturated alcohol occurs at 
approximately the same frequency is indicative that 
the hydroxyl group of 5 must be on the opposite side of 
the bridge from the double bond.20 This conclusion 
is substantiated by the spectra of the related bicyclic 
alcohols 10-12.19 Thus the unsaturated tertiary alco-

The fact that the normal product from the reaction 
of dimethylsulfoxonium methylide with a non-a,/3- 
unsaturated ketone is an epoxide,3 and that the com
position of the reaction mixture obtained from this 
reagent and bicyclo [2.2.1 ]hept-2-en-7-one was depend
ent upon the conditions of analysis, led us to suspect 
that the aldehyde was being formed from the epoxide 
by rearrangement during gas chromatography.

In order to test this idea, we reduced a portion of the 
reaction mixture with lithium aluminum hydride. A 
gas chromatographic analysis of this reaction product 
showed the presence of only the tertiary alcohol 5. 
No primary alcohol 7 was formed in this reduction; 
therefore, the reaction mixture prior to reduction could 
have contained no aldehyde 4. When the same re
action mixture was treated with boron trifiuoride 
etherate or with aluminum trichloride, it was possible 
to isolate small quantities of aldehyde, though the 
principal product(s) was apparently polymeric in 
nature. The epoxide can be smoothly rearranged to 
the aldehyde by chromatography on Merck acid- 
washed alumina.

Having thus established that the epoxide 3 could be 
rearranged by heat and/or Lewis acids to a single 
aldehyde 4, we decided to investigate the stereo
chemistry of this reaction. In order to observe this 
stereochemistry, it was necessary only to establish 
the configuration of the epoxide 3 and of the aldehyde
4. This was done in the following manner.

A high-dilution infrared spectrum of the tertiary 
alcohol 5,19 shows that the principal oxygen-hydrogen 
stretching frequency occurs at 3622 cm.-1. The 
oxygen-hydrogen stretching frequency of 7-methyl-

(\7 ) E. L. Eliel and D. W. D elm onte, J .  A m .  C h e m .  S o c . ,  80, 1744 (1958).
(18) (a) H. K w art and L. K aplan , i b i d . ,  76, 4072 (1954); (b) L. K aplan, 

Ph.D . thesis, U niversity  of D elaware, 1953.
(19) This spectrum  was determ ined on a Perkin-E lm er Model 421 grating  

infrared spectrophotom eter by D r. L. P. K uhn of the Ballistics Research 
Laboratory, Aberdeen Proving G round, M d.

prepare 5a from the epoxide 3 could not have affected 
the stereochemistry at the C-7 position, it follows that 
both the epoxide and the alcohol have the same con
figuration. The epoxide 3 is thus spiro[bicyclo[2.2.1[- 
hept-2-en-anb-7,2'-oxacyclopropane] (3a).

The bicyclo[2.2.1 ]hept-2-ene-7-carboxylic acid (6), 
m.p. 94-100°, prepared by oxidation of the aldehyde 4 
is identical to one of the carboxylic acids, m.p. 91-96°, 
prepared from syn-7-1 )romobicyclo [2.2.1 ]hept-2-ene (13) 
and assigned the syn configuration 6b by Sauers.21

H . XOOH

The 2,4-dinitrophenylhydrazone of aldehyde 4 melts 
broadly at 126-134°, but well below the 150-151° 
reported by Wilt and Levin for the 2,4-dinitrophenyl
hydrazone of bicyclo [2.2.1 ]hept-2-ene-anb-7-carboxal- 
dehyde (4a) prepared from 6 a via the acid chloride 14.22

0 O

6a

These results indicate that the configuration of our 
aldehyde is syn, be., 4b. However, the stereochemical 
assignments of Sauers, and hence of Wilt and Levin, 
are not based upon chemical evidence but upon the 
melting points of the bicyclo [2.2.1 ]hept-2-ene-7-car- 
boxylic acids (6a,b) and upon the relative retention

(20) Ref. 15a, p. 31, ref. 1-7.
(21) R. R. Sauers, C h e m .  I n d .  (London), 176 (1960).
(22) J. W. W ilt and A. A. Levin, J . O r g .  C h e m . ,  27, 2319 (1962).



3168 B ly a n d  B ly V o l . 28

times of their two methyl esters 15a,b when gas chroma
tographed upon diethylene glycol and diethylene 
glycol-silver nitrate columns. Although we had no 
reason to doubt their conclusions, we desired a more 
direct indication of the stereochemistry of our bicyclo- 
[2.2.1 ]hept-2-ene-7-carboxaldehyde. Since both iodo- 
lactonization, using an aqueous solution of iodine, 
potassium iodide, and sodium bicarbonate, and lactoni- 
zation in the presence of a strong acid, have been re
ported to cause rearrangements with bicyclo [2.2.1 ]- 
heptenec.arboxylic acids,23 24 we decided to turn our at
tention to the primary alcohol 7 produced from the 
aldehyde 4 by chemical reduction. When this alcohol 
is treated with mercuric acetate in methanol,25 condi
tions which do not cause isomerization of the alcohol, 
the mercuric ion rapidly disappears, and treatment of 
the reaction mixture with aqueous sodium chloride 
causes the precipitation of a white solid, m.p. 176-180°, 
which we believe to be the chloromercuri tricyclic 
ether (16) of undetermined configuration.

The bicyclo [2.2.1 ]hept-2-ene-7-methanol prepared 
by the lithium aluminum hydride reduction of the lower 
melting of Sauers’ acids 6a, and thus presumably of 
anti configuration, reacts, but does not form a tricyclic 
ether under these conditions. In addition, each of 
Sauers’ two acids, i.e., 6a,b, was converted via its 
methyl ester 15a,b to the corresponding tertiary alcohol 
17a,b, respectively. The high-dilution infrared spec
trum of the tertiary alcohol 17b shows a strong intra
molecular hydrogen bond (3577 cm.-1) and a weak 
nonbonded hydroxyl absorption (3617 cm.-1), while 
the alcohol 17a, derived from the lower melting of 
Sauers’ acids, 6a, shows only a broad nonbonded hy
droxyl absorption at 3618-3629 cm.-1.19

6 a  15a 17a

product of spiro [bicyclo[2.2.1 ]hept-2-en-anii-7,2'-oxa- 
cyclopropane] (3a) is bicyclo [2.2.1 ]hept-2-ene-7-syn- 
carboxaldehvde (4b), and that this rearrangement has 
occurred with retention of configuration at the bridge 
carbon, C-7.

0
II

3a 4b

Discussion

Heat or catalysis by a Lewis acid can cause an epoxide 
to rearrange to an aldehyde or ketone.26 The course of 
the reaction is determined by the direction of ring open
ing and by the relative migratory aptitudes of the sub
stituents. Electron releasing groups can enhance the 
rate of the reaction and promote cleavage of an adja
cent carbon-oxygen bond by stabilizing the incipient 
positive charge in the transition state of the rate de
termining step. These electronic effects can be ac
commodated by a concerted, unimolecular process 
(path A) for which bond-breaking is more important 
in the transition state than is bond-making.26b By 
analogy with other 1,2-nucleophilic rearrangements,

+ -

v /0:BF3
/ /

C----C Path A
/ 2 w

epoxide-to-carbonyl conversions should normally follow 
this concerted path, and should undergo inversion at the 
migration terminus (C-2) in the process.26-27 The boron 
trifluoride-catalyzed isomerizationsof 5a,6a-epoxychole- 
stane to coprostan-6-one, ofyfijS-epoxycoprostane to 
cholestan-6-one, 4a,5a-epoxycholestane to coprostan-4- 
one, and 4/3,5/3-coprostane to cholestan-4-one provide 
well defined examples of this type of reaction.28 Other 
examples are known.29 Clearly the rearrangement of 
spiro [bicyclo [2.2. ljhept - 2 - en - anti - 1,2' - oxacyclo- 
propane] (3a) with retention of configuration at the 
migration terminus to bicyclo [2.2.1 [hept-2-ene-syn-
7-carboxaldehyde (4b) cannot follow such a concerted 
path.

+ 0:
-v  / \ \

1C — C'

We believe that these data confirm both chemically 
and physically the stereochemistry of the two bicyclo-
[2.2.1]hept-2-ene-7-carboxylic acids (6a,b) the esters 
15a,b, the tertiary alcohols 17a,b, the primary alcohols 
7a,b, and the aldehydes 4a,b. It is now clear that the
aldehyde which we have observed as a rearrangement

(23) J. A. Berson and A. Rem anick, J .  A m .  C h e m .  S o c . ,  83, 4947 (1961).
(24) S. B eckm ann and H. Geiger, C h e m .  B e r . ,  94, 48 (1961).
(25) H. B. H enbest and J . B. Nicholls, J .  C h e m .  S o c . ,  221 (1959).

(26) These rearrangem ents have been reviewed by (a) S. W instein and 
R. B. H enderson, “ H eterocyclic C om pounds,” R. C. Elderfield, E d ., Vol.
I, John  Wiley and  Sons, Inc ., New York, N. Y ., 1950, pp. 47-54; and by 
(b) R. E. P arker and N. S. Isaacs, C h e m .  R e v . ,  59, 737 (1959)..

(27) (a) C. K. Ingold, “ S tructure, and  M echanism  in Organic Chem 
is try ,” Cornell U niversity  Press, Ithaca. N. Y ., 1953, pp. 478, 511; (b) 
P. D. B artle tt, “ Organic Chem istry, An Advanced T rea tise ,” H. G ilm an, 
Ed., Vol. I l l ,  John Wiley and Sons, Inc., New York, N. Y., 1953, pp. 59ff.

(28) (a) H. B. H enbest and T. F. W rigley, J . C h e m .  S o c . ,  4596 (1957); (b) 
C. W. Shoppee, M. E. H. Howden, R. W. Killick, and G. H. R . Sum m ers, 
i b i d . ,  630 (1959).

(29) (a) P. Bladon, H. B. Henbest, E. R . H. Jones, B. J. Lovell, G. W. 
Wood, G. F. Woods, J. Elks, R. M. Evans, D. E. H athw ay, J. F. Oughton, 
and G. H. Thom as, i b i d . ,  2921 (1953); (b) J. Elks, R . M. Evans, C. H. 
Robinson, G. H. Thom as, and L. J. W yman, i b i d . ,  2933 (1953) ; (c) E. J. Corey 
and J. J. U rsprung, J .  A m .  C h e m .  S o c . ,  78, 183 (1956); (d) H. B. H enbest 
and T . F. W rigley, J .  C h e m .  S o c . ,  4765 (1957); (e) R. C. Cookson and J. 
Hudec, P r o c .  C h e m .  S o c . ,  24 (1957); (f) H. Linde and K. M eyer, E x p e r i e n t i a ,  

15, 238 (1958); H e l v .  C h i m .  A c t a .  42, 807 (1959); (g) A. Lardon, H. P. 
Sigg, and T. Reichstein, i b i d . ,  42, 1457 (1959); (h) D. N. K irk and V. Petrow ,
J .  C h e m .  S o c . ,  4657 (1960); (i) M. Shiota, T. Ogihara, and Y. W atanake. 
B u l l .  C h e m .  S o c . ,  J a p a n ,  34, 40 (1961).
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Conceptually, an epoxide-carbonyl rearrangement 
could follow a nonconcerted path B whose slow first 
step would be analogous to that of an acid-catalyzed 
epoxide cleavage,26b and whose fast second step would 
resemble that of a nonconcerted pinacol rearrange
ment30 or of a semipinacolic deamination.31

b f 3
t ô : \ +

^Q:BF3

JC — CV ------ -
r 2 ’ S '

X + ® :ÈF3
+ _ 
0:BF3

Path B

V  fast \ / /
c-— CL — - —  C

/ ^ V
• 2

/ ‘\

The presence in the molecule of groups which could 
strongly stabilize the developing positive charge at the 
migration terminus, C-2, should favor reaction by path 
B relative to the concerted route (path A).26b We 
believe that the 7r-electrons of the double bond in 
spiro [bicyclo [2.2.1 jhept - 2-en - anti - 7,2' - oxacyclopro- 
pane] (3a) exert such an effect, and cause the rear-

rangement of this epoxide to follow the nonconcerted 
path C. Thus the first and probable rate-determining 
step would consist of the heterolysis of the C-7 oxygen 
bond, assisted by the coordinated Lewis acid and by a 
backside “push” from the ir-electrons, to form the inter
mediate ion 19a. The C-7-C-8 bond of this inter
mediate could then rotate with a minimum of steric 
interference to a conformation 19b that would allow 
the migrating nucleophile (hydride) to attack the de
localized carbonium ion from the preferred anti side.32 
The resulting aldehyde 4b would then have the same 
configuration at C-7 as the starting epoxide 3a.

We believe that this represents the first clear case of 
an epoxide-carbonyl rearrangement which occurs with 
complete retention of configuration at the migration 
terminus.33

It seems probable that the highly stereospecific 
nature of this rearrangement together with the almost 
total absence of a conformational effect in the inter
mediates (19) will combine to make this system ideal 
for the study of relative migratory aptitudes. We 
plan to extend this work to some related nucleophilic 
rearrangements and to some other bicyclic ketones.

It is interesting to note that bicyclo [2.2.1 [hept-2-en-
7-one (2) reacts with methylmagnesium iodide and with 
dimethylsulfoxonium methyl ide (possibly also with 
diazomethane13) in a stereospecific manner. In each 
case the product formed, anff-alcohol 5a or anti- 
epoxide 3a, respectively, is the result of a nucleophilic 
addition to the carbonyl from the side of the double 
bond. We do not know whether this observed stereo
specificity is due to steric or to electronic effects, but 
we suspect that both may be important. Attack from 
the side of the double bond is probably less sterically 
hindered than is attack from the side of the exo hydro
gens. Since the nucleophiles which we have studied 
possess no net charge prior to reaction, coulombic 
repulsion by the 7r-electrons of the double bond is 
probably not an important factor. The dipolar inter
mediate 20 which results from the attack of a neutral 
nucleophile, :N, on the ketone 2 from the side of the 
double bond, is probably more stable than that which 
would result from attack on the opposite side of the 
molecule. Not only is the negative charge on the 
oxygen farther removed from the region of high 7 1 -  
electron density, but the positive charge which is 
developed on the nucleophile can be partially deloca-

lized by these 7r-electrons. We expect to be in a better 
position to evaluate the relative importance of these 
effects when we have examined the reaction with a 
greater variety of nucleophiles.

Experimental34

Bicyclo[2.2.1]hept-2-en-7-one (2).35—Ten grams of aluminum 
f-butoxide (Aceto Chemical Co.) was added to a solution of 
10 g. of bicyclo[2.2.1]hept-2-en-aratf-7-ol (l)6 and 16 g. of p- 
benzoquinone in 300 ml. of dry benzene. The mixture was 
heated at reflux and an additional 10-g. portion of aluminum t -  

butoxide was added in small increments over a 24-hr. period 
Heating was continued for an additional 50 hr. The reaction 
mixture was cooled and 200 ml. of 3 N hydrochloric acid was 
added. After filtration of the reaction mixture through a Celite

(30) E. S. Gould, “ M echanism  and  S tru c tu re  in Organic C hem istry ,’’ 
H enry  Holt and Co., New York, N. Y., 1959, p. 602.

(31) (a) Ref. 30, pp. 60211; (b) B. M. Benjam in, H. S. Schaeffer, and C. 
J. Collins, J ■ A m .  C h e m .  S o c . .  79, 6160 (1957).

(32) (a) S. W instein, M. Shatavsky, C. N orton, R. B. W oodward, i b i d . .  

77, 4183 (1955); (b) S. W instein and M. Shatavsky, i b i d . ,  78, 592 (1956); 
(c) S. W instein and A. T. Stafford, i b i d . ,  79, 505 (1957); (d) S. W instein 
and C. O rdonneau, i b i d . ,  82, 2084 (1960).

(33) There are some exam ples of acid-catalyzed oxide cleavages which 
occur with re tention of configuration a t  the m igration  term inus (see ref. 
26b, pp. 756ff). In  each case this re tention  can be a ttr ib u te d  to restric ted  
ro ta tion  abou t the C -l-C -2  bond (path B) e ither because of bridged-ion 
form ation by a neighboring a ry l or acyl group, or because of a conform a
tional or s teric  effect. Such effects a re  not present in path  C.

(34) M elting and boiling points are uncorrected . M icroanalyses were 
perform ed by either B ernhard t M ikroanalytisches L aboratorium , M ülheim, 
or G ailbraith  Laboratories, Incorporated , Knoxville, Tenn. Except 
where noted, infrared  spectra  were taken on a Perkin-E lm er Model 21 spec
trophotom eter equipped with sodium chloride optics. U ltrav io le t spectra  
were recorded on a C ary, Model 14M, spectrophotom eter, using 1-cm. 
quartz  cells. The nuclear magnetic resonance spectra  were recorded on a 
V arían A-60 n .m .r. spectrom eter using te tram ethy lsilane as an internal 
standard . Gas chrom atographic analyses were perform ed with a Perkin- 
E lm er vapor f ractom eter, Model 154D, or an  F  A M  Model 500 linear 
tem pera tu re  program m ed gas chrom atograph.

(35) We thank  D r. O. R. Vail for working out the experim ental details 
of this p reparation ; ab strac ted  from the Ph .D . d isserta tion  of Oakley 
R. Vail, U niversity  of South Carolina, 1963.
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mat, the aqueous layer was discarded, and the benzene layer was 
washed successively with six 150-ml. portions of 3 N  hydrochloric 
acid, enough 5% sodium hydroxide solution to extract the hy- 
droquinone, and two 50-ml. portions of saturated sodium chloride 
solution. The benzene solution was dried over anhydrous potas
sium carbonate, the solvent was removed by distillation at at
mospheric pressure, and the residue was distilled under reduced 
pressure; b.p. 54-56° (17 mm.); yield, 7.2 g. (73%).

Anal. Caled. for C-HsO: C, 77.75; H, 7.46. Found: (', 
77.45; H, 7.55.

Infrared15“: 3.27, 14.30 (>0=C'H—); 5.62 (> 0 = 0
in 7-ketobicyclo[2.2.1]heptane); 6.15 n (>C =C <); in agree
ment with Norton.36

N.m.r.: i/“ (‘ 3.50, triplet, J  = 2.5 r.p.s. (2 >C =C H—);
7.25, quintet (2 >C—H, bridgehead); 7.5-0. 1 t, multiplet (2 
>CHH,  2 >CHH).

Ultraviolet: X®'°H 272 m/* (e 38.9); Xfn‘fl°e“ io„ 222 mM (e465).2'14“
The 2,4-dinitrophenylhydrazone, prepared by the method of 

Shriner, Fuson, and Curtin,37 and re crystallized from ethanol, 
melted at 135-135.5° (lit.2 m.p. 134-135°).

Anal. Caled. for CisHi2N20fl: C, 54.16; H, 4.20; N, 19.44. 
Found: C, 54.35; H,4.09; N, 19.31.

Ultraviolet: \£«H 224 (e 19,700); 358 nr// (24,000).2
Spiro [bicyclo [2.2.1 ] hept-2-en-anii-7,2 '-oxacyclopropane ] 

(3a).—Eleven grams of trimethylsulfoxonium iodide3 was added, 
in small portions to a nitrogen-blanketed, stirred suspension of 1.20 
g. of sodium hydride (supplied as a 53% dispersion in mineral oil 
by Metal Hydrides, Inc.) in 40 ml. of dimethyl sulfoxide. When 
the evolution of hydrogen had ceased, a solution of 5.40 g. of 
bicyclo[2.2.1]hept-2-en-7-one in 20 ml. of dimethyl sulfoxide 
was added dropwise with cooling. The reaction mixture was 
stirred at room temperature for 1 hr., diluted with 100 ml. of 
water, and extracted with three 50-ml. portions of pentane. The 
pentane extract was washed with water and dried over anhydrous 
sodium sulfate. The solvent was removed by distillation at 
atmospheric pressure, and the product was distilled under vac
uum; b.p. 60-61° (28 mm.); yield, 4.32g. (72%).

Anal. Caled. for CaHmO: C, 78.65; H, 8.25. Found: C, 
78.31; H, 8.23.

O
/ \

Infrared15“: X£S* 3.19, 7.91, 10.95, 11.84 (>C—C’HS?);
3.25, 14.25 (—C=CH—); 6.17 (>C =C <); 10.18, 10.57 a 
(C—O?).

N.m.r.: 3.86, triplet, J  = 2.1 r.p.s. (2 > C = C H—);
O

/ \
7.23, singlet, (2 >C—CH«)\ 7.75, quintet (2 >C—H, bridge
head); 7.9-8.3, multiplet (2 >CHH); 8.8-9.1 t, multiplet (2 
>CHH).

7-Methylbicyclo[2.2.1 jhept-2-en-a»h-7-ol (5a). A. From 
Spiro [bicyclo [2 .2 .1] hept-2-en-n»If-7,2 '-oxacyclopropane] (3a).— 
To a stirred slurry of 40 mg. of lithium aluminum hydride in 1 
ml. of anhydrous ether was added a solution containing 80 mg. 
of epoxide in 2 ml. of anhydrous ether. The mixture was heated 
at reflux for 6 hr., cooled, and then decomposed with water and 
15% sodium hydroxide solution. The precipitated salts were 
removed by filtration, and the solvent was distilled from the fil
trate through a 10-cm. Vigreux column. The residue was puri
fied by sublimation at 60° (90 mm.) to give 47 mg. (58%) of 
white needles, m.p. 74-76°. (las chromatographic analysis on 
the silicone oil column, both separately and as a mixture with 
bicyclo[2.2.1]hept-2-ene-s//n-7-methanol (7b) and bieyclo[2.2.][- 
hept-2-ene-rt/ii/-7-methanol (7a), from which it was well resolved, 
showed the resulting alcohol to be 99% pure. A small sample 
was resublimed for analysis.

Anal. Caled. for CsHr.O: C, 77.37; H, 9.74. Found: C, 
77.17; H, 9.84.

Infrared15“: X%% 2.77, 2.90 (O-H); 3.26, 14.04 (>C=CH —);
6.14 (>C =G <); 7.29 (C—CH,); 8.9 „ (O—O). 3622
cm. -1 (nonbonded O—H).19

N.m.r.: 4.06, triplet, J  = 2.5 c.p.s. (2 > C =C tf—);
7.71, quintet (2 >C—H, bridgehead); 7.9-8.2, multiplet (2 
>CHH); 8.5, singlet (shifted to 7.84 by the addition of a drop 
of trifiuoroaeetie acid; 1 O—H); 8.71, singlet (3 —CH-A;
8.8-9.3 r, multiplet (2 >CHH).

(SO) Ref. 2, P late IV.
(37) R. L. Shriner, R. C. Fuson, and D. Y. C urtin , “ The System atic 

Identification of Organic Com pounds,’’ 4th E d., John Wiley and Sons, New 
York, N. Y.. 195G, p. 219.

B. From Bicyclo[2.2.I]hept-2-en-7-one (2).—Methylmagne- 
sium iodide was prepared from 56 mg. of magnesium and 300 mg. 
of methyl iodide in 5 ml. of anhydrous ether.

A solution of 205 mg. of the ketone in 3 ml. of ether was added 
slowly to the Grignard reagent. After the addition was complete, 
the reaction mixture was heated at reflux for 1 hr. The mixture 
was cooled, the complex was decomposed by the addition of 
water and wet sodium sulfate, and the precipitated salts were 
removed by filtration. The ethereal filtrate was dried over 
anhydrous sodium sulfate. A gas chromatographic analysis on 
the silicone oil column revealed the presence of unchanged 
starting material (40%) and one other component (60%) which 
had the same retention time as the alcohol 5a prepared by the re
duction of the epoxide with lithium aluminum hydride. The 
infrared spectrum of this component, collected from the gas 
chromatographic column, was identical with that of the tertiary 
alcohol 5a, prepared from the epoxide 3a.

The solvent was removed from the reaction by distillation 
through a 10-cm. Vigreux column, and the unchanged bicyclo-
[2.2.1]hept-2-en-7-one (2) was recovered by distillation at 73 
mm. The residual alcohol was purified by sublimation at 60° 
(SO mm.); yield, 83 mg. (41%); m.p. 74-76°.

7-Methyibicyclo[2.2.1Jheptan-7-ol (9).—A 20-mg. sample of 
the tertiary alcohol 5a was hydrogenated at atmospheric pressure 
in 95% ethanol using 5% palladium on charcoal as a catalyst. 
The hydrogenated sample was purified by sublimation at 60° 
(90 mm.); m.p. 97-98°.

Anal. Caled. for CsHi,0 : 0 , 76.29; H, 10.91. Found: C, 
76.14; H, 11.18.

Infrared15“: X™1 2.77, 2.90 (O-H); 7.29 (C-CH3); ~ 8.8
n (O-O?). The maxima at 3.26, 6.14, and 14.04 /*, present 
in the spectrum of the unsaturated alcohol 5a were missing 
from this spectrum.

The n.m.r. spectrum was too complex to analyze but showed a 
peak whose position varied with added trifiuoroaeetie acid (1 
O-H),  a total of 14 H’s, and no vinyl hydrogens.

Bicyclo[2.2.1]hept-2-ene-syn-7-carboxaldehyde (4b). A. By 
Rearrangement of the Epoxide 3a during Gas Chromatography.— 
When the epoxide 3a was subjected to gas chromatographic 
analysis on the silicone rubber column (110°, 120 ml. He/min.) 
two compounds were detected with retention times of 3.0 and
4.2 min. The ratio of the area of the first to the second peak was
1.0 under these conditions. When the silicone oil column was 
used for analysis of the epoxide (110°, 150 ml. of He/min.), two 
peaks were again observed with retention times of 8.6 and 10.5 
min., but the ratio of their areas was now 0.053.

These peak-area ratios were difficult to duplicate. They 
varied with the conditions of the analysis, i.e., column and pre
heater temperature, flow rate, and sometimes changed drastically 
after a given column had been used for the analysis and/or 
collection of other materials.

The first component was collected from the silicone rubber 
column. Its infrared spectrum showed all the absorptions 
present in the spectrum of spiro[bicyclo[2.2 .1]hept-2-en-a»fi- 
7,2'-oxacyelopropane] (3a) plus an additional small peak at 5.81 
m which was presumed to arise from a trace of aldehyde contami
nant formed by rearrangement of the epoxide in the postheater 
of the gas chromatograph.

The second component was obtained by collection from the 
silicone oil column. By using a 30-/d. sample, it was possible 
to collect 15-18 mg. (60-70% ) of this material from each in
jection.

Infrared15“: X™< 3.26, 14.10 (>C=CH —); 3.55, 3.70
(—CHO); 5.81 (> (’=()); 6.15/*, weak, (>C =C <).

N.m.r.: cSS* 0.36, doublet, /  = 2.5 c.p.s. (1 —CHO); 3.96, 
triplet, ./ = 1.8 c.p.s. (2 >C=CH—); 6.83, poorly defined
sextet (2 >C —II, bridgehead); 7.88, broad singlet (1 >CH— 
CHO); 8 .0-9.2 -, multiplet (2 >CHH, 2 >CHH).

This material was found to be very unstable. Upon even 
brief exposure to air it was rapidly oxidized to the corresponding 
carboxylic acid 6b. The rate of this oxidation could be con
veniently followed by n.m.r. Because of its instability', we were 
unable to obtain a good analysis of this material.

The 2,4-dinitrophenylhydrazone, prepared in the usual 
manner37 and recrystallized from ethanol, melted at 126-130°.

Anal- Caled. for ChHuOjN,: C, 55.63; H, 4.67; N, 18.54. 
Found: C ,55.42; 14,4.68; N, 18.54.

B. By Rearrangement of the Epoxide 3a on Alumina.—A 300- 
mg. sample of the epoxide 3a was dissolved in 5 ml. of pentane 
and chromatographed on a 1 X 15 cm. column packed with 12
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g. of Merck acid-washed alumina. The column was eluted with 
30 ml. of pentane followed by 10% ether in pentane. Ten- 
milliliter fractions were collected. All of the nonpolymeric 
material eluted in fractions 5 through 10. An infrared analysis 
of fraction 5 indicated the presence of some unrearranged ep
oxide. Fractions 6-10 were combined and concentrated by 
distillation of most of the solvent through a 10-cm. Vigreux 
column at atmospheric pressure. The remainder of the material, 
when short-path distilled at ~90° (7 mm.) in a semimicro still, 
yielded 53 mg. (18%) of a material whose infrared spectrum was 
identical with the aldehyde 4b collected from the gas chroma
tograph.

C. By Rearrangement with Lewis Acids.—Small samples of 
the epoxide 3a, collected from the silicone rubber column and 
containing about 10% of the aldehyde 4b as a contaminant, 
were treated with ethereal solutions of boron trifluorode etherate 
and of aluminum trichloride at room temperature. After the 
solutions had been allowed to stand for about 15 min. they were 
washed with aqueous base and analyzed by gas chromatography 
on the silicone rubber column at 80°. Neither of the reaction 
mixtures showed any epoxide; each showed small amounts of 
the aldehyde 4b together with a large amount of very high 
boiling material, probably polymer, which was not identified. 
No isomeric aldehyde was detected.

Bicyclo[2.2.11hept-2-ene-syre-7-carboxylic Acid (6b).—A 100- 
mg. sample of the aldehyde (4b), collected from the silicone oil 
column at 110°, was dissolved in 1.5 ml. of methanol. Water 
(1 ml.) and of silver nitrate (360 mg.) were added. The mixture 
was stirred to dissolve the silver nitrate, and 200 mg. of sodium 
hydroxide was added. Stirring was continued at room tempera
ture for 2 hr. The precipitated silver and silver oxide were re
moved by filtration and washed with water. The combined 
filtrate and washings was saturated with sodium chloride, and 
the still basic solution was extracted with ether to remove any 
unchanged aldehyde. The solution was acidified and extracted 
with ether in a small continuous extractor for 24 hr. The ethereal 
extract was dried over anhydrous sodium sulfate, the solvent was 
removed by distillation through a 10-cm. Vigreux column, and 
the residue was purified by sublimation at 80° (5 mm.) to yield 
90 mg. (80%) of a white crystalline acid, m.p. 94-100°.

Anal. Calcd. for C8H„A: C, 69.54; H, 7.30. Found: C, 
69.32; H, 7.20.

Infrared15“: ,\|% 3.37 broad (O—H); 5.70 (—COOH,
monomeric); 5.86 (—COOH, dimeric); 6.05 (>C =C <);
14.30 n (>C =C H—).

The methyl ester (15b) was prepared by treating a small sample 
of the acid 6b with an ethereal solution of diazomethane. When 
analyzed by gas chromatography on the Carbowax column at 
170°, conditions which will separate and resolve the methyl 
esters of the syn- and <mh'-bicyclo[2.2.1) hept-2-ene-7-carboxylic 
acids, only one ester was found. The infrared spectrum was de
termined on a sample of this ester 15b collected from the Carbo
wax column.

Infrared15“: A„“ ‘ 3.26, shoulder, 14.17, broad, (>C =C H—);
5.76 (—CO—O—); 6.17M, very weak (>C =C <).

Bicyclo[2.2.1]heptane-7-carboxylic Acid (8).—A small sample 
of the unsaturated acid 6b was hydrogenated at atmospheric 
pressure in 95% ethanol using 5% palladium on charcoal as 
catalyst. The catalyst was removed by filtration, the solvent 
was distilled through a 10-cm. Vigreux column, and the residual 
ac'd was purified by sublimation at 85° (5 mm.) to yield a new 
acid, m.p. 72-75° (lit.18m.p. 77.5-78.5°).

Infrared15“: 3.38 broad (O-H); 5.71 n (-COOH,
monomeric); 5.87 m (-COOH, dimeric). This spectrum showed 
no evidence of a double bond and was in good agreement with the 
infrared spectrum (KBr) reported by Kwart and Kaplan for bi- 
cyclo[2.2.1]heptane-7-carboxylic acid.18

Bicyclo[2.2.11hept-2-ene-.s/ya-7-methanol (7b). A. From 
Bicyclo[2.2.1]hept-2-en-s.yn-7-carboxaldehyde (4b).—To a stirred 
slurry of 100 mg. of lithium aluminum hydride in 3 ml. of an
hydrous ether was added 240 mg. of aldehyde 4b in 5 ml. of an
hydrous ether. The reaction mixture was stirred at reflux for 
2 hr., cooled, and decomposed by the addition of water and 15% 
aqueous sodium hydroxide. The precipitated salts were re
moved by filtration and washed with ether. The ethereal solu
tion was concentrated to about 0.5 ml. by distillation of the sol
vent through a 10-cm. Vigreux column. A gas chromatographic 
analysis of this concentrate on the Ucon column at 140° showed 
the presence of only one compound whose retention time was 
different from that of the starting material 4b or the tertiary al

cohol 5a. This product was collected from the Ucon column, 
yield 130 mg. (53%).

Anal. Calcd. for C8Hl20 : C, 77.37; H, 9.74. Found: C, 
77.46; H, 9.90.

Infrared15“: A ^  2.75, 3.00 (O-H); 3.27, 14.05, broad (> C =  
CH — ); 6.16 (>C =C <); 9.78 M, broad (-CH.-OH). This 
spectrum was identical with that of the alcohol formed by esteri
fication and lithium aluminum hydride reduction of the higher
melting of Sauers’ bicyclo[2.2.1]hept-2-ene-7-carboxylic acids 
(6b).21

N.m.r.: i>“ J* 4.15, poorly defined assymmetric quartet (2 
>C =C  H—); 6.3-6.7, broad, concentration dependent (1
—CH2Oif); 6.62, doublet, J  = 7 c.p.s. (2 —CHr—OH); 7.29, 
poorly defined doublet, J  = 2 c.p.s. (2 >Ci—H, bridgehead); 
8 .1-9.2 t , complex multiplet (1 > C t— H , 2 >CHH, 2 >CHH).

B. From Spiro(bicyclo[2.2.1]hept-2-en-a«0-7,2'-oxacyclopro- 
pane] (3a).17—To a cold slurry of 15 mg. of lithium aluminum hy
dride in 2 ml. of anhydrous ether was added a cold solution of 32 
mg. of aluminum trichloride in 2 ml. of anhydrous ether. The 
mixture was cooled to —10° in an ice-salt bath, and a solution 
of 100 mg. of epoxide 3a in 3 ml. of anhydrous ether was added 
dropwise to the stirred slurry. The reaction mixture was stirred 
for 30 min. in the ice-salt bath and then at room temperature for 
an additional 30 min. A 15% solution of sodium hydroxide was 
added, the precipitated salts were removed by filtration, and the 
filtrate was dried over anhydrous magnesium sulfate.

A gas chromatographic analysis of the ethereal solution on the 
silicone oil column showed the presence of bicyclo[2 .2 .1)hept-2- 
ene-si/n-7-methanol (7b) (90%), 7-methy!bicyclo[2.2.1]hept-2- 
en-anti-7-o\ (5a) (4%), and 6% of two unidentified components. 
No bicyclo[2.2.1]hept-2-ene-araO-7-methanol (7a) could be de
tected.

The ethereal solution was concentrated to about 1 ml. by distil
lation of the solvent through a 10-cm. Vigreux column, and the 
primary alcohol 7b was isolated by collection from the silicone 
oil column. The yield of pure material isolated in this manner 
was 41 mg. (40%).

The infrared spectrum of this material was identical to that 
of the alcohol prepared by the reduction of the aldehyde 4b, i.e., 
7b.

The formation of the tertiary alcohol 5a could be completely 
suppressed by using twice as much aluminum trichloride. How
ever, under these conditions the proportion of unidentified ma
terial was increased to about 20%, and the proportion of the 
primary alcohol 7b was reduced to 80% of the product mixture.

C. From the Higher-Melting of Sauers’ Acids (6b).—A 
solution of a small amount of the higher-melting of the two bi- 
cyclo[2.2.1]hept-‘2-ene-7-carboxylic acids,21 (m.p. 94-100°) in 
ether was treated with a stoichiometric amount of ethereal diazo
methane. The solution was dried over anhydrous magnesium 
sulfate and treated with an excess of lithium aluminum hydride 
in 2 ml. of anhydrous ether. The mixture was heated under re
flux for 1 hr., and enough 15% sodium hydroxide was added to 
decompose the complex and the excess hydride. The ethereal 
solution was decanted from the precipitated salts, dried over 
anhydrous magnesium sulfate, and analyzed by gas chromatog
raphy on the silicone oil column. Only one compound was 
present, the retention time and infrared spectrum of which were 
identical to those of the alcohol 7b prepared by reduction of the 
aldehyde 4b.

Bicyclo[2.2.1jhept-2-ene-aiifi-7-methanol (7a).—A solution of 
25 mg. of bicyclo[2.2.1 ]hept-2-ene-areii-7-carboxylic acid21 (m.p.
70.5-71.5°) in 0.5 ml. of ether was treated with a stoichiometric 
amount of ethereal diazomethane. The solution was dried over 
anhydrous magnesium sulfate and added dropwise to a stirred 
slurry of 30 mg. of lithium aluminum hydride in 1 ml. of ether. 
The mixture was heated under reflux for 1 hr. A 15% solution 
of sodium hydroxide was added, the precipitated salts were 
removed by filtration, and the filtrate was concentrated to about 
0.2 ml. through a 2-in. Vigreux column, (las chromatographic 
analysis of the product on the silicone oil and on the Ucon column 
showed the presence of only one component. The product was 
collected from the silicone oil column; yield, 13 mg. (60%).

Anal. Calcd. for ( .11,4): C, 77.37; H, 9.74. Found: C, 
77.57: H, 9.83.

Infrared15“: A“1" 3.00 (O—H); 3.29, 14.30, broad (> C =
CH—); 6.22 (>C =C <); 9.79 y., broad (CH;—OH).

N.m.r.: iS* 3.94, triplet, J  = 2 c.p.s. (2 > C = C H—);
6.77, doublet, J  = 7 c.p.s. (2 —C//.OH); ~ 7 , singlet, concen
tration dependent (1 —CH.OH); 7.32, poorly defined quartet
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(2 >Ci—H, bridgehead); 8.0-9.3 t ,  complex multiplet (1 
>Ct—H, 2 >CH\i, 2 >CHff).

a ,a-Dimethylbicyclo [2.2.1] hept-2-ene-syre-7-methanol (17b).—
A solution of 80 mg. of bicyclo[2.2.1 ]hept-2-ene-.S!/n-7-carboxylic 
acid (6b) in 2 ml. of ether was treated with a stoichiometric 
amount of ethereal diazomethane. The solution was dried over 
anhydrous magnesium sulfate and then was added dropwise to 
5 ml. of an ethereal solution of methylmagnesium iodide, pre
pared from 110 mg. of magnesium turnings and 700 mg. of methyl 
iodide. The reaction mixture was heated under reflux for 3 hr., 
stirred at room temperature overnight, and cooled in an ice bath. 
Ten milliliters of water and 500 mg. of sodium sulfate were care
fully added, the mixture was shaken in a separatory funnel, the 
two layers were separated, and the aqueous layer was washed with
10 ml. of ether. The combined ethereal solution was washed 
with water, dried over anhydrous magnesium sulfate, and con
centrated to about 1 ml. by distillation of the solvent through a
10-em. Vigreux column.

A gas chromatographic analysis of this concentrate on the sili
cone oil column at 140° showed the presence of the tertiary 
alcohol 17b (95%) and some relatively volatile compounds (5%) 
which were probably formed by dehydration of the tertiary 
alcohol during the work-up and/or analysis. The alcohol 17b 
was isolated by collection from the silicone oil column at 140° 
and was purified for analysis by distillation in a semimicro short- 
path still heated in an oil bath at 90-95° under 10 mm. pressure. 
The yield was 46 mg. (52%) of collected material.

Anal. Calcd. for CmHieO: C, 78.89; H, 10.59. Found: C, 
78.94; H, 10.31.

Infrared15“: X^* 2.79 (O—H); 3.27, 14.02 (>C =C / /—);
7.26, 7.36, 8.25, 8.35 (>C(CH3)2); 6.12 (>C =C <); 8.81 M 
(>C—OH), ly// 3617 cm.-1, weak (free O—H); 3577 cm.-1, 
strong (x-elec.tron, hydrogen-bonded O—H).19

N.m.r.: ly“ ' 4.03, triplet, J  = 2 c.p.s. (2 >C =C H)\ 7.10, 
poorly defined doublet (2 > Ci—H, bridgehead); 8.29, singlet 
(1 O—H) superimposed on a multiplet at 8 .0-8.5, (1 —H,
2 >CiTH); 8 .9-9.3, multiplet (2 >CHH) superimposed on a 
singlet at 8.97 r (6 —CH3).

a ,a-Dimethylbicyclo[2.2.1]hept-2-ene-anO-7-methanol (17a). — 
This alcohol was prepared in the same manner as the syn isomer 
17b starting with 150 mg. of a mixture of bicyclo[2.2.1]hept-2- 
ene-7-syn- and 7-anf¿-carboxylic acids (35% syn, 65% anti).21 
The resulting mixture of tertiary alcohols was separated by gas 
chromatography on the Ucon column at 135°. The yield was 
24 mg. (14%) of the syn alcohol (identical in all respects with 
17b as described) and 58 mg. (35%) of the anti alcohol 17a. 
An analytical sample of 17a was obtained by distillation of the 
collected material in a semimicro short-path still heated in an
011 bath at 90-95° under 10-mm. pressure.

Anal. Calcd. for OhjHisO: C, 78.89; H, 10.59. Found: C, 
78.76; H, 10.61.

Infrared15“: 2.76, 2.85 (O—H); 3.27, 14.23 (> C =
CH- ) ;  6.14 (>C =C <); 7.35 (O—OH,); 8 .10, 8.23 (C- 
(CH,)t); 8.72 M (>C—OH?), c“ /  3618-3629 cm.-1, broad
(nonbonded O—H) ,19

N.m.r.: r“ / 3.89, triplet, /  = 2 c.p.s. (2 > C = 0 H - ) ;  7.23, 
poorly defined doublet (2 >C,—H, bridgehead); 8.85 r,
singlet (—CH,,). The remainder of the spectrum was too com
plex to make definite assignments, but. the total integrated peak 
area between 7.8 and 9.3 t  corresponded to twelve hydrogens.

2-Chloromercuri-9-oxatricyclo[4.3.0.03',]nonane (16).—To a 
solution of 22 mg. of bicyclo[2.2.1]hept-2-ene-s(/n-7-methanol 
(7b) in 0.2 ml. of methanol was added 53 mg. of anhydrous mer
curic acetate.25 After the solution had stood at room tempera
ture for 90 min., a test for the presence of mercuric ion, using 
15% sodium hydroxide and a small sample of the solution, was 
negative. A solution of 20 mg. of sodium chloride in 0.5 ml. of 
50%. methanol was added to the reaction mixture. A white 
precipitate formed immediately. The precipitate was filtered 
and dried to yield 41 mg. (64%) of product which melted with 
decomposition from 176-180°. After two recrystallizations from 
benzene the melting point was unchanged.

Anal. Calcd. for CgHnOHgCl: C, 26.75; H, 3.09; O,
4.45; Hg, 55.69. Found: C, 27.61; H, 3.36; O, 4.63; Hg,
55.05.

The infrared spectrum, determined in a potassium bromide 
pellet, was too complex to analyze properly (thirty strong peaks

between 6.75 and 13.0 /,). However, it did not show any evi
dence for a hydroxyl, a methoxyl, or a double bond.

Gas Chromatographic Analysis.—The following columns 
were used for the gas chromatographic work described herein: 
a 0.25 in. X 8 ft. coiled stainless steel tube packed with 25% 
Dow-Corning silicone oil 200 on 60-80-mesh Chromasorb P; 
a 0.25 in. X 8 ft coiled copper tube packed with 20% General 
Electric SE 30 silicone rubber on 80-100-mesh acid-washed 
firebrick; a 0.25 in. X 6 ft. double hairpin copper tube packed 
with 15% Carbowax 20M on 80-100-mesh neutral firebrick; a
0. 25 in. X 7 ft. coiled copper tube packed with 20% Ucon, water 
insoluble, on 60-80-mesh Chromasorb P. Helium was used as 
a carrier gas at flow rates ranging from 50-100 ml./minute.

Nuclear Magnetic Resonance Spectra.—During the course of 
this work we have examined the n.m.r. spectra of fifteen sym
metric, 7-substituted bicyclo[2.2.1]hept-2-enes, nine of which 
are reported here. A characteristic feature in each of these 
spectra is the resonance of the two vinyl hydrogens, H-2 and H-3, 
whose gross appearance is that of a triplet centered at 3.86 to 
4.13 t  (but see ref. 13) and split by 1.8 to 2.4 c.p.s. It has also 
been reported that the vinyl hydrogen resonance of bicyclo-
[2.2.1] hept-2-ene appears as “an unsymmetrical triplet” centered 
at 4.06 t . 38 The gross appearance of the vinyl hydrogen reso
nance as a triplet in these spectra instead of as a more complex 
A 2X 2 pattern,39 can probably be attributed to the fact that the 
coupling between a vinyl hydrogen and the nearest bridgehead 
hydrogen is of the same approximate magnitude as the coupling 
between the two vinyl hydrogens themselves, i.e., J i2 ~  J» ,40 
The values which we report must therefore approximate the 
average of the vinyl bridgehead and the vinyl-vinyl couplings,
1. e., (Ji2 +  /-,)/2 , and are probably accurate to about 0.5 to 1.0 
c.p.s. The presence of further fine splitting in the vinyl reso
nance region of most of our spectra is evidence that the longer 
range couplings which have been reported in the case of bicyclo-
[2.2.1] heptadiene,40'4 la 5-substituted bieyclo [2.2.1] hept-2-enes,4lb 
and 5-substituted 7-isopropylidenebicyclo[2.2.1]hept-2-enes41c 
are also present in the symmetric, 7-substituted bicyclo[2.2.1]- 
heptenes. We have observed that this further splitting of the 
vinyl hydrogen resonance in each of these compounds is more 
pronounced in the syn isomers and can thus serve as an indication 
of molecular configuration.

We note that most of the “average” vinyl couplings, i.e. 
{J 12 +  J 23)/2, which we find are smaller than those reported 
elsewhere, e.g., J Vi = 2.2-3.3 c.p.s.,40'41“/ 2., = 3.45-6.0c.p.s.40'41“’0 
We suspect that this may be due in part to the fact that our 
spectra were usually determined from solutions which were quite 
dilute and which had not been degassed.34
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Phosphorus pentachloride smoothly chlorinates a variety of alkylated aromatic and aliphatic hydrocarbons 
in either a thermal or catalyzed (benzoyl peroxide) reaction according to RH +  PC15 — RC1 +  HC1 +  PC13 to 
yield benzylic chlorides and aliphatic chlorides, respectively. Cumene, while reacting rapidly, un dergoes a 
variety of side reactions which greatly diminish the yield of monochlorinated product. Mesitylene substitutes 
mainly by an ionic process to give 2,4,6-trimethylchlorobenzene. Competitive experiments show that this 
chlorinating system has about the same selectivity as photochlorination. Olefins react readily with PC15 at 
elevated ( —-1000) temperatures via an ionic mechanism to give high yields of dichloro derivatives in which trans 
addition to the double bond has occurred.

Only a few reports23 concerning the reactions of 
phosphorus pentachloride with nonolefinic hydrocar
bons have appeared. These involved highly arylated 
compounds such as triphenylmethane and diphenyl- 
methane which reacted readily under conditions con
ducive to free-radical reactions (high temperatures) 
to yield trityl chloride and diphenylmethvl chloride, 
respectively. The availability and relative ease of 
handling of PCU made a more extensive study appear 
to be worthwhile and part of this paper presents the 
results of such an investigation made with a variety of 
alkylated benzenes and aliphatic hydrocarbons under 
different experimental conditions.

On the other hand, the reaction of PCI5 with olefins 
has received considerable attention.4-13 For the most 
part these reactions have been directed towards the 
synthesis of olefinic phosphonic acid derivatives or 
their /3-chloro derivatives. In certain instances, how
ever, dichlorinated compounds were also detected 
among the products.812 Reactions of this type have 
been reinvestigated in order to determine whether the 
chlorination could be made to be predominant and, if 
so, whether the addition would be stereoselective.

Results
The hydrocarbon chlorination data are compiled in 

Table I. Chlorobenzene showed no detectable reac
tion even after prolonged treatment and as a matter of 
convenience it or o-dichlorobenzene were often used as 
solvents.

The aliphatic compounds cyclohexane and w-heptane 
dissolved very little PCU even at their boiling points and 
the thermal reactions gave very low yields of chlorin
ated products. When the reactions were run under
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homogeneous conditions in o-dichlorobenzene solvent, 
the yields obtained in the thermal reactions were in
creased significantly over those obtained in the ab
sence of a solvent, but they were still quite low com
pared with those obtained under the same conditions 
with the alkylated aromatic compounds. In general 
the per cent chlorination under these conditions varied 
directly with the time of reaction. The decreased 
yields with these compounds mostly can be attributed 
to the lower reflux temperatures prevailing during the 
experiments. When the reactions were catalyzed by 
small amounts of benzoyl peroxide the rates of chlorina
tion were greatly increased.

The yields of chlorinated products obtained with the 
alkylated aromatic derivatives also varied with the 
time of reaction but were always much higher than 
those encountered with the lower boiling aliphatic 
systems. While the rates could be increased by catal
ysis with benzoyl peroxide, good yields were obtained 
with ~  16-hour reaction periods via the thermally in
duced reaction. Thus, toluene reacted readily by the 
thermal or catalyzed reaction to give good (60-70%) 
yields of benzyl chloride. Similar behavior was ex
hibited by p-xylene and 60-70% yields of p-methyl- 
benzyl chloride were obtained. In the presence of an 
excess of PC15 it was possible to chlorinate the second 
methyl group to give a,c/-dichloro-p-xylene. No 
evidence for the formation of benzal dichlorides was 
found.

Ethylbenzene yielded a-phenethyl chloridi* almost 
exclusively with only 0.5% of the /3-derivative being 
formed. Similarly, p-ethvltoluene reacted smoothly 
to give a mixture of p-methyl-a-phenethyl chloride and 
p-ethylbenzyl chloride (34.8% and 25.2%, respec
tively). Only small traces of the /3-phenethyl deriva
tive were found.

Cumene reacted very readily and hydrogen chloride 
was rapidly evolved in large quantities. Upon work-up, 
however, it was found (either on a small scale with 
analysis by v.p.c. or in a preparative reaction) that only 
low or modest yields (20-30%) of the expected phenyl- 
dimethylcarbinyl chloride were obtained and that the 
major products were a mixture of compounds which 
were relatively high boiling, 120-135° (15 mm.).' This 
mixture was examined via n.m.r. The lower boiling 
component, 120-130° (15 mm.), showed evidence of a 
benzylic or conjugated -CH2C1 (sharp singlet at r 
5.65), an uncoupled methyl group (r 8.0), along with 
much smaller quantities of vinyl protons (centered at 
r 3.78). The higher boiling portion, 130-135° (15 
mm.), showed a diminished methyl singlet (r 7.98),
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T a b l e  I
H y d r o c a r b o n  C h l o r i n a t i o n s

Hydrocarbon

Moles
hydrocarbon 

moles PCU Solvent0
Temp.,

°C.
Time,

hr.

Chlorobenzene 2 120 12
Cyclohexane 1.56 ODCB 90 8
Cyclohexane 3 88 5

Cyclohexane“ 3 ODCB 88 7

Cyclohexane 2 ODCB 88 13
n-Heptane 3 90 8

re-Heptane 3 ODCB 90 14
n-Heptane“ 3 ODCB 90 8
p-Xylene 1.2 1(0 10
p-Xylene 1.0 C6H5C1 n o 16
p-Xylene 0.6 110 16
Toluene 3 100 16
Toluene“ 3 100 7
Ethylbenzene 4 105 16
p-Ethyltoluene 2 105 16

Mesitylene 1.5 110 16

Mesitylene 1.0 c 6h „ci 110 16

Mesitylene 1 .2 MDNB 90 10
Mesitylene“ 6 3 88 8

Toluene +  ethylbenzene 4 115 16

Toluene +  cyclohexane 5.6 88 13
Toluene +  cyclohexane“ 2 MDNB 85 8
Cumene 2 n o 14

a Reaction catalyzed with benzoyl peroxide. 6 Reaction with SO21 
dinitrobenzene.

Products, % yield based on PCU

99% Recovery of C6H5C1 
C6H„C1 (13)
C«H„C1 (~1)
C6H„C1 (70.2)
C»H„C1 (20)
Mixed chloroheptanes (~2)
Mixed chloroheptanes (23)
Mixed chloroheptanes (73.2)
p-Methylbenzyl chloride (30.8) +  a,a'-dichloro-p-xylene (6.5) 
p-Methylbenzyl chloride (67.3) +  a,a'-dichloro-p-xylene (0.2) 
p-Methylbenzyl chloride (50.4) +  a,a'-dichloro-p-xylene (14.8) 
Benzyl chloride (65.1)
Benzyl chloride (72.1)
a-Phenethyl chloride (60) +  (3-phenethyl chloride (0.5) 
p-Methyl-a-phenethyl chloride (34.8) +  p-ethylbenzyl chloride

(25.2)
2.4.6- Trimethylchlorobenzene (37) +  3.5-dimethylbenzyl chlo

ride (25.2)
2.4.6- Trimethylchlorobenzene (35) +  3,5-dimethylbenzyl chlo- 

ride (23)
2.4.6- Trimethylchlorobenzene (63)
3,5-Dimethylbenzyl chloride (59.2) +  2,4,6-trimethylchloro- 

benzene (3) +  dichloronated product (1.1)
Benzyl chloride (34.8) +  a-phenethyl chloride (28.4) +  (3- 

phenethyl chloride (0.5)
Benzyl chloride (4.85) +  cyclohexyl chloride (22.6)
Benzyl chloride (8) +  cyclohexyl chloride (17.6) 
Phenyldimethylcarbinyl chloride (28.5) +  higher chlorinated 

products
12 instead of PC15. c ODCB = o-dichlorobenzene; MDNB = m-

two very small -CH2C1 (tentatively assigned) peaks at 
r 5.65 and r 5.80 and only very small quantities of 
vinyl protons. Neither the n.m.r. nor infrared spectra 
indicated any significant amounts of ring chlorination 
and it is concluded that the major products of the cu- 
mene- PCU reaction were a mixture of highly chlorin
ated derivatives containing some chloro olefins (vide 
infra).

Mesitylene underwent substitution very readily in 
the thermal reaction to give a 60-70% total yield of 
products in which the ring chlorinated isomer, 2,4,6- 
trimethylchlorobenzeue, was predominant. In con
trast, a chlorination with SO2CI2 catalyzed by benzoyl 
peroxide gave mainly 3,5-dimethylbenzene chloride 
with only ~3%  ring chlorination. When the reac
tion was conducted in the presence of m-dinitrobenzene,
2,4,6-trimethylchlorobenzene was obtained as the 
sole product in 63% yield (by actual isolation).

A series of competitive experiments were performed 
with excesses of equimolar mixtures of toluene and ethyl
benzene, and toluene with cyclohexane. The former 
gave a mixture containing benzyl chloride (34.8%), 
'»-phenethyl chloride (28.4%), and only 0.5% of ¡3- 
phenethyl chloride. The latter mixture gave 22.6% 
cyclohexyl chloride and 4.85% benzyl chloride when 
reacted thermally without solvent and 17.6% cyclo
hexyl chloride and 8% benzyl chloride when reacted in 
the presence of m-dinitrobenzene and catalyzed by 
benzoyl peroxide.

In all of these reactions phosphorus trichloride and 
hydrochloric acid were products and each was isolated

and/or trapped and identified. In all cases distillation 
could be carried out virtually to completion with only 
negligible residues remaining. This along with n.m.r. 
and infrared spectral data is excellent evidence for the 
lack of formation of organophosphorus compounds in 
these reactions.

Three olefins, octene-1, cyclohexene, and trans- 
stilbene, were investigated and the results are shown in 
Table II. The yields listed were based upon actual 
isolation of the products. Octene-1 was very readily 
converted to 1,2-dichlorooctane in 83% yield at the 
reflux temperature (91°) of the reaction mixture (using 
chlorobenzene as solvent). Only negligible amounts of 
other products were obtained.

Moles
P C U

T a b l e  II
O i.e f i n  C h l o r i n a t i o n s

Hydro moles Sol Temp. , Time, %  yield based on
carbon olefin vent "C. hr. P C U a

Octene-1 0 5 C6H5C1 91 6 1,2-Dichlorooctane
(83)

Cyclo
hexene

1 MDNB'1 80 10 tram?-l ,2-Dichloro- 
cyelohexane (87)

Irans-
Stilbene

0.5 C6H5C1 124 12 meso-l,2-Dichlorostil- 
bene (85) +  dl-1,2- 
dichlorostilbene 
(13.1)

“ Yields based on actual isolation of products. b Actually a 
catalytic amount (0.05 mole) was used.
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The reaction with cyclohexene was conducted in the 
presence of a small amount of m-dinitrobenzene and an 
87% yield of /rans-l,2-dichlorocyclohexane was ob
tained. None of the cis isomer was detected and if it 
was present it was there in very small quantities. 
There is a small but significant difference in boiling 
points of the two isomers14 but only a single peak was 
found via v.p.c.

Two isomers (in nearly quantitative total yield) 
were found when frans-stilbene reacted with PCb 
at reflux (124°) in chlorobenzene. The major com
ponent was meso-\,2-dichlorostilbene (85%) while the 
minor component was the dl mixture (13.1%). When 
the dl mixture was heated in chlorobenzene in the pres
ence of catalytic amounts of PCb, it was found that no 
detectable amount of isomerization had occurred.

Discussion
The competitive reaction between cyclohexane and 

toluene in photochlorination has been reported.15 
With toluene assigned a relative reactivity value of 1.0 
per replaceable methyl hydrogen, it was found that 
each hydrogen in cyclohexane was 2.8 times as'reac
tive. This result demonstrates that resonance stabili
zation is not important in the transition state which in 
turn reflects the highly exothermic nature of the reac
tions of carbon-hydrogen bonds with chlorine atoms.16 
With PCI5 in a thermal reaction, the reactivity per C-H 
in cyclohexane was found to have a value of 3.0 com
pared to the methyl C-H bonds in toluene again with 
an assigned relative reactivity of 1.0. Thus, the sys
tems are very similar in their over-all behavior. This 
then implies that the attacking radical in the PCb re
action is either a chlorine atom or a substance with 
about the same activity as a chlorine atom. The 
following scheme (equations 1-7) seems reasonable.

PCb PCh +  Cl2 (1)
CI2 v 2C1- thermal reaction (2)

R- PC15--> RC1 +  -PCb catalyzed reaction (3)
PCI, +  R H ----HPC1, +  R (4)

HPC1,----- >- HC1 +  PCb (5)
•PCI, PCb +  Cl- (6)

Cl +  RH — R +  HC1 (7)

It is difficult -per se to distinguish whether steps 4 and 5 
are important or whether PCI, first decays rapidly 
to PCb +  Cl- as in step 6. The competitive experi
ments imply that step 6 is the important one, although 
the depicted equilibria may be of considerable import
ance and many reactive species may be involved in a 
complex manner.17 Interestingly, the same question 
appears with chlorinations conducted with sulfuryl

(14) H. C. Stevens and O. G rum niitt, J . A m .  C h e m .  S o c . ,  74, 4876 (1952).
(15) G. A. Russell and H. C. Brown, i b i d . ,  77, 4578 (1955).
(16) C. Walling, "F ree Radicals in Solution,” John Wiley and Sons, Inc., 

New York. N . Y., 1957. p. 370.
(17) As pointed ou t by one of the referees, the  bond reactiv ity  d a ta , ob

tained from com petitive chlorination experim ents between toluene and cyclo
hexane, tend to support step  6, b u t the isomer d istribu tions of the products
obtained from the chlorination of ethylbenzene and p-ethyltoluene do not.
W hether the m arked preference for benzylic substitu tion  in these compounds 
is due to reaction with • PCU, which would be expected to be less reactive
than  Cl •. or to an energy lowering coordination2 -22 of Cl - an d /o r • PCb with
the ring prior to hydrogen abstrac tion  is no t discernible from the present 
data . Experim ents designed to help clarify these in teresting observations 
are in progress.

chloride18 wherein most, but not all, of the results are 
explicable by a step involving S02C1- —> S()2 +  Cl.

The relative rates of the thermal reactions varied 
directly with temperature. This result is entirely 
consistent with steps 1 and 2. The ability of PCb to 
chlorinate a variety of hydrocarbons in a thermal re
action is one of the areas in which it differs fundamen
tally from other chlorinating agents such as sulfuryl chlo
ride.19 This of course is partly due to the higher reflux 
temperatures available by use of this reagent.

A benzoyl peroxide-catalyzed competitive experi
ment between cyclohexane and toluene was performed 
in the presence of m-d¡nitrobenzene. As expected, the 
over-all yields were decreased because nitrated aromatic 
solvents are poor media for radical substitution reac
tions.20 The results showed that under these condi
tions toluene was 1.8 times more reactive per CH3 hy
drogen than was cyclohexane, a result practically op
posite that obtained in the reaction conducted in the 
absence of m-dinitrobenzene. It has been previously 
reported that certain solvents (usually aromatic) can 
form complexes with chlorine atoms to lower their en
ergy and increase their selectivity.21-22 It is quite prob
able that a type of coordination occurs in this system 
and involves the nitro compound. Whether this might 
involve -PCI, or -Cl or both cannot be estimated.

While the chlorinations of most of the hydrocarbons 
took place smoothly to yield the expected products 
there were significant exceptions. Cumene reacted 
readily but only a relatively small yield of the expected 
phenyldimethylcarbinyl chloride was isolated. Most 
of the product was a more extensively chlorinated 

. mixture. Cumene, of course, can be chlorinated readily 
either photochemically with chlorine15 or with sulfuryl 
chloride15 to give predominantly the tertiary chloride. 
The results with PCb are interpretable on the basis of a 
series of dehydrohalogenation reactions catalyzed by 
PCb with subsequent additions of chlorine across the 
double bonds.

R2C(C1)CH3 +  PC16— » r 2c c h 3p c i6-

r 2c c h 3p c i6- — R2C=CH 2 +  HC1 +  PC16 

R2C=CH2 +  PC16---->- R2CC1—c h 2ci +  PC13

Ability of PC16 to function as a Lewis acid (albeit a 
weak one) is well established,23 while the halogen addi
tion to olefins is discussed subsequently.

Mesitylene when chlorinated by sulfuryl chloride 
gave good yields of 3,5-dimethylbenzyl chloride with 
only about 3% ring chlorination. On the other hand, 
the thermal reaction with PCb gave a mixture which 
was predominantly the ring substituted compound,
2,4,6-trimethylchlorobenzene (in a ratio of about 1.5:1). 
When the reaction was conducted in the presence of 
m-d ¡nitrobenzene the product was exclusively 2,4,6- 
trimethylchlorobenzene. It is quite evident that in 
this case an ionic reaction competes with the free- 
radical substitution. The addition of a polar com-

(18) Ref. 16. pp. 380-381.
(19) M. S. K harasch and H. C. Brown. J .  A m .  C h e m .  S o c . ,  61, 2142 

(1939).
(20) Ref. 16, p. 352.
(21) G. A. Russell, J .  A m .  C h e m .  S o c . .  80, 4987 (1958).
(22) C. W alling and M. F. M ayahi, ib i d . ,  81, 1485 (1959).
(23) M. Boaz, V. G utm ann, and J. R. M asaguer, M o n a t s h . ,  92, 582 

(1961).
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ponent, m-dinitrobenzene, which enhances ionic reac
tions but strongly inhibits free radical ones,20 com
pletely suppressed the free-radical path. This appar
ently is a manifestation of the activity of the mesityl- 
ene ring toward electrophilic attack and the reaction is 
akin to ring chlorinations by other more obvious Frie- 
del Crafts catalysts as reported by Kovacic.24-27

It has been known for a long time4-13 that PCIb re
acts with olefins in the cold to give compounds in which 
the elements of Cl-PCh have been added. Surpris-

H ,0
R—CH=CH2 +  PC16 — > RCHC1—CH—PCh — >

RCHC1—CH2—P02H

ingly, little emphasis has been placed on the use of this 
reaction for the simple chlorination of olefins, and while 
a few examples812 of 1,2-dichlorination in the system 
have been reported, no attempts to investigate the 
scope and general utility of the reaction have been 
made.

Merely heating octene-1 with PCI5 in chlorobenzene 
gave 1,2-dichlorooctane in 83% yield (isolated). 
No evidence for more than trace amounts of other com
pounds was found. Similarly, cyclohexene when heated 
with PCI5 in the presence of m-dinitrobenzene gave an 
87% yield of 1,2-dichlorocyclohexane which was ap
parently solely the trans isomer (infrared, refractive 
index, v.p.c.). The reaction of ¿rans-stilbene (in 
chlorobenzene) gave an 85% yield of meso-l,2-dichloro- 
stilbene (trans addition) and 13.1% of the dl mixture 
(cis addition). Thus the reactions proceed very readily 
and are highly stereoselective. At least in the case of 
cyclohexene-m-dinitro benzene (and octene-1) they are 
obviously ionic. It has been postulated that the forma
tion of gem-dichloride by reaction of PC16 with ketones 

+ + —
involves PC14 from 2 PCI5 PCbPCle.28 Based on this
argument, it would be expected that PC14 would add 
to olefins to form a bridged cationic intermediate. At
tack of a chloride ion on this would be from the side 
opposite of the very bulky PCh group, thus giving the 
over-all trans addition. This is of course basically the 
mechanism accepted for ionic halogen additions to 
olefins. Phosphorus trichloride must then be elimi
nated by a Snu process as shown in equation 8.

;C =  C^ + +PCL

Cl Cl 
Cl^ ¿-Cl

%  —i— c '
'  \  rc r

PCI4
V  —  CX
'  I"  

Cl

Cl Cl
\  /

Cl — Pr-CI
" x — cc

Cl

Cl
I

;c —cc + p c i3 1 3
Cl

(8)

While frans-stilbene would be expected to yield the 
same result by the same mechanism, small but sig
nificant quantities of the dl compound arising from cis 
addition were found. Isomerization of the trans 
dichloride to the cis dichloride is not thermodynamically

(24) P. Kovacic and A. K. Sparks, J .  A m .  C h e m .  S o c . ,  82, 5740 (1960).
(25) P. Kovacic and A. K. Sparks, J .  O r g .  C h e m . ,  26, 1310 (1961).
(26) P. Kovacic and A. K. Sparks, i b i d . ,  26, 2541 (1961).
(27) P. Kovacic, C. Wu, and R. W. S tu a rt, J .  A m .  C h e m .  S o c . ,  82, 1917

(1960).
(28) M. S. Newm an and L. L. Wood, Jr., i b i d . ,  81, 4300 (1959).

favored and, in fact, under normal free-radical condi
tions, the reverse is found.29 While many rationaliza
tions could be put forth to explain this result, the 
simplest and most obvious is that at the somewhat ele
vated temperature at which this reaction was conducted 
both a free-radical and ionic addition were operative. 
This was apparently the situation in the reactions with 
mesitylene and seems a veiy reasonable explanation 
in this case.

Experimental30 31
General.—All of the liquid hydrocarbons used in this study 

were commercial reagent grade materials which were further 
purified by distillation from sodium. High purity phosphorus 
pentachloride (purchased from the Baker and Adamson Division 
of the Allied Chemical Corporation) was used as received.

The general chlorination procedure followed in all cases was 
to mix the reagents and then stir and reflux under nitrogen for 
the times listed in Tables I and II. After cooling, the reaction 
mixtures were either distilled directly without washing, or poured 
onto ice, washed with water and dilute NaHCO:l solution, dried 
over anhydrous CaCk, and then distilled. Either method of 
work-up gave essentially the same results. The v.p.c. analyses 
were performed with a column composed of 10% Apiezon L 
on Anakrome ABS. Authentic samples for retention time com
parisons were commercially available reagent grade compounds 
or were synthesized by straight forward procedures. N.m.r. 
spectra were obtained on a Varian A-60 spectrometer, using 
tetramethylsilane as an internal reference. This instrument was 
particularly useful and while in all cases isolation and/or v.p.c. 
were used for the ultimate analysis, in many cases the same re
sults could have been obtained by this method alone. Bond 
reactivities in the competitive experiments were obtained by use 
of the nonintegrated expression,15 &8/£t([SH]/[TH])av =
[SCI]/[TCI], which corrects for losses of reagents due to causes 
other than chemical reaction.

A few typical examples of preparative scale experiments are 
given subsequently.

Chlorination of Ethylbenzene.—Ethylbenzene (135 g., 1.25 
moles) was mixed with 62.5 g. of PC15 (0.31 mole). The mixing 
process was exothermic and the temperature rose to 55°. The 
reaction mixture was then stirred and refluxed (105°) under 
nitrogen for 16 hr. During this period, HC1 was steadily 
evolved. Without washing51 the clear light yellow solution which 
resulted was distilled through a helices-packed column. The 
first fraction was PC13 (b.p. 75° at atmospheric pressure). There 
was obtained 33 g. of it (77% yield). The next fraction, con
sisting of unchanged PCh and ethylbenzene, was obtained at
134-135°. The final fraction, with b.p. 93-94° (15 mm.) 
weighed 24.5 g. The n.m.r. spectra of this colorless liquid was 
identical with that of an authentic sample of a-phenet.hyl chlo
ride (quartet at t 5.18, doublet at t 8.42 in the proper in
tensity ratios). Analysis by v.p.c. showed that the product 
contained about 0.5% of d-phenethyl chloride.

Chlorination of Cyclohexene.—A mixture of cyclohexene (41 
g., 0.5 mole), PC15 (104 g., 0.5 mole), and m-dinitrobenzene (8.4 
g., 0.05 mole) was stirred and refluxed at 80° under nitrogen for 
10 hr. The reaction mixture was then cooled, washed with water 
and dilute sodium bicarbonate solution (5%), and then dried over 
anhydrous calcium chloride. After stripping the unchanged 
cyclohexene in vacuo the product, b.p. 72-75° (15 mm.), was 
collected. It weighed 34 g. (87%); n30D 1.4873 (lit.11 nmD 
1.4904 for the trans isomer).

Anal. Calcd: for C6Hi.C12: C, 47.1; H, 6.5; Cl, 46.4. 
Found: C ,47.19; H,6.61; C l,46.21.

The infrared spectrum of this compound was identical with that 
listed in the literature14 for the trans isomer. Only one peak was 
found via v.p.c.

Chlorination of irazrx-Stilbene.—A solution of frans-stilbene 
(22 g., 0.122 mole) and PC16 (51 g., 0.244 mole), in 200 cc. of

(29) R. E. Ruckles, W. E. Steinm etz, and N. G. W heeler, i b i d . .  72, 2496 
(1950).

(30) M elting points are corrected, b u t boiling po in ts are not. Analyses 
were performed by the  Schwarzkopf M icroanalytical L aboratory , W oodside 
N. Y.

(31) Any unchanged PCL codistilled ou t of the  reaction m ixture with the 
excess hydrocarbons.



N o v e m b e r , 1963 E t h y l  A z o d ic a r b o x y l a t e  w it h  C o n ju g a t e d  D i e n e s . II 3177

chlorobenzene was refluxed (124°) under nitrogen for 12 hr. 
Upon cooling, 17.5 g. of fine, snow white crystals of meso-1,2- 
dichlorostilbene28 separated and were isolated (m.p. 193-194). 
Upon evaporation of the solution to one half its original volume 
and chilling, a further 8.5 g. of this compound were obtained. 
The remaining solution was evaporated to dryness and the resi
due was recrystallized from petroleum ether to yield 4.0 g. of 
dl-1,2-dichlorostilbene28 (m.p. 90-91°).

Chlorination of Cumene.—A solution of cumene (240 g., 2 
moles) and PCU (208 g., 1 mole) was stirred and refluxed (110°) 
under nitrogen for 14 hr. Hydrogen chloride was rapidly evolved 
during this period. After washing with water and NaHC03 
solution, the clear yellow solution which was obtained as distilled 
through a short packed column. There w’as obtained 44 g. 
(28.5%) of phenyldimethylearbinyl chloride, b.p. 95-90° (15 
mm.). N.m.r. showed a sharp singlet at r 8.22; ratio of 
aliphatic protons to aromatic protons 6:5. There was also 
obtained 95 g. of a substance boiling mainly at 120-135° (15 
mm.). This colorless liquid showed greatly diminished methyl 
peaks in its n.m.r. and infrared spectra as well as evidence in 
the former for -CH2C1 groups and small amounts of vinyl pro

tons. It was not investigated further. These results were 
essentially reproducible. From the relative retention times in 
the v.p.c. analysis it was estimated that a mixture of di- and 
tri-chlorinated products had been formed.

Catalyzed Chlorination of Cyclohexane.—A mixture of cyclo
hexane (84 g., 1 mole) and PC15 (70 g., 0.33 mole) in 200 cc. 
of o-dichlorobenzene was refluxed (88°) under nitrogen for 7 
hr. Small quantities of benzoyl peroxide were added periodically 
during this time and HOI was evolved. After cooling, the reac
tion mixture (which was a light yellow color at this point) was 
poured onto ice water. The organic layer was separated, washed 
consecutively with water and 5% NaHC03 solution, and then 
dried over anhydrous CaCl2. Analysis by v.p.c. indicated a 
70.2% yield of cyclohexyl chloride had been formed (based on 
PC16).

Acknowledgment.—Wo wish to thank Mr. Carl 
Lindemann for the gas chromatographic analyses and 
Air. Paul Kaufman who helped with some of the ex
perimental work.
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Further investigations of the reaction of ethyl azodicarboxylate (I) with conjugated dienes have been per
formed. The reaction of I with 5,6-dimethylenebicyclo[2.2.1]hept-2-ene gave the Diels-Alder adduct 1,2- 
dicarbethoxy-7,10-methano-l,2,3,6,7,10-hexahydro-4,5-benzopyridazine in 80% yield. Addition of I to bi( 1- 
cyclohexen-l-yl) produced l,2-dicarbethoxy-3,4,5,6-bis(tetramethylene)-l,2,3,6-tetrahydropyridazine in 80% 
yield. Treatment of 2,4-dimethyl-l,3-pentadiene with I proceeded by a concerted cyclic mechanism to give 
a mixture of isomers, l,2-dicarbethoxy-l-[l-(4-methyl-2-methvlene-3-pentenv|)]hydrazine (78.5%) and 1,2- 
dicarbethoxy-1-[3-(2,4-dimethyl-1,4-pentadieny 1)]hydrazine (21.5%). The proofs of structure on the latter 
compounds were accomplished by instrumental methods and chemical degradation.

In a previous report from this laboratory,2 it was 
shown that ethyl azodicarboxylate added to simple con
jugated dienes by Diels-Alder or 1,4-addition, whereas, 
with more highly substituted conjugated dienes addi
tion occurred by a different mechanism with a shift of 
the double bond.2 4 The present report describes the 
results of an extension of these studies to other con
jugated diene systems.

The addition of ethyl azodicarboxylate (I) to 5,6-di- 
methylenebicyclo [2.2.1 ]hept-2-ene took place with an 
evolution of heat and gave an 80% yield of the Diels- 
Alder adduct, 1,2-dicarbethoxy-7,10-methano-l,2,3,6,-
7,10-hexahydro-4,5-benzopyridazine (II). The adduct 
II was hydrogenated over palladium-on-charcoal cata
lyst in ethanol to form l,2-dicarbethoxy-7,10-methano- 
decahydro-4,5-benzopyridazine (III) in 82% yield. 
Hydrolysis of III was accomplished by refluxing in 
ethanolic potassium hydroxide solution for 11.5 hours. 
The cyclic hydrazine, 7,10-methanodecahydro-4,5-ben- 
zopyridazine (IV), was thus obtained in 84% yield. 
The dibenzoyl derivative of IV, l,2-dibenzoyl-7,19- 
methanodecahydro-4,5-benzopyridazine (V) was pre
pared in 80% yield. Oxidation of IV was performed 
under a nitrogen atmosphere using yellow mercuric

(1) This research was carried out under G ran t No. 17836 from the N a
tional Science Foundation, whose support is gratefu lly  acknowledged.

(2) For the  previous report on this topic see B. T. Gillis and P. E. Beck, 
./. O r g .  C h e m . ,  27, 1947 (1962). The lite ra tu re  pe rtinen t to  th is  subject 
and leading references to prior investigations can be found in th is  reference.

(3) A bstracted in p a rt from a thesis by P. E. Beck subm itted  in partia l 
fulfillment of the requirem ents for the  degree D octor of Philosophy, to 
D uquesne U niversity , June, 1963.

(4) B. Franzus and J. H. Surridge, J ■ O r g .  C h e m . ,  27, 1951 (1962).

oxide in anhydrous ether. The only compound isolated 
was the cyclic hydrazone, 7,10-methano-A2-octahydro-
4,5-benzopyridazine (VI) in 63.5% yield, which was 
characterized by its infrared and ultraviolet spectra. 
The isolation of VI indicated that the azo compound 
VII had probably formed, but facile isomerization to the 
more stable structure VI, had taken place under the 
reaction conditions.
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Preparation of the benzoyl derivative of VI was at
tempted in pyridine. Instead of the desired mono
benzoyl derivative, a compound was isolated, m.p. 
179-180°, whose analysis corresponded to C23H22N2O2. 
The infrared spectrum of the compound was unde
finitive except that it showed no N-H band, and a 
benzoyl type of carbonyl peak was present. The com
pound discolored permanganate and absorbed bromine. 
Further, it easily absorbed one molar equivalent of 
hydrogen catalytically to produce V. Thus, this com
pound was formulated as l,2-dibenzoyl-7,10-methano- 
A3-octahydro-4,5-benzopyridazine (VIII), which could 
arise by the following mechanism.

Ethyl azodicarboxylate reacted smoothly at room 
temperature with the more complex diene, bi(l-cyclo- 
hexen-l-yl) to form the Diels-Alder adduct, 1,2-di- 
carbethoxy-3,4,5,6 - bis(tetramethylene) -1,2,3,6 - tetra- 
hydropyridazine (IX), in 87% yield. Attempted hy
drogenation of IX to the saturated adduct with a 
variety of catalysts failed and starting IX was re
isolated. Other workers5-7 have found that similar 
Diels-Alder adducts with this diene also failed to 
undergo hydrogenation. The failure was attributed to 
the “blocking effect of the cyclohexane rings on the ole- 
finic linkage. . . ,” .s

The adduct IX was hydrolyzed with potassium 
hydroxide in refluxing ethylene glycol and gave 66% 
of the theoretical amount of cyclic hydrazine 3,4,5,6- 
bis(tetramethylene)-l,2,3,6-tetrahydropyridazine (X). 
A 78% yield of the dibenzoyl derivative of X was ob
tained. Oxidation of X was accomplished using yellow 
mercuric oxide in anhydrous ether. Nitrogen gas was 
evolved from the oxidation mixture and the only prod
uct isolated was the starting diene, bi(l-cyclohexen-l- 
yl), in 73% yield.

These results indicated that the oxidation of X 
formed the cyclic unstable azo compound XI, which 
evolved nitrogen possibly thrpugh the biradical XII. 
However, XII collapsed to the more stable diene by 
radical shift rather than by closure to the carbocyclic

system. Thus, for the synthesis of carbocyclic sys
tems, it appears imperative to use a saturated cyclic 
hydrazine in the oxidation step.

Diels, Blom, and Roll8 have reported that I, when 
added to 2,4-dimethyl-l,3-pentadiene, yielded the 
Diels-Alder adduct, N,N'-dicarbethoxy-3-dimethyl-5- 
methyltetrahydropyridazine (XIII). Bromine addi
tion to the product furnished resinous material; how
ever, the proposed adduct was not characterized to any 
further extent.

H3C, , c h 3

h 3c

n - c o 2c 2h 5
•N—C02C2H5

XIII

Levina, et al.,9 have published a report stating that 
the reaction of 1 with 2,4-dimethyl-l,3-pentadiene re
sulted in a mixture of isomers, 1,2-dicarbethoxy-l- 
[1 -(4-methyl-2-methylene-3-pentenyl) ]hydrazine (XIV) 
and l,2-dicarbethoxy-l-[l-(2,4-dimethyl-2,4-pentadi- 
enyl) ]hydrazine (XV). Hydrogenation of this mixture 
purportedly gave rise to a single product, 1,2-dicarb- 
ethoxy- l-(2,4-dimethyl-n-pentyl)hydrazine (XVI). 
These Russian workers assumed that the adduct (isomer 
mixture XIV and XV) arose from radical addition but 
presented no supporting evidence or definitive structure 
proof.

H3Cn > CH3

f
h 3c ^ c h 2

H3Cx  /CH a
CH
I

c h 2

.CH
HaC ^C H 2 

I
c 2h 5o2c - n

I
C2H50 2C—NH 

XVI

+  r

n h - c o 2c 2h 5
XIV

+

HaC-
xN -C 0 2C2H! 
NH—HaC ^C H 2

'2̂ 2*15

c o 2c 2h 5

XV

Thus, a reinvestigation of this diene system was 
undertaken in order to clarify the addition of I to 2,4- 
d i methy 1-1,3-pen tad iene and to prove rigorously the 
structure of the product or products.

In this laboratory, when I was mixed with 2,4-di- 
methyl-1,3-pentadiene in benzene solution, adduct 
formation took place with an evolution of heat and an 
87% yield of purified product was isolated. The infra
red spectrum of this product showed bands at 2.90 ^ 
(N-H), and in the* carbonyl region at 5.70-5.80 ^  
(shoulder) and at 5.85 The ultraviolet spectrum of 
this material exhibited a maximum at 232 m/u (e 6800) 
which indicated that the product contained 80% of a 
highly substituted conjugated diene. Gas chromatog
raphy showed the product was actually a mixture of two 
products with the composition of 21.5 and 78.5%,

(5) N. L. D rake and C. N. Kraebel, ./. O r g .  C h e r n ., 26, 41 (1961).
(6) F. Bergman, H. Eschinazi, and M. Neeman, i b i d . ,  8, 186 (1943).
(7) K. Alder, H. R ickert, and E. W indem uth, B e r . ,  71, 2461 (1938).

(8) O. Diels, J. H. Blom, and W. Roll, A n n . ,  443, 242 (1925).
(9) R. Y. Levina, U. S. Skabarow, and M. H. Kuzmin, D o k l .  A k n d .  N a u k  

S S S K ,  131, 1080 (1962).
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respectively. Assignment of the structures to these 
products as XIV, the 78.5% component, and 1,2- 
dicarbethoxy-1 - [3 - (2,4 - dimethyl -1,4 - pentadienyl) ¡hy
drazine (XVII), the 21.5% component was made on the 
basis of the ultraviolet data and the ensuing evidence. 
The isomer mixture, XIV and XVII, absorbed two 
molar equivalents of hydrogen to furnish a 90.5% yield 
of product. Gas chromatography of the latter ma
terial showed that the composition was 14% of 1,2- 
dicarbethoxy- 1 - [3- (2,4-dimethyl-n-pentyl) ¡hydrazine 
(XVIII) and 86% of XVI. Hydrolysis of the saturated 
mixture (XVIII and XVI) with potassium hydroxide in 
refluxing ethylene glycol furnished an 82.5% yield of 
the alkyl hydrazine mixture XIX. The mixture was 
oxidized with potassium dichromate in dilute sulfuric 
acid solution. From the acidic fraction of the oxida
tion mixture, 2,4-dimethylpentanoic acid was isolated 
and characterized as the amide.

The neutral fraction of the oxidation mixture was 
subjected to gas chromatography. This analysis 
showed that besides peaks due to ether and water, two 
other components were present in a ratio of 21.7 to 
78.3%. An authentic sample of diisopropyl ketone had 
the same retention time as the former component. 
That the latter peak was due to 3,4-dimethyl-2-penta- 
none was determined from chemical evidence. The 
neutral fraction gave a positive iodoform test. A 
semicarbazone derivative was prepared and cor
responded to 3,4-dimethyl-2-pentanone. The fact 
that 3,4-dimethyl-2-pentanone was found in the reaction 
mixture was consistent with prior observations. Fry10 
has reported that diisopropyl ketone, when subjected 
to acid conditions, undergoes rearrangement to 3,4- 
dimethyl-2-pentanone.
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+

h 3c x  yc n 3
c h

c h 2
\

C H  

HsC \

K2Cr20
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1
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1

.CH CH o
-
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The results thus have shown that the addition of I 
to 2,4-dimethyl-l,3-pentadiene took place by a route 
other than the Diels Alder reaction, namely by the 
cyclic mechanism already postulated.2 (See col. 2.)

Because of the structural nature of this diene, its 
reaction with I led to two addition products. The cy
clic mechanism proceeded with a shift of the double 
bond; however, even with the double bond shift, the

(10) A. Fry, M. Eberhardt, and I. Ookuni, J . Org. Chem.. 25, 1252 (1960).
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major product retained conjugation. The high percent
age of this product can be easily rationalized on the 
basis of steric factors.

That the addition of I to 2,4-dimethyl-l,3-penta- 
diene took place by the cyclic mechanism and not by 
free-radical addition was substantiated by the fact 
that when the reaction was carried out in the presence 
of a free-radical inhibitor, hydroquinone, the course of 
the reaction remained unchanged. The adduct ex
hibited the same infrared and ultraviolet spectra as the 
product which was obtained without the inhibitor. 
The adducts that formed under both conditions also 
had identical gas chromatograms.

Experimental11
1.2- Dicarbethoxy-7,10-methano-l ,2,3,6,7,10-hexahydro-4,5- 

benzopyridazine (II).—To 8.0 g. (0.068 mole) of 5,6-dimethyl- 
enebicyclo[2.2.1]hept-2-ene12 was added 8.7 g. (0.05 mole) of 
ethyl azodicarboxylate (I).13 The slightly yellow crude product 
was distilled and gave 11.59 g. (80%) of the colorless liquid II, b.p 
138-140° (0.26 mm.), nmo 1.4668, d2S 1.1673.

Anal. Calcd. for Cl5H2„N20 4: C, 61.63; H, 6.90; N, 9.59. 
Found: C, 61.51; H, 7.10; N, 9.67.

l,2-Dicarbethoxy-7,10-methanodecahydro-4,5-benzopyrid- 
azine (III).—The adduct II, (17.0 g., 0.058 mole) was hydro
genated over 0.7 g. of 10% palladium on charcoal in 120 ml. of 
ethanol at 59 p.s.i. on a Parr apparatus. Two molar equiva
lents of hydrogen were absorbed. The solution was filtered and 
the ethanol was removed under vacuum. The residual liquid 
was distilled and yielded 14.13 g. (82%,) of III, b.p. 151° (0.32 
mm.), w.26d 1.4930, d26 1.1492.

Anal. Calcd. for CisHmNzO.,: C, 60.79; H, 8.16. Found: 
C, 60.66; H, 8.28.

7,10-Methanodecahydo-4,5-benzopyridazine (IV).—A solution 
of 45 g. of potassium hydroxide in 250 ml. of 95% ethanol con
taining 37.9 g. (0.128 mole) of III was refluxed for 11.5 hr. 
The precipitated potassium carbonate was filtered from the 
cooled mixture and the ethanol was removed under vacuum. 
The residual liquid was distilled and furnished 16.23 g. (84%) of 
IV, b.p. 122° (6.7 mm.), « 27d  1.5055-1.5100. This material 
solidified on standing, m.p. 37-40°.

1.2- Dibenzoyl-7,10-methanodecahydro-4,5-benzopyridazine 
(V).—To 1.55 g. (0.01 mole) of IV in 20 ml. of 10% sodium 
hydroxide solution, 8 ml. of benzoyl chloride was added slowly 
with shaking and cooling. After extraction with chloroform, 
the product was crystallized from hexane. Recrystallization of

(11) Boiling points and m elting po in ts are uncorrected. M icroanalyses 
were performed by A. B ernhardt, M iilheim, G erm any. S pectra  of the com
pounds were m easured with a Beckman M odel DU u ltrav io le t spectropho
tom eter and a Perkin-E lm er M odel 137 double beam infrared spectro
photom eter. Gas chrom atographic analyses were perform ed on an F &  M 
Scientific Corp. Model 21 B dual heater gas chrom atographic a p p ara tu s  us
ing a 10-ft. long, 0.25-in. diam eter Celite-silicone grease column.

(12) Prepared by the m ethod of M. A. P. Bowe, R. G. J. M iller, J. B. 
Rose, and D. G. M. Wood, J .  C h e m .  S o c . ,  1541 (1960). The au tho rs  wish 
to acknowledge the  gift of a generous q u an tity  of d icyclopentadiene from 
Union C arbide Olefins Co., which was used in the p repara tion  of the pre
cursor, 5,6-di(chlorom ethyl)bicyclo[2.2.1 ]hept-2-ene.

(13) Prepared by the  m ethod of N. R abjohn, “ Organic S yn theses,” Coll. 
Vol. I l l ,  John Wiley and Sons, Inc., New York, N. Y., 1955, p. 375.



3180 G il l is  a n d  B e c k V o l . 28

the resulting solid from ethanol-water yielded 2.96 g. (80%) of 
V, m.p. 173.5-174.5°.

Anal. Caled. for C23H24N20 4: C, 76.64; H, 6.71. Found: 
C, 76.50; H, 6.74.

7,10-Methano-A2-octahydro-4,5-benzopyridazine (VI).—A so
lution of 4.4 g. (0.029 mole) of IV in 70 ml. of anhydrous ether 
was stirred with 20 g. of mercuric oxide (yellow powder) for 18 
hr. under a nitrogen atmosphere. The dark solid was filtered 
and the ether was removed under vacuum. The residual liquid 
was distilled to give 2.71 g. (63%) of VI, b.p. 124° (7.5 mm.), 
which solidified on standing, m.p. 52-53°; 234-235 rri/t
(e 2340). Infrared spectrum (chloroform) bands at 2.90 (N-H) 
and 6.12 m (C=N ).

l,2-Dibenzoyl-7,10-methano-A3-octahydro-4,5-benzopyridazine
(VIII).—The cyclic hydrazone VI (0.5 g., 0.0032 mole) in a 
solution of 20 ml. of benzene and 10 ml. of pyridine to which was 
added dropwise 1.5 ml. of benzoyl chloride was heated for 1 hr. 
on a stream bath and the mixture was then poured into water. 
The benzene layer was separated, washed with sodium carbonate 
solution and with water, and then dried over anhydrous sodium 
sulfate. The benzene was concentrated to a small volume and 
hexane was added. The precipitated white solid, 0.55 g., 
melted at 177-180°. Recrystallization from ethanol-water 
gave VIII, m.p. 179-180°. The compound discolored perman
ganate and also absorbed bromine readily.

Anal. Caled. for C23H22N20 2: C, 77^07; H, 6.19; N, 7.82. 
Found: C, 76.98; H, 6.22; N, 7.78.

Hydrogenation of VIII.—The derivative VIII (0.36 g., 0.001 
mole) was quantitatively hydrogenated at room temperature and 
atmospheric pressure over 0.1 g. of 10% palladium-on-charcoal 
catalyst in 50 ml. of ethanol. One molar equivalent of hydrogen 
was absorbed. After filtration, the ethanol was evaporated to 
a small volume and water was added. On cooling, 0.163 g. of 
a white solid precipitated, m.p. 173.5-174.5°. A mixture 
melting point with an authentic sample of V was undepressed.

1,2-Dicarbethoxy-3,4,5,6-bis(tetramethylene)-l ,2,3,6-tetra- 
hydropyridazine (IX).—One-tenth mole (17.4 g.) of I was added 
to 19.5 g. (0.12 mole) of bi-(l-cyclohexen-l-yl)14 dissolved in 30
ml. of benzene. Immediate reaction took place with an evolution 
of heat. The colorless solution was vacuum concentrated. 
The residual liquid was distilled and furnished 29.1 g. (87%) of 
IX, b.p. 167° (0.5 mm.), re26D 1.5060, which solidified on stand
ing, m.p. 43-44°; lit.15 b.p. 205-206° (8 mm.), nmn 1.5080, 
m.p. 42-43°).

Anal. Caled. for Ci8H28N204: C, 64.26; H, 8.39. Found: 
C, 64.04; H, 8.22.

Attempted Hydrogenation of IX.—A solution of 20.0 g. (0.06 
mole) of IX in 130 ml. of 95% ethanol containing 1.0 g. of 10% 
palladium-on-charcoal catalyst was placed in a Parr hydrogena
tion apparatus at 59 p.s.i. and shaken for 16 hr. No drop in 
gage pressure took place. The catalyst was removed by filtra
tion and Raney nickel was added to the solution. Shaking was 
continued on the Parr apparatus at 61.5 p.s.i. After 46 hr. no 
hydrogen had been absorbed. The catalyst was filtered from the 
solution. Vacuum concentration of the solution followed by 
evaporative distillation gave 14.6 g. of material, n26o 1.5018. 
The infrared spectrum of this material was identical with the 
spectrum of IX.

A similar hydrogenation experiment using rhodium-on-alumina 
catalyst also failed and starting IX was isolated.

3,4,5,6-Bis(tetramethylene)-l,2,3,6-tetrahydropyridazine (X). 
—A solution of 37.03 g. (0.11 mole) of IX and 50 g. of potassium 
hydroxide in 250 ml. of ethylene glycol was refluxed for 13.5 hr. 
The solution was cooled and 300 ml. of water was added. The 
resulting solution was extracted with two 200-ml. portions of 
ether. The combined ether extracts were dried over calcium 
sulfate, and the ether was removed. The residual liquid was 
distilled and furnished 14.0 g. (66%) of X, b.p. 110-112° (0.22
mm. ), which immediately solidified, m.p. 44-46°; lit..15 m.p. 
45-46°.

The dibenzoyl derivative of X was prepared in 78% yield and 
melted at 186-188° (from ethanol-water); lit.16 m.p. 188-189°.

Oxidation of X.—To a solution of X (2.66 g., 0.0139 mole), in 
110 ml. of anhydrous ether stirred with a magnetic stirrer was 
added 8.0 g. of mercuric oxide (yellow powder). Immediate

(14) Prepared by  the  m ethod of E. E. G ruber and R. Adam s, J .  A m .  C h e m .  

S o c . ,  57, 2555 (1935).
(15) Y. S. Skabarow, M. G. Kuzmin, and R. Y. Levina, Z h .  O b s h c h .  K h i m . ,  

30, 2473 (1960).

evolution of nitrogen took place and the mercuric oxide darkened. 
Stirring was continued for 15 hr. after which the solid was 
filtered and the ether was removed. The crude product, ra26D 
1.5330, was distilled and gave 1.63 g. (73%) of bi( 1-cyclohexen- 
1-yl), b.p. 116-117° (5.7 mm.), n2Sd 1.5325; lit.“ b.p. 101-102° 
(5.5 mm.), n20d 1.5322. The infrared spectrum of this product 
was identical with that of authentic bi(l-cyclohexen-l-yl).

Reaction of 2,4-Dimethyl-l,3-pentadiene with I.—One-tenth 
mole (17.4 g.) of I and 12.5 g. (0.13 mole) of 2,4-dimethyl-l ,3- 
pentadiene16 were mixed in 30 ml. of benzene. Immediate re
action occurred with an evolution of heat. The colorless solution 
was vacuum concentrated to yield a thick viscous liquid. Purifi
cation by evaporative distillation yielded 22.1 g. (82%) of XIV 
and XVII, b.p. 132° (0.06 mm.), n 26D  1.4742, d 26 1.065317; 
infrared spectrum (CHCb) bands at 2.90 (N-H), 5.70-5.80 
(shoulder), and 5.85 m (C = 0). The ultraviolet spectrum of 
the product exhibited X^°H 232 mu (e 6800) and indicated that 
80% of conjugated diene was present.18

Gas chromatography of the product gave two peaks with the 
composition 21.5 and 78.5%, respectively, as determined by 
the peak area method.19

Anal. Caled. for C13H22N20 4: C, 57.76; H, 8.20. Found: 
C, 57.57; H.8.02.

Addition of I to 2,4-Dimethyl-l,3-pentadiene under Nonradical 
Conditions.—To a solution of 6.25 g. (0.065 mole) of 2,4-di
methyl-1,3-pen tadiene in 20 ml. of benzene containing 0.1 g. 
of hydroquinone, which was kept under a nitrogen atmosphere,
8.7 g. (0.05 mole) of I was added in one lot. Immediate reaction 
took place with an evolution of heat. The colorless solution was 
extracted twice with two 25-ml. portions of 5% sodium hydroxide 
solution and once with water. The benzene, after drying over 
anhydrous sodium sulfate, was vacuum concentrated. The 
residual liquid was distilled evaporatively and gave 10.46 g. 
(75%) of product, n26» 1.4740. The infrared spectrum of this 
liquid was identical with that of authentic adduct. The ultra
violet spectrum exhibited X ^H 232 myu (e 6600) and indicated that 
77% of conjugated diene was present.

Gas chromatography showed this product to have the following 
composition: 27% of product with retention time of 13 min.;
73% of product with retention time of 18.3 min.20

Hydrogenation of XIV and XVII .—The addition product, 
mixture XIV and XVII, (18.43 g., 0.068 mole) was hydrogenated 
over 1.0 g. of 10% palladium-on-charcoal catalyst in 130 ml. of 
ethanol at 59.1 p.s.i. on a Parr apparatus. Two molar equiva
lents of hydrogen were absorbed. The catalyst was removed by 
filtration and the ethanol was removed under vacuum. Purifi
cation of the clear, viscous liquid by evaporative distillation 
yielded 16.85 g. (90.5%) of XVI and XVIII, b.p. 163°(0.04 
mm.), ra26n 1.4450, d22 * 1.0205; lit.9 b.p. 169-170° (10 mm.), 
re20D 1.4530, dw 1.0207. Gas chromatography of the 
product gave two peaks with the composition of 14 and 86%, 
respectively, as determined by the peak area method.21

Anal. Caled. for Cl3H26N20 4: C, 56.91; H, 9.55. Found: 
C, 56.87; H, 9.44.

Hydrolysis of XVI and XVIII.—A solution of 38.5 g. (0.14 
mole) of mixture XVI and XVIII in 250 ml. of ethylene glycol 
containing 60 g. of potassium hydroxide was refluxed for 15 hr. 
The mixture was cooled and 400 ml. of water was added. The 
resulting solution was extracted with three 300-ml. portions of 
ether. The combined ether extracts were dried over calcium 
sulfate, and the ether was removed. The residual liquid distilled 
and yielded 15.03 g. (82.5%) of the alkyl hydrazine mixture XIX, 
b.p. 94-104° (18 mm.), n20d 1.4458; lit9 b.p. 84-85° (25 mm.), 
n20o 1.4550.

Oxidation of XIX.—To a solution of 50.0 g. (0.17 mole) of 
potassium dichromate dissolved in 300 ml. of 15% sulfuric acid

(16) Purchased from Aldrich Chemical Co., M ilwaukee, Wis.
(17) Levina, e t  a l . ,  in ref. 9 reported  for the  adduct (X IV  and X V II); 

b.p. 172-175° (10 m m .), n 20D 1.4760, d20 1.0637. Diels, e t  a l . ,  in ref. 8 
reported  b.p. 136° (0.5 mm.).

(18) The diene, 2,4-dim ethyl-l,3-pentadiene, exhibits Xmax11 232 him 
(e = 8500): J. C. L unt and F. Sondheimer, J .  C h e m .  S o c . ,  2957 (1950).

(19) R etention tim es of the peaks were 13.2 and 19.0 min., respec
tively. Flow ra te  of helium was 45 ml. per min. with th e  column tem pera
tu re  of 220° and the detector tem perature of 275°.

(20) Flow rate  of helium was 45.5 ml. per min. with the  colum n tem pera
tu re  of 230° and the detecto r tem peratu re  of 268°.

(21) R etention  tim es of the peaks were 13.5 and  15.8 m in., respec
tively. Flow rate  of helium was 46 ml. per min. with the  detecto r tem pera
tu re  of 265° and  the column tem pera tu re  of 224°.
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solution and stirred with a magnetic stirrer, 15.3 g. (0.117 mole) 
of XIX was added dropwise. After the addition was completed, 
the reaction mixture was stirred for 2 hr. and allowed to come to 
room temperature. The mixture was extracted two times with 
200 ml. of ether. The combined ether extracts were washed 
twice with 200-ml. portions of 5% sodium hydroxide solution 
and once with water. The ether phase was dried over calcium 
sulfate. Removal of the ether on a steam bath gave 4.92 g. of 
crude neutral liquid with a ketonic odor. The infrared spectrum 
confirmed the presence of a ketone. Gas chromatography of this 
material showed four peaks. The first two peaks, which were off 
scale, corresponded to ether and water. The third peak had a 
retention time of 9.11 min. and the fourth peak had a retention 
time of 10.64 min.22 The ratio of the third to fourth peak was

(22) Flow ra te  of helium was 45.5 ml. per min., with detecto r tem pera
tu re  of 128° and  colum n tem pera tu re  of 105°.

21.7 to 78.3%. An authentic sample of diisopropyl ketone23 
had a retention time of 9.11 min. under the same conditions. 
This material gave a positive iodoform test. A semicarbazone 
derivative was prepared, m.p. 111 — 1130.24

The basic extract was acidified and extracted with two 200-ml. 
portions of ether. The ether was dried over calcium sulfate and 
then evaporated. The crude residual liquid amounted to 2.5 g. 
The infrared spectrum of this liquid indicated that a carboxylic 
acid was present. The amide was prepared from the crude 
liquid and gave 1.23 g. of 2,4-dimethylpentanoic acid amide, m.p. 
88-90° (from petroleum ether); lit.25 m.p. 90°.

(23) Purchased from E astm an  K odak Co.
(24) R eported for 3,4-dim ethyl-2-pentanone sem icarbazone, m.p. 112°: 

J. Colonge and K. M ostafar, B u l l .  s o c .  c h i m .  F r a n c e ,  335 (1939).
(25) M. W. Burrows and W. H. Bentley, J . C h e m .  S o c . ,  65, 512 (1895).

T he R ed u ction  o f Acid A dducts o f  Isoq u in o lin e  R eissert C om p ou n d s1

I .  W e s l e y  E l l i o t t  a n d  J a n e t  0 . L e f l o r e

Department of Chemistry, Fisk University, Nashville, Tennessee 
Received June 3, 1963

2-Benzoyl-l,2-dihydroisoqumaldonitrile (isoquinoline Reissert compound) forms adducts with hydrobromic 
or perchloric acid. Reduction of these adducts either by sodium borohydride or by catalytic hydrogenation 
affords 2-benzyl-1,2,3,4-tetrahydroisoquinaldamide. The structure of the reduction product is established 
by an alternative synthesis. A preparation of 2-benzoyl-1,2,3,4-tetrahydroisoquinaldonitrile (dihydroiso- 
quinoline Reissert compound) and the perchlorate salt is described. Whereas isoquinoline Reissert compound 
yields benzaldehyde on hydrolysis, the dihydro derivative gives only benzoic acid.

1-Benzamidomethyl-l,2,3,4-tetrahydro isoquinoline 
(1) which was of interest to us in connection with 
another synthetic problem was prepared earlier by 
Rupe and Frey by drastic reduction of 2-benzoyl-1,2- 
dihydroisoquinaldonitrile (2, isoquinoline Reissert 
compound).23 Attempts to hydrogenate 2 under 
milder conditions than Rupe’s method failed to yield 
any discrete reduction products.4 The recent isolation 
of a hydrobromide salt (3, X -  = Br_) of isoquinoline

1

Reissert compound suggested that this derivative might 
be more easily reduced to l .5 In addition to the hydro
bromide, a perchlorate salt (3, X - = CIO4- ) of the 
Reissert compound was prepared. Platinum-catalyzed 
hydrogenation of 3 (X-  = C104_) at three atmospheres 
pressure afforded a reduced salt that was converted to 
the corresponding base, Ci7H18N20 , formed by the up
take of three moles of hydrogen. The same basic 
product was obtained unexpectedly on treatment of 
either salt 3 with sodium borohydride. Although

(1) (a) We gratefully  acknowledge g ran ts  in support of th is work from 
the Tennessee H eart Association and the N ational In s titu te s  of H ealth 
(NB-03329); (b) presented in p a rt a t  the 14th S outheastern  Regional M eet
ing of the American Chem ical Society, G atlinburg , Tenn., N ovem ber 1-3, 
1962.

(2) H. Rupe and  W. Frey, H e l v .  C h i m .  A c t a ,  22, 673 (1922).
(3) A. R eissert, B e r . ,  38, 1603 (1905); W. E. M cEwen and R. L. Cobb, 

C h e m .  R e v . ,  55, 511 (1955).
(4) W. E. M cEwen, R. H. Terss, and I. W. E lliott, J .  A m .  C h e m .  S o c . ,  74, 

3605 (1952).
(5) J. W. Davis, J .  O r g .  C h e m . ,  25, 376 (1960). D avis referred to 3 as  a 

“ Reissert im ine’’; in th is paper the  sam e com pounds are called R eissert salts 
or acid adducts.

the reduced base was isomeric with Rupe’s compound 
1, the failure of our derivative to form an N-nitroso or 
an acetyl derivative or to yield benzoic acid on hydroly
sis excluded 1 and the unrearranged structure 4 from 
consideration. The first real clue to the structure 5

o •NCH.Ph

CONH2

(S NCH2Ph 

C02H

of the reduction product was obtained when the sulfuric 
acid-catalyzed hydrolysis mixture was made alkaline; 
a strong odor of ammonia was observed. A second 
hydrolysis product (CnHi7N 02) proved to be 2-benzyl-
1.2.3.4- tetrahydroisoquinaldinic acid (6).

Confirmation of structure 5 for the reduced base was
obtained by an alternative synthesis (Chart I). The 
Reissert compound 2 was degraded to isoquinaldamide 
(7), and 7 was hydrogenated in acidic solution to form
1.2.3.4- tetrahydroisoquinaldamide (8). A reaction be
tween the reduced amide 8 and benzyl chloride at reflux 
temperature produced the chloride salt 9 that was con
verted directly to 2-benzyl-l,2,3,4-tetrahydroisoquin- 
aldamide (5). The product from this reaction sequence 
proved identical by infrared spectra and melting point 
determinations with the reduction product from the 
salt.

Further support for 5 as the correct structure of the 
reduced base was adduced from the n.m.r. spectrum.6 
The salient feature in the spectrum was the unsplit 
band at r 5.83 due to a single proton. This can be

(6) The n.m .r. m easurem ents were run in deuteriochloroform  w ith te tra - 
rnethylsilane as internal reference. We th an k  Dr. H arold Boaz of the Eli 
Lilly Research Laboratories, Indianapolis, Ind., for th is  inform ation.
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C h a r t  I

ascribed to the resonance signal from the hydrogen at 
C-l in 5. None of the other models (1 and 4) possess 
this feature. The remainder of the spectrum is in 
concordance with this assignment.

In connection with these studies it was also of interest 
to synthesize 2-benzoyl-l,2,3,4-tetrahydroisoquinaldo- 
nitrile (10, dihydroisoquinoline Reissert compound). 
Since direct hydrogenation of 2 had failed to yield a 
simple dihydro product, the preparation of 10 was 
achieved by treatment of 3,4-dihydroisoquinoline with 
benzoyl chloride and potassium cyanide. The dihydro 
Reissert compound 10 afforded a perchlorate salt 11 
under the usual conditions.

Borohydride reduction of the salt 11 gave the same 
product, 2-benzyl-l ,2,3,4-tetrahydroisoquinaldamide 
(5), obtained from reduction of the acid adduct 3 of 
the Reissert compound.

More extensive acid hydrolysis of the dihydroiso
quinoline Reissert compound 10 or the salt 11 gave 
only benzoic acid and no benzaldehyde. This result 
is in accord with the findings of Collins for the analogous 
dihydroquinoline Reissert compound 13.7

Structure of the Salts.—The acid adduct 3 of iso
quinoline Reissert compound was first proposed as an 
intermediate in the mechanism of the unique acid- 
catalyzed hydrolysis whereby the acyl group in the 
amide state in the Reissert complex is reduced to the 
corresponding aldehyde (Chart I I ).8 Davis’ assign
ment of structure 3 to the hydrobromide salt of iso-

(7) R. F. Collins, J .  A m .  C h e m .  S o c . ,  77, 4921 (1955).
(8) R. L. Cobb and W. E. M cEwen, i b i d . ,  77, 5042 (1955,).

C h a r t  II

H +

H,0

+  QH5CHO

R I'T '

quinoline Reissert compound is based on the observa
tion that further acid hydrolysis produces benzaldehyde 
and isoquinaldamide.5 We concur in the formulation 3 
for the salts for the following reasons. First, the re
sults on reduction in which 3 is converted to 5 can most 
simply be described by a cyclic intermediate (3 or 3b) 
which permits intramolecular transfer of oxygen.1 
Secondly, infrared spectra of 2 and a series of amides 
related to the Reissert compound show a band at 7.4- 
7.5 n that can arise from the N—0 = 0  group frequency 
vibration. On salt formation this band disappears. 
Ring closure of the type illustrated in 3 would restrict 
this group vibration and account for the observed 
spectral change.

Thirdly, by way of discrimmating between 3 and 3b 
for the salt we have found that salt formation is re
versible. The Reissert compound 2 is rapidly and 
quantitatively recovered when the salt is treated with 
base; 3 is a better model for this reaction than 3b 
because such a change from 3b would involve conversion 
of an isoquinolinium system to a dihydroisoquinoline. 
Moreover, additional acid appears necessary to com
plete the hydrolysis of the salt to benzaldehyde and 
isoquinaldamide; neutral solvents, even boiling water,5 
do not rapidly affect 3.

Lastly, the formation of an acid adduct 11 from di
hydroisoquinoline Reissert compound 10 under the 
same conditions as for the Reissert compound itself 
and the properties of the salt 11 have a bearing on this 
argument. The salt can be represented either by 11 
or 12, but the fact that acid hydrolysis of the salt 
(or the dihydro Reissert compound) produces only 
benzoic acid and no benzaldehyde is evidence in favor 
of 11. The isomer 12 should be cleaved with water to 
benzaldehyde, but 11 can be expected to give rise to 
benzoic acid.

The hypothetical relationship in the hydrolysis 
mechanism between 3 and 3b, or 11 and 12 revives the 
concept that “an important driving force in the reaction 
is the gain in resonance energy attendant on conversion 
of the dihydroquinoline to a completely aromatic 
system.” 9

A plausible series of changes for reductive cleavage of 
the five-membered ring and intramolecular transfer of 
oxygen from 3 to produce 5 can be outlined by the fol
lowing formulas. The reduction by sodium borohy
dride of the carbon-carbon double bond of the iso
quinoline ring in 3 requires little comment. It has been

(9) W. E. McEwen and R. N. Hazlett, ibid., 71, 1949 (1949).
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observed by others when aqueous 
vent.10

alcohol is the sol-

Experimental
Hydrobromide Salt of Isoquinoline Reissert Compound (3).— 

This compound was prepared by the method of Davis,6 but 
samples prepared at different times varied considerably in melting 
points although the infrared spectra were the same. Typical 
ranges were: 156-158°, 160-161°, and 166-168° (lit.6 m.p.
158-160°). The analytical sample had m.p. 159-160°.

Anal. Calcd. for Ci7Hi3X2OBr: C, 59.84; H, 3.84; N, 
8.21. Found: C, 59.47; H, 4.21; N, 8.26.

Acetonitrile was a satisfactory solvent in place of acetic acid 
for these salt preparations. When acetic anhydride was used, a 
mild exothermic reaction ensued on addition of the mineral acid, 
and only isoquinaldamide hydrobromide was isolated.

Perchlorate Salt of Isoquinoline Reissert Compound.—A solu
tion of 5.0 g. of 2-benzoyl-1,2-dihydroisoquinaldonitrile 2 in 50 
ml. of glacial acetic acid was treated with 5 ml. of 70% perchloric 
acid. A heavy yellow precipitate formed after about 5 min., and 
the product 5.4 g. (78%), m.p. 202-204°, was collected after 20 
min. and washed with ethanol. Recrystallization of the salt 
from ethanol gave yellow prismatic crystals, m.p. 204-205°.

Anal. Calcd. for C,7H13X20 5C1: C, 56.57; H, 3.64; X, 7.77. 
Found: C, 56.98; H, 3.81; X, 8.09.

Hydrolysis of the Hydrobromide Salt of Reissert Compound by 
Base.—The salt (3, 0.10 g.) was dissolved in warm water con
taining 10% methanol, and the solution was treated with excess 
ammonium hydroxide. A precipitate formed immediately which 
was collected, washed with water, and dissolved in hot methanol. 
On cooling there was obtained 0.71 g. (93%,) of isoquinoline 
Reissert compound, as identified by melting point and infrared 
spectrum.

Reduction of the Perchlorate Salt of Isoquinoline Reissert 
Compound. A. Catalytic Hydrogenation.—A suspension of 12 
g. (0.033 mole) of isoquinoline Reissert perchlorate salt 3 in 200 
ml. of ethanol and 0.3 g. of platinic oxide was hydrogenated at 3 
atm. until the uptake of hydrogen virtually ceased (ra. 6 hr). 
The reaction mixture was heated on the steam bath and diluted 
with water to dissolve the salt. The hot mixture was filtered to 
remove the catalyst, and the filtrate was allowed to cool. A 
greenish yellow solid (9.2 g .) separated from the fluorescent green 
liquid. On recrystallization from ethanol the salt was obtained 
as pale yellow crystals, m.p. 251° dec.

Anal. Calcd. for Ci-Hi9N20 5C1: C, 55.67; H, 5.22; N,
7.64. Found: C, 55.31; H.5.37; X, 7.95.

A solution of 5.0 g. of the reduced salt in hot water was treated 
with charcoal, filtered, and cooled. To the crystallized salt was 
added aqueous ammonia, and after 0.5 hr. the flocculent white 
solid, 32 g. (88%), was collected and recrystallized from ethanol 
as colorless prisms, m.p. 150-151°. The melting point was un
depressed on admixture with the base from borohydride reduction 
of the salt; moreover, the infrared spectra were identical.

B. Borohydride Reduction.—A hot solution of isoquinoline 
Reissert perchlorate (4 g.) in aqueous alcohol was treated with 1 
g. of potassium borohydride. After 0.5 hr. the mixture was 
heated to boiling, and water was added almost to the point of 
turbidity. On standing 2.1 g. (71%) of a white solid was col
lected and after several recrystallizations gave colorless crystals, 
m.p. 150-151°; infrared spectrum (CHC13): 2.83 and 2.95
(monomeric XH2 asymmetric and symmetric stretch, respec
tively); 2.90, 3.05, 3.15 (dimeric NH2—OC stretch); 5.95 m 
(amide CO).

Anal. Calcd. for C,7H18X20: C, 76.69; H, 6.76; X, 10.52.
Found: C, 76.80; H, 6.72; X, 10.81.

The same reduction product (63%) was obtained from a parallel 
reduction of the hydrobromide salt.

A solution of the base in ethanol was mixed with perchloric 
acid and after a few minutes in an ice bath almost colorless

(10) R. M irza, J .  C h e m .  S o c . ,  4400 (1957); J. W. Huffm an, J .  A m .  C h e m .  

S o c . . B O .  5193 (1958).

crystals separated from the magenta solution. The product, 
m.p. 251° dec., was identical with the yellow perchlorate from 
the catalytic reduction by mixture melting point and infrared 
spectra.

Acid Hydrolysis of 2-Benzyl-l,2,3,4-tetrahydroisoquinald- 
amide.—To 0.5 g. of 2-benzvl-l ,2,3,4-tetrahydroisoquinald- 
amide was added 4 ml. of concentrated sulfuric acid and 5 ml. of 
water. A clear violet-red solution resulted that changed on 
heating to a deep yellow. The solution was allowed to reflux
1.5 hr. and to stand 12 hr. The acid solution was diluted with 
water and extracted with ether, but the ether extracts gave no 
evidence of benzoic acid. The aqueous layer was made strongly 
alkaline with 20% sodium hydroxide solution, and a strong odor 
of ammonia was noticed. The basic reaction mixture was acidi
fied slightly with acetic, acid, and a small amount of a gum sepa
rated. The mixture was extracted with ether (20 ml.), ether- 
dichloromethane (20 ml.), and dichloromethane (20 ml.). The 
extracts were combined and evaporated, and the residue was 
taken up in warm ethanol, filtered, and allowed to cool. The 
acid was obtained as clusters of fine colorless needles (0.17 g.), 
m.p. 174-175°.

Anal. Calcd. for Ci7Hi7X 02: C, 76.38; H. 6.41; N, 5.25. 
Found: C, 76.30; H.6.68; X,5.20.

1,2,3,4-Tetrahydroisoquinaldamide.—Hydrogenation of iso
quinaldamide hydrobromide5 (3.0 g.) in 70% aqueous methanol 
(150 ml.) was catalyzed by platinic oxide (0.1 g.) at 40 p.s.i. 
After the theoretical uptake of hydrogen (1 hr.) the reaction was 
stopped and the catalyst was removed by filtration. The fil
trate was made basic with ammonium hydroxide, and 1.5 g. of 
reduced amide, m.p. 181-183°, was collected. A sample, m.p. 
182-183°, was recrystallized for analysis.

Anal. Calcd. for Ci0Hi2X2O: C, 68.15; H, 6.87; N, 15.90. 
Found: C, 67.89; H, 6.95; X, 15.78.

2-Benzyl-l,2,3,4-tetrahydroisoquinaldamide.—A suspension of
1.5 g. of 1,2,3,4-tetrahydroisoquinaldamide in 15 ml. of benzyl 
chloride gave a clear yellow solution during 2 hr. refluxing. After 
standing 20 hr. the semisolid mixture was diluted with 50 ml. of 
acetone, and 0.9 g. of an insoluble solid, m.p. 218-222°, was 
collected and washed with 10 ml. of acetone. The crude salt 
(0.6 g.) was dissolved in warm water and filtered, and the filtrate 
was treated with cold 20% sodium hydroxide solution. The 
amine was collected as a gummy white solid that was recrystal
lized from aqueous methanol as pale yellow crystals (0.3 g.), 
m.p. 147-149°. This product proved identical with the com
pound 5 from reduction of the isoquinoline Reissert salts by mix
ture melting point and infrared spectra.

2-Benzoyl-1,2,3,4-tetrahydroisoquinaldonitrile (10).11—To 200 
ml. of dichloromethane and 70 ml. of water were added 10 g. of
3,4-dihydroisoquinoline12 and 18 g. of potassium cyanide. The 
mixture was stirred vigorously and cooled in an ice bath while 24 
g. of benzoyl chloride was added dropwise over a period of 2 hr. 
After 6 hr. stirring the layers were separated, and the dichloro
methane solution was extracted successively with water, 5% 
sodium hydroxide, 5%, hydrochloric acid, and water again. 
The solution was dried over sodium sulfate and evaporated 
under reduced pressure to leave a viscous orange oil. The oil 
was diluted with 5 ml. of ethanol, cooled, and scratched. Fine 
crystals began to form after 15 min., the mixture was kept near 0° 
for 12 hr., and the first crop of crystals (1.5 g.), m.p. 113-115°, 
was collected. Recrystallization of this product raised the melt
ing point to 114-115°, but it did not correspond to dihydroiso- 
qulnoline Reissert compound 10 and was not studied further.

Anal. Found: C, 79.81; H.6.47; X, 5.79.
The second and third crops of crystals (7.3 g., m.p. 96-98°), 

were sticky colorless crystals. Recrystallization from aqueous 
ethanol and finally ethanol-ether gave the Reissert compound 10 
as colorless prisms, m.p. 104-105°.

Anal. Calcd. for C„H14X20: C, 77.94; H, 5.37; X, 10.68.
Found: C, 78.05; H, 5.66; X, 10.62.

Perchlorate Salt of Dihydroisoquinoline Reissert Compound.— 
To 1.0 g. of recrystallized dihydroisoquinoline Reissert com
pound was added glacial acetic acid (5 ml.) until all of the solid 
dissolved on shaking. The solution was cooled slightly, and 1.5 
ml. of 70% perchloric acid was added. After 10 min., the salt 
precipitated nearly all at once when the solution was scratched.

(11) This general m ethod is described by F. D. Popp, W. B lount, and P. 
M elvin, J .  O r g .  C h e m . ,  26, 4930 (1960).

(12) W. J. Dale, L. S tarr, and C. W. Strobel, i b i d . ,  26, 2225 (1961).
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The mixture was chilled 10 min. in an ice bath and the product 
(1.1 g., m.p. 205-208°), was collected as a bright yellow solid. 
An analytical sample, m.p. 213-214°, was recrystallized from 
ethanol; infrared spectrum (KBr): 3.00-3.08 (doublet), 6.05,u.

,4na(. Calcd. for C„H15N20 5C1. H20: C, 53.63; H, 4.50; 
N, 7.30. Found: C, 53.41; H,4.51; N, 7.34.

Borohydride Reduction of Dihydroisoquinoline Reissert 
Perchlorate Salt.—A suspension of sodium borohydride (0.5 g. 
in 30 ml. of ethanol) was treated with 0.95 g. of dihydroiso
quinoline Reissert perchlorate. The color at first was orange, 
but this quickly faded on heating. A white solid that remained 
undissolved after heating 10 min. was dissolved by addition of 
water. Further dilution with water brought the boiling solution 
to the point of turbidity, and a small quantity of alcohol was 
added to give a clear solution. On chilling in an ice-water bath

a colorless granular solid was deposited (0.8 g.), m.p. 146-148°; 
this was raised to 147-149° by recrystallization. This com
pound was identified as 2-benzyl-l ,2,3,4-tetrahydroisoquin- 
aldamide (5) by mixture melting point and infrared spectrum.

Hydrolysis of Dihydroisoquinoline Reissert Compound.—To 
0.5 g. of dihydro Reissert compound 10 was added 11 ml. of 
concentrated hydrochloric acid, and the mixture was allowed to 
reflux 8 hr. The cooled mixture deposited a feathery colorless 
solid (0.18 g., 78%), m.p. 118-120°. This product proved to be 
benzoic acid.

A similar result was obtained when the perchlorate salt 11 was 
heated with aqueous hydrochloric acid (1:1 by volume) and 2,4- 
dinitrophenylhydrazine. No benzaldehyde derivative was ob
tained, but benzoic acid was recovered from the reaction mix
ture.

D eoxym ercuration  in  th e  P resence o f B oth  Acid and Iodide Io n 1

M a u r i c e  M . K r e e v o y , G e r a l d  S t o k k e r , R ic h a r d  A .  K r e t c h m e r , a n d  A .  K a r im  A h m e d  

The School of Chemistry of the University of Minnesota, Minneapolis 14, Minnesota

Received May 13, 1963

The deoxymercuration rate of 2-methoxyethylmercuric iodide in solutions containing both hydronium ion and 
iodide ion contains contributions from terms of the first and second order in iodide as well as a term of the zeroth 
order in iodide. The rate is of the first order in hydronium ion throughout. A previous report that 2-iso- 
propoxyethylmercuric chloride is inert to perchloric acid (ref. 3) is in error. Substantial differences are found be
tween deoxymercuration rates of 2-methoxyethylmercuric iodide and the corresponding hydroxy compound at 
all iodide concentrations. This precludes a fast reversible formation of the olefin-mercuric iodide complex 
and it is suggested that the formation of this complex, in fact, is rate determining.

The hydrohalic acid-induced deoxymercuration reac
tion, shown in equation 1, has been reported to be first 
order in hydrochloric acid2 and also second order in 
hydrochloric acid.3 Both of these reports pertain to

1
-C-

HgX
I

-C— +  HX HOR +  HgX2 +  C =C  (1)

OR

alcohol rich alcohol-water mixtures in which kinetic 
salt effects may be quite large,4 and in which incom
plete ion-pair dissociation may be a factor.6 In neither 
study was the halide ion concentration varied inde
pendently of the acid concentration. The present 
paper reports a study of the deoxymercuration reaction 
induced by combinations of acid and sodium iodide 
in water as a solvent (containing 2% methanol). 
The principal substrate was 2-methoxyethylmercuric 
iodide, but certain points were established by using 
2-hydroxyethylmercuric iodide and 2-isopropoxyethyl- 
mercuric chloride.

Results
Rates were measured spectrophotometrically using 

previously described techniques.6a The build-up of 
absorption at 3200 Â. due to mercuric iodide and its 
iodide ion complexes was followed. This absorption

(1) This work was supported  by the Air Force Office of Scientific R esearch 
through C on trac t No. AF 49(638)711. Reproduction in whole or in p a r t is  
perm itted  for any purpose of the U. S. G overnm ent.

(2) O. W. Berg, W. P. Lay, A. Rodgman, and G. F. W right, C a n .  J .  

C h e m . ,  36, 358 (1958).
(3) K. Ichikaw a, H. Ouchi, and S. Araki, J .  A m .  C h e m .  S o c . ,  82, 3880 

(1960).
(4) S. D. Ross, M. Finkelstein, and R. C. Peterson, i b i d . ,  83, 5335 (1960).
(5) C. A. K raus, J .  C h e m .  E d u c . ,  35, 324 (.1951).
(6) (a) M. M. Kreevoy, J .  A m .  C h e m .  S o c . ,  81, 1099 (1959); (b) A. A. 

F rost and R. G. Pearson, “ K inetics and M echanism ,’’ John Wiley and 
Sons, Inc.. New York, N. Y., 1953, p. 28.

is primarily due to Hgl4~2 and Hgl3-, which are in 
equilibrium with Hgl2 in the presence of excess iodide 
ion. Since the I -  concentration did not change ap
preciably in the course of any one experiment, the frac
tion of Hgl2 converted to each absorbing species was 
fixed and the change in optical density was propor
tional to the fraction of the reaction which had taken 
place. Thus the usual form of the integrated first- 
order rate law (equation 2) could be used.6b Plots of 
log {(£>„ -  D0) / (Z>„ -  £>,)} vs. t were precisely 
linear. (The optical density is D with the subscript 
indicating the time, t, at which it was measured. 
The pseudo first-order rate constant is Aq.) The slopes 
of such plots, obtained graphically, were used to get 
values of Aq. Substrate concentrations were in the

k\ 2.303 (Da -  D0) 
(t -  R) 10g (£>„ -  Dt) (2)

range 10~4—10 6 M. All reactions were pseudo first 
order. The iodide concentration exceeded the sub
strate concentration by at least a factor of 12 in all 
experiments and in most by far more than that. The 
acid concentration was either in excess over the sub
strate by at least a factor of 100 or else it was held con
stant by buffering.

All measurements were made at least in duplicate 
and generally did not differ by more than 5%. In 
case of discrepancies of 10% or more, the measure
ment was repeated until the difficulty could be elimi
nated. This suggests a reliability of about ± 5% for 
cited values of Aq.

All of the rate constants reported in this paper were 
measured at 25.0 ± 0.1°. All measurements were 
made in water containing 2% by volume of methanol 
because the substrates were handled as stock solutions 
in that solvent.
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Rate as a Function of Acid Concentration.—Rates 
were measured as a function of hydronium ion concen
tration at two (constant) sodium iodide concentrations,
4.07 X 10-3 and 0.1536 M. The latter is close to the 
highest iodide ion concentration used in this work. 
With 4.07 X 10“3 M iodide ion, hydronium ion con
centration was varied with perchloric acid. Four 
determinations were made over the range of acid con
centration, 8 X 10 ~4 to 3 X 10 -3 M  giving values of At 
very nearly proportional to the acid concentration. A 
pseudo second-order rate constant, k2', is given by At/  
[H + ] and has the value 0.510 ± .008 1. mole-1 sec.-1. 
This value becomes 0.590 ±  .014 [At'0] when each rate 
constant is corrected for the ionic strength effects de
scribed subsequently.

At the higher iodide ion concentration acetic acid- 
sodium acetate buffers were used to provide the 
hydronium ion, and fc2'° was again invariant under 
changes in its concentration. (In acetic acid-sodium 
acetate buffers k2'° is defined as At[OCOCH3- ]/ 
A[HOCOCH3], where K is the thermodynamic dissocia
tion constant of acetic acid and quantities in brackets 
are concentrations. It is shown, subsequently, that 
this is equivalent to the similar quantity defined for 
strong acid.) Four measurements over the range, 
5 X 10-6 to 6 X 10-6 M hydronium ion gave a k2'° 
of 1.10 ± .04 X 102 1. mole-1 sec.-1. Sodium acetate 
concentration was held constant in these experiments 
and the hydronium ion concentration was varied by 
varying the acetic acid concentration so that there 
was no change in the ionic strength within the series. 
The acetic acid concentration was < 1.7 X 10-2 M. 
It is shown below that there is no significant catalysis 
by molecular acetic acid under these conditions.

Experiments designed to test for catalysis by molec
ular acetic acid were carried out both at low (8 X 10-4 
M) and at high (0.170 M) iodide concentration. The 
ionic strength was not held constant in these experi
ments but it is shown, subsequently, that k2'° is inde
pendent of ionic strength to a first approximation 
when it is determined in acetic acid-sodium acetate 
buffers. At the low iodide concentration a k2'° of 
0.140 was obtained in an experiment carried out with 
0.325 M  acetic acid. The value of At'0 predicted from 
similar experiments with perchloric acid is 0.136. If 
it is concluded from this that the molecular acetic acid 
contributes < 5% of the total rate under these condi
tions then the molecular acetic acid rate coefficient, 
/c2'hoac, must be smaller than A'2'H, the hydronium ion 
rate coefficient, by at least a factor of 104.

At the higher iodide concentration rates were meas
ured in dilute acetic acid-sodium acetate buffers (both 
constituents around 5 X 10-3 M) as well as more con
centrated buffers (both constituents around 0.1 M ) 
of about the same buffer ratio. A At'0 of 1.34 X 102 was 
obtained with the dilute buffer and 1.25 X 102 with the 
more concentrated buffer. If it is concluded from this 
that the molecular acetic acid contributes < 5% of the 
total rate in the more concentrated buffers, then the 
corresponding rate coefficient, A2'hoa°, must be smaller 
than fc2' H by a factor of at least 105.

These results, coupled with similar findings in the 
absence iodide ion,6 7 established that A-2'° is independent 
of hydronium ion concentration over the whole range

(7) M. M. Kreevoy and F. R. Kowitt, J . A m .  C h e m . S o c . ,  82, 739 (1960).

of iodide concentrations. They strongly suggest the 
absence of general acid catalysis.

Rate as a Function of Electrolyte Concentration.—
At 3.80 X 10-3 M  perchloric acid and 2.33 X 10-3 M 
sodium iodide, At was studied as a function of electro
lyte concentration with added sodium perchlorate, 
sodium nitrate, and potassium nitrate. The results 
are shown hi Table I.

T a b l e  I

E f f e c t  o f  A d d e d  E l e c t r o l y t e  o n  A, i n  3.8 X 10^3 M P e r 

c h l o r i c  A c i d  a n d  2.3 X 10-3 M S o d i u m  I o d i d e

1 0 2 X  t o t a l 1 0 3i i ° , 1 0 3fa ° ,
S a l t e le c t r o ly t e ,  M a s e c . _1 s e c . ~ ,b s e c .  - , c

None 0.61 1.26 1.48 1.47
k n o 3 1.61 1 .18 1.47 1.45
KNO, 3 11 1.07 1.46 1.43
KNO, 4 61 0.94 1.35 1.30
KNO, 5.61 0.97 1.43 1.37
KNO, 8.11 0.95 1.48 1.38
KNO, 10.61 0.93 1.51 1.38
NaCIO, 1.46 1.23 1 55 1.53
NaCIO, 3.21 1.05 1.44 1.40
NaCIO, 5.69 0.96 1 41 1.35
NaCIO, 10.76 0.95 1.58 1.45
NaCIO, 20.91 0.94 1.68 1.42
NaNO, 2.61 1.09 1.46 1.43

“ Since only 1:1 electrolytes are involved this is exactly half 
the ional strength. 6 Calculated from equations 3 and 4. c Cal
culated from equations 3 and 5.

If two ions of opposite charge are combined to make 
a formally neutral transition state, equation 3 gives 
the Br0usted law8 for At0, the rate constant in infinitely

At4 = A,//,2 (3)

dilute electrolyte. Changes in electrolyte concentra
tion should not change At0, although At may vary con
siderably. The mean ion activity coefficient, / ±, 
can be calculated from the Debye-Hiickel theory (equa
tion 4)9 for dilute solutions (ional strength, T, < ~0.2). 
For more concentrated solutions the extended Debye- 
Hiickel theory10 (equation 5) may be successful. In 
both equations 4 and 5 the notation

log/* S /v T _  
1 +  A V f

(4)

is that of Harned and Owen.910

log/*
S /v T ___ PT /PT-

1 +  A vT  2 4 (5)

Equation 3 has been applied to the present data, 
using both equations 4 and 5 for/^, and the results are 
shown in Table I. The theoretical value was used 
for S/.11 Empirically obtained values appropriate to 
hydrogen iodide were used for B, D'. and <5,12 the mean 
ionic diameter. (The latter is required to evaluate A .) 
Since these parameters were determined for solutions 
containing only hydrogen iodide they constitute a 
source of serious uncertainty in / i; particularly at 
higher ional strengths. Nevertheless the deviations

(8 )  J .  N .  B r 0 n s t e d ,  Z. Phys ik . Chem.  ( L e i p z i g ) ,  102, 1 6 9  (1 9 2 2 ) .
(9 )  H .  S .  H a r n e d  a n d  B .  B .  O w e n , “ T h e  P h y s i c a l  C h e m i s t r y  o f E l e c t r o 

l y t i c  S o l u t io n s ,”  3 r d  E d . ,  R e in h o ld  P u b l i s h in g  C o r p . ,  N e w  Y o r k ,  N .  Y .;  
1 9 3 8 , p p . 6 4 - 6 6 ,  3 0 8 - 5 1 2 .

(1 0 )  R e f  9 , p p . 6 6 - 6 8 .
(1 1 )  R e f .  9 , p . 165 .
(1 2 )  R e f .  9 , p . 5 1 0 .
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from constancy in the Ay0 values calculated from equa
tions 3 and 5 do not exceed the experimental uncer
tainty. If equations 3 and 4 are used instead, system
atic deviations outside of the experimental uncer
tainty are observed with ional strengths of 0.2 and 
higher. Changes of about 25% in Ay can be observed 
on going from the lowest to the highest ional strength.

In acetic acid-sodium acetate buffers the hy- 
dronium ion concentration is given by A [HOAc]/ 
[OAc- ]/*2110̂ . In such a buffer k«' would be given 
by A'i[OAc-]/it2HOAc/A[HOAe]. To get the infinite 
dilution value, Ay0 would be used, giving AROAc- ]- 
j ^ iho\ c/ [ H O A c  ]/±2 for A2'°. However, equation 
4 also gives / 4HOAc in moderately dilute solutions if
5.6 A. is used for d.13 This is not too different from theo
value of d (5.0 A.) that permits equation 4 to success
fully predict / ± up to 0.1 M electrolyte. Thus the 
two activity coefficient terms cancel to a good approxi
mation in dilute buffers, and A2'° is simply given by 
/d[OAc-]/A(HOAc].

If the hydronium ion is provided by a strong acid 
A2V C2 gives A’2 ' .4 Equation 5 (or 4 within its range 
of applicability) can be used to get / ±. This has 
been done in obtaining the values of A2'° which were 
measured in perchloric acid solutions.

Rate as a Function of Iodide Concentration.—Values 
of A2'° were obtained at sodium iodide concentrations 
ranging up to 0.17 .1/. They are shown in Table II. 
Table II also shows the acid system, perchloric or

T a b l e  I I

T h e  I n f l u e n c e  o f  [ I - ] o n  fc2 '°

k2'° obsd., h2'° c a lc d
IH*]/• 2 1. mole 1. mole “*

A c id 3/ 11--1, M see. -1 see. -1
HC104 2.47 X 10—3 ° None 0.03801 0.038
HOAc 5.62 X 10-1 8.00 X IO-1 0.140 0 136
HC1<>„ 2.21 X 10-3 1.02 X IO-3 0.159 0 162
HCIO4 2.18 X 10-3 2.03 X IO-3 0.291 0.202
HCIO4 7.05 X 10-3 2.33 X IO-3 0.361 0 321
HCIO4 2 10 X I0-3 3 05 X IO-3 0.432 0 436
HCIO, c 4.07 X 10 “3 0 590 0.586
HOAc 5 70 X !0 -5 6.00 X IO-3 1 .082 1 05
HOAc 5.70 X 10-i 1 .40 X IO-2 2.71 2.48
HOAc 5.70 X 10-5 2.80 X IO-2 7.17 6 50
HOAc 5.70 X 10-5 4.10 X IO-2 12.64 12.0
HOAc 5.70 X I0-5 5.50 X IO-2 20.7 19.1
HOAc 5.70 X IO-5 7.86 X IO-2 35.3 34.0
HOAc 5.70 X IO-5 1.05 X IO-1 58.8 56.4
HOAc c. 1.57 X IO-1 110 117
HOAc 2 54 X IO-5 1 .70 X IO-1 134 136
HOAc 2.18 X IO-5 1 .70 X IO-1 125 136

'* In the absence of iodide ion the ional strength correction is 
inappropriate; this is simply the acid concentration. 6 Calcu
lated as described in ref. 0 and 7. This value can be compared 
with 0.0340 previously reported (ref. 7). The latter is probably 
more accurate but the former is used for consistency in the present 
paper. r The average of four acid concentrations was used for 
this point, as described in the section on the variation of the 
rate with acid concentration.

acetic acid-sodium acetate, and the quantity [II1+/*2 
so that the measured values of A, can be regenerated 
from it. In all of these experiments the ratio of 
molecular acetic acid concentration to hydronium 
ion concentration was low enough to preclude significant 
catalysis by acetic acid.

(.13) H. S. Harned. •/. I’l’lis. Cliem., 43, 275 (1939).

Casual inspection shows that no constant order 
with respect to iodide ion will reproduce all of the 
data in Table II since A. '0 is nearly proportional to the 
iodide concentration at low iodide concentration but 
nearly proportional to its square at high iodide con
centration. Further there is a reaction in the absence 
of iodide. If it is assumed that A2'° is governed by 
equation 6 with the indicated constants it is possible 
to fit most of the A2'° values within their experimental 
reliabilities. The value of A2 is that obtained in the

A2'° = k, + A3[I~] + A,[I-]2 (6)
k2 = 3.80 X 10—21. mole-1 sec.-1 

k3 = 1.19 X 102 l.2 mole-2 sec.-1 

kt = 4 X 10s mole-3 sec.-1

absence of iodide ion. Values of A3 and A4 were ob
tained by an iterative process, in which a A3 value was 
first obtained by ignoring the square term at low iodide 
concentration; this value was then used in equation 6 
with the high iodide values of A2'° to get a value of /c4. 
The latter was then used in equation 6 to obtain an im
proved value of A3. This process was repeated twice 
more, at which point the values obtained for A3 and A4 
were no longer changing.

The A2'° values at low iodide concentration, on which 
A3 is primarily based, are quite firmly established. All 
of the known variables which might influence them 
(ionic strength effects, complexing) have either been 
eliminated or corrected for. Since they are very well 
correlated by equation 6. A3 can probably be considered 
as reliable as the values of A2'° ~  ±5%.

On the other hand a number of difficulties impair the 
accuracy of A2'° values at high iodide concentrations 
and thereby render A4 numerically unreliable. Experi
ments with methylmercuric iodide14 suggest that a 
significant fraction of the substrate may be complexed 
with iodide ion at the higher iodide concentrations, 
causing A2'° to fall below the values that are required to 
obtain correct values of A4 from equation 6. Equa
tions 3 and 4 have been experimentally tested only at 
lower iodide concentrations and equation 4 has been 
shown to fail at higher electrolyte concentrations, so 
that the cancellation of the hydrogen iodide and acetic 
acid activity coefficients may well be imperfect. Nei
ther of these effects, however, call the reality of A4 
into question. At high iodide concentrations A2'° 
is five times as large as would be predicted by the 
combined A2 and A3 terms in equation 6. The cancella
tion of the electrolyte effects is unlikely to be in error 
by as much as 20%, since the predicted effects them
selves are not much larger than this. Complexing 
would act to reduce the apparent values of A2'° at high 
iodide concentrations, and thereby reduce the estimated 
At

2-Hydroxyethylmercuric Iodide.—Rates were meas
ured for 2-hydroxyethylmercuric iodide at 0.0140 M  
sodium iodide and 0.130 M  sodium iodide. In both 
cases an acetic acid-sodium acetate buffer was used with 
A[HOAc]/[OAc- ], 5.79 X 10-5. At the former iodide 
concentration A2'° was 12.3 1. mole-1 sec. -1 while at the 
latter it was 240 1. mole-1 sec.-1. The former is about 
a factor of 4 larger than that for 2-methoxyethylmer-

(14) M. Visot, unpublished results.
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curie iodide under comparable conditions and the latter 
is larger by a factor of about 3.

2-Isopropoxyethylmercuric Chloride.—Rates were 
measured for the deoxymercuration of 2-isopropoxy- 
ethylmercuric chloride by perchloric acid in a mixture 
containing 79.7% by volume ethanol. The reactions 
were followed by following the build-up of the mercuric 
chloride absorption at 2400 A. Pseudo first-order 
rate constants were evaluated by means of equation 7. 
Equation 7 differs from equation 2 by a factor of two 
in the denominator on the right hand side. This enters 
because, in the absence of added halide ion, the mercuric 
halide product is formed by removing a halide ion from 
a molecule of unreacted starting material, inactivating 
it.6a Because the reactions appeared to be markedly 
autocatalytic6“ (none of the other reactions described in 
this paper are autocatalytic) the initial slopes of plots

ki 2.303 (D„ -  Do)
2(1 -  to) g (D„ -  D,) (7)

of log (Da — Dt) against t were used. The second- 
order rate constants, /c2, obtained by dividing k\ by the 
perchloric acid concentration, were strongly dependent 
on the perchloric acid concentration, as has previously 
been observed for reactions of this type15 in largely 
alcoholic solutions. As before15 a plot of log k2 against 
the perchloric acid concentration is linear. It has a 
slope of 0.90, which may be compared with slopes of 
0.73 and 1.25 previously reported15 in 76.8 and 84.0% 
ethanol, respectively. It has an intercept of —3.478, 
corresponding to a k2 of 3.3 X 10- '1 in infinitely dilute 
acid.

Discussion

The report by Ichikawa and co-workers3 that hydro
chloric acid induced deoxymercuration rates are given 
by a rate law of the form A’[H + ][C1” ][S] is oversimpli
fied. Their reported observation3 that 2-isopropoxy- 
ethylmercuric chloride does not react with perchloric 
acid is in error, as shown above. With increasing 
dilution their observed rates did not fall so fast as re
quired by a square dependence on the hydrochloric 
acid concentration.3 This can now be explained on 
the basis of equation 8. Using 2-isopropoxyethyl-

rate = *,[H+][S] +  *,[H +] [Cl"] [S] (8)

mercuric chloride as an example, k2 was evaluated in 
79.7% ethanol from equation 9. This is based on the

log k-t = 0.90[H+J -  3.478 (9)

assumption that k2 will be the same in hydrochloric 
and perchloric acids. Equation 8 could then be used 
to obtain k3. Table III shows the values obtained, 
along with those originally given by Ichikawa and 
co-workers.3 The former are clearly much more nearly 
constant. However, even equation 8 is still oversim-

T abi.e  I I I
C alculated  Va lu es  o f  k3 for  HC1 D eoxym ercuration  of 

2-Isopropoxyethylm ercuric  C hlo ride  i n  80% E thanol

[HCl], M

102 X k 3a 

l.2 mole ~ 2 sec. -l
10! X k i h 

l .2 mole -2 sec.

0.0128 8.5 5.8
. 0257 6.5 5.1
.0500 5.9 5.8
.0975 5.6 5 .5
. 1614 5.7 5.6

Taken from ref. 3. 5 Calculated from equation 8.

It is clear from the foregoing that catalysis by none, 
one, or two halide ions is possible. If a narrow range 
of iodide concentrations is studied any order between 
zero and two may be obtained. The iodide ion pre
sumably functions by complexing the mercury atom, 
which can certainly accommodate at least four ligands 
in its coordination shell.16 This is presumably true of 
the other halide ions as well, although the term of the 
second order in halide ion will be harder to observe due 
to the weaker complexing power of chloride and bromide 
with mercury.

(15) M. M. Kreevoy, J. W. Gilje, and R. A. K retchm er, J .  A m .  C h e m .  

S o c . ,  83, 4205 (1961).
(16) J. B jerrum , G. Schwarzenbaeh, and L. G. Sillen, “ S tab ility  Con

s ta n ts ,’’ The Chemical Society, London, 1958, p. 121.

plified by the omission of a term in [Cl- ],2 as explained 
above. In the deoxymercuration of 2-acotoxyethyl- 
mercuric chloride it is likely that a solvolytic term, 
of the zeroth order in hydrochloric acid is also present 
in the rate law.17

A general scheme for deoxymercuration in the 
presence of halide ion is shown in Chart I . The mercuric 
halide formed will, of course, assume its equilibrium 
state of complexation with the halide ion present. The 
orientation and dynamics of the carbon atoms, the 
oxygen, and the mercury in the transition state is prob
ably very similar to that previously established for the 
case of deoxymercuration catalyzed only by acid.7 Ihe

(17) M. M. Kreevoy and G. B. Bodem, J . Org. Chem.. 27, 4539 (1962).
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modification suggested by Ichikawa,3 in which the 
decomposition of the olefin-mercuric halide complex 
is rate determining, is definitely excluded by the 
repeated observations3 that 2-alkoxyethylmercuric 
halides and 2-hydroxyethylmercuric halides give rise 
to unique rates. If the formation of the olefin- 
mercuric halide complex were fast and reversible a 
common rate would be observed (or at least a marked 
tendency of the rates to drift toward a common value 
as the reaction proceeds). If the formation of the 
olefin-mercuric halide complex is essentially irreversible, 
as suggested by Ichikawa, it is, by definition,18 rate 
determining.

The observation that 2-acetoxyethylmercuric chloride 
is converted to 2-ethoxyethylmercuric chloride in 
ethanolic perchloric acid is mentioned by Ichikawa as 
evidence for the reversible formation of olefin-mercuric 
chloride 71-complex. However, the facile solvolysis of
2-acetoxyethylmercuric iodide17 makes it seem likely 
that this conversion simply proceeds via deoxymercura- 
tion to ethylene and mercuric chloride followed by 
readdition to the ethylene.

If the reaction scheme shown previously is correct, 
then the ratio k-.,/k2 is given by equation 10. It is

*./*. = [*.]/[*.] [I "1 (10)
*„ = Transition state giving rise to k„

identical in form and analogous in substance with the 
formation constant for a complex of a metallic ion with 
iodide ion. In this case, however, the central ion is 
the transition state containing only one iodine atom. 
In the same way lu/k3 is the formation constant for the 
transition state containing three iodine atoms from that

(18) S. G lasstone, K. J. Laidler, and H. Eyring, “ The Theory of R a te 
Processes,’’ M cG raw-Hill Book Co., Inc., New York, N. Y., 1941, pp. 99 - 
100, 199-201.

containing only two. The former ratio, fc3/fc2, has a 
value, 3.2 X 103 1. mole-1, and the later ratio, k4/k 3, a 
value, 34 1. mole-1. It is interesting to compare these 
with the various complexing constants of the mercuric 
ion. If the mercury were very w'eakly bound to the 
carbon skeleton in the transition state, so that the 
iodomercuric group resembled Hgl+ when only one 
iodine atom was present, the formation constants for 
the complexed transition states would be expected to 
resemble K» and K.s. On the other hand, if the mer
cury is firmly bound k3/k 2 and kA/k 3 might resemble
k 3 and Ki, respectively. The values of K2, K3, and

Ki = [HgI2]/;H gI+][I] (ID
A, = [HgI3-]/[H gI2] [I-] (12)
Kt = [H gIr]/[H gI,-][I-] (13)

K* are 10u, 5 X 103, and 102,16 supporting the hypoth
esis that the mercury is still firmly bound. This is
consistent with the deoxymercuration transition state 
structure previously proposed,7 in which the mercury 
is not being split away from the carbon skeleton in the 
rate-determining stop.

Experimental
The preparation of solvents and acids have been previously 

described,19 as has the kinetic method6 and the preparation of 2- 
methoxyethylmercuric iodide.20 The general method of Hofmann 
and Sand21 was used to prepare 2-hydroxyethylmercuric iodide, 
m.p. 145° dec., lit.21 147°. The method of Ichikawa and co
workers3 was used to prepare 2-isopropoxyethylmercuric chloride, 
m.p. 84.5-86°, lit.3 85-86°. Inorganic solutions were made up 
by weight from the best quality reagents commercially avail
able.

(19) M. M. Kreevoy, J .  A m .  C h e m .  S o c . .  79, 5929 (1957).
(20) M. M. Kreevoy and L. T. D itsch, J .  O r g .  C h e m . ,  25, 134 (1960).
(21) K. A. H ofm ann and J. Sand, B e r . ,  33, 1641 (1900).

R eactions o f A rom atic C arboxylates. I. Evidence for th e  
In term ed iacy  o f  B en zyn e in th e  Pyrolyses o f  o -H a lob en zoates1
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The formation of benzyne in the pyrolysis of o-halobenzoates has been demonstrated by trapping experiments 
with tetraeyclone to form 1,2,3,4-tetraphenylnaphthalene. The intermediacy of benzyne in the formation of 
xanthone in alkali metal o-halobenzoate reactions has been shown by the isolation of two dichloroxanthone 
isomers in the pyrolysis of potassium 2,4-dichlorobenzoate. 3,4-Benzocoumarin has been found as the major 
product of the pyrolysis of potassium o-iodobenzoate and has been detected in other o-halobenzoate systems. 
The major reaction path can often be polymerization by intermolecular aromatic Sn2 reaction and benzyne- 
type reactions can be suppressed by temperature control.

The dismaying violence and the unpredictable prod
ucts of o-halobenzoate pyrolyses have done little to 
encourage their study until recent years when o-halo
benzoates have been regarded as potential sources of 
benzyne.2 3 4 5 The rationale behind these views3-6 is

(1) Presented in p a rt a t  the 141th N ational M eeting of the American 
Chem ical Society. Chicago, 111., Septem ber, 1961.

(2) The following works are excellent reviews on benzyne: (a) R. Iiuisgen, 
“ O rganom etallic C hem istry ,” H. Zeiss, Ed., Reinhhold Publishing Co., 
New York, N. Y. 1960. pp. 36-87; (b) J. F. B unnett. ,/. C h e m .  E d u c . ,  38, 
278 (1961); (c) II. Heaney, C h e m .  R e v . ,  62, 81 (1962).

(3) G. Kobrich, B e r . ,  92, 2985 (1959).
(4) H. E. Sim m ons, ./. O r g .  C h e m . ,  25, 691 (1960).
(5) J. K. Kochi, i b i d . ,  26, 932 (1961).

that benzyne should be formed from o-halobenzoates by 
a decarboxylation and elimination of halide ion since 
benzyne is generated in an aromatic system by an 
initial carbanion formation with a subsequent elimina
tion of a suitable orlho group. Attempts to form ben
zyne from carboxylates with an ortho diazonium group7 
and an ortho phenyliodonium group8 have been success
ful. This paper is a presentation of results which 
demonstrate the presence of benzyne in the pyrolyses

(6) G. Kobrich, A n g e u .  C h e m . ,  74, 428 (1962).
(7) M. Stiles and R. G. Miller, J .  A m .  C h e m .  S o c . ,  82, 3802 (1960).
(8) E. LeGoff, i b i d . ,  84, 3786 (1962).
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of o-halobenzoates and help to define the limits of 
benzyne-type reactions in these systems.

Simmons4 found that silver o-chlorobenzoate gave a 
50% yield of phenyl o-chlorobenzoate upon pyrolysis 
at 212°. A postulated intermediate for an Sn2, 
decarboxylation and proton abstraction route, the 
silver salt of o-(o-chlorobenzyloxy)benzoic acid, did not 
afford phenyl o-chlorobenzoate under similar conditions. 
Supplementing this observation is a recent finding of 
Kobrich6 that silver 2-chloro-4-methyl benzoate py- 
rolyzes to a mixture of to- and p-cresol esters. Neither 
of these arguments for the intermediacy of benzyne are 
fortified with successful attempts to trap benzyne with 
anthracene, furan, or tetracyclone. A conclusive 
proof for benzyne would consist of trapping with dieno- 
philes and isolating products of cine-substitution with 
the appropriate reservations outlined by Heaney.20

Benzyne Trapping.—At the outset of this work, 
attempts to trap benzyne with anthracene met. with the 
same negative findings as reported by Simmons4 and 
Kochi6 except that a mass spectrum of ether soubles 
from an o-bromobenzoate -anthracene reaction had 
large peaks at 178 (anthracene), 196 (xanthone), and 
254 (possible triptycene). This result encouraged 
further efforts. Tetracyclone proved to be a suitable 
dienophile trap for the intermediate benzyne. When 
potassium o-bromobenzoate was heated to 300-315° 
for five minutes in a nitrogen atmosphere with tetra
cyclone, 1,2,3,4-tetraphenylnaphthalene was formed 
(eq. 1). The yields, based on bromobenzoate, ranged 
from 3.4 to 8.2%. The product gave no melting point 
depression with an authentic sample9 and their infra
red spectra were superimposable.

0

+  CO +  C02 +  KBr (l)

Other o-halobenzoates gave tetraphenylnaphthalene 
when treated in similar fashion. These results are 
listed in Table I.

T a b l e  I
P y r o l y s e s  o f  o - H a i .o b e n z o a t e s  i n  t h e  P r e s e n c e  o f

T e t r a c y c l o n e

M x
K Br
Cs Br
K I
Ag Cl
Na Cl
Cs Cl

Y

Yield of 
tetraphenyl- 
naphthalene;

%

H 8.2
H 1 1 . 7

H 4.8
H 0 .5

H 6.1
Cl 10.5

Benzyne and Xanthone Formation.—In the pyrolysis 
of alkali metal o-halobenzoates, xanthone is usually 
the major product. This reaction was first reported by 
Richter in 188310 for sodium o-chlorobenzoate. Some 
forty years later xanthone was an unexpected product 
of the pyrolysis of calcium o-chlorobenzoate in 18% 
yield.11 Recently Kochi6 reported yields as high as 
70% for xanthone formation from alkali metal o- 
halobenzoates, but maintained that benzyne was not 
an intermediate.

One of the principal conclusions of this work is that 
benzyne is an intermediate in xanthone formation. 
The basis for this statement is the isolation of two xan- 
thones from the pyrolysis of a substituted o-halobenzo- 
ate. When potassium 2,4-dichlorobenzoate was heated 
between 300° and 309° for thirty minutes under a 
nitrogen atmosphere, two dichloroxanthones were 
formed in 33% yield and 41% selectivity. The only 
ester isolated from this reaction was m-chlorophenyl 2,4- 
dichlorobenzoate in 10% yield. The two isomeric 
ketones were present in about 1:1 ratio and were 
separated by column chromatography. The 3,6- 
dichloroxanthone isomer (VIII) had the melting point 
183-184°.12 The 2,6-dichloroxanthone isomer (VII) 
melted at 216-216.5° and matched the product of an 
independent synthesis. The proof of structure of this 
latter compound stems from the reaction of potassium
2,4-dichlorobenzoate and potassium p-chlorophenolate 
in hot nitrobenzene with an Ullmann-Goldberg catalyst 
(Cu/CuCl)13 to effect ortho displacement. Ring cycli- 
zation of the resulting derived acids with acetic an
hydride and sulfuric acid gave a nonacidic material

O VIII
VII

(10) R. R ichter, J . p r a k t .  C h e m . ,  [2] 28, 273 (1833)
(11) W. Lawson, W. H. Perkin, Jr., and R. Robinson, J .  C h e m .  S o c . ,  125, 

624 (1924).
(12) M. Julia and G. Tchernoff, B u l l .  s o c .  c h i m .  F r a n c e , 546 (1952).
(13) A. A. G oldberg and A. H. W ragg, J .  C h e m .  S o c . ,  4227 (1958).(9) G. Wittig and E. Ivnauss, Ber., 91, 906 (1958).
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which, after crystallization from ethanol, melted at 
215-216° and displayed the same infrared spectrum as 
the material from the pyrolysis reaction. A mixture 
melting point of these two products gave no depression.

Two dichloroxanthones are predicted by a benzyne- 
type reaction. In this mode of reaction chlorobenzyne 
II is generated and attacked by another 2,4-dichloro- 
benzoate molecule. A concerted addition of benzoate 
to benzyne gives a phenolate system which precedes 
an unexceptional displacement for the xanthone ring- 
closure (VII and VIII). (See p. 3189, col. 2.)

Careful examination of all chromatographic cuts of 
esters in the potassium 2,4-dichlorobenzoate reaction 
gave no evidence for the presence of p-chlorophenyl
2,4-dichlorobenzoate. Only the meta isomer was 
formed. Both isomers would be predicted to occur if I 
added nonconcertedly to II to give intermediates such 
as X which could protonate to give an ester such as XII. 
Consequently, concertedness in the addition of I to II 
is suggested, but is not proven. To examine this point 
further, potassium 2-(2,4-dichlorobenzoyloxy)-5-chloro- 
benzoate was heated to 310°. The principal product 
was p-chlorophenyl 2,4-dichlorobenzoate. No dichloro
xanthones were detected. Since the intermediate anion 
resulting from decarboxylation of this salt would be the 
same as one derived from the nonconcerted addition of 
I to II, concertedness in the dichloroxanthone reaction 
route is implied strongly. In addition to being evidence 
against the m-disalicylide route and its variant (vide 
infra), this experiment permits the conclusion that 
m-chlorophenyl-2,4-dichlorobenzoate was not formed 
in the 2,4-dichlorobenzoate pyrolysis by a benzyne 
intermediate, but arose from an Sn2 reaction on the
o-chloro group, followed by decarboxylation and proton 
abstraction (IX —► X — XII).

An example of nonconcerted addition of benzoate to 
benzyne is that of silver 2,4-dichlorobenzoate wherein no 
xanthone isomers were detected; both chlorophenyl 
esters were formed. This difference in the potassium 
and silver experiments lies probably in the nature of the 
metal carboxylate bond, which dictates the site re
quirements of attack by the benzyne.

A possible route for xanthone formation involves a

double displacement of halogen to form a eis-disalicylide
(XI), which is reported to decarboxylate to xanthone.14 
In those reactions known to go to xanthones through a 
cfs-disalicylide route, only one disubstituted isomer of 
xanthone is formed. Examples of this effect are the 
formation of 4,5-dimethylxanthone from o-cresyl-o- 
cresotinate,15 3,6-dimethylxanthone (XIV) from o-ace- 
tyl-m-cresotic acid (XIII), and 2,7-dimethylxanthone
(XVI) from o-acetyl-p-cresotic acid (XV).16

We have found that only one xanthone isomer, 2,7- 
dichloroxanthone (XVIII), is formed in the pyrolysis of
5-chloroacetylsalicylic acid (XVII). Consequently,

+  CH3C— OH-f C02

the cfs-disalicylide route does not obtain in the pyrolysis 
of potassium 2,4-dichlorobenzoate.

A variant of this mechanism involves the initial 
Sn2 product IX which decarboxylates to anion X 
capable of rearranging to a xanthone VIII via an 
intermediate phenolate.6 This path is untenable since 
it also predicts only one isomer, 3,6-dichloroxanthone, 
in the 2,4-dichlorobenzoate system.

3,4-Benzocoumarin Formation.—When the xanthone 
react ion was extended, to potassium o-iodobenzoate, the 
yield of xanthone dropped sharply, and an ester was iso
lated as the main ether-soluble product . The ester was 
shown to be 3,4-benzocoumarin (XIX) or the 5-lactone of 
2'-hydroxydiphenyl-2-carboxylic acid. Yields ranged

0

XIX

from 18% to 33%. This ester was also formed in 3.3% 
yield during a potassium o-bromobenzoate pyrolysis 
carried out under 255-p.s.i. carbon dioxide. Examina-

(14) R. Anschutz, B e r . ,  52, 1884 (1919).
(15) M. Schopf, i b i d . ,  25, 8645 (1892).
(16) L. A nschutz and G. Gross, i b i d . ,  77, 647 (1944).
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tion of its reaction path was assisted by the pyrolysis 
of potassium o-(o-iodobenzoyloxy)benzoate at 240°. 
The chief product was phenyl o-iodobenzoate although
3,4-benzocoumarin and xanthone were formed. Since 
this salt cannot be the principal intermediate in the o- 
iodobenzoate reaction, a concerted addition—displace
ment to 3,4-benzocoumarin as well as the addition—

rearrangement to xanthone would seem to be feasible.
3,4-Benzocoumarin does not rearrange to xanthone 

under the reaction conditions. This finding rules out 
a long-standing contention17 that it was an intermediate 
in the formation of xanthone from phenyl salicylate.

Silver o-Iodobenzoate.—One of the more interesting 
aspects of o-halobenzoate reactions is the report of 
Simmons4 that during silver o-iodobenzoate pyrolysis 
there is formed a compound that melts at 180-181° 
and has infrared absorption at 5.65, 5.70, and 5.75 r. 
On the basis of the infrared and elemental analyses, 
the compound was designated as the lactone of o- 
carboxy-o'-hydroxydiphenyl ether. Although no ma
terial melting at 180-181° was isolated in our experi-

0

ments, it is unlikely that the structure assignment is 
correct for the following reasons.

(1) Structure XXI recently has been prepared by 
Lewis18 from 2'-hydroxy-2-phenoxybenzoic acid by 
lactonization and from o-phenyloxybenzoic acid by 
oxidative coupling. Its melting point is given at 
66-69°.

(2) The infrared spectra of depsidones, such as vi- 
canicin, substances known to have the nucleus of XXI, 
display one carbonyl absorption19 (5.75 p).

In our hands, silver o-iodobenzoate was pyrolyzed in 
a nitrogen atmosphere to 3,4-benzocoumarin (10%), 
xanthone (5%), phenyl o-iodobenzoate (5%), phenyl 
benzoate (10%), and diphenic anhydride (5%).

Nonhalogenated Esters.—One of the esters formed 
in the pyrolysis of o-halobenzoates is phenyl benzoate. 
This type of product was first mentioned by Kochi6 
for a mixture of lithium o-bromobenzoate and lithium 
2-chloro-4-methyl benzoate which, after heating to 
400°, gave phenyl p-toluate. A nonhalogenated ester, 
m-cresyl-p-toluate, was formed by the pyrolysis of

(17) E. Strohbach, B e r . ,  34, 4136 (1901).
(18) J. R. Lewis, J .  C h e m .  S o c . ,  2533 (1962).
(19) S. N ulakan tan , T. R. Seshandri, and S. S. Subram anian. T e t r a h e d r o n  

L e t t e r s , 18, 597 (1962).

potassium 2-chloro-4-methyl benzoate.6 It is possible 
that these nonhalogenated esters are formed from the 
expected phenyl o-halobenzoates by dehydrohalogena- 
tion involving the hydrogen evolved by the charring 
process. Phenyl benzoate was formed in 3.2% yield 
during an explosive reaction of potassium o-bromobenzo
ate as well as during a violent silver o-iodobenzoate 
pyrolysis. When the potassium o-bromobenzoate re
action was run at a temperature of 300-315° with a 
carbon dioxide pressure of 100 p.s.i., the yield of 
phenyl benzoate fell to 0.66%. A mass spectrum of the 
bomb reaction gases showed 0.4% hydrogen.

Acid-Salt Reaction.—When the pyrolysis of potas
sium o-bromobenzoate was carried out in the presence 
of o-bromobenzoic acid, phenyl o-bromobenzoate was 
obtained in yields of 37 to 46%. The possibility that 
this proceeds through an Sn2 product, o-(o-bromoben- 
zoyloxy)benzoic acid, is diminished by the observation 
that the latter acid, under the same reaction conditions, 
affords a 5.1% yield of phenyl o-bromobenzoate. 
The finding supports, but does not prove, that the ester 
was formed by concerted addition of the acid 
to benzene derived from o-bromobenzoate.

Polymers.—The formation of polysalicylates by an 
intermolecular Sn2 reaction of the carboxylate on 
halogen takes place to a considerable degree. To be 
sure, it accounts for most of the reaction products in 
certain cases, particularly if the temperature is main
tained below that necessary for decarboxylation. When 
silver o-iodobenzoate was heated under vacuum (20 
mm.) for one hour between 175-200°, the major portion 
(88%) of the reaction products was a chloroform- 
soluble oligomer with a number of average molecular 
weight of 3150. Similarly, potassium o-bromobenzoate 
afforded an oligomer (molecular weight, 2200) represent
ing 76% of the reaction products by maintaining the 
temperature at 240° for 30 minutes. The polymer run 
gave off very little carbon dioxide, whereas maintain
ing the temperature at 300° gave a quantitative yield 
(based on the xanthone reaction) of carbon dioxide.

Experimental20
Apparatus.—The apparatus for the pyrolytic experiments, 

unless otherwise noted, consisted of a 25- or 50-ml. reaction flask 
fitted with two Claisen adapters for gas inlet and a thermocouple 
lead. An. exit tube led to a trap and a 1-in. head of mercury. 
The system was evacuated and flushed with nitrogen at least 
five times prior to immersion in a Wood’s metal bath. The bath 
was heated by a Hoskins furnace. All reactions were run with a 
nitrogen sweep and reaction mixtures were maintained under 
nitrogen until their internal temperature was 35-40°.

Preparation of Salts.—Salts of the o-halobenzoates were pre
pared by reaction of stoichiometric quantities of acid and po
tassium hydroxide in water. After removal of water, the salts 
were washed with ether and dried for 24 hr. at 100° (0.5 mm.) 
in an Abderhalden pistol. Nujol infrared spectra were taken to 
ensure removal of water and parent acids.

Potassium 2,4-Dichlorobenzoate.—Potassium 2,4-dichloro- 
benzoate (4.58 g.) was heated above 300° for 30 min. under a 
nitrogen atmosphere. The temperature never exceeded 309°. 
The reaction mixture was a frothing red melt. After cooling, the 
reaction mass was washed with ether, acetone, and benzene. 
The washings were combined and stripped to give a residue 
weighing 1.655 g. The salt material of the reaction was dissolved 
in water and acidified. A 0.91 g. sample of 2,4-diehlorobenzoic 
acid was collected. Chromatography on acid-washed alumina

(20) M elting points are uncorrected. E lem ental analyses were done by 
M r. Jam es Stiles of these laboratories.
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wit.li benzene as the eluent gave 275 mg. of material W'ith an ester 
infrared spectrum in the fore fraction. Two crystallizations 
from ethanol gave white crystals, m.p. 98.5-99.0°, of m-chloro- 
phenyl 2,4-diehlorobenzoat,e.

Anal. Calcd. for C13H7Cl302: C, 51.77; H, 2.34; Cl, 35.27. 
Found: C, 51.67; H, 2.56; Cl, 35.75.

This ester was hydrolyzed to m-chlorophenol and 2,4-dichIoro- 
benzoic acid.

The second fraction of the benzene eluent contained a white 
solid, which melted at 216-216.5° after crystallization from 
ethanol.

Anal. Calcd. for CUH«C1I(),: C, 58.89; H, 2.28. Found 
C, 58.63; H, 2.38.

This dichloro ketone was 2,6-diehloroxanthone. Immediately 
after this fraction came another ketonic material, 3,6-dichloro- 
xanthone. One crystallization of the second ketone gave white 
crystals melting at 183-184°. Infrared spectra distinguished 
between the two isomers in the fingerprint region. The 3,6- 
dichloroxanthone had strong bands (chloroform), 9.38, 10.50,
11.59, and 11.85 whereas, the 2,6-isomer had only one strong 
band at 10.85 g. The total weight of dichloroxanthones was 651.6 
mg. for a 33% yield and 41% selectivity. The 2,6-isomer frac
tion weighed 275 mg; the 3,6-isomer fraction weighed 175 mg.; 
150 mg. of dichloroxanthones was a mixture of the two isomers. 
Another 315 mg. came off the column with more polar solvents. 
The latter were not characterized.

Preparation of 2,6-Dichloroxanthone.—Potassium 2,4-dichloro- 
benzoate (1.202 g.) and potassium p-ehlorophenolate (0.949 g.) 
were heated with copper pow'der (0.0406 g.) and cuprous chloride 
(0.0904 g.) in 10 ml. of refluxing nitrobenzene for 20 min. The 
products were washed with ether, dissolved in dilute base and 
filtered. Acidification w'as followed by ether extraction. The 
acidic ether residue was treated with 5% sodium bicarbonate and 
re-extracted. Another acidification of the bicarbonate solution 
gave 566 mg. of a light brown precipitate. This was dissolved in 
10 ml. acetic anhydride containing 5 microdrops of concentrated 
sulfuric acid. After 45 min., the mixture was poured into chilled 
5% sodium hydroxide. The precipitate was collected, washed 
with base followed by water, and dried. It weighed 146 mg. and 
possessed the same infrared spectrum as the dichloroxanthone 
(m.p. 216-216.5°) from the 2,4-dichlorobenzoate pyrolysis. 
Recrystallization from ethanol gave a melting point of 215.5- 
216.5°. A mixture melting point determination of the two 
samples showed no depression.

Potassium o-Bromobenzoate.—Potassium o-bromobenzoate 
(2.725 g.) was heated to 324° for 5 min. in a nitrogen atmosphere. 
At the end of this time the mass exploded. The ether-soluble 
material weighed 788 mg. and were chromatographed on alumina 
to give 375 mg. of xanthone. Analysis was made by infrared 
comparison and mixture melting point determination with that 
of authentic material. The yield was 33.6%.

Potassium o-Bromobenzoate (Pressure).—Potassium o-bromo
benzoate (4.78 g.) was placed in a 300-ml. Aniineo bomb under 
100-p.s.i. carbon dioxide and heated to 300-312° for 15 min. 
The maximum pressure was 255 p.s.i.; the final bomb pressure 
was 162 p.s.i. The mass spectrum of the final gas indicated the 
presence of 0.4% hydrogen. Acid-washed alumina chroma
tography separated the nonsalt products as follows: phenyl
benzoate (0.55%), xanthone (12.5%), and 3,4-benzocoumarin 
(3.3%). Analyses were carried out by infrared and vapor phase 
chromatography. Unidentified oils brought off the column by 
polar solvents totaled 61 % of the total material obtained from the 
column and had the infrared spectrum of an ester and a ketone.

Potassium o-Bromobenzoate (Low Temperature).—Potassium 
o-bromobenzoate (2.380 g.) was heated in a nitrogen atmosphere 
to 240° for 30 min. Only 8.9 mg. of carbon dioxide w'as evolved. 
Ether soluble material of the reaction mixture weighed 0.135 g. 
and had the infrared spectrum of a mixture of xanthone and 
phenyl o-bromobenzoate. Chloroform soluble material weighed 
0.440 g. and had the infrared carbonyl absorption at 5.72 p. 
The latter oil was coagulated with chloroform and methanol. 
Unchanged salt was recovered and converted to 0.895 g. of 
o-bromobenzoic acid. The molecular weight of the coagulate 
was 2200.

o-Bromobenzoate-Anthracene.—Potassium o-bromobenzoate 
(3.228 g.) and anthracene (0.602 g.) were heated between 300 
and 325° for 40 min. in a nitrogen atmosphere. The reaction 
mixture was treated with ether. The ether-soluble material was 
chromatographed. No triptycene was separated. A mass 
spectrum of the ether-soluble material had three large peaks at

178 (7200), 196 (3380), and 254 (158). They correspond, 
respectively, to anthracene, xanthone, and triptycene.

Preparation of 1,2,3,4-Tetraphenylnaphthalene from Potas
sium o-Bromobenzoate.—Potassium o-bromobenzoate (3.22 g.) 
was added slowly in a nitrogen atmosphere to molten tetracyclone 
(4.2 g.) at 305° for 20 min. The benzene-soluble products were 
chromatographed on acid-washed alumina. A petroleum ether- 
benzene eluent (90/10) brought down 0.327 g. of a clear oil 
which was crystallized with methanol, m.p. 204.5-205.0°. 
Its melting point was undepressed when mixed with authentic
1.2.3.4- tetraphenylnaphthalene,9 and its infrared spectrum was 
superimposable on that of authentic material.

Anal. Calcd. for C34H24: C, 94.41; H, 5.59. Found: C, 
94.19; H, 5.97.

Silver o-Chlorobenzoate and Tetracyclone.—Silver o-chloro- 
benzoate (2.89 g.) and tetracyclone (3.84 g.) were mixed and 
heated to 210-220° in a nitrogen atmosphere for 1 hr. The 
reaction products that were benzene-soluble were chromato
graphed on acid-washed alumina. Elution with a petroleum 
ether-benzene mixture (70/30) gave 23 mg. of an oil whose infra
red was superimposable on that of authentic 1,2,3,4-tetraphenyl
naphthalene.

A similar procedure except for the use of temperatures be
tween 275° and 325° was used for mixtures of tetracyclone and 
other o-halobenzoates such as cesium o-bromobenzoate, sodium 
o-chlorobenzoate, and potassium o-iodobenzoate.

Cesium 2,4-Dichlorobenzoate and Tetracyclone.—Tetracy
clone (11.52 g.) and cesium 2,4-dichlorobenzoate (1.62 g.) were 
mixed and heated in a nitrogen atmosphere between 324-331° 
for 10 min. Column chromatography of the products gave a 
fore fraction weighing 0.250 g. and whose infrared in Nujol 
above 9.0 g in microns was 9.15 (m), 9.30 (s), 9.96 (m), 10.12 (s), 
10.70 (s), 10.90 (m), 11.13 (m), 11.30 (m), 12.0 (s), 12.53 (m), 
12.95 (m), 13.42 (s), 14.30 (s), 14.80 (m). The mass spectrum 
of the oil had the following peaks: 358 (6.1), 398 (7), 468 (35.1), 
470 (17.0).

Cesium 2,4-Dichlorobenzoate.—Cesium 2,4-dichlorobenzoate 
(6.46 g.) was heated in a nitrogen atmosphere between 270° 
and 297° for 25 min. The acetone-soluble portion of the re
action products w'as chromatographed to afford 0.245 g. of m- 
chlorophenyl-2,4-dichlorobenzoate, 0.480 g. of mixed dichloro
xanthones, and 1.00 g. of material with infrared bands of a 
ketone and an ester. The respective yields of ester and xan- 
thones were 8.1 and 18%.

Cesium 2,4-Dichlorobenzoate.—Cesium 2,4-dichlorobenzoate 
(12.93 g.) was heated in a bomb under 100-p.s.i. nitrogen to 325° 
for 15 min. The maximum pressure w'as 275 p.s.i.; the final 
pressure prior to opening of the bomb was 130 p.s.i. Chloroform- 
soluble material weighed 3.56 g. Chromatography on aeid- 
w'ashed alumina gave dichloroxanthone in 25.6% yield. The
2,6-3,6 isomer ratio w'as approximately 1. The xanthone ac
counted for 57.8% of total recovered material. Another 28.9% 
w'as ketonic material that came off the column w'ith polar sol
vents, e.g., ether and methanol.

Silver 2,4-Dichlorobenzoate.—Silver 2,4-dichlorobenzoate 
(1.649 g.) was heated in a nitrogen atmosphere to 220°, at 
which point a vigorous evolution of gas took place along with a 
temperature rise to 240°. After 5 min. the temperature fell to 
220° and the reaction flask was removed from the heating bath. 
Ether washing of the reaction products gave 0.251 g. of material 
whose infrared was similar to that of a mixture of m-chlorophenyl-
2.4- dichlorobenzoate and p-chlorophenyl-2,4-dichlorobenzoate. 
Column chromatography did not separate the isomers.

p-( m )-Chlorophenyl-2 ,4-Dichlorobenzoate.—2,4-1 Dichloroben- 
zoic acid was converted to the acid chloride with oxalyl chloride, 
whereupon the latter reacted with an etheral solution of p- 
chlorophenol. After extraction with 5% sodium hydroxide 
solution, the ether was stripped to a residue which was crystal
lized twice from methanol, m.p. 225.0-225.5°.

Anal. Calcd. for Ci3H3C1j0 2: C, 51.77; H, 2.34; 0,10.62. 
Found: C, 52.28; H.2.73; t), 10.60.

The m-chlorophenyl ester was prepared in a similar manner. 
Its melting point was 99-100°.

Anal. Found: C, 52.08; H, 2.67; O, 10.38.
Potassium 2-( 2 ,4-Dichlorobenzoyloxy )-5-Chlorobenzoate.—2,4- 

Dichlorobenzoyl chloride (1.91 g.) was added slowly to a cooled 
solution of 5-chlorosalicylit acid (1.73 g.) in pyridine (15 ml.). 
After complete addition, the milky mixture w'as poured into 
water (150 ml.). The solid was taken up in ether, and the ether 
solution was washed with 1.2 N hydrochloric acid. The ether
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extract was crystallized from chloroform to melt at 185.5- 
186.5°. The infrared spectrum had the following bands in 
Nujol beyond 5.5 n: 5.70 (s), 5.82 (s), 6.28 (s), 6.4 (m), 6.7 (s),
6.8 (s), 6.92 (s), 7.02 (m), 7.25 Is), 7.65 (s), 7.80 (m), 7.85 (m),
8.05 (s), 8.20 (a), 8.65 (m), 8.95 (s), 9.12 (s), 9.60 (s), 11.1 (m),
11.25 (m), 11.37 (s), 11.93 (s), 12.23 (m), 12.80 (s), 13.12 (s),
14.09 (a), 14.50 (m), and 14.80 m (s).

Anal. Calcd. for Ci4H,C130 4: C, 48.66; H, 2.04; O, 18.52. 
Found; C, 48.68; H, 2.50; O, 18.21.

2-(2,4-Dichlorobenzyloxy)-5-chlorobenzoic acid, (1.0 g.), was 
dissolved in 25 ml. of methanol and 25 ml. of ethyl ether. To 
this solution was added 300 mg. of potassium ¿-butoxide in 20 ml. 
of methanol. The mixture was stripped at 60° (14 mm.). 
Ether was added to the residue and filtration gave a white solid 
whose infrared (Nujol) in. microns beyond 5.5 n was: 5.75 (s),
6.30 (s), 6.85 (s), 7.10 (s), 7.25 (s), 7.65 (m), 7.70 (s), 7.82 (s),
8.05 (s), 8.35 (s), 8.70 (s), 8.95 (s), 9.05 (s), 9.55 (m), 10.10 
(m), 11.22 (s), 11.50 (s), 11.60 (m), 11.85 (m), 12.10 (s), 12.60 
(s), 13.05 (m), 13.12 (m), 13.80 (s), 14.25 (w), 14.65 (m).

A portion of the salt was added to acidic water. The resulting 
precipitate was collected and dried. Its infrared was the same 
as the starting acid.

The potassium salt (0.094 g.) was heated in a nitrogen atmos
phere to 310°. At 285° the salt melted with gas evolution. 
After 5 min. at 310°, the gas evolution subsided and the reaction 
pot was removed from heat.

Ether washing of the reaction mass dissolved a whitish oil 
(0.032 g.) whose infrared was identical with that of p-chloro- 
phenyl 2,4-dichlorobenzoate. The ether-insoluble residue was 
dissolved in dilute acid. Extraction with ether followed. The 
ether solubles (0.030 g.) had the infrared of a mixture of p- 
chlorophenol and 2,4-dichlorobenzoic acid.

5-Chloroaspirin.—5-Chloroaspirin (2.15 g.) was heated to 
275° for 20 min. When acetic acid evolution stopped, the 
temperature was raised to 328° and held at that point for 30 
min. The mass was cooled. An infrared of the products in the 
reaction pot displayed only ester-type carbonyl. The pot was 
reheated to 362° for 10 min. Another infrared of this reaction 
mass showed ester and ketonic carbonyl bonds. Column chroma
tography separated the ketone from the esters. The yield of
2,7-dichloroxanthone was 20%. Its melting point after meth
anol crystallization was 224-225°; lit.21 226°. The infrared 
(Nujol) of 2.7-dichloroxanthone in microns beyond 5.5 m was
6.0 (s), 6.23 (s), 6.85 (s), 7.25 (m), 7.60 (m), 7.75 (s), 7.90 (w),
8.25 (m), 8.55 (m), 8.60 (m), 8.80 (s), 9.20 (m), 10.15 (m),
11.0 (s), 11.25 (w), 12.08 (s), 12.20 (s), 12.72 (m), 13.25 (s), 
14.42 (s), 14.60 (s).

Anal. Calcd. for C13H6C120 2: C, 58.89; H, 2.28; O, 26.75. 
Found: C, 58.76; H, 2.58; O, 26.90.

3,4-Benzocoumarin.—The method of Wittig and Pieper22 
was used to prepare 3,4-benzocoumarin from fluorenone. 3,4- 
Benzocoumarin (0.400 g.) was heated in a nitrogen atmosphere to 
340-345° for 20 min. The ester (0.390 g.) was recovered un
changed, according to infrared analysis.

o-Bromobenzoate-o-Bromobenzoic Acid.—o-Bromobenzoic acid 
(13.936 g.) and potassium o-bromobenzoate (2.38 g.) were mixed 
and heated in a nitrogen atmosphere. The maximum tempera
ture was 315° and the heating time above 300° was 16 min. 
Chromatography of the nonacidic material on acid-washed 
alumina gave a fraction of 1.276 g. of phenyl o-bromobenzoate. 
The yield based on o-bromobenzoate was 46%.

o-(o-Bromobenzoyloxy)benzoic Acid.—Salicylic acid was dis
solved in pyridine. To this solution was added o-bromobenzoyl 
chloride dropwise with cooling. After complete addition the 
mixture was poured into water. A white precipitate was col
lected, dried, and crystallized three times from benzene to melt 
at 155-156°.

Anal. Calcd. for C14H9Br04: C, 52.36; H, 2.38; 0 , 19.93. 
Found: C, 52.61; H.2.51; 0,19.59.

Infrared (Nujol) of acid in microns above 5.0 p is as follows: 
5.70 (s), 5.85 (s), 5.93 (s), 6.23 (s), 6.30 (s), 6.70 (m), 6.82 (s),
6.95 (m), 7.09 (m), 7.25 (m), 7.60 (s), 7.75 (s), 7.85 (s), 10.85 (s), 
11.15 (m), 11.40 (w), 11.68 (w), 11.80 (m), 12.42 (m), 12.65 (m), 
12.75 (w), 13.23 (s), 13.55 (s), 14.00 (s), 14.60 (s).

o-(o-Bromobenzoyloxy)benzoic acid (1.617 g .) was heated in a 
nitrogen atmosphere to 335°. The time above 300° was 9 min.

(21) H. E. F a ith , M. E. Bahler, and H. J . Florestano, .7. A m .  C h e m .  S o c . ,  

7 7  , 543 (1955).
(22) G. W ittig  and G. Pieper, B e r . ,  7 3 , 295 (1940).

Temperatures were taken in the reaction mass. The reaction 
products were treated with ether and chloroform. The ether- 
soluble material weighed 1.216 g.; the chloroform-soluble ma
terial weighed 0.117 g. These two fractions were combined for a 
chromatography on acid-washed alumina. Phenyl o-bromo
benzoate (0.071) g. was recovered from a petroleum ether (30— 
60°)-benzene mixture (85/15). The total material taken off the 
column was 0.4948 g. The yield of phenyl o-bromobenzoate was 
5.1%.

Potassium o-Iodobenzoate.—Potassium o-iodobenzoate (11.54 
g.) was heated in a nitrogen atmosphere between 320° and 330° 
for 15 min. Upon cooling, the reaction mass was treated with 
ether. The ether-soluble material weighed 1.81 g. and was 
chromatographed on acid-washed alumina. The following 
materials were isolated and identified by infrared spectra and 
v.p.c.: phenyl o-iodobenzoate (0.044 g.), xanthone (0.100 g.), 
and benzocoumarin (0.704 g.). The yields of xanthone and 
benzocoumarin based on starting material are 2.5% and 18%, 
respectively'. Two unknown materials were also isolated: a
hydrocarbon (0.102 g.) with infrared absorptions at 6.4, 6.95, 
8.0, 9.2, 9.75, 9.95, 10.15, and 13.5 an ester (0.065 g.) with 
infrared absorptions at 5.8, 6.2, 6.85, 7.65, 8.35, 8 .6, 9.1 and
10.8 fi.

Potassium o-(o-Iodobenzoyloxy)benzoate.—o-Iodobenzoic acid 
was converted to its acid chloride by means of oxalyd chloride. 
The acid chloride was poured into a chilled solution of salicylic 
acid in pyridine. After addition, the pyridine solution was poured 
into excess acidic water and the precipitate so formed was 
collected. Two crystallizations from benzene gave white crystals 
melting at 147-148°. Its infrared spectrum (Nujol) in microns 
beyond 5.0 g is as follows: 5.70 (s), 5.85 (s), 6.23 (s), 6.30 (m),
6.40 (m), 6.70 (m), 6.85 (s), 7.10 (m), 7.25 (m), 7.65 (s), 7.80 
(s), 8.05 (s), 8.30 (s), 8.60 (s), 8.82 (s), 9.20 (s), 9.60 (m),
9.85 (s), 10.85 (m), 11.15 (m), 11.80 (m), 12.45 (m), 12.65 (m),
12.80 (m), 13.30 (s), 13.70 (s), 14.10 (s), 14.68 (s).

Anal. Calcd. for C14H9I04: C, 45.69; H, 2.47; O, 17.38. 
Found: C, 45.86; H, 2.17; 0,17.38.

The o-(o-iodobenzoyloxy)benzoic acid (0.368 g.) was dissolved 
in ether and treated with 0.100 g. of potassium ¿-butoxide in 10 
ml. of ¿-butyl alcohol. The mixture was stripped of solvent at 
60° (90 mm.). The residue weighed 0.200 g. and had the follow
ing infrared spectrum (Nujol) in microns above 5.0 p: 5.70 (s),
6.23 (s), 6.40 (s), 6.85 (s), 7.0 (m), 7.30 (s), 7.75 (m), 7.90 (m),
8.15 (s), 8.40 (s), 8.60 (w), 8.70 (m), 8.88 (s), 9.20 (s), 9.25 (m),
9.60 (s), 9.85 (s), 10.50 (w), 10.60 (w), 11.25 (m), 11.50 (w),
11.65 (m), 11.90 (w), 12.25 (m), 12.40 (m), 12.70 (m), 13.50 (s),
13.65 (s), 14.20 (s), 14.50 (w), 14.80 (m).

The potassium o-(o-iodobenzoyloxy)benzoate (0.200 g.) was 
heated under a nitrogen atmosphere at 260° for 10 min. The 
reaction mass, upon cooling, was treated with chloroform. A 
v.p.c. of the chloroform-soluble material showed the presence 
of phenyl o-iodobenzoate, 3,4-benzocoumarin, phenyl benzoate, 
and xanthone. The column for this analysis was composed of 
chromosorb with 5%, SE 30 silicone oil and was heated at 260°.

Silver o-Iodobenzoate.—Silver o-iodobenzoate (2.456 g.), 
prepared by the reaction of silver nitrate and potassium o-iodo
benzoate, was heated in a nitrogen atmosphere to 80°, at which 
point a rapid exothermic reaction took place. The temperature 
rose to 155°. Diphenic anhy'dride (0.050 g.) was isolated from 
the top of the reaction vessel. The ether-soluble reaction prod
ucts (0.530 g.) were chromatographed on acid-washed alumina. 
The various chromatographic cuts were examined by' v.p.c. on 
5% SE 30 on Chromosorb (temp., 266°). The following were 
identified: phenyl benzoate, phenyd o-iodobenzoate, xanthone,
and 3,4-benzocoumarin. The yield of 3,4-benzocoumarin was 
10%; that of xanthone was 5%; that of phenyl o-iodobenzoate 
was 5%; that of phenyl benzoate was 10%.

Silver o-iodobenzoate (4.72 g.) was heated under vacuum to 
120°. Gas evolution was vigorous but not violent. Acetone 
washing of the reaction products afforded 0.161 g. of material 
with an ester infrared spectrum. Ether washing gave only 0.008 
g. Chloroform washing gave 1.631 g. of tacky' material. The 
latter residue was redissolved in 10 ml. of chloroform and poured 
into petroleum ether (30-60°). A precipitate formed which was 
filtered and dried. Its melting range was 135-143°. Its molec
ular weight by ebullioscopic determination with chloroform was 
3150. The infrared of this oligomer in Nujol beyond 5.0 m in 
microns was as follows: 5.69 (s), 6.21 (m), 6.42 (w), 6.73 (w),
6.85 (s), 7.75 (m), 7.79 (s), 8.01 (s), 8.30 (s), 8.62 (m), 8.90 (m),



3194 G e n s l e r  a n d  M c L eo d V o l . 28

9.01 (w), 9.32 (in), 9.51 (s), 9.77 (m), 11.17 (w), 11.75 (w),
12.80 (w), 13.42 (s), 14.55 (w).

Anal. Found: C, 55.01; H, 3.09; 0,21.78; Ag, 8.85; I, 
9.74.

A portion of the oligmer (0.191 g.) was hydrolyzed with base to 
salicylic acid (0.111 g.).
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Tetrahydrofurfuryl alcohol with carbon-14 in the exocyelie carbon atom was prepared by carbonating furyl- 
lithium with radioactive carbon dioxide and reducing the resulting furoic(11COOH) acid. Lithium aluminum 
hydride converted the acid to furfuryl alcohol. Hydrogen over Raney nickel then saturated the ring to give 
the labeled tetrahydrofurfuryl alcohol. Passing the labeled alcohol over hot alumina produced radioactive di
hydropyran. Ozonization cleaved the dihydropyran to formic acid and 4-hydroxybutanal, while nitric acid 
oxidation of the dihydropyran gave glutaric acid which with hydrazoic acid was degraded to 1,3-diaminopropane.
The results of radioactivity assays on these materials showed that the carbon-14 in dihydropyran was located 
in the 2- and 6-positions. The 'relations of this distribution to postulated reaction pathways is discussed.

When tetrahydrofurfuryl alcohol is passed over 
alumina at 3.50°, dehydration and ring expansion occur 
to give dihydropyran.12 Although the reaction has been 
examined and improved by several groups,3-5 only 
little evidence useful in defining a mechanism has been 
obtained. We wish to report work bearing on this as
pect of the tetrahydrofurfuryl alcohol-dihydropyran 
conversion.

In the first stages of the reaction, alumina may be 
taken to coordinate with one or both of the oxygen 
atoms in tetrahydrofurfuryl alcohol. We assumed as a 
working hypothesis that the hydroxyl oxygen is the one 
involved and, therefore, that the exocyclic carbon atom 
becomes electron deficient. This presents two rearrange
ment possibilities, which are formulated here—in terms 
of the limiting carbonium ion-form I1 2 3 4 5 6—as paths a and b. 
Path a proceeds through a Wagner-Meerwein rear
rangement with ring expansion (see II) and loss of pro-

IV V
(1) The formal names for this compound and its  derivatives are cum ber

some and unfam iliar. Thus, for the paren t compound we have our choice of 
5,6(or 2 ,3)-d ihydro-4//-pyran , 5,6(or 2,3)-dihydro-y-pyran, or 5,6(or 2,3)- 
dihydro-1,4-oxin. For convenience, we have based the nam ing here on A2- 
d ihydropyran  and, wherever possible, have dropped the A2. N ote th a t  this 
scheme autom atically  places the double bond a t the 2,3- ra ther than  the  5,6- 
position.

(2) R. Paul, B u l l .  s o c .  c h i m . ,  [4] 63, 1489 (1933).
(3) R. L. Sawyer and I). W. Andrus, O r g .  S y n . ,  23, 25 (1943).
(4) L. E. Schniepp and H. H. Geller, J .  A m .  C h e m .  S o c . .  68, 1646 (1946).
(5) C. H. Kline and J. Turkevich, i b i d . ,  67, 498 (1945).
(6) The te trahydrofurfury l cation has been suggested before as a key 

interm ediate: c f .  Paul,7 8 who in terpreted  his reaction in term s of som ething 
resembling the cation. Wilson,s and F ried .9

(7) R. Paul. B u l l .  s o c .  c h i m . ,  (5) 2, 745 (1935).
(8) Ci. .1. B aum gartner and C. L. Wilson, ./. A m .  C h e m .  S o c . ,  81, 2440 

(1959); H. P. Thom as and C. L. Wilson, i b i d . ,  73, 4803 (1951).
(9) J. Fried, “ Heterocyclic C om pounds,” Vol. I. R. C. Elderfield, Ed..

John Wiley and Sons, Inc., New York, N. Y.. 1950, p. 348.

ton to give the dihydropyran product III. A close 
analogy may be found in the alumina dehydration of 
cyclopentylcarbinol to cyclohexene.10 An added favor
able feature is the possibility of delocalization of the 
positive charge in II to oxygen.11 Path b has the ring 
oxygen migrating to the external methylene group to 
give IV, which on loss of a proton becomes dihydro
pyran V. An ethylene oxide ring derived from IV 
could be involved in the rearrangement just as in the 
conversion of 2-methoxy-2-methylpropyl p-bromoben- 
zenesulfonate to isobutyraldehyde.12 A basis of choice 
between paths a and b lay in the fact that the former 
places the exocyclic carbon atom of tetrahydrofurfuryl 
alcohol at the dihydropyran 3-position (cf. Ill), while 
the latter places it at the dihydropyran 2-position (cf.
V). With this in mind, we proceeded to prepare tetra
hydrofurfuryl alcohol with carbon-14 in the exocyclic 
methylene group, to carry out the dehydration-rear
rangement, and to locate the carbon-14 in the derived 
dihydropyran.

In order to obtain the labeled starting alcohol, 
furyllithium was carbonated with radioactive carbon 
dioxide. Lithium aluminum hydride converted the 
resulting furoic(14COOH) acid (VI) to furfuryl alcohol,

(10) H. S. T urner and R. J. W arne, J .  C h e m .  S o c . ,  789 (1953).
(11) O ther pertinen t analogies involving a carbon sh ift to the ad jacen t 

electron-deficient carbon may be cited. These include diazotization  of cyclo- 
penty lm ethylam ine to cyclohexanol [P. A. S. Sm ith, D. R. Baer, and S. N. 
Ege, J .  A m .  C h e m .  S o c . ,  76, 4564 (1954)], of 2-(am inom ethyl)-te trahydro- 
furan  to an “ oxidation p roduct” of 5-hydroxypentanal [N. V. Williams, 
C h e m .  A b s t r . ,  26, 3253 (1932); B u l l .  a c a d .  s c i .  U S S R ,  C l a s s e  s c i .  m a t h ,  n a t . ,  

1117 (1931)], and of 2-(am inom ethy l)-te trahydropyran  to 6-hydroxyhexanal 
[J. Colonge and P. C orbet, B u l l .  s o c .  c h i m .  F r a n c e ,  287 (1960); C o m p t .  r e n d . ,  

247, 2144 (1958) ]. T he rearrangem ent of pinacol to pinacolone over a lum ina 
a t  320° [W. N. Ipatieff and W. Leontowitsch, C h e m .  Z e n t r .  I I ,  77, 87 (1906); 
J .  R u s s .  P h y s .  C h e m .  S o c . ,  35, 606 (1903)], the conversion of 4-hydroxy- 
2,4,6-trim ethyl-2,5-cyclohexadienone to trim ethylhydroquinone with dilu te  
acid [E. Bam berger and A. Rising, B e r . ,  33, 3636 (1900)], and the tra n s 
form ation of 3-ethoxy-2-m ethyl-2-heptanol to 2 ,2-dim ethylhexaldehyde in 
hot formic acid [I. Elphimofif-Felkin B u l l .  s o c .  c h i m .  F r a n c e ,  497 (1950)] are 
also related.

(12) S. W instein, C. R. Lindegren, and L. L. Ingraham , J .  A m .  C h e m .  

S o c . ,  75, 155 (1953). O ther exam ples of the m igration of oxygen to  an 
ad jacen t electron-deficient carbon atom  may be found in the solvolysis of 
te trahydrofurfury l tosylate and brom ide to 3-hydroxy tetrahydropyran  [I). 
Oagnaire, B u l l .  s o c .  c h i m .  F r a n c e ,  1813 (I960)] and in the  isom erization of 
te trahydrofurfury l ace ta te  to 3 -acetoxytetrahydropyran  in the presence of 
zinc chloride fD. G agnaire and A. B utt, i b i d . ,  309 (1961)1.
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which on hydrogenation over Raney nickel13 gave the 
radioactive tetrahydrofurfuryl alcohol VII. Passing 
this material over hot alumina furnished labeled di
hydropyran VIII.

Ozonolysis afforded a convenient way of separating 
the carbon atoms of positions 2 and 3 of the dihydro
pyran. The carbon at position-2 emerged as formic 
acid (collected in the form of the zinc salt X) while the 
carbon at position 3 emerged as part of 4-hydroxy- 
butanal (collected in the form of its 2,4-dinitrophenyl- 
hydrazone IX). Assay showed that the activity of the 
dihydropyran VIII (70.3 pc./mole) was divided be
tween the two cleavage fragments X and IX (2 X 31.2 
and 36.6 pc./mole), respectively. This result was con
sistent with the operation of path a and path b to 
roughly the same extent.

However, this conclusion was premature. When the 
radioactive glutaric acid (XI) derived from dihydro
pyran (VIII) by oxidation was decarboxylated with 
hydrazoic acid, the 1,3-diaminopropane product (col
lected as the dibenzoyl derivative XII) was practically 
devoid of activity.14 Since the original 3-position of 
dihydropyran is carried by the dibenzoyl derivative 
XII, the 3-position cannot be active. Thus, the activ
ity of the 4-hydroxybutanal (as in IX) is seen to reside 
not at the aldehydic carbon, but instead at the hydroxy 
end of the C4 chain, and the activity of dihydropyran 
VIII is divided not between positions 2 and 3, but in
stead between positions 2 and 6.

The accompanying diagram summarizes the dis
tribution in terms of per cent activities.16 Reaction

0 ¡100 l (?)

r V U i R O H■ vI 54-51 I 45-48
i !

(13) G . H i l ly ,  B u l l .  soc .  c h i m . ,  [5] 4 , 163 0  (1 9 3 7 ).
(14) T h e  m e a s u r e d  c o u n ts  p e r  m in u te  w a s  j u s t  o v e r  t h e  b a c k g r o u n d .
(1 5 ) F o r  t h e  p u r p o s e s  o f t h is  d i s t r i b u t io n ,  t h e  m o la r  a c t i v i t y  o f th e  d i 

h y d r o p y r a n  w a s  t a k e n  a s  6 9 .6  a n d  w a s  a r r i v e d  a t  b y  a v e r a g in g  th e  m o la r  
a c t i v i t i e s  o f d i h y d r o p y r a n  V I I I ,  g lu ta r ic  a c id  X I ,  a n d  th e  2 ,4 -d in i t ro p h e n y l -  
h y d r a z o n e  o f t h e  d e r iv e d  5 - h y d r o x y p e n ta n a l  (se e  E x p e r im e n ta l  s e c t i o n ) .  
I f  th e  d i s t r i b u t io n  o f a c t i v i t y  b e tw e e n  p o s i t io n s  2 a n d  6  of t h e  d ih y d r o p y r a n  
is  b a s e d  o n  th e  a c t i v i t i e s  of z in c  f o r m a te  (X ) ,  1 ,3 -d ib e n z a m id o p r o p a n e  ( X I I ) ,  
a n d  d i h y d r o p y r a n  ( V I I I ) ,  t h e  d i s t r i b u t io n  c o m e s  to  4 5 %  a t  t h e  2 - p o s i t io n  
a n d  5 4 %  a t  t h e  6 - p o s i t io n .  I f  t h e  d i s t r i b u t io n  is  b a s e d  in  t h e  a c t i v i t i e s  of
4 - h y d r o x y b u ta n a l  {rf.  I X ) ,  1 ,3 -d ib e n z a m id o p r o p a n e  ( X I I ) ,  a n d  d ih y d r o 
p y r a n  ( V I I I ) ,  t h e  v a lu e s  c o m e  to  4 8 %  a t  t h e  2 - p o s i t io n  a n d  5 1 %  a t  t h e  6 - 
p o s i t io n .  W ith  a ssay , s t a n d a r d  d e v ia t io n s  of 2 - 3 % ,  t h e  a c t i v i t y  d i s t r ib u t io n  
in  th e  d ih y d r o p y r a n  2 -  a n d  6 - p o s i t io n s  is  e i t h e r  v e r y  c lo se  to  o r  i s  i n d i s 
t in g u i s h a b le  f ro m  1 : 1 .

pathway a is clearly excluded. Pathway b is still ad- 
missable but only with modification, for as it stands, 
it fails to account for the appearance of the exocyclic 
carbon of tetrahydrofurfuryl alcohol at the dihydro
pyran 6-position. Possibly path b furnishes dihydro- 
pyran-2-14C (V), which subsequently rearranges to a 
mixture of dihydropyran-2-14C and dihydropyran-6-14-
C. Work in this area is being continued.

Experimental16
FuroicO ‘COOH) Acid (VI).—Butyllithium was prepared17 18 

under nitrogen from 27.5 g. (0.20 mole) of dry, redistilled butyl 
bromide, 3.9 g. (0.56 g.-atom) of lithium wire, and 140 ml. of 
ether freshly distilled from lithium aluminum hydride. The 
filtered butyllithium solution was titrated,111 and 73 ml. contain
ing 0.10 mole of reagent was taken for the metalation of furan.

Furan (34 g., 0.50 mole) was distilled directly into the ethereal 
butyllithium solution from a mixture of furan and lithium alumi
num hydride. A 300-ml., round-bottomed, 3-necked flask 
provided with a water-cooled condenser, served as the reaction 
vessel. So far as possible, dry nitrogen blanketed the reaction 
mixture. After the reaction mixture was diluted with 30 ml. of 
ether distilled directly from ethereal lithium aluminum hydride, 
metalation was allowed to proceed at room temperature with 
occasional short periods of boiling.

The reaction flask, fitted with an efficient induction stirrer,19 
was attached to a vacuum manifold.19 Carbon dioxide was 
generated in the line over a 20-min. period by adding 50 ml. of 
concentrated sulfuric acid to 20.0 g. of dry barium carbonate 
containing 24.4 pc. of carbon-14. The gas was passed into the 
stirred furyllithium solution at —60°. Careful warming of the 
sulfuric acid mixture released all residual carbon dioxide. After 
a total carbonation time of 40 min., 20 ml. of water was added by 
drops followed by 30 ml. of 6 N sulfuric acid. The mixture was 
stirred at room temperature for 1 hr., the uncombined carbon 
dioxide was collected at liquid-nitrogen temperatures, and the 
flask was removed from the line.

Furoic acid was recovered by batch and continuous extractions 
with ether. The acid was partially purified by transferring it from 
the ether solution to aqueous sodium hydroxide and then after 
acidification back to ether. This ether solution was dried with 
calcium sulfate and treated with a small amount of activated 
alumina gel plus 2 g. of decolorizing carbon. Filtration gave a 
clear, almost colorless solution, from which solvent was stripped 
by first warming the solution at 50-60° and then drying the 
residue in a desiccator over phosphorus pentoxide. The solvent- 
free solid (9.3 g., m.p. 128-130°, neut. equiv. 112-113) was 
crystallized first from water (decolorizing carbon was used here) 
and then from carbon tetrachloride to give pure furoic(14COOH) 
acid (VI) that weighed 8.6 g. (76% based on carbon dioxide) 
and melted at 133° (cor.).

Anal. Calcd. for CsHiCh: C, 53.38; H, 3.6; neut. equiv., 
112.1. Found: C, 53.73, 53.61; H, 3.50, 3.56; neut. equiv., 
112.3; radioactivity, 242, 247 (av. 245) pc./mole.

The p-nitrobenzvl ester20 of this furoic(14C’OOH) acid (VI) 
melted after two recrystallizations from 95% ethyl alcohol at
134-134.5°.

Anal. Calcd. for C12H9O5N: C, 58.30. Found: C, 58.24,
58.35; radioactivity, 255 pc./mole.

A small sample of the radioactive furoic acid VI was decar
boxylated21 by boiling a mixture of the acid (0.35 g.), copper 
powder (0.35), and freshly distilled quinoline (4 ml.) for several 
minutes. The furan in the evolved gases was collected and,

(1 6 ) M e l t in g  p o in t s  a r e  u n c o r r e c te d  u n le s s  o th e r w is e  i n d ic a te d .  S o m e  of 
t h e  e le m e n ta r y  a n a ly s e s  w e re  p e r f o r m e d  b y  C . K . F i tz .  115  L e x in g to n  A v e 
n u e , N e e d h a m  H e ig h ts  9 4 , M a ss .

(1 7 ) H . G i lm a n ,  J .  A . B e e l, C . G . B r a n n e n ,  M . W . B u l lo c k ,  G . E .  D u n n ,  
a n d  L . S . M ille r ,  J .  A m .  C h e m .  S o c . ,  5 1 , 1499 (1 9 4 9 ).

(1 8 ) H .  G i lm a n  a n d  A . H . H a u b e in ,  ib id . ,  6 6 , 151 5  (1 9 4 4 ).
(1 9 ) M . C a lv in ,  C . H e id e lb e r g e r ,  J .  C . R e id ,  B . M . T o lb e r t ,  a n d  P . F . 

Y a n k w ic h ,  “ I s o to p ic  C a r b o n , ” J o h n  W ile y  a n d  S o n s . I n c . ,  N e w  Y o rk ,  N . Y .,  
1949.

(2 0 ) R . L . S h r in e r  a n d  R .  C . F u s o n ,  “ S y s t e m a t i c  I d e n t i f i c a t i o n  of O r g a n ic  
C o m p o u n d s ,” J o h n  W ile y  a n d  S o n s , I n c . ,  N e w  Y o r k ,  N . Y .,  1 9 4 8 , p . 157 .

(2 1 ) Cf .  E .  C . W a g n e r  a n d  J .  K . S im o n s ,  J .  C h e m .  E d u c . ,  13, 26 5  (1 9 3 6 ) ;  
H . G i lm a n  a n d  M . B . L o u is in ia n ,  Rec .  t rav .  c h im . ,  5 2 , 15 6  (1 9 3 3 ) ;  W . G . 
D a u b e n  a n d  P .  C o a d ,  J . A m .  C h e m .  S o c . ,  7 1 , 2 9 2 8  (1 9 4 9 ).
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after mixing with maleic anhydride (0.25 g.) and ether (3 ml.), 
was set aside for 2 days.22 The precipitated hard, white crystals 
were collected, rinsed with ether, and dried to give 0.34 g. (68%) 
of 3,6-endoxy-l,2,3,6-tetrahydrophthalic anhydride, m.p. 124- 
125° dec.

Anal. Calcd. for CsfRO,,: C, 57.83; H, 3.64. Found: 
C, 58.19; H, 3.71; radioactivity, 0.0 /¿c./mole.

Tetrahydrofurfuryl Alcohol (VII) from Furoic(carboxyl-14C) 
Acid (VI).—A saturated solution of furoic(carbo.\yl-14C) acid 
(5.6 g. or 0.050 mole) in 25 ml. of absolute ether was added drop- 
wise to a stirred mixture of 2.3 g. (0.061 mole) of lithium alumi
num hydride in 100 ml. of ether.23 Two 25-ml. portions of ether 
served to rinse all the furoic acid into the reaction mixture. The 
addition required 15 min., after which time the mixture was boiled 
for 1 hr.

Aqueous sodium hydroxide solution (30 ml. containing 4 g. of 
base) was added cautiously to the stirred reaction mixture. 
After removal of the two liquid layers, the white residual solid 
was shaken with three 10-ml. portions of ether. The combined 
ether layers were separated and washed several times with 10-ml. 
portions of water until the washings were neutral. The com
bined aqueous layer and washings were extracted continuously 
for 5.5 hr., and the ether extract, after several washings with 
small portions of water, was combined with the first ether 
portion. The ether solution, dried at 0° with magnesium sulfate, 
was carefully concentrated to obtain pale yellow, oily, furfuryl 
alcohol.

A teaspoonful of Raney nickel13 wet with methanol was added 
to a glass vessel containing the furfuryl alcohol in about 5 ml. of 
ether. Two milliliters of methanol was used to rinse down the 
Raney nickel. The mixture at 50° was shaken with hydrogen 
at a pressure of 1300 lb. for 5.5 hr. The hydrogenation mixture 
was filtered, and the filtrate after concentration was distilled 
through a 4-in. vacuum-jacketed Vigreux column. Water- 
white tetrahydrofurfuryl alcohol (VII), boiling at 78-79° (18 
mm.), was obtained in a yield of 3.9 g. (77%).

Anal. Calcd. for C5H10O2: C, 58.80; H, 9.87. Found: 
C, 58.0; H, 9.60; radioactivity, 241, 241, 245 (av. 242) /re./ 
mole.

Dihydropyran (VIII) from Tetrahydrofurfuryl Alcohol (VII).—
The procedure was adapted from Sawyer and Andrus.3 A glass 
tube 3/a in. in diameter was filled for about 60 cm. of its 70-cm. 
length with Alcoa activated alumina (Grade F-l, 8-14 mesh). 
The tube, slanted about 20° from the horizontal, was held in a 
65-cm. furnace. The upper end of the catalyst tube was fitted 
with a 3-ml. dropping funnel provided with an inlet for nitrogen 
and a pressure-equalizing side arm. The lower end of the cata
lyst tube could be attached to two small cold traps in series.

The catalyst was pretreated4 by slowly dropping 125 ml. of 
ordinary dihydropyran through the tube at 100°. Then, at a 
temperature of approximately 340° (maximum 366°), nitrogen 
was passed through very slowly for several hours. Finally, 14 
ml. of ordinary tetrahydrofurfuryl alcohol was added to the 340° 
catalyst at a rate of 1 drop every 6 sec. Nitrogen (ca. 1 bubble 
per second) was passed through the hot tube during the addition, 
which required 0.5 hr., and for 2 hr. thereafter. Emergent ma
terial was discarded.

The collecting traps were attached to the end of the pyrolysis 
tube and were cooled with Dry Ice-acetone. The first trap 
contained 2 g. of dry potassium carbonate. Radioactive tetra
hydrofurfuryl alcohol (VII, 3.81 g.) was added a a rate of 1 drop 
per second. When almost all had been added, 2.0 ml. of ordi
nary tetrahydrofurfuryl alcohol was placed in the dropping funnel, 
and the addition was continued. This rinsing process was 
repeated with another 2.0-ml. portion and finally with a 0.50-ml. 
portion of ordinary tetrahydrofurfuryl alcohol. The slow current 
of nitrogen was maintained during, and for 80 min. after, the 
addition.

No condensate was found in the second trap. The first trap 
was warmed to 0°, and the green upper layer of product was 
transferred to a small vacuum-jacketed Vigreux flask. The lower, 
aqueous layer was shaken with 0.50 ml.of ordinary dihydropyran, 
which was then added to the Vigreux flask. The dihydropyran 
was distilled (b.p. 65-86°) and condensed directly into a cold,
10-ml. distilling flask provided with a short Vigreux column and a 
fraction cutter. Approximately 40 mg. of lithium aluminum

(2 2 ) O . D ie ls ,  K . A ld e r ,  a n d  E . N a u jo k s ,  B e r . ,  6 2 , 5 5 4  (1 9 2 9 ).
(2 3 ) C f .  R .  F . N y s t r o m  a n d  W . G . B ro w n , J .  A m .  C h e m .  S o c . ,  6 9 , 2 5 4 8  

(1 9 4 7 ).

hydride was carefully added to the wet dihydropyran. After 
standing for 2 hr., the product was distilled. Radioactive di
hydropyran (VIII, 5.52 g.) with « 21d  1.4399 was collected at 
b.p. 83.5-84°.

Anal. Calcd. for CsHgO: C, 71.39; H, 9.58. Found: C, 
70.7; H, 10.0; radioactivity, 70.3 /¿c./mole.

The 2,4-dinitrophenylhydrazone24 25 of 5-hydroxypentanal was 
prepared by first hydrolyzing dihydropyran (0.11 ml.) in 1 ml. of 
water containing 1 drop of concentrated hydrochloric acid. The 
homogeneous solution obtained after 15 min. of shaking by hand 
and 5 hr. of standing was treated with a freshly prepared solution 
of 2,4-dinitrophenylhydrazine (0.30 g.), 2.5 ml. of water, 8.0 ml. 
of absolute alcohol, and 1.5 ml. of concentrated sulfuric acid. 
The mixture was warmed briefly on the steam bath, set aside 
overnight at room temperature, and then cooled. The collected 
solid, on re crystallization from 95% alcohol, afforded bright 
yellow crystals (0.25 g.) of the 2,4-dinitrophenylhydrazone of 5- 
hydroxypentanal, m.p. 109.5-110°.

Anal. Calcd. for CiiHi4N ,05: C, 46.81; H, 5.00. Found: 
C, 46.8; H, 5.0; radioactivity, 68.2 /¿c./mole.

Cleavage of Dihydropyran VIII by Ozonolysis.—Over a period 
of 0.5 hr., 0.010 mole of ozone in oxygen was bubbled into a 
— 10° solution of 0.91 ml. (0.010 mole) of radioactive dihydro
pyran (VIII) in 40 ml. of dry', freshly distilled methylene chlo
ride. The reaction tube was then held in a bath at 25° while a 
stream of nitrogen directed at the surface of the solution removed 
volatile materials. Zinc dust (3.7 g. or 0.05 g.atom) and water (10 
ml.) were added, and the mixture was stirred overnight at room 
temperature. The mixture was then heated on the steam 
bath under a reflux condenser for 2 hr. Filtration gave a clear 
solution, which was extracted continuously for 2 days with ca. 
300 ml. of ether.

The aqueous layer was separated, placed on the steam bath, 
and concentrated under a jet of nitrogen to a volume of 15 ml. 
Filtration removed a small amount of white solid, and the result
ing clear filtrate was concentrated further to 2-3 ml. Addition 
of 20 ml. of absolute alcohol gave an immediate precipitate of 
zinc formate dihydrate (X), which was collected after allowing the 
mixture to stand for 8 days at —10°. The pure white product, 
washed on the funnel with absolute alcohol and then dried in the 
air, weighed 0.60 g. (63%).

Anal. Calcd. for ZnlCHOgR-2H2O: C, 12.55; H, 3.16; 
ZnO, 42.5. Found: C, 12.8, 13.15; H, 3.35, 3.3; ash, 42.3, 
42.50; radioactivity, 62.1,62.6, 62.5 (av. 2 X 31.2) /ic./mole.

The ether solution from the continuous extraction was concen
trated under slightly reduced pressures. To the pale yellow 
residual oil dissolved in 20 ml. of 95% alcohol was added a freshly 
prepared solution of 1.2 g. (0.0061 mole) of 2,4-dinitrophenyl- 
hydrazine, 6 ml. of concentrated sulfuric acid, 9 ml. of water, 
and 30 ml. of 95% alcohol. The clear solution was warmed for a 
short time on the steam and then set aside in the cold for 10 hr. 
The precipitate was collected and was crystallized first from 95% 
alcohol and then from aqueous alcohol. The fine, yellow crystals 
of 4-hydroxybutanal 2,4-dinitrophenylhydrazone (IX), after 
drying in vacuo for 20 hr., weighed 0.74 g. (27%) and melted at
116.5-117°.

Anal. Calcd. for C10H12N4O5: C, 44.78; H, 4.51. Found: 
C, 44.75, 44.7; H, 4.61, 4.48; radioactivity, 35.3, 36.8, 37.2, 
37.2, 36.6 (av. 36.6) /¿c./mole.

Glutaric Acid (XI) from Dihydropyran (VIII).26—A mixture of
2.5 ml. of water, 1 drop of concentrated nitric acid, and 1.0 g. 
(0.012 mole) of radioactive dihydropyran (VIII) was shaken for 
15 min. The resulting homogeneous solution, after 2 hr. at room 
temperature, was added dropwise over a 2-hr. period to a cold 
(0°), stirred mixture of4.8g. of concentrated nitric acid and 0.04 
g. of sodium nitrite. Stirring was continued for 2.5 hr. at 0°, 
and thereafter for 7 hr. at room temperature.

The acid mixture in a small evaporating dish was exposed to a 
current of air overnight. The light brown concentrate (2-3 
ml.) was diluted with 5 ml. of water and evaporated on the steam 
bath in a current of air. The dilution and evaporation was 
repeated three times. Benzene (20 ml.) plus ether (2 ml.) were 
added to the last concentrate, and solvent was slowly distilled. 
Addition of benzene-ether as needed kept the volume of the 
boiling solution approximately constant. The almost colorless 
solution was filtered to remove a trace of insoluble solid. The

(2 4 ) Cf .  C . L . W ils o n , J .  C h e m .  S o c . .  52  (1 9 4 5 );  G . F . W o o d s  a n d  H . 
S a n d e rs ,  J .  A m .  C h e m .  S oc . ,  6 8 , 2111 (1 9 4 6 ).

(2 5 ) Cf .  J .  E n g l is h ,  J r . ,  a n d  J .  E  D a y a n ,  Orff. S y n . .  3 0 , 4 8  (1 9 5 0 ).
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clear filtrate, after concentration to 15 ml., was cooled to precipi
tate glutaric acid. Two recrystallizations from benzene gave 1.1 
g. (69%) of glutaric acid (XI), m.p. 93-94°. Another crystalliza
tion did not change the melting point.

Anal. Calcd. for C6Hs0 4: C, 45.45; H, 6.10; neut. equiv.,
66.05. Found: C, 45.57, 45.62; H, 6.04, 6.07; neut. equiv., 
66.0; radioactivity, 70.8, 71.4, 69.0, 70.2 (av. 70.4) /w./mole.

1,3-Dibenzamidopropane (XII) from Glutaric Acid (XI).26—A 
mixture of radioactive glutaric acid XII (0.50 g. or 0.0038 mole), 
sodium azide (1.04 g. or 0.01C0 mole) and pure chloroform (25 
ml.) was swept with a slow stream of nitrogen. The gases from 
the reaction mixture were passed up a vertical water-cooled 
condenser and then into aqueous barium hydroxide. Concen
trated sulfuric acid (7 ml. or 0.1 mole) was added by drops to the 
stirred mixture at ca. 64° over a 15-min. period. Stirring and 
heating were continued for 2 hr.

Aqueous sodium hydroxide (60 ml. of a 15% solution) was 
added slowly with stirring and cooling. Benzoyl chloride (2.4 g. 
or 0.017 mole) was added and the mixture was shaken vigorously 
for 10 min. and intermittently for 5 hr. After an additional 15 
hr. at room temperature, the two layers were separated and the

(26) C f .  H. Wolff, “ Organic R eactions,’’ R . Adams, E d., Voi. 3, John
Wiley and Sons, Inc., New York, N. Y., 1946, p. 307; S. R othchild and M. 
Fields, J .  O tq. C h e m . ,  1 6 , 1080 (1951).

organic layer was extracted thoroughly with chloroform. The 
combined chloroform solutions were dried with magnesium sul
fate and boiled to remove all solvent. Two crystallizations of 
the residual oil from benzene gave 0.63 g. (59%) of 1,3-dibenz- 
amidopropane (XII), m.p. 148.5-149° (cor.).

Anal. Calcd. for Ci7Hi8N20 2: C, 72.32; H, 6.43. Found: 
C, 72.6, 72.02; H, 6.39, 6.69; radioactivity, 0.8 ±  0.4 ¿ic./mole.

Radioactivity Measurement.27—Samples to be analyzed were 
burned quantitatively to carbon dioxide and water, which were 
collected and measured manometrically. The carbon dioxide 
was bled into a Bernstein-Ballentine tube or an ionization cham
ber for counting. Individual radioactivity determinations have 
standard deviations of 2-3%.
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Reaction of 3,5-cyclo-6/9-methoxy-170-tosyloxyandrostan-14a-ol with base yields 3,5-cyclo-6/3-methoxy-14- 
androsten-17a-ol instead of fragmentation products. Base treatment of the p-toluenesulfonylhydrazone of 3/3- 
acetoxy-14a-hydroxy-5-androsten-17-one affords the rearranged product 13a,14<*-oxido-5-androsten-3/3-ol.

The 5,10-, 8,9-, and 13,14-seco steroids contain 
medium sized rings incorporated into the steroid nu
cleus. It is desirable to synthesize these compounds 
in order to evaluate this structural variation on bio
logical properties. An attractive route to a 13,14-seco 
compound involves fragmentation2 of an appropriately 
substituted 1,3-diol monotosylate.

Starting with 5-androstene-3/8,14 a, 17/3-t riol (I),3 this 
was converted to the 3,17-ditosylate II. Selective 
methanolysis of the more reactive 3/3-tosylate afforded 
the 3,5-cyclo derivative III. The necessary stereo
chemical arrangement of reactive centers is in principle 
present in III, e.g., the trans antiparallel relationship of 
C-13-C-14 bond and the departing 17d-tosyloxy group 
to form a seco ketone by bond fragmentation.

Treatment of the 1,3-diol monotosylate III with 
potassium (-butoxide in boiling (-butyl alcohol led to 
the partial recovery of starting material with no de-

(1) T his investigation was supported by P H SR  G ran t AM-05183 from 
the N ational In s titu te  of A rth ritis  and M etabolic Diseases.

(2) R. B. C layton, H. B. H enbest, and M. Sm ith, J .  C h e m .  S o c . ,  1982 
(1957), report the fragm entation  of the C-4-C -5 bond on base tre a tm en t of 
30-tosyloxy-5a-hydroxycholestane. P. S. W harton, J .  O r g .  C h e m . ,  2 6 , 4781 
(1961), also has recently reported  the facile fragm entation  of thebicyclic  1,3- 
diol m onom esylate (i) to (ii).

(i) (ii)
(3 )(a) A. F. S t. Andre, e t  d l . ,  J .  A m .  C h e m .  S o c . ,  7 4 , 5506 (1952). The 

stereochem istry of the hydroxyl a t  C-14 is alpha in I as dem onstrated  by 
(b) S. H. Eppstein, e t  d l . ,  i b i d . ,  8 0 , 3382 (1958).

tectable seco ketone as evidenced by the infrared spec
trum. These conditions were found to be suitable 
for the fragmentation reaction in other 1,3-diol mono- 
tosylates.2 Reaction of III under more vigorous condi
tions, with sodium hydride in tetrahydrofuran, which 
promoted irreversible alkoxide ion formation at C-14 
led to a transformation product IV. The substance IV 
was characterized by the formation of a monoacetate on 
acetylation with acetic anhydride. The n.m.r. of IV 
showed the presence of one vinyl proton (4.84 r).4

The transformation of IV to a substance of known 
structure was accomplished by acetolysis of the 3,5- 
cyclo steroid to the 3/3-acetoxy-A5 compound Va. Oxi
dation of Va with chromic acid led to the known 17- 
ketone VI.3

The substance V was also isolated from the reaction 
mixture and is related to IV by the presence of a 3/3- 
hydroxy-A5 system generated from the 3,5-cyclo ster
oid. This change apparently occurred on the acidic 
alumina employed in the chromatographic separation.

Formation of the 17a-ol IV can be presumed to 
arise by intermediate formation of the highly strained 
14a,17a-oxide compound VII formed by internal 
displacement, with attendant inversion at C-17, by 
the C-14 alkoxide ion. The strained intermediate VII 
undergoes further base-catalyzed elimination to IV.5

The absence of seco ketonic material arising from 
the four-center reaction is probably a result of the non-

(4) T he n.m .r. spectrum  of 3/3-acetoxy-5,14-androstadien-17/3-ol showed 
the C-15 proton signal a t 4.81 r and the C -17a proton signal a t 6.0 r. In com
pound IV the C -17/3 proton signal is found a t  6.04 t. We thank  M r. W. V. 
Anderson for recording the n.m .r. spectra. T he spectra were recorded a t  60 
Me. on a Varian Associates HR4300 high resolution spectrom eter on 
deuteriochloroform  solutions of the steroids.
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OH 0

coplanarity of the reacting centers caused by con
formational rigidity of ring D.6

It is well established that 1,3-diols undergo frag
mentation reactions under acid-catalyzed conditions 
via carbonium ion intermediates.7 A variant of this 
fragmentation method was investigated as a means of 
obtaining the desired 13,14-seco compound. Schechter 
and Friedman8 have demonstrated that the base- 
catalyzed decomposition of p-toluenesulfonylhydrazones 
in protic solvents afford products characteristic of the 
intermediate formation of carbonium ions. In the 
present case, possible C-13-C-14 bond fission concerted

(5) In  footnote 2a discussion of the factors responsible for 1,3-oxide form a
tion from 1,3-diol m onosulfonates in fused ring system s is presented. The 
isom erization of 3a,5a-oxidocholestane to 3a-hydroxy-5-cholestene under 
mild acidic conditions is also reported.

(6) (a) F. V. B rutcher, Jr., and W. Bauer, Jr., J .  A m .  C h e m .  S o c . ,  8 4 , 2236 
(1962), discuss the three m ost probable conform ations of Ring D in the s te r
oids. Exam ination of D reiding molecular models of compound I I I  indicates 
th a t the dihedral angle between the departing  tosylate group and the 
C-13-C-14 bond in both  envelope and half chair conform ations varies from 
140-150°. In  addition , the  increased 1,3 in teraction  of a solvated H a -  
hydroxy anion and the C -17a-hydrogen exerts its  effect by fu rther d im inish
ing the dihedral angle and thereby favoring the in ternal d isplacem ent reac
tion  to the 14a,17a-oxide. (b) E. J. Corey, R. B. M itra, and H. Uda, i b i d . ,  

8 5 , 362 (1963). have utilized fragm entation  reactions of appropria te ly  substi
tu ted  1,3-hydrindanediol m onotosylates for introduction  of cyclononene 
moiety in an e legant to ta l synthesis of d.Z-caryophyllene and its isomers.
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with a carbonium ion generated at C-17 via a p-toluene- 
sulfonylhydrazone was attempted as a method of ob
taining a seco compound. (See Fig. 1.)

Reaction of 3/8-acetoxy-5-androsten-14a-ol-17-one2 
(VIII) with p-toluenesulfonylhydrazine afforded the 
hydrazone IX. Decomposition of IX with sodium in 
boiling ethylene glycol yielded a rearranged oxide X 
with little or no ketonic material present as judged by 
the infrared spectrum of the total reaction mixture.

The structure of X was established by the n.m.r. 
spectrum of X which showed the C-18 methyl signal as a 
doublet at 9.0 r (J ~  7 c.p.s.), and by the absence of 
hydroxyl absorption in the infrared spectrum. No pro
ton signals characteristic of an ethylene oxide type were 
apparent in the n.m.r., indicating the tetrasubstituted 
nature of the oxide. The stereochemistry of X is as
signed on its probable mode of formation which in
volves generation of a carbonium ion at C-17, followed 
by migration of the C-18 angular methyl group and 
collapse of the ion at C-13 by oxide formation.9

Experimental10
3/3,17(3-Ditosyloxy-5-androsten-14a-ol (II).—To a solution 

of 1.0 g. of the triol I in pyridine was added 3.3 g. of p-toluene- 
sulfonyl chloride. The mixture was allowed to stand for 16 
hr. at room temperature. The product was precipitated by 
pouring the reaction mixture into ice-water. Filtration and 
drying afforded 1.9 g. of crude II. An analytical sample was 
prepared by repeated crystallization from benzene, m.p. 126- 
127°, 1«]21d -38°; XNujo', 2.75 (O H ), 6.23, 8.4, 8.5 M (tosylate).

Anal. Calcd. for C37H42O7S.: S, 10.4. Found: S,9.95.
3,5-Cyclo-6/3-methoxy-17|5-tosyloxy-androstan-14a-ol (III).—

To a solution of 1.8 g. of the ditosylate II in 200 ml. of methanol 
and 25 ml. of acetone was added 4.0 g. of anhydrous potassium 
acetate. The mixture was refluxed for 3 hr. under a nitrogen 
atmosphere. The solvent was removed under reduced pressure, 
200 ml. of water was added, and the mixture was extracted with 
chloroform. The chloroform extract was washed with water, 
dried over sodium sulfate, and the chloroform was removed 
under reduced pressure, to yield 1.5 g. of crude III. Crystalliza
tion from ace tone-hexane gave analytical sample, m.p. 164-166°.

Anal. Calcd. for CnHssChS: C, 68.32; H ,  8.07; S, 6.76. 
Found: C, 67.88; H ,  7.82; S,6.58.

(7) See H. W'asserman, “ Steric Effects in Organic C hem istry ,” M. S. 
Newm an, Ed., John Wiley and Sons, Inc., New York, N. Y., 1955, p. 375. 
D irect acid trea tm en t of a C -14a-Cl7/3-diol would be expected to yield a 
13,17-seco compound v i a  the C-14 carbonium  ion interm ediate.

(8) H. Schechter and L. Friedm an, J .  A m .  C h e m .  S o c . ,  8 1 , 5512 (1959).
(9) Skeletal rearrangem ents have been previously observed in p-toluene- 

sulfonylhydrazone decom positions. See (a) W. R. Bam ford and T . S. Ste
vens, J .  C h e m .  S o c . ,  4735 (1952); (b) R. H irschm ann, C. S. Snoddy, J r ., C. F. 
Hiskey, and N. L. W endler, J .  A m .  C h e m .  S o c . ,  5 6 , 4013 (1954); (c) J . Elks, 
G. H. Phillipps, D. A. H. Taylor, and L. J. W ym an, J .  C h e m .  S o c . ,  1739 
(1954); (d) W. F. Johns, J .  O r g .  C h e m . ,  2 6 , 4583 (1961).

(10) M elting points were taken  on a Fisher-Johns apparatu s. A Perkin- 
Elm er Infracord was used to obtain infrared spectra. R o tations were deter
mined in chloroform a t  1% concentrations unless otherw ise sta ted . Thin  
layer chrom atographic d a ta  were obtained on M erck Silica Gel-G with a 
chloroform -ether so lvent system . The m icroanalyses were perform ed by  
Berkeley M icroanalytical Laboratory.
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3.5- Cyclo-6/3-methoxy-14-androsten-17a-ol (IV) and 5,14-
Androstadiene-3/3,17a-diol (V).—To a suspension of 0.5 g. of 
sodium hydride (50% in mineral oil) in 88 ml. of dry tetrahydro- 
furan under a nitrogen atmosphere was added dropwise a solu
tion of 1.4 g. of III in 50 ml. of dry tetrahydrofuran. The reac
tion mixture was refluxed for 16 hr. under a nitrogen atmosphere, 
then cooled to room temperature, and the excess sodium hydride 
decomposed by dropwise addition of water. An additional 200 
ml. of water was added and the mixture was extracted 3 times with 
150-ml. portions of chloroform. The chloroform extract was 
washed with water, dried over sodium sulfate, and taken to 
dryness under reduced pressure. An infrared spectrum of the 
residue indicated the absence of carbonyl absorption. The 
residue was dissolved in benzene and chromatographed on 
Merck acid washed alumina. Elution with benzene afforded 
471 mg. of IV. An analytical sample was prepared by crystal
lization from hexane, m.p. 128-130°; [a]21D +52; XNujoi 3.1
fx (-OH); n.m.r.: 8.84 (15-proton), 6.04 doublet (17-proton, J
= 5 c.p.s.), 6.65 (methoxy), 8.93 (19-methyl), 8.98 r (18-methyl).

Anal. Calcd. for C20H3o02: C, 79.42; H , 10.00. Found: C, 
79.61; H, 9.79.

Elution with chloroform afforded 70 mg. of V. An analytical 
sample was prepared by crystallization from acetone-ether, m.p.
193-195°, [a]24d  -81°; XNuioi 3.0 M (-OH); n.m.r.: 4.62(6- 
proton), 4.88 (15-proton), 6.04 doublet (17-proton, J  = 6 
c.p.s.), 8.96 (19-methyl), and 9.0 t (18-methyl).

Anal. Calcd. for C19H280 2: C, 79.12; H, 9.52. Found: C, 
79.12; H, 9.79.

3.5- Cyclo-6/3-methoxy-14-androsten-17a-ol 17-Acetate (IVa). 
—To a solution of 0.1 g. of IV in 5 ml. of pyridine was added 5
ml. of acetic anhydride. The solution was allowed to stand for 
16 hr. and the solvents were removed under reduced pressure. 
Attempts to crystallize the oil that remained were unsuccessful. 
An analytical sample was prepared by sublimation at 100° (0.005
mm. ), [a]25i> +58; Xnujoi 5.75 and 8.0 m (CHsCOO—).

Anal. Calcd. for C22H320 3: C, 76.70; H, 9.36. P’ound: 
C, 76.10; H, 8.61.

3/3-Acetoxy-5,14-androstadien-17a-ol (Va).—To a solution of 
10 mg. of IV in 1.0 ml. of glacial acetic acid was added 1.0 mg. 
of p-toluenesulfonic acid and the reaction mixture was allowed 
to stand for 4 hr. The mixture was diluted with water and 
extracted with ether. The ether extract was washed with water, 
dried over sodium sulfate, and the ether removed under re
duced pressure, affording 10 mg. of a clear oil, XNujoi, 2.9 (O H ),
5.75 and 8.0 p (C H 3C O O —). Thin layer chromatography of 
this material revealed that it was homogeneous.

3+Acetoxy-5,14-androstadien-17-one (VI).—To a solution of 
10 mg. of the oil Va in 1 ml. of acetone an acidic solution of 
chromium trioxide1' was added dropwise until a slight excess 
was present. The solution was then filtered through Celite, 
diluted with water, and extracted with chloroform. The chloro
form extract was washed with water, dried over sodium sulfate, 
and the solvent was removed under reduced pressure, affording 
10 mg. of a clear oil. Thin layer chromatography revealed that 
the oil was homogeneous and had thin layer chromatographic 
mobility in two solvent stystems identical to that of an authentic 
sample of 3/3-acetoxy-5,14-androstadien-17-one3; XN-uj„i 5.75,
8.0 (CH3COO—), and 5.8p (17-ketone).

p-Toluenesulfonylhydrazone of 3/3-Acetoxy-14a-hydroxy-5- 
androsten-17-one (IX).—To a solution of 0.5 g. of 3/3-14a- 
hydroxy-5-androsten-17-one3 (VIII) in 25 ml. of ethanol was 
added 0.28 g. of p-toluenesulfonvlhydrazine and 0.05 g. of p- 
toluenesulfonic acid. The reaction mixture was refluxed for 2 
hr. and cooled to room temperature. Under reduced pressure 
half of the solvent was removed and addition of 50 ml. of ice- 
water precipitated the product. Filtration and drying afforded 
0.389 g. of crude product . An analytical sample was prepared 
by repeated crystallization from methanol, m.p. 251-252°; 
XNujoi 2.8 (14-OH), 3.1, 6.28, 7.1, 7.5, and 8.6 (tosylhydrazone), 
and 5.75 and 8.0 p (acetate).

Anal. Calcd. for C27H350sN2S: N,5.5. Found: N, 5.1.
13a,14a-Oxido-5-androsten-30-ol (X).—To a solution of 0.5 

g. of sodium in 75 ml. of dry ethylene glycol under a nitrogen 
atmosphere was added 0.5 g. of the tosylhydrazone IX. The 
solution was refluxed for 1 hr. under a nitrogen atmosphere, 
cooled to room temperature, diluted wdth 200 ml. of ice-water 
and extracted with chloroform-ether. The extract was washed 
with water, dried over sodium sulfate, and the solvent was re
moved under reduced pressure affording 0.35 g. of residue. An 
frared spectrum of the residue revealed rhe absence of car
bonyl and tosylhydrazone absorption. Thin layer chromatog
raphy showed principally one component. The residue was 
dissolved in benzene and chromatographed on Merck acid-washed 
alumina. Elution with etfjer afforded 127 mg. of X. An 
analytical sample was prepared by crystallization from dioxane- 
water, m.p. 139-142°, [a)25n —101°; XNujoi 2.8 p (-OH);
n.m.r.» 4.57 (6-proton), 9.02 and 9.13 doublet (17-methyl, 
J  = 7 c.p.s.), and 9.02 t (19-methyl).

Anal. Calcd. for Ci9H280 2: C, 79.12; H, 9.79. Found, C, 
78.86; H, 9.71.

(11) (a) K. Bowden, e t  a l . ,  J .  C h e m .  S o c . ,  39 (1946); (b) C. D jerassi, e t  

a l . ,  J .  O r g .  C h e m . ,  2 1 , 1548 (1956).
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R o b e r t  L .  L e t s i n g e r  a n d  A l l e n  J. W y s o c k i 3 
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The synthesis of 2-(o-boronophenylethynyl)pyridine (I) and conversion to 2-[/3-hydroxy-0-(o-boronophenyl)- 
vinyl]pyridine (II) are reported. Synergetic activity of the borono and amine groups in these molecules was in
vestigated by means of a reaction with chloroethanol.

8-Quinolineboronic acid4- 6 and 2-(2-boronophenyl)- 
benzimidazole1 displace chloride from chloroethanol 
considerably faster than do equimolar mixtures con
taining benzeneboronic acid and quinoline or 2-phenyl- 
benzimidazole. The enhanced activity of the former 
compounds was attributed to cooperative action of the

(1) Paper X V I: R. L. Letsinger and D. B. M acLean, J .  A m .  C h e m .

S o c . ,  8 5 , 2230 (1963).
(2) T his research was supported  in p a rt by the N ational Science F ounda

tion.
(3) Dow Chemical Co. Fellow, Lubrizol Corp. Fellow.
(4) R. L. Letsinger and S. D andegaonker, J .  A m .  C h e m .  S o c . ,  8 1 , 498 

(1958).
(5) R. L. Letsinger, S. D andegaonker, W. J. Vullo, and J. D. M orrison, 

i b i d . ,  8 5 , 2223 (1963).

borono and amine functions made possible by the 
proximity of these groups in a given molecule. As a 
further test of the role of molecular geometry on the 
chemical properties of the borono and amine groups, 
we undertook a study of 2-(o-boronophenylethynyl)- 
pyridine (I). In this molecule the groups are suffi
ciently separated that direct interaction would not be 
expected6; therefore the reaction pathways available 
to 8-quinolinoboronic acid and the boronophenyl- 
benzimidazole should not be available to compound I.

(6) On the  basis of normal bond lengths and angles i t  is estim ated  th a t 
the  minimum distance separating  boron and nitrogen in I would be 4.8 A., 
while the  minimum distance between hydrogen (of BOH) and  nitrogen 
would be 2.9 A.
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Hours.
Fig. 1.—Chloride ion formation in the chloroethanol-butanol- 

collidine system to which 2-(o-boronophenylethynyl)pyridine had 
been added, O; chloride ion formation in a control which did 
not contain the boron compound, A.

C h a r t  I

2-(o-BoronophenyIethynyl)pyridine was prepared 
from o-bromobcnzaldehyde and 2-picoline by the series 
of reactions indicated in Chart I. The sequence is 
similar to that used for the synthesis of 2,2'-tolandi- 
boronic acid.7 Distinctive bands in the infrared 
spectrum of I were found at 2.8 (O—H), 4.5 (—C = C —), 
and 7.25 and 7.45 ix (region for B—0). Maxima in the 
ultraviolet region (ethanol solvent) occurred at 274 
(e 16,200), 293 (22,200), 302 (21,700), and 311 mM
(23,000). The compound was further characterized 
by preparation of a crystalline derivative with o- 
phenylenediamine and by conversion to 2-phenacylpyri- 
dine by treatment with hot sulfuric acid.

As in the case of 8-quinolineboronic acid and borono- 
phenylbenzimidazole1 a chloroethanol-butanol system 
was used to test for synergetic activity of the borono 
and amine groups. For this purpose a solution con
sisting of one millimole of the boron compound, five 
millimoles of collidine, and five milliliters of 1-butanol, 
measured at room temperature, was warmed to 88.8°

(7) R. L. L etsinger and J. R. Nazy. J .  A m .  C h e m .  S o c . ,  81, 3013 (1959).

and then brought to a volume of ten milliliters by addi
tion of prewarmed chloroethanol. Aliquots were 
removed at intervals and titrated for chloride ion by the 
Volhard procedure. Data from two separate experi
ments are combined in Fig. 1, along with data for a con
trol reaction in which the boron compound was omitted 
from the mixture. The curve obtained with this 
boronophenylethynylpyridine differed in a significant 
way from those for 8-quinolineboronic acid and the 
boronophenylbenzimidazole. With the latter com
pounds the reaction proceeded at a uniform rate from 
the beginning until the collidine had been converted to 
the hydrochloride.1 In contrast, the reaction with 
compound I was initially very slow, no faster than that 
of the control. The rate increased over a four-hour 
period and thereafter was constant until the collidine 
had been consumed. Throughout the linear portion 
of the curve the rate (k = 0.60 hr.-1)8 was somewhat 
greater than that for 8-quinolineboronic acid {k =  

0.37 hr.-1) and boronophenylbenzimidazole (k = 0.28 
hr.-1).

This behavior indicates that boronophenylethynyl
pyridine itself is inactive or of low activity in this 
system and that in the course of the reaction it is con
verted to an active compound. In agreement with this 
idea, a new organoboron compound, assigned structure 
II, was isolated from a reaction of I with chloroethanol. 
When this substance was introduced into a fresh por
tion of the solvent system (chloroethanol- butanol- 
collidine), the reaction began immediately with no 
induction period and proceeded at a uniform rate 
(k = 0.66 hr.-1) very close to that corresponding 
to the linear portion of the curve in Fig. 1.

H

The assignment of structure II rests on analytical 
data, the formation of a semicarbazone derivative, 
conversion to 2-phenacylpyridine, and spectral data. 
The infrared spectrum is consistent with the view 
that hydroxyl is present (strong absorption at 2.9 ix), 
that the ethynyl group is absent (no absorption be
tween 4 and 5 m), that a carbon-carbon double bond 
is present (strong absorption at 6.2 /u; no bands in 
the carbonyl region between 5 and 6 /¿), and that 
the boron is tetracoord mated (only weak absorption 
between 7 and 8 n). Like 2-phenacylpyridine9 the 
substance is yellow; 383 and 400 (shoulder) mix.

The transformation of I to II involves addition of 
-O-H to a carbon-carbon triple bond. An analogous 
reaction was observed when 2,2'-tolandiboronic acid 
was heated in an alkaline solution.7 In that case it 
was not possible to determine whether the closure 
involved a five- or six-membered C-B-0 ring since

(8) The pseudo zero-order ra te  constan t is 0.062 m o le /l./h r.; k  is ob
ta ined by sub tracting  the  ra te  for the collidine control reaction and dividing 
by the  m olar concentration  of the boron compound.

(9) R. F. B ranch, N a t u r e ,  177, 671 (1956), a ttr ib u te d  the  yellow color of 
2-phenacylpyridine to the  presence of an  enol tau tom er. Since a borono 
group is a Lewis acid, a neighboring borono group should fu rth er stabilize 
an enol form by coordination with oxygen, as  in II.
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either type of product would have afforded deoxyben- 
zoin on degradation. With II, however, phenacylpyri- 
dine could only reasonably be derived from an inter
mediate with oxygen alpha to the ring bearing the 
boron.

The reaction of II with chloroethanol in the presence 
of excess collidine (relative to II) is a catalytic one 
since it proceeds until all of the base has been con
verted to hydrochloride. Though the function of 
nitrogen in the reaction of II has not yet been uniquely 
established, formulation III for the operation of the 
catalyst in the step involving carbon-chlorine fission 
is attractive. As with 8-quinolineboronic acid410 
and the boronophenylbenzimidazole1 it is assumed 
that boron functions as a binding site for the alcoholic 
substrates and that nitrogen serves to increase the 
nucleophilicity of oxygen bound to boron. Since in II 
the nitrogen is relatively distant from boron, its effect 
may be presumed to be transmitted to boron by 
way of the intervening hydroxyl group. No com
parable pathway for interaction of the borono and 
amine groups is available in compound I, and indeed 
I appears to be a very poor catalyst for the reaction of 
chloroethanol with butanol and collidine.

Experimental
Infrared spectra were obtained with a Beckman IR-5 spectrom

eter with the sample in potassium bromide, and ultraviolet 
spectra were obtained with a Car)’ Model 11 spectrophotometer. 
Elemental analyses were performed by Miss Hilda Beck.

o-Bromostilbazole Dibromide.—A mixture of 121.5 g. (0.66 
mole) of o-bromobenzaldehyde, 61.2 g. (0.66 mole) of 2-picoline 
and 100 g. (1 mole) of acetic anhydride was refluxed for 10 hr. 
under a nitrogen atmosphere.11 The solution was then poured 
on to ice and acidified with hydrochloric acid. Volatile matter 
was distilled with steam and the residual solution was made 
alkaline with sodium hydroxide. The solid which separated on 
cooling was collected and extracted with hot, dilute hydrochloric 
acid. o-Bromostilbazole hydrochloride separated when the 
acidic solution was cooled. o-Bromostilbazole w’as liberated by 
alkaline treatment and was recrystallized from 95% ethanol; 
weight, 116 g. (68%); m.p. 80-81°. This material was dis
solved in carbon disulfide and treated with 25 ml. of bromine. 
On cooling, 178.6 g. (98% based on bromostilbazole) of bromo- 
stilbazole dibromide precipitated, m.p. 153-158°. An analytical 
sample, m.p. 166-169°, was obtained by recrystallizing a portion 
of the substance several times from methanol. The remaining 
material was used for the preparation of o-bromophenylethynyl- 
pyridine.

Anal. Calcd. for C13H10Br3N: C. 37.1; H, 2.38; N, 3.33. 
Found: C, 37.1; H, 2.39; N, 3.64.

2-(o-Boronophenylethynyl)pyridine.—Dehydrobromination 
was accomplished by heating 177 g. of o-bromostilbazole di
bromide with 92 g. of potassium hydroxide in 1600 ml. of absolute 
ethanol. The solution was then concentrated to about 300 ml., 
filtered to remove potassium bromide, and further concentrated 
to 150 ml. Following addition of 200 ml. of water, the mixture 
was extracted with ether. The crude bromophenylethynylpyri-

(10) R. L. Letsinger and J. D . M orrison. J .  A m .  C h e m .  S o c . .  85, 2227 
(1963).

(11) The procedure was pa tte rned  a fte r th e  p repara tion  of stilbazole 
described by B. D. Shaw and E. A. W agstaff, J .  C h e m .  S o c . ,  77 (1933).

dine, obtained as an oil by evaporation of the ether, was purified 
by formation of the pierate. For this step a solution of bromo- 
phenylethynylpyridine (114 g.) in the minimum amount of 
ethanol was added to 115 g. of picric acid in hot ethanol. The 
mixture was cooled and filtered, and the precipitate was recrystal
lized from methanol. The pierate (133 g., m.p. 162-162.5°) 
was then suspended in 1 1. of water and treated with an aqueous 
solution containing 13 g. of sodium hydroxide. Extraction with 
ether, treatment of the ether solution with charcoal, and distilla
tion of the ether afforded 62.5 g. (58.5% based on bromostil
bazole dibromide) of 2-(o-bromophenylethynyl)pyridine (infrared 
band, 4.50 g).

For preparation of the boronic acid, 75 ml. of 1.5 M butyl- 
lithium in ether was added to 6.2 g. of the bromophenylethynyl- 
pyridine in 300 ml. of ether at — 70°. A nitrogen atmosphere was 
used throughout the reaction of the organometallic reagents. 
After 15 min. an excess (46 g.) of butyl borate was added to the 
brown solution of the lithium reagent. The solution was stirred 
an additional 15 min., warmed to 0°, and hydrolyzed by addition 
of water. Extraction of the ether layer with dilute aqueous po
tassium hydroxide and neutralization (to pH 6.5) of the extract 
with hydrochloric acid yielded an oil, which was taken up in 
chloroform, and extracted with aqueous hydrochloric acid. On 
addition of sodium carbonate (to pH 6.5) the amphoteric 2-(o- 
boronophenylethynyl)pyridine precipitated; weight, 1.5 g.
It. was collected by extraction with ether. The analytical 
sample, obtained by recrystallization from benzene, melted 
initially at 135°, resolidified on standing, and melted again at 
155° on further heating.

Anal. Calcd. for Ci3H10BNO2: C, 70.0; H, 4.52; N, 6.29; 
neut. equiv., 223. Found: C ,12 56.3; H.4.50; N, 6.04; neut. 
equiv. (by a potentiometric titration with sodium hydroxide in 
presence of mannitol), 224.

When hydrogen chloride gas was passed into an ether solution 
of this boronic acid, an essentially quantitative yield of the amine 
hydrochloride, m.p. 153.5-154.5°, was obtained. Potentio
metric titration of this salt with sodium hydroxide gave a titra
tion curve with tw’o distinct breaks, one for the amine hydro
chloride and the other for the boronic acid (mannitol added for 
second titration). Both gave a value of 263 for the equivalent 
weight of the hvdrochloride, as compared to the calculated value 
of 260.

o-Phenylenediamine Derivative.—Equimolar amounts of bor
onic acid I (1.0042 g.) and o-phenylenediamine (0.4867 g.) were 
heated in boiling toluene under conditions to remove the water 
azeotrope. Concentration of the solution yielded crystals of the 
o-phenylenediamine derivative of 2-(o-boronophenylethynyl)- 
pyridine; weight, 1.0907 g. (82%). It melted at 150-150.5° 
after recrystallization from carbon tetrachloride.

Anal. Calcd. for Ci9H14BN3: C, 77.3; H, 4.78; N, 14.24. 
Found: C12, 72.2; H, 4.66; N, 13.61.

Conversion to 2-Phenacylpyridine.—A solution of 1.0208 g. of 
2-(o-boronophenylethynyl)pyridine in 7 ml. of w-ater and 5 ml. of 
concentrated sulfuric acid was refluxed for 2.5 hr., cooled, diluted 
with 20 ml. of w’ater, and made alkaline with concentrated am
monium hydroxide. Extraction with ether and recrystallization 
of the ether soluble material from pentane afforded 0.7411 g. 
(82%) of 2-phenacylpyridine, m.p. 57-58.5°, lit.13 m.p. 59°. 
The oxime melted at 117-118°; for the oxime of 2-phenacylpyri
dine, lit.13 m.p. 120°.

2-|/3-Hydroxy-ff-o-(boronophenyl)vinyl]pyridine and Deriva
tives.—A solution containing 0.5296 g. of compound I in 25 ml. of 
chloroethanol was warmed at 89° for 20 hr., concentrated at 
reduced pressure, and made just basic to litmus by addition of 
aqueous sodium hydroxide. The resulting precipitate was col
lected and dissolved in methanol. On acidification with hydro
chloric acid and concentration of the solution a yellow, crystal
line hydrochloride salt separated, m.p. 23')-231°, 0.2132 g. 
The analysis of a sample dried at 65° (1 mm.) for 20 hr. cor
responded to an anhydride of 2-(o-boronophenacyl)pyrdine hydro
chloride.

Anal. Calcd. for C,3H„BCL\02: C, 60.2; H, 4.27; N,
5.40. Found: C, 60.9; H, 4.66; N, 5.39.

On heating in a refluxing solution of water (2 ml.) and concen
trated sulfuric acid (2 ml.) for 2.5 hr., this compound (25.3 mg.) 
was converted to 2-phenacylpyridine, m.p. 50-52°, which was

C12) M any of the arom atic B -N  com pounds have given low carbon
analyses as a consequence of incomplete oxidation of carbon a t the  tem pera
tu re  used in the analytical train .

(13) G. Schering and L. W interhalder, A n n . ,  473, 135 (1929).
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isolated in 78% yield (14 mg.) by addition of water to the solu
tion, treatment of the solution with ammonium hydroxide, ex
traction of the precipitate with ether, and recrystallization from 
pentane of the solid obtained from the ether extract. The oxime 
prepared from this sample of phenacylpyrldine melted at 115- 
117°.

2-[/3-Hydroxy-d-(o-boronophenyl)vinyl]pyridine was obtained 
by addition of sodium hydroxide in 50% alcohol-water to the 
hydrochloride salt (0.2940 g.), evaporation of the solution to 
dryness, extraction of the resulting solid with chloroform, and 
evaporation of the extract. For further purification, the sample 
was dissolved in methanol and the solution was filtered and taken 
to dryness. The resulting pale yellow solid charred and decom
posed without melting when heated in the range of 230°. The 
analysis of the material dried at room temperature corresponded 
to a dihydrate of compound II.

Anal. Calcd. for C,3H,2BN03-2H20: C, 56.3; H, 5.82;
N, 5.06. Found: C, 55.9; H,5.90; N, 4.92.

After the sample had been heated at 65° (1 mm.) for 24 hr., 
the analysis agreed with that for 2-[/3-hydroxy-/3-(o-borono- 
phenyl)vinyl]pvridine .

Anal. Calcd. for C13H12BN03: C, 64.7; H, 5.02; N, 5.81. 
Found: C, 64.5; H, 5.33; N, 5.99.

A semicarbazone derivative was obtained by warming a solu
tion of 86 mg. of compound II, 0.2 g. of semiearbazide hydro
chloride, and 0.3 g. of sodium acetate in 4 ml. of ethanol and 2 
ml. of water for 15 min. When the solution was cooled, 60 mg. of 
the yellow crystalline semicarbazone derivative of compound II 
was obtained, m.p. 169-172°. The analytical sample was dried 
at 65° (1 mm.) for 8 hr.

Anal. Calcd. for ChH1sBN40 3: C, 56.4; H, 5.07; N, 18.80. 
Found: C, 56.5; H, 4.88; N, 18.78.
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The application of lithium aluminum hydride to the 
reduction and cyclization of (2-3'-indolylethyl)- or 
(2-3'-indolyl-2-oxoethyl)pyridinum and isoquinolinium 
sa1 has been described in previous papers.3 This 
note reports some results obtained in the tnd-N-methyl 
series.4

The reduction of various 3-acylindoles with lithium 
aluminum hydride is a well authenticated5 hydrogenol- 
ysis reaction, the 3-alkylindoles being readily obtained. 
With ¿nd-X-methy 1-3-acyl indoles the reduction has 
been reported to stop at the intermediate alcohol stage 
and does not appear to be analogous to the reduction of 
a disubstituted vinylogous amide. Thus l,N-dimethyl-
3-indoleglyoxamide (I, R = CH3; R ' = H) and lithium 
aluminum hydride gave the alcohol6 II (R = CH3; 
R' = H; R" = OH). However, conflicting reports 
have appeared, e.g., the reduction of I (R = R ' = 
— CH2Ph) with lithium aluminum hydride to give the 
oxygen-free product7 II (R = R ' = — CH2Ph; R" = 
H); on the other hand, l-methyl-3-indolylaldehydes 
have been shown8 to undergo reduction to l-methyl-3-

(1) Regarded as P a rt IV  in the series: Synthetic Experim ents Related
to the Indole Alkaloids.

(2) Recipient of a C.S.I.R .O . Senior Postgraduate Studentsh ip , 1961- 
1962.

(3) P a rt I I I :  K. T. Po tts  and D. R. Liljegren. J .  O r g .  C h e m . ,  28, 3066
(1963).

(4) This work was supported  in p a rt by PHS G ran t H-6475 from the 
N ational H eart Institu te , Public H ealth Service.

(5) E. Leete and L. M arion, C a n .  J .  C h e m .  31, 775 (1953).
(6) M. E. Speeter, U. S. P a ten t 2,815,734; C h e m .  A b s t r . .  52. 12923/ 

(1958).
(7) A. Buzas, C. Hoffman, and G. Regnier, B u l l .  s o c .  c h i m .  F r a n c e ,  643 

(1950).

hydroxymethyl indoles, in agreement with the former 
reaction. In attempts to effect the reductive cyclization 
of l-[2-(l'-methyl-3'-indolyl)-2-oxoethyl lpyridinium 
derivatives, no clear-cut results could be obtained and 
it was decided to investigate the reduction of 1-methyl-
3-acetylindole.

Immediately after isolation in the usual way, the 
product from the lithium aluminum hydride reduction 
showed intense hydroxyl absorption in its infrared 
spectrum, indicating the presence of a predominant 
amount of structure III (R = CH3). However, no 
derivative of the alcoholic function could be obtained 
and, on standing, the crude product developed an odor 
of acetaldehyde. This was of interest in view of the 
reported8 decomposition of l-methyl-3-hydroxymethyl- 
indole (III, R = H) to formaldehyde and the diindolyl- 
methane IV (R = II). However, this decomposition 
pathway was not followed in the case of our 1-(1'-

methyl-3'-indolyl)ethanol. On distillation or on boiling 
with water it underwent ready dehydration to 1-methyl-
3-vinylindole, which immediately polymerized to poly- 
(l-methyl-3-vinylindole). There was no evidence of 
the formation of an appreciable amount of 1,1-di (1 
methyl-3'-indolyl)ethane (IV, R = CH3), authentic

(8) E. Leete. J .  A m .  C h e m .  S o c . ,  81, 6023 (1959).



samples of which were prepared by (1) méthylation of
l,l-di(3'-indolyl)ethane, and (2) from 1-methylindole, 
paraldehyde, and zinc chloride. The poly (1-methy 1-3- 
vinyl)indole structure was assigned on the basis of the 
following evidence. Analytical data established the 
empirical formula (CnHnN)n, supported by complete 
absence of hydroxyl absorption in the infrared spectrum. 
The ultraviolet spectrum showed, in addition to the 
peak characteristic of 1-methylindole, a broad shoulder 
at 2670 A.; 1-methy 1-3-vinylindóles have been found9 
to exhibit maxima in the region of 2650 A. The isola
tion of a small amount of acetaldehyde can be most 
simply attributed to a retroaldol type reaction, probably 
catalyzed by the alkali of the glass though we were un
able to establish the conditions under which this was 
the major decomposition pathway.

The conjugate base of the indole system must assist 
in the hydrogenolysis of the coordinated oxygen atom 
of the 3-ketone function and, as no conjugate base can 
be formed in the case of the 1-methylindole products, 
the reduction was next carried out in a system in which 
the carbon-oxygen bond was weakened by coordina
tion with a stronger Lewis acid such as aluminum chlo
ride. l-Methyl-3-acetylindole was accordingly reduced 
with lithium aluminum hydride-aluminum chloride 
mixture and, as expected, l-methyl-3-ethylindole was 
isolated in excellent yield.

Parallel results were also obtained with similar aryl- 
methyl ketones such as 3,4-dimethoxyacetophenone. 
Reduction with lithium aluminum hydride gave l-(3,4- 
dimethoxyphenyljethanol, which readily lost water on 
distillation forming 3,4-dimethoxystyrene, charac
terized as the dibromide. With lithium aluminum 
hydride and aluminum chloride, the course of the reac
tion was altered to yield 3,4-dimethoxyethyIbenzene. 
This is analogous to the hydrogenolysis10 of benzophe- 
none to diphenylmethane, and acetophenone to ethyl
benzene.

With this more definite knowledge of the behavior 
of l-methyl-3-acetyhndole toward lithium aluminum 
hydride, a series of reductions of the salt 2- [2-(l 
methyl-3'-indolyl)-2-oxoethyl]isoquinolinium iodide (V) 
was carried out. Despite repeated attempts using 
lithum aluminum hydride alone or mixed with aluminum 
chloride, no pure products could be isolated when 
tetrahydrofuran was used as the solvent. Spectral 
evidence indicated that in the majority of fractions at 
least partial reduction had occurred and it is likely that
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(9) E. Leete, ./. A m .  C l i e m .  S o r . ,  82, 0338 (1900).
(10) R. F. N ystron and C. R. A. Berger, i b i d . ,  80, 2890 (1958).

the large number of fractions formed is due to the many 
ways in which a highly reactive intermediate such as 
VI can undergo further reaction. The use of dioxane 
as solvent gave an intermediate reaction complex that 
was almost insoluble so that at no stage was the reac
tion mixture homogeneous. It is interesting that the 
main product isolated from this system was 2- [2-(l '- 
methyl - 3' - indolyl) - 2 - oxoethyl] -1,2,3,4-tetrahydro- 
isoquinoline (VII), besides unidentified oily fractions 
similar to those already mentioned. The identity of 
this product was indicated by analytical and spectral 
data. The infrared spectrum showed main absorption 
bands at 3100, 3020, 2911, 2805, and 1620 cm.-1, 
and the ultraviolet spectrum showed the presence of a
1-methy 1-3-acylindole chromophore11 (Xmax 248, 306 
m/x). The n.m.r. spectrum12 13 14 was not complex, showing 
main peaks at 7.1 r (N-CH3), 6.26 and 6.23 t (-CH2- 
peaks), and aromatic protons. These results indicated 
that the 3-acylindole group had not undergone hydro
genolysis and that the pyridine ring system had been 
reduced to the tetrahydro stage. Confirmation was 
obtained by the synthesis of VII from the chloride of 
the salt V by reduction with Adam’s catalyst in acetic 
acid solution. The failure of the 3-acylindole function 
to undergo hydrogenolysis in this reaction can be at
tributed to a large extent to the heterogeneous reaction 
medium.

The results obtained with these 1-methylindole com
pounds indicate the desirability of working with the 
unmethylated series. The cyclized products may then 
be readily converted into the methyl-substituted series 
with sodamide and methyl iodide in liquid ammonia.1314

Experimental15
Reduction of l-Methyl-3-acetylindole with Lithium Aluminum 

Hydride. Poly( 1 -methyl-3-vinylindole).— 1 -Methyl-3-acetyl-
indole16 17 (6.0 g., 0.03 mole) and a solution of lithium aluminum 
hydride (4.0 g., 0.11 mole) in dry tetrahydrofuran (300 ml.) 
were heated together under reflux for 4.5 hr. After decomposi
tion of the reaction complex with water, the reaction mixture 
was extracted with ether and the ether solution dried (sodium 
sulfate). Removal of the solvent left a pale yellow oil (6 g.), 
ron 3400 cm. -1 (broad, very intense). Extraction of the crude 
product, which had an odor of acetaldehyde, with cold water and 
treatment of the aqueous extract with Brady’s reagent gave a 
yellow precipitate of acetaldehyde 2,4-dinitrophenylhydrazone, 
m.p. 168°, alone and when mixed with an authentic sample.1’ 
The infrared spectra of the two samples were superimposable.

The residue from the water extraction was divided into two por
tions. The first wras boiled with water for 24 hr. and on cooling 
a brown solid, m.p. 70-80° was deposited. It showed no hy
droxyl group absorption and was purified by dissolution in 
benzene and filtration through a column of neutral alumina.

N o t e s  3203

(11) .1. A. Ballantine, C. B. B arre tt, R. .J. S. Beer, B. G. Boggiano, S . 
Eardley, B. E. Jennings, and A. Robertson, J .  C h e m .  S o c . ,  2227 (1957).

(12) Tlte spectra were recorded from a Varian V-4302 dual purpose 60- 
Mc. n.m .r. spectrom eter and chemical sh ift values are reported  in t units 
using te tram ethylsilane ( r  10) as in ternal s tandard . We are indebted to 
Dr. T. Spotswood for his assistance in determ ining th is  spectrum .

(13) I\. T . P o tts  and J. E. Saxton, O t q . S y n . ,  40, 68 (1960).
(14) E. W enkert, R. A. M assy-W estropp, and R. G. Lewis, J .  A m .  C h e m .  

S o c . .  84, 3732 (1902).
(15) Evaporations were carried out under reduced pressure on the w ater 

bath and m elting points were determ ined in capillaries. U ltravio le t spectra 
were recorded in e thanol solution, and petroleum  ether refers to the fraction, 
b.p. 60-80°. M icroanalyses are by the C .S .I.R .O . M icroanalytical Service, 
M elbourne.

(16) Y. A. Baskakov and M. N. M elnikov, S b .  S t a t e i  O b s h c h e i  K h i m .  A k a d .  

N a u k  S S S R ,  1, 712 (1953); C h e m .  A b s t r . .  49, lOOGd (1955).
(17) Prepared from an aqueous solution of acetaldehyde and B rad y ’s 

reagent in the standard  way.



3204 N o t e s V o l . 28

Evaporation of the solvent gave a colorless glass which did not 
crystallize.

An attempt was made to distil the second portion under high 
vacuum. As the sample appeared to be reaching the boiling 
point, polymerization occurred with the formation of a brown 
glass. Purification was effected by filtration in benzene solution 
through a column of neutral alumina and the product finally 
isolated had an infrared spectrum identical with that of the 
product obtained by boiling with water for 24 hr. Poly(l- 
methyl-3-vinylindole) distilled (distillation bulb, free flame, 0.001 
mm.) as a colorless glass.

Anal. Calcd. for (C„HuN)n: C, 84.0; H, 7.1; N, 8.9. 
Found: 0,84.0; H,6.9; N, 8 .8 .

Light absorption: Xmax 2290, 2670 (broad sh), 2930 A. (log 
t 4.76, 4.07, 4.18); \ m,„ 2530 A. (log « 3.92).

The infrared spectrum was similar to but not identical with 
that of 1,1-di-l'-methyl-3'-indolylethane.

1,1-Di( 1 '-methyl-3'-indolyl)ethane. A.—Sodium (46 mg.) was 
added to liquid ammonia (30 ml.) containing a crystal of ferric 
nitrate. To the stirred reaction mixture, 1,1 -di-3'-indolyl
ethane18 (470 mg.) was added, followed 5 min. later by the drop- 
wise addition of methyl iodide (300 mg.). After the ammonia 
had evaporated at room temperature, the product (520 mg., 
quantitative) was isolated as a pale yellow oil by the addition of 
water and extracted with three 50-ml. portions of ether. Puri
fication was effected by passage in benzene through a small 
column of Woelm neutral alumina (activity I). The product, 
obtained as a colorless glass soluble in petroleum ether, could not 
be induced to crystallize. It had an infrared spectrum identical 
with that of the product prepared as in method B.

B.—1-Methylindole (6.0 g.), paraldehyde (1.2 g.), and zinc 
chloride (1.5 g.) were heated together on a steam bath for 4 hr. 
The resultant black tar was extracted with hot benzene (charcoal), 
and the solvent removed to yield the diindolylethane as a pale 
yellow glass (5.8 g., 87%). After purification as in method A, 
the product distilled (distillation bulb, free flame, 0.001 mm.) 
as a colorless glass.

Anal. Calcd. for C20H2„N2: 0,83.3; H.7.0; N,9.7. Found: 
0,83.1; H, 6.9; N,9.9.

Light absorption: XmaI 2290, 2940 A. (log t 4.70, 3.98); Xmi„ 
2560 A. (log e 3.64).

Reduction of l-Methyl-3-acetylindole with a Mixture of 
Lithium Aluminum Hydride and Aluminum Chloride.—A
solution of l-methyl-3-acetylindole (1.7 g., 0.01 mole) and 
aluminum chloride (2.68 g., 0.02 mole) in dry tetrahydrofuran 
(100 ml.) was added over 30 min. to a stirred solution of lithium 
aluminum hydride (0.4 g., 0.01 mole) and aluminum chloride 
(1.0 g., 0.0075 mole) in tetrahydrofuran (50 ml.). An im
mediate blue fluorescence was produced and the mixture was 
heated under gentle reflux for 4 hr. The complex was de
composed by treating the cooled solution with hydrated sodium 
sulfate, and then with water. The filtered solution was ex
tracted with ether and dried (sodium sulfate). Evaporation of 
the solvent yielded 1.4 g. of a fluorescent liquid, showing no 
hydroxyl group absorption in its infrared spectrum. The oil 
(1.2 g.) was distilled and l-methyl-3-ethylindole (1.0 g., 74% ) 
was collected, b.p. 74-76° (0.3-0.4 mm.); n20n 1.5808 (lit-19 
b.p. 95-96° (0.6 mm.); /¡20d 1.5806, fluorescent oil]. The
picrate, formed in ethanol, crystallized from a small volume of 
ethanol as long, red needles, m.p. 97-98° (lit .19 m.p. 96-97°).

Reduction of 2-[2-(l'-Methyl-3'-indolyl)-2-oxoethyl|isoquino- 
linium Iodide with a Mixture of Lithium Aluminum Hydride and 
Aluminum Chloride in Dioxane Solution.—A suspension of the 
iodide (3.87 g., 0.009 mole) and aluminum chloride (2.4 g., 
0.018 mole) in dioxane (100 ml.) was added over a period of 30 
min. to a stirred solution of lithium aluminum hydride (0.8 g., 
0.021 mole) and aluminum chloride (1.62 g., 0.012 mole) in 
dioxane (200 ml.). As stirring was continued for 5 hr. at 60-65° 
under nitrogen a yellow-brown gummy precipitate was formed. 
After reaction work-up as essentially previously described, I he 
residual orange-brown, glassy residue was absorbed onto Woelm 
neutral alumina (activity IV, 90 g.). Elution with petroleum 
ether gave 440 mg. of a pale yellow oil which decomposed to a 
brown mass on exposure to air. The sample was not obtained 
crystalline nor could satisfactory derivatives be obtained. Its 
behavior was similar to that of the oils obtained when tetrahydro-

(18) J. E. Saxton, J .  C h e m .  S o c . ,  3592 (1952).
(19) H. R. Snyder, E. Eliel, and R. E. C arnahan, J .  A m .  C h e m .  S o c . ,

73, 970 (1951).

furan was used as solvent . Development of the column with a 
1:1 mixture of benzene-petroleum ether yielded 2-[2-( 1 '-methyl- 
3'-indolyl)-2-oxoethyl]-l ,2,3,4-tetrahydroisoquinoline (0.73 g., 
27%) which crystallized from benzene as fine, colorless needles, 
m.p. 162-164°. This product did not depress the melting point 
and had an infrared spectrum identical with that of an authentic 
specimen prepared in the next section.

Further elution with a 4:1 mixture of benzene-ether gave a 
brown oil (480 mg.) which could not be characterized.

Increasing the reaction time to 18 hr. did not alter the results 
appreciably from those obtained in the foregoing procedure.

Reduction of the isoquinoline salt in tetrahydrofuran solution 
with lithium aluminum hydride alone, or mixed with aluminum 
chloride, gave an unstable oily product which, even after ex
haustive chromatography on alumina, could not be resolved into 
recognizable entities.

2- [2-( 1 '-Methyl-3 '-indolyl )-2-oxoethyl ]-l ,2 ,3,4-tetrahydroiso- 
quinoline.—2 - [2 - (1' - Methyl-3 '-indolyl)-2-o.xoethyl [isoquino- 
liniumiodide (.500 mg.) dissolved in a mixture of ethanol (350 ml.) 
and water (180 ml.) was heated under reflux with silver chloride 
(ca. 4 g.) for 18 hr. The cooled solution was filtered and the sol
vent removed from the filtrate under reduced pressure. The re
sidue was dissolved in a small volume of methanol (charcoal) and 
on addition of ether the chloride separated as clusters of cream 
needles, m.p. 277-281° dee. Platinum oxide (19 mg.) was 
suspended in acetic acid (10 ml.) and reduced with hydrogen. 
The chloride (27.1 mg.) was introduced and hydrogen (4.07 ml.) 
was absorbed over 30 min. (calculated absorption for the reduc
tion of two double bonds, 3.90 ml./774 mm./17°). The catalyst 
was removed and, after evaporation to dryness, water was added 
to dissolve the residue whose solution was basified wth ammonium 
hydroxide and extracted with ether. 2-[2-( 1 '-Methvl-3'-indolyl)- 
2-oxoethyl]-l,2,3,4-tetrahydroisoquinoline crystallized from ben
zene as small colorless needles, m.p. 162-164°.

Anal. Calcd. for C20H2„N2O: C, 78.9; H, 6 .6 ; N, 9.2. 
Found: C, 78.8; H ,6 .6 ; N,9.1.

Light absorption: X„lax 2470, 3030 A. (log e 4.29, 4.26); Xmh, 
2330, 2750 A. (log c 3.99, 4.04).

Reduction of 3,4-Dimethoxyacetophenone. A. With Lithium 
Aluminum Hydride.—The ketone (7.2 g., 0.04 mole) was added 
in small portions to a suspension of lithium aluminum hydride 
(2.5 g., 0.06 mole) in dry tetrahydrofuran (150 ml.) with marked 
effervescence occurring. After a 4-hr. reaction period, the re
action mixture was worked up as in the previous reductions. 
The crude product was a colorless liquid (6.6 g.) exhibiting strong 
hydroxyl absorption in its infrared spectrum and distilled at 
118-120° (0.5 mm.). During the distillation dehydration oc
curred, as evidenced by a decrease in the hydroxyl group absorp
tion intensity and the appearance of absorption bands at 1625 
(s’), 1440 (s), 987 (s), 1305 (m), and 1830 (w) cm y 1 usually 
associated with a conjugated vinyl group. The distillate, con
sisting mainly of 3,4-dimethoxyvinylbenzene was treated with 
bromine and carbon tetrachloride and gave 3,4-dimethoxy-l- 
(1,2-dibromoethyl)benzene as clusters of colorless needles, m.p.
97-98°, on crystallization from petroleum ether (lit.20 m.p. 98°).
3,4-Dimethoxyvinylbenzene polymerized to a colorless rubbery, 
mass on standing in air.

B. With a Mixture of Lithium Aluminum Hydride and 
Aluminum Chloride.—A solution of 3,4-dimetho.xyacetophenone 
(3.6 g., 0.02 mole) and aluminum chloride (5.4 g., 0.04 mole) 
in dry tetrahydrofuran (100 ml.) was added over 30 min. to a 
stirred solution of lithium aluminum hydride (0.8 g., 0.02 mole) 
and aluminum chloride (2.0 g., 0.015 mole) in tetrahydrofuran 
(50 ml.). After a 4-hr. reaction period, the reaction mixture 
was worked up as previously described and gave 3.2 g. of a 
colorless oil. The infrared spectrum indicated the presence of 
a small amount of hydroxyl-containing product. Distillation 
of 3 g. of the oil yielded 3,4-dimethoxyethylbenzene (2.6 g., 
87%), b.p. 122-124° (15 mm.), containing a trace of l-(3,4- 
dimethoxyphenyl )-l-hydroxyethane. Distillation from sodium 
produced a pure sample of the hydrocarbon, b.p. 122-124° 
(15 mm.) [lit.21 b.p. 110-112° (9 mm.)].

Anal. Calcd. for Ci0Hi.|X2O: C, 72.3; H, 8.5; O, 19.3. 
Found: C, 72.3; H,S.7; 0,19.1.

(20) R. Quelet and Calcagni, C o m p t .  r e n d . ,  222 (1946).
(21) G. Barger and R. Silberschmidt, J .  C h e m .  S o c . ,  2919 (1928).
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Previous attempts to obtain unsubstituted benzo[a]- 
quinolizinium salts3 by the cyclodehydration method 
have been unsuccessful. It was found that chloro-, 
bromo-, and iodoacetals would not form quaternary 
salts with 2-phenyIpyridine, while bromopyruvic acid 
afforded only the hvdrobromide of the starting mate
rial.4

As the a-haloacetaldehydes exist predominantly as 
trimers or polymers, and therefore display low reactivity 
to quaternization, it was felt that an a-haloacetaldox- 
ime might prove more reactive. The presence of a 
double bond in chloroacetaldoxime should activate the 
«-methylene group in the same manner as the olefin in 
allyl bromide or the carbonyl in bromoacetone. This 
activation by the carbon-nitrogen double bond in the 
oxime should facilitate the displacement of a halogen 
on the «-methylene group and permit quaternization 
with a tertiary amine. Our results confirm this hy
pothesis.

Quaternization of 2-phenylpvridine proceeded readily 
with chloroacetaldoxime in tetramethylene sulfone.

(not isolated)

(1) For the preceding com m unication of th is series, see J . O r g .  C h e m . ,  28, 
3070 (1963).

(2) This research was supported  by  a research g ran t (CA-05509) of the 
N ational Cancer In s titu te  of the N ational In s titu te s  of H ealth.

(3) E. E. G lover and  G. Jones [ J .  C h e m .  S o c . .  3021 (1958)] have reported 
the synthesis of benzo[ajquinolizinium  pei chlorate from 1-cyanoisoquinoline 
by  a 4-step route. The present 2-step procedure, however, offers consider
able advantage in its sim plicity.

(4) L. E. Beavers, Ph .D . d issertation, Duke U niversity , 1955.

Cyclization with hydrobromic acid gave a mixed salt 
which on addition of perchloric acid was converted to 
benzo[a]quinolizinium perchlorate (II).5 6 Similar pro
cedures carried out with the three 2-tolylpyridines gave 
the expected methylbenzo [ajquinolizinium perchlo
rates (II, Ri = CH3; II, R2 = CH3; and II, R3 
= CH3). Confirmation of cyclization in each case was 
given by the ultraviolet absorption spectrum of the 
product.

The low yield of 11-methylbenzo [ajquinolizinium 
perchlorate (12%) is apparently due to steric inhibition 
and is comparable to that of the 7,11-dimethyl analog 
(9%) reported previously.6

This method was successfully extended to include the 
preparation of the unsubstituted morphanthridizin- 
ium perchlorate7 (IV) and a benz[/][l,3]oxazepinium 
chloride8 (VI) having no substituent on the central 
nucleus.

Experimental
All analyses were carried out by Dr. Ing. A. Schoeller, Kronach, 

Germany. The melting points were determined in capillary 
tubes in a Mel Temp apparatus and are uncorrected. Ultra
violet absorption spectra were measured in 95% ethanol using 
1-cm. quartz cells with a Cary Model 14 spectrophotometer. 
The asterisk (*) is used to denote a shoulder.

Chloroacetaldoxime.—To 40 g. of chloroacetaldehyde diethyl 
acetal (or the dimethyl acetal) was added a solution of 96 g. of 
hydroxylamine hydrochloride in 100 ml. of water and the mix
ture was stirred at room temperature for 72 hr. The resultant 
single phase solution was extracted continuously with ether in an 
ether extractor for 3 days. The ether extract was washed three 
times with water and dried over anhydrous calcium chloride. 
The ether was removed under vacuum (aspirator) at room tem
perature with slight warming to remove the final traces of sol
vent. The colorless oil which solidified in the refrigerator was 
sufficiently pure for the quaternization reactions; yield, 20 g. 
(85%). A sample on distillation had b.p. 64.5° (20 mm.), 
lit.9 b.p. 61 ° (20 mm.).

Benzo[a]quinolizinium Perchlorate (II).—A solution contain
ing 1 g. (0.0064 mole) of 2-phenylpyridine and 1 g. (0.011 mole) 
of chloroacetaldoxime in 3 ml. of dry tetramethylene sulfone was 
allowed to stand for 12 days in a stoppered flask at room tempera
ture. The resultant dark viscous oil was triturated with ethyl 
acetate but could not be crystallized, nor could a solid perchlo
rate be formed by the addition of perchloric acid to a portion of 
it. The crude product was dissolved in 20 ml. of 48% hydro
bromic acid and heated under reflux for 24 hr. The acid was 
removed under vacuum (aspirator) and the resultant mixed 
salt, isolated as a dark gum, was dissolved in 5 ml. of water. 
Addition of perchloric acid gave the perchlorate; yield 0.6 g. 
(35%), m.p. 195-196°. Crystallization from methanol (char
coal) afforded the pure product as colorless needles, m.p. 196- 
197° (lit.3 m.p. 197°); W , (log e), 217 (4.29), 222 (4.32), 237 
(4.28), 256* (4.08), 269 ( 4.23), 278 ( 4.28), 323 (3.70), 337
(4.01), 354 m/u (4.14).

Anal. Calcd. for C,3H,„C1N04: C, 55.82; H, 3.79; N,
5.27. Found: C, 56.05; H, 3.72; N, 5.02.

Quaternization of 2-phenylpyridine with chloroacetaldoxime 
in refluxing acetone proved less satisfactory due to the greater 
decomposition encountered.

9-Methylbenzo [ajquinolizinium Perchlorate (II, Ri = CH3).— 
The quaternization of 2 g. of 2-(4-tolyl)pyridine by reaction with 
2 g. of chloroacetaldoxime in dry tetramethylene sulfone was 
c rried out over 6 days. Trituration with ethyl acetate, as 
previously described, gave a gum which was heated for 24 hr. 
under reflux with 20 ml. of hydrobromic acid. The perchlorate 
prepared as for II was crystallized (charcoal) from methanol; 
yield, 1.5 g. (45%); m.p. 227-229°. The analytical sample

(5) A ll R groups not otherwise specified are assum ed to  be hydrogen.
(6) C. K. B radsher and K. B. M oser, J .  A m .  C h e m .  S o c . ,  81, 1941 (1959).
(7) K . B. M oser and C. K. B radsher, i b i d . ,  81, 2547 (1959).
(8) C. K. B radsher, L. D . Quin, and  R. E . LeBleu, J .  O r g .  C h e m . ,  26, 

3273 (1961).
(9) H . B rin tzinger and  R . T itzm ann , B e r . ,  85, 344 (1952).
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prepared by recrystallization from methanol was obtained as 
colorless prisms, m.p. 231-232°; Xmax (log e), 219* (4.33), 225 
(4.40), 242 (4.33), 272 (4.38), 278* (4.35), 308* (3.76), 323 
(3.83), 338 (4.11), 354 mM(4.26).

Anal. Calcd. for C,4HI2C1N04: C, 57.25; H, 4.12; N,
4.77. Found: C, 57.49; H, 4.43; N, 4.87.

The picrate crystallized from methanol as yellow needles, 
m.p. 177-178.5°.

Anal. Calcd. for C20Hl4N4O7: C, 56.87; H, 3.34; N, 13.27. 
Found: C, 56.60; H, 3.21; N, 13.38.

10(?)-Methylbenzo[a]quinolizinium Perchlorate (II, R, =
CH3).—This was prepared in a similar manner to its isomer (II) 
from 2 g. of 2-(3-tolyl)pyridine and 2 g. of chloroacetaldoxime. 
The perchlorate was crystallized from methanol (charcoal); 
yield 2 g. (61%), m.p. 221-224°. Recrystallization three times 
from methanol gave the analytical sample as colorless prisms, 
m.p. 231-232°; Xmax (log <■) 218* (4.25), 224 (4.32), 236* (4.36), 
240 (4.37), 264 (4.17), 276* (4.20), 284 (4.30), 330 (3.63), 344
(3.94), 360 mM (4.09).

Anal. Calcd. for C,4HI2C1N04: C, 57.25; H, 4.12; N,
4.77. Found: C, 56.85; H,4.12; N, 4.76.

The picrate crystallized from methanol as yellow needles, m.p.
210-215°, with previous softening.

Anal. Calcd. for C2„Hl4N40 7: C, 56.87: H, 3.34; N, 13.27. 
Found: C, 56.26; H, 3.71; N, 13.02.

ll-Methylbenzo[a]quinolizinium Perchlorate (II, R3 = CH3).— 
Treatment of 1 g. of 2-(2-tolyl)pyridine with 1 g. of chloroacetald
oxime by the usual procedure over 12 days and heating the qua- 
ternization product under reflux for 65 hr. in 20 ml. of hydro- 
bromic acid afforded 0.20 g. (12%) of tan colored crystals, 
isolated as the perchlorate. Recrystallization from methanol- 
ethyl acetate gave the product as light tan prisms, m.p. 209-210°; 
Xmax (log <0 220 ( 4.62), 274 (4.69), 330 (3.77), 344 ( 3.97), 360 
m^ (4.06).

Anal. Calcd. for C,4H12C1N04: C, 57.25; H, 4.12; N,
4.77. Found: C, 57.61; H, 4.35; N, 4.99.

The picrate crystallized from methanol as yellow needles, m.p.
184-185°.

Anal. Calcd. for C20H14N4O7: C, 56.87; H, 3.34; N, 13.27. 
Found: C, 56.87; H, 3.16; N, 13.36.

l-(2-Oximidoethyl)-2-benzylpyridinium Chloride (III).—A 
solution containing 2 g . (0.012 mole) of 2-benzylpyridine and 1.8 
g. (0.019 mole) of chloroacetaldoxime in 3 ml. of dry tetramethyl- 
ene sulfone was allowed to stand in a stoppered flask at room 
temperature. Quaternization proceeded rapidly and after 2 days 
the crystalline product was collected and recrystallized from meth
anol-ethyl acetate; yield, 2.2 g. (71%); m.p. 204-206°. Further 
recrystallization from methanol-ethyl acetate gave the pure 
compound as colorless prisms, m.p. 205-207°; Xmax (log e) 204
(4.17), 264* (3.73), 268 (3.75), 274* mM (3.70).

Anal. Calcd. for CI4H15C1N2G: C, 63.99; H, 5.75; N,
10.65. Found: C, 64.18; H, 5.76; N, 10.95.

Morphanthridizinium Perchlorate (IV).—A solution of 2 g. 
(0.0074 mole) of the quaternary salt (III) in 20 ml. of 48% 
hydrobromic acid was heated under reflux for 40 hr. The acid 
was removed in the usual manner and the red-brown residue 
taken up in a small volume of water. Addition of perchloric 
acid gave the perchlorate which separated on cooling as a pale 
yellow microcrystalline material. Itecrystallization from meth
anol-ethyl acetate afforded the pure product as colorless leaflets; 
yield, 1.6 g. (81%); m.p. 182-183°; Xmax (log e), 225* (4.12), 
282 (3.69), 318 mM (3.83).

Anal. Calcd. for C,4H12C1N04: C, 57.25; H, 4.12; N,
4.77. Found: C, 57.04; H, 4.21; N, 5.06.

5-Methyl-l-(oximidoethyl )-2-(3-methoxyphenoxy)pyridinium 
Chloride (V).—Quaternization of 1 g. of 5-methyl-2-(3-methoxy- 
phenoxy)pyridine8 with chloroacetaldoxime followed the usual 
procedure, and the mixture was allowed to react for 17 days. The 
solid obtained by trituration with ethyl acetate crystallized from 
methanol-ethyl acetate as colorless plates; yield, 0.77 g. (66%); 
m.p. 158-160°; Xmax (log e), 222 (3.97), 253* (2.30), 275* (3.53), 
281 (3.60), 303 (3.71), 315 * mM (3.66).

Anal. Calcd. for C13H17C1N20 3: C, 58.34; H, 5.55; N,
9.07. Found: C, 57.84; H, 5.53; N, 9.38.

The perchlorate crystallized from methanol-ethyl acetate as 
colorless prisms, m.p. 156-157°.

Anal. Calcd. for Ci5Hi7ClN20 7: C, 48.33; II, 4.60; N,
7.52. Found: C, 48.62; H,4.48; N, 7.67.

3-Methoxy-8-methylpyrido (2,1-6] benz (/] (1,3] oxazepinium 
Chloride (VI).—The quaternary salt (V) (0.5 g.) was cyclized by

heating under reflux in concentrated hydrochloric acid for 24 hr. 
The acid was removed as usual and the residue recrystallized with 
difficulty from methanol-ethyl acetate to give a tan powder; 
yield, 0.25 g. (61%); m.p. 265° dec.; Xmax (log e), 289 (3.70), 
314 mM (3.71).

Anal. Calcd. for Ci5H14C1NO2 0.5 H20 : C, 63.26; H, 
5.23; N, 4.92. Found: C, 63.17; H, 5.58; N, 5.39.
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The Hoesch Condensation of Dihydro-/3 -tubanol 
with Benzyl Cyanides
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Several dimethylpyranoisoflavones, e.g., jamaicin,1 
toxicarolisoflavone,2 osajin,3 and pomiferin,3 have been 
isolated in recent years. However, the syntheses of 
these compounds have not been reported. This paper 
presents the Hoesch condensation of dihydro-d-tubanol 
with benzyl cyanides and the syntheses of 2,2-dimethyl-
3,4-dihydropyranoisoflavones.

The Hoesch condensation of dihydro-/3-tubanol (I)4 
with benzyl cyanide (II) afforded isomeric phenyl- 
acetyldihydro-/3-tubanols. having m.p. 145-147 and 
81-83°, respectively. On the basis of qualitative tests 
and spectral data, which are summarized in Table I, the 
former was found to be S-phenylacetyldihydro-/3- 
tubanol (III) and the latter to be the 6-phenylacetyl 
isomer IV. 6-Phenylacetyldihydro-/3-tubanol thus ob
tained was converted into 2,2-dimethyl-3,4-dihydro- 
pyrano[5,6-7,8]isoflavone (V). m.p. 162-164°, accord
ing to the Spath-Venkataraman method.

2.4- Dimethoxybenzyl cyanide (VI) similarly reacted 
with I as described, affording 8-(2,4-dimethoxyphenyl- 
acetyl)dihydro-|3-tubanol (VII), m.p. 117-118°, and 
6 - (2,4 - dimethoxyphenylacetyl)dihydro - /3 - tubanol
(VIII), m.p. 102-104°. According to the procedure 
mentioned previously the deoxybenzoin VIII was 
transformed into 2',4'-dimethoxy-(2,2-dimethyl-3,4-di- 
hydropyrano) [5,6-7,8]isoflavone (IX), m.p. 191-193°.

3.4- Methylenedioxybenzyl cyanide (X) and I gave 6- 
(3,4 - methylenedioxyphenylacetyl)dihydro - /3 - tubanol
(XI), m.p. 95-97°, and an unidentified compound 
C18H160 8, m.p. 125-127°. under the Hoesch reaction 
conditions.

It is of interest to note that two 8-substituted dihydro- 
/3-tubanols III and VII are soluble in aqueous alkali, 
whereas 6-substituted compounds IV, VIII, and XI are 
insoluble, in agreement with the general property of 2- 
hydroxydeoxybenzoins. In contrast to the 8-substi- 
tuted dihydro-/3-tubanols III and VII, the 6-substituted 
compounds IV, VIII, and XI showed an intense color

(1 )  O .  A. S t a m m , H .  S c h m id ,  a n d  J .  B u c h i ,  Helv. Chim. Acta,  4 1 , 2 0 0 6  
(1958).

( 2 )  S .  H .  H a r p e r ,  J.  Chem. Soc..  1 1 7 8  (1 9 4 0 ) .
( 3 )  M .  L .  W o l f r o m , W .  D .  H a r r i s ,  G .  F .  J o h n s o n ,  J .  E .  M a h a n ,  S .  M .  

M o f f e t t ,  a n d  B .  W i l d i ,  J.  Am. Chem. Soc.,  6 8 , 4 0 6  (1 9 4 6 ) .
(4 )  R .  H u l s ,  Bull. Classe Sci. Acad. Roy. Belg., 3 9 , 1 0 6 4  ( 1 9 5 3 ) .
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T a b l e  I

Com pound

III
no. M .p., °C .

145-147

Reaction 
w ith 2 ,4-D N P

+

Solubility in 
2 N  N aO H

Soluble

IV 81-83 + Insoluble

V 162-164

VII 117-118 + Soluble

V ili 102-104 + Insoluble

IX 191-193

XI 95-97 + Insoluble

Shoulder. 6 In Nujol.

Color reaction »C-0 hi Xmax («)
with FeCli CHCli, cm .-1 in E tO H , m u

Negative 1650 235 (12,800) 
281 (13,600) 
305 (9,600)

Deep violet 1620 234 (13,600) 
241 (11,600) s° 
291 (18,200) 
314 (10,700) s

1635 247 (33,100) 
302 (24,800) 
308 ( 24,200) s

Negative 1660* 278 (15.400) 
305 (9,400)s

Deep violet 1615 285 (17.700) 
314 (9,000)s

1635 264 (27,100) 
289 (24,100) 
308 (21,200)s

Deep violet 1620 289 (19,800) 
315 (10,000)s

reaction with ferric chloride, indicating the influence of 
chelation. This is confirmed by the spectral data; 
i.e., not only the carbonyl bands in the infrared but 
also the absorption maxima in the ultraviolet6 of IV and 
VIII were shifted toward longer wave lengths than 
those observed for III and VII, respectively.

II, Ri = R2 = R3 = H III, R, = R2 = R, = H
VI, R, = Rs = OMe; R2 = H VII, Ri = R3 = OMe; R* = H 
X, R, = H ; R2, Rj = —0CH20—

IV, Ri = R2 = Rs = H V, R, = R2 = Rs = H
V ili, Ri = Rs = OMe; R2 = H IX, R, = Rs = OMe; R, = H 
XI, Ri = H; R2, R s = -0C H 20 -

Experimental
The Hoeseh Reaction of Dihydro-/3-tubanol with Benzyl 

Cyanide.—Into a solution of dihydro-/3-tubanol (I) (0.8 g.) and 
benzyl cyanide (II) (0.8 g.) in a mixture of anhydrous ether (28 
ml.) and chloroform (3 ml.) containing anhydrous zinc chloride 
(2.5 g.) was passed dry hydrogen chloride for 10 min. under ice
cooling, and the mixture was then allowed to stand at room tem
perature overnight. After removal of the upper ethereal layer 
by decantation and addition of water to the oily residue, the 
aqueous solution was heated on a water bath for 2 hr. An oily 
substance thus formed was extracted with ether, the ethereal 
solution was washed with 5% aqueous sodium hydroxide, and 
then the ether was evaporated. Upon crystallizing the residue

from ether-pentane (1:1), 6-phenylacetyldihydro-^-tubanol (IV) 
(0.33 g.), m.p. 81-83°, was obtained.

Anal. Calcd. for CigligaO,: C, 77.00; H, 6.80. Found: 
C, 76.75; H, 6.93.

The sodium hydroxide solution described in the preceding prep
aration was acidified and extracted with ether. After removal 
of the ether, 8-phenylacetyldihydro-j3-tubanol (III) was obtained 
as colorless prisms (0.28 g.), m.p. 145-147°, upon recrystalliza
tion from methanol.

Anal. Calcd. for Ci9H20O,: C, 77.00; H, 6.80. Found: C, 
76.82; H, 6.82.

2,2-Dimethyl-3,4-dihydropyrano[5,6-7,8]isoflavone (V).— 
A solution of the deoxybenzoin (IV) (0.377 g.) in ethyl formate 
(20 ml.) was added drop wise to sodium powder (0.3 g.) under 
ice-cooling, and the mixture was kept in a refrigerator for 3 days. 
The reaction mixture was poured into ice-water and the excess 
ethyl formate was removed under reduced pressure. The prod
uct was extracted with chloroform, chromatographed with alu
minum oxide (acid washed), eluted with benzene, and distilled 
in vacuo [b.p. 165-171° (0.02-0.012 mm.)]. The distillate was 
crystallized from 80% ethanol and colorless needles, m.p. 162- 
164°, were obtained.

Anal. Calcd. for CmHisOj: C, 78.43; H, 5.92. Found: C, 
78.52; H, 5.95.

The Hoeseh Reaction of Dihydro-/S-tubanol with 2,4-Dim ethoxy- 
benzyl Cyanide.—The Hoeseh reaction of dihydro-/3-tubanol (I) 
(0.8 g.) with 2,4-dimethoxybenzyl cyanide (VI) (1.2 g.) was car
ried out as described previously and isomeric deoxybenzoin 
derivatives were yielded. 6-(2,4-DimethoxyphenyIacetyl)di- 
hydro-/3-tubanol (VIII) (0.151 g.) showed m.p. 102-104° on re- 
crystallization from 70% ethanol, and the 8-isomer (VII) (0.13 
g.), m.p. 117-118°, from aqueous ethanol.

Anal, of VIII. Calcd. for C2iH24Os: C, 70.76; H, 6.79. 
Found: C, 70.98; H, 7.11.

Anal, of VII. Calcd. for C2iH240 6: C, 70.76; H, 6.79. 
Foound: C, 70.63; H, 6.92.

2 ',4 '-Dimethoxy-( 2,2-dimethyl-3,4-dihydroyrano) [5,6-7,8] iso- 
flavone (IX).—Cyclization of the deoxybenzoin (VIII) (0.15 g.) 
in ethyl formate (10 ml.) with sodium (1.15 g.) was carried out 
as mentioned, giving a solid substance. The product was re
fluxed in acetic acid (2 ml.) for 30 min.6 After cooling, water was 
added dropwise until no more solid was formed. The solid was 
collected by filtration and was crystallized from ethanol, m.p. 
191-193°.

Anal. Calcd. for C22H2205: C, 72.11; H, 6.05. Found: 
C, 71.88; H, 6.22.

The Hoeseh Reaction of Dihydro-S-tubanol with 3,4-Methyl- 
enedioxybenzyl Cyanide.—The Hoeseh reaction of dihydro-/3- 
tubanol (I) (0.8 g.) with 3,4-methylenedioxybenzyl cyanide (X) 
(1.2 g.) was carried out by the usual method and yielded 6-(3,4- 
methylenedioxvphenylacetyl)dihydro-fl-tubanol (XI) (0.23 g.)

(5) D. J. C ram  and  F. W. C ranz, J .  A m .  C h e m .  S o c . ,  72, 595 (1950). (6) W. B. W halley, i b i d . .  78, 1059 (1953).
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from the alkali-insoluble part. I t gave m.p. 95-97° on recrys
tallization from aqueous ethanol.

Anal. Calcd. for C20H20O5: C, 70.57; H, 5.92. Found: C, 
70.66; H, 5.83.

A compound, m.p. 125-127°, was isolated from the alkali- 
soluble part.

Anal. Calcd. for Ci8Hi60 8: C, 60.00; H, 4.48. Found: C, 
60.09; H, 4.45.

The Mechanism of Dehydration of 
^^-Diphenyl-Zl-hydroxypropiophenone1

Donald S. Noyce and Margaret J efraim J orgenson 2

Department of Chemistry, University of California, Berkeley, 
California

acid, respectively. On the basis of these stability esti
mates for the carbonium ions derived from III and VI, 
it was expected that the dehydration mechanism would 
change from the enolization mechanism found in V to a 
carbonium ion mechanism for /3,/3-diphenyl-/3-hydroxy- 
propiophenone (VI). We have, in fact, found this to 
be the case.

Rates of dehydration for VI were measured under 
conditions similar to those used previously. In order 
to facilitate solubility of VI in the reaction medium, 
we used a 5% dioxane-95% aqueous sulfuric acid 
medium. This solvent system has been shown10 to 
be useful for //„ comparisons, and the H0 scale estab
lished in it. Even so it was necessary to carry out 
measurements with extremely dilute solutions of VI 
(about KWVH) using 10-cm. cells.

Received May 16, 1963

It previously has been demonstrated3 that, depend
ing on structure, two different mechanisms are avail
able for the dehydration of /3-hydroxv ketones. Thus, 
4-phenyl-4-hydroxy-2-butanone (I),3 4-(p-nitrophenyl)- 
4-hydroxy-2-butanone (II)3 and /3-phenyl-/3-hydroxy- 
propiophenone (V)4 undergo dehydration via a mech
anism involving a rate-determining enolization step, 
while 4- (p-methoxyphenyl) - 4 - hydroxy-2 -butanone 
(III)3 and 4-(p-methoxyphenyl)-4-hydroxy-3-methyl-2- 
butanone (IV)6 dehydrate via a carbonium ion mech
anism. The change in mechanism is manifested by 
a different dependence of the rate on the acidity

OH O

xCM_?h_̂ r
R ' R"

I, R = CH3 IV = H; R" = H; X = H
II, R = CH3 R' = H; R" = H; X = n o 2

III, R = CH, IV = H; R" = H; X  == OCHa
IV, R = CH; R' = H; R" = CH, X = OCR

V, R = c 6h 5; R' = H : R" = H; X = H
VI, R = C6H6; R ' = c,Ä ; R'' = H; X = H

function H0 (the carbonium ion mechanism is char
acterized by linear correlation with H0 with slope greater 
than unity) and by different entropies of activation (the 
carbonium ion mechanism has a less negative entropy 
by a magnitude corresponding to the absence of involve
ment of water in the transition state).

It was of interest to study the effect that the intro
duction of a phenyl substituent on the /3-position of V 
would have on the mechanism of the dehydration re
action. The stability of the 1,1-diphenylethyl cation is 
quite similar to that of the (p-methoxyphenyl)ethyl car
bonium ion, as estimated from solvolytic data.6 From 
the published results of Deno and co-workers7“9 on 
arylcarbonium ion equilibria, it is evident that the two 
carbonium ions are formed, to the extent of 50% from 
their corresponding alcohols, at 72% and 65% sulfuric

(1) C arbonyl Reactions X X II: previous paper, D. S. Noyce and  M .J. 
Jorgenson, J .  A m .  C h e m .  S o c . ,  85, 2427 (1963).

(2) N ational In s titu te s  of H ealth  Postdoctoral Fellow, 1959-1961.
(3) D. S. Noyce and  W. L. Reed, J .  A m .  C h e m .  S o c . ,  80, 5539 (1958).
(4) D. S. Noyce, W. A. Pryor, and P. A. King, i b i d . ,  81, 5423 (1959).
(5) D. S. Noyce and W. L. Reed, i b i d . ,  81, 624 (1959).
(6) A. Streitw ieser, Jr., C h e m .  R e v . ,  56, 571 (1956).
(7) N. C. Deno, J. J. Jaruzelski, and  A. Schriesheim, A m .  C h e m .  S o c . ,  

77, 3044 (1955).
(8) N. C. Deno, P. T. Groves, and  G. Saines, i b i d . , 81, 5790 (1959).
(9) N. C. Deno, P. T. Groves, J. J. Jaruzelski and  M. N. Lugasch, i b i d . :  

82, 4719 (1960).

T able I
R ate of D ehydration o f  0,/3-Diph e n y l-/S-hydroxypropio-

ph en o n e  in 5% D io x a n e-9 5 %  A queous Su lfu ric  Acid 
(T = 25.00°)

mso<, M H o k ,  sec. 1 log k  + H

1.42 -0 .4 5 1.54 X 10“1 — 5.26
2.56 -1 .0 4 6 20 X 10- 1 — 5.25
2.87“ -1 .1 5 8.50 ±  0.10 X 10"» -5 .2 2
3.35 -1 .4 2 1.80 X IO“4 -5 .1 7
3.94 -1 .7 1 4.12 X 10“4 -5 .1 0
4.26 -1 .8 7 7.0 X 10 -5 .0 3
4.84 -2 .1 3 1.05 X 10" 3 

(7’ = 45.00°)
-5 .1 1

2.87° -1 .1 5 8.60 X 10" 4
“ AH* ='21.2 kcal.; AS * = — 10.9 e.u. b Average of two runs.

The measured rates (Table I) show smooth correla
tion with the acidity function, the slope of log k vs. H0 
being 1.15. From the temperature coefficient of the 
rate the entropy of activation (at Ho = 0) was de
termined. The value, —11, is similar to that ob
tained for other dehydration reactions proceeding via 
a carbonium ion mechanism.3'11 These two facts 
provide a sound basis for suggesting that /3,/3-diphenyl- 
/3-hydroxypropiophenone undergoes dehydration via 
the carbonium ion mechanism, namely, equations 1-3.

OH O
C6H5 I II Equilibrium

>c—ch2— c— c8h 6 + 
c6h 6/

c 6h 5

CßHs

o h2 o 
ch2— c— c6h 6

c 6r

c6h/

o h 2
Fast

'>c— c h 2—c— c 6h 6

o

0

CiH ^ + h>c— ch2— c— c6h 5
CeH /

O
R ateC6H6\ , __  ^ _   dein. C JF   ̂ /C —OJh

>C—CR- -c6h .
CgHs

-► >C=C<
C cH / H

(1)

(2)

(3)

Further support for the conclusion that dehydration 
of VI is proceeding via the carbonium ion mechanism

(10) D. S. Noyce and  M. J. Jorgenson, i b i d . ,  83, 2525 (1961).
(11) D. S. Noyce and C. A. Lane, i b i d . ,  84, 1635 (1962).
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comes from a consideration of the predicted rate for 
enolization of YI. The previously published data on 
the hydroxybutanones I, II, and III show clearly that 
the rate of enolization is not appreciably influenced by 
the electron-withdrawing or electron-donating groups 
in the benzene ring. Therefore, the inductive influence 
of the additional phenyl group in VI will be negligible.

Consideration of the possible steric influence on enoli
zation suggest that the additional phenyl group will 
have a retarding effect. The rate of enolization (halo- 
genation) of isovalerophenone is only one-third that of 
n-valerophenone,12 a reflection of the change to a 
carbon skeleton branched at the /3-carbon to the 
carbonyl group. Thus, these facts suggest that VI 
should undergo reaction no faster than V, and probably 
substantially more slowly, were enolization the rate 
controlling step for VI. In fact, VI undergoes dehy
dration from three to fifty times faster than V.

Inasmuch as the close energetic similarity of a benz- 
hydryl cation and a p-methoxybenzyl cation suggested 
the desirability of the present study, it is of value to 
compare the rates of reaction of VI with III. Relevant 
data are summarized in Table II. The increase in the 
rate of dehydration, at an H0 of —2, caused by the 
change to the carbonium ion mechanism, consists 
of a factor of 15 for the pair I, III and of a factor of 25 
for the pair V, VI. The rate of dehydration of VI was 
found to be only one-third that of III. This decrease 
in rate may be attributed to either, or both, of the 
following causes. Estimates suggest a somewhat

T a b l e  II
R ates of D ehydration  of Various /3-Hydroxy K eto n es  at

H0 =  - 2 .0
(T  =  25.00°)

H ydroxy ketone log k .  aec. _1 R elative ra te

I -3 .7 8 4.8
i i -3 .7 8 4.8

m -2 .6 0 72
IV -4 .4 0 1.2
V -4 .4 6 1

VI -3 .0 6 25

lessened stability for the carbonium ion derived from 
VI compared to that originating from III. A further 
decrease in the rate of dehydration may be expected 
from consideration of the transition state of step 3 
of the carbonium ion mechanism. The energy re
quirements of this step might well be increased in the 
reaction of VI, for two reasons. Due to electronic 
effects, the a-proton which is lost in the rate-determining 
step 3 is abstracted less rapidly in VI than in I I I13; 
the rate of proton loss is also likely to be reduced by 
the unfavorable cis interactions between a benzene 
ring and a benzoyl group developing in the transition 
state. Evidence for the presence of cis interactions in 
the product, /3-phenylchalcone, has been obtained both 
from the ultraviolet spectrum14 and from the measured

(12) D. P. Evans, J .  C h e m .  S o c . ,  785 (1936); D. P. Evans and .1. J. Gor- 
don, i b i d . ,  1434 (1938).

(13) T h a t the a-p ro ton  is less acidic when i t  is located a lpha to a  benzoyl 
group (as in VI) th an  when i t  is found alpha to an  acetyl group (as in I I I)  is 
evidenced by the lowered ra te  of dehydration  v i a  the enolization m echanism 
of the hydroxypropixphenone V from th a t  of the  corresponding hydroxy- 
butanone I.

(14) W. B. Black and R. E. Lutz, ./. A v n .  C h e m .  S o c . ,  77, 5134 (1955).

basicity16 of /3-phenylchalcone. A similar reduction 
in rate, a factor of 60, is found in comparing the rates 
of dehydration of III and IV. Again a necessary cis 
interaction develops at the transition state.

Experimental

/3,/3-Diphenyl-/3-hydroxypropiophenone was prepared by a 
Grignard reaction of phenylmagnesium bromide on 1,3-dipheny-
1,3-propanedione as described by Vorländer, et al.le

Kinetic Measurements.—Preparation of optical solutions and 
spectral measurements were carried out as previously described.10 
All measurements were carried out in a thermostated compart
ment block. The ultraviolet spectrum of the solution after ten 
half-lives of reaction corresponded exactly to that of the product, 
/3-phenylchalcone, at the same acid concentration; it was found 
to remain constant for an additional period of ten half-lives. 
No competing cleavage reaction was observed.

Acknowledgment.—Grateful acknowledgment is 
made for partial support of this wrork by a grant from 
the Petroleum Research Fund administered by the 
American Chemical Society, and for a grant from the 
National Science Foundation (G-13125).

(15) D. S. Noyce and M. J. Jorgenson, i b i d . ,  84, 4312 (1962).
(16) D. Vorländer, J. Osterburg, and  O. Meye, B e r . ,  56, 1138 (1923).

Transmission of Electronic Effects by the 

Acetylenic Group. Rates of Alkaline Hydrolysis 

of m - and p - Substituted Ethyl Phenylpropiolates

R ic h a r d  F u c h s 1

Department of Chemistry, University of Texas, Austin, Texas 

Received March 29, 1968

Several pieces of evidence suggest that the acetylenic 
unit (-C =C —) is a poorer transmitter of electronic 
effects than the trans ethylenic group (H >C=C<H ). 
Resonance effects on the heats of hydrogenation of 
substituted acetylenes are slightly smaller than those 
in olefin hydrogenation,22 thus suggesting that it bond 
interactions involving sp hybridized carbon are weaker 
than those of sp2 carbon under these conditions. Sim
ilarly, ionization constants of 3-substituted propiolic 
acids,26 rates of hydrolysis of the corresponding ethyl 
esters,26 dipole moment measurements on substituted 
acetylenes,26 and estimates of polarizibility3 all confirm 
the same conclusion. Hammett p values of 0.414 
and 0.695 have been reported for the ionization of 
phenylpropiolic acids in 50% ethanol. The value of 
0.466 has been given for the ionization of cinnamic acids 
in water,6 but this value is probably increased by 40- 
60% by a change to 50% ethanol (cf. benzoic acids6), 
and any comparison is equivocal. One definite anomaly 
is the reported4 value of 1.91 for the saponification of a 
series of ethyl phenylpropiolates, which is nearly 50%

(1) P resen t address: Chem istry D epartm en t, U niversity of H ouston ,
H ouston 4, Tex.

(2) (a) M. M. Kreevoy, J .  A m .  C h e m .  S o c . ,  81, 1608 (1959); (b) M.
C harton , J .  O r g .  C h e m . ,  2 6 , 735 (1961).

(3) H . Sinn, Z .  E l e k t r o c h e m . ,  61 , 989 (1961); J. K. Kochi and  G. S. H am 
mond, J . A m .  C h e m .  S o c . ,  5 7 , 3454 (1953).

(4) J. D. R oberts and R. A. Carboni, ibid., 77, 5554 (1955).
(5) I. B enghiat and E. I. Becker, ./. O r g .  C h e m . ,  2 3 , 885 (1958).
(6) H. H. Jaffé, C h e m .  R e v . ,  7 3 , 191 (1953).
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larger than the corresponding value of 1.3147 for cin- 
namate hydrolysis in the same solvent, 87.8% ethanol. 
This difference, only a small part of which can be due 
to the different temperatures (20° vs. 30°) of the two 
studies, has been attributed4’8 to an especially large 
“field effect” through the linear system. There then 
remains an uncertainty as to which systems may 
reasonably be expected to show this large effect.

It is surprising that phenylpropiolic acid and ester 
series do not show abnormal cr-values. If, in fact, 
transmission of electronic effects from the phenyl 
ring to the functional group is largely a “field” or in
ductive effect, this should be reflected in cr-values which 
approach Taft’s <r0 based on benzene derivatives 
having nonconjugated side-chain functional groups.9 
This does not appear to be true in the preceding 
cases, nor in the shielding of acetylenic protons in the 
phenylacetylenes.10 Rates of alkaline hydrolysis of 
the ethyl phenylpropiolates have, therefore, been re
determined on a more extensive series than previously 
studied.4 A lower temperature (10°) and greater 
dilution have been used to permit more accurate de
termination of these fast rates (Table I).

T a b l e  I

R a t e s  o f  A l k a l in e  H y d r o l y s is  o f  E t h y l  P h e n y l p r o p io l a t e s “ 
in  87.8% E t h a n o l  a t  10°

Substituent k X 102 1. mole 1 sec. :
p-CHs 1.19
H 1.61
p-F 2.086
p-Cl 3.13
m-Cl 4.48
p-N02 12.0

a Prepared by the methods of M. S. Newman and S. H. Merrill, 
J. Am. Chem. Soc., 77, 5552 (1955). Initial [KOH] = 0.02 M, 
[RCOOEt] = 0.012 M. The kinetic method is that reported 
in ref. 7. b Anal. Calcd. for C11H9O2F: C, 68.74; H, 4.72.
Found: C, 69.02; H, 4.90.

About 20% of the p-nitro ester is diverted to an ester 
of much lower reactivity, probably the ethoxycin- 
namate. Nevertheless, it has been possible to obtain 
consistent rate constants corresponding with more than 
90% of the desired reaction. The value of p is 1.10. 
Five of the points (excepting II) of the plot of log k vs. 
ordinary cr-values fall on a straight line with such pre
cision that no deviation is detectable graphically. The 
unsubstituted compound falls slightly off this line. 
All points have been weighed equally in determining 
p; the average deviation from the best line is about 
0.01 cr-unit. Making use of cr-values derived from the 
saponification of ethyl cinnamates in 87.8% ethanol11 
the average deviation in a is only 0.005 unit, which 
indicates a close correspondence of the resonance-in
ductive balance in the two systems. While it would 
have been desirable to include additional compounds 
having “reliable” meta substituents12 in this study, it 
was not found possible to obtain by published pro
cedures samples of sufficient homogeneity to increase 
confidence in the determined value of p.

(7) J . J . Bloomfield and  R. Fuchs, J .  O r g .  C h e m . ,  2 6 , 2991 (1961).
(8) R. E. Dessy and J.-Y . Kim, J .  A m .  C h e m .  S o c . ,  83, 1167 (1961).
(9) R. W. T aft, Jr., J .  P h y s .  C h e m . ,  6 4 ,  1805 (1960).
(10) C. D. Cook and S. S. D anyluk, T e t r a h e d r o n .  1 9 , 177 (1963).
(11) K. Kindler, fie;-., 6 9 , 2792 (1936).
(12) R. W. T aft, Jr., and I. C. Lewis, ./. A m .  C h e m .  S o c . ,  81, 5343 (1959).

The earlier value of p for" ethyl phenylpropiolate 
saponification, based on four points fitting with rather 
poor precision, appears to be in error.13 There is now 
no substantiated case in which the acetylenic unit transmits 
electronic effects better than, or, as well as, a trans ethylenic 
unit.

Acknowledgment.—The author wishes to thank Dr. 
Jordan J. Bloomfield and Mr. Scott Cohen for furnish
ing several of the compounds.

(13) The new value of p appears to give a much im proved fit of M iller s 
p-p relationship. (S. I. Miller, unpublished studies.)

Investigations in Heterocycles. XIY.
2- and 3-Azaoetah>droindolo[2,3«]quinolizines1

G e o r g e  d e S t e v e n s  a n d  M a r y l o u  S k l a r

Research Department, Ciba Pharmaceutical Company, 
Division of Ciba Corporation, Summit,

New Jersey

In a recent report2 from our Laboratory, there was 
outlined the synthesis of a variety of tetracylic and pen- 
tacyclic indolo[2,3a]quinolizines related to naturally oc
curring substances. It was of particular interest to pre
pare tetracyclic indolo [2,3a]quinolizines containing a ni
trogen atom in ring E. compounds bearing a formal re
semblance to Rutecarpine (I). Thus, as previously 
described,2 II was converted to its N-methyl amide 
III which was allowed to react with formaldehyde in 
refluxing ethyl alcohol with a trace of alkaline catalyst 
to afford 3-methyl-3-aza-l,2,3,4-6,7,12,12b-octahydro- 
2-oxoindolo [2,3a] quinolizine (IV). It was also pointed 
out at the time that condensation of III with a variety 
of aromatic aldehydes yielded the corresponding 4- 
aryl derivatives of IV.

It appeared now that a further extension to modi
fications of IV would be (a) the preparation of similar 
tetracyclic indoles with a keto group in position 4 and 
substituents other than a methyl group at the 3-aza 
position, and (b) the preparation of a 2-azaoctahydro- 
indolo[2,3a]quinolizine. The synthesis of some of 
these compounds, as outlined in Scheme I, serves as 
the subject of this note.

Compound II proved very useful in these studies, 
since it readily underwent condensation with alkyl and 
aryl isocyanates in cyclohexane to form the correspond
ing urea derivatives which were converted to the 2,4- 
dioxo-3-substituted 3-azaoctahydroindolo[2,3a]quinoli- 
zine in refluxing ethyl alcohol containing small amounts

(1) This sub ject was discussed in p a rt by G. deS. in a Symposium Lecture 
on the Chem istry of N itrogen Heterocycles sponsored by  the M edicinal 
Chem istry Division of the 141st N ational M eeting of the American Chem ical 
Society, W ashington, D. C., M arch 27, 1962.

(2) G. deS tevens, H. Lukaszewski, M. Sklar, A. H alam andaris, and H. M 
B latter, J .  O r g .  C h e m . ,  26, 2457( 1962).
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S c h e m e  I

IX, R = H
X ,R  = C2H5

x i , r = c 4h 9 
XII, r  = c 6h 5

of hydrogen chloride. The 3-unsubstituted aza com
pound IX was prepared by the interaction of the hydro
chloride of II with potassium cyanate to form V, fol
lowed by ring closure as described. It is noteworthy 
that the infrared spectrum of V was unusually different 
in the carbonyl region from the other urea derivatives 
when measured in Nujol mull. Compound V gave a 
strong band at 1695 c m r1 for the ester absorption, 
whereas the absorption of esters VI-VIII was at 1722 
c m r1. However, the ester carbonyl absorption of V in 
chloroform solution was shifted to 1725 cm.-1. Thus, 
at least for the unsubstituted urea intermediate, there 
exists significant intermolecular hydrogen bonding. 
The conversion of V to IX gave a substance whose 
spectrum contained two strong bands in the carbonyl 
region, one at 1705 cm.-1 and the other at 1685 cm.-1, 
which was typical of these 2,4-dioxooctahydroindolo- 
[2,3a]quinolizines.

Another modification of ring D was concerned with 
the synthesis of a 2-azaoctahydroindolo[2,3a]quinoli- 
zine. This was accomplished in one step merely by 
allowing 1-carbethoxy-l ,2,3,4-tetrahydro-â-carboline 
(XIII) to react with ethyleneimine in refluxing ethyl 
alcohol. Ultraviolet absorption data preclude the

possibility that ring closure could have occurred on 
Na since the major maximum for such substituted 
indole nitrogen compounds would be from 236-238 
m/i.3

Several attempts were made to reduce the carbonyl 
group in XIV with lithium aluminum hydride to obtain 
a saturated ring D compound. However, this carbonyl 
proved to be very resistant to hydride reduction, and 
at best, only trace amounts of impure product were 
realized. Strong hydrogen bonding between Na and 
the amide carbonyl, as illustrated with Dreiding models, 
offers a reasonable explanation for this lack of reactivity 
of the amide carbonyl.

(3) J. Pecher, R. H. M artin , N. Defay, M. Kaisin, .1. Peeters, G, van Binst, 
N, Veryele, and F. Alderweireldt, T e t r a h e d r o n  L e t t e r s ,  No. 8, 270 (1961).

Experimental4

2- Carbamoyl-l-carbethoxymethyl-l ,2,3,4-tetrahydro-iJ-carbo-
line (V).—l-Carbethoxymethyl-l,2,3,4-tetrahydro-/3-carboline hy
drochloride5 ('¿.7 g.) was dissolved in water warmed to 50°. This 
solution then was treated with 0.9 g. of potassium cyanate dis
solved in 5 ml. of water, whereupon an immediate reaction oc
curred. A thick oil separated from solution. This oil was tri
turated well with distilled water and then taken up in ether. 
After drying the ether extract over sodium sulfate the drying 
salt was filtered off, and the filtrate was evaporated to dryness 
in vacuo. Trituration of the residue with ethyl alcohol resulted 
in the formation of a crystalline mass which was recrystallized 
from ethyl alcohol to yield a pure substance, m.p. 157-158°. 
Recrystallization of this substance from methyl alcohol gave a 
compound with identical chemical and physical properties. 
Infrared absorption in Nujol mull shows a strong band at 1695 
cm. -1 for the bonded ester group. In chloroform solution, this 
absorption band is shifted to 1725 cm.-1. The carbamoyl 
absorption is evidenced at 1670 cm.-1.

Anal. Calcd. for CI6H19N30 3: C, 63.65; H, 6.32; N, 13.90.
Found: C, 63.35; H, 6.52; N, 13.70.

3-Aza-2,4-dioxo-l,2,3,4,6,7,12,12b-octahydroindolo[2,3a]- 
quinolizine (IX).—Two grams of V dissolved in 50 ml. of ethyl 
alcohol was treated with 10 ml. of ethyl alcohol saturated with 
hydrogen chloride, and the solution was refluxed on the steam 
bath for 4 hr. The solution was refrigerated overnight, and the 
resulting precipitate wras collected on a filter. The light tan 
solid was recrystallized from excess ethyl alcohol to afford 1.1 g. 
of white crystals, which did not melt up to 350°. Infrared ab
sorption in Nujol mull: 3300 (indole NH), 3150, and 3055
cm.-1 (quinolizine NH); also strong absorptions at 1705 and 
1685 cm.-1 for 2,4-dioxoquinolizine grouping.

Anal. Calcd. for C14H13N30 2: C, 65.87; H, 5.14; N, 16.46. 
Found: C, 65.62; H, 5.09; N, 16.35.

1 -Carbethoxymethyl-2-ethylcarbamoyl-1,2,3,4-tetrahydro-j9- 
carboline (IV).—A mixture of 2.6 g. (0.01 mole) of 1-carbethoxy- 
methyl-l,2,3,4-tetrahydro-/3-carboline and 0.71 g. (0.01 mole) of 
ethyl isocyanate in 50 ml. of dry cyclohexane was heated at 
reflux temperature for 30 min. and chilled in an ice bath. The 
white precipitate which formed was collected and washed with a 
small amount of cyclohexane. Two recrystallizations from 
ethyl alcohol gave an 83% yield of white cubic crystals, m.p. 
137°. Infrared absorption shows the principal band at 1722 
cm. -1 for ester group.

Anal. Calcd. for CisH23N30 3: C, 65.03; H, 7.05; N, 12.60.
Found: C, 64.88; H, 7.05; N, 12.39.

The following compounds were prepared in the same manner. 
2-n-Butylcarbamoyl-l-carbethoxymethyl-l ,2,3,4-tetrahydro- 

/3-carboline (VII), m.p. 131-133°, infrared absorption at 1720 
cm. -1 (ester carbonyl).

Anal. Calcd. for C20H27N3O3: C, 67.21; H, 7.61; N, 11.76. 
Found: C, 67.34; H, 7.68; N, 11.54.

l-Carbethoxymethyl-2-phenylcarbamoyl-l ,2,3,4-tetrahydro- 
(3-carboline (VIII), m.p. 179-180°, infrared absorption at 1722 
(ester carbonyl) and 1675 cm. -1 (carbamoyl).

Anal. Calcd. for C,2H23N30 3: C, 70.00; H, 6.14; N, 11.14. 
Found: C, 69.74; H, 6.17; N, 10.85.

The cyelization of compounds VI-VIII was carried out accord
ing to the previously described precedure for the preparation of
IX. The compounds prepared are listed.

2,4-Dioxo-3-ethvl-3-aza-l,2,3,4,6,7,12.12b-octahydroindolo- 
[2 ,3a]quinolizine (X), m.p. 184-185°.

Anal. Calcd. for Ci6Hi7N30 2: C, 67,81; H, 6.05. Found:
C, 67.48; H, 6.01.

3- n-Butyl-3-aza-2,4-dioxo-l ,2,3,4,6,7,12,12b-octahydroindolo- 
[2 ,3a]quinolizine (XI), m.p. 140-141°.

Anal. Calcd. for C,sH21N3()2: C, 69.43; H, 6.39; N, 13.49.
Found: C. 69.25; H, 6.42; N, 13.24.

2,4-Dioxo-3-phenvl-3-aza-1,2,3,4,6,7,12,12 b-octahydroindolo- 
[2 ,3a]quinolizine (XII), m.p. 196-197°, infrared absorption 
in Nujol mull at 3300-3450 (broad), 1690, 1640, 1610 cm.-1.

Anal. Calcd. for C20H17N3O2 C2H5OH H20: C, 66.82; H,
6.37; N, 10.51. Found: C, 66.82; H, 6.00; N, 10.51.

2-Aza-l ,2,3,4,6,7,12,12b-octahydro-1 -oxoindolo [2,3a] quinoli- 
zine (XIV).—Four grams of 1-carbethoxy-l,2,3,4-tetrahvdro-d-

(4) All m elting points reported herein are uncorrected.
(5) G. B. Kline, J .  A m .  C h e m .  S o c . .  81, 2251 (1959).
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carboline6 and 0.040 g. of the hydrochloride salt of the above 
ester were dissolved in 25 ml. of refluxing ethyl alcohol. Ethyl- 
eneimine (0.67 g.) dissolved in 10 ml. of ethyl alcohol was added 
dropwise to the refluxing solution and this heating was continued 
for 24 hr. On chilling, this solution deposited light yellow 
crystals which were collected on a Büchner funnel, washed with 
ethyl alcohol, and then recrystallized from an excess of that 
solvent. One gram of pure product, m.p. 234-235° dec., was 
obtained. Infrared absorption shows a strong broad band at 
3400 cm. ' 1 (overlap of indole and amide NH) and a strong amide 
band at 1670 c m .'1; X°2”‘0H 224 mM 0  36,190), 278 (39,340), 289 
(6,360).

Anal. Calcd. for CuH15N50 : C, 69.69; H, 6.26; H, 17.42. 
Found: C, 69.95; H, 6.29; N, 17.57.

Acknowledgment.—The authors extend their sincere 
thanks to Dr. E. Schüttler for his continuing interest. 
We are also indebted to Mr. L. Dorfman and his asso
ciates for the microanalytical and spectral data.

(6) F. J. Vejdeiek, V. Treka, and M. Protiva, J .  M e d .  P h a r m .  C h e m . ,  3, 
427 (1961).

A Synthesis of 6 -Methyl-2 -phenyl-
5-azacycl[3.2.2]azine and Related Compounds11 1 2

V .  B o e k e l h e i d e  a n d  S. S. K e r t e l j

Department of Chemistry, University of Oregon, Eugene, Oregon 

Received June H , 1963

The reaction of pyrrocolines with dimethyl acetyl- 
enedicarboxylate,3-5 an early example of a general 
procedure now known as the 1,3-dipolar addition re
action,6 provides convenient access to cycl [3.2.2 ]azine 
and its various derivatives. Although the central 
nitrogen of cycl [3.2.2 [azine is not basic, nitrogen atoms 
placed in the perimeter are basic and allow for the 
preparaton of the corresponding quaternary salts 
which are more suitable for physiological testing.7 
It was for this reason that work was initiated on the 
synthesis of 5-azacycl [3.2.2 [azine derivatives. How
ever, since then studies on the correlation of molecular 
orbital calculations with experimental data on the 
electronic spectra and basicity of the cyclazines has 
made it desirable to have additional examples with 
nitrogen in the periphery as an aid to evaluating the 
parameter to be assigned to nitrogen.8 9

As starting material, 4,6-dimethyIpyrimidine was 
converted in 97% yield to the corresponding quaternary 
bromide I using phenacyl bromide in benzene at room 
temperature. Cyclization by the Chichibabin proce
dure10 gave 7-methyl-2-phenyl-6-azapyrrocoline(II) in 
56% yield. Treatment of II with dimethyl acetylene- 
dicarboxylate in the presence of a palladium-on-char-

(1) A bstracted  from the  M .S. thesis of S. S. Kertelj, U niversity  of Oregon, 
1963.

(2) Aided in p a rt by  the  N ational Science Foundation  and by  the  U. S. 
Army Research Office (D urham ).

(3) J .  C. Godfrey, ./. O r g .  C h e m . ,  2 4 , 581 (1959).
(4) A. G albraith , T. Small, and V. Boekelheide, i h i d . ,  2 4 , 582 (1959).
(5) A. G albraith , T. Small, R. A. Barnes, and V. Boekelheide, ./. A m .  

C h e m .  S o c . ,  83, 453 (1961).
(6) R. Huisgen and A. Eckell, T e t r a h e d r o n  L e t t e r s ,  1 2 , 5 (1960); c f .  R. 

Huisgen, “ Theoretische Chem ie und Organische Synthese,” Festschrift der 
Zehnjahresfeier des Fond der Chem ischen Industrie, Dusseldorf, G erm any, 
1960.

(7) V. Boekelheide and A. M iller, J. O r g .  C h e m . .  2 6  431 (1961).
(8) V. Boekelheide, F. Gerson, E. Heilbronner, and D. M euche, H e i r .  

C h i m .  A d a .  in press.
(9) F. Gerson, E. Heilbronner, N. Joop, and H. Zim m erm ann, i b i d . ,  in 

press.
(10) A. E. Chichibabin, B e r . ,  59, 2048 (1926).

coal catalyst and toluene then led to the corresponding
5-azacycl [3.2.2]azine III in 28% yield. Hydrolysis of 
the diester with base proceeded essentially quantita
tively to give the diacid IV. Finally, decarboxylation 
of the diacid using copper powder and aniline occurred 
smoothly in 78% yield to produce the desired 6-methyl- 
2-phenyl-5-azacycl [3.2.2 [azine (V).

H3a  ^  .CH, h 3c

o
II

HC03

+ ch2- c - c6h5
1 Br

ine

N ^ N  

II

R
r j  "c 6h 5

c6hs

III . R = -C 02CH; 
IV, R = -C 02H 
V, R = -H

As expected, 6-methyl-2-phenyl-5-azacycl [3.2.2[azine 
was readily soluble in aqueous acid. However, its 
ultraviolet and visible absorption spectrum showed an 
unexpected shift to longer wave lengths in the presence 
of acid. Thus, in neutral ethanol V showed maxima at 
227 (4.26), 264 (4.54), 327 (4.34), and 452 mM (log e 
3.59), whereas in 0.09 M hydrochloric acid maxima were 
observed at 227 (4.22), 268 (4.55), 366 (4.33), and 473 
ma (log t 3.31). This shift becomes understandable, 
however, when it is considered that V, on protonation, 
is a resonance hybrid with contributing structures 
such as VI and VII.

CH3 _

c sh5

VI

c h 3

h ' - V Y ' - c ä

VII
In the original plan the presence of the methyl group 

at the 6-position of V was desired so that a second 
Chichibabin ring closure could be effected to give the 
interesting fused bispyrrocoline represented by VIII. 
Unfortunately, attempts to accomplish this ring 
closure were unsuccessful.

Experimental11
l-Phenacyl-4,6-dimethylpyridinium Bromide (I).—A solution of

11.0 g. of 4,6-dimethylpyrimidine and 21.0 g. of phenacyl bro
mide in 60 ml. of benzene was allowed to stand at room tempera
ture for 10 days. The orange-yellow precipitate, which sepa
rated, was collected by filtration, washed with benzene, and air- 
dried. This gave 31.4 g. (97%) of product of sufficient purity 
for use in the next step. Itecrystallization of the orange-yellow 
solid from absolute ethanol gave 23.0 g. (71%) of yellow crystals, 
m.p. 173° dec.

Anal. Calcd. for C,4H,6N2OBr: C, 54.73; H, 4.92; N, 
9.12; Br, 26.01. Found: C, 54.38; H, 4.95; N, 8.84; Br,
25.94.

7-Methyl-2-phenyl-6-azapyrrocoline (II).—To a stirred solution 
of 10.5 g. of the crude quaternary bromide I in a mixture of 50 
ml. of ethanol and 350 ml. of water there was added a saturated

(11) M icroanalyses by M icro-Tech Laboratories and F. Pascher. M elt
ing po in ts are uncorrected.
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aqueous solution prepared from 10 g. of potassium bicarbonate. 
The resulting orange-brown suspension was heated on a steam 
bath for 1 hr. and cooled, and the solid which separated was 
collected. This, after being washed thoroughly with water and 
then air-dried, was recrvstallized from benzene to give 3.8 g. 
(56%) of yellow crystals, m.p. 180-190° dec. Treatment with 
charcoal in acetonitrile followed by an additional recrystallization 
from benzene yielded white crystals, m.p. 180-190° dec. The 
ultraviolet absorption spectrum of II in ethanol showed a max
ima at 254 m/i (log e 4.74) with a shoulder at 258 my (log e 4.72).

Anal. Calcd. for C44H12N2: C, 80.74; H, 5.81; N, 13.45.
Found: C, 80.67; H, 5.86; N, 13.23.

3,4-Dicarbethoxy-6-methyl-2-phenyl-5-azacycl[3.2.2]azine
(III).—To a solution of 9.0 g. of 7-methyl-2-phenyl-6-azapyr- 
rocoline (II) and 9.4 g. of dimethyl acetylenedicarboxylate in 
540 ml. of toluene there was added 8.0 g. of a 5% palladium-on- 
charcoal catalyst, and the mixture was heated under reflux in a 
nitrogen atmosphere for 21 hr. After removal of the catalyst 
and solvent, the brown, gummy residue was taken up in benzene 
and passed over neutral alumina (800 g., grade III, Woelm). 
Following the initial eluate which contained 0.25 g. of II, the 
main fraction gave 4.15 g. (28%) of bright yellow crystals, m.p. 
152-154°. A further recrystallization from ethyl acetate 
yielded yellow needles, m.p. 155-156°. The absorption spec
trum of III in ethanol showed maxima at 242 (4.53), 266 (4.30), 
336 (4.29), and 448 mM (log e 3.91).

Anal. Calcd. for C20H16N2O4: C, 6S.96; H, 4.63; N, 8.04. 
Found: C, 68.77; H, 4.75; N, 7.87.

3,4-Dicarboxy-6-methyl-2-phenyl-5-azacycl[3.2.2jazine (IV). 
—A mixture of 150 mg. of III and 30 ml. of methanol saturated 
with potassium hydroxide was heated at 50° with stirring until 
complete solution resulted (30 min.), whereupon precipitation of 
the dipotassium salt of IV occurred. The mixture was heated 
for an additional 30 min. before collecting the precipitate by 
filtration. The solid precipitate was redissolved in a minimum 
amount of water, and the solution was acidified with concen
trated hydrochloric acid. There separated 130 mg. (95%) of 
yellow crystals, m.p. 230-235°.

Anal. Calcd. for Ci8H12N204: C, 67.50; H, 3.78; N, 8.75. 
Found: C, 67.20; H, 3.98; N, 8.58.

When the diacid IV was recrystallized from pyridine, the 
monopyridinium salt of IV separated as long, orange needles, 
m.p. 170° dec.

Anal. Calcd. for C23H,7N30 4: C, 69.16; H, 4.29; N, 10.52.
Found: C, 69.07; H, 4.42; N, 10.55.

6-Methyl-2-phenyl-5-azacycl[3.2.2]azine (V).—A mixture of 
900 mg. of the crude diacid 15' and 1.0 g. of copper powder in 
250 ml. of aniline was boiled under reflux until evolution of 
carbon dioxide ceased. After removal of the catalyst and 
concentration under reduced pressure, the gummy residue was 
taken up in benzene and chromatographed over Florisil (300 g.). 
From the third fraction of eluate there was obtained 510 mg. 
(78%) of an orange-yellow solid, m.p. 135-140°. Recrystalliza
tion from an ether-pentane mixture (1: 1) produced large, yellow- 
orange crystals, m.p. 145-147°. The n.m.r. spectrum in 
methylene chloride showed a proton signal for the methyl group 
at 7.18 r. In concentrated sulfuric acid this signal was shifted 
to 6.77 t with two smaller additional signals at 6.70 and 7.03 
r. The latter two signals are presumably due to protonation 
on carbon at the I - and 4-positions.8

Anal. Calcd. for C16H12N2: C, 82.73; H, 5.21; N, 12.06. 
Found: C, 82.86; H, 5.28; N, 11.90.

Synthesis and Polymerization of 3-Azabicyclo-
[4.3.1]decan-4-one and 7,7-Dimethyl-2- 

azabieyclo[l.l.l]octan-3-one

H. K. H a l l , J r.

barium oxide. Hydroxylamine converted the ketone 
to the oxime 2b, which underwent the Beckmann 
rearrangement to give the desired lactam, 3-azabicyclo- 
[4.3.1 ]decan-4-one (3). Cyclohexane-1,4-diacetic acid, 
under conditions which readily cyclized the 1,3-isomer, 
gave no bicyclo [3.2.2 ]nonan-3-one (5). The ketone 2a 
can exist in a stable two-chair conformation, while 5 
would possess a strained boat form of the cyclohexane 
ring. This difference in conformation may account for 
the difference in ease of formation of the two ketones.

ÇH2C02H

CH2C02H
2a, X = 0  
b,X = NOH

c 6h 5s o 2ci

Nopinone (6a) recently has been made available1 by 
ozonolysis of fl-pinene. This preparation was repeated 
and the ketone was converted to the oxime 6b and 
thence by Beckmann rearrangement to a crystalline 
lactam. The oxime is assigned the configuration with 
the hydroxyl group anti to the cyclobutane ring, since 
this configuration is sterically less strained than the 
syn form. Because of the trans nature of the rearrange
ment, the lactam is assigned the structure 7,7-dimethyi- 
2-azabicyclo[4.1.1]octan-3-one (7). This type of as
signment, applied previously to other atom-bridged 
oximes and lactams,2 was shown subsequently to be 
correct by degradation studies.3

6a,X = 0  7
b,X = NOH

8

Polymerizations.—The lactams were converted to 
polyamides by heating at 200-223° with 5% of 85% 
phosphoric acid as catalyst.2 4 Lactam 3 polymerized 
much more readily than lactam 7. Hydrogen crowding 
within the bridged rings is considered to be the de
stabilizing factor in these molecules which causes them 
to polymerize. Like many other polyamides possess
ing alicyclic rings in the polymer chain,2 4 these poly
mers displayed quite high melting points; 4 melted 
at 297° and 8 at 358°.

Pioneering Research Division, Textile Fibers Department,
E. I. du Pont de Xevnours and Company, Inc., 

Wilmington, Delaware

Received May 15, 1963

Cyclohexane-l,3-diacetic acid readily cyclized to 
bicyclo [3.3. llnonan-3-one (2a) when heated with

Experimental
Cyclohexane-1,3- and 1,4-diacetic Acids.—Pure w-phenylene- 

diaeetic acid was not. available but an approximately 1: 1 mixture
(1) J. M einwald and P. G. G assm an, J .  A m .  C h e m .  S o c . ,  82 , 5445 (1960).
(2) H. K. Hall, J r ., ibid., 82, 1209 (1960).
(3) R. C. Elderfield and E. T. Losin, J .  O r g .  C h e m . .  26, 1703 (1961).
(4) H. K. Hall, J r., J .  A m .  C h e m .  S o c . ,  80, 6412 (1958).
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of m- and p-isomers (du Pont Electrochemicals Department RH- 
870) was on hand. A mixture of 315 g. of this acid, 520 ml. of 
ethanol, and 2.5 1. of benzene was brought to boiling and stirred 
for 1 hr. The mixture was chilled and filtered. There was 
recovered 117 g. of almost pure p-isomer, m.p. 255°, m.m.p. 
255° on a heated bar (lit.5 m.p. 244°). The filtrate was concen
trated to a small volume. Ethanol, 1.2 1., was added and the 
mixture was saturated with hydrogen chloride gas. After 20 hr. 
it was distilled to give 217 g. of diethyl phenylenediacetates, 
b.p. 127-130° (1.1 mm.). Hydrogenation was performed over 
3 g. of ruthenium dioxide in 250 ml. of ethanol at 135° and 1565 
p.s.i. Hydrogen, 1.4 moles (54%), was absorbed. Rehydro
genation resulted in no further uptake. The product, 174.5 g., 
boiled at 115-133° (0.15 mm.). The infrared spectrum showed 
the presence of ester groups and absence of aromatic or unsatu
rated links. The diester, 70.0 g., was boiled under reflux 
for 5 hr. with 70 g. of sodium hydroxide, 200 ml. of ethanol, 
and 300 ml. of water. The ethanol was distilled, and the residue 
was cooled and acidified with 12 N hydrochloric acid. After 3 
days, the precipitate was filtered, rinsed with water, and air 
dried to give 51.0 g. of mixed cyclohexane-1,3- and 1,4-diacetic 
acids, m.p. 130-132°.

Anal. Calcd. for CioHi60 4: C, 60.0; H, 8.1. Found: C, 
59.7; H, 8.1.

Bicyclo[3.3.1]nonan-3-one (2a).—The mixture of cyclo- 
hexanediacetic acids, 26.0 g. (0.13 mole), was mixed with 50 ml. 
of acetic anhydride, and acetic acid was distilled over a 1-hr. 
period. The remainder was distilled through a Claisen head at 
150 mm. using a pale blue flame. The distillate was taken up in 
100 ml. of ether and washed with 100 ml. of water and with 150 
ml. of 15% sodium carbonate solution. The aqueous layers were 
back extracted with 50 ml. of hexane. The organic layers were 
dried and the solvents were evaporated. Short-path distillation 
of the residue at 15 mm., followed by crystallization of the residue 
at —80° from hexane, gave 4.6 g. of an off-white solid. Subli
mation at 140° (18 mm.) gave 4.06 g. (22.6%) of pure ketone, 
m.p. 180-182°. The use of barium oxide in place of acetic an
hydride in the distillation gave a lower yield of the same ketone.

Anal. Calcd. for C9H,40: O, 11.6. Found: O, 11.7.
The carbonyl group absorption in the infrared spectrum6 of this 

ketone was split into two bands at 1706 and 1717 cm.-1. The
2,4-dinitrophenylhydrazone7 melted at 208-209° after one 
recrystallization from ethanol-ethyl acetate.

Similarly, esterification of pure p-phenylenediacetic acid gave 
diethyl ester, m.p. 59-59.5° (lit.6 m.p. 59-59.5°); hydrogenation 
gave the diethyl ester of cyclohexane-1,4-diacetic acid; and 
hydrolysis provided cyclohexane-1,4-diacetic acid, m.p. 164-165°, 
which was analyzed.

Anal. Calcd. for Ci0Hi6O4: C, 60.0; H, 8.1. Found: C, 
59.8; H, 8.2.

Distillation of the 1,4-diacid from barium oxide gave no ke- 
tonic product, proving that the ketone described above was de
rived from cyclohexane-1,3-diacetic acid.

Bicyclo[3.3.1]nonan-3-one Oxime (2b).—The crude oxime, 
b.p. 113-115° (1.0 mm.), 12.25 g., was obtained as described2 
from 12.79 g. (0.0925 mole) of ketone as a white solid in the 
receiver, m.p. 108-114°. Recrystallization from 30 ml. of 
hexane gave 10.10 g. (71.3%) of oxime, m.p. 108-109°.

Anal. Calcd. for C9Hi5ON: N, 9.14. Found: N (Dumas),
9.36.

3-Azabicyclo[4.3.1]decan-4-one (3).—The oxime 2b, 9.92 g. 
(0.065 mole), led by Beckmann rearrangement.8 to a lactam which 
sublimed at 100-160° (0.45 mm.), 6.2 g. This was taken up in 
25 ml. of hexane and crystallized at —80° to give 3.30 g. of white 
solid. Crop 2, 1.26 g., and crop 3, 0.98 g., were obtained by 
evaporation of the solvent and crystallization again at —80°. 
The combined yield was 55.9%.

Anal. Calcd. for C9Hi5ON: N, 9.14. Found: N, 8.84,
(crop 1), 8.77 (crop 2), 8.73 (crop 3).

These fractions did not melt sharply but rather became semi
solid at 80-120°. They were evidently polymerizing during the 
determination.

Nopinone Oxime (6b).—“Sulfate” (3-pinene, from Hercules 
Powder Co., was established as 91% pure by vapor phase chroma

(5) T. Zincke and L. K lippert, B e r . ,  9, 1767 (1876).
(6) R. Zbinden and H. K. Hall, J r., J .  A m .  C k e m .  S o c . ,  82, 1215 (1960).
(7) R. L. Shriner and R. C. Fusion, “ Identification of Organic Com

pounds,” 3rd Ed., John  Wiley and Sons, Inc., New York, N. Y., 1948, p. 
171.

(8) M. Gates and S. P. M alchick, J .  A m .  C h e m .  S o c . ,  79, 5546 (1957).

tography. It was ozonized as described by Meinwald and Gass- 
man1 to give nopinone, b.p. 92° (16 mm.), 99 +  % pure by v.p.c. 
The oxime was prepared as described.2 Distillation of the oxime 
prepared from 38.2 g. of nopinone gave 40.1 g., b.p. 107° (1.5 
mm.). It crystallized slowly and completely. Recrystallization 
from 20 ml. of heptane gave 33.2 g. oxime, m.p. 61.5-65.0°.

Anal. Calcd. for C„H16ON: C, 70.55; H, 9.87; N, 9.14. 
Found: C, 70.50, 70.46; H, 9.99, 10.06; N, 8 .86, 8.97.

7,7-Dimethyl-2-azabicyclo[4.1 l]octan-3-one (7).—The Beck
mann rearrangement of 23.1 g. of oxime was carried out using 
sodium hydroxide and benzenesulfonyl chloride.8 The chloroform 
extract was concentrated and diluted with 800 ml. of ether. 
Flocculent material was filtered. The filtrate was concentrated 
and distilled at 0.3 mm. up to 130°. The distillate solidified in 
the receiver and considerable undistillable residue remained. 
After three sublimations and crystallization from 15 ml. of hep
tane, the lactam weighed 9.85 g. (42.6%) and melted at 111.0- 
113.0°.

Anal. Calcd. for C9HlfON: C, 70.6; H, 9.9; N, 9.14. 
Found: C, 70.5, 70.3; H, 9.9, 9.9; N, 8.91,8.91.

The infrared spectrum was consistent with that of a lactam, 
although no 6.50-/x band was observed.

Polymerizations.—Lactam 3, 1.50 g., was polymerized by 
heating with 1 drop of water and 1 drop of 85% phosphoric acid2,4 
in a sealed glass tube under nitrogen for 8.5 hr. at 223°. The 
polyamide 4 of a.'s-3-aminomethylcyclohexylacetic acid weighed
1.32 g. (88.0%) after washing with water and acetone. It 
melted at 297° and had an inherent viscosity in m-cresol of 0.21.

Lactam 7 was polymerized similarly by 5% of 85% phosphoric 
acid at 200° for 17 hr., and a 75% yield of product was obtained 
after methanol extraction. The polyamide 8 of «s-3-amino-2,2- 
dimethylcyclobutanepropionic acid melted at 358° and possessed 
an inherent viscosity of 0.62 in m-cresol. The use of less phos
phoric acid for longer times led to lower molecular weight poly
mer, while the use of sodium hydride-acetic anhydride gave only 
dark oils.
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Products from the Acetolysis of ( —)-(S)- 

Bicyclo[2 .2 .2 .]octyl- 2  p-Bromobenzenesulfonate.
A Reiuvestigation1

H. M. W a l b o r s k y , J. W e b b , a n d  C. G. P i t t

The Department of Chemistry,
Florida State University, Tallahasse, Florida

Received May 23, 1963

In a previous publication2 it was reported that ace
tolysis of (-)-bicyclo[2.2.2]octyl-2 p-bromobenzene- 
sulfonate resulted in a mixture of (+ ) -acetates which 
upon reduction with lithium aluminum hydride yielded 
a mixture of alcohols consisting of 65 ± 3% bicyclo-
[2.2.2]octanol-2 and 35 ± 3% of axial bicyclo [3.2.1 ]- 
octanol-2. The mixture was separated using prepara
tive vapor phase chromatography, but only 4-6-mg. 
quantities of each component were isolated in a pure 
state, since the peaks overlapped considerably because

(1) This work was supported by research g ran t Cy-4065, N ational In s ti
tu tes of H ealth , Public H ealth  Service.

(2) H. M. W alborsky, M. E. Baum , and A. A. Youssef, J .  A m .  C h e m .  

S o c . ,  83, 988 (1961).
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of very similar retention times. Since only small 
amounts of material were available, the optical rotations 
of the alcohols were in doubt.

The preceding product analysis was repeated in order 
to obtain more accurate data. A sample of ( +  )- 
(iS)-bicyclo[2.2.2]octanol-2, [a(25n +5.7° (14.3% opti
cal purity3) was converted to the p-bromobenzene- 
sulfonate ester, m.p. 79.5-81.0°. In the previous 
work the brosylate was recrystallized, until m.p. 88- 
88.5° and a partial resolution may have been effected. 
In this work the brosylate, m.p. 79.5-81.0°, was sub
jected to acetolysis after it was shown not to be con
taminated by unchanged alcohol. The acetolysis 
product, [or] 28d  +0.82 ± 0.03°, was reduced with 
lithium aluminum hydride to yield a mixture of 
alcohols, [o ] 25d  +2.3 ± 0.2°. The alcohol mixture was 
analyzed by v.p.c. using a 150-ft. triscyanoethoxy- 
propane Golay column. The mixture was shown to 
consist of 54.1% bicyclo [2.2.2 ]octanol-2, 43.0% axial 
bicyclo[3.2.1]octanol-2, 1.7% equatorial bicyclo [3.2.1]- 
octanol-2, and 1.2% of an unknown component.

Preparative v.p.c. yielded a sample of bicyclo [2.2.2]- 
octanol-2, [ a ] 25D +2.52°, which corresponds to 44% 
retention of activity. However, this sample was 
shown to contain 3% of equatorial bicyclo [3.2.1 ]- 
octanol-2 which should, if it retained optical activity, 
be levorotatory.4 Using a minimum value,5 [ qt]d  

17.2°. for the rotation of equatorial alcohol and assum
ing complete retention of activity in going from bi
cyclo [2.2.2 joctanol of 14.3% optical purity, the equa
torial alcohol should have a rotation of —3.1°. Since 
it is present to the extent of 3% in the bicyclo [2.2.2]- 
octanol-2, it would have the effect of raising the rota
tion of solvolysis alcohol by 0.19°. Therefore the maxi
mum amount of retention of activity and configuration

N o v e m b e r , 1963

(+)(2S) (—)(2S)

(3) J. A. Berson and D. Willner, J .  A m .  C h e m .  S o c . ,  8 4 , 675 (1962); J . A. 
Berson and P. Reynolds-W arnhoff, i b i d . ,  8 4 , 683 (1962).

(4) The levorotation  is based on the observation3 th a t  ( — )-equatorial and 
(-f-)-axial bicyclo[3.2.1 ]octanol-2 are epim ers.

(5) This value was reported  to us by Professor J. Berson.

would be 47%. In contrast to our earlier work2 the 
axial bicyclo [3.2.1] alcohol isolated was shown to be 
dextrorotatory, [ c* ]24d  1.85°, and should be assigned 
the (1R:2R:5R) configuration2 which is in agree
ment with the findings of Berson3 on the relative con
figurations of ( +  )-axial and ( — [-equatorial bicyclo- 
[3.2.1 ]octanol-2.

If solely an unsymmetrical nonclassical ion A were 
produced in the acetolysis of the brosylate, one would 
predict that the resulting products would not be race- 
mized. On the other hand if the symmetrical classical 
ion B were initially formed, the expected stereochemical 
findings would be that of mainly racemization with 
some inversion of configuration.

The stereochemical findings in the acetolysis can be 
rationalized by postulating the initial formation of an 
optically active nonclassical ion A which may be con
verted to an optically active classical ion C. Reaction 
of A and C with solvent leads to the formation of opti
cally active products. However, A and C may also be 
converted to the optically inactive classical ion B and 
this would then account for the observed racemization. 
It should be pointed out that if extensive 6-2 hydride 
shift occurred6 then the observed racemization could be 
accounted for without resorting to the formation of the 
classical ions B and C.

An alternate explanation has been advanced by H. C. 
Brown7 who argues that if the interconversion of clas
sical ions B and C is extremely rapid (“windshield 
wiper effect”) then attack by solvent would be favored 
from the side of the molecule that the brosylate anion 
departed from and this too, would result in retention of 
configuration.

Experimental
(— )-(<S)-Bicyclo [2.2.2] octyl-2 p-Bromobenzenesulfonate.—

To 6.3 g. of ( +  )-(S)-bicyelo[2.2.2]octanol-2,8 [ c< ] 2 5 l> +5.7° 
(chloroform, c 4.4), dissolved in 50 ml. of freshly dried and distilled 
pyridine was added at 0° 19.0 g. of p-bromobenzenesulfonyl 
chloride. The mixture was refrigerated at 0-5° for 60 hr. 
and then poured on ice and the precipitated material taken up in 
ether. The ether solution was filtered and dried and the ether re
moved in vacuo to yield 17.3 g. of brosylate, m.p. 79.5-81.0°, 
[a]29i> —0.2 ±  0.3° (AcOH, c 10.41). The infrared spectrum 
showed the absence of starting alcohol.

Acetolysis of (— )-(S)-Bicyclo[2.2.2]octvl p-Bromobenzene- 
sulfonate.—The acetolysis was run as previously described2 to 
yield 5.8 g. (70%) of the acetate mixture, b.p. 64.5° (3 mm.), 
/¡23d 1.4702, and [o+ 8l> +0.82 ±  0.02 (neat, 1 dm.).

The mixture of acetates (5.8 g.) was reduced with lithium 
aluminum hydride to yield 4.0 g. (92r , ) of the alcohol mixture, 
m.p. 200-206°, [a]28i> +2.3° ±  0 .2° (CHCh, c 10.9). A chloro
form solution of the alcohol mixture was analyzed by v.p.c. 
using a 150-ft. triscyanoethoxypropane Golay column. At a 
helium flow rate of 30 ml./min. and a column temperature of 57° 
the retention times of the alcohols, relative to chloroform, were 
found to be 17.3 min. for axial bicyclo[3.2.1]oetanol-2 (43.0%),
19.4 min. for bicyclo[2.2.2]octanol-2 (54.1%), and 20.5 min. for 
equatorial bicyclo|3.2.1 ]octanol-2 (1.7%). A small amount of 
unknown impurity appeared at 12 min. (1.2%). The values in 
parentheses represent the per cent composition as determined by 
measuring the areas under the peaks.

Repetitive v.p.c. using a 15 ft. X Vs in. 20%, DKGS on 60/80 
C'hromosorb-W column9 and a column temperature of 150°

(6) J. D. Roberts, C. C. Lee, and  W. H. Saunders, J r., J .  A m .  C h e m .  

S o c . ,  76, 4501 (1954).
(7) H. C. Brown, “ T he Transition  S ta te ,” Special Publication No. 16, 

Chem ical Society, London, 1962; P. S. Skell and R. J. Maxwell, J .  A m .  

C h e m .  S o c . ,  84, 3963 (1962).
(8) H . M. W albrorsky and A. E. Young, J .  O r g .  C h e m . ,  27, 2261 (1962).
(9) We wish to acknowledge the assistance of Dr. E. T a ft in carry ing  ou t 

th is  separation.
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yielded 44 mg. of bicyclo[2 .2 .2]octanol-2. [< * ]26d  +  2.52° (CHCI3, 
c 4.4), which was shown by analytical v.p.c. to contain 3% of 
equatorial bicyclo[3.2.1 joctanol-2 and 56 mg. of pure axial bi- 
cyclo[3.2.1]octanol-2, [ a ] 25D  +1.85° (CHClj, c 5.6).

Acknowledgment.—We are indebted to Professor J. 
A. Berson for many valuable and stimulating discus
sions.

Nuclear Magnetic Resonance Identification 

of Substitutional Isomers in Chelated 

Polycyclic Aromatic Systems1

A. L . P o r t e 2 a n » H . S . G u t o w s k y
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Some time ago we made a study of chemical shifts in 
chelated phenols which contain the structure I, where 
Y = -H, —CH3, and -OCH3, and from the results ob
tained3 it seems likely that magnetic resonance methods 
may be useful in distinguishing between isomers of 
phenols with chelating substituents. The arguments 
which we will employ can easily be extended to other 
systems. The results exhibit two aspects by means of 
which the isomers may be distinguished on the basis of 
their high-resolution proton magnetic resonance spectra.

A. From the -OH Proton Chemical Shift.—In 
aromatic systems, the shift of a chelated -OH proton 
relative to the -OH peak in the corresponding parent 
phenol is quite large. We have found that this chemi
cal shift is a linear function of the bond order of bond 
C-l=C-2, with the slope depending somewhat upon the 
substituent Y.3 Therefore, the -OH proton shift in 
an unknown structure establishes whether or not the 
-OH group is ortho to substituent Y. If it is, the shift 
determines also the approximate bond order between 
the two carbons of the aromatic nucleus to which the 
-OH and -Y groups are attached. In turn, since ap
proximate bond orders are known, and differ consider
ably for the various bonds in many aromatic systems, 
the bond order inferred from the -OH proton shift 
gives the location of the chelated structure in the 
molecule.

B. From the Chemical Shift of the Protons in Y.—A
large part of the chemical shift of a proton, which is 
situated near an aromatic system, arises from the 
7r-electronic ring currents induced in the aromatic 
system when the molecule is placed in a magnetic 
field.45 It is this effect which leads to the other 
method of assigning the substituent position in poly
nuclear aromatic systems. 1 2 3 4 5

(1) A cknowledgm ent is m ade to the donors of the  Petroleum  Research 
Fund, adm inistered  by  the  American Chem ical Society, for partial support 
of this research. Also, this work was supported by the Office of Naval 
Research.

(2) Chem istry D epartm ent, The U niversity, Glasgow, Scotland.
(3) A. L. Porte, H . S. G utow sky, and  I. M. Hunsberger, ,/. A m .  C h e m .  

S o c . ,  82, 5057 (1960).
(4) J. A. Pople, J .  C h e m .  P h y s . ,  24, 1111 (1956).
(5) J. A. Pople, W. G. Schneider, and  H. J. Bernstein, “ H igh-resolution 

N uclear M agnetic Resonance,” M cGraw-Hill Book Co. Inc., New York, 
N . Y.. 1959.

^ ( T 0 x H 
II I I

/ C X(^ 0

Y

Method A is straightforward, direct, and requires 
little amplification.3 Method B we will discuss in 
more detail. To a first approximation, the 7r-electron 
currents induced in each six-membered ring can be 
replaced by an elementary dipole situated at the center 
of the ring. Each dipole exerts a secondary magnetic 
field at Y, which is inversely proportional to the third 
power of the distance between the dipole and Y. This 
secondary field is in the same direction as the applied 
magnetic field, provided Y lies in the same plane as the 
aromatic system. ■ If Y does not lie in this plane, then 
the effective field is reduced until, eventually, the 
applied field may be opposed by the secondary field. 
The maximum opposition to the applied field occurs 
when Y lies on the perpendicular drawn through the 
center of the dipole.

It is quite easy to show4 5 that when Y does lie in the 
same plane as the aromatic system, then each secondary 
field causes a chemical shift of about 27.58/ r 3 parts 
per million if r, the distance from the protons or other 
magnetic nuclei in Y to the 7r-electronic dipole, is 
expressed in angstrom units. Hence, if the dimensions 
of the molecule are known, the approximate relative 
chemical shifts of Y may be predicted for a series of 
similar compounds. These predicted shifts will be 
only approximately correct, because the 7r-electron 
systems are perturbed to different extents by inter
action with the substituents, and this interaction, in 
its turn, modifies the diamagnetic circulations induced 
in the substituents. However, these effects are less im
portant than the geometrical considerations outlined 
above, and they do not affect the qualitative arguments 
that are used.

The ring current shifts will be modified by solvent 
interactions, and so our arguments apply to solutions 
in which the solvent interactions are either negligible 
or very similar for the solutes in question.

With this qualification, one predicts that the down- 
field, ring-current, shifts in compounds of types II to 
VI of the Y =  H proton absorption peaks should be 
about 0.175 p.p.m. on going from I to III, somewhat 
less on going from II to IV, and about 0.55 p.p.m. on 
going from II and III to V and VI. These predictions
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are in reasonable agreement with the observed shifts 
which in r units are

II III V VI
Y = H 0 04 -0 .0 9  -0 .7 1  -0 .5 7

Here, negative values are downfield with respect to 
positive. These, and the other measurements given 
later, were made on dilute solutions in tetrachloride 
using cyclohexane as an internal reference.3 The 
shifts were converted to the tetramethylsilane r-scale 
by using a r-value of 8.51 for cyclohexane.

In the case of the corresponding ketones, Y = CH3, 
prediction of the ring current shifts is complicated by 
rotation about the C-CH3 bond, but similar principles 
hold. The relative chemical shifts, however, will be 
smaller within this series than in the case of the alde
hydes, because the protons of the -CH3 group are 
further away from the elementary induced dipoles, 
and they do not lie in the same plane as the aromatic 
system. The observed shifts of the -CH 3 absorption 
peaks in t units are

II III IV V VI
Y = CH3 7.35 7.21 7.23 7.14 7.19

in qualitative agreement with the above arguments.
As an example of the use of these methods in struc

tural determination, consider the position to be as
signed to the -CYO groups in an hydroxyanthraldehyde 
(A) • and in an hydroxyanthryl methyl ketone (B) 
which melt at 167 and 116°, respectively. In the 
case of the hydroxyanthraldehyde, chemical evidence6-7 
showed that the -OH group was at the 2-position, but 
it was not known whether the aldehyde group was at the 
1- or the 3-position. The -OH proton line of A occurs 
at r —3.64. This position is about 8.75 p.p.m. down- 
field from that expected3 for the -OH position in either 
1-hydroxy, or 2-hydroxyanthracene (r =  5.1) and is 
at the position expected for the chelated system VII

vrn
\

in which the mobile bond order of the C=C  bond is 
0.745.3 Hence, it follows that the -OH and aldehyde 
groups are chelated and that the chelated system 
must span the 1-2 bond in the anthracene nucleus. 
It can not span the 2-3 position; i.e., A is either VIII 
or IX on the basis of the -OH proton shift alone. Com-

bining the -OH proton shift and chemical evidence, we 
find VIII to be the correct structure.

The ring current effects enable us to confirm that 
VIII is the correct structure. The observed position of 
the -CHO absorption peak, at a T-value of —0.87, is in 
the range predicted for structure VIII. For structure

(6) J. L. Ferrari and  I. M. Hunsberger, J .  O r g .  C h e m . ,  25, 485 (1960).
(7) J. L. Ferrari, Ph .D . thesis, Fordham  U niversity , 1962.

IX, the -CHO r-value is predicted to be about —0.1, 
which differs so greatly from experiment that VIII must 
be the correct structure. This conclusion supports a 
structural determination based upon chemical argu
ments.6-7

In a similar way, the -OH and -CH3 chemical shifts, 
with T-values of —4.37 and 7.18 p.p.m., respectively, 
indicate3 that B is X. In this case, the arguments based 
upon the -CH3 group proton shift are not conclusive and 
the isomeric form with -OH and -COCH3 groups inter
changed was eliminated primarily by chemical evidence6-7 
as to the -OH position.

X

Experimental

The samples and experimental procedure, with one exception, 
were the same in these experiments as described in an earlier 
report.3 The exception is the hydroxyanthraldehyde (A), the 
synthesis of which has been described elsewhere.6-7 Further
more, we are indebted to Professor I. Moyer Hunsberger for 
furnishing the samples and giving us some helpful comments on 
the manuscript.

trans-5-Cyclodecenone1

P. S. W h a r t o n , G. A. H i e g e i ., a n d  R. V. C o o m b s

Department of Chemistry, University of Wisconsin, 
Madison 6, Wisconsin

Received May 6, 1963

Although studies of medium carbocycles (C8-n) 
have yielded interesting information on interactions 
of functional groups with transannular double bonds,2 
the synthetic inaccessibility of the simplest systems 
has hindered a dissection of the nature of such inter
actions. One of the most promising methods of gene
rating the exemplary 5-cyclononenyl and 5-cyclo- 
decenyl systems is the fragmentation of appropriately 
substituted hydrindane and decalin precursors,3 two 
further examples of which we report herewith for the 
stereospecific synthesis of frans-5-cyclodecenone (4).2c

Allylic alcohol 24 prepared via photosensitized 
oxygenation of A9-octalin,4a was converted to a mix
ture6 of 1,10-decalindiols (3a) in 78% yield by the stand
ard procedure using diborane.6 The oily mixture of

(1) This investigation was supported  by a Frederick G ardner C o ttre ll 
g ran t from Research C orporation  and by Public H ealth  Service Research 
G ran t GM  09759 from the Division of General M edical Sciences, U- S. 
Public H ealth Service.

(2 ) (a) See J. Sicher, P r o g r .  S t e r e o c h e m . ,  3 , 202 (1962), for a review and 
leading references. L ater references include (b) A. C. Cope, S. Moon, and 
P. E. Peterson, J .  A m .  C h e m .  S o c . ,  8 4 , 1935 (1962), and (c) H. L. Goering, 
e t  a l . ,  i b i d . ,  8 3 , 3507, 3511 (1961).

(3) P. S. W harton, J .  O r g .  C h e m . ,  2 6 ,  4781 (1961); E. J. Corey, R. B. 
M itra , and H. Uda, J .  A m .  C h e m .  S o c . ,  85, 362 (1963).

(4) (a) G. O. Schenck and K. Schulte-E lte, A n n . ,  618, 185 (1958); (b) 
S. Dev, J . I n d i a n  C h e m .  S o c . ,  3 4 , 121 (1957).

(5) Unpublished work has resulted in the separation  of two crystalline 
p-nitrobenzoates of the oily diol m ixture in yields of 50 and 20% .

(6) H. C. Brown, e t  a l . ,  J .  A m .  C h e m .  S o c . ,  80 1552 (1958); 8 1 , 6428 
(1959); and 8 4 , 183 (1962).
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RO

OH OH
2 3a, R = H

3b, R = Ts

3b

diols was monotosylated and the crystalline mixture of 
monotosylates (3b) fragmented by treatment with 
potassium ¿-butoxide in ¿-butyl alcohol.7 The distilled 
product (82% based on diol) was identified as trans-5- 
cyclodecenone from infrared and capillary vapor phase 
chromatographic data,8 the latter indicating a purity 
of 97% and, therefore, 62% over-all yield of 4 from 2. 
Using literature yields48-9 for the preparation of 2 from 
/3-naphthol, it is calculated that 4 is available from 
/3-naphthol by this reported sequence in an over-all 
yield of 22%.

We also have observed the formation of trans-5- 
cyclodecenone from electrolytic fragmentation of a 
type commented on recently.10 Epoxide 5, of estab
lished stereochemistry,11 was reduced to y-hydroxy 
acid 6 with lithium aluminum hydride. Fragmenta
tion of 6 was realized under arbitrary (and presumably 
nonideal) conditions. A methanol solution in a non-

C02H

LiAlH,

0
5 6

compartmented cell was subjected to 40 volts applied 
to two immersed platinum electrodes. Short-path 
distillation of the neutral product yielded a volatile 
material (80% based on unrecovered acid), the in
frared spectrum of which differed little from that of 
authentic8 4. Comparison with the spectrum of au
thentic cis-5-cyclodecenone showed, by the absence 
of absorption at 14.2 n, that an undetectable amount 
(less than 5%) of the cis isomer was present, a result 
consistent with stereospecificity of the fragmentation 
and subsequent nonisomerization of the double bond. 
Assay of 4 in the distillate was effected by capillary 
v.p.c. (55%) and semicarbazone formation (56%). 
SeveralRittempts to separate pure 4 from the remaining 
unidentified multicomponent 45% by chromatography 
on alumina and silica gel were unsuccessful (lack of 
separation combined with decomposition on the col
umns) and were not pursued when the sequence 2 4
was developed.

(7) C f .  R. B. C layton, H. B. Henbest, and M. Smith, J .  C h e m .  S o c . ,  

1982 (1957).
(8) A uthentic samples were generously supplied by Professor H. L. 

Goering.
(9) W. P. Cam pbell and C. G. H arris, J .  A m .  C h e m .  S o c . ,  63, 2721 (1941).
(10) E. J. Corey, e t  a l ,  ibid. ,  8 1 , 1743 (1959); 8 2 , 264.5 (1900).
(11) V. F. Kucherov, et al., I zv .  A k a d .  N a u k  S S S R ,  Otd. K l t i m .  N a u k ,  

559 (1956); 367 (1958); 673 (1959); C h e  a .  A b s t r . ,  6 1 , 1929 (1957); 6 2 , 
12813 (1958); and 6 4 , 442 (1960).

Experimental12
The published49 procedure for the preparation of 2 was modified 

slightly as recorded herewith.
10 Hydroperoxy-A1(91-octalin ( l) .49—A mixture of octalins9 

(100 g. of ca. 70% A9) in 1000 ml. of isopropyl alcohol containing 
5 g. of rose bengal was irradiated with a Hanovia Type L lamp, 
using a Vycor immersion well and Corex sleeve.13 By using a 
diaphragm pump,14 oxygen was bubbled rapidly through the sys
tem while maintaining a closed system, thus enabling gas con
sumption to be measured volumetrically.15 The rate of uptake 
fell from an initial value of 166 to 26 ml. per minute after 2 hr. at 
which time 11.37 1. (60%) had been absorbed and the reaction 
was stopped.16 The solvent was evaporated at room tempera
ture, hexane and Filter Cel added to the residue, and the resulting 
suspension filtered. Concentration and cooling ( —20°) of the 
red hexane solution yielded 24.2 g. (19%) of 1, m.p. 55-59° (lit. 
m.p. 59-60°).

A1(9'-10-Octalol (2).49 A.—To a solution of 59.2 g. of 1, m.p.
49-60°, in 300 ml. of refluxing cyclohexene17 was added dropwise 
50 ml. of hydrazine hydrate. Heating was continued until gas 
evolution ceased. After cooling, the cyclohexene solution was 
washed well with water and then dried. Evaporation of solvent 
yielded 52.5 g. (98%) of crude 2, m.p. 70-80° (lit.49 87-88°), 
crystallization of which from ether at —20° gave 32.4 g., m.p.
84-85.5°, and further crops from the filtrate.

B.—A cyclohexene solution of evaporated mother liquors (ca. 
210 g.) from crystallization of 1 was similarly reduced with hy
drazine hydrate. After removal of the solvent the crude product 
was distilled at oil pump pressure and unchanged octalins (83 g., 
b.p. ca. 40°) separated from 2 (77 g., b.p. ca. 70°). The crude 2 
solidified in the receiver, m.p. 41-75°, and could be purified by 
crystallization from ether or 2-methylbutane at —20°.

Hydroboration of A1<9)-10-Octalol.—Diborane, generated by 
dropwise addition of a solution of 34.2 g. (0.90 mole) sodium 
borohydride in 650 ml. of diglyme to a mixture of 227 ml. (1.8 
mole) of boron trifluoride etherate and 100 ml. of diglyme, was 
passed, with a stream of nitrogen, through a solution of 32.4 g. 
(0.213 mole) of 2, m.p. 84-85.5°, in 100 ml. of tetrahydrofuran. 
Sodium hydroxide solution (56 ml. of 3 N) was then added drop- 
wise with stirring followed by dropwise addition of 20.5 ml. of 
30%, hydrogen peroxide with cooling and stirring. After stirring 
overnight at room temperature, the water layer was saturated 
with potassium carbonate, separated, and extracted several times 
with tetrahydrofuran. The combined organic solutions were 
washed with saturated sodium chloride solution, treated with a 
small amount of 10% palladium on charcoal, and dried. Evapo
ration of solvent yielded a residue of 33.6 g. which was distilled, 
giving 24.7 g. (78%) of an oily mixture of 1,10-decalindiols (3a), 
b.p. 103° (0.2 mm.).

frans-5-Cyclodecenone (4).—A solution of 0.989 g. (5.8 
mmoles) of distilled 3a and 1.438 g. (7.5 mmoles) of tosyl chloride 
in 10 ml. of dry pyridine was stirred at 0° for 9 hr. Water was 
added (a small amount followed by excess after 5 min.) and the 
mixture extracted with ether. The combined ether solutions 
were extracted with dilute acid, washed with salt solution, and 
dried. Evaporation of the solvent yielded 2.56 g. of crystalline 
residue (still containing some solvent), a portion of w'hich, 1.87 g., 
wras dissolved in 45 ml. of ¿-butyl alcohol. To this solution was 
added 12 ml. of 1 N potassium ¿-butoxide in ¿-butyl alcohol and 
the mixture maintained at 35° for 45 min. (a white precipitate 
formed immediately after mixing). Addition of water and ex
traction with ether gave, after further work-up, 0.650 g. of a 
yellow oil, 0.589 g. of which was subjected to short-path distilla
tion; bath temperature, 45-65° (0.1 mm.); yield, 0.483 g. (82%);

(12) M elting points are uncorrected. Analytical d a ta  were recorded using 
a Perkin-E lm er Infracord  spectrophotom eter, Model 137, a C ary  spectro
photom eter, Model 11, and a Perkin-E lm er vapor phase fractom eter, Model 
154D, with flame ionization detection and disk in tegration .

(13) Engelhard Hanovia, Inc., Newark, N. J.
(14) Fisher Scientific Co., 1-092-10.
(15) The apparatu s was basically the same as described by G. O. Schenck, 

K. G. Kinkel, and H. J. M ertens, A n n . ,  584, 125 (1953), w ithout au tom atic  
leveling and recording.

(lfi) A9-Octalin is reported to be oxygenated 25 tim es as fast as the AK9)_ 
octalin, which is also present in the octalin m ixture: G. O. Schenck, A n g e w .

C h e m . ,  69, 579 (1957).
(17) Cyclohexene was used as so lvent to p reven t the reduction  of 2 

by any diimide form ed; for references to diimide reductions see E. E. van 
Tam elen and R. J. Timmons, J .  A m .  C h e m .  S o c . ,  84, 1067 (1962).
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n 2iD 1.4957 (lit.18 for 4, n u D 1.4982); X“ ‘ 5.8S and 10.2 y, no 
indication of cis isomer at 14.2 y. Capillary v.p.c. on a 150-ft. 
Ucon Polar column at 169° showed 97% of a single component 
with retention time the same as authentic8 4 (20.8 min.), and 3% 
of a minor component (21.2 min.).

10a-Hydroxy-fra7is-decalin-l|8-carboxylic Acid (6).—To a 
solution of 2.00 g. (10.2 mmoles) of epoxide 5,11 m.p. 132.5- 
133.5°, in 50 ml. of ether was added 0.589 g. (15.5 mmoles) of 
lithium aluminum hydride. Work-up, after stirring for 3 hr. at 
room temperature, gave 1.42 g. (70%) of crude acid 6, m.p. 119— 
125°, and 0.546 g. of neutral material. An analytical sample of 
6 was obtained from the crude acid after four recrystallizations 
from chloroform, m.p. 133-134.5°.

Anal. Calcd. for CnHi60 3: C, 66.67; H, 9.09. Found: 
C, 66.96; H, 9.39.

Crystallization on a larger scale presented a problem as no 
satisfactory solvent was found. A single stage, high-yield puri
fication to material of m.p. 127-130° could be effected with ether 
as solvent but the melting point could not be raised by further 
crystallization.

N o v e m b e r , 1963

ch2oh

OH
7

The neutral fraction yielded analytically pure diol7, m.p. 114- 
115°, on crystallization from ether.

Anal. Calcd. for CnH20O2: C, 71.74; H, 10.87. Found: 
C, 71.92; H, 11.06.

Electrolysis of 6 .—To a 300-ml. beaker fitted with a cold-finger 
spiral condenser and two platinum electrodes separated by 2-3 
mm., each 5 cm.2, was added a solution of 4.76 g. of crude19 6, 
m.p. 119-125°, in 150 ml. of boiled methanol. A nitrogen atmos
phere was maintained over the solution throughout the electroly
sis. Sufficient sodium hydride was added to produce a current of 
ca. 0.5 amp. at constant applied voltage, 41 v. The current was 
stopped after the passage of 2.2 times the theoretical amount,“ 
the methanol evaporated, and the residue worked up normally. 
Recovered crystalline 6 amounted to 0.37 g. (7%); the remainder 
was a neutral oil, 3.37 g. (92%, based on loss of carbon dioxide), 
which was subjected to short-path distillation. The yield of 
clear colorless liquid was 2.70 g. (80%); bath temperature,
85-110° (0.3 mm.); X”,“1 5.88 and 10.2 y (no absorption at 14.2 
y). V.p.c. of the distilled product (168° on a 150-ft. capillary 
column with a Ucon Polar coating) showed the presence of the 
following components21 (retention time in minutes, area): 1.8, 
6%; 18.0, 7%; 22.3, 55%; 25.1, 7%; 39.5, 4%; 54.7, 4%. 
Treatment of 81 mg. of the distillate with a solution of 65 mg. of 
semicarbazide hydrochloride and 90 mg. of sodium acetate in 0.8 
of ml. water, 20 min. at 70° and 48 hr. at room temperature, gave 
white crystals of the semiearbazone which were filtered from the 
solution and dried, 63 mg. (56%), m.p. 176-178°. Recrystalliza
tion from acetonitrile raised the m.p. to 182-183° (authentic8 
m.p. 183-184°, m.m.p. 182-183°); ultraviolet spectrum super
imposable on that of authentic semiearbazone, X(,5a'( EtOH 232 m^ 
(e 11,000).

(1 8 ) E . M . K o s o w e r ,  W. D. C lo s s o n , H. L. G o e r in g ,  a n d  J .  C . G ro s s , 
J .  A m .  C h e m .  S o c . .  83, 2 0 1 3  (1 9 6 1 ).

(1 9 ) S im ila r  r e s u l ts  w e re  o b t a in e d  u s in g  p u r if ie d  6 o n  a  s m a l le r  sc a le .
(2 0 ) T h e  a p p r o x im a te  q u a n t i t y  o f  e le c t r i c i t y  r e q u i r e d  to  g iv e  h ig h  c o n 

v e rs io n  w i t h o u t  o v e re le c t r o ly s in g  w a s  d e te r m in e d  in  t r i a l  r u n s .
(21) N u m e ro u s  m in o r  p e a k s ,  e a c h  le s s  t h a n  3 % ,  c o n s t i t u t e d  th e  r e 

m a in in g  1 7 % .

cis- and trans-1,2,3-Tricyanocyclopropanes

G . W. G r i f f i n  a n d  L. I. P e t e r s o n

Department of Chemistry, Yale University, New Haven, Connecticut 
and Department of Chemistry, Tulane University,

New Orleans, Louisiana

Received July 8, 1963

In 1958, Sadeh and Berger1 reportedly obtained 
tetracyanocyclobutane (I) while attempting to synthe

size ethyl cyanoacetoxyacetate from ethyl bromocyano- 
acetate and potassium acetate. The properties of 
their product were in no way similar to those of the solid 
state photodimer of fumaronitrile which we have shown 
has structure l.2 However, it did not appear unreason
able that Sadeh and Berger’s product might actually 
be the “all-trans” isomer of I in view of the possibility 
for thermodynamic equilibration under the reaction 
conditions. A structure proof was, therefore, under
taken.

An initial literature survey revealed that, in 1900, 
Errera and Perciabosco3 had obtained trans-1,2,3- 
tricyano-l,2,3-tricarbethoxycyclopropane (II)4 on treat
ing the anion of ethyl cyanoacetate with bromine. 
Subsequent hydrolysis of II with cold, dilute barium 
hydroxide afforded small amounts of a substance whose 
elemental analysis was consistent with that expected 
for a 1,2,3-tricyanocyclopropane (III). In view of the 
similarity of the reaction conditions and reagents em
ployed by the two groups, it seemed reasonable that 
Sadeh and Berger’s product, in reality, might be 
either cis- or ¿rons-l,2,3-tricyanocyclopropane.

Preliminary investigations on a sample of Sadeh and 
Berger’s nitrile5 indicated that indeed it was a 1,2,3- 
tricyanocyclopropane and not a tetracyanocyclobutane. 
The infrared spectrum of the nitrile has a strong absorp
tion band at 3063 cm.-1 which may be attributed to 
the cyclopropyl C-H stretching6 as well as a doublet 
at 2261 and 2278 c m r1 in the characteristic region for 
nitriles.6 Hydrolysis with aqueous sodium hydroxide 
and subsequent esterification with diazomethane pro
vided a material whose infrared and n.m.r. spectra are 
identical to those of an authentic sample of trans-
1,2,3-tricarbomethoxycyclopropane.7 The stereochem
istry of the original nitrile, of course, cannot be inferred 
from these results.

I t is noteworthy, that in our attempts to reproduce 
Sadeh and Berger’s experiments, we obtained not one 
but two products (in a 1.2:1 ratio) which could be 
separated by chromatography on neutral alumina. 
Although infrared spectra of the two compounds pos
sessed features in common, they were not identical. 
The major product (m.p. 201°) was identical in all 
respects with Sadeh and Berger’s nitrile. The elemental 
analyses and ebullioscopic molecular weight determina-

(1) T .  Sadeh and A. Berger, B u l l .  R e s .  C o u n c i l  I s r a e l ,  7 A , 98 (1958).
(2) G. W. Griffin, J. E. Basinski, and L. I. Peterson, J .  A m .  C h e m .  S o c . ,  

8 4 , 1012 (1962).
(3) G. E rrera  and F. Perciabosco, C h e m .  B e r . ,  33, 2976 (1900).
(4 )  The infrared and n.m .r. spectra  of I I  confirm E rre ra  and Perciabosco’s 

s truc tu ra l assignm ent. T he stereochem istry was clearly established as 
t r a n s  from the n.m .r. spectrum  which shows tw o equ ivalen t and one non
equivalent ethyl groups.

(5) We wish to thank  D r. T. Sadeh for sam ples of his nitrile ( c i s -  1,2,3- 
tricyanocyclopropane) and t r a n s - 1,2,3-tricarbethoxy-l ,2,3-tricyanocyclo- 
propane for purposes of comparison.

(6) L. J. Bellamy, “ The In frared  Spectra of Complex M olecules,” 2nd 
E d., John Wiley and Sons, Inc., New York, N. Y., 1958.

(7) Prepared according to the m ethod of E . Buchner, C h e m .  B e r . ,  2 1 , 
2637 (1888).
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tions for both nitriles are compatible with tricyano- 
cyclopropane structures. The mass spectra of the two 
compounds exhibit a parent peak at m/e 117 as ex
pected, and all of the major fragment peaks are easily 
interpreted assuming cyclopropyl structures.8 The 
minor product (m.p. 191.5-192.5°) was shown to be the 
isomeric tricyanocyclopropane by basic hydrolysis and 
subsequent esterification to trans-1,2,3-tricarbometh- 
oxycyclopropane. The n.m.r. spectrum of the minor 
product determined in acetonitrile exhibits resonance 
characteristic of an AB2 multiplet, centered at r 7.10. 
In contrast, the n.m.r. spectrum of Sadeh and Berger’s 
compound (also determined in acetonitrile) shows only 
one peak at r 7.28. The combined chemical and 
spectral data unequivocally identifies Sadeh and 
Berger’s product as cts-l,2,3-tricyanocyclopropane 
(Ilia). The accompanying minor product must then 
possess the isomeric £rans-l,2,3-tricyanocyclopropane 
structure IIlb.

A probable intermediate in the formation of the 
isomeric tricyanocyclopropanes from ethyl bromocyano- 
acetate is l,2,3-tricarbethoxy-l,2,3-tricyanocyclopro- 
pane (II). Subsequent hydrolysis and decarboxyla
tion would lead to the observed products. That this 
is indeed a plausible route was demonstrated by sub
jecting trans-l, 2,3-tricarbethoxy-l, 2,3-tricyanocyclopro- 
pane to the reaction conditions. The triester II 
smoothly underwent hydrolysis and decarboxylation 
in 95% ethanol solution containing potassium acetate. 
The products were exclusively cis- and trans-l ,2,3- 
tricyanocyclopropane, formed in a 1.35:1 ratio, re
spectively.

The decarboxylation reaction is clearly kinetically 
controlled. Each of the isomeric trinitriles Ilia  and 
Illb  was found to be stable under the reaction condi
tions; however, isomerization of cis-1,2,3-tricyanocyclo- 
propane to the thermodynamically more stable trans 
isomer was achieved with potassium ¿-butoxide in t- 
butyl alcohol.

An attractive mechanism for the decarboxylation of 
II to afford predominately the cis nitrile Ilia  involves 
the preferential attack of the proton donor from the less 
hindered side of the intermediate cyanoanion IV.9

E t02C C 02Et

CN

IV

After initial loss of a molecule of carbon dioxide and 
subsequent acquisition of a proton, the side possessing 
the hydrogen atom becomes the less hindered side in 
the two ensuing decarboxylation steps.

This reaction offers a direct route to the cis-1,2,3- 
trisubstituted cyclopropane series.10 The utility of

(8) We are indebted to Dr. T . Aczel and the M ass Spectral G roup of the 
Research and Developm ent Division of the H um ble Oil and Refining Com
pany . B aytow n Texas, for the mass spectral data .

(9) A sim ilar explanation was advanced to explain the  predom inant 
form ation of the more sterically  crowded isomer on decarboxylation of either 
of the two half esters of cis-2,5-dim ethylcyclopentane dicarboxylic acid: 
see M. S. N ewm an, ‘"Steric Effects in Organic C hem istry ,” John  Wiley and 
Sons, Inc., New York, N. Y., 1956, p. 358.

(10) R ecently  E ttlin g e r has reported  the synthesis of the first m ember
of th is  series, cis-1,2,3-tricarboxycyclopropane and its corresponding m ethyl 
ester: see M . G. E ttlin g e r and  J. Kagen, C h e m .  I n d .  (L ondon), 1574 (1962).

1,2,3-trisubstituted cyclopropanes as precursors for the 
unknown trimethylenecyclopropane is currently being 
investigated.

Experimental
Preparation of the cis and trans 1,2,3,-Tricyanocyclopropanes 

(Ilia and Illb).—These compounds were prepared by essentially 
the same procedure employed by Sadeh and Berger.1 Ethyl 
bromocyanoacetate [10.0 g., 0.052 mole, b.p. 135° (40 
mm.)], prepared according to the method of Errera 
and Perciabosco,3 was added dropwise to a stirred sol
ution of 5.5 g. (0.056 mole) of potassium acetate in 50 
ml. of 95% ethanol. The reaction temperature was maintained 
at 20° during the course of the addition and the resulting deep 
red reaction mixture was stirred overnight. The solvent was then 
removed under vacuum, and the product was separated from 
potassium acetate by extraction with 30 ml. of cold acetonitrile. 
Subsequent removal of the solvent under reduced pressure gave a 
mixture of the isomeric tricyanocyclopropanes whose n.m.r. 
spectrum, determined in acetonitrile, showed a cis to trans ratio 
of 2.1:1. The crude mixture was separated by chromatography 
on neutral alumina. Since the tricyanocyclopropanes are in
soluble in nonpolar solvents, the solid mixture was intimately 
ground with an equal volume of alumina and placed in a narrow 
band on top of the prepacked column. The solvents used for 
elution were benzene, ethyl acetate, and methanol in the order of 
increasing polarity. ir<ros-l,2,3-Tricyanocyclopropane (Illb) 
(280 mg., m.p. 191.5-192.5°) was eluted in a benzene-ethyl 
acetate fraction. The cis isomer Ilia  (360 mg., m.p. 199-200°) 
was obtained from an ethyl acetate-methanol fraction. The 
total yield of the tricyanocyclopropanes was 32%. Both com
pounds were recrystallized from aqueous ethanol.

Anal. (Ilia). Calcd. for C6H3N3: C, 61.53; H, 2.58; N, 
35.89; mol. wt., 117. Found: C, 61.79; H, 2.45; N, 35.71; 
mol. wt., 121 (ebullioscopic with 2-butanone as the solvent).

Anal. (Illb). Calcd. for C6H3N3: C, 61.53; H, 2.58; N, 
35.89; mol. wt., 117. Found: C, 61.72; H, 2.56; N, 36.13; 
mol. wt., 120 (ebullioscopic w'ith 2-butanone as the solvent).

Preparation of the cis- and trans-X,2,3 Tricyanocyclopropanes 
(Ilia and Illb) from trans-1,2,3-T ricyano-1,2,3-tricarbethoxy- 
cyclopropane (II).—trans-1,2,3 - Tricyano -1,2,3-tricarbethoxy- 
cyclopropane (6.1 g., 0.018 mole, m.p. 123-124°), prepared ac
cording to the method of Sadeh and Berger,1 was dissolved with 
stirring in a solution of 2.65 g. (0.028 mole) of potassium acetate 
in 200 ml. of 95% ethanol. Stirring was continued overnight at 
20°. After removal of all volatile solvents, the product was ex
tracted from the residual potassium acetate with 30 ml. of cold 
acetonitrile. Evaporation of the acetonitrile gave 2.1 g. (99%) 
of a mixture of cis- and frans-l,2,3-tricyanocyclopropanes in a
l. 35:1 ratio, respectively. The ratio was again determined from 
the n.m.r. spectrum of the mixture. The infrared spectrum of 
the crude reaction mixture showed absorption due only to the two 
isomeric trinitriles Ilia  and Illb . The pure compounds where 
isolated by alumina chromatography as in the preceding case.

Conversion of the Isomeric Tricyanocyclopropanes (Ilia and 
Illb) to trans-1,2,3-T ricarbomethoxycy clopropane.—cis-1,2,3- 
Tricyanocyclopropane (Ilia) (0.075 g. 0.64 mmole, m.p. 199- 
200°) was added to a solution of 0.30 g. (7.5 mmoles) of sodium 
hydroxide in 25 ml. of water. The reaction mixture was heated 
under reflux overnight and subsequently acidified with hydro
chloric acid. The volatile solvents were removed under vacuum 
and the resulting solid was esterified with diazomethane in 
benzene. After removal of the benzene under vacuum, the de
sired product was extracted from the residual sodium chloride 
with carbon tetrachloride. The n.m.r. and infrared spectra of 
the reaction product in carbon tetrachloride were identical in all 
respects with those for an authentic sample of trans- 1,2,3-tri- 
carbomethoxycyclopropane.7 The melting point of the triester 
after recrystallization from aqueous methanol was 56-57° (lit.7
m. p. 61 °).

Similarly, the trans isomer Illb  (m.p. 191.5-192.5°) also was 
converted to trans-X ,2,3-tricarbomethoxycyclopropane.

Acknowledgment.—We are indebted to the Army 
Research Office (Durham) for financial support of 
this work.
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l,5-DimethyI-2-oxo-3-pyrrolidinegIyoxylic
Acid
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Medical Research Laboratories, Chas. Pfizer and Company, Inc., 
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Our general interest in substituted 2-pvrrolidones 
(I) stemmed from earlier studies on their derivation 
(i.e., Ia) from the antibiotic Thiolutin (Ha)1-2 3 4 and by 
synthesis.3 4 The ability of the pyrrolidine ring to 
accommodate multiple exocyclic double bonds was in
vestigated further through the preparation of 1,5- 
dimethyl-2-oxo-3-pyrrolidineglyoxylic acid (Id) and 
several of its derivatives. Although enol character 
(positive ferric chloride test) had been previously 
noted5 for ethyl 2-oxo-3-pyrrolidineglyoxylate, it re
mained to be seen whether enol quality carried over to 
N-substituted variants, such as Id. Discussion of this 
study, together with pertinent experimental details, 
are presented in this Note.

c h 2- c h - r  
I I

c h 3- c h  0 = 0  

I
ch3

S----- C = C —NH—R2

'c H = C  C = 0  

I
R.

I II
R Ri R2

(a) —NH—COCH3 (a) CH3—
(b) —H (b) CH3—
(c) —COC02CH2CH3 ( c) CHj—
(d; —C0C021I (d) H—
(e) —C0C02CH3

—c o c h 3
—COCH.CHs 
—COCH(CH3)£
—c o c h 3

Reductive methylamination of levulinic acid in 
methanol solution with palladium-on-charcoal catalyst 
afforded crystalline 4-N-methylaminovaleric acid,6 
m.p. 160-161°, which when fused gave known7 8 liquid
l,5-dimethyl-2-pyrrolidone (lb) ; A ^iax 5.94 p .  Re
action of lb with diethyl oxalate and ethanolic sodium

(1) W. D. Celmer, F. W. T anner, J r .,  M. H arfenist, T. M . Lees, and I. A. 
Solomons, J. Am. Chem. Soc., 74, (>304 (1952).

(2) W. D. Celm er and I. A. Solomons, ibid., 77, 2801 (1955).
(3) R elated antibiotics include aureothric in  ( I Ib ) , cf. ref. 2; isobutyro-

pyrro th ine (lie ) , cf. W. 1). Celm er and I. A. Solomons, Antibiot. Ann., 022, 
(1953-1954), and also D. S. B hate, R. K. H ulyalkar, and S. K. M enon 
Experientia, 16, 504 (1900); holomycin ( l id ) ,  cf. L. E ttlinger, E. Gaum ann, 
R. H iitter, W. Keller-Schierlein, F. K radolfer, L. Neipp, V. Prelog, and 
H. Zahncr, Helv. Chim Acta, 42, 503 (1959). T o tal synthesis of the II-type  
antibiotics has been accomplished by two independent routes: U. Schm idt
and F. Geiger, Angew. Chem. Intern. Ed. Engl., 1 205 (1902); G. Buchi and 
G. Lukas, J . Am. Chem. Soc., 85, 047 (1903!».

(4) For a recent report on 4-substituted-2-pyrrolidones, see F. C. Uhle, 
J. Org. Chem., 27, 4081 (1902).

(5) G. R. Clemo and T. P. M etcalfe, J. Chem. Soc., 1523 (1937).
(0) This compound (IV) also served as s ta r tin g  m ateria l for an a lte rna te  

synthesis of the previously described (ref. 2) 2-am ino-4-N -m ethylam ino- 
valeric acid (V); W. D. Celm er and I. A. Solomons, unpublished experi
ments. The following reaction sequence (standard  procedures) was em
ployed: IV —► N-benzoylation —► esterification (E t) —► ethoxylation  —► 
decarbonylation —► nitrosation  —► reductive acety lation  —► hydrolysis —► V. 
This route was less satisfacto ry  than  the scheme reported  previously which 
involved initial p repara tion  of Ia  followed by hydrochloric acid hydrolysis.

(7) For a direct synthesis of lb  from  levulinic acid em ploying aqueous 
inethylam ine and R aney nickel-catalyzed hydrogenation  see R. L. F rank, 
W. R. Schmitz, and B. Zeidm an, Org. Syn., 27, 28 (1947).

(8) L. Senfter and J. Tafel, Chem. Ber., 27, 2313 (1894).

ethoxide furnished crude ethyl 1,5-dimethyl-2-oxo- 
pyrrolidineglyoxylate (Ic) (Afnax 5.88, 6.02 p ,

positive ferric chloride test) which was converted with
out purification9 to crystalline l,5-dimethyl-2-oxo- 
pyrrolidineglyoxylic acid (Id), m.p. 139.5-140.5°. 
Methanol-sulfuric acid treatment of the free acid af
forded its crystalline methyl ester Ie, m.p. 58-59°, 
which after reaction with acetic anhydride-sulfuric 
acid gave crystalline methyl ester enol-acetate Ilia, 
m.p. 92-93°. Pertinent infrared data on Ilia  and its 
precursors are listed and assigned in Table I. Al
though only enolic forms are evident in all cases, a small 
amount of the ketonic form could have escaped de
tection in each of the possible systems: Illb  ^  Ie and 
I l l c ^ I d .10

Experimental11
4-N-Methylaminovaleric Acid612—To a stirred, chilled (5°) 

suspensionof 5 g. of 5% palladium-on-charcoal in 100 ml. of a 1.67 
M ethanolic levulinic acid solution was added dropwise 100 ml. of
4.2 M ethanolic inethylamine solution. Hydrogenation was then 
conducted in a stainless steel bomb (480-ml. capacity) at 1200 p.s.i. 
at 66° for 2 hr. After cooling and removing the catalyst by 
filtration, the solution was evaporated to dryness. Trituration 
of the residue with ether afforded 14 g . (64%) of crystalline prod
uct, m.p. 154-156° (the analytical sample, from ethanol-ether, 
melted at 160-161°).

Anal. Calcd. for C6H,3N 02 (131.17): C, 54.94; H, 9.99; N, 
10.68. Found: C, 54.015; N, 10.03; N, 10.23.

1.5- Dimethyl-2-pyrrolidone (lb).7—Heat was gradually applied 
to a distilling flask containing 25 g. (0.19 mole) of the amino acid 
until the contents melted (160°) and evolution of water vapor was 
complete (1 hr.). The resulting product was then distilled [b.p.
94-95° (17.5-18 mm.)] to afford 18.1 g. (84.5%) of a liquid, n25d 
1.4638. Redistillation, after drying over magnesium sulfate, 
gave 14.5 g. (67.6%) of a colorless liquid, b.p. 95° (18 mm.); 
n25o 1.4644 [lit. »»d 1.4611; b.p. 84-86° (13 mm.); b.p. 102-104° 
(27 mm.)7; b.p. 215-217° (743 mm.)8 9 10 11 12] .

Anal. Calcd. for C6HnNO (113.16): C, 63.68; H, 9.80. 
Found: C, 63.39; H, 9.93.

1.5- Dimethyl-2-oxo-3-pyrrolidineglyoxylic Acid.—To a solution 
of sodium ethoxide (2.02 g. of sodium in 40 ml. of ethanol) was 
added a mixture of 10 g. (0.0885 mole) of lb and 13.2 g. (0.0904 
mole) of diethyl oxalate. The reaction was kept at 60° (60 mm.) 
until the distillation of ethanol was virtually complete (3 hr.). 
The residue was treated with 25 ml. of water, and the resulting 
alkaline solution was kept at 25°. After 30min., the solution was 
acidified with 15 nd. of 6 A hydrochloric acid which afforded 7.5 
g. of crude acid. The recrystallized sample, from carbon tetra
chloride, weighed 3.8 g. (23%) and melted at 139.5-140.5°.

Anal. Calcd. for C8H„N04 (185.18): C, 51.88; H, 5.99; N,
7.57. Found: C, 51.78; H, 5.92; N, 7.43.

Methyl l,5-Dimethyl-2-oxo-3-pyrrolidineglyoxylate.—To a
methanolic solution of 1.85 g. (0.01 mole) of 1,5-dimethyl-2-oxo- 
3-pyrrolidineglyoxylic acid was added 0.04 ml. of concentrated 
sulfuric acid. After 16 hr. at 25°, the methanol was removed by 
vacuum distillation. A solution of most of the residue in 20 
ml. of ether was decanted from r emaining insoluble sulfuric acid 
and was neutralized further w ith sodium bicarbonate. Vacuum 
distillation of the ether afforded 1.61 g. (80%) of crystalline resi-

(9) M ost of the yield loss occurred over the  e thoxylation  step; no ad
vantage was gained by  isolating the in term ediate  p roduct Ic. For the 
p repara tion  of the related ethyl l-m ethyl-2-oxo-3-pyrrolidineglyoxylate 
(24% ) and its hydrolysis to the free acid (85% ), see L. W. M asch and R. 
Peterson, Arzneimitlet-Forsch., 9, 715 (1959).

(10) I t  is assum ed th a t  the same principle applies to  the  e th y l ester Ic 
which was not extensively studied  (cf. ref 9).

(11) M elting points a re  reported  as determ ined on a Kofler hot stage.
(12) Free 4-N -m ethylam inovaleric acid (zw itterionic form ) is recovered 

despite exposure to excess inethylam ine (presum ably because of g rea te r 
basicity  of the secondary am ine); hence p o rtraya l of the m ethylam ine salt 
of 4 -N -m ethylam inovaleric acid is incorrect (cf. ref. 7).
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T a b l e  I
I nfrared  Spectra  at 2 -6  ^

0

ch2- c = c
I I \

ch3- ch c= o o- r2
" 'n '

CHa I i r

Xmax (c 2.5, chloroform)
Compound Ri Rj v (cm. 9 Assignments6 Ref.

Ilia c h 3— — COCH3 Shoulder 6.00-6.03 (1667-1665) >c=c<
5.93 (1686) Lactam C = 0

Sharp 5.78 (1730) Conjugated ester C = 0
Sharp 5.65 (1770) Enol acetate C = 0

3.41 (2933) C-H

Tllb c h 3— —H Shoulder 6.04-6.07 (1656-1647) >c=c< c
6.01 (1664) H-bonded lactam d

Sharp 5.79 (1727) Conjugated ester C = 0 e
3.43 (2924) C-H

Diffuse 2.8-3.2 (3571-3125) Bonded OH f

IIIc H— —H 5.98 (1672) Lactam C = 0 g
Sharp 5.87 (1704) Monomeric, conjugated

carboxyl C = 0 h, i,
Doublet 3.42,3.48 (2924,2874) Unmasked C-H h
Very sharp 3.00 (3333) Unbonded OH h , f

a A Baird double beam spectrometer, Model AB, was employed. 6 L. J. Bellamy, “The Infrared Spectra of Complex Molecules,” 
John Wiley and Sons, Inc., New York, N. Y., 1958. r A similar occurrence of shoulder absorption on the long wave-length side of the 
lactam C = 0  XTI1B* in Ilia  (containing unequivocal C=C) is consistent with this ethylenic assignment. d This lactam C = 0  XmB* occurs 
at a substantially longer wave length than that exhibited by lactam in Ilia . Factors such as H-bonding or conjugation are well known 
to shift carbonyl absorption in a bathochromic manner (i.e., to lower frequency). "Ordinary” H-bondings result in slight downward 
shifts (less than 10 cm.-1) whereas resonance stabilized H-bondings, associated with so-called ‘conjugate chelate” systems, give rise to 
substantially lower C = 0  frequencies (60- to 90-em.-1 shifts for affected esters); cf. I. M. Hunsberger, R. Ketcham, and H. S. Gutowsky, 
J. Am. Chem. Soc., 74, 4839 (1952); L. J. Bellamy and L. Beecher,./. Chem. Soc., 4487 (1954). A Av (C = 0, lactam) value of 23 cm. -1 
(expression of Hunsberger, et al.) is observed here which, although lower than the standard Av (0 = 0 , ester) range of values, may be 
typical of conjugate chelate lactam systems for which a norm is yet to be established. Resonance stabilization of IIlb would pre
sumably occur between the forms

0
II
C -O C H 3

0
C H z-C ^
I I I 

CH 3 - C H  -H
XN 0

ch3

and

0
II
(jl-OCH,
0

C H j-C ^ ^ 0 +
I ¡I I

CH3-CH „(V -H
VN 0 '“

CH3

We are indebted to a referee for calling our attention to lack of precedent for this type of conjugate chelate. e The striking similarity 
of this X„1BX to its counterpart in Ilia, both in position and quality (band width at half maximum intensity), supports formulation 
Illb ; absorption at a lower wave length expected of form Ie is not detected; cf. methyl pyruvate Xmax 5.72 /x, ref. b. 1 This diffuse 
absorption (significantly also observed in ester film spectra) is consistent with resonance-stabilized formulations; cf. ref. d; ref. b, p .  96. 
" Sparsity of appropriate reference compounds makes any estimate of possible Ac (0 = 0 , lactam) here extremely tenuous; cf. ref. d 
and p. 214 in ref. h. h The sharp hydroxyl and unmasked C—H absorption define this acid as monomeric. The observed carboxyl 
C=G XmB* is definitely in the conjugated region; hence, formulation IIIc is preferred. Monomeric, unconjugated form Id would be 
expected to manifest carboxyl C = 0  X„mx near 5.60 m where, in fact, no absorption is observed; cf. M. L. Josien, M. Jousset-Dubien, and 
J. Vizet, Hull, soc. chim. France, 5, 1148 (1957). 1 Comments on the infrared spectrum of pyruvic acid by Bellamy (cf. p. 141 in ref. b)
called to our attention by a referee are misleading since the data cited, single Xmal 5.73 n, obviously refer to the dimeric form (commonly 
observed in film spectra). A number of a-keto acids in addition to pyruvic acid can be measured as their monomeric form in carbon 
tetrachloride or chloroform solution; cf. Josien, et al., ref. h. We and others (P. A. Leermakers, personal communication) have noted 
three carbonyl bands exhibited by phenylglyoxylic acid in chloroform solution which are attributed to the presence of both monomeric 
and dimeric forms. 1 Monomeric enolic qualities (cf. ref. h and i ) persist in the solid state judging from an infrared spectrum obtained, 
on a crystalline suspension in Nujol; Xmay at 3.00, 5.90, 6.00 n-

due, m.p. 52-55°. The analytical sample from hexane melted 
at 58-59°.

Anal. Calcd. for C9H13NO, (199.20); C, 54.26; H, 6.58. 
Found: C, 54.28; H, 6.54.

Methyl a-Acetoxy-1,5-dimethyl-2-oxo-A3n-pyrrolidineacetate.
— To a solution of 600 mg. (0.03 mole) of the methyl ester in 15 
nd . of acetic anhydride was added 0.01 ml. of concentrated sul- 
f uric acid. After 16 hr. at 25° the solution was vacuum distilled. 
The residue was triturated with 10 ml. of ether and the decanted

solution was evaporated to give 542 mg. (75%) of crystalline 
residue, m.p. 92-93°.

Anal. Calcd. for CuH16N 05 (241.24): C, 54.76; H, 6.27. 
Found: C, 54.63; H, 6.39.

Acknowledgment.—The authors are indebted to Dr. 
J. A. Means and Mr. T. J. Toolan for microanalyses, 
and to Mr. G. D. Hess (deceased) for infrared spectral 
determinations.
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For some time o- and p-toluides have served as useful 
derivatives of carboxylic acids, and routine methods for 
the preparation of these compounds have been de
veloped.1 Many dicarboxylic acids have been con
verted to ditoluides2 even though yields have often been 
low due to incomplete reaction and consequent contam
ination by monotoluides and/or concurrent reaction 
to yield imides. Indeed, in at least one case, that of o- 
phthalic acid, attempts to prepare ditoluides2d-3 have 
resulted only in formation of the corresponding imides.

Usual methods for the preparation of ditoluides in
volve the attack of the appropriate toluidine on either 
the diacid2b’3a or a derivative of the diacid such as a 
diacyl chloride,2a-3b a diester,20 or a diazide.20 The 
failure of these methods to yield any of the di-o- and 
di-p-toluides of o-phthalic acid (la and lb) can be ration-

a CONHAr

COY
"a”

Ha, Y = OH; Ar = o-CH3C6H4 
b, Y = OH; Ar = p-CH3CeH4 
c, Y = C l or OR; Ar = o- or p-CH3C6H4

A r N H 2
E x t e r n a l  a t t a c k  /

^ ^ /C O N H A r

^ X O N H A r
la, Ar = o-CH3C6H4
b, Ar = p-CH3C«H4
c, Ar = C6H6

A r N H 2 
In t e r n a l  a t t a c k

-Ar

Ar = o-CH3C6H4 
Ar = p-CH3C6H4

alized on the basis of the assumption that the mono- 
toluide II is an intermediate product in all such reac
tions. Ditoluide formation would require external 
attack by the appropriate toluidine on carbon “a” of 
II. However, if the amide nitrogen of II were suffi
ciently nucleophilic, the N-substituted phthalimide III 
would be formed by internal attack. The toluidine 
present would serve as a useful basic catalyst. Tingle 
and Rolker4 have shown that only internal attack oc
curs when the monotoluide-monoacids, I la and lib, are 
allowed to react with the toluidines; i.e., the products 
produced, in nearly quantitative yields, are the imides, 
Ilia  and b. Since the intermediate monotoluide re
sulting from use of o-phthalic acid derivatives (lie) 
would possess a more electrophilic carbon “a” than 
Ha or b, attack on lie by any nucleophile should be

(1 )  R .  L .  S h r i n e r ,  R .  C .  F u s o n ,  a n d  D .  Y .  C u r t i n ,  “ T h e  S y s t e m a t i c  
I d e n t i f i c a t io n  o f  O r g a n ic  C o m p o u n d s ,”  4 t h  E d . .  J o h n  W i l e y  a n d  S o n s ,  I n c . ,  
N e w  Y o r k ,  N .  Y . ,  1 9 5 0 , p p . 1 9 8 , 2 0 0 .

(2 )  ( a )  C .  R .  B a r n i c o a t ,  J .  C h e m .  S o c . ,  2 9 2 6  ( 1 9 2 7 ) ;  ( b )  P .  F .  F r a n k la n d  
a n d  A .  S l a t o r ,  i b i d . ,  33, 1 3 4 9  ( 1 9 0 3 ) ;  ( c )  A .  R e i s s e r t  a n d  A .  M o r e ,  B e r . ,  

39, 3 3 0 1  ( 1 9 0 0 ) ;  ( d )  M .  F .  B o d r o u x ,  C o m p t .  r e n d . ,  142, 4 0 1  ( 1 9 0 0 ) ;  (e )  
T .  C u r t i u s ,  J .  p r a k t .  C h e m . ,  [2 ]  91, 10  (1 9 1 5 ) .

(3 )  (a )  E .  F r o e h l i c h ,  B e r . ,  17, 2 6 7 9  ( 1 8 8 4 ) ;  ( b )  M .  K u h a r a ,  A m .  C h e m .  

J . ,  9, 5 2  ( 1 8 8 7 ) ;  M .  K u h a r a  a n d  S .  K o m a t s u ,  C h e m .  Z e n t r .  I ,  1 5 0 9  (1 9 1 1 ) .
(4 )  J .  R .  T in g le  a n d  H .  F .  R o lk e r ,  J .  A m .  C h e m .  S o c . ,  30, 1 8 8 2  ( 1 9 0 8 ) .

more facile than the analogous attack on Ha or lib; 
hence, the imide, III, should form more easily when lie 
is the intermediate, but I would not be an expected 
product.

Success of syntheses for la and lb appears to be de
pendent upon using a system in which external attack is 
heavily favored over internal attack. This prerequisite 
can be met if the external attacking agent is highly nu
cleophilic, thus rendering internal attack on carbon “a” 
of II by the less nucleophilic amide nitrogen ineffectual 
as a competing reaction. That intermediate nucleophi- 
licity in the external attacking reagent is insufficient to 
result in ditoluide formation has already been demon
strated. Bodroux,2d using Grignard type reagents of 
the toluidines, CH3C6H4NHMgI,5 6 and diethyl oxalate, 
obtained good yields of the ditoluides of oxalic acid. 
Analogous reactions with diethyl phthalate failed to 
yield any of la or lb.

We though it probable that the sodium salts of o- 
and p-toluidine would be sufficiently strong nucleophiles 
to exclude internal attack and allow formation of la 
and lb. Apparently, sodium salts of amines have been 
little used although Hjelt6 prepared the dianilide of 
succinic acid by heating a mixture of aniline, sodium, 
and diethyl succinate, a process which presumably in
volved the sodium salt of aniline. The application of a 
modification of Hjelt’s synthesis to the present problem 
was successful. The sodium salts of the toluidines were 
prepared from sodium metal and the amines; reaction 
of the sodium toluides with diethyl phthalate resulted 
directly in high yields of la and lb.

Syntheses of la and lb were also carried out by using 
sodium ethoxide rather than sodium to obtain the in
termediate sodium toluides. Undoubtedly the equilib.

ArNH2 +  NaOC2H5 ArNHNa +  C2H6OH

rium in this reaction lies far to the left. However, 
consumption of the sodium toluide by diethyl phthalate 
renders the reaction feasible. This situation is a famil
iar one; it is reminiscent, e.g., of the production and 
consumption of anions in the Claisen condensation.7

It seemed desirable to demonstrate that these syn
thetic methods could be used to produce a known N,N'- 
diarylamide of o-phthalic acid. The dianilide lie  is 
one of few known compounds of this type.8 The prod
uct obtained using the present methods was shown to 
be identical with that produced by earlier methods.' 811

Relationships among la and lb, I la and lib, and 
Ilia  and Illb  were investigated in order to provide 
structure proof for the ditoluides. Reactions carried 
out may be briefly summarized.

170°, or pyridine, 65 c 
/  HOH, "O H  H + , IIOH \

II (a or b) <--------- I (a or b ) ---------->- III (a or b)
\  H OH, " O H  /

I  H +, H O H --------------------------------------------------

o-Phthalie acid

(5 )  I n  v ie w  o f re c e n t , w o r k  c o n c e r n in g  th e  s t r u c t u r e  o f G r ig n a r d  r e a g e n t s  
[ E .  C .  A s h b y  a n d  W . E .  B e c k e r ,  i b i d . ,  85, 1 1 8  ( 1 9 0 3 ) ]  t h i s  s t r u c t u r e  m a y  
r e q u ir e  m o d i f i c a t io n .

(0 )  E .  H j e l t ,  “ J a h r e s b e r i c h t  f ib e r  d ie  F o r t s c h r i t t e  d e r  C h e m i e ,”  F .  
V ie w e g  a n d  S o n ,  B r a u n s c h w e ig ,  G e r m a n y ,  1 8 8 7 , p . 1 5 3 6 .

( 7 )  E .  S .  G o u ld ,  “ M e c h a n i s m  a n d  S t r u c t u r e  in  O r g a n ic  C h e m i s t r y , ”  
H e n r y  H o l t  a n d  C o . ,  N e w  Y o r k ,  N .  Y . ,  1 9 5 9 , p . 3 3 4 ,  a n d  r e f e r e n c e s  t h e r e in .

(8 )  ( a )  M .  R o g o w ,  B e r . ,  30, 1 4 4 2  ( 1 8 9 7 ) ;  ( b )  F .  L .  D u n l a p  a n d  F .  W .  
C u m m e r s ,  J .  A m .  C h e m .  S o c . ,  25, 6 1 2  ( 1 9 0 3 ) .
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Base-catalyzed hydrolysis of la or lb with 20% 
aqueous sodium hydroxide at reflux resulted in forma
tion of the known compounds,4 lia  or lib, as expected; 
the monotoluide-monoacids were obtained first as 
sodium salts which were stable under the reaction con
ditions. Hydrolysis of la or lb in the presence of 5 N  
hydrochloric acid yielded the corresponding known 
imides,4 I lia  and Illb. Formation of the imides 
under the conditions used probably involved the proto- 
nated amides IV.9 These reactions are being further 
investigated. We have confirmed the earlier work4 
concerning the interconversions of lia  and lib  and Ilia  
and Illb  and have established that o-phthalic acid is 
the product of acid-catalyzed hydrolysis of lia  or lib.

a:
o  .
II + / Ar 
C-N^-H 

H
C—N—Ar 
Il I O H
IV

Solid state infrared spectra of la, lb, Ic, and Ila have 
been examined. Certain absorption peaks important 
to structure determination are given in Table I; all 
peaks occur in expected regions.10

T a b l e  I
A b s o r p t io n  M a x im a  ( c m . - 1 )

Assignm ent la lb Ic I la

Bonded NH 3210(vs) 3200(vs) 3190(vs) 3240(8)
3190 (m) 3240(vs) 3200(vs)

3240(vs)
Carboxyl CO 1670 (vs)
Amide I CO 1635 (vs)° 1635 (vs)“ 1635 (vs)« 1626 (vs)
CH out-of-plane

deformation 739-750 739 (m) 752 (vs) 739 (vs)
(vs)6 815(vs) 760 (vs)

« Wave number given is that of sharp, strong peak; shoulders
also occur in this region. 6 At least two peaks occur in this 
area, one at 750 and one at 745 cm.-1; the latter is broad and is 
probably a doublet.

The presence of more than one bonded NH band, as 
well as the suggestion of multiplicity in the carbonyl 
region, in the spectra of la, lb, and Ic may be attributed 
to the existence of rotational isomers.10 Since Ila 
shows NH absorption at 3240 cm. -1 which is almost 
certainly due to chelation, and since this band is missing 
in the spectrum of la but present in the spectra of 
lb and Ic, the trans-trans-rotational isomer, V, may

H Ar
'isK

I
c = o

H
-N.''"Ar

quite possibly be an important conformer for lb and Ic. 
That chelation is important in lb is also indicated by 
its melting point which is ca. 27° lower than that of la.

(9) M . L. Bender, Y. L. Chow, and F. Chloupek, J .  A m .  C h e m .  S o c . ,  80, 
5380 (1958).

(10) L. J. Bellam y, “ The In fra red  Spectra  of Complex M olecules,’’ John 
Wiley and Sons, Inc ., New York, N. Y., 1958, p. 205.

Further evidence for the structure of la was ob
tained by integration of its n.m.r. spectrum. Six 
methyl hydrogen atoms accounted for a sharp peak at 
2.25 6. Twelve aromatic hydrogen atoms gave rise to 
multiple peaks centered at 7.10 and 7.65 5; the former 
aromatic multiplet had an area corresponding to eight 
hydrogen atoms, the latter an area corresponding to 
four hydrogen atoms. Two exchangeable hydrogen 
atoms attached to nitrogen resulted in a peak at 8.22 5. 
Exchangeability of these hydrogen atoms was shown 
by running spectra in both deuteriochloroform and 
deuterium oxide.

Experimental11

Materials.—Aniline, o-toluidine, p-toluidine, and diethyl 
phthalate were obtained from Eastman Kodak Company and 
purified by standard methods. The amines were repurified im
mediately prior to use.

Di-o-toluide of o-Phthalic Acid (la). Method A.—o-Toluidine 
(32.1 g., 0.3 mole) was heated with sodium (4.60 g., 0.2 g.-atom) 
at 150° in an atmosphere of nitrogen for 1 hr. To the cooled 
reaction mixture were added absolute ethanol (10 ml.) and diethyl 
phthalate (22.2 g., 0.1 mole). The mixture was stirred at 75° 
for 1 hr. and filtered while hot. Cooling to room temperature 
resulted in deposition of a white crystalline solid which was re- 
crystallized from ethanol to yield 25.0 g. (73%) of la, m.p.,
209.0-209.5°.

Method B.—o-Toluidine (2.68 g., 0.020 mole) was added drop- 
wise to a stirred solution of sodium ethoxide (0.46 g., 0.020 g.- 
atom of sodium in 10 ml. of absolute ethanol) protected from 
atmospheric moisture; over a period of 5 min. the temperature 
was raised sufficiently to bring about reflux. Diethyl phthalate 
(2.22 g., 0.01 mole) was added in one portion after the mixture 
had refluxed for 10 min. Heating and stirring were continued 
for 30 hr. after which the reaction mixture was filtered while hot 
and concentrated on a rotary evaporator to approximately half 
volume. Cooling resulted in deposition of la which, when re- 
crystallized from ethanol, melted at 209.0-209.5° and weighed
2.7 g. (78%).

Anal. Calcd. for C22H20N2O2: C, 76.74; H, 5.81; N, 8.14. 
Found: C, 76.72; H, 5.59; N.8.14.

Di-p-toluide of o-Phthalic Acid (lb).—Methods used for the 
preparation of lb were completely analogous to those described 
for la. Reaction mixtures were treated with water after hot 
filtration and cooling in order to facilitate precipitation of lb. 
Recrystallization from benzene yielded colorless needles, m.p.
181-182° (55% yield via method A, 65% via method B).

Anal. Calcd. for C22H20N.O2: C, 76.74; H, 5.81; N, 8.14. 
Found: C, 76.70; H.5.76; N.7.99.

Dianilide of o-Phthalic Acid (Ic).—Application of method A 
or method B to the synthesis of Ic yielded a white crystalline 
solid which, after recrystallization from ethanol, melted at 230- 
231° (lit.8“ 231-232°). Yields ranged from 60-70%. Ic pro
duced in this manner was shown by undepressed mixture melting 
point and identical infrared spectrum to be identical with Ic 
resulting from earlier methods of synthesis.1,8“

Anal. Calcd. for CioH.eNiOs: C, 75.95; H, 5.06; N, 8 .86. 
Found: C, 75.91; H.5.00; N.8.97.

Monotoluides of o-Phthalic Acid (Ila and lib). Base-Cata
lyzed Hydrolysis of la and lb.—Treatment of either la or lb 
(3.44 g., 0.01 mole) with 20% aqueous sodium hydroxide at 
reflux for 3 hr. followed by acidification with 8 ,V hydrochloric 
acid resulted in formation of Ila or lib . Both monotoluide- 
monoacids were recrystallized from ethanol to yield, in each case,
2.2 g. (86%) of purified material. Ila melted at 168.5-169.5° 
(lit.4 166-167°) and had a neutralization equivalent of 255 ±  2 
(calcd. 255); lib  melted at 160.0-160.5° (lit.4160°).

(11) M elting points were taken on a Biichi m elting point a p p ara tu s  cali
b ra ted  against s tandard  substances. In fra red  spectra  were determ ined in 
potassium  brom ide pellets (1-2 mg. of sam ple/400 mg. of KBr) on a Beckman 
IR -8  spectrophotom eter. N uclear magnetic resonance spectra  were de te r
mined by V arian Applications Laboratory , Palo Alto, Calif., using a 
V arian A-G0 spectrom eter with te tram ethylsilane as an  internal reference. 
E lem ental analyses were performed by C lark M icroanalytical L aboratories, 
U rbana, 111., or by the authors.



When heated above their melting points or with pyridine at 
65°, both Ila  and lib  were converted to the corresponding imides, 
as previously reported.4

N-Tolyl Phthalimides (Ilia and Mb). Acid-Catalyzed Hy
drolysis of la and lb.—Hydrolysis of either la or lb (3.44 g., 
0.01 mole) with 5 N hydrochloric acid (10 ml., 0.05 mole) at 
reflux for 3 hr. resulted in high yields (2.0 g., 84%, from la;
1.9 g., 80%, from lb) of the corresponding phthalimides, Ilia  and 
M b. Ilia  had a melting point of 182.5-183.0° (lit.3 182°), 
undepressed by admixture with an authentic sample prepared 
by a usual method3“; M b  melted at 201-202° (lit.4 201-202°).

As previously reported,4 Ilia  and M b  were converted to Ila 
and lib , respectively, when heated on a steam cone for 1 hr. with 
10% sodium hydroxide.

Acid-Catalyzed Hydrolysis of Ila and lib .—Hydrolysis of Ila 
or lib  (2.55 g., 0.01 mole) with excess 5 N hydrochloric acid on 
a steam bath for 15 min. resulted in formation of o-phthalic acid 
(1.4 g., 84% in both cases). The product was identified by its 
infrared spectrum which was identical with that of an authentic 
sample.

Acknowledgment.—The authors wish to thank the 
Research Corporation for financial support of this 
work.
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Benzotrifluorides
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The electronic effect of the trifluoromethyl group 
attached to an aromatic ring and the dipole moment of 
p-dimethylaminobenzotrifluoride have been discussed 
in terms of resonance forms la ,!).1 If forms such as

CF3 CF2F©

lb are important, this effect might be reflected in the 
F19 n.m.r. spectrum. Taft, e t  at,,2 have interpreted 
the F19 chemical shifts in various substituted fluoro- 
benzenes as evidence for contributing forms IIa,b.

F - < ^ ^ - X  ---------* * F = ( ^ ) = x e

Ea Eb

To see if n.m.r. spectroscopy could be used to detect 
interactions exemplified by form lb (negative hyper
conjugation), we examined the benzotrifluorides col
lected in Table I.

Table I shows clearly that n.m.r. spectroscopy does 
distinguish between the p-aminobenzotriftuorides and 
all other compounds listed. In the same solvent there 
is little change in the spectra until the p-aminobenzo- 
trifluorides are encountered. In methanol, for example,

(1) J . D. R oberts, R. L. W ebb, and E. A. M cElhill, J .  A m .  C h e m .  S o c . ,  

72 ,408 (1950).
(2) R. W. T aft, J r ., R . E. C lick, I. C. Lewis, I. Fox, and S. Ehrenson. 

ibid. 82, 756 (1960).

T a b l e  I

F 19 N . m .r . S p e c t r a  o f  B e n z o t r if l u o r id e s

N o t e s  3 2 2 5

Cyclohexane“
<i*h

M ethanol“
<t>*b

Benzotrifluoride 64 1 62.7
m-N itrobenzotriflu oride 64.2 63.1
p-Nitrobenzotrifluoride 64.5 63.2
m-Aminobenzotrifluoride 63.9 62.9
m-Dimethylaminobenzotrifluoride 63.7 62.6
p-Aminobenzotrifluoride 62.2 61.2
p-Dimethylaminoben zotrifluoride 62.0 60.8

° Approximately 5% solutions 
and G. V. D. Tiers, J. Phys. Chem.

by volume. 6 B. 
, 63, 761 (1959).

Filipovich

the <t>* values of p-nitrobenzotrifluoride and m-dimethyl- 
aminobenzotrifluoride differ by only 0.6 unit, whereas 
those of m-dimethylaminobenzotrifluoride and p- 
aminobenzotrifluoride differ by 1.4 units. The dif
ference between m-dimethylaminobenzotrifluoride and 
p-dimethylaminobenzotrifluoride is even greater (1.8 
units). A similar trend is shown by the values ob
tained in cyclohexane.

Resonance exemplified by Ia,b, which has been in
voked to account for the high dipole moment of p- 
dimethylaminobenzotrifluoride,1 also may be responsible 
for the unusual F 19 n.m.r. spectra displayed by p- 
amino and p-dimethylaminobenzotrifluoride. In
terestingly, Gutowsky, et al.,3 who have compared the 
F 19 n.m.r. spectra of several substituted benzotri
fluorides and fluorobenzenes, observed that substi
tuents affect the aromatic fluorine and trifluoromethyl 
fluorine resonances in an opposite manner.

Experimental
The para substituted benzotrifluorides in Table I and ra-di- 

methylaminobenzotrifluoride were prepared according to direc
tions given in ref. 1. The remaining compounds were purchased 
from Columbia Organic Chemicals Company, Columbia, South 
Carolina, or from Aldrich Chemical Company, Milwaukee, Wis
consin. N.m.r. spectra were obtained with a Varian Associates, 
Model V-3000-B, high resolution spectrometer using a 40-Mc. 
probe at 28°. Samples were measured with trichlorofluorometh- 
ane as internal standard by counting sideband frequencies. The 
CF3 peaks were sharp and symmetrical in all cases.

Acknowledgment.—This research was carried out 
under Army Ordnance Contract Da-01-021 ORD- 
11878. We are grateful to Mr. Kirt Keller for tech
nical assistance and to Mrs. Carolyn Haney for n.m.r. 
spectra.

(3) H. S. Gutowsky. D. W. M cCall, B. R. M cG arvey, and L. H. M eyer, 
i b i d . ,  74, 4809 (1952).
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A gradual deshielding of the cyclopentadienyl ring 
protons in the metallocene series proceeding from fer
rocene to ruthenocene to osmocene has been noted by
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T a b l e  I
H 1 N . m .r . S p e c t r a  o f  S o m e  A c y l m e t a l l o c e n e s

I
M etallocene

Ferrocene
CiHs ring

5.86 (s)

Chemical shifts a t  ring  positions,------»
r,a and m ultiplicity^

a $

Line separation  in 
the a p p aren t tr ip 

lets, J ,  c.p.s.°

II Iluthenocene 5.45 (s)
III Osmocene 5.30(8)
IV Acetylferrocene 5.82 (s) 5 .23(t) 5.51 (t) 1.90
V Acetylru thenocene 5.42(a) 4.91(t) 5.23(t) 1.80
VI Acetylosmocene 5.21(s) 4.77(t) 5.06(t) 1.65
VII 1,1 '-Diacetylferrocene 5.23(t) 5.49 (t) 1.91
V ili 1, l'-Diacetylru thenocene 4.88 (t) 5.19(t) 1.80
IX 1, l'-Diacetylosmocene0 4.73 (t) 5 .03(t) 1.67
X Benzo.y Ferrocene 5.81 (s) 5.10 (t) 5.43 (t) 1.91
XI Benzoylru thenocene 5.39(a) 4.82 (t) 5.16 (t) 1.80
XII Benzoylosmocene 5.18 (s) 4.68 (t) 4.99 (t) 1.65
XIII 1,1 '-Dibenzoylferrocene 5.08 (t) 5.43 (t) 1.93
XIV l,l'-Dibenzoylru thenocene 4.76 (t) 5.12(t) 1.83
XV 1,2-Dibenzoylruthenoeene 5.23(a) 4.83(d) 5.07(t) 2.50

“ Values given were measured on an expanded (50 e.p.s.) scale and are estimated to be accurate to within ± 0.02 unit. b s = singlet 
d = doublet, t = apparent triplet (except for XV, in which a true triplet is observed). c The ratio of intensities of the a, 0, and acety 
protons (7.91 r) is 4:4:6. The presence of very weak singlets at 5.12 and 7.68 r is probably due to a minor amount of a homoannular 
diacetylosmocene.

several investigators. L~3 We have undertaken the
n.m.r. analysis of several mono- and diacylmetallocenes 
in order to examine the generality of these observa
tions, to compare quantitatively the Ar-values for each 
set of acylmetallocenes, and to obtain information re
garding the coupling interactions of acylmetallocene 
ring protons as a function of the metal.

The nuclear magnetic resonance spectra of the acyl
metallocenes are summarized in Table I, together with 
the n.m.r. constants of the parent metallocenes. Analy
sis of the data by comparison of related structures and, 
within the groups, of pertinent portions of the molecules, 
indicates a linear relationship of remarkable consistency.

The presence of both the acetyl and the benzoyl 
group in the metallocene molecule is reflected by a 
deshielding of not only the hydrogens alpha and beta 
to the acyl group, but also by a consistent, although 
smaller, deshielding of the nonsubstituted ring. As 
indicated by Pople4 and by Jackman,5 the diamagnetic 
anisotropy of the carbonyl group effects positive 
shielding in conical regions above and below the plane 
of the double bond and negative shielding (deshielding) 
elsewhere. A coplanarity of the carbonyl group with 
the cyclopentadienyl ring thus leads to a deshielding 
of the protons of the same ring, and, depending on the 
shape and dimensions of the positive shielding cone of 
the carbonyl group, to a deshielding or shielding of the 
unsubstituted ring hydrogens. If there were no rota
tion of the rings around the center axis, more than one 
signal would result from the protons of the unsubsti
tuted ring. The presence of only one signal in the 
second ring of IV-VI and X -X II is consistent with 
earlier evidence for an essentially free rotation of the 
rings in ferrocene.6 The observed singlet in the n.m.r.

(1) T. J . C urphey, J. O. Santer, M. Rosenblum , and J. H. R ichards, J .  

A m .  C h e m .  S o c . ,  82, 5249 (1960).
(2) G. Fraenkel, R. E. C arter, A. M cLachlan, and J . H. R ichards, i b i d . ,  

82, 5846 (1960).
(3) D. E. Bublitz, W E. M cEwen, and .1. Kleinberg, i b i d . .  84, 1845 

(1962).
(4) J. A. Pople, P r o c .  R o y .  S o c .  (London), A239, 541, 550 (1957).
(5) L. M. Jackm an, “ Applications of N uclear M agnetic Resonance Spec

troscopy in Organic C hem istry ,’' Pergam on Press, New York, N. Y., 1959,

spectra of monoacylmetallocenes thus represents an 
averaged frequency of the unsubstituted ring protons. 
The small, but consistent, low field shifts7 can be due to 
several factors. The unsubstituted ring could lie in 
the negative zone of the carbonyl cone so that the de
shielding effect is dominating. Inductive deactivation 
across tire metal atom might also contribute to the ob
served trend.8

In comparison with the monoacetylmetallocenes, the 
monobenzoyl derivatives X-XII showed a more en
hanced effect on the relative chemical shifts. Such an 
enhancement in the deshielding of the protons alpha 
and beta to the acyl group was anticipated due to the 
presence of the additional deshielding effect of the 
phenyl ring. The strong negative shift is indicative of 
the coplanarity of the cyclopentadienyl and phenyl 
rings with the carbonyl group.

Parallel with the effect on the unsubstituted ring is 
the strong deshielding by the acyl groups on the a- and 
/3-hydrogens of the substituted cyclopentadienyl ring. 
Both the a- and (S-ptotons have the appearance of well 
resolved triplets.9 The more deshielded protons were 
assigned as being alpha to the acyl group on the basis 
of the effect of the acetyl group on ring protons in the 
benzene series10 and on the basis of the analysis of 1,2- 
dibenzoylruthenocenc (vide infra). The deshielding 
effect of the carbonyl group is thus felt to a lesser extent 
in the more distant fl-position than in the adjacent 
«-position. Such a difference between the effect on 
the a- and d-protons parallels analogous cases in ben
zene substituted by carbonyl and nitro groups. The

(6) M. Rosenblum  and R. B. W oodward, J .  A m .  C h e m .  S o c . ,  80, 5443 
(1958).

(7) The observation th a t  the protons of the unsubstitu ted  cyclopenta
dienyl ring in m onoacetylferrocene appear a t a higher field than  those of 
ferrocene when the spectrum  is determ ined in benzene solution [K. L. R ine
h a rt, J r .,  D. E. Bublitz, and D. H. G ustafson, i b i d . ,  85, 970 (1963)] is in 
accord with recent findings of R. E. Klinck and J. B. S to thers [ C a n .  J .  C h e m . ,  

40, 2329 (1902)]. The phenom enon of increased shielding in benzene solu
tion is in terp reted  by the la tte r  au thors as being caused by a specific so lu te - 
solvent in teraction  of preferred geometry.

(8) For a review and discussion of in te rannu lar electronic effects in ferro
cene, see M. D. Rausch, i b i d . ,  in press.

(9) Although these trip le ts  are themselves no t sym m etrical, there is a 
plane of sym m etry  between them , in accordance with an A2B2 system .



difference in the frequency between the a- and 18- 
protons in the acetylmetallocene series, 0.28-0.32 
p.p.m., is in the same order as the frequency difference 
between the ortho and meta protons in acetophenone 
(0.36 p.p.m.). Similarly, in the benzoylmetallocene 
series, the difference between the a- and /¿-frequencies 
is 0.31-0.34 p.p.m.

The extent of deshielding of the a- and /8-protons in 
acetylmetallocenes, with respect to the parent metal
locene, is also found to match closely the deshielding 
encountered in the benzene series. A comparison of 
the At values with the extent of deshielding of the ortho 
and meta hydrogens in acetophenone (with respect to 
the proton resonance of benzene)10 indicates a close 
coincidence. The At values of —0.63 and —0.27 
p.p.m. for the ortho and meta hydrogens in acetophenone 
are thus matched with corresponding —0.63 and —0.35 
p.p.m. values for the a- and /3-protons, respectively, 
in acetylferrocene. A similar set of values is also ob
tained from the frequencies of acetylruthenocene ( — 
0.54 and —0.22 p.p.m.) and acetylosmocene ( — 0.53 
and —0.24 p.p.m.). The Ar-values for the a- and 
/3-protons in 1,1 '-diacetylmetallocenes exhibit a similar 
relationship, the constants being —0.63 and —0.37 
p.p.m. in the ferrocene, —0.57 and —0.26  p.p.m. in the 
ruthenocene, and —0.57 and —0.27  p.p.m. in the 
osmocene derivatives.

In the benzoylmetallocene series, an added deshield
ing due to the phenyl group should be expected. In
deed, the replacement of a methyl by a phenyl group 
in the acylmetallocenes causes an additional deshield
ing of the a-protons by 0.13 and 0.09 p.p.m. in the fer
rocene and ruthenocene series, and of the /3-protons by 
0.08 and 0.07 p.p.m. in this series. The corresponding 
figures in the 1,1'-dibenzoyl series are 0.15 and 0.12 
p.p.m. for the a-protons and 0.06 and 0.07 p.p.m. for 
the /3-protons. The deshielding effect of the rep'ace- 
ment of the methyl by a phenyl group in these acyl
metallocenes can be compared to the known deshielding 
of the cyclopentadienyl protons by a phenyl substi
tuent attached directly to the ring. The /3-protons 
in p-nitrophenylferrocene, for example, are deshielded 
by 0.4 t with respect to ferrocene.11

The consistent behavior of the a, /3, and unsubsti
tuted ring protons with respect to the acetyl and 
benzoyl substituents is also matched by the regularity 
in the variation of the proton frequencies with respect 
to changing the metal. A presentation of this data in 
the form of a diagram is given in Fig. 1, where the pro
ton frequencies (in r) are given for metallocenes con
taining either iron, ruthenium or osmium central 
atoms. Every series examined shows a gradual de
shielding of all the corresponding ring protons proceed
ing from the ferrocene to the ruthenocene and osmocene 
derivatives. All of the series also indicate a larger 
difference between the proton frequencies of tire fer
rocene and ruthenocene derivatives than between the 
latter and the osmocene analogs. The order of de
creased shielding of the ring protons parallels quali
tatively the order of decreasing reactivities in electro
philic substitution reactions of the ferrocene, rutheno
cene, and osmocene triad,12 and parallels further the

(11) N. S. Bhacca, L. F. Johnson, and J. N. Shoolery, “ H igh-Resolution
N .M .R . Spectra C atalog ,” Spectrum  No. 321, V arian Associates, Palo Alto,
Calif.
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Central atom in the metallocenes.
Fig. 1.—Variation of the proton frequencies in the n.m.r. spec

tra of acylmetallocenes: (1) H in metallocenes; (2)H 'inm ono- 
acetylmetalloeenes; (3) H ' in monobenzoylmetallocenes; (4) 
Hg in monoacetylmetallocenes; (5) 11/j in monobenzoylmetallo
cenes; (6) Ha in monoacetylmetallocenes; (7) Ha in mono
benzoylmetallocenes; (8) H3 in 1,1'-diacetylmetallocenes; (9) 
Hg in l,l'-dibenzoylmetallocenes; (10) H„ in 1,1'-diacetyl
metallocenes; (11) H„ in l,l'-dibenzoylmetallocenes.

order of increasing reactivity of the ring protons toward 
n-butyllithium.12

A relationship in which a similar trend is reflected is 
obtained from a comparison of the line separation in 
the apparent triplets with the changing of the metal 
atom. The differences, although small, are neverthe
less reproducible and probably indicate that the 
coupling between the ring protons in acylmetallocenes 
decreases from the iron to the ruthenium to the osmium 
derivatives. Contrary to the differences in the chemi
cal shifts, however, the decrease in the line separation 
in the apparent triplets between the ruthenocenes 
(1.80 cp.s.) and osmocenes (1.65 c.p.s.) is somewhat 
greater than between the ferrocenes (1.90 c.p.s.) and 
ruthenocenes.13

The position and shape of the resonance lines permit 
the assignment of structures to isomers in substituted 
metallocenes. For example, the isolation of a di- 
benzoylruthenocene, m.p. 141.8-142.4°, from the 
benzoylation of ruthenocene was shown by infrared 
analysis to be a homoannular dibenzoylruthenocene, 
although the position of the benzoyl groups within the

(12) M. D. Rausch, E. O. Fischer, and H. G rubert, J .  A m .  C h e m .  S o c . ,  

82, 70 (1900).
(13) C oincidentally, a sim ilar sequence is found in the in-plane bending 

inodes of the ring hydrogens of the m etallocene triad , where the ruthenocene 
frequency (1001 c m .-1) is closer to the ferrocene mode (1002 cm .-1) than  to 
the osmocene mode (995 cm .-1) [ref. 12; E. R. L ippincott and R. D. Nelson, 
J .  C h e m .  P h y s . ,  21, 1307 (1953); J .  A m .  C h e m . .  S o c . ,  55, 4990 (1955); 
S p e c t r o c h i m .  A c t a ,  10, 307 (1958)].
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substituted ring was not determined.314 The n.m.r. 
spectrum of this product indicates three kinds of cyclo- 
pentadienyl ring protons by the presence of three fre
quencies at 4.83, 5.07, and 5.23 r  with intensities of 
2.0:1.0:5.0. The lines represent a doublet, a triplet, 
and a singlet, respectively, with J = 2.5 c.p.s. The 
frequency of the doublet matches closely the value for 
the a-protons in benzoylruthenocene (4.82 t ) , and the 
frequency of the triplet is close to that of the /3-protons 
in benzoyl- (5.16 t ) and l,l'-dibenzoylruthenocene 
(5.12 t). A 1,2-dibenzoyl structure is thus indicated 
for the isomer with m.p. 141.8-142.4°. For 1,3- 
dibenzoylruthenocene, a low field triplet and a higher 
field doublet near 4.76-4.83 r with an intensity ratio of 
1:2 may be anticipated, in addition to a frequency for 
the unsubstituted ring hydrogens at about 5.2 r . 14 15 16 17

The identification of the homoannular dibenzoyl- 
ruthenocene as the 1,2-isomer lends some support to the 
prediction, based on molecular orbital calculations,1617 
that in electrophilic substitution reactions of ferrocene 
derivatives bearing electron-withdrawing groups, the
2-position is somewhat favored over the 3-position. 
By contrast, the descriptive resonance treatment in
dicates the 3-position as the preferential site of attack. 
The identification of homoannular diacetylferrocene as 
the 1,2-isomer616 is thus paralleled by the isolation and 
identification of 1,2-dibenzoylruthenocene, and both 
support the molecular orbital prediction concerning site 
reactivities in monoacylmetallocene derivatives. The 
support for this interpretation is rendered even stronger 
when one considers the increased bulkiness of the ben
zoyl substituent.

The occurrence of well resolved and well separated 
lines in the n.m.r. spectra of various metallocene deriva
tives designate these compounds as suitable substrates 
for the study of substituent effects on the ring protons. 
The simplicity of the spectra allows the study of sub
stituents and the assignment of modes in cases where the 
analogous operations in benzenoid systems are rendered 
difficult due to the multiplicity of lines resulting from 
long-range interactions.

Experimental

l,l'-Diacetylosmocene was isolated from the reaction of osmo- 
cene with a large molar excess of acetic anhydride and phosphoric 
acid. The general procedure of Hill and Richards was used,18 
except that the reaction was made on a fourfold larger scale. 
Chromatography of the reaction product from such a run, using 
benzene and benzene-ethyl ether mixtures on alumina, produced 
0.050 g. of osmocene, m.p. 227-228°, 1.64 g. of acetylosmocene 
(91%), m.p. 130.5-131.5° (lit.18 m.p. 129.5-130°), and 2.0 mg. of 
a yellow crystalline solid. The latter was recrystallized from n- 
heptane to produce 1.6 mg. (0 .1%) of 1,1'-diacetylosmocene,
m. p. 148-152°. The n.m.r. spectrum of this product in deuterio- 
chloroform solution is consistent with the proposed formulation 
(see Table I).

Homoannular dibenzoylruthenocene was generously supplied 
by Prof. W. E. McEwen. All other metallocenes used in this 
study were analytically pure samples and were prepared by 
methods reported in the literature.12’18

(14) D. E. Bublitz, .1. Kleinberg, and W. E. McEwen, Chem. I n d .  (Lon
don). 936 (I960).

(15) A similar interpretation also applies for the n.m.r. frequencies of 
1,3-diacetyl ferrocene. In accord with these predictions is the finding that 
the peak of area two is at a higher field than the peak of area one in the
n. m.r. spectrum of 1,3-diacetylferrocene (K. L. Rinehart, Jr., and A. F. 
Ellis, personal communication).

(16) J. H. Richards and T. J. Curphey, Chem. I n d .  (London), 1456 (1956).
(17) M. Rosenblum and W. G. Howells, J .  Am. Chem. Soc.. 84, 1167 

(1962).
118) R. A. Hill and J. H. Richards, ibid., 83, 3840 (1961).

N.m.r. spectra were determined on a Varian Model A-60 
spectrometer as 10% (weight to volume) solutions in deuterio- 
chloroform. In several comparative spectra in which the sample 
concentrations were varied from 5 to 10%, no effect due to dilu
tion could be detected.

The Synthesis of a Glucosamine—Asparagine
Compound. Benzyl .V2 -Carbobenzyloxy-i\-
(2 -a c e tam id o -3 ,4 ,6 - tr i-0 -a c e ty l-2 -d e o x y -/3 -D -

g lu e o p y ra n o s y l) -L -a s p a ra g in a te '

C o l in  H. B o l t o n 2 a n d  R o g e r  W. J e a n l o z

Laboratory for Carbohydrate Research,
Departments of Biological Chemistry and Medicine, 

Harvard Medical School and tl.e Massachusetts General Hospital, 
Boston, Massachusetts

Received May 6, 1963

In the course of the study of the link between the 
carbohydrate and protein parts of egg albumin, a 
glycosylamine type of linkage has been proposed by 
Johansen, Marshall, and Neuberger3 and by Nuenke 
and Cunningham.4 The carbon at position 1 of 2- 
acetamido-2-deoxy-D-glucose (iV-acetyl-D-glucosamine) 
would be linked to the amide group of asparagine. 
Such a structure also has been suggested by other in
vestigators5 for egg albumin and seems also to agree 
with the experimental data obtained in the study of
7-globulins.6 7 It recently has been proposed for the 
linkage of the carbohydrate part to the protein part of 
the «i-acid glycoprotein of human plasma.8 9

As a part of the study carried out on the structure of 
the carbohydrate component of the ai-acid glycopro
tein of human plasma,10 the synthesis of a glucosamine- 
asparagine compound, possessing the above-proposed 
structure, namely benzyl A’2-carbobenzyloxy-A-(2- 
acetamido-3,4,6-tri-0-acetvl-2-deoxy-/3-D-glucopyrano- 
syl)-L-asparaginate (VIII), was undertaken.

A first approach was an attempt to condense l- 
aspartic acid with a benzylidene derivative of d- 
glucosamine: a d-b-glucosylamide compound of n- 
glucose and L-aspartic acid has been first obtained by

(1) Amino Sugars X X X V I. This is publication No. 340 of the R obert 
W. L ovett M emorial G roup for the S tudy of C rippling Diseases, H arvard 
M edical School a t  the M assachusetts General H ospital. This investigation 
has been supported by research g ran ts  from the American Cancer Society 
(In stitu tional G ran t 42-B) and from the N ational In s titu te  of A rthritis 
and M etabolic Diseases, N ational In s titu tes  of H ealth, United S tates Public 
H ealth Service (G ran t A-3564-Cl). Prelim inary reports describing this 
work have been presented a t the In te rna tiona l Colloquium  on G lycoproteins 
and on the B iochem istry of Connective Tissue in N orm al and Pathological 
S tates, Paris, June, 1962. and before the Division of C arbohydrate  Chem istry 
a t the 144th N ational M eeting of the American Chem ical Society. Los 
Angeles, Calif., April, 1963.

(2) D epartm ent of Organic Chem istry, The U niversity . Bristol. England.
(3) P. G. Johansen. R. I). M arshall, and A. Neuberger. Biochem. J.. 

78, 518 (1961).
(4) R. H. Nuenke and L. W. C unningham , J. Biol. Chem.. 236, 2452

(1961).
(5) V. Bogdanov, E. D. K averzneva, and A. A ndrejeva, Bioehim. Biophys. 

Acta, 67. 168 (1962).
(6) J . A. Rothfus, Federation Proc . 20, 383 (1961).
(7) C. Nolan and E. L. Sm ith, J .  Biol. Chem.. 237, 453 (1962).
(8) E. H. Eylar, Biochem. Biopays. Res. Commun., 8, 195 (1962).
(9) S. Kam iyam a and K. Schmid, Bioehim. Biophys. Acta. 63, 266 (1962).
(10) E. H. E y lar and R. W. Jeanloz, J. Biol. Chem., 237, 622, 1021 (1962); 

R. W. Jeanloz and A. M. Closse, Federation Proc., 22, 538 (1963).
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Coutsogeorgopoulos and Zervas,11 who condensed
4.6- O-benzylidene-a-D-glucopyranose with ammonia to 
give 4,6-O-benzylidene-d-D-glucosylamine, which was 
in turn condensed with 1-benzyl-iV-carbobenzyloxy- 
L-aspartate. In the present investigation, 2-acet- 
amido-4,6-0-benzylidene-2-deoxy-D-glucose (I) was con
densed in the same way, but for a prolonged period of 
time, with ammonia in dry methanol. No crystalline 
glycosylamine II could, however, be isolated, but the 
presence of II could be ascertained, since A-acetyla- 
tion and total acetylation afforded in low yields crystal
line l,2-diacetamido-4,6-0-benzylidene-l,2-dideoxy-/3- 
D-glucopyranose (III) and l,2-diacetamido-3-0-acetyl-
4.6- 0-benzylidene-1,2-dideoxy-/3-n-gl ucopyranose (IV), 
respectively. No crystalline material could be iso
lated from the condensation of impure II with 1-benzyl- 
N-carbobenzy loxy-L-aspartate.

In order to condense aspartic acid with a pure glyco
sylamine, 2-acetamido-3,4,6-tri-0-acetyl-2-deoxy-/3-D- 
glucopyranosylamine (V) was prepared. The inter
mediate azide VI had been previously obtained by 
Micheel and Wulff12 by acetylation of the 2-amino-2- 
deoxy-/3-D-glucopyranosyl azide synthesized by Bertho 
and Revesz.13 In the present investigation, a shorter 
route was used in which 2-acetamido-3,4,6-tri-0- 
acetyl-2-deoxy-a-D-glucopyranosyl bromide, prepared 
according to Inouye, et al.,u was condensed directly 
with silver azide according to the method of Bertho and 
R6vesz.13 Reduction of VI gave the crystalline 
glycosylamine V, which was further characterized by 
preparation of the 1-benzamido derivative VII.

Condensation of V with 1-benzyl-N-carbobenzyloxy- 
L-aspartate in the presence of dicyclohexylcarbodi- 
irnide15 or jV-ethyl-5-pheny]isoxazolium-3'-sulfonate16

(11) C. Coutsogeorgopoulos and L. Zervas, J .  A m .  C h e m .  S o c . ,  83, 1885 
(1901).

(12) F. Micheel and H. Wulff, C h e m .  B e r . ,  89, 1521 (1956).
(13) A. B ertho and A. R6v6sz, A n n . ,  581, 161 (1953).
(14) Y. Inouye, K. Onodera, S. K itaoka, and H. Ochiai, J .  A m .  C h e m .  

S o c . ,  79, 4218 (1957).
(15) J. C. Sheehan and G. P. Hess, i b i d . ,  77, 1067 (1955).

gave only very small amounts of a homogeneous crystal
line product. Thus the use of another derivative was 
considered and 1-benzyl-N-carbobenzyloxy-L-aspartyl 
chloride17 18 was condensed with V, giving VIII in a 28% 
yield. The use of an acyl chloride for the preparation 
of an M-acyl glycosylamine has been previously re
ported by Baddiley, et al.n After this work had been 
completed, the condensation of 2,3,4,6-tetra-O-acetyl- 
d-D-glucopyranosylamine with I -bei izyl-V-carbo ben- 
zyloxy-L-aspartate by Marks and Neuberger19 came to 
our attention, and we were informed by Dr. Neuberger 
of the synthesis of VIII using the carbodiimide method. 
Since the removal of the 0-acetyl groups of VIII20 
may cause partial migration of the glycosylamine resi
due from position 4 to position 1 of aspartic acid, no 
attempt was made to prepare the de-O-acetylated 
derivative of compound VIII.

Experimental
Melting points were taken on a hot stage, equipped with a 

microscope, and correspond to "corrected melting point." Ro
tations were determined in semimicro- or micro- (for amounts 
smaller than 3 mg.) tubes with lengths of 100 or 200 mm., using a 
Rudolph Photoelectric Polarimeter Attachment, Model 200; 
the chloroform used was A.R. grade and contained approximately 
0.75% of ethanol. Chromatograms were made with the flowing 
method on “Silica Gel Davison,” from the Davison Co., Balti
more 3, Md. (grade 950; 60-200 mesh), which was used without 
pretreatment. When deactivation by contact with moist air 
occurred, reactivation was obtained by heating to 170-200° 
(manufacturer’s instructions). The sequence of eluants was 
hexane, benzene or chloroform, ether, ethyl acetate, acetone, 
and methanol individually or in binary mixtures. The propor
tion of weight of substance to be adsorbed to weight of adsorbent 
was 1 to 50-100. The proportion of weight of substance in 
grams to volume of fraction of eluent in milliliters was 1 to 100. 
The ratio of diameter to length of the column was 1 to 20. Evapo
rations were carried out in vacuo, with an outside bath tem
perature kept below 45°. Amounts of volatile solvent smaller 
than 20 ml. were evaporated under a stream of dry nitrogen. 
The microanalyses were done by Dr. M. Manser, Zurich, Switzer
land.

2-Acetamido-4,6-O-ben zylidene-2 -deoxy-D-glucopyranosyl- 
amine (II).—A solution of 0.24 g. of 2-acetamido-4,6-0-benzyli- 
dene-2-deoxy-D-glucopyranose (I), prepared according to the 
method of Roth and Pigman,21 in dry methanol (30 ml.) was 
saturated at 0° with ammonia gas, and heated in a sealed tube at 
60-70° for 4 days. After cooling, the excess of ammonia was 
removed from the solution with nitrogen. The yellow solution 
was decolorized by filtration through a pad of Darco G-60 and 
Celite, and concentrated to dryness, yielding 0.25 g. of sirup. 
This material could not be crystallized, and attempts to purify it 
by silica gel chromatography were unsuccessful. It was, there
fore, used without further purification. When the reaction was 
attempted for a shorter time, most of the starting material was 
recovered unchanged.

l,2-Diacetamido-4,6-0-benzylidene-l ,2-dideoxy-/3-n-glucopy- 
anose (III).—A solution of 0.2 g. of II in 2 ml. of methanol con
taining 0.2 ml. of acetic anhydride was allowed to stand at room 
temperature for 24 hr. The product crystallized from the solu
tion yielding 0.04 g. of needles. I t was recrystallized from a 
mixture of dimethyl sulfoxide and methanol, [< * ]26d  +16° (c
1.07, in dimethyl sulfoxide). It did not melt below 385° though 
some decomposition took place above 300°.

(16) R. W. W oodward, R. A. Olofson, and H. M ayer, i b i d . ,  83, 1010 
(1961).

(17) M. Bergm ann. L. Zervas, and L. Salzm ann, B e r . ,  66, 1288 (1933).
(18) J . Baddiley, J. G. B uchanan, R. Hodges, and J. F. Prescott, J .  

C h e m .  S o c . ,  4769 (1957).
(19) G. S. M arks and A. N euberger, i b i d . ,  4872 (1961).
(20) G. S. M arks, R. D. M arshall, and A. N euberger, B i o c h e m .  J . ,  85, 

15p (1962).
(21) W. R oth  and W. Pigm an, J . A m .  C h e m .  S o c . ,  82, 4608 (1960).
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Anal. Calcd. for C,7H22N206: C, 58.28; H, 6.28; N. 8.00. 
Found: 0,58.17; H.6.36; N.8.11.

l,2-Diacetamido-3-0-acetyl-4,6-0-benzylidene-I,2-dideoxy- 
(3-D-glucopyranose (IV).—A solution of 0.12 g. of II in a mixture 
of 0 .6  ml. of pyridine and 0 .2  ml. of acetic anhydride was allowed 
to stand for 24 hr. at room temperature. Water (2 drops) was 
added, the mixture was allowed to stand a further 5 min., and it 
was then poured into ice-water (70 ml.). The precipitate was 
filtered, washed with much water, and dissolved in chloroform. 
The solution, after drying, was treated with Darco G-60 and 
Celite and concentrated. The product (0.027 g.) crystallized 
into needles, and was recrystallized from a mixture of methanol 
and chloroform. The sample did not melt below 365°, though 
some decomposition took place above 300°.

Anal. Calcd. for Ci9H24N20 7: C, 58.15; H, 6.17; N, 7.14. 
Found: C, 58.06; H, 6.23; N, 7.40.

2-Acetamido-3,4,6-tri-0-acetyl-2-deoxy-/3-D-glucopyranosyl 
Azide (VI).—A freshly prepared, dried solution of 2-acetamido-
3,4,6-tri-0-aeetyl-2-deoxy-a-D-glucopyranosyl bromide, prepared 
from 2-acetamido-l,3,4,6-tetra-0-acetyl-2-deoxy-D-glucopyran- 
ose according to Inouye, et al.,u (ca. 1 g.), in 20 ml. of chloroform 
was added to a suspension of silver azide in chloroform. The 
suspension had been prepared by mixing aqueous solutions of 
sodium azide (0.45 g.) and silver nitrate (1.1 g.) and washing the 
precipitate by decantation with water, ethanol, ether, and 
chloroform. The mixture was refluxed for 30 min., then it was 
filtered and the filtrate concentrated to dryness. The residue 
crystallized readily, and recrystallization from a mixture of 
chloroform and ether afforded 0.62 g. (6 8%) of needles with the 
same properties as those described by Micheel and Wulff.12

2-Acetamido-3,4,6-tri-0-acetyl-2-deoxy-d-D-glucopyranosyl- 
amine (V).—A solution of 2.87 g. of azide VI in 25 ml. of 
ethanol was hydrogenated at room temperature and atmospheric 
pressure for 4 hr. in the presence of 0.28 g. of Adams’ platinum 
oxide catalyst. After removal of the catalyst by filtration 
through a Darco G-60 Celite pad, the filtrate was concentrated to 
dryness. The residue was crystallized from a mixture of ethyl 
acetate and pentane, yielding 0.8 g. (30%) of needles, m.p.
225-230° dec.; (a]28n —5.2° (c 1.27, in chloroform).

Anal. Calcd. for CnH22N208: C, 48.55; H, 6.40; N, 8.09. 
Found: C, 48.52; H, 6.51; N, 7.97.

2-Acetamido-3,4,6-tri-0-acetyl-l-benzamido-l,2-dideoxy-(3-n- 
glucopyranose (VII).—A solution of 0.5 g. ot Y in 3 ml. of pyridine 
containing 0.3 ml. of benzoyl chloride was allowed to stand at 
room temperature for 3 days. After the addition of 1 drop of 
water, the mixture was left for a short time, and then it was 
poured into ice-water (75 ml.) and extracted with chloroform. 
The extract was washed with cold dilute hydrochloric acid, then 
with aqueous cadmium chloride, aqueous sodium bicarbonate, 
and water. The solution was dried over sodium sulfate and was 
concentrated to dryness. The residue was crystallized from a 
mixture of ethyl acetate and pentane yielding 0.173 g. (27%), 
m.p. 250.5-251.5°; [al'26n —14° ( c 1.10, in chloroform).

Anal. Calcd. for C21H2GN20»: C, 55.99; H, 5.82; N, 6.22. 
Found: C, 55.98; H.5.89; N,6.36.

Benzyl A’22 1 2 3 4 5 6-Carbobenzyloxy-A'-(2-acetamido-3,4,6-tri-0-acetyl 
2-deoxy-d-n-glucopyranosylj-i.-asparaginate (VIII).—1 - Benzyl-A’ 
carbobenzyloxy-L-aspartyl chloride was prepared according to 
the method of Bergmann, et al.,'7 after purification of 1-benzyl 
A'-carbobenzyloxy-i,-aspartate according to LeQuesne and 
Young.19,22

The glucosylamine V (0.57 g.) was added to a solution of 0.76 
g. of the acid chloride in 5 ml. of dry pyridine and the mixture was 
allowed to stand at room temperature for 3 days. The mixture 
was diluted with chloroform, and the resulting solution was 
washed with cold .V sulfuric acid and waiter, then dried over 
sodium sulfate, and concentrated to dryness. The residue, dis
solved in benzene, was purified by chromatography on silica gel. 
Elution with a mixture of ether and ethyl acetate (1:1) afforded 
VIII as a colorless sirup (0.32 g., 28.5%), which crystallized in 
fine needles from a mixture of chloroform and ether, m.p. 214- 
217° dec.; [a]25i> +28° (c 1.41, in chloroform).

Anal. Calcd. for C33H39N3O13: C, 57.80; H, 5.73; N, 6.13. 
Found: C, 57.89; H.5.87; N, 6.19.

(22) W. J. LeQuesne and G. T . Young, J .  C h e m .  S o c . ,  24 (1952).

A Convenient Preparation of 1,2-Mono-O- 

isopropylidene-a-n-glucofuranose1

R o b e r t  E. G r a m e r a , A e j o o  P a r k , a n d  R o y  L. W h i s t l e r

Department of Biochemistry, Purdue University,
Lafayette, Indiana

Received May 10, 1963

In connection with a series of reactions to introduce 
new heteroatoms into the D-glucose ring, a convenient 
method was developed for the preparation of mono
acetone D-glucose, 1,2-mono-O-isopropylidene-a-D-glu- 
cofuranose.

Monoacetone D-glucose is a useful compound for the 
preparation of numerous D-glucose derivatives. It is 
usually prepared from diacetone D-glucose, 1,2:5,6- 
di-O-isopropylidene-a-D-glucofuranose, by preferential 
hydrolysis of the more acid labile 5,6-isopropylidene 
group. Previous methods2“8 have been rather long 
and require pH control, neutralization, filtration, and 
evaporation of large quantities of solvent before the 
first crop of crude crystals are obtained. The present 
method is shorter and avoids some of the manipulations 
required in other procedures.

The 5,6-isopropylidene group of diacetone D-glucose 
is hydrolyzed in 77% aqueous acetic acid and the solu
tion completely evaporated to produce a quantitative 
yield of monoacetone D-glucose, free of D-glucose and 
diacetone D-glucose. It is suitable for direct use in 
many sugar reactions but may be purified by one crys
tallization from ethyl acetate. Isolation of almost pure 
crystalline monoacetone D-glucose from the hydrolysis 
mixture is attributed to its insolubility in 77% aqueous 
acetic acid. Scale-up of the preparation from 5 g. to 
500 g. can be done without reduction in yield or loss 
of purity.

Experimental
Purity of monoacetone D-glucose preparations was determined 

by thin layer chromatography on 1 X 3 in. silica gel G-coated9 
microscope slides, irrigated with ethyl acetate and chloroform. 
Plates were sprayed with a dilute solution of sulfuric acid in 
ethanol and charred at 100° until permanent spots appeared. 
Further chromatographic identification of the components was 
performed on Whatman No. 1 filter paper at 25° with irrigants 
(A) ethyl acetate-pyridine-water (10:4:3 v./v.) and (B) 1- 
butanol-ethanol-water (40:11:19 v./v.). The spray indicator 
was (O) permanganate-periodate.

Preparation of 1,2-Mono-O-isopropylidene-a-D-glucofuranose. 
—Diacetone D-glucose (5 g.) was dissolved at 25° in a solution 
containing 10 ml. of acetic acid and 3 ml. of water. This solu
tion was poured into a shallow evaporating dish and allowed to 
evaporate slowly in a hood at 25°. Within a few hours the entire 
mixture crystallized as a mass of crystalline monoacetone i>- 
glucose. This was broken up with a spatula and recrystallized or 
allowed to air dry. Thin layer chromatography revealed no 
contamination from either the starting material or from D-glucose.

(1) Journal paper no. 2118 of the Purdue A gricultural Experim ent 
Station.

(2) E. Fischer, B e r . ,  28, 2496 (1895).
(3) J. C. Irv ine and J. L. A. M acD onald, J .  C h e m .  S o c . ,  107, 1701 (1915).
(4) K. Freudenburg, W . D ürr, and H. v. H ochstetter, B e r . ,  61, 1741 

(1928).
(5) H. W . Coles, L . D. Goodhue and R. M. Hixon, J .  A m .  C h e m .  S o c . ,  

71, 519 (1929).
(6) A. S. M eyer and T. Reichstein, H e l v .  C h i m .  A c t a ,  29, 139 (1946).
(7) F. B lindenbacher and T. Reichstein, i b i d . ,  31, 1669 (1948).
(8) S. G. Laland, A c t a  C h e m .  S c a n d .  8, 866 (1954).
(9) B rinkm ann In s trum en ts , Inc., G rea t Neck, Long Island, N. Y.
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Paper chromatograms developed in irrigants A and B and sprayed 
with indicator C revealed monoacetone n-glucose as the only 
sugar derivative; yield, 100%; m.p. 159-160°, undepressed when 
admixed with authentic sample; [<*]25d —12.3 (c 6.5, in water).

Pure monoacetone n-glucose was obtained by dissolving the 
undried crystalline mass obtained above in 100 ml. of warm ethyl 
acetate. Incompletely dried monoacetone D-glucose preparations 
dissolve rapidly in a minimum of ethyl acetate, whereas thor
oughly dried preparations are difficult to solvate. Cooling the 
ethyl acetate solution to 0° gave a pure white crystalline product 
in 90% yield; m.p. 161°; [a] 25n — 11.6 (c 2.5, in water).

3 ,4 ,6 -T r i-0 -a c e ty l-2 -a m in o -2 -d e o x y -a -D -  
galactopyranosyl Bromide Hydrobromide1

M. L. W o l f b o m , W . A. C r a m p , a n d  D . H o r t o n

Department of Chemistry, The Ohio Stale University, 
Columbus 10, Ohio

Received May 6, 1963

Peracylated glycosyl halides are valuable inter
mediates in a wide range of syntheses,2 but such deriva
tives of the 2-amino-2-deoxy sugars suffer from two 
important limitations as general intermediates in 
synthesis. It is difficult or impossible to remove the 
A-acyl blocking group after a coupling reaction has 
been effected, with, for example, the peracetylated or 
perbenzoylated derivatives, and a 2-acetamido or 2- 
benzamido derivative results. Even labile fV-substi- 
tuents may be difficult to remove when sensitive func
tions are introduced at C -l.3 The second complicating 
factor arises from the readiness with which a 2-acyl- 
amido group interacts with the C-l glycosyl halide 
function, to give oxazoline4 or oxazolidine5 type deriva
tives.6

In the 2-amino-2-deoxy-D-galactose series, the fully 
acetylated halides, 2-acetamido-3,4,6-tri-0-acetyl-2-de- 
oxy-o'-D-galactopyrailosy 1 bromide,7 and chloride8 have 
been reported; the present work describes the synthesis 
of 3,4,6-tri-0-acetyl-2-amino-2-deoxy-a-D-galactopy- 
ranosyl bromide hydrobromide (II), a glycosyl halide 
derivative in which the amino group is unsubstituted. 
By analogy with the corresponding known9 D-glucose 
derivative, compound II should undergo a wide range 
of reactions leading to /3-D-galactopyranosyl derivatives 
with an unsubstituted amino group at C-2.

The D-glucose analog of II is prepared9 by heating 
2-amino-2-deoxy-D-glucose hydrochloride with acetyl 
bromide at 70°, a procedure which is an adaptation of

(1) Supported by C on trac t No. DA-49-193-MD-2143 (Research Founda
tion Project 1187) from the W alter Reed Army In s titu te  of Research, W ash
ington, 1). C. The opinions expressed in this article are those of the  authors, 
and not necessarily those of the sponsoring agency.

(2) L. J. H aynes and F. H. Newth. A d r a n .  C a r b o h y d r a t e  C h e m . ,  10, 207 
(1955).

(3) I). H orton and M. L. W olfrom, J .  O r g .  C h e m . ,  27 1794 (1962).
(4 ) F. M icheel, F .-P . van de Kamp, and H. Petersen. B e r . ,  90, 521

(1957) : F. Micheel and H. Kochling, i b i d . ,  91, 673 (1958).
(5) F. Micheel and H. Petersen, ibid., 92. 298 (1959).
16) For reviews dealing with glycosyl halide derivatives of am ino sugar 

see: A. B. Foster and D. H orton, A d r a n .  C a r b o h y d r a t e  C h e m . ,  14, 213
(1959); D- H orton, in “ T he Amino Sugars.’’ R. W. Jeanloz and E. A. 
B:ilas/.. Ed.. Academic Press, Inc., New York, N. Y., 1963, in press.

(7 ) Z. T arasiejska and R. W. Jeanloz, J .  A m .  C h e m .  S o e . ,  80, 6325
(1958) .

(8) R- H eyworth, D. H. Leaback. and P. G. W alker, J .  C h e m .  S o e . ,  4121
(1959) .

,9) J. C. Irvine, I). M cNicoll, and A. H ynd, i b i d . ,  99, 250 (1911).

the seldom-used3-4 method of Colley10 for preparation of
2,3,4,6-tetra-O-acetyl-a-n-glucopyranosyl chloride. The 
reaction is capricious, but under carefully controlled 
conditions11 good yields of the aminoglycosyl halide 
are obtainable. When applied to 2-amino-2-deoxy-a-
o-galactose hydrochloride (I) under the conditions of 
Wolfrom and Shen Han" for the D-glucose analog, a 
dark red crystalline product, exhibiting a poor analysis 
for II, was obtained in modest yield; at lower tempera
tures reaction was incomplete, even at extended re
action times. Conditions were established, with heat
ing at 55°, where about 60% of the starting material 
underwent reaction, to give the desired glycosyl 
bromide II as a crystalline product with acceptable 
purity without further recrystallization. The yields 
based upon material reacted, varied between 6o and 
90%, the run described (76%) being typical. The 
unchanged starting material could be recovered by fil
tration and recycled in the reaction. Product II 
appeared stable for at least several weeks, if stored in a 
desiccator, and the stored material showed no change 
in its infrared spectrum. The observed molecular ro
tation value of +71,200° is indicative of the a-D ano- 
meric configuration.

Compound II was treated with methanol in the 
presence of silver carbonate to give methyl 3,4,6- 
tri-0  - acetyl - 2 - amino - 2 - deoxy -/? -  d - galactopy ranoside
(III) as a sirup. Acetylation of III hydrobromide gave 
the known7 crystalline methyl 2-acetamido-3,4,6-tri-0- 
acetyl-2-deoxy-d-D-galactopyranoside (IV); this es
tablishes that II reacts with alcohols to give glycosides 
of the /3-d configuration.

Experimental12
3,4.6-Tri-0-acetyl-2-amino-2-deoxy-a-u-galactopyranosyl 

Bromide Hydrobromide (II).—A modification of the procedure
(10) A. Colley, .4nn. e h i m .  p h y s . ,  [4] 21, 363 (1870).
(11) M. L. Wolfrom and T . M. Shen Han, J .  O ' g .  C h e m . ,  26, 2145 (1961).
■(12) M elting points were determ ined with a Fisher-Johns apparatu s  and

correspond to corrected m elting point. Specific ro ta tions were determ ined 
with a 4-dm. polarim eter tube, and optical ro ta to ry  dispersion m easure
m ents were taken with a Rudolph Model 260/655/850/810-614 recording 
spectropolari meter. Infrared spectra were determ ined with a Perkin- 
E lm er Infracord infrared spectrophotom eter. The potassium  bromide 
pellets were pressed from a finely ground m ixture of the dried sample with 
dry analytical grade potassium  brom ide. Elem ental microanalyses were 
m ade by W. N. Rond. X -R ay powder diffraction da ta : in terp lanar
spacing, A., C uK « radiation; re la tive  in tensity , estim ated visually: s,
strong; m, medium ; w, weak; v, very. S trongest lines are num bered in 
order of intensity  (1. strongest); double num bers indicate approxim ately 
equal intensities. Thin layer chrom atographic data  refer to separations 
m ade with silica gel G (E. M erck, D arm stad t, Germ any) activated  a t 100°. 
Zones were detected with concentrated sulfuric acid.
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used for the u-gluco analog9,11 was used. 2-Amino-2-deoxy-a-i>- 
galactose hydrochloride13 (I, 1.00 g.) was placed in a 25-ml. 
Erlenineyer flask equipped with a Teflon-covered stirring bar and 
a drying tube, acetyl bromide (2.5 g., 5 mole equiv.) was added, 
and the vigorously stirred mixture was heated slowly during 30 
min. to 55° (oil bath temperature). This temperature was 
maintained for 1 hr., during which time the mixture became red 
and slowly solidified. At this point the flask was cooled and was 
connected to a water pump aspirator through a series of four S-in. 
U-tubes containing soda lime. After all the acid vapors were 
absorbed (about 3 hr.), the residue was extracted with dry 
methylene chloride, the undissolved residue removed by filtration, 
and the filtrate decolorized with activated carbon. Dry ether 
was added to the solution to the point of incipient crystallization, 
and the mixture was refrigerated overnight to give II as pink 
plates, yield 900 mg. or 7G% (range 65-90% ) based on the 
amount of I which had undergone reaction, m.p. 144-148° dec., 
[a]23u +160 ±  2° (c 0.7, chloroform); specific optical rotatory 
dispersion curve (c 0.34, 26°) +100 (700), +157 (600), +231 
(500), +403 (400), +574° (350 mM); \,™r 5.74 vs (OAc), 6.11 
w, 6.70 m (XH3+), 7.34 m (CH3C), 11.80 w (equatorial H at 
C-l), 13.45 m w (C-Br?); X-ray powder diffraction data12:
12.96 vs (2), 8.76 w, 8.04 w, 6.03 vs (1,1), 5.31 w, 4.33 vs (1,1),
4.15 m, 4.04 s, 3.93 s, 3.58 w, 3.02 vs (3), 2.87 s. Itecrystalliza- 
tion from methylene chloride and ether gave a less colored prod
uct, but the melting point and specific rotation did not change 
significantly.

Anal. Caled. for C12H19Br2N07: C, 32.09; H, 4.26; Br, 
35.56; X, 3.12. Found: C, 32.01; 11,4.44; Br, 35.37; N,
3.12.

The methylene chloride-insoluble material was dissolved in 
aqueous ethanol (decolorizing carbon), and recovered by evapora
tion; yield, 400 mg. This material was treated with acetyl 
bromide as already described, and a further quantitygnf II was 
isolated, in similar yield.

When higher reaction temperatures were employed, the 
amount of methylene chloride-insoluble material remaining 
diminished, and was negligible when the reaction temperature 
was raised to 70°. However, under these more vigorous condi
tions, the product was deep red in color, and required several 
recrystallizations for acceptable purity. Reaction at room 
temperature for extended periods gave very little product. 
Efficient stirring was essential for success of the reaction.

The bromo sugar II underwent no decomposition when stored 
in a desiccator for 6 weeks. The infrared spectrum of II was 
very similar to that exhibited by the u-gluco analog.

A crude product, m.p. 161°, considered to contain II, has 
been prepared by another route, 14 but no analytical or other 
physical data were given.

Methyl 3,4,6-Tri-0-acetyl-2-amino-2-deoxy-/3-i>-galactopyran- 
oside (III).—A solution of the bromo sugar II (500 mg.) in dry 
methanol (5 ml.) was shaken overnight with an excess of dry- 
silver carbonate and finely- ground Drierite.15 The mixture was 
filtered through Celit.e,16 * and the filtrate evaporated to a colorless 
sirup which failed to crystallize. The product gave a positive 
ninhydrin reaction, migrated as a single zone (/it = 0.75) on 
thin layer chromatograms with 8 : 1:1 benzene-methanol-pyrl- 
dine as developer, and did not reduce Fehling solution.

Conversion of the product to the hydrobromide salt with an 
equivalent of hydrogen bromide in methanol, followed by evapo
ration, gave a hygroscopic sirup, 2.97 s (XH), 5.73 vs 
(OAc), 6.12 w, 6.63 m w (NH3+). The product was not obtained 
crystalline.

Methyl 2-Acetamido-3,4,6-tri-0-acetyl-2-deoxy-/3-D-galacto- 
pyranoside (IV).—The sirupy hydrobromide product from the 
preceding preparation was dissolved in a cold mixture of dry 
pyridine (5 ml.) and acetic anhydride (2.5 ml.), and left for 3 hr. 
at room temperature. The mixture was poured into water, 
and the product was extracted with chloroform. The extract 
was washed with water, and the final traces of pyridine were 
removed by shaking the extract with aqueous cadmium chloride 
solution. The cadmium chloride-pyridine complex was filtered,

(13) A p roduct of Pfanstiehl Laboratories, W aukegan, 111. The 
au tho rs  thank  Dr. D. O. D oherty, of Oak Ridge N ational Laboratory. Oak 
R idge. T enn., for a gift of th is  m aterial.

(14) K. Onodera and  T. Komano, ./. O t q . C h c m . .  26, 3932 (1961).
( 1‘>) A nhydrous calcium sulfate, a product of W. A. H am m ond D rierite

C o.. X enia. Ohio.
(10) Oelite. a siliceous filter-aid, p roduct of the  Johns-M anville  Co., N. V.

and the dried extract evaporated to a crystalline residue. Re- 
crystallization from methanol gave IV as large prisms; yield 
200 mg. (55% calculated on II), m.p. 212-216°. A further re
crystallization gave analytically pure product; m.p. 215-217°, 
|a]23i> —15 ±  1° (c 1.5, chloroform); 3.03 m (NH), 5.70 s 
(OAc), 6.03 s, 6.40 m (NHAc), 7.28 m (CH3C), 11.13 m w 
(axial H at C -l); X-ray powder diffraction data12: 13.27 s, 7.97
vs (1,1), 7.38 vs (3), 6.92 m, 6.15 vs (2), 5.5 w, 4.93 s, 4.57 m,
4.37 m, 4.15 m, 3.95 vs (1,1), 3.75 s.

Anal. Caled. for C.oHaNO,: C, 49.84; H, 6.42; N, 3.87.
Found: C, 50.09; H, 6.44; N, 3.91.

The following constants have been recorded7 for this compound, 
prepared b y  a different procedure: m.p. 216-217°, [<*]23d

— 17 ±  1° (c 1.84, chloroform).

The Chromous Chloride Reduction 

of Ergosterol Epidioxide1

M a s a t o  T a n a b e  a n d  R a y m o n d  A. W a l s h

Life Sciences Research, Stanford Research Institute,
Menlo Park, California

Received June 24, 1963

The reduction of ascaridole (I) with ferrous ion is 
reported to yield,2 besides ascaridole glycol, a mixture of 
two stereoisomeric hydroxy ketones II and III.

I II  HI

Formation of the isomeric ketones is thought to arise 
by one electron transfer from ferrous ion to the oxide 
bridge, generating a tertiary alkoxy radical. The 
alkoxy radical fragments to an a,/3-unsaturated cyclo- 
hexenone and an isopropyl radical, followed by iso
propyl radical attack on the /3-carbon of the cyclohexen- 
one. Further electron and proton acquisitions yield 
the observed products II and III.

To establish whether one-electron reduction by a 
metal ion on ergosteryl acetate epidioxide (IV) would 
follow a similar reaction course and generate a steroidal 
(-alkoxy radical, the reduction of IV was studied.

Treatment of epidioxide IV with chromous chloride3 
in ethanolic hydrochloric acid resulted in rapid reduc
tion. Chromatography of the materials formed yielded 
ergosteryl acetate (V), a dimeric substance, CeoHsoCh
(VI), and the hydroxy acetate (VII), all formed in equal 
yields of about 30%.

The structures are assigned as follows. The dimer 
VI showed no selective ultraviolet absorption. Saponi
fication of the dimer diacetate yielded a diol which dif
fered from the well known bisergostatrienol (IX),4 the 
product of photodimerization of ergosterol. The n.m.r. 
spectrum of the dimer VI indicated vinyl proton absorp-

(1) T his work was supported  by Public H ealth Service Research G ran t 
AM-05183 from the N ational In s titu te  of A rthritis and M etabolic Diseases.

(2) D. Brown, B. T. Davis, T. G. Halsall, and A. II. H ands, ./. C h e m .  

S o c . ,  4492 (1962).
(3) J . Kochi, ./. A m .  C h e m .  S o c . ,  84, 1193 (1961), has reported  th a t 

the chrom ous ion reduction of te rtia ry  alkyl hydroperoxides affords products 
of f-alkoxy radical fragm entation and the corresponding te rtia ry  alcohols.

(4) A. W indausand  P. Borgeaud, A n n . ,  460, 235 (1928).
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tion at 4.77 r, broad C-3 proton absorption characteris
tic of protons adjacent to an acetoxyl function at 5.3 r, 
and a broad band at 6.83 r. These protons appear in a 
relative intensity ratio of 3:1 :1.5

Oxidation of the dimeric diol with chromium trioxide 
in pyridine or under the Oppenauer conditions resulted 
in fission of the dimer to the monomeric ergostatetraen- 
one (VIII).6

Based on these data, we assign the structure VI to the 
dimer, a A14 double bond isomer of bisergostatrienol.

The hydroxy acetate VII exhibited in the infrared a 
pair of bands for an acetate carbonyl at 5.80 and 5.85 p 
which Henbest has shown to be characteristic of 5a- 
hydroxy 3/1-acetates.7 The presence of the ethoxyl 
group in VII was revealed by the characteristic n.m.r. 
bands with a methylene quartet at 6.43 t. The vinyl 
proton region of the n.m.r. was also in accord with the 
A7 unsaturation (4.85 r), with a relative intensity of 3 
(C7-C22-C23).

Oxidation of the hydroxy acetate VII with chromic 
acid yielded the corresponding C-6 ketone, which has 
been prepared previously by dichromate oxidation of 
ergosteryl acetate.8

Formation of the reduction products V, VI, and VII 
can be explained by assuming the initial formation of 
an intermediate 5a,8a-diol by reduction of the epi- 
dioxide.9

To verify this assumption, the reduction of the 5a,8a- 
diol X with chromous chloride was next studied. The 
diol was prepared in an independent manner by zinc 
and alkali treatment of ergosterol epidioxide.10

The results of the reduction of the diol were identical 
with those of the epidioxide and afforded the same three 
reduction products, all in yields of approximately 30%.

The mode of formation of the reduction products

(5) For com parative  purposes the n.m .r. spectrum  of bisergostatrienol 
ace ta te  (IX ) showed vinyl proton absorption (C-6, C-22, C-23) a t  4.83 t, 
the  C-3 protons a t  5.3 r, and the C-7 pro tons a t  7.0 r  in the  ra tio  of 3 :1 :1 .

(6) D. H. R. B arton and T . B runn, J .  C h e m .  S o c . ,  2728 (1951). The 
mechanism of fragm entation  of the  dim er t;o the  monomeric ketone is un
known. The therm al fission of bisergostatrienol to  neoergoeterol is a  re
lated  process. I t  is of in te rest to note th a t  oxidation of bisergostatrienol 
under O ppenauer conditions also yielded a small b u t detectable am oun t of 
the sam e ergostatetraenone.

(7) H. B. H enbest, G. D. M eakins, and T. I. W rigley, i b i d . ,  2633 (1958).
(8) M. Fieser, A. Quilico, A. Nickon, W. E. Rosen, E. J. T arlton , and L. 

F. Fieser, J .  A m .  C h e m .  S o c . ,  75, 4066 (1953).
(9) In  ref. 2, Kochi has dem onstrated  th a t  the chrom ous ion reduction of 

¿-alkyl hydroperoxides affords a large proportion of ¿-alcohol formed by  bi- 
molecular reduction of the in term ediate  ¿-alkoxy radical.

(10) A. W indaus and O. L insert, A n n . ,  465, 148 (1928).

can now be accounted for by postulating the initial 
acid-catalyzed formation of either of the allylic carbon
ium ions at C-5 or C-8 from the diol.11 Reaction of the 
allylic carbonium ion at C-7 with the ethanol medium 
accounts for the formation of the ethoxy derivative 
VII.12

Electron acquisition by the C-5 carbonium ion from 
chromous ion leads to an allylic radical, which couples 
and forms the dimer through C-7.13 Further dehydra
tion of the remaining C-8 a-ols toward the proton at C- 
14 affords the observed dimeric compound VI.

The origin of the ergosterol acetate from the chro
mous chloride reduction of its 5,8-epidioxide can be 
visualized as arising from either the C-5 or C-8 carbon
ium ion by a two-electron acquisition from the reducing 
agent. This intermediate anion expels either the C-5 
or C-8 hydroxyl group to form the homoannular diene 
ergosterol.
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Experimental14
Reduction of Ergosteryl Acetate Epidioxide with Chromous 

Chloride.—An acidic, ethanol solution (1200 ml.) of chromium 
trichloride (312 g. of chromic chloride, 1280 ml. of ethanol, and 
275 ml. of concentrated hydrochloric acid) was percolated through 
granular (20-mesh) zinc; the blue chromous solution generated 
in this manner was passed directly into a stirring solution of 10.2 
g. of ergosteryl acetate epidioxide in 675 ml. of tetrahydrofuran 
and 675 ml. of ethanol under a carbon dioxide atmosphere. 
A precipitate formed before the addition of chromous reagent 
had been completed. The blue-green mixture was stirred at 
room temperature under a carbon dioxide atmosphere for 4 hr. 
I t was then poured into 2 1. of water, filtered, and washed with 
water. The solid was dried, dissolved in a minimum of benzene, 
and chromatographed on 300 g. of Florisil. The first two ben
zene fractions (2.50 ml. each) eluted 2.61 g. of ergosteryl acetate.

(11) R. B. C layton, H. B. H enbest, and E. R. H. Jones, J .  C h e m .  S o c . ,  

2015 (1953), have shown th a t  5a,8cr-diols dehydra te  readily under mild 
acidic conditions to A' unsatu rated  com pounds.

(12) In  addition  to the  ethoxy derivative  V II, a sm aller q uan tity  of 
p roduct arising from reaction of the  ion with w ater to yield the correspond
ing C-6 alcohol was isolated. This is described in the  Experim ental section.

(13) T he coupling of carbonium  ions to dim ers in the  presence of chro
mous chloride has been observed by J. B. C onant, L. F. Small, and B. S. 
Taylor, J .  A m .  C h e m .  S o c . ,  47, 1959 (1925), and more recently by C. E. 
Castro, i b i d . ,  83, 3262 (1961). The stereochem istry of the dimer a t  C-7- 
C -7 ' is not known.

(14) M elting points were taken  on a Fisher-Johns m elting p o in t appara
tus. A Perkin-Elm er Infracord was used to obtain  the infrared spec tra . 
U ltravio let absorption d a ta  were obtained from a Beckm an M odel DB 
spectrophotom eter. R o tations were determ ined in chloroform a t  1 % 
concentrations unless otherwise s tated .
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The next benzene fractions (1500 ml. total) contained 1.89 g. of 
solid that crystallized from methylene chloride-ethanol, m.p.

0

204-208°, [a]25i> -95°, XNui°‘ 5.75 and 5.80 p (OCCH3), for VI.
Anal. Calcd. for CmHsoOj: C, 82.32; H, 10.36; mol. wt.,

875.5. Found: C, 82.56; H, 10.12; mol. wt., 876.
Elution was continued with 10% ether in benzene (1000 ml.) 

and 2.36 g. of 3/3-acetoxy-6-ethoxy-7(8),22-ergostadien-5a-ol 
was obtained. After crystallization from methylene chloride- 
ethanol, the sample VII melted at 167-168°. Further crystal
lization gave an analytical sample, m.p. 174-175°, [« ]26d —95°,

O
II

XNUj»i 2.91 (-OH), 5.80 and 5.89 M (-OC-CH3).
Anal. Calcd. for C32H520 4: C, 76.75; H, 10.47. Found:

C, 76.90; H, 10.20.
When 750 mg. of the chromatographic fraction of XT was 

crystallized from ether, 90 mg. of colorless crystalline material 
(m.p., 225-260°) was obtained. Further crystallization gave an 
analytical sample, m.p. 259-263°, [or]26i> —49° (0.75%).

The analyses was calculated as 3(3-acetoxy-7(8),22-ergosta- 
diene-5a-6/3-diol.

Anal. Calcd. for CMH460 4: C, 75.94; H, 10.11. Found:
C, 75.94; H, 10.19.

Acetylation of 35 mg. of this C-6 alcohol with acetic anhydride 
in pyridine yielded 25 mg. of the 3,6-diacetate which, after 
trituration with methanol, melted at 165-166°, [or]24ij —129°; 
lit.8m.p. 171°, [a]i) —146°.

Oxidation of 3S-Acetoxy-6-ethoxy-7(8),22-ergostadien-5a-ol.— 
A solution of 200 mg. of the steroid in 40 ml. of acetone was treated 
dropwise, at room temperature, with Jones chromium trioxide 
solution until a slight excess was present. The mixture was 
filtered through Celite, and the volume of the filtrate was reduced 
to approximately one-half under reduced pressure; it was then 
poured into ice-water (200 ml.). The precipitate was filtered 
and washed with water. After crystallization from methylene 
chloride-ethanol, the 3/3-acetoxy-7(8),22-ergostadien-5a-ol-6-one 
melted at 253-259°, 240 m/i (12,000). Another recrystal
lization raised the melting point to 261-263°, [a]25n —1° [lit.8 
m.p. 269°, ja]i> ±0, X ^ r ' 248 (12,900)].

Hydrolysis of the Dimer VI.—The dimer VI with aqueous 
potassium hydroxide in methanol dioxane (1: 1) yielded a diol, 
after crystallization from acetone, m.p. 191-193°, XNuio1 2.9 p 
(OH), [a]26u —258° (pyridine); reported3 for bisergostatrienol, 
m.p. 202-203°, [a]16u —209 (pyridine). A mixture melting 
point determination showed m.p. 181-190°.

Oxidation of the Dimer VI. A.—A solution of 200 mg. of the 
diol prepared from VI in 20 ml. of pyridine was added to a mix
ture of anhydrous chromium trioxide (300 mg.) and 10 ml. of 
pyridine. The mixture was allowed to stand at room tempera
ture for I S hr. It was poured into ice-water, and sodium bisulfite 
was added to decompose excess chromium trioxide. Hydrochloric 
acid was added until the solution was slightly acidic and the 
precipitate was filtered and washed with water. The yellow 
solid (132 mg.) was dissolved in a minimum amount of benzene 
and chromatographed on 6 g. of acid-washed alumina (Merck). 
Benzene (65 ml.) eluted 56 mg. of 4,6,S( 14),22-ergostatetraen-3- 
one, m.p. 108-113°, X^T" 350 mM (24,500), [a]25u +526°; 
lit.7 m.p. 114-115°, [a]3Sn +590, X“  348 mM (26,500).

B.—To 200 mg. of VI in 10 ml. of benzene and 10 ml. of ace
tone was added 1.8 g. of aluminum i-butoxide. After refluxing 
the mixture for 6 hr. under a nitrogen atmosphere, 10 ml. of a 
l.T mixture of acetone-benzene was added. After 13 hr. of 
refluxing, an additional 1.0 g. of aluminum f-butoxide and 10 ml. 
of acetone-benzene (1:1) was added. After refluxing for 23 more 
hr., the solution was cooled and 25 ml. of benzene was added. 
The mixture was poured into a cold dilute solution of sulfuric 
acid and Rochelles salt. The benzene layer was separated, and 
a benzene extract (50 ml.) of the aqueous layer was added. The 
benzene was washed with two 100-ml. portions of water and with 
saturated salt solution (50 ml.). It was dried over anhydrous 
sodium sulfate and the solvent was removed under reduced pres
sure to leave a yellow oil weighing approximately 500 mg. The 
oil was dissolved in a minimum amount of benzene and filtered 
through a column of Florisil (4 g.). A benzene wash (25 ml.) 
yielded 420 mg. of a yellow-brown oil. This oil was then 
redissolved in benzene and chromatographed on 12 g. of Florisil. 
Benzene (160 ml.) eluted 332 mg. of a multicomponent oil. 
Methylene chloride (150 ml.) eluted 70 mg. of 4,6,8(14),22-

ergostatetraen-3-one of an estimated 80% purity by its ultra
violet spectrum. The infrared spectrum and thin layer chroma
tography showed this material to be identical with that prepared 
via the chromium oxide-pvridine oxidation.

Reduction of 3+Acetoxy-6,22-ergostadiene-5a,8<,-diol (X) 
with Chromous Chloride.—The triol corresponding to X was 
obtained by the method of Windaus and Linsert10 and acetylated 
with pyridine and acetic anhydride to yield X. A solution of
1.51 g. of X in 150 ml. of tetrahydrofuran and 150 ml. of ethanol 
was treated with 180 ml. of chromous chloride reagent in a manner 
identical with that employed for the reduction of the epidioxide
IV. A colorless solid (1.37 g.) obtained by this procedure was 
chromatographed on 45 g. of Florisil. The first two benzene 
fractions (50 ml. each) eluted 451 mg. of ergosteryl acetate. 
The next three benzene fractions totalling 220 ml. eluted 354 mg. 
of the dimer diacetate VI. Elution with ether (100 ml.) afforded 
515 mg. of the hydroxy acetate VII. The physical and spectral 
characteristics of the products obtained from this reduction were 
identical in all respects with the compounds obtained from the 
reduction of ergosteryl acetate epidioxide.

The Reactions of Nortricyclyl and Dehydro- 

norbornyl Chloride with Sodium

P e t e r  K. F r e e m a n , D a n i e l  E. G e o r g e , 1 
an d  V. X. M a li .i k a r j u n a  R ao

Department of Physical Sciences,
University of Idaho, Moscow, Idaho

Received March 5, 1963

An interest in whether «-elimination would occur in 
the reaction of nortricyclyl chloride with sodium, since 
^-elimination is prevented by Bredt’s rule, prompted 
the investigation reported here.

Nortricyclyl chloride (I) reacts with sodium in decane 
at 85-90° to produce a 19-20% yield of C? hydro
carbons, isolated directly from the reaction mixture 
by vacuum distillation. Vapor phase chromatographic 
and infrared analysis of this volatile hydrocarbon 
mixture demonstrated that there were four components 
present: nortricyclene (II), 71%; norbornene (III), 
10%; and two additional C7H10 hydrocarbons, 5.9%, 
13.1%. The ultraviolet and infrared spectra indicated 
that the structures of these two hydrocarbons must be 
reasonably limited to 3-vinylcyclopentene (IV) and 4- 
vinylcyclopentene (V). The 13.1% component showed 
only end absorption in the ultraviolet (e2io 250), while the 
infrared spectrum indicated a vinyl double bond (rmax 
905, 992, 1638 cm.-1)2 ana a cyclopentene double bond 
(rniax 1010 cm.-1).3 The spectra of the 5.9% com
ponent were very similar (end absorption, e2io 1774; 
<w  910, 990, 1608, and 1635 cm.-1). The n.m.r. 
spectrum of this minor component exhibits complex 
multiplet absorption centered at 4.38 (3.0 H), 5.04 
(1.8 H), and 6.70 r (0.9 H) and a complex absorption 
region, 7.50-8.50 r (4.0 IT), while the major (13.1%) 
component shows complex multiplet absorption 
centered at 4.16 and 4.39 (3.1 H), 5.08 (2.0 H), and a 
complex absorption region 6.93-8.10 r (4.9 II). In 
both cases the internal olefinic absorption near 4.38

(1) N ational Defense Act Fellow, 1959-1062.
(2) L. J. Bellamy, “ The Infrared Spectra of Complex M olecules,’’ John 

Wiley and Sons, Inc., New York, N. Y., 1958, C hap. 3.
(3) R. N. Jones and C. Sandorfy, “ Technique of Organic Chem istry. 

Volume IX . Chem ical Applications of Spectroscopy,’’ W. W est, Ed.. 
Interscience Publishers, Inc., New York, N. Y., 1956, p. 371.
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T a b l e  I
R eaction

RCl temperature,“ °C. Vjeld, 7 „ II, % III, % IV, % V, % N orbornadiene, %

I 85-90(133) 19.2 71.0 10.0 5.9 13.1
VI 85-90(133) 27.1 64.0 13.0 7.5 13.5 2.0

° Temperature of oil bath. The figure in parentheses is maximum temperature reached inside the reaction flask due to the exothermic 
nature of the reaction.

t  and the terminal methylene near 5.04 r are consistent 
with 3- and 4-vinylcyclopentene structures.4

A choice may be made between the two possibilities, 
since in the spectrum of the minor (5.9%) component 
the single proton absorption at 6.70 r appears at an 
appropriate position for a C-H alpha to two double 
bonds. This is supported by the fact that the methyl
ene absorption region extends further upheld in the 
spectrum of the minor component—a reflection of the 
fact that one of the methylenes in the minor component 
is beta to the double bonds, while both methylenes in 
the major component are alpha.4a Thus, the minor 
component may be assigned structure IV, the major 
component V. Additional confirmation of the basic 
skeletal structure was obtained by hydrogenation of a

mixture of IV and V. The only product obtained was 
the known ethylcyclopentane.

When dehydronorbornyl chloride (VI) (50% endo, 
50% exo) was allowed to react with sodium, using the 
same reaction conditions, a 27% yield of C7 hydro
carbons was obtained. The composition of this vola
tile fraction (Table I) was very similar to that obtained 
from nortricyclyl chloride.

With the exception of the small amount of norborna- 
diene formed in the dehydronorbornyl chloride reac
tion, all the C7 hydrocarbons formed are C7Hi0 hydro
carbons and would not be expected to arise by way of a 
bivalent carbon precursor. The two bivalent carbon 
intermediates anticipated (XII and XIV) have been 
generated by decomposition of p-toluenesulfonyl- 
hvdrazones XI and XIII. Decomposition of XI 
with sodium methoxide in bis(2-ethoxyethyl) ether at

(4)(a) L. M. Jackm an , ' ‘A pplications of N uclear M agnetic Resonance 
Spectroscopy in Organic C hem istry ,” Pergam on Press, Inc., New York, 
N. Y., 1959, pp. 51-62; (b) the olefinic proton absorption  regions in both 
spectra are quite  sim ilar to the  olefinic proton absorption  region of 4-vinyl- 
cyclohexene: N. S. Bhacca, L. F. Johnson, and J. N. Shoolery, “ N M R
Spectra C atalog ,” Varian Associates, Palo Alto, Calif., 1962, Spectrum  No. 
210.

XIII XIV

c = c h 2

180° resulted in a 25% yield of norbornadiene as the 
only C7 hydrocarbon. Thus, the small amount of nor
bornadiene generated in the dehydronorbornyl chlo
ride reaction may arise by either a- or d-elimination. 
Cristol and Harrington5 have shown that decomposi
tion of XIII with sodium methoxide in bis(2-meth- 
oxyethyl) ether at 160°, also results in a C7H8 hydro
carbon fraction: a 19% yield of a mixture of 4-ethy- 
nylcyclopentene (69%) and 4-vinylidenecyclopentene 
(29%). Evidence is presented which suggests that the
4-vinylidenecyclopentene arises as a result of base- 
catalyzed isomerization of 4-ethynylcyclopentene.

The similarity in skeletal structure of 4-ethynyl
cyclopentene to 3- and 4-vinylcyclopentene raised the 
possibility that 4-ethynylcyclopentene may possibly 
be a precursor of the vinylcyclopentenes. This pos
sibility was tested by repeating the nortricyclyl chlo
ride-sodium reaction and isolating the C7 hydrocarbon 
fraction after neutralization of the reaction mixture with 
methyl alcohol. Small amounts of 4-vinylidenecyclo- 
pentene (0.6%) and 4-ethynylcyclopentene (2%) ap
peared to be present. A second experiment carried 
out with a mixture of nortricyclyl chloride (1.00 g.) 
and 4-ethynylcyclopentene (97 mg.), using identical 
reaction conditions, resulted in a 47% recovery of 
ethynylcyclopentene. Thus perhaps 4-5% 4-ethynyl- 
cyclopentene was originally formed in the nortricyclyl 
chloride-sodium reaction. However, the difference 
between the amount presumably generated and the 
amount isolated would not appear sufficient to explain 
vinylcyclopentene formation by way of an ethynyl
cyclopentene intermediate.

Since the C7 hydrocarbon products are formed in 
very similar percentage compositions from both 
nortricyclyl and dehydronorbornyl chloride, it seems 
reasonable to suggest a common reaction pathway. 
Xortricyclene and norbornene may be pictured as 
arising via an equilibrium of homoallylic carbanions 
VII and VIII.6 The dehydronorbornyl carbanion 
may rearrange through a shift of the pair of electrons 
at C-5 to form a double bond (C-5, C-6) and release

(5) S. J. Cristol and J. K. H arrington , J .  O r g .  C h e m ., 28, 1413 (1963).
(6) A sim ilar homoallylic carbanion rearrangem ent has been observed 

by  G. W ittig  and E. H ahn, A n g e w .  C h e m . ,  72, 781 (1960).
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of the electron pair bonding C-6 and C-l to form allylic 
carbanions IX and X, which in turn may then proceed 
to product hydrocarbons IV and V. The rearrange
ment of VIII to IX is similar to the mechanism sug
gested for the cleavage of dehydronorcamphor with 
sodium amide.7

The experimental results presented do not rule out 
representation of the reactions in terms of mesomeric 
homoallylic and mesomeric allylic carbanions. Fur
thermore, a second mechanistic possibility is that the 
rearrangments occur via free radical intermediates, 
analogous to carbanions VII, VIII, IX, and X, which 
could be generated by a one electron transfer reaction 
of alkyl chloride and sodium.

Although it is unlikely that nortricyclene, norborn- 
ene, and the vinylcvclopentenes were generated via 
carbene intermediates, neutralization of the carbanions 
VII, VIII, IX, and X may occur by abstraction of an 
a-proton from I or VI. Since only trace amounts of 
C7H8 products (norbornadiene, 4-ethvnylcyclopentene, 
and 4-vinylidenecyclopentene) were detected, the elec
trophilic carbene intermediate produced by a-elimina- 
tion presumably adds to an alkylsodium to form a Cn- 
carbanion (after proton abstraction, a Wurtz hydro
carbon product8) more rapidly than it rearranges.9

Experimental10
Reaction of Nortricyclyl Chloride with Sodium.—A solution of 

10 g. (0.078 mole) of nortricyclyl chloride in 10 ml. of redistilled 
n-decane was added, dropwise, with stirring, to a mixture of 1.80 
g. (0.078 g.-atom) of freshly cut sodium pieces and 15 ml. of re
distilled n-decane. The reaction was carried out at 85-90° 
(oil bath temperature) and under an atmosphere of nitrogen. 
After all the chloride had been added, stirring was continued for 1 
hr. at 85-90°. An independent measurement using the condi
tions as described revealed that the temperature inside the reac
tion flask rose to a maximum of 133° during a 12-min. period 
from the time the chloride addition was begun, then fell back to 
the oil bath temperature.

After the stirring period was completed, the reaction mixture 
was subjected to vacuum distillation; the reaction flask was 
heated until decane (b.p. 63°, 20 mm.) reached the thermometer 
in the distillation head. The C7 products (1.43 g., 19.2%) col
lected in the Dry Ice trap. Vapor phase chromatographic analy
sis on a 2-m. DC-200 silicone oil column (Perkin-Elmer column 
CX) demonstrated that this mixture consisted of 71.0% nortri
cyclene, 10.0% norbornene, and a 19.0% peak representing both
3- and 4-vinyleyelopentene. Nortricyclene and norbornene were 
separated and identified by comparison of their infrared spectra 
with a published spectrum of nortricyclene11 and with the spec
trum of an authentic sample of norbornene. The vinylcyclopen- 
tenes were also isolated by v.p.c.

Anal. Caled. for C7Hi0: C, 89.29; H, 10.71. Found: C, 
89.15; H, 10.65.

Subsequent v.p.c. on a 1-m. 40% phenylacetonitrile-silver 
nitrate (saturated at 90°) on firebrick column resolved the two 
vinylcyelopentene isomers to give 69% (13.1% of the total C7 
hydrocarbons) 4-vinylcyclopentene and 31% (5.9% of total) 3- 
vinylcyclopentene. A 0.78-g. mixture of the vinylcyclopentenes, 
isolated by v.p.c. on a 2-m. DC 200silicone oil column was hydro
genated in ether over a 10% palladium-on-charcoal catalyst. The 
only product, separated from the solvent by v.p.c. was identified

(7) S. J. Cristol and P. K. Freem an, J .  A m .  C h e m .  S o c . ,  83, 4427 (1961).
(8) The W urtz hydrocarbons were not investigated.
(9) Cl. L. Closs, .7. .4m. C h e m .  S o c . ,  84, 809 (1962), has reported th a t 

chlorocarbene. generated by addition  of m ethylene chloride to a m ixture of 
rc-butyllithium and olefin, adds to the  olefin to produce only trace quan tities 
of chlorocyclopropane. I t  seems clear th a t the low yields are due to the 
com peting addition  of the electrophilic carbene to n -butyllithium .

(10) Elem ental analyses were performed by G albraith  M icroanalytical 
Laboratories, Knoxville, Tenn.

(11) K. Alder, II. K. Schafer, H. Esser, H. Krieger. and R. Reubke, A n n . ,

593, 23 (1955).

as ethvlcyclopentane by comparison of its infrared spectrum with 
a published spectrum.12

The reaction of nortricyclyl chloride with sodium was repeated 
using one-half quantities, an oil bath temperature of 85-95° and 
otherwise identical reaction conditions. After the stirring period 
was completed, the reaction mixture w'as neutralized with meth
anol . The organic layer was washed several times with water and 
dried over anhydrous magnesium sulfate. Vapor phase chro
matographic analysis (on a 3-m. DC-200 column) of a 2.46-g. 
fraction (b.p. 30-61° at 20 mm.) indicated the formation of 431 
mg. (12%) of a four-component mixture: 84.8% nortricyclene, 
5.2% norbornene, 9.4% 3- and 4-vinylcyclopentene, and 0.6%
4-vinylidenecyclopentene (identified by retention time compari
son with an authentic sample). Since it was not possible to re
solve 4-ethynylcyclopentene and norbornene simply by v.p.c., 
infrared analysis was used to detect 4-ethynylcyclopentene. The 
absorption at 3360 cm. -1 indicated that as much as 2% of 4- 
ethynylcyclopentene was present in the C7 hydrocarbon fraction.

Reaction of Nortricyclyl Chloride and 4-Ethynylcyclopentene 
with Sodium.—A solution of nortricyclyl chloride (1.00 g.) and 
97 mg. of 4-ethynylcyclopentene in 420 mg. of a hydrocarbon 
mixture (23.2% of 4-ethynylcyclopeutene, 8.2% 4-vinylidene- 
cyclopentene, and 68.6% of pentane) in 2 ml. of n-decane was 
added to 180 mg. of sodium in 2 ml. of n-decane with stirring, 
under nitrogen, using an oil bath temperature of 85-95°. The 
remaining procedure was identical with the nortricyclyl chloride- 
sodium reaction in which the C7 hydrocarbons were isolated after 
neutralization with methanol. Vapor phase chromatographic 
and infrared analysis showed that the 720 mg. fraction obtained 
(b.p. 30-50° at 20 mm.) contained a total of 162 mg. of C7 hy
drocarbons which included 46 mg. of ethynylcyclopentene (a 
47% recovery).

Reaction of Dehydronorbomyl Chloride with Sodium.—The
procedure for this reaction was identical with that described for 
nortricyclyl chloride in which the C7 hydrocarbons were isolated 
directly' from the reaction mixture by vacuum distillation. The 
dehydronorbomyl chloride used was a 50/50 mixture of the exo 
and endo isomers. A 27.1% yield of C7 hydrocarbons was ob
tained. Vapor phase chromatographic analysis on a 2-m. DC 
200 silicone-oil column and a 1-m. 40% phenylacetonitrile-silver 
nitrate (saturated at 90°) on firebrick column showed that the 
(/-hydrocarbon composition was 64.0% nortricyclene, 13.0% 
norbornene, 7.5% 3-vinylcyclopentene, 13.5% 4-vinyleyclopen- 
tene, and 2.0% norbornadiene. Norbornadiene had the same 
retention time as the vinylcyclopentenes on the silicone-oil 
column, but was completely separated on the silver nitrate 
column.

Dehydronorcamphor p-Toluenesulfonylhydrazone.—A solution 
of 15.0 g. (0.139 mole) of dehydronorcamphor, prepared by the 
procedure of Cristol and Freeman' involving the Oppenauer oxida
tion of dehydronorborneol, and 25.95 g. (0.139 mole) of p-tolu- 
enesulfonylhydrazine in 225 ml. of 95% ethanol and 45 ml. of 6 N 
hydrochloric acid was heated at an oil bath temperature of 45-50° 
for 1 hr. After cooling to room temperature, the crystalline 
product was filtered and washed with petroleum ether. The 
filtrate was allowed to cool overnight in the refrigerator and a 
second crop of crystals was collected. The total yield amounted 
to 27.40 g. (71.4%) and had m.p. 177-181° dec. Recrystalliza
tion from 95% ethanol gave 16.90 g. with m.p. 183-184° dec. An 
analytical sample had m.p. 185-188° dec.

Anal. Caled. for CuHi6N20-iS: C, 60.84; H, 5.84. Found: 
C, 60.78; H, 5.91.

Carbenoid Decomposition of Dehydronorcamphor p-Toluene- 
sulfonylhydrazone.—The method of Friedman and Shechter13 
was adapted to the decomposition of this particular hydrazone. 
In a 500-ml. three-necked flask, fitted with nitrogen inlet tube, 
mechanical stirrer, and Claisen distillation head, w:is placed 250 
ml. of bis(2-ethoxyethyl) ether, which had been distilled from 
sodium, and 3.70 g. (0.0685 mole) of solid sodium methoxide, 
weighed and transferred in a nitrogen atmosphere. To this mix
ture was added 8.44 g. (0.0305 mole) of dehydronorcamphor p- 
toluenesulfonylhydrazone, and the system was flushed with 
nitrogen. The reaction mixture was heated with stirring to 180- 
183°. Distilling material was collected in a flask which was at
tached to the Claisen head by an adapter. The flask was im-

(12) S. F. Sadtler, “ Sadtler S tandard  Spectra, M idget E d ition ,” S. F. 
Sadtler and Son. Philadelphia. Pa., 1957, Spectrum  No. 11829.

(13) L. Friedm an and H. Shechter, J .  A m .  C h e m .  S o c . .  81, 5512 (1959); 
82, 1002 (1960).
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mersed in a Dry Ice bath and protected from atmospheric mois
ture with a calcium chloride drying tube. The reaction mixture 
was heated at 180-183° for 1 hr., at which time the flask was 
cooled down. A vacuum pump was attached and further mate
rial was distilled into the collection flask at 1-2 mm. until the 
solvent began to distil. The distillate, analyzed by v.p.c. on a 
2-m. polypropylene glycol column (Perkin-Elmer column RX), 
contained only methanol, norbornadiene, and bis(2-etho.\yethyl) 
ether. Calculations, utilizing Eastman’s formula,14 gave 0.71 g. 
(25.39c) of norbornadiene. The norbornadiene generated in this 
reaction was isolated and identified by comparison of its infrared 
spectrum with that of an authentic sample.
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Foundation (NSF-G13511), and wish to express their 
appreciation to Dr. Donald P. Hollis and Varian Asso
ciates, Palo Alto, California, for the n.m.r. spectra.

(14) R. H. E astm an, J . A m .  C h e m .  S o c . ,  79, 4243 (1957).
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It is expected that organoaluminum compounds hav
ing two aluminum atoms attached to both ends of the 
polymethylene chain can be prepared by addition of 
aluminum hydride to an a,co-diene. Ziegler* reported, 
however, that 1,5-hexadiene and diisobutylaluminum 
hydride gave methylenecyclopentane and a cyclo- 
pentylmethylaluminum compound, but not the ex
pected 1,6-dialuminohexane derivative. It also was 
reported that 2,o-dimethyl-l,5-hexadiene easily cyclized 
to a five-membered ring compound.

In this type of cyclization, the chain length of the 
c*,co-diene seems to be a most important factor. In 
order to clarify the effect of the chain length on the 
reaction product, we have investigated the reaction 
between diisobutylaluminum hydride and a,co-dienes 
having carbon numbers from five to eleven.

The reaction was carried out by heating a mixture of 
the a,co-dieue and diisobutylaluminum hydride in a 
1:2 molar ratio at 70° for sixteen hours. Two prod-

dialuminopentane derivative and no four-membered 
ring compound was formed. 1,5-Hexadiene gave 
predominantly the cyclopentylmethylaluminum deriva
tive (97.6%). On the other hand, 1,6-heptadiene 
was found to form almost quantitatively the 1,7- 
dialuminoheptane derivative with a minor amount 
(0.9%) of the cyclohexylmethylaluminum derivative. 
The higher dienes gave exclusively the a,co-dialumino- 
alkane compounds. Formation of the six-membered 
ring is very difficult in contrast to the ease of five- 
membered ring formation.

Reactions 1 and 2 are competitive and reaction 2 
would proceed, as shown by formula IV, through the 
intramolecular addition reaction of the w-alkenyl- 
aluminum compound produced by the addition of one 
mole of diisobutylaluminum hydride to a,co-diene.

V
IV

Under the same reaction conditions, the intermolecular 
addition reaction of trialkylaluminum to a-olefm was 
found to be very slow. For example, the reaction of 
triethylaluminum with 1-hexene (molar ratio 1:1, 70°, 
16 hr.) gives an addition compound in only 1% yield. 
The easy ring closure of 1,5-hexadiene to the five- 
membered ring compound suggests that the intra
molecular addition of the 5-hexenylaluminum deriva
tive is facilitated by the cyclic intermediate in which 
the carbon-aluminum bond is favorably located to 
attack the terminal double bond as shown in the pre
ceding formula. On the other hand, difficulty in the 
six-membered ring formation shows that the steric 
requirement of the 6-heptenylaluminum derivative is 
less favorable for this type of attack.

This decisive effect of the chain length of an a,w- 
diene on the reaction product indicates that the intra
molecular addition reaction of an u-alkenylaluminum 
compound is extremely sensitive to steric factor.

The 1,7-dialuminoheptane derivative has consider
able stability at a higher temperature. At 125° a 
small portion of the compound cyclized to the cyclo
hexylmethylaluminum derivative. This ring closure 
seems to proceed through the reverse reaction of 1.

CH2= C H -(C H 2)„ - c h = c h 2

la,H
[al—CM2—CH2 -(C H 2)n—CH=CH2] 

I

n = l~ 7  
al = 1/3 Al

alH

(1)
al (CH2)n + 4 

II
—al

V-al-CH.-CH (CH2)„+2
(w %  y

IH

nets, II and III, were obtained, but no w-alkenyl- 
aluminum compound (I) was detected (see Table I).

It is clear from the table that the ratio of «-alkane 
to methylcycloalkane varies widely depending on the 
chain length of the starting diene. The reaction of 1,4- 
pentadiene resulted in an exclusive formation of 1,5-

(1) K. Ziegler, ‘O rganom etalhc C hem istry ,” H. Zeiss, Ed., Reinhold 
Publishing Corp., New York, N. Y., 1960, p. 234.

Experimental
Diisobutylaluminum Hydride.—The hydride was prepared by 

the pyrolysis of distilled triisobutvlaluminum under a purified 
nitrogen atmosphere.2 At the end of the pyrolysis, temperature 
and pressure were kept at 130° (3 mm.) until evolution of iso
butylene ceased.

1,4-Pentadiene.—The previously described apparatus and 
method3 were used to give 78c'( of 1,4-pentadiene from 205 g. (1.1 
moles) of 1,5-diacetoxypcntune. It was purified by digestion 
over sodium and repeated distillations through a Widmer column, 
b.p. 26.0-26.5°,4 n20i> 1.3889.

1,5-Hexadiene.—The diene was prepared from ally 1 bromide 
and magnesium in ethyl ether. Purification was effected by dis
tillation over sodium, followed bv preparative gas chromatogra-

(2) K. Ziegler, II. G. Geliert, H. Lehm kuhl, W. Pfolil, and K. Zosel, 
A n n . , 629, 1 (1960).

(3) R. E. Benson and B. C. M cK usick, O r g .  S y n . ,  38, 78 (1958).
(4) G. B. K istiakowsky, J. R. Ruhoff, H. A. Sm ith, and W. E. V aughan, 

J .  A m .  C h e m .  S o c . ,  58, 146 (1936).
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T a b l e  I
R e a c t io n  o f  <*,w- D i e n e s  w i t h  D i is o b u t y l a l u m in u m  H y d r id e

H ydrolyzed products
a,o-D iene Mole (i-Bu)2AlH(mole)

ra-Alkane
-(com position , % )----------------------------------

Methylcycloalkane
1,4-Pentadlene 0.03 0.063 «-Pentane(100)
1,5-Hexadiene 0.02 0.042 «-Hexane (2.4) Methylcyclopentane (97.6)
1,6-Heptadiene 0.02 0.042 «-Heptane (99.1 ) Methylcyclohexane (0.9)
1,7-Octadiene 0 02 0 042 n-Octane ( 100)
1,8-Nonadiene 0.03 0 063 n-Nonane ( 100)
1,9-Decadiene 0.03 0.063 «-Decane (100)
1,10-Llndecadiene 0 03 0.063 n-Undecane (100)

phy Using a Beckman Megachrom instrument equipped with an 
Apiezon “L” column, n®d 1.4043.5 6

1.6- Heptadiene.—The procedure used by Marvel and Stille6 
was followed. Reduction of 97.2 g. (0.45 mole) of diethyl pime- 
late with a solution of 36 g. (0.9 mole) of lithium aluminum 
hydride in 1400 ml. of ethyl ether yielded 31 g. (53%) of 1,7- 
heptanediol, b.p. 125-127° (3.5 mm.). The diol (61 g., 0.46 
mole) was acetylated with acetyl chloride in ethyl ether, yielding 
89 g. (90%) of 1,7-diacetoxyheptane, b.p. 99-100° (0.6 mm.). 
Using the same apparatus as described for the preparation of 1,4- 
pentadiene, this acetate was subjected to pyrolysis at 500° with 
an addition rate of 1 ml./min. to yield lSg. (45%)of 1,7-heptadi- 
ene, b.p. 90-93°. It was purified by' distillation over sodium, 
followed by preparative gas chromatography, n20D 1.4148.7 8

1.7- Octadiene.—The diene (b.p. 115-121°)® was digested over 
sodium, redistilled and purified by preparative gas chromatog
raphy, « 20d  1.4220.

1.8- Nonadiene.—Diethyl azelate was the starting ester for thé 
preparation of 1,9-nonanediol. Pyrolysis of 162 g. (0.66 mole) of
1,9-diacetoxynonane® gave 60% of 1,8-nonadiene, b.p. 120-143°. 
After digestion over sodium and distillation through a Widmer 
column, it boiled at 142-143°, nmv 1.4289.®

1.9- Decadiene.—Pyrolysis of 87 g. (0.34 mole) of 1,10-diace- 
toxydecane was carried out at 500° with an addition rate of 2 ml./ 
min., yielding 25 g. (53%) of 1,9-decadiene. The diene was 
digested over sodium and redistilled through a Widmer column, 
b.p. 164-165°, nwo 1.4318.»

1,10-Undecadiene.—The previously described method9 was 
used to give diene of b.p. 86.5-87.5° (31 m m . ) ,  « 20d  1.4354.

Purity of the prepared dienes, determined by vapor phase 
chromatography on an 8-ft. squalane column, was found to be 
99.9% or higher.

Reaction between a ,« -Dienes and Diisobutylaluminum Hy
dride.—a,«-Diene and diisobutylaluminum hydride in a 1:2.1 
molar ratio were added to a glass tube flushed with nitrogen. 
After sealing, the glass tube was kept in an oil bath at 70° for 16 
hr. The reaction products from 1,6-heptadiene, 1,7-octadiene,
1,8-nonadiene, 1,9-decadiene, and 1,10-undecadiene were viscous 
at a room temperature. Those from 1,4-pentadiene and 1,5- 
hexadiene were not viscous. The products from 1,4-pentadiene 
and 1,6-heptadiene were diluted with 10 ml. of «-hexane. The 
products from the other dienes were diluted with 10 ml. of «- 
heptane. The diluted products were decomposed by successive 
addition of 2.5 ml. of ethanol, 1 ml. of water, and 25 ml. of 6 A 
hydrochloric acid. The organic layer was washed twice with 
water and dried over sodium sulfate. The hydrocarbon produced 
by' the hydrolysis was separated by the gas chromatographic 
technique. re-Pentane, «-hexane, methylcyclopentane, «-hep
tane, n-octane, «-nonane, «-decane, and n-undecane were identi
fied by' comparing their gas chromatographic retention times and 
infrared spectra with authentic samples. Methylcyclohexane 
was identified by comparison of its retention time with an authen
tic. sample. The composition of the products was determined 
from the peak area of gas chromatogram.

Stability of 1,7-Dialumino-heptane Compound.—A mixture of
1.9 g. (0.02 mole) of 1,6-heptadiene and 6.0 g. (0.042 mole) of di
isobutylaluminum hydride was at first heated under the same 
conditions as described previously (16 hr., 70°), and then for an

(5) F. Cortese, J .  A m .  C h e m .  S o c . .  51, 2266 (1929).
(6) C. S. M arvel and  J. K. Stille, ibid., 80, 1740 (1958).
(7) A. L. Henne and  K. W. Greenlee, i b i d . .  65, 2020 (1943).
(8) C. S. M arvel and  W. E. G arrison, ibid., 81, 4737 (1959).
(9) J. N. R eform atsky, E. G rischkew itsch-Frochim owsky, and A. Semen- 

zow, B e r . ,  44, 1885 (1911).

additional 13 hr. at 125°. The reaction mixture was hydrolyzed 
as in the aforementioned method. The hydrolyzed product con
sisted of 91.5% of «-heptane and 8.5% of methydcyclohexane. 
Thus the additional heating at the higher temperature (125°) 
increased the yield of methylcyclohexane by 7.6%. Methyl- 
cyclohexane was separated by gas chromatographic technique 
and its infrared spectrum was identical with that of an authentic 
sample.

Ferrocenes. VI. Oxidation in Friedel-Crafts 

Reactions1 2

R o b e r t  L . S c h a a f  a n d  C a r l  T. L e n k

Research Department, Wyandotte Chemicals Corporation, 
Wyandotte, Michigan

Received May 20, 1963

During an investigation toward the synthesis of di
functional ferrocenes, a number of attempted Friedel- 
Crafts reactions under nitrogen resulted in significant 
oxidation of ferrocene to ferricinium ion.

Although over thirty publications and patents de
scribe Friedel-Crafts reactions on ferrocene with 
some thirty-five different acyl chlorides, only one was 
found in which the yield of ferrocene was reported from 
reduction of the purple aqueous layer obtained upon 
hydrolysis. In this instance, the reaction of chloro- 
acetyl chloride, aluminum chloride, and ferrocene 
under conditions chosen for monosubstitution gave 
32% ferrocene upon reduction of the aqueous layer.3 
Oxidation can be assumed to be small when hydrolysis 
produced an aqueous layer that was pale blue46 or 
when yields of expected products exceeded 90%.67

Like chloroacetyl chloride, dichloro- and trichloro- 
acetyl chlorides with aluminum chloride were found to 
oxidize ferrocene significantly; reduction of the purple 
aqueous layers gave ferrocene in 47 and 48% yields, 
respectively. Similarly, ferephthaloyl, p-nitrobenzoyl, 
and ethyl oxalyl chlorides gave ferricinium ion in 57, 
47, and 64% yields. The high per cent of oxida
tion with ethyl oxalyl chloride suggests that the failure

(1) Presented a t the 140th N ational M eeting of the American Chem ical 
Society, Chicago, 111., Septem ber, 1961.

(2) This investigation  was conducted under Air Force C ontract AF 
33(616)-7214, m onitored by the A eronautical Systems Division, W right- 
Pa tte rson  Air Force Base, Ohio.

(3) K. Schlögl, M o n a t s h .  C h e m , . . 88, 601 (1957). The organic layer 
yielded 12% chloroacetylferrocene and 16% unreacted ferrocene.

(4) M. Rosenblum and R. B. W oodward, J .  A m .  C h e m .  S o c . .  80, 5443
(1958).

(5) M. D. Rausch and L. E. Coleman, J .  O r g .  C h e m . ,  23, 107 (1958).
(6) M. D. Rausch, M. Vogel, and H. Rosenberg, i b i d . , 22, 903 (1957).

(7) E. L. D eYoung, i b i d . ,  26, 1312 (1961).
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of oxaly] chloride to undergo a normal Friedel-Crafts 
reaction on ferrocene8 may be due to oxidation.

It is commonly accepted by chemists in the ferrocene 
field that oxidized products from Friedel-Crafts re
actions arise as a result of inadvertent exposure of re
action mixtures to moisture and oxygen.9 While this 
may be true in instances of 5% oxidation or less, it is 
unlikely that this is the case with major oxidations un
less a catalytic effect exists that varies greatly with the 
acyl halide. We found oxidation to be insignificant 
with p-fluorobenzoyl chloride, benzoyl chloride,6 and 
n-butyryl chloride.10

A more attractive interpretation for significant oxi
dations is that the acylium ion that is formed from the 
acyl chloride and aluminum chloride may remove an 
electron from the ferrocene system in competition with 
acylation, and that the former reaction to give fer- 
ricinium ion is a major one if the acylium ion is suf
ficiently positive. All of the mentioned oxidizing acyl 
chlorides have electron-withdrawing groups adjacent 
to the chlorocarbonyl group and should produce an 
acylium ion more electron deficient than that of a 
simple acyl halide. With the limited data, however, 
the delineation between oxidizing and nonoxidizing 
acyl chlorides is not clear-cut. Thus, while tereph- 
thaloyl chloride caused 57% oxidation, o-carbometh- 
oxybenzoyl chloride gave 83% monoacylated fer
rocene.11

N o v e m b e r , 1963

(a) RCOC1
AlCli

Ci„H,„Fe--------- > (C,„H,cFe)+ 37-64%
(b) H,0

R =
p-ClOOCJh-, p-N02C6H4-, CUC-, CfiCH -, and C2H6OOC-

Major oxidation was also encountered when chloro- 
acetal was added to ferrocene and aluminum chloride. 
Reduction of the aqueous layer gave 37% ferrocene 
and about 20% ferrocenyl compounds, while the or
ganic layer returned 19% ferrocene and about 15% of 
a crude ferrocene, m.p. 14-21°. Here, the probable 
intermediate carbonium ion was bound to two elec
tron-withdrawing groups (C1CH2C+H0 CH2CH3) and 
should be unusually electron deficient. Under dif
ferent conditions, triphenylmethylcarbonium ion also 
oxidized ferrocene.12 While chloroacetal gave both 
substituted and unsubstituted ferricinium ions, the 
acyl chlorides gave only the latter, in accord with the 
failure of acylferrocenes to form isolatable ferricinium 
derivatives.13

The oxidations might appear to be related to the 
recently reported1415 degradation of ferrocene by alu
minum chloride, in which oxidation was postulated by

(8; In  one instance i t  was reported  th a t  no reaction  took place, and th is 
would appear to be the case if the aqueous layer were rou tinely  reduced 
prior to isolation [R. R iem schneider and D. Helm, C h e m .  B e r . ,  89, 155
(1956) ]. In  ano ther instance, 0.5%  diferrocenyl ketone was isolated [S. I. 
Goldberg, J . O r g .  C h e m . ,  25, 482 (I960)].

(9) Two referees took th is  view of a shorter version of the p resen t work.
(10) M. Vogel, M. R ausch, and H. Rosenberg, J .  O r g .  C h e m . ,  22, 1016

(1957) .
(11) A. N. N esm eyanov, N. A. Vol’kenau. and V. D. V ilchevskaya, D o k l .  

A k a d .  N a u k  S S S R ,  118, 512 (1958).
(12) M. F. H aw thorne, J .  O r g .  C h e m . ,  21, 363 (1956).
(13) R. B. W oodward, M. Rosenblum , and M. C. W hiting, J .  A m .  C h e m .  

S o c . ,  74, 3458 (1952).
(14) S. G. C o ttis  and Harold Rosenberg in “ Conference on High T em 

perature  Polym er and Fluid R esearch ,’’ Technical D ocum entary  R eport 
No. A SD-TDR-62-372, A ugust, 1962, p. 637.

(15) S. I. Goldberg, J .  A m .  C h e m .  S o c . ,  84, 3022 (1962).

Goldberg as an intermediate step.16 However, electron- 
rich ferrocene in the latter case was apparently at
tacked by electron-poor aluminum chloride and in the 
former case by electron-poor acylium ions. With 
the differences in attacking species, the results were 
also different: disruption of iron-cyclopentadienyl
bonding vs. removal of an electron from the ferrocene 
system. Goldberg’s assumption that oxidation was a 
step in the degradation required a second assumption 
that enough air and moisture were inadvertently in
troduced to bring about the oxidation.16 If such were 
the case, a fair amount of ferricinium ion should be 
present at work-up, but the results, at least at lower 
temperatures, were not significantly altered by omitting 
the reduction of the aqueous layer prior to isolation.17 
If oxidation is not an intermediate step—and it seems 
unnecessary in view of the strong attraction of alumi
num chloride for 7r-electrons—then the degradation 
reaction is of interest here only as a potential side re
action.

In this regard, it would seem important to prepare 
the acyl chloride-aluminum chloride complex first 
rather than to allow ferrocene to come in contact with 
the aluminum chloride. This procedure was not always 
followed, however, and in practice the order of addition 
was not critical. Thus, addition of ferrocene to the 
Perrier complex from dichloroacetyl chloride gave 47% 
ferricinium ion, and addition of aluminum chloride to a 
mixture of ferrocene and trichloroacetyl chloride yielded 
37-48% ferricinium ion.

The organic layers from the oxidation reactions were 
in general examined only to the point at which it was 
evident that the reactions were unsuitable for prepara
tion of heteroannularly disubstituted ferrocenes in 
quantity.

Experimental
Reactions of Ferrocene and Aluminum Chloride with Tereph- 

thaloyl, p-Nitrobenzoyl, and Dichloroacetyl Chlorides.—These 
reactions are typified by the following example with terephthaloyl 
chloride. To 30.5 g. (0.15 mole) of terephthaloyl chloride in 100 
ml. of dryr methylene chloride under nitrogen in an ice bath was 
added 20.0 g. (0 .1i> mole) of aluminum chloride in five portions 
during a 30-min. period. The mixture was stirred in the ice bath 
while 9.3 g. (0.05 mole) of ferrocene in 50 ml. of dry methylene 
chloride was added during a 2-hr. period. After the mixture was 
stirred overnight, it was poured into 100 ml. of methanol, stirred 
30 min., and added to 250 ml. of water. The water layer was 
extracted once with chloroform and treated with zinc dust until 
the purple had disappeared. Filtration of the aqueous mixture, 
extraction of the solids with chloroform, and evaporation of the 
dried extract left 5.34 g. (57%) of ferrocene, identified by infrared 
comparison.

With p-nitrobenzoyd chloride, 47%, of the ferrocene was re
covered by reduction of the aqueous lay'er.

With dichloroacetyl chloride at a reactants ratio of 2:5:5 in
stead of 1:3:3, reduction of the aqueous lay'er gave material 
amounting to 47% of the starting ferrocene; the infrared spec
trum showed two medium carbonyl bands not present in the 
spectrum of ferrocene. No methanol was used in the work-up. 
When boron trifluoride was the catalyst at a reaction time of 3.5 
hr. at ice-bath temperature, 16% ferrocene was isolated from the 
aqueous layer and 62% ferrocene from the organic layer.

Reactions of Ferrocene and Aluminum Chloride with Tri
chloroacetyl Chloride and with Ethyl Oxalyl Chloride.—To a 
solution of 3.72 g. (0.02 mole) of ferrocene and 5.6 ml. (0.05 mole) 
of trichloroacetyl chloride in 40 ml. of dry methylene chloride at

(16) G oldberg referred to the work of Rosenblum  and S an te r th a t con
cerned the complex (CioIIioFe • HAICU)«. This complex y ielded ferrocene 
upon hydrolysis and no t ferricinium  ion [ J .  A m .  C h e m .  S o c . ,  81,5517 (1959)].

(17) H. Rosenberg, p riva te  com m unication.
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— 30° was added 6.66 g. (0.05 mole) of aluminum chloride in 
three portions during a 5-min. period. After 2 hr. below —20°, 
the mixture was poured into ice water and stirred 5 min. The 
organic layer was extracted three-times with water and the ex
tracts and water layer combined. Treatment of the aqueous 
solution with zinc dust and subsequent extraction with chloro
form gave 1.37 g. (37%) of ferrocene (infrared comparison).

A similar reaction with ethyl oxalyl chloride gave 64% ferrocene 
(infrared comparison) upon reduction of the aqueous layer.

Reaction of Ferrocene and Aluminum Chloride with Chloro- 
acetal.—Chloroacetal (15.3 g.; 0.1 mole) was added dropwise 
during an 80-min. period to 9.3 g. (0.05 mole) of ferrocene and
13.3 g. (0.10 mole) of aluminum chloride in 65 ml. of ethylene 
dichloride under nitrogen at —20°. After 30 min., the mixture 
was warmed to —5°, added to ice, and the aqueous layer ex
tracted with chloroform. After removal of solvent from the 
combined organic layers, the residue (5.92 g.) was extracted 
with 120 ml. of petroleum ether (b.p. 30-60°) in 20-ml. portions 
and each portion added to 180 g. of alumina and eluted with 
petroleum ether to give 1.75 g. (19%) of ferrocene. Continued 
elution with the usual solvents removed distinct fractions (oils), 
the infrared spectra of which suggested that the ferrocenes present 
were monosubstituted. Reduction of the aqueous layer with 
zinc dust, extraction with chloroform, and removal of solvent 
left moist solid, which when extracted with methanol left 3.04 g. 
(33%) of crude ferrocene. Removal of methanol and chroma
tography of the residue (2.73 g.) gave 4% ferrocene and 1.65 g. of 
solid, m.p. 14-21 °, the infrared spectrum of which showed strong 
bands at 9 and 10 y. (a monosubstituted ferrocene).

l,l'-Bis(p-fluorobenzoyl(ferrocene.—A mixture of 37.1 g- 
(0.263 mole) of p-fluorobenzoic acid and 48 ml. (0.658 mole) of 
thionyl chloride in 25 ml. of benzene was refluxed 7 hr. Volatile 
material was removed in vacuo, 90 ml. of dry methylene chloride 
was added, and the solution was treated with 31.1 g. (0.233 mole) 
of powdered anhydrous aluminum chloride. To the mixture in 
an ice bath was then added dropwise a solution of 17.3 g. (0.093 
mole) of ferrocene in 90 ml. of methylene chloride during a 1.5-hr. 
period, and the mixture was stirred overnight at room tempera
ture. The solution was poured onto ice, stirred 4 hr., and the 
aqueous phase washed with chloroform. The organic phases 
were combined, washed twice with water and once with 5% 
sodium hydroxide solution, dried, and evaporated in vacuo. 
Crystallization of the residue from 150 ml. of toluene yielded 30.4 
g. (76%) of 1,1'-bis(p-fluorobenzoyl)ferrocene, m.p. 129-130.5°; 
Xmax (log c) 472 (2.83), 350 (3.29), 250 mM (4.28).

Anal. Calcd. for C2,H16F2Fe02: C, 67.00; H.3.75; Fe, 12.98- 
Found: C, 66.95; H.3.86; Fe, 13.63.

1,1 '-Bis(n-butyryl)ferrocene.—The reaction of n-butyryl 
chloride, aluminum chloride, and ferrocene was carried out by 
the method employed by Vogel, ef of., for the preparation of 1,1'- 
dicaprylvlferrocene.10 l.l'-Dibutyrylferrocene, m.p. 73.0-74.5°, 
was obtained in 77% yield; lit.18 m.p. 74-75°.

Acknowledgment.—We are grateful to Mr. Richard 
Thivierge for technical assistance.

(18) A. N. Nesm eyanov and N. A. Vol’kenau, D o k l .  A k a d .  N a u k  S S S R ,  

107, 262 (1956).

o-Nitrosobenzamide. A Possible Intermediate 
in the von Richter Reaction

K h a ir a t  M. I b n e - R a s a  a n d  E d w a r d  K o f b e k
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Providence 12, Rhode Island

Received May 29, 1963

The previously unknown o-nitrosobenzamide has 
been synthesized and its behavior under the conditions 
of the von Richter reaction studied; the conditions of 
the von Richter reaction employed were those estab

lished by the research of Bunnett and his group.1 
This work was undertaken because of our interest in the 
peroxy acid oxidations of aromatic amines2 and of 
nitrosobenzenes,3 and because o-nitrosobenzamide has 
been implicated as an intermediate in the von Richter 
reaction.4

o-Nitrosobenzamide was obtained in excellent yield 
by oxidizing o-aminobenzamide with peroxyacetic acid 
in ethanolic medium at ca. 0°. These conditions 
previously have been shown2 to favor the formation of 
nitrosobenzenes as the chief products of the peroxy
acetic acid oxidation of aromatic amines. The amido 
group in the present substrate did not cause any com
plications. Its indifference to peroxyacetic acid was 
foreseen on mechanistic grounds2 and by analogy with 
the peroxyacetic acid oxidation of nicotinamide to 
nicotinamide N-oxide in 82% yield.5 The elemental 
and spectral analyses of the reaction product confirmed 
it to be the desired nitrosobenzamide.2-6

A recently proposed mechanism for the von Richter 
reaction4 requires that o-nitrosobenzamide should give 
benzoic acid and nitrogen gas according to the following 
reaction sequence.

When o-nitrosobenzamide was treated with cyanide 
ion or hydroxide ion in aqueous ethanolic medium at 
150°, the von Richter reaction conditions,1 benzoic acid 
was formed with evolution of nitrogen gas as predicted 
by the Rosenblum mechanism.4 The yield of isolated 
benzoic acid was 20% with cyanide ion and 45% with 
hydroxide ion. The reported yields of benzoic acids 
from the von Richter reaction range between 10 
and 40%.' The isolated product melted at 122° and 
its ultraviolet spectrum in water was superimposable 
with that of an authentic sample of benzoic acid.

A transient red color appeared immediately upon 
addition of base to the aqueous ethanolic solutions of
o-nitrosobenzamide. This color may be attributable to 
the formation of 3-indazolone, the intermediate I. 
The preparation of I (in solution) by independent syn
thesis and its hydrolysis to benzoic acid and nitrogen 
gas has been reported recently.7 The solutions of I 
in acetonitrile were reported to have deep red color.7

Experimental

Materials.—o-Aminobenzamide (Matheson Coleman and Bell, 
practical grade) was purified by treatment with decolorizing

(1) (a) J. F. B unnett, J. F. Cormack, and F. C. M cK ay, J .  O r g .  C h e m . ,  

15, 481 (1950); (b) J. F. B unnett. M. M. R auhut, D. K nutson, and G. E. 
Bussell. J .  A m .  C h e m .  S o c . ,  76, 5755 (1954); (c) J. F. B unnett and M. M. 
R auhu t, J .  O r g .  C h e m . ,  21, 934 (1956).

(2) K. M. Ibne-R asa and J. O. Edw ards. J .  A m .  C h e m .  S o c . ,  84, 763
(1962) .

(3) K. M. Ibne-R asa, C. G. Lauro, and  J. O. Edw ards, i b i d . ,  85, 1165
(1963) .

(4) M. Rosenblum , i b i d . .  82, 3796 (1960).
(5) E. C. Taylor, Jr., and A. J. C rovetti, O r g .  S y n . ,  37, 63 (1957).
(6) K. N akam oto and R. E. Rundle, J .  A m .  C h e m .  S o c . ,  78, 1113 (1956).
(7) E. F. U llm an and E. A. B artkus, C h e m .  I n d .  (London), 93 (1962).



charcoal and recrystallization from ethanol to m.p. 109-111°; 
lit.8 m.p. 109-111.5°. Commercial peroxyacetic acid solutions, 
generously donated by BECCO, were used.

Preparation of o-Nitrosobenzamide.—To absolute ethanol (40 
ml.), previously saturated with anhydrous sodium acetate, was 
added ~40% peroxyacetic acid (20 ml.). The mixture was 
centrifuged and the supernatant liquid cooled to 0°. To the 
cooled solution was added a solution of o-aminobenzamide (1.4 
g.) in ethanol (20 ml.), and the reaction mixture was allowed to 
stand for about 1 hr. The solution was then evaporated at 
room temperature (reduced pressure) to lower volume (about 15 
ml.); the precipitated solid was removed by filtration, and washed 
first with cold ethanol (—10°) and then with ether. The product 
(1.3 g., 85%) was a pale green solid, m.p. 220° dec. It was 
stored at —10° in the absence of light until used. Absorption 
(in ethanol): Xmax at 750 (1.40; 0.01 M solution), 310 (3.67), 
and 285 my (log e 3.71). Selected infrared maxima (KBr): 6.7 
and 7.9 y.

Anal. Calcd. for C7H6N20 2: C, 56.00; H, 4.03; N, 18.66. 
Found: C, 56.51; H, 4.25; N, 18.36. The elemental analysis 
was done by Dr. S. M. Nagy at Massachusetts Institute of 
Technology.

Reaction of o-Nitrosobenzamide with Cyanide Ion.—o-Nitroso
benzamide (2.0 g.) was heated with an equivalent amount of 
potassium cyanide (or sodium hydroxide) in 60 ml. of 50% 
aqueous ethanol in a sealed tube at 140-160° for 1.25 hr. The 
resulting brownish solution was acidified with hydrochloric acid 
and repeatedly treated with decolorizing charcoal until colorless. 
The clear solution was then made basic, evaporated to near 
dryness, and acidified with hydrochloric acid, and the resulting 
precipitate was removed by filtration. This precipitate was then 
sublimed once and the yellowish sublimate recrystallized from 
water. The resulting benzoic acid melted at 122°. Its ultra
violet spectrum in aqueous medium was identical with that of an 
authentic sample of benzoic acid, and it did not depress the 
melting point of authentic benzoic acid. The yield of the 
isolated product was 20% with cyanide ion and 40% with hy
droxide ion. The reaction was accompanied by the evolution of 
a gas, which was dried with liquid nitrogen and then shown to be 
nitrogen by mass spectral analysis.

Acknowledgment.—The authors wish to thank 
Professors J. F. Bunnett and J. O. Edwards for their 
kind interest in this work. Professor Bunnett directed 
our attention to ref. 4. This work was supported in 
part by the U. S. Atomic Energy Commission, Contract 
1983. The gas analysis was performed at Harvard 
University through the courtesy of Dr. G. O. Dudek.

(8) I. M. H eilbron, “ D ictionary  of Organic C om pounds,” Vol. I, Oxford 
U niversity  Press, New York, N. Y., 1934, p. 37.
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An N-alkylallenimine I I I  is obtained as the main 
product from the reaction of an N-(2-bromoallyl)- 
alkylamine I with sodium amide in liquid ammonia,2 3 
but the only discernible product from the reaction of

(1) (a) P a rt IV: A. T. B ottin i, V. Dev, and M. S tew art, J .  O r g .  C h e m . ,  

28, 156 (1963): (b) acknow ledgm ent is made to the donors of the  Petroleum  
Research Fund, adm inistered  by  the American Chem ical Society, for partial 
support of th is research; (c) American Chem ical Society Petroleum  Re
search Fund Fellow, 1961.

(2) C. B. Pollard and R. F. Parrell, J .  A m .  C h e m .  S o c . ,  73, 2925 (1951).
(3) A. T. B ottin i and J. D. R oberts, ibid., 79, 1462 (1957).

N-(2-chloroallyl)ethylamine (lia, R = C2H5) with 
potassium amide in liquid ammonia was N-ethylpro- 
pargylamine (IVa, It = C2H5). In order to determine 
if the course of the reaction of an N-(2-haloallyl)alkyl- 
amine with amide in liquid ammonia was influenced by 
the alkyl metal cation,4 we examined the reactions of 
the N-(2-haloallvl)ethylamines with the common alkali 
metal amides in liquid ammonia. Reactions were 
carried out on a small scale, and the yields and product 
compositions were determined by gas-liquid partition 
chromatography (g.l.p.c.).

X H2C
M N H j \

c h 2= c—c h 2n h r  — C-------CH2 +  H C=C—c h 2n h r
NHaU) \  /

N
I

R
I, X = Br III IV

II, X = Cl

We observed no significant difference in the yields or 
product compositions from reactions of N-(2-bromo- 
allyl)ethylamine (la, R = C2H6) with lithium amide, 
sodium amide, and potassium amide. Using a constant 
amide-la mole ratio of 1.2, which Pollard and Parcell 
found gave optimum yields of allenimines from N-(2- 
bromoallyl)alkylamines,2 initial la concentrations of 
0.25 and 0.5 M, and reaction times of 4.5 to 5 hr., 
imine-amine mixtures consisting of 75-82% N-ethyl- 
allenimine (Illa, R = C2H5) were obtained in yields of 
48-62%. As the 2,3-dibromopropene used for the 
preparation of la and other N-(2-bromoallyl)alkyl- 
amines contained less than 1.5% of the isomeric 1,3- 
dibromopropenes,6 we could estimate that the la 
contained less than 2% of the isomeric N-(3-bromoallyl) 
ethylamines, which yield only the propargylamine 
under the reaction conditions used for allenimine for
mation.6 Thus, most of the IVa was formed from 
dehydrobromination of la.

The product compositions obtained from all reactions 
of N-(2-chloroallyl)ethylamine (Ha) with any of the 
three alkali metal amides were identical and consisted 
of <1% Ilia  and >99% IVa. Under the same reaction 
conditions used for la, treatment of Ila  at an initial 
concentration of 0.5 M with potassium amide gave 
yields of 50-56% based on Ila, while use of lithium 
amide or sodium amide gave yields of 20-29%. When 
the amide-IIa ratio was increased to more than 2, 
yields of IVa from reactions of potassium amide with 
Ila at an initial concentration of 0.4 M were increased 
to over 80%. Comparable yields were also obtained 
using sodium amide, but reaction times of 9-10 hr. 
were required instead of 5 hours.

Reactions of N-(2-bromoallyl)methylamine, N-(2- 
bromoallyl) isopropylamine, and N-(2-bromoallyl)- 
hexylamine wrere carried out on a preparative scale with 
0.8- 1.5 moles of the amine using sodium amide-I 
ratios of 1.2. These reactions gave 46-70% yields of 
mixtures of three to four parts of the corresponding

(4) See W. H. P u terbaugh and C. R. Hauser. J .  O r g .  C h e m . ,  24, 416
(1959).

(5) T rea tm en t of the 2,3-dibrom opropene with lith ium  alum inum  hydride 
in e ther gave a m ixture of 1- and 2-brom opropenes th a t  was 98.8%  2-bromo- 
propene as determ ined by g.l.p.c. See L. F. H atch , P. D. G ardner, and 
R. E. G ilberg, J . A m .  C h e m .  S o c . ,  81, 5943 (1959), for an  earlier application  
of a methcfd sim ilar to th a t  used by us.

(6) A. T. B ottin i, B. J. King, and J. M. Lucas, J .  O r g .  C h e m . ,  27, 3688 
(1962).
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T a b l e  I
P h y s ic a l  a n d  A n a l y t ic a l  D a t a  o f  2 - H a l o a l l y l a m in e s  a n d  A l l e n im in e s

Com- B.p., “C. -------- Calcd.— ----- Found--------------------v
pound R (mm.) 7I25D C H N C H N

I ¿-c4h 9 103-105(90) 1.4671 43.76 7.34 7.29 43.71 7.17 7.06
I n-C6H13 122-124(24) 1.4715 49.10 8.24 6.36 48.96 7.87 5.97
ii i-C4H9 61-62(26) 1.4431 56.93 9.55 56.81 9.66
in c h 3 52.2-52.6(760) 1.43S0 a

i n ¿-C4H,j 113-115(760) 1.4350 75.62 11.78 12.60 75.26 11.69 12.55
0 Because of the volatility of this compound, a satisfactory elemental analysis was not obtained. A study of the n.m.r. spectrum of

N-methylallenimine has been reported by A. Lowenstein, J. F. Neueer, and J. D. Roberts, J . Am. Chem. Soc., 82, 35(H) (I960).

allenimine and one part of the corresponding propargyl- 
amine. Treatment of N-(2-bromoallyl)-i-butylamine 
(lb, R = ¿-C4H9) under conditions optimum for forma
tion of other allenimines from other N-(2-bromoallyl)- 
alkylamines gave a 45% yield of a mixture containing 
32% N-i-butylallenimine (IIlb, R = f-C4H9) and 68% 
N-i-butylpropargylamine (IVb, R = f-C4H9). A num
ber of small scale reactions were carried out using lb at 
an initial concentration of 0.4 M and sodium amide-IIb 
mole ratios ranging from 1.4 to 2.0. An amide-IIb 
mole ratio of 1.6 to 1.8 appeared to be optimum, and 
three preparative scale reactions using a mole ratio of
1.7 gave 62-68% yields of products consisting of 35- 
45% Illb  and 55-65% IVb.

N-Isopropylpropargylamine7a and \-/-butylproparg- 
ylamine (IVb)7b were isolated in yields of 82% and 87%, 
respectively, from reactions of 0.55 mole of N-(2- 
chloroallyl)-isopropylamine7a and 0.8 mole of N-(2- 
chloroally 1) -¿-buty lamino with 2.1 equivalents of sodium 
amide. Products from these reactions contained less 
than 1% of the allenimine as estimated by g.l.p.c.

Several observations incidental to this work should 
also be noted. Treatment of either I or II with sodium 
amide, lithium aluminum hydride, and méthylmag
nésium bromide in ether at 35° proved to be unsatis
factory methods of preparation for either III or IV. 
Surprisingly, la was found to undergo significant de- 
hydrobromination to IVa in liquid ammonia when 
treated with coarsely powdered sodium hydroxide.

Experimental*
Preparation of N-(2-Haloallyl)alkylamines, N-Alkylallenimines, 

and N-Alkylpropargylamines.—Appropriate modifications of the 
procedure described for the preparation of N-(2-bromoallyl)-ra- 
propylamine,9 which is a slight modification of the procedure 
of Pollard and Parcell2 for the preparation of N-(2-bromoallyl)- 
alkylamines from water-soluble primary amines, were used for 
the preparation of the N-(2-haloallyl)alkylamines except N-(2- 
bromoallyl)methylamine and N-(2-bromoallyl)-n-hexylamine. 
Yields ranged from 68-84%.

N-(2-Bromoallyi)-ra-hexylamine (283 g.) was obtained in 66% 
yield by use of a modification of Pollard and Parcell’s procedure2 
for the preparation of N-(2-bromoallyl)alkylamines from water- 
insoluble primary amines. Isopropyl ether was used as solvent 
in place of ethyl ether, and the reaction mixture was stirred 
mechanically.

(7) These com pounds are prepared more conveniently  by  the  reaction  of
propargyl brom ide with excess alkylam ine: (a) J. J. D ’Amico, M. W. H ar
man, and R. H. Cooper, ./. A m .  C h e m .  S o c . .  79, 5270 (1957); (b) J. J.
D ’Amico, U. S. P a ten t 2,943,079 (June 28, 1960); C h e m .  A b s t r . ,  54, 25,943
(1960).

(8) Boiling po in ts are uncorrected. Infrared spectra were obtained  with 
a Beckman IR-4 spectrophotom eter. G as-liquid  pa rtitio n  chrom atogram s 
were obtained  using a 2-m. column packed w ith nonyl p h tha la te  on fire
brick in a Model 1 Chrom at-O -Flex, Loe Engineering Co., Pasadena, 
Calif. M icroanalyses were performed by  M r. V. H. T ashinian, Berkeley, 
Calif., and Drs. Weiler and Strauss, Oxford, England.

(9) A. T. B ottin i and R. E . Olsen, J .  A m .  C h e m .  S o c . ,  84, 195 (1962).

Addition with stirring over a period of 220 min. of 600 g. (3.0 
moles) of 2,3-dibromopropene to 2000 g. of 40% by weight 
aqueous methylamine (25.8 moles) in a 5-1. flask equipped with a 
Dry Ice condenser charged with an ice-salt mixture gave 283 g. 
(63%) of N-(2-bromoallyl)methylamine, b.p. 66- 68° (90 mm.), 
n25d 1.4858, lit.7 8 9 10 11 b.p. 135°, and 54 g. (13%) of methyl bis(2- 
bromoallyl)amine, b.p. 93-95° (7 mm.), n 26D 1.5236, lit.10 b.p. 
100-102° (14 mm.).

With the exception that commercial sodium amide was usually 
used in place of freshly prepared sodium amide, Pollard and 
Parcell’s procedure2 was used for the preparation of allenimines 
from N-(2-bromoallyl)alkylamines. The use of toluene in place 
of ether was found to simplify the isolation of N-methylalleni
mine. Allenimines that were >99.5% pure as indicated by 
g.l.p.c. were obtained from distillations through a 1000 X 13 mm. 
column packed with glass helices and equipped with a total 
reflux head.

Preparations of N-alkylpropargylamines from N-(2-chloro- 
allyl)alkylamines were carried out in the same manner as prep
arations of N-alkylallenimines from N-(2-bromoallyl)alkyl- 
amines except reaction times were 10 hr. or longer and the sodium 
amide-N-(2-chloroallyl)alkvlamine mole ratio was 2.1. Initial 
sodium amide concentrations were 0.8 M .

Boiling points, refractive indices, and elemental analyses of 
new' compounds are given in Table I.

Analytical Method.—Solutions containing 19-78% N-ethyl- 
allenimine (Ilia) by weight were prepared using Ilia  and N- 
ethylpropargylamine (IVa) that were >99.5% pure. Each of 
these solutions was diluted with ether to give a series of solutions 
containing 64.2-99.1% ether by weight, and g.l.p. chromato
grams were taken of 5 jul- samples of all solutions at 120° with a 
helium flow rate of 90 ml./min. The retention times (t,) in 
sec. measured from the air peak were 50, 215, and 330 for ether, 
Ilia , and IVa, respectively. A linear plot with a slope of unity 
was obtained when the weight fraction of Ilia  was plotted against 
Hin„/(HniA +  Hiva) where Hum and Hiv» are the peak heights 
of the bands due to Ilia  and IVa, respectively. Data obtained 
for all solutions (0-99.1% ether by weight) fitted the plot, and 
no value of Hnie/(Hma -(- Hiv») was obtained that was different 
from the weight-fraction of Ilia  by more than 2%. The accu
racy of the analytical method was not affected by the addition to 
the solutions of N-(2-bromoallyl)ethylamine, t, = 1550 sec., or 
N-(2-chloroallyl)ethylamine, tT = 845 sec., or by variation of 
the sample size from 2 to 10 nl.n For solutions containing 90.8- 
99.1% ether by weight, the sum of the weight fractions of Ilia  
and IVa was equal to (2.4 ±  0.2) (Hnra +  Hiv«)/(Huin +  Hiv» 
+  He), where Hc is the normalized height of the ether band.

Description of a typical small scale reaction and analysis 
follows. A slurry of potassium amide was prepared by the 
addition of 2.38 g. of potassium to 100 ml. of ammonia and 12 mg. 
of anhydrous ferric chloride contained in a 250-ml. flask equipped 
with a sealed mechanical stirrer and Dry Ice condenser protected 
with a tube containing soda lime. N-(2-Bromoallyl)ethylamine 
(la, 8.2 g.) was added to the stirred slurry from a syringe in 2 
min. After 4.5 hr., the Dry Ice had been allowed to evaporate, 
and the condenser was charged with an ice-salt mixture. Ether 
(50 ml.) and water (50 ml.) were added cautiously in that order. 
The ammonia was allowed to evaporate, the phases were sepa
rated, and the aqueous solution was extracted with 30 ml. of 
ether. The ether extracts were combined and dried with sodium

(10) J. V. B raun, M. Kuhn, and J. W eism antel, A n n . ,  449, 249 (1926).
(11) A s tandard  curve for analysis of m ixture of N -I-butylallenim ine 

( I l lb ,  <i = 465 sec.) and N -i-buoylpropargylam ine (IVb, t\ = 640 sec.) 
was also prepared from d a ta  obtained in a  sim ilar m anner. T he plo t of 
weight fraction of I l l b  v s .  H i u b / ( H u i b  +  H ivd) was also linear with a slope 
of unity .
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hydroxide. The average values of (ifnia +  H:v„)/(Huu +  
Hi v a  +  if,.) and i f n i u / ( i f i n a  +  i f i v a )  in 3  g.l.p. chromatograms 
of the ether solution, which weighed 54 g., were (1.84 db 0.08) 
10~1 2 and 0.77 ±  0.01, respectively, indicating that the conversion 
was 589c and that the product was 77% Ilia  and 23% IVa.

Miscellaneous Reactions of N-(2-Haloallyl)ethylamines with 
Various Bases.—Treatment of 8.2 g. of N-(2-bromoallyl)ethyl- 
amine (la) with 2 g. of sodium amide in 100 ml. of ether at 25° for 
5 hr. and room temperature for 24 hr., gave a 29% conversion to 
IYa. No Ilia  was detected by means of g.l.p.c. A 6.0-g. 
sample of N-(2-chloroallyl)ethylamine (Ila) was treated in the 
same manner. No indication of the presence of Ilia  or IYa in the 
ether solution was obtained by g.l.p.c.

Treatment of 36 g. of la with 300 ml. of A'-methylmagnesium 
bromide in ether at reflux for 4 hr. and at room temperature for 
16 hr., gave a 10%. yield of a mixture of 24%, Ilia  and 76%, IYa. 
Formation of Ilia  and IVa was confirmed by means of infrared 
spectroscopy, and 29 g. (80%,) of la was recovered. N-(2- 
ChloroallyDisopropylamine (35 g.) was treated in the same 
manner. Traces of the corresponding III and IV (^90%  IV), 
estimated as <0.5 g. (<2% ), were detected by g.l.p.c.

Compound la (36.0 g.) was treated with 2.8 g. of lithium alu
minum hydride in 300 ml. of ether at reflux for 2.5 hr. The 
mixture had darkened considerably after 1 hr. The mixture was 
allowed to stand overnight, and 10 ml. of water was added cau
tiously with stirring. After 1 hr., the ether solution was de
canted from the dark precipitate and dried with sodium hydroxide. 
Presence of <0.6 g. (<4%,) of Ilia  and IVa consisting of more 
than 90% Ilia  was detected by means of g.l.p.c. Only 18.5 g. 
(51%) of la was recovered. Compound Ila (18.0 g.) was also 
treated with 2.8 g. of lithium aluminum hydride in the same 
manner. No trace of either Ilia  or IYa was detected in the 
concentrated ether solution from the reaction.

A mixture prepared from 4.0 g. of coarsely powdered sodium 
hydroxide, 8.2 g. of la, and 100 ml. of liquid ammonia was stirred 
at reflux for 10 hr. Ether (50 ml.) was added to the stirred 
mixture, and the ammonia was allowed to evaporate. Forma
tion of 1.0 g. (24% ) of IYa was detected by means of g.l.p.c.; 
formation of IYa was confirmed by means of infrared spectros
copy.

Dihalomalonaldehydes

S. T e o f im e n k o

Contribution No. 879 from the Central Research Department, 
Experimental Station, E. I. du Pont de Nemours and Company, 

Wilmington, Delaware

Received June 8, 1963

There are numerous examples of monosubstituted 
malonaldehydes,1 depicted best by the “pseudoaroma
tic” structure I. By contrast, disubstituted malon
aldehydes devoid of this “aromaticity” are little 
known. While acetals of dibromomalonaldehyde2 and

CHO ÇHO
I I

Br—C-Br B r-C -Cl
I I

CHO CHO
II III

(1) (a) Z .=  R or Ar |Z. Arnold and F. Sorm, C o l l e c t i o n  C z e c h .  C h e m .

C o m m u n ., 23, 452 (1958) 1; (b) Z =  -C N  [S. Trofim enko (unpublished
results)]; (c) Z = -C H O  [Z. Arnold and J. Zemlicka, C o l l e c t i o n  C z e c h .  

C h e m .  C o m m u n . .  25, 1318 (1958)1; (d) Z = -N O 2 [H. B. Hill, B e r . ,  15,
1906 (1882); A m .  C h e m .  J.. 22, 89 (1899)]; (e) Z = -C O O R  [L. Panizzi, 
O a z z .  c h i m .  i t a l . ,  76, 56 (1946)]; (f) Z = Br [M. J. G rard, C a m p t ,  r e n d . .

190, 187 (1930); A n n . .  13, 336 (1930)]; Is) Z = Cl [W. D iekm ann, B e r . ,  

37, 4638 (1904)]; (h) Z = OH (reductone) [T. R eichstein and R. Oppen- 
auer, H e U .  C h i m .  A c t a .  16, 988 (1933)]; (i) Z =  -C R O  ]Z. Arnold and  A. 
Holy, C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n . ,  28, 869 (1963)].

(2) S. M. M cE lvain and L. R. M orris, J .  A m .  C h e m .  S o c . ,  73, 206 (1957).

dimethylmalonaldehyde3 have been reported, they were 
prepared indirectly and, until recently,4 could not be 
converted to the free dialdehydes. This paper reports 
the first synthesis of negatively disubstituted malon
aldehydes, dibromomalonaldehyde (II), and bromo- 
ehloromalonaldehyde (III).

Both of these compounds were prepared by the 
action of the appropriate halogen on the sodium salt of 
bromomalonaldehyde, under scrupulously anhydrous
conditions.5

rp~-Q
B r—< (- T X2 —* 

W --0

CHO 
B r-j—X 

CHO

Dibromomalonaldehyde was obtained in better 
yields and was studied in more detail. It is readily 
soluble in common organic solvents; in water or 
aqueous tetrahydrofuran it dissolves with the formation 
of an isolable hydrate. Aqueous solutions of dibromo
malonaldehyde can be titrated with base, the hydrate 
being cleaved to formic acid and dibromoacetaldehyde.

Dibromomalonaldehyde exhibits surprising thermal 
stability, remaining unchanged when refluxed at its 
boiling point (186°) for two hours. Even under such 
drastic conditions as passage over quartz chips at 390 
and 450°, 50 and 40%, respectively, of the starting 
material is recovered.

In contrast to the thermal stability of dibromo
malonaldehyde is its high sensitivity to radicals. 
When solutions of dibromomalonaldehyde (in benzene 
or carbon tetrachloride) are exposed to light or azo 
initiators, a rapid and complex reaction ensues; hydro
gen bromide is evolved, and bromomalonaldehyde 
precipitates as an isolable product. When the reaction 
is allowed to proceed further, a complex mixture of acid 
bromides is obtained. It is noteworthy that bromo
malonaldehyde by itself does not react under those 
conditions, nor does dibromomalonaldehyde in the 
absence of a solvent.

Dibromomalonaldehyde reacts with metals or metal 
carbonyls, presumably via two one-electron transfers, 
and yielded the metal salt of bromomalonaldehyde.

Br

The bromomalonaldehyde radical gave no evidence of 
coupling in any of the preceding reactions; in fact, the 
most pronounced characteristic of dibromomalonalde
hyde (or bromomalonaldehyde radical) is its tendency 
to revert to the aromaticity of bromomalonaldehyde 
anion, as a metal or proton chelate. In almost all 
reactions tried, including pyrolysis of anhydrous bromo
malonaldehyde salts, bromomalonaldehyde could be 
sublimed out of the reaction mixture.

(3) K. C. B rannock, J .  O r g .  C h e m . ,  25, 258 (1960).
(4) After th is  work has been com pleted, a report of the  successful hydrol

ysis of dim ethylm alonaldehyde te trae thy l acetal appeared; L. A. Yanov- 
skaya, B. A. Rudenko, V. F. Kucherov, R. N. S tepanova, and J. A. Kogan, 
I z v .  A k a d .  N a u k  S S S R ,  O t d .  K h i m .  N a u k ,  2189 (1962).

(5) T he question whether d irec t C -halogenation or O -halogenation, 
followed by some secondary process, takes place, rem ains open; only 
O -acylation has been reported for m alonaldehydes [T. V. Protopopova and  
A. P. Skoldinov, Z h .  O b s h c h .  K h i m . ,  28, 240 (1958); Z. Arnold and J. 
Zemlicka, C o l l e c t i o n  C z e c h .  C h e m .  C o m m u n . ,  25, 1^18 (I960)].

Br
CHO

-I— Br +M°
CHO 
I

CHO
MBr + Br-C- 

I
CHO
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Dibromomalonaldehyde gives the usual aldehyde 
reactions. Spectral data (infrared, ultraviolet, n.m.r.) 
are also in accord with the assigned structure.

The effect of the two bromine atoms makes the 
acetalization of dibromomalonaldehyde difficult; on 
the other hand, the cyclic acetal VI is very resistant to 
hydrolysis, more so than the analogous acetals IV and
V. Nuclear magnetic resonance peaks of the dioxolane 
portion in IV and V fall close to those reported for 2,2'- 
bis-l,3-dioxolane6; in the case of VI a substantial shift 
to lower r is observed.

A  " A  a  f r A  a  *r AA A A < A A? AH H RrH
IV

Br
VI

Experimental
Bromomalonaldehyde. — 1,1,3 - Trimethoxy - 3 - ethoxy propane7 

(1127 g., 6.33 moles) was stirred with 1127 nil. of water and 45 
ml. of concentrated hydrochloric acid until a homogeneous solu
tion resulted. Bromine (1021 g., 6.33 moles) was added slowly 
to the stirred and cooled (below 35°) solution. After the addi
tion was complete, the clear yellow solution was concentrated at 
reduced pressure and temperatures not exceeding 70° to yield a 
thick slurry. Filtration gave slightly yellowish crystals that were 
washed with cold 50% ethanol and dried in a vacuum desiccator. 
The yield was 616 g. (65%), m.p. 155° dec.; lit.1' m.p. 148°; 
Ultraviolet: X̂ *°H 248 m/t, log e 4.16. (Note: The contact
of metal with the product is to be avoided, as it induces decompo
sition.)

Sodium Salt of Bromomalonaldehyde.—The sodium salt was 
prepared by treating bromomalonaldehyde with an equivalent 
amount of aqueous sodium hydroxide. The solution was con
centrated in vacuo and diluted with much acetone. Shiny 
crystals of the solvated salt separated; they lost their luster on 
preliminary drying at room temperature and were then dried 
in vacuo at 80° until the -OH band in the infrared disappeared; 
Ultraviolet: X"a° 277, log e 4.38. N.m.r. (I)20 ), 5.31 r (sin
glet.

For larger runs, the water was removed by azeotropic distilla
tion with benzene. Yields ranged from 60 to 78%. The salt 
darkens from 180-310° without melting.

Dibromomalonaldehyde (II).—Dry sodium salt of bromo
malonaldehyde (118 g., 0.682 mole) was stirred in 700 ml. of 
carbon tetrachloride. Bromine was added slowly to the cooled 
solution (20-30°) until the red color persisted. The suspension 
was stirred for another 10 min. at room temperature, then 
filtered, and the cake washed with three 100-ml. portions of 
carbon tetrachloride. The organic phases were combined, 
dried with magnesium sulfate and filtered, and the solvent was 
removed at reduced pressure. Distillation of the residue on a 
spinning-band column gave 119 g. (76%) of dibromomalonalde
hyde, b.p. 55° (9 mm.), n 20D  1.5492.

Anal. Calcd. for C3H2Br20 2: C, 15.7; H, 0.9; Br, 69.5; 
mol. wt., 230. Found: C, 16.2; H, 1.1; Br, 70.4; mol. wt.,
210 (cryoscopic in benzene).

Infrared: 3.50, 5.75, 7.40, 9.14, 10.13, 10.7 (w), and 11.7 
(w) u- Ultraviolet: XmaI 261 nip, e 64. n.m.r.: singlet at r
0.275.

Dibromomalonaldehyde stores well at room temperature pro
vided moisture is scrupulously excluded.

Bromochloromalonaldehyde (III).—When chlorine was sub
stituted for bromine in the reaction, brofhochloromalonaldehyde, 
b.p. 38 (9 mm.), ra20n 1.5245, was obtained in 32% yield (con
siderable losses due to volatility occurred during solvent removal).

Anal. Calcd. for C3H2BrCl: C, 19.4; H, 1.08. Found: 
C, 18.9; H, 1.26.

(6) E. Caspi, T. A. W itts truck , and D. M. P iatak , ./. O r g .  C h e m . ,  27, 
3183 (1962).

(7) Available from K ay-Fries Chemicals, Inc., 180 M adison Ave., New
York 16, N. Y. O ther 1,1,3,3-tetraalkoxypropanes gave com parable 
results.

Infrared is the same as that of II except for a band at 12.7 n 
instead of 11.7 m-

The Hydrate of Dibromomalonaldehyde.—To a solution of 
dibromomalonaldehyde in tetrahydrofuran was added an excess 
of water, and the solution was stirred at room temperature for 2 
hr. It was then evaporated in vacuo yielding a white solid. 
It could be recrystallized from water (rhombic plates) but melted 
unsharply (95-110°). It gave the 2,4-dinitrophenylhydrazine 
derivative of dibromomalonaldehyde.

The infrared spectrum of the solid had characteristic bands at
2.95, 3.10, 7.6, 9.08, 9.25, 9.60, 10.02, 10.68, and 12.16 M-

Titration of Dibromomalonaldehyde.—Two dibromomalon
aldehyde samples (4.5 and 4.8 mmoles, respectively) were each 
stirred in 15 ml. of water until solution resulted and were titrated 
with 0.1 N sodium hydroxide to phenolphthalein end point. 
The samples consumed 4.6 and 4.8 mmoles of base, respectively.

Addition of excess 2,4-dinitrophenylhydrazine reagent yielded 
the derivative of glyoxal in 96% yield, known to be formed from 
dihaloacetaldehyde.8

Pyrolysis of Dibromomalonaldehyde.—Dibromomalonalde
hyde was pyrolyzed by being passed dropwise through a 30-cm. 
tube packed with quartz chips and maintained at the appro
priate temperature by means of an electric furnace. The prod
ucts were swept with nitrogen into a —80° trap. At 450°, 
40% of dibromomalonaldehyde was recovered; at 390°, 50%, 
dibromomalonaldehyde and 29% bromomalonaldehyde was ob
tained.

Free Radical Reactions of Dibromomalonaldehyde. A.—
Dibromomalonaldehyde was refluxed in a small amount of 
benzene with azobisisobutyronitrile. Hydrogen bromide was 
evolved and after about 10 min. solid started separating. It was 
identified as bromomalonaldehyde by comparison with an 
authentic sample.

B. —Dibromomalonaldehyde was dissolved in benzene and 
exposed to sunlight. Within a few minutes hydrogen bromide 
was evolved and bromomalonaldehyde started precipitating. 
If the bromomalonaldehyde was not removed and the irradiation 
continued, the solid went back into solution and a strongly acidic 
sirup was obtained on evaporation of solvent. The same 
behavior was observed when a sunlamp was used as the light 
source and carbon tetrachloride as the solvent.

No reaction took place when pure dibromomalonaldehyde was 
irradiated. Upon dilution with benzene the reaction promptly 
commenced and proceeded as before.

C. —A 1.71-g. sample of nickel carbonyl was added to a solu
tion of 2.30 g. of dibromomalonaldehyde in 5 ml. of benzene. 
After stirring for 3 hr. at room temperature there was obtained
3.0 g. of a hygroscopic solid. It gave positive ferric chloride and
2,4-dinitrophenylhydrazine tests and yielded bromomalonalde
hyde upon acidification and sublimation.

Similar results were obtained upon refluxing dibromomalonalde
hyde in xylene with molecular silver.

Malonaldehyde Bisethvlene Acetal (IV).— 1,1,3-Trimethoxy-3- 
ethoxypropane (178 g., 1.0 mole) was mixed in a 1-1. flask with 
redistilled ethylene glycol (140 g., 2.2 moles), 10 drops of sulfuric 
acid was added, and the mixture was heated in an oil bath at 140°. 
The alcohol was distilled slowly through a heliees-packed column. 
After about 2 hr. the distillation almost ceased. The pot residue 
was mixed with 600 ml. of dilute potassium carbonate solution 
and extracted with six 200-ml. portions of ether. After drying 
and removal of ether, there was obtained 102 g. (64%,) of a 
crude oil. Distillation gave a pure fraction, b.p. 85°, (1 mm.), 
which solidified. Recrystallization from et.her-ligroin gave 
crystals, m.p. 42-43°.

Anal. Calcd. for C,7Hl20 4: C, 52.5; H, 7.55. Found: C, 
52.8; H, 7.72.

The n.m.r. spectrum showed three kinds of protons in a 
1:4:1 ratio resolved as triplet, A2B2 mult.iplet, and triplet, cen
tered at 5.00, 6.07, and 8.02 r, respectively (J = 5.5).

Bromomalonaldehyde Bisethylene Acetal.—Bromomalon
aldehyde (134 g., 0.89 mole) was mixed with ethylene glycol (110 
g., 1.78 moles) and 350 ml. of benzene. The mixture was 
stirred and refluxed, and the water was collected in a separator. 
When water separation ceased, the solution was cooled, 50 ml. of 
ether was added, and the organic phase extracted with dilute 
base and then with water. Drying of the organic layer gave, 
after solvent removal, 150 g. (70%) of an oil. It was distilled

(8) F. D. Chattaway and L. H. Farinholt, J . C h e m .  S o c . ,  96 (1930).



on a spinning-band column, b.p. 100-104° (1 mm.); yield, 128 g. 
(60%).

Anal. Calod. for CiHnBrCb: C, 35.1; H, 4.54; Br, 33.4. 
Found: C, 35.4; H, 4.66; Br, 33.0.

The infrared spectrum contains bands at 3.30, 3.40, 6.75,
7.27, 7.98, 8.12, 8.25, 8.65 (vs), 8.90, 9.30, 9.5 (broad), 10.0, 
10.50 (broad), 11.25, and 12.95 y.

The n.m.r. spectrum consists of a doublet and a narrow 
A2B2 multiplet with an area ratio (by integration) of 2:9, indicat
ing coincidence of the central hydrogen with the methylene 
groups.

Dibromomalonaldehyde Bisethylene Acetal (VI).—Dibromo- 
malonaldehyde (32 g., 0.139 mole) was refluxed in 200 ml. 
of benzene with ethylene glycol (18.1 g., 0.291 mole) and sulfuric 
acid (5 drops). Water was removed continuously. After re
fluxing overnight, 4.2 ml. of water had been collected. The 
solution was washed with dilute alkali, the organic layer dried, 
and the solvent removed.

The residual sirup was distilled in vacuo. A viscous oil dis
tilled that contained -OH and carbonyl bands. The pot residue 
solidified and was recrystallized from carbon tetrachloride, 
yielding 2.6 g. (6%) of VI, m.p. 70-75°. Two recrystallizations 
from hexane raised the m.p. to 81-82°.

Anal. Cak'd, for CjHioBrjOj: C, 26.4; H, 3.14; Br, 50.3. 
Found: C, 26.9; H, 3.24; Br, 49.7.

The n.m.r. spectrum consisted of a singlet at 4.72 r and a 
narrow A2B2 multiplet centered at 5.81 r with an area ratio of 
1:4.

Hydrolysis Rates of Acetals IV, V and VI.—Samples of IV, 
V, and VI were dissolved in minimum amounts of ethanol and 
treated with 2,4-dinitrophenylhydrazine reagent. Derivative 
formation, as evidenced by precipitation of a colored solid 
(which later redissolved in the case of VI) took place in about 30 
sec. with compounds IV and V. The acetal VI required about 12 
hr. for derivative formation.

N o v e m b e r , 1963

Effect of Solvent Composition on the Kinetics of 

the Cyanoethylation of Methanol

B e n - A m i  F e i t , J o e l  S i n n r e i c h , a n d  A l b e r t  Z i l k h a

Department of Organic Chemistry, The Hebrew University,
J erusalem, Israel

Received April 18, 1963

In previous work,1 the kinetics and mechanism of the 
alkali metal alkoxide-catalyzed nucleophilic addition of 
alcohols to acrylonitrile in alcoholic solvents were 
studied; the rate equation obtained was R — k [acrylo
nitrile ][CH30 — ]. We have investigated further the
cyanoethylation of methanol in solvent mixtures of 
methanol and aptotic solvents such as dimethylform- 
amide (DME) and dioxane. Dipolar solvents were 
found to change the nucleophilicity order of nucleo
philes in bimolecular substitutions.2 3 4 Rates of nucleo
philic substitution reactions in which anions participate 
were found to be accelerated by a factor of 105- 107 or 
more3 4 on passing from protic to dipolar aprotic sol
vents6; this phenomenon was used with great advantage 
in the syntheses of many compounds.5 It was pre
sumed that this solvent effect must be due largely to the 
greater reactivity of anions poorly solvated, relative to 
the transition states of their reactions in dipolar

(1) B.-A. F e it and  A. Zilkha, J .  O r g .  C h e m . ,  28, 406 (1963).
(2) S. W instein, L. G. Savedoff, S. G. Sm ith, I. D. R. Stevens, and J. S. 

Gall, T e t r a h e d r o n  L e t t e r s , No. 9, 24 (1960).
(3) J. M iller and A. J. Parker, J .  A m .  C h e m .  S o c . ,  83, 117 (1961); A. J. 

Parker, J .  C h e m .  S o c . ,  1328 (1961).
(4) I). J. Cram, B. Rickborn, C. A. K ingsburg, and P. Haberfield, J .  A m .  

C h e m .  S o c . ,  83, 3678 (1961).
(5) A. J. Parker, Q u a r t .  R e v .  (London), 16, 163 (1962).
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50 75 100
% apro tic  solvent.

Fig. 1.—Plots of per cent aprotic solvent in the mixed meth- 
anol-aprotic solvent against initial rate (mole/1. min.) in meth- 
anol-dimethylformamide mixed solvent: ( 1) at 0°; (2) at 15°; 
(3) at 25°; (4) methanol-dioxane mixed solvent at 20°.

aprotic solvents.5 A similar solvent effect is to be 
expected in the case of cyanoethylation and related 
addition reactions, involving a nucleophilic attack of 
anions on acidic double bonds. Very little is known at 
present in this field; thus, the rate of addition of p- 
toluene thiolate to phenylacetylene in ethanol-di- 
methylformamide mixtures was found to increase 
greatly in the presence of high dimethylformamide 
concentrations.6

Results and Discussion
The kinetics of the cyanoethylation of methanol 

was studied in mixtures of methanol dimethylform- 
amide, at various temperatures, using lithium meth- 
oxide as basic catalyst, and in methanoi-dioxane mix
tures at 20° using potassium methoxide. Rates of 
reaction were calculated from the initial slopes of 
conversion vs. time plots. The rate increased pro
gressively with decrease in the proportion of methanol 
in the mixed solvents (Fig. 1). A very great increase 
in rate was noticed in the range of low methanol con
centrations, which in the case of methanol-dioxane 
mixtures obviously cannot be attributed solely to the 
effect of lowering of the dielectric constant on the rate 
of reaction between an ion and a neutral molecule.7 
In the case of methanol (e 34)8 and dimethylformamide 
(e 37.6)9 mixtures, the increase in rate has but little to do 
with change in the dielectric constant.

In all cases the rate of reaction was first order in 
acrylonitrile. First-order rate constants were calcu
lated from the linear plots of log [acrylonitrile], vs. 
time (Tables I, II). The rate of reaction was also 
approximately first order in catalyst; its value was 1.2

(6) W. E. Truce and R. F. Heine, J .  A m .  C h e m .  S o c . ,  81, 592 (1959).
(7) A. A. F rost and R. G. Pearson, “ K inetics and M echanism ,’’ .John 

Wiley and Sons, Inc., New York, N. Y., 1960, p. 135.
(8) H. L. Schlafer and W. Schaffernicht, A n g e w .  C h e m . ,  72, 618 (1960).
(9) S. Olive, M a k r o m o l .  C h e m . ,  42, 251 (1961).
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- lo g  [CH bOH],

Fig. 2.—Order plots of logarithm of methanol concentration 
against logarithm of initial rate in methanol-dimethylformamide 
mixed solvent: (1) at 0°, slope —2.75; (2) at 15°, slope —2.75; 
(3) at 25°, slope —2.97; (4) methanol-dioxane mixed solvent at 
20°, slope -1.33.

T a b l e  I

F ir s t -O r d e r  R a t e  C o n s t a n t s  f o r  t h e  C y a n o e t h y l a t io n  o f  
M e t h a n o l  in  D M F - M e t h a n o l  M i x t u r e s “

DMF, 103fcl 103A;i lCDfci
% by (min. - l ) (min. -1) (min. -1)

volume a t 0° a t  15° a t  25°

50 1.23
65 1.80 3.70
75 4.16 11.41
80 1.84 9.47 22.26
85 4.61 19.39 56.66
90” 10.80 64.36 187.75
93 50.83 164.29
95c 109.01

a Experimental conditions: initial concentration of acrylo
nitrile, 0.506 mole/1.; of lithium methoxide, 3.333 X 10-4 
mole/1. Rate measurements were carried out as previously 
described.1 6 Under otherwise constant conditions, 103lci 
(min.-1) values at various base concentrations, 104[GHsOLi], 
shown in parentheses (moles/liter) were: 8.75 (0.83), 33.45
(1.67), 64.36 (3.33), 115.00 (5.00), 163 09 (6.67). r At low 
equivalent concentrations of methanol, polymerization of excess 
acrylonitrile occurs. See B.-A. Feit and A. Zilkha, J. Appl. 
Polymer Sci., 7, 287 (1963).

in the case of methanol-dimethylformamide solvent 
(containing 90% by volume of dimethylformamide) 
at 15°, and 1.1 in the case of methanol-dioxane (93% 
dioxane) at 20°. Negative values were found for the 
order of reaction in methanol (Fig. 2). In methanol- 
dimethylformamide mixtures, the order in methanol 
was approximately —3 at all three reaction tempera
tures, whereas in methanol-dioxane mixtures it was 
— 1.3. It might well be assumed, therefore, that 
methanol itself participates in the reaction, for example, 
by solvation of the methoxide anions. An equilibrium 
involving free methoxide anions and solvated ones, the 
former being much more reactive, may exist: CH30 - -

T a b l e  I I

F ir s t -O r d e r  R a t e  C o n s t a n t s  f o r  t h e  C y a n o e t h y l a t io n  o f  
M e t h a n o l  in  D i o x a n e - M e t h a n o l  M i x t u r e s '*

Dioxane, 103fcl Dioxane, 103fci
% by (min. -1) %  by (min. -1)

volume a t 20° volume a t  20°

0 2.31 75 15.81
20.7 3.57 85 29.27
34.5 5.11 90 56.61
51.7 8.42 936 123.21
65 1 0 .2 2 95 281.75

a Experimental conditions: initial concentration of acrylo
nitrile, 0.506 mole/1.; of potassium methoxide 6.720 X 10-3 
mole/1. 6 Under otherwise constant conditions 103£i (min.-1) 
values at base concentrations, 104[CH3OK], shown in paren
theses (moles/liter) were: 9.50 (8.33), 33.81 (20.00).

n-CH3OH CH30 -  +  n-CH3OH. Such an equilibrium 
followed by a rate determining nucleophilic attack1 
may be responsible for the negative order in methanol.

RO-  +  CU, =CH-CN----^ ROCHj-CH-CN

Support for the above can be found from the work of 
Cram, et al,,4 on the sodium methoxide-catalyzed H-D 
exchange, where the reaction was 109 times faster in 
dimethyl sulfoxide than in methanol, due to a strong 
solvation of methoxide anions in methanol by hydrogen 
bonds, and a very poor one in dimethyl sulfoxide. 
Cavell and Speed10 found a large increase in the rate of 
the isotopic exchange reaction of radioactive iodine with 
butyl iodide in mixed methanol-acetonitrile (e 36) 
solvent, with increasing acetonitrile proportion. They 
too suggested that the existence of the equilibrium, 
I~-CH3OH I -  +  CH3OH, and the much greater 
reactivity of the free I -  as compared to the solvated 
one is responsible for this increase in rate.

The results of the present work offer possibilities for 
the shortening of reaction time and for obtaining higher 
yields in suitable nucleophilic additions.

(10) E. A. S. Cavell and J. A. Speed, J .  C h e m .  S o c . ,  1453 (1960); 226
(1961).

Oxidation of Thiols by Dimethyl Sulfoxide

C. N. Y ia n n io s  a n d  J V. K a r a b in o s

Chemicals Division, Olin Mathieson Chemical Corporation, 
New Haven, Connecticut
Received May .?/, 1963

Various oxidizing agents such as nitric acid, hydrogen 
peroxide, oxygen, and potassium ferricyanide have 
been employed for the conversion of thiols to disulfides. 
However, most of these reagents are also capable of 
reacting with other oxidizable sites such as aldehyde 
and amino groups.

VVe wish to report a convenient laboratory syn
thesis of disulfides from the corresponding thiols by 
selective oxidation of the latter with dimethyl sulfoxide.

While most oxidizable functional groups are quite 
stable to dimethyl sulfoxide, there are several reports in 
the literature of its use as a unique oxidizing agent, for 
example, in the conversion of a-bromo ketones to gly-
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T a b l e  I
----------------Corresponding disulfides obtained-

------------- Crude product, yields and p u rity -------------s —Recrystallized product—-
-------------------Thiol used-------

Purity ,
Yield, 

by wt.,
Disulfide 

by analysis, M .p.,
Obsd.
m.p.,

Lit.
m.p.,

No. Name % Name % % (-SH ), % "C. °c. °C.
1 Benzenethiol 100 Diphenyl disulfide 100 94 5 0 00 61-62 62-63 61
2 a-Toluenethiol 100 Dibenzyl disulfide 100 96.5 1.39 71-72 71-72 71-72
3 o-Aminobenzene-

thiol
100 Di-2-aminophenyl

disulfide
80 a 14.8 91-92 94-95 93

4 p-Chloro-a-
toluenethiol

100 Di-p-chlorobenzyl
disulfide

97 96.8 0.45 53-55 56-57 58-59

5 p-Bromo-a-
toluenethiol

99.6 Di-p-bromophenyl
disulfide

100 95 0.04 92-95 95-96 93.8

6 p-Chlorobenzene-
thiol

99.7 Di-p-chlorophenyl
disulfide

100 96.5 0.00 69-73 73-74 71.5

7 Mercaptoacetic
acid

96. 1 Dithiodiglycolic
acid

100 92.0 0.63 105-108 107-108

8 3-Mercaptopro- 
pionic acid

99.9 3,3 '-Dithiodipro- 
pionic acid

96 93.8 2.63 156-157 156-158 155

9 Pentachloro-
benzenethiol

Tech. Dipentachloro- 
phenyl disulfide

80 4.60 223-227 235-237 229 and 
235- 
237

10 1-Butanethiol Tech. Di-n-butyl disulfide 86 92.3 0.46 906
(3.7 mm.)

90.56 
(3.7 mm.)

110—1136 
(15 mm.)

11

a

2-1 liethy lamino- 98.3 
ethanethiol,
HC1

End point not detectable due to color

2,2 '-Diethylamino- 
diethyl disulfide, 
2HC1

. 6 Boiling point.

100 91.4 7.6 221-222 221-222 220-221

oxals,1 later modified for the conversion of alkyl halides 
and tosylates to their corresponding aldehydes.2 In 
addition a number of higher molecular weight sulfides 
were found to undergo oxygen exchange with dimethyl 
sulfoxide to produce the corresponding sulfoxide.3

In their work on the bromination of amines and 
phenols in dimethyl sulfoxide Fletcher, et al.,4 mention 
that increasing amounts of 48% hydrogen bromide with 
p-chlorothiophenol in dimethyl sulfoxide gave a crystal
line product presumed to be the corresponding disulfide. 
There appears to be no further investigation of this 
finding. On the other hand, it is known that hydrogen 
sulfide can be oxidized to sulfur and water with di
methyl sulfoxide.5

In the present work it was found that when a thiol 
was dissolved in an excess of dimethyl sulfoxide and 
stirred for a maximum of eight hours at temperatures 
varying from 80-90°, the corresponding disulfides were 
obtained in excellent yield and purity. The present 
procedure is attractive not only for its simplicity and 
general applicability, but also because the dimethyl 
sulfoxide plays a double role of oxidizing agent and sol
vent.

In order to establish the oxidative function of di
methyl sulfoxide, several experiments using benzene- 
thiol and u-toluenethiol were carried out under a nitro
gen atmosphere. In both cases the yields of disulfide 
were identical with those obtained in Table I where air 
had not been excluded from the reaction. In addition 
the by-product of the reaction, dimethyl sulfide, was

(1) N. K ornblum , J. W. Powers, G. J. Anderson, W. J. Jones, H. O. 
Larson, O. Levand, and W. M. W eaver, J .  A m .  C h e m .  S o c . ,  79, 6562 (1957).

(2) N. K ornblum , W. J. Jones, and G. J. Anderson, i b i d . .  81, 4113 
(1959); H. R. Nace and J. J. M onagle. J .  O r g .  C h e m . ,  24. 1792 (1959).

(3) S. Searles, Jr., and H. R. Hays, i b i d . ,  23, 2028 (1958).
(4) T. L. Fletcher, M. J. Nam kung, and H. L. Pan, C h e m .  I n d .  (London), 

660 (1957).
(5) N. Kharasch, “ Organic Sulfur Com pounds,” Pergam on Press, New 

York, N. Y., 1961, p. 174.

isolated and identified by its infrared spectrum. It 
should be mentioned that dimethyl sulfide could be re
converted to dimethyl sulfoxide by catalytic air oxida
tion in a larger scale process.

Experimental

General Procedure.—The apparatus consisted of an erlen- 
meyer flask fitted with an Agit-Therm Magnet stirrer, a water 
condenser, and a thermometer hung from the top of the condenser.

The thiol (0.1 mole) was dissolved in 50 g. of dimethyl sulfoxide. 
The resulting solution was stirred for 8 hr. at 80-90°. After 
that period of time the product solution was decolorized with 
charcoal and allowed to cool to room temperature. Further de
tails are indicated in Table I.

For the isolation and purification of the disulfides the following 
three procedures were employed.

Procedure A for Solid Disulfides Insoluble in Water.—Exam
ples are 1,2, 3, 4, 5, 6 , and 8 in Table I. The product solution was 
poured into a tenfold volume of ice-water and after 3-hr. standing, 
the precipitated disulfide was collected by filtration, washed three 
or four times with water, and dried under vacuum.

Procedure B for Disulfides Soluble in Water.—An example is 7 
in Table I. The excess of the dimethyl sulfoxide was removed 
from the product solution by distillation under vacuum (3 mm.). 
In some instances, complete removal of dimethyl sulfoxide using 
this procedure was difficult and crystallization of the disulfides 
was inhibited.

Procedure C for Disulfides Forming a Separate Layer.—
Examples are 9, 10 and 11 in Table I. The disulfide layer was 
collected in a separatory funnel, diluted with ethyl ether, and 
washed three or four times with water. The ethereal solution was 
dried over anhydrous sodium sulfate, the ether evaporated, and 
the product dried in a vacuum desiccator. In the case of example 
9, the bispentaehlorophenyl disulfide precipitated from dimethyl 
sulfoxide and was collected and washed with acetone. In the 
case of example 11, the product was partially soluble in dimethyl 
sulfoxide. The insoluble product was collected by filtration and 
the remainder precipitated by addition of ether. The combined 
precipitates were washed with ether and dried.

Purification.—Solid disulfides were recrystallized from ethyl 
alcohol-water, or ethyl acetate-benzene systems. Liquid di
sulfides were distilled under vacuum.
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The yields and purity of the crude disulfides were determined 
by weight and analytical methods.6,7 Their disulfide and thiol 
contents were determined and the results are shown in Table I, 
along with melting points of the crude and purified disulfides.

Oxidation of Benzenethiol.—Two-tenths of a mole of benzene- 
thiol was dissolved in 100 ml. of dimethyl sulfoxide and the solu
tion was maintained at 85 ±  1°. Samples were removed at 
various intervals and analyzed for thiol and disulfide content.6,7 
The following conversions of thiol to disulfide were found: 85% 
after 30 min., 92.4%, after 1 hr., 96.7%, after 2 hr., 98.3% after 
4 hr., and 98.9%, after 6 hr.

Oxidation of Benzenethiol in the Absence of Air.—A 250-ml. 
three-necked flask was equipped with a magnetic stirrer, ther
mometer, a nitrogen gas inlet tube, and an outlet to a trap cooled in 
Dry Ice. The flask was charged with 11 g. (0.1 mole) of benzene
thiol and 50 ml. of dimethyl sulfoxide under a blanket of nitrogen 
and the solution was heated with stirring at 80° for 18 hr. with a 
continuous flow of nitrogen through the system. The disulfide 
isolated in almost theoretical yield by procedure A weighed 10.8 
g. and melted at 61-62°.

The liquid condensed in the Dry Ice trap separated in two 
layers. The upper one proved to be the expected dimethyl sulfide 
by infrared spectrum and boiling point; the lower layer was 
mainly water.

Similar results were obtained when the experiment was carried 
out with a-toluenethiol with the by-products being identified as 
dimethyl sulfide and water. The disulfide was obtained in 88%, 
yield with m.p. 71-72°.

(6) S. Siggia and R. L. Edsberg, A n a l .  C h e m . ,  20, 938 (1948).
(7) J. W. K imball, R. L. K ram er, and E. E. Reid, J .  A m .  C h e m .  S o c . ,  

43, 1199 (1921).

The Jacobsen Rearrangement of 6 -Methyl-7- 

propyltetralin1

E l l io t  N. M a r v e l l , P a t r ic k  G. O l a f s o n , D avid  L i n i , 1 
R ic h a r d  B a r b o u r , a n d  R o n a ld  D u e l t g e n

Department of Chemistry, Oregon Stale l 'niversity, Corvallis, Oregon

Received May 28, 1063

The Jacobsen rearrangement of 6-methyl-7-propyl- 
tetralin was initially investigated by Smith and Lo2 who 
reported that a low yield (25% ) of 6-methyl-5-propyl- 
tetralin was obtained. This result quite apparently 
was a surprise to the authors since they commented at 
some length on the mode of formation of this product. 
Clearly this is a result of considerable mechanistic im-

plication. The starting material contains four alkyl 
substituents on the benzene ring which are effectively all 
nonequivalent. However, the differences among these 
four groups are quite subtle* particularly with respect 
to the a priori migratory aptitudes of the two alicyclie 
groups a and b. If A alone is the product either the 
propyl group migrates to C-l or a migrates to C-4 or 
both occur. Since the product obtained is not the

(1) G ratefu l acknow ledgm ent is m ade to  the  Atomic Energy Commission 
(AEC AT (45-1) 352) and the general research g ran ts  of Oregon S tate  
U niversity  for partia l financial support of th is work. D avid Lini is in 
debted  to  the  N ational Science Foundation  for support as  an N SF U nder
g raduate  R esearch P a rtic ip an t during  the sum m er of 1960.

(2) L. I. Sm ith and  C. P. Lo, J . A m .  C h e m .  S o c . ,  70. 2209 (1*948).

thermodynamically most stable one, it is appropriate to 
ask that the mechanism explain why the propyl group 
and/or a can migrate while the methyl and/or b can
not. This entirely unexpected migratory specificity 
prompted our interest in this case.

We have prepared a sample of (i-methyl-7-propyl- 
tetralin according to the procedure of Smith and Lo.2 
The hydrocarbon obtained in this way is impure and 
careful fractionation showed that it contained at least 
four other hydrocarbons. A sample of the purified 6- 
methyl-7-propyltetralin which was homogeneous as 
shown by gas partition chromatography analysis was 
subjected to the Jacobsen rearrangement. The hydro
carbon product was isolated in 28-30% yield and was 
shown to contain at least eleven substances. We have 
identified by comparison g.p.c. analysis five of these as
6- methyltetralin, 6-propyltetralin, starting material, 6- 
methyl-5-propyltetralin, and 5-methyl-6-propyltetralin. 
These latter two make up the major portion of the hy
drocarbon product isolated, and are present in equiva
lent amounts. Thus, whatever the combination of 
migrating groups may be, it is now clear that we can 
derive no information about migratory preference from 
this experiment.

In the course of the synthesis of the starting material 
and of comparison samples of 6-methyl-5-propvl- and
5-methyl-6-propyltetralins we have had occasion to ex
amine the products of partial reduction of several 
naphthalenes substituted in one ring. The reduction 
of /3-methyl naphthalene gave 80% 6-methyltetralin, 
10% of 2-methyltetralin, and 10%, of methyldecalins. 
Similarly the reduction of l-methyl-2-propylnaphtha- 
lene and of l-propyl-2-methylnaphthalene gave about 
70% of the product with the hydrogen added to the 
nonsubstituted ring. These results are in good accord 
with the findings of Hipsher and Wise,3 though they 
used copper chromite while we employed Raney nickel.

Experimental

6-Methyltetralin.—2 Methylnaphthalene was reduced over 
Raney nickel according to the procedure of Fieser and Jones.4 
The product, b.p. 226-227°, n20d 1.5350, was obtained in 70% 
yield. G.p.c. at 200° on a 6-ft. Carbowax 1500 column showed 
this to be a mixture containing an 8 :1 :1 ratio of two tetralins and 
isomeric decalins, respectively. Fractional distillation on a 30- 
in. Podbielniak Heli-Grid semimicro column gave a product, b.p. 
130° (48 nun.), re19D 1.5341, v 800, 825 cm.-', 97%, pure by g.p.c.

6-Methyl-7-propionyltetralin.—Samples of 6-methyltetralin 
(prepared as described above or by Clemmensen reduction of
7- methyl-l-tetralone5) were aeylated according to the procedure 
of Smith and Lo.2 The ketone was obtained as a clear oil, b.p. 
150° (1.25 mm.), n23o 1.5490-1.5510, in 70-84% yield, showing 
on g.p.c. analysis a broad peak partially separated into two peaks, 
but not sufficiently resolved to permit estimation of amounts of 
the components.

6-Methyl-7-propyltetralin.—Clemmensen reduction of 6- 
methyl-7-propionyltetralin as described by Smith and Lo2 gave 
in 85-92%, yield an oil, b.p. 94-99° (0.8 mm.), /¡20d 1.5188- 
1.5284. This material showed two nearly resolved peaks using 
g.p.c., showing approximately a 5 :1 ratio. The hydrocarbon was 
carefully fractionated on a Podbielniak Mini-Cal column to give 
16 fractions. Fractions 11-16, b.p. 124° (6 mm.), nwd 1.5294- 
1.5295, v 865 cm.-' (m), were uniform as indicated by g.p.c.

Rearrangement of 6-Methyl-7-propyltetralin.—A 21.0-g. (0.11 
mole) sample of the pure hydrocarbon wras mixed with 125 ml. of 
concentrated sulfuric acid and rearranged as described by Smith 
and Lo.2 Hydrolysis of the product with superheated steam at

(3) H. F. H ipsher and P. H. Wise, i b i d . , 76, 1747 (1954).
(4) L. F. Fieser and R. N. Jones, i b i d . ,  60, 1940 (1938).
(5) E. de B. B arnett and F. G. Saunders, J .  C h e m .  S o c . ,  434 (1933).
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155° gave 6.7 g. (32%) of a light oil, b.p. 60-66° (0.2 mm.), 
b 20d  1.5443. Analysis by g.p.c. showed 11 peaks. Two peaks, 
retention times 52.5 and 61.0 min., respectively, made up 90-95% 
of the total. These were identified by internal comparison as 6- 
methyl-5-propyltetralin and 5 methy 1-6-propyl tetralin, respec
tively .

6-Methyl-5-propyltetralin.—A sample (2.0 g.) of 2-methyl-l- 
propylnaphthalene6 was hydrogenated at 1100 p.s.i. and 130° in 
absolute ethanol over Raney nickel. After 12 hr. the hydrogen 
uptake had virtually ceased. The product was found to consist 
of two major components and eight minor components by g.p.c. 
analysis. The largest component, retention time 54.0 min., was 
purified by g.p.c. and the infrared spectrum showed strong ab
sorption bands at 1600, 1500, and 810 cm.-1.

Anal. Calcd. for Ci4H20: C, 89.30; H, 10.70. Found: C, 
89.02; H, 10.62.

6-Propyltetralin.—Tetralin was converted to 6-propionyltetra- 
lin and the ketone reduced according to the procedure of Smith 
and Lo.1 2 The 6-propyl tetralin, b.p. 61-63° (0.3 mm.), was ob
tained in 54% yield over-all, and gave a single peak on g.p.c. 
analysis.

2-Propylnaphthalene.—A mixture of 15.5 g. of 6-propyltetralin 
and 0.8 g. of 5% palladium on charcoal was heated for 5 hr. at 
300° while a slow stream of nitrogen was passed over the reaction 
mixture. The product isolated by distillation, b.p. 62° (0.1 
mm.), was obtained in 80% yield. A boiling point of 130° (12 
mm.) is reported.7 The substance gave a single peak on g.p.c. 
analysis.

l-Chloromethyl-2-propylnaphthalene.—A mixture of 12 g. 
(0.07 mole) of 2-propylnaphthalene, 6.5 g. of paraformaldehyde, 
18 g. of glacial acetic acid, 12 g. of 85% phosphoric acid, and 65 g. 
of concentrated hydrochloric acid was stirred vigorously while 
being heated for 5 hr. on a steam bath. The reaction mixture was 
diluted with water and extracted with ether. The product boiled 
at 98-100° (0.025 mm.), b 21d  1.6053, 9.3 g. (60%).

Anal. Calcd. for Ci4Hi6C1: C, 76.88; H, 6.91. Found: C, 
77.17; H, 7.14.

l-Methyl-2-propylnaphthalene.—Nine grams (0.041 mole) of 
the previous chloromethydation product was treated with hydro
gen at 34-p.s.i. initial pressure and 0.6 g. of palladium on charcoal 
in acetone. The product was isolated by distillation, b.p. 78° 
(0.3 mm.), n2Si) 1.5915, in 55-60% yield; lit.8 b 25d  1.5928.

5-Methyl-6-propyltetralin.—A solution containing 1.56 g. of
l-methyl-2-propylnaphthalene in 15 ml. of absolute ethanol was 
hydrogenated at 130° and 1050 p.s.i. over W-4 Raney nickel.9 
The product was isolated in the normal manner and g.p.c. analy
sis showed 10 peaks, the major one constituting about 66% of the 
total. The material responsible for this peak was isolated by 
repetitive g.p.c., and showed i 810 cm.-1. The amount isolated 
was insufficient for analysis.

Gas Chromatography.—All the hydrocarbons were analyzed on 
a Model 154C Perkin-Elmer vapor fractometer using a 6 ft. X 
0.25 in. 5%, Ucon Polar on Chromosorb column at 200° with he
lium as carrier gas. The following retention times are representa
tive though the actual times varied about ±  3% in various runs:
6-methyl-7-propyltetralin, 46 min.; 5-methyl-6-propyltetralin, 
60 min.; 6-methvl-5-propyltetralin, 54 min.; l-methyl-2-pro- 
pylnaphthalene, 102 min. The 6-methyl-7-propionyltetralin 
was analyzed on an 8 ft. X 0.25 in. 5% Ucon Polar column at 220°.

(6) E. N. M arvell, A. V. Logan, B. E. C hristensen , P. R oberti, and M. 
Cook, J .  O r g .  C h e m . ,  24, 224 (1959).

(7) R. D. H aw orth, B. M. L etsky, and  C. R. M arvin, J .  C h e m .  S o c . ,  1784 
(1932); see also G. Vavon and P. M ottez, C o m p t .  r e n d . ,  218, 557 (1944).

(8) H. Adkins and C. F. Hager, J .  A m .  C h e m .  S o c . ,  51, 2965 (1949).
(9) R. Adkins and A. A. Pavlic, i b i d . ,  68, 1471 (1946).

An Extention of the Gomberg-Bachmann 

Pinacol Synthesis

F r a n k  F .  E b e t i n o 1 a n d  E .  D .  A m stu tz

Department of Chemistry, Lehigh University,
Bethlehem, Pennsylvania

Received June 28, 1963

In 1927, Gomberg and Bachmann described the use of 
a magnesium-magnesium iodide mixture to reduce

aromatic ketones to the corresponding pinacols.2 
This technique provided nearly quantitative yields, 
even in cases such as the reduction of fluorenone (I) 
and xanthone (II), where the corresponding pinacols

I II

had not been obtainable by alternative methods. An 
apparent limitation of this reaction was noted, however, 
by Kegelman and Brown, who found that phenyl 2-, 3-, 
and 4-pyridyl ketones formed insoluble complexes with 
the magnesium halide.3 These complexes gave only 
unchanged starting materials upon hydrolysis. In the 
case of phenyl 2-pyridyl ketone (III), a 14% yield of the 
desired pinacol, IV, was obtained by the use of sodium 
amalgam in aqueous alcohol. We wish to report the 
successful conversion of III to IV in better than twice 
this yield by a simple modification of the original 
Gomberg-Bachmann technique.

In our initial investigations of this reduction, we ob
tained negative results similar to those of Kegelman 
and Brown. A yellow insoluble complex was formed 
which on hydrolysis yielded the original ketone. With 
an increased ratio of magnesium iodide to phenyl 2- 
pyridyl ketone, however, the yellow complex changed to 
a green precipitate which, on hydrolysis, gave a 38% 
yield of the pinacol IV.

The need for double the usual amount of magnesium 
iodide may be explained by assuming that the first half
mole serves to coordinate with the nitrogen of the 
pyridyl ketone, and that a second half-mole then 
serves to bring about the actual reduction.

Although we have not studied other examples of this 
reduction, it would appear that this simple expedient 
will allow the magnesium-magnesium iodide reductive 
dimerization to be applied to a wide variety of nitrogen- 
containing heterocyclic ketones.

Experimental4
a ,a-Di-2-pyridylhydrobenzoin (IV).—To 5 g. of powdered 

magnesium (0.21 g -atom) in 35 ml. of ether and 50 ml. of benzene 
was added with shaking 14 g. (0.055 mole) of iodine in portions to 
keep the solution boiling. After complete addition, the mixture 
was shaken until the liquid was practically colorless. To this 
mixture was added 18.3 g. (0.1 mole) of phenyl 2-pyridyl ketone 
dissolved in 30 ml. of benzene. A green precipitate separated 
which on shaking slowly turned to a yellow solid. The mixture 
was shaken and heated on a water bath for 1 hr., but no visible 
change occurred. A small portion of the mixture was withdrawn 
and hydrolyzed with water. The benzene-ether layer was dried 
and then evaporated to dryness to give a pale yellow solid, m.p.

(1) William S. M errell Co. Fellow, 1951-1953; The Norwich Pharm acal 
Co., Norwich, N. Y.

(2) M. Gomberg and W. E. Bachm ann, J .  A m .  C h e m .  S o c . ,  49, 236 
(1927).

(3) M. R. Kegelman and E. V. Brown, i b i d . ,  75. 4649 (1953).
(4) M elting points are corrected.
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< 40°, picrate m.p. 123° (phenyl 2-pyridyl ketone picrate5 m.p. 
128-129°). To the mixture was added an additional quantity of 
magnesium and magnesium iodide (prepared from 5 g. of magne
sium and 14 g. of iodine) and on shaking, the yellow precipitate 
changed to a green precipitate. The mixture was refluxed on a 
water bath for 4 hr. and then allowed to stand at room tempera
ture for 1 week after which time no visible change had taken 
place. The mixture was added to water and the benzene-ether 
layer separated. The water layer was washed several times with 
ether and the benzene-ether solution combined with the ether 
washings and dried over magnesium sulfate. Distillation of the 
solution yielded an orange oily solid which on washing with eth
anol yielded 7.0 g. (38%), m.p. 139-140°, of white solid. The 
filtrate on evaporation yielded 4.3 g. of phenyl 2-pyridyl ketone. 
The white solid was recrystallized twice from ethyl acetate to 
constant m.p. 141-142° (lit.3’6 m.p. 129-130°).

Anal. Calcd. for C24H20N2O2: C, 78.24; H, ,5.47. Found: 
C, 78.40; H, 5.39.

Acknowledgment.—The authors thank Dr. Jerrold 
Meinwald for a critical discussion of this manuscript.

(5) P. C. Teague, J .  A m .  C h e m .  S o c . ,  69, 714 (1947).
(6) The different m elting points can be a ttr ib u ted  to  p u rity  or to  steric 

differences since d l  and m e s o  forms are possible.

Ring Expansion and Electron Transfer in the 

Cleavage of 2,2'-I)iphenyl-2,2'-biindan-l,l',3,3'- 

tetrone with Base1

F. M a r s h a l l  B e r i n g e r  a n d  S u z a n n e  A. G a l t o n 2

Department of Chemistry, Polytechnic Institute of Brooklyn, 
Brooklyn 1, New York
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An article from this laboratory3 reported the isolation 
of a dehydro dimer of 2-phenyl-1,3-indandione (I) as a 
minor product in the phenylation of I with diphenyl- 
iodonium chloride4 or acetate3 in (-butyl alcohol in the 
presence of sodium i-butoxide, the major product 
(85-93%) being 2,2-diphenyl-l,3-indandione. Al
though this dehydro dimer was obtained previously by 
other workers,5 its mode of formation allowed formula
tions other than the proposed symmetrical C-C 
structure. New evidence6 has confirmed the structure 
of this dehydro dimer as 2,2'-diphenyl-2,2'-biindan- 
l,l',3,3'-tetrone (II). Also reported5 were the synthe
sis of II by oxidation of 2-phenyl-l,3-indandione (I) in 
base, the homolytic and reductive cleavage of II, and 
its thermal rearrangement.7

The present work reports a new, heterolytic cleavage 
of II by sodium methoxide or sodium hydroxide and 
proposes a mechanism for the formation of the observed 
products.

(1) This article is taken  from the doctoral dissertation  of Suzanne A. 
G alton, subm itted  in partia l fulfillm ent of the requirem ents for the degree 
of D octor of Philosophy (C hem istry).

(2) E astm an Kodak Co. Fellow, 1961-1962; Texaco Co. Fellow, 1963.
(3) F. M. Beringer, S. A. G alton, and S. J. H uang, J . A m .  C h e m .  S o c . ,  84, 

2919 (1962).
(4) F. M. Beringer, E. J. Geering, M. M ausner, and I. K untz, J .  P h y s .  

C h e m . ,  60, 141 (1956).
(5) (a) F. N athanson, B e r . ,  26, 2576 (1893); (b) D. Radulescu and F. 

Barbulescu, B u l l .  s o c .  c h i m .  R o m a n i a ,  20, 29 (1938); C h e m .  Z e n t r .  / ,  1830 
(1940).

(6) F. M. Beringer, S. A. G alton, and S. J. H uang, T e t r a h e d r o n ,  19, 809 
(1963).

(7) The rearrangem ent was first reported by J. R igaudy and P. A uburn, 
C n m p t .  r e n d . .  264, 2372 (1962).
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Results.—Dehydro dimer II was cleaved to 2,3- 
diphenyl-1,4-naphthoquinone8' 9 (III, 76%), sodium 
phthalate, and 2-phenyl-1,3-indandione (I) when boiled 
with 1 N  sodium hydroxide in dioxane. A hot meth- 
anolic solution of II containing sodium methoxide gave 
III, I, and methyl phthalate. The identity of the 
quinone III was proven by its melting point and 
infrared spectrum and by its conversion to 2,3-di- 
phenylnaphthalene-l,4-diol diacetate10 and to 2,3- 
epoxy-2,3-dihydro-2,3-diphenyl-l,4-naphthoquinone.11

0

While the sequence by which the dehydro dimer II is 
cleaved to give the 2,3-diphenyl-l,4-naphthoquinone 
and I is not fully established, it probably includes the 
formation of the dianion of the hydroquinone of III as 
an intermediate; indeed, 2,3-diphenylnaphthalene-l,4- 
diol8 was isolated from the reaction in small quantities.

Proposed Mechanism for Ring Expansion.—A possi
ble formulation of the cleavage of II by hydroxide 
ion is shown in Scheme I ; the cleavage with methoxide 
ion can be interpreted analogously.

S c h e m e  I

P r o p o s e d  M echanism  f o r  the Alkaline  C leavage o f  
2 ,2 '-D iph en y l-2 ,2 '-biindan-1 ,1 ',3 ,3 '-tetro ne

(8) R. Weiss and K. Bloch, M o n a t s h . ,  63, 39 (1933).
(9) H. M. Crawford, J .  A m .  C h e m .  S o c . ,  70, 1081 (1948).
(10) C. F. H. Allen, A. Bell, J. H. C lark, and J. E . Jones, ibid., 66, 1617 

(1944).
(11) M. M. Shem yakin, D. A. Bochvar, and L. A. Shchukina, J .  G e n .  

C h e m .  U S S R  (Eng. T ransi.), 22, 505 (1952); C h e m .  A b s t r . ,  47, 2741/ (1953).
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Scheme II
Abomatization  o f  a  B e n z o [3.1.0]bicyclohexenone  

(K oelsch12)

o
II

C6HS —C—CHgCl 
KOH

0
H5C6 II

• , ch- c- c6h 5

co2c2h6O

IIsÇs g - c - C 6Hs

co2c2h5

A related formation of a hydroxynaphthalene from a
[3.1.0]bicyclohexanone under similar conditions was 
recently reported by Koelsch12 14 and is formulated as 
Scheme II.

Another related ring expansion is that of 2,2'-biindan- 
l,l'3,3'-tetrone in the presence of zinc dust in acetic 
acid, or of sodium hydrosulfite (sodium dithionite) in 
aqueous alkali to form a dihydroxynaphthacenequi- 
none.1314

0  0
Zn/HOAc heat 

or
NaOH/Na^Oi

0  0

Reductive Cleavage of II.—The reductive cleavage of 
II to the anion of I has been effected by sodium in 
dioxane or liquid ammonia and by benzophenone 
ketyl.6 It was also reported that in these reductions 
the quinone III was also formed in small amounts, 
possibly due to the presence of some hydroxide, alkox- 
ide, or amide ions. In the present study the proposed 
reductive cleavage of II by the intermediate dianion of
2,3-diphenylnaphthalene-l,4-diol is supported by a 
separate experiment.

The quinone III was catalytically reduced to its 
hydroquinone, which in turn was converted to the 
dianion by sodium hydride in a dioxane solution. On 
addition of II to this solution and acidification, I 
(29%) was obtained along with unchanged II (61%). 
The dianion of the hydroquinone was easily reoxidized 
to III.

HO 0

HO O

Experimental15
2 ,2 '-Diphenyl-2 ,2 '-biindan-l,l',3 ,3 '-tetrone (II).—The de

hydro dimer II used in this study was prepared by oxidation of 
the anion of 2-phenyl-l,3- indandione (I) by iodine, according to 
the previously reported procedure.6

Cleavage of II by Aqueous Base.—A solution of 15.0 g. (34.0 
mmoles) of II in 150 ml. of dioxane and 150 ml. of 1 N  sodium 
hydroxide was refluxed overnight under nitrogen and then con
centrated to about 50 ml. by distillation. A solution of the

(12) C. F. Koelsch. J .  O r g .  C h e m . ,  26, 1003 (1961).
(13) (a) C. Dufraisse, B u l l .  s o c .  c b i m .  F r a n c e ,  [5] 3, 1880 (1936); (b) G.

W anag. B e r . ,  70, 274 (1937).
(14) A. Schonberg and R. M oubasher, J .  C h e m .  S o c . ,  212 (1949).
(15) Analyses were perform ed by  Schwarzkopf M icroanalytical Labora

tories, W oodside, N. Y. Infrared  spectra were taken  on a Perkin-E lm er 
double beam  recording spectrophotom eter, M odel 21, and a Perkin-E lm er 
Infracord spectrophotom eter, Model 137. U ltrav io le t spectra  were taken
on a Cary M odel 11 recording spectrophotom eter. M elting points were
taken in capillary tubes and were corrected.

residue in 900 ml. of water was cooled in ice, and the yellow 
precipitate was collected. Extraction of the red filtrate with 
methylene chloride gave, on evaporation of the solvent, more 
yellow solid. The combined yield was 8.0 g. (25.7 mmoles, 76%) 
of impure 2,3-diphenyl-l,4-naphthoquinone (III), m.p. 130-135°. 
The infrared spectrum of this impure quinone showed a hydroxyl 
band in the 3500-cm.-1 region in addition to the expected16 
carbonyl band at 1665 cm.-1.

When this impure quinone was dissolved in boiling ethanol, 
the small amount of colorless 2,3-diphenylnaphthalene-l,4- 
diol17 which did not dissolve was collected, m.p. 200-224° (red 
melt); lit.8 m.p. 236-243°, after softening at 220°.

It was not possible to remove this hydroquinone completely 
by recrystallization from ethanol. However, when oxygen was 
bubbled through a boiling solution of the mixture in ethanol for 
about 30 min., the color changed from a red-orange to a bright 
yellow and pure 2,3-diphenyl-l ,4-naphthoquinone, m.p. 140- 
141°, was isolated. Another recrystallization followed by 
sublimation at 140° (0.1 mm.) raised the melting point slightly, 
to 141-141.5°; lit.9 m.p. 140-142°.

Anal. Calcd. for C22HHO2: C, 85.14; H, 4.55; mol. wt.,
310.3. Found: C, 85.00; H, 4.60; mol. wt., 318.

The ultraviolet spectrum had one band, \®1“H 250 m̂ i (emax
27,000), and showed a broad shoulder with its maximum at 310 
m^.

The red aqueous phase from the cleavage was cooled, acidified, 
and filtered. The light tan solid was washed with water and 
dried to yield 2.0 g. (9 mmoles, 13%) of 2-phenyl-l ,3-indandione,17 
m.p. 145-147°; lit.3 m.p. 149°.

The filtrate was further cooled to give as a white precipitate
2.88 g. (17.4 mmoles, 51%) of phthalic acid,17 m.p. 204-205° 
dec.; lit.18 m.p. 206-208° dec.

Cleavage of II with Sodium Methoxide.—To a solution of 4.6 
g. (0.2 g.-atom) of sodium in 500 ml. of methanol, there was 
added with stirring 17.68 g. (40 mmoles) of II. The clear red 
solution was refluxed under nitrogen for 20 hr. and then concen
trated to 50 ml. by distillation of the solvent. The residue was 
diluted with methylene chloride and extracted once with 0.1 A 
sodium hydroxide and twice with water. The red aqueous phase 
after acidification with hydrochloric acid, extraction with 
methylene chloride, and evaporation of the solvent, yielded a 
light orange crystalline residue. This on trituration with 
hexane-ether gave 5.56 g. (25 mmoles, 31%) of 2-phenyl-l,3- 
indandione (I),17 m.p. 141-143°.

The neutral yellow methylene chloride layer was concentrated 
to a thick oil, which was then dissolved in benzene and chroma
tographed on a 325-g. silica gel column. The column was eluted 
successively with hexane, benzene, methylene chloride, ether, 
and methanol. The benzene fraction on evaporation of the 
solvent and trituration of the residue with ether yielded 2.15 g. 
(4.85 mmoles, 12%) of I I ,17 m.p. 210-213°. From the methyl
ene chloride fraction 5.16 g. (16.6 mmoles, 41.5%) of 2,3-di
phenyl-l ,4-naphthoquinone (III),17 m.p. 139-140°, was isolated. 
One recrystallization from ethanol raised the melting point to
141-142°. The ether fraction on evaporation of the solvent gave
3.5 g. (18 mmoles, 45%) of methyl phthalate.17

When the reaction was run with one equivalent of sodium 
methoxide, 13% of I, 11% of II, 22% of III, and 38% of methyl 
phthalate were obtained.

2,3-Diphenylnaphthalene-l,4-diol and Its Diacetate.—When 
200 mg. of 2,3-diphenyl-l ,4-naphthoquinone was reduced under 
Clemmensen conditions (amalgamated zinc, concentrated hydro
chloric acid, toluene), white shiny flakes formed in the toluene 
layer in 2 or 3 min. The white flakes were collected and re
crystallized from benzene to yield 100 mg. of 2,3-diphenylnaph- 
thalene-l,4-diol, m.p. 205-225° (red melt); lit.8 m.p. 236-243°, 
after softening at 220°.

The infrared spectrum of this compound was identical with 
that of the hydroquinone obtained in the previous reaction, 
showing a strong hydroxyl band at 3500 cm. -1 and no carbonyl 
band at 1665 cm.-1. No satisfactory analysis was obtained 
because of susceptibility to air oxidation. For this reason the 
acetoxy derivative was prepared.

(16) L. J. Bellamy, “ The In frared  Spectra of Complex M olecules,” 2nd 
Ed., J. Wiley and Sons, Inc., New York, N. Y., 1958.

(17) The infrared spectrum  was superim posable on th a t of an au then tic  
sample.

(18) “ H andbook of Chem istry and Physics,” 44th Ed., Chemical Rubber 
Publishing Co., Cleveland, Ohio, 1963.
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To a solution of 1 g. of 2,3-diphenyl-l ,4-naphthoquinone in 30 
ml. of glacial acetic acid, 1 g. of powdered zinc and 5 ml. of 
concentrated hydrochloric acid were added. The mixture was 
boiled until the solution became colorless (5-10 min.) and a white 
solid separated. The mixture was then cooled, diluted with 200 
ml. water, and extracted with methylene chloride. To the dried 
extract there were added immediately 1 ml. of pyridine and 1 ml. 
of acetyl chloride with cooling. The pale yellow solution was 
evaporated to dryness, and the residue was triturated with 
ethanol. The white crystals of 2,3-diphenylnaphthalene-l,4- 
diol diacetate were collected and recrystallized from ethanol to 
yield 350 mg. of product, m.p. 199-200°, unchanged by further 
crystallization; lit.10 m.p. 200- 202°; ultraviolet spectrum: 
X-If 219 (t 45,600) and 232 mM (45,000).

Anal. Calcd. for C26H20O4: C, 78.77; H, 5.09. Found: 
C, 78.69; H, 5.06.

2,3-Epoxy-2,3-dihydro-2,3-diphenyl-l ,4-naphthoquinone.—To
a hot solution of 1 g. (3.2 mmoles) of 2,3-diphenyl-l ,4-naphtho
quinone in 25 ml. of ethanol there were added 3 ml. of 30% hydro
gen peroxide and 5 ml. of 10% aqueous sodium carbonate. The 
solution turned deep red and then colorless. After heating for 5 
min., a solid separated. The mixture was cooled, diluted with 
100 ml. of water and filtered. Two recrystallizations of the 
precipitate from ethanol yielded 720 mg. (2.2 inmoles, 69%) 
of 2,3-epoxy-2,3-dihydro-2,3-diphenyl-l ,4-naphthoquinone, m.p.
159-160°; lit." m.p. 155-166°; ultraviolet spectrum: X“ ,H
235 mM (em„  37,200).

Anal. Calcd. for C^HhC :̂ C, 80.97; H, 4.32. Found: 
C, 81.08; H, 4.35.

Reductive Cleavage of II with the Dianion of 2,3-Diphenyl- 
naphthalene-l,4-diol.—A solution of 1.0 g. (3.2 mmoles) of 2,3- 
diphenyl-1,4-naphthoquinone (III) in 50 ml. of dioxane was 
hydrogenated for 30 min. at 50 lb./in .2 using 0.5 g. of platinum 
oxide as catalyst. After removal of the catalyst the solution was 
added to a suspension of 300 mg. (6.4 mmoles) of sodium hydride 
(51.6% in mineral oil) in 50 ml. of dioxane with stirring under 
nitrogen. After the evolution of gas ceased, a light brown-yellow 
solution was obtained. To this solution there was added with 
stirring a solution of 1.414 g. (3.2 mmoles) of II in 50 ml. of 
dioxane. The red solution was stirred at room temperature 
overnight and concentrated to a thick sirup. This was diluted 
with methylene chloride and extracted once with 0.1 N sodium 
hydroxide and once with water. The yellow organic phase was 
concentrated to a gum, which on trituration with methanol gave
1.88 g. of a yellow solid containing 0.87 g. (1.95 mmoles, 61%) of 
unchanged II and 1.0 g. (100%) of 2,3-diphenyl-l,4-naphtho
quinone. The concentrations of these two substances in the 
mixture were determined by ultraviolet spectroscopy from the 
optical density at 231 m/< of a solution in ethanol.

The red aqueous phase after acidification and extraction with 
methylene chloride gave 0.41 g. (1.84 mmoles, 29%) of 2-phenyl-
1,3-indandione.17

The Photochemical Conversion of Phenyl 
Isocyanate and Diphenyldiazomethane 

to 2,2-I)iphenylindoxyl

J ohn  C . S h e e h a n  an d  Ist v a n  L e n g y e l

Department of Chemistry, Massachusetts Institute of Technology’ 
Cambridge 39, Massachusetts

Received July 29, 1963

We have found that phenyl isocyanate and di
phenyldiazomethane react under the influence of ultra
violet light to afford 2,2-diphenylindoxyl.1, This 
reaction appears to be the first example of the addition 
of a carbene to an isocyanate and the first photo- 
initiated reaction of an isocyanate. In addition, each 
reactant is converted individually into a characteristic

(1) J. C. Sheehan and J. W. Frankenfeld, J . Am. Chem. Soc., 83, 4792
(1961).

irradiation product; that, is, diphenyldiazomethane 
produces benzophone azine2 and phenyl isocyanate 
gives the cyclic dimer 1,3-diphenyluretedione.3

The formation of 2,2-diphenylindoxyl can be ex
plained by assuming that the photo-generated carbene 
from diphenyldiazomethane adds to the phenyl iso
cyanate to produce an a-lactam I which then collapses 
to the indoxyl II.

(C6H5)2CN2 [<c6h 5)2c ]  c æ n c o >

II

Recently1 this same a-lactam I was proposed as an 
intermediate in the reaction of a-chloro-a,a'-diphenyl- 
acetanilide with sodium hydride; in that case also 2,2- 
diphenylindoxyl (II) was the principal product.

In two earlier communications from this laboratory4-6 
the nonphotochemical reaction of diazomethane with 
phenyl isocyanate was reported to give a /3-lactam 
(that of N-phenyl-d-alanine). At that time it was sug
gested5 as one possible mechanism that first one mole-

C,H6NCO +  2 CH2N2

c6h 6
\

-C = 0N-
I

c h 2— c h 2

cule of diazomethane reacted with one molecule of 
phenyl isocyanate to give an intermediate a-lactam, 
which on subsequent reaction with a second molecule 
of diazomethane formed the /3-lactam.

Staudinger stated6 that diphenyldiazomethane does 
not react with phenyl isocyanate. Our present experi
ments confirm the absence of a detectable change on 
simple mixing of the reagents; heating decomposes 
diphenyldiazomethane to benzophenone azine. Ir
radiation, however, initiates a rapid reaction.

Experimental
Irradiation of Phenyl Isocyanate and Diphenyldiazomethane.—

A solution of diphenyldiazomethane (1.2 g., 6.2 mmoles) in 
phenyl isocyanate (3.5 g., 29.6 mmoles) was irradiated7 in a 
quartz tube with occasional cooling. After 6 hr. 115 ml. of 
nitrogen (25°) had been evolved and the deep violet color of di
phenyldiazomethane had disappeared. The excess phenyl iso
cyanate was evaporated at room temperature and the residue was 
chromatographed over silicic acid (Mallinckrodt, 100 mesh). 
Elution with «-pentane-benzene yielded benzophenone azine 
(356 mg., m.p. 162-163°). Benzene eluted 1,3-diphenylurete
dione (53 mg., m.p. 174-175°); both were characterized by com
parison with samples prepared by known methods.2' 3 Elution 
with benzene-ether (97:3) afforded 312 mg., m.p. 212-213° 
(after recrystallization from ether-petroleum ether), of 2,2- 
diphenylindoxyl. Identification was made by mixture melting 
point and comparison of infrared and ultraviolet spectra with an 
authentic sample.1 The molecular weight (mass spectrometric) 
was 285 (calcd. for CmHisNO: 285). Continued elution with 
benzene-ether gave a viscous red oil in which the probable pres-

(2) T. C urtiu s  and  F. R au terberg , J .  p r a k t .  Chem., [2) 44, 200 (1891).
(3) L. C. Raiford and  H. B. F reyerm uth , J. Org. Chem.. 8, 230 (1943).
(4) J . C. Sheehan and P. T. Izzo, J .  Am. Chem. S o c . ,  70, 1985 (1948).
(5) J . C. Sheehan and  P. T. Izzo, i b i d . ,  71, 4059 (1949).
(6) H. Staudinger, E. Anthes, and F. Pfenninger, H e r . .  49, 1928 (1916).
(7) The irrad iation  was carried  ou t from  a distance of 12-15 cm. with a 

140-w. H anovia U tility  Model high -pressure quartz  m ercury-vapor arc 
lam p, which tran sm its  the complete u ltrav io le t spectrum .
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enoe of 1,3-diphenyloxindole1 2 was detected by thin layer chroma
tography (silica gel (! and aluminum oxide G in four different 
solvent systems: 97% benzene -3' ,' ether, 99% benzene-1 % 
ethyl acetate, 99% benzene-1 % dioxane, and 99% benzene-1 % 
methanol).

However, two other products,1 which are derivable from the 
a-lactam I, namely l-keto-2,3-diphenylisoindole and 3,3-di- 
phenyloxindole, could not be found.

Acknowledgment.—I. L. gratefully acknowledges 
financial support from Public Health Predoctoral 
Fellowship GPM-11,445-C2. We are indebted to 
Professor K. Biemann and Dr. W. Richter for the mass 
spectra.

The Synthesis of Naphtho[2,l-a]perylene and 

Dibenzo[Me]perylene1,2

F r a n k  A. Y i n g i e l l o , W a l t e r  W .  Z a j a c , J r . ,3 
a n d  L o u i s  G .  M a h o n e 4 5-6

D epartm ent o f C hem istry , V irg in ia  P olytechnic In s titu te , 
Blacksburg, V irg in ia

Received M a y  I f ,  1963

Many papers attest to the fact that a causal relation
ship very likely exists between air pollution and respira
tory diseases including lung cancer.6 A relationship 
between polynuclear aromatic hydrocarbons found in 
certain polluted air and lung cancer is also suggested.7 
Continuing our work in this area,8 we were concerned 
with the dehydrogenation of 7-(l-naphthyl)benz[a]-

(1) The nom enclature used in this paper is th a t  presented in the “ Defini
tive Rules for N om enclature of Organic C hem istry ,’’ J .  A m .  C h e m ,  S o c . ,  

82, 5545 (1960).
(2) Presented before the Division of Organic C hem istry a t  the Combined 

Southeastern-Southw estern  Regional M eeting of the American Chemical 
Society, New Orleans, La., December, 1961.

(3) Chem istry D epartm ent, V illanova U niversity, Villanova, Pa.
(4) This paper has been taken from the D octorate thesis of W alter W. 

Zajac, Jr., and the M asters thesis of Louis G. M ahone presented to the 
Virginia Polytechnic In s titu te  in 1959 and 1961, respectively.

(5) T his investigation was supported  by a research g ran t (A P-88) from 
the Division of Air Pollution, Bureau of S ta te  Services, Public H ealth 
Service.

(6) M. K atz, O c c u p a t i o n a l  H e a l t h  R e v . ,  14, 3 (1962); M. O. Amdur, N e w  

E n g l .  J .  M e d . ,  266 , 555 (1962); W. M cD erm ott, S c i .  A m . ,  205, 49 (1961); 
M. R. Purvis, S. M iller, and  R. Ehrlich, J .  I n f e c t .  D i s e a s e s ,  109, 238 (1961); 
J a p a n .  H e a r . t  J . ,  2, 180 (1961); J. C u thbert, P u b l i c  H e a l t h  (London), 74, 
123 (1960); E. Gorham , M e d .  O f f i c e r  (London), 101, 178 (1959).

(7 ) E. L. W ynder, F. R. Lemon, and I. J. Bross, C a n c e r ,  12, 1016 (1959); 
P. Stocks, B r i t .  J .  C a n c e r ,  14, 397 (1960); L. Kreyberg, i b i d . ,  13, 618 (1959); 
H. L. Falk, P. Kotin, and A. Miller, I n t e r n .  J .  A i r  P o l l u t i o n ,  2, 201 (1960).

(8) F. A. Yingiello and W. W. Zajac, J r .,  J .  O r g .  C h e m . .  26, 2228 (1961).

C h a r t  I

anthracene (I). This compound, on catalytic intra
molecular dehydrogenation, might lead to dibenzo- 
[aejperylene (II) and/or naphtho [2, l-<z ¡perylene (III). 
When I was dehydrogenated with aluminum chloride 
and stannic chloride, only one perylene derivative was 
found. In order to establish the structure of the 
product, which was either II or III, we undertook an 
unequivocal synthesis of naphtho(2,l-a]perylene (III).

On the basis of similar experiments,9 it seemed that 
if we could prepare 8-(l-naphthyl)benz [a(anthracene
(VIII), an unequivocal dehydrogenation to III might 
be achieved. The reactions shown in Chart I were 
undertaken to this end. A four-step reaction sequence 
was used to prepare 8-keto-8,9,10,ll-tetrahydrobenz- 
[a¡anthracene (IV).10 The action of 1-naphthylmag- 
nesium bromide on this ketone followed by hydrolysis 
afforded a mixture of 8-(l-naphthyl)-8-hydroxy-8,9,10,-
11-tetrahydrobenz [a ¡anthracene (VI) in a 22% yield 
and the dehydrated product, 8-(l-naphthyl)-10,ll- 
dihydrobenz[a¡anthracene (VII) in 13% yield. Satis
factory analytical data could not be obtained on the 
carbinol VI due to its easy dehydration on crystalliza
tion. The carbinol was converted quantitatively to 
the dehydration product 8-(l-naphthvl)-10,ll-di- 
hydrobenz[a¡anthracene (VII) when it was heated 
in vacuo. VII on dehydrogenation with a palladium- 
on-charcoal catalyst in boiling p-cymene gave 8-( 1- 
naphthyl)benz[a]anthracene (VIII) in 83% yield.

Many known dehydrogenation agents and reaction 
procedures8 were used in an attempt to convert VIII 
to naphtho[2,1-a¡perylene (III); heating with sulfur, 
with selenium, with palladium on carbon; vapor 
phase dehydrogenation at 430° on asbestos; fusion 
with sodium chloride and aluminum chloride11; py
rolysis at 700°; aluminum chloride in boiling benzene8;

(9) See, for example, M. Orchin and  R. Friedel, J .  A m .  C h e m .  S o c . ,  68, 
573 (1946); P. G. Copeland, R. E. Dean, and D. M cNeil, ./. C h e m .  S o c . ,  

1689 (1960); E. C lar and M. Zander, i b i d . ,  1861 (1958).
(10) J. Cook, i b i d . ,  1592 (1933).
(11) A. Zincke and E. Ziegler, B e r . ,  74, 115 (1951).
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and aluminum bromide in boiling benzene—all failed 
to yield any of the desired product III. Finally, cyclo
dehydrogenation of VIII with stannic chloride and 
aluminum chloride in boiling benzene for five minutes 
gave a 40% yield of naphtho [2, l-a]perylene. A 
comparison of the ultraviolet and infrared spectra with 
known benzope.ylenes and dibenzoperylenes revealed 
a similarity in type. A 2,4,7-trinitrofluorenone adduct 
(TNF) was formed and this gave a satisfactory analy
sis for a 1:1 adduct.

A comparison of the properties of the naphtho [2,1-a]- 
perylene (III) with the product obtained by the de
hydrogenation of 7-( 1-naphthyl)benz [a (anthracene re
vealed many strong differences and therefore we believe 
this latter compound is dibenzo[ae]perylene (II). It 
is interesting to note that both calculated localization 
energies12 and frontier electron densities13 for benz- 
[a¡anthracene suggest that position 8 is more susceptible 
than position 6 to electrophilic attack. Since I gives 
II and not III, it may be that under the conditions of 
the experiment the attack on the benz[a]anthracene 
moiety is not electrophilic in nature; indeed, the mecha- 
anism may not be ionic.

In view of the modest yield achieved in the conversion 
of VIII to III, and because such a powerful catalyst as 
stannic chloride and aluminum chloride had to be used, 
another route to III was sought. Clar14 * has effected 
the cyclodehydrochlorination of l-chloro-9,10-di-l- 
naphthylanthracene to 7-(l-naphthyl)benz[a]perylene 
with potassium hydroxide and quinoline. It occurred 
to us that we might pattern an experiment after Clar’s14 
and prepare III using a milder catalyst than the stannic 
chloride-aluminum chloride mixture. With this idea 
in mind, we prepared 8-[l-(8-chloronaphthyl) ]-10,l 1- 
dihydrobenz[a(anthracene (X) as shown in Chart II.
l-Bromo-8-chloronaphthalene was prepared from naph
thalene in four steps according to the method of Fieser 
and Seligman.16 The Grignard reagent IX was pre
pared and allowed to react with the ketone IV to give, 
after dehydration, 8-[l-(8-chloronaphthyl) ]-10,11-di-

Chart II

1. Grignard Reaction
2. Hydrolysis
3. Dehydration

IX

IV

(12) M. J. S. Dewar, J .  A m .  C h e m .  S o c . , 74, 3357 (1952).
(13) K. Fukui, T. Yonezawa, C. N agata, and H. Shinyu, J .  C h e m .  P h y s . ,  

22, 1433 (1954).
(14) E. C lar, W. Kelly, D. Stew art, and J. W righ t, J .  C h e m .  S o c . ,  2652 

(1956).
(15) L. F. Fieser and A. Seligman, J .  A m .  C h e m .  S o c . ,  61, 136 (1939).

hydrobenz [a ¡anthracene (X). No attempt was made 
to isolate the carbinol which is presumably an inter
mediate in the preparation of X because of the known 
instability of a similar compound VI. The action of 
potassium hydroxide and quinoline upon compound 
X gave a 36% yield of naphtho[2,l-a]perylene (III). 
On treatment with palladium on carbon, X gave a 52% 
yield of VIII and a 2% yield of III. Naphtho [2,1-a]- 
perylene formed a 1:1 adduct with TNF.

A III sample, submitted for carcinogenicity testing,16 
revealed the compound to be a potent carcinogen.

Experimental17-19
8-(l-Naphthyl)-8-hydroxy-8,9,10,1 l-tetrahydrobenz[a] anthra

cene (VI) with Partial Dehydration.—A Grignard reagent was 
prepared in ether from 2.74 g. (0.113 g.-atom) of magnesium and
23.4 g. (0.113 mole) of 1-bromonaphthalene. The ether was 
distilled while 200 ml. of anhydrous benzene was added slowly. 
The Grignard reagent was then cooled and 20.5 g. (0.0833 mole) 
of 8-keto-8,9,10,ll-tetrahydrobenz[o]anthracene10 19 was added in 
four portions during a period of 10 min. The clear solution 
which resulted was stirred at room temperature for 21 hr. The 
solution was cooled and decomposed with cold 20% ammonium 
chloride solution. The organic layer was separated and concen
trated until ca. 50 ml. of solution remained. Treatment with 
hot ethanol followed by cooling gave 6.7 g. (22%) of the carbinol 
VI, m.p. 215-223°. The filtrate was concentrated, to remove the 
benzene, and ca. 500 ml. of ethanol was added. The solid was 
recrystallized from 10% benzene-ethanol and gave 3.8 g. (13%) 
of the dehydrated carbinol, 8-(l-naphthyl)-10,ll-dihydrobenz- 
[a]anthracene, m.p. 257-258°.

8-( 1-Naphthyl)- 10,ll-dihydrobenz[«] anthracene (VII).—A 
sample of 1.00 g . of 8-(l-naphthyl)-8-hydroxy-8,9,10,l 1-tetra- 
hydrobenz[o]anthracene was heated for 12 hr. in a drying pistol 
at 180° (1.0 mm.). There was obtained 0.95 g. (100%) of 8- 
(l-naphthyD-10,1 l-dihydrobenz[a]amhracene (VII), m.p. 257- 
258°. Recrystallization of this sample from a benzene-ethanol 
mixture gave colorless plates, m.p. 260-261°.

Anal. Calcd. for C28H.0: C, 94.34; H, 5.66. Found: C, 
94.28; H, 5.62.

8-(l-Naphthyl)benz[u]anthracene (VTII).—A mixture of 1.12 
g. (0.00314 mole) of 8-(l-naphthyl)-10,ll-dihydrobenz[a]an- 
thracene, 0.88 g. of 10% palladium on charcoal, and 115 ml. of 
p-cymene was heated under reflux for 12 hr. The hot mixture 
was filtered and the solution evaporated under reduced pressure. 
The solid obtained was recrystallized from a benzene-ethanol 
mixture. There was obtained 0.92 g. (83%) of S-(l-naphthyl)- 
benz[a]anthracene, m.p. 241-242°.

Anal. Calcd. for C28H1S: C, 94.87; H, 5.13. Found: C, 
94.84; H, 5.47.

Naphtho[2,l-olperylene (III).20—A mixture of 0.50 g. of stan
nic chloride, 0.60 g. of anhydrous aluminum chloride, and 50 ml. 
of anhydrous benzene was heated on a steam bath. To this was 
added 0.50 g . (0.0014 mole) of 8-(l-naphthyl)benz[a]anthracene 
in 25 ml. of hot benzene. The mixture was heated under reflux 
for 5 min., then cooled to room temperature and decomposed 
with 100 ml. of dilute hydrochloric acid. The organic layer was 
separated, washed with water, dried over anhydrous calcium 
sulfate, and concentrated to ca. 5 ml. Treatment with 100 ml. 
of ethanol gave 0.20 g. (40%) of III, m.p. 201-203°. The 
material was recrystallized from 10% benzene-ethanol giving 
red needles, m.p. 203-204°.

C16) P rivate  com m unication from Dr. Paul Kotin, Chief, Carcinogenesis
Studies B ranch, N ational Cancer In s titu te , N ational In s titu te s  of H ealth ,
Bethesda, Md. Compound II  was not prepared in sufficient quan tities  for
carcinogenicity testing. An adequate  am ount is now being prepared and
will be tested.

(17) Unless otherwise indicated all m elting points were taken on a Fisher- 
Johns m elting poin t block and are corrected.

(18) (a) All the analyses were carried ou t by Geller Laboratories, Bar- 
donia, N. Y., except those which were performed by (b) G albraith  Labora
tories, Knoxville, Tenn.

(19) All procedures involving naphtho[2 ,l-o]perylene, dihenzo[aejpery- 
lene, and their derivatives were carried out with a minimum of exposure to 
light.

(20) This experim ent was performed by M r. Jose Yanez.



Anal. Calcd. for C28H16: C, 95.42; H, 4.59. Found18b: C, 
95.24; H, 4.72.

The compound dissolved in concentrated sulfuric acid giving a 
green color which turned blue on prolonged standing.

8-[ l-(8-Chloronaphthyl)]-10,11-dihydrobenz[a]anthracene (X). 
—A Grignard reagent was prepared in ether from 9.0 g. (0.037 
mole) of l-bromo-8-chloronaphthalene15 and 0.95 g. (0.039 g.- 
atom) of magnesium. The reaction mixture was stirred and 
heated under reflux for 24 hr. Anhydrous benzene was added 
as needed to keep the Grignard reagent from crystallizing too 
much. The ether was distilled and benzene was added to bring 
the volume to ca. 100 ml. In one portion, 9.1 g. (0.037 mole) of
8-keto-8,9,10,ll-tetrahydrobenz[a]anthracene was added and 
the solution was heated under reflux for 24 hr. The solution was 
cooled, decomposed with cold 20% ammonium chloride solution, 
and extracted with ether. The organic layer was separated, 
washed with water, dried over anhydrous calcium sulfate, and 
concentrated to ca. 20 ml. The oil was crystallized using ace
tone, giving 3.5 g. of solid, m.p. 219-220°. The solid was 
vacuum sublimed at 210° (0.6 mm.) and then recrystallized from 
20% benzene-ethanol giving 3.4 g. (23%) of X as colorless need
les, m.p. 222-223°. Recrystallization from 1:1 benzene-petro
leum ether (30-60°) gave colorless needles, m.p. 225-226°.

Anal. Calcd. for C28H19C1: C, 86.03; H, 4.90; Cl, 9.07. 
Found: C, 85.63; H, 4.89; Cl, 8.95.

Cyclization of 8-[l-(8-Chloronaphthyl)]-10,ll-dihydrobenz[o]- 
anthracene (X). A. Via Potassium Hydroxide and Quinoline. 
—A mixture of 0.50 g. (0.0013 mole) of X, 10.0 g. of potassium 
hydroxide, and 15 ml. of quinoline was heated under reflux for 30 
min. The mixture was cooled, decomposed with cold dilute 
hydrochloric acid, and extracted with ether. The organic layer 
was filtered. The filtrate was washed with dilute hydrochloric 
acid, then water, and finally dried over anhydrous calcium sulfate. 
The solid, crude naphtho[2,l-a]perylene was dissolved in benzene 
and combined with the ether extract. This solution was then 
concentrated to ca. 5 ml. and chromatographed21 on alumina22 
using petroleum ether23 as the eluant. A blue fluorescent24 band 
appeared, followed by a red band with a green-yellow fluores
cence.24 Concentration and recrystallization of the first band, 
after elution, gave 0.06 g. of starting material. The red band 
was eluted, concentrated, and crystallized. The yield was 0.17 
g. (36%) of naphtho[2,l-a]perylene, m.p. 201.5-203.5°.

B Via Palladium on Charcoal.—A mixture of 0.50 g. 
(0.0012 mole) of X and 0.10 g. of 10% palladium on charcoal was 
heated at 310° for 15 min. and then at 350° for 1 hr. The mix
ture was worked up and chromatographed as described under A. 
There was obtained 0.26 g. (52%) of compound VIII and 0.11 g. 
(2%) of III, m.p. 202-203°.

TNF Adduct of Naphtho[2,l-a]perylene (III).—A solution of 
0.12 g. (0.00034 mole) of naphtho[2,l-a]perylene in 40 ml. of hot 
10% benzene-ethanol was added to a hot solution of 0.10 g. of
2,4,7-trinitrofluorenone in 40 ml. of 10% benzene-ethanol. On 
cooling, a black precipitate appeared, 0.10 g. (47%), which on 
re crystallization from 10% benzene-ethanol gave fine black need
les, m.p. 222-223°.

Anal. Calcd. for C4iH230 6N3: C, 73.76; H, 3.17; N, 6.29. 
Found: C, 73.52; H, 3.44; N, 6.30.

Dibenzo[ae]perylene (II).—A mixture of 0.50 g. of 7-(l-naph- 
thyl)benz[a]anthracene25 and 0.5 g. of powdered anhydrous 
aluminum chloride and 0.5 g. of fuming stannic chloride in 50 
ml. of dry benzene was heated in a steam bath for 30 min. The 
deep red solution was allowed to cool to room temperature and 
was then decomposed with 100 ml. of 10% hydrochloric acid. 
The green fluorescent organic layer was separated and the aqueous 
layer was extracted twice with 50-ml. portions of benzene. The 
combined benzene extracts were washed with water and dried 
over anhydrous magnesium sulfate. The solvent was distilled 
until only ca. 10 ml. remained. This solution was chromato
graphed.19'21 Two bands appeared on the column, a colorless 
blue fluorescent band and a red-orange band. The first band 
was eluted with petroleum ether23 and discarded. The second
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(21) The colum n used th roughout th is investigation was 18 X 370 mm.
(22) Fisher’s adsorption  alum ina, 80-200 mesh.
(23) T he petroleum  ether used as an e luent had a 30-60° boiling po in t 

range.
(24) Fluorescent under ultrav io let rad ia tion  with a  B lak-ray u ltravio le t 

long wave lam p (3660 A.) as the  source.
(25) F. A. Vingiello, A. Borkovec, and  W. W. Zajac, Jr., J .  A m .  C h e m .

S o c . ,  80, 1714 (1958).

band was removed with benzene and the resultant solution con
centrated to give red crystals of dibenzo[oe]perylene (II), 0.24 g. 
(48%), m.p. 183-186°.

An analytical sample was prepared by recryst-allization of the 
hydrocarbon from benzene, m.p. 188-189°.

Anal. Calcd. for C28H16: C, 95.42; H, 4.28. Found18b: C, 
95.72; H, 4.37.

The hydrocarbon dissolved in concentrated sulfuric acid giving 
a Prussian blue color which changed to brown on standing.

TNF Adduct of Dibenzo[ae]perylene.26—A hot saturated solu
tion of 0.12 g. of dibenzo[ae]perylene in benzene was mixed with a 
hot saturated solution of 0.4 g. of 2,4,7-trinitrofluorenone in 
ethanol. A brown solid formed immediately, 0.21 g. (quantita
tive). Four recrystallizations from benzene gave a brown, granu
lar solid, m.p. 253-254°.

Anal. Calcd. for C4iH2lN30 7: C, 73.75; H, 3.17; N, 6.30. 
Found18b: C, 73.51; H,3.61; N,6.19.

(26) This experim ent was perform ed by M r. Leo O jakaar.
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a-Hydroxy Acid Amides. A Convenient
Synthesis

H e r b e r t  E. J o h n s o n  a n d  D o n a l d  G. C r o s b y

Research and Development Department, Union Carbide Chemicals 
Company, South Charleston 3, West Virginia

Received June 24, 1963

Using a procedure patterned after the one described 
for the preparation of a-amino acid amides,1 a variety 
of cyanohydrins have been converted in reasonable 
yield to the corresponding a-hydroxy acid amides. 
This reaction probably proceeds similarly1; an inter
mediate imido ester salt is formed which, upon heating, 
eliminates alkyl chloride to produce the desired amide. 
With the possible exception of a recently reported prep
aration of a-hydroxyphenylacetamide2 this report 
apparently is the first record of an application of the 
Pinner amide synthesis3 to the synthesis of a-hydroxy 
acid amides.

RCHCN +  R'OH +  HC1----

Ah
NHHC1 O
A llRCHCOR' — RCHCNH2 +  R'Cl

I I
OH OH

The best yields of amides were generally obtained by 
allowing the cyanohydrin to react with isopropyl alcohol 
saturated with hydrogen chloride. Evaporation of the 
solvent followed by pyrolysis of the imido ester salt and 
subsequent distillation produced the hydroxy amide 
in yields as high as 80%. Alternatively, the synthesis 
was performed in an inert solvent such as xylene, 
employing a slight excess over equivalent quantities 
of an alcohol. After a suitable reaction time with 
hydrogen chloride, the reaction mixture was heated 
under reflux to decompose the imido ester salt and the 
product recovered by a filtration of the cooled mixture. 
The combined versatility of these two procedures was 
sufficient to allow the preparation of the various a- 
hydroxy amides tabulated in Table I.

(1) H. E. Johnson and D. G. Crosby, J. Org. C h e m . ,  27, 798 (1962).
(2) R. Roger and D. G. Neilson, C h e m .  R e v . ,  61, 179 (1961), ref. 329.
(3) Refer to S. M. McElvain and B. E. Tate, J. A m . C h e m .  S o c . ,  73, 2233 

(1951), for pertinent references.
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T a b l e  I
« - H y d r o x y  A c id  A m id e s

L i t .  %
A m id e M . p . ,  °c. m.p., °C. M e t h o d “ y i e ld

c h 3c h c o n h 21 74- 75 74* B 59

OH
CH3CH2CHCONH21 104-105 105' A 55

1OH
(CH3)2CCONH21 97-99 96-98d B 80

OH
(CH3)2CHCHCONH21 102-104 104' B 78

OH
c h 31

CH3CH2CCONH21 68-69 160/ B 56
IOH

(CH3)2CHCH2CHCONH21 81-82 51-52° A 79

OH
c h 3

1

CH3CH2CHCHCONH2 49-56* B 70

¿H
CHs(CH2)6CHCONH21 151-152 150- B 44'

OH
^ v .CCHCONH2 124-125 122-123' A 45

ax x -
-ÿ\^CCH2CHCONH2
L i  OH

110-112 111- 112* A 71

xylene was used in all other cases) was saturated with anhydrous 
hydrogen chloride (358 g.) at 25°. The mixture was stirred for 
20 hr. at 25° and then heated under reflux for 6 hr. During this 
time the product precipitated and was collected after cooling 
the mixture to 10°. A total of 586 g. of light yellow crystalline 
product was obtained, m.p. 107-112° and was found to contain 
6% ammonium chloride as calculated from a chloride analysis. 
The product was crystallized from 3 1. of benzene containing 450 
ml. of ethanol to give 450 g. (62%) of colorless crystals, m.p. 
110-112°.

2-Hydroxy-3-methylbutyramide. Procedure B.—A solution of 
500 g. (5.06 moles) of isobutvraldehyde cyanohydrin in 3 1. of 
isopropyl alcohol was saturated with anhydrous hydrogen chlo
ride at 25-30°. The mixture was stirred at 25° for 20 hr. and 
then excess alcohol and hydrogen chloride were removed by 
evaporation under reduced pressure. The remaining residue was 
heated slowly to 170° under 20-50-mm. pressure and then cooled 
to room temperature. Two liters of ethanol was added and the 
ammonium chloride present was removed by a filtration (11 g.). 
Evaporation of the ethanol followed by distillation of the residue 
gave 461 g. (78%) of colorless distillate, b.p. 145-150° (2 mm.) 
m.p. 93-98°. Crystallization from an isopropyl ether-ethanol 
mixture raised the melting point to 102-104°.

Acknowledgment.—The authors wish to thank C. R. 
McClure for able assistance and Q. Quick and his 
associates for microanalyses and spectral data.

The Brominating Properties of 

Tétraméthylammonium Tribromidela

M o s h e  A v r a m o f f , 16 J u d it h  W e i s s , a n d  O z ja s z  S c h a c h t e r

“ Method A: inert solvent with equivalent quantities of alco
hol. Method B: alcohol used as a solvent. 6 J. Wislicenus, 
Ann., 133, 257 (1865). c H. Bredereck, R. Gompper, and G. 
Theilig, Ber., 87, 537 (1954). d G. Ciamician and P. Silber, ibid., 
38, 1671 (1905). • A. Lipp, Ann., 205, 1 (1880). > G. Ciamician 
and P. Silber, Ber., 47, 1806 (1914). Anal. Calcd. for C5H„N02: 
C, 51.26; H, 9.46; N, 11.96. Found: C, 51.27; H, 9.73; N,
11.94. ° P. Nicolle, Bull. soc. chim. France, [4] 39, 55 (1926).
Anal. Calcd. for C6H13N02: C, 54.94; H, 9.99; N, 10.68.
Found: C, 55.13; H, 9.68; N, 10.75. * An obvious mixture of 
isomers. Anal. Calcd. for CeHi3N 02: C, 54.94; H, 9.99; N, 
10.68. Found: C, 55.16; H, 10.03; N, 10.63. 1 E. Erlenmever 
and O. Sigel, Ann., 177, 102 (1875). 1 H. G. Rule, J . Chem. Soc., 
113, 3 (1918). k A. McKenzie, G. Martin, and H. G. Rule, 
ibid., 105, 1583 (1914). 1 Recrystallized yield.

Some ammonium chloride (up to 15%) was always 
formed during the reaction sequence and limited at
tempts were made to overcome its formation. Since 
this salt formation is most likely the result of alcoholysis 
of the imido ester, a brief study of the effect of various 
alcohols on the formation of ammonium chloride was 
conducted. Contrary to the striking effects of “subtle” 
changes in alcohol structure observed in the related 
synthesis of a-amino acid amides2, little difference in the 
course of the reaction was noted when 2-propanol, 
2-butanol, and 3-pentanol were employed as solvents.

Those a-hydroxy acid amides analogous to the es
sential a-amino acids valine, leucine, and phenylalanine 
were evaluated for their ability to replace them nu
tritionally in a mouse diet. As expected, complete 
replacement was observed.

Experimental4
2-Hydroxy-3-phenylpropionamide. Procedure A.—A mixture 

of 649 g. (4.41 moles) of phenylacetaldehyde cyanohydrin, 
210 g. (4.57 moles) of ethanol, and 2.6 1. of dry benzene (dry

| (4 )  M e l t in g  p o in t s  a r e  c o r r e c t e d .

Daniel Siejf Research Institute, Weizmann Institute of Science,
Rehovoih, and Chemistry Department, Bar Ilan University, Ramal 

Gan, Israel

Received June 7, 1963

Organic ammonium perbromides are considered 
mild brominating agents. Pyridinium bromide per- 
bromide was introduced by Djerassi and Scholz for the 
bromination of keto steroids and has since been used 
widely in place of bromine, which occasionally causes 
undesired substitution or oxidation reactions.2 Un
like N-bromosuccinimide (NBS), it lacks the ability 
to perform allylic bromination. Marquet and co
workers preferred phenyltrimethylammonium per- 
bromide (PTAP) to pyridinium bromide perbromide 
because of the greater stability of the former.3 With 
this reagent they were able to brominate ketones and
1,3-dioxolanes, without affecting isolated ethylenic 
double bonds, present in the same molecule. Its mild 
brominating characteristic and specificity were shown 
in the reaction with 2-acetyl-6-methoxynaphthalene. 
In tetrahydrofuran 2-bromoacetyl-6-methoxynaph- 
thalene was obtained, while in acetic acid a 1:1 mix
ture of this bromoacetyl compound and the nuclear 
substituted derivative, 2-acetyl-5-bromo-6-methoxy- 
naphthalene was formed. Although NBS is considered 
a specific reagent for allylic bromination,4 it can bro-

(1 )  ( a )  T a k e n  in  p a r t  f r o m  th e  M . S .  t h e s i s  o f  J .  W e i s s ,  B a r  I l a n  U n i v e r 
s i t y .  1 9 6 3 ; ( b )  W e iz m a n n  I n s t i t u t e  o f S c ie n c e ,  R e h o v o t h .  I s r a e l .

(2 )  C .  D j e r a s s i  a n d  C .  R .  S c h o lz ,  J.  Am. Chem. Soc.,  70. 4 1 7  ( 1 9 4 8 ) ;  P .  C .  
M e r k e r  a n d  J .  A .  V o n a ,  J.  Chem. Educ..  26 6 1 3  ( 1 9 4 9 ) ;  J .  A .  V o n a  a n d  P .  C .  
M e r k e r ,  J.  Org. Chem.,  14. 1 0 4 8  (1 9 4 9 ) ;  N .  B .  L o r e t t e .  T .  B .  G a g e ,  a n d  
S .  H .  W e n d e r ,  ibid..  16, 9 3 0  (1 9 5 1 ) .

(3 )  A .  M a r q u e t ,  M .  D v o l a i t z k y ,  H .  B .  K a g a n ,  L .  M a m lo c k ,  C .  O n a n n e s .  
a n d  J .  J a c q u e s ,  Bull.  soc. chim. France.  1 8 2 2  ( 1 9 6 1 ) ;  A .  M a r q u e t  a n d  J .  
J a c q u e s ,  ibid..  9 0  ( 1 9 6 2 ) .

(4 )  C .  D j e r a s s i ,  Chem. Rev., 43, 2 7 1  ( 1 9 4 8 ) .
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T a b l e  I
B r o m in a t io n  b y  M e a n s  o f  T é t r a m é t h y l a m m o n iu m  T r ib r o m id e

S tarting
m aterial P roduct

■ M ethod A 
Time, 

hr.
M .p. or b.p. 
(m m .), °C.

Yield,
%

'---------------- M ethod B
Time,

P roduct min.
M .p. or b.p.
(m m .), °C .

Yield,
%

Toluene
Fluorene

Benzyl bromide“ 
9-Bromofluorene 5

194-1986(760) 
104'

59
70

p-Bromotoluene“''
2-Bromofluorene 30

184-186d(760) 72 
112-113' 82

1-Methylnaphthalene 1-Bromomethyl- 24» 55-56* 57 2-Bromo-1 -methyl- 20 35-37’ 65

2-Methylnaphthalene
naphthalene

2-Bromomethyl- 8 54-55' 62
naphthalene

l-Bromo-2-methyl- 20 112-115*(2) 72

2-Acetvl-6-methoxy-
naphthalene

2-Bromoacetyl-6-methoxy- 3 110- 110.51 70
naphthalene

2-Acety]-5-bromo-6-methoxy- 10 126-127”“ 50
naphthalene

Cyclohexene
naphthalene

1,2-Dibromocyclohexane" 134-136°(40) 86
naphthalene

1,2-Dibromocyc.lohexane” 10 134-136.° (40) 78
° This reaction is described separately in the Experimental section. 6 Lit.15 b.p. 198°. ' When the reaction was performed as described 

in method B in the presence of catalytic amounts of ferric chloride, benzyl bromide was obtained in 50% yield. d Lit.16 b.p. 184°. 
' Lit. m.p. 104° [Elsevier’s “Encyclopaedia of Organic Chemistry,” Vol. 13, Elsevier Publishing Co., Inc., New York, 1948, p 41]. 
1 Lit. m.p. 113° [ibid,., p. 92], 0 The orange tribromide did not disappear completely. * Lit. m.p. 56° [ref. 15, p. 3431. ’ Lit.9 m.p. 35°;
picrate m.p. 104-106°, lit.9 m.p. 105-106°. 1 Lit. m.p. 56°. Hexamine complex m.p. 159°, lit. m.p. 160° [F. Mayer and A. Sieglitz, 
Ber., 55, 1835 (1922)]. * n20d 1.6493, picrate m.p. 113-114°. Lit. b.p. 117-118° (2 mm.), n20d 1.6484, picrate m.p. 114.7-115.1° [M. S. 
Newman and A. I. Kosak, J. Org. Chem., 14, 375 (1949)]. 1 Lit. m.p. 110-111°, pyridinium salt m.p. 240-241°, lit. m.p. 241° [A. 
Marquet and J. Jacques, Tetrahedron Letters, 9, 24 (1959)]. m Lit. m.p. 126-127° [H. A. Weidlich and M. Meyer-Delius, Ber., 72, 1941 
(1939)]. " The reaction was started by adding slowly a solution of cyclohexene in the corresponding solvent to the solution or the 
suspension of the tribromide and was performed at room temperature. 0 Lit. b.p. 145-146° (100 mm.) [ref. 15, Vol. II, p. 79]; n20d 
1.5507, lit." ra»D 1.5516.

minate, in the presence of equimolar amounts of cer
tain metal chlorides, the nucleus of benzene and of 
toluene.5

Previous to the work of Marquet, one of the present 
authors suggested that a mixture of tétraméthylammo
nium perbromides (MeiNBr^; x  = 5.1-6.2) could be 
used for the convenient preparation of dibromopropanol 
from allyl alcohol.6 In the present investigation we 
have studied the brominating properties of tétra
méthylammonium tribromide7 (TMAT, Me4NBr3), 
preferring this solid compound to the previously men
tioned liquid mixture of the polybromides. The 
stable and easily prepared tribromide is an orange 
solid, melting at 118-118.5°, containing 50.9% of 
active bromine and like phenyltrimethylammonium 
perbromide (PTAP), is also a mild brominating agent. 
While each of these tribromides gives only 2-bromo- 
acetyl-6-methoxynaphthalene, when used in nonpolar 
solvents, only TMAT gives the nuclear brominated 
derivative (2-acetyl-5-bromo-6-methoxynaphthalene) as 
the sole product in acetic acid.

Subsequently we investigated the effect of this 
reagent on several aromatic hydrocarbons which could 
undergo either nuclear or benzylic bromination. The 
direction of the substitution could be controlled by 
varying the nature of the reaction medium. These 
results are summarized in Table I. In benzene solu
tion containing benzoyl peroxide, toluene, fluorene, 
and 1- and 2-methylnaphthalenes undergo benzylic 
bromination. In acetic acid solution, even in the 
absence of a catalyst, regular aromatic substitution 
takes place. It is interesting to note the unusual 
orientation of the bromine in the product obtained from 
the reaction of this reagent with 1-methylnaphthalene 
in acetic acid. In contrast with bromine, which gives
l-methyl-4-bromonaphthalene,8 we obtained the 2- 
bromo derivative.9 The bromination of toluene with

(5 )  . H .  S c h m id .  Helv. Chim. Acta.  29, 1 1 4 4  (1 9 4 6 ) .
(6 )  L .  F a r k a s  a n d  O .  S c h ä c h t e r ,  J.  A m .  Chem. Soc.,  71, 2 2 5 2  ( 1 9 4 9 ) .
(7 )  F .  D .  C h a t t a w a y  a n d  G .  H o y le ,  J .  Chem. Soc.,  123, 6 5 4  (1 9 2 3 ) .
(8 )  F .  M a y e r  a n d  A .  S i e g l i t z ,  Ber.,  55, 1 8 3 5  (1 9 2 2 ) .
(9 )  T h i s  c o m p o u n d  i s  u s u a l l y  p r e p a r e d  f r o m  t h e  d ia z o t iz e d  2 - a m in o - l -  

m e t h y ln a p h t h a le n e  [ V .  V e s e lÿ ,  F .  S t u r s a ,  H .  O l e jn ië e k ,  a n d  E .  R e i n ,  Chem. 
Abstr..  24, 3 0 0 8  ( 1 9 3 0 ) ] .

this reagent in acetic acid is anomalous; in the absence 
of a catalyst, benzyl bromide is formed, while in the 
presence of an equimolar amount of ferric chloride p- 
bromotoluene is obtained. Cyclohexene was used as 
a model compound for comparing the brominating 
properties of TMAT with those of NBS. The latter 
affords 3-bromocyclohexene in 80-90% yield10; in the 
presence of alkvlammonium halides the yield of this 
product is markedly reduced and an appreciable amount 
of the addition product, 1,2-dibromocyclohexane, is 
isolated.11 In contrast TMAT, in benzene in the 
absence of a catalyst, afforded only the addition product 
in 80% yield. Varying the solvent did not affect the 
nature of the product, even in the presence of benzoyl 
peroxide.

The results of this investigation would indicate that 
this brominating agent is highly dissociated in polar 
solvents like acetic acid.12 The liberated bromine 
molecule undergoes the usual heterolytic fission in 
ionic reactions, like the aromatic substitution observed 
in this investigation. In nonpolar solvents (for ex
ample, benzene) and in the presence of free-radical 
initiators, the complex presumably undergoes homolytic 
fission to perform free-radical reactions, like benzylic 
substitution. This convenient, versatile reagent re
sembles bromine in its ability to perform ionic addition 
and substitution reactions, as well as NBS in perform
ing free-radical substitution under mild conditions.

Experimental13
The starting materials were obtained from regular commercial 

sources and were purified by recrystallization or distillation 
when necessary. TMAT was prepared from tétraméthylam
monium bromide and bromine in acetic acid in an 87% yield, as 
described by Chattaway and Hoyle.7 2-Acetyl-6-methoxy- 
naphthalene was prepared by acetylation of 2-methoxynaphthal-

(1 0 )  K .  Z ie g le r ,  A .  S p ä t h ,  E .  S c h a a f ,  W .  S c h u m a n n ,  a n d  E .  W i n k e l m a n n ,  
Ann.,  551, 8 0  ( 1 9 4 2 ) .

(1 1 )  E .  A .  B r a u d e  a n d  E .  S .  W a ig h t ,  J. Chem. Soc.,  1 1 1 6  ( 1 9 5 2 ) .
(1 2 )  T h e  b r o w n  c o lo r  o f t h e  s o lu t io n  o f T M A T  i n  a c e t i c  a c id  i s  r e m i n i s c e n t  

o f t h a t  o f a  s o lu t io n  o f b r o m in e  in  a c e t i c  a c id .  T o  r e p r e s s  t h i s  d i s s o c ia t io n ,  
t h e  p r e s e n c e  o f a n  e x c e s s  o f b r o m in e  i s  r e q u ir e d  w h e n  t h e  r e a g e n t  i s  p r e p a r e d  
i n  a c e t i c  a c id .

(1 3 )  T h e  b o i l in g  a n d  m e l t in g  p o in t s  a r e  u n c o r r e c t e d .
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ene according to the procedure described by Robinson and 
Ryldon.14

The identities of the reaction products were confirmed by their 
inability to depress the melting points of authentic samples. 
The yields in Table I refer to compounds whose boiling points or 
melting points are given in the same table.

Method A.—To a solution of 0.01 mole of starting material in 
20 ml. of benzene containing a catalytic amount of benzoyl 
peroxide, was added 0.01 mole of TMAT. The mixture was 
stirred at room temperature for the specified reaction period, 
which was determined by the disappearance of the tribromide 
and the cessation of hydrogen bromide evolution. The colorless 
tetramethylammonium bromide was dissolved by adding water. 
The organic layer was separated, washed with water and aqueous 
sodium carbonate in succession, dried over sodium sulfate, and 
the solvent removed. The reaction product was isolated by 
recrystallization, distillation, or by both procedures.

Method B.—A solution of 0.01 mole of the starting material 
and 0.01 mole of TMAT in 30 ml. of acetic acid was refluxed for 
the specified reaction time until the bromide color disappeared 
and no more hydrogen bromide was evolved. The cold reaction 
mixture was poured into water to dissolve the precipitated 
tetramethylammonium bromide, and the aqueous solution was 
then extracted with ether. The organic layer was treated, and 
the product isolated, as described in method A.

Benzyl Bromide.—A mixture of 0.921 g. (0.01 mole) of toluene, 
6.27 g. (0.02 mole) of TMAT, and a trace of benzoyl peroxide 
was heated under reflux for 15 min. The cold reaction mixture 
was treated as described in method B to yield 1.00 g. (59%), 
b.p. 194-198° (lit.15 b.p. 198°).

Benzoic acid was obtained on oxidation of the reaction product 
with potassium permanganate in aqueous sodium carbonate 
solution at reflux temperature.

p-Bromotoluene.—A mixture of toluene (35 ml.), anhydrous 
ferric chloride (13.85 g.), and TMAT (21.55 g.) was stirred at 
60° for 6 hr. The mixture was poured into water and extracted 
with ether. The organic layer was washed with dilute hydro
chloric acid, followed by sodium carbonate solution. After 
removing the solvent, the residue was fractionated to afford 7.12 
g. (72% yield), b.p. 184-186° (lit.16 b.p 184°).

Oxidation of the reaction product with dilute nitric acid gave 
¡o-bromobenzoic acid.
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The reaction of secondary amines with formaldehyde 
can lead to two products: aminomethylols (1) and meth- 
ylenebisamines (II).1 Although many examples of II

R.NH
RATI + HCHO —>- RA’CH.OH---> RA'CHA'IU + H2<>

I -1 II

have been reported, only a few examples of I have been 
isolated. Usually the methylols are unstable and form 
none of the derivatives of alcohols or amines.2

(1) E .  C. W agner, ./ . Org. C h e m . ,  19, 1802 (1954).

Since aminomethylols have never been isolated in 
these reactions, and only weak evidence has been pre
sented for their existence,3 we wished to learn if they 
indeed exist in any significant amount in this reaction. 
Our evidence suggests that in the cases studied the 
methylenebisamine is the predominant product.

We used the following approach. One mole of 
formaldehyde was added to two moles of amine and the 
temperature rise A7’j measured in a simple Nernst 
type calorimeter.4 5 6 A  second mole of formaldehyde was 
then added to this mixture and AT2 measured. The 
data presented in Table I are corrected for heats 
of dilution of amine in water. Since alleged prepara
tions of aminomethylols were reported at 0-5 °,2,3,6,6 
we made determinations at that temperature and 
at room temperature. The A7\ and AT2 values are 
readily explained by considering the equilibria involved.

r 2n h
RoNH +  HCHO ' R2NCH2OH ,

R2NCH2NR2 +  H20

On addition of the first equivalent of formaldehyde, 
equilibrium is established. If the equilibrium greatly 
favors the aminomethylol, then there is still one equiva
lent of amine left to react with the second equivalent 
of formaldehyde. The addition of this second portion 
of formaldehyde, then, results in a A7’2 which is nearly 
equal to A7Y If, however, the equilibrium greatly 
favors the methylenebisamine, then there is no un
changed amine left to react with the second portion 
of formaldehyde and ATh > A7V If there is no 
aminomethylol at equilibrium after addition of the 
first portion of formaldehyde, A7’2 is zero except for 
heat of dilution of formaldehyde, which in these ex
periments can only account for temperature rises of less 
than 0.05.7

The data of Table I indicate that in most cases equi
librium favors the methylenebisamine at both tempera
tures. Moreover, in nearly all the cases studied the 
ratio A7’i/A7’2 (Table I) was greater at 30° than at 5°. 
This is explained by the greater stability of methylene 
bisamines over aminomethylols.

Two of the compounds which exhibited low ratios of 
A7VA7’2 are N-ethylethanolamine and dicthanolamine- 
which form the oxazolidine on reaction with formalde
hyde.

R N H C H 2C H 2C H  +  H C H O —*- R N  +  h 20

c h 2c h 2

(2 )  K .  B o d e n d o r f  a n d  G .  K o r a le w s f k i ,  Arch. Pharm.,  271, 101 ( 1 9 3 3 ) .
(3 )  E .  R .  A le x a n d e r  a n d  E .  J .  U n d e r h i l l  J.  A m .  Chem. Soc.,  71, 4 0 1 4  

( 1 9 4 9 ) .  T h e  o n l y  e v id e n c e  h e r e t o f o r e  t h a t  a m in o m e t h y lo l s  a r e  p r e s e n t  
a t  e q u i l i b r i u m  w a s  o f fe r e d  b y  th e s e  a u t h o r s  w h o  s t a t e d  t h a t  t h e  d im e t h y l -  
a m in o m e t h y lo l  w h ic h  t h e y  p r e p a r e d  h a d  o n ly  a  w e a k  i n f r a r e d  b a n d  in  t h e  
O H  r e g io n .  W e  h a v e  e x a m in e d  t h e  i n f r a r e d  s p e c t r u m  o f  d im e t h y la m in o -  
e t h a n o l  w h ic h  h a s  a  s t r o n g  O H  b a n d .  T h i s  c o m p o u n d , b e c a u s e  o f a  g r e a t e r  
p o s s ib i l i t y  o f i n t r a m o le c u la r  h y d r o g e n  b o n d in g , s h o u ld  h a v e  a  w e a k e r  a b 
s o r p t io n  in  t h i s  r e g io n .  T h i s  le a d s  u s  to  b e l ie v e  t h a t  t h e  c o n c e n t r a t i o n  o f 
d im e t h y la m in o m e t h y lo l  w a s  p r o b a b ly  s m a l l  in  t h e  r e f e r e n c e  c i t e d .

(4 )  .J. M .  S t u r d e v a n t ,  “ C a lo r i m e t r y ,  T e c h n iq u e  o f O r g a n ic  C h e m i s t r y , ”  
V o l .  I  ( 1 ) ,  3 r d  E d . ,  A .  W e is s b e r g e r ,  E d . ,  I n t e r s c i e n c e  P u b l i s h e r s ,  I n c . ,  N e w  
Y o r k ,  N .  Y . ,  1 9 5 9 . p. 5 7 2 .

(5 )  M .  Z ie f  a n d  .1. P .  M a s o n .  J. Org. Chem..  8 ,  1 ( 1 9 4 3 ) .
(6 )  H .  G .  J o h n s o n , ./ . Am. Chem. Soc.,  6 8 , 12  ( 1 9 4 6 ) .
(7 )  J .  F .  W a lk e r ,  1‘ o r m a ld e h y d e ,”  R e in h o ld  P u b l i s h in g  C o r p . ,  N e w  

Y o r k ,  N .  Y . ,  1 9 5 3 , p . 9 0 .
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T a b l e  I“
A T b f o r  t h e  R e a c t io n  o f  F o r m a l d e h y d e  w it h  R 2N H c

-------------------- 5°------------------- , .------------------- 30°------ —
Amine A T , A T , A T , A T , References'1

Morpholine 2.12 0.50 1.54 - 0.02 e,f
Dibutylamine 0.93 0.45 0.83 0.26 g
N-Ethylethanolamine 0.33 0.17 0.56 0.16 New compound
Piperidine 1.29 0.67 1.06 0.26 c
Diallylamine 1.23 0.07 1.28 0.07 h
Dibenzylamine 0.28 0.05 0.52 -0 .0 5 i
Diethanolamine 0.81 0.31 0.45 0.23 j
Diethylamine 1.07 0.10 0.83 0.07 k

“ Due to the high concentrations used and the resulting large errors due to large solute-solute interactions and to differences in the 
specific heat of the contents of the calorimeter, these data are probably of limited value as true thermochemical quantities. 
b The standard deviation is 0.17°. e See ref. 6. d References to the reaction with formaldehyde. e See ref. 5. ! U. S. Patent
2,388,058 (October 30, 1945). 'H .  Brintzinger and B Hesse, Kolloid-Z., Ill, 156 (1948). * N. Lewis, Ph.D. thesis, University of
Florida, 1951. 1 S. V. Lieberman and E. C. Wagner, J. Ory. Chem., 14, 1001 (1949). ’ See ref. 8. k L. Henry, Bull. acad. roy. med.
Belg., [3] 26, 200 (1893); 29, 355 (1895).

We found that these compounds formed readily 
under the conditions of our experiments.

Dibenzylamine is the only other amine which does 
not exhibit a large difference between ATi and AT2. 
The low values of ATi for this compound made it im
possible to decide whether this compound forms pre
dominantly the methylenebisamine or the amino- 
methylol.

Experimental

Materials.—The chemicals used and their sources or methods 
of purification are stated. All distillations were through a 20-in. 
column packed with nichrome wire. Temperatures are un
corrected.

Formaldehyde, Merck and Co., C.p. 37% aqueous solution, 
standardized by the sodium sulfite method7; morpholine, b.p. 
128.5° (760 mm.); dibutylamine, b.p. 159-160° (760 mm.); 
N-ethylethanolamine, b.p. 166-166.5° (760 mm.); piperidine, 
b.p. 106° (760 mm.); diallylamine, b.p. 109° (760 mm.); di
benzylamine, Eastman “White Label,” used as received; di
ethanolamine, b.p. 132-135° (3.0-3.2 mm.); diethylamine, 
b.p. 55.5° (760 mm.).

Apparatus.—The calorimeter consisted of a 1-1. dewar flask 
fitted with a Beckmann differential thermometer, mechanical 
stirrer, and 2.5 X 14 cm. thin-walled copper test tube. The 
test tube was fitted with a thermometer, and glass loop stirrer 
through a rubber stopper, and was held in place in the dewar 
flask by a large rubber stopper. Water, 750 ml., was used as the 
calorimeter fluid. The pure amine was added to the copper 
tube through a funnel which was replaced with a long stem buret 
for slow addition of the aqueous 37% formaldehyde. The latter 
was added at such a rate that the temperature of the reaction 
mixture remained always near the bath temperature. In the 
low temperature runs the entire calorimeter was immersed in an 
ice-water bath to minimize heat loss. The temperature changes, 
AT,, were corrected for external heat gain by preparing plots of 
time vs. temperature for the low temperature runs. To correct 
for heat of dilution, runs were made in which the formaldehyde 
was replaced by equivalent amounts of water.

3-(/3-Hydroxyethyl)oxazolidine8 was distilled from the benzene 
extract of an equimolar mixture of diethanolamine and formalin 
after it had stood for several hours, b.p. 93°(4.7 mm.), »®i) 
1.4753; lit.8b.p. 68°(0.5 mm.), «“ d 1.4775.

3-Ethyloxazolidine was prepared by the same procedure as for
3-(3-hydroxyethyl)oxazolidine, b.p. 1 2 2 ° ,n 22D 1.4322.

Anal. Calcd. for C5H„NO: C, 59.4; H, 11.0; N, 13.9.
Found: C.59.0; H, 11.9; N, 13.2.

(8) Miles Laboratories, Inc ., B ritish  P a ten t 839,289 (June 30, 1960).
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The preparation of secondary amines by the reduc
tion of Schiff bases with lithium aluminum hydride or 
with borohydrides has been well established in earlier 
literature.3 This note concerns the generality of the 
synthesis of secondary and tertiary amines by the 
action of sodium borohydride at 0° on the neutral 
aqueous solutions of amine salts and carbonyl com
pounds; reactions of this type were first reported for a 
special case (the preparation of dimethylamino acids) 
by Biemann and co-workers.4 The process is advan
tageous, since it occurs rapidly without prior isolation 
of the Schiff bases, and even occurs in some instances 
where the equilibrium for the formation of the Schiff 
base is too unfavorable to permit its ready isolation. 
This synthesis, unlike previous catalytic reductions of 
Schiff bases formed in situ, may be used in the prepara
tion of amines containing nitro or other groups sensitive 
to catalytic hydrogenation.

The formation of N6-isopropyllysine6 from lysine 
and acetone under various experimental conditions is 
reported in Table I. The primary a-amino acids could 
be easily identified with ninhydrin after paper chroma
tography. The reaction also gave N2,N6-diisopropyl-

(1) Supported by N ational In s titu te s  of H ealth  R esearch G ran t GM- 
04712 to  Professor F. H. W estheim er, whose help is gratefully  acknowledged.

(2) N ational In s titu te s  of H ealth  Postdoctoral Fellow, 1960-1963; 
D epartm ent of Physiological C hem istry. The Johns H opkins U niversity  
School of Medicine, Baltim ore, M d.

(3) J. I i. Billman and J. W. M cDowell, J .  O r g .  C h e m . ,  27, 2640 (1962), and 
earlier p apers of th is  series.

(4) K. Biem ann, “ M ass Spectrom etry  Organic Chemical Applications,” 
M cGraw-Hill Book Co., Inc., New York, N. Y., 1962, p. 358.

(5) The separation  of “ modified” lysine (probably N 6-isopropyllysine) has 
been reported  by H. Fasold, G. G undlach, and F. T urba, B i o c h e m .  Z . ,  334, 
255 (1961), from the  hydrolyzate of borohydride reduced chym otrypsin  to 
which acetone had been added to destroy  excess borohydride. The isola
tion  of N6-isopropyllysine from a reduction with very low concentrations of 
acetone and borohydride has been achieved in these labora to ries  by Dr. 
B. Zerner and D r. F. H. W estheim er with acetoaceta te  decarboxylase; the 
compound was identified by an independent syn thesis .10
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A cetone,“ M N aB H 4, M  to ta l pH N8-isopropyllyaine, %

2.4° 0.4“ 4.1-4.7 4
2.4° 0.9“ 4.1-4.7 15
2.4° 1 .8“ 4.1-4.7 34
2.4° 3.6“ 4.1-4.7 46
2.4° 7.2“ 4 1-4 .7 50
0 .6° 2 . 1“ 4.1-4.7 8
1 . 1° 2 .0“ 4.1-4.7 26
4.1° 1.5“ 4.1-4.7 53
2.4° 1 .8“ 6.1 (initial) 6
2.47 1 .8; 6 .3 -67 55
2.4° 18" 11 20

“ Lysine 0.4 M, 0°. 6 Yield estimated from ninhydrin colors;
see Experimental. c Sodium acetate buffer 4.2 M . “ Solid
added in small amounts over 10 min. e Sodium phosphate 
buffer 4.2 M. ’ Imidazolium chloride buffer 4.2 M. Boron 
hydride added in 10 min., allowed to react 10 min. more. 1 In 
water, pH 11 established by borohydride and sodium borate. 
Borohydride added at once, and allowed to react for 30 min.

lysine which was isolated in very low yield as the 
methyl ester dihydrobromide. As indicated in Table I, 
the yield of N6-isopropyllysine is relatively insensitive 
to pH, but increases with increasing concentrations of 
borohydride and of the carbonyl compound.

Probably the Schiff base salt or tertiary iminium 
salt, formed from the reactants,6 is actually reduced by 
BH4_; this hypothesis7 may account for the rapid 
reduction under relatively acidic conditions, as com
pared to the relatively slow reduction of isolated Schiff 
bases.3 Simple calculations reveal that the reduction 
of Schiff base salts must be several orders of magnitude 
faster than the reduction of acetone, which is pH 
independent.8 And of course, acid-catalyzed decom
position of the borohydride9 10 11 12 competes with the reduc
tion.

The following additional amines were prepared: N- 
isopropylalanine methyl ester, N-benzylaniline, N- 
isopropylaniline, N-isopropylbutylamine, and N-ethyl- 
piperidine. Paper chromatographic evidence was ob
tained for the reductive coupling of the N6-amino group 
of lysine with acetaldehyde, benzaldehyde, and cyclo
hexanone to form the ethyl, diethyl, benzyl, and cyclo
hexyl derivatives. The reaction is most successful with 
reactive carbonyls and primary amines, since aceto
phenone and benzophenone apparently failed to form 
lysine derivatives, and piperidine failed to react with 
cyclohexanone or acetone, although it did form N- 
ethylpiperidine in the reaction with acetaldehyde.

Experimental
All melting points unless otherwise noted were taken with the 

Fisher-Johns apparatus and are corrected. Confirmatory evi
dence for the structures of the products was obtained from infra
red spectra.

N6-Isopropyllysine Methyl Ester Dihydrobromide.—N2-Carbo- 
benzyloxy-L-lysine (Cyclo Chemical Co., 1.72 g., 6.14 mmoles), 
5 ml. of glacial acetic acid, 2.5 g., of sodium acetate trihydrate, 10 
ml. of water, and 5 ml. of acetone were placed in a stirred vessel

at 0°. Sodium borohydride (4 g.) was added in 30-mg. lots 
over a 30-min. period, interrupted by the addition of 5 ml. 
more of acetone after the first 15 min. The final pH was 7. The 
mixture was evaporated to dryness in vacuo at 100°, taken up in 
methanol (100 ml.), saturated with dry hydrogen bromide, and 
allowed to stand 12 hr. at room temperature. The hydrogen 
bromide and methanol simultaneously esterified the amino acid 
and removed the carbobenzyloxv group. The mixture was made 
alkaline, and the amine extracted with ether and washed. 
The dihydrobromide was obtained by adding methanol and 
hydrogen bromide to the ether solution and evaporating to 
dryness. The product was recrystallized from methanol-ether; 
yield, 1.22 g. (55%); m.p. 156.5-157.5°.

Ancd. Calcd. for CiofL/LNjB^: Br, 43.89. Found: Br,
43.11.

N6-Isopropyllysine methyl ester dihydrobromide had been 
synthesized previously by Dr. Burt Zerner.10 The melting point, 
mixture melting point, and infrared spectrum of the compound 
prepared by the two methods are identical. Acid hydrolysis of 
the ester gave N6-isopropyllysine, which, on ascending paper 
chromatography with Whatman No. 1 paper and the system 1- 
propanol 550, water 300, and ammonium hydroxide 100, gave a 
single spot after treatment with ninhydrin11 with an Ri of 0.63. 
Similar reactions with lysine were analyzed by paper chromatog
raphy (Table I); the only ninhydrin positive spots found cor
responded to lysine (Ri  0.46) and N6-isopropyllysine. The yield 
of product reported in Table I was determined as follows: the
two ninhydrin positive spots were cut out and eluted with 5 :1 
acetone-ammonia. The absorbance at 575 up» of the eluates was 
determined, and the per cent yield was taken as the absorbance 
of the product eluate divided by that of the total eluates. Com
parison of the total absorbance of aliquots before and after the 
reaction indicated that most of the starting lysine was accounted 
for as lysine and N6-isopropvllysine.

In similar experiments acetaldehyde gave two ninhydrin posi
tive derivatives of lysine, a major product with Rt 0.63, and a 
minor one of Ri  0.69. These are presumably the N6-ethyl and 
N6,N6-diethyllysine. (N2-alkyllysines do not give the purple 
ninhydrin color.) Cyclohexanone and benzaldehyde each gave 
only a single derivative with Ri 0.79 and 0.75, respectively. 
Acetophenone and benzophenone gave only the spot correspond
ing to lysine.

N2,N6-Diisopropyllysine Methyl Ester Dihydrobromide.—
This preparation was similar to but on a larger initial scale than 
that of the N6-derivative described previously, with i,-lvsine 
hydrochloride, 3.65 g. (20 mmoles), in place of N2-carbobenzyl- 
oxylysine, and the other reagents in proportion. The product 
was crystallized from ether-methanol-hydrogen bromide, yield 
0.32 g. (4%,), m.p. 186.5-188.5°. Proton n.m.r. at 60 Me. 
of the salt (previously exchanged with deuterioxide) in deuterio- 
oxide revealed the methyls of the two isopropyls (split writh J  
= 6 c.p.s.) nearly coincident at — 5 = 1.40 p.p.m. (tetramethyl- 
silane external standard) and the ester methyl at — 5 = 3.95 
p.p.m., with proper ratios of the peak areas of all the protons.

Anal. Calcd. for CisHaoChNsBrj: Br, 39.35. Found: Br,
39.37.

N-Isopropylalanine Methyl Ester Hydrobromide.—Identical to 
the synthesis of N6-isopropyllysine methyl ester, with DL-alanine 
0.9 g. (10 mmoles) as the amine. The product, 0.52 g. (23%) 
had m.p. 150-151.7°.

Anal. Calcd. for CiHuNChBr: Br, 35.34. Found: Br,
35.38.

N-Isopropylbutylamine.—Sodium borohydride (2 g .) was added 
in 30-mg. portions over a 10-min. period to a stirred solution of n- 
butylamine(l ml., 10.1 mmoles), sodium acetate trihydrate (2.7 
g.), acetic acid (8.4 ml.), acetone (5 ml.), and water (25 ml.), at 
0°. The mixture was made alkaline and the product was ex
tracted with ether, washed, and crystallized as the hydrochloride. 
The yield was 0.96 g. (63%), m.p' 197-197.8°, lit.12 19.5-196°.

N-Isopropylaniline.—The procedure was similar to the prepara
tion of N-isopropylbutylamine, with aniline as amine, and eth-

(6) This is analogous to  o ther carbonyl amine condensation: J. B.
C o n an t and  P. D. B a rtle tt, J .  A m .  C h e m .  S o c . ,  54, 2881 (1932) ; E. H. Cordes 
and W. P. Jencks, ib id . ,  84, 4319 (1962).

(7) This m echanism was suggested by Professor F. H. W estheim er. An 
exam ple of the  reduction of a Schiff base sa lt by borohydride in a complex 
molecule is given in the  syn thesis  of reserpine by R. B. W oodward, F. E. 
B ader, H. Bickel, A. J. Frey, and R. W. K ierstad , T e t r a h e d r o n , 2, 1 (1958).

(8) H . C. Brown and K. Ichikaw a, J .  A m .  C h e m .  S o c . ,  83, 4372 (1961).
(9) R. E. D avis and C. G. Swain, i b i d . , 82, 5949 (1960).

(10) This syn thesis  was achieved by alkylation  of N 2-carbobenzyloxyly- 
sine with isopropyl bromide, esterification, and removal of the  carbo- 
benzyloxy group with m ethanol and hydrogen bromide, and crystalliza
tion  of N 6-isopropyllysine m ethyl ester dihydrobrom ide from chloroform. 
N 6-Isopropylly8ine was obtained from the ester by acid hydrolysis.

(11) L. F. Fieser, “ E xperim ents in Organic Chem istry, “ 3rd Ed., Revised, 
D. C. H eath and Co., Boston, M ass., 1957. p. 136.

(12) K. N. Cam pbell, A. II. Som m ers, and B. K. Cam pbell, J .  A m .  C h e m .  
S o c . ,  66, 82 (1944).



anol (6 ml.) added to dissolve the aniline. The yield of amine 
was 1.35 g. (91%). Benzamide had m.p. 62-65°, lit.13 63-65°.

N-Benzylaniline.—1  he method was similar to the previous 
with aniline and benzaldehyde (5 ml.), and ethanol (20 ml.). 
The yield was 1.67 g., (83%), m.p. 36-37.2°, lit.14 37-38°.

N-Ethylpiperidine.—The method was similar to the previous 
with piperidine, 1.0 ml. (10.1 mmoles), and acetaldehyde (10 
ml.). The borohydride was added over 30 min.; half of the acet
aldehyde was added at the beginning, and the remainder after 
15 min. The product was crystallized as the hydrochloride. 
The yield was 0.81 g. (53%) m.p. (evacuated capillary, uncor.) 
225-227°, lit.15 225°. The pierate was also prepared, m.p.
165-167.5°, lit.16 167-168°. Corresponding synthetic attempts 
with acetone and cyclohexanone in place of acetaldehyde gave 
no detectable tertiary amine.

(13) W. S. Em erson and C. A. Uraneck, J .  A m .  C h e m .  S o c . ,  63, 749 (1941)*
(14) K. B rand, B e r . ,  42, 3460 (1909).
(15) R. Lukes and J. Pliml, C h e m .  L i s t y ,  50, 557 (1956).
(16) R. Dulou, E. Elkik, and  A. Veillard, B u l l .  s o c .  c h i m .  F r a n c e ,  967 

(1960).

N o v e m b e r , 1963

The Reduction of Esters with Sodium 

Borohydride1

M e l a n c t h o n  S . B r o w n 2 a n d  H e n r y  R a p o p o r t

Department of Chemistry, University of California, 
Berkeley, California

Received July 17, 1963

It is generally accepted that sodium borohydride, a 
powerful reducing agent for aldehydes and ketones, 
will not reduce carboxylic esters. However, cases are 
reported in the literature in which reduction of esters 
to primary alcohols has been observed, and Schenker3 
has included many of these in his excellent review on the 
uses of complex borohydrides in organic chemistry. 
Also, instances of reduction of lactones and carbon- 
carbon double bonds, generally resistant to sodium 
borohydride, are given. Many of the compounds 
which undergo such “abnormal” reduction contain 
neighboring functional groups,4 5 and Schenker implies 
that these groups may, in some way, take part in the 
reductions, although no suggestion is made as to the 
mechanism of this effect. We have now found that 
esters of simple heterocyclic, aromatic, and aliphatic 
acids are reduced to varying degrees by a large excess 
of sodium borohydride in methanol. Thus, it is evi
dent that esters are not resistant to reduction by 
sodium borohydride, although the rate of reduction is 
much slower than for aldehydes and ketones.

For synthetic purposes, we were interested in pre
paring 3-(4'-pyrimidyl)-l-propanol.6 Lithium alu
minum hydride reduction of methyl 3-(4'-pyrimidyl)- 
propenoate or the corresponding saturated ester was 
complicated by simultaneous reduction of the pyrimi
dine ring. Therefore, in view of the suggestive reports 
cited, reduction of the unsaturated ester by sodium

(1) Supported in p a rt by the  U. S. Army Research Office, D urham , 
N. C.

(2) M iller Research Fellow.
(3) E. Schenker, A n g e x c .  C h e m . ,  73, 81 (1961).
(4) E . g . ,  V. Boekelheide and R. J. W indgassen, Jr., J .  A m .  C h e m .  S o c . ,  

81, 1456 (1959), and J. E. G. B arn e tt and P. W*. K ent, J .  C h e m .  S o c . ,  2743 
(1963), for the borohydride reduction  of some keto and hydroxy esters to
di°lS. CH30H

(5) T his has been successfully converted to 6-azapvrrocoline [Xmax
229 m y  (« 30,100), 272 (7000), 283 (7800), 345 (900)]. D etails will be re 
ported in a forthcom ing publication.

borohydride was attempted. A 77% yield of the 
desired propanol was obtained from the reduction 
carried out in methanol with a tenfold excess of sodium 
borohydride.

The reductions of several other unsaturated esters 
were then investigated, and the results are presented in 
Table I. The 3-(4'-pyridyl)propenoate, reduced with 
a tenfold excess of borohydride, behaved similarly to 
the pyrimidyl compound, giving mostly the saturated 
alcohol along with small amounts of the saturated ester 
and the unsaturated alcohol. With lesser amounts of 
reducing agent, larger amounts of saturated ester, 
unsaturated alcohol, and recovered starting material 
were obtained. The 3-(2'-quinolyl)propenoate, with a
16-fold excess of borohydride, surprisingly gave a mix
ture of products, although it might have been ex
pected to be analogous to the pyridyl and pyrimidyl 
compounds. Methyl cinnamate and methyl 2-noneno- 
ate also gave mixtures of reduction products and un
affected ester on treatment with a tenfold excess of 
reducing agent.

The reduction of several other esters with excess 
borohydride then was investigated, giving the results 
shown in Table I. The pyridine esters, methyl 4- 
pyridinepropanoate, ethyl 4-pyridineacetate, and 
methyl nicotinate, were reduced in high yields to the 
corresponding alcohols by a 20-fold excess of sodium 
borohydride in methanol. When less borohydride 
was used for the reduction of methyl nicotinate, some 
ester was recovered. Analogous phenyl esters, methyl 
hydrocinnamate, methyl phenylacetate, and methyl 
benzoate, also were substantially reduced by a 20-fold 
excess of borohydride, but not as cleanly as the pyridine 
esters, 10 to 16% of the ester being recovered. With 
lesser amounts of borohydride, methyl benzoate fol
lowed the same trend as methyl nicotinate, but in each 
corresponding case, less reduction was observed with 
the benzoate. One aliphatic ester, methyl nonanoate, 
was examined, and it was reduced to a lesser extent 
than the pyridine or phenyl esters, 57% of the ester 
being recovered.

From these results, it is obvious that no special 
structural features are necessary for reduction of 
esters by sodium borohydride to occur at least to some 
extent. However, such features may, indeed, enhance 
the reactivity in some manner, as is evident in going 
from aliphatic to phenyl to pyridine esters, and by the 
fact that many of the esters previously reported as 
being reduced contain proximate keto and hydroxyl 
groups.3 4 Clearly, the solvent has an influence on the 
rate of reduction, as Chaikin and Brown6 found that 
ethyl butyrate or ethyl phenylacetate, when heated 
with a suspension of sodium borohydride in dioxane or 
diethyl carbitol for one hour, showed no evidence of 
reduction. It was observed7 that a mixture of ethyl 
benzoate and sodium borohydride in isopropyl alcohol 
lost but 12% of the available active hydrogen in six 
hours at 75°, and a similar mixture in diglyme lost 
less than 10% of the available hydrogen in twenty- 
four hours at 75°. In agreement with this behavior 
of esters is the fact that aldehydes and ketones are 
also reduced more slowly in these solvents than in

(6) S. W. C haikin and W. G. Brown, J .  A m .  C h e m .  S o c . ,  71, 122 (1949).
(7) H. C. Brown, E. J. M ead, and B. C. Subba Rao, i b i d . ,  75, 6209 (1955).
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T able I P roducts from the R eduction of E sters with Sodium B orohydride

N:
E ster

c h = c h c o o c h 3

c h = c h c o o c h 3

c h = c h c o o c h 3 

c h = c h c o o c h 3

CH=CHCOOCHa

c h 2c h 2c o o c h 3

II
:N"

CH2COOC2H5

Moles N aBH i 
Mole ester 

10

10

Satd.
ester

16

10

10

----- P roduct com position, % -

U nsatd . Satd.
ester alcohol

100

91

10

34

22

36

54

34

100

100

U nsatd .
alcohol

36

22

37

Satd. 
alcohol, 
yield, %

77

74

90

93

^ s ^ C O O  CH3

y 10 2 98 81

^v^COOCHaQr 5 19 81

^ / C O O C H 3

^ISr
2.5 52 48

^ ^ /CO O C H s

CJ 1 85 15

^ v^ C O O C H jCJ 10 15 85 75

^ . c o o c h 3

CJ 5 68 32

^ X O O C H aCJ 2.5 87 13

^XpCOOCHs
1 97 3

CH2COOCH3

a 10 15 85 73

CH2CH2COOCH3

r i 10 10 90 72
K J

CH=CH— COOCH3of 10 13 55 15 17

CH3(CH2)5CH =CH — COOCH3 10 35 30 15 20
CH3(CH2),COOCH3 10 57 43
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water, methanol, or ethanol.7 Reduction of the double 
bond in the unsaturated esters is also noteworthy.

Thus, in some cases where it is desirable not to use a 
stronger reducing agent, a large excess of sodium boro- 
hydride in methanol may serve quite effectively to 
reduce saturated or unsaturated esters to saturated 
alcohols. When a ketone or an aldehyde is to be re
duced in the presence of an ester function, care should 
be taken to avoid a large excess of borohydride and 
elevated temperatures if partial reduction of the ester 
is to be avoided.

Experimental
Sodium Borohydride.—The sodium borohydride used was 

obtained from Metal Hydrides, Inc., Beverly, Mass., Lot. 
No. 191-1, rated purity, 98 plus %. Spectrographic analysis 
indicated the following: Li, not detectable; K,0.01%; Ca and
Si, traces.

Esters.—The heterocyclic unsaturated esters were prepared by 
esterification of the appropriate acids with methanol and hydro
chloric acid, the acids having been prepared8 by condensation 
of the appropriate methyl heterocycle with chloral and hydrolysis 
of the product with alkali. Methyl 3-(4'-pyridyl)propanoate 
was prepared from the saturated acid obtained by hydrogena
tion of the unsaturated acid. The other esters were obtained 
from stock or prepared by esterification of the appropriate acid. 
All the esters [except methyl 3-(4'-pyrimidyl)propenoate, which 
see] are known compounds, and structures and purity were con
firmed by n.m.r. spectroscopy.

Reductions.—All the reductions were done in a similar manner. 
A weighed amount of the ester was dissolved in methanol and 
added to a weighed amount of sodium borohydride. When the 
initial vigorous reaction had subsided, the mixture was heated 
under reflux for 1-2 hr. The solution was cooled, an equal vol
ume of water was added, and some of the methanol was removed 
on a rotary evaporator. The aqueous solution was extracted 
with five 50-ml. portions of chloroform, the combined extracts 
were dried over sodium sulfate, and the chloroform was removed 
on the rotary evaporator at 30 to 40°. A portion of the product 
was dissolved in carbon tetrachloride or deuteriochloroform, and 
its n.m.r. spectrum was determined with a Varian A-60 spectrom
eter. Peak assignments were made by comparison with the 
spectra of the expected products where available or by analogy 
with similar compounds. The per cent of each product in the 
mixture was calculated from the integral of the spectrum. The 
reduction products from methyl cinnamate and methyl 2-nonen- 
oate gave n.m.r. spectra which were too complex to allow calcula
tion of the composition, but vapor phase chromatography (car
ried out on a 0.25-in. Ucon polar column at 210° for the methyl 
cinnamate reduction product and at 185° for the methyl 2- 
nonenoate reduction product), in conjunction with the n.m.r. 
data, allowed calculation of the per cents. The values given 
in Table I are probably accurate to within a few per cent.

3-( 4 '-Pyrimidyl )-l - propanol.—3 (4 '-Pvrimidy 1 jpropenoic acid8 
was esterified by treatment at room temperature with methanolic 
hydrochloric acid for 3 days. Concentration of the reaction 
mixture, addition of aqueous sodium bicarbonate, extraction 
into chloroform, evaporation of the chloroform, and crystalliza
tion of the residue from cyclohexane gave methyl 3-'4'-pyrimidyl)- 
propenoate in 71% yield, m.p. 86- 88°.

Anal. Calcd. for CsH8N20 2: C, 58.5; H, 4.9; N, 17.1. 
Found: C, 58.8; H, 5.1; N, 16.8.

The ester was reduced and the product was isolated by the 
standard procedure as described. Short-path distillation at 90° 
(50 m) gave 3-(4'-pyrimidyl)-l-propanol as a clear, slightly viscous 
oil; ultraviolet absorption, X°"fOH 245 m^ (e 2950), 270 (330);
n.m.r. absorption (in deuteriochloroform), C-2' H, 5 9.50 (s); 
C-6 ' H, 9.00 (d); C-o' H, 7.67 (d); C-3 H2, 4.05 (t); C-l H2,
3.28 (t); C-2 H.,, 2.42 (m).

Anal. Calcd. for C8H10N2O: C, 60.8; H, 7.3; N, 20.3. 
Found: C, 60.6; H, 7.1; N, 20.1.

N o v e m b e r , 1963

(8) R. G. Jones, E. C. Kornfield, and K. C. McLaughlin, J ■ A m . C h e m .

S o c . ,  72, 3539 (1950).

Optically Active Benzylamine-a-d1

A. S t r e i t w i e s e r , Jr., a n d  J. R .  W o l f e ,  Jr.2

Department of Chemistry, University of California, Berkeley, 
California

Received January 30, 1963

As part of a study of optically active benzyl-a-d 
compounds,3“6 we prepared the corresponding amine. 
Since we contemplate no further work with this ma
terial in the near future, we report herein the prepara
tion and properties of optically active benzylamine-a-d. 
The preparation followed our previous stereoSpecific 
preparations of 2-octylamine and 1-aminobutane-l-tf6; 
namely, conversion of the alcohol to an arenesulfonate, 
displacement by sodium azide, and reduction of the 
product azide with lithium aluminum hydride. By 
this procedure, alcohol having [ a ] D  —0.215° gave a 
54% over-all yield of crude amine which, on purifica
tion, had [<x ] d  +0.24°. The reactions involve a single 
inversion of configuration; hence, amine and alcohol 
of the same sign of rotation have the same configura
tion.

The degree of optical purity of the amine relative to 
the alcohol was checked by the method of Snyder and 
Brewster.7 The benzylamine-a-d was converted to the 
N,N-dimethylamine with formic acid and formalde
hyde and thence to the trimethylammonium acetate by 
treatment successively with methyl iodide, silver 
oxide, and acetic acid. Pyrolysis of the quaternary 
acetate gave benzyl-a-d acetate which was reduced 
with lithium aluminum hydride to benzyl-a-d alcohol 
having [a]D —0.180°. Snyder and Brewster used a 
similar sequence to convert a-phenethylamine to a- 
phenethyl acetate with essentially complete inversion 
of configuration. In our over-all conversion of benzyl- 
a-d alcohol to amine and back to alcohol, there occurred 
18% racemization.

We suspect that most, if not all, of this racemization 
occurred in the first step, the preparation of benzyl-a-d 
tosylate. During the Schotten-Bauman procedure 
used, any reaction of the aqueous sodium hydroxide 
with the benzyl-a-d tosylate formed would generate 
alcohol of inverted configuration and would result in 
tosylate having lower optical purity than the starting 
alcohol; hence, this method is not recommended for 
stereochemical studies. The benzyl-a-d tosylates used 
in our other studies were prepared in dry pyridine in 
which this problem does not occur.45

Experimental
(-f)-Benzylamine-a:-d.—A solution of 50 ml. of 25% sodium 

hydroxide was added over a period of 1.5 hr. to a stirred mixture 
of 21 g. of benzyl-a-d alcohol,3 a25r> —0.860 ±  0.004°, tt25M63 
— 1.044 ±  0.007° (/ 4), and 29 g. of p-toluene sulfonyl chloride,

(1) Stereochem istry of the P rim ary  Carbon. X II. This research was 
supported in p a rt by a g ran t from the Petroleum  Research Fund.

(2) M onsanto Chem ical Com pany Fellow, 1956-1957.
(3) A. Streitw ieser, J r., and J. R. Wolfe, Jr., J .  A m .  C h e m .  S o c . ,  79, 903 

(1957).
(4) A. Streitw ieser, J r ., and J. R. Wolfe, J r ., i b i d . ,  81, 4912 (1959).
(5) A. Streitwieser, Jr., J. R. Wolfe, Jr., and W. D Schaeffer, T e t r a 

h e d r o n ,  6 , 338 (1959).
(6) A. Streitw ieser, Jr., and W. D. Schaeffer, J .  A m .  C h e m .  S o c . ,  78, 5597 

(1956).
(7) H. Snyder and J. Brewster, i b i d . ,  71, 291 (1949).
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maintained at 5°. An additional 29 g. of p-toluene sulfonyl chlo
ride and 50 ml. of 25% sodium hydroxide were added during 1.5 
hr. After additional stirring for 3 hr. at 5°, the mixture was 
poured into water and filtered. The solid product was dissolved 
in ether, dried with potassium carbonate, reprecipitated by cool
ing with Dry Ice, and centrifuged. Residual solvent was evap
orated and the product was crystallized from benzene-hexane 
at low temperature. Yields by this procedure were about 70%. 
(Note: During one such run, the product polymerized spontane
ously while being stored overnight in the refrigerator during re
crystallization.)

The resulting benzyl-a-d tosylate was added to a solution of 20 
g. of sodium azide in 58 ml. of water and 260 ml. of methanol and 
maintained at 60° for 1 day. The mixture was diluted with water 
and extracted with ether. The washed and dried ether solution 
was treated with 10 g. of lithium aluminum hydride in the usual 
manner. The reaction mixture was decomposed with water and 
the washed and dried ether solution was distilled giving 11.7 g. 
(54%) of amine, b.p. 72-95° (10-11 mm.), contaminated by some 
benzyl alcohol (infrared).

The combined product from two such runs was dissolved in 
dilute hydrochloric acid and washed with ether. The aqueous 
solution was made basic with sodium hydroxide and extracted 
with ether. The dried extract was distilled and the residue was 
fractionated giving two fractions: fraction 1, b.p. 79.5-81° (17 
mm.), 9.6 g., <*25d 0.940 ±  0.006°, a 25̂  1.087 ±  0.003° 
(l 4); fraction 2, b.p. 81-83° (18-19 mm.), 9.5 g., a2bD 0.941 
±  0.005° a 25M63 1.105 ±  0.011° (l 4). The combined product 
had n2id 1.5404; freshly fractionated benzylamine had n2id 
1.5410.

( —)-Benzyl-a-d Alcohol from ( +  i-Benzylamine-«-d.—A mix
ture of 9.8 g. of the benzylamine-a-d, 26.2 g. of 88% formic acid 
and 25.7 g. of 37% formalin was heated at 95-100° until a vigor
ous evolution of gas commenced. The flask was removed from 
the oil bath and when the reaction subsided, 25.7 g. of the forma
lin and 26.2 g. of 88% formic acid were added and the mixture was 
refluxed for 8 hr. After cooling, 75 ml. of 4 N hydrochloric acid 
was added and the mixture was evaporated in vacuo to a thick 
sirup. The mixture was diluted with water, made basic with 
sodium hydroxide, and extracted with ether. Evaporation of 
the solvent left a pale yellow liquid which was difficult to distil 
because of excessive foaming; hence, the crude product was 
stirred with 30 g. of methyl iodide and 90 ml. of ether for 2 hr. in 
an ice bath and 14 hr. at room temperature. The trimethyl- 
benzyl-a-d-ammonium iodide was filtered, washed with ether, 
and dried in vacuo; yield, 22.7 g. (90% from amine).

A solution of this product in 250 ml. of water was treated with a 
suspension of silver oxide in 125 ml. of water prepared from 68 g. 
of silver nitrate.8 After stirring for 8 hr., the mixture was Altered 
with Filter-aid and the solid was washed with water. To the 
combined aqueous solutions was added 69 g. of glacial acetic acid. 
The mixture was evaporated to a thick sirup which was distilled 
in vacuo. The distillate was dissolved in ether, washed, dried 
and distilled, yielding 7.5 g. (55% from amine) of benzyl-a-d 
acetate, b.p. 98-99° (10-11 mm.), identified by the infrared 
spectrum. Reduction in the usual way with lithium aluminum 
hydride gave benzyl-a-d alcohol, a27» —0.355 ±  0.004°, a2iM3 
— 0.431 ±  0.004° (l 2). The alcohol was converted to the hydro

gen phthalate, recrystallized from benzene-cyclohexane and 
again reduced to alcohol with lithium aluminum hydride giving 
benzyl-a-d alcohol, b.p. 92-94° (7-8 mm.), a 25D —0.352 ±  
0.005°, a 22*« -0.418 ±  0.012° (12).

(8) H. R apoport, J .  O r ff .  C h e m . ,  13, 714 (1948).

Organosilicon and Tin Alkylthiols

W a l t e r  S t a m m

Research Center, Stauffer Chemical Company, Chauncey, New York 

Received July 1, 1963

Only a few organometallic alkylthiols have been de
scribed previously. Marvel and Cripps1 prepared

(1) C. S. M arvel and H. N. Cripps, J .  P o l y m e r  S c i . ,  9, 53 (1952).

bismethylbis(propyl-3-thiol)silane by saponification 
of the respective thiolacetate. Later2 several addi
tional silicon-containing thiols were synthesized by this 
method. Noller and Post3 prepared methylthiol- 
trimethylsilane by alkaline hydrolysis of its isothiouro- 
nium bromide; Cooper4 and Schmidt and Wieber5 
described the synthesis of methylthiolsiloxanes from 
chloromethylsiloxanes and potassium hydrosulfide. 
Only one publication6 has become known describing 
the direct addition of hydrogen sulfide to unsaturated 
organosilanes at high temperatures and under pressure. 
However, the principal reaction products were organo
silicon sulfides. Organosilicon alkylthiols were only 
identified as by-products in yields below 10%.

No organotin alkylthiols are reported in the litera
ture. Noltes and van der Iverk7 attempted the syn
thesis of propyl-3-thioltriphenyltin by the addition 
of triphenyltin hydride to allyl mercaptan, but ob
tained propene, H2S, and bis(triphenyltin)sulfide in
stead. And Seyferth8 observed only cleavage of vinyl- 
tin compounds by mercaptans as well as other electro
philic reagents.

This note describes the synthesis of the first reported 
organotin alkylthiols by two different routes and a new 
method for the preparation of organosilicon alkylthiols. 
These methods consist of either radiation-induced 
free-radical (“anti-Markovnikov”) addition of hydro
gen sulfide to olefinic unsaturated organometallic 
compounds at Dry Ice bath temperatures, or free- 
radical addition of thiolacetic acid at or below room 
temperature, followed by alkaline hydrolysis. The 
alkylthiols obtained by both methods were identical 
as demonstrated with tributylallyltin in the following 
example.

H2S
(C4H9)3SnCH2CH=CH2 ------- > (C4H9)3SnCH2CH2CH2SH

(C4H9)3SnCH;CH2CH2S • CO • CH3 
IX

A quartz mercury vapor lamp was the most effective 
source of radiation, especially if used in connection with 
the quartz reactor described in the Experimental reac
tion. Considerably lower yields were obtained in 
Vycor flasks and also with long wave ultraviolet light.

The primary mercaptan structure was unequivocally 
confirmed by 60-Mc. n.m.r. spectra.9

Main by-product of the hydrogen sulfide addition 
was sulfide, which—as shown by independent experi
ments—was formed by the following reaction.

(C4IT9)3Sn(CH2)3SH +  C H ^C H  CH2Sn(C4H9)3— - — >[(C4H,),-
Sn(CH2)3J2S

In order to suppress this side reaction a larger excess 
of hydrogen sulfide was employed. The use of low- 
boiling aliphatic hydrocarbon diluents influenced favor-

(2) V. F. M ironov and N. A Pogonkina, I z v .  A k a c L . N a u k  S S S R ,  O l d .  
K h i m .  N a u k .  85 (1959).

(3) D. C. Noller and H. W Post, J .  O r g .  C h e m  . 17. 1393 (1952).
(4) G. D Cooper, J .  A m .  C h e m .  S o c .  76, 2500 (1954).
(5) M. Schm idt and M. Wieber, B e r . ,  94, 1426 (1961).
(6) A. Zappel, Germ an P aten t 1,000,817 (1957), to B ayer Leverkusen.
(7) J. G. Noltes and G. J. M. van der Kerk, C h e m .  h i d .  (London), 294 

(1959).
(8) D. Seyferth, J .  A m .  C h e m .  S o e . , 79, 2133 (1957).
(9) D eterm ined by Varian Associates, in deuterioch loroform -tetram ethy l- 

silane.
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T a b l e  I
C o m p o u n d s  P r e p a r e d

Compound
B.p.,

°C. (mm.) n»D
----- Sulfur,
Calcd.

%---- -
Found

-----Metal, %------
Calcd. Found

Infrared 
SH frequency

I Me3Si(CH2)2SH2 40 (18) 1.4515 23.9 23.75 20.8 19.9 3.94

II (Me3SiCH2CH2)2S
143(760) 
39(0 05) 1.4620 13.75 13.70 24.05 23.85

III Me3Si(CH2)3SH2
268(760)
53(16) 1.4538 21.65 21.60 18.95 18.64 3.94

IV (Me3SiCH2CH2CH2)2S
164(760)
46(0.05) 1.4621 12.24 12.25 21.41 21.19

V
VI

(Me3SiCH2CH2)2S02
Bu3Sn(CH2)2SH

66(0 5) 
123 (m.p.) 
70-80 dec. 1.5068

12.02
9.10

11.96
8.73

21.08
33.76

20.95
33.9 (3.75)

VII Bu3Sn(CH2)3SH

(0.2)

91(0.1) 1.5025 8.78 8.72 32.62 33.40

3.80
(3.89)
(3.76)

V ili Bu3Sn(CH2)2SCOCH 3 115(0.2) 1.5006 8.18 8.14 30 20 30.20

3.80 
(3 90)

IX Bu3Sn(CH2)3SCO-CH3 120(0.3) 1.4982 7.89 7.76 29.12 28.95

ably the yield of mercaptan. The yields of ethyl-2- 
thiolsilicon and -tin compounds by hydrogen sulfide 
addition to the corresponding trialkylvinyl compounds 
were lower than those of propyl-3-thiol derivatives, 
although no cleavage of vinyl groups was observed. 
All compounds described were sufficiently stable to 
be distilled with the exception of ethyl-2-thioltributyl- 
tin, which decomposed at 70° (0.2 mm.).

The addition of thiolacetic acid to allyl- and vinyl- 
tributyltin proceeded with remarkable ease. Mixing 
at 0° in the presence of long wave ultraviolet light re
sulted in excellent yields of 3-(tributyltin)propyl 
thiolacetate and 2-(tributyltin)ethyl thiolacetate, re
spectively, which were both distillable. No cleavage 
of vinyl groups was observed. Since also the saponi
fication of these thiol esters to the corresponding thiols 
proceeded easily and in good yields this latter procedure 
is the method of choice for organotin alkylthiols.

Experimental
General Procedure. Hydrogen Sulfide Addition.—The addition 

of hydrogen sulfide was studied in two different reactors. Low 
yields were obtained if a Vycor flask was used rotating in a Dry 
Ice bath and if the mixture of liquid hydrogen sulfide and vinyl- 
or allyltrialkylmetal was irradiated by a ultraviolet lamp. 
Better yields were obtained in a reactor constructed as follows. 
A double-wall quartz well, open at the top, was inserted into the 
center-neck of a graduated reaction flask. The reaction flask was 
equipped with a gas inlet tube leading to the bottom and an out
let at the top leading to a hydrogen sulfide scrubber. This flask— 
with the inserted quartz well and charged with the olefinic un
saturated compound, catalyst and solvent—was immersed in a 
Dry Ice bath. Hydrogen sulfide was then distilled into the flask 
through the gas inlet tube to the desired level. A 100-w. 
Hanovia (8A-1) quartz mercury vapor lamp was switched on and 
introduced into the quartz well. Heat transfer was minimized by 
a high vacuum between the walls of the double-wall quartz well.

Addition of Thiolacetic Acid.—In all cases this reaction was 
achieved in good yields between 0-25° by using a simple Vycor 
flask. As radiation source a long wave ultraviolet lamp or even 
an ordinary 100-w. bulb was sufficient, which was used during 
the controlled addition of thiolacetic acid to the vinyl- or allyltin 
or silicon compounds.

Propyl-3-thioltrimethylsilane (III).—The graduated reactor 
was charged with a mixture of 57 g. (0.5 mole) of allyltrimethyl- 
silane, 1.5 g. of ethyl acetate (catalyst), and 60 ml. of pentane. 
It was cooled to -70° in a Dry Ice bath and hydrogen sulfide was 
distilled into this mixture until its volume had increased by ap
proximately 40 ml. The ignited Hanovia quartz light was then

inserted into the open center well, and the reaction mixture was 
irradiated for 2 hr. By removing the Dry Ice bath the excess of 
hydrogen sulfide was slowly evaporated into a sodium hydroxide 
scrubber. Pentane was removed by distillation at atmospheric 
pressure. Seventy-three grams of a colorless liquid remained 
which contained about 19% sulfur. The pure reaction product 
(55 g., 74.4%) was isolated by two fractionations through a 20-in. 
Vigreux column; b.p. 52-53° (16 mm.).

Anal. Calcd for C6H,6SSi: C, 48.62; H, 10.76; S, 21.65;
18.95. Found: C, 49.01; H, 10.23; S, Si, 21.60; Si, 18.64.

Bis(3-trimethylsilylpropyl) Sulfide (IV).—The combined pot 
residues of the two distillations were distilled at 0.05 mm. Pure 
colorless sulfide (14.5 g., 19.2%) boiled at 46-47°.

Anal. See Table I.
Ethyl-2-thioltrimethylsilane (I).—In the graduated quartz reac

tor, immersed in a Dry Ice bath, 50 g. (0.5 mole) of vinyltri- 
methylsilane, 40 ml. of liquid hydrogen sulfide, and 1 g. of ethyl 
acetate were irradiated with the Hanovia quartz lamp for a period 
of 2.5 hr. The excess hydrogen sulfide was then distilled into a 
scrubber by slowly raising the temperature in the reactor to 20°. 
In the reactor remained 65 g. of a clear, colorless oil, which was 
purified by two fractional distillations through a 20-in. Vigreux 
column; b.p. 40-41° (18 mm.); yield, 14 g. (21%).

Bis(3-trimethylsilylethyl) Sulfide (II).—The combined pot 
residues of the preceding distillations were distilled at 0.05 mm. 
Pure, colorless sulfide (23.5 g.) distilled at 39-40°.

Bis(2-trimethylsilylethyl) Sulfone (V).—This compound was 
prepared by oxidizing 23.3 g. (0.1 mole) of II, dissolved in 180 
ml. of anhydrous acetic acid, with a 50% excess (38 g.) of 30% 
hydrogen peroxide in 2 hr. at 50-60°. Upon storage in the re
frigerator 18.5 g. (71%) of pure sulfone crystallized (m.p. 122- 
123°). An additional 4 g. was obtained by concentrating the 
mother liquor in vacuo.

Propyl-3-thioltri-ra-butyltin (VII). By Direct Addition of 
Hydrogen Sulfide.—About 20 ml. of liquid hydrogen sulfide was 
distilled into the mixture of 30 g. of allyltri-n-butyltin, 50 ml. of 
pentane, and 1 ml. of acetone. The mixture in the quartz re
actor was irradiated for 2 hr. with a Hanovia mercury lamp at 
— 70°. Then the excess of hydrogen sulfide and pentane was 
removed, and the reaction product was purified by high vacuum 
distillation through a 5-in. Vigreux column (see Table I).

3-(Tri-n-butyltin)propvl Thiolacetate (IX). By Addition of 
Thiolacetic Acid.—To 160 g. (0.5 mole) of allyltri-n-butyltin 
was added with stirring and outside ice-cooling 46 g. (0.59 mole) 
of distilled thiolacetic acid.10 At 0- 10° the agitated mixture 
was irradiated with ultraviolet light for 2 hr. Then the small 
excess of thiolacetic acid was removed by distillation. The 
remaining clear, colorless oil was distilled at reduced pressure, 
the main fraction (87%) boiling at 120° (0.2 mm.). The infrared 
spectrum of this compound has a strong carbonyl band at 1675 
cm .'1.

(10) Stauffer Chemical Co.
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Saponification.—In 25 ml. of ethanol was dissolved 20 g. (0.05 
mole) of IX. The solution of 2.5 g. of potassium hydroxide 
in 5 ml. of water and 25 ml. of ethanol was added with 
agitation at room temperature. The clear solution was heated 
for 3 hr. at 50". During this time two phases formed. The 
lower, oily phase was separated at room temperature, taken up 
in ether, washed with water, and dried over sodium sulfate. 
Ether was evaporated, and the remaining colorless oil was puri
fied by high vacuum distillation. VII was obtained in 78% 
yield (14.2 g.).

A Hammett Stud}" of Hydrogen Abstraction 

from Substituted Allylbenzenes

M ic h a e l  M . M a r t in  a n d  G e r a l d  J a y  G l e i c h e r 1

The Department of Chemistry, The University of Michigan, 
Ann Arbor, Michigan

Received, June 14, 1963

This study is a comparison of the polar effects 
operating in the abstraction of a hydrogen atom from a 
series of substituted allylbenzenes (reaction 1) and the 
more extensively investigated abstraction of a hydrogen 
atom from substituted toluenes (reaction 2).2-7 The 
greater stability of the a-vinylbenzyl radical (II) com-

v  Y^, 
CH2CH=CH2 ' g0 N -C H C H = C H 2 + HX

! + X- -  n  (1)
i Y

—CH3 +  X- -* — CH2- + HX (2)

III IV

pared to the benzyl radical (IV) would be expected to 
compress the activation energy scale for reaction 1 com
pared to reaction 2, and thereby decrease the effect of a 
polar substituent on reaction rate in the case of the 
allylbenzenes. In order to determine the extent to 
which this effect is reflected in the magnitude of the 
Hammett p-value for reaction 1 as compared to reac
tion 2, reaction constants have been determined for 
abstraction of a hydrogen atom from allylbenzenes by 
the trichloromethyl radical, generated from bromotri- 
chloromethane, and by the bromine atom, generated 
from N-bromosuccinimide.8

Experimental
Materials.—The substituted allylbenzenes were all prepared 

by the coupling reaction of ailyl bromide with an aryl Grignard 
reagent. The procedural details and properties of these com

(1) Petroleum  R esearch Fund Predoctoral Fellow, 1961-1962 and 1962- 
1963.

(2) C. W alling and B. M iller, J .  A m .  C h e m .  Sor., 79, 4181 (1957).
(3) E. C. Kooyinan, R. Van Helden, and A. F. Bickel, K o n i k l .  N e d .  

A k a d .  W e t e n s h a p .  P r o c .  S e r .  B ,  66, 75 (1953).
(4) R. E. Pearson and J. C. M artin , J .  A m .  C h e m .  S o ' ' . ,  85, 354 (1963).
(5) C. W alling and B. Jacknow , i b i d . ,  82, 6113 (1960).
(6) G. A. Russell, i b i d . ,  78, 1047 (1956).
(7) E. S. H uyser, i b i d . ,  82, 394 (I960).
(8) Recent s tud ies4 5 6 7-9 have dem onstra ted  th a t the  brom ine atom  is the 

hydrogen a b strac tin g  species in benzylic b rom inations involving N-brom o
succinimide, and  not the  N-succinim idyl radical as  had been originally 
bel1 i 3eved .2

(9) G. A. Russell, C. DeBoer, and  K. M. Desm ond, J .  A m .  C h e m .  S o c . .  86,
365 (1963).

pounds are reported elsewhere.10 The N-bromosuccinimide was 
purified by recrystallization from petroleum ether (80°-100°J, 
m.p. 179°. Chlorobenzene was purified by shaking with three 
portions of sulfuric acid, once with water, three times with 5% 
sodium bicarbonate, again with water, drying successively over 
calcium chloride, calcium sulfate, and phosphorus pentoxide, 
and distilling, b.p. 130-130.5". Merck, Reagent carbon tetra
chloride was used without further purification.

Products.—A mixture of 17.3 g. (0.147 mole) of allylbenzene,
26.1 g. (0.146 mole) of N-bromosuccinimide, and 100 ml. of 
carbon tetrachloride under nitrogen was refluxed for 24 hr. 
while being irradiated by a 275-w. General Electric sun lamp 
directed through the side of the reaction flask. At the end of this 
time the solution was cooled, whereupon 13.65 g. (94%) of 
succinimide, m.p. 124..5-126.5° (lit.11“ 125-126°), separated. 
Solvent was removed from the liquid filtrate by distillation at 
reduced pressure, and the residue distilled through a Vigreux 
column, giving 25.8 g. (89%) of a liquid identified as cinnamyl 
bromide, b.p. 120-124° (30 mm.), m.p. 29° (lit.llb 31 °). Vapor 
phase chromatography on a diethylene glycol succinate column 
indicated only one component, and the infrared spectrum was 
devoid of any absorption bands which would be characteristic of 
the possible isomeric product, phenylvinylcarbinvl bromide.

These results confirm the contention that the dominant re
action of an olefin with N-bromosuccinimide is ally-lie hydrogen 
abstraction and not addition to the double bond, and justifies 
the assumption in the kinetic studies that olefin disappears only 
by hydrogen abstraction without significant competition by 
addition.

Procedure for Kinetic Runs Using N-Bromosuccinimide.—
Equimolar quantities of two allylbenzenes, N-bromosuccinimide 
and chlorobenzene (present as an inert internal standard for v.p.c. 
analysis) were sealed under a nitrogen in small Pyrex ampoules 
and placed in a horizontal position just beneath the surface of an 
oil bath maintained at 69.5 ±  0.2° and irradiated by a General 
Electric 275-w. sun lamp placed 19 cm. from the surfaces until 
any-where from 45 to 70% of the total number of moles of allyl
benzenes present had been consumed. An irradiation time of 
about 5 to 5.5 hr. was employed. After the ampoules had cooled, 
they were opened, the liquid portion decanted from undissolved 
solids, and analyses conducted by v.p.c. on a 6-ft. 10% di
ethylene glycol succinate column. p-Dimethylamino-, p-meth- 
oxy-, p-phenyl-, m-methoxy-, p-chloro-, and m-chloroallylbenzene 
were run in competition with the unsubstituted allylbenzene, 
whereas p-methy-1-, m-methyl-, p-fluoro-. p-trifluoromethyl- and 
m-trifluoromethy-lallylbenzene were run against m-chloroallyl- 
benzene to give better separation on v.p.c., and therefore better 
analytical results. The ratio of rate constants relative to the un- 
substituted compound was then calculated from the expression

kx _ kx km-ci
k0 km-Cl ko

where kx is the rate constant for the substituted ally-lbenzene in 
question, ko the rate constant for the unsubstituted allylbenzene 
and km-ci the rate constant for m-chloroallylbenzene.

Determination of k\/k0-—The rate of hydrogen abstraction 
from the substituted compound relative to the unsubstituted 
compound was calculated from the expression

kx log A'o/A'i
k0 log Uo/Ut

where X0 and Uo are the number of moles initially present of sub
stituted and unsubstituted allylbenzene, respectively-, and Xt 
and Ilf are the number of moles present at the end of the irradia
tion period. The ratios X0/Xt and Uo/Ui were determined by 
v.p.c. analy-sis from the expression

A'o _  (area under X peak/area under C6H5C1 peak),nitiany 
Xt (area under X peak/area under C6HSC1 peak)finauy

and the analogous one for the unsubstituted olefin. Areas were 
determined with the aid of a disk integrator.

Procedure for Kinetic Runs Using Bromotrichloromethane.— 
The experiments from which reactivity ratios for hydrogen ab
straction by the trichloromethyl radical were determined are 
described elsewhere.10 The results are included in this note for

(10) M. M. M artin  and G. J. Gleicher, i b i d . ,  in press.
(11) (a) I. Heilbron, “ D ictionary of Organic C om pounds,” Vol. 4, Oxford 

U niversity  Press, London, England, 1953, p. 384; (b) Vol. 1, p. 364.
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the sake of completeness and comparison with the studies using 
N -bromosuccinimide.

Calculations.—The Hammett p-values were calculated from 
least squares slopes of the lines resulting from plots of log kx/ko 
vs. <r+ or vs. a°. The expected errors in p and the correlation 
coefficients were calculated by standard statistical methods.12

Relative Reactivity of Allylbenzene and Toluene toward N- 
Bromosuccinimide.—The procedure and calculations were the 
same as those employed to study relative reactivities of the vari
ous allylbenzenes.

Results and Discussion
In Table I are presented the relative rates of hydro

gen abstraction from allylbenzenes by bromine atoms 
and trichlormethyl radicals. From the data in this 
Table it is possible to calculate reaction constants, that 
is p-values, for these reactions. The p-values, obtained 
by calculating the slopes of the regression lines resulting 
from plots of log kx/ko vs. <r+ or <r° are presented in 
Tables II and III. In the reaction with N-bromosuc- 
cinimide, the allylbenzenes were studied at a lower 
temperature than the toluenes (69.5° compared with 
80°), whereas in the reaction with bromotrichloro- 
methane, the allylbenzenes were studied at a higher 
temperature than the toluenes (69.5° compared with 
50°). Since the magnitude of a p-value varies inversely 
with temperature below the isokinetic temperature, 
the p-values for the two systems in their reactions with 
N-bromosuccinimide would be further apart if studied 
at the same temperature than they are at the temper
atures indicated in Table II, whereas for the reaction 
with bromotrichloromethane, the p-values would be 
nearer to each other in magnitude when studies at the 
same temperature, then they are at the temperatures 
indicated in Table III. Making allowances for the 
differences in temperatures at which these studies have 
been conducted, it would appear that hydrogen abstrac
tion reactions from allylbenzenes have Hammett p- 
values of the order of one half to one-third as great in 
magnitude as those for abstraction from toluenes by the 
same radical.

T a b l e  II
p-V altjes fo r  t h e  R e a c t io n s , Br- +  C6H5CH-,R — > HBr +  

C6H5CHR
R Tem p., ° C .  p a ( r b )

CH=CH2 69 5 -0 .7 6  ±  0.03 (-0 .9 9 )
H' 80.0 -1 .3 9  ±  0.03 ( —0.99)

' Calculated using <r+. 6 Correlation coefficient. c ref. 4.

T a b l e  III
p-V a l v e s  fo r  t h e  R e a c t io n s , C13C- +  

HCCI3 +  C6H5CHR
R Tem p., °C. p“(rb

c h = c h 2 69.5 -0 .3 9  ±  0.03
(-0 .9 4 )

H* 50.0 -1 .4 6

c 6h 5c h 2r

p ' ( r 6)

- 0  58 ±  0.03 
(-0 .9 9 ) 

-1 .7 2
(-0 .9 9 )

a Calculated using <r+. ® Correlation coefficient. c Calcu
lated using <r°. d See ref. 7.

It was also found that allylbenzenes is 17.5 ± 1.1 
times as reactive toward hydrogen abstraction by the 
bromine atom as toluene at 69.5°, reflecting the stabiliz
ing effect of the a-vinyl group. Comparing this figure 
with data recently published by Russell, Deboer, and 
Desmond,9 it would appear that a hydrogen atom is 
more easily abstracted by a bromine atom from allyl
benzene than from diphenylmethane. This is probably 
a consequence of the greater difficulty with which 
coplanarity is approached by the two phenyl groups of 
the diphenylmethyl radical compared to the phenyl 
group and vinyl group of the a-vinylbenzyl radical.

Acknowledgment.—It is a pleasure to thank the 
Donors of the Petroleum Research Fund for a grant 
(PRF-603A) which financed the greater part of this 
work.

Derivatives of 2-BenzyI-l-indanone. Competing 

Alicyclic and Aromatic Monobromination

T a b l e  I
R e l a t iv e  R a t e s  o f  A b st r a c t io n  o f  a H y d r o g e n  A tom  fro m  
S u b s t it u t e d  A l l y l b e n z e n e s  by  a B r o m in e  Atom  a nd  a 

T r ic h l o r o m e t h y l  R a d ica l  a t  69.5°
Substituent (T *b kx/k<., (Br-) kx/kci (Cl3C-)e
p-(CH3)2N -0 .4 4 — 1.700 20 9 ±  0. 07''
p-CHj() - 0  16 — 0.778 3 23 ±  0 20 i. 46 ± 0 07d
p -c h 3 - 0 .1 5 -0 .311 1.89 ±  0 04 i .42 ± 0 03
p -c 6h 5 0 00 - 0  179 1.70 ±  0 03 i 02 ± 0 .08
p-F +0.17 -0 .0 7 3 1 08 ±  0 02 0 94 ± 0 03
m-CHj - 0  07 -0 .0 6 0 1.29 ±  0 13 i 15 ± 0 04
H 0 00 0.000 1 000 1 000
m-CHjO + 0  13 +0.047 1.02 ±  0 01 0 .82 ± 0 01
p-Cl +0.27 + 0  114 0 .78 ±  0 05 0 .78 ± 0 05
ni-Cl + 0  37 +0.339 0 .50 ±  0 .06 0 60 ± 0 01
TO-CFs +0.42* +0.562 0 .40 ±  0 .01 0 .54 ± 0 .02
p-c f 3 + 0  55' +0.612 0 36 ±  0 01 0 .47 ± 0 01

« R. W. Taft, J. Phys. Chem., 64, 1805 (I960). 6 H. C. Brown
and Y. Okamoto, J. Am. Chem. Sue., 80, 4979 (1958). c See 
ref. 10. i Average deviation. e <r° values are not available for 
m- and p-CF3, but for strongly electron-withdrawing groups, 
a ~ er°. The values indicated are a values; J. Hine, “Physical 
Organic Chemistry,” McGraw-Hill Book Co., Inc., New York, 
N. Y., 1956, p. 72.

(12) W. J . Gore, “ S ta tis tica l M ethods for Chem ical E xperim en ta tion ,” 
Interscience Publishers, Inc., New York, N. Y., 1952, Chap. 6.

G u il l a u m e  A. C o p p e n s , M ir e il l e  C o p p e n s , 
D e n n is  N . K e v il i,, a nd  N o rm an  H . C r o m w e l l 1 2
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It has been shown previously that treatment of 2- 
benzyl-l-indanone (I) or 2-benzyl-3,3-dimethyl-l-in- 
danone (II) with an equimolar quantity of bromine in 
chloroform leads to an excellent yield of the corre
sponding 2-bromo-2-benzyl-l-indanone.2 3 The prod
uct controlling factor is the activating influence of the 
carbonyl group.

H R  R. R

(öOrCH'-©> »„ (©Or™’“©1
8 "  CHC'3 o BTrTT „ „ + HBr

I,R = H 
II,R  = CH3

III , R = H
IV, R = CHa

(1) To whom com m unications concerning this paper should be addressed-
(2) N. H. Cromwell and R. P. Ayer, J .  A m .  C l e m .  S o c . ,  82, 133 (1900).
(3) B. D. Pearson, R. P. Ayer, and N. H. Cromwell, J .  O r g .  C h e m . ,  27, 

3038 (1902).
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Condensation of p-dimethylaminobenzaldehyde with
1- indanone and quantitative hydrogenation of the 2- 
(p-dimethylaminobenzal)-l-indanone (V) at atmos
pheric pressure yielded 2-(p-dimethylaminobenzyl)-l- 
indanone (VI). In VI, in addition to the activated 2- 
position, the two aromatic hydrogens ortho to the p- 
dimethylamino group are also expected to be replace
able.

Bromination of IV produces a compound (VII) with 
analysis for a monobrominated derivative but which 
gives no reaction with piperidine in acetonitrile under 
conditions more rigorous than those in which 2-bromo-
2- benzyl-l-indanone (III) gives a 100% yield of 2- 
benzal-1-indanone.4 Similarly, conversion of VII to 
its methiodide (VIII) followed by attempted reaction of 
VIII with excess bromide ion in acetonitrile gave no 
reaction under conditions in which III gives 100% acid 
formation and at least a 90% yield of 2-benzal-l-indan- 
one.

If the monobromoindanone VII was 2-bromo-2-(p- 
dimethylaminobenzyl)-l-indanone then the results 
would indicate that relative to the parent compound 
III, both electron-supplying (-XMe2) and electron- 
withdrawing (-N+Me3) groups introduced into the 
para position of the benzyl group cause an enormous 
reduction in the rate of exocyclic dehydrobromination 
reactions. It is clear that the bromine has been intro
duced other than into the 2-position and into a position 
where it is immune from attack by nucleophilic reagents. 
The results point to aromatic bromination, and this is 
confirmed by consideration of proton magnetic reso
nance spectra.

In deuteriochloroform, 2-benzyl-l-indanone (I) and
2-(p-dimethylaminobenzyl)-l-indanone (VI), both give 
a complex splitting pattern in the region 6.5-7.8 r due 
to five protons, the two methylene protons in the 3- 
position, the tertiary proton in the 2-position, and the 
two exo benzylic methylene protons. Bromination of I 
in the 2-position, to give III, leads to isolation of the two 
methylene groups and a much simpler splitting pattern, 
arising only from nonequivalence of protons within the 
methylene groupings.

Bromination of VI leads to VII in which the splitting 
pattern in the region 6.5-7.8 r is unaltered. Major 
changes are, however, produced in the pattern of the 
aromatic protons, which now integrate for only seven 
protons showing that aromatic bromination has taken 
place. Two doublets at 3.35 and 2.90 r (J = 8 c.p.s.) 
arising from two superimposed AB systems of aromatic 
protons in the para substituted benzyl group of VI are 
absent after bromination, and, in particular, no peaks 
due to aromatic protons are observed above 3.1 r. It 
is clear that the activating influence exerted upon the 
aromatic hydrogens ortho to the p-dimethylamino group 
is sufficient to divert the bromination away from the 
carbonyl activated 2-position. (See col. 2.)

Proton Magnetic Resonance Spectra in Trifluoro- 
acetic Acid.—Dimethylamino derivatives are proto- 
nated in trifluoroacetic acid, and the spectra are dif
ferent in character from those observed in deuterio
chloroform. The signal due to the six methyl protons 
is split by the proton on the nitrogen, and the protons 
of the benzyl aromatic ring are subjected to a very 
different substituent shielding effect. No signal cor-

(4) G. A. Coppens, D. N. Kevill, and N. H. Cromwell, unpublished results.

Q W r C H . - i S V N i C H a ) .
TT '----- '  C H C I 3

responding to the quaternary ammonium proton 
could be detected.

The dimethylanilinium ion gives a signal correspond
ing to six methyl protons at 6.52 t (J = 5 c.p.s.) and a 
fairly sharp signal corresponding to all five aromatic 
protons at 2.35 r. 2-(p-I)imethylaminobenzyl)-1-in
danone (VI) has absorption due to six methyl protons 
at 6.51 t (J — 5 c.p.s.) and several peaks of moderate 
intensity in the range 2.0-2.7 t with superimposed one 
sharp and intense peak, corresponding to four benzylic 
aromatic protons, at 2.38 r. The monobromination 
product VII has absorption due to six methyl protons 
at 6.46 t  (J = 5 c.p.s.) and several aromatic peaks of 
moderate intensity in the range 2.0-2.6 t. The shift 
of the methyl proton signal and the disappearance of the 
sharp and intense signal in the aromatic region upon 
monobromination is consistent with formulation as 2- 
(?n-bromo-p-dimethylaminobenzyl)-l-indanone (VII).

The methiodide of VII (VIII) gives several peaks of 
moderate intensity in the range 2.0-2.7 r and a sharp 
peak corresponding to the nine methyl protons at 6.00
T.

For VI, VII, and VIII in addition to the peaks men
tioned previously a complex splitting pattern arising 
from five nonaromatic protons was observed in the range
6.2-7.2 r.

Proton Magnetic Resonance Spectra of Aromatic 
Protons in Methanol.—In methanol 2-(p-dimethyl- 
aminobenzyl)-1-indanone (VI) gives several moder
ately intense peaks corresponding to four indanone 
aromatic protons in the region 2.2-2.8 r and two doublets 
( J a b  = 8 c.p.s.) corresponding to two protons ortho 
and two protons meta to the dimethylamino group at 
3.37 and 2.95 r. In the presence of 0.2 M hydrobromic 
acid the doublets disappear, and, consistent with the 
spectrum in trifluoroacetic acid, a new sharp and in
tense peak occurs at 2.58 r, superimposed upon a back
ground of moderately intense peaks in the region 2.2-
2.7 r.

2 - (m - Bromo- p - dimethylaminobenzyl) -1 - indanone
(VII) gives a complex system of peaks in the region
2.1-3.1 r which in the presence of 0.2 M hydro- 
bromic acid gives a differing pattern of moderately 
intense peaks in the region 2.0-2.7 r. The methiodide 
of VII (VIII) gives a doublet (J  = 8 c.p.s.) correspond
ing to one proton at 2.04 r and peaks corresponding to 
six other protons in the region 2.2-2.8 r.
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Experimental“

2-(p-Dimethylaminobenzal)-l-indanone (V).—To an ice-cooled 
solution of 7.94 g. (0.06(H) mole) of 1-indanone dissolved in 20 
ml. of ethanol was added slowly an ice-cooled solution of 0.34 g. 
of potassium hydroxide (0.0060 mole) and 8.95 g. (0.0600 mole) of 
p-dimethylaminobenzaldehyde in 50 ml. of ethanol. The mix
ture was allowed to stand overnight in a refrigerator. Filtration 
and washing with ethanol gave 15.0 g. (99% yield) of yellow 
crystals, m.p. 161-162°. After recrystallization from dioxane, 
it had m.p. 164-165°; Xmax 271, 431 mM (« 17,400, 36,600); 
rc-o 1698 vs (1690 vs in acetonitrile), rc-c 1629 m, v \ r 1605 
c m r1 vs.

The proton magnetic resonance spectrum in deuteriochloro- 
form shows six methyl protons at 7.05 t , two methylene protons 
(split by 2 c.p.s.) at 6.13 r, two equivalent aromatic protons 
(ortho to the dimethylamino group and split by two equivalent 
protons meta to this grouping; J  = 8 c.p.s.) at 3.37 r, peaks cor
responding to five aromatic and one vinyl proton in the range 2.3-
2.9 t , and the aromatic proton beta to the carbon group (split by 
the 7 proton; ./ = 7 c.p.s.) at 2.15 r.

Anal. Calcd. for C,8H„ON: C, 82.10; H, 6.51; NT, 5.32. 
Found: C, 82.32; H, 6.50; N, 5.26.

2-(p-Nitrobenzal)-l-indanone.—The same procedure as for 
V was followed, but using 9.07 g. (0.0600 mole) of p-nitrobenzal- 
dehyde. Obtained was 12.8 g. (80% yield) of pale yellow crys
tals, m.p. 228-230°. Recrystallization from glacial acetic acid 
gave long pale yellow needles which were washed with petroleum 
ether and ether, m.p. 251-252°; Xmax 321 mn', vc-o 1692 cm. -1 
(KBr pellet and LiF optics).

Anal. Calcd. for Ci6Hu03N: C, 72.44; H, 4.18; N, 5.28. 
Found: C, 72.22; H,4.14; N, 5.41.

2-(/j-Dimethylaminobenzylj-1-indanone (VI).—To a solution 
of 9.0 g. of 2-(p-dimethylaminobenzal) 1 indanone (V) in 900 
ml. of dioxane was added 0.9 g. of 10% palladium on charcoal. 
The mixture was heated to 45-50° and quantitative hydrogena
tion carried out at atmospheric pressure. The solution was fil
tered and evaporated to dryness to give gray-brown crystals. 
Recrystallization from ethanol gave 6.4 g. (70% yield) of almost 
colorless crystals, m.p. 77-79°. Several additional recrystal
lizations raised the m.p. to 79-80°; Xmax 249, 293 m,u (e 32,000, 
6,700); rc-o 1715 vs (1710 cm. -1 vs in acetonitrile), v A r  1619 
cm/ ' 1 s.

The p.m.r. spectrum in deuteriochloroform shows a sharp 
peak corresponding to six methyl protons at 7.12 r, several peaks 
corresponding to five protons in the range 6 .5-7.8 r, two protons 
ortho and two protons meta to the dimethylamino group (con
stituting two superimposed AB systems; J ab = 8 c.p.s.) at 3.35 
and 2.90 r ,  respectively, peaks corresponding to three aromatic 
protons in the range 2.4-2.9 r ,  and the aromatic proton beta to the 
carbonyl group at 2.27 r  (J = 7 c.p.s.).

Anal. Calcd. for C18H19ON: C, 81.47; H, 7.22; X, 5.28. 
Found: C, 81.53; H, 7.28; N, 5.34.

2-(m-Bromo-p-dimethylaminobenzyl)-1-indanone (VII).—To 
a solution of 21.2 g. (0.0800 mole) of 2-(p-dimethylaminobenzyl)- 
1-indanone (VI) in 75 ml. of chloroform was added over a period 
of 1 hr. with stirring and in the presence of sunlight, a solution 
of 12.8 g. (0.0800 mole) of bromine in 25 ml. of chloroform. After 
standing for an additional 30 min. the solution was evaporated 
and the product recrystallized from ethanol to give 25.8 g. (76% 
yield) of the hydrobromide of VII. This product, m.p. 123°, 
was hygroscopic and gave an instantaneous precipitate with 
alcoholic silver nitrate; X„,ax 246, 287 m^ (e 19,800 , 4800); 
rc-o 1712 cm. 1 vs (in acetonitrile).

Extraction of 10 g. of the hydrobromide by 150 ml. of 5% 
aqueous sodium carbonate and 100 ml. of ether, washing the 
ether layer, drying over anhydrous magnesium sulfate, and evapo
ration gave 7.5 g. (81% yield) of crude VII. Recrystallization 
from ether-petroleum ether gave pure VII, m.p. 71-72°; Xmax 
247, 289 niM («30,500, 8100); vc-o 1719 vs, rAr 1614 cm.H m.

(5) M elting points were read w ith a calibrated  therm om eter. In fra red  
spectra were m easured with a Perkin-E lm er Model 21 double beam re
cording in strum en t employing, unless otherwise stated , sodium chloride 
optics and m atched sodium chloride cells with carbon tetrachloride solutions. 
The u ltravio le t spec tra  were determ ined with a C ary  Model 11-MS recording 
spectrophotom eter using reagent grade m ethanol solutions. The proton 
magnetic resonance spec tra  were obtained with a Varían A-60 in strum en t 
u s i n g  a  t r a c e  o f  t e t r a m e t h y l s i l a n e  ( t 1 0 . 0 0 )  a s  i n t e r n a l  r e f e r e n c e .

The p.m.r. spectrum in deuteriochloroform shows a sharp peak 
corresponding to six methyl protons at 7.22 r, several peaks cor
responding to five protons in the range 6 .5-7.8 r, a complex series 
of peaks corresponding to six aromatic protons in the range 2.4-
3.1 r, and the signal from the aromatic proton beta to the carbonyl 
at2.23 r (J  = 7 c.p.s.).

Anal. Calcd. for Ci8H18OXTBr: C, 62.80; H, 5.27; N, 4.07. 
Br, 23.22. Found: C, 62.99; H, 5.35; N.4.17; Br, 23.01.

An acetonitrile solution 0.01 M in VII and 0.03 M in piperi
dine, maintained in sealed bulbs at 91.9°, underwent no reaction 
as measured either by reduction in base concentration or by in
crease in bromide ion concentration5 6 during a period of 30 hr.

2-( m-Bromo-p-dimethylaminobenzyl )-l-indanone Methiodide
(VIII).—A mixture of 20 ml. of ethanol, 15 ml. of methyl iodide, 
and 7.0 g . of 2-(m-bromo-p-dimethylaminobenzyl)-l-indanone
(VII) was maintained in a sealed tube at 60° for 15 hr. and then 
allowed to stand at room temperature for 2 days. Ether extrac
tion left 2.8 g. (28% yield) of crude VIII. Recrystallization 
from ethanol gave pure VIII, m.p. 152-153°; Xmax 242, 295 
mM(e25,700, 4700).

Anal. Calcd. for Ci9H2iONBrI: C. 46.92; H. 4.35; N, 2.88; 
Br +  I, 42.54. Found: C, 47.01; H, 4.45; N, 2.92; Br +  I, 
42.70.

Neither an acetonitrile solution 0.0082 M in VIII nor an aceto
nitrile solution 0.0041 M in VIII and 0.0239 M in tetraethylam- 
moniuni bromide developed any' acidity6 during 3 days in sealed 
bulbs at 91.9°.

Acknowledgment.—This work was supported in 
part by Grant No. G-14469, National Science Founda
tion.

(6) A cid-base titra tions  in acetone using Lacmoid, i . e . ,  resorcinol blue, 
as indicator. Bromide titra tio n s  by potentiom etric  titra tio n  in acidified 
acetone against aqueous s ilver n itra te .
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It is the purpose of this paper to point out and em
phasize a convenient synthetic technique which has 
been known for a number of years but has been over
looked and even discouraged. The method of utilizing 
the allyl Grignard reagent reported here has been re
ferred to as the Barbier-Grignard procedure.1 In 
this procedure the organomagnesium compound is not 
formed as an intermediate in the presence of an excess 
of carbonyl compound as Barbier2a 3 4 did, nor is the 
functional addend withheld until the preparation of 
the Grignard reagent is complete. Rather a solution 
of the alkyl halide and the functional addend is added 
to the magnesium metal to which a small amount of 
allyl halide has been added to start the reaction; there 
is no large excess of carbonyl compound present at any 
time. The application of the Barbier-Grignard pro
cedure to allylic halides has been employed periodic-

(1) H. R. Henze, B. B. Allen, and W. B. Leslie, J .  O r g .  C h e m . ,  7, 326 
(1942).

(2) M. S. Kharasch and O. R einm uth , “ G rignard Reactions of Non- 
m etallic Substances,’’ Prentice-H all. Inc., New York, N. Y., 1954, (a) p. 3; 
(b) p. 27; (c) p. 143.

(3) G. H. R ichter, “ Textbook of Organic C hem istry ,’’ John Wiley and 
Sons, Inc., New York, N. Y., 1938, p. 170.

(4) P. Barbier, C o m p t .  r e n d . ,  128, 110 (1899).
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ally,5 "10 but the method has never been emphasized 
nor has the apparent generality of the reaction been 
appreciated. The Barbier-Grignard procedure ap
pears to have been used routinely whenever the allyl 
Grignard reagent was desired before Gilman11 dis
covered the technique required to make successfully 
allylmagnesium bromide. Since this discovery, it has 
been more common to make the allyl Grignard reagent 
in a separate step, especially in the light of studies 
such as Henze’s.1

Recently the author has had occasion to use the 
Barbier-Grignard method successfully in a number of 
cases; some of them are verifications of reported cases 
and several are new examples. In the preparation11 
of the very useful allyl Grignard reagent, its coupling 
with allyl halide is avoided by slowly adding the allyl 
halide in very dilute solution to a large excess of mag
nesium. Some of these disadvantages are overcome 
by forming the ether-insoluble allylmagnesium chlo
ride.211 In the present method the allyl Grignard is 
formed only as a transient intermediate, thus obviating 
the need for dilute solution and a large excess of mag
nesium and allowing the fast addition of the reagents 
to the magnesium. In most cases, addition can be as 
rapid as the vigor of the reaction will allow. The 
yields are generally high and in many cases are higher 
than those reported in the two step procedure. It is 
emphasized, however, that it was found critical to the 
success of this method to start the reaction with a small 
amount of allyl halide in ether before beginning the addi
tion of allyl halide and f  unctional addend. An unaware
ness of this technique probably accounts for the prefer
ence for the two-step procedure by workers such as 
Henze1 and Bacon and Farmer.12 The success of this 
reaction seems to depend on the fact that the allylic 
Grignard reacts with the carbonyl compound at a 
much higher rate than it reacts with the allylic halide.

In a recent volume of Organic Syntheses there is a 
report15 of the synthesis of l,5-hexadien-3-ol by the 
standard two-step procedure, preparation of allyl
magnesium bromide followed by reaction with acrolein. 
Table I compares this report with the same preparation 
carried out by the simultaneous addition of allyl bro
mide and acrolein and points out the advantages in 
time and materials of the latter method.

In addition, the reaction has been carried out using 
allyl bromide or chloride with a number of different 
functional addends. These results are summarized 
in Table II.

(5) W. Jaw orsky, B e r . ,  42, 435 (1909).
(6) F. G. Fischer, i b i d . ,  76, 735 (1943).
(7) I. N. Nazrov and I. I. Zaretskaya. J .  G e n .  C h e m .  U S S R ,  27, 693 (1957).
(8) N. A. M ilas and A. M cAlevy, ,/. A m .  C h e m .  S o c . ,  57, 580 (1935); 

R. T. Arnold and E. C. Coyner, i b i d . ,  66 , 1542 (1944); N. G. Gaylord and 
E. I. Becker, ./. O r g .  C h e m . ,  15, 305 (1950).

(9) I. M atzurevich , J .  R u s s .  P h y s .  C h e m .  S o c . .  43, 973 (1911); C h e m .  

A b s l r . ,  6 , 480 (1912).
(10) R. Ya. Levina and D. M. T rakh tenburg , J .  G e n .  C h e m .  U S S R ,  6 , 

764 (1936); C h e m .  A b s t r . ,  30, 6338 (1936).
(11) H. G ilm an and J. H. M cG lum phy, B u l l .  s o c .  c h i m .  F r a n c e ,  43, 1322 

(1928).
(12) R. G. R. Bacon and  K. H. Farm er, J .  C h e m .  S o c . ,  1065 (1937). 

These au tho rs  were unable to prepare 2-m ethyl-4-penten-2-ol using the 
B arb ier-G rignard  procedure as reported  by Jaw orsky5 and instead  used the 
tw o-step m ethod. Fischer6 7 8 9 successfully repeated Jaw orsky ’s p reparation . 
D u P o n t13 a t  a t first repeated  Bacon and  F arm er’s p repara tion  b u t subse
q u en tly 14 found F ischer’s m ethod superior.

(13) G. D uPont and M. D arm on, B u l l .  s o c .  c h i m .  F r a n c e ,  240 (1954).
(14) G. D uP on t, R . Dulou, and  G. C hristen , i b i d . ,  820 (1954).
(15) J. C. H. Hwa and H. Sims, O r g .  S y n . ,  41, 49 (1961).

T a b l e  I
T w o - S t e p  v s . O n e -S t e p  P r e p a r a t io n  o f  1 ,5 -H e x a d ie n -3 -o l

Tw o-step16 One-step

G.-atoms of Mg 6.28 2.9
Moles of allyl bromide 2.90 2.5
Moles of acrolein 1.86 2.0
Total volume of ether 2960 ml. 900 ml.
Total time of addition of

reagents 6 hr. 3 hr.
Boiling point 62-65° (50 mm.) 38-39° (11 mm.)
n2i d 1.4440 1.4450
Yield 57-59% 66%

The reaction with tetramethyl-1,3-cyclobutanedione 
appears worthy of comment. Erickson and Kitchens16 
reported that methyl Grignard reacted with tetra
methyl-1,3-cyclobutanedione to form an open chain 
diadduct 1.

(CH3)2 c—c = o o  c h 3 c h 3
I I  H i /

2CH3MgBr +  0 = C —C(CH3)2 — ^  (CH3)2CHC—C—G—OH
\

c h 3 c h 3
1

The ethyl Grignard formed only a reduced open chain 
monoadduct.

(CH3)20 ~ C —O
I I

2CH3CH2MgBr +  0 = C —C(CH3)2 — >-
O CH3
It I

(CH3)2CH—G—C— CH CH2 CH3
I I

c h 3oh

Allyl Grignard reacted with tetramethyl-1,3-cyclo- 
butanedione under the conditions reported in this paper 
to form an open chain diadduct.

(CH3)2C—C'=0

2CH2=CHCH2MgBr + 0==C—C(CH3)2 — >
O CH3 CH2—CH=CH.
II I /

(CH3)2CH—C -C —C—OH
! \

c h 3 c h 2—c h = c h 2
2

The fact that a diallyl rather than monoallyl adduct 
was formed was suggested by a boiling point more 
consistent with a Cm keto alcohol than with a Cn 
keto alcohol. The proton magnetic resonance (p.m.r.) 
spectrum of the product showed two allyl groups per 
four methyl groups and, therefore, confirmed that two 
moles of allyl Grignard had added to one mole of tetra- 
methyl-1,3-cyclobutanedione. The p.m.r. spectrum 
also showed one hydroxyl per two allyl groups and an 
isopropyl group; thus the structure 2 analogous to 
structure 1 was indicated. The structure 2 was proven 
by carrying out the cleavage reaction reported by 
Erickson and Kitchens16 for this type of compound.

O
Ba(O H),

2 -------- (CH3)2C H ^C — CH(CH3)2 +
o

c h 2= c h - o h 2 —c - - c h 2—c h = c h 2

(16) J. L. E. Erickson and G. C. Kitchens, J . A m . C h e m . S o c . ,  68, 492
(1946).
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T a b l e  II
A l l y l ic  C a b b in o l s  P r e p a r e d  b y  t h e  B a r b ie r - G r io n a r d  P r o c e d u r e  

M ag- Ad-
Allyl
halide0
(moles)

nesium,
g-

atom s Functional addend (moles)
E ther,

ml.

dition
time,

hr. P roduct
Yield,

% B.p., °C .
-P ro p ertie s----

Mm. nî5D
B (2.5) 2.9 Acrolein (2.0) 900 3 1,5-Hexadien-3-ol 66 38-39'' h 1.4450*
B (2.23) 2 26 Acetone (2.0) 800 2 2-Methyl-4-penten-2-olC1 74<i 117.0-117. 3e Atm. 1.4246e
C (2.25) 2.26 Methyl isopropyl ketone (2.0) 800 3.5 2,3-Dimethyl-5-hexen-3-ol 70 òS-bH' 16 1.4411
B (1.12) 1.07 Cyclohexanone (1.02) 600 1 .3 ° l-Allylcyclohexanol" 48 70-72* 8 1.4761*
B (1 65) 1.7 Ethyl carbonate (0.5) 600 0.8 Triallylcarbinol 70 68-70’ S 1.4685’
C (1.37) 2.14 Ethy'lene oxide (1.3) 650 4' 4-Pen tenol 72 134-136* Atm. 1.4288*
B (0.21) 0.214 Ethylene oxide (0.2) 60 0.5' 4-Pen tend 41 132-136* Atm. 1.4320*
B (1.24) 1 .44 1,2,5,6-Tetrahydrobenzaldehyde 400 1.7 a-Allyl-3-cyclohexene-l- 72 109-1 11”1 16 1.4922”1

C (0.55) 0.56
(1 .0 )

Ethyl formate" (0.25) 265 1.2
methanol' 3

Diallylcarbinol” 52 51-52” 13 1.4479
B (1.25) 1.44 Tetramethyl-1,3-cyclobutane- 500 2 5-Allyl-5-hydroxy-2,4,4- 61 81-84 0.35 1.4723

dione (0.5) trimethyl-7-octen-3-one
(2)’

a B = allyl bromide; C = allyl chloride. 6 Ref. 15 reports b.p. 62-65° (50 mm.), re25D 1.4440. ' Previously made using the Bar-
bier-Grignard procedure. Yields: (1) 39% (ref. 5), 70-75% (ref. 6), 70%, (ref. 14); (2) 81% (ref. 9), 31% (ref. 10): (3) 85%, (ref. 7). 
d Crude yield 82%, b.p. 103-115°, a25d 1.4242. ' Ref. 1 reports b.p. 118.0-118.2°, ri*D 1.4263. 1 S. B. Schryver, J. Chem. Soc., 63, 
1327 (1893), reports b.p. 151-153°. "  Refluxed for 5 hr. after addition of reactants. *  Ref. 10 reports b.p. 69-71 °  (5 mm.), w 22d  1.476.
’ B. N. Dashkevich, I. V. Smolanska, and Yu. Yu. Tsmur, Nauch. Zap., Uzhgorodsk. Gos. Univ., 22, 81 (1957); Chem. Abstr., 54, 14100/ 
(1960), report b.p. 72-73° (16 mm.), r 20d  1.4650. ; The reaction was terminated before the addition of reagents was complete because
a nonstirrable gel formed. Dilution with ether did not help. The amounts of reactants shown are those actually added. k L. A. 
Brooks and H. R. Snyder, “Organic Syntheses,” Coll. Vol. Ill, John Wiley and Sons, Inc., New York, N. Y., 1955, p. 698, report 
b.p. 134-137°; L. E. Schniepp and H. H. Geller, J. Am. Chem. Soc., 67, 54 (1945), report b.p. 139-140°, n25D 1.4270. ' A stirrable reac
tion mixture was observed throughout. " Ref. 7 reports b.p. 96-97° (7 mm.), r 20d  1.4940. " Purified by the method of G. H. Coleman
and D. Craig, “Organic Syntheses,” Coll. Vol. II, John Wiley and Sons, Inc., New York, N. Y., 1943, p. 179. “ 3,5-Dinitroben-
zoate, m.p. 61-62°; J. L. Everett and G. A. R. Kon, J . Chem. Soc., 3131 (1950), report m.p. 62-63°. As in an analogous reaction, Coleman 
and Craig, footnote n, the diallylcarbinol was contaminated with a carbonyl containing impurity. Ten grams were purified by the method 
of Coleman and Craig to give 7.2 g. of carbonyl free diallyl carbinol, b.p. 50.5-51° (12 mm.), a25d 1.4490. ” Everett and Kon, footnote
o, report b.p. 49-51° (16 mm.). 2 Anal. Calcd. for C„H«02: C, 74.95; H, 10.78. Found: C, 74.83, 75.06; H, 10.71, 10.89. In 
addition, 23 g. of lower boiling material was obtained. This was shown (p.m.r.) to consist of diisopropyl ketone and diallyl ketone in 
approximately equivalent amounts.

Diisopropyl ketone and diallyl ketone (contaminated 
with some allyl propenyl ketone) were isolated in 83% 
yield each. It is interesting to note that the rather 
simple ketone, diallyl ketone, has not previously been 
reported. Its structure follows from its reduction to 
the known diallyl carbinol and from its completely 
consistent p.m.r. spectrum. The p.m.r. and ultra
violet spectra of the yellow diallyl ketone suggested 
that about 10% of the diallyl ketone had rearranged 
to allyl propenyl ketone during the course of its prepa
ration and isolation. This was not unexpected, since 
it is reported7 that ethyl allyl ketone isomerizes to 
ethyl propenyl ketone merely upon fractionation (130°). 
However, it was observed that 2 could also be cleaved 
thermally without base catalysis. The cleavage was 
slower, but the yields were substantially the same and 
the diallyl ketone so obtained was colorless and found 
to contain at most traces of the rearranged ketone. 
Thus, not surprisingly, the rearrangement of diallyl 
ketone to allyl propenyl ketone appears to be base- 
catalyzed.

The Barbier-Grignard method has been shown to be 
a convenient method for utilizing the allyl Grignard 
reagent, but it is probably also applicable to Grignard 
reactions not involving allyl halides. In fact, as long 
ago as 1911, Davies and Kipping17 reported the suc
cessful application of the Barbier-Grignard method 
to benzyl and ethyl halides. They also pointed out 
the need for first starting the reaction with a small 
amount of the halide. Benzyl halide can be thought 
of as being rather analogous to allyl halide, but the

(17) H. D avies and  F. S. K ipping, J .  C h e m .  S o c . ,  99, 296 (1911).

success with ethyl halide suggests the technique may 
have general application in the Grignard reaction. 
Indeed it would seem that the work of Davies and Kip
ping has never received the attention it merits.

Experimental18

Allylic Carbinols by the Barbier-Grignard Procedure, General 
Method.—A solution of a few grams of allyl bromide or chloride 
and a few crystals of iodine in about 30% of the ether to be used 
was added to the magnesium turnings in a flask which had been 
flamed and purged with nitrogen. When the allyl halide was 
reacting smoothly with the magnesium, addition of a solution to 
the rest of the allyl halide and the functional addend in ether was 
started. Addition was carred out at a rate to maintain gentle 
reflux of the ether while cooling with ice-water. The reaction 
mixture was refluxed for 1-2 hr. after the addition was complete. 
The product was isolated by the method commonly used2' for 
Grignard reactions and after removal of the ether the crude prod
uct was distilled through a 6-in. vacuum jacketed Vigreux column 
fitted with a variable take-off head. The quantities employed, 
the yields, and the properties of the allylic carbinols prepared are 
summarized in Table II.

Starting the Reaction.—A solution of a few' crystals of iodine 
and 2 g. of allyl bromide in 50 ml. of ether was added to 14 g. of 
magnesium. Reaction set in with virtually no induction and a 
solution of 29 g. of acetone and 65 g. of allyl bromide in 150 ml. of 
ether was then added smoothly. In a parallel reaction a solution 
of a few crystals of iodine in 50 ml. of ether was added to 14 g. 
of magnesium. The iodine color dispersed almost immediately, 
but on addition of about 20 ml. of a solution of 29 g. of acetone 
and 67 g. of allyl bromide in 150 ml. of ether, no reaction could be 
induced even after refluxing for 1.5 hr. The reaction was started 
by adding small portions of an approximately' 1 M ethereal solu

(18) M elting po in ts and boiling points are uncorrected. S ta rting  m a
terials were commercial reagent chem icals used w ithout fu rther purification 
unless otherw ise indicated. Analyses are by H uffm an M icroanalytical 
Laboratories, W heatridge, Colo.
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tion of ethylmagnesium bromide. About 35 ml., or approxi
mately enough to react with the acetone present, was added 
before a self-sustaining reaction set in. The remainder of the 
acetone-allyl bromide solution was then added without further 
difficulty.

Structure of 5-Allyl-5-hydroxy-2,4,4-trimethyl-7-octen-3-one
(2).—A mixture of 22.7 g. of 2 and 0.2 g. of Ba(OH)o was heated 
in a 125-140° oil bath at a pressure of 20 mm. Distillate, b.p. 
43-50° (20 mm.), was collected as it formed; 21.1 g. was col
lected in 90 min. Fractionation of 30.7 g. of such pyrolysate 
through a spinning-band column at 20 mm. gave (1) 13.6 g., 
31-32°, re26d 1.3992; (2) 3.0 g., 36-51°, n26D 1.4410; and (3)
10.5 g., 51-53°, k26d 1.4421. Fractions 2 and 3 were yellow. 
Fraction 1 was identified as diisopropyl ketone by its characteristic
p.m.r. spectrum, fraction 2 by p.m.r. analysis contained 8% 
diisopropyl ketone, 69% diallyl ketone, and 23% allyl propenyl 
ketone, and fraction 3 similarly contained 1% diisopropyl ke
tone, 91% diallyl ketone, and 8% allyl propenyl ketone. Frac
tion 3 showed a Xmax 225 m>i (isooctane); this is consistent with 
the presence of allyl propenyl ketone rather than dipropenyl 
ketone since the latter is reported19 to have a Amax 245, 251 my.

Fraction 3 did not give a sharp melting 2,4-dinitrophenylhydra- 
zone or semicarbazone. However, treatment of 3 g. of fraction 3 
with 0.5 g. of lithium aluminum hydride in 20 ml. of ether yielded
I. 9 g. of diallyl carbinol, b.p. 53-54° (14 mm.), «26d 1.4490, 3,5- 
dinitrobenzoat.e m.p. 60.5-61.5°, m.m.p. 60-61.5° with an 
authentic sample. The infrared spectrum of this diallyl carbinol 
was identical with a spectrum of the material independently 
prepared (see Table II).

It was found that 2 would cleave thermally without base- 
catalysis, but somewhat more slowly. Compound2, 11.2 g., was 
heated in a 130-160° oil bath at a pressure of 15 mm. and distil
late, 10.0 g., was collected at 40-65° over a period of 5 hr. 
Fractionation through the spinning-band column at 15 mm. gave 
(4) 4.8 g., 24-25°, n™D 1.3982; (5) 0.8 g., 37-46°, n26d 1.4362; 
and (6) 3.5 g., 46-47°, n26D 1.4420. All fractions were colorless 
but fractions 5 and 6 yellowed on storage in soft glass containers. 
By p.m.r. analysis fraction 4 was substantially pure diisopropyl 
ketone; fractions 5 contained 13% diisopropyl ketone, 84% di
allyl ketone, and 3% allyl propenyl ketone; and fraction 6 ap
peared to be better than 99% diallyl ketone and contained only 
traces of diisopropyl and allyl propenyl ketone. The Xmax at 
225 ni/u was absent in the ultraviolet spectrum of fraction 6 .

Anal, of fraction 6 . Calcd. for C7H10O: C, 76.32; H, 9.15.
Found; C, 75.86, 76.04; H, 9.18, 9.24.

A 2,4-dinitrophenylhvdrazone of fraction 6 was readily ob
tained, dark red platelets, m.p. 133-135°, from ethanol.

Anal. Calcd. for Ci3H14N40 4: C, 53.79; H, 4.86; N, 19.30. 
Found: C, 53.78, 53.91; H, 5.47, 5.31; N, 19.48, 19.18.
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J. C. Westfahl for the determination and interpretation ̂  
of the p.m.r. spectra and Dr. F. W. Shaver and Dr.
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(19) E. A. B raude and J. A. Coles, J .  C h e m .  S o c . ,  2078 (1951).
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Recently, the mechanisms of cleavage of carbon- 
metalloid bonds have received considerable atten
tion. 1-3 The major uncertainty in the description of

(1) R. E. Deasy and F. Paulik, J .  C h e m .  E d u c  . .  40, 185 (1963).
(2) C. Eaborn and D. E. W ebster, J .  C h e m .  S o c . ,  179 (1960); R. W. 

B ott, C. Eaborn, and J. A. W ater, i b i d . ,  681 (1963).

the activated complex for these reactions involves the 
significance to be ascribed to four-center interactions. 
As an approach to this problem we have evaluated 
the effectiveness of iodine monochloride and chlorine 
as reagents for desilylation of phenyltrimethylsilane.

The reaction between phenyltrimethylsilane and io
dine monochloride in dry acetic acid at 25° yields 
iodobenzene and hexamethyldisiloxane as the only 
detectable products in greater than 90% yield.

Observations obtained in a typical kinetic experiment 
are presented in Table I.

The failure of second- or third-order rate laws to 
accommodate the data, Table I, and the observations 
of other kinetic studies4 of iodination suggested the 
effective concentration of iodine monochloride was re
duced by complex formation.

K

I Cl +  CD ; IC12“

Rate law based on this equilibrium and a second- 
order rate-determining reaction between iodine mono
chloride and phenyltrimethylsilane is the followung,

k

IC1 +  PhSiMe3 — >■ products

— d [IC1] VPhSiMe3][ICl]
d t 1 +  K[ Cl“] (1)

where [TCI ] is the titrimetric concentration. The cal
culated second-order rate constants, k, reported in 
Tables I and II are based on the known value, K = 
250 1. mole-1, for the equilibrium constant in acetic 
acid at 25°.4 As illustrated in Table I, this rate law 
provides a good fit of the kinetic observations.5

Chlorodetrimethylsilylation by chlorine in 1.5% 
aqueous acetic acid at 25° was previously examined 
by Eaborn and Webster.6 They report the reaction 
kinetics are satisfied by a second-order rate equation, 
but their typical data reveal the observed second-order 
rate constant decreases through the course of an ex
periment from an initial value of 5.3 X 10-2 to 2.8 X
10-2 1. mole-1 sec.-1 at 85% reaction. In this study, 
dry acetic acid was adopted as the solvent for the re
action. It was found that the reaction obeyed second- 
order kinetics to 70-80% completion. The rate con
stant observed, 1.57 X 10-2 1. mole-1 sec.-1, is some
what less than reported by Eaborn and Webster. 
Presumably, the removal of water contributes to the 
reduction of the reaction velocity.7

Rate constants for iododesilylation and chlorodesihd- 
ation as determined in a series of independent experi
ments with different samples of phenyltrimethylsilane, 
iodine monochloride, and chlorine are summarized in 
Table II.

Comparison of the second-order rate constants in
dicates chlorodesilylation is eightfold less rapid than 
iododesilylation under identical conditions.8 This 
finding contrasts sharply with the rate ratios observed
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T a b l e  I

K i n e t i c  O b s e r v a t io n s  a n d  D e r i v e d  R a t e  C o n s t a n t s  f o r  I o d o d e t r im e t h y l s il y l a t io n  w i t h  I o d in e

M o n o c h l o r id e  in  A c e t ic  A c id  a t  2 5 °

•Rate constants-

Time,
—Observations-----------

[ICI], [PhSiMed,
k2,b

1. mole-1
kz,c

1.* mole-2
k ,d

1. mole-1
sec. Titer“ M M sec.-1 sec.-1 sec.-1

0 .0 0.0216 0.0890
21 5.35 5 .0174 .0848 0 .119 6 .13 0. 149
76 4 155 .0135 0809 .073 4 .34 . 125

150 3.20 .0104 .0778 .059 4.06 . 137
212 2 755 .0089 .0763 .051 3.86 . 141
297 2.350 .0076 .0750 .043 3.6 1 . 133
414 1.9 2 5 .0062 .0736 .038 3 .5 6 . 139

“ Milliliters of 0.0342 N  Na^sO, required for 5-ml. aliquot. b Second-order rate constant. c Third-order rate constant, first-order 
in silane, second-order in iodine monochloride. d Second-order rate constant calculated on the basis of equation 1.

T a b l e  I I

R a t e  C o n s t a n t s  f o r  I o d o d e t r im e t h y l s il y l a t io n  ( IC 1 )  a n d  
C h l o r o d e t r im e t h y l s il y l a t io n  ( C l2) in  A c e t ic  A c id  a t  2 5 °

.------In itial concentration, M ----- - -----Second-order ra te  constan ts ,---- -
1. m ole-1 sec. 1

[PhSiMea] [ICI] [Cli] k a 10 2*2

0.178 0.0216 0.135 ±0.005
.178 .00866 .109 ± 0  009
.100 .0232 .123 ±0.003
.089 .0216 .137 ±  0.005
.0820 0.0397 1.63 ±  0.02
.0954 .0192 1.53 ±  0.06
.0968 .00875 1.54 ±  0.06

“ Equation 1.

T a b l e  III
R e l a t iv e  R a t e s  f o r  t h e  S u b s t it u t io n  o f  S il a n e  a n d  B e n z e n e  

D e r i v a t i v e s

Substra te  -----------------R elative  rate-

Toluene“' 6 fcci2/&Br2 200
Pheny ltrimethylsilane“' d fcci2/AiBr2 1.7 ± 0 .4
p-Chlorophenyltrimethylsilanec' d fcci2/Ä)Br2 2.7 ± 0 .5
Toluene' 1 1 fcci2 /¿ICI 200
Phenyltrimethylsilane“' kc\Jkiç\ 0.13 ± 0 .0 2

<* In aqueous acetic acid solvents, reaction of mixed second- 
and third-order for bromination but second-order for chlorina
tion. 6 See ref. 9. c In acetic acid with 1.5% water, reaction 
of mixed second- and third-order for bromination, but second- 
order for chlorination. d See ref. 6. '  In trifluoroacetic acid
at 25°, reaction is second-order for both iodination and chlorina
tion. ! See ref. 4, 10. 0 In acetic acid at 25°, second-order rate
constants compared.

for electrophilic substitution in benzene. Some perti
nent data are summarized in Table III.

Comparisons of the reactivity of the halogens are 
often complicated by uncertainties in the order of the 
reactions. The problem is evident for noncatalytic 
bromination and chlorination in acetic acid media, 
Table III. It is certain, nevertheless, that chlorine is 
a much better electrophile than bromine with benzene 
derivatives.9 The large difference in the electrophilic 
reactivity of these halogens is appreciably reduced with 
phenyltrimethylsilane as a reference substrate. This 
fact has been most reasonably interpreted to be a con-

(8) Com petitive experim ents indicated the relative ra te  k C \ i / k i c i  to  be
0.22. The com petitive m ethod, however, is no t a valid technique for the 
assessm ent of the re la tive  ra te  in this case because of the im portance of 
com plexation of IC1 as IC I2- , the presum ed form ation  of ICla, a chlorinating 
agent, and the possible catalysis of chlorination  by IC1. In  view of these 
difficulties the value determ ined in the com petition experim ents is useful 
only as a confirm ation of the lesser reactiv ity  of chlorine.

(9) See P. B. D. de la M are and J. H. R idd, “ A rom atic Substitu tion ,” 
B utterw orths Scientific Publications, London, 1959, Chap. 9.

(10) A. Himoe and L. M. Stock, unpublished results.

sequence of the decreased selectivity of the more nucleo
philic silane.6

The iodination of benzenes and its derivatives by 
iodine monochloride is far less rapid than the rates for 
noncatalytic bromination or chlorination. Because of 
the slowness of this reaction only a few kinetic observa
tions have been reported. The large relative rate, 
kcu/kia 200, found for the reactions with toluene in 
trifluoroacetic acid is presumably typical. This rela
tive rate should decrease with the less selective phenyl
trimethylsilane as a reference substrate. However, 
if selectivity effects are dominant the value must remain 
greater than one. The relative rate for chloro- and 
iododesilylation, 0.13, indicates other influences are 
more significant than selective properties of the substrate.

The large variation in the effectiveness of iodine 
monochloride relative to chlorine in reactions with 
G- If and C -Si bonds suggests the transition states for 
the reactions are quite dissimilar. For the C II bond, 
the available information for iodination favors the view 
that the reaction proceeds through an activated com
plex which approaches the character of a benzenonium 
ion. This model is inadequate for iododesilylation. 
The relative rate variation and the polarizability of 
iodine monochloride prompts the suggestion that iodo
desilylation occurs with an important additional in
teraction between silicon and chlorine in a four-center 
transition state.13 Four-center processes for other 
desilylations by dipolar or polarizable reagents in non
dissociating solvents may be expected to be significant.

Experimental

Materials.—Phenyltrimethylsilane was prepared by the re
action of phenyl Grignard reagent with chlorotrimethylsilane 
and by the reaction of methyl Grignard reagent with phenyltri- 
chlorosilane. Each product was carefully fractionated to yield 
material homogeneous to vapor phase chromatography, r 26d  
1.4880. Iodine monochloride was prepared from the elements 
and purified by fractionation, b.p. 103-105° at atmospheric 
pressure. This reagent was prepared and distilled just prior 
to each kinetic experiment. Chlorine (Matheson, 99.5%) was 
used without further purification. Acetic acid (Baker and Adam
son reagent grade) was distilled in a column packed with glass 
helices in a dry atmosphere. Other reagents were employed 
as commercially available.

Kinetic Measurements.—The reaction rates were followed by 
conventional iodometric procedures.7 Typical results and a 
summary of typical observations are reported in Tables I and II.

Reaction Products.—An examination of the products of the 
reaction was carried out by vapor phase chromatographic analy
sis. Comparison of the ratios of areas, chlorobenzene to residual 
phenyltrimethylsilane and iodobenzene to residual phenyltri
methylsilane indicated the reactions to be virtually quantitative.
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T a b l e  IV.—C o m p e t it iv e  E x p e r im e n t s  o p  IC1 a n d  Cl2 f o r  P h e n y l t r im e t h y l s il a n e  in  A c e t ic  A c id  a t  25°

[PhSiMesh [C1+
Concentration, 103M 

[IClli (HCl)f [Phil, Reaction, % *cu/£ici

16 .9 69.2 74 6 6.6 5 .5 3 9 .1 0.23

12 .7 5 1 .9 112 8.8 8.0 69.0 0.21
12 .7 104 56 5 .1 3 .5 40.0 0.21

The response of the detector to the halobenzene and phenyltri
methylsilane was shown to be in accord with the molar concen
trations of these substances by the analysis of known mixtures. 
Chlorobenzene was not detected among the products of the iodo- 
desilylation reaction.

Competitive Measurements.—Several competitive experiments 
were performed to achieve a confirmation of the greater reactivity 
of iodine monochloride (see ref. 8). An attempt was made to 
avoid the inhibition of the iododesilylation reaction by hydrogen 
chloride through the adoption of a short reaction time (about 
100 seconds). This approach, however, was not successful. 
It is pertinent to recognize that a 10% increase in the amount of 
iodobenzene produced would yield relative rate data in good 
agreement with the kinetic observations. The results of three 
experiments are summarized in Table IV.

Acknowledgment.—It is a pleasure to acknowledge 
the partial support of the Petroleum Research Fund 
administered by the American Chemical Society.
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A bicyclic diterpene acid has been isolated from the 
acid fraction of slash pine oleoresin (Pinus elliotti). 
This new acid, termed elliotinoic acid, was isolated by 
partition chromatography on a silicic acid column by 
the method described by Loeblich, Baldwin, and Law
rence.2 Elliotinoic acid collected from the silicic acid 
column was found to be essentially pure. Several 
batches of slash pine oleoresin and rosin were examined 
and elliotinoic acid was present in all samples and was 
the only acid eluted in fractions 16-21. Elliotinoic 
acid accounts for about 5% of the acid fraction of slash 
pine oleoresin. The new acid resisted all efforts to 
crystallize it and was quite sensitive to oxidation.

Elliotinoic acid was reduced with lithium aluminum 
hydride to the previously reported elliotinol.34 On 
analysis by gas-liquid chromatography, elliotinol pre
pared by the lithium aluminum hydride reduction of 
elliotinoic acid and a sample of elliotinol isolated from 
the neutral fraction of slash pine oleoresin were found 
to have the same emergence time on a silicone (SE-30) 
column and on mixing in equal parts only one peak was 
obtained. The infrared spectra, optical rotation, and 
melting points of the two samples of elliotinol were 
identical. A mixture melting point of the two samples 
showed no depression. The elliotinyl p-nitrobenzoate 
derivative prepared from the two samples of elliotinol 
had identical infrared spectra, optical rotation, and 
melting points, alone and when mixed.

Elliotinoic acid and elliotinol are present in about
(1) P a rt of the Southern U tilization Research and D evelopm ent Division, 

A gricultural Research Service, U. S. D epartm ent of Agriculture.
(2) V. M. Loeblich, e t  a l ,  J .  A m .  C h e m .  S o c . ,  77, 2823 (1955).
(3) E. M cC. R oberts and R. V. Lawrence, A bstracts  of Papers, 131st 

N ational M eeting of the American Chemical Society, M iami, Fla., April, 
1957, p. 21-0.

(4) M. T sutaui and E. A. Tsutsu i, C h e m .  R e v . .  59, 1040 (1959).

equal amounts and together account for about 10% 
of the slash pine oleoresin. These two compounds 
are the first bicyclic diterpenes isolated from the oleo
resin of the slash pine.

Experimental

Isolation of Elliotinoic Acid from Rosin.—A sample containing 
2.50 g. of WW slash rosin in 10 ml. of isooctane was put on a 
silicic acid column.2 Fractions (100-ml.) were collected and 
an aliquot of each was titrated. Elliotinoic acid was eluted in 
fractions 16-21. These fractions were combined, washed with 
water, and dried. The solvent was removed under reduced 
pressure and the dry residue dissolved in isooctane. A sodium 
hydroxide solution (3 N) was added dropwise with constant stir
ring until there was no further salt precipitation. The sodium 
elliotinate was filtered and dried under reduced pressure. Snow 
white plates of sodium elliotinate (0.12 g.) were recrystallized 
from hot water until the melting point, ultraviolet absorption, 
and optical rotation were constant: m.p. 387-389° (sealed
evacuated tube); X“„|™ho1 233 mM (e 27,500); [ « ] 25d  +42° (c 0.5, 
in alcohol).

Anal. Calcd. for C2oH29()2Na: C, 74.1; H, 9.0; Na, 7.1; 
neut. equiv., 324. Found: C, 74.2; H, 8.9; Na, 7.0; neut.
equiv., 320.

Sodium elliotinate (0.10 g .) was suspended in ether and acidi
fied with 3 N phosphoric acid. The ether solution was washed 
neutral, dried, and the ether removed. The residue (0.08 g.) 
was sublimed onto a cold finger at 120° (5 y). The sublimate 
was a clear colorless oil; ( a ] 26D +40° (c 1.0, in alcohol); X„"h°' 
232 mp (e 28,900); neut. equiv., 302.

Preparation of Elliotinol from Elliotinoic Acid. A.—An 
ether solution containing 0.10 g. of sodium elliotinate was added 
slowly to an excess of lithium aluminum hydride solution. The 
mixture was allowed to stand overnight and water was added to 
destroy the excess lithium aluminum hydride. The solution 
was filtered and the solvent removed under reduced pressure. 
The oily residue was subiimed at 140° (10 a») onto a cold finger. 
The alcohol crystallized in long needles on the bottom of the cold 
finger; m.p. 14-15°; Xan!“ho' 232 mM (e 20,600); [o ] 25d +14° 
(c 2.0 , in alcohol).

Anal. Calcd. for C2oH.320 : C, 83.3; H, 11.2. Found: C, 
83.4; H, 10.9.

B.—Elliotinyl p-nitrobenzoate (2.30 g.), prepared from slash 
pine neutrals,3 was saponified by refluxing in alcoholic potassium 
hydroxide. Water was added and the elliotinol extracted with 
ether. The ether was removed under reduced pressure to leave 
a yellow viscous oil (1.29 g.). A pentane solution of the oil was 
put through a short column of silicic acid to give 0.89 g. o; a 
colorless viscous oil. Vacuum sublimation of this oil onto a 
cold finger gave pure elliotinol with infrared spectrum, optical 
rotation, and melting point (alone and mixture) identical with 
the alcohol prepared from elliotinoic acid.

Preparation of Elliotinyl p-Nitrobenzoate. A.—A dry pyri
dine (4 ml.) solution of 0.55 g. of the alcohol obtained by the 
lithium aluminum hydride reduction of elliotinoic acid was stirred 
at room temperature with p-nitrobenzoyl chloride for 6 hr. The 
resulting solution was poured over crushed ice and the water 
decanted. The yellow gummy precipitate crystallized from 
boiling 95% ethanol; m.p. 116-121°. Two crystallizations from 
95% ethanol gave the pure ester; m.p. 128-130°; [c ] 25d  +74° 
(c 2.0 in alcohol).

Anal. Calcd. for C2-H350 1N: C, 74.1; H, 8 .0 . Found: C, 
73.9; H, 8.0.

B.—Slash rosin neutrals (2.3 g.l in 7.0 ml. of pyridine on 
stirring with p-nitrobenzoyl chloride gave 0.63 g. of crude ellio
tinyl p-nitrobenzoate, m.p. 116-122°. Two recrystallizations 
from 95% ethanol gave 0.45 g. of the pure ester whose infrared 
spectrum, optical rotation, and melting point (alone and mixture) 
were identical with the ester of the alcohol prepared by the reduc
tion of elliotinoic acid.
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