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Volume 26 of this well-known reference source of organic reactions again contains almost
1.000 new abstracts. This brings the total material in the 26 volumes to

23,335 selected and coordinated key abstracts 
kept up-to-date by more than
20.000 supplementary references.
In contrast to card or tape systems, this comprehensive reaction documentation in handy 
book form allows the searcher to browse and to look up references in quick succession. The 
specially designed subject index provides easy access to all facets of the material covered 
and particularly to an increased number of review articles, by such entries as:
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Copper compounds, organo- 
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Hydroboration
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Prevention (of unwanted changes)
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Solvents, aprotic, polar 
Specificity
Stereospecific reactions 
Sulfonium ylids

From the reviews of Vol. 25 The latest volume of Synthetic M ethods o í  O rganic Chem istry is number 25, completing
the fifth series, and marking the documentation of synthetic procedures for the past 25 
years. . . Throughout the twenty five volumes the coverage of the literature and format has 
maintained a consistently high standard. . . Volume 25 is

com pletely  up-to-date.

Each volume of 'Theilheimer' begins with a section entitled 

'Trends in synthetic organic chem istry'.

This section in volume 25 is as in previous volumes 

an extrem ely  useful survey

of the main synthetic achievements during the past year. . . The admirable achievement of 
'Theilheimer' in collating the past twenty five years of synthetic organic chemistry can iti^lr 
be underestimated. Merely browsing through these volumes can be a source of many ideas 
and the acquisition of considerable knowledge. No active organic research school can 
afford to be without this vast store of information.

Chemistry & Industry 1971, 1352
This, the final volume in the fifth series, contains a cumulative index for Volumes 21-25 
(nearly 200 pages in itself!). . .

The body of the text,

a com prehensive compendium o f  conversions in organic synth esis  
is as usual an invaluable aid to the organic chemist. . .

J. Am. Chem. Soc. 94, 689 (1972)
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Express Abstract Service 
William Theilheimer 
318 Hillside Ave.
Nutley, N. J. 07110, U.S.A.
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Whereas 1,2 migrations of phenyl are known in carbanions, corresponding 1,4 and 1,5 migrations have not been 
reported. In the present work such rearrangements were looked for in the reactions of 4-chloro- and 5-chloro-
1,1,1-triphenylalkanes with alkali metals. Reaction of 4-chloro-l,l,l-triphenylbutane with lithium in tetrahy- 
drofuran (THF) at —50 to —60° gives 4,4,4-triphenylbutyllithium; when the latter is warmed to 25° 1,1,1- 
triphenylbutane, but no detectable products of rearrangement, is obtained. With potassium metal in THF at 
reflux temperature, this chloride gives chiefly l,l-diphenvl-l,2,3,4-tetrahydronaphthalene; with Cs-K  alloy at 
—49°, the initial product is 1,1,1-triphenylbutane along with some 9%  of 1,1,4-triphenylbutyl anion (product of
1,4-phenyl migration). Reaction of 5-chloro-l,l,1-triphenylpentane with potassium or with Cs-K  and Cs-K -N a 
alloys in THF gives primarily 1,1,1-triphenylpentane as initial product along with (for cesium alloys) some 6%  
of a product of 1,5 migration of phenyl. 2-Chloro-l,l,l-triphenylethane with Cs-K -N a alloy in THF at —65° 
gives chiefly 1,1,2-triphenylethyl anion (product of 1,2-phenyl migration). Reaction of 1,1,1-triphenylethane 
with Cs-K -N a alloy in THF at —70° gives a novel red dianion which upon protonation gives 9-methyl-9-phenyl- 
2,4a,4b,7-tetrahydrofluorene in high yield as a single stereoisomer. Similar reactions occur with 1,1,1-triphenyl- 
butane and 1,1,1-triphenylpentane. These reactions and some of the interesting variations with choice of alkali 
metal are discussed in terms of likely mechanisms. The synthetic utility of cesium alloys is emphasized.

Previous work has shown that 2,2,2-triphenylethyl- 
lithium4 in tetrahydrofuran solution undergoes rear
rangement to 1,1,2-triphenylethyllithium by an intra
molecular process,5a apparently via a cyclic transition 
state or reaction intermediate6*3 such as 1. In view of

CH,

1 2 3

the observed ready 1,2 migration of phenyl in this and 
other carbanions,6 it would be expected that correspond
ing 1,4 and 1,5 migrations of phenyl might also occur, 
thus via 2 and 3, respectively. The present work was 
undertaken to test these possibilities.

(1) Abstracted in part from the M.S. Thesis of Y.-M . Cheng, Georgia In
stitute of Technology, 1967.

(2) Presented in part at Metrochem 69, Regional Meeting of the American 
Chemical Society, New York, N. Y., May 2, 1969.

(3) National Science Foundation Summer Faculty Research Participant.
(4) E. Grovenstein, Jr., and L. P. Williams, Jr., J. Amer. Chem. Soc., 83, 

412 (1961).
(5) (a) E. Grovenstein, Jr., and G. Wentworth, ibid., 89, 1852 (1967); (b) 

ibid., 89, 2348 (1967).
(6) See also H. E. Zimmerman and A. Zweig, ibid., 83, 1196 (1961).

Results and Discussion

Reactions of 4-Chloro-l,l,l-triphenylbutane with 
Alkali Metals.—Lithium metal reacts with 4-chloro-
1,1,1-triphenylbutane in tetrahydrofuran at —50 to 
— 60° to give 4,4,4-triphenylbutyllithium, as deduced 
from carbonation which gave 5,5,5-triphenylpentanoic 
acid. Attempts to effect thermal rearrangement of this 
organolithium compound to 1,1,4-triphenylbutyllithium 
in tetrahydrofuran solution at 0° or at 25° were unsuc
cessful, although a temperature of 0° had proven ade
quate for rearrangement of 2,2,2-triphenylethyl- 
lithium.4 The reaction at 25° gave upon carbonation a 
product which contained predominantly neutral prod
ucts and only 4%  by weight of acidic material in which 
46% of 5,5,5-triphenylpentanoic acid, but no 2,2,5- 
triphenylpentanoic acid, was found. The volatile neu
tral material contained predominantly 1,1,1-triphenyl
butane and a little starting chloride. Thus, 4,4,4- 
triphenylbutyllithium in tetrahydrofuran extracts a 
proton from the solvent to give 1,1,1-triphenylbutane 
much faster than it rearranges to 1,1,4-triphcnylbutyl- 
lithium.

Since previous work4 had indicated that 2,2,2-tri- 
phenylethylpotassium undergoes 1,2 migration of 
phenyl much more readily than the corresponding lith
ium compound, reaction of 4-chloro-l,l,l-triphenyl- 
butane with molten potassium in refluxing tetrahydro-
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furan was studied. The reaction was terminated by 
carbonation after 20 min and gave some 90% yield of 
neutral products and 10% of carboxylic acids. 
Analysis of the neutral product by gas-liquid partition 
chromatography (glpc) indicated that the volatile 
portion contained 84% of l,l-diphenyl-l,2,3,4-tetra- 
hydronaphthalene and 14% of 1,1,1-triphenylbutane. 
The structure of l,l-diphenyl-l,2,3,4-tetrahydronaph- 
thalene was confirmed on the purified product by melt
ing point and spectral comparisons with an authentic 
sample.7 The acidic fraction according to glpc analysis 
(of the methyl esters) contained small quantities of di- 
phenylacetic acid, 2,2-diphenylpentanoic acid, tri- 
phenylacetic acid, and 2,2,5-triphenylpentanoic acid, 
and many unidentified acids. The present work indi
cates that 4,4,4-triphcnylbutylpotassium (4) in refluxing 
tetrahydrofuran cyclizes to the spiro anion 2, which 
ultimately yields 1,1,4-triphenylbutyl anion 5 in a 
yield of less than 1%; the predominant cyclization of 4 
gives hydronaphthalene anion 6, which loses hydride 
ion to give l,l-diphenyl-l,2,3,4-tetrahydronaphthalene 
(7) (Scheme I). The reaction of 4-chloro-l, 1,1-tri-

phenylbutane with potassium to yield the tetrahydro- 
naphthalene 7 is somewhat analogous to the reaction8 
of 3-methyl-3-phenyl-l-chlorobutane with potassium 
in refluxing cyclohexane to give a low yield of 1,1-di- 
methylindan (along with much 2,5-dimethyl-2,5- 
diphenylhexane).

Since the extent of cyclization of carbanion 4 to 2 
vs. 6 is likely to depend upon the temperature and the 
alkali metal, other conditions of reaction were studied. 
Reaction of 4-chloro-l,l,l-triphenylbutane with liquid 
sodium-potassium alloy in tetrahydrofuran near 0° 
gave some 70% yield of carboxylic acids; the volatile 
portion of these acids according to analysis by glpc 
contained some 22% of 2,2-diphenylpentanoic acid, 
3.7% of triphenylacetic acid, 5.5% of 2,2,5-triphenyl
pentanoic acid, and three major unidentified acids. 
The neutral fraction contained 7,9 unreacted chloride, 
and cleavage products.

(7) E. A. Braude, L. M. Jackman, R. P. Linstead, and G. Lowe, J. Chem. 
Soc., 3128 (19G0).

(8) H. Pines and L. Schaap, J. Amer. Chem. Soc., 80, 4378 (1958). See 
also G. Levin, J. Jagur-Grodzinski, and M. Szwarc, ibid., 92, 2268 (1970).

(9) Because 1,1-diphenyl-l ,2,3,4-tetrahydronaphthalene and 1,1,4-tri- 
phenylbutane had the same retention time under the glpc conditions studied, 
this identification must remain somewhat tentative in this and other cases 
in which the product was not characterized as a pure substances; however, 
since 1,1,4-triphenylbutyl anion (like analogous anions which we have 
studied) is expected to be stable in tetrahydrofuran under the conditions 
used, we believe that the product is at least predominantly 1,1-diphenyl- 
1,2,3,4-tetrahydronaphthalene because it appeared with the neutral products 
from carbonation.

Since the reaction with sodium-potassium alloy at 
the lower temperature afforded increased yields of 
acids relative to neutral materials over that obtained 
with potassium metal, efforts were next extended to 
study the reaction of 4-chloro-l,l,l-triphenylbutane 
with alkali metals at still lower temperatures. In view 
of the fact that reactions with finely divided potassium 
in THF at —78° had previously proven unsuccessful4 
because of agglomeration of the potassium metal, re
actions with cesium and cesium alloys seemed to offer 
promise. Cesium has a melting point of 28.5°; its 
minimum-melting solid solution10 with potassium (49 
atom %  K, 51 atom %  Cs) has mp —45°; its ternary 
eutectic11 with sodium and potassium (11.8 atom %  
Na, 47.4 atom %  K, 40.8 atom %  Cs) has mp —79°. 
In a preliminary experiment 4-chloro-l, 1,1-triphenyl- 
butane was allowed to react with the theoretical quan
tity of cesium metal at 33 to 40° in THF for 15 min 
before carbonation. There was obtained some 23% 
yield of acids along with neutral products; the volatile 
acids contained 2,2,5-triphenylpentanoic acid (6%), 
elehvage products (43%), and unidentified acids. The 
volatile neutral products contained 45% of 1,1,1-tri
phenylbutane, 7.8% of 7,9 and 35% of a novel product 
which was ultimately shown (see later discussion) to be 
9-phenyl-9-w-propylfluorene (9a). The high yield of
1,1,1-triphenylbutane as opposed to tetrahydronaph- 
thalene 7 is of interest in comparison to the reaction 
with potassium.

Reaction of 4-chloro-l, 1,1-triphenylbutane with ex
cess cesium-potassium alloy at —40° gave upon car
bonation some 90% yield of acids. Since the acids 
proved to be a complex mixture, the reaction was re
peated with decomposition by methanol rather than 
carbon dioxide. The volatile neutral products con
sisted of 32% of 1,1,1-triphenylbutane, 30% of 9a, 
20% of 9-phenyl-9-n-propyl-2,4a,4b,7-tetrahydro- 
fluorene (8a), and 8% of 1,1,4-triphenylbutane. A 
duplicate run in vfliich the solution w7as briefly wrarmed 
to —30° before protonation gave about the same yield 
of 1,1,4-triphenylbutane (11%), but a higher yield 
(55%) of 9a. Reaction of 4-chloro-l,1,1-triphenyl- 
butane at —45° with the theoretical amount of Cs-K 
alloy for conversion of all the halide to organoalkali 
compound gave upon carbonation a 36:64 ratio of 
acids to neutral material. The volatile neutral product 
consisted of 93% of 1,1,1-triphenylbutane and 4%  of 
the fluorene 9a. This run in conjunction with the 
other runs with cesium suggests that 1,1,1-triphenyl
butane is a major early product of the reaction of 4- 
chloro-1,1,1-triphenylbutane and that reaction of this 
hydrocarbon with excess Cs-K alloy leads to the 
hydrofluorene and fluorene derivatives.

The identification of 9-phenyl-9-n-propylfluorene 
and of 1,1,4-triphenylbutane from these reactions was 
established by isolation of the products from meth- 
anolysis and comparison with authentic samples. 
The authentic sample of the fluorene was prepared by 
alkylation12 of the potassium salt of 9-phenylfluorene13 
with n-propyl bromide; the sample of 1,1,4-triphenyl-

(10) C. Goria, Gazz. Chim. Hal., 65, 1226 (1935).
(11) F. Tepper, J. King, and J. Greer, “ The Alkali Metals, An Interna

tional Symposium Held at Nottingham on 19-22nd July, 1966,“  The Chemi
cal Society, London, 1967, p 25.

(12) Cf. W. S. Murphy and C. R. Hauser, J. Org. Chem., 31, 85 (1966).
(13) A. Kliegel, Chem. Ber., 38, 284 (1905).
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butane was similarly prepared by alkylation of di- 
phenylmethylpotassium with 3-phenyl-l-bromopro- 
pane. The identity of the hydrofluorene 8 a rests upon

4a 4b 5

[ 1 1 1

R Ph H R ' P h
l  =  n-c 3h 7 9a, R =  rc-C3H7
1 =  n-c4h s b, R =  h-C4H9

c, R =  CH, c,R=CH ,

its conversion to 9a upon dehydrogenation by sulfur in 
refluxing dimethylformamide, by bromine in hot 
m-dibromobenzene or simply by distillation. We be
lieve that this compound is 9-phenyl-9-n-propyl- 
2,4a,4b,7-tetrahydrofluorene (8 a) on the basis of our 
more detailed studies upon the reaction of 1,1,1-tri- 
phenylcthane with Cs-K-N a alloy (see later discus
sion).

Reactions of 5-Chloro-l,l,l-triphenylpentane with 
Alkali Metals.—In view of the fact that 4-chloro-l,l,l- 
triphenylbutane reacted with molten potassium in THF 
to give a good yield of 1,1-diphenyltetrahydronaphtha- 
lene (7) via the six-membered cyclic intermediate 6 
(Scheme I), it was hoped that a similar reaction of
5-chloro-l, 1,1-triphenylpentane would occur (Scheme
II) via the six-membered cyclic spiro anion 3 to give

butyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene (8 b) and 
of 9-n-butyl-9-phenylfluorene (9b), and 9% of cleavage 
products.

In four runs upon 5-chloro-l,l,l-triphenylpentane 
with excess Cs-K -N a alloy at —68°, the products of 
decomposition with methanol or water were found to be 
6 ±  3%  of 11, traces (3 ±  3%) of 12, and the remainder 
(according to glpc analysis) a mixture of 8 b and 9b. 
Since glpc analysis gave inconsistent ratios of tetra- 
hydrofluorene to fluorene, the crude product was an
alyzed by nmr; this analysis showed that all of the 
fluorene derivative was present as 9-n-butyl-9-2,4a,- 
4b,7-tetrahydrofluorene, since, after correction for the 
known quantity of the triphenvlpentanes, the ratio of 
aromatic to vinylic to allylic hydrogen was essentially 
the theoretical, 5 :6 :6 , as expected for structure 8 b. 
The tetrahydrofluorene 8 b evidently dehydrogenated 
partially to the fluorene 9b under our glpc conditions. 
This dehydrogenation also occurs on storage, especially 
on exposure as a thin film to light and air; most con
veniently the dehydrogenation is effected by distilla
tion in vacuo from a palladium-carbon catalyst at 115°. 
The ease of dehydrogenation agrees well with structure 
8 b, since much more severe conditions are required to 
dehydrogenate perhydrofluorenes to fluorenes.14 The 
identity of 9b from these dehydrogenations was con
firmed by isolation and comparison with an authentic 
sample prepared by the reaction of the potassium salt

Scheme II

C—  CH,-.
X H 2

I
K CH —  CH,

CPh2CH2CH,CH2CH3

12

ultimately the product 11 of 1,5 migration of phenyl; 
the alternative ortho cyclization (to 13) would involve 
formation of a seven-membered ring and hence was 
judged unlikely. Reaction of 5-chloro-l, 1,1-triphenyl- 
pentane with potassium in refluxing THF followed by 
carbonation in fact gave only some 12% yield of car
boxylic acids of which more than 90% were cleavage 
products; the predominant neutral products consisted 
of 60% of 1,1,1-triphenylpentane (12) along with mostly 
cleavage products. It appears that the yield of 11 and 
14, if any, did not exceed a few per cent.

The reaction of 5-chloro-l, 1,1-triphenylpentane with 
cesium alloys was also studied. The reaction with ex
cess Cs-K  alloy at —35° and with C s-K -X a alloy at 
— 68° in tetrahydrofuran followed by carbonation 
gave, in each case, a high yield of a complex mixture of 
carboxylic acids. These results, along with the deep 
red color of the solutions, establish that a high yield of 
carbanions is produced under these conditions. To 
establish the structure of the anions, the products of 
decomposition by methanol were determined. The re
action with Cs-K  alloy gave (according to glpc 
analysis) 30% of 12, 7%  of 11, 54% of a mixture of 9-n-

of 9-phenylfluorene with n-butyl bromide. While
1,1,5-triphcnylpentane was not isolated in the present 
work, its presence was confirmed by its identity in 
retention time with an authentic sample on two columns 
upon glpc analysis.

In a further run 5-chloro-l,1,1-triphenylpentane was 
allowed to react at —68° with only some 2 equiv of 
Cs-K-N a alloy. The product from decomposition 
with water contained 68% of 12, 22% of the usual 
fluorenes (8 b and 9b), and small amounts of 11 and 
unreacted chloride. The identity of the 1,1,1-tri
phenylpentane (12) was confirmed by isolation. This 
experiment suggests that 12 is the major product of 
initial reaction of 5-chloro-l, 1,1-triphenylpentane with 
cesium alloy; further reaction of 12 with excess alloy 
evidently gives rise to the precursor of the tetrahydro
fluorene derivative.

To test this postulate, 12 was allowed to react with a 
large excess of Cs-K-N a alloy at —60° under the usual 
conditions. The reaction mixture upon decomposition 
with methanol gave an almost quantitative yield of the

(14) F. Korte and O. Behner, Justus Liebigs Ann. Chem., 621, 51 (1959).
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tetrahydrofluorene 8 b, identical in all respects with the 
major product from reaction of 5-chloro-l,l,l-tri- 
phenylpentane with the alloy.

Reaction of 1,1,1-Triphenylethane with Cs-K-Na 
Alloy. —While the carbon skeletons of the substances 
previously referred to as “ tetrahydrofluorenes” seem 
established on the basis of their ready dehydrogena
tion to fluorenes 9a and 9b, more evidence for the 
structures of the tetrahydrofluorenes seemed desirable. 
Toward this end the reaction of 1,1,1-triphenylethane 
with Cs-K-N a alloy was studied in some detail, since 
this reaction should, in terms of the previous discus
sion, give a simple tetrahydrofluorene 8 c which might 
be crystalline. In fact reaction at —70° in THF with 
a large excess of Cs-K-N a alloy gave the usual deep 
brown-red solution, which upon jetting into ice water 
gave an almost quantitative yield of a product, mp
96.5-97.5°, of molecular weight and analysis corre
sponding to the formula C20H20 as expected for 9- 
methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene (8 c).

Further evidence for this structure is provided by 
the nmr spectrum, which shows aromatic, vinylic, 
allylic, and methyl hydrogens in a ratio of 5 :6 :6 :3  
as required by structure 8 c. Additional evidence is 
provided by the ultraviolet absorption spectrum (in 
ethanol) which exhibits Amax 258 nm (e 230) with typi
cal benzenoid fine structure in the region of 247-268 
nm and low absorbance even down to 220 nm (e 643); 
this data shows that a benzene nucleus is present but 
that conjugated chromophores such as of diene or 
styrene type are missing. The combined nmr and uv 
data imply that one phenyl group is still present but 
that both of the other two phenyl groups of the reactant 
have been converted into 1,4-dihydroaromatic systems. 
In light of the fact that dehydrogenation under mild 
conditions gives 9-methyl-9-phenylfluorene (9c), struc
ture 8 c is the only structure possible which is concordant 
with all of the data. It is obvious that structure 8 c can 
exist in several stercoisomeric forms. These may be 
classified according to whether the hydrogen atoms at 
4a and 4b are cis or trans to one another; accordingly 
there should exist two cis isomers (both meso) and one 
trans-d/ pair. It is interesting to note that evidently 
only one isomer is formed, in high yield, under the 
present reaction conditions. Indirect evidence18 
strongly suggests that this is one of the two possible cis 
isomers.

Decomposition of the red anion from reaction of
1,1,1-triphenylethane with Cs-K -N a alloy with D20  
gave 8 c in which 1.5 of the usual six allylic protons had 
been replaced by deuterium; this result implies that 
two protons are transferred to the anion during decom
position with protic solvents. The nmr spectrum at 
100 MHz of the deuterated product showed two protons 
at t  7.09 and 2.5 protons at r 7.36, while the ordinary 
protium compound had two protons at r 7.09 and four 
protons at r 7.29. We assign the protons at t 7.09 to 
the hydrogen atoms at 4a and 4b, while the four pro
tons in the broad peak at r 7.29 are assigned to the 
protons on C-2 and C-7. On this basis the upheld 15

(15) Reaction of 2,2-diphenylpropane with Cs—K—Na alloy under similar 
conditions gives 9,9-dimethyl-2,4a,4b,7-tetrahydrofluorene, which shows 
nmr absorption at two slightly different locations for the two methyl groups; 
hence this product must have the hydrogens at 4a and 4b cis to one another 
since in the trans isomer the two methyl groups are in equivalent positions 
(unpublished work with Mr. Thomas H. Longfield).

shift of 0.06 ppm in the location of the maximum for the 
protons on C-2 and C-7 in the deuterium compound 
might be attributed to a geminal deuterium isotope 
effect (increased shielding by D over H). This effect 
on proton resonances is typically 0.019 ppm toward 
higher magnetic field, as observed in CH3D, but may be 
as high as 6.034 ppm, as in CD3COCH2D .16 An alter
native or additional reason for the large upheld shift 
may be that protonation of the red carbanion is stereo- 
specific and that, for example, protonation occurs ex
clusively cis to the hydrogens at 4a and 4b; if in addi
tion the entering protons at C-2 and C-7 absorb at 
somewhat lower held than the original protons, then 
the average center of gravity of the peak would shift 
upheld when D20  was used to effect hydrolysis. Addi
tional work is needed to conhrm the postulate of stereo- 
specific protonation and to establish conclusively the 
stereochemistry of the tetrahydrofluorene.

The origin of 9-methyl-9-phenyl-2,4a,4b,7-tetra- 
hydrohuorene under the present reaction conditions is 
of interest. In the earlier work in which 9-n-propyl 
and 9-n-butyl derivatives 8 a and 8 b of the tetrahydro
fluorene were formed, it was shown that the precursor 
of the tetrahydrofluorene was a carbanion which upon 
carbonation gave a high yield of a complex mixture of 
carboxylic acids or on protonation gave the tetrahydro
fluorene. In work with 1,1,1-triphenylethane it was 
found that the red solution formed by stirring with 
excess Cs-K-N a alloy in THF at —70° upon rapid 
titration with a solution of ¿erf-butyl alcohol in THF 
required 1.96 ±  0.02 molar equiv of ¿erf-butyl alcohol to 
discharge the red color of the solution. This experi
ment implies that during reaction with the alloy two 
electrons are transferred to the 1,1,1-triphenylethane 
to form a dianion. The decomposition with D20 , 
previously discussed, provides corroborative evidence, 
though this was less quantitative presumably because 
of deuterium exchange or spurious sources of acidic 
protons. The obvious dianion which should lead 
to 9-methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene-2,7- 
d2 (17) on decomposition with D20  is 16 (Scheme III).

Schem e  III

Ph3CCH3

A plausible path to 16 is via two-electron transfer to
1,1,1-triphenylethane to give the diradical dianion 15, 
which upon cyclization at ortho positions gives 16. 
This scheme is obviously incomplete, since the role of 
the alkali metal cation (presumably cesium ion) is not 
specified. That anion 16 is red is not surprising in view

(16) H. Batiz-Hernandez and R. A. Bernheim in “ Progress in N.M.R 
Spectroscopy,”  Vol. 3, J. W. Emsley, J. Freeney, and L. H. Sutcliffe, Ed., 
Pergamon Press, Oxford, 1967, p 63.
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of the color and spectra which have been reported17 for 
some related organolithium compounds.

Scheme III is novel in that a simple phenyl radical 
anion is shown undergoing intramolecular cyclization 
with another phenyl radical anion to give a stable di
anion. At first hand it is surprising that appreciable 
phenyl radical anion should form at all, since, in a sol
vent consisting of 2:1 by volume of THF and 1,2- 
dimethoxyethane with N a-K  alloy as reducing agent, 
spin concentration measurements on samples 0.01 M 
in initial benzene concentration have shown that ben
zene radical anion concentrations at equilibrium ranged 
from 1 to 9 X 10-6 M  over the temperature range of 
— 20 to —83°.18 It is possible that Cs-Iv-Na alloy 
may give a higher concentration of radical anion than 
Na-K. Indeed benzene has been reported19 to form a 
black precipitate of unknown structure20 when treated 
with cesium. Also, even though the concentration of 15 
may be very low, its subsequent cyclization to 16 may 
drive the reaction forward. Dimerization of radical 
anions of pyridine, quinoline, and similar heteroaro
matics is well known;21 however, radical anions 
derived from aromatic hydrocarbons, such as naph
thalene, anthracene, etc., are said not to dimerize be
cause dimerization would bring about a substantial 
loss of resonance stability.22 Intramolecular reactions 
such as 15 -*■ 16 should, however, be more favorable 
than analogous intermolecular processes.

Szwarc21 and coworkers have emphasized that radi
cal anions of quinoline and similar substances dimerize 
much faster when paired with sodium cations in THF 
than when present as unpaired anions in hexamethyl- 
phosphoramide; association of cation and anion helps 
to reduce, or perhaps even avoid, repulsion between 
like negative charges in the dimer. We suggest that 
under our conditions both the formation of 15 and its 
dimerization to 16 are promoted by strong association 
between cesium (or potassium) cations and the respec
tive anions. We note that the ionic radius of cesiumo o
(1.69 A) is near that of a benzene ring (1.39 A from 
center to the carbon atoms or 2.47 A to the hydrogen 
atoms). Moreover, the cesium salt of fluorene in THF 
at —70° has been shown to exist essentially entirely as 
contact ion pairs whereas the sodium and lithium salts 
were completely solvent separated.23 The reluctance of 
cesium cations to become solvated means that cesium 
ions are readily available for interaction with anions 
such as 15 and 16. We suggest that the stereospecific 
cyclization of 15 is promoted by the presence of a 
cesium ion “ sandwiched”  between the negatively 
charged phenyl rings. On this basis we would predict 
that the hydrogen atoms at 4a and 4b in 17 should be 
oriented cis to one another, as appears to be the case.

(17) R. B. Bates, D. W. Gosselink, and J. A. Kaczynski, Tetrahedron Lett., 
199 (1967); R. Waack and M. A. Doran, J. Amer. Chem. Soc., 85, 1651 
(1963).

(18) R. G. Kooser, W. V. Volland, and J. H. Freed, J. Chern. Phys., 50, 
5243 (1969).

(19) L. Hackspill, Proc.Int. Congr. Appl. Chern., 8th, 2, 113 (1912); Ann. 
Chim. Phys. (Paris), 28, 653 (1913); Helv. Chim. Acta, 11, 1026 (1928); 
J. de Postis, Proc.Int. Congr. Pure Appl. Chern., 11th, 5, 867 (1947).

(20) This product is under further investigation.
(21) J. Chaudkuri, S. Kume, J. Jagur-Grodzinski, and M. Szwarc, J . 

Amer. Chem. Soc., 90, 6421 (1968).
(22) M. Szwarc in “ Progress in Physical Organic Chemistry,”  Vol. 6, A. 

Streitwieser and R. W. Taft, Ed., Interscience, New York, N. 1 ., 1968, p 
399.

(23) T. E. Hogen-Esch and J. Smid, J. Amer. Chem. Soc., 88, 307, 318 
(1966).

Reactions analogous to those of Scheme III are 
known in cases where the hypothetical cyclic dianion 
(analogous to 16) or dimeric dianion is removed from the 
presumably dynamic but unfavorable equilibrium by 
loss of hydride ion, by protonation, or by protonation 
and further reduction. Thus benzil dianil undergoes 
cyclodehydrogenation with lithium in THF to produce 
the dianion of 9,10-dianilinophenanthrene and lithium 
hydride,24 benzil is converted into phenanthrenequi- 
none trianion radical (and KH?) by potassium in re
fluxing THF,25 ljl'-bir.aphthyl with lithium in THF 
gives perylene,26 and tetraphenylallene with lithium 
gives a dibenzocycloheptatriene derivative.27 Lithium 
anthracene at high concentration in diethyl ether de
posits a precipitate which when hydrolyzed gives 
9,9',10,10Metrahydro-9,9'-dianthryl in addition to a 
1:1 mixture of anthracene and 9,10-dihvdroanthra- 
cene.28 Electrolysis of phenanthrene in dimethyl- 
formamide gives 9,9',10,10'-tetrahydro-9,9'-biphenan- 
threne.29 The reaction of naphthalene with sodium in 
the presence of amines yields numerous products, in
cluding products of reductive dimerization.30

Reaction of 2-Chloro-l,l,l-triphenylethane with Cs- 
K-Na Alloy. —In view of the fact that 4-chloro-1,1,1- 
triphenylbutane and 5-chloro-l,1,1-triphenylpentane 
react with cesium alloys in THF at low temperature to 
give primarily the corresponding hydrocarbons with
out rearrangement of carbon skeleton when excess of 
alloy is avoided, it was of interest to know if 2-chloro-
1.1.1- triphenylethane behaves likewise. Reaction of 
the latter chloride with about the theoretical amount 
of Cs-K-N a alloy at —65° in THF, followed by car- 
bonation, gave some 35% yield of 2,2,3-triphenyl- 
propanoic acid and 4.6% of 1,1,1-triphenylethane, with 
unreacted chloride constituting most of the remainder. 
Thus 2-chloro-1,1,1-triphenylethane, unlike its two 
higher homologs, with cesium alloy gives mostly the 
rearranged carbanion just as had been found previously 
with sodium31 in dioxane and with potassium4 in THF 
or 1,2-dimethoxyethane. The failure to obtain pre
dominant phenyl migration in reactions of 4-chloro-
1.1.1- triphenylbutane and 5-chloro-l, 1,1-triphenyl- 
butane with alkali metals under conditions where 2- 
chloro-l,l,l-triphenylethane gives predominantly prod
ucts of phenyl migration must be ascribed to some, un
favorable structural characteristics of the higher homo
logs.

Summary and Conclusions

Rearrangements involving 1,4 and 1,5 migration of 
phenyl have been observed in the present reactions of
4-chloro-l,l,l-triphenylbutane and of 5-chloro-l,1,1- 
triphenylpentane with cesium alloys; however, such 
rearrangements did not constitute more than about

(24) E. J. MacPherson and J. G. Smith, Chem. Commun., 1552 (1970).
(25) N. L. Bauld, J. Amer. Chem. Soc., 86 , 3894 (1964).
(26) J. J. Eisch, “ The Chemistry of Organometallic Compounds, The 

Main Group Elements,”  Macmillan, New York, N. Y., 1967, p 24; M. H. 
Hnoosh and R. A. Zingaro, J. Amer. Chem. Soc., 92, 4388 (1970).

(27) P. Dowd, Chem. Commun., 568 (1965).
(28) H. J. S. Winkler and II. Winkler, J. Org. Chem., 32, 1695 (1967).
(29) S. Wawzonek and D. Wearring, J. Amer. Chem. Soc., 81, 2067 (1959).
(30) E. J. Eisenbraun, R. C. Bansal, D. V. Hertzler, W. P. Duncan, P. 

W. K. Flanagan, and M. C. Hamming, J. Org. Chem., 35, 1265 (1970); R. 
C. Bansal, E. J. Eisenbraun, ar.d P. W. K. Flanagan, J. Amer. Chem. Soc., 
8 8 , 1837 (1966).

(31) E. Grovenstein, Jr., ./. Amer. Chem. Soc., 79, 4985 (1957).



10% of the total reaction under any of the conditions 
studied. A more important reaction was reduction to 
the corresponding hydrocarbon, 1,1,1-triphenylbutane 
and 1,1,1-triphenylpentane, respectively. Both the 
rearrangement and reduction are interpreted (see 
Scheme IV) as proceeding by way of the same initial
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Scheme IV

Ph3C(CH2)„Cl ^  Ph3C(CH2)„M — * Ph3C(CH2)„H
18a, re =  1 19

b, n =  3
c, n =  4

J

M +l> < 1

— »  Ph2CM(CH2)„Ph 
22a-c

Ph2C------ (CH2)„
21a-c

unrearranged organometallic compound 18, although 
only for 18a and 18b where M = Li has direct evidence 
been obtained (results of carbonation). It is at first 
sight surprising that 18b and 18c do not undergo cycli- 
zation in better yield than 18a, since w-aminoalkyl 
bromides32 undergo cyclization considerably more 
readily to five-membered rings and somewhat more 
readily to six-membered rings than to three-membered 
rings.33 In 18a, however, the triphenylmethyl group is 
considerably closer to the anionic charge than in 18b and 
18c; since this group is expected34 to help stabilize the 
carbanion and should stabilize more effectively the 
closer to the anionic center, the order of expected stability 
is 18a >  18b >  18c. The more stable the carbanion 
the more slowly it should be protonated by THF to 
give 19 and so the more time it should possess for 
cyclization to 2 1 . Implicit in this argument is the 
assumption that the reaction leading to 19 is retarded 
more by the triphenylmethyl group than that to 2 1 . 
Another factor favoring the more ready rearrangement 
of 18a than of 18b or 18c is that in conversion of 18a 
to 2 1 a there is probably some relief of steric compression 
among the phenyl groups.35 On the other hand, in 
going from 18c to 2 1 c, a phenyl group and a portion of 
the cyclohexadienyl group are placed at axial positions 
on the cyclohexane ring formed on cyclization. Com
plications such as these are missing in cyclization of 
simple ca-arni no alkyl bromides which, therefore, do not 
serve as good models for the present system.

Liquid alloys of cesium10-11 with potassium and 
sodium have apparently not been used previously in 
reaction with alkyl halides and hydrocarbons. These 
alloys permit reactions of alkali metals to be run rap
idly and conveniently at low temperature; we believe,

(32) G. Salomon, Helv. Chim. Acta, 16, 1361 (1933); 17, 851 (1934).
(33) For trimethylsilyl migration, however, it has been observed that 1,2 

migration in silylhydrazide anions occurs more readily than 1,4 migration in 
etilylethylenediamine anions, while 1,4 migration in the more rigid silyl-o- 
phenylenediamine anions approaches that of silylhydrazide anions [R. 
West, M. Ishikawa, and S. Murai, J. Amer. Chem. Soc., 90, 727 (1968); H. 
F. Stewart, D. G. Koepsell, and R. West, ibid., 92, 846 (1970)].

(34) Some idea about the effectiveness of the triphenylmethyl group in 
stabilization of anions is provided by the relative rates (statistically cor
rected) of cleavage from quaternary nitrogen by sodium in liquid ammonia; 
for PhsCCHs, PhsCCHaCH«, and CH3 the relative rates are 10,000:92:1 
[E. Grovenstein, Jr., and L. C. Rogers, J. Amer. Chem. Soc., 86 , 854 (1964)].

(35) E. Grovenstein, Jr., and L. P. Williams, Jr., J. Amer. Chem. Soc., 83, 
2537 (1961).

therefore, that they may find considerable application. 
In the present work, use of Cs-K-N a alloy has per
mitted the discovery that 1,2 and 1,5 migration of 
phenyl are rapid even at —65° in the 2,2,2-triphenyl- 
ethyl and 5,5,5-triphenylpentyl anions. What may 
prove to be a more important discovery, and to us was 
unexpected, is that 1,1,1-triphenylalkanes and 1,1- 
diphenylalkanes15 undergo reductive cyclization by 
Cs-K-N a alloy at low temperature to novel dianions 
of unique stereochemistry. The synthetic utility of 
low-temperature reductions effected by cesium alloys 
appears to be great and to offer exciting opportunities 
for future investigation.

Experimental Section36
Materials.— 9-n-Butyl-9-phenylfluorene, mp 99.0-99.5° (re

ported37 mp 98-99°), was prepared by reaction of the potassium 
salt of 9-phenylfluorene with w-butyl bromide in diethyl ether. 
Cesium metal (99.9+%) was obtained from MSA Research Corp. 
in sealed glass ampules. Cesium-potassium-sodium alloy was 
of composition (g-atom % ) 47.4% K , 40.8% Cs, and 11.8% Na, 
corresponding to the minimum melting alloy;11 this alloy was 
conveniently prepared by warming suitable proportions of the 
alkali metals under a nitrogen atmosphere and was stored in a 
tightly sealed glass-stoppered ampule under pentane. 1,1-Di- 
phenylbutane was prepared by reaction of diphenylmethylpotas- 
sium in liquid ammonia with 1-bromopropane. 2,2-Diphenyl- 
pentanoic acid, mp 153-154° (reported38 39 mp 155.5°), was made 
by saponification of methyl 2,2-diphenylpentanoate, which was 
prepared by reaction33 of the potassium salt of methyl diphenyl- 
acetate with «-propyl bromide in liquid ammonia-ether solution.
l,l-Diphenyl-l,2,3,4-tetrahydronaphthalene, mp 125-126°, was 
obtained (25% yield) by treatment of 1,1,4-triphenylbutanol-l 
with cold 92% sulfuric acid.7 9-Methyl-9-phenylfluorene, mp 
85-87° (reported40 41 mp 86-86.5°), was prepared12,41 by metala- 
tion of 9-phenylfluorene with KNH2 in liquid ammonia followed 
by reaction with an ethereal solution of methyl iodide. Methyl 
triphenylacetate, mp 188-189° dec (reported42 mp 184-185°), 
was prepared by reaction of triphenylaeetic acid with diazo
methane. 9-Phenylfluorene, mp 148-150°, was prepared from 
triphenylearbinol by the procedure of Kliegl.13 1,1,1-Triphenyl- 
butane, mp 78-80° (reported43 mp 79°), was prepared by reaction 
of n-propylmagnesium bromide with triphenylchloromethane in 
diethyl ether. 1,1,4-Triphenylbutanol-l, mp 74-75° (reported44 45 46 
mp 74-75°), was prepared by addition of 3-phenylpropyllithium 
to benzophenone in THF (65% yield) and by addition of 3- 
phenylpropylmagnesium chloride to benzophenone in diethyl 
ether (76% yield). 1,1,1-Triphenylethane was prepared by the 
procedure of Gomberg and Cone.41,45 1,1,1-Triphenylpentane, 
mp 59.5-61.0° (reported87,46 mp 60-61°), was prepared by hydrol
ysis of the Grignard reagent prepared from 5-ch loro-l,l,l-tri- 
phenylpentane.

General Procedure for Alkali Metal Reactions.— Reactions 
with alkali metals were normally conducted in a 500-ml Morton 
flask equipped with a Morton high-speed stirrer,47 a condenser,

(36) Melting points are uncorrected. Proton magnetic resonance (nmr) 
spectra were obtained at 60 MHz on a Varian A-60D spectrometer and at 
100 MHz on a JEOLCO 4H100 spectrometer and were taken relative to 
tetramethylsilane as an internal standard. Ultraviolet spectra were deter
mined on a Cary Model 14 spectrometer and infrared spectra on a Perkin- 
Elmer Model 237 Infracord. Mass spectra were run on a Varian M-66 mass 
spectrometer. Elemental analyses were performed by Galbraith Labora
tories, Inc., Knoxville, Tenn.

(37) H. Gilman and B. Gaj, J .  Amer. Chem. Soc., 82, 6326 (1960).
(38) A. L. Mndzhoyan, G. T. Tatevosyan, S. G. Agbalyan, and R. K. 

Bostandzhyan, Dokl. Akad. Nauk Arm. SSR, 28, 11 (1959).
(39) Cf. W. G. Kenyon, R. B. Meyer, and C. R. Hauser, J. Org. Chem., 

28, 3108 (1963).
(40) P. M. G. Bavin, Can. J. Chem., 38, 882 (1960).
(41) We are indebted to Mr. Ronald H. Carter for this preparation.
(42) K. Bowden, N. B. Chapman, and J. Shorter, J. Chem. Soc., 3372 

(1964).
(43) M. Gomberg and L. H. Cone, Chem. Ber., 39, 2957 (1906).
(44) M. S. Kharasch and S. Weinhouse, J. Org. Chem., 1, 209 (1936).
(45) M. Gomberg and L. H. Cone, Chem. Ber., 39, 1466 (1906).
(46) J. Cason and F. J. Schmitz, J. Org. Chem., 26, 1293 (1960).
(47) A. A. Morton and L. S. Redmon, Ind. Eng. Chem., 40, 1190 (1948)
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a thermometer well, and a dropping funnel. The flask was flame 
dried under a stream of dry nitrogen and all reactions were con
ducted under an atmosphere of nitrogen. For reactions of cesium 
and its alloys the entire apparatus was contained in a glove box 
under a nitrogen atmosphere in order to reduce fire hazards in 
working with these readily oxidizable metals. Tetrahydrofuran 
(THF) was stored over sodium wire and freshly distilled into the 
reaction flask from sodium aluminum hydride under a nitrogen 
atmosphere before use. In runs with liquid alkali metals, the 
THF was stirred with the molten metal (at 40-65°) for normally 1 
hr before addition of alkyl halide; this procedure ensured both 
that the solvent was freed of impurities and that the alkali metal 
was finely divided.

4-Chloro-l,l,l-triphenylbutane.— This compound has pre
viously been reported,48 but without details, from reaction of 
triphenylmethylsodium with l-bromo-3-chloropropane. Tri- 
phenylmethylsodium,49 prepared from sodium amalgam (12.7 g 
of Na, 524 g of Hg) and triphenylchloromethane (69.7 g, 0.250 
mol) in 340 ml of anhydrous ether, was siphoned under nitrogen 
from the mercury and added with stirring over a 10-min period 
to 440 ml of l-bromo-3-chloropropane at 12 ±  3°. The red 
color of the triphenylmethylsodium was discharged almost im
mediately upon contact. The solution was filtered and the ether 
and excess bromochloropropane were removed finally in vacuo 
at a bath temperature of 64°. The remaining light yellow crystals 
(51 g, 64% yield based on triphenylchloromethane) had mp 125- 
170°. Itecrystallization from acetone and subsequent vacuum 
sublimation (at a bath temperature up to 150°) gave 26.3 g of 
crystals, mp 129-131.5°. The analytical sample was recrystal
lized again from acetone to give colorless needles, mp 130.5- 
131.5° (reported48 mp 130°).

Anal. Calcd for C22H21C1: C, 82.35; H, 6.60; Cl, 11.05. 
Found: C, 81.92, 81.89; H, 6.59, 6.53; Cl, 11.29, 11.25.

During the purifications of the above chloride, 2.3 g of a sub
stance of mp 164-167° and 3.6 g of a substance of mp 205-230° 
were obtained. In another preparation similar to the above but 
from 238 g of triphenylchloromethane, the product after one 
recrystallization from acetone amounted to 166 g (69% yield), 
mp 115-131°; a second recrystallization from acetone gave 120 g 
of 4-chloro-l,l,l-triphenylbutane, mp 129-131°.

This product was also similarly prepared by reaction of tri
phenylmethylsodium (from 69.7 g of triphenylchloromethane) 
with 400 ml of 1,3-diehloropropane. After filtration and re
moval of solvent and 1,3-diehloropropane in vacuo, oily crystals 
were obtained; these were washed with n-pentane to give 23 g 
(29% yield) of product, mp 122-125°. Further purification 
yielded a product identical (mixture melting point and ir spectral 
comparisons) with that from l-ehloro-3-bromopropane.

9-Phenyl-9-ra-propylfluorene (9a).— To a solution of potas
sium amide, prepared from 2.86 g (0.0733 g-atom) of potassium 
in 200 ml of liquid ammonia, was added 1.67 g (6.89 mmol) of 
9-phenylfluorene in 100 ml of diethyl ether. The brown-yellow 
solution was stirred at reflux for 1 hr and then 7.5 ml (0.082 mol) 
of n-propyl bromide was added. Since there was no obvious 
color change after 2 hr of stirring, 100 ml more of ether was 
added and the ammonia was allowed to evaporate. Additional 
n-propyl bromide (10 ml) was added and the solution was stirred 
for 2.5 hr before addition of excess ammonium chloride. The 
usual work-up gave 1.63 g (84% yield) of light yellow crystals 
which after washing with petroleum ether (bp 30-60°) amounted 
to 0.90 g of white solid, mp 112-115°. Two recrystallizations 
from ethanol gave crystals, mp 115.5-116.5°.

Anal. Calcd for C22H20: C, 92.91; H, 7.09. Found: C, 
92.78; H, 7.25.

5,5,5-Triphenylpentanenitrile.— Into a flask was placed 2.00 g 
(6.05 mmol) of 4-chloro-l,l,l-triphenylbutane, 0.47 g (9.6 mmol) 
of sodium cyanide, 0.92 g (6.1 mmol) of sodium iodide, and 180 
ml of dimethyl sulfoxide.50 The flask was stoppered and stirred 
with a magnetic stirrer at room temperature for 10 days. After 
filtration the reaction mixture was poured into 100 ml of water. 
The solid which formed was removed by filtration, washed with 
100 ml of water, and dried to give 1.80 g (95% yield) of nitrile, 
mp 147-149°. Two recrystallizations from acetone gave white 
crystals, mp 149-150°.

(48) J. C. Charlton, I. Dostrovsky, and E. D. Hughes, Nature {London), 
167, 986 (1951).

(49) W. B. Renfrow, Jr., and C. R. Hauser in “ Organic Syntheses,” 
Collect. Vol. II, A. H. Blatt, Ed., Wiley, New York, N. Y., 1943, p 607.

(50) Cf. A. C. Cope and A. S. Mehta, J. Amer. Chem. Soc., 86 ,  5626 
(1964).

Anal. Calcd for C23H21N : C, 88.70; H, 6.80; N , 4.50. 
Found: C, 88.15; H, 6.90; N , 4.71.

5.5.5- Triphenylpentanoic Acid.— A solution of 2.86 g (9.20 
mmol) of 5,5,5-triphenylpentanenitrile and 1.58 g of potassium 
hydroxide in 95 ml of ethylene glycol was heated at reflux for 12 
hr. After the usual work-up there was obtained 2.85 g (97% 
yield) of white solid, mp 222-225°. The product, after recrystal
lization from benzene, sublimation in vacuo (20 p, bath at 190°), 
and recrystallization from ethanol, had mp 225-227.5° dec.

Anal. Calcd for C23H220 2: C, 83.60; H, 6.71. Found: C, 
83.53; H, 6.69.

A compound, mp 222-223°, believed to be 5,5,5-triphenyl- 
pentanoic acid has been reported previously from cleavage of a 
substance thought to be l,l,l,6,6,6-hexaphenylhexan-2-one by 
methanolic potassium hydroxide.51

Methyl 5,5,5-Triphenylpentanoate.— This compound, mp 
97.0-97.7° (from ethanol), was prepared by reaction of the 
corresponding acid with diazomethane.

Anal. Calcd for CMH,„02: C, 83.69; H, 7.02. Found: C, 
83.49; H, 7.04.

2.2.5- Triphenylpentanoic Acid.— To 18.1 g (60 mmol) of 1,1,4- 
triphenylbutanol-1 in 85 ml of anhydrous methanol was added 
0.9 ml of concentrated sulfuric acid. A precipitate rapidly 
formed and after 1 hr at room temperature the contents of the 
flask had completely solidified. The solid was recrystallized from 
methanol to yield,52 after drying in air on the filter, 11.1 g (59% 
of l-methoxy-l,l,4-triphenylbutane, mp 81-82°. Since a 
sample of this ether was found to undergo decomposition (evi
dently loss of methanol to give olefin) on drying in vacuo at 
room temperature, it was used without further purification or 
analysis. This ether, 9.73 (30.8 mmol), in 35 ml of tetrahydro
furan (THF), was added dropwise over a period of 30 min to
2.9 g (74 mg-atoms) of potassium stirred vigorously in 250 ml 
of THF at reflux temperature, according to our general pro
cedure for alkali metal reactions. After 1.5 hr of additional 
stirring, the mixture was forced onto solid carbon dioxide. The 
usual work-up gave 6.7 g (68% yield) of crude acid,53 mp 162- 
168°. After recrystallization from cyclohexane and then chloro
form this acid had mp 168-169.5° dec.

Anal. Calcd for C23H220 2: C, 83.60; H, 6.71. Found: C, 
83.59; II, 6.58.

1,1,4-Triphenylbutane.— Diphenylmethylpotassium was pre
pared in 250 ml of liquid ammonia solution from reaction of 5.45 g 
(32.4 mmol) of diphenylmethane (in 30 ml of ether) with potas
sium amide (from 1.52 g, 38.9 mg-atoms, of potassium) and the 
red organopotassium compound was treated dropwise at reflux 
temperature with a solution of l-bromo-3-phenylpropane in 30 
ml of ether until the red color was discharged. Solid ammonium 
chloride (2.3 g) was added and the ammonia was allowed to evap
orate. The residue was treated with water and extracted with 
ether. The ether extract yielded 7.1 g of oil which by glpc 
analysis contained some 84% of 1,1,4-triphenylbutane and the 
remainder diphenylmethane. After several distillations in vacuo, 
a sample of pure 1,1,4-triphenylbutane was obtained: n27-5D 
1.5838; nmr (CC14) peaks at r 2.89 and 2.93 (15 H, two peaks in 
ca. 2:1 ratio), 6.17 (1 H, triplet, J =  7.5 Hz), 7.43 (2 H, triplet, 
J  =  7.2 Hz), 7.8-8.8 (4 H, multiplet). This compound is vari
ously reported as a liquid,54 ti20d 1.5993, and a solid,55 mp 78-79°; 
attempts to obtain a crystalline product were unsuccessful in our 
hands.

Anal. Calcd for C22H22: C, 92.26; H, 7.74. Found: C, 
92.27; H, 7.72.

Reaction of 4-Chloro-l,l,l-triphenylbutane with Lithium.— In
the usual apparatus was placed 250 ml of THF, 0.63 g (0.090 g- 
atom) of finely cut lithium wire (from Lithium Corp. of America, 
0.05% Na max), and 0.15 ml of methyl iodide. The reaction 
flask was cooled to — 5 ±  5, some 5%  of a solution of 4-ehloro-
1,1,1-triphenylbutane (4.0 g, 12 mmol) in 20 ml of THF was 
added, and vigorous stirring was continued for 2 hr. An addi
tional 0.1 ml of methyl iodide and 5%  of the chloride solution 
was then added and stirring was continued for 1.5 hr, by which 
time the color of the solution was orange. The solution was then 
cooled to —55 ±  5°, the remainder of the chloride was added

(51) F. J. Piehl and W. G .  Brown, ibid., 75 ,  5025 (1953).
(52) Cf. K. Ziegler, K. Richter, and B. Schnell, Justus Liebigs Ann. 

Chem., 443, 177 (1925).
(53) Cf. K. Ziegler, et al., ibid., 473, 27 (1929).
(54) A. D. Petrov and V. M. Vdovin, Zh. Obshch. Khim., 27, 45 (1957).
(55) F. Bergmann, S. Israelashvili, and D. Gottlieb, J. Chem. Soc., 2522 

(1952).
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dropwise, and stirring was continued for 3 hr before the solution 
was forced onto solid crushed carbon dioxide. The next day 
some of the unreacted lithium metal was removed, 200 ml of 
water was added (to decompose the remaining lithium), and the 
THF was removed in vacuo on a steam bath. The aqueous res
idue was acidified with 10% sulfuric acid and extracted well 
with ether. The ethereal phase was extracted with dilute sodium 
hydroxide. The ether phase yielded 3.0 g of neutral material. 
The alkaline solution was acidified with 10% sulfuric acid and ex
tracted with ether. The ether extract, after drying over an
hydrous MgSO*, yielded 1.2 g of crude acid,66 mp 180-230°. 
One recrystallization from benzene gave 0.86 g of acid, mp 222- 
225° dec. Two more recrystallizations from benzene gave 
material, mp 223-224° dec, which gave no mixture melting point 
depression with authentic 5,5,5-triphenylpentanoic acid (pre
pared via the nitrile).

In another run after the usual initiation at —5°, 7.53 g (23.5 
mmol) of 4-chloro-l,l,l-triphenylbutane was allowed to react 
with 0.51 g of lithium in 250 ml of THF with vigorous stirring at 
— 60 ±  5° for 3.5 hr. The reaction mixture was then stirred 
at 0 ±  3° for 2 hr before carbonation. The usual work-up yielded
1.28 g of acid, mp 207-220°. One recrystallization from benzene 
gave 0.50 g of acid, mp 217-223°; a mixture melting point of this 
acid with the 5,5,5-triphenylpentanoic acid obtained in the pre
vious run was not depressed.

In a final run after the usual initiation at — 5°,4-chloro-l, 1,1- 
triphenylbutane (10.0 g, 31.1 mmol) was allowed to react with 
0.64 g (92 mg-atoms) of lithium in 250 ml of THF at —60° for 4 
hr. The reaction mixture was then stirred at 25 ±  2° for 2 hr 
before carbonation. The usual work-up gave 9.1 g of neutral 
material and 0.37 g of acidic material. The acids were meth
ylated with diazomethane before analysis by gas-liquid partition 
chromatography56 57 (glpc). There was obtained (as methyl esters) 
46% of 5,5,5-triphenylpentanoic acid, 17% of a likely iscmeric 
acid at 0.81 times the retention time of 5,5,5-triphenylpetranoic 
acid, and seven acids of lower molecular weight (products of 
pyrolysis or fragmentation); none of the methyl ester of 2,2,5- 
triphenylpentanoic acid could be detected. Analysis (glpc) of 
the neutral material gave 87% of 1,1,1-triphenylbutane, 3%  of a 
substance of 34% longer retention time (likely9 1,1-diphenyl tetra- 
hydronaphthalene), and 10% of 4-chloro-l,],1-triphenylbutane. 
A sample (2.0 g) of the neutral material was distilled in a sub
limation apparatus at 0.01 mm and 103° to give 1.2 g of white 
solid, mp 55-74°. Two recrystallizations from ethanol gave 
0.47 g of compound, mp 77-79°, which was identified as 1,1,1- 
triphenylbutane by comparisons of melting point, mixture melt
ing point, and ir spectra with those of an authentic sample.43

Reaction of 4-Chloro-l,l,l-tnphenylbutane with Potassium.—  
In the usual apparatus was placed 250 ml of THF and 3.44 g 
(0.088 g-atom) of freshly cut potassium. The mixture was 
heated at reflux with vigorous stirring for 50 min and then a 
solution of 10.08 g (31.4 mmol) of 4-chloro-l,1,1-triphenylbutane 
in 70 ml of THF was added over a period of 10 min. On addi
tion of the first portion of halide the solution turned a deep red; 
the final color was like that of bromine. After cooling to room 
temperature in 10 min, the mixture was forced onto a large ex
cess of solid carbon dioxide. A 300-ml portion of absolute 
ethanol was added to destroy any unreacted potassium. The 
next day, solvents were largely removed in vacuo, water was 
added to the residual viscous liquid, and the mixture was ex
tracted with three 200-ml portions of ether. The ether extract, 
after drying over anhydrous MgSO,, yielded 9.5 g of crude, semi
solid neutral material. The aqueous layer, after acidification 
with 10% hydrochloric acid and extraction by ether, yielded 1.08 
g of oily acids. Analysis of the neutral fraction by glpc.57 showed 
the presence of 84% of l,l-diphenyl-l,2,3,4-tetrahydronaphtha- 
lene (7), 14% of 1,1,1-triphenylbutane, and 0.8 and 0.4%  of two 
cleavage products (apparently 1,1-diphenylbutane and triphenyl- 
methane, respectively). Analysis (glpc) of the methyl esters of 
the acids at 284° gave the following products, listed as area per

(56) This yield may be low because the reaction flask was not flame-dried.
(57) The analyses were ordinarily run at about 280° on an F & M Scientific 

Co. Model 810 chromatograph equipped with flame ionization defectors 
with 6 ft X 0.25 in. columns packed with 10% silicone gum rubber (SE-30) 
on 60-80 mesh Chromosorb G (acid washed and silanized with dimethyl- 
dichlorosilane). The analyses are reported as area per cent of total volatile 
constituents; therefore, while these analyses should indicate the correct 
relative amounts of isomers, including compounds differing only in the num
ber of hydrogen atoms, the analyses are ordinarily only of semiquantitative 
significance.

cent (relative retention time, identity of acid): 0.8 (0.38, di- 
phenylaeetic acid); 4.5 (0.52, 2,2-diphenylpentanoic acid), 47 
(0.58), 5 (0.67), 2.7 (1.00, triphenvlacetic acid), 1 (1.62), 5.7 
(1.79, 2,2,5-triphenylpentanoic acid), 28 (2.10), and 5 (2.96). 
A sample of 7.3 g of the neutral material was sublimed at 0.3 
mm at a bath temperature of 102° to give 3.7 g of white solid, 
mp 80-115°. Recrystallization of 1.89 g of this product from 
ethanol gave 1.11 g (indicative of 32% yield based on chloride) 
of product, mp 125-126°; this compound is identified as 7 based 
on melting point, mixture melting point, and ir spectral com
parisons with an authentic sample.7 The nmr spectrum provided 
confirmatory evidence: nmr (CDC13) r 2.8-3.5 (14 H, complex 
multiplet), 7.3 (4 H, overlapping triplets), and 8.3 (2 H, complex 
multiplet). A repetition of this run but with a total reaction 
time of 1.7 hr at reflux temperature gave 7 g of a very complex 
mixture of acids.

Reaction of 4-Chloro-l,1,1-triphenylbutane with Sodium- 
Potassium Alloy.— To sodium-potassium alloy, prepared from 
10.3 g (0.26 g-atom) of potassium and 3.1 g (0.13 g-atom) of 
sodium in 250 ml of THF, was added 10.0 g (31.1 mmol) of 4- 
chloro-1,1,1-triphenylbutane in 70 ml of THF over a period of 40 
min while the solution was stirred vigorously with cooling by an 
ice bath (0°). The red mixture was stirred for an additional 1 hr 
at ice-bath temperature before carbonation. The usual work-up 
gave 3.0 g of neutral material and the remainder acids (ca. 7 g). 
Analysis67 of the neutral material by glpc showed the presence of 
15% of 4-chloro-l, 1,1-triphenylbutane, 32% of 7,9 a trace of
1,1,1-triphenylbutane, and the remainder some five cleavage 
products of which only triphenylmethane (3% ) was identified. 
Analysis of the methyl esters of the acids by glpc at 284° gave 
the following products, listed as area per cent (relative retention 
time, identity): 22 (0.52, 2,2-diphenylpentanoic acid), 38 
(0.58), 16 (0.67), 3.7 (1.00, triphenvlacetic acid), 5.5 (1.79, 2,2,5- 
triphenylpentanoic acid), 12 (2.10).

Reaction of 4-Chloro-l, 1,1-triphenylbutane with Cesium.— 
In the usual apparatus was placed 4.09 g (0.0308 g-atom) of 
cesium metal and 250 ml of THF. Upon stirring the solution de
veloped a pale blue color. After stirring for 35 min at 40 ±  5°,
5.01 g (15.6 mmol) of 4-chloro-l,1,1-triphenylbutane was dusted
into the reaction mixture over a period of 4 min at 33°. A dark 
red color rapidly developed in the solution. Stirring was con
tinued for 11 min more at 40° before carbonation. The usual 
work-up gave 1.22 g of acids and 4.0 g of crude neutral product. 
Analysis57 of the methyl esters of the acids by glpc at 284° gave 
the following products, listed as area per cent (relative reten
tion time, identity): 1.6 (0.38, diphenylacetic acid), 6.5 (0.52,
2,2-diphenylpentanoic acid), 3 (0.67), 4.8 (1.00, triphenylacetic 
acid), 26 (1-54), 6.1 (1.79, 2,2,5-triphenylpentanoic acid), 35 
(2.1), 16 (2.8). Analysis of the neutral material by glpc at 274° 
gave (listed as before): 6.7 (0.21), 5.1 (0.40), 45 (1.00, 1,1,1-
triphenylbutane), 35 (1.05, 9a), and 7.8 (1.33, 79).

Reaction of 4-Chloro-1,1,1-triphenylbutane with Cesium- 
Potassium Alloy.— In a run with 1.16 g (0.0297 g-atom) of potas
sium and 3.93 g (0.0296 g-atom) of cesium in 250 ml of THF,
4.45 g (13.9 mmol) of 4-chloro-l,1,1-triphenylbutane in 50 ml of 
THF was added dropwise at —25° over a period of 30 min and 
stirring was continued for 34 min before carbonation. There was 
isolated 4.1 g of a complex mixture of acids, mp 70-160°. The 
acids were converted to their methyl esters with diazomethane; 
some 48% of these esters were volatile in a preparative glpc sepa
ration. The volatile esters via glpc analysis consisted of 10.8% 
of methyl triphenylacetate, 14% of methyl 2,2,5-triphenyl- 
pentanoate, and the remainder of seven unidentified esters. 
Methyl triphenylacetate was isolated as crystals, mp 187-189°, 
and was shown to be identical (melting point, mixture melting 
point, nmr spectrum) with an authentic sample. (Methyl 2,2,5- 
triphenylpentanoate, however, was not isolated as a pure sub
stance. A repetition of this run at a temperature of —40 ±  5° 
with 5.9 g of 4-chloro-l,1,1-triphenylbutane (5.9 g of Cs, 1.5 g of 
K ) gave 5.5 g of acids; glpc analysis67 of the methyl esters at 
275° gave the following products, listed as area per cent (rela
tive retention time, identity): 3 (0.40, 2,2-diphenylpentanoic 
acid?), 13.8 (1.00, triphenylacetic acid), 1.2 (1.70), 27.6 (2.14,
2,2,5-triphenylpentanoic acid), 32 (2.60), 5.5 (2.90), 1.8 (3.2),
1.1 (3.6), 1.1 (4.0), 3.9 (4.6), 1.1 (5.2), and 6.8 (6.1).

In another run 12.56 g (39.2 mmol) of 4-chloro-l,1,1-triphenyl
butane in 50 ml of THF was added dropwise over a period of 20 
min to 5.54 g (0.0416 g-atom) of cesium and 1.45 g (0.0371 g- 
atom) of potassium stirred vigorously in 250 ml of THF at — 45 ±  
5°. Stirring was continued for 30 min more before carbonation.
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The usual work-up gave 4.4 g of acids and 7.8 g of neutral prod
uct. Analysis57 of the neutral product by glpc showed that the 
volatile portion consisted of 93% of 1,1,1-triphenylbutane, 3.8% 
of 9a, and 3.0%  of 7 .9 A quantitative glpc analysis showed that 
the neutral product contained 3.7 g (33% absolute yield based 
on starting chloride) of 1,1,1-triphenylbutane. The acid fraction 
consisted of the usual complex mixture; methyl 2,2,5-triphenyl- 
pentanoate constituted 8.5 area %  of the volatile esters, although 
the absolute yield was only 1.4% (based on starting chloride). 
Only about half of both the methyl esters and neutral products 
were glpc volatile in this run.

In another run, 6.12 g (19.1 mmol) of 4-chloro-1,1,1-triphenyl
butane in 40 ml of THF was added over a period of 18 min to
5.72 g (0.0431 g-atom) of cesium and 1.47 g (0.0376 g-atom) of 
potassium (as Cs-K  alloy) stirred in 250 ml of THF at — 42 ±  
2°. Stirring was continued at the same temperature for 40 min 
before addition of 50 ml of methanol to the red solution. The 
usual work-up gave 5.6 g of crude product ; analysis67 by glpc at 
250° showed the presence of the following substances, listed as 
area per cent (retention time in minutes, identity): 4.2 (1.9-9.2, 
six unknown products), 32 (10.5, 1,1,1-triphenylbutane), 30 
(10.9, 9a), 20 (11.5, 8a) and 8 (11.8, 1,1,4-triphenylbutane). 
A 0.257-g portion of the crude product was heated with 0.029 g 
of sulfur in 15 ml of V,A-dimethylformamide at reflux for 5.5 hr. 
After washing with water, the organic fraction was evaporated to 
give 0.195 g of brown tar. Analysis of this tar by glpc showed 
that 8a had disappeared while 9a had increased in amount rela
tive to the other components. In another dehydrogenation pro
cedure,58 59 to 0.209 g of the crude product in 10 ml of m-dibromo- 
benzene at 215° was added dropwise over 5 min 0.16 ml of 2.5% 
(by volume) bromine in m-dibromobenzene and the mixture was 
heated at 215° for 2.5 hr. Analysis by glpc showed again that 
the tetrahydrofluorene had disappeared and more 9a had ap
peared. A similar dehydrogenation was run on another 0.103 g 
of the crude product. The two bromination products were 
combined; solvent was removed in vacuo; and the residue was 
combined with 0.186 g of the product from the sulfur treatment. 
The mixture was distilled in a sublimation apparatus at 100° and 
50 n to give 0.206 g of semisolid product. Recrystallization of 
0.152 g of this product from ethanol gave 0.036 g of crystals, mp 
113-114°; another recrystallization from ethanol gave a pure 
product, mp 115.3-116.0° (9-phenyl-9-n-propylfluorene, 9a).

In a final run 6.65 g (20.7 mmol) of 4-chloro-l,1,1-triphenyl- 
butane in 30 ml of THF was added over a 25-min period to Cs-K  
alloy prepared from 6.39 g (0.0480 g-atom) of cesium and 1.61 g 
(0.0411 g-atom) of potassium in 250 ml of THF at —45° in the 
usual manner, except that ca. 10%  of the halide was prematurely 
added to the flask at room temperature before refluxing the 
solvent with alkali metal. The reaction mixture was then stirred 
at —45 ±  3° for 30 min, allowed to warm to —30°, and then 
forced into 110 ml of methanol at —55°. The mixture was 
neutralized with 5%  hydrochloric acid. The usual work-up 
gave 4.95 g of a colorless oil (another 1.54 g of product was re
covered from the reaction flask). Analysis57 of this oil by glpc 
at 250° gave the following results, listed as area per cent (reten
tion time in minutes, identity): 8.9 (1.9-7.4, four unknown 
compounds), 9.5 (10.5, 1,1,1-triphenylbutane), 55 (10.9, 9a), 15 
(11.5, 8a), 11 ( 11.8 , 1,1,4-triphenylbutane). Since other work 
indicated that the tetrahydrofluorene derivative was generally 
converted to the fluorene on distillation in vacuo, a portion (3.44 
g) of the colorless oil was distilled at 100° and 10 u to give 2.69 g 
of semisolid product. One recrystallization of 1.90 g of this 
material from ethanol gave 0.84 g of crystals, mp 108-114°, and 
mother liquor A. Sublimation of 0.174 g of these crystals at 
100° and 10 n and recrystallization from ethanol gave 0.132 g of 
white crystals, mp 113-115°; after another recrystallization 
from ethanol the melting point was 115.0-115.8°.

Anal. Calcd for Cj.Ho»: C, 92.91; H, 7.09; mol wt, 284. 
Found: C, 93.37; H, 6.76; mol wt (mass spectrum69), 284.

The compound of mp 115-116° gave nmr absorption (CCh) at 
r2.2-3.0 (13 H, complex multiplet), 7.63 (2 H, triplet, J = 7 Hz),
9.28 (5 II, complex multiplet); 266 nm (« 14,300), 294
(5310), 306 (8900). This compound was found to be identical 
with the synthetic sample of 0-phenyl-9-n-propylfluorene (pre

(58) Cf. O. W. Webster and W. H. Sharkey, J. Org. Chem., 27, 3354 
(1962).

(59) We are indebted to the Department of Biochemistry and Nutrition,
University of Pittsburgh, Pittsburgh, Pa., for the mass spectral analysis.

pared from 9-phenylfluorene) on the basis of melting point, mix
ture melting point, ir, and uv spectral comparisons.

The mother liquor A above was evaporated on a steam bath 
and the residue was distilled at 20 u- A 0.285-g portion of the 
distillate was subjected to liquid phase chromatography on 80 g 
of silica gel (E. Merck A.-G ., Darmstadt, Germany, No. 7734) 
in a 2.0 X 60 cm column. Elution with petroleum ether gave 
fractions 3 and 4 (0.15 g), which consisted of a 2 :1  mixture of 
9a and 1,1,1-triphenylbutane, and fractions 8 and 9 (0.050 g), 
which contained some 90% of 1,1,4-triphenylbutane. The iden
tity of fraction 8 was confirmed, after distillation in vacuo, by 
ir and nmr spectral comparisons with the synthetic sample of
1.1.4- triphenylbutane (prepared from diphenvlmethane).

5-Chloro-l,l,l-triphenylpentane.— This compound was pre
pared60 by a procedure analogous to that used for 4-chloro-l,1,1- 
triphenylbutane except that triphenylmethylsodium (from 278.8 
g of triphenylchloromethane) in 1250 ml of diethyl ether was 
added slowly over a period of 2 hr under nitrogen to 500 ml of
1.4- dichlorobutane stirred in a 3-1. Morton flask cooled to —40°. 
After the usual work-up, the oily product was crystallized from 
petroleum ether to give 161 g (48% yield) of crude crystals, mp 
65-73°. Several recrystallizations from acetone gave 84.5 g of 
white crystals, mp 75-78°; after further recrystallization the most 
highly purified sample had mp 79.0-79.6°.

Anal. Calcd for C23H23C1: C, 82.49; H, 6.92; Cl, 10.60. 
Found: C, 82.55; II, 7.12; Cl, 10.14.

6.6.6- Triphenylhexanenitrile.— Into a flask was placed 3.34 g 
(10.0 mmol) of 5-chloro-l,l,l-triphenylpentane, 0.90 g (18 
mmol) of sodium cyanide, 1.75 g (12 mmol) of sodium iodide, 
and 250 ml of dimethyl sulfoxide. The flask was stoppered and 
stirred at room temperature for 12 days. The work-up was like 
that for 5,5,5-triphenylpentanenitrile. There was obtained
2.95 g (91% yield) of nitrile, mp 84.5-86°. After two recrystal
lizations from acetone and sublimation in vacuo, the product had 
mp 85.5-86.5°.

Anal. Calcd for C24H23N: C, 88.57; H, 7.12; N, 4.30. 
Found: C, 88.48; H, 7.20; N , 4.34.

6.6.6- Triphenvlhexanoic Acid.— A solution of 1.55 g (4.8 mmol) 
of 6 ,6 ,6-triphenylhexanenitrile and 0.91 g of potassium hydroxide 
in 40 ml of ethylene glycol was heated at reflux for 9 hr. The 
usual work-up gave 1.50 g (91% yield) of white crystals, mp 
140-142°. Two recrystallizations from benzene yielded product, 
mp 141.5-142.0°. The analytical sample was sublimed twice 
in vacuo (final mp, 141.8-142.7°).

Anal. Calcd for CjtHiiO«: C, 83.68; H, 7.02. Found: C,
83.60; H, 7.03.

1.1.5- Triphenylpentanol-l.— To the Grignard reagent pre
pared from 40.2 g (0.238 mol of 4-phenyl-l-chlorobutane and 6.8 
g (0.28 g-atom) of magnesium in 130 ml of diethyl ether was 
added 30.9 g (0.170 mol) of benzophenone in 125 ml of ether. 
The solution was stirred at reflux for 3 hr and then decomposed 
with 150 ml of saturated ammonium chloride solution. The 
solution was extracted with ether; the ether extract was washed 
with 5%  NaHCOj and dried over anhydrous MgSO,. After 
removal of ether, the residue was washed with hexane to give 25 
g of crude crystals, mp 54-64°. Recrystallization of 14.3 g of 
this product from ethanol gave 5.7 g, mp 78-86°. Recrystalliza
tion further from ligroin (bp 90-120°), with discarding of the first 
crystals which separated and contained benzpinacol, and then 
recrystallization from carbon tetrachloride followed by petroleum 
ether gave 2.2 g of alcohol, mp 84.5-86.0°.

Anal. Calcd for C23H240 : C, 87.28; H, 7.65. Found: C, 
87.06; H, 7.64.

1.1.5- Triphenvlpentane (11).— To 2.0 g (6.3 mmol) of 1,1,5- 
triphenylpentanol-1 in 15 ml of anhydrous methanol was added 
four drops of concentrated sulfuric acid; after some 15 min the 
entire mass solidified and was stored overnight at 0°. The 
precipitate was washed with cold methanol and after drying in a 
desiccator over KOH amounted to 1.24 g of product: mp 61-63°; 
nmr (CCh) peaks at r 2.80 and 2.93 (15 II, two peaks in ca. 2 :1 
ratio), 7.03 (3 II, singlet, CIE.O), 7.3-9.2 (8 II). Since this 
ether appears to be unstable on storage, it was used the next day. 
In the general apparatus for alkali metal reactions was placed 200 
ml of THF and 0.52 g (0.013 g-atom) of potassium and the mix
ture was stirred at reflux for 1 hr. A solution of 1.18 g (3.6 
mmol) of the methyl ether in 10 ml of THF was added over a 
period of 10 min. The solution developed an orange color which

(60) We are greatly indebted to Mr. Carver Anthony Hunt for this 
preparation.

*
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deepened to orange-red. Stirring at reflux was continued for 35 
min longer and then methanol (10 ml) was added. Most of the 
solvent was then removed on a rotating evaporator, water was 
added, and the mixture was extracted with ether. After removal 
of ether, the residue was distilled in vacuo and purified by chro
matography on 100 g of silica gel (E. Merck A .-G ., Darmstadt, 
Germany, No. 7734) with elution by petroleum ether. There 
was separated 0.60 g of an oil which solidified on storage at 0°: mp 
37.0-3*8.0; nmr (CCh) peaks at r 2.89 and 2.93 (15 H, two peaks 
in ca. 2 :1 ratin'), 6.2') (1 H, triplet), 7.49 (2 H ), 7.7-9.0 (complex 
multiplet). The analytical sample was redistilled in vacuo.

Anal. Calcd for C23H24: C, 91.95; H, 8.05. Found: C, 
91.83; H, S.0S.

Reaction of 5-Chloro-l,l,l-triphenylpentane with Potassium.—
In the usual apparatus was placed 230 ml of THF and 2.10 g 
(0.0536 g-atom) of potassium; the mixture was heated at reflux 
with vigorous stirring for 30 min. A solution of 5.98 g (17.8 
mmol) of 5-chloro-l,l,l-triphenylpentane in 40 ml of THF was 
then added dropwise over a period of 20 min. The solution was 
allowed to cool to room temperature over a period of 20 min with 
continued stirring before carbonation of the deep red colored 
solution. The usual work-up gave 0.64 g of acids and 4.69 g of 
neutral material. Analysis® of the methyl esters of the acids by 
glpc at 295° showed the presence of the following substances, 
listed as area per cent (retention time relative to methyl 6 ,6 ,6- 
(riphenylhexanoate): 1 (0.29), 6 (0.32), 67 (0.35), 8 (0.48), 2
(0.67), 3 (0.77), and 3 (1.1). Analysis of the neutral material 
bv glpc at 250° gave the products, listed as area per cent (relative 
retention time): 1.1 (0.29), 18 (0.39), 7.5 (0.63), 11 (0.73), 60
(1.00, 1,1,1-triphenylpentane, 12), 1.7 (1.4). A portion (2.24 g) 
of the neutral material was chromatographed on 180 g of neutral 
aluminum oxide (Merck, reagent grade) with elution by petro
leum ether-benzene; there was separated 0.41 g of product, mp 
59-60°, and another 0.26 g, mp 56-60°. This product was iden
tified as 12 on the basis of melting point and mixture melting 
point comparisons with the hydrocarbon prepared by hydrolysis 
of the Grignard reagent from 5-chloro-l,l,l-triphenylpentane.

Reaction of 5-Chloro-l,l,l-triphenylpentane with Cs-K Alloy. 
— In the usual apparatus were placed 4.20 g (0.0316 g-atom) of 
cesium and 1.14 g (0.0292 g-atom) of potassium in 250 ml of THF. 
The solution was stirred at reflux temperature for 30 min and then 
cooled to —35 ±  2°. To the deep blue solution was added 5- 
ehloro-l,l,l-triphenylpentane (4.53 g, 13.1 mmol) in 30 ml of 
THF over a period of 30 min; the solution developed a deep 
red-brown color like that of bromine and was stirred at —35° for 
an additional 30 min. Some 60% of the solution was then 
forced onto solid carbon dioxide and to the remainder in the flask 
was added 10 ml of methanol over a period of several minutes. 
After the usual work-up the carbonated portion yielded 2.2 g of 
acids and 0.16 g of neutral material. According to glpc analysis57 
of the methyl esters, the acids consisted of some 14 components, 
seven of which, constituting 90 area per cent of the total, were of a 
molecular weight near that of the starting chloride, while the 
remainder were cleavage products. The neutral material from 
the carbonation consisted of some 83% of 12 containing a small 
quantity, evidently, of 9b. The product from the decomposition 
with methanol amounted to 1.7 g. According to glpc at 245° this 
consisted primarily of four components, listed as area per cent 
(retention time in minutes, identity): 30 (9.2, 12), 19 (9.8, 9b), 
35 (11.4, 8b), 6.7 (13.2, 11), along with some 9%  of cleavage 
products of which that of longest retention time (4.6 min) was 
evidently triphenylmethane (ca. 1% ). The nmr spectrum of this 
mixture of hydrocarbons (in CC14) had characteristic absorption 
(complex multiplets) at t 2.87 (aromatic H), 4.28 (vinyl H), and
7.28 (allylie II) in a ratio of 2.2 :1.0:1.0; the high ratio of vinyl 
to aromatic hydrogen suggests that the fluorene 9b, found on glpc 
analysis, was present in the original reaction mixture as the corre
sponding tetrahydrofluorene 8b. We have found that, whereas 
crude 8b can sometimes be distilled at 0.1 mm at a bath tem
perature of 110° without dehydrogenation, yet on standing for 
5 days at room temperature in an open evaporating dish some 
half of the tetrahydrofluorene was dehydrogenated (oxidized?) to 
9b; after 4 more days this dehydrogenation was nearly complete. 
A portion of the product from decomposition with methanol was 
subjected to chromatographic separation on silica gel (elution with 
pentane-benzene); a fraction, which according to glpc was a 
50:50 mixture of 12 and 9b, absorbed at X^°H 266, 294, and 306 
nm, just as found, but at essential!}' half the intensity, for 9a.

A repetition of this run, but after addition of 5 -ch loro-l,l,l- 
triphenylpentane with stirring for 1 hr at 0° (rather than 30 min

at —35°), gave upon carbonation a 39 :61 (by weight) of neutral 
products to acids. Some 90% of both the acids and neutral 
products were products in which one or more of the C-C  bonds 
of the original 1,1,1-triphenylpentane derivative had been 
cleaved.

Reaction of 5-Chloro-1,1,1-triphenylpentane with Cs-K-Na 
Alloy.— In the usual apparatus was placed 4.83 g (0.0363 g- 
atom) of cesium, 1.59 g (0.041 g-atom) of potassium, and 0.20 g 
(0.0087 g-atom) of sodium in 250 ml of THF. The mixture was 
stirred vigorously at reflux for 1 hr, then cooled to —68 ±  2 °, 
and held at this temperature while 4.4-s g (14.4 mmol) of 5- 
chloro-l,l,l-triphenylpentane in 30 ml of THF was added over a 
30-min period. Stirring was continued for an additional 30 min; 
then 10%  of the brown-red solution was forced onto solid carbon 
dioxide; and to the remainde rin the Morton flask was added 
rapidly, through a dropping funnel, 250 ml of methanol. The 
usual work-up of the carbonated portion gave, after esterification 
with diazomethane, 0.50 g of methyl esters and 0.08 g of neutral 
material. Analysis57 of these by glpc at 255° gave products listed 
as area per cent (retention time in minutes, identity): for the
esters, 6 (3.6 and 3.9), 43 (6.4), 17 (7.4), 17 (11.3), and 17 (14.2); 
for the neutral material, >90 (6.3, 12), trace (6.9, 9b). The 
neutral product from decomposition with methanol amounted to
3.71 g; analysis by glpc at 255° gave (similarly listed): ~ 3  (6.3, 
12), 17 (6.9,' 9b), 75 (7.8, 8b), and 5 (9.0, 11). An nmr analysis 
(CCh) upon the crude product from methanol decomposition 
gave characteristic peaks at t 2.84 (aromatic II), 4.25 (vinyl H), 
and 7.25 (allylic H) in a ratio of 1.10:1.00:0.94. The glpc 
analysis, however, leads to a ratio of aromatic to vinyl hydrogens 
of 1.59; evidently all of the fluorene 9b is contained in the original 
product as the tetrahydrofluorene 8b, but the latter dehydro
genates in part under glpc conditions. If this assumption is 
correct, the predicted ratio of aromatic to vinyl hydrogen is 1.05 
(essentially that found). Storage of the CCh solution used for 
nmr analysis for 53 days at 5°, followed by repeated nmr analysis, 
gave the original peaks now in a ratio of 1.80:1.00:1.07 for aro
matic, vinyl, and allylic hydrogen, respectively. The neutral 
product (3.7 g) was chromatographed on 300 g of neutral alumina 
(Merck) with elution by petroleum ether-benzene; there was 
obtained some 1.5 g of a mixture of the fluorene and the tetra
hydrofluorene. A midcut of this (0.41 g) was intimately mixed 
with 0.10 g of 10% Pd on carbon catalyst, put into a sublima
tion apparatus, and heated at 90-110° at 0.01 mm for 8 hr. 
There was sublimed 0.28 g of product, mp 88-90°: recrystalliza
tion from ethanol gave 0.12 g, which after vacuum sublimation 
had mp 97.5-98.0°. This compound was found to be identical 
with an authentic sample of 9-w-butyl-9-phenylfluorene accord
ing to mixture melting point and ir spectral comparisons; the uv 
spectrum was identical with that of 9a.

In four runs similar to that described above (in one of these the 
reaction mixture was jetted into 1200 ml of ice water rather than 
decomposed with methanol) the average yield (glpc) of 11 was 
6 ±  3% , that of 12 was 3 ±  3% , and the remainder was, ac
cording to nmr analysis, primarily 8b, although glpc analysis 
again showed variable quantities of 9b. The yield of hydro
carbons was quantitative in these runs. Distillation at a bath 
temperature of 100° and a pressure of 0.1 mm showed that at 
least 84% of the hydrocarbon was volatile; this dist illation some
times, but not always, converted tetrahydrofluorene partially to 
fluorene according to nmr analysis. For complete conversion of 
tetrahydrofluorene to fluorene, the best procedure found was to 
heat (115°) with and ultimately distil in vacuo from 5%  Pd/C  
catalyst (see above); this procedure converted some 80% of the 
volatile hydrocarbon mixture to 9b according to nmr analysis 
(based on the characteristic peaks of the fluorene at t 2.31 and 
2.38 and the common peak for all aromatics near 2.9). The 
identity of the 1,1,5-triphenylpentane in these runs rests on its 
identity in retention time with an authentic sample in glpc 
analysis on two columns (silicone gum rubber on Chromosorb G 
and Apiezon L on Chromosorb P).

In a further run 5-ehloro-l,l,l-triphenylpentane (3.00 g, 9.0 
mmol) was allowed to react, exactly according to the previous 
procedure, with 1.5 g (0.019 ±  0.002 g-atom) of Cs-K -N a alloy. 
The reaction was terminated by forcing the reaction mixture 
into a large excess of ice water. After extraction with ether, the 
ethereal extract was dried over anhydrous MgSO< and then P>0:,. 
Analysis by glpc indicated the presence of 12 (68% ), 9b (22% ), 11 
(3% ), and 5-chloro-l,l,l-triphenylpentane (6% ). After distilla
tion in vacuo, analysis by nmr indicated the presence of 6%  8b 
and 13% 9b in the distillate. Chromatography of 0.97 g of the
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distillate on 1.50 g of neutral alumina (Merck) with elution by 
petroleum ether-benzene gave, after repeated chromatography of 
mixtures obtained from the first chromatograph, 0.41 g of 12 
(mp 58-60°), whose identity was established by mixture melting 
point, ir, and nmr spectral comparisons with an authentic sample, 
and 0.10 g of 9b (95% pure by glpc), whose identity was confirmed 
by ir spectral comparison with an authentic sample.

Reaction of 1,1,1-Triphenylpentane with Cs-K-Na Alloy.— To 
1.47 g (0.0194 g-atom) of C S -K -N a alloy in 250 ml of THF at 
—60 ±  3° was added over a 3-min period 0.281 g (0.935 mmol) 
of 1,1,1-triphenylpentane in 5 ml of TH F; vigorous stirring was 
continued for 57 min more before decomposition by rapid addi
tion of a large excess of methanol. The usual work-up gave 0.32 
g of crude product, which according to glpc analysis57 contained 
>90%  of a mixture of 9b and 8b (repetitive analyses gave variable 
ratios of these) and traces of 12 and a cleavage product (retention 
time relative to 9b 0.30 at 260°). The nmr spectrum (CCh) 
had complex multiplets at t 2.84, 4.25, and 7.25 in a ratio of 
0.91:1.0:1.1; the ratio of aromatic to vinyl hydrogen here is in 
agreement with a composition of 97% of 8b and 3%  of 12. The 
product was mixed with 0.16 g of 5%  Pd on carbon and subjected 
to slow distillation in a sublimation apparatus at 0.05 mm and a 
bath temperature of 115° for 4 hr. The nmr spectrum of the dis
tillate showed disappearance of all vinylic and allylic hydrogens 
and appearance of characteristic complex multiplets at r 2.31 
and 2.38 and at 2.86 and 2.91 in a ratio of 13:94, as expected for a 
mixture containing 89% of 9b and 11% of 12.

Reaction of 1,1,1-Triphenylethane with Cs-K-Na Alloy. A. 
Preparation of 9-Methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene 
(8c).— The alloy (2.00 ml, 38.8 mg-atoms) was vigorously stirred 
in the usual apparatus with 240 ml of THF at reflux for 1 hr. 
The solution was cooled to —70° (deep blue solution, doubtlessly 
containing some dissolved alkali metal) and a solution of 1,1,1- 
triphenylethane (0.61 g, 2.37 mmol) in 10 ml of THF was added 
dropwise with vigorous stirring over a period of 3 min. The 
solution readily acquired a red color and after 1 hr of stirring at 
— 70° the deep brown-red solution was jetted into a 650-ml slush 
of ice and water. The mixture was concentrated to 200 ml on a 
rotating evaporator, chilled in an ice bath, and filtered to yield 
240 mg of crystals, mp 94-96°. Analysis of these crystals by 
glpc61 on a 6 ft X  '/s in . column packed with 5%  SE-30on 100/120 
mesh Aeropak-30 at 180° indicated that they consisted of about 
97% of a compound identified as 8c and 3%  of a compound 
tentatively identified as 9-methyl-9(2,5-dihydropheny])-2,4a,4b,-
7-tetrahydrofluorene. In another experiment extraction of the 
concentrated aqueous reaction mixture with ether gave a product 
which consisted of >90%  of 8c according to analsysis by glpc. 
Reerystallization from ethyl alcohol gave 165 mg of white crys
tals, mp 96.5-97.5°.

Anal. Calcd for C2oH2o: C, 92.26; II, 7.74. Found: C, 
92.09, 91.93; II, 7.94, 7.87.

This compound exhibited the following properties: nmr 
(CS2) at 60 MHz r 2.85 (5.0 H, multiplet, C6H,—), 4.25 and 4.37 
(6.1 H, complex multiplet, vinylic II), 7.25 (6.2 II, broad multi
plet, allylic H), 8.67 (3.0 II, singlet, CH3- ) ;  at 100 MHz vinylic 
H t 4.26 and 4.37 (6.0 H ), allylic H 7.09 (2.0 H ) and 7.29 (4.2 II); 
X®‘°H 247 nm (« 130), 253 (180), 258 (230), 264 (180), 268 (140); ir 
(KBr pellet) 3010 (m), 2955 (w), 2940 (w), 2900 (w), 2860 (m), 
2825 (m), 2795 (m), 1630 (w), 1595 (w), 1485 (m), 1440 (m), 1360 
cm-1 (m); mass spectrum, molecular ion M + 260, fragments m/e 
245 (M -  CH3), 182 (M -  C6H3 -  H ), 181 (M  -  C6H3 -  2 H), 
167 (M -  CeH, -  CH3 -  H ), 165 (M  -  C6H 3 -  CH5 -  3 H).

B. Preparation of 9-Methyl-9-phenyl-2,4a,4b,7-tetrahydro- 
fluorene-f?,7-d2.— 1,1,1-Triphenylethane (600 mg, 2.32 mmol) was 
again allowed to react with 2.0 ml of C s-K -N a alloy according to 
the previous procedure. This time the red solution was titrated 
at —70° with a 1.2 M  solution of D20  (98.7 atom %  D ) in THF 
until the color changed from red to blue-green (9.9 mmol of D 20  
was consumed; evidently there was much direct reaction of alloy 
with 1)20 ) . The reaction mixture was jetted into 650 ml of ice 
water and then concentrated to 200 ml on a rotating evaporator. 
The mixture was extracted with three 70-ml portions of ether 
and the ether extract was dried over anhydrous MgSCV The 
ethereal solution upon evaporation yielded a light yellow, crystal
line residue which upon recrystallization from ethyl alcohol gave

(61) At the flow rate used under these conditions the following retention 
times in minutes were observed: 1,1.1-triphenylethane, 7.2; 9-methyl-9-
phenylfluorene, 8.5; 9-methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene, 9.6; 
and the compound tentatively identified as 9-methyl-9(2,5-dihydrophenyl)- 
2,4a,4b,7-tetrahydrofluorene, 10.8.

430 mg (71% yield) of crystals, mp 96-97.5°. This compound 
gave nmr absorption in CS2 at 60 MHz at r 2.85 (5.0 H ), 4.25 
(6.2 H ), 7.12 and 7.30 (4.5 H), 8.67 (3.0 H ); at 100 MHz the 
vinylic protons were at r 4.26 and 4.37 (6.0 H) and the allylic 
protons at 7.09 (1.9 II) and 7.35 (2.5 H).

C. Dehydrogenation of 9-Methyl-9-phenyI-2,4a,4b,7-tetra- 
hydrofluorene.— A carbon disulfide solution of a 100-mg portion 
of the above 9-methyl-9-phenyl-2,4a,4b,7-tetrahydrofluorene-
2,7-d.i was intimately mixed with 100 mg of 5%  palladium on car
bon catalyst (from Englehard Industries), the solvent was re
moved in vacuo, and the mixture was heated for 2.5 hr at 100-120° 
under a nitrogen atmosphere. The product was then distilled 
from the catalyst at 0.1 mm with a bath temperature of 100°. 
This oily product, according to analysis by glpc, consisted of 
about 95% 9c and 5%  1,1,1-triphenylethane. The oil was re
crystallized from ethyl alcohol to give crystals of mp 79-81° 
which when mixed with an authentic sample of 9c (mp 85-87°) 
melted at 80-83.5°. The infrared spectrum of this product was 
essentially identical with that of authentic 9c.

Repetition of this dehydrogenation procedure with a protium 
sample of 8c (mp 96.5-97.5°) but with a time of only 2 hr gave 
by glpc analysis a product which consisted of 68% 9c, 6%  1,1,1- 
triphenylethane, and the remainder starling material. The 
presence of 9c in one such dehydrogenation mixture was further 
confirmed by the uv spectrum of the mixture, which showed 
characteristic maxima at 265, 293, and 304 m/t as found for au
thentic 9c.

As a test of the present dehydrogenation procedure a sample of
1.1.1- triphenylethane (0.30 g) in carbon disulfide was mixed with 
0.30 g of the 5% palladium on carbon catalyst, the solvent was 
removed in vacuo, and the mixture was held at 100-110° under a 
nitrogen atmosphere for 3 hr. The product was separated by 
sublimation at 0.1 mm and was shown by glpc analysis to consist 
of only 1,1,1-triphenylethane. This hydrocarbon is, therefore, 
not dehydrogenated to 9c under the present mild conditions.

D. Titration with tert-Butyl Alcohol.— 1,1,1-Triphenylethane 
(600 mg, 2.32 mmol) was allowed to react with 2.0 ml of Cs-K-N a 
alloy in 200 ml of tetrahydrofuran at —70° for 1 hr according to 
the procedure given previously. The deep red solution, while 
being stirred at —70°, was then rapidly titrated with a 0.906 
3 /  solution of (erf-butyl alcohol in tetrahydrofuran to an end 
point changing from red to blue-green. This required 4.98 ml 
(4.52 mmol) of /erf-butyl alcohol (1.95 mol of alcohol per mol of
1.1.1- triphenylethane). In a repetition of this experiment 1.98 
mol of (erf-butyl alcohol was required per mol of 1,1,1-triphenyl
ethane. The reaction mixture was immediately jetted into ice 
water. Analysis of the product by glpc showed the presence of 
about 91% 8c and 9%  of a material of slightly longer retention 
time believed to be 9-methyl-9(2,5-dihydrophenyl)-2,4a,4b,7- 
tetrahydrofluorene. Recrystallization from ethyl alcohol gave 
a product, mp 95-97°, whose composition (via glpc analysis) 
was, however, the same as before recrystallization.

Repetition of the experiment with 0.300 g (1.16 mmol) of 1,1,1- 
triphenylethane and 1.00 ml (19.4 mg-atoms) of Cs-K -N a alloy 
but with a slow addition of 1.77 g (24 mmol) or (erf-butyl alcohol 
in 10 ml of tetrahydrofuran over a period of 45 min to the initial 
deep red solution, followed by jetting into ice water, gave a 
product which by glpc analysis consisted of about 67% of 8c and 
33 %  of 9-met hyl-9 (2,5-dihydrophenyl )-2,4a ,4b ,7-tet rahydro- 
fluorene. The nmr spectrum in CS2 showed aromatic (t  2.8), 
vinylic (4.15 and 4.25-4.60), and allylic (7.2-7.4) hydrogen peaks 
in a ratio of 1.0:1.9:2.0. A 2:1 mixture of the above tetrahydro- 
fluorene and hexahydrofluorene should give a theoretical ratio of 
1.0:2.1:2.2 for these protons. Dehydrogenation of this product 
with 5%  palladium on carbon at 100-110° for 3 hr gave a mixture 
which consisted of 45% of 1,1,1-triphenylethane and 55% of 9- 
methyl-9-phenylfluorene (glpc analysis). Evidently the hexa
hydrofluorene gives largely 1,1,1-triphenylethane under the 
present conditions of dehydrogenation.

Reaction of 2-Chloro-1,1,1-triphenylethane with Cs-K-Na 
Alloy.— In the usual apparatus was placed 2.0 ml (0.036 g-atom) 
of Cs-K -N a alloy and 200 ml of TH F. The mixture was stirred 
at reflux for 1 hr and then cooled to —65°. A solution of 4.39 g 
(15.0 mmol) of 2-chloro-l,l,l-triphenylethane31 in 25 ml of THF 
was added dropwise over a period of 30 min and stirring was con
tinued for 7 min more at —65° before carbonation of the deep 
brown solution. Quantitative glpc analysis of the product gave 
35% yield of 2,2,3-triphenylpropanoic acid, 2%  yield of a mix
ture of some 10 volatile (as methyl esters) acids, some 4%  of 
nonvolatile acids, 4.6%  of 1,1,1-triphenylethane, 42% of un
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reacted 2-chloro-l,l.l-triphenylethane, and nonvolatile neutral 
products. During the course of work-up of the reaction products 
a crystalline material, mp 151.0-152.5° (from acetone), was iso
lated.

Anal. Calcd for 1:1 compound of CMH 17C1 and C2iH180 2: 
C, 82.74; H, 5.93; Cl, 5.96, average mol wt, 297.5 Found: 
C, 82.59; H ,6.14; Cl, 5.32; mol wt (acetone), 289.

The above analysis is in essential agreement with a 1:1 com
pound of 2-chloro-l,l,l-triphenylethane31 (mp 101.0-101.8°) 
and 2,2,3-triphenylpropanoic acid31 (mp 132.0-133.0°). This 
postulated composition was qualitatively confirmed62 by glpc, 
nmr, uv, and mass spectral analyses.

Registry N o.—8c, 33884-94-5; 9a, 33884-95-6; 11, 
33884-96-7; 4-chloro-l,l,l-tripheny]butane, 33884-97-8;
5-chloro-l,l,l-triphenylpentane, 33S84-98-9; 1,1,1-
triphenylethane, 5271-39-6; lithium, 7439-93-2; potas
sium, 7440-09-7 ; cesium, 7440-46-2 ; sodium, 7440-23-5;

(62) We are indebted to Mr. Thomas H. Longfield for this identification.

1,1,1-triphenylpentane, 13630-39-2; 2-chloro-l,l,l-tri- 
phenylethane, 33885-01-7 ; 5,5,5-triphenylpentane-
nitrile, 33885-02-8; 5,5,5-triphenylpentanoic acid, 
33885-03-9; methyl 5,5,5-triphenylpentanoate, 33885-
04-0; 2,2,5-triphenylpentanoic acid, 33885-05-1; 1,1,4- 
triphenylbutane, 33885-06-2; 6,6,6-triphenylhexane- 
nitrile, 33885-07-3 ; 6,6,6-triphenylhexanoic acid, 33885-
08- 4; 1,1,5-triphenylpentanol-l, 33885-09-5; 9-methyl-
9- phenyl-2,4a,4b,7-tetrahydrofluorene-S,7-do, 33885-10- 
8; 1:1 compound of 2-chloro-l,l,l-triphenylethane and
2,2,3-triphenylpropanoic acid, 33885-11-9.
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/3-Hydroxy ketones, having one of the oxygen-containing functions situated on a five- or six-membered carbon 
ring and the other on a side chain, undergo highly stereoselective Grignard reactions except when chelation is 
sterically inhibited. Thus, 2-a-hydroxyalkyl- (or 2-hydroxy aryl-) cyclopentanones and cyclohexanones yield 
pure diols. cfs-2-Acylcyclopentanols also undergo stereospecific additions whereas similar reactions of trans- 
acylcyclopentanols resulted in poor yields and low stereoselectivity. By contrast, /rares-2-acylcyclohexanols 
reacted stereospecifically and in high yields with Grignard reagents. The results are correlated with the readi
ness of reactants to form chelates.

The preferential formation of a major diastereomer 
in Grignard reactions of open-chain a-hydroxy ketones, 
in which the carbonyl group is adjacent to a chiral 
center, has been explained by the intermediacy of a 
chelate.2 Similar reactions of /3-hydroxy ketones were 
found to be less stereoselective and the results were ex
plained by an “ open-chain”  instead of a “ cyclic”  transi
tion state.3

Grignard reactions of /3-hydroxy ketones in which 
one of the oxygen-containing functions is situated on a 
five- or six-membered carbon ring constitute the present 
study. The purpose of this investigation was to cor
relate the results of reactions (expressed in stereo
selectivity and yields) with the stereochemical readiness 
of the organic substrates to form chelates with the 
metallic ion.

Results

Stereoisomeric cis- and (raws-2-hydroxycyclopentane- 
carboxylic ethyl esters were used for the synthesis of 
several /3-hydroxy ketones in the cyclopentane series. 
The chromatographic separation into cis (la) and 
trans (lb) esters was achieved and therefore the pre
viously used4 procedure via separation of their 3,5-

(1) A portion of this work has appeared in preliminary form: E. Ghera
and S. Shoua, Chem. Commun., 398 (1971).

(2) (a) D. J. Cram and K. R. Kopecky, J. Amer. Chem. Soc., 81, 2748 
(1959); (b) D. J. Cram and D. R. Wilson, ibid., 85, 1245 (1963).

(3) T. J. Leitereg and D. J. Cram, ibid., 90, 4019 (1968).
(4) (a) J. Pascual and J. Castells, ibid., 74, 2899 (1952); (b) H. Baumann, 

N. C. Franklin, and H. Mohrle, Tetrahedron, 23, 433 (1967).

dinitrobenzoates was unnecessary. The difference 
between the chemical shifts of the methylene quartet 
of the ester function in the nmr spectrum proved to be 
a better criterion for the determination of isomeric 
purity than the previous assignment based on the band 
width of the proton adjacent to the hydroxyl group.4b 
Ketols 2 and 3 (Table I) wrere prepared from cis- 
hydroxy ester la by the corresponding Grignard reac
tions followed by Jones oxidation. Six-membered 
homologs 7 and 8 vrere preferentially prepared from 
irans-2-hydroxycyclohexanecarboxylic esters by the 
same sequence. 2-Benzhydrylcyclopentanone 6 was 
obtained by dehydration of hydroxy ketone 2 to 2- 
benzylidenecyclopentanone and subsequent hydro
genation. cis- and irans-2-benzoyl- and -2-acetyl- 
cyclopentanols (20a, 20b, 21a, and 21b, Table II) were 
prepared from m-2-hydroxycyclopentanenitrile and 
MeMgBr or PhMgBr, respectively, followed by the 
hydrolysis of formed imines. Equilibration occurred 
during these reactions and the mixture of cis and trans 
ketols was separated by chromatography. Compounds 
20a and 20b vTere also obtained from the reaction of 
(ran.s-hydroxv ester lb  with PhMgBr (see Experimental 
Section). Stereochemical assignments in this series 
were based on the differences in hydroxyl stretching 
frequencies in the infrared spectra: unlike cis-2- 
aeylcyclopentanols, the trans isomers do not show the 
presence of intramolecular hydrogen bonding (Table
III). Independent synthesis of diols 24a and 27a 
from czs-hydroxy ester la served as an additional proof 
for the cis configuration of compounds 20a and 21a.
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T a b l e  I
G rignard R eactions o f  2-Substituted C ycloalkanones

Reactant

2, Ri = R2 = Ph; R3 = OH
3, Ri —  R2 ■ Me; R3 =  OH
4,5  Ri = Ph; R2 = H; R3 = OH
5, * Ri = R2 = H; R3 = OH
6 , Ri = R2 = Ph; R3 = H

7, R t =  R 2 =  Ph; R3 =  OH
8, h R, -  R2 =  Me; R s =  OH
9, ’ Ri = Ph; R2 = H; R, = OH 

10,* Ri = M e; R2 = H; R3 =  OH

Product0

>—R3R/
'V : ? *c 1 Overall Stereo

Reagent
n  =  1

— (CH,)„ yield, % selectivity, %

MeMgBr 11, R4 = OH; R s Me 68 100
PhMgBr 12, R4 = OH; R 5 - Ph 60 100
MeMgJ 13, R4 = OH; Rs - Me 71 100
PhMgBr 14, r 4 = O H ;R 5 = Ph 32* 100
MeMgJ flSa, R4 = OH; Rs = Me 78* 56*
MeMgBr \ l5b, R4 = Me; R 5 = OH 8H 75/

71 =  2
MeMgBr 16, R4 = OH; Rs = Me 38? 100
PhMgBr 17, R4 OH; Rs = Ph 27*' 100
MeMgBr 18, R4 - OH; Rs = Me 78 100
PhMgBr /  19a, 

\ l9b
R4 = OH; Rs = Ph 54 100

“ Data on reaction conditions and newly prepared compounds are given in the Experimental Section and Table IV ; the limit of de
tection for the minor diastereomer is < 1% . b Pure diastereomer. * Cf. T. Takahashi, A. Kato, and S. Matsuoka, Chem. Abslr., 54, 
4543/(1960). a-Methylbenzyl alcohol and cleavage products were also formed. e For MeMgJ. f For MeMgBr; the values repre
sent per cent of I5a in the epimeric mixture. " Starting material and diphenylmethylcarbinol were also isolated. h J. Wolinsky, M. 
Senyek, and S. Cohen, J. Org. Chem., 30, 3207 (1965). * About 50% of starting material was recovered in variable reaction conditions.
’  Cf. ref 7. k Cf. F. Fries and F. Broich, Chem. Abstr., 53, P7056g (1959). Compound 10 consisted of a diastereomeric mixture 
inseparable by distillation or chromatography, as evidenced by nmr spectroscopy; both products, 19a and 19b, were cis diols (see 
Experimental Section).

T able  II
G rignard R eactions o f  2-Acylcycloalkanols

Reactant Product"
R\ Rv ^..Rlv° r-oH

j i ^ r,
f r 1 1 R'R- Overall Stereo
1---- (CH,)„ Reagent 1---- (CHj)„ yield, % selectivity, %'

n — 1
20a, R  = Ph; R , =  OH; R 2 =  H PhMgBr 24a, R3 =  Ph 72

MeMgBr / 25a, R =  Ph; R 3 =  Me 76 93\26a, R =  Me; R 3 = Ph 6
20b, R  = Ph; R, =  H; R 2 =  OH PhMgBr 24b, R 3 =  Ph 7*

MeMgBr** / 25b, R3 =  Me; R = Ph 16 60
\26b, R =  Me; R3 = Ph 11

21a, R  = M e; Ri =  OH; R 2 =  H PhMgBr 26a, R  =  M e; R 3 = Ph 73 100
MeMgBr 27a, Rs =  Me 70

21b, R = Me; Ri =  H; R 2 =  OH MeMgBr 27b, R3 =  Me 15
n =  2

22a, R = Ph; R, =  OH; R2 = H PhMgBr 28a,* R3 =  Ph 41
MeMgBr 29a, R =  Ph; R, == Me 49 100

22b, R  = Ph; Ri =  H; R2 =  OH PhMgBr 28b,* R3 =  Ph 82
MeMgBr 29b, R  = Ph; R 3 = Me 82 100

23, R = Me; Ri =  H; R 2 =  OH PhMgBr 30b, R =  M e; R3 = Ph 83 100
MeMgBr 31b,* Rs = Me 84

“ The substituents not mentioned in the product are the same as in the reactant. b Values are given for reactions in which a new 
chiral center is formed and represent per cent of the major isomer in the diastereomeric mixture. * All other products from this reaction 
were obtained in about the same yields and by the manner shown for the reaction of lb and PhMgBr (see Experimental Section). d The 
reaction mixture yielded, in order of chromatographic elution, 1-benzoylcyclopentene, 20b, 26b, and 25b. * Cf. ref 21.

All Grignard reactions of hydroxy ketones were car
ried out with excess of reagent and the crude reaction 
mixtures were submitted to tic and nmr analysis. 
Isomeric diols (if present) usually showed chemical- 
shift differences for the methyl proton signals and for the 
protons adjacent to the hydroxyl groups. All diols 
were separated from by-products by column chro
matography.

Hydroxy ketones 2-5 (Table I) afforded pure diols 
to which the cis configuration was assigned on the basis 
of presence of intramolecular hydrogen bonding in the

infrared spectra. Trans diols (e.g., 25b or 26b, Table
III) were devoid of intramolecularly bonded OH.5

In the cyclohexane series, similar reactions of hydroxy 
ketones 7-10 also resulted in the formation of cis diols 
exclusively. The assignment of configuration was 
based on the known preference for trans attack in 2-

(5) The relative large torsional angles for vicinal trans substituents in 
cyclopentanes are responsible for this difference; see E. L. Eliel, N, A. 
Allinger, S. J. Angyal, and G. A. Morrison, “ Conformational Analysis,”  
Wiley, New York, N. Y., 1965, p 203.
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T a b l e  I I I
I n f r a r e d  H y d r o x y l  St r e t c h in g  F r e q u e n c ie s“

Compound Ffree6 ^bonded
3 3623 (sh) 3529 (s)
8 3633 (sh) 3548 (s)

12 3637 (w) 3509 (s)
20a 3646 (sh) 3509 (s)
20b 3629
21a 3537 (br)
21b 3630
25a 3673 (w) 3506
26a 3634 (w) 3526
25b 3630
26b 3611
27a 3635 (w) 3507 (s)

“ Recorded on a Beckman IR-7 spectrophotometer. The con
centration was 0.02 M  in Spectrograde CCl,. b s, strong; sh, 
shoulder; w, weak; br, broad.

substituted cyclohexanones6 and previous observa
tions.7 In variance with compounds 2 and 3, their six- 
membered homologs 7 and 8 reacted in lower yields and 
significant amounts of starting material were recovered. 
The reactions of 2-benzhydrylcyclopentanone (6, de
void of a chelating hydroxyl group) with MeMgl and 
MeMgBr were less stereoselective and the configura
tional assignments of the obtained isomeric alcohols 
15a and 15b were based on nmr evidence (the methine 
proton was deshielded when cis oriented to the hydroxyl 
group).

Grignard reactions of cfs-acylopentanols (Table II) 
were characterized by good yields and high stereo
selectivity. Thus, cfs-2-benzoylcyclopentanol (20a) 
afforded, with MeMgBr, the diol 25a (93% stereo
selectivity), whereas as-2-acetylcyclopentanol and Ph- 
MgBr yielded its diastereomer (26a) exclusively. The 
nmr spectra were in agreement with the shown con
figurations in which the stablest conformation implies 
intramolecular hydrogen bonding and pseudoequatorial 
orientation for the side chain.

In 26a the proton adjacent to the hydroxyl group is 
shielded (5 3.77) owing to the anisotropy of the phenyl 
group (above or below the plane of the aromatic ring), 
whereas in 25a it is not (5 4.64). Conversely, the 
methyl group is relatively nearer to the secondary 
hydroxyl group in 25a (5 1.70) than in 26a (5 1.38).

The corresponding irans-2-acylcyclopentanols be
haved very differently in terms of yields of diols and 
stereoselectivity of reactions. Unlike the cis isomer, 
¿rans-2-benzoylcyclopentanol (20b) afforded with Me
MgBr only small amounts of diastereomeric diols 25b 
and 26b and some of the starting material was recov

(6) G. Di Maio, M. T. Pellegrini, and P. A. Tardella, Ric. Sci., 240 (1968); 
Chem. Abstr., 69, 77064f (1968).

(7) H. E. Zimmermann and J. English, J. Amer. Chem. Soc., 76, 2285
(1954).

ered. The stereochemical assignments for trans diols 
25b and 26b were based on oxidation results and cor
relation with cis diols (Scheme I).

Sch em e  I

Me Me Me

29a 29b

The particular reaction of 20b and PhMgBr afforded 
(in order of chromatographic elution) 1-benzoylcyclo- 
pentene (24%), cis ketol 20a (13%), trans diol 24b 
(8%), and trans ketol 20b (28%). a-Methylbenzyl 
alcohol was also obtained (in amounts varying between 
5 and 20% of the total material) even when the reac
tion was conducted under pure nitrogen.8 The latter 
compound was not detected in an identical reaction of 
20a and its formation might be due to lower reactivity 
of 20b toward PhMgBr.9

In reactions paralleling those of 2-acylcyclopentanols, 
cfs-hydroxy ester la afforded readily the corresponding 
diols whereas trans isomer lb gave results similar to 
those obtained from trans ketols 20b and 21b. Hence 
the conversion, hans-hydroxy ester ->  trans ketol 
takes place normally.

In contrast to iraiis-2-acylcyclopentanols, Grignard 
reactions of ¿rans-2-acylcyclohexanols proceeded with 
complete stereospecificity and very good yields; the pure 
diol (29b) obtained from 22b and MeMgBr was diaster- 
omeric with diol 30b, formed exclusively in the reaction 
of 23b and PhMgBr. The configurational assignment 
for 29b was based on the chemical shift of the proton 
adjacent to the hydroxyl group which showed strong 
shielding (5 3.11) owing to the anisotropy of the phenyl 
group in a hydrogen-bonded conformation. In the 
cis series, 2-benzoylcyclohexanol 22a afforded com
paratively lower Yields of diols. Jones oxidation of 
the diol 29a and correlation with the diol 29b (Scheme
I) proYuded the configurational assignment.

In agreement with the above results, Grignard re
actions of fr<ms-2-hydroxycyclahexanecarboxylic esters 
also afforded significantly higher yields of diols than the 
corresponding cis-hydroxy esters (see Experimental 
Section).

(8) The formation of this compound was reported to occur when ether 
solutions of PhMgBr were exposed to oxygen [e.g., C. Walling and S. A. 
Buckler, ibid., 77, 6032 (1955)].

(9) Free radicals were detected in THF solutions of phenyl ketones in 
presence of PhMgBr and their concentration depended on the concentration 
of reagents. Cf. K. Maruyama, Bull. Chem. Soc. Jap., 37, 897 (1964).
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Discussion

The accepted “ reactant-like”  transition state for 
Grignard additions10 and the stereochemical assign
ments for the products obtained permit the discussion 
of results in terms of cyclic models I-VI. In these 
models a distorted half-chair conformation can prob
ably be assumed for the chelated rings on the basis of 
tetrahedral orientation oof Mg bonds, greater O-M g 
bond distances (2.10 A) and recent conformational 
studies on 1,3 heterocycles.11 Inspection of steric 
models shows that there is a relationship between the 
conformational and configurational properties of re
actants and the stereoselectivity and yields of additions: 
an orientation of C -0  bonds which allows formation of 
chelates with lesser strain and lesser nonbonded inter
actions ensures higher yields and stereospecificity in 
Grignard reactions. Thus, the addition to models 
I and IV is stcreospecific because the “ endo”  approach 
(from below) of the reagent is hindered. By contrast, 
in nonchelated 2-substituted cyclopentanones12 and 
cyclohexanones6 the minor stereoisomeric Grignard 
adduct was usually also formed. Even the pres
ence of a bulky substituent (in compound 6) did not 
prevent the formation of the minor isomer. Recovery 
of starting material from reactions of compounds 7 and 
8 suggests that nonbonded interactions between bulky 
substituents and ring bonds are stronger in chelates 
formed from cyclohexane than cyclopentane deriva
tives13 and therefore tautomeric shifts enable the for
mation of less hindered chelates by enol participation.

The Grignard reactions of stereoisomeric 2-acylcyclo- 
pentanols permitted to establish the difference in be
havior between the isomers able to form chelates and 
those unable to do so. Model II allowed a stereo
selective approach of the reagent (from above) and the 
addition yields were probably enhanced by bond polar
ization. By contrast, addition of reagents to trans-2- 
acylcyclopentanols was inhibited and not stereoselec
tive. Isolation of both 20a and 20b from the reaction

(10) Cf. (a) G. J. Karabatsos, J. Amer. Chem. Soc., 89, 1367 (1967); 
(b) M. Cherest and H. Felkin, Tetrahedron Lett., 2205 (1968).

(11) E. L. Eliel, Accounts Chem. Res., 3, 1 (1970).
(12) J. P. Battioni, M. L. Capmau, and W. Chodkiewicz, Bull. Soc. 

Chim. Ft., 976 (1969).
(13) The intramolecular hydrogen bonding is somewhat stronger in com

pound 3 (i.e., Av is greater) than in compound 8 (Table III).

of ¿rans-2-benzoylcyclopentanol (20b) with PhMgBr 
and the loss of deuterium in the above compounds 
(when deuterated 20b in the a position to the carbonyl 
was used in this reaction) show that the ketone-enol 
equilibrium was shifted toward the enol and the chelate 
(model III) was formed by the flattening of the mole
cule. 1-Benzoylcyclopentene, which was also obtained 
in the above reaction, was not formed under similar 
conditions from the cis isomer 20a where a trans elim
ination would favor its formation. Hence the elimina
tion occurred from complex III.

Participation of two (trans) equatorial bonds in the 
formation of a nonstrained chelate VI ensured stereo
specific high-yield addition to irans-acylcyclohexanols 
by the approach of the reagent from the less hindered 
side (from above). In cis-acylcyclohexanols chelate 
formation involves an axial and an equatorial bond 
(model V) and the lesser stability of a pseudo cis- 
fused bicyclic model is reflected mainly in lower yields 
of diols.

In conclusion, the results obtained indicate the pos
sibility of asymmetric synthesis starting from a variety 
of acylcycloalkanols.14

In open-chain /3-hydroxy ketones the cyclic models 
did not predict the correct addition results and it has 
been assumed that this may be due to the possible lower 
stability of six- than five-membered chelated rings.3 
Present results show however that six-membered 
chelates of /3-hydroxy ketones can be readily formed. 
Hydride reductions of some open-chain /3-hydroxy 
ketones, monosubstituted at the central carbon atom, 
were reported15’16 to be stereoselective owing to attack 
from the less hindered side of a cyclic model, in respect 
to the a substituent. It seems therefore reasonable to 
assume that a cyclic model also predominates in the 
transition state of the reported3 Grignard reactions of
4-hydroxy-4-phenyl-2-pentanone and l,3-diphenyl-3- 
hydroxy-l-butanone, but that the effect bulks of the /3 
substituents, in absence of an a substituent to the car
bonyl group, do not exercise an orienting effect.17 Sub
stitution at the central carbon atom in the presently 
studied /3-hydroxy ketones exercised a decisive orient
ing effect, when chelation was sterically possible.

Experimental Section
Melting points were determined on a Kofler hot-stage micro

scope and are uncorrected. Nmr spectra were obtained on a 
Varian A-60 spectrometer using tetramethylsilane as an internal 
standard and CDCI3 as solvent. Florisil 60-100 mesh was used 
for column chromatography, if not specified otherwise. Silica 
gel Merck (0.05-0.2 mm) was used in columns loaded by the 
“ dry column”  method18 (the components were eluted by the 
standard manner).

Separation of cis- and trans-2-Hydroxycyclopentanecaiboxylic

(14) A stereospecific Grignard addition to l-acyl-2-methoxycyclohexane, 
part of a thebaine derivative, was reported by K. W. Bentley, D. G. Hardy’, 
and B. Meek, J. Amer. Chem. Soc., 89, 3273 (1967). In this particular case 
the approach to one of the carbonyd faces was hindered by’ the presence of an 
etheno bridge in the cyclohexane ring.

(15) J. P. Maffrand and P. Maroni, Bull. Soc. Chim. Fr., 1408 (1970).
(16) S. Yamada and K. Koga, Tetrahedron Lett., 1711 (1967).
(17) The assumption of the authors that the stereoselectivity is predicted 

by an open-chain model was mainly based on results obtained in the reaction 
of 4-hydroxy-4-phenyd-2-pentanone and PhMgBr. Repeating the determina
tion of the OH stretching frequency’ in the infrared spectrum of the above 
hydroxy ketone (in 0.02 M CCU solution), we found only a broad absorption 
between 3480 and 3520 cm -1 which is in complete agreement with a chelated 
(by hydrogen bonding) rotamer.

(18) B. Loev and M. M. Goodman, Chem. Ind. (London), 2026 (1967).
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Ethyl Esters la and lb.— The mixture of stereoisomers4* (10 g) 
was separated by chromatography using the “ dry column” 
method. Elution with pentane and 20% ether afforded first 
the cis isomer la (6.4 g), nmr S 4.20 (q, 2, COOCH2- ,  J  =  7 Hz), 
followed by a few fractions of a mixture of la and lb and then 
pure trans isomer lb (2.6 g), nmr S 4.16 (q, 2, COOCH2- ,  J  =  
7 Hz).

In an alternative preparation of irans-hydroxy ester lb, a mix
ture of irans-2-hydroxycyclopentanecarbonitrile19 (18 g) and 150 
ml of 15% aqueous KOH was refluxed during 4 hr, cooled, washed 
with ether, acidified with 10% HC1, and extracted with ether. 
The ether solution was dried and evaporated in  va cu o , and the 
residue was dissolved in absolute ethanol (150 ml) saturated with 
hydrogen chloride. After 5-hr reflux the solvent was distilled 
in  vacuo  and water was added and the mixture was extracted 
with ether. The residue left after evaporation of the solvent 
was chromatographed as shown above to give S. 2  g of lb.

Grignard Reactions of Hydroxy Esters la and lb. General 
Procedure.— A solution of the hydroxy ester (10 mmol) in 100 
ml of dry ether was added dropwise under nitrogen to the ice- 
cooled solution of the Grignard reagent (PhMgBr or MeMgJ, 80 
mmol in 100 ml of dry ether). The mixture was stirred (4 hr for 
PhMgBr and overnight for MeMgJ) at room temperature, then 
hydrolized with excess of NH4C solution, the organic layer was 
separated, and the aqueous phase was extracted several times with 
ether. The combined ether layers were washed (aqueous NaCl 
solution) and dried (Na2S04), the solvent was evaporated in  
va cu o , and the residue was chromatographed.

The cfs-hydroxy ester la afforded by the above procedure the 
diols 24a20 (71% yield, elution with hexane and 10% ether) and 
27a (73% yield, elution with pentane and 20% ether), respec
tively.

In the reaction of hydroxy ester lb and MeMgJ about 70% of 
the material was not recovered by extraction. Chromatography 
of the residue gave a low yield (11%) of diol 27b (elution with 
pentane and 30% ether).

The residue (2 g) from the reaction of lb and PhMgBr was 
chromatographed on silica by the dry column method and af
forded 0.52 g of 1-benzoylcyclopentene (23% yield, elution with 
pentane and 5% ether), varying amounts of a-methylbenzyl 
alcohol (0.1-0.4 g, pentane and 10% ether), efs-2-benzoylcyclo- 
pentanol (20a, 0.35 g, 14% yield, elution with pentane and 30%  
ether), frans-2-(<x-hydroxybenzhydryl)cyclopentanol (24b, 0.16 g, 
5% yield), and frans-2-benzoylcyclopentanol (20b, 0.64 g, 26%  
yield, pentane and 40% ether). The separation of 24b and 2 0 b 
was completed by repeated chromatography, using as eluents 2 0 %  
benzene and S0% methylene chloride. 1-Benzoylcyclopentene 
had bp 92° (0.5 mm), «“ d 1.564, nmr 56.53 (m, 1, ioi/ 2 =  5 Hz), 
uv max (EtOH) 251 nm (e 16100), ir (CI1C13) 1680 cm“1.

A n a l . Calcd for C12H120 : C, 83.69; H, 7.02. Found: C, 
83.52; H, 7.21.

The previously reported reactions21 of c is - and irares-2 -hydroxy- 
cyclohexanecarboxylic esters with PhMgBr and MeMgl were 
repeated (in conditions shown for la and lb) to determine and 
compare the yields of diols obtained from both stereoisomers. 
ci's-2-(a-Hydroxybenzyhydryl)cyclohexanol (28a) and c is -2 - (a -  
hydroxyisopropyl)cyclohexanol were obtained in 42 and 64%  
yields, respectively (after chromatographic purification), whereas 
the corresponding trans isomers (28b and 31b) were formed in 82 
and 84% yields.

Preparation of Hydroxy Ketones 2 , 3, and 7 (Table I).— The
diol (10 mmol) was dissolved in acetone (25 ml for diols 27a and 
31b) and 75 ml for 24a) and 2.5 ml of Jones reagent was added 
dropwise to the cooled solution (5°). After stirring for 5 min the 
mixture was diluted with water and extracted with chloroform. 
The organic layer was washed (C03HNa and NaCl solutions), 
dried, and evaporated in  vacuo.

Diol 24a (2.68 g) afforded 1.70 g (64%) of 2-(«-hydroxybenz- 
hydryl)cyclopentanone (2), mp 165° (from chloroform ai d hex
ane).

A n a l. Calcd for C18H 180 2 : C, 81.17; H, 6.81. Found: C, 
81.42; H, 6.78.

Diol 27a (1.44 g) afforded, after chromatographic purification, 
0.87 g (61%) of 2-(a-hydroxyisopropyl)cyclopentanone (3): bp

(19) M. Mcmsseron, J. Julien, and F. Winternitz, B u ll . Soc. Chim. Fr., 
878 (1948).

(20) All diols were obtained also from the corresponding hydroxy ketones 
(Table II). Data for new compounds are given in Table IV.

(21) H. E. Zimmerman and J. E. English, J. Amer. Chem. Soc., 75, 2367
(1953).

50-52° (0.3 mm); nMD 1.458; nmr 5 1.19 (s, 3, CH3), 1.41 (s, 3, 
CH3).

A n a l . Calcd for C8H 140 2: C, 67.57; H, 9.93. Found: C, 
67.52; H, 10.12.

Diol 28b (2.8 g) yielded 2.1 g (75%) of 2-(<*-hydroxybenzydryl)- 
cyclohexanone (7), mp 174° (from chloroform and hexane).

A n a l. Calcd for C,»H2„02: C, 81.39; H, 7.18. Found: C, 
81.25; H, 7.05.

2 -(«-Hydroxybenzyl)cyclopentanone (4) was prepared by the 
method reported22 for the six-membered-ring homolog. The 
unreacted cyclohexanone and benzaldehyde were eliminated by 
distillation in  vacuo and the part of the residue which was soluble 
in ether was chromatographed by the dry column method. Com
pound 4 was obtained by elution with pentane and 5% ether, in 
16% yield, mp 60-61°, (from hexane), nmr 5 5.25 (d, 1, CHOH, 
J  =  3 Hz), ir (CHClj) 1735 cm"1.

A n a l . Calcd for Ci2HM0 2: C, 75.76; H, 7.42. Found: 
75.92; H, 7.48.

The diastereomer of 4 (5 4.72, d, 1) was also present in the 
reaction mixture but was not isolated pure.

2 -Benzhydrylcyclopentanone (6 ).— A solution of hydroxy 
ketone 2 (0.78 g) in 50 ml of benzene and 100 mg of p-toluene- 
sulfonic acid were refluxed for 1 hr. The resulting yellow solu
tion was washed (aqueous C 03HNa solution and water), dried, 
and evaporated in  va cu o . 2-Benzylhydrylidenecyclopentanone 
hadmp 116-117° (from hexane).

A n a l . Calcd for Ci8Hi60 : C, 87.06; H, 6.50. Found: C, 
87.31; H, 6.61.

The above compound (0.6 g) in 20 ml of methanol was hydro
genated over palladium on carbon powder. After absorption of 
the calculated volume of gas, the catalyst was removed by filtra
tion and the solvent was evaporated. Chromatography of the 
residue (elution with pentane and 5%  ether) afforded 0.42 g of 6 , 
mp 91-92° (from ether and pentane), nmr 5 4.64 (d, 1, Ph2CH-, 
J  =  5 Hz), ir (CHCls) 1736 cm '1.

A n a l. Calcd for C18H 180 : C, 86.36; H, 7.25. Found: C, 
86.12; H, 7.31.

c is - and irans-2 -Benzoylcyclopentanols (2 0 a and 2 0 b).— The 
reported19 2 -hydroxycyclopentanenenitrile consisted of a stereo- 
isomeric mixture which was separated by chromatography into 
trans isomer (72% of the total, elution with 1:1 pentane-ether) 
and cis isomer (28%, 1:2 pentane-ether). The trans configura
tion of the main isomer was verified as follows. A solution of the 
compound (0.5 g) in 10 ml of ethanol saturated with hydrogen 
chloride was kept at 10° for 48 hr. Evaporation of the solvent 
in  vacuo, warming of the residue with 1 0  ml of water on a water 
bath during 30 min, and extraction with ether afforded the irans- 
hydroxy ester lb (0.32 g). The cfs-hydroxy nitrile did not react 
in the above conditions.

To an ice-cooled solution of PhMgBr (from 10 g of PhBr) in 70 
ml of dry ether was added a solution of 2 -cfs-hydroxycyclopen- 
tanenitrile23 ( 1  g) in 25 ml of benzene and the reaction was con
tinued at roon temperature for 3 hr. Hydrolysis and extrac
tion (as shown for Grignard reactions of esters) yielded a residue 
which was stirred for 45 min at room temperature with a mix
ture of 10% AcOH (10 ml) and 10% HC1 (10 ml). Water was 
then added and the mixture was extracted twice with ether. 
The combined ether layers were washed with aqueous solutions of 
Na2C0 3 and NaCl, dried, and evaporated to give a residue which 
was chromatographed on a silica “ dry” column affording at first 
cfs-2-benzoylcyclopentanol (2 0 a, 130 mg, elution with pentane 
and 30% ether): bp 102° (0.15 mm); to21d  1.556; nmr S 3.60 
(m, 1, COCH-), 4.62 (br, 1, CHOH, wy2 =  6  Hz); ir (CHC13) 
1671 cm“1.

A n a l. Calcd for Ci2HM0 2: C, 75.76; H, 7.42. Found: C, 
75.62; H, 7.38.

irans-2-Benzoylcyclopentanol (20b, 255 mg) was eluted next 
with pentane and 40% ether: nmr 5 3.70 (m, 1, COCH-),
4.56 (br, 1, CHOH, iei/ 2 =  8  Hz); ir (CHC13) 1676 cm-1. The 
oil decomposed when distilled under reduced pressure and was 
characterized as the p-nitrobenzoate, mp 107° (crystallized from 
pentane and ether).

A n a l. Calcd for Ci9Hl;N 0 5: C, 67.25; H, 5.05; N , 4.13. 
Found: C, 67.42; H, 5.12, N, 3.92.

c is - and irans-2-Acetylcyclopentanols (2 1 a and 2 1 b).— The 
cfs-hydroxy nitrile (3 g) was treated with MeMgBr in conditions

(22) D. Vorländer and K. Kunze, B er ., 59, 2079 (1926).
(23) The use of an isomeric mixture of 2-hydroxy nitriles lowered the re

action yields of this reaction.
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T able IV
D a t a  on  th e  Products o f  Grignard R e actio n s

Compd“ Mp or bp (mm), °C Nmr, 8 (ppm) Compd° Mp or bp (mm), °C Nmr, 8 (ppm)
11 116 - 1 1 7 *- 0.95 (s, 3, CH3) 24a 1 1 2 - 1 1 4 ' 4.29 (br, 1, CHOH, w i/ ,  =  8  Hz)
12 1 0 5 - 1 0 6 ' 0.81 (s, 3, CH3), 1.15 (s, 3, CH3) 24b 1 1 9 - 1 2 0 ' 4.23 (br, 1, CHOH, re»/2 =  10 Hz)
13 Î O O - I O I 1̂ 1 . 4 1  (s, 3, CH3), 5 . 1 5  (s, 1 ,  PhCH, 

u n /2 =  3Hz)
25a 7 9 - 8 0 ' 1 .7 0  (s, 3 , CH3), 4 .6 4  (br, 1 ,  CHOH, 

w i/2 =  6  Hz)
14 7 9 - 8 0 6 3.64 (br, 2, CHjOH) 25b 1 0 2 - 1 0 4 ' <i 1 . 5 9  (s, 3 , C H a ) ,  3 .9 7  (br, 1, CHOH, 

wi/2 =  9  Hz)
15a 148-150 (0.25), 

re® d  1.566
0 . 7 7  (s, 3, CH3), 4.04 (d, 1 , PhCH, 

/  =  11 Hz)
26a 1 3 0 - 1 3 2  ( 0 .5 ) ,  

re®D 1 .5 3 4

1.38 (s, 3, CH3), 3.77 (br, 1 , CHOH 
m i/ ,  =  6  Hz)

15b 9 6 -9 7*- 1 .2 0  (s, 3 , CH3), 3 . 7 2  (d, 1 , PhCH, 
J  =  1 2  Hz)

26b 8 0 -8 1*- 1 . 5 6  (s, 3 , C H a ) ,  4 . 1 5  (br, 1 , CHOH, 
wi/i =  9  Hz)

16 1 2 8 -1 2 9 * - 0.74 (s, 3, CH3) 27a 4 4 - 4 5 ' 1.19 (s, 3, C H 3), 1.40 (s, 3, C H a ) ,  

4.47 (br, 1 , CHOH, un/t =  6  Hz)
17 1 1 5 - 1 1 6 * 0.65 (s, 3, CH3), 1.13 (s, 3, CH3) 27b 83*-̂ 1 . 1 7  (s, 3 , C H a ) ,  1 . 2 1  (s, 3 , C H a ) ,  

4 . 1 4  (br, 1 , C H O H ,  w i /2 =  9 Hz)
18 117*- 1.47 (s, 3, CH3), 5.43 (s, 1, PhCH, 

mi/ ,  =  3 Hz)
29a 1 6 6 - 1 6 8 ' 1 . 6 7  (s, 3, CH3), 4 .6 2  (br, 1, CHOH, 

w i/2 =  6  Hz)
19a 976 0.99 (d, 3, CHS, J  =  7 Hz) 29b 128' 1.57 (s, 3, CH3), 3.11 (br, 1, CHOH, 

t»i/ 2 =  13 Hz)
19b 130-132 (0.1), 

re24D 1.545
0.78 (d, 3, CHa, J  =  7 Hz) 30b 108-109' 1.61 (s, 3, C H a ) ,  3.72 (br, 1 , C H O H ,  

•un/ j =  14 Hz)
“ Satisfactory analytical data (± 0 .3% ) were obtained for all compounds reported in the table: Ed. b Crystallized from pentane and

ether. ' Crystallized from hexane and chloroform. d Because of distillation difficulties the oily diol was characterized (melting point 
and elementary analysis) as the secondary mono-p-nitrobenzoate. ' Crystallized from cold pentane. f  Crystallized from ethanol.

shown for the preparation of 20a and 20b. The reaction mix
ture was hydrolyzed with a saturated solution of NH 4C1 and 
stirred with it for 2  hr at room temperature. The organic layer 
was separated and the aqueous layer was extracted with ether. 
Work-up and chromatography as shown previously yielded at 
first 21a (0.22 g, elution with pentane and 30% ether): bp 85- 
8 8 ° (1.5 mm); n 18D 1.468; nmr 8 2.23 (s, 3, CH3), 4.52 (br, 1, 
CHOH, u» / 2 = 7 Hz); ir (CHC13) 1706 cm '1.

A n a l. Calcd for CYH120 2: C, 65.59; H, 9.44. Found: C, 
65.76; H, 9.40.

After a few fractions containing a mixture of 21a and 21b 
(0.28 g), the pure trans isomer 21b (0.52 g) was obtained: bp 
8 6 - 8 8 ° (1.5 mm); re19D 1.465; nmr 8 2.22 (s, 3, CH3), 4.40 (br, 1, 
CHOH,ici/ 2=  13 Hz); ir (CHC13) 1710 cm-1.

A n a l. Calcd for C7Hi20 2: C, 65.59; H, 9.44. Found: C, 
65.72; H, 9.32.

Preparation of 2-Acylcyclohexanols (22a, 22b, and 23).— The
reported19 frares-2 -hydroxycyclohexanecarbonitrile was found to 
consist of 90% trans isomer and 10% cis isomer. The isomers 
were separated as shown for the hydroxy nitriles in the cyclo
pentane series. The trans isomer (5 g) was treated with MeMgBr 
by the procedure used for the preparation of 21a and 21b. The 
product was purified by chromatography on silica (elution with 
pentane and 30% ether) to yield 3.2 g of irons-2-acetylcyclo- 
hexanol (23): bp 73-75° (0.8 mm); re24D 1.472; nmr 8 2.22 (s, 3, 
CH3), 3.83 (br, 1, CHOH, i«i/ 2 =  14 Hz); ir (CHCla) 1700 
cm-1.

A n a l . Calcd for C8H 140 2: C, 67.57; H, 9.93. Found: 
67.73; H, 10.02.

The reaction of trares-hydroxycyclohexanecarbonitrile (5.8 g) 
with an excess of PhMgBr was carried out under conditions 
given for 20a and 20b and afforded irares-2 -benzoylcyclohexanol 
(22b, 2 . 8  g): mp 81-82° (from chloroform and hexane); nmr 8 
3.38 (br, 1, COCH), 4.03 (m, 1, CHOH, toy2 =  21 Hz); ir 
(CHC13) 1672 cm“1.

A n a l. Calcd for Ci3H i60 2: C, 76.44; H, 7.90. Found: C, 
76.28; H, 7.82.

The reaction of cfs-2-hydroxyeyclohexanenitrile (1 g) with 
PhMgBr was carried out under the same conditions except that 
longer exposure to acid ( 2  hr) was needed for the hydrolysis of 
the imine. ets-Benzoylcyclohexanol (22a, 0.46 g) had mp 72- 
73° (from ether and pentane); nmr 8 3.37 (m, 1, COCH), 4.27 
(m, 1, CHOH, u» / 2 =  8  Hz); ir (CHC13) 1676 cm-».

A n a l . Calcd for Ci3H i60 2: C, 76.44; H, 7.90. Found: 
76.18; H, 7.96.

Grignard Reactions of Compounds 2-10 and 20-23. General 
Procedure.— A solution of 10 mmol of ketone in 100 ml of dry 
ether (except the less soluble ketones 2 and 7, which were dis
solved in 2 0 0  ml of benzene) was added dropwise under nitrogen

to an ice-cooled solution of 60 mmol of Grignard reagent in 100 
ml of ether. Ketones 2 0 a and 2 2 b were preferably added at 18°. 
The reaction mixtures were stirred at room temperature for 4 hr 
(except compound 2  which was allowed to react overnight), 
decomposed by an excess of saturated NH 4C1 solution, and ex
tracted with ether in the manner shown for Grignard reactions 
of hydroxy esters. The crude reaction mixtures were analyzed 
by tic, ir, and nmr spectroscopy and then chromatographed on 
silica (dry column method) using pentane and ether as eluent 
mixture. The identical diol fractions (tic) were combined and 
other fractions were also submitted to tic and nmr analysis to 
determine if an isomeric diol was present. Data on newly pre
pared diols are given in Table IV.

The reaction of hydroxy ketone 1 0  ( 1  g, isomeric mixture) with 
PhMgBr in the above conditions yielded a mixture of diols which 
was partly separated by chromatography on silica (elution with 
pentane and 20% ether): diol 19a (65 mg) was followed by 
several fractions containing both isomers (327 mg) and by the 
pure diol 19b (480 mg). Both diols were separately submitted to 
Jones oxidation by addition of the reagent (0.1 ml) to the diol 
(60 mg) in acetone solution (3 ml) at 10°, under nitrogen. Addi
tion of water (after 3-min stirring) and extraction with ether 
afforded in both cases, after chromatography (elution with pen
tane and 15% ether), l-phenyl-c-2-acetyl-r-l-cyclopentanol (35 
mg): mp 67° (from cold pentane); nmr 8 1.88 (s, 3, CH3), 
3.14 (t, 1, COCH); ir (CHC13) 1700 cm“1.

A n a l. Calcd for Ci3H 160 2: C, 77.03; H, 8.31. Found: C, 
76.83; H, 8.26.

The reactions of compound 2 0 b with MeMgBr yielded, in 
addition to diols 25b and 26b, also some 1-benzoylcyclopentene 
and starting material. The reaction of 20b with PhMgBr gave 
results very similar to those obtained in the reaction of the tran s- 
hydroxy ester lb and PhMgBr.

Jones oxidation of Diols 25a, 25b, 26a and 26b.— The corre
sponding diol ( 2 0 0  mg) was dissolved in 5 ml of pure acetone and 
treated with Jones reagent (0.25 ml) as described previously. 
Work-up and chromatographic purification (elution with 20- 
30% ether and pentane) afforded 110-120 mg (about 60% yield) 
of the hydroxy ketone. Some starting material was recovered 
from the column after the product was eluted. Diols 25a and 
25b afforded by the above oxidation the same hydroxy ketone 
(2 /ifi,2 aS)S)-2 -(o:-hydroxy-a-methyl)benzylcyclopentanone, mp 
70-71° (from pentane and ether), nmr S 1.72 (s, 3, CH3), ir 
(CHC13) 1726 cm“1.

A n a l . Calcd for C13H 160 2: C, 76.44; H, 7.90. Found: C, 
76.29; H, 7.82.

Diols 26a and 26b afforded (2E/S,2a'S/?)-2-(a-hydroxy-o:- 
methyl)benzylcyclopentanone, bp 85-87° (0.25 mm), n 20D 1.535, 
nmr 5 1.58 (s, 3, CH3), ir (CHC13) 1724 cm-1.
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Anal. Calcd for C 13H 16O2 : 0 ,76 .44 ; 11,7.90. Found: C, 
76.42; H, 7.78.

Separate oxidations of diols 29a and 29b by the same manner 
provided (2flfl,2aSS)-2-(a-hydroxy-a-methyl)benzylcydohexa- 
none, bp 88-90° (0.4 mm), n^D 1.524; nmr 5 1.64 (s, 3, CH3), ir 
(CHCU) 1698 cm-1.

Anal. Calcd for C„H 1S0 2: C, 77.03; H, 8.31. Found: C, 
76.85; H, 8.36.

Deuteration of irans-2 -Benzoylcyclopentanol (20b).— A solu
tion of 20b (0.6 g) in dimethoxyethane (10 ml), D20  (3 ml), 
and 40 mg of anhydrous NajC03 were refluxed for 16 hr. Extrac
tion with ether and chromatography of the residue on a dry 
column afforded 0.32 g of 2-d1-irans-2-benzoylcyclopentanol 
which was eluted with 40% ether and pentane. Nmr showed no 
chemical shift in the 5 3.5-4.0 region, mol wt 191 (mass spec
trum).

Grignard reaction of deuteriated 20b (0.3 g) with PhMgBr 
by the usual procedure yielded, along with other products, 20a 
(30 mg) and 20b (65 mg) which were separated by dry column 
chromatography as shown for the reaction of lb and PhMgBr. 
The exchange of deuterium on hydrogen was proven by nmr 
analysis and by mass spectral determination of molecular weight 
of 20a and 20b (190).

Registry No.—2 , 32338-46-8; 3, 32338-48-0; 4,
32338-47-9; 6 , 30614-37-0 ; 7, 33831-21-9; 11, 33831-
22-0; 12,33831-23-1; 13 p-nitrobenzoate, 33847-00-6;

14, 33831-24-2; 15a, 33831-25-3; 15b, 33S31-26-4;
16, 33831-27-5; 17, 33831-28-6; 18, 33831-29-7; 19a, 
33872-39-8; 19b, 33831-30-0; 20a, 32346-66-0; 20b 
p-nitrobenzoate, 33831-32-2; 21a, 32435-36-2; 21b,
33830-23-8; 22a, 33830-24-9; 22b, 33830-25-0; trans-23, 
33830-26-1; 24a, 33830-27-2; 24b, 33830-28-3; 25a, 
33830-29-4; 25b p-nitrobenzoate, 33847-01-7; 26a,
33830-30-7; 26b, 33830-31-8; 27a, 33830-32-9; 27b p- 
nitrobenzoate, 33847-02-8; 29a, 33872-40-1; 29b, 33830-
33-0; 30b, 33830-34-1; 1-benzocyclopentene, 21573-
70-6; 2-benzylhydrylidenecyclopentanone, 14636-29-4; 
1 - phenyl- c - 2 - acetyl - r -1 - eyelopentanol, 33830-37-4 ; 
(2E7?,2aSS)-2-(a-hydroxy-a-methyl)benzylcyclopenta- 
none, 33830-38-5; (2j?S,2a£.R)-2-(a-hydroxy-a-meth- 
yl)benzylcyclopentanone, 33830-39-6; (2RR,2aSS)-2-
(a-hydroxy-9-methyl)benzylcyclohexanone,33830-40-9.
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Tricyclic ketone 5 reacts in concentrated sulfuric acid to give rearrangement products 6, 7, 8 , and 9 in a ratio of 
19:32:10:38. Tricyclic ketone 6  is produced by a mechanism involving ring expansion while compounds 7-9 
arise by a route involving initial ring opening of ketone 5. The structures of the rearrangement products were 
rigorously defined.

In the previous paper,1 we reported that tricyclic 
alcohols 1 and 2 rearrange in the heterogeneous medium 
hexane-50% aqueous sulfuric acid to yield compounds 
3 and 4, respectively. In this paper, we describe the

1, R =  H 3 4
2, R =  CH3

acid-catalyzed rearrangement of the parent tricyclic 
ketone, 6-methyltricyclo [4.4.0.027 ]decan-3-one (5).

When ketone 5 is dissolved in concentrated sulfuric 
acid and the resulting solution kept at room tempera
ture for periods ranging from 2 hr to 2 weeks, four iso
meric ketones are produced. These isomeric products, 
subsequently shown to have structures 6-9 (vide infra), 
were each isolated in a pure state by a combination of 
column chromatography and preparative glpc. The 
product analyses from several such runs are tabulated in 
Table I. Control experiments showed that none of the 
products react further when treated with concentrated 
sulfuric acid at 25° for 2 days.

The structures of the four products were assigned on

(1) B. E. Ratcliffe and C. H. Heathcock, J . O rg. C h em ., 37, 531 (1972).

+

the following grounds. Ketone 8 is a known com
pound and was identified by comparison "with an 
authentic specimen.2

Product 9 also exhibits spectral properties char
acteristic of an o./3-unsaturated ketone [vmax 1680 and 
1629 cm-1, \max 238 nm (e 12,200) ]. The pmr spectrum

(2) J. A. Marshall and W. I. Fanta, ibid., 29, 2501 (1964), and references
cited therein.
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T able  I
A cid-C atalyzed  R earrangem ent of K etone 5

Run Reaction time
Reaction 
temp, °C 5

1 2 hr 25 39
2 2 days 25 0
3 1 week 25 0
4 2 weeks 25 0

“ Product analysis by glpc (6 ft X 0.25 in. 10% FFAP at 180°).

-Product analysis, % a-
6 7 8 9 Others

15 23 3 19 0
17 32 16 35 0
19 33 10 38 0
19 32 10 38 1

of this material contains a broad one-proton singlet at 
5 5.65, attributed to a vinyl hydrogen, and a broad 
three-proton singlet at 8 1.07, attributed to a methyl 
doublet broadened by virtual coupling. Hydrogena
tion of 9 in ethyl acetate over palladized carbon affords 
a single product 10 (i-mM 1716 cm-1), the pmr spectrum

of which shows a clean methyl doublet at 8 0.98 with J 
= 6.0 Hz. The cis stereochemistry assigned to the 
ring juncture in 10 is tenuous. Augustine reports that 
A''9-octal-2-one itself gives approximately equal 
amounts of cis- and (rans-2-decalones when reduced over 
palladium in neutral ethanol.3 However, 10-methyl- 
A‘'9-octal-2-one is hydrogenated in neutral medium 
primarily to the cis product.4'5 Base-catalyzed deuter
ium exchange studies showed that compounds 9 and 
10 have six and four enolizable hydrogens, respectively.

Consideration of the above data, along with mechan
istic considerations (vide infra), led us to propose the 
structure shown for compound 9. This hypothesis was 
verified by independent synthesis of 9. Robinson an- 
nelation of 3-methylcyclohexanone with methyl vinyl 
ketone afforded the isomeric enones 11 and 9, along with

+

11 9

a third unidentified product in a ratio of 67:20:13, 
respectively. The major isomer produced in this an
nélation can confidently be assigned the 7-methyl struc
ture 11, since 3-methylcyclohexanone is known to 
undergo base-catalyzed condensations predominantly 
at C-6, rather than C-2.6 The minor a,^-unsaturated 
ketone produced in the annélation reaction is therefore 
assigned the 5-methvl structure 9. Both 11 and 9 are 
assumed to be the thermodynamically more stable iso
mers, with methyl equatorial, since the angular hydro
gen is epimerizable under the conditions of their forma
tion. Structure 9 was also verified by comparison of a

(3) R. L. Augustine, J. Org. Chem., 23, 1853 (1958); 28, 152 (1963).
(4) R. Futaki, ibid., 23, 451 (1958).
(5) F. Sondheimer and D. Rosenthal, J. Amer. Chem. Soc., 80, 3995 

(1958).
(6) See, inter alia, (a) G. Descotes and S. Laurent, C. R. Acad. Sci., Ser. 

C, 265, 1167 (1967); (b) G. Descotes and Y. Querou, ibid., 263, 1231 (1966).

12 9

sample prepared from l-methyl-5-methoxytetralin (12 ) 
by Birch reduction and subsequent hydrolysis of the re
sulting enol ether.7

Ketone 6 was suspected to be a cyclopentanone on the 
basis of its ir spectrum (rmax 1750 cm-1). The com
pound is obviously tricyclic, since it shows no vinyl 
proton absorption in its pmr spectrum, fails to react 
under catalytic hydrogenation conditions, and gives no 
color with tetracyanoethylene. The pmr spectrum 
showed an unsplit methyl resonance at 8 1.17 and a one- 
proton doublet at 8 2.37 (J = 4 Hz). The ketone failed 
to undergo deuterium exchange, indicating the absence 
of an enolizable a hydrogen. The structure of ketone 6 
was revealed when it was treated with potassium tert- 
butoxide in (erf-butyl alcohol at 185° for 1 week. Under 
these conditions, ketone 6 was transformed into ketone 
13 in 84% yield. This transformation requires that 
compounds 6  and 13 be related by a common homo- 
enolate, 14. Since the structure of tricyclic ketone 13

6 14 13

has been rigorously proven,1 the structure of ketone 6 is 
secure. A similar homoenolization has been reported 
by Nickon and coworkers8 in the brexanone-brendanone 
system (15 -► 16). In Nickon’s system, as in ours, the 
endo-bridged isomer predominates at equilibrium.

15 16

The fourth rearrangement product, ketone 7, was 
obtained as a low-melting solid (mp 35-36°). Its ir 
spectrum shows that it is a cyclohexanone with an a- 
methylene group (rmax 1706 and 1410 cm-1). The 
ketone exchanges two hydrogens for deuterium when 
passed through a deuterated glpc column.9 The pmr

(7) W. G. Dauben and J. I. Seeman, unpublished results. We thank Drs. 
Dauben and Seeman for providing us with a sample of their ketone 9 for 
comparison.

(8) A. Nickon, H. Kwasnik, T. Swartz, R. O. Williams, and J. B. Di- 
Giorgio, J. Amer. Chem. Soc., 87, 1615 (1965).

(9) (a) M. Senn, W. J. Richter, and A. L. Burlingame, ibid., 87, 680 
(1965); (b) G. J. Kallos and L. B. Westover, Tetrahedron Lett., 1223 (1967).
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spectrum contains a singlet methyl resonance at 6 1.12  
and a broad three-proton envelope in the region b
2.10-2.42, attributable to hydrogens a to the carbonyl 
group. Mechanistic speculation led to the postulate 
that this material might have the tricyclic structure 
indicated in structure 7, which is also consistent with 
the above data. This hypothesis was confirmed by an 
independent synthesis of the material.

Oxymercuration-demercuration10 of the readily avail
able unsaturated ketal 17n affords a single alcohol 18 in 
90% yield. Compound 18 reacts with p-toluene- 
sulfonyl chloride in pyridine to give the crystalline 
tosylate 19, which is hydrolyzed to keto tosylate 20. 
Evidence for both the position and configuration of the 
tosylate group in 20 was obtained by treating it with 
methylsulfinyl carbanion in dimethyl sulfoxide.12 The 
product obtained from this reaction is a 60:40 mixture 
of octalones 21 and 22.13 The formation of both

20 21 22

+

..OH

u
18

ketone 25 to the desired alcohol 23, we employed various 
Ireland using a different route.17 In order to convert 
hydride reducing agents. All reagents studied give 
mixtures of 23 and 18, with the former predominating 
in each case (see Table II). While lithium aluminum

T a b l e  II
H y d r id e  R ed u ction  o f  K e to  K e t a l  25

,—Product composition, % —-
Reducing agent Alcohol 23 Alcohol 18

LiAlH, 54 46
Li (ieri-BuO )iAlH 70 30
Li (ieri-AmO )3 A1H° 72 28
Li(Et3CO)3AlH» 71 29
Lithium perhydro-9b- 68 32

boraphenalylhydride6
° H. C. Brown and R. F. McFarlin, J. Amer. Chem. Soc., SO, 

5372 (1958). 6 H. C. Brown and W. C. Dickason, i b i d . ,  92, 709 
(1970).

octalones shows that the tosylate group in 20 must be at 
C-6 rather than C-5. Since the tosylate epimeric at 
C-6 is expected to undergo base-catalyzed cyclization 
(vida infra), the stereochemistry shown for 20 (and 
hence alcohol 18) is strongly suggested.

The remarkable selectivity observed in the oxy- 
mercuration of 17 is interesting, although we can offer 
no suitable explanation for it. Hydroboration, a re
action believed to be very sensitive to steric factors, 
converts olefin 17 into a mixture of three alcohols, 18, 
23, and 24. The highly selective hydroborating re-

23 24

agents disiamylborane14 and 9-borabicyclo [3.3.1]- 
nonane15 fail to react with compound 17.

Oxidation of alcohol 18 with bispyridinechromium-
(VI) oxide in methylene chloride16 affords the highly 
crystalline keto ketal 25, previously synthesized by

(10) H. C. Brown and P. Geohagen, Jr., J . A m er . C h em . Soc., 89, 1522 
(1967).

(11) C. H. Heathcock, R. A. Badger, and J. W. Patterson, Jr., ibid., 89, 
4133 (1967).

(12) E. J. Corey and M. Chaykovsky, ibid., 87, 1345 (1965).
(13) C. H. Heathcock and R. Ratcliffe, J .  O rg. C h em ., in press.
(14) H. C. Brown and A. W. Moerikofer, J . A m e r .  C h em . Soc., 85, 2063

(1963).
(15) E. F. Knights and H. C. Brown, ibid., 90, 5280, 5281 (1968).
(16) R. Ratcliffe and R. Rodehorst, J .  O rg . C h em ., 35, 4000 (1970).

hydride gives only a sight predominance of the axial 
alcohol, the more bulky reagent lithium tri-tert- 
butoxyaluminum hydride yields 70% of the axial 
alcohol. Increasing the bulk of the reducing agent still 
further has little effect on the product ratio.

The 70:30 mixture of epimeric alcohols 23 and 18 
was deketalized and treated with p-toluenesulfonyl 
chloride in pyridine to afford the corresponding mixture 
of keto tosylates. The major keto tosylate (26) was 
obtained in pure form by fractional crystallization of the 
mixture of epimers. When keto tosylate 26 is treated 
with 1 equiv of potassium ieri-butoxide in teri-butyl 
alcohol, it is cleanly converted into the tricyclic ketone 
7 (91% yield), identical in all respects with the material 
obtained from rearrangement of ketone 5 (vide supra).

With the structures of the four rearrangement prod
ucts rigorously established, we may now consider 
possible modes for their formation. A probable mecha
nism for formation of the tricyclic ketone 6 is outlined 
in Chart I. Ring expansion of the protonated ketone 
gives the secondary carbonium ion 27, which under
goes a subsequent alkyl migration to ketone 6. As seen 
in Table I, approximately 20% of ketone 5 reacts by 
this ring expansion route.

(17) R. F. Church, R. E. Ireland, and D. R. Shridhar, ibid., 27, 707 
(1962).
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C h a r t  I

w
5 27

Approximately 80% of ketone 5 apparently reacts by 
this ring-opening route.

In an experiment designed to shed further light on the 
hypothetical genesis of products 7, 8, and 9, octalone 
2111 was treated with concentrated sulfuric acid. In

21 8 9

this reaction, octalones 8 and 9 are produced in a ratio 
of 48:52. None of the tricyclic ketone 7 is formed. In 
this case reaction probably occurs by way of keto 
carbonium ions, rather than by way of enolic cations 28, 
29, and 32.

The remaining three products can be rationalized by 
a route involving ring opening of ketone 5 (Chart II). 
The initially formed cation 28 can undergo 1,2-methide 
migration to ion 29, followed by 1,2-hydride migration 
to yield oxomium ion 3 0 .18 Deprotonation of 30 then 
yields octalone 9. Alternatively, ion 28 may undergo
1,3-hydride shift, producing oxonium ion 31. Sub
sequent deprotonation of this species yields octalone 8 . 
When ion 28 undergoes 1,2-hydride shift to ion 32, the 
positive charge may be immediately discharged by 
intramolecular alkylation of the enol grouping. The 
resulting product is tricyclic ketone 7. Precedent for 
such a reaction has been provided by Stork and Grieco.19 
The scheme outlined in Chart II may well be a greatly 
oversimplified version of what actually transpires. We 
have neglected the possibility of intermediate sulfates 
and olefins and the keto forms of ions 28, 29, and 32.

(18) Oxonium ion 30 may also be formed from 29 by a deprotonation- 
reprotonation mechanism.

(19) G. Stork and P. A. Grieco, J . A m e r . C h em . S o c ., 91, 2407 (1969).

Experimental Section
M eltin g  p o in ts  (P yrex  capillary) and boiling p o in ts  are u ncor

rected . In frared spectra (ir) were recorded on  P erkin-E lm er 
137 and 237 spectroph otom eters. P roton  m agnetic resonance 
spectra (pm r) w ere reported on  Y arian  A -60 and T -6 0  spectrom 
eters. L ine positions are given  in the & sca le, w ith  internal 
tetram ethylsilane as standard. T h e  m u ltip lic ity , peak  areas, 
coupling constants, and p roton  assignm ents are g iven  in paren
theses. U ltrav iolet spectra  (u v ) w ere m easured on  a Perkin- 
E lm er 202 spectroph otom eter. C on solidated  21-103c and Varían  
M -66 m ass spectrom eters prov ided  th e m ass spectra . H igh - 
resolution m olecular w eight determ inations were ob ta in ed  on a 
C on solidated  2 1 -110  spectrom eter.

G as liqu id  partition  ch rom atograph y (g lp c) analyses were 
perform ed on  A erograph  M od els  204B , A 9 0 -P , and A 90 -P 3  in
strum ents. Silica G el G  was used fo r  th in  layer ch rom atograph y  
(tic )  and Silica G el P F 254 fo r  preparative t ic . E lem enta l analyses 
were perform ed b y  th e M icroan a ly tica l L a b ora tory , operated  b y  
the D epartm en t o f C h em istry , U n iversity  o f  C a liforn ia , B erkeley , 
C a lif.

Acid-Catalyzed Rearrangement of Ketone 5. A. Analytical 
Runs.— In a ty p ica l run, 1.64 g  o f keton e  5U w as d issolved in  4 
m l o f concentrated  sulfuric a cid . T h e  resulting dark red solu tion  
was p laced  in a stoppered  flask and stirred at room  tem perature 
for 1 w eek . A t the end o f  this tim e, the solu tion  w as pu red  in to  
25 m l o f w ater and the aqueous m ixture w as extracted  w ith  ether 
(2 X  25 m l). T h e  ethereal solu tion  w as w ashed w ith  1 N N aO H  
(2 X  20 m l), dried, and evaporated  to  y ie ld  1 .40 g o f  p rod u ct as a 
pale ye llow  o il. T h e  produ ct w as analyzed  b y  g lp c  (6 ft  X  0.25 
in 10 %  F F A P  on  C h rom osorb  W  at 1 8 0 °). F ou r vola tile  p rod 
ucts w ere present: 1 9%  6 (retention  tim e 6.9 m in ), 3 3 %  7 
(9.6  m in ), 10 %  8 (12.9  m in ), an d  3 8 %  9 (14.1 m in ). S im ilar 
runs were done for periods o f  2  h r, 2 days, and 2 w eeks. T h e  re
sults are collected  in T a b le  I.

B. Characterization of Products.— T o  24.23 g o f  tr icy clic  
keton e 5 in a 125-m l E rlenm eyer flask w as added 50 m l o f con 
centrated sulfuric acid . T h e  flask w as stoppered  and the m ixture 
was stirred for  65 hr a t room  tem perature. T h e  reaction  m ixture 
was pou red  in to  350 m l o f ice -w a ter  and extracted  w ith  ether (2 X  
400 m l). T h e  ether extracts were w ashed w ith  1 N  sodium  
h ydroxide and w ater, and dried over m agnesium  sulfa te. T h e  
ether was rem oved  b y  rotary  evap oration  to  a fford  19.98 g  o f 
brow n  oil. T h e  oil was chrom atograph ed  on  1.75 k g  o f  S ilicA R  
C C -7  to  w hich  1 0%  w ater had been add ed . T h e  colu m n  was 
eluted w ith  m ixtures o f  ether in pentane ranging from  2 .5 %  
ether to  8%  ether. A  to ta l o f  1496 fraction s o f  20 m l each  were 
collected . E v ery  ten th  fraction  was m on itored  b y  b o th  tic  and 
g lp c (150 ft  X  0.01 in . SF -96 a t 145°).

F ractions 397-416 were foun d  to  contain  1.069 g o f  a single 
com pound, 6 . A n  analy tica l sam ple, m p 8 1 -8 3 ° , was obtained  
after tw o  sublim ations a t 40 ° (0.1  m m ): ir (C C L ) 1750, 1467, 
1443, 1380, 1075 cm ” 1; pm r (CC1,) S 1.17 (s, 3, bridgehead M e ), 
2 .37 (d , 1,J  =  4 H z, bridgehead H ).

Anal. C aled  for  C nH 160 :  C , 80 .44 ; H , 9 .82 . F ou n d : 
C , 80 .28 ; H , 9 .79.

T h e  2 ,4 -d in itroph enylhydrazon e m elts at 132-134° a fter tw o 
recrystallizations from  9 5 %  eth anol.

F ractions 558-652 were foun d  to  con ta in  2.073 g o f a single
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com pou nd, 7, b y  g lp c. T h is  m aterial was distilled through a short- 
path  m icrostill to  g ive  7 as a w ater-w hite, low -m elting solid, 
bp  50° (0 .3  m m ). T h e  analy tica l sam ple was ob ta in ed  as color
less p lates, m p  3 5 -3 6 ° , after sublim ation  a t 4 0 ° (0.65 m m ): 
ir (C C U ) 1706, 1475, 1450, 1410, 1375, 1284, 1257, 1078, 1029, 
971 cm -1 ; pm r (CC14) 5 1.12 (s, 3, bridgehead M e ).

Anal. C a lcd  for  C n H 160 :  C , 80 .44 ; H , 9 .8 2 . F ou n d : C , 
80 .20 ; H , 9 .64 .

T h e  2 ,4 -d in itroph enylhydrazon e w’as ob ta in ed  as brilliant 
orange plates, m p  2 0 5 -2 0 8 ° , after tw o  recrystallizations from  
e th a n o l-e th y l acetate.

Anal. C a lcd  for  C n H 2oN40 4: C , 59 .29 ; H , 5 .85 ; N , 16.27. 
F ou n d : C , 5 9 .15 ; H , 5 .86 ; N , 16.46.

F ractions 703 -1004  were foun d to  con ta in  5.025 g  o f a 4 0 :6 0  
m ixture o f 8 and 9. A n alytica l sam ples o f 8 and 9 were obta in ed  
b y  preparative g lp c (10 f t  X  0.25 in . 4 %  F F A P  on C h rom osorb  G  
at 1 8 0 °). T h e  ir and pm r spectra o f com pou n d  8 were identica l 
w ith  the corresponding spectra o f the know n octa lone 8 .2

C om p ou n d  9 exh ibited th e fo llow ing  properties: ir (CC14) 
3050, 1680, 1629, 1447, 1376, 1351, 1326, 1255, 1209, 1120, 959, 
886, 862 cm -1 ; pm r (CC14) 5 1 .07 (broad  s, 3, IF i/j =  5 H z, M e ), 
5 .65 (broad  s, 1, IF y , =  4 H z, olefin ic H ); u v  (9 5 %  E tO H ) 
Xmax 238 m/x (ea 12,200).

Anal. C a lcd  for C n H i60 :  m ol w t, 164.1201. F ou n d : 
m ol w t, 164.1196 (high-resolution  mass sp ectroscop y ).

F ractions 1005-1180 were com posed prim arily o f com pou nd  9 
a long w ith  a com plex m ixture o f m ore polar substances. T h e  
rem aining fractions (1181-1496) contained an unidentifiable 
m ixture o f products in trace am ounts.

T reatm en t of K eton es  6 -9  w ith Sulfuric A cid .— In order to  
check  the stab ility  o f  the rearrangem ent products, each w as sub
je c ted  to  the a b ov e  reaction  con d itions. A  ty p ica l procedure 
follow s. A  m ixture o f 61 m g  o f  tr icyclic  ketone 6 in 1 m l o f 
concentrated sulfuric acid  w as k ept a t room  tem perature for 46 
hr. T h e  solution  was then pou red  in to  10 m l o f w ater and w orked 
up in the norm al m anner. T h e  crystalline p rodu ct (51.6  m g) 
was show n to  be unreacted keton e 6 b y  pm r and g lp c (6 f t  X  0.25 
in . F F A P  a t 180°). S im ilar experim ents were carried ou t on  
ketones 7 , 8 , and 9. In  each  case, the starting keton e w as re
covered unchanged in at least, 8 9 %  yield .

B ase-C atalyzed R earran gem en t o f T ricyclic  K eton e  6.— A  
m ixture o f  105 m g o f  tr icyclic  ketone 6 (0.64 m m ol), 140 m g  o f 
potassium  terf-butoxide (1.25 m m ol), and 3 m l o f feri-bu ty l 
a lcohol was vacu um  sealed in  a th ick -w alled  P yrex tube and 
heated fo r  1 w eek at 1S5°.8 T h e  tu be was opened after coolin g 
and the con ten ts were w ashed in to a separatory funnel w ith  
pentane. T h e  pentane layer was washed three tim es w ith  w ater 
and dried over m agnesium  sulfate. T h e  solven t was rem oved b y  
rotary evaporation  to  a fford 86 .2  m g (8 2 % ) o f sem icrystalline 
solid . T h e  spectral and chrom atograph ic properties o f this 
m aterial were identica l w ith  those o f tr icyclic  keton e 13, prepared 
as previously  described .1

D euteration  of a,/3-Unsaturated K eton e  9 .— T h e deuterated 
enone was ob ta in ed  b y  preparative g lp c (6 f t  X  0.25 in . 1 0%  
K O D , 2 0 %  C arbow ax on  C hrom osorb  W  6 0 /8 0  a t 180°). T h e  
deuterated sam ple was analyzed for deuterium  con ten t b y  mass 
spectroscop y , w hich show ed 2 .3 %  C iiH 13D 30 ,  1 0 .8 %  C n H i2D 40 ,  
3 4 .9 %  C nH ^D sO , and 5 1 .2 %  C „ H 10D 6O.

5i'j-M ethyl-3,4,4a(3,5,6,7,8,8a;3-O ctahydronaphthalen-2i 1 / / ) -  
on e (10 ).— A  m ixture o f 15 m g  o f 10%  palladium  on  carbon  and 1 
m l o f  e th yl acetate was placed  in a 10-m l rou n d -b ottom  flask 
equipped w ith  a m agnetic stirrer and a sidearm  fitted  w ith  a 
serum  cap . T h e  ca ta lyst w as prereduced on  a low -pressure 
h ydrogenation  apparatus, and a solution  o f  75 m g  o f enone 9 in  2 
m l o f e th yl acetate was added  b y  syringe. T h e  reaction  m ixture 
was stirred a t room  tem perature until hydrogen  uptake ceased. 
T h e  cata lyst was filtered and w ashed w ith  a few  m illiliters o f 
e th yl acetate. T h e filtrate w as evaporated  a t reduced pressure 
to  a fford 69 m g  o f  ketone 10 as a colorless liqu id . An analy tica l 
sam ple was obta in ed  b y  preparative g lp c (6 f t  X  0.25 in . 10%  
F F A P  at 1 6 0 °); ir (CC14) 1716, 1449, 1376, 1263, 1224, 1155 
c m “ 1; pm r (CC14) 5 0 .98  (d , 3, J  =  6 H z, M e ).

Anal. C a lcd  fo r  C uH 180 :  m ol w t, 166.1357. F ou n d : m ol 
w t, 166.1353 (high -resolution  mass sp ectroscop y ).

Preparative g lpc gave the deuterated ketone (6 ft X  0.25 in . 
10 %  K O D , 2 0 %  C arbow ax 20M  on C h rom osorb  W 6 0 /8 0 a t  1 80°). 
M ass spectral analysis show ed that the sam ple con ta in ed  5 .9 %  
C „ H ,6D 20 ,  1 7 .8%  C „ H 15D 30 ,  and 7 6 .3 %  C „ H l4D 40 .

7 /3-M ethyl-4 ,4a3,5 ,6 ,7 ,8-hexahydronaphthalen-2 ( 3 / /  / o n e  (11) 
and 5/3-M ethyl-4,4a/?,5,6,7,8-hexahydronaphthaien-2 ' 3 / / / o n e

(9).-— A  solution  o f 22.4  g (0 .2  m ol) o f  3 -m eth ylcyclohexan one in 
70 m l o f ether w as placed in a 200-m l three-neck  flask equipped  
w ith  m agnetic stirrer, condenser, and droppin g fun nel. T h e  
solution  was coo led  to  0 ° on  an ice  b a th , and a solu tion  o f  2 .3  g 
o f potassium  h ydroxide in  7 m l o f  9 5 %  eth anol w as added  w ith  
stirring, fo llow ed  b y  the dropw ise addition  o f 7 .009  g  (0.1  m ol) 
o f  freshly distilled m ethy l v in y l keton e  in  45 m l o f  eth er over a 
period o f  1.5 h r. T h e  ice ba th  w as rem oved  and th e reaction  
m ixture w as stirred for  an add ition a l 12 hr a t room  tem perature. 
T h e  m ixture w as w ashed w ith  w ater (3 X  50 m l) and dried over 
m agnesium  sulfate. T h e  solvent w as rem oved  b y  ro ta ry  e v a p o 
ration , and the residue was distilled through  a 4 -in . V igreux to  
a fford 5.12 g  o f  3 -m eth ylcyclohexan one, b p  2 6 -3 1 °  (1 .5  m m ), 6.71 
g o f clear liqu id , b p  9 0 -9 4 °  (0 .5  m m ), and 7.73  g o f  ye llow  o il, b p  
144° (0 .5  m m ).

T h e  fraction  boiling at 9 0 -9 4 °  (0 .5  m m ) w as analyzed b y  g lp c 
(10 f t  X  0.25  in . 4 %  F F A P  on  C h rom osorb  G  at 180°), and was 
foun d  to  contain  three com ponents in  the ratio  o f  1 3 :6 7 :2 0  w ith  
retention  tim es o f  12.3, 22 .5 , and 24.3 m in , respectively .

T h e  m a jor com pon en t w as identified as com p ou n d  11: ir 
(CC14) 3040, 1680, 1630, 1452, 1376, 1325, 1253, 1208, 914, 899, 
854 c m -1 ; pm r (CC14) 5 1 .00 (unresolved d , 3, M e ) , 5 .6 8  (broad  
s, 1, IF i/ 2 =  4 H z, olefinic H ).

Anal. C a lcd  for CuHjeO: C , 80.44 ; I i ,  9 .82. F ou n d : C ,
80.28; 11 ,9 .6 4 .

T h e  com pon ent w ith  a retention  tim e o f 24 .3  m in w as iden tica l 
w ith <x,/3-unsaturated ketone 9 isolated from  the rearrangem ent o f  
ketone 5 (vide supra). T h is  m aterial was also iden tica l w ith  a 
sam ple o f keton e 9 prepared b y  another rou te .7

6a-Hydroxy-4ad-methyl-3,4,4a,5,6,7,8,8a/3-octahydronaphtha-
l e n - 2 ( l f f / o n e  E thylene K eta l (18 ).— In  a 500-m l E rlen m eyer 
flask equipped w ith  m agnetic stirrer w ere placed  23.9 g (0 .075  
m ol) o f  m ercuric acetate , 75 m l o f w ater, 75 m l o f te tra h y d ro- 
furan , and 10.4 g  (0 .05  m ol) o f  unsaturated keta l 17 .11 T h e  
m ixture w as stirred a t room  tem perature for  27 hr, during w hich  
tim e the bright yellow  com plex turned colorless. T o  the m ixtu re 
was added 75 m l o f  3 N  sodium  h ydroxide, fo llow ed  b y  75 m l o f 
0 .5 N  sodium  boroh ydrid e in 3 Ar sod iu m  h yd rox id e . D e - 
m ercuration  was instantaneous. T h e  aqueous layer w as ex
tracted  w ith  250 m l o f ether. T h e  com bined  organ ic layers were 
washed w ith  w ater (200 m l) and brine and dried over m agnesium  
sulfate. T h e  solvent was rem oved b y  rotary  evaporation  to  a f
ford  10.10 g o f  crude keta l a lcoh ol 18 as a d ea r  v iscou s o il. An 
analy tica l sam ple was obta in ed  b y  preparative g lp c (5 ft X  0.25 
in. 2 0 %  C arbow ax 2 0 M  a t 1 9 5 °): ir (CC14) 3400 (b roa d ), 1445, 
1350, 1089 cm -1 ; pm r (CC14) S 0 .97 (s, 3, angular M e ) .

Anal. C alcd  fo r  C i3H 220 3: C , 68 .99 ; H , 9 .80 . F ou n d : C , 
68 .87 ; H , 9 .58.

4a|3-M ethyl-6a-toluenesulfonyloxy-3,4 ,4a,5 ,6 ,7,8 ,8aj3-octahy- 
dronaphthalen-2(1H / o n e  E thylene K eta l (1 9 ).— T o  a 50 -m l 
Erlenm eyer flask equipped w ith  a m agnetic stirrer w as added  a 
solution  o f  2.815 g  (12.45 m m ol) o f  crude ketal a lcoh o l 18 in 13 
m l o f anhydrous pyridine, fo llow ed  b y  a solu tion  o f  2 .44  g (12.8  
m m ol) o f p -to luen esu lfonyl ch loride in 8 m l o f anhydrous p y r i
dine. T h e  solution  w as allow ed to  stand at room  tem perature 
for 101 hr. T h e  reaction  m ixture was pou red  on to  60 m l o f ic e -  
w ater and extracted  w ith  m ethylene ch loride (25 m l, 3 X  12 m l). 
T h e  com bined  organ ic extracts w ere w ashed w ith  1 0%  sulfuric 
acid  (4 X  25 m l), w ater (12 m l), and brine (12 m l), and dried 
over m agnesium  sulfate. T h e  solven t was rem oved  b y  rotary  
evaporation  to  a fford 5 .208 g (8 0 % ) o f  crude keta l tosy la te  19 
as a crystalline w hite solid . T h e  crude m aterial w as recrystal
lized from  eth y l acetate-h exan e to  a fford  3.562 g  o f  w'hite crysta ls: 
m p 1 1 3 .5 -1 1 5 .0 ° ; ir (CC14) 1358, 1188, 1175, 1095, 945, 934 , 
880, 850, 815 c m -1 ; pm r (CC14) 5 0 .99  (s, 3, angular M e ) ,  2 .47  
(s, 3 , aryl M e ) ,  3 .85  (s, 4 , keta l e th y len e), 4 .65  (broad  m , 1, 
IF i/ j =  18 H z, C -6  H ) ,  7 .55  (A 2B 2 w ith  5a 7 .78 and 5b 7 .34 , 4 , 
J ab =  8 H z , a ry l H ’s ).

Anal. C a lcd  for C 20H 28O 5S : C , 63 .10 ; H , 7 .42 ; S , 8 .43 . 
F ou n d : C , 62 .86 ; H , 7 .0 2 ; S , 8 .34 .

4a/3-M ethyl-3,4 ,4 a ,5 ,6 ,7 ,8 ,8ad-octah ydron aph th -6a-ol-2 ( l / i l -  
on e p -T olu en esu lfon ate  (20 ).— A  solution  o f  0 .4 m l o f  con cen 
trated sulfuric acid  and 3 .6  m l o f w ater was added to  a so lu tion  o f 
2.128 g  o f ketal tosy late  19 in 20 m l o f a ceton e at 5 0 ° . T h e  co lo r 
less solution  w as stirred a t 50 ° fo r  45 m in , coo led  to  room  tem 
perature, and con centrated  to  app rox im ately  6 m l b y  rotary  
evaporation . T h e  v iscou s liqu id  rem aining w as d issolved in 
ether, w ashed w ith  5 %  sodium  b icarbon ate  and brine, an d  dried 
over m agnesium  sulfate. T h e  solven t was rem oved  b y  rotary  
evaporation  to  afford 1.834 g  o f  sem icrystalline m ateria l. R e 
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crystallization  from  eth y l aceta te -h exan e  yie lded  1.442 g  o f 
keto  tosy late  20 as w h ite  clusters: m p 7 7 .3 -7 8 .0 ° ; ir (C C k ) 
1718, 1600, 1366, 1190, 1180, 1100, 940, 856, 820 c m “ 1; pm r 
(C C h ) 8 1.09 (s, 3 , angular M e ) , 2 .48  (s, 3 , aryl M e ) ,  4 .72 
(broad  m , 1, W i / 2 =  17 H z , C -6  H ), 7 .57  (A 2B 2 w ith  8a  7.79 and 
5b 7 .34 , 4 , J ab  =  8 H z, a ry l H ’s ).

Anal. C a lcd  fo r  C 1SH 240 4S : C , 64 .26 ; H , 7 .1 9 ; S, 9 .53 . 
F ou n d : C , 64 .43 ; H , 7 .0 6 ; S, 9 .33.

A 0.5 M  solution  o f m ethylsu lfinyl carbanion  in d im eth yl sulf
oxide was prepared accord ing  to  th e procedu re o f C orey .12 T h is 
solution (4 m l) was added to  a solu tion  o f  672.4 m g (2 .0  m m ol) o f 
keto  tosy late  20 in 4 m l o f  d im eth yl su lfoxide under n itrogen , and 
the resulting solution  w as stirred at 60 ° fo r  2 hr. T h e  reaction  
m ixture was coo led , d iluted w ith  15 m l o f  w ater, and extracted  
w ith  ether (3 X  10 m l). T h e  com bin ed  ether extracts were 
washed w ith  w ater (10 m l) and brine (10 m l) and dried over 
m agnesium  sulfate. R em ov a l o f  the solven t b y  rotary  evap ora 
tion  afforded 315.4 m g  o f ye llow  o il. A nalysis b y  g lp c  (10 f t  X  
0.25 in . 4 %  F F A P  on  C hrom osorb  G  a t  180°) show ed the p rod u ct 
to be a 6 0 :4 0  m ixture o f  octa lones 21 and 22 b y  coin jection  w ith  
authentic sam ples.13

4a/3-M ethyl-3,4 ,4a,5,8 ,8a /j-hexahydronaphthalen-2  
(7 /f ) -d io n e  2-E thylene K eta l (25 ).— T o  a 1-1. rou n d -b ottom  flask 
equipped w ith  m agnetic stirrer and dry in g  tu be w as added 42 .0  g 
(0.531 m ol) o f  anhydrous pyrid in e and 480 m l o f anhydrous 
m ethylene ch loride. T h e  solution  was stirred on an ice ba th  and
26.5 g (0.265 m ol) o f  ch rom iu m  trioxide was added all at on ce .16 
T h e orange-brow n solu tion  w as stirred fo r  75 m in, during w hich  
tim e the solution  w arm ed to  room  tem perature. A  solu tion  o f 
9.984 g (0.0442 m ol) o f  crude keta l a lcoh ol 18 dissolved in 80 m l 
o f anhydrous m ethylene ch loride was add ed , and stirring was con 
tinued for  45 min at room  tem perature. T h e  m ethylene ch loride 
solution was decanted  from  the b lack  tarry  residue and the 
residue was w ashed w ith  ether (3 X  200 m l). T h e  com bined  
organics were w ashed w ith  5 %  sodium  h ydroxide (2 X  300 m l), 
water (300 m l), 5 %  h ydroch loric  acid  (2 X  300 m l), 5 %  sodium  
bicarbonate (300 m l), and brine (300 m l) and dried over m ag
nesium sulfate. T h e  solven t w as rem oved b y  rotary  evaporation  
to a fford 8.4S g  o f  crude k eto  k eta l 25 as a ye llow  o il. T h e  crude 
produ ct w as dissolved in 5 m l o f  eth er, and 20 m l o f petroleum  
ether (bp 3 0 -7 5 ° )  w as add ed . A fter standing in  the refrigerator 
overn ight, 6 .59  g  o f w hite crystalline m aterial w as collected . 
T w o  add ition a l crops y ie lded  a to ta l o f 7 .77  g , m p 7 6 -7 8 ° . T h e  
analytica l sam ple m elts a t 7 9 -8 0 °  ( l it .17 m p  7 9 .5 -8 0 .5 ° )  a fter tw o 
recrystallizations from  eth er-p etro leu m  eth er: ir (CC14) 1715, 
1445, 1362, 1229, 1153, 1094, 943, 872 c m " 1; pm r (CC14) 5 0.94 
(s, 3 , angular M e ) , 3 .84  (s, 4 , keta l e th y len e).

Anal. C a lcd  fo r  C i3H 20O 3: C , 69 .61 ; H , 8 .99 . F ou n d : C , 
69 .37 ; H , 8 .77 .

H ydrid e  R ed u ction  o f K eton e  25. A . W ith  L ithium  A lum i
num  H y d rid e .— In  a 25 -m l flask equipped  w ith  m agn etic stirrer, 
reflux condenser, and drying tu b e  w as placed  a m ixture o f  51 m g 
(1.34 m m ol) o f lith ium  alum inum  hydride and 10 m l o f anhydrous 
ether. T o  the stirring m ixture was added 100 m g (0.446 m m ol) 
o f crystalline keton e 25. A fter  stirring for  3 hr at room  tem pera
ture, excess hydride was decom posed  b y  the careful add ition  o f 
5 %  potassium  h ydroxide. T h e  w hite precip itate  w as filtered 
and washed w ith  ether. T h e  filtrate was dried over m agnesium  
sulfate and evaporated  to  a fford  96 m g  o f  clear liqu id . T h e  pm r 
spectrum  show ed the p rod u ct to  be a 4 6 :5 4  m ixture o f  the epi- 
m eric a lcoh ols 18 and 23.

B . W ith  L ithium  T ri-ierf-butoxyalum inum  H y d rid e .— T o  a 
10-m l E rlenm eyer flask equ ip ped  w ith  m agnetic stirrer w as added 
a solution  o f  100 m g (0 .446 m m ol) o f com pou n d  25 in 2 m l o f 
anhydrous tetrahydrofuran . T h e  solution  w as coo led  in an ice 
bath  and 200 m g (0.76 m m ol) o f  lith iu m  tri-ieri-butoxyalum inum  
hydride in 2 m l o f  anh ydrous tetrahydrofuran  was add ed . T h e  
reaction m ixture w as stirred fo r  3 .5  hr, during w hich  tim e the 
m ixture w as a llow ed to  w arm  to  room  tem perature. Excess 
hydride w as destroyed  b y  careful add ition  o f 5 %  potassium  
h ydroxide. T h e  w hite  p recip itate  was filtered , and the filtrate 
was dried over m agnesium  sulfate. E vap oration  o f  the solven t 
afforded 104.7 m g  o f  clear liqu id . T h e  pm r spectrum  show ed th e 
product to  be a 2 9 .5 :7 0 .5  m ixture o f the ep im eric a lcoh ols 18 
and 23.

C. W ith  Lithium  Tri-Zeri-am yloxyalum inum  H y d rid e .— T o  a 
10-ml E rlenm eyer flask equipped  w ith  m agnetic stirrer w as added 
a solution o f  100 m g (0.446 m m ol) o f  keto  ketal 25 in 2 m l o f 
anhydrous tetrahydrofuran . T h e  solution  w as coo led  to  0 °  on 
an ice bath  and 250 m g (0.844 m m ol) o f  lith ium  tri-ieri-am yloxy-

alum inum  hydride in 2 m l o f  anhydrous tetrahydrofuran  was 
added . T h e  reaction  m ixture w as stirred overn igh t, during 
w hich  tim e it w as allow ed to  w arm  to  room  tem perature. Excess 
h ydride w as destroyed  b y  careful add ition  o f  5 %  potassium  
h ydroxide. T h e  w h ite  precip itate  w as filtered and w ashed w ith  
a few  m illiliters o f tetrahydrofuran . T h e  filtrate w as dried over 
m agnesium  sulfate and evaporated  a t reduced pressure to  afford
87.7  m g  o f v iscou s, clear liqu id . T h e  pm r spectrum  indicated 
the p rod u ct to  be a 2 8 :7 2  m ixture o f  a lcoh ols 18 and 23.

D . W ith  Lithium  T ri(3 -eth yl-3 -pen toxy)alu m inu m  H y 
d rid e .— T o  a 10-m l E rlenm eyer flask equ ip ped  w ith  m agnetic 
stirrer was added a solu tion  o f  100 m g  (0 .446 m m ol) o f  k eto  ketal 
25 in 2 m l o f  anhydrous tetrahydrofuran . T h e  solution  w as 
coo led  in an ice ba th  and 300 m g  (0.788 m m ol) o f  lith iu m  tri(3 - 
e th yl-3 -p entoxy)a lum inu m  h ydride in 3 m l o f anhydrous tetra 
h ydrofuran  was added. T h e  reaction  m ixture w as stirred for 
70 hr a t room  tem perature. Excess h ydride w as destroyed  b y  
careful add ition  o f  5 %  potassium  h ydroxide. T h e  w h ite  pre
cip itate was filtered and w ashed w ith  tetrahydrofuran . T h e  
filtrate was dried over m agnesium  sulfate and eva p orated  a t re
duced pressure to  a fford 294.2 m g  o f yellow ish  liqu id . T h e  crude 
p rod u ct w as ch rom atographed on basic alum ina (W oelm , a ctiv ity  
I ) ,  e luting w ith  eth er-benzen e m ixtures. There w as obta in ed
90.7  m g  o f clear liqu id , w hose pm r spectrum  show ed a 2 9 :71  
m ixture o f  alcohols 18 and 23.

E . W ith  Lithium  P erhydro-9b -boraphen alylh ydride.— T o  a
50-m l three-neck flask equipped  w ith  m agnetic stirrer, reflux con 
denser, n itrogen  in let, and ru bber serum  cap  w as added  13 m l o f 
a 0.575 M  (7 .5  m m ol) so lu tion  o f  lith iu m  p erh yd ro-9b -bora - 
phenaly lhydride in tetrahydrofuran  fo llow ed  b y  1.12 g (5 m m ol) 
o f  k eto  keta l 25 in 2 m l o f  tetrahydrofuran . T h e  solu tion  was 
stirred at room  tem perature in a  n itrogen  atm osphere for 16 hr, 
and 3.75 m l o f 3 N  sodium  h ydroxide w as added  fo llow ed  b y  3.75  
m l o f  3 0 %  hydrogen  perox ide. T h e  organ ic layer w as separated 
and w ashed w ith  5 m l o f so lven t w hich  w as rem oved at the rotary  
eva p orator. A dd ition  o f  ether to  the crude p rod u ct resulted in 
th e precip itation  o f  a ye llow  solid , w h ich  w as filtered . T h e  
filtrate w as evaporated  to  a fford 0.972 g  o f  v iscou s liqu id , w hose 
pm r spectrum  show ed it  to  be a 3 2 :6 8  m ixture o f a lcoh ols  18 and 
23.

4a /5-M ethyl-3 ,4 ,4a ,5 ,6 ,7 ,8 ,8a /3 -octahydron aphth -6 /3 -o l-2 (lH )- 
one p -T olu en esu lfonate  (26 ).— A  solu tion  o f  917 m g o f a 7 0 :3 0  
m ixture o f  ketal a lcohols 23 and 18 in  20 m l o f  a ceton e w as heated 
to  5 0 ° . A  solu tion  o f  0 .4  m l o f  concentrated  sulfuric acid  in  3 .6 
m l o f  w ater w as added and the clear solu tion  w as kept a t 50 ° for 
45 m in . T h e  reaction  m ixture w as coo led  to  room  tem perature 
and concentrated  to  app rox im ately  5 m l b y  rotary  evaporation . 
T h e  concentrate  was dissolved in ether and w ashed w ith  5 %  
sodium  b icarbon ate  and brine. A fter  d ry ing  over m agnesium  
sulfate, the solven t w as rem oved  b y  ro tary  evaporation  to  afford
411.3  m g  o f  a m ixture o f  k eto  a lcoh ols. T h is  m aterial w as dis
solved  in 2 .5  m l o f anhydrous pyrid ine and added  to  a solu tion  
o f 475 m g o f  p -to luen esu lfonyl ch loride. T h e  m ixture w as 
stirred to  m ake it h om ogeneous and a llow ed to  stand fo r  134 hr 
at room  tem perature. T h e  reaction  m ixture w as pou red  in to  15 
m l o f w ater and extracted  w ith  ch loroform  (10 m l, 3 X 5  m l). 
T h e  com bin ed  organ ic extracts w ere w ashed w ith  1 0 %  sulfuric 
acid  ( 4 X 5  m l), w ater (5 m l), and brine (5 m l), and dried over 
m agnesium  sulfate. E va p ora tion  o f  th e  solven t a t reduced pres
sure afforded 576 m g o f  v iscou s liqu id . T h is  m ateria l w as in
du ced  to  crystallize from  eth yl a ceta te -h exan e  to  y ield 203 m g  o f 
w h ite  crystalline k eto  tosy late  26. A n  analy tica l sam ple w as o b 
ta ined b y  recrystallization  from  eth yl a ceta te -h exa n e  to  give 
w hite  clusters: m p 1 0 5 -1 0 7 ° ; ir (CC14) 1718, 1603, 1453, 1364, 
1190, 1178, 1099, 958, 950, 919, 857 c m '1; pm r (CC14) 8 1.26 (s, 
3, angular M e ) ,  2 .45  (s, 3 , aryl M e ) , 4 .57  (broad  m , 1, IF>/5 =  
18 H z , C -6  H ) ,  7.51 (A 2B 2 w ith  8a  7.72  and 8B 7 .31 , 4 , J a b  =  8 .5  
H z , a ry l H ’s).

Anal. C a lcd  for C 18H 240 4S : C , 6 4 .26 ; H , 7 .1 9 ; S , 9 .53 . 
F ou n d : C , 6 4 .07 ; H , 6 .9 9 ; S, 9 .40 .

6-M eth yltricyclo  [4 .4 .0 .0 2'8]d eca n -3 -on e  (7 ) .— T o  a solu tion  o f
28.1 m g - (0.25 m m ol) o f potassium  ierf-butox ide in 1 m l o f  an
h ydrou s ierf-bu ty l a lcoh ol w as added  90 m g  (0.268 m m ol) o f 
crystalline k eto  tosy late  26. T h e  m ixture was refluxed under 
n itrogen  for 3 hr and pou red  in to  3 m l o f  ice -co ld  w ater. T h e  re
sulting m ixture w as extracted  w ith  ether ( 2 X 2  m l). T h e  com 
bined ether extracts w ere w ashed w ith  w ater ( 3 X 1  m l) and dried 
over m agnesium  sulfate. T h e  solven t w as rem oved  b y  rotary  
evaporation  to  a fford 40 m g  (9 1 % ) o f  crude tr icyclic  keton e  7 as 
an orange-tinted sem isolid . An ana ly tica l sam ple w as obta in ed
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b y  preparative g lp c (10 f t  X  0.25 in . 1 0 %  SE -30  at 1 7 0 °). T h e  
spectra l properties o f this m aterial were identica l in all respects to  
those o f  the m aterial isolated from  the acid -ca talyzed  rearrange
m en t o f  tr icy clic  keton e 5 (vide supra).

A cid -C atalyzed  R earran gem en t of O ctalon e 21.— T o  821.4 m g 
o f octa lon e 2 1 "  in a 10-m l E rlenm eyer flask w as added 2 m l of 
concentrated  sulfuric a cid . T h e  flask w as stoppered  and the 
brow n  m ixture was stirred fo r  2  days a t room  tem perature. T h e  
m ixture was pou red  in to  15 m l o f  ice -w a ter  and extracted  w ith  
ether (2 X  15 m l). T h e  com bined  extracts w ere w ashed w ith  20 
m l o f 1 ¿V sodium  h ydroxide and dried over m agnesium  sulfate. 
T h e  solven t w as evaporated  to  a fford  646.8 m g  o f yellow  oil. 
G lp c  analysis o f  the p rod u ct (6 f t  X  0.25 in . 1 0%  F F A P  at 180°) 
revealed the presence o f  tw o com pon ents in a ratio o f 4 8 :5 2 .

T h e  tw o com pon ents w ere identified as th e a ,(i-unsaturated 
ketones 8 and 9, respectively , b y  com parison  o f  their spectra  w ith  
those o f authen tic sam ples.

Registry No.—5, 17159-66-9; 6 , 18503-74-7; 6  2,4- 
DNP, 18503-75-8; 7, 33830-72-7; 7 2,4-DNP, 33830-
73-8; 9, 33835-42-6; 10, 33835-43-7; 11, 33835-44-8; 
18, 25826-87-3; 19, 33835-46-0; 20, 33835-47-1; 25, 
33835-48-2; 26,33835-49-3.
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This paper describes the cycload d ition  o f benzyne w ith  cis-3 ,4 -d ich lorocyclobutene to  g ive  exo,cis-5,6-di- 
ch lorob en zob icyclo [2.2 .0]hex-2-ene (4 ), the disod ium -phenanthrene dechlorination o f 4  to  b en zob icyclo  [2 .2 .0]- 
hexa-2,5-diene (2), the diim ide reduction  of 2 to  b en z ob icy c lo [2.2.0]hex-2-ene (3), and the hydroboration  o f  2 
to  ben zob icyclo  [2.2.0] hex-5-en-exo-2-ol (8). Som e o f the spectral features of these com pounds are discussed.

When Dewar in 18672 reported his results from the 
oxidation of phenol, he suggested the use of a model by 
which he could construct the various structural isomers 
of a given molecular formula. For the formula C6H6, 
one of the structures written was that of bicyclo [2 .2 .0 ]- 
hexa-2,5-diene (1), which has become known as “ Dewar 
benzene.”  Nearly 100 years later, van Tamelen and 
Pappas3 reported the successful synthesis of 1. Since 
that report various syntheses and studies of the chem
istry of derivatives of 1 have been reported.

In our continuing program of the chemistry of 
molecules incorporating the [2 .2 .0 ] system, we felt 
that it would be most useful to develop a synthesis of 
benzobicyclo[2.2.0]hexa-l,5-diene (“ hemi Dewar naph
thalene”)4 (2) which might also be applicable to the 
preparation of 1-substituted derivatives of benzo
bicyclo [2.2.0 ]hex-2-ene (3). Since 2 should be con
vertible to 5-substituted derivatives of 3, this approach 
would make available this set of compounds for further 
study. Such a synthetic approach has been achieved 
and is the subject of this paper.

Synthesis.—Conceptually, the approach was to 
prepare cis- 5,6-dichlorobenzobicyclo [2 .2 .0 ]hex- 2 - ene
(4) by the cycloaddition of benzyne and czs-3,4-

(1) (a) Paper X : R. N. McDonald and E. P. Lyznicki, J. Amer. Chem.
Soc., 93, 5920 (1971). (b) Part of this research was communicated in R. N. 
McDonald and D. G. Frickey, ibid., 90, 5315 (1968). (c) Taken from the
M.S. thesis of D. G. Frickey, 1968, and the Ph.D. thesis of G. M. Muschik, 
1972.

(2) (a) J. Dewar, Proc. Roy. Soc. Edinburgh, 84 (1866); (b) W. Baker, 
Chem. Brit., 1, 191 (1965), discusses Dewar’s paper, and some of the efforts 
to synthesize 1 and its various derivatives.

(3) E. E. van Tamelen and S. P. Pappas, J .  Amer. Chem. Soc., 85, 3297
(1963) .

(4) We are aware of only two other literature entries into this family of 
compounds which incorporate two of the classically considered structures 
of benzene fused into a single molecule; one is a bridged “ Dewar anthracene” 
reported by Applequist and Searle,5a and the second is a report of the 1,2- 
dimethyl and 1,2,3,4-tetramethyl derivatives of 2.5b The preparation of 
“ hemi Dewar biphenyl,”  a compound in which the moieties are joined but 
not fused, has been described by Burt and Pettit.6

(5) (a) D. E. Applequist and R. Searle, J. Amer. Chem. Soc., 86, 1389
(1964) ; (b) D. T. Carty, Tetrahedron Lett., 4753 (1969).

(6) G. D. Burt and R. Pettit, Chem. Commun., 517 (1965).

/-AmONO

THF, CH.C1*
A

4

dichlorocyclobutene7 (5) and then to seek methods for 
dechlorination of 4 to 2 . Two methods were carried 
out for the cycloaddition reaction. One involved the 
in situ generation of the benzyne precursor and benzyne 
itself;8a only 0.1% of 4 was obtained. The second 
method involved isolation of the benzyne precursor, ben- 
zenediazonium-2-carboxylate (6),8b and allowing it to 
decompose thermally in the presence of 5. Yields of 
4 ranging from 2.4 to 11.3% wrere obtained depending 
on the ratio of 5 :6 used. The impurities in the crude 
reaction mixture appeared to be largely aromatic from 
the nmr spectrum; one of these was benzoic acid. 
Chromatography on basic, activity I alumina and 
elution with carbon tetrachloride gave quite pure 4 
in the first few fractions. The infrared spectrum of 4 
w-as fairly simple, indicating a high degree of symmetry 
in the tricyclic structure.

The nmr spectrum (CC14, internal TMS) of 4 ex
hibited absorptions centered at r 2.80 (m, 4), 5.55 
(m, J = 0.9 Hz, 2), and 5.92 (m, J =  0.8 Hz, 2). 
The aromatic hydrogens were assigned to the finely 
split multiplet at r 2.80 wdiich is only 0.2 ppm lower 
field than the center of the aromatic proton multiplet 
of benzocyclobutene (r 3.01).9 Irrespective of how we 
wish to rationalize the assignments10 of the latter two 
absorptions (Ci, C4 bridgehead vs. C5, C6 methine pro
tons), the fact that the coupling constants are so small

(7) M. Avram, I. Dinulescu, M. Elian, M. Farcasiu, E. Marica, G. 
Mateescu, and C. D. Nenitzescu, C h em . B e r ., 97, 372 (1964).

(8) (a) L. Friedman and F. M. Logullo, J . A m e r . C h em . S o c ., 85, 1549 
(1963); (b) M. Stiles, R. G. Miller, and U. Burkhardt, ib id ., 85, 1792 (1963).

(9) G. Fraenkel, Y. Asahi, M. J. Mitchell, and M. P. Cava, T etra h ed ro n , 
20, 1179 (1965).

(10) See S. J. Cristol and G. W. Nachtigall, J .  O rg . C h em ., 32, 3738 (1967), 
for the assigned nmr spectrum of the related exo,cts-5,6-dichlorobicyclo- 
[2.2.1 ]hept-2-ene.
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requires the cis,exo relationship of the chlorines in 
4 . 11

The mass spectrum12 of 4 was correct for a dichloride 
with the M +-, M+- +  2, M+- +  4 peaks in a ratio of 
1:0.625:0.25, which is well within experimental error 
of the expected ratio since the intensities of these 
peaks are very small. The base peak is m/e 128 and 
could correspond to the radical cations of naphthalene 
or “ hemi Dewar naphthalene.”

Chemical proof of the gross structure of 4 was given 
by its dehydrohalogenation with potassium tert- 
butylate in ierf-butyl alcohol to 2-chloronaphthalene in 
45% yield. This product was characterized by com
parison of its nmr spectrum with that of authentic 
material.

The next step in this investigation was to examine 
methods for converting 4 into 2 . Reaction of 4 with 
methyllithium13 did not take place and with sodium in
1 ,2-dimethoxyethane formation of only a small amount 
of 2 was observed. Treatment of 4 with lithium or 
sodium in ¿erf-butyl alcohol and tetrahydrofuran14 
produced trace to small amounts of 2 along with varying 
amounts of tetralin, 1,4-dihydronaphthalene, and 
naphthalene, and, in the case using lithium, a small 
amount of benzobicyclo[2.2.0]hex-2-ene (3) .15

Finally, it was found that disodium-phenanthrene,16 
a mild dehalogenating reagent, effected the dechlorina
tion of 4 to 2 in 34% yield.17

2

The nmr spectrum of 2 (the samples always contain 
trace to small amounts of naphthalene) exhibited three 
finely split multiplets at r 2.95 (aromatic), 3.43 (ole- 
finic), and 5.58 (bridgehead); this spectrum is re
produced in ref lb. The chemical shift of the olefinic 
protons is virtually identical with the values reported 
for the analogous protons (t 3.45) of bicyclo [2.2.0 ]hexa-
2.5- diene ( l )3 and (r 3.43) benzobicyclo[2.2.1 [hepta-
2.5- diene (7) .10 The bridgehead protons of 2 absorbed
0.58 ppm downfield from those of l 3 (r 6.16) and over
0.8 ppm downfield from those in 7 (r 6.41, neat) .10

The ultraviolet spectrum of 2 was not sufficiently 
different from that of benzocyclobutene18 to warrant 
postulation of homoconjugation of the olefinic double 
bond with the aromatic ring

As was previously mentioned, 2 rearranges to 
naphthalene. The rate constant for this rearrangement 
was determined in carbon tetrachloride at 38 ±  0.2°, 
the ambient probe temperature of the nmr spectrom-

(11) Cis vicinal coupling constants in four-membered rings are large 
(4-10 H z); see F. A. Bovey, “ Nuclear Magnetic Resonance Spectroscopy,” 
Academic Press, New York, N. Y ., 1969, p 362.

(12) We thank Dr. R. W. Kiser, University of Kentucky, for determina
tion of this mass spectrum on an RMU-6E mass spectrometer.

(13) G. Schroder and T. Martini, Angew. Chem., Int. Ed. Engl., 6, 806 
(1967), reported a 70% yield of 2-chloro-3-fluorobicyclo[2.2.0]hexa-2,5-diene 
from the reaction of 5,5-dichloro-6,6-difluorobicyclo[2.2.0]hex-2-ene and 
methyllithium.

(14) P. G. Gassman and P. G. Pape, J .  Org. Chem., 29, 160 (1964).
(15) The components were shown to be present from the nmr spectra of 

chromatographic fractions of the mixtures.
(16) E. Vogle, H. Kiefer, and W. R. Roth, Angew. Chem., Int. Ed. Engl., 

3, 442 (1964), reported the use of this reagent in a debromination step to 
produce bicyclo [2.2.0 ]octa-2,4,7-triene.

(17) This is a minimum yield. The yield of 2 used in a diimide reduction 
to 3 was 58% assuming a 90% yield in the reduction step.

(18) M. P. Cava and D. R. Napier, J. Amer. Chem. Soc., 80, 2255 (1958).

eter. A half-life of 3.96 hr and a rate constant of 
(4.85 ±  0.48) X 10-5 sec- 1  were determined for this 
rearrangement under these conditions.

Hydroboration of 2 followed by reaction of the inter
mediate borane with basic hydrogen peroxide produced 
benzobicyclo [2.2.0 ]hex-5-en-exo-2-ol (8) in 15% yield 
(based on 4). The exo configuration of the 2-hydroxy 
substituent in 8 is argued for by analogy with the 
specific exo hydroboration of bicyclo [2 .2.0 jhex-2-ene19 
and other bicyclic olefins, and the results of spin 
decoupling of the nmr spectrum of 8.20

To further characterize 2 , it was reduced with diimide 
to 3 .17 Attempted glpc of 3 led to rearrangement, with

3

1 ,2-dihydronaphthalene and naphthalene as the only 
observed products. The mass spectrum22 of 3 showed 
a large M+- ion (m/e 120, relative abundance 79%) 
with the M+- — 1 peak as the base peak. This may 
involve cleavage of the C 1 - C 4  bridge bond with loss of a 
hydrogen atom to produce benzylic cation 9. Further 
loss of a hydrogen atom then leads to m/e 128 (relative

9 10

abundance 72%), the naphthalene or 2 cation radical. 
The second major process appears to be the loss of 
■ CH3 to an ion m/e 115 (relative abundance 74%). A 
third path of electron impact fragmentation is the loss 
of ethylene from M + -, the product of which may be 10 
(m/e 102, relative abundance 10% ).

The nmr spectrum of 3 (reproduced in ref lb) con
sists of an A2B0 multiplet for the aromatic protons 
centered at t 2.93, a multiplet centered at t 6.19 for the 
bridgehead protons, and a complex multiplet between 
r 7.33 and 8.28 attributed to the methylene protons. 
The ultraviolet spectrum of 3 showed that the three 
large absorptions were shifted to somewhat lower 
wavelengths than those of 2 and gave a reasonable 
correspondence to those of benzocyclobutene.18

(19) R . N. McDonald and C. E. Reineke, J .  Org. Chem., 32, 1878 (1967).
(20) Saturating in the methylene proton (xHs and nHj) region (r 7.6-7.85) 

the original methine (nH’) simplified to a broad singlet. The residual 
coupling was between Hi and nHs and must be less than J = 1 Hz, which 
establishes the hydroxyl group as exo. 1 1 ’ 2 1  Saturation in the bridgehead 
proton (Hi and H4) region simplifies the methylene (xH 3 and nH3) multi
plet to a complex doublet due to the remaining germinal coupling, J nH3 — 
J xh3, a chemical shift difference in xH 3 and nH3, and cis («/nH2 — I n H3) and 
trans (JnH2 — IxR z) vicinal couplings. The triplet observed for nH2 

sharpened by saturating at the bridgehead proton region, n and x refer 
to endo and exo, respectively.

(21) (a) K. B. Wiberg, V. Z. Williams, and L. E. Friedrich, J. Amer. Chem. 
Soc., 90, 5338 (1968); (b) K. B. Wiberg and D. E. Barth, ibid ., 91, 5124 
(1969).

(22) We thank Dr. R. G. Cooks for determination of this mass spectrum 
on an MS-9 mass spectrometer.
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Experimental Section23

3 en zen ed ia zon iu m -2 -ca rb ox y la te .— T h is  com p ou n d  w as pre
pared accord in g  to  the published proeedure.8b Y ields o f  3 3 -6 1 %  
o f brow n  to  light buff needles were ob ta in ed . T h e  infrared 
spectrum  com pared  well to  th at reported  .sb Caution: T h is  
com p ou n d  is exp losive w hen su b jected  to  fr iction , especia lly  
w hen scraped  on  hard surfaces.

ex o ,c fs -5 ,6 -B ich lorob en zob icy c lo [2 .2 .0 ]h ex -2 -en e  (4 ).— T o  a 
solu tion  o f  13.2 g  (107 m m ol) o f  c is -3 ,4 -d ich lorocyclobr.ten e7 in 
100 m l o f  d ioxane (distilled  from  sod iu m ) was added 3.14  g 
(21 .2  m m ol) o f fresh ly  prepared benzend iazon ium -2-carboxylate . 
T h e  resultant slurry w as m agnetica lly  stirred a t 4 3 -5 2 °  under 
nitrogen until the m ixture becam e h om ogen eous (3 .2 5 -4 .5  hr 
depend ing on  th e pu rity  o f  the benzvne precursor). T h e  solu 
tion  w as dark brow n  a t this p o in t. T h e  dioxane and the cis-
3 .4 - d ich lorocyclob u ten e  w ere rem oved  under vacu u m  using a 
33 -cm  V igreux colu m n  w ith  a m axim um  p o t  tem perature o f  7 0 °, 
leavin g a dark brow n  v iscou s residue. T h is residue w as dis
so lved  in about 100 m l o f  ether and filtered to  g iv e  a  colored  
solu tion . T h e  ether was evaporated  in a m olecular still, and the 
p rod u ct was sublim ed a t room  tem perature and 0.05  m m  from  
the residue as a w hite crystalline solid m ixed w ith  a ligh t yellow  
o il. T h e  oil w as separated from  the solid b y  ru bbin g the m ix
ture on a piece o f absorben t pap er. T h is  a fforded  0.48  g  (1 1 .3 %  
y ie ld ) o f  crude p rod u ct. Further purification  w as effected  b y  
sublim ing h alf o f  the to ta l y ie ld  at room  tem perature and 0.05 
m m , cleaning the cold  finger and con tin u in g the sub lim ation . 
T h e  second  h alf o f  the sublim ation  w as the purer sam ple (m p 
~  7 0 -7 9 ° ) ,  w hich  was purified further b y  repeated sublim ations.

T h e  first h alf was im pure and was purified b y  colum n chro
m atograph y using neutral, a c t iv ity  I  W oelm  alum ina w ith  
carbon  tetrach loride as an eluent w ith  a fa irly  fast elution  rate . 
T h e  first few  fractions contained the purest product , m p 6 0 -7 9 ° , 
from  the ch rom atograp h y . T h is w as purified further b y  re
peated  sublim ations. T h e  m elting poin t o f  the p rod u ct w as 7 9 - 
7 9 .5 °  (sealed tu b e ). T h e  nm r, in frared, m ass, and u ltrav iolet 
[263 nm  (log  e 3 .19 ), 267 (sh oulder) (3 .23 ), 269 (3 .4 2 ), and
275.3  (3 .4 4 ) in  cyclohexane] spectra all agreed w ith  the assigned 
structure.

Anal. C a lcd  for C ioH jC h : C , 60 .35 ; H , 4 .02 . F ou n d : C , 
60 .39 ; H , 4 .14 .

In  several runs o f  this preparation , various ratios o f  th e cis-
3 .4 - d ich lorocyclobu ten e  to  benzened iazonium -2-carboxylate were 
used. T a b le  I is a table o f these ratios and their respective y ields.

T ablu  I
Cyclobutene: Yield of
diazonium salt 4, %

3 .7 :1 7 .3
5 .5 :1 4 .5
8 .0 :1 10.4
4 .0 :1 10.0
5 .0 :1 11.3

12.5:1 8 .9
1 .5 :1 2 .4

These yields are based on the product sublim ed from  the crude 
product m ixture w ith  the benzened iazoniiim -2-cai'boxylate as the 
lim itin g reagent as described in  the ab ove  procedure.

D ehydroch lorin ation  o f ero,ri’s -5 ,6 -D ich loroben zob icy clo - 
[2 .2 .0 ]h ex -2 -en e .— 4 (30 m g, 0 .15 m m ol) was d issolved in  4 .5  m l 
o f ¿erf-butyl a lcoh ol (distilled from  sod iu m ). T o  this w as added  
24 m g (0 .6  m g -a tom ) o f  potassium  and the m ixture w as heated 
under reflux overn igh t. W ater (25 m l) w as then added and th e 
m ixture w as extracted  w ith  three 25 -m l portion s o f pen tan e. 
T h e  pentane extracts were w ashed w ith  three 100-m l portion s o f 
w ater, dried (M g S O i), and distilled to  near dryness. T h e  rest 
o f  the solven t was evaporated  on  a rotary  evap orator to  g ive  11 
m g (4 5 %  y ie ld ) o f  crude 2-chIoronaphthalene, m p  3 5 -5 8 °  (lit .24

(23) All melting points were determined on a Kofler hot stage and are 
corrected. Boiling points are uncorrected. Infrared and ultraviolet spectra 
were determined on a P-E 137 and Cary 11 spectrophotometer, respectively, 
while nmr spectra were obtained on a Varian A-60 spectrometer. Gas 
chromatographic analyses were performed using a F & M Model 500 
temperature-programmed gas chromatograph. Microanalyses were done by 
Galbraith Laboratories.

(24) F. D. Chattaway and W. H. Lewis, J .  C h em . S o c ., 875 (1894).

m p  5 8 ° ). T h e  nm r spectrum  o f  th e p rod u ct w as iden tica l w ith  
th at o f  an authen tic sam ple.

B en zob icy clo [2 .2 .0 ]h ex a -2 ,5 -d ien e  (2 ) .— T o  a m agn etica lly  
stirred solution  o f  2 .021 g  (11.79 m m ol) o f  phenanthrene in  10 
m l o f freshly distilled g lym e (distilled from  calcium  h yd rid e  and 
then from  lith ium  a lum inum  h yd rid e) in a 25 -m l, d ry , tw o-n ecked  
flask fitted  w ith  a rubber septum  and a gas in let w as added  
0 .700  g  (30.4  m g-a tom s) o f  sodium  at ice b a th  tem perature. (T h e  
sodium  w as cu t im m ediately  prior to  add ition  and added  q u ick ly  
so as to  present a clean surface to  th e phenanthrene so lu tion .)  
A fter a few  m inutes o f  stirring under n itrogen , th e solu tion  b e 
cam e v ery  dark green. T h irty  m inutes w as a llow ed fo r  th e 
reaction  o f  the sodium  w ith  the phenanthrene.

T h e  green solution  was then recovered from  th e flask b y  m eans 
o f  a syringe and charged in to  a solu tion  o f  0 .782 g  (3 .93  m m o l) 
o f  4 (7 5 -9 0 %  p u re) in  10 m l o f  anhydrous g lym e under n itrogen  
at room  tem perature in a 50-m l tw o-n ecked  flask fitted  as a b ov e . 
T h e  first few  drops were decolorized and a w h ite  precip ita te  
form ed  im m ediately . A fter 30 m in  o f  stirring under n itrogen , 
the m ixture becam e brow n  and never lightened m u ch  m ore during 
the 1.25-hr reaction  tim e.

T h e  reaction  m ixture was dissolved in 100 m l o f  eth er, w h ich  
was w ashed w ith  four 50-m l protions o f  w ater and dried (M gSC h) 
in th e freezer. E vap oration  on  a rotary  ev a ora tor  to  near d ry 
ness gave a ye llow , solid residue. A n y  residual ether or  g ly m e  
was evaporated  b y  m eans o f  an oil pu m p and co llected  in  a D r y  
Ice  coo led  trap . T h e  p rod u ct w as distilled using a tra p -to -tra p  
apparatus a t room  tem perature and 0 .1 -0 .2  m m  pressure an d  
collected  in  a trap  coo led  in liqu id  n itrogen . T h e  len gth  o f  
tim e o f distillation  was determ ined b y  stop p in g  w hen  a little  
o f  the starting  m aterial began to  sublim e on to  th e inside o f  th e  
upper portion  o f  the vacu um  a d a p tor used fo r  th e d istilla tion . 
T h e  yie ld  o f  the p rod u ct as a clear, colorless liqu id  w as 171 m g  
(3 4 % ). T h e  unreacted starting m ateria l w as recovered  b y  su b 
lim ing a b ou t on e-fou rth  to  on e-th ird  o f  the residual solid  from  
the distillation  and ch rom atograph ing the sublim ate on basic, 
a ctiv ity  I  alum ina w ith  carbon  tetrach loride as th e eluent.

T h e  nm r and u ltraviolet [257.8 nm (sh oulder) (log  € 2 .7 5 ), 263 .4  
(2 .9 7 ), 270 (3 .1 2 ), 276 .5  (3 .15 ), 284 .5  (2 .3 7 ), 287 (2 .3 2 ) in  cy c lo 
hexane contain ing ca. 5 .6 %  naphthalene im purity] spectra  w ere 
in agreem ent w ith  the assigned s tru cture o f  2.

D eterm in ation  o f the K in etics  o f the Isom eriza tion  o f  2 to 
N aphthalene.— A  sam ple o f  5 -1 0  m g  o f  2 was dissolved  in 0 .2  m l 
o f carbon  tetrach loride (distilled from  phosphorus p en tox id e ) 
to  g ive  a 0 .1 7 -0 .3 9  M  so lu tion . U sing a capillary  tu be con 
ta in ing a 1 0 %  solution  o f  m ethylene ch loride in carbon  te tra 
ch loride as a stan dard , the am ou n t o f  2 present a t variou s tim es 
was determ ined b y  in tegration . T h e  nm r spectra l absorption  
corresponding to  the r  3 .42 absorption  o f  2 and th e  m ethy lene 
ch loride singlet were in tegrated and a ratio  o f  th e areas w as o b 
ta ined. T h e  tem perature a t w hich  th e stu d y  w as done w as 38 ±  
0 .2 ° , th e am bient p robe  tem perature.

B en zob icy c lo [2 .2 .0 ]h ex -2 -en e  (3).— A  250 -m g (1.26 m m ol) 
sam ple o f  d ichloride 4  was deehlorinated to  2 using the d isod iu m - 
phenanthrene com plex . T w o  trap -to -tra p  distillation  fraction s 
were ob ta in ed  w hich  contain  2 w ith  n o app arent naphthalene 
present. These fraction s were dissolved in 5 m l o f  dry  m eth an ol 
and com bin ed  w ith  a yellow , m ethan olic slurry o f d ipotassium  
a zod icarboxyla te  [prepared from  0.630 g  (5 .43  m m ol) o f  azod i- 
carbon am ide25] w ith  stirring under n itrogen . T o  this w as s low ly  
added a solution  o f 0 .90  m l o f  g lacia l a ce tic  acid  dissolved in  5 
m l o f  dry  m ethanol over a  2 -hr period  a t room  tem perature. T h e  
yellow  slurry changed to  w hite  a fter a p ortion  o f  th e acid  h ad  
been added . A fter  stirring under n itrogen  for  an add ition a l 5 
hr, the reaction  m ixture w as transferred to  a separatory  funnel 
w ith  150 m l o f  ether. T h e  ether layer w as separated, w ashed  
w ith  eight 60-m l portion s o f  w ater and  10 m l o f satu rated , 
aqueous sodium  b icarbon ate  so lu tion , and  dried (M g S 0 4) in  th e 
refrigerator overn igh t. E vap oration  o f  th e ether left a ye llow , 
liqu id  residue w hich was trap -to -trap  distilled to  g ive  85 m g  o f  3, 
bp  25° (0 .5 -0 .8  m m ). T h is represents a 5 2 %  overa ll y ie ld  o f  3 
from  4 . T h e  nm r and u ltrav iolet [262 nm  (O D m I 0 .9 4 ), 268 
(1 .1 7 ), 274 (1 .2 8 ), and 285 (0 .8 9 )]26 spectra  were in  agreem ent 
w ith  the assigned structure.

(25) J. Thiele, J u s tu s  L ieb ig s  A n n .  C h em ., 271, 127 (1892).
(26) Extinction coefficients were not determined for this spectrum due to 

an unknown degree of contamination by naphthalene and binder from tic 
from another preparation.
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A n oth er preparation  o f  3 produced  enough pure com p ou n d  b y  
colum n ch rom atograph y fo r  elem ental analysis.

Anal. C a lcd  fo r  CioH 10: C , 9 2 .26 ; H , 7 .74 . F ou n d : C , 
9 2 .09 ; H , 7 .74.

B en zob icy c lo [2 .2 .0 ]h ex -S -en -e io -2 -o l (8 ) .— 4 (150 m g ) was 
con verted  to  2 as described a b ov e . Olefin 2 w as im m ediately  
transferred to  a reaction  vessel contain ing 1 m l o f  tetrahydrofuran  
(distilled from  L iA lH ,) a t 5 -1 0 ° .  T o  this w as added 0.45  m l o f 
a 0 .45  M  diborane solu tion  in  tetrahydrofuran . A fter  stirring 
for 1 hr, w ater w as added  dropw ise to  destroy  excess d iborane 
follow ed b y  0.1 m l o f 3 N  aqueous sod iu m  h ydroxide and 0.1 m l 
o f  3 0 %  hydrogen  peroxide. S tirring was con tin ued  for 1 hr. 
T h e reaction m ixture w as extracted  w ith  20 m l o f ether, w hich  
was separated and w ashed w ith  fou r 5 -m l portion s o f  saturated , 
aqueous brine. T h e  organ ic layer w as dried (M g S O ,) a t 0 ° ,  the 
ether was rem oved  on a ro ta to ry  ev a p orator, and the liqu id  resi
due was ch rom atographed on  a c tiv ity  I I ,  basic a lum ina to  g ive  17

m g (1 5 %  based on 4 )  o f  8 : ir (n eat) 3260, 2950, 1460, 1060, and 
745 c m -1 ; nm r (C C l,, internal T M S )  t 2 .85  (m  center, arom atic 
A 2B 2, 4 ), 5 .75  (t  center, C 2H , 1 ), 6 .15  (m  center, bridgehead 
H ’s, 2 ) , 6 .87  (s, O H , 1), and 7 .6 -7 .8 5  (m , C H 2, 2 ).

Anal. C a lcd  for  CioH10O : C , 8 2 .16 ; H , 6 .90 . F ou n d : C , 
C , 81 .98 ; H , 6 .81 .

Registry No.—2 , 20847-82-9; 3, 20847-83-0; 4, 
20902-25-4; 8,33905-59-8.
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A  series o f  7 -m eth oxy-2 ,2 -ethylened ioxy-l,2 ,3 ,9a -tetrah ydroflu orenes has been  synthesized in w hich  the 9a 
substituent has been transform ed from  C O O E t in to  C H O , C H N O H , C O O L i, C O O N a, CONTE, C N , and C O M e 
as w ell as in to  the p rev iously  reported groups C O O M e, C H 2O H , and C O O H . F or  each  substituent the cis and 
trans com pou nds resulting from  olefin  reduction  have been  synthesized b y  routes w hich  establish their stereo
chem istry. T h e  influence o f th e stereochem istry at C -4a  on  the course o f  reactions at the group a ttached  at C -9a 
is d iscussed.

In the hydrogenation of olefins over heterogeneous 
catalysts, the stereochemistry of reduction has been 
found to be influenced not only by the bulk of neighbor
ing functional groups but by attractive interactions 
between certain of these groups and the catalyst sur
face.3 These interactions, in contrast to steric effects, 
are responsible for addition of hydrogen cis with 
respect to the group involved. Our study of this 
phenomenon3 required us to synthesize a series of com
pounds lu, in which the angular group R represented a

lc  =  cis; It =  trans

variety of common functional groups, as well as re
quiring us to prepare authentic samples of the cor
responding cis (lc) and trans (It) reduction products.

We report here these syntheses, which were accom
plished by transformations of the unsaturated carbo- 
ethoxy compound (2 u) and which illustrate reactivities 
and limitations in a system which is both severely 
crowded and acid sensitive. The results are instructive 
as to the relative usefulness in such an environment of a 
number of the existing methods for functional group 
transformation.

The only cases for which we had already made entire
(1) Abstracted in part from the Ph.D. thesis of R. E. N.
(2) NASA Predoctoral Trainee, 1966-1967.
(3) H. W. Thompson, J . O rg . C h em ., 36, 2577 (1971).

sets consisting of all three compounds (u, c, and t) for 
a given functional group were carbomethoxy (3) and 
hydroxymethyl (4). Since the stereochemistry of 
each of these materials was unequivocally known,3 
they were in practice the starting or reference points for 
our synthetic sequences. As these sequences in many 
instances parallelled each other for our three series of 
compounds (Schemes I—III) we shall usually discuss 
the transformations in the unsaturated series as being 
typical of all three.

We had synthesized the previously reported cis al
dehyde (and established its stereochemistry)4 by oxida
tion of the ds-hydroxymethyl compound 4c with Cr03 
in pyridine.6 The same procedure was successful for 
preparation of 5u and 5t; however, yields were con
sistently poor and we found that greatly improved 
yields for the entire aldehyde set could be obtained 
with the procedure employing dicyclohexylcarbodiimide 
and dimethyl sulfoxide.6 Treatment of the aldehyde 
5u with hydroxylamine in ethanol proceeded smoothly 
to give the oxime 6 u. 7

The unsaturated carboxylic acid 7u had been pro
duced as previously described3 from the corresponding 
ester by saponification. The trans acid could also be 
obtained by saponification, albeit under more drastic 
conditions than were required for 2 u, and the stereo
chemistry of 7t was thus related unequivocally to the 
trans series. As none of the reduction methods tried 
on the unsaturated ester 3u gave appreciable quantities 
of cis ester, we could not prepare the cis acid by an 
analogous saponification. However, metal-ammonia 
reduction of the acid 7u provided 7c in good yield and

(4) H. W. Thompson, ibid., 32, 3712 (1967).
(5) J. Schmidlin and A. Wettstein, H elv . C h im . A c ta , 45, 331 (1962).
(6) K. E. Pfitzner and J. G. Moffatt, J .  A m e r .  C h em . S oc ., 87, 5670 (1965).
(7) The same procedure was used to obtain the cis and trans isomers.
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Sch em e  I

U nsaturated  Series

Sch em e  I I  
C is Series

MeO'
' ' ° \  — ► 12u

o - y  
COOR 

2u, R  =  Et \ .

3u> R =  Me 7u, R =  H -
8u, R =  Li 
9u, R  =  Na

COMe

1 COOR

I
4u CH2OH

1____

5u CHO

~V
6u CHNOH

1____ .
~ T '

10u CONH2 

Il u CN

3c COOMe

6 c CHNOH

I
12c COMe

the methyl ester was in turn prepared from 7c by treat
ment with diazomethane.3

The acid 7u, in addition to being the starting point 
for the aboye compounds and for the nitrogen-bearing 
compounds of the unsaturated series (Scheme I), was 
converted to its sodium and lithium carboxylates by 
careful treatment with exactly or slightly less than 
equivalent amounts of the corresponding metal hy
drides, followed by removal of excess 7u by trituration 
with hot benzene until the ir spectrum showed com
plete loss of carbonyl stretching absorption.7

In order to prepare the amide lOu we attempted ester 
ammonolysis under a variety of conditions, ranging 
from anhydrous ethanolic ammonia (no reaction) to 
potassium amide in liquid ammonia (very poor yields). 
Of several procedures involving conversion of carboxylic 
acid salts into reactive intermediates,8'9 the most suc
cessful was treatment of the lithium carboxylate 8u 
with oxalyl chloride in pyridine solution,9 followed by 
reaction with liquid ammonia; this provided 10u7 in a 
yield of 52%. Dehydration of the carboxamide to the 
corresponding nitrile (llu ) proceeded readily in TH F- 
pyridine on treatment with thionyl chloride.7'10

Our attempts to convert the carboxylic acid to the 
acetyl compound by direct methylation of the lithium 
salt 8u with methyllithium11 resulted in poor yields of 
12u and isolation of mixtures either rich in starting 
material or in tertiary alcohol. Alternate pathways in
volving treatment of the aldehyde 5u with methyl 
Grignard followed by oxidation,6 and treatment of the 
acid chloride with cadmium reagent, proved equally 
unpromising. The sequence which proved successful 
for the synthesis of 12u and 12c was the condensation of 
DMSO anion with an ester followed by reductive 
cleavage of the a carbon-sulfur bond with aluminum

(8) W. L. Garbrecht, J . O rg. C h em ., 24, 368 (1959).
(9) R. Adams and L. H. Ulich, J . A m e r . C h em . S o c ., 42, 599 (1920); 

A. L. Wilds and C. H. Shunk, ib id ., 70, 2427 (1948); Ch. R. Engel and G. 
Just, C a n . J .  C h em ., 33, 1515 (1955).

(10) J. A. Krynitsky and H. W. Carhart in “ Organic Syntheses,”  Collect. 
Vol. IV, N. Rabjohn, Ed., Wiley, New York, N. Y., 1963, p 436.

(11) H. O. House and T. M. Bare in “ Organic Syntheses,”  Vol. 49, K. B. 
Wiberg, Ed., Wiley, New York, N. Y., 1969, p 81; M. J. Jorgenson in “ Or
ganic Reactions,”  Vol. 18, W. G. Dauben, Ed., Wiley, New York, N. Y., 
1970, p 1.

11c CN

amalgam.12 However, this was not successful for 
synthesis of the irans-methyl ketone from 2 t, the only 
ketonic product isolated being, not 1 2 t, but 1 2 c, evi
dently due to removal of the tertiary benzylic proton 
under the very strongly basic reaction conditions. This 
and the subsequently described isomerization in the 
methyl set of compounds provide additional evidence 
for the correctness of our stereochemical assignments, 
as the cis compounds are known, both from the data of 
others13 and from metal-ammonia reduction of 4u and 
7u, to be the more stable thermodynamically. The 
trans-methyl ketone I2 t fortunately became available 
by catalytic hydrogenation of 1 2 u and its stereochemis
try was demonstrated by haloform cleavage to the 
trans acid.

Although we have not yet been able to synthesize the 
set in its entirety, we explored a number of reactions 
aimed at complete reduction of the angular function to a 
methyl group, including (1) LiAlH4 treatment of 4u 
tosylate and 4c mesylate in ether, pyridine, THF, and 
DME under a variety of conditions; (2) LiH -f- LiAlH4 
treatment of 4u tosylate and 4c mesylate in TH F ;14
(3) Li-NH 3 treatment of 4u tosylate and 4c mesylate;15
(4) LiAlH4 and NaBH4 treatment of 5u tosylhydra- 
zone;16 (5) PBr3 treatment of 4u in pyridine at 0 and 
60°; (6) (COCl)2 +  pyridine treatment of 4u. 17 The 
only reaction which gave angular group reduction with
out other disruptions of the molecule was W olff- 
Kishner reduction15'18 of the trans aldehyde 5t. Curi
ously, the similar reduction of 5c failed, as did the at-

(12) E. J. Corey and M. Chaykovsky, J. Amer. Chem. Soc., 87, 1345
(1965).

(13) H. O. House and G. H. Ramusson, J. Org. Chem., 28, 31 (1963); and 
footnotes 8 and 9 in ref 3.

(14) J. E. Johnson, R. H. Blizzard, and H. W. Carhart, J. Amer. Chem. 
Soc., 70, 3664 (1948).

(15) J. A. Marshall, H. Faubl, and T. M. Warne, Jr., Chem. Commun., 
753 (1967); J. A. Marshall and T. M. Warne, Jr., J. Org. Chem., 36, 178 
(1971); J. A. Marshall and R. A. Ruden, ibid., 36, 594 (1971).

(16) L. Caglioti and M. Magi, Tetrahedron, 19, 1127 (1963); L. Caglioti, 
ibid., 22, 487 (1966).

(17) S. J. Rhoads and R. E. Michel, J. Amer. Chem. Soc., 86, 585 (1963).
(18) W. Herz, A. K. Pinder, and R. N. Mirrington, J. Org. Chem., 31, 

2257 (1966).
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tempt with 5u and with the mild Wolff-Kishner condi
tions (KO-feri-Bu +  DMSO) introduced by Cram.19 
While we were able to isomerize the ¿rans-methyl com
pound to cis by use of potassium amide, our attempts to 
utilize the former to make the unsaturated compound 
by benzylic bromination (NBS) led to introduction of 
bromine but apparently only at the benzylic methylene 
group, since we were unable to dehydrobrominate the 
product.

Because some amines are known to be catalyst 
poisons and hence interact strongly with catalyst sur
faces, we particularly desired to obtain the amino- 
methyl set of compounds. Reduction of the three 
carboxamides (10) with LiAlH4, using a variety of con
ditions and solvents, led to aminomethyl compound 
only from lOu and then in disastrously low yield. The 
other compounds isolated in all cases were starting 
materials and carboxaldehydes (5), which arise from 
failure either of the intermediate iminate to undergo 
reduction or of the aluminoxyaminate precursor to 
form iminate by oxygen elimination. Further un
successful attempts to produce the aminomethyl com
pounds involved (1) LiAlH4 treatment of the nitriles
(11); (2) LiAlH4 treatment of the aldoximes (6); (3) 
catalytic hydrogenation of the aldoximes (6) with 
Raney cobalt20 at 40 atm and 65° and with 5%  R h / 
A120 321 at 1 atm and 25°; (4) KNH2 treatment of 4u 
tosylate in refluxing ammonia, benzene and toluene;
(5) NaNs treatment of 4u tosylate and 4c mesylate.22

In general our experience bore out the idea suggested 
by models that steric hindrance at the neopentyl 
carbon is greatest in the trans and least in the cis com
pounds. This is consistent with the behavior of the 
trans ester 2t in the presence of DMSO anion; in the 
conversion of 7 into its acid chloride, reaction with the 
trans material would not proceed at the temperatures 
which sufficed for the unsaturated and cis compounds. 
In addition we observed that reactions involving attack 
at the neopentyl carbon invariably failed when that 
carbon was tetrahedrally hybridized. Although addi
tions to a carbonyl group at this center did proceed in 
many instances, evidently the five coordination re
quired for Sn2 displacements at an already tetrahedral 
neopentyl carbon is excessively difficult in this crowded 
steric environment. Substitutions of the Sn2 type at 
neopentyl carbons are normally very difficult but have 
been effected in some instances.23 However, we are 
not aware of any reports of successful Sn2 reactions at 
ring-juncture neopentyl carbons of this sort.15 One at
tempt at such a displacement in this system, by acetylide 
on the tosylate of 4c, has already been recorded.4 
Several more attempts were made in the present work 
with amide, azide, and borohydride, all with equal lack 
of success. Displacements with aluminohydride were 
in several instances apparently successful but led to loss 
of ketal and/or olefin as well.

(19) D. J. Cram, M. R. V., Sahyun, and G. R. Knox, J . A m e r . C h em . S o c ., 
84, 1734 (1962).

(20) W. Reeve and J. Christian, ib id ., 78, 860 (1956).
(21) M. Freifelder, W. D. Smart, and G. R. Stone, J . O rg. C h em ., 27, 

2209 (1962).
(22) A. K. Bose, J. F. Kistner, and L. Farber, ib id ., 27, 2925 (1962).
(23) E. L. Eliel and F. H. Westheimer in “ Steric Effects in Organic Chem

istry,’ ’ M. S. Newman, Ed., Wiley, New York, N. Y., 1956, pp 76-79, 538-
541; N. Kornblum and D. C. Iffland, J . A m e r . C h em . S o c ., 77, 6653 (1955); 
L. Friedman and H. Shechter, «7. O rg. C h em ., 25, 877 (1960); G. A. Wiley, 
R. L. Hershkowitz, B. M. Rein, and B. C. Chung, J . A m e r .  C h em . S oc ., 
86, 964 (1964).
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Experimental Section24

C r 0 3-P y r id in e  P reparation  o f  U nsaturated A ldehyde Su.— T o
a solution  o f  unsaturated a lcoh ol 4 u  (879 m g , 3 .05  m m ol) in 15 
m l o f  pyrid in e contain ing 1 %  w ater w as added 43 m l o f  a satu 
rated solution o f C r 0 3 in th e sam e solven t. T h e  flask, flushed 
w ith  N 2 and stop pered , w as a llow ed to  stand at room  tem pera
ture for 24 hr w ith  stirring, a fter w hich  29 m l m ore o f  the C r 0 3 
solution  was added and th e m ixture w as stirred fo r  an additional 
48 hr under N 2. T h e  reaction  was w orked  up b y  add ition  o f 
ether and filtration. T h e  filtrate w as passed th rou gh  a short 
colum n o f  basic a lum ina, then  con centrated  and ch rom a
tog raph ed , prov id in g  ca. 170 m g  o f  ta n  solid , w hich  w as sublim ed 
at 150° (0.01 m m ) and recrystallized from  p en tan e to  g ive  160 
m g  (1 8 % )  o f  5u as ligh t tan  crysta ls: m p 1 5 4 -1 5 6 ° ; ir 2700,
1715, 1610, 1585, 935 c m -1 (k eta l) w ith  no absorp tion  in the 
3 6 0 0-3200  c m " 1 region ; u v  218 nm  (e 11 ,900), 265 (12 ,9 0 0 ), 298 
(5150 ); nm r 8 1.9 (1 H , d , /  =  13 H z ) , 2 .55  (1 H  d , J =  13 H z ),
2 .5 -2 .9  (3 H com p lex ), 3 .2 (1 H , d , J  =  16 H z ) , 3 .8 (3 II s ),
3 .95  (4 H  m ), 6 .1 (1 H  t, J  =  4 H z ) , 6 .6 5 -6 .9  (2 H  m ), 7 .35 (1 H 
d , J =  9 .5  H z ), 9 .75  (1 H  s ).

Anal. C a lcd  for  C i,H 180 4: C , 71 .31 ; H , 6 .34 . F ou n d : C , 
71 .34 ; H , 6 .37.

D C C -D M S O  Preparation  o f 5u.— Solid  d icycloh exy lcarbod i- 
im ide (1 .24  g , 6 .0  m m ol) w as added to  a solu tion  o f unsaturated 
a lcoh ol 4u  (576 m g , 2 .0  m m ol) in 6 m l o f dry  1 :1  D M S O -b en zen e  
w hich  contained dry  pyrid ine (0.16 m l, 2 .0  m m ol) and trifluoro- 
a cetic acid  (0 .08  m l, 1.0 m m ol). T h e  flask w as flushed w ith  N 2 
and stoppered  and the suspension w as stirred fo r  48 hr at room  
tem perature, a fter w hich  25 m l o f ether and a solu tion  o f  an
h ydrou s oxa lic  acid  (540 m g , 6 .0  m m ol) in 5 .0  m l o f  M eO H  were 
ad d ed ; gas was evo lved  and the suspension w as stirred for 30 
m in . W ater and ether were added  and urea w as rem oved  by  
filtration . Separation  and extraction  o f  the filtrate prov ided  an

(24) Melting points were determined with a Mel-Temp apparatus and 
are uncorrected; infrared (ir) spectra were taken, using a Beckman IR-10 or 
a Perkin-Elmer 457 spectrometer, on CHCla solutions unless otherwise 
specified; ultraviolet (uv) spectra were determined with a Cary Model 14 
spectrophotometer and employing 95% EtOH as solvent; nmr spectra were 
taken using a Varían A-60 or A-60A spectrometer and CDCh solutions 
(CH2CI2 and/or Me«Si internal standard); mass spectra were obtained from 
a Perkin-Elmer Model 270 mass spectrometer; unless otherwise specified 
MgSOi was the drying agent and Florisil was the chromatograph absorbent 
employed; microanalyses were performed by Micro-Tech Laboratories, 
Skokie, 111.; the abbreviations DCC, DME, DMSO, and THF refer to di- 
cyclohexylcarbodiimide, dimethoxyethane, dimethyl sulfoxide, and tetra- 
hydrofuran, respectively.
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organ ic residue, ch rom atographed to  g ive  400 m g  (7 0 % )  o f  Su, 
crystallizing from  pentane as a crude tan  solid , m p 1 4 7 -152°.

DCC-DMSO Preparation of Cis Aldehyde 5c.— B y  th e p ro 
cedure described in detail a b ov e  for  5u, cis a lcoh ol 4c (353 m g ,
1.22 m m ol) w as oxid ized over 24 hr. A fter w ork -u p , th e crude 
a ldehyde w as ch rom atograph ed  and appropriate fractions were 
com bined . Sublim ation  a t 160° (0.01 m m ) and recrystallization  
from  pentane yielded 300 m g (8 5 % ) o f 5c as a w hite  solid : m p 
6 9 -7 1 .5 °  ( l it .4 m p  6 9 .5 -7 2 ° ) ;  ir (CC1,) 2700, 1725, 1610, 935 
c m -1 , no absorption  in th e 3600-3200  cm -1 region ; nm r 5 1 .2 5 -
2 .3  (6 H  com p lex ), 2 .75  (1 H  d , /  =  16 H z ) , 3 .05  (1 H  d , /  =  
16 H z ), 3 .55  (1 H  t, /  =  5 H z ) , 3 .8  (3 H  s ), 3 .95  (4  H  s ), 6 .6 5 -6 .9  
( 2 H m ) ,7 .1  ( l H q ,  J  =  1, 9 .5  H z), 9 .85  (1 H  s ).

CrOj-Pyridine Preparation of Trans Aldehyde 5t.— B y  the 
procedure described in detail ab ove  for 5u, trans a lcoh ol 4t (430 
m g, 1.48 m m ol) w as oxid ized over 72 h r. T h e  crude ox id ation  
p rod u ct was ch rom atographed and appropriate fractions were 
com bin ed  and crystallized, y ield ing 95 m g  o f  y e llow -b row n  solid , 
m p 1 2 4 -126°, w hich  was sublim ed a t 170° (0.01 m m ) and re- 
crvstallized from  hexane to  g ive  90 m g (2 1 % ) o f 5t as w hite  
crystals: m p 1 2 8 .5 -1 3 0 °; ir (CC14) 2740, 1720, 1615, 935 c m “ 1, 
no O H  absorption  in the 3600-3200  cm -1 region ; u v 227 nm (e 
68 0 0), 285 (2930), 290 s (2520); nm r S 1 .6 -3 .2  (9 H  com p lex ),
3 .8  (3 H  s ), 3 .9  (4 H  m ), 6 .6 -6 .8 5  (2 H  m ), 7 .1 (1 H  q , J  =  1, 9 
H z ) , 9 .65  (1 H  s ).

Anal. C a lcd  for C n H 20O4: C , 70 .81 ; H , 6 .99 . F ou n d : C , 
70 .70 ; H , 7 .00 .

DCC-DMSO P reparation  o f 5t.— B y  the procedure described 
in detail ab ove  for  5u, trans a lcoh ol 4t (500  m g, 1.73 m m ol) was 
oxid ized over 48 hr. T h e  crude produ ct w as ch rom atographed 
and appropriate fractions were com bined  and crystallized from  
hexane to  g ive  350 m g (7 1 % ) o f  5t as crude yellow  crystals, m p 
1 2 7 -1 3 3 °.

U nsaturated A ld oxim e 6u.— B y  the general ox im ation  pro
cedure o f  Shriner, F uson , and C u rtin ,25 unsaturated a ldeh yde 5u 
(500  m g , 1.75 m m ol) was added to  a suspension o f  N H 2O H H C l  
(665 m g, 9 .5  m m ol) an d  N aO H  (400 m g , 10 m m ol) in 35 m l o f 
absolu te  E tO H  and refluxed for  18 hr under N j. T h e  m ixture 
was concentrated  under vacu u m ; the residue w as taken  up  in  50 
m l o f w ater and acidified to  p H  3 -4  w ith  saturated aqueous oxa lic 
acid . E xtraction  w ith  C H 2C12 and concentration  gave 474 m g o f 
b row n  o ily  solid . Sublim ation  a t 180° (0.01 m m ) and recrystal
lizations from  eth er -C H 2C l2 prov ided  400 m g (7 6 % )  o f  6u as pale 
ye llow  needles: m p 1 7 2 -1 7 4 °; ir ca. 3350 (b roa d ), 1610, 1585,
935 c m -1 , no C = 0  absorption ; uv 261 nm  (e 15 ,300), 300 
(4640); nm r d 1.95 ( l H d , )  =  13 H z ), 2 .2 -2 .9 5  (4 H  com p lex ),
3.25 (1 H  d , J  =  16 H z ) , 3 .75  (3 H  s ), 3 .95 (4 H  s ) ,  5 .85 (1 H  t, 
J =  4  H z ), 6 .6 -6 .8 5  (2 II m ), 7 .25 (1 H  d , J  =  9 H z ), 7 .55  (1 H  
s).

Anal. C a lcd  fo r  C n H 19N 0 4: C , 67 .76 ; H , 6 .36 . F ou n d : 
C , 6 7 .61 ; H , 6 .46 .

C is A ldoxim e 6c.— B y  the procedure described in detail above  
for 6u, cis a ldehyde 5c (320 m g , 1.11 m m ol) was ox im ated  over 8 
hr to  y ield 330 m g o f crude o ily  produ ct, w hich  was sublim ed at 
180° (0.01 m m ) and crystallized from  eth er-p en tan e  to  y ield 270 
m g  (8 0 % ) o f 6c as a w hite  so lid : m p 9 3 -9 4 ° ;  ir ca. 3350 (broad ), 
1610, 1590, 930 c m -1 , no C = 0  a b sorp tion ; u v  228 nm  (t 8180), 
283 (2730), 288 s (2420); nm r h 1 .2 -2 .3 5  (6 H  com p lex ), 2 .7  (1 
H  d , /  =  16 H z ), 2 .9 -3 .5  (2  H  m ), 3.75 (3 H s ), 3 .9  (4 H  s ), 6 .6 -  
7 .15  (3 H  m ), 7 .8  (1 H  s).

Anal. C a lcd  fo r  C „ H 21N 0 4: C , 67 .31 ; H , 6 .98 . F ou n d : 
C , 6 7 .23 ; H , 6 .99 .

Trans A ld oxim e 6t.— B y  the procedure described in detail 
ab ove  for 6u, trans a ldeh yde 5t (350 m g , 1.22 m m ol) w as ox i
m ated over IS hr to  g ive  376 m g  o f  crude solid . S u blim ation  a t 
180° (0.01 m m ) and recrystallizations from  C H 2C12 yie lded  225 
m g (6 1 % ) o f 6t as w hite  crysta ls: m p  1 9 5 -1 9 7 °; ir ca. 3350 
(broad ), 1615, 1590, 930 cm -1 , no C = 0  absorp tion ; u v  228 nm  
(e 8370), 282 (2760), 2S8 s (24 5 0 ); nm r 5 1 .0 -3 .0  (8  H  com p lex )
3.1 (1 H  d , /  =  14.5 H z ) , 3 .75  (3  H  s ), 3 .9  (4  H  s ), 6 .5 -7 .1  (3  H  
com p lex ), 7 .5  (1 H  s ), 7 .55  (1 H , b roa d ).

Anal. C a lcd  fo r  C nH 21N 0 4: C , 67 .31 ; H , 6 .98 . F ou n d : 
C , 6 7 .20 ; H , 6 .91 .

Trans C arboxylic A cid  7t.— A  solution  o f  trans eth y l ester 2t 
(1 .8  g , 5 .42 m m ol) and K O H  (4 .0  g , 71 m m ol) in 180 m l o f 2- 
m ethoxyeth anol was refluxed under N 2. A fter  24 hr the cooled

(25) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, “The Systematic
Identification of Organic Compounds,” 5th ed, Wiley, New York, N. Y.,
1964.

m ixture w as acidified to  p H  3 -4  w ith  saturated aqueous oxalic 
a cid , then d iluted w ith  m ore w ater and extracted  w ith  C H 2C12. 
Sublim ation  o f  th e extraction  residue a t 150° (0.01 m m ) and re
crystallizations from  absolu te  E tO H  yielded  1.2 g (7 3 % )  o f  7t 
as w hite  crystals: m p 1 9 8 -2 0 0 °; ir 3 6 0 0-2300  (b roa d ), 1715, 
1610, 1585, 945 c m " 1; u v  219 n m  (e 70 5 0), 228 (7210), 283 
(2820), 290 s (2440 ); nm r 6 1.8 (1 H  d , J =  13 H z ) ,  1 .8 5 -2 .9 5  
(7 H  com p lex ), 3 .1 ( l H d , J  =  15.5 H z ) , 3 .8  (3 H  s ), 3 .9 (4 H  m ),
6 .6 -6 .8 5  (2 H  m ), 7 .05  (1 H  d , J =  9 H z ), 10.6 (1 H  s, b ro a d ).

Anal. C a lcd  fo r  C 17H 20O 5: C , 6 7 .0 9 ; H , 6 .62 . F o u n d : C , 
6 7 .04 ; H , 6 .60.

Id en tica l m aterial cou ld  be obta in ed  in purified yields o f  ca. 
7 5 -8 0 %  b y  ca ta ly tic  hydrogen ation  o f  7u under th e con d ition s 
p rev iously  specified .3

Unsaturated Lithium Carboxylate 8u.— U n saturated  ca rb oxy lic  
acid 7u (141 m g , 0.466 m m ol) w as added  to  a  stirred suspension o f  
L iH  (3 .4  m g , 0.425 m m ol) in  dry  D M E  and th e m ixture w as re
fluxed for  2 hr under N 2. T h e  m ixture was coo led  in an ice -sa lt  
ba th  and the insoluble L i salt w as rem oved  b y  filtra tion . T h e  
solid was w ashed three tim es w ith  10-m l portion s o f  h ot benzene 
and then once w ith  cold  anhydrous eth er; the solid w as dried for  
1 hr a t room  tem perature under v acu u m  (1 .0  m m ) to  g ive  111 
m g (8 5 % )  o f  8u as an off-w hite  solid  disp laying no C = 0  a b sorp 
tion  in its ir spectrum  (K B r ).

Cis Lithium Carboxylate 8c.— B y  th e procedu re described  
ab ove  fo r  8u, cis carboxylic acid  7c (150 m g , 0.496 m m ol) w as 
con verted  to  its lith ium  salt, w hich  was purified to  g ive  117 m g  
(7 6 % ) o f  8c as an  o ff-w hite  solid , w hose ir spectrum  (K B r ) la ck ed  
C = 0  absorption .

Unsaturated Sodium Carboxylate 9u.— U nsaturated ca rb oxy lic  
acid  7u (145 m g , 0.471 m m ol) was added to  a stirred suspension  
o f 0.471 m m ol o f N a H  (20.2 m g o f  5 6 %  oil dispersion w ashed  
tw ice w ith  p en tan e) in dry  D M E  (25 m l) under N 2. T h e  m ixtu re 
was refluxed fo r  2 hr, then coo led  and con centrated  to  dryness 
under vacu u m . T h e  solid residue w as purified as described fo r  
the lith ium  sa lt to  g ive  136 m g  (9 3 % ) o f  9u as a ligh t tan  solid  
having no C = 0  absorption  in  its ir spectrum  (K B r ).

Trans Sodium Carboxylate 9t.— B y  th e procedu re described 
ab ove  for  9u, trans carboxy lic  acid  7t (150 m g , 0 .496 m m ol) 
w as con verted  to  its N a  sa lt and th e p rod u ct w as isola ted  and 
purified to  g ive  110 m g  (6 9 % ) o f 9t as an o ff-w hite  solid  w hose ir 
spectrum  (K B r ) show ed no C = 0  absorption .

Unsaturated Carboxamide lOu.— U nsaturated ca rb oxy lic  acid 
7u (501 m g , 1.66 m m ol) was added to  a stirred solu tion  o f  L iO H  • 
H 20  (69 .8  m g , 1.66 m m ol) in 70 m l o f  M eO H  and the solu tion  
w as stirred overn igh t a t room  tem perature and then con centrated  
to  dryness under vacu u m . T h e  residual solid  w as taken  up in 
75 m l o f  d ry  benzene and the solution  w as reduced to  l/z vo lu m e 
b y  distillation  a t atm ospheric pressure. T o  th e stirred ice -co ld  
benzene solu tion  o f  the Li salt under N 2 w as added  d ry  pyrid in e 
(ca. 0.1 m l) and then oxa ly l ch loride (0.34 m l, 4 .0  m m ol). T h e  
resultant yellow  suspension w as allow ed to  w arm  to  room  tem 
perature and then heated to  4 0 -5 0 °  and stirred for 2 h r. E xcess 
oxa ly l ch loride was rem oved under slight vacu u m  and  the sus
pension o f  a,cid ch loride was coo led  to  room  tem perature. T h e  
flask was then  equ ip ped  w ith  a D ry  Ice  condenser and anhydrous 
N H 3 (ca. 125 m l) w as distilled in to  it . T h e  suspension was 
stirred a t reflux fo r  4 hr, the N H 3 w as then allow ed to  evaporate , 
and the residue was extracted w ith  w ater and C H 2C12. C on 
centration  o f  extracts gave 359 m g  o f  crude ye llow  solid , w hich  
was chrom atograph ed . A ppropriate  fraction s w ere com bined , 
sublim ed at 170° (0.01 m m ), and crystallized from  1 :1  cy c lo 
hexane-benzen e to  g ive  260 m g  (5 2 % ) o f  lOu as w h ite  crysta ls: 
m p  1 6 1 .5 -1 6 3 °; ir ca. 3530, ca. 3410, 1675, 1610, 1580, 940 
c m “ 1; u v 261 nm  (« 20 ,60 0 ), 300 (5930), 30S s (5170 ); nm r S
1.7 (1 H  d , /  =  13 H z ), 2 .6  (2 H  t , J =  ca. 3 .5  H z ), 2 .9  (1 II d , 
J =  16 H z ) , 2 .95  (1 H  d , J =  13 H z ), 3 .3  ( l H d , /  =  16 H z ),
3 .8  (3 H  s ), 4 .0  (4 H s ), 5.65 (2 H , b ro a d ), 6 .0  (1 I I  t , J  =  4 
H z ), 6 .6 5 -6 .9  (2 H  m ), 7 .35 (1 H  d , J =  9 H z ).

Anal. C a lcd  fo r  C „ H 19N 0 4: C , 67 .76 ; H ,6 .3 6 . F ou n d : C , 
67 .89 ; H , 6 .37 .

Cis Carboxamide 10c.— B y  th e procedure described in deta il 
ab ove  for lOu, cis carboxylic acid  7c (518 m g , f .71 m m ol) w as con 
verted  to  the corresponding carboxam ide, w hich  w as ch rom a to 
graphed . A pp ropria tely  com bined  fractions w ere purified  b y  sub
lim ation  a t 170° (0.01 m m ) and recrystallizations from  C H 2C12 to 
g ive  400 mg (7 7 % ) o f  10c as w hite crysta ls: m p  1 7 8 .5 -1 7 9 ° ; ir 
ca. 3480, ca. 3330, 1665, 1610, 1585, 925 c m -1 ; u v  220 nm  (« 
6740), 228 (7070), 282 (2680), 288 s (2390); nm r S 1 .3 -2 .3  (6 H  
com p lex ), 2 .8  (1 H d , J =  16 H z ), 3 .4 -3 .8  (2 H  com p lex ), 3 .8  (3 H
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s ) ,  3 .95 (4 H  m ), ca. 5 .8 -7 .3  (2  H , v ery  b roa d ), 6 .6 5 -6 .9  (2  H  
m ) ,  7 .05  (1 H  d , /  =  9 H z ) .

Anal. C a lcd  fo r  C i7H 2iN 0 4: C , 6 7 .31 ; H , 6 .98 ; m ol w t, 
303. F ou n d : C , 6 7 .13 ; H , 7 .0 1 ; m ol w t  (m ass spectru m ), 
303.

T ran s C arboxam ide lOt.— T o  a stirred suspension o f  L iH  
(8 .0  m g , 1 .0 m m ol) in 40 m l o f dry  D M E  w as added trans car
b ox y lic  acid  7t (304 m g , 1 .0 m m ol) and  th e suspension w as 
refluxed for 2 hr under N 2. T h e  stirred m ixture w as coo led  in 
an ice -sa lt  b a th  and d ry  pyrid in e (co . 0.1 m l) w as added , follow ed  
b y  oxa ly l ch loride (0 .60  m l, 7 .0  m m ol). T h e  resultant yellow  
suspension was heated fo r  7 hr w ith  stirring under N 2 a t 4 5 -5 5 ° ; 
the m ixture was then  coo led ; and excess ox a ly l ch loride w as re
m ov ed  under slight v a cu u m .

T h e acid  ch loride (ir 1740, 1770 c m -1 ) w as treated w ith  ca. 
250 m l o f  anhydrous N H 3 fo r  6 hr as described fo r  lOu. W ork -u p  
prov ided  341 m g o f  crude o ily  p rod u ct, w hich  was ch rom a to
graphed. Sublim ation  o f  a pp ropria te ly  com bin ed  fraction s at 
170° (0.01 m m ) and recrystallizations from  e th e r -C H C l3 gave 
55 m g (1 8 % )  o f  lOt as fine w hite  needles: m p 1 7 8 -1 7 9 .5 ° ; ir 
3500, 3400, 1665, 1610, 1580, 930 c m " 1; u v  220 nm  (c 6230), 
228 (6670), 282 (2660), 288 s (2350 ); nm r S 1 .4 -2 .5  (6 H  co m 
p lex ), 2 .5 -3 .5  (3 H  com p lex ), 3 .75  (3 H  s ), 3.95 (4 H  s ) ,  5.1 
( 2 H s ,  b roa d ), 6 .6 -6 .9  ( 2 H  m ), 7 .05  ( l H d , J  =  8 H z ).

Anal. C a lcd  for C i7H 2iN 0 4: C , 67 .31 ; H , 6 .98 ; m ol w t, 
303. F ou n d : C , 67 .20 ; H .7 .0 1 ;  m o l w t (m ass spectru m ), 303.

U nsaturated N itrile l l u . — T o  a stirred solu tion  o f  unsaturated 
carboxam ide lOu (150 m g , 0 .5  m m ol) and d ry  pyrid ine (2 .43  m l, 
30 m m ol) in 115 m l o f  d ry  T H F  under N 2 w as added 0.55  m l 
(7.5  m m ol) o f  SO C l2 b y  syringe. T h e  m ixture w as refluxed fo r  5 
hr and coo led  in an ice  b a th , and excess S0C 12 w as decom posed  
w ith aqueous N a O H . T h e  extraction  residue was ch rom ato
graphed and ap p ropriately  com bin ed  fractions were sublim ed 
at 175° (0.01 m m ) and recrystallized from  e th e r -C H C l3 to  give 
91 m g (6 4 % ) o f  l l u  as w hite  needles: m p  1 4 9 .5 -1 5 1 °; ir (CC14) 
2230, 1 6 1 0 ,940  c m -1 , n o C = 0  a b sorp tion ; u v  212 nm  (e 2 0 ,4 0 0 ), 
261 (20 ,2 0 0 ), 298 (5650), 305 (5110); nm r S 1.85 (1 H  d , J =  
13 H z ), 2 .5  (1 H  d , J =  13 H z ), 2 .5 -2 .9  (2 H  m ), 2 .9 ( l H d , J  =
15.5 H z ) , 3 .4  (1 H  d , J =  15.5 H z ), 3 .8 (3 H  s ) ,  4 .05  (4 H  m ),
5 .95 (1 H  t, /  =  4 H z ), 6 .6 5 -7 .0  (2 H  m ), 7 .35  (1 H  d , /  =  9 
H z ).

Anal. C a lcd  fo r  C i7H I7N 0 3: C , 7 2 .07 ; H , 6 .0 5 . F ou n d : C , 
71 .83 ; H , 6 .0 4 .

C is N itrile 11c.— B y  the procedu re described in  deta il a b ov e  
for l l u ,  cis carboxam ide 10c (152 m g , 0 .50  m m ol) w as deh y 
drated over 5 hr. T h e  crude o ily  p rod u ct w as chrom atograph ed  
and appropriate  fraction s w ere com bin ed , recrystallized from  
p en tan e-eth er , sublim ed a t 175° (0.01 m m ), and recrystallized 
from  ether to  g ive  51 m g  (3 6 % )  o f  11c as w hite sh iny p lates: 
m p 8 2 -8 3 ° ; ir (CC14) 2230, 1610, 935 c m -1 , no C = 0  absorp tion ; 
u v  229 nm  (e 8420), 281 (2620), 288 s (2410); nm r S 1 .3 -2 .5  (6 H  
com p lex ), 2 .9 (1 H  d , J =  15.5 H z ) , 3 .3 (1 H  d , J  =  15.5 H z ),
3 .45  (1 H  t, /  =  4 H z ) , 3 .75  (3 H  s ), 3 .95  (4  H  m ), 6 .6 -6 .8 5  
(2 H  m ), 7 .0  (1 H  d , /  =  9 H z ).

Anal. C a lcd  for C i7H 19N 0 3: C , 71 .56 ; H ,6 .7 1 . F ou n d : C , 
71 .53 ; H , 6 .69 .

T ran s N itrile l i t . — B y  th e procedu re described a b ov e  for  l lu ,  
trans carboxam ide lOt (238 m g , 0.786 m m ol) w as deh ydrated  
over 8 hr and the crude o ily  p rod u ct w as ch rom atograph ed . A p 
propriately  com bin ed  fraction s w ere sublim ed a t  180° (0.01 m m ) 
and recrystallized from  e th e r -C H C l3 to  g ive  126 m g  (5 6 % )  o f  l i t  
as w hite crysta ls: m p  1 4 4 -1 4 5 °; ir 2230, 1615, 1585, 950 c m -1 ,
no C = 0  ab sorp tion ; u v  229 nm  (e 7840), 283 (2 p l0 ), 289 s 
(2280); nm r S 1 .5 -2 .8  (7  H  com p lex ), 2 .8  (1 H  d , J  =  15 H z ),
3 .2  (1 H  d , J  =  15 H z ) , 3 .75  (3 H  s ), 4 .0  (4 H  m ), 6 .6 -6 .9  (2 H m ), 
7.1 (1 H  d , /  =  8 H z ).

Anal. C a lcd  fo r  C i7H uN 0 3: C , 71 .56 ; H ,6 .7 1 . F ou n d : C, 
71 .62 ; H , 6 .70 .

U nsaturated M eth y l K eton e  12u.— D r y  D M S O  (3 m l) was 
added under N 2 to  a  flask contain ing 2 .0  m m ol o f  N a H  (86 m g 
o f  5 6 %  oil dispersion, w ashed tw ice w ith  pen tan e) and th e sus
pension w as heated a t 6 5 -7 0 °  fo r  45 m in w ith  stirring until H 2 
evolu tion  ceased. T h e  solu tion  w as coo led  in an ice ba th  and 3 
m l o f d ry  T H F  was ad d ed , fo llow ed  b y  unsaturated ester 2u 
(330 m g , 1.0 m m ol) in d ry  T H F  (3 m l). T h e  green  solu tion  
was stirred at room  tem perature fo r  2 hr under N 2; then  excess 
D M S O  anion w as decom posed  b y  careful add ition  o f  saturated 
aqueous N a 2S 0 4 (1 .0  m l) and the m ixture was pou red  in to  500 m l 
o f  w ater and acidified to  ca. p H  4 w ith  saturated  aqueous oxalic

acid . E x tra ction  prov ided  th e 0 -k eto  su lfoxide as a brow n  
v iscou s o il.

T o  a stirred solu tion  o f  th e  crude /3-keto su lfoxide in 1 :1 0  
w a te r -T H F  (20 m l) w as added  A l-H g  prepared b y  d ippin g strips 
o f  A1 fo il (270 m g , 10 m g -a tom s) in to  2 %  aqueous H g C l2 fo r  ca. 1 
m in , then  w ashing the strips in  absolu te  E tO H , rinsing th em  in 
anhydrous ether, and cu ttin g  th em  in to  sm all rectangles d irectly  
in to  th e reaction  flask. T h e  m ixture w as stirred a t reflux for  2 
hr under N 2, during w hich  tim e gas w as ev o lved , th en  cooled  
and filtered through  C elite ; th e residue w as w ashed thorou gh ly  
w ith  1 :1 0  w a te r -T H F . T h e  filtrate was con centrated  to  5 m l, 
d iluted w ith  50 m l o f  w ater, and extracted  three tim es w ith  ether; 
the extracts were com bin ed  and concentrated  and th e residual 
oil w as passed in  ether through  a short colum n o f  F lorisil. T h e  
eluate w as concentrated  and crystallized on  standing; th e  crys
talline m aterial w as sublim ed a t 170° (0.01 m m ) and recrystallized 
from  h exan e-eth er to  g ive  110 m g  (3 7 % )  o f  12u as w h ite  prism s: 
m p  1 2 3 -1 2 5 °; ir 1700, 1610, 1585, 1350, 935 c m -1 ; u v  261 nm  (e 
18 ,500), 301 (4140), 309 s (3660); nm r S 1.75 (1 H  d , J  =  13 
H z ), 2 .0  (3 H  s ), 2 .55 (2 H  t, J  =  ca. 4 H z ), 2 .8  (1 H  d , J  =  
13 H z ), 3 .0  (1 H  d , J =  17 H z ), 3.1 (1 H  d , /  =  17 H z ), 3.75 
(3 H  s ), 3 .9 (4 H  m ), 5 .95  (1 H  t , /  =  4  H z ), 6 .6 5 -6 .9  (2 H  m ),
7 .4  (1 H  d , J  =  9 H z ).

Anal. C a lcd  fo r  CisH 2o04: C , 71 .98 ; H , 6 .71 . F o u n d : C , 
71 .82 ; H , 6 .73 .

cis -M eth y l K eton e  12c.— B y  th e procedure described in  detail 
ab ove  fo r  12u, a s -m eth y l ester 3c (500 m g , 1.58 m m ol) was 
con verted  to  th e /3-keto su lfoxide, w hich  w as red u ctive ly  cleaved 
w ith  A l-H g  to  g ive  a crude o ily  prod u ct. T h is  m ateria l was 
passed in 1 :1  e th er -C H 2C l2 th rou gh  a short co lu m n  o f  F lorisil 
and the eluate w as con centrated  and crystallized from  e th e r - 
pentane. T h e  crystalline m ateria l w as sublim ed a t 170° (0.01 
m m ) and recrystallized from  eth er-pen tan e  to  g ive  102 m g  
(2 1 % ) o f  12c as fine w h ite  needles: m p 1 1 4 -1 1 6 ° ; ir 1700, 
1610, 1585, 1350, 925 c m - 1; u v  218 nm  (« 8 3 40), 227 (6110), 
282 (2780), 288 s (2450 ); nm r S 1 .1 5 -2 .35  (6 H  co m p lex ), 2 .2  
(3  H  s ), 2 .7  (1 H  d , J =  15 H z ) , 2 .85  (1 H  d , /  =  15 H z ) ,  3 .65  
(1 H  m ), 3 .75 (3 H  s ), 3.85 (4  H  s ), 6 .6 -6 .8 5  (2 H  m ), 7 .0 5  (1 H  d , 
J =  9  H z ).

Anal. C a lcd  fo r  C i8H 220 4: C , 71 .50 ; H , 7 .33 . F o u n d : C , 
71 .71 ; H , 7 .41.

irans-M ethyl K eton e  12t.— U nsaturated m eth y l k eton e  12u 
(173 m g , 0 .563 m m ol) was h ydrogen ated  w ith  stirring at room  

.tem perature and atm osph eric pressure over 31 .3  m g  o f  5 %  P d /C  
ca ta lyst in 9 .2  m l o f  2 -m eth oxyeth an ol. A fter  2 hr th e reaction  
m ixture w as filtered and con centrated  under v a cu u m  to  g ive  
crystalline m aterial w h ich  was recrystallized three tim es from  
anhydrous ether yield ing 95 .2  m g  (5 6 % )  o f  12t as w h ite  needles: 
m p  1 3 0 -1 3 1 °; ir 1700, 1620, 1590, 950 c m " 1; u v  219 nm  (e 
73 0 0), 228 (7260), 283 (3020), 290 s (2570 ); nm r 5 o f  1 .5 -3 .1  
(9 H  com p lex ), 2 .0  (3 H  s ), 3 .7 (3 H  s ), 3 .9  (4 H  m ), 6 .5 5 -6 .8 5  
( 2 H m ) ,  7 .0 (1  H d , J  =  9  H z ).

Anal. C a lcd  fo r  C 18H 220 4: C , 7 1 .50 ; H , 7 .33 . F ou n d : C , 
71 .72 ; H , 7 .39 .

Iod o form  C leavage26 o f iran s-M ethyl K eton e  12t.— trans- 
M eth y l keton e 12t (60 .4  m g , 0 .20  m m ol) w as dissolved  in  10 m l o f 
d ioxane and h eated to  60° under N j. A  1 0 %  N a O H  solu tion  
(1 .0  m l) was add ed , fo llow ed  b y  slow  add ition  o f  a solu tion  o f  
2 .0  g  o f  K I  and 1.0 g o f  I 2 in 8 .0  m l o f  w ater until a deep brow n  
co lor  persisted (ca. 2 .1 m l requ ired). Just en ough  1 0 %  aqueous 
N a O H  was then  added to  decolorize th e solution  and th e m ixture 
was heated a t 80 ° fo r  8 hr under N 2. W h en  th e coo led  solu tion  
was pou red  in to  25 m l o f  w ater an  im m ediate  yellow  p recip itate  
form ed and w as rem oved  b y  filtration  and recrystallized from  
absolu te  E tO H  to  g ive  59 m g (7 5 % )  o f  C H I3, m p  117-119° (lit .25 
m p  1 1 9 -1 2 1 °). T h e  aqueous filtrate w as acidified  to  p H  3 -4  w ith  
saturated aqueous oxa lic  acid  and extracted  to  g ive  m aterial 
w hich  was crystallized from  ether, prov id in g  39 m g  (6 4 % )  o f  7t as 
w hite sh iny plates, m p  1 9 8 -2 0 0 °; all spectra l da ta  are identica l 
w ith  those o f trans carboxylic acid 7t and a m ixture m elting poin t 
w ith  authen tic 7t w as undepressed.

irans-9a-M ethyl C om poun d.— T o  a solu tion  o f trans carboxa l- 
deh yde 5t (400 m g , 1.39 m m ol) in 10 m l o f  triethylene g ly co l 
w as added  8 5 %  hydrazine m on oh ydrate  (4 .0  m l) and the m ix
ture w as h eated a t 110-115° fo r  1 hr under N 2. T h e  condenser 
w as then  rem oved  and 2 .0  g  (36 m m ol) o f  K O H  w as cau tiou sly  
added to  th e m ixture, w hich  w as heated to  190° and the con 
denser and N 2 source were recon nected . T h e  tem perature w as 
m aintained at 190 -200° fo r  2 .5  hr, a fter w hich  th e coo led  m ix
ture w as dissolved in 50 m l o f w ater and the p H  was ad justed  to  8
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w ith  saturated aqueous oxa lic acid . T h e  aqueous solution  was 
extracted  to  g ive  184 m g  o f crude o ily  p rod u ct, w h ich  was passed 
in ether through  a short colum n o f  F lorisil. Sublim ation  a t 
6 5 -7 0 °  (0.01 m m ) and recrystallizations from  pentane yielded 
99 m g  (2 6 % )  o f  w h ite  crysta ls: m p  5 4 -5 5 ° ;  ir 1610, 1580, 
1350, 925 c m -1 , no C = 0  absorp tion ; uv 219 nm (e 6960), 228 
(75 5 0 ), 282 (2720), 288 s (2360 ); nm r 5 0 .85  (3 H  s ), 1 .1 -2 .8 5  
(9 H  com p lex ), 3 .75  (3 H  s ), 3 .9 (4 H  m ), 6 .5 -7 .1  (3 II  com 
plex ).

Anal. C a lcd  fo r  C 17H 22O 3: C , 74 .42 ; H , 8 .0 8 . F ou n d : C , 
74 .41 ; H , 8 .16 .

c(s-9a -M eth yl C om poun d.— Potassium  am ide w as prepared 
b y  add ition  o f  39 m g (1 .0  m g -a tom ) o f  K  to  15 m l o f anhydrous 
N I I 3 con ta in ing ca. 1 m g  o f F eC l3 in a flask equipped  w ith  a D ry  
Ice  condenser. T h e  suspension was stirred for 30 m in , during 
w hich  tim e the co lor changed from  blue to  g ray -b lack ; to  this 
was added  a solution  o f  50 m g o f  (rans-m ethyl com pou n d  (0.183 
m m ol) in 5 m l o f  dry  T H F . T h e  m ixture w as refluxed for 4 hr 
and w orked up b y  add ition  o f  excess solid NH,C!1. T h e  usual 
w ork-up  provided  48 m g o f  crude o ily  p rod u ct, w hich  w as ch ro
m atograph ed . A pp ropriately  com bined  fraction s were sublim ed 
at 90° (0.01 m m ) and recrystallized from  pentane to  g ive  25 
m g (5 0 % )  o f  w hite needles; m p  9 3 -9 4 ° ; ir 1610, 1585, 1355 m , 
925 c m -1 , n o C = 0  a b sorp tion ; uv 220 s nm (e 7570), 228 (7850), 
282 (2780), 228 s (2440); nm r 5 1 .1 -2 .9  (9 H com p lex ), 1.25 
(3  II s ) ,  3.7 (3 II s ) ,  3 .8  (4 H  m ), 6 .4 5 -6 .6 5  (2 H  m ), 6 .9  (1 II d , 
J  =  8 .5  H z ).

Anal. C a lcd  for C 17I I 22O 3 : C , 74 .42 ; I I , 8 .0 8 . F ou n d : C ,
7 4 .34 ; 1 1 ,8 .1 7 .

p -T olu en esu lfon ate  E ster o f U nsaturated A lcohol 4u .— T o  a
cold  solution  o f unsaturated a lcoh ol 4u  (1 .0  g , 3 .47 m m ol) in 
dry  pyrid ine (10  m l) w as added p -toluenesu lfonyl ch loride (820 
m g , 4.31 m m ol) and the flask w as flushed w ith  N 2 and stop pered ; 
the m ixture was stirred for  4 -5  hr at 0 °  and then a t room  tem 
perature for  24 hr. T h e  m ixture was recooled to  0° and neu
tralized w ith  dilute aqueous HC1. E xtraction  o f  the diluted 
m ixture prov ided  m aterial w hich  was crystallized from  ether to

g ive  563 m g  (3 7 % )  o f tan solid , m p  1 0 9 -1 1 2 °, ir 1350 c m -1 , 
no O H  absorption  in the 3600-3200  c m - 1  region.

T h e  p -to lu en esu lfon a te  ester o f c is  a lcoh ol 4 c  and its prepara 
tion  have been described p rev iou s ly .4

M eth an esu lfon ate  E ster o f C is A lcoh ol 4 c .— T o  a stirred, ice- 
cold  solu tion  o f  cis a lcoh ol 4c (1 .5  g , 5.28 m m ol) in dry  pyrid in e 
(10  m l) was added freshly distilled m ethanesulfonyl ch loride 
(0 .63  m l, 7 .0  m m ol) and the flask was flushed w ith  N 2 and s to p 
pered ; the solution  was stirred fo r  4 -5  hr in an ice  ba th  a t 0 °  
and then at room  tem perature for  32 hr. T h e  m ixture w as re
coo led  to  0 °  and neutralized w ith  dilute aqueous H C1. E xtraction  
o f the diluted solution  gave a v iscou s yellow  o il, w hich  failed  
to  crystallize from  a variety  o f  so lven ts: ir 1370, 1350 c m -1 , 
no O H  absorption  in the 3600-3200  c m - 1  region .

Registry No.—4c (methanesulfonate), 33885-17-5; 
4u (tosylate), 33885-18-6; 5c, 13673-64-8 ; 5t, 33885-
20-0; 5u, 33885-21-1; 6 c, 33885-22-2; 6 t, 33885-23-3; 
6 u, 33885-24-4; 7t, 33872-69-4; cfs-9a-methyl com
pound, 33885-25-5; ¿ra?is-9a-methyl compound, 
33S85-26-6; 10c, 33885-27-7; lOt, 33885-25-8; lOu,
33885-29-9; 11c, 33885-30-2; lit, 33885-31-3; llu,
33885-32-4; 12c, 33885-33-5; 12t, 33885-34-6; 12u,
33885-35-7.
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rac-7-M ethylhexahelicene (3 ) is brom inated  to the brom om eth yl derivative 4 w hich  on treatm ent w ith  tri- 
m ethylphosphine is converted in to the racem ic quaternary phosphonium  brom ide 5. B y  salt form ation  w ith  
silver d ( — ph ydrogend ibenzoyltartrate  and recrystallization o f same, a pure diastereoisom eric salt ( — )-6 + -d ( — )- 
H D B T ' is isolated and con verted  in to ( — )-5 b y  treatm ent w ith  tetraethylam m onium  brom ide. A queous alka
line treatm ent o f  ( — )-6 K n ( — ) -H D B T _ affords ( — )-3. All steps proceed  in high yield . T h e  above  reactions 
prov ide a new m ethod  o f resolution for  m ethy l derivatives o f  d issym étrie arom atic hydrocarbons.

When the work herein reported was started the 
absolute configuration of hexahelicene ( l )2 had not been

2, R =  Br

established. Recently, the assignment of the left- 
handed helix (—)-l, as shown in the formula, has been 
established by X-ray analysis of (—)-2-bromohexa- 
helicene (2).3

(1) Postdoctoral fellow supported by Grant G12445X of the National 
Science Foundation.

(2) M. S. Newman and D. Lednicer, J .  A m er . C h em . S oc ., 78, 4765 (1956).
(3) D. A. Lightner, D. T. Hefelfinger, G. W. Frank, T. \V. Powers, and 

K. N. Trueblood, N a tu re  {L o n d o n ), 232, 124 (1971). Further literature 
references to other related work are given in this paper.

Because of the difficulty experienced in resolution of 
hexahelicene2'4 by the use of a-(2,4,5,7-tetranitro-9- 
fluorenylidenaminooxy)propionic acid (TAPA),5 a 
new method for the resolution of a helicene was sought 
which would involve a compound whose absolute con
figuration could be established by X-ray crystal
lographic methods. This method has been discovered 
and is described herein. However, since the problem 
of the helicenes has been solved3 the X-ray work has 
not been carried out. Our method is outlined in Chart 
I .6

Bromination of 7-methylhexahelicene (3)7 to 7-
(4) M. S. Newman, R. S. Darlak, and L. Tsai, J .  A m e r . C h em . S o c ., 89, 

6191 (1967).
(5) M. S. Newman and W. B. Lutz, ib id ., 78, 2469 (1956).
(6) A g+D (-)-H D B T " is silver d ( — )-hvdrogendibenzoyltartrate, a com

pound first used for resolution of an asymmetric tetracovalent phosphorus 
compound by D. M. Coyne, W. E. McEwen, and C. A. VanderWerf, J .  
A m er . C h em . S oc ., 78, 3061 (1956). Both the d ( —)- and L( +  )-dibenzoyl- 
tartaric acids can be obtained from the Norse Laboratories, Inc., Santa 
Barbara, Calif. 93103.

(7) 7-Methylhexahelicene was first prepared here (unpublished work) 
by Dr. David J. Collins in 1959.



7-Methylhexahelicene J. Org. Chem., Vol. 37, No. 9, 1972 1313

C h a r t  I

NBS (CHa)jP
R C H 3 — »- R C I R B r ---------- >
(± ) -3  ( ± H

NaOH
( - > - 5 — > ( - > 3

I  (CîHs^NBr

R C H 2P +(C H 3)3B r -
(± ) -5

A g + D (-)-H D B T -'

( -  )-6 + • D  ( -  ) -H D B T  -  -<—  R C H 2P  + (C H 3 )3 ■ d ( -  ) -H D B T  ~
(+ )-6  + -d( - ) - H D B T -  
( — )-6  + -d( — ) -H D B T ~

hexahelicylmethyl bromide (4)8 was accomplished in 
good yield with iV-bromosuccinimide. Treatment of 4 
with trimethylphosphine afforded the beautifully 
crystalline phosphonium salt 5 in almost quantitative 
yield. On reaction of 5 with silver d(—)-hydrogen- 
dibenzoyltartrate in methanol a high yield of a mixture 
of diastereoisomeric d ( — )-HDBT salts (6) was ob
tained. On one crystallization from ethanol-l-pro- 
panol about 50% of the theoretical amount of the 
(— )6 + -d(— )-HDBT~ isomer separated. Further re- 
crystallization did not appreciably improve the specific 
rotation. On refluxing (—)-6+-d(—)-HDBT~  in 
methanol with tetraethylammonium bromide conver
sion to (— )-5 was obtained in over 90% yield. This salt 
was readily crystallized from methanol-ether to yield 
crystals which seemed suitable for X-ray studies. 
Finally, on treatment of (—)-5 with aqueous sodium 
hydroxide at room temperature (— )-3 was obtained in 
high yield.9 We assume that (— )-3 and (—)-5 exist 
as left-handed helices, as established for (—)-l, because 
of the similarity of the negative Cotton effect observed 
in the regions examined.3

This method of resolution is of special interest be
cause a quaternary phosphonium compound 5, in 
which the dissymmetry is not centered on phosphorus, 
has successfully been resolved. In addition, the ease of 
crystallization and separation of the diastereoisomeric 
phosphonium salts makes the resolution relatively 
simple.

Experimental Section10

(± )-7 -M e th y lh e x a h e lice n e  (3 ) .7— A  G rignard reagent was 
prepared b y  treating 1.67 g  o f m agnesium  in 50 m l o f ether w ith
9 .8  g o f  m eth y l iod ide . A fter  all o f  the m agnesium  had reacted , 
300 m l o f  benzene w as add ed  and the ether w as largely rem oved  
b y  distillation . T o  th is reagent w as added  a solu tion  o f  20 g  o f 
7 ,8 ,8a ,9 ,10 ,16c-h exahyd ro-7 -oxoh exahelicene4 in 500 m l o f 
benzene. A fter  being refluxed fo r  26 hr the m ixture w as w orked 
up as usual. C h rom a togra p h y  over silica  gel in benzene yielded

(8) The bromination of 3 was done here by Dr. R. A. Darlak in 1965.
(9) For analogous reactions, see A. J. Kirby and S. G. Warren, “ The 

Organic Chemistry of Phosphorus,”  Elsevier, New York, N. Y., 1967, p 
254.

(10) Melting points are uncorrected and were determined on a Thomas- 
Hoover capillary melting point apparatus. A melting point block was used 
for those above 280°. Infrared were obtained on a Perkin-Elmer Infracord 
Model 137 spectrophotometer in KBr pellets. Nuclear magnetic resonance 
spectra were determined on a Varian 60 high-resolution spectrometer using 
TMS as an internal standard. The mass spectra were determined by use 
of the direct inlet system on an AEI MS-902 double-focusing mass spectrom
eter. Optical rotations were measured on a Perkin-Elmer Model 141 
Polarimeter (accurate to 0.001°) using a 10-cm Micro-cell with inner glass 
tube diameter of 3.4 mm and a cell volume of 1 ml. In a typical rotation 
determination, the sample was weighed on a Cahn Electro-Balance (accurate 
to 0.001 mg), dissolved in a suitable solvent in a 2-ml Kimax volumetric 
flask, and 1 ml of the prepared solution of known concentration was trans
ferred into the Micro-cell for immediate measuring in the instrument. Mea
suring accuracy with micro cells is claimed to be approximately ±0 .2%  for 
rotations >1° by the manufacturer. Elemental microanalyses were de
termined by Galbraith Laboratories, Knoxville, Tenn.

14.0 g  o f  a first fra ction  from  w hich  a ligh t yellow  solid , presum 
a b ly  th e exp ected  olefin, m p 1 9 2 -1 9 7 °, cou ld  b e  crystallized . In 
add ition , a  second fraction  from  w hich  2 .0  g  o f starting ketone 
cou ld  be crystallized and 1.4 g  o f  a th ird  fra ction , presum ably  the 
tertiary  a lcoh ol, w ere ob ta in ed . T h e  crude olefin (9 .2  g ) was 
arom atized as described4 fo r  the preparation  o f  hexahelicene to  
y ie ld  3 .87  g  (4 2 % ) o f  ( ± ) - 3 ,  m p  1 9 2 -1 9 4 °. B y  ch rom atograph y 
and recrystallization  from  benzene-S kellysolve  F , aceton e, and 
benzene there was obta in ed  th e analy tica l sam ple, m p 1 9 8 .0 - 
198 .5°. F or  further w ork , m aterial o f  m p 192-194° was 
used.

Anal. C a lcd  fo r  C 27H 18: C , 9 4 .6 ; H , 5 .2 . F ou n d : C , 
9 4 .7 ; H , 5 .3 .

(± )-7 -H e x a h e licy lm e th y l B rom ide (4 ) .8— A  solu tion  o f  0.613 g 
o f  -V -brom osuccinim ide and 1.00 g  o f  3 in 10 m l o f  carbon  tetra 
ch loride was refluxed for 12 hr a fter th e add ition  o f  a few  crystals 
o f  b enzoyl peroxide. On coolin g  the succin im ide w as rem oved  by  
filtration and the filtrate w as evaporated  to  dryness. R e 
crystallization  o f  the residue from  b en zen e-S kellysolve  B  yielded 
0.99 g (7 8 % ) o f  4 , m p 2 0 7 -2 1 0 ° , suitable for further w ork . T h e 
analytica l sam ple, m p 2 1 3 -2 1 5 °, was obta in ed  b y  further re
crystallization  from  the sam e solven t.

Anal. C a lcd  fo r  C 21H nB r: C , 7 7 .1 ; H , 4 .1 ; B r, 19.0. 
F ou n d : C , 7 7 .2 ; II , 4 .2 ; B r, 19.1.

In  a larger run (2.38 g o f  3 ) th e y ie ld  o f 4 w as 7 0 % .
(± )-7 -H exah elicy lm eth y ltrim eth y lp h osp h on iu m  B rom ide (5 ). 

— T o  a solu tion  o f  1.00 g o f 4 in 20 m l o f  eth er and 20 m l o f 
benzene in a three-necked flask under n itrogen  equ ip ped  w ith  a 
D ry  Ice  coo led  condenser, septa , and m agnetic stirrer w as added 
abou t 1.5 m l o f  D ry  Ice  coo led  tr im ethylphosphin e (caution , 
to x ic ity )  from  a syringe. Solid  5 precip itated  im m ediately . 
T h e  m ixture w as stirred overn ight (w ith  w ater condenser instead 
o f D ry  Ice  condenser) and then  h eated to  reflux fo r  4 hr. T h e  
yellow  solid was co llected  b y  filtration  and the coo led  m ixture 
was w ashed w ith  dry  benzene. A fter  drying in vacuo the solid 
was dissolved in 100 m l o f h ot m ethanol and the solu tion  was 
con centrated  to  ca. 30 m l. O n coo lin g  1.105 g (9 3 % )  o f  5, 
m p  ca. 350° dec a fter darkening a t 3 3 5 °, nm r [C D 3O D -(C D 3)2- 
SO , 1 :1 ] S (T M S ) 2 .0  [9 H , d , /  =  14.5 H z, P (C H 3)3] ,  4 .59  (2
H , d , J  =  17.5 H z, - C H 2P ), 6 .3 -8 .8  (15 H , m , A rH ), w as o b 
ta ined suitable for  further use.

Anal. C a lcd  for C 30H 26B rP : C , 7 2 .4 ; H , 5 .2 ; B r, 16.1; P , 
6 .2 . F ou n d : C , 7 2 .3 ; H , 5 .3 ; B r , 15.9; P , 6 .0 .

T h e  phosphonium  brom ide 5 s low ly  absorbs m oisture on  stan d
ing. As a result, m arked so lu b ility  differences w ere observed  
during the recrystallization  process. T h e  presence o f  m oisture, 
as revealed b y  the strong O -H  stretch ing absorption  in the ir 
spectrum , w as gradually rem oved  b y  h eating .

( — )-7 -H exahelicylm ethyltrim ethylphosphon ium  d ( — )-H ydro- 
gendibenzoyltartrate [ ( — )-6+ • d  ( — )-H D B T  - ) ] .— T o  a solu tion  
at room  tem perature (previously  w arm ed to  effect so lu tion ) o f
I .  004 g o f 5 in 50 m l o f m ethanol w as added  0.951 g o f silver d ( — )- 
h ydrogen diben zoyl tartrate prepared6 from  d ( — )-d ibenzoy l- 
tartaric acid , [ « ] 2,d — 111°. T h e  heterogeneous m ixture was 
m agnetica lly  stirred at am bient tem perature fo r  17 hr in the 
dark . A fter addition  o f 15 m l o f  m ethan ol the yellow  suspension 
w as h eated to  reflux for 72 h r. T h e  silver brom ide (8 9 % )  was 
collected  b y  filtration  and w ashed well w ith  m eth an ol. T h e 
filtrate w as evaporated  to  dryness and  th e residue w as stirred for 
1 hr w ith  125 m l o f  distilled w ater. T h e  solid w as co llected , 
w ashed w ith  w ater, and dried in vacuo over P 20 5 to  y ie ld  1.353 g 
(8 7 % ) o f  ( ± ) - 6 + - d ( - ) - H D B T - :  m p 1 5 8 -1 5 9 ° d ec ; ir 3500 
(O H ), 1730 c m “ 1 (s) ( C = 0 ) ;  nm r (C D 3O D ) S (T M S )  1.85 [9 
H , d , J  =  14.5 H z, P (C H 3)3] , 4 .37  (2 H , d , J  =  16 H z, - C H 2P ),
6 .05  (2  H , s, m ethine H  o f  H D B T ) , 6 .3 -S .4  [25 H , m , (A r H , 
C J T ) ] . T h e  acid ic p ro ton  was n ot observed because o f  ex
change w ith  the deuterated solven t. R ecrysta llization  o f  the 
crude salt from  70 m l o f e th a n o l-l-p ro p a n o l ( 1 : 1 )  y ie lded  402 
m g o f  ( — )-6+ -d ( — ) -H D B T ~  as yellow  crystals, m p  1 5 7 .5 - 
158.5° dec, a fter 12 hr. T h e  specific rotation s were ob ta in ed  at 
the w avelengths in d ica ted10 from  0.574 m g o f  salt in 2 m l o f 
absolu te  m ethan ol: — 1105° (589 m /i) , — 11S1° (578 ), — 1457° 
(546), - 4 2 3 1 °  (436 ), and 0 ° (365). A fter tw o further recrystal
lizations from  eth anol, 136 m g o f  ( — )-6+ -d ( — )-H D B T ~  was 
obta in ed  w hich  gave the fo llow in g  specific rotation s from  a solu 
tion  o f  0.128 m g in 2 m l o f  m eth an ol: — 1109° (589), — 1297° 
(578 ), - 1 6 2 5 °  (546 ), - 4 6 7 2 °  (436 ), and  0 ° (365 ). H ence w e 
believe th at a lm ost com pletely  resolved m aterial w as ob ta in ed  in 
the first crystallization . T h e  crystals from  the first crop ev i
den tly  retained one m olecule each  o f  ethanol and 1-propanol as
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ju d g ed  b y  th e analysis. Such inclusion o f  so lven t is n o t u n com 
m on  w ith  phosphonium  sa lts .11

Anal. C a lcd  fo r  C<~II-.qO .P ■ 0-1 b ( ) ■ C 3J 1*0" C , /2 .5 ;  H , 
6 .0 ; P , 3 .5 . F ou n d : C , 7 2 .5 ; H , 5 .7 ; P , 3 .4 .

( — )-7-Hexahelicylmethyltrimethylphosphonium Bromide (5). 
— A  solution  o f  120 m g  o f  ( — )-6+ -d ( — ) -H D B T _  ( [ a ] 23D 
— 1 109°) and 3 .5  g  o f tetraethylam m onium  brom ide in 18 m l o f 
m ethanol w as refluxed fo r  48 hr and allow ed to  stir a t room  
tem perature for 72 hr. T h e  m ethanol w as rem oved under re
duced pressure and the residue w as stirred w ith  40 m l o f w ater for 
12 hr. T h e  solid  w as collected  b y  filtration, w ashed w ith  w ater, 
and dried in vacuo over P 20 5. C rystallization  from  m ethan ol a f
forded  72.9 m g  (9 5 % )  o f  ( — ) -5 , m p ca. 354° dec. T h e  infrared 
spectrum  w as identica l w ith  th at o f  (± )-5 . T h e  fo llow ing  
specific rotation s were obta in ed  a t 23° from  a solution  o f 0 .400 
m g  in 2 m l o f  m ethan ol: — 1930° (589 mju), —2070° (578),

(11) M. Davis and F. G. Mann, J .  C h em . S o c ., 3770 (1964); C. H. Chen 
and K. D. Berlin, J .  O rg . C h em ., 36, 2791 (1971).

— 2559° (546), — 7563° (436), and 0 ° (365). F u rther recrysta l
lization  from  m ethanol d id  n o t change the rotation  sign ificantly .

( — )-7-Methylhexahelicene (3).— A  solution  o f  20 m g  o f  ( — )-5 
( [a] 23d — 1881°) w as stirred w ith  5 m l o f  1 0 %  sodium  h ydroxide 
a t am bient tem perature for  24 h r. T h e  yellow  solid w as co llected  
b y  filtration  and w ashed w ell w ith  w ater. A fter  dry in g  in 
vacuo over P 20 5, there w as ob ta in ed  12.6 m g  (9 2 % ) o f  ( — )-3, 
m p 1 7 5 -180°. One recrystallization  from  2 -p ropan ol y ie ld ed
10.5 m g o f  ( — )-3, m p  185 -186°, w ith  the fo llow ing  specific ro ta 
tions (from  0.356 m g in 2 m l o f  ch loro form ): — 3157° (589 m /0 , 
- 3 3 9 9 °  (578), - 4 1 8 5 °  (546), - 1 2 ,3 3 2 °  (436 ), and  + 2 1 9 °  
(365). T h e  structure o f ( — )-3 was established b y  com parison  
w ith  th at o f  (± )-3  w ith  respect to  ir and m ass spectrum  (M +, 
342).

Registry No.— (± ) -3 ,33835-50-6; ( —)-3 ,33835-51-7; 
(±)-4 , 33872-33-2; (±)-5 , 33835-52-8; ( - ) -5 ,  33835- 
53-9; (± )-6 + -d( - ) -H D B T -, 33835-54-0; (~ )-6 + - 
d(-)-H D B T %  33835-55-1.
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T h e preferred con form ations o f  1,1,1-trifluoroacetone hydrazone and azine have the substituent anti to  the 
tr ifluorom ethyl group. T h e  assignm ents are based on  the stereospecificity  o f six-bond, proton -flu orin e  coupling 
in selected Ar,A’-dirnethyl derivatives and correlations o f  the fluorine chem ical shifts o f syn  and anti trifluoro
m ethyl groups in  hexafluoroacetone im ine derivatives. A lly lic  p roton -fluorine coupling is n ot a reliable indi
cator o f stereochem istry.

The preferred conformations of unsymmetrical 
imines, hydrazones, oximes, azines, etc., are of con
tinuing interest.1 A related problem in symmetrical 
derivatives is the correct spectral identification of the 
syn and anti groups.2 For those classes of compounds 
1 where Ri and R 2 are hydrocarbon, steric arguments 
suffice to predict conformation.1’3’4

the conformation of trifluoroacetone imine derivatives.
Results.—No single, simple, physical measurement 

unambiguously identifies the conformations of tri
fluoroacetone imines. Therefore a series of indirect 
studies was performed.

Six-Bond, Proton-Fluorine Coupling.—The methyl 
protons of enamine 2s couple differently to the cis and

X
N

Ri
1, X  =  H, CH3, NH2, OH, F... 

la, R, =  CF3, R , =  CH,, X  =  NH2

0.8 0.6

Trifluoroacetone hydrazone5 (la) and trifluoroacetone 
azine have single conformations in solution. Although 
steric arguments predict that the trifluoromethyl and 
the substituent should be anti,6 dipole interactions be
tween electronegative substituents may stabilize the 
syn form.7 * The purpose of this study is to determine

8.4
r*CF<

-C F /
=N

N N(CH3)2

2.6

(1) G. J. Karabatsos, J. D. Graham, and F. M. Vane, J .  A m e r . C h em . 
S o c ., 84, 753 (1962); G. J. Karabatsos, F. M. Vane, R. A. Taller, and N. 
Hsi, ib id ., 86, 3351 (1964).

(2) For the use of the new Eu chelates to identify oxime conformations see 
Z. W. Wolkowski, T etra h ed ron  L ett., 825 (1971); K. D. Berlin and S. Ren- 
garaju, J . O rg. C h em ., 36, 2912 (1971).

(3) E. Arnal, J. Elguero, R. Jacquier, C. Marzin, and J. Wylde, B u ll. 
C h em . S oc . F r . , 877 (1965); J. Elguero, R. Jacquier, and C. Marzin, ib id ., 
713 (1968).

(4) Yu. P. Kitaev, B. I. Buzykin, and T. V. Troepol’skaya, R u ss. C h em . 
R ev ., 441 (1970).

(5) R. A. Sheppard and P. L. Sciaraffa, J . O rg. C h em ., 31, 964 (1966).
(6) R. Filler in “ Advances in Fluorine Chemistry,”  Vol. 6, J. C. Tatlow, 

R. D. Peacock, and H. H. Hyman, Ed., Chemical Rubber Publishing Co., 
Cleveland, Ohio, 1970.

(7) H. G. Viehe, C h em . B er ., 93, 1697 (1960); R. E. Wood and D. P.
Stevenson, J . A m e r . C h em . S o c ., 63, 1650 (1941).

trans- 3 4

trans trifluoromethyl groups. A 1 .8-Hz, six-bond, 
proton-fluorine coupling was observed in the trans- 
hexafluorobutyne-dimethylamine adduct 3, but the 
coupling in the cis isomer was not mentioned.9 Cou
plings between all pairs of nuclei in both cis- and 
trans-3 have now been observed and include the 0.6- 
Hz, six-bond, proton-fluorine coupling in cis-3. Hexa-

(8) Yu. A. Cheburkov, N. Mukhamadaliev, Yu. E. Aronov, and I. L. 
Knunyants, Izv . A k a d . N a u k  S S S R , S er . K h im ., 1478 (1965).

(9) W. R. Cullen, D. S. Dawson, and G. E. Styan, C a n . J .  C h em ., 43, 3392 
(1965).
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fluoroacetone dimethylhydrazone (4) shows similar 
stereospecific, six-bond, proton-fluorine coupling. The 
two compounds 3 are distinguished by the well-estab
lished stereospecific, five-bond, fluorine-fluorine cou
pling.10 The trifluoromethyl assignments for 2 and 4 
follow from the six-bond, proton-fluorine coupling and 
the fluorine chemical shifts which are discussed below. 
No six-bond, proton-fluorine coupling is visible in tri- 
fluoroacetone dimethylhydrazone.

Chemical Shifts of Hexafluoroacetone Derivatives.— 
Syn and anti trifluoromethyl groups of some HFA 
derivatives have been assigned by long-range coupling 
considerations. The surest of these is the N-fluoro- 
imine 5a, for which the upheld, anti trifluoromethyl

Xy
N

Ï
c f 3 c f 3

5 a, X  =  F d, X  =  N (C R )2
b, X  =  H e, X  =  N R
c ,  X  =  C R

group has a fluorine-fluorine coupling half that of the 
downheld syn group.11 Similar arguments based on 
proton-fluorine coupling led to identical assignments 
for the imine 5b, 12 the IV-methylimine 5c, 12 and now for 
the 2V,iV-dimethylhydrazone 5d. Similar assignments 
can probably be made for other HFA imine derivatives 
and are summarized in Table I.

T a b l e  I

F l u o r in e  N m k  P a r a m e t e r s  o f  H e x a f l u o r o a c e t o n e

I m in e  D e r iv a t iv e s

Chemical Chemical
shift (anti) shift (syn)

X (J, Hz) (J, Hz) Ref
H - 7 5 . 4 ( 0 ) - 7 3 . 6 ( 2 . 5 ) a
c h 3 - 7 1 . 3 ( 1 . 8 ) - 6 5 . 2 ( 2 . 5 )
n h 2 - 6 6 . 7 - 6 4 . 9
O H - 6 7 . 7 — 6 5 .6 a
F - 6 6 . 8 ( 1 2 ) - 6 3 . 6 ( 2 4 ) b
C l - 6 9 . 1 - 6 7 . 5 b
B r - 7 0 . 9 - 6 9 . 9 a
N (C H 3)2 - 6 3 . 8  ( 1 . 1 ) - 5 2 . 1  ( 2 . 6 )
o c h 3 - 6 7 . 3 - 6 5 . 1

.CH3
N = < CH3 - 6 8 . 6 - 6 5 . 1 c

/C F 3
N = <

cf3
- 6 8 . 7 - 6 5 . 0 c

H F A

GO1 .6 d
° R eference 12. 0 R eference 11. c R eference 14. d C. H.

D ungan and J. R . V an  W azer, “ C om pila tion  o f  R ep orted  F 19 
N M R  C hem ical Sh ifts ,”  W iley-In terscience, N ew  Y ork , N . Y ., 
1970.

T a b l e  I I

F l u o r in e  C h e m ic a l  Sh ift s  o f  T r if l u o r o a c e t o n e  
Im in e  D e r iv a t iv e s

X Chemical shift, ppm
N H , - 7 1 . 4
O H - 7 2 . 1
N (C H 3)2 - 7 2 . 1

, cf3
N = < .

ch3 - 7 3 . 5

T F A “ - 8 2 . 6
° C . H . D ungan and J. R . V an W azer, “ C om pila tion  o f  R e 

p orted  F '9 N M R  C hem ical Sh ifts,”  W iley-In terscience, N ew  
Y ork , N . Y ., 1970.

the conformation with the amino group anti to the tri
fluoromethyl group. See Table II.

Discussion

Burton13 observed that cis four-bond, proton-fluo
rine coupling in the hydrogen chloride adducts of hexa- 
fluorobutyne was larger than trans coupling. This cor
relation has been used to assign the configuration of 
some HFA imines (correctly),12 but in 2 and 3 the 
trans four-bond, proton-fluorine coupling is larger than 
the cis. Caution should be used in applying four-bond 
coupling as a criterion of stereochemistry. Signs of 
these couplings are unknown.

Both the benzaldehyde 6a and isobutyraldéhyde 6b

c f 3

N
\

CF:,N‘

N y H
X

a
6a, X  =  Q R  

b, X  =  C H (C R )2

azines of HFA show stereospecific, six-bond, proton- 
fluorine coupling between the aldehyde proton and the 
syn trifluoromethyl group.14 What part through space 
interactions in cisoid conformations play in determining 
the stereospecificity of the couplings is unknown. Un
less both cis and trans couplings are available, such as 
with 3 or HFA derivatives, the structure should not be 
based on six-bond coupling. Six-bond couplings in 
hexafluoroacetone oxime O-methyl ether (7)12 and in 
the methanol adduct with hexafiuorobutyne 815 are not 
observable.

V
/ = N V

H c p 3

/  OCH3 CF3 O C R

7 8

While changes in the chemical shifts of the anti tri
fluoromethyl groups are small, the syn trifluoromethyl 
in dimethylhydrazone 5d is shifted downfield 13 ppm 
from that in hydrazone 5e. The cis trifluoromethyl 
group in enamine 2 is also shifted downfield. The 
chemical shifts of the trifluoromethyl groups of tri
fluoroacetone derivatives, including the W,A-dimethyl- 
hydrazone, are relatively insensitive to imine substi
tution. Thus trifluoroacetone hydrazone is assigned

(10) G. V. D. Tiers, J .  C h em . P h y s . ,  3 5 , 2263 (1961).
(11) J. K. Ruff, J . O rg. C h em ., 32, 1675 (1967).
(12) W. J. Middleton and C. G. Krespan, J . O rg. C h em ., 30, 1398 (1965).

Experimental Section
P roton  nm r spectra were determ ined on  a V arian  A -60  and 

fluorine nm r spectra  on a V arian  A 5 6 /6 0 . T h e  preparation  o f 
la  has been described prev iou sly .5 T h e  m ixture 3 was prepared 
b y  bubblin g  dim ethylam ine through a trichlorofluorom ethane 
solution  o f hexafiuorobutyne until no further exotherm  was 
ob serv ed .9 E xam ination  o f the crude p rod u ct verified the 
presence o f b o th  isom ers; distillation  gave on ly  the trans isom er.

(13) D. J. Burton, R. L. Johnson, and R. T. Bogan, C a n . J .  C h em ., 44, 
635 (1966).

(14) F. J. Weigert, submitted for publication in J . F lu o r in e  C h em .
(15) E. K. Raunio and T. G. Frey, J . O rg. C h em ., 36, 345 (1971).
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Several weeks at room  tem perature were required fo r  the re
equilibration.

Hexafluoroacetone Dimethylhydrazone (4).— 2,2 ,2-T riflu oro-
l-(tr ifluorom eth yl)eth ylid en im ine (11 m l) was bubbled  in to a 
chilled solution o f 6 .0  g  o f iV ,iV -dim ethylhydrazine in 25 m l o f 
ether. A fter the add ition  was com p lete , the solution  was w arm ed 
to room  tem perature and pou red  on to  30 g  o f  phosphorus pen- 
toxide.

D istillation  gave o n ly  a trace of the desired hydrazon e. T h e 
p rod u ct w as purified b y  gas chrom atograph y on  a 6 f t  X  0.25 in . 
colum n of 2 0 %  silicone #200 on  6 0 /8 0  C h rom o “ W .”  A t 50° 
and 10 c c /m in  the retention  tim e was 50 m in ; pm r (CC14) S 3 .24 
( q , /  =  1 .2, q , /  =  2 .4  H z ).

Anal. C a lcd  for CoH6F 6N 2: m ol w t, 208 .0434. F ou n d : 
m ol w t, 208.0429 (high-resolution m ass spectrum ).

l-[l-(T r iflu orom eth y l)e th y lid en eh y d razon o ]-l-(tr iflu orom eth - 
y l)e th a n e .— T o  a stirred solution o f 25 g  o f trifluoroaeetone 
in 200 m l o f ether at —30° w as added dropw ise 25 g  o f anhydrous 
hydrazine. A n  extrem ely exotherm ic reaction  occu rred . T h e  
solution  w as allow ed to  w arm  to  room  tem perature and phos
phorus pen tox ide was added until further addition  produ ced  no 
change. T h e  solution  was distilled through a spinning-band 
colu m n , g iv ing 10 g  o f p rod u ct as a pale yellow  liq u id : bp  5 8 -

62° (180 m m ); 19F  nm r (CC1<) S —73 .48  (s ) ;  pm r S 1 .5 (s ); 
ir (C C h ) 7 .5 ,8 .3 ,  8 .7 , and 9 .0 m-

Anal. C a lcd  for C 6H 6F 6N 2: C , 3 2 .8 ; H , 2 .8 . F ou n d : 
C , 3 2 .8 ; H , 3 .0 .

Trifluoroaeetone Dimethylhydrazone.—To a solution  o f  11.2 g 
o f tr ifluoroaeetone in  25 m l o f ether at —2 0 ° was added dropw ise 
w ith  stirring under nitrogen  6 g o f A V V -dim eth ylh ydrazine. T h e  
solution  was stirred fo r  1 hr at room  tem perature after the addi
tion  was com plete . Phosphorus pen tox ide was added until no 
further exotherm  was observed . T h e  liqu id  w as distilled 
through  a sm all spinning-band colu m n , giv ing 2 .5  g  o f p rod u ct 
as a colorless liqu id : bp  1 0 0 -1 0 3 ° ; ir (CC1<) 3 .3 , 3 .45 , 6 .8 ,
6 .9 , 7 .4 , 8 .3 , 9 .0 , 9 .8 , 10.4, and 14.4 /¿; pm r 5 2 .0 0  (s, C C H 3),
2.67 (s, N C H 3).

Anal. C a lcd  for C 5H 9F 3N 2: m ol w t, 154.0718. F ou n d : 
m o lw t , 154.0717 (high-resolution m ass spectrum ).

Registry No.—la (X  =  NH2), 34226-09-0; la 
(X  =  OH), 34226-10-3; la [X =  N(CH3)2], 34226-
11-4; la [X = N =C (C H 3)CF3], 34226-12-5; cis-3, 
4639-94-5; trans-3, 4592-87-4; 4, 34224-15-2.

7,8,9-Trimethoxy-4a, 10b-tra n s- and
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P roton  exchange and epim erization o f salts o f N -substitu ted  7 ,8 ,9-trim ethoxy-4a,10b-frans- and -4a.,10b-cfs- 
l,2 ,3 ,4 ,4a ,5 ,6 ,10b-octahydrophenanthrid ines were studied b y  nmr. T h e  hydroch loride salts o f the iV -m ethyl 
derivatives o f the trans and cis isom ers each crystallize to  give on ly  one epim eric form , 5a and 6a, respectively .
In  form ic acid proton  exchange and equilibration  o f epim ers are relatively slow  processes and the equilibration  
is catalyzed b y  sodium  form ate. C rystalline 5a dissolved in  form ic acid  is show n to  have the cyclohexane and 
hetero rings in  chair and half-chair conform ations, respectively , w ith  the JV-methyl group in  equatorial 
orientation  and cis to  H -4a. E pim erization  o f 5a in volves an inversion o f  the nitrogen w ith ou t any change in 
con form ations o f the six-m em bered rings. T h e  nm r data fo r  the crystalline cis isom er 6a, in  form ic acid , indi
cates chair and half-chair conform ations o f the tw o  rings, w ith  H -4a  having an equatorial orientation  relative 
to  the cyclohexane ring and being axial relative to  the hetero ring, w ith  the iV’-m eth yl grou p  equatorial and cis 
to  H -4a. E pim erization  to  6b is associated w ith  an inversion o f con form ation  o f the hetero and cyclohexane 
rings; thus the iV-m ethyl group has an equatorial orientation  in b o th  epim ers. E xchange processes were also 
investigated to  a lim ited extent in  oth er solvents, including ch loroform -d, trifluoroacetic acid, and D 20 .  T h e  
conform ations o f the free bases are also discussed.

7,8,9-Trimethoxy-4a,10b-frans- and -4a,10b-cfs-l,2,- 
3,4,4a,5,6,10b-octahydrophenanthridines and a number 
of N-substituted derivatives have been prepared by 
known methods from trans- and cis-2-(3,4,5-trimethoxy- 
phenyl)cyclohexylamines2 (I and 2) for pharmacologi
cal evaluation.

Under conditions of slow proton exchange on the nmr 
time scale, the nmr spectra of the salts of the tertiary 
amines showed an equilibration between two geometri
cal isomers. This epimerization was studied more 
extensively in the hydrochloride salts of the X-methyl 
isomers 5 and 6 . The hydrochloride salts of 5 and 6  

each crystallize in a single epimeric form, the form that 
is thermodynamically most stable in solution in each 
case. The nmr spectra of freshly prepared solutions 
of the crystalline salts of S or 6 dissolved in formic acid 
show the presence of only one epimer in each case (5a 
or 6 a), followed by a slow appearance of a second minor

(1) This investigation was supported by Grant M H 12204 from the 
National Institute of Mental Health, U. S. Public Health Service. The 
compounds were submitted to Eli Lilly and Co. for pharmacological evalua
tion.

(2) W. F. Trager and A. C. Huitric, J . P h a rm . S c i ., 54, 1552 (1965).

isomer (5b or 6 b). The rate of equilibration is en
hanced by sodium formate. Melts of the salts give the 
spectra of the equilibrated systems.

Spectrum A, Figure 1, shows part of the nmr spec
trum of a solution of the crystalline hydrochloride salt 
of 5 in 99% formic acid, and spectrum B is that of the 
equilibrated system after addition of sodium formate. 
Spectrum A indicates the presence of a single epimer. 
The most relevant signals are the ALmethyl doublet at 
t  6.83 ( J n h —CH3 =  5 Hz) and the signals of the di- 
astereotopic hydrogens on C-6 which appear as sets of 
doublets of doublet with chemical shifts of r 5.29 and 
5.68. The C-6 hydrogen giving the lower field signal 
will be referred to as H-6 and the one giving the upper 
field signal as H-6'. The signals of H-6 and H-6' yield 
the following coupling constants: / 6,6' =  16 Hz,
•/n h ,6 =  4 Hz, and JNh,6' =  8.6 Hz. The difference 
of coupling constants between the ammonium proton 
and the two diastereotopic C-6 hydrogens is of impor
tance in the assignment of configuration to epimer 5a 
(vide infra). The spectrum of 5a in trifluoroacetic 
acid has the same pattern as in formic acid (Table I)
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T a b l e  I
6 0 -M H z N m r  S p e c t r a l  D a t a  o f  H yd r o c h lo r id e  Salts

------------------------------ Chemical shifts, t  (ppm)----------------------
Solvent Compd H-IO H-6 H-6' NCHa NH A a .i •/nh ,«'

3 (trans) 3.13 ~ 5 . 5“
5a (trans) 3.15 5.29 5.68 6.83 4 .0 8.6

H C O O H
equiF 3.15 5.3 5.7 

~ 5 .4 “
6.83
7.02

4 (cis) 3.18 ~ 5 .4 “
6a (cis) 3.19 5.25 5.74 6.80 4.2 7.2

6b } eqUÌ1S
3.19
3.07 C om plex 6.78

c f 3c o o h
5a 3.19 5.14 5.74 6.80 2.1 3.9 7.4
6a 3.19 5.15 5.73 6.80 2.1 3.8 8.2

cD C h 6b } equil&
3.40
3.37

5.5 6.0 
~ 5 .75“

7.07
7.28

-2 .2 5
- 2 .7 2 ~ 4 .0 ~ 8 .0

“ N ear equivalence o f  H -6  and H -6 '. b V alues from  equilibrated system s.

3 ,R  =  H 
5, R = C H ,
7. R  =  Et
8. R =  PhCH ,

10. R  =  HOCHjCH.

4, R =  H 
6, R =  CH:i 
9, R =  PhCH,
11, R =  HOCH.CH,

but in addition it allows the detection of the signal of 
the ammonium proton as a broad signal at r 2 .1 . 
Decoupling of the ammonium proton by strong irradia
tion at t 2.1 caused a collapse of the A-methyl doublet 
to a singlet at r 6.83 and it reduced the signals of H-6 
and H-6' to doublets (Jr,y = 16 Hz), thus confirming 
the assigned vicinal CH-NH+ coupling.

Spectrum B shows that the signal of the A-methyl 
group at t 7.02 is at higher field for the minor epimer 
5b and that the chemical shifts of the C-6 hydrogens 
are more nearly equivalent, as seen from an enhance
ment of the signal in the region of r  5.4. There is also 
a difference in the chemical shift of the aromatic hydro
gen H-10 in the two epimers, r 3.15 for 5a and r  3.13 
for 5b. The ratio of 5a to 5b is about 2:1 at equilibrium 
in formic acid. In the absence of sodium formate the 
equilibration required about one month at room tem
perature. In the presence of 2 equiv of sodium for
mate the equilibrium was reached in ~ 4  hr. Regener
ation of the base from the equilibrated salt gave an nmr 
spectrum identical with that of the original base.

In deuterated chloroform, equilibration of the hydro
chloride salt of 5 was established in less than 4 min, 
giving about equal amounts of the two epimers. An 
important feature of the spectrum is the presence of two 
ammonium proton signals of about equal intensities 
but of different widths which, taken together, integrate 
for one proton. The downfield signal at r —2.72 has a

Figure 1.— -Nmr spectra (60 M H z )  o f  5 HC1 in 9 9 %  form ic 
ac id ; spectrum  A  is prior to  equilibration  and B  is a fter equilibra
tion  cata lyzed  b y  sodium  form ate.

width of about 15 Hz at 60 MHz and that at —2.25 is 
about 22 Hz wide. Irradiation of each NH+ signal, 
in turn, decoupled only one NCH3 doublet at a time, 
and showed that the low field NH+ and the high field 
A-methyl signals are coupled, and vice versa. Equili
bration between 5a and 5b in chloroform is fairly fast 
on an absolute time scale but still slow on the nmr time 
scale. The nmr spectrum of the hydrochloride salt of 
5 in D20  gives only one singlet for the A-methyl signal. 
This is indicative that in D20  proton exchange and 
nitrogen inversion are fast processes on the nmr time 
scale and that the chemical shift of the A-methyl signal 
represents the weighted average of the shifts of the two 
epimers.

Configuration and Conformation of Salts 5a and 5b. —
In the 4a,10b-trans compounds there is only one 
possible half-chair conformation of the hetero ring. 
A boat conformation is not ruled out a 'priori, but the 
nmr data are consistent with structures in which both 
5a and 5b have the cyclohexane and hetero rings in 
chair and half-chair conformations, respectively (struc
tures 5a and 5b), and where epimerization involves an 
inversion of the nitrogen with the methyl group occupy
ing an equatorial position (cis to H-4a) in 5a and an 
axial position (trans to H-4a) in 5b. This assignment
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is supported by the observed chemical shifts and split
ting patterns of the signals of H-6 and H-6', based on 
the demonstrated dependency of CH-NH+ spin-spin 
coupling constants on dihedral angle in a manner similar 
to the coupling between vicinal protons on carbon 
atoms.3 ,1 The observed coupling constant for 5a 
in formic acid of Jsny = 8.6 Hz and J nh,6 =  4 Hz 
are consistent with the NH proton having an axial 
orientation and H-6' and H-6 having pseudoaxial 
and pseudoequatorial orientations, respectively. The 
upheld chemical shift of H-6' is also consistent with this 
assignment. For the hydrochloride salt of the corre
sponding secondary amine (3) under similar conditions, 
the chemical shifts of the C-6 hydrogens are nearly 
equivalent. The effect of the X -C H 3 bond will be to 
shield the C-6 hydrogen having a cis orientation to the 
AT-mot.hy] group.35 The more nearly equivalent 
chemical shifts of H-6 and H-6 ' in 5b is consistent with 
this shielding effect of the IV-methyl group where H-6 
is shielded by the IV-methyl group relative to H-6'. 
The higher field position of the signal of the methyl 
group in 5b also supports the assigned structures. 
The effect of the magnetic anisotropy of the aromatic 
ring will be to deshield the in-plane methyl group in 
5a relative to the out-of-plane methyl in 5b. If epimer 
5b had a predominance of the boat conformation, the 
methyl group would occupy an analogous position rela
tive to the aromatic ring as in 5a. The assigned struc
tures are also confirmed by the nonequivalent ammo
nium proton signals in chloroform. Decoupling experi
ments showed that the lower field, narrower signal 
belongs to epimer 5b. This is consistent with the 
assigned structures on the basis of shielding effects of 
the aromatic ring and of larger coupling constants in 
5a between the axial XH proton with axial H-4a and 
pseudoaxial H-6' hydrogens than between the equatorial 
XH proton and the same adjacent hydrogens in 5b.

Configuration and Conformation of Salts 6 a and 6 b.—  
In the 4a,10b-cis compounds there are two possible 
half-chair conformations of the hetero ring, each being 
associated with a given chair conformation of the

(3) H. Booth and J. H. Little, T etra h ed ron , 23, 291 (1967).
(4) (a) J. L. Sudmeier and G. Occupanti, J. A m er . C h em . S o c .. 90, 154

(1968); (b) H. Booth, C h em . C o m m u n ., 802 (1968); (c) J. I. Legg and
D. W. Cooke, In o rg . C h em ., 5, 594 (1966).

(5) II. P. Hamlow, S. Okuda, and N. Nakagawa, T etrah ed ron  L ett., 2553 
(1964).

cyclohexane ring. The nmr spectrum of freshly pre
pared formic acid solution of crystalline hydrochloride 
salt of 6 is consistent with a single epimeric form 
(structure 6 a). The spectrum is characterized by well- 
defined sets of doublets of doublet for the diastereotopic 
hydrogens on C-6 at t 5.25 and 5.74, one doublet for the 
IV-methyl signal at 6.80, a single signal for H-10 at
3.19, and a fairly narrow envelope (<1.0 ppm) for the 
eight methylene protons on carbons 1—1. The coupling 
constants associated with H-6 and H-6' are J6,6' = 
16 Hz, «/nh.6 ~ 4.2 Hz, and = 7.2 Hz. The
same pattern is obtained in trifluoroacetic acid. The 
spectra are consistent with structure 6 a where the 
hetero ring has a half-chair conformation and the am
monium proton has an axial orientation and is coupled 
with pseudoaxial H-6' and pseudoequatorial H-6. The 
similarity of the chemical shift of the IV-methyl group 
with that of 5a implies an analogous orientation relative 
to the aromatic ring. The narrowness of the combined 
cyclohexane methylene signals implies that the hydro
gens on C-l do not fall in the deshielding region of the 
aromatic ring as is the case in 5a and 5b where their 
signals experience a downfield shift and are centered at 
about t 7.4 (Figure 1). Equilibration in formic acid 
caused the appearance of a second aromatic H-10 signal 
at t 3.07, an increase in the complexity of the H-6 and 
H-6' signals, and a broadening of the envelope of the 
cyclohexane methylene signals. There was no appear
ance of a second IV-methyl signal. The ratio of 6 a to 
6 b, as obtained from the integration of the H-10 signals 
at equilibrium, was about 3:2. The results are consis
tent with structures 6 a and 6 b, each having the chair 
and half-chair conformations of the cyclohexane and 
hetero ring, respectively. In the thermodynamically 
most stable epimer (6 a) H-4a has an equatorial orienta
tion in relationship to the cyclohexane ring and an 
axial orientation with respect to the half-chair hetero 
ring and the iV-methyl group is equatorial and cis to 
H-4a. Epimerization is associated with an inversion 
of conformation of the cyclohexane and the hetero ring 
to give structure 6 b where H-4a is axial in relationship 
to the cyclohexane ring and equatorial relative to the 
half-chair hetero ring and where the IV-methyl group
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is trans to H-4a but still occupies an equatorial orienta
tion and has the same relative position to the aromatic 
ring, thus accounting in part for the identical chemical 
shifts of the iV-methyl group in the two epimers. In 
6b the equatorial hydrogen on C-l falls close to, and 
in the field of deshielding of, the aromatic ring.

Nmr Spectra and Conformation of Bases in the Trans 
and Cis Series.-—The nmr spectra of the free bases of 
the 4a,10b-trans series, measured in deuteriochloroform 
and in pyridine, are consistent with structures having 
the cyclohexane and hetero rings in chair and half-chair 
conformations, respectively, and with a predominance 
of the structure where the N substituent occupies an 
equatorial orientation. For the secondary amine (3) 
the difference in chemical shift of the diastereotopic 
hydrogens 6 and 6' is 0.16 ppm in chloroform and 0.20 
ppm in pyridine. N-Alkylation brings a difference of 
about 0.7 ppm and the increase in nonequivalence is 
associated primarily with an upfield shift of the signal 
of H-6'. A shielding of the pseudoaxial H-6' is ex
pected by the A-alkyl bond when the A-alkyl group 
occupies an equatorial orientation on the half-chair 
hetero ring. This shielding parallels the pattern pro
duced by alkylation of 4-methylpiperidine.s The gem- 
inal coupling J6y  was found to be in the order of 16 
Hz for the secondary and tertiary amine of the trans 
and cis series with the exception of the A-benzyl 
compounds where it was closer to 13 Hz. For com
pounds 5 and 7 the signal of H-6' appears as doublets 
of doublet, J 6',6 =  16 Hz and J =  1.5 Hz. The small 
coupling is attributed to long-range coupling by H-4a. 
Examples of H -C -N -C -H  coupling are known,6-7 and, 
although the proposed geometry does not satisfy the 
planar requirement of the W rule in the H -C -C -C -H  
system,8 the stereochemistry is analogous to that of a 
carbocyclic steroid in which long-range coupling has- 
been reported through a nonplanar H -C -C -C -H  
system.9 In the spectrum of 5 in pyridine the signals 
of H-4a and H-lOb partially overlap with each other 
but centers of individual signals appear to be at about 
t 7.4 and 7.6. Irradiation at r 7.4 caused the four- 
peak multiplet of H-6' to collapse to a doublet, =
15.6 Hz. No decoupling occurred upon irradiating at 
t 7.6. This supports the long-range coupling by H-4a 
because in every case where differentiation has been 
possible between the signals of H-4a and H-lOb the 
former was found to be at lower field. No similar long- 
range coupling was observed in any of the cis isomers.

The spectra of the cis isomers show a nonequivalence 
of chemical shifts of H-6 and H-6' and an upfield shift 
of the signal of H-6' upon N-alkylation similar to what 
was seen for the trans compound. In .addition, the 
signals of H-4a and H-lOb in 4 are well separated in both 
solvents. In pyridine one signal occurs at t 6.9 as a 
fairly narrow signal, Wi/, ~  7 Hz, and the other as a 
wider unresolved multiplet at r 7.5. In the methylated 
product 6 the narrow signal has been shifted upfield 
and the two signals overlap at about r 7.6, and there 
has also been a similar upfield shift of 0.67 ppm of the

(6) D. H. R. Barton, R. H. Hesse, and G. W. Kirby, J .  C h em . S o c ., 6379 
(1965).

(7) T. Masamune, S. Ohuchi, S. Shimokawa, and H. Booth, T etrah ed ron , 
22, 773 (1966).

(8) L. M. Jackman and S. Sternhell, “ Applications of Nuclear Magnetic 
Resonance Spectroscopy in Organic Chemistry,”  2nd ed, Pergamon Press, 
Oxford, 1969, p 334.

(9) Y. Osawa and M. Neeman, J . A m e r . C h em . S o c ., 85, 2856 (1963).

signal of H-6'. The data suggest that the narrow 
signal at r 6.9 is caused by H-4a having a similar rela
tive position to the A-methyl group as H-6 ' and that 
both these hydrogens are cis to the A-methyl group. 
The relative widths of the signal of H-4a and H-lOb 
implies a chair conformation of the cyclohexane ring 
where H-lOb is axial and H-4a is equatorial, for 4 as well 
as 6. This conclusion is supported by the narrow range 
of the signals of the cyclohexane methylene hydrogens, 
which demonstrates the absence of deshielding of 
hydrogens on C-l and indicates a structure where the 
C-10b-C-l bond is perpendicular to the plane of the 
aromatic ring. The combined data are consistent with 
6 having a predominance of the structure in which the 
hetero and cyclohexane rings have half-chair and chair 
conformations, respectively, where H-4a occupies an 
axial orientation with respect to the hetero ring and an 
equatorial orientation relative to the cyclohexane ring, 
and where the A-methyl group is equatorial and cis to 
H-4a. It is interesting to note that this is also the 
geometry of the thermodynamically most stable proton- 
ated form of 6.

Experimental Section
M eltin g  poin ts were determ ined on  a K ofler h o t  stage  unless 

otherw ise in dicated . T h e  salts in  th e 7 ,8 ,9 -tr im e th o x y -l,2 ,3 ,4 ,-  
4a ,5 ,6 ,10b-octahydroph enan th rid ine series decom posed  on  h eat
ing and as a  result m elting po in ts  are a relatively  p o o r  criterion 
o f  p u rity . M o s t  uniform  results were ob ta in ed  b y  p lacing 
sam ples on  the h o t  stage w ith in  a b ou t 5 -1 0 °  o f  th e m eltin g  po in t. 
O w ing to  h eat sensitiv ity  it  w as also necessary to  d ry  analy tica l 
sam ples a t room  tem perature. E lem ental analyses w ere per
form ed  b y  A lfred B ernhardt, M u lheim , G erm an y, and  H uffm an  
L aboratories, W h eatridge, C o lo . N m r spectra  were recorded  on 
V arian  A -60 or  Varian  T -6 0  spectrom eters operating a t 3 3 -3 5 ° 
w ith  tetram ethylsilane internal reference. E qu ilibrium  studies 
were carried ou t a t room  tem perature w ith  period ic exam ination  
b y  nm r. T a b le  I  lists the nm r data  fo r  the h ydroch lorid e salts. 
Ir spectra  were determ ined on  B eckm an  IR -5 a  or B eckm an  IR -  
20 spectroph otom eters. Solid  sam ples were determ ined in the 
solid phase as K B r  pellets unless otherw ise in d ica ted . Strong 
m eth oxy  absorption  a t 1110-1130 c m -1 w as present in all com 
pou nds.

7 ,8 ,9 -T r im eth ox y -4 a ,1 0b -/ra n s-l,2 ,3 ,4 ,4 a ,5 ,6 , lO b-octahydro-
phenanthridine (3 ).— A  solu tion  o f  453 m g o f 1 h ydroch lorid e2 
(1 .50  m m ol) and 146 m g  (~ 1 .6 3  m m ol) o f aqueous 3 7 %  form ald e
h yd e  in  30 m l o f  ethanol w as refluxed fo r  29 hr. T h e  reaction  
m ixture, from  w hich  considerable crystalline p rod u ct h ad  sep
arated , was evaporated  and the resulting crude solid crystallized 
from  m ethan ol, yield ing 449 m g  (9 5 .2 % ) o f 3 h ydroch lorid e as 
colorless needles or  plates, m p  2 6 2 .5 -2 6 3 .5 °  dec, ir 2790 c m -1 
(N H + ).

Anal. C a lcd  fo r  C 16H 240 3N C1: C , 6 1 .23 ; H , 7 .7 1 ; N , 4 .46 . 
F ou n d : C , 61 .54 ; H , 7 .51 ; N , 4 .51 .

T h e  am ine 3 regenerated from  the h ydroch lorid e a fter  crysta l
lization  from  hexane-benzen e had m p  7 6 -7 8 ° ; ir 3440 c m -1 
(N H ) ; nm r (C D C 13) r  3 .36  (s, 1, H -1 0 ), 5 .87 (d , 1, J 6.6- =  16 
H z , H -6 ) , 6 .03  (d , 1, Ts.e- =  16 H z , H -6 ') ,  8 .51 (s, 1, N H ).

T h e  p -to luen esu lfonate  w as prepared b y  add ition  o f p- 
toluenesulfonic acid  to  a m ethan olic solu tion  o f  3 fo llow ed  b y  re
m ov a l o f m ethanol under reduced pressure. T w o  crysta lliza 
tions from  m eth an ol-w ater gave th e h ydrate , m p  < 1 0 0 °  w ith  
resolid ification  and rem elting at 1 5 8 .5 -1 5 9 .5 ° (F isher-Johns). 
A zeotrop ic  rem oval o f  w ater o f h ydration  w ith  ch loroform  fo llow  ed 
b y  e th y l acetate crystallization  afforded th e salt as colorless 
needles, partia lly  m elting at 1 5 7 .5 -1 6 0 °, regrow th  to  cubes at
1 6 0 -1 6 7 °, and com plete  m elting b y  169 .5 °. T h e  m eltin g b e 
h av ior is p roba b ly  a result o f a m ixture o f p o ly m orp h ic  form s. 
In frared N H + absorption  occu rred  a t 2800 c m -1 .

7,8,9-Trimethoxy-4a,10b-cis-l,2,3,4,4a,5,6,10b-octahydro-
phenanthridine (4).— T reatm en t o f  9 .66  g  (32 .0  m m ol) o f  2 
h ydroch lorid e2 w ith  ~ 4 2  m m ol o f  form ald ehyd e in 650 m l o f re
fluxing ethanol for  24 hr afforded 9 .93  g (9 8 .8 % ) o f 4  h y d ro 
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ch loride a fter crystallization  from  2 -p ropan ol, m p  2 4 4 -2 4 4 .5 ° 
d ec , ir 2780 c m -1 (N H +).

Anal. C a lcd  fo r  C ,6H 40 ,N C 1 : C , 6 1 .23 ; H , 7 .71 ; N , 4 .46 . 
F ou n d : C , 6 1 .07 ; H , 7 .5 4 ; N , 4 .39.

T h e  am ine 4 crystallized from  hexane and had m p  9 0 .5 -9 2 .5 ° ; ir 
3440 c m -1 (N H ) ; nm r (C D C 13) r  3 .56  (s, 1, H -1 0 ), 5 .85  (d , 1, 
. / 6.6. =  16.5 H z , H -6 ) , 6 .08  (d , 1, =  16.5 H z, H -6  ), 8 .46
(s, 1, N H ).

5 -M eth yl-7 ,8 ,9 -trim eth oxy-4a , lO b-irons-1 ,2 ,3 ,4 ,4 a ,5 ,6 ,10b- 
octahydrophenanthridine (5 ) .— W ith  coolin g , 0 .88  g o f 8 8 %  
form ic acid  (~ 1 6 .8  m m ol) w as added to 1.061 g o f 1 (4 .00  m m ol). 
A queous 3 7 %  form ald ehyd e (1 .0  g , ~ 1 2 .3  m m ol) w as added and 
the m ixtu re w as heated until gas evo lu tion  started . A fter 
v igorous gas evo lu tion  had subsided, heating on  a steam  bath  
was resum ed overn igh t (to ta l 18 h r). A fter coo lin g , the m ixture 
w as d iluted w ith  a sm all am ount o f  w ater (2 m l), ch illed, and 
m ade alkaline w ith  K O H  w ith  stirring. T h e  am ine liberated 
w as extracted  w ith  benzene (three 50-m l p ortion s). T h e  benzene 
extracts w ere dried (N a 2S 0 4) and evaporated , g iv ing the crude 
liqu id  am ine. C onversion  to  the h ydroch loride and crystalliza
tion  from  2 -p rop a n o l-e th y l acetate  yielded 1.247 g (9 5 .1 % ) o f 5 
h ydroch lorid e, m p 2 0 9 -2 1 0 ° d ec , ir 2490 c m -1 (N H +).

Anal. C a lcd  fo r  C „ H 260 3N C1: C , 62 .28 ; H , 8 .0 0 ; N , 4 .27 . 
F ou n d : C , 61 .99 ; H , 7 .76 ; N , 4 .26.

T h e  liqu id  am ine 5 regenerated from  h ydroch lorid e exh ibited 
m od erately  strong absorption  in the ir (liqu id , n eat) at 2760 c m -1 
(N C H ); nm r (C D C U ) r  3 .43  (s , 1, H -1 0 ), 6 .06  (d , 1, J 6.6- =
15.6 H z ) , 6.71 (d  d , 1, J 6. i6 =  15.6 H z , J V .4a =  1.5 H z, H -6 ') ,  
7 .63 (s, 3, N C H 3).

T h e  p -toluen esu lfonate prepared as described fo r  th at o f 3 
ab ove  was freed o f  traces o f  p -toluenesu lfon ic acid  b y  extraction  
o f a benzene solution  wi th w ater. T h e  benzene extracts were 
dried (N a 2S 0 4) and evaporated . T reatm en t w ith  a sm all 
am ou n t o f e th y l acetate afforded crystals w hich  on recrystal
lization  from  benzene-petroleum  ether (b p  3 0 -6 0 ° )  gave needles, 
m p  1 7 1 -1 7 2 .5 ° , ir 2570 c m ” 1 (N H +).

5 -M eth y l-7 ,8 ,9 -trim eth oxy -4 a ,1 0 b -c?s -l,2 ,3 ,4 ,4a ,5 ,6 ,1 0b -octa - 
hydrophenanthrid ine (6 ) .— A  solution  o f  1.57 g  (5 .65  m m ol) 
o f  4  and 5 .0  m l o f 3 7 %  form ald ehyd e in 100 m l o f  ethar.ol was 
h ydrogen ated  in the presence o f 500 m g o f 1 0 %  P d /C  until h y 
drogen  uptake ceased. F ollow ing  rem oval o f ca ta lyst b y  filtra
tion , the solution  was treated w ith  5 m l o f g lacial a cetic acid  and 
evap orated . T h e  residue w as dissolved in 10 m l o f  w ater, 
ch illed , and m ade alkaline w ith  K O H . T h e  liberated am ine w as 
extracted  w ith  benzene (fou r 50-m l portion s) and the benzene 
extracts were dried (N a 2S 0 4) and evaporated . T h e  crude liquid 
am ine was con verted  to  the hydroch loride in the usual m anner; 
crystallization  from  2 -p rop a n o l-e th y l acetate  afforded 1.715 g 
(9 2 .5 % ) o f  6 h ydroch lorid e, m p 2 0 4 -2 0 6 .5 °  d ec , ir 2550 c m ” 1 
(N H + ).

Anal. C a lcd  fo r  C „ H 260 3NC1: C , 6 2 .28 ; H , 8 .0 0 ; N , 4 .27 . 
F ou n d : C , 6 2 .34 ; H , 7 .9 2 ; N , 4 .20 .

C lark -E schw eiler treatm ent o f  2 as described for preparation  
o f 5 afforded 6 h ydroch lorid e in 8 4 .9 %  y ield . P h ysica l and spec
tral properties o f this p rod u ct were identica l w ith  those o f  a 
sam ple prepared b y  the ca ta ly tic  reductive  m eth y la tion  a bove .

N m r o f free base in  C D C 13: r  3.53 (s, 1, H -1 0 ), 6 .0 8  (d , 1, 
J6,6* — 15.8 H z, H -6 ), 6 .70  (d , 1, Jv.s =  15.8 H z , H -6 ') ,  7 .58  
(s, 3, N C H ) .

5-E thyl-7 ,8 ,9 -trim eth oxy-4a , 10b-trans-1 ,2 ,3 ,4 ,4 a ,5 ,6 , lO b-octa- 
hydrophenanthridine (7 ) .— C a ta ly tic  reductive  a lky la tion  o f
2 .0 8  g  (7 .50  m m ol) o f  3 using excess aceta ldehyde (~ 3 .3 1  g, 
~ 7 5  m m ol) a ccord ing  to  the procedu re described fo r  6 follow ed  
b y  crystallization  from  2 -p ropan ol yielded 2 .20  g (8 5 .9 % ) o f  7 
h ydroch loride as a  m icrocrystalline solid , m p 2 1 0 -2 1 0 .5 °  dec, 
ir 2500 c m ” 1 (N H + ).

Anal. C a lcd  fo r  C 1SH 280 3N C1: C , 63 .24 ; H , 8 .2 6 ; N , 4 .10 . 
F ou n d : C , 63 .17 ; H , 8 .2 9 ; N , 4 .24.

N m r o f  free base in  pv rid in e : r  3 .24  (s, 1, H -1 0 ), 5 .83 (d , 1, 
Ja. =  16.2 H z, H -6 ), 6 .43  (d  d , 1, =  16.2 H z , J 6.,4a =  1.5
H z, H -6 ') ,  7 .40  (q , 2, N C H 2C H 3), 8 .94  (t , 3, N C H 2C H 3).

5 -B en zy l-7 ,8 ,9 -trim ethoxy-4a , lO b-irans-1 ,2 ,3 ,4 ,4 a ,5 ,6 ,10b- 
octahydrophenanthridine (8 ).— A m ixture o f 277 m g  (1 .00  m m ol) 
o f  3 , 186 m g  (4 .0  m m ol) o f 9 9 %  form ic  acid , and 227 m g  (2.14 
m m ol) o f redistilled benza ldeh yde w as h eated under reflux on  a 
steam  bath  for 18 hr. M od erate  to  slow  gas evo lu tion  occu rred

in itia lly , b u t abated  considerably a fter 2 hr. A fter coo lin g , the 
m ixture was diluted w ith  5 m l o f glacial a cetic acid  and 10 m l o f 
5 %  HC1. Excess benzaldehyde was rem oved  b y  w ashin g w ith  
carbon  tetrach loride (three 5 -m l p ortion s). C arbon  tetrach loride 
washings were extracted  w ith  an additional 10 m l o f  5 %  HC1. 
A queous acid ic solutions deposited som e o f  th e p rod u ct h y d ro 
ch loride on  stan din g; resolubilization w as effected b y  add ition  o f  
m ethanol. T h e  aqueous acidic portions were com bin ed  and ev a p 
ora ted  under reduced pressure. C rysta llization  o f  th e residue 
from  m ethanol y ielded 313 m g  (7 7 .5 % ) o f  the h yd roch lorid e  o f  8 
as colorless needles, m p 2 0 9 -2 1 0 ° dec, ir 2500 c m -1 (N H +).

Anal. C a lcd  fo r  C 23N 30O 3N C l: C , 68 .38 ; H , 7 .4 9 ; N , 3 .4 7 . 
F ou n d : C , 6 8 .09 ; H , 7 .55 ; N , 3 .56 .

5 -B en zy l-7 ,8 ,9 -tr im eth ox y -4 a ,1 0 b -c fs -l,2 ,3 ,4 ,4 a ,5 ,6 ,1 0 b -o cta - 
hydrophenanthridine (9 ).— H eating o f  1.387 g (5 .0 0  m m ol) 
o f 4 w ith  form ic acid and benzaldehyde fo r  7 hr as described 
ab ove  and crystallization  from  eth yl acetate  and 2 -p ropan ol p ro 
duced 1.561 g  (7 7 .2 % ) crude 9 h ydroch lorid e, m p 181-190° d ec  
(F isher-Johns). A  pure sam ple crystallized from  eth an ol 
m elted a t 182 .5 -183° dec to  a tw o-ph ase system , ir 2510 c m “ 1 
(N H + ).

Anal. C a lcd  fo r  C 23H 3„ 0 3NC1: C , 68 .38 ; H , 7 .4 9 ; N , 3 .47 . 
F ou n d : C , 67 .99 ; H , 7 .52 ; N , 3 .70.

N m r o f  free base in pyrid in e: r  3 .25  (s, 1, H -1 0 ), 5 .93  (d , 1, 
J 6,6. =  13 H z , H -6 ), 6 .5 0  (d , 1, J ,.,e  =  13 H z, H -6 ') ,  6 .2  (s , 2, 
N C H P h ) .  In  C D C 13 the signals o f  the ben zylic hydrogen s are 
n onequivalent and th ey  overlap  w ith  the signals o f  th e m eth ox y  
groups.

5- (2 -H ydroxye thyl )-7 ,8 ,9 -trim eth ox y -4a , lOb-ircms-1 ,2 ,3 ,4 ,4a  ,- 
5 ,6 ,10b-octahydrophenanthrid ine (10 ).— A  solu tion  o f  838 m g  
(3 .02  m m ol) o f 3 and ~ 5  m m ol o f ethylene ox ide in 30 m l o f  a b 
solute ethanol w as heated at 75° in a sm all stainless steel Parr 
b om b  for  24 hr. A fter coolin g , the con ten ts o f  th e b o m b  
were evaporated . C rystallization  o f  the residue from  a ceton e , 
then a ceton e-h exan e , afforded 757 m g  (7 7 .9 % ) o f 10, m p  1 1 8 .5 - 
120.5° (F isher-Joh ns). A  sam ple purified for  analysis b y  tw o  
further crystallizations from  aceton e fo llow ed  b y  recrystalliza
tion  from  benzene-hexan e had m p 1 2 0 -1 2 1 .5 ° ; ir (CH C13) 3620 
(w ), 3420 c m “ 1 (O H ); nm r (pyrid in e) r  3.21 (s, 1, H -1 0 ), 5 .68  
(d , 1, J6,6' =  16.4 H z, H -6 ), 6 .22 (d , 1, . / 6..6 =  16.4 H z, H -6 ') ,  
6.1 (m , 2, N H C H C H O H ) ,  7 .13 (m , 2 , N H C H C H O H ) .

Anal. C a lcd  for  C isH vC hN : C , 67 .26 ; H , 8 .4 7 ; N , 4 .36 . 
F ou n d : C , 67 .51 ; H , 8 .5 8 ; N , 4 .60.

T h e  h ydroch lorid e w as prepared b y  treatm ent w ith  5 %  h y 
drochloride acid  and isolated b y  ch loroform  extraction  as de
scribed below  for 11 h ydroch loride. C rystallization  from  aceton e 
gave colorless needles: m p  170 .5 -172° d ec ; ir 3330 (O H ), 
2530 c m ” 1 (N H + ).

5 -(2 -H y d rox y eth y l)-7 ,8 ,9 -tr im eth ox y -4 a ,1 0 b -c fs -l,2 ,3 ,4 ,4 a ,- 
5 ,6 ,10b-octahydrophenanthrid ine (11 ).— H y d rox y eth y la tion  o f 
693 m g  (2 .50  m m ol) o f 4  w ith  ~ 6 .2  m m ol o f ethylene ox id e in 50 
m l o f  absolu te  ethanol was carried ou t under the conditions 
em p loyed  fo r  the Irons isom er 10. E vap oration  o f the reaction  
m ixture gave crude 11 as a v iscous oil w hich  fa iled  to  crystallize. 
I t  was con verted  to  the h ydroch loride b y  shaking a benzene solu 
tion  w ith  5 %  HC1 (20 m l in three portion s). T h e  h ydroch loride 
salt w as extracted  from  the com bined  acid extracts w ith  ch loro 
form  (50 m l to ta l)  and the ch loroform  extracts were dried 
(N a 2S 0 4) and evaporated . C rystallization  o f  the residue from  
aceton e a fforded 723 m g (8 0 .7 % ) o f  11 h yd roch lorid e : m p  17 2 - 
174° dec (F ish er-Joh n s); ir 3320 (O H ), 2590 c m -1 (N H + ). 
An analy tica l sam ple prepared b y  three crystallizations from  2- 
p rop a n o l-e th y l a ceta te  had m p  1 7 2 .5 -1 7 7 .5 ° dec, w ith  the 
m elting p o in t v ery  dependent on heating rate.

Anal. C a lcd  for C i8II280 4N C l: C , 60 .41 ; H , 7 .89 ; N , 3 .92 . 
F ou n d : C , 6 0 .02 ; H , 7 .92 ; N , 4 .21 .

Registry N o .-3 ,  34035-48-8; 3 HC1, 34035-49-9; 
3 tosylate, 34035-50-2; 4, 34035-51-3; 4 HC1, 34035-
52-4; 5, 34035-53-5; 5 HC1, 34035-54-6; 5 tosylate, 
34035-55-7; 6, 34035-56-8; 6 HC1, 34035-57-9; 7, 
34035-58-0; 7 HC1, 34087-66-6; 8 HC1, 34035-59-1;
9 , 34035-60-4 ; 9 HC1, 34035-61-5; 10, 34087-67-7;
10 HC1, 34035-62-6; 11  HC1, 34035-63-7.
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lV -C arbom ethoxy-1 ,2 - and -1 ,4 -d ih ydropyrid ine (1 and 2 ) have been prepared b y  the reaction  o f  m ethyl ch loro- 
form ate w ith  pyrid in e in the presence o f sodium  borohydride. These com pounds have been  show n to be useful 
derivatives fo r  the synthesis o f  other heterocycles and stu d y  o f  the d ih ydropyrid in e ring system . R edu ction  o f 
1 and 2 w ith  L iA lH ( gave the ¿V-methyl derivatives. T reatm en t o f  2 w ith  m ethyllith ium  gave the unsubstituted 
d ih ydropyrid in e 7, whereas a sim ilar treatm ent o f  1 gave a com plex m ixture o f products. P h otolysis  o f 1 gave 
IV -carbom ethoxybicyclo [2.2.0] hex-5-ene.

The 1,4- and 1,3-cyclohexadienes have proven to be 
extremely valuable intermediates in organic synthesis. 
The corresponding heterocycles, 1 ,2- and 1,4-dihydro
pyridine, should also prove valuable for the preparation 
of interesting heterocyclic compounds. In addition, the
1,4-dihydropyridine ring system is of biological impor
tance since it occurs in the reduced forms of nicotin
amide adenine dinucleotide (NADH) and nicotinamide 
adenine dinucleotide phosphate (NADPH).1 In con
trast to the carbocycles, studies on the simple deriva
tives of the heterocycles have been hindered by their 
susceptibility to oxidation and the lack of convenient 
methods for their preparation.

A large number of substituted 1,2- and 1,4-dihydro- 
pyridines have been prepared by cyclization reactions 
(Hantzsch ring closure) and by reduction of pyridin- 
ium ions.2 The Hantzsch ring closure works well only 
for the preparation of highly substituted dihydropyr- 
idines. Except in a few cases,3 the reduction of pyr- 
idinium ions is successful only if strong electron-with- 
drawing groups are present on the pyridine ring.4

An elegant synthesis of the 1-trimethylsilyl-substi- 
tuted 1,2- and 1,4-dihydropyridines has recently been 
accomplished by Cook and Lyons.5 These compounds 
would appear very valuable derivatives for further 
study of the dihydropyridine structure. Unfortu
nately, any extensive study of these ring systems is hin
dered by the small quantity of 1,2  isomer produced, 
their instability, and by the tedious separation procedure 
required (vapor phase chromatography).

We report that both W-carbomethoxy-1 ,2- and -1,4- 
dihydropyridine can be produced by treating a mixture 
of pyridine and sodium borohydride with methyl chloro- 
formate. Although this reaction can be carried out in 
a number of solvents (ether, glyme, tetrahydrofuran, 
methanol, and water), tetrahydrofuran proved to be 
the solvent of choice.

Carrying out the reaction in tetrahydrofuran and 
maintaining the temperature below 10° gave a mixture 
of the dihydropyridines containing about 35-40% of 
the 1,4 isomer. These can be separated on a small 
scale using either preparative layer chromatography 
(silica gel) or gas phase chromatography (5% SE-30 on 
Chrom G). This is not a convenient procedure for the

(1) S. P. Colowich, J. van Eys, and J. H. Park in “ Comprehensive Bio
chemistry,”  Vol. 14, M. Florkin and E. H. Stotz, Ed., Elsevier, Amsterdam, 
1966, Chapter 1.

(2) A. Albert, “ Heterocyclic Chemistry,”  2nd ed, The Athlone Press, 
London, 1968, p 303 ff.

(3) The nmr spectra are similar to those previously reported for N -
phenyl-1,2- and 1,4-dihydropyridine: M. Sanders and E. H. Gold, J .  O rg.
C h em ., 27, 1439 (1962).

(4) P. S. Anderson and R. E. Lyle, T etra h ed ron  L e tt ., 153 (1964).
(5) N. C. Cook and J. E. Lyons, J .  A m e r .  C h em . S o c ., 88, 3396 (1966).

preparation of large quantities of these pure dihydro
pyridines. However, large quantities of the pure 1,4- 
dihydropyridine can be obtained by simply treating 
the reaction mixture with maleic anhydride. The 1,2- 
dihydropyridine readily reacts to give a Diels-Alder 
adduct which can easily be removed by washing with 
15% sodium hydroxide.

The amount of 1,4 isomer can be reduced substan
tially 2-4%  by carrying out the reaction in methanol 
using a Dry Ice-acetone cooling bath.

C1CQ.CH,
CH,OH

-70°

CCLCH,

The structures of these dihydropyridines are clearly 
evident from their spectral data5 and their chemical 
conversion to known dihydropyridines (see below).

The IV-carbomethoxydihydropyridines are very use
ful derivatives of the dihydropyridine ring system for 
several reasons. The carbomethoxy substituent stabi
lizes the dihydropyridine structure, causing these com
pounds to be more resistant to air oxidation than sim
ple IV-alkyl derivatives and therefore they can be 
handled relatively easily in the laboratory. However, 
even these dihydropyridines will decompose when ex
posed to atmospheric oxygen at room temperature for 
prolonged periods, although they can be stored indefi
nitely under argon at —30°. Because of the resonance 
interaction of the lone pair on nitrogen with the car
bonyl group, the carbon-carbon double bonds of these 
dihydropyridines have little enamine character. For 
example, they are reasonably stable to aqueous solutions 
of mineral acids.

The carbomethoxy substituent is also a versatile
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functional group in organic synthesis. It can either be 
converted to a hydrogen-substituted derivative or re
duced to a iV-methyl group, which is a common func
tionality in natural products. For example, we have 
observed that treatment of these dihydropyridines 
with lithium aluminum hydride gives the relatively un
stable iV-methyl derivatives. The physical properties 
of 4 are consistent with those previously reported,6 
whereas 5 is a new compound.

Û
t T

1. LiAlH,^
2. NaOHQ

c o 2c h 3
1

CH,

1

n l.LiAlH,

4

nV 2.NaOH V1
c o 2c h 3 c h 3

2 5
Treatment of 1,4-dihydropyridine 2 with methyl- 

lithium gave the lithio derivative 6. This was not iso
lated, but treatment with either water or deuterium 
oxide produced the 1,4-dihydropvridine.7 Dihydro
pyridine 7 is remarkably stable. It shows no tendency 
to decompose, isomerize, or undergo exchange of the 
hydrogens 3 to the nitrogen when treated with deute
rium oxide in acetone-dg for several days.

7

Preliminary studies have indicated that these hetero
cycles are very useful for the preparation of interesting 
heterocyclic compounds. For example, photolysis of
1 ,2-dihvdropyridine 1 in methylene chloride provides a 
very convenient synthesis to the 2-azabicyclo [2 .2 .0 ]- 
hex-5-ene ring system.

C 0 2CH3 CO.CH,

1 8

Experimental Section8

iV -C arbom eth oxy -l,4 -d ih ydrop yrid m e (2 ) .— M eth y l ch loro- 
form ate (47.3  g , 0 .5 m o l) w as added to  10 g o f  N a B H , and 39 .4  
g  (0 .5  m ol) o f  pyrid ine in 200 m l o f  T H F  coo led  in an a ce ton e -ice  
bath  at a rate so th at th e reaction  tem perature did  n ot exceed 
10°. T h e  reaction  m ixture w as stirred for  an add ition a l 1.4 hr 
and enough H 20  (ca. 400 m l) w as added to  d issolve th e inorganic 
sa lts. T h e  reaction m ixture w as extracted  w ith  ether. T h e  
ethereal extracts were com bined , w ashed w ith  w ater, dried (M g - 
S 0 4), and evaporated  in vacuo a t co . 40 ° to  g ive  ca. 36 g  o f the 
m ixture o f  d ih ydropyrid in es. T h e  pure 1,4 isom er (ca. 10 g ) 
was ob ta in ed  b y  treating this m ixture w ith  50 g  o f  m aleic an
h ydride and 200 m l o f C H 2CI2 (previou sly  purged w ith  N 2) and

(6) E. M. Fry, J . O rg . C h em ., 29, 1647 (1964).
(7) N. C. Cook and J. E. Lyons, J .  A m e r .  C h em . S o c ., 87, 3283 (1965).
(8) Analyses were performed by Gailbraith Laboratories, Knoxville, 

Tenn. The nmr spectra were recorded using a Varian A-60 spectrometer, 
the infrared spectra were recorded using a Perkin-Elmer 257 grating spec
trometer, and the ultraviolet spectra were recorded using a Cary 14 spec
trometer.

refluxed fo r  14 hr. T h e  solven t w as evaporated  (in vacuo), 
and the residue w as dissolved in ether and w ashed  w ith  15 %  
N aO H  until colorless. T h e  ethereal layer w as dried (M g S 0 4) 
and rem oved  in vacuo. Further purification  o f  th e 1 ,4 -d ih yd ro
pyrid in e 2 can b e  effected b y  passing it through  b asic  a lum ina 
w ith  ether. T h is  produces the d ih ydropyrid in e as a clear, m ob ile  
liqu id  o f  > 9 7 %  p u r ity : nm r (C D C 13) t 3 .42  (d , b roa d , 2 H , J =
7 .5  H z , N C H = ) ,  5 .0 5 -5 .4 0  (m , 2 H , N C H = C H ) ,  6 .32  (s, 3 H , 
O C H 3), and 7 .0 5 -7 .3 3  (m , 2 H , C H 2); ir (CC14) 1726 ( C = 0 )  
and 1634 c m -1 ( C = C ) ;  u v  m ax (hexane) 224 nm  (e 13 ,700 ).

,Y -C arbom eth oxy-1,2 -dihydropyridine (1 ).— M e th y l ch loro - 
form ate (18 .2  g , 0 .2  m o l) in 25 m l o f ether w as add ed  to  8 .0  g o f 
sodium  boroh ydrid e  and 15.8 g  (0 .20  m o l)  o f  pyrid in e  in  75 m l 
o f  absolu te  m ethanol coo led  in Dry' I ce -a ce to n e . T h e  rate  o f  
addition  w as con trolled  so that the tem perature o f  th e reaction  
m ixture did  n ot exceed —6 9 °. T h e  reaction  m ixture w as stirred 
for an add ition a l 1.5 hr and w as then pou red  in to  ice  w ater. 
E n ough  w ater w as added to  d issolve th e in organic salts and the 
m ixture w as extracted  w ith  ether (ca. 300 m l). T h ese w ere co m 
b ined , w ashed th orou gh ly  w ith  w ater, and dried (M g S 0 4). 
R em ov a l o f  the solven t in vacuo (ca. 5 0 ° )  ga ve  ca. 18 g o f th e 1 ,2- 
d ih yd ropyrid in e  1. F u rther purification  can b e  e ffected  b y  
passing th e p rod u ct through  basic alum ina w ith  eth er: nm r 
(CC14) r  3.47 (d , b roa d , l H , / =  7 .5  H z, N C H = ) ,  4 .0 5 -5 .1 8  
(m , 3 H , o lefin ic), 5.85 (dou blet o f dou blets , 2 H , J  =  3 .5 , 2 .0  
H z, C H 2), and 6.37 (s, 3 II , O C II3); ir (CC14) 1718 ( C = 0 ) ,  
1647 ( C = C ) ,  and 1585 cm -1 ( C = C ) ;  u v  m ax (hexan e) 302 nm  (e 
3800).

A -M eth y l-l,2 -d ih y d rop y rid in e  (4 ).— T o  2 .40  g o f  L iA lTI4 in 50 
m l o f ether coo led  in an ice b a th  w as added  5 .60  g o f  1 ,2 -d ih yd ro- 
pyridine 1. T h e  reaction was a llow ed to  w arm  to  room  tem pera 
ture and stir fo r  3 .25  h r. T h e  reaction  w as w orked  up by' d e 
com posing  the excess L iA lH 4 w ith  8 .5  m l o f  2 0 %  N a O II , filtering 
th e inorganic sa lts, and rem oving  the solven t in vacuo a t room  
tem perature (th e dihy'dropyridine w as m aintained under argon  
at all tim es). T h is  gave a qu an titative  y ie ld  o f 4 : nm r (CC14) t

4 .0 8 -4 .4 7  (m , 2 H ) ,  4 .8 0 -5 .1 8  (m , 1 H ) ,  5 .3 7 -5 .6 7  (m , 1 H ),
6 .23  (d , b roa d , J =  3 .5  H z ), and 7 .43  (s, 3 H , N C H 3). T h e  nm r 
spectrum  o f this sam ple proved  to  be the sam e as that, o f  an 
au th en tic sam ple prepared in depen den tly .6 T h e  d ih yd ropyrid in e 
w as stored over K O H  pellets at — 3 0 °.

A’ -M eth yl-1 ,4 -d ih ydropyrid in e (5 ).— T o  2 .40  g o f L iA lH 4 in 
50 m l o f ether coo led  in an ice  ba th  w'as added over 10 m in 5.60  g 
o f A -carb om eth ox y -l,4 -d ih y d rop y 'r id in e . T h e  reaction  m ixture 
was a llow ed to  w arm  to  room  tem perature and w as refluxed for  
24 hr. T h e  reaction  m ixture w as coo led  in an ice b a th  and the 
excess L iA lH 4 was decom posed  w ith  8 .5  m l o f 2 0 %  N a O H . T h e  
salts were filtered and the ether w as rem oved  in vacuo at 2 5 °, 
g iv ing  a 9 0 %  yie ld  o f 5 as a p a le  ye llow  liqu id . T h e  nm r spectrum  
show ed th e p rod u ct to  b e  > 9 5 %  pu re, b u t  it cou ld  b e  further 
purified b y  m olecular distillation  (1 0 -3 m m ), g iv ing  5 as a co lor
less liqu id  th at w as unstable to  atm ospheric ox y g en : nm r
(C D C 13) t 4 .43 (dou blet o f trip lets, J =  8 .0  and 1.5 H z , 2 H , 
N C H = ) ,  5 .5 8 -5 .8 8  (m , 2 H , N C H = C H ) ,  7 .0 0 -7 .2 3  (broad  s, 
Wify =  7 .0  H z, 2 II , C H 2) and 7.32  (s, 3 H , N C II3); ir (CC14) 
3065 ( C H = )  and  16.75 cm “ 1 ( C = C ) ;  u v  (hexane) 270 (e 1220, 
shou lder) and 302 nm (e 940, shou lder).

1,4 -D ihydropyrid ine (7 ).— T o  6 m l o f 2 M  m eth y llith iu m  in  8 
m l o f dry  ether (previously  purged w ith  N 2) coo led  in an a ce to n e - 
ice ba th  w as added 560 m g o f A7-ca rb om eth ox y '-l,2 -d ih y d ro - 
py'ridine. T h e  reaction  was stirred fo r  20 m in and enough  H 20  
w as added to  d issolve the inorganic sa lts . T h e  aqueous phase 
was separated and the organ ic layer w as w ashed several tim es 
w ith  w ater. T h e  organ ic phase w as dried (M g S 0 4) and th e sol
ven t w as rem oved  w ith  a stream  o f n itrogen  at room  tem perature. 
A ll o f  the oth er a b ov e  operations w ere carried ou t in an argon  
atm osphere.

T h e  nm r spectrum  (acetone-de) wras v irtu a lly  identica l w ith  th at 
p rev iously  rep orted .7 I f  the a b ov e  reaction  m ixture is w orked  up 
w ith  D 20 ,  then the m u ltip lic ity  o f  the hydrogens a to  the nitrogen  
is sim plified. They' o ccu r as a broadened d ou b let (J =  8 .0  
H z ).

A7-C arbom eth oxy-2 -azab icyclo  [2.2.01 h ex -5 -en e  (8 ) .— A  5 %  
solu tion  o f  1 ,2 -d ihvdropyrid in e 1 w as irradiated using a R a y on et 
ph otoch em ica l reactor (R P -3 00 0  lam p s) until the nm r spectrum  
show ed the consum ption  o f  a ll the starting m ateria l. R em ov a l 
o f th e solvent gave an orange o il. T h e  nm r spectrum  show 'ed this 
to  be ca. 8 5 %  pure. Pure 8 ( > 9 5 % )  cou ld  be ob ta in ed  b y  
passing the crude produ ct through basic alum ina w ith  eth er: 
nm r (C D C 13) 3 .3 7 -3 .5 2  (m , 2 H , C H = C H ) ,  5 .17 (trip let o f



dou blets, 1 H , J =  3 .0 , 1.5 H z, bridgehead  a t o  N ) ,  5 .8 3 -6 .6 7  
(m , 3 H ), and 6.32 (s, 3 H , O C H 3); ir (C C U ) 1710 ( C = 0 )  and 
1596 cm - 1  ( C = C ) .  T h e  analy tica l sam ple w as further purified 
b y  g lc  (10 f t  X  0.25 in . 5 %  SE -30 a t 125°, retention  tim e 60 
m in ).

Anal. C a lcd  fo r  C 7H 0N O 2: C , 60 .42 ; H , 6 .52 . F ou n d : C , 
60.24; H , 6 .54 .
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2,4-Diaminopyrimidines from Dicyandiamide. IV.
Condensation with Bicyclic Aromatic Ketones1,2
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T h e synthesis o f several tr icy clic  diam inopyrim idine derivatives b y  condensation o f d icyand iam ide w ith  bi
cy clic  arom atic ketones is reported. A n  interesting skeletal rearrangem ent was observed when 2,4-d iam inobenzo- 
[ÿjquinazoline (5a ) was isolated as the m a jor p rod u ct o f p a llad ium -charcoa l dehydrogenation  (under dispro
portionation  con ditions) o f  l,3 -d iam in o-5 ,6 -d ih yd roben zo[/]qu in azo lin e  ( 1 ), the 2 -tetra lon e /d icyan d iam ide  con 
densation produ ct. R epresentatives o f the 2 ,4 -d iam inobenzo[ii Jquinazoline, the 2 ,4-d iam inoth ieno[2 ,3 -/t]- 
quinazoline, and th e 2 ,4 -d ia m in o -5 if-in d en o [l,2 -d ] pyrim idine ring system s are described.

In a program of synthesis of pyrimidine derivatives as 
potential folic acid antagonists and antitumor agents,1 2 3 
a number of 2,4-diaminopyrimidine ring systems have 
been synthesized in our laboratory by the direct, one- 
step condensation of dicyandiamide with ketones 
having an available a-methylene group.2-5 We re
ported the isolation of a single product from the con
densation of 2-tetralone with dicyandiamide.2’4 5 Al
though cyclization can theoretically involve the methy
lene group on either side of the carbonyl group of 2-tetra
lone, leading to 1 or 2 , we have established the structure 
of the reaction product as l,3-diamino-5,6-dihydro- 
benzo [/jquinazoline (1) .6-7 A number of substituted
l,3-diamino-5,6-dihydrobenzo[/]quinazolines were sub
sequently prepared by this route.8’9 Application of 
this versatile pyrimidine ring-forming reaction to 
bicyclic aromatic ketones is now described; in con
nection with the present work, an interesting thermal 
rearrangement was observed and confirmed by alter
native synthesis.

A disproportionation reaction of compound 1 was 
conducted in the presence of tetralin and 10%  pal
ladium-charcoal catalyst in 2- (2-ethoxyethoxy) ethanol 
at 198-202° for 38 hr. The major product was 2,4- 
diaminobenzo [g jquinazoline (5a), the structure of 
which was proved by comparison with an authentic

(1) This investigation was supported in part by research'grant C6516 
and research career development award K3-CA-22.151 from the National 
Cancer Institute, National Institutes of Health, U. S. Public Health Service.

(2) S. K. Sengupta, S, Chatterjee, H. Kangur, and E. J. Modest, Abstracts 
of Papers, 144th National Meeting of the American Chemical Society, 
Los Angeles, Calif., April 3, 1963, p 37-L.

(3) E. J. Modest, G. E. Foley, and S. Farber, A c ta , U n io  I n t .  C on tra  
C a n cru m , 16, 702 (1960).

(4) E. J. Modest, S. Chatterjee, and H. Kangur, J .  O rg . C h em ., 27, 2708 
(1962).

(5) E. J. Modest, S. Chatterjee, and H. K. Protopapa, J .  O rg. C h em ., 30, 
1837 (1965). This is part III of the series.

(6) A. Rosowsky, E. P. Burrows, S. K. Sengupta, and E. J. Modest, 
Abstracts of Papers, First International Congress of Heterocyclic Chemistry, 
Albuquerque, N. M., June 15, 1967, Abstract No. 104.

(7) E. P. Burrows, A. Rosowsky, and E. J. Modest, J . O rg. C h em ., 32, 
4090 (1967).

(8) A. Rosowsky and E. J. Modest, A n n .  N . Y . A c a d . S c i ., 186, 258 (1971).
(9) A. Rosowsky, K. K. N. Chen, N. Papathanasopoulos, and E. J.

Modest, J . H etero cy cl. C h em ., in press.

benzo[/f Jquinazoline derivative 
2

sample prepared by an unambiguous synthesis.10-14 
Isolation of 5a suggested that the product of con
densation of 2-tetralone and dicyandiamide might have 
been 2,4-diamino-5,10-dihydrobenzo[grJquinazoline. It 
is now obvious that 5a resulted by rearrangement under 
disproportionation conditions. This, to our knowledge, 
is the only example of a thermal rearrangement of a 
benzo [/jquinazoline to a benzo [<7 jquinazoline. The 
minor product from this reaction (10) retained the 
benzo [/jquinazoline ring structure of the parent com
pound.15

An authentic sample of 2,4-diaminobenzo [g jquin
azoline was prepared according to the procedures of 
Curd, Landquist, and Rose10 and Legrand11-14 with 
certain modifications. 2,4-Dihydroxybenzo [gr jquinaz
oline (3a) was obtained by reaction of 2-amino-3-

(10) F. H. S. Curd, J. K. Landquist, and F. L. Rose, J .  C h em . S o c ., 1759 
(1948).

(11) A. Etienne and M. Legrand, C . R . A ca d . S c i ., 229, 220 (1949).
(12) A. Etienne and M. Legrand, ib id ., 231, 232 (1950).
(13) M. Legrand, ib id ., 231, 1318 (1950).
(14) M. Legrand, private communication.
(15) Compound 10 was identified as 3 -amino-l-[2 -( 2 -ethoxyethoxy)-

ethoxy]benzo[/jquinazoline (see Experimental Section). Mass spectrometric 
analysis of 10 , together with the fragmentation pattern of the ether side 
chain, is described separately: S. K. Sengupta, H. K. Protopapa, E. J.
Modest, and B. C. Das, O rg. M a s s  S p ec tro m ., (submitted for publication).



1324 J. Org. Chem., Vol. 37, No. 9, 1972 Sengupta, Chatterjee, Protopapa, and M odest

naphthoic acid and urea.10-16 Chlorination of 3a 
with phosphorus oxychloride in refluxing bromobenzene 
afforded 2,4-dichlorobenzo[</jquinazoline (4a); con
ventional chlorination in refluxing phosphorus oxy
chloride was less satisfactory. The method of 
Legrand13,14 for amination of 4a to 5a in ethanolic 
ammonia required increased temperature, pressure, 
and reaction time for complete reaction.

In view of the isolation of 5a from the disproportion
ation reaction, several additional derivatives of the 
seldom reported benzo [¿/jquinazoline ring system were 
synthesized for possible comparative purposes in 
connection with the solid-phase dehydrogenation de
scribed below. Condensation of formamide with
2-amino-3-naphthoic acid via Niementowski’s reaction17 
afforded 4-hydroxybenzo[</jquinazoline (3b), which was 
converted into 4-chlorobenzo[</jquinazoline (4b).
Amination of 4b gave 5b.13'18 This amination was 
more facile than that of 2,4-dichlorobenzo [¡/jquinazo- 
line (4a).

R4
3a, R2 =  R4 =  OH 
4a, R, =  R4 =  Cl 
5a, R j =  R4 =  NH,

6, R2= N H ,;R 4 =  OH

r 4

3b, R4 =  OH 
4b, R4 =  Cl 
5b, R4 =  NH2

2-Amino-4-hydroxybenzo [¿/jquinazoline (6) was syn
thesized in low yield by high-temperature condensation 
of 2-amino-3-naphthoic acid and guanidine in boiling 
phenol. The same material (6) was obtained in good 
yield when 5a was subjected to selective acid hydrolysis 
of the 4-amino group. The preferential hydrolysis of 
the 4- and 6-amino groups as compared with the 2- 
amino groups in pyrimidine ring systems is well known.19

When the dehydrogenation of 1 was carried out with 
10% palladium-charcoal catalyst at 270-320° without 
solvent, a reaction product was obtained which was 
shown to be a mixture of three components by paper 
chromatography. One component, the starting ma
terial (1), was removed by sublimation. Sublimation 
of the residue at a higher temperature yielded a mixture 
of the other two components. Fractional crystal
lization from absolute ethanol yielded the second com
ponent in pure form, identified as 3-aminobenzo [/]- 
quinazoline (7) by comparison with an authentic 
sample.20-21 Obviously deamination had occurred 
during or following dehydrogenation of 1 with the 
formation of 3-aminobenzo [/jquinazoline (7) as one 
product of the reaction. Dehydrogenation had been 
accompanied by evolution of considerable gaseous 
ammonia. Primary aromatic amino groups can be 
hydrogenolyzed in the presence of various catalysts.22

Neither fractional crystallization nor cellulose column 
chromatography afforded a pure sample of the third 
component. Therefore, the original dehydrogenation 
mixture was subjected to ion exchange chromatog
raphy with a cation exchange resin, and the column was 
eluted with different strengths of aqueous hydrochloric 
acid. Hydrochloric acid (2 N) extracted monoamine 
7, identified as the free base. The 4 N hydrochloric 
acid eluate was free from 7. Work-up afforded a 
single, pure compound with infrared absorption at 5.85 
n ; it was shown to be an amido compound by elemental 
analysis. The material, isomeric with 6, was identified 
as l-hydroxy-3-aminobenzo [/jquinazoline (8) by com
parison with an authentic sample.20’21 This must have 
come from 1,3-diaminobenzo [/jquinazoline (via solvent- 
free dehydrogenation of 1 ) by acid hydrolysis during 
the prolonged process of elution from the column. 
The preferential acid hydrolysis of the 1-amino group 
of 1,3-diaminobenzo [/jquinazoline has already been 
recorded,21 as well as the formation of 1,3-diamino
benzo [/jquinazoline by mild, selenium dioxide-acetic 
acid dehydrogenation of l .6’7

Mild nitrosation of 1 yielded l-hydroxy-3-amino-
5,6-dihydrobenzo [/jquinazoline (9) by preferential reac
tion of the 1-amino group. Dehydrogenation of 9 
gave 8. Nitrosation of 1 under forcing conditions gave 
small amounts of 1,3-dihydroxybenzo [/jquinazoline.

In summary of the palladium-charcoal reactions on 
1 , dehydrogenation under disproportionation conditions 
with tetralin in 2- (2-ethoxyethoxy) ethanol gave the 
rearranged product 5a in major yield, whereas dehydro
genation without solvent afforded the unrearranged 7 
and 8, derivable from 1 by dehydrogenation and by 
deamination and hydrolysis, respectively, of the
1-amino group. Since each reaction was repeated 
several times and since the purity of 1 was rigorously 
substantiated (see Experimental Section), it is clear 
that the disproportionation reaction involves extensive 
ring rearrangement, for which we cannot at present 
offer a mechanistic explanation. See Scheme I.

Studies were also carried out with 1-tetralone and 
related bicyclic ketones. Reaction of 1-tetralone with 
dicyandiamide afforded 2,4-diamino-5,6-dihydrobenzo- 
[hjquinazoline (11a) in about 58% yield. Similarly,
2,4-diamino-5,6-dihydro-6-methylbenzo[fe jquinazoline 
(lib) was prepared from 4-methyl-l-tetralone in 63% 
yield. In contrast to 1 (the 2-tetralone condensation 
product), 11a was readily dehydrogenated to the fully

R  =  H or CH3

(16) M. T. Bogert and G. Scatchard, J . A m e r . C h em . S o c ., 41, 2052 (1919).
(17) S. v. Niementowski, J .  P r a k t. C h em ., [2] 51, 564 (1895).
(18) A. R. Osborn, K. Schofield, and L. N. Short, J .  C h em . S o c ., 4191 

(1956).
(19) (a) E. C. Taylor and C. K. Cain, J .  A m e r .  C h em . S o c ., 71, 2282 

(1949); (b) R. B. Trattner, G. B. Elion, G. H. Hitchings, and D. M. Sharef- 
kin, J .  O rg . C h em ., 29, 2674 (1964).

(20) A. Rosowsky, N. Papathanasopoulos, M. E. Nadel, S. K. Sengupta, 
and E. J. Modest, Abstracts of Papers, 151st National Meeting of the Ameri
can Chemical Society, Pittsburgh, Pa.. March 28, 1966, 1-1.

(21) A. Rosowsky and E. J. Modest, J . O rg . C h em ., 31, 2607 (1966).
(22) Nathan Kornblum in “ Organic Reactions,”  Vol. II, Wiley, New York, 

N. Y., 1947, p 262.

Pd/C 
or S

lia, R = H
b, R  =  CH,

12,R  =  H 
(fro m  lia )



2,4-Diaminopyrimidines from D icyandiamide J. Org. Chem., Vol. 37, No. 9, 1972 1325

T a ble  I

N mr“ and  U ltraviolet Spectra

ppm----------------------- - .------------------------------Xm„ ,  nm (« X 10“ >)
Compd Methylene Aromatic (Solvent) EtOH pH 1 DMF

1 3 .0 3 7 .6 3 (T F A ) 276 (1 8 .7 ) 271 (1 7 .1 ) 282 (1 4 .9 )
(singlet) (fou r peaks) 294 (1 6 .9 ) 282 (1 3 . I f 305 (1 6 .9 )
2 .8 5 7 .6 3 (D M F -d r) 289 (1 2 .1 )»
(m u ltip let) (m u ltip let)

9 3 .0 1 7 .4 0 (T F A ) 235 (1 0 .0 ) 262 (1 8 .6 ) 267 (8 .3 )
(singlet) (fou r peaks) 264 (1 9 .3 ) 305 (9 .1 ) 297 (8 .4 )
2 .7 5 7 .9 2 (D M F -d 7) 284 (7 .1 ) 328 (1 5 .5 )
(m u ltip let) (qu a rte t) 296 (7 .9 )

7 .1 5
(trip let)

(D M F -d 7) 325 (1 2 .2 )

11a 3 .0 5 7 .7 5 (T F A ) 240 (2 5 .5 ) 226 (1 7 .0 ) 281 (3 .3 )
(o cte t) (m u ltip let) 280 (3 .2 )* 239 (1 6 .9 ) 292 (2 .9 )

292 (3 .3 ) 286 (5 .9 )» 332 (7 .1 )
2 .8 5 7 .6 3 (D M F -d ,) 328 (8 .3 5 ) 298 (8 .6 )
(m u ltip let) (m u ltip let) 320 (1 2 .7 )»  

327 (1 3 .4 )  
340 (9 .0 )»

13 3 .2 3 7 .3 5 (T F A ) 243 (1 7 .2 ) 240 (2 5 .5 )
(o c te t ) (singlet) 264 (1 4 .1 ) 333 (1 3 .1 )

269 (1 3 .3 )  
299 (7 .6 )  
330 (2 .6 )»

347 (8 .9 )»

15 4 .1 0 8 .0 5 (T F A ) 238 (2 5 .5 ) 226 (1 7 .8 ) 283 (3 .2 )
(singlet) (three peaks) 284 (4 .5 ) 238 (1 6 .5 ) 291 (3 .8 )

291 (6  1) 316 (1 8 .6 ) 322 (6 .1 3 )
318 (1 0 .4 ) 329 (1 2 .9 )

“ N m r peak  values are center o f  m ultiple peaks w herever applicable. » Shoulder.

Schem e  I

aromatic derivative 2,4-diaminobenzo[/i]quinazoline
(12 ) with 10%  palladium-charcoal or sulfur.

A thiophene analog of 1-tetralone, 4-keto-4,5,6,7- 
tetrahydrothionaphthene, reacted with dicyandiamide 
with formation of the expected 2,4-diaminopyrimidine 
derivative 13 in good yield; 13 underwent smooth 
dehydrogenation with sulfur to 14 in 70% yield. Com

pounds 13 and 14 represent the 2,4-diaminothieno- 
[2,3-/i]quinazoline ring system, which, to the best of 
our knowledge, has not been reported in the literature.

Condensation of 1-indanone with dicyandiamide gave
2 ,4-diamino-5//-indeno [1,2-d ¡pyrimidine (15) (78%
yield).

Compounds 11a and 15, which may be considered
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tricyclic analogs of 2,4-diamino-6-phenylpyrimidine, 
have multiple ultraviolet absorption peaks in ethanol, 
whereas 2,4-diamino-6-phenylpyrimidine itself shows 
only two absorption maxima in ethanol, at 240 and 
305 nm.23 In contrast, the ultraviolet absorption 
spectrum of 1 in ethanol is very similar to that of the 
analogous 2,4-diamino-5-phenylpyrimidine,23 having 
only two maxima. A reasonable explanation for these 
observations is that steric interaction between the
1-amino group and the proton at C-10 of 1 may effect 
enough loss of planarity to interrupt conjugation of the 
aromatic rings and to produce a loss of fine structure 
in the ultraviolet spectrum.24 25 26 Replacement of the
1 -amino group in 1 by a 1-oxo (or hydroxy) function in 
9 restores planarity (multiple absorption maxima) 
(Table I).

The nmr spectrum of 1 in trifluoroacetic acid shows 
a singlet methylene peak (Table I), but the spectrum 
of 1 1 a shows a methylene octet in that solvent. Meth
ylene multiplets are observed for both compounds in 
d i m e thy 1 f o r m am i de- d?, although the characteristic 
splitting pattern of the methylene protons of 1 differs 
from that of 11a. Thus, the nmr data support the 
conclusion from the ultraviolet data that 1 1 a is a 
relatively planar, conjugated molecule in contrast to 1 .

Experimental Section27

1,3 -D ia m in o-5 ,6 -d ih yd rob en zo [<j]quinazoline (1 ) .— A  m ixture 
o f 3 .4  g (0 .040  m ol) o f  d ieyandiam ide and 3.6 g (0 .025  m o l) o f  2-

(23) (a) P. B. Russell, J . C h em . S o c ., 2951 (1954); (b) B. Roth and J. Z. 
Strelitz, J . O rg. C h em ., 34, 821 (1969).

(24) By analogy, the ethanolic spectrum of the sterically hindered 9,10- 
dihydro-4,5-dimethylphenanthrene has only one maximum, at 260 nm, 
similar to the spectrum of biphenyl, but unlike the spectrum of the relatively 
planar 9,10-dihydrophenanthrene, which has three maxima up to 330 nm.25,26

(25) (a) G. H. Beavan, D. M. Hall, M. S. Lesslie, and E. E. Turner, 
J .  C h em . S o c ., 854 (1952); (b) K. Mislow, M. A. W. Glass, H. B. Hopps, 
E. Simon, and G. H. Wahl, Jr., J . A m e r . C h em . S o c ., 86, 1710 (1964).

(26) H. Suzuki, B u ll . C h em . S oc . J a p .,  35, 1715 (1962).
(27) The infrared spectra were recorded on a Perkin-Elmer Model 137B

recording spectrophotometer in potassium bromide or potassium chloride 
disks. Uv spectra were measured with Cary Model 11 and Model 15 spec
trophotometers at pH 1 (ethanolic 0.1 N  hydrochloric acid), ethanol, and 
dimethylformamide. The nmr spectra were determined on a Varian Asso
ciates Model A-60 recording spectrophotometer in trifluoroacetic acid and 
heptadeuteriodimethylformamide. Tetramethylsilane (TMS) was used as 
the internal standard and all signals are given in parts per million (5) relative 
to TMS at 5 0. Ascending paper chromatography was done on Whatman 
No. 1 paper in the following solvent systems: A, n-butyl alcohol-acetic
acid-water (4 :1 :1 ); B, n-butyl alcohol saturated with water; C, isopropyl 
alcohol-ammonium hydroxide-water (70:5:25). Adenine was used as an 
internal standard in all chromatograms; spot locations are expressed as 
J?Ad values with adenine at 1.00. All melting points were measured in Pyrex 
capillary tubes in a modified Wagner-Meyer apparatus [E. C. Wagner and 
J. F. Meyer, I n d .  E n g . C h em ., A n a l. E d ., 10, 584 (1938)] at a heating rate 
of 2°/min and are corrected wherever possible. Microanalyses were per
formed by the Scandinavian Microanalytical Laboratories, Herlev, Denmark, 
and Galbraith Laboratories, Knoxville, Tenn.

tetralone was h eated for  1 hr (partial so lu tion ) at 1 5 0 -1 7 0 ° (in 
ternal tem perature) and then  a t 180 -185° fo r  an oth er 45 m in 
(com plete  so lu tion ). T h e  heating w as continued fo r  1 h r a t  190°, 
at w hich  p o in t w ater started evolv in g  and a ye llow  solid  started  
separating from  the reaction  m ixture. T h e  resulting solid  w as 
washed w ith  aceton e and crystallized d irectly  from  d im eth y l
form am ide as a colorless, m icrocrystalline solid , y ie ld  2 .6  g (5 0 % ) , 
m p  2 6 8 -2 7 0 °. Several further crystallizations from  d im eth y l
form am ide afforded an a ly tica lly  pure m ateria l, y ie ld  2 g (3 8 % ) , 
m p  2 6 3 -2 6 4 ° , Raí 1.41 (solvent A ) , 1.69 (solvent B ) ,  1.63 (so l
v en t C ) .

Anal. C aled  fo r  C ,2H 12N 4: C , 67 .90 ; H , 5 .7 0 ; N , 2 6 .40 . 
F ou n d : C , 6 7 .93 ; H , 5 .93 ; N , 26.49 .

F orm ation  o f 5a b y  D isproportionation  o f 1.— T h is  procedu re 
was the best o f a num ber o f experim ents and w as run three tim es. 
T h e  pu rity  o f  the starting m aterial, l ,3 -d ia m in o -5 ,6 -d ih y d ro - 
b en zo [/]  quinazoline (1 ), was carefully established b y  com parison  
(paper ch rom atograph y, u ltraviolet and nm r spectra, m ixtu re 
m elting p o in t) w ith  an authentic sam ple o f  the isom eric 2 ,4 - 
diam ino-5,10-dihydrobenzo[<7] quinazoline, synthesized from
m ethyl 2 -tetralone-3 -carboxy late .28 Insofar as possib le, all o f  
the follow ing operations, including the crysta llizations, w ere 
carried ou t under a nitrogen atm osphere. A  m ixture o f pu re 1 
(1 .0  g , 0 .0047 m ol) and 10%  p a llad iu m -ch arcoa l (0 .5  g ) in  tetra - 
lin (20 m l) and 2 -(2 -eth oxyeth oxy )eth an ol (45 m l) w as refluxed 
for 38 hr in a flask equipped w ith  m agnetic stirring and an im 
m ersion therm om eter. T h e  internal tem perature w as m ain 
tained at 1 9 8 -202°. T h e  progress of the reaction  w as fo llow ed  
spectroph otom etrica lly  b y  the appearance o f  XE,«1 248, 307, 321, 
and 374 nm . T h e  reaction m ixture was filtered w hile h ot and the 
pa llad iu m -ch arcoa l residue was w ashed w ith  a h o t 2 :1  m ixtu re 
o f benzene and 2 -(2 -eth oxyeth oxy )eth an ol (300 m l). T h e  co m 
bined reaction  filtrate and washings (yellow  fluorescent solu 
tion ) w ere reduced to  one-th ird  vo lu m e. T h e  rem aining so lven t 
was rem oved initially^ b y  vacu um  distillation  a t 8 4 -S 6 ° (in ter
nal tem perature) and finally b y  prolonged eva p orative  distilla
tion  at 7 5 -1 4 0 °  (0 .5 -0 .7  m m ). T h e  colorless d istillate (1.4  g ) 
deposited  som e unchanged starting m aterial (1, 0 .25  g )  u pon  p ro 
lon ged  refrigeration. Sublim ation  o f the distillation  residue 
at 180 -190° (0 .5 -0 .7  m m ) fo r  24 hr y ie lded  tw o distinct bands o f 
sublim ate: a m ore vo la tile , nearly colorless fraction  ( A) ,  and a
less vo la tile , yellow  crystalline fraction  (B ). Sublim ate B  w as 
dissolved in a 1 :1  m ixture o f  h o t benzene and absolu te  ethanol 
(25 m l) and filtered free o f a sm all insoluble residue. T h e  v o l 
um e o f the yellow  fluorescent filtrate was reduced to  2 -3  m l. 
O vern ight refrigeration  afforded yellow  needles (5a ), y ie ld  99.1 
m g (1 3 .2 %  based on recovered starting m ateria l), m p 2 8 4 -2 8 5 °. 
T w o  further crystallizations o f  this solid  from  absolu te  eth anol 
a fforded an a ly tica lly  pure, yellow  needles, y ie ld  50.9 m g (6 .8 % ), 
m p 2 8 4 -2 8 5 °, dried for  analysis fo r  23 hr a t 3 0 -5 0 °  in vacuo.

Anal. C aled  for C i2H ]0N 4: C , 68 .55 ; H , 4 .8 0 ; N , 26 .65 . 
F ou n d : C , 68 .49 ; H , 4 .94 ; N , 26.44 .

A  m ixture m elting p o in t o f  this m aterial w ith  an au then tic 
sam ple o f  5a prepared b y  a syn th etic rou te  w as undepressed 
(m p  2 8 4 -2 8 6 °) and the tw o sam ples had iden tica l u ltrav iolet 
and in fared absorption  spectra and Raa va lu es: Raa 1-29 (sol
ven t A ), 1.17 (solvent B ) , 1.23 (solven t C ).

F raction al crystallization  o f sublim ate A  from  abso lu te  e th 
anol a fforded 49 m g (4 .2 % )  o f  colorless solid , recrysta llization  
o f  w h ich  from  ethanol gave a n a ly tica lly  pure 10 as colorless 
needles, m p 116 -11S °, m olecular form u la  CisH^NsCh ( M + 327 
am u ). E ther cleavage o f 10 w ith  h yd riod ic  acid  generated 8. 
These data , togeth er w ith  the mass spectrom etric fragm en tation  
behavior o f the side chain , confirm ed the id en tity  o f  10 in su b 
lim ate A .15

2,4 -D ih ydroxybenzo[(?]qu in azoline (3 a ).— A  m ixture o f  2- 
am in o-3-n ap hthoic acid (12 g , 0 .064 m o l), urea (24 g , 0 .4  m o l), 
and solid phenol (60 g )  was fused at 180-190° (ba th  tem perature) 
for  15 m in  and then heated under stirring and gentle reflux (air 
condenser) fo r  90 m in, a fter w hich  the resulting m elt w as coo led  
to  ca. 70° and absolu te  ethanol (60 m l) w as added cau tiou sly  
w ith  stirring. T h e  solid  residue was collected  and dried , y ie ld  
12 g  (9 0 % ), m p 3 4 5 -3 5 0 °, and crystallized (D a rco29) from  glacia l 
a cetic acid  as a colorless solid , y ie ld  10.15 g (7 7 % ) , m p > 3 6 0 °

Sengupta, C hatterjee, Protopapa, and M odest

(28) A. Rosowsky, P. C. Huang, and E. J. Modest, Abstracts of Papers, 
Second Northeast Regional Meeting of the American Chemical Society, 
Providence, R. I., Oct 20, 1970, p 83.

(29) Darco G-60 activated carbon, Atlas Chemical Industries, Inc., 
Wilmington, Del.



( lit . 10’16 m p  358 -3 5 9 ° and 3 6 0 °). F or  analysis the m ateria l w as 
recrystallized several tim es from  glacia l a cetic a cid .

Anal. C a lcd  fo r  C 12H sN 20 2: C , 6 7 .92 ; H , 3 .8 0 ; N , 13.20. 
F ou n d : C , 6 7 .65 ; H , 3 .7 1 ; N , 13.18.

2 .4- Dichlorobenzo(3]quinazoline (4a).-— A  m ixtu re o f  3a (3 .0  
g , 0.014 m o l), brom oben zen e (150 m l, b p  1 5 1 -1 5 2 °), and phos
phorus oxych lorid e  (30 m l) was refluxed fo r  3 hr. A n oth er 30- 
m l p ortion  o f  phosphorus oxych lorid e  w as added and reflux was 
continued fo r  another 12 h r. A fter  rem ova l o f  vola tile  solvents 
under reduced pressure, the residue was pou red  on to  ice  and 
brou gh t to  p H  10 w ith  1 N  sod iu m  carbon ate . T h e  aqueous 
phase was then stirred fo r  15 m in  w ith  the add ition  o f  ch loro
form  (150 m l) and th orou gh ly  extracted  w ith  add ition a l ch loro
form . T h e  com bined  ch loroform  extracts w ere w ashed w ith  
w ater and dried. R em ov a l o f  so lven t gave a ye llow  residue (3 
g , 9 0 % ) , m p  2 0 0 -2 0 4 ° . T h is  m ateria l w as sublim ed a t 16 0 - 
165° (0 .5  m m ) and a lem on-yellow  sub lim ate, y ie ld  2 .4  g  (66% ),  
m p 2 0 3 -2 0 4 ° , w as ob ta in ed  and crystallized from  d ry  benzene as 
yellow  needles, y ie ld  2 .23 g  (7 0 % ), m p 2 0 5 -2 0 6 °  (l it . 13 m p 2 0 5 °). 
F or analysis this m aterial w as crystallized tw ice from  benzene 
and dried a t 60 ° (0 .5  m m ) fo r  10 hr. (T h e  m ateria l had a 
ten den cy to  sublim e even  a t low  tem peratures.)

Anal. C a lcd  fo r  C ,2H 6N 2C12: C , 57 .86 ; H , 2 .4 3 ; C l, 28 .47 ;
N , 11.25. F ou n d : C , 57 .99 ; H , 2 .5 7 ; C l, 28 .11 ; N , 11.05.

2 .4- Diaminobenzo[9]quinazoline (5a) from 4a.— A  m ixture o f 
4a (300 m g, 0.0012 m ol) and dry  ethanol (60 m l) saturated w ith  
gaseous am m onia at 0 °  w as h eated  a t 170 -1 8 0 ° for  70 hr in a 
stainless steel reactor. A  n itrogen  atm osphere w as m aintained 
during all subsequent operations, includ ing the crystallizations. 
T h e  greenish-yellow  reaction  m ixture w as taken  to  dryness on  a 
steam  bath  w ith  th e aid  o f  a je t  o f  n itrogen . A fter extraction  
w ith  5 %  aqueous sod iu m  h ydroxide solu tion  (20 m l) on  a steam  
bath  for 15 m in, th e greenish-yellow  solid  w as co llected , w ashed, 
dried (200 m g , 8 0 % ) , and crystallized from  absolu te  ethanol b y  
concentration  o f  the solu tion  w ith  a je t  o f  n itrogen  as yellow - 
green needles, y ield  175 m g  (7 0 % ), m p 2 8 0 -2 8 2 ° , negative B eil- 
stein  test. Several crystallizations from  absolute ethanol a f
forded  yellow -green  needles: y ie ld  65 m g  (2 5 % ) ; m p  2 8 4 - 
286° (lit .13-14 m p  2 8 5 °, 2 8 7 ° ); R\d 1.33 (solven t A ) , 1.14 (solvent
B )  , 1.23 (solven t C ) .

Anal. C a lcd  fo r  C 12H ,„N 4: C , 6 8 .55 ; H , 4 .8 0 ; N , 26.65 . 
F ou n d : C , 6 8 .34 ; H , 4 .96 ; N , 26 .59 .

2-Amino-4-hydroxybenzo[9]quinazoline (6 ). A. From 2- 
Amino-3-naphthoic Acid.— A  m ixtu re o f  guanidine carbon ate  
(24 g , 0 .13  m ol) and solid ph en ol (40 g )  w as fused a t 180 -190° 
(bath  tem perature) for  15 m in and then  2-am ino-3 -naph th oic 
acid  (24 g , 0 .064 m ol) was add ed . T h e  m ixture was h eated under 
gentle reflux (air condenser) w ith  stirring fo r  5 hr. A fter  tri
turation  o f  the reaction  m ixture w ith  eth anol (60 m l), the re
sulting solid m aterial w as extracted  w ith  refluxing glacial acetic  
acid  (350 m l). C rysta llization  o f  th e insoluble residue from  8 N 
h ydroch loric  acid  y ie lded  6 HC1 (4 g , 2 5 % ) , no m elting p o in t 
below  320°. T h e  h ydroch lorid e (500 m g ) w as stirred w ith  10 
m l o f con centrated  am m oniu m  h ydroxide fo r  1 hr a t room  tem 
perature and the resultant yellow  solid m aterial (6 ) (300  m g ) was 
crystallized from  d im eth ylform am ide: y ie ld  100  m g ; m p  
> 3 3 0 ° ;  Raa 1-46 (solven t A ) ,  1.45 (solvent B ) ,  1.18 (solvent
C )  .

Anal. C a lcd  fo r  C 12H 9N 30 :  C , 68 .24 ; H , 4 .3 0 ; N , 19.89. 
F ou n d : C , 6 8 .05 ; H , 4 .8 9 ; N , 19.87.

B. B y A cid  H ydro ly sis  o f  5a.— A  solution  o f  2 ,4 -d iam in o- 
benzo[g] quinazoline (5a, 100 m g , 0 .48  m m ol) in 6 N h y d ro 
ch loric acid  (25 m l) was heated under reflux fo r  1 hr. T h e  yellow  
reaction  m ixture started depositing w hite  needles after. 0 .5  hr 
and th e co lor  o f  the solution  was gradually  d ischarged . T h e  
crystals were collected  and dried , y ield  100 m g  (9 0 % ), no m elt
ing p o in t below  3 5 0 °. T h is  m aterial was stirred w ith  con cen 
trated am m onium  h ydroxide  (10 m l) for  5 m in , co llected , w ashed 
w ith  w arm  w ater, and dried as a brigh t ye llow  so lid , y ie ld  90 
m g (8 0 % ), n o  m elting p o in t below  3 5 0 °, iden tica l w ith  6 pre
pared b y  procedu re A .

4-Hydroxybenzo[g] quinazoline (3b).— A  m ixture o f  2 -am ino-
3-n aph th oic acid  (5 g , 0 .027 m o l) and form am ide (2 .5  g , 0 .056 
m ol) w as fused a t 150 -155° (internal tem perature) in a beaker 
for  10  min w ith  con stant hand stirring to  prevent form ation  o f 
an y  lum ps in the m elt. A n oth er portion  o f  form am ide (2 .0  g ,
O. 44 m ol) was added  and th e heating at 150 -155° was continued 
for 4 hr w ith  occasion al stirring to  keep the mass in a th in , p a sty  
form . T h e  reaction m ixture w as stirred w ith  co ld  w ater (50 
m l) and the slurry w as filtered . Several crystallizations o f  the
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residue (4 .6  g , 8 3 % )  from  glacia l a ce tic  a cid , th e first w ith  
D a rco , a fforded  colorless needles, m p  2 7 9 -2 8 0 ° (l it .11 m p  2 7 8 °).

Anal. C a lcd  fo r  C 12H 8N 20 :  C , 7 3 .46 ; H , 4 .1 1 ; N , 14.28. 
F ou n d : C , 73 .21 ; H , 4 .4 2 ; N , 14.15.

4-Chlorobenzo [<7] quinazoline (4b).— A  fine suspension o f  3b 
(4 g , 2 .04  m m ol) in 200 m l o f  ch lorobenzene w as refluxed for 34 
hr w ith  25 m l o f  freshly distilled phosphorus oxych lorid e . T h e  
red solution  was coo led , filtered through  a sintered glass funnel, 
and pou red  in to  an aqueous suspension (400 m l) o f  sodium  car
bon ate  (30 g )  and calcium  h ydroxide  (30 g ) con ta in ing crushed 
ice . A fter  30 m in o f  stirring, th e ch lorobenzene layer w as sep
arated and the aqueous alkaline layer (p H  8 ) was extracted  three 
tim es w ith  ch loroform . T h e  com bin ed  organ ic extracts were 
w ashed w ith  w ater (10 m l) and dried. T h e  solvents w ere re
m ov ed  and th e residue, y ie ld  2 .8  g  (68% ),  m p 1 7 6 -178°, was 
sublim ed a t 180-190° (0 .5 -0 .7  m m ), y ie ld  1.9 g  (4 5 % ) o f  yellow  
sublim ate, m p 177-179° (l it .11 m p  1 7 9 °). Several crystalliza
tions from  benzene yielded an a ly tica lly  pure yellow  needles, 
m p  1 7 8 -1 7 9 °, in 4 0 %  overa ll recovery , R\d 1-86 (solvent A ), 
1.70 (solvent C ) .

Anal. C a lcd  for  C I2H ,N 2C1: C , 67 .14 ; H , 3 .29 ; C l, 16.52;
N , 13.05. F ou n d : C , 6 7 .55 ; H , 3 .36 ; C l, 16.56; N , 12.97.

4-Aminobenzo[<7]quinazoline (5b).— A m ination  o f 4b (400
m g, 1.9 m m ol) b y  a procedu re sim ilar to  th at em p loyed  in the 
am ination  o f 4a (except th at a  nitrogen atm osphere was n ot neces
sary ) afforded 300 m g  o f crude 5 b , m p 3 2 4 -3 3 1 °, w h ich  w as 
halogen-free. S u blim ation  a t 140 -1 8 0 ° (0 .5  m m ) gave a y e l
low  sublim ate, y ield  180 m g  (5 0 % ) , m p  3 3 5 -3 3 8 ° . Three 
crystallizations from  absolu te  ethanol yielded yellow  needles, 
120 m g  (3 4 %  overall y ie ld ), m p  3 3 7 -3 3 8 ° (lit. m p 3 6 3 ° ,11>12 ca. 
365° d e c 18).

Anal. C a lcd  fo r  C 12H 9N 3: C , 73 .83 ; H , 4 .6 5 ; N , 21 .52 . 
F ou n d : C , 73 .62 ; H , 4 .6 4 ; N , 21.61 .

Isolation of 3-Aminobenzo[/] quinazoline (7) and l-Hydroxy-3- 
aminobenzo[/] quinazoline Hydrochloride (8 HC1) on Dehydro
genation of 1.-— An in tim ate m ixture o f 1 (800  m g ) and 10 %  p a l
lad iu m -ch arcoa l (70 m g ) was placed in a H ey m a n n ’s apparatus 
and h eated in  a m etal ba th  a t 2 7 0 -3 0 0 ° under a slow  stream  of 
n itrogen . T h e  evo lved  gases w ere fou n d  to  con ta in  am m onia  
th rou ghou t the reaction  period  o f  1 hr. T h e  yellow  sublim ate 
th at had deposited on th e  co ld  finger w as collected  and th e residue 
contain ing the cata lyst was extracted  w ith  dim eth ylform am ide. 
T h e  to ta l solid  m aterial obta in ed  (430 m g , 5 3 % )  w as sublim ed 
a t 120 -150° (0 .5  m m ) and the sublim ate, on crystallization  from  
absolu te  ethanol, y ielded 1 (100 m g ), m p  2 6 0 -2 6 2 ° , X^ , 1 272 
nm . T h e  residue in th e sublim ation  tu be  on  further sublim a
tion  at 170-180° (0 .5  m m ) furnished a yellow  solid  (180 m g , 
2 3 % ) , m p  2 0 1 -2 0 5 °.

T h e  latter sublim ate (170 m g ) w as dissolved in 150 m l o f  warm
O. 5 N  h ydroch loric acid  and chrom atograph ed  on  a colu m n  o f 
D ow ex  5 0 W -X 8  (H +) cation  exchange resin, 100-120  m esh 
(colum n volu m e 6 .5  m l in a 50 -m l b u re t). E lu tion  w ith  2 N 
h yd roch loric  acid  (the progress o f  th e elution  being m onitored  
b y  the absorbance o f  the characteristic 291-nm  peak ) gave 30 
m g  o f  w hite solid w hich  on  treatm ent w ith  dilute (1 :3 )  aqueous 
am m onia  (30 m l) a t room  tem perature furnished a ye llow  solid  
(15 m g ). C rystallization  from  absolu te  ethanol gave yellow  
solid  (12 m g ), m p 263 -2 6 4 ° d ec , Rxd 1.80 (solvent A ) , 1.81 (sol
vent B ) ,  1.72 (solvent C ) .  A  m ixture m eltin g p o in t o f  this 
sam ple w ith  authentic 7 prepared in  this labora tory  w as unde
pressed .20’31

Anal. C a lcd  fo r  C 12H „N 3: C , 73 .83 ; H , 4 .6 5 ; N , 21 .53 . 
F ou n d : C , 73 .54 ; H , 4 .61 ; N , 21.59 .

F u rther elution w ith  4 N  h ydroch loric  acid  afforded colorless 
m aterial (60 m g , X™i 5.85 ju)> w hich  w as redissolved in w arm  4 N 
HC1, filtered , and refrigerated. C olorless needles o f  8 HC1 
were co llected , y ield  35 m g , n o m eltin g p o in t below  360°, RAd 
1.78 (solvent B ) ,  1.43 (solvent C ) . (T h e  m other liqu or a fforded 
another 15 m g  o f p rod u ct on  ev a p oration .)

Anal. C a lcd  fo r  C 12H 9N 30 H C 1 :  C , 5 8 .19 ; H , 4 .0 7 ; C l, 
14.32; N , 16.96. F ou n d : C , 58.5S ; H , 4 .21 ; C l, 13.87; N , 
16.60.

T h e  free base o f 8 from  this analytica l sam ple w as identica l 
w ith  free base from  authentic 8 - y 2C H 3C O O H  prepared previ
o u s ly .21

3 -A m in o- l-h y d rox y -5 ,6-d ih ydroben zo [f] qu inazoline (9 .)— S o
dium  nitrite (500 m g , 7 .2  m m ol) in w ater (2 m l) w as added d rop - 
w ise a t 5 -1 0 °  to  a stirred solution  o f  l,3 -d ia m in o -5 ,6 -d ih y d ro - 
b en zo [/lq u in a zo lin e  (1, 500 m g , 2 .35  m m ol) in  4 N h ydroch loric 
acid  (80 m l). T h e  reaction  m ixture was stirred fo r  an addi-

J. Org. Chern., Vol. 37, No. 9, 1972 1327



tiona l 0 .5 hr a t 5 -1 0 °  and then  at room  tem perature for  16 hr. 
T h e  w hite solid that separated was collected  and com bined  w ith  
add ition a l m aterial ob ta in ed  on  con centration  o f the filtrate to  
ca. 10 m l. T h e  com bined  solids w ere stirred w ith  4 N  am m o
nium  h ydroxide for 30 m in. A  greyish-w hite solid w as ob ta in ed : 
y ie ld  300 m g (6 0 % ) ; no m elting p o in t below  3 3 0 ° ; X ^ f  6 .0  and 
6 .1  ii. Several crystallizations from  2 5 %  acetic acid  yielded 100 
m g  (2 0 % )  o f  o ff-w h ite  so lid , no m elting poin t below  3 4 0 °, 
R\d 1-79 (solven t A ) ,  1.77 (solvent B ) , 1.46 (solvent C ) .

Anal. C a lcd  for C i2H hN 30 :  C , 6 7 .59 ; H , 5 .2 0 ; N , 19.71. 
F ou n d : C , 67 .38 ; H , 5 .25 ; N , 19.79.

1.3- Dihydroxy-5,6-dihydrobenzo [ / j  quinazoline.30— T h e  p r e 
ced ing n itrosation  o f 1 w as carried o u t under forcin g  conditions 
(w ith  tw ice  th e ratio o f n itrous acid  and a t 4 0 -5 0 °  for 5 h r) and 
the reaction  p rod u ct w as triturated w ith  h o t  w ater and crysta l
lized successively  from  2 5 %  a cetic  acid  and 9 5 %  eth anol (D a r co ). 
In  add ition  to  9 , another com pou n d  w as isolated as off-w hite 
crysta ls: y ield  60 m g ; m p  3 4 2 -3 4 5 ° ; X ™ H 303 nm  («9 1 5 0 ), 253
(1 5 ,4 0 0 ); X t r  294 n m ; X ™  5.78, 6.1 M-

Anal. C a lcd  fo r  C l2H 10N 2O2: C , 67 .27 ; H , 4 .7 0 ; N , 13.08. 
F ou n d : C , 6 7 .12 ; H , 4 .8 6 ; N , 13.15.

3-Amino-l-hydroxybenzo[/]quinazoline Hydrochlorides (8 
HC1).— A  m ixture o f  3 -a m in o -l-h y d rox y -5 ,6 -d ih y d rob en z o [/]-  
quinazoline (9 , 90 m g , 0.39 m m ol) and 5 %  pa llad iu m -ch arcoa l 
(30 m g ) was heated slow ly  in a H eym a n n ’s apparatus (nitrogen  
flow ) from  210 to  320° and then kept for 1.5 hr a t 3 0 0 -3 2 0 ° . 
T h e  sublim ate on  the cold finger (20 m g , 2 2 % )  w as purified tw ice 
b y  dissolution  in 2 N  h ydroch loric  acid and precip itation  w ith  
am m onia . C rystallization  from  9 N  h ydroch loric acid  y ielded 
w hite  needles o f  8 H C l: y ield  10-11 m g (1 0 % ) ; no m elting 
p o in t below  3 6 0 °; R a a  1-70 (solvent A ) , 1.78 (solvent B ) , 1.43 
(solvent C ) .  T h e  m aterial was identica l w ith  th e sam ple o f 
8  H C l ob ta in ed  b y  solid state dehydrogenation  o f 1.

2.4- Diamino-5,6-dihydrobenzo[/i] quinazoline (11a).— A  m ix
ture o f  1 -tetralone (1.46 g , 0.01 m o l), d icyand iam id e (1.26 g , 
0.015 m o l), and T r iton  B  (0.1 m l, as ca ta ly st) was heated for
5 .5  hr a t 195-201° (internal tem perature). A  clear solution 
resulted in  25 m in and solid started to  deposit shortly  thereafter. 
T h e  yellow ish  sem isolid m ixture w as evaporated  to  dryness. 
T r itu ration  w ith  4 m l o f  3 N  h yd roch loric  acid  y ie lded  solid ,
2.31 g (5 5 % ). C rystallization  from  1 N  h y d roch loric  acid  
(D a rco ) gave colorless needles (4 6 %  recov ery ), w h ich  darken and 
shrink som ew h at ab ove  245° b u t do  n o t m elt be low  3 1 0 °. Ile - 
crystallization  from  5 0 %  ethanol a fforded an a ly tica lly  pure co lor
less needles, no m elting p o in t below  310°.

Anal. C a lcd  for C X2H I2N 4 • H C l • H 20 : C , 5 4 .03 ; H , 5 .67 ; 
C l, 13.29 ; N , 21.01 . F ou n d : C , 53 .90 ; H , 5 .69 ; C l, 13.41; N ,
21 .12.

B asification  o f  an  aqueous solution  o f 11a H C l w ith  sodium  
h ydroxide gave 11a (5 8 %  y ie ld ). C rystallization  from  5 0 %  
ethanol (D a r co ) yielded analy tica lly  pure colorless plates m p 
2 0 7 -2 0 9 ° .

Anal. C a lcd  fo r  C X2H 12N 4: C , 67 .90 ; I I , 5 .70 ; N , 26 .40 . 
F ou n d : C , 67 .74 ; H , 5 .75 ; N , 26.36.

2 .4- Diaminobenzo[ii] quinazoline (12 ). A.— A n intim ate m ix
ture o f 2 ,4 -d iam in o-5 ,6 -d ih ydroben zo[fi]qu in azolin e (11a, 1 .0 g , 
47 m m ol) and sulfur (0.23 g , 71 g -a tom s) was heated for  0 .5  hr 
in an open  test tube a t 2 1 0 -2 8 0 ° (bath  tem peratu re). T h e  dark 
brow n , glassy m elt w as pulverized and purified b y  high vacu um  
sublim ation  a t 2 0 0 -2 2 0 °  (0 .0 0 5 -0 .0 0 1  m m ) as a yellow  crystal
line sublim ate, y ield  0.25 g  (2 5 % ), m p  2 6 2 -2 7 5 ° . One m ore 
sublim ation  afforded an a ly tica lly  pure ye llow  prism s, m p 2 7 3 - 
2 7 7 °.

Anal. C a lcd  for C X2H I0N 4: C , 68 .55 ; H , 4 .S0 ; N . 26 .65 . 
F ou n d : C , 6 8 .52 ; H , 4 .6 4 ; N , 26.30 .

B.— A n intim ate m ixture o f 11a (0 .5  g , 2 .3  m m ol) and 1 0 %  
pa llad iu m -ch arcoa l (800 m g ) w as in troduced  in to a m etal b a th  at 
2 0 0 °, slow ly  heated to  2 6 5 °, and then m aintained at 2 6 5 -2 8 5 ° 
for  35 m in. A  d im eth yl su lfoxide extract o f  the reaction  m ix- 30
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(30) This experiment was performed by Miss S. Karin Tinter.

ture was filtered, con centrated  on  a steam  b a th , and triturated 
w ith  a 1 :1  m ixture o f  eth er-ben zen e. T h e  residue (210 m g , 4 3 % )  
w as sublim ed tw ice  at 2 5 0 -2 6 0 ° (0 .5 -0 .7  m m ). A  ye llow  solid , 
y ie ld  30 m g (6 % ) ,  m p 2 7 5 -2 7 7 °, was ob ta in ed , identica l w ith  the 
sam ple o f 12 prepared b y  m eth od  A .

2,4-Diamino-6-methyl-5,6-dihydrobenzo[fc]quinazoline (lib ). 
— A  m ixture o f  4 -m eth y l-l-te tra lon e  (1 .60  g , 0.01 m o l), 
d icyand iam ide (1 .26  g , 0.015 m o l), and T r iton  B  (0 .08  m l) w as 
heated fo r  5 hr under nitrogen at 194-204° (internal tem pera
tu re). A  com plete  solution  w as n ot observed  at a n y  tim e. T h e  
syru p y  reaction  m ixture was triturated w ith  a ceton e , y ie ld  0 .7  
g  (3 1 % ) o f  crude tan solid . T h e  m other liqu or w as eva p orated  
and triturated w ith  ether, y ield  1.13 g  (1 5 % )  o f tan  crystalline 
solid . P a rt o f the crude solid , 1.1 g , w as dissolved  in  80 m l o f 
9 5 %  ethanol (D a r co ) and th e vo lu m e o f  the ye llow  filtrate w as 
reduced to  4 -5  m l. A fter overn ight refrigeration  th e  solid  w as 
co llected  as yellow ish  rods (0.69 g , 6 3 %  re cov ery ), m p  2 1 7 - 
2 2 2 °. T w o  m ore crystallizations from  9 5 %  eth anol a fforded  
an a ly tica lly  pure, pale yellow  p lates, m p  2 2 3 -2 2 7 ° .

Anal. C a lcd  for  C X3H X4N 4: C , 6 9 .00 ; H , 6 .2 4 ; N , 24 .76 . 
F ou n d : C , 6 8 .77 ; I I , 6 .51 ; N , 24.48.

2 .4- Diamino-5,6-dihydrothieno [2,3-h] quinazoline (1 3 ) .—A  
m ixture o f 4 -keto-4,5 ,6 ,7 -tet,rahydroth ianaphthene (9 .12  g, 
0.06 m ol) and dicyand iam ide (7 .56  g , 0 .09  m o l) was heated  fo r  5 
hr at 182-200° (internal tem perature). T h e  reaction  m ixtu re 
was triturated w ith  aceton e to  ob ta in  yellow  crystals (5.41 g ) . 
T h e  m other liqu or, on  evaporation  and trituration  w ith  eth er, 
y ielded 7 .7  g  o f yellow  crystalline solid . C rysta llization  from  
9 5 %  ethanol (D a rco ) afforded 6.97 g  (6 3 %  y ie ld ) o f  o ff-w h ite  
crystals. R ecrystallization  on ce  m ore from  9 5 %  eth an ol (re 
covery  5 9 % )  and finally from  5 0 %  aqueous ethanol gave  the 
analy tica l sam ple, m p 2 4 0 -2 4 6 °.

Anal. C a lcd  for C XoHxoN 4S : C , 5 5 .02 ; H , 4 .6 2 ; N , 2 5 .67 ; S, 
14.69. F ou n d : C , 54 .97 ; H , 4 .8 6 ; N , 25 .56 ; S , 14.57.

2 ,4-Diaminothieno[2,3-ii]quinazoline (14 ).— A n in tim ate m ix
ture o f  13 (328 m g , 15 m m ol) and sulfur (73 m g , 22 .5  g -a tom s) 
was h eated for 0 .5 hr a t 2 3 1 -2 7 8 ° (bath  tem peratu re). T h e  
brow n  crystalline solid  was dissolved in  100 m l o f  9 5 %  eth anol 
and filtered , and the volu m e was reduced to  15 m l. A fter  over
n ight refrigeration, the yellow  prism atic solid  (230 m g , 7 1 % )  
m elted a t  3 0 5 -3 0 8 ° dec. R ecrysta llization  from  9 5 %  eth anol 
a fforded ana ly tica lly  pure yellow  rods, m p  3 2 0 -3 2 2 ° dec.

Anal. C a lcd  for C XoH8N 4S : C , 55 .53 ; H , 3 .73 ; N , 2 5 .91 ; S , 
14.83. F ou n d : C , 55 .33 ; H , 3 .72 ; N , 26 .11 ; S , 14.87.

2.4 - Diamin oindeno [1,2-d] pyrimidine (15 ).— D icyan d iam ide  
(0 .84  g , 0.01 m o l) and 1-indanone (1.98 g , 0.015 m o l) w as h eated  
for  6  hr a t 173-187° (internal tem perature). T r itu ra tion  o f  th e 
glassy solid  w ith  w arm  aceton e afforded a tan  p ow d er (1 .3  g , 
6 6 % )  which was crystallized from  m ethanol as yellow  prism s 
(6 9 %  recov ery ), m p  2 7 4 -2 7 7 °. C rystallization  from  14 m l o f 
0.1 N h yd roch loric  a cid  (7 8 %  recovery ) and then from  w ater gave 
an a ly tica lly  pure pale yellow  needles o f  the m on oh ydroch lorid e , 
w h ich  decom pose a t 355°.

Anal. C a lcd  for C X1H 10N 4-H C1; C , 56 .29 ; H , 4 .7 2 ; C l, 
15.11; N , 23.87 . F ou n d : C , 56 .40 ; H , 4 .6 0 ; C l, 15 .00 ; N , 
23 .50 .

Registry N o .— 1, 16061-72-6; 3a , 33986-99-1; 3b , 
33987-00-7; 4a , 33987-01-8; 4 b , 33987-02-9; 5a ,
33987-03-0; 5 b , 33987-04-1; 6,33987-05-2; 7,7066-18- 
4; 8 HCl, 33987-07-4; 9 , 33987-08-5; 10, 33987-09-6; 
11a, 33987-10-9; 11a HCl, 33987-11-0; l i b ,  33987-12-1; 
12, 33987-13-2; 13, 33987-14-3; 14, 33987-15-4;
15 HCl, 33987-16-5; l,3-dihydroxy-5,6-dihydrobenzo- 
[/Jquinazoline, 33987-17-6.
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T h e  preparation  o f  a -m eth y l ketone jV,A?,iV -trim ethylhydrazonium  iodides (3 ) and fluoborates (4 ) is de
scribed. T h e  pyrolysis  o f 4 affords predom inately 2 ,6-diarylpyridines (5 ). T h e  m echanism , w hich  resem bles 
the H an tzch  synthesis, is proposed  fo r  the construction  o f the pyridine ring w ith  the y  carbon  arising from  the 
trim ethylam ine m oie ty ; this proposed pathw ay is substantiated b y  the p y ro ly tic  m ass spectral, radiolabeling, 
and produ ct analysis data.

2,6-Diphenylpyridineslb’1 2 and fused-ring pyridines3 
have been prepared by pyrolysis of a-methylenic 
ketone A,A,A-trimethylhydrazonium fluoborates. 
The details for syntheses of these quaternary salts 
and the mechanism for this unusual reaction are the 
subject of the present paper.

Although there are many synthetic schemes describ
ing the preparation of 2,6-diarylpyridines4 (5), most 
studies of related reactions have been limited by tech
nical difficulties associated with isolation of the de
sired isomer or in preparation of the starting materials. 
The best preparative method of 5 is arylation of the 
pyridine nucleus with organometallic reagents.5 An 
alternative less advantageous route to 2 ,6-disubsti- 
tuted pyridines is the in situ generation of the pyridine 
nucleus from aldehydes and/or ketones with a source of 
ammonia.4“ Cyclizations of this type are well known, 
but they often produce complex mixtures with low 
yields of any single isomer. The present work in
volves a similar ring construction reaction, except that 
a single 2 ,6-disubstituted pyridine nucleus is generated 
from the pyrolysis of a-methylenic ketone N,N,N- 
trimethylhydrazonium fluoborates.

The chemistry of these and related quaternary hy- 
drazonium derivatives have been neglected except for 
some sporadic work which demonstrates the unusual 
sensitivity of this class of compound toward various 
reaction conditions. For example, acetophenone N,N,- 
A-trimethylbydrazonium iodide (3a) underwent a 
Neber-type reaction when subjected to protic base,6 
gave 2,4-diphenylpyrrole when treated with methyl-

(1) (a) Some of the preliminary results have been presented earlier: D. 
L. Fishel and G. R. Newkome, Abstracts, 153rd National Meeting of the 
American Chemical Society, Miami Beach, Fla., April 1966, ORGN-204, 
and G. R. Newkome, Abstracts, Southeast-Southwest Regional Meeting of 
the American Chemical Society, New Orleans, La., Dec 1970, ORGN-358. 
(b) Preliminary communication: G. R. Newkome and D. L. Fishel, Chem. 
Commun., 916 (1970). (c) Louisiana State University. Submitted to Kent 
State University by G. R. N. in partial fulfillment for the Ph.D. degree, 
1966. (d) Kent State University.

(2) D. L. Fishel and G. R. Newkome, J. Amer. Chem. Soc., 88, 3654 
(1966).

(3) G. R. Newkome and D. L. Fishel, J. Heterocyd. Chem., 4, 427 (1967).
(4) (a) F. Brody and P. R. Ruby, “ Pyridine and Its Derivatives,”  Part I, 

pp 99-589; (b) L. E. Tenenbaum, “ Pyridine and Its Derivatives,”  Part II, 
E. Klingsberg, Ed., Interscience, New York, N. Y., 1961, pp 155-298.

(5) See (a) H. Gilman and J. T. Edward, Can J. Chem., 81, 457 (1953); 
(b) C. G. Overberger, J. G. Lombardino, and R. G. Hiskey, J. Amer. Chem. 
Soc., 79, 6430 (1957); (c) D. Bryce-Smith and A. C. Skinner, J. Chem. Soc., 
577 (1963).

(6) (a) P. A. S. Smith and E. E. Most, Jr., J. Org. Chem., 22, 358 (1957).
(b) Other examples of this transformation have been documented: R. F.
Parcell, Chem. Ind. (London), 1396 (1963); D. F. Morrow and M. E. Butler, 
J. Heterocyd. Chem., 1, 53 (1964); D. F. Morrow, M. E. Butler, and E. C.
Y. Huang, J. Org. Chem., 30, 579 (1965).

sulfinyl carbanion or sodium isopropoxide7 and gave 
phenyl n-hexyl ketone when subjected to rc-butyl- 
lithium in hexane.8 Pyrolysis of neat 3a was reported 
by Smith and Most6“ to show no change until a deep- 
seated decomposition took place; no organic compounds 
were isolated from the tarry residue. Repetition of 
this pyrolysis (3a), in our hands, initially corroborated 
these gross observations.2 Substitution of fluoborate 
for iodide as counterion changed the reaction course 
drastically; then, 2 ,6-diarylpyridines were isolated as 
the principal products.

In the present investigation, the influence of counter
ions and changes in reaction conditions were studied 
toward understanding the reaction mechanism.

Results

A ^A -D im eth ylh yd razon es.—Most ketones react di
rectly with anhydrous A,A-dimethy]hydrazine to give 
excellent yields of the corresponding A,A-dimethyl- 
hydrazones9 (Table I). Catalysts other than excess 
A,A-dimethylhydrazine are unnecessary, although 
several drops of glacial acetic acid10 have been shown 
to facilitate this conversion. In general, minimal 
difficulties were encountered except for 7-nitro-l- 
tetralone3 and 4'-nitroacetophenone,9“ for which other 
reaction products were obtained without mineral acid 
catalysis.

N,A ,A -Trim eth ylh ydrazon iu m  Iod id es.— The qua-
ternization of ketone N,A-dimethylhydrazones with 
alcoholic methyl iodide afforded the corresponding 
A/A/A-trimethylhydrazonium iodides (Table I). The 
facile preparation of these methiodides has been pre
viously described in detail for aldehydes11 and 
ketones.3'6“ 12“ Preparative difficulties experienced 
herein on attempted quaternization with methyl iodide 
were encountered when other nitrogen functions were 
present on or in the aromatic nucleus. 3'- or 4'- 
Nitroacetophenone A.A-dimethylhydrazone gave only 
a complex mixture of resinous tars from which the 
desired quaternary product was not obained. Prep
aration of 2- and 4-acetylpyridine A^A^N-trimethyl- 
hydrazonium iodide gave a mixture of the pyridinium

(7) S. Sato, H. Kato, and M. Ohta, Bull. Chem. Soc. Jap., 40, 2936 (1967); 
S. Sato, ibid., 41, 1440 (1968).

(8) G. R. Newkome, Chem. Commun., 1227 (1969).
(9) (a) G. R. Newkome and D. L. Fishel, J. Org. Chem., 31, 677 (1966); 

(b) Org. Syn., 50, 102 (1970).
(10) R. H. Wiley and S. H. Chang, J. Med. Chem., 6, 610 (1963).
(11) R. F. Smith and L. E. Walker, J. Org. Chem., 27, 4372 (1962).
(12) (a) W. Theilacker and O. R. Leichtle, Justus Liebigs Ann. Chem., 

572, 121 (1951); (b) A. Roe, Org. React., 5, 193 (1949).
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T able 1“

RH2Ck

a P "
O

RH2C . _  ^ N M e *  

A r ̂

r h 2c
—

Ar

__-N M e3

r

RH2C .

-  a > N'

+ R 
^ N M e3 ^

b f 4-  ,
Ar

i 2 3 4 5
Yield, Yield, Yield, Yield,

Ar R Bp, °C (mm) 7W (°C) % Mp, °Cb % Mp, "C1'1 % Mp, °C %

a C J L H 5 5 -5 6  (0 .1 5 ) 1 .5 4 4 3 (2 6 ) 92 146-147'* 87 153-154 96 8 2 -8 3 ' 55
b S'-C H -rC sH , H / 151-152 72 128-130 79 64 -65 30
c 4 '-C H 3C 6H 4 H f 159-160 83 159-160 78 165-166*' 42
d 4 '-F C 6H 4 H f 155-156 90 120-121 87 9 4 -9 5 h

e 4 '-C lC 6H 4 H / 145-146 81 146-147 83 155-156 42
f 4 '-B r C 6H 4 H / 153-154 72 151-153 75 185-186 39

g 4 '-C H 3O C 6H 4 H f 152-153 78 146-147 92 197-198 42
h 3 '- N 0 2C 6H 4 H f 0
i 4 '- N 0 2C 6H 4 H f 0

j 5 -In dan yl H f 179-180 93 151-152 97 162-163 42
k 2-N ap hthy l H 1 1 5 -1 1 9 (0 .1 0 ) 1 .6 3 2 4 (2 0 ) 90 185-186 67 178-179 92 169-170 21
1 c 6h 5 c h 3 4.5-46 (0 .1 0 ) 1 .5 3 1 1 (2 2 ) 91 153-156 84 110-111*' 82 1 3 6 -137 ' 56
m c 6h 6 C H 3C H 2 5.5-56 (0 .2 5 ) 1 .5 2 3 6 (2 0 ) 96 128-130 92 ~ 8 0 * 48 146-147 47
n 2-P yrid y l H 4 4 -4 5 (0 .2 0 ) 1 .5 4 6 0 (2 6 ) 88 155-156 61 164-165 84
0 2 -(6 -P ico ly l) H 53 -54  (0 .1 0 ) 1 .5370  (26) 95 168-169 39 172-174 87 164-165 47

P c 6h 5 c 6h 3 1 1 7 -1 1 8 (0 .2 5 ) 1 .5864  (20) 95 123-124 84 l 0
“ Satisfactory  analytical data ( ± 0 .4 %  for C , H , and N )  were reported for all new com pounds in this table: E d . 6 D ecom p osition

p o in ts  were taken in sealed capillaries. e T h e  decom position  poin ts (separated in to tw o  layers) were norm ally 2 0 -3 0 °  above  the m elting 
poin ts, except where n oted . d L it .6“ m p 145-146° dec. • L it .28 m p 8 2 ° ; picrate m p 171° (lit .29 m p 169°). 1 See ref 9a for the ph ysica l
data . 0 P icrate m p 176°; M . Scholia and A. W iedem ann  [Ber., 36, 845 (1903)] reported m p 162° and picrate m p 174°. h Y ie ld  was 
n ot calcu lated. ’  D ecom position  above 150°. ' L it .32 m p 134-135°. * D ecom position  above  170°. 1 H ydrolysis  occurred during
preparation .

salt and the diquatemary methiodide; separation was 
attempted on 3n only. This difficulty could be easily 
circumvented by blocking the pyridine nitrogen with 
a bulky 6-methyl group, thus hindering pyridinium 
salt formation. Ortho substituted (e.g., 2',4'-di-
methyl-) acetophenones, as well as partially hindered 
A,A-dimethylhydrazones, underwent slow quaterni- 
zation with refluxing anhydrous methanolic methyl 
iodide with extended reaction times and usually re
sulting in lower yields. The use of methyl p-toluene- 
sulfonate11 to quaternize acetophenone A,A-dimethyl- 
hydrazone gave the desired product.

N, A,A-Trimethy]hydrazonium Fluoborates. —Most 
ketone A,A,A-trimethylhydrazonium iodides were 
easily converted to the corresponding fluoborates 
(Table I). Preparation of the N ,¿V,¿V-1rimethy 1 hy- 
drazonium fluoborates is quite analogous to formation 
of aromatic diazonium fluoborates as in the Schie- 
mann reaction.1213 The stable ketone A,A,A-tri- 
methylhydrazonium fluoborates (4) immediately start 
to precipitate from a hot (ca. 100°) aqueous solution of 
the corresponding methiodide upon addition of an 
aqueous sodium fluoborate solution. Most of these 
fluoborates, 4, melt sharply in vacuo without spon
taneous decomposition (unlike the corresponding meth- 
iodides) but they do decompose slowly on prolonged 
heating at temperatures just above their melting points.

The main difficulty associated with the conversion 
of the methiodides into the corresponding fluoborates 
was concurrent hydrolysis. Acetophenone A ,A ,A - 
trimethylhydrazonium iodide (3a) rapidly underwent 
base-catalyzed hydrolysis6*1-13 to regenerate the orig
inal ketone and the water soluble N,N,N-trimethyl- 
hydrazinium iodide. The hydrolysis during conver

(13) M. Avaro, J. Levisalles, and H. Rudler [Chem. Commun., 445 (1969)] 
have taken advantage of this facile hydrolysis after use of iV’.A’-dimethyl-
hydrazones as protection for aldehydes and ketones.

sion of 3 to 4 in the present study could in some in
stances be minimized by rigorously controlling the pH 
of the aqueous sodium fluoborate solution. Aqueous 
solutions of technical sodium fluoborate had a pH of 
ca. 4, which explains the accelerated rate of hydrolysis 
of certain quaternary hydrazonium iodides. The 
addition of dilute sodium hydroxide to this sodium 
fluoborate solution (to a pH of 7.0) resulted in excel
lent yields for most conversions.

The ketone A,A,A-trimethylhydrazonium iodides, 
with a benzyl group attached to the > C —N group 
(e.g., 3p), were rapidly hydrolyzed to the ketones even 
when treated with the neutral fluoborate solution. The 
increased rate of hydrolysis for these compounds is 
probably due to the facile tautomerization to the en- 
amine, which is known to hydrolyze easily.14

Pyrolysis of Quaternary Hydrazonium Derivatives. — 
In this study all ketone A,A,A-trimethylhydrazonium 
fluoborates (4) contained an a-methylene to >C==N, 
and were pyrolytically decomposed at temperatures 
above their melting points either in vacuo, suspended 
in inert solvents, or in a dry nitrogen stream. The 
tarry residues gave 30-60% of the symmetrically di- 
substituted pyridine.

The pyrolysis conditions for most fluoborates 4 can 
be varied considerably with little effect on the overall 
yield of the pyridine products. When acetophenone 
A,A,A-trimethylhydrazonium fluoborate (4a) was py- 
rolyzed in a high vacuum system, 2 ,6-diphenylpyridine 
can be isolated, but, in light of the violently exothermic 
character of this reaction and rapid evolution of gases, 
this method was quite limited to sample size. Py
rolytic decomposition of 4a by suspension in an “ inert”  
refluxing solvent (i.e., cumene, bp 150-155°) offered

(14) C. R. Hauser, H. M. Taylor, and T. G. Ladford [J. Amer. Chem. Soc., 
82, 1786 (I960)] reported the facile hydrolysis of a-dimethylaminostilbene 
to generate deoxybenzoin.
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no apparent advantage, since the hydrazonium fluo
borates were not appreciably soluble in nonpolar sol
vents even at elevated temperatures. The prolonged 
refluxing of these fluoborates (4) in lower boiling solvents 
(e.g., ethanol) has been shown to give negligible yields 
of the pyridine derivatives.15 Other solvents were not 
investigated due to the possible occurrence of unde
sirable side reactions as was observed with benzalde- 
hyde. The pyrolysis of 4 '-methoxyacetophenone N,N,~ 
iV-trimethylhydrazoniuin fluoborate (4g) in refluxing

-H ,0

acetophenone, which was formed by simple conden
sation.

The general method for these exothermic pyrolysis 
reactions, adopted in order to isolate the gases liberated, 
was decomposition of a “ train” 16 of the fluoborate,
4. The fluoborate closest to the nitrogen inlet was 
carefully heated, until decomposition commenced; 
the nitrogen swept the amine gases and inorganic 
sublimates into the series of cold traps. After the 
initial reaction, the residual tar in the pyrolysis tube 
was heated to 200-250° for several additional minutes.

Pyrolysis of 4a in this manner16 gave a white subli
mate which was identical with an authentic sample of 
ammonium fluoborate. The trapped gases were bub
bled through an ethereal methyl iodide solution from 
which tétraméthylammonium iodide precipitated. To 
distinguish between alkylation of ammonia and/or 
any of the methyl amines, the carrier gas was passed 
through a saturated hydrogen chloride ether solution; 
a mixture of hygroscopic amine hydrochlorides pre
cipitated. The nmr spectrum of this amine hydro
chloride mixture showed the presence of three major 
singlets corresponding to the proton resonances for 
ammonium chloride, dimethylamine hydrochloride 
(ô 2.84, NCH3) and trimethylamine hydrochloride 
(5 2.96, NCH3); there was no (<0.5% ) evidence for 
methylamine hydrochloride (5 2.70, NCH3).

The residual tar from the pyrolysis of 4a was ana
lyzed by glc and tic, both of which indicate one major 
product, 2 ,6-diphenylpyridine, along with traces of 
acetophenone and 2,6-diphenyl-3-methylpyridine ; 
these are the only identifiable organic products.

The major product from pyrolysis of 41 was 2,6- 
diphenyl-3,5-dimethylpyridine, thus indicating that 
no rearrangement of the 3-carbon side chain had oc
curred during pyrolysis. This result suggested that 
the y carbon (C4) of the newly formed pyridine ring 
is derived from the trimethylamine moiety. The 
mass spectrometric studies suggest that there is a 
substantial amount of N -N  cleavage as a primary

(15) R. Widmer, K. S. U., private communication.
(16) The “ train” was composed of a horizontal Pyrex tube fitted with an

inlet for an inert gas, followed by a series of traps cooled in liquid nitrogen.

process for the cation during pyrolysis of the fluoborates. 
This is indicated by a strong 59 m/e ion peak, pre
sumed due to trimethylamine, in the low voltage spec
trum of 4a (Table II). This route could represent a

T a b l e  I I
P artial  Low  V oltage“ M ass Spectrum o f  4a

Rel Rel
m/e intensity m/e intensity

45 112 c 2h ,n 142 5
58 6 143 3
59 68 c 3h 9n 147 1
60 3 148 1

104 2 149 2
106 2 162 10 c ioh mn 2
119 19 c 6h 9n 231 120 m + , c 17h 13n
120 2 232 19
128 3 233 3
130 1 244 3
131 7 c 9h 9n 245 7 c 18h i6n
132 1 246 2

0 12 eV  operating voltage.

reaction competitive with those leading to pyridine 
ring formation or might be a necessary preliminary 
step before transfer of carbon (destined to be the pyr
idine 7  carbon) from the trimethylamine moiety to 
the acetophenoniminium residue, i. Intermolecular

/N M e ,
1ST N +

( g r ^ K ,  _

alkyl exchange between a quaternary salt and a ter
tiary amine17 is a reasonably facile reaction at these 
temperatures.

Radiolabeling experiments were then conducted 
to test the hypothesis that the pyridine 7  carbon is 
constructed from the trimethylamine moiety. Py
rolysis of 4a-N-UC afforded the labeled 2 ,6-diphenyl
pyridine, in which the theoretical one-third incor
poration was experienced. Other 14C sources (N,N,N- 
trimethylhydrazinium-14C' fluoborate and tétraméthyl
ammonium fluoborate) were used; negligible incor
poration of the radiolabel was experienced. The overall 
conclusion is that intermolecular radiolabeling did not 
occur to any appreciable extent in these experiments, 
suggesting either that the incipient 7  carbon is trans
ferred intramolecularly within the ketone N,N,N- 
trimethylhydrazonium fluoborate or that separation 
of the trimethylamine moiety before transfer of carbon 
is insufficiently complete to allow significant exchange 
with other quaternary nitrogen derivatives. The 
latter result would also be observed if one carbon on 
the leaving trimethylamine moiety was chemically 
different, incapable of simple exchange and was in fact 
the incipient 7  carbon of the pyridine ring.

Several experiments were conducted in which mix
tures of two different ketone A,A,A-trimethylhydra- 
zonium fluoborates were pyrolyzed to determine the 
extent of formation of unsymmetric 2 ,6-diarylpyridines. 
For equimolar mixtures of 4a and 4g, the molar product 
distribution was 1 :2 :1  of 2 ,6-diphenylpyridine, 2-

(17) S. Hunig and W. Baron, Chem. Ber., 90, 395 (1957).

CH3 +  NMe3 
(m /e 118) (m /e 59)
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T a b l e  I I I
M ass  Sp e c t r a l  D a t a  fo r  t h e  A ce t o p h e n o n e  D e r iv e d  Se q u en ce“

m/e 5a 4a 3a6 2a m/e Sa 4a 3a 2a m/e 5a 4a 3a 2a

247 4 153 2 1 101 5 3
246 5 152 2 1 100 1
245 1.6' 6 148 2.3 91 1.3 4.3
244 4.0 5 147 21.7 90 5
233 2.4 3.0 8 146 8 1.2 89 2.3 8
232 27.5 16 10 142 100 88 2 2
231 100d 100d 61 140 5 81 1.7
230 70 50 30 133 5 2 80 2.5
229 5 4 132 2 11 18.7 79 5 5.5
228 7 4 131 3' 10 3.0 78 1.5 4 10 10
227 1 1 130 2 10 2.0 77 6.4 14 41 40
219 2 129 5 76 3.2 7 10 5
218 3 128 3.2 61 75 2 3 5 2
217 5 127 6.2 45 74 1.2
215 1 126 2.7 71
208 2 121 1.5 63 1.5 6 2
207 7 10 120 1 5 2.5 59 10
206 1 119 8' 19 6.0 58 20 52
204 2.7 2 118 2 14 18 57 2 5
203 3.0 3.0 117 7 2 54 1.5
202 7.1 6 6 116 2.9 2 7 52 1.2 1 5 2
201 1 115.5 13 11 6 51 4.0 7 17 14.7
178 1 115 5 6 11 50 1.8 2 8 5
177 1 114.5 5 3 49 21
176 1* 114 7.6 6 5 48 2
163 9 10.3 107 7 45 18 20
162 23 100 106 2.3 1 6 8 44 1.5 30 15 35
161 6 7.6 105 2 13 1.5 43 6 33 7
160 33 104 20'* 52 13 42 10 8 16
159 35 103 2.3 3* 26 11 41 1.1 2 31 3
158 10 102.5 2 40 4 2
154 4 5 6 102 12 6 23 1.3 39 1.6 3

“ D irect insertion m ethod at 200° in let tem perature, 70 eV, 100 n A. 6 O ther fragm ents: m /e  (rel in ten sity) 399 (2 ), 397 (2 ), 396 (4),
385 (5), 384 (2), 383 (2), 382 (2), 373 (4), 372 (5), 371 (4), 370 (3), 359 (3), 358 (4), 357 (5), 356 (6), 346 (8), 322 (5), 321 (8), 308 (5), 307
(5 ), 306 (2), 263 (5), 261 (5), 260 (5), 259 (4 ) ; ions o f  re la tive  in ten sity  > 2 % .  c H igh  resolution data : C i8H i5N  (ca lcd  245.12044,
foun d  245.12057). d H igh  resolution  data : C n H u N  (ca lcd  231.10479, fou n d  231.10472). '  H igh  resolution  data : C 11H 16N 2 (ca lcd  
176.13134, found 176.13153). f H igh  resolution  data : C9H9N (ca lcd  131.07350, foun d 131.07374). « H igh  resolution  data : CsHgN 
(calcd  119.07349, found 119.07339). ‘ H igh  resolution data : C7H6N (ca lcd  104.05002, foun d 104.04945). ; H igh  resolution  data : 
C8H7 (ca lcd  103.05477, fou n d  103.05311) and C7H5N (ca lcd  103.04220, found 103.04242).

iodide salts ; the quantitative composition was not deter
mined.

Pyrolytic M a ss  Spectrom etric Study. Form ation  
of and Evidence for the R eactive Interm ediates.—
Small samples of the quaternary salts were pyrolyzed 
in the high vacuum of a mass spectrometer ion source 
by direct introduction to the heated source block. 
The pyrolysis mass spectra were in general reproducible 
for comparable source pressures, temperatures, and 
sample size and if scan times following sample intro
duction were the same. A rigorous investigation of the 
lifetimes of intermediates by time-resolved techniques 
has been made, from which several qualitative observa
tions for specific intermediates are outlined. At 
source pressures (p <  10-5 Torr) intermediates with 
lifetimes comparable to analysis scan times (1-15 sec) 
should be preserved in sufficient amounts for their 
mass spectra to be displayed along with those of stable 
products. Ion intensities of spectra thus produced 
may be corrected by selective subtraction of the con
tributions to the same ions from stable products.

The spectra of analytical samples of known pyrolysis 
products were obtained under closely similar condi
tions in the same spectrometer used in the pyrolysis 
studies. The spectra of the iV,iV-dimethylhydrazones 
(4a, Table III) exhibit features at low mass numbers

2 - phenyl - 6 - (4 - methoxyphenyl) pyridine, and 2,6-di- 
(4-methoxyphenyl) pyridine, respectively. This sta
tistically expected product distribution was not ob
served from pyrolysis of intimate mixtures of 4a with
1-indanone A,A,A-trimethylhydrazonium fluoborate;3 
rather, a ratio of 0.16:0.8:1 was obtained for 5a, 2- 
phenyl-5Ii-indeno [l,2-&]pyridine (6), and 1,12-dihydro- 
diindenoll^-fr^'jl'-elpyridine (7), respectively. These

6 7

results demonstrate that the reaction medium is es
sentially homogeneous (i.e., there is no restriction of 
free movement of what must be two separate inter
mediates contributing to the final 2 ,6-diarylpyridine 
product) and, furthermore, that these intermediates 
have a significant lifetime even in condensed phases.

Pyrolysis of either acetophenone A,Ar,iV'-trimethyl- 
hydrazonium iodide (3a) or the corresponding tosylate 
gave 2,6-diphenylpyridine (5a) in less than 2%  yield as 
well as resinous oils which were not further investigated. 
Analysis of sublimates from the iodide pyrolysis in
dicated significant amounts of quaternary ammonium
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analogous to those reported by Goldsmith and Djerassi18 
in their study of hydrogen rearrangement and fragmen
tations of aliphatic ketone A^N-dimethylhydrazones. 
The principal fragmentation processes appear to be 
either loss of one or more methyl groups from the molec
ular ion or N -N  cleavage. The latter process may 
also involve 1,3-hydrogen transfer between the two frag
ments.

The 2,6-diarylpyridines are extremely stable com
pounds. This is demonstrated by high intensities for 
molecular ions, doubly and triply charged ions, and by 
relatively low intensities for all fragment ions (5a, see 
Table III).

Acetophenone A /A A -T r im e th y lh y d r a z o n iu m  Iodide
(3 a ) .—Strong ion intensities are observed in the py
rolysis mass spectrum of acetophenone N,N,N-tri- 
methylhydrazonium iodide (3a, Table III) at m/e 
values of 231, 160-162, 142, 128, 127, 104, 77, and 58. 
Ions at m/e values of 231, 162, 142, and 128 represent 
5a , 2a, methyl iodide, and hydrogen iodide, respectively; 
this may be inferred by their persistence in low-voltage 
spectra, by exact mass measurement, and by isolation 
from pyrolysis residues.

2,6-Diphenylpyridine (5a) is readily identified as a 
minor component by the molecular ion pattern; it is 
confirmed by a strong metastable at 229 (231 -► 230) 
and characteristic doubly charged ion peaks at 114.5 
115.5. Acetophenone jV,Ar-dimethylhydrazone (2a) 
is also supported by well characterized metastable 
ion peaks at 160 (162 161), 133.4 (162 —*■ 147, loss
of CH3), and 118.6 (147 132, loss of second CH3)
and the occurrence of all expected fragment ions for 
this compound.

The presumption that acetophenone A/A-dimethyl- 
hydrazone and methyl iodide must arise by simple 
nucleophilic displacement is supported by a metastable 
ion peak at ~  86.4 (304 —► 162). This process for the 
quaternary iodides (e.g., 4a) accounts for the major 
fragmentation pathway.

/N ( C H 3)3- I /N ( C H 3)2
N

f —  II +  CH3I

A r CH, A r/ C X CH3
(m/e 142)

3a (m/e 304) 2a {m/e 162)

Acetophenone A /A /A ^T rim eth ylh yd razon iu m  F lu o - 
borate (4 a ) .—Although the construction of the pyridine 
ring is a minor route in the pyrolytic mass spectrum of 
3a, the formation of substituted pyridines from the 
corresponding fluoborates (4a) constitutes the major 
pathway. Construction of the pyridine 7  carbon by 
internal transfer of an N-methyl group may be envi
sioned in several ways on the basis of ions which are 
present in the pyrolysis mass spectra of all the quater
nary salts, but especially the fluoborates. The aceto
phenone A/A/A-trimethylhydrazonium cation is ex
pected to undergo simple N -N  cleavage as the most 
likely thermal process independent of interactions with 
the anion. This would give a stable product tri- 
methylamine, m/e 59, as well as the hypothetical re
active intermediate, acetophenoniminium cation, i, 
m/e 118. Alternately, 1,3-hydrogen migration may 
occur with N -N  cleavage to give dimethylmethylene-

(18) D. Goldsmith and C. Djerassi, J. Org. Chern., 31, 3661 (1966).

ammonium cation, ii, m/e 58, and the imine, 8, m/e 
119. Low-voltage mass spectra of acetophenone N,N,- 
N-trimethylhydrazonium fluoborate (as well as iodide 
and tosylate) all have prominent ion peaks at m/e 
values of 119 and 58. Subsequent methyl loss by 
electron-impact fragmentation of imine 8 would give 
an m/e 104 species, iii, which is supported by a meta-

H \
c h 2

+ 1
N — N— CH3

/ HN

A  CH.
' c h 3 a / ^ c h 3

4a  ( B F D 8 (m/e 119)

(  + = N — H
AK

iii

CH2
ll +

CH, ^ c h 3 
ii ( m/e 58)

stable ion at 90.0 (119 104). Exact mass measure
ment of both the 119 and 104 ions is consistent with 
the proposed composition for these ions (footnotes, 
Table III). There is inherent in this datum the im
plication that the imine 8 has a lifetime sufficient to 
undergo subsequent rearrangement and reaction. Tau- 
tomerization of 8 to a-aminostyrene (8') followed by 
electrophilic alkylation of the resulting enamine with 
Mannich reagent, dimethylmethyleneammonium cat
ion,19 ii, is proposed as a convenient mechanistic 
route to the incipient pyridine y carbon. This con
densation product readily eliminates dimethylamine 
and a proton to give the diene 9 as a potential reactive 
intermediate (Scheme I ) . Evidence for 9 exists as

N
H

A r^ C H 2R
8

Sch em e  I

8'

r< /CH:i 
CH2= N < +

^ ch3

Hs + / H
uNr

A r ^ C H R
I

CH2

N N(CH3)2 
m/e 176

the ion at m/e 131 in the spectra of all the quaternary 
salts. This ion is absent in the spectrum of 2,6-di- 
phenylpyridine; therefore, it does not arise by electron- 
impact fragmentation of this product.

Although acetophenone N,iV-dimethylhydrazone has 
an ion peak at m/e 131 in its spectrum, this is an in
sufficient source of this ion in spectra of quaternary 
salts. Even though the iodide and tosylate spectra 
have as a significant feature the molecular ion (m/e 
162) for acetophenone jV,A-dirnethylhydrazone, the 
m/e 131 peak exceeds the expected intensity if it were 
to be derived as a fragment ion from this hydrazone.

In a series of mass spectra obtained by, rapid scan
ning immediately following pyrolysis of quaternary 
salts in the ion source, the intensity of the m/e 131

(19) Recently, Eschenmoser, et al. [Angew. Chern., Int. Ed. Engl., 10, 330 
(1971)], have isolated (80%) this methyleneammonium salt, ii ( I - ). This 
Mannich reagent can be recrystallized and sublimed at reduced pressure 
without decomposition.
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Sch em e  II

12 (R  =  H)

peak may be seen to rise and then fall off to a much 
greater extent than other ions identifiable as stable 
molecular species (m/e 231, 162, 142, 128, and 59). 
Furthermore, there is a rough inverse correlation be
tween the intensity of 131 and 231 ion peaks, the latter 
rising and persisting after the 131 ion peak has nearly 
vanished during repetitive scanning.

It is our belief, therefore, that 9 (m/e 131) repre
sents one of the reactive intermediates, which will 
supply the y carbon of the pyridine nucleus during 
the pyrolysis of the ketone Ar,lV’,2V'-trimethylhydra- 
zonium salts.

M echanistic Construction of the Pyridine N u cle u s .—
The mechanism envisaged to account for the final 
construction of the pyridine nucleus can be considered a 
ramification of the Hantzch synthesis40- by the recom
bination of the evidenced fragments (Scheme II). 
The reunion of the electron-rich fi carbon of the enamine 
8' and 9 by a Michael-type addition gives a dihydropyr
idine (11) after the elimination of ammonia. There 
is no mass spectral evidence for this cycloaddition in
termediate (10) due to the facile loss of ammonia under 
the reaction temperatures. Aromatization of the pyr
idine nucleus can occur by “ transfer”  of hydrogen to 
molecules with isolated double bonds,20 e.g., with the 
Mannich reagent ii, or by loss of molecular hydrogen.21 
Isolation of trimethylamine has been accomplished, 
although there is no direct evidence to support this 
proposed reductive sequence.

The 2,6-diphenyl-3-methylpyridine (12 ) can arise 
from a similar Michael-type addition of the enamine

(20) R. L. Frank and R. P. Seven, J. Amer. Chem. Soc., 71, 2629 (1949).
(21) G. J. Janz, R. G. Ascah, and A. G. Keenan, Can. J. Res., 25B, 272 

(1947); G. J. Janz and A. G. Keenan, ibid., 25B, 283 (1947).

(9) and the tautomer of its precursor (13), followed by 
loss of ammonia and dimethylamine, then aromatiza
tion (Scheme III).

The mass spectrum data and the detailed analyses 
of the products from this pyrolysis reaction have sub
stantiated the Hantzch-type mechanistic scheme for 
the production of the pyridine nucleus. In our studies, 
as well as in many historical examples, the actual iso
lation of these proposed intermediates has been diffi
cult to realize. Additional studies on the trapping of 
these elusive intermediates are currently underway on 
other closely related systems.

Experimental Section22

Reagents.— Anhydrous A.M-dimethylhydrazine (99%), iodo- 
methane (reagent, 9 9 + % ), and sodium fluoborate (technical 
grade) were obtained from Matheson Coleman and Bell. Ra
dioactive methyl-14C iodide was purchased from New England 
Nuclear Corp., Boston, Mass. Samples of the starting carbonyl 
compounds were available from ordinary commercial sources 
and were purified by redistillation or recrystallization prior to 
use.

Methyl iodide had mass spectrum (70 eV) m /e (rel intensity) 
143 (0.69), 142 (100), 141 (7.2), 140 (2.1), 139 (2.3), 128 (1.7), 
127 (13.5), and 15(17.9).

General procedure for the preparation of dimethylhydrazones
has been previously described in detail.9 Properties of various 
iy,7V-dimethylhydrazones which have not been previously re
ported9 are cited in Table I.

General Preparation of Ketone A’ ,Ar,Ar-Trimethylhydrazonium 
Iodides.24 Method A.— A mixture of acetophenone N ,N -d i -  
methylhydrazone (5.0 g, 0.033 mol) and excess methyl iodide in 
anhydrous ether (20 ml) was allowed to stand for several days 
at room temperature. The crude product was filtered, washed 
with ether, dried in  va cu o , and recrystallized from absolute eth
anol-ethyl acetate to afford 6.3 g (67%) of acetophenone N ,N ,N -  
trimethylhydrazonium iodide: mp 146° dec; nmr (D20 ) 8 2.6 
(CCH„‘s, 3 H), 3.5 [N+(CH3)3, s , 9 H], and ca . 7-8 (m, Ar H, 
5 H); uv (EtOH) Xmwt 215 m/i (shoulder) and 249 (« 13,300); 
mass spectrum, see Table III.

Method B.— The following preparation of 3a will exemplify the 
general procedure. Acetophenone Af,Af-dimethylhydrazone (10 
g, 0.066 mol) and excess methyl iodide in anhydrous methanol 
(50 ml) were refluxed under nitrogen for 6 hr. After cooling, 
cold anhydrous ether was added; the crude precipitated methio- 
dide was collected and recrystallized. The yield was increased 
(87%); samples prepared by method B were identical in all re
spects with those from prepared by method A.

Acetophenone Ar,Ar,Ar-Trimethylhydrazonium Tosylate.— An 
ethanolic solution of acetophenone AA-dimethylhydrazone 
(10 g, 0.066 mol) and methyl p-toluenesulfonate (15 g, 0.081 
mol) was allowed to stand at room temperature for 2 days; the 
mixture was then poured into anhydrous ether. The crude 
tosylate was filtered and recrystallized from absolute ethanol, 
affording 18.2 g (79%) of acetophenone A',A',A;-trimethylhy-

(22) All melting points were taken in sealed capillaries with a Thomas- 
Hoover Unimelt and are unecrrected. The infrared spectra were determined 
with either a Perkin-Elmer 237-B or 337-B spectrophotometer and the ultra
violet data were recorded on a Cary 14 spectrometer. Refractive indices 
were obtained with a Bausch and Lomb Abbé-type refractometer. Nmr 
spectra were obtained on a Varian Associates Model A-60 spectrometer. 
The chemical shift values are expressed in S (parts per million) relative to a 
tetramethylsilane internal standard. Radioactive samples were assayed on 
either a Packard Tri-Carb liquid scintillation spectrometer system Series 
3000, or Model 3003 (for those compounds which were soluble, without de
composition or coloration, in Bray’s Cocktail23) or a Nuclear-Chicago thin 
window gas flow detector Model D47, equipped with a Nuclear-Chicago 
automatic sample changer Model C110B. Mass spectra were measured by 
Mr. Nathan Ingber or Mr. Robert Wadsworth of the Standard Oil Co., 
Cleveland, Ohio, on their CEC 21-103C spectrometer equipped -with an MS 
7500 Universal heated inlet system and in these laboratories on an A. E. I. 
MS-12 medium resolution mass spectrometer; spectra were 70 eV, electron- 
impact fragmentation unless otherwise indicated. The microanalyses were 
performed by Spang Microanalytic Laboratories, Ann Arbor, Mich., and 
Galbraith Laboratories, Inc., Knoxville, Tenn.

(23) G. A. Bray, Anal. Biochem., 1, 279 (1961).
(24) The yields and physical constants are quoted in Table I.
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drazonium  tosy late : m p 17.5-176° d ec ; nm r (D 20 )  S 3 .44  
[N +(C H 3)3, s , 9 H ],  2 .54  (C C H 3) s , 3 H ),  2 .13  (A rC H 3> s, 3  H ), 
and ca. 7 -8  (m , A rH , 9 H ) .

Anal. C a lcd  fo r  C 18H 24N 2S 0 3: C , 6 2 .04 ; H , 6 .9 4 ; N , 8 .04 . 
F ou n d : C , 61 .97 ; H , 6 .8 7 ; N , 8 .0 0 .

General Preparation of Ketone Ar,Ar,Ar-Trimethy1hydrazonium 
Fluoborates.— T h e fo llow in g  preparation  o f  acetophenone 
iV,iV,Ar-trim eth ylh ydrazon iu m  fluoborate  will exem plify  the 
procedu re.24

A  h ot aqueous solu tion 25 26 o f  sodium  fluoborate  (30 g ) was slow ly  
added 10 a refluxing solu tion  o f  acetophen one N ,N ,N-tnmethyl- 
hydrazon ium  iodide (30 g , 0 .098  m o l) dissolved in  m inim um  w ater 
to  ensure com plete dissolu tion . T h e  m ixture w as then coo led  
to  room  tem perature; the crude crystalline p rod u ct w as fil
tered, dried in vacuo, and recrystallized from  a ceton e -ab so lu te  
ethanol, g iv ing  25 .5  g (9 6 % ) o f  a cetop hen one Ar,A",A’ -trim eth yl- 
hydrazonium  flu obora te : m p  153 -154° d e c ; nm r (D 20 )  i
2.75 (C C H 3, s , 3 H ),  3 .60  [N + (C H 3)3, s, 9 H ] ,  and a com plex 
arom atic p ro ton  region ; u v  (E tO H ) Anuu 214 m /i (e 16,900) and 
248 (9850); m ass spectrum  (see T a b le  I I I ) .

Attempted Synthesis of Deoxybenzoin Ar,A\A'-Trimethyl- 
hydrazonium Fluoborate.— A  h o t  aqueous solu tion  o f d eox y 
benzoin A .iV .iV -trim ethylh ydrazoniu m  iod ide (15.4  g, 0.0405 
m ol) was added to  the aqueous sodium  fluoborate  so lu tion ;25 
after coo lin g  to  ice ba th  tem perature, th e pale ye llow  oil w hich 
separated was w orked  up and distilled, g iv ing  4.1 g  (5 2 % ) o f de 
oxybenzoin , bp  136 -1 3 8 ° (0.25 m m ). T h e  physica l and spectral 
data  were identical w ith  those o f th e starting ketone.

Pyrolysis of Acetophenone Ar,Ar,Ar-Trimethylhydrazonium 
Fluoborate. Method A.— A cetoph en on e  A ,A l,A r-trim eth y lh y - 
drazonium  fluoborate (20 g , 0 .0758 m o l), w h ich  was dried in 
vacuo a t 40 ° for several days, w as heated to  decom position  (ca. 
2 0 0 °) in 5-g quan tities in  a  pyrolysis  tu b e  (1 X  12 in .)  flushing 
continuously w ith  a slow  stream  o f  d ry  n itrogen . D uring  th e 
pyrolysis, the liberated gases and a w hite sub lim ate were trapped 
in tw o  liqu id  n itrogen  gas traps. A fter  coo lin g , extraction  o f 
the pyrolysis  vessel w ith  benzene afforded a v iscou s red o il (9.371 
g ) , a long  w ith  an in organic residue w hich  w as insoluble in ben 
zene.

C olu m n  ch rom atograph y o f  th is crude o il (2 .00  g )  w as per
form ed on  B rinkm ann silica  gel G  ( 3A  in . X  3 f t )  elu ting w ith  a 
m ixture o f  re-hexane, benzene, and e th y l a ceta te  (8 5 :5 :1 0 , re
sp ectiv e ly ) under n itrogen  collectin g  15-m l fraction s. F rac
tions 1 to  10 u pon  con centration  yielded 100 m g  o f  acetop hen one: 
bp  2 0 1 °; ir (neat) 1680 ( C = 0 )  and 1265 c m -1 ; nm r (CC14) 5 2 .0  
(C C H 3, s ); 2 ,4 -d in itroph eny lhyd razon e m p  2 49° ( l i t .25 m p  
2 5 0 °). F raction s 12-18  (Rt 74 )27 u pon  con centration  afforded a 
w hite solid  w hich  w as recrystallized from  low -boilin g  petroleu m  
eth er, g iv in g  867 m g (4 9 .5 % ) o f  the crystalline 2 ,6 -d iph enyl- 
pyrid in e: m p  S 2 -S 3° (lit .28 m p  8 2 ° ) ;  p icrate  m p  171° (eth an ol) 
( lit .29 m p 1 6 9 °); u v  (E tO H ) X „ ,  243 m ji (e 2 7 ,600 ), 286 (10 ,5 0 0 ), 
302 (12 ,2 0 0 ); mass spectrum  (see T a b le  I I I ) .  F ractions 18-22 
(Rt 7 2 )27 upon con centration  afford  a v iscou s yellow  o il, w hich  
was distilled in  a m olecular still afford ing 108 m g (5 .5 % )  o f  3- 
m eth y l-2 ,6 -d ip h en ylpyrid in e : b p  150 -1 6 0 ° (0 .5  m m ) [lit .30 
bp  2 5 3 -2 5 5 ° (25 m m )]; nm r (C D C 1 ,) 5 2 .22  (A rC H 3, s, 3 H ) ;  
mass spectrum  m/e (rel in ten sity ) 245.12057 (M +, 5 3 ), 244 (M  
-  1+, 100), 230 (M +  -  C H 3, 3 0 ), 77 (C 6H 5, 7 ).

Anal. C a lcd  fo r  C ,8H I3N : C , 8 8 .12 ; H , 6 .1 7 ; N , 5 .71 . 
F ou n d : C , 8 8 .05 ; H , 6 .1 2 ; N ,5 .7 1 .

F ractions 2 4 -4 4  (Ri 5 2 )27 u pon  con centration  gave an unidenti
fied red oil (52 m g ). F raction s 4 5 -1 8 0  yielded n o identifiable 
com pou n ds com prising o f  po ly m eric  residues rem aining on  the 
colu m n . A ttem p ted  elu tion  o f  th is m aterial afforded n o dis
cernible organ ic com pou n ds.

T h e  w hite  sublim ate, produced  during th e pyrolysis , was

(25) The aqueous sodium fluoborate solution was prepared by assuring 
neutral pH (i.e., addition of either dilute sodium hydroxide or fluoboric 
acid), then filtration to remove all insoluble salts. Rapid hydrolysis of the 
quaternary salt occurs, if neutrality is not rigorously maintained.

(26) R. L. Shriner, R. C. Euson, and D. Y. Curtin, “ The Systematic 
Identification of Organic Compounds,”  Wiley, New York. N. Y-, 1964, p 
363.

(27) Rt values were determined by thin layer chromatograph using 
Brinkmann Silica Gel G eluting with column solvent system.

(28) D. Bryce-Smith and A. C. Skinner, J. Chem. Soc., 577 (1963). We 
thank Professors Bryce-Smith and Skinner for a sample of authentic 2,6- 
diphenylpyridine.

(29) M. Scholtz, BeT., 28, 1726 (1895).
(30) M. Scholtz, ibid., 32, 1935 (1899).

identica l w ith  an authen tic sam ple o f am m onium  fluoborate ; 
on  com parison  ir and nm r spectrum  properties were superim pos
sible.

T h e  gas, a fter rem oval o f  th e sublim ed am m oniu m  fluoborate, 
w as w arm ed slow ly  and bubb led  th rou gh  a solu tion  o f  anhydrous 
m eth y l iod ide in ether. T h e  w hite  quaternary salt w as collected , 
dried in vacuo, and recrystallized from  deuterium  ox id e , giv ing 
tetram ethy lam m oniu m  iod id e : m p  < 3 0 0 °  d ec ; nm r (D 20 )  
& 3 .26  [N (C 7 /3)4, t , J  — 0 .5  H z ] , w h ich  is iden tica l w ith  the 
nm r spectrum  o f an au th en tic sam ple.

Anal. C a lcd  fo r  C 4H 12N I :  C , 2 4 .04 ; H , 6 .18 ; N , 6 .94. 
F ou n d : C , 23 .91 ; H , 6 .2 5 ; N , 6 .84.

A  second  sam ple o f  gas w as b u bb led  in to  anhydrous hydrogen  
ch loride (ca. 5 % )  dissolved  in anh ydrous ether. T h e  w h ite  pre
cip itate  w hich  form ed w as carefu lly  filtered (w ith  com plete  
exclusion  o f  m oisture) and dried in vacuo, g iv ing  a h yd roscop ic  
m ixtu re o f  am ine h ydroch lorid es, nm r (D 20 )  5 4 .70  (s, N H ),
2 .9 5  [s, +N (C H 3)3] ,  and 2 .80  [s, +N (C H 3)2] ,  T h ese peaks corre
spon ded  to  nm r spectra (D 20 )  o f  authen tic sam ples o f  am m onium  
ch loride, trim ethylam ine h ydroch lorid e , and dim eth ylam ine h y 
d roch loride.

T h e  oth er substitu ted  diarylpyridines are listed in T a b le  I 
and w ere prepared in  the sam e m anner, excep t w here n oted .

Method B. Pyrolysis in Cumene as Solvent.— A cetoph en on e  
A ,A ,A f-tr im eth y lh y d ra zon iu m  fluoborate  (10 g , 0 .038  m o l) in 
cum ene (20 g , bp  1 5 0 -1 5 5 °) as solven t w as s low ly  heated to  
a b ou t 1 5 4 -1 5 0 °; the exoth erm icity  o f th e reaction  then  causes 
the solu tion  to  reflux fo r  ca. 1 m in . T h e  m ixture w as refluxed 
fo r  an  add ition a l 1 hr. A fter coolin g , the solution  w as decanted 
from  an  inorganic residue and con centrated  in vacuo, leaving a 
crude residue w hich  w as ch rom atograph ed  on  M erck  alum ina 
(3/ 4 in . X  2 f t )  elu ting w ith  1 %  benzene in low -boilin g  petroleum  
eth er. U p on  con centration  and recrystallization  o f th e eluent,
2 .6 - d iphen ylpyrid in e (m p  8 1 -8 2 ° )  w as o b ta in ed  (5 5 % ) ; m ixture 
m eltin g p o in t w ith  authen tic sam ple w as undepressed.

Pyrolysis of Acetophenone A?,Af,A?-Trimethylhydrazonium 
Iodide.— A cetoph enon e A ',A ',A i-trim eth ylh ydrazon iu m  iod ide 
(20 g , 0 .067 m ol) w as p y ro ly zed  as described under m eth od  A .
2 .6 - D iph eny lpyrid in e (m p  8 0 ° )  was isolated (1 .3 % )  from  the dark 
p olym eric tar. N o  oth er organ ic com pou nds w ere iso la ted  from  
the p o ly m eric  residue.

Pyrolysis of acetophenone N ,N ,N-trimethylhydrazonium tosyl
ate w as con d u cted  as p rev iously  described under m eth od  A .
2 .6 - D iph eny lpyrid in e (m p  8 1 ° )  w as iso la ted  in  less th an  2 %  
yie ld  from  the b lack  viscou s residue; n o  oth er discernible or
gan ic produ cts  were d etected .

2-Phenyl-6-(4-methoxyphenyl)pyiidine.— A cetoph en on e  
;V,/V,Ar-trim eth ylh ydrazon iu m  flu obora te  (5.71 g , 18.6 m m ol) 
and 4 '-m eth oxyacetop h en on e  N ,A ',A '-trim eth y!hyd razon ium  fluo
bora te  (6 .4  g , 18.6 m m ol) were m echan ica lly  m ixed  and  p y 
rolyzed  as described in  m eth od  A . T h e  con cen tra ted  benzene 
extract w as chrom atograph ed  on  M erck  alum ina (s/ 4 in . X  2.2 
f t ) ;  th e  first fra ction  w as elu ted w ith  2 %  benzene in petroleu m  
ether. A fter con centration  and recrysta llization , o n ly  2 ,6 - 
d iphen ylpyrid in e (m p 7 8 -8 0 ° )  iden tica l w ith  prev iou sly  ob ta in ed  
sam ple was isola ted . A  second  com p on en t w as elu ted w ith  
2 0 %  benzene in  petroleum  ether, g iv in g , u pon  con cen tra tion ,
2 -p h en y l-6 -(4 -m eth oxyp h en y l)p yrid in e , w h ich  u pon  recrysta l
lization  from  petroleum  ether (b p  6 0 -7 0 ° )  gave an ana ly tica l 
sam ple : 0.335 g ; m p  125° ( l it .31 m p 1 1 9 °); nm r (D C C 13) S 3 .78 
(A rO C H 3, s, 3 H ) ;  u v  (E tO H ) A™« 525 m M (e 2 2 ,4 0 0 ), 274
(18 ,0 0 0 ), 289 (15 ,0 0 0 ), and 308 (11 ,5 0 0 ).

Anal. C a lcd  fo r  C 18H 15N O : C , 82 .73 ; H , 5 .79 ; N , 5 .37. 
F ou n d : C , 82 .77 ; H ,5 .7 9 ;  N , 5 .29.

A  th ird  com pon en t w as elu ted w ith  5 0 %  benzene in  petroleum  
ether, y ie ld ing 2 ,6 -d i(4 -m eth ox yp h en y l)p y rid in e  (m p  1 8 9 -1 9 0 °; 
recrystallization  from  petroleum  ether (bp  6 0 -8 0 ° )  raised the 
m eltin g p o in t to  1 9 7 -1 9 8 °): nm r (D C C 13) 5 3.89 (C ar0matii: O C H 3, 
6 H , s ) ;  u v  (E tO H ) 273 m/z (c 31 ,20 0 ) and 316 (14 ,350 ).

3,5-Dimethyl-2,6-diphenylpyridine.— P rop ioph en on e  N ,N ,N- 
tr im ethylh ydrazon ium  fluoborate  (17 g , 0 .062 m ol) was p y ro ly zed  
and w orked  up as described ab ove  in  m eth od  A . R ecry sta lliza 
tion  from  petroleum  ether o f th e crude eluent gave 4 .5  g  (5 0 % )  
o f  the w hite crystalline 3 ,5 -d im eth y l-2 ,6 -d ip h en y lp yrid in e : 
m p  136-137° ( l it .32 m p  1 3 4 -1 3 5 °); nm r (CC14) 5 2 .36  (A rC H 3, 
d , /  =  0 .5  H z , 6 H ) ;  u v (E tO H ) X™« 233 mu (e 2 0 ,0 0 0 ), 250

(31) M. Scholtz and W. Meyer, ibid., 43, 1861 (1910).
(32) V. Galiah and A. Ekambaram, J. Indian Chem. Soc., 32, 274 (1955).
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(sh ou lder), 288 (9880 ); m ass spectrum  (m ol w t )  ca lcd  259, 
fou n d  259.

2 .6- D i [2-(6 -m ethylpyridyl)] p y rid in e .— 2 -A cety l-6 -m eth y lp yri- 
dine iV ,jV ,iV -trim eth ylh ydrazon iu m  flu obora te  (10 g , 0 .036 
m o l) was p y  roly  zed as described a b ov e  in m eth od  A . T h e  b lack  
v iscou s o il from  th e pyrolysis  reactor w as treated w ith  aqueous 
sod iu m  h yd rox id e  (5  JV, 2 m l), extracted  w ith  benzene, and con 
cen trated . P u rification  b y  e lu tion  ch rom atograph y  on  F lorosil 
w ith  benzene afford ed  a p a le  ye llow  solid  (m p  1 6 2 -1 6 4 °). R e 
crysta llization  from  b en zen e-petroleu m  ether (b p  6 0 -7 0 ° )  gave
2 .2  g  (4 7 % )  o f  2 ,6 -d i[2 -(6 -p ico ly l)]p y r id in e : m p  1 6 4 -1 6 5 °; 
nm r (C D C 13) & 2 .62  (A rC H 3, s , 6 H ) ,  and a com plex  arom atic  
p ro ton  region  includ ing 8 .4  (t , J  =  4 H z ) , 7 .17  (t , J =  8 H z ) ,
7 .24  (d , J  =  4 H z ) ,  and 7.17  (d , J  =  8 H z ) ;  u v  (EtOH )X,na* 
231 mu (c 11 ,700), 242 (11 ,9 0 0 ), and 289 (22 ,4 0 0 ).

A n  eth an olic so lu tion  o f  2 ,6 -d i[2 -(6 -p ico ly l)]p y r id in e  was 
slow ly  added  to  a solu tion  o f  ethanolic ferric ch loride, g iv in g  an 
ethanol insoluble, uncharacterized substitu ted  2 ,2 ',2 " -t r ip y r id y l 
com p lex , m p  2 7 8 °.

A ttem pted  S yn th esis o f 4 -P h en y l-2 ,6 -d i(4 -m eth oxy p h en y l)- 
py rid in e .— A  m ixture o f 4 '-m eth oxya cetop h en on e  N ,N  ,N- 
tr im eth ylh yd razon iu m  fluoborate  (5 .0  g , 17 m m ol) and redis
tilled  benza ldeh yde (20 m l) was refluxed fo r  1 hr. A t ca. 1 30 - 
150°, the solu tion  turned dark red w ith  azeotrop ic  d istillation  of 
w ater. T h e  solven t (ben za ld ehyd e) and last traces o f w ater 
were rem oved  b y  v acu u m  d istillation , leaving a dark o il. E lu tion  
ch rom atograph y  on  M erck  alum ina w ith  2 0 %  benzene in  pe
troleum  ether gave a pale yellow  solid , w hich  w hen recrystal
lized from  petroleum  eth er afforded 1.0 g  (2 5 % ) o f  2 -b en za l-4 '- 
m eth ox yacetop h en on e : m p  104 -105° (lit .33 m p 1 0 6 °); nm r
(C D C h ) 5 3 .88  (A rO C H j, s ).

Anal. C a lcd  for C i6H 140 2: C , 80 .64 ; H , 5 .92 . F ou n d : 
C , 8 0 .67 ; H , 6 .0 0 .

2 -P h e n y l-5 //- in d e n o [ 1,2-6J p y rid in e .— A n in tim ate m ixtu re of 
a cetop hen one N ,N ,/V-tri m ethylhydrazon ium  fluoborate  (6.5  
g , 25 m m ol) and 1-indanone iV ,.V ,jV -trim ethylhydrazon ium  
flu obora te3 (7 .09  g , 25 m m ol) w as dried in vacuo a t ca. 50 ° for  
several hours. T h e  m ixtu re w as p y ro ly zed  as described  under 
m ethod  A . T h e  residual py ro lysa te  was extracted  w ith  benzene, 
con centrated , and ch rom atograph ed  on  a lum ina. F raction  1 
w as elu ted w ith  2 %  benzene in  low -boilin g  petroleum  eth er (bp  
3 0 -6 0 ° , ca. 500 -1000  m l) and gave 2 ,6 -d iph en ylp yrid in e  (150 
m g , m p  7 9 -8 0 ° )  w hich  w as iden tica l w ith  an au then tic sam ple.

T h e  second fraction  w as elu ted w ith  2 0 %  benzene in petroleum  
ether (b p  3 0 -6 0 ° , 1000 m l) afford ing 2 -p h en y l-5 f/-in d en o [l,2 -6 1 - 
pyrid in e (760 m g ), m p  120°. R ecrysta llization  gave an ana
ly t ica l sam ple: m p 1 2 6 -1 2 8 °; nm r (DCCI3) S 3 .67  (A rC H 2- ,  
s, 2 H )  and a com plex  arom atic region ; u v  (E tO H ) XmK 245 
m M (e 3 0 ,200 ), 261 (10 ,8 0 0 ), and 31S (20 ,500 ).

Anal. C a lcd  fo r  C iSH 13N : C , 88 .85 ; H , 5 .39 ; N , 5 .76. 
F ou n d : C , 88 .88 ; H , 5 .47 ; N , 5 .72.

T h e  th ird  fraction  was e lu ted  w ith  5 0 %  benzene in petroleum  
ether (1000  m l) g iv in g  1 0 ,1 2 -d ih y d ro d iin d e n o [l,2 -6 :2 ',l '-e ] -  
pyridine (1 .05  g )3, m p 203° (lit .34 m p 2 0 6 -2 0 7 ° ).

2 .6- D iph eny lpyrid in e-14C .— A cetoph enon e N ,N ,,V -trim ethyl- 
h yd razon iu m -14C fluoborate  (average a c tiv ity  1320 cp m /V m ol) 
was prepared in  the sam e m anner as unlabeled m ateria l, excep t

(33) E. J. Bourne, M. Stacey, J. C. Tatlow, and J. M. Tedder, J. Chem. 
Soc., 718 (1951).

(34) W. Borsche and H. Hahn, Justus Liebigs Ann. Chem.. 537, 219 
(1939).

fo r  substitu tion  o f  m eth y l-l4C  iod ide in  th e in itia l quatern ization . 
T h e  labeled fluoborate  w as p y ro ly zed ; th e p rod u ct w as ex
tracted  and  purified as p rev iously  described  under m eth od  A . 
F iv e  add ition a l recrystallizations from  petroleu m  eth er gave  an 
a n a ly tica l sam ple o f  2 ,6 -d iph en ylp yrid in e-14C : m p  8 2 -8 3 ° ,
average a c t iv ity  445 cp m /V m ol. T h e  14C  ra tio  in  th e p rod u ct,
2 .6 - d iphen ylpyrid in e, relative to  the starting flu obora te  w as 
1 :2 .9 6 .

Pyrolysis o f  4'-methoxyacetophenone N.N.M-trimethylhy- 
drazonium fluoborate and N ,Ar,N-trimethylhydrazonium-14C 
fluoborate, prepared from  th e correspond ing labeled  iod id e  b y  
precip ita tion  o f  the less soluble flu obora te , w as con d u cted  as 
p rev iously  described under m eth od  A ; recrysta llization  o f  th e
2 .6 - d i(4 -m eth oxyp h en y l)p yrid in e  from  ben zen e -p etro leu m  eth er 
afforded an ana ly tica l sam ple: m p  1 8 9 -1 9 0 °; the ra tio  o f  rad io
a ctiv e  carbon  w as 34 cp m /V m ol (p rod u ct) to  635 cp m /V m ol 
(A '.iV .iV -trim ethylhydrazon ium  flu ob ora te ) o r  5 %  in corp ora tion  
o f the original radiolabel.

Pyrolysis of 4'-methoxyacetophenone iV.AOV-trimethylhy- 
drazonium fluoborate and tetramethylammonium-l4C fluoborate,
prepared from  the corresponding labeled quaternary  iod id e  b y  
precip itation  o f  th e less soluble fluoborate , w as execu ted  as pre 
viou sly  described under m eth od  A ; recrysta llization  a fforded
2 .6 - d i(4 -m eth oxyp h en y l)pyrid in e , m p  190°. T h e  ratio  o f  ra d io 
a c tiv ity  w as 0.25  cp m /V m ol (p rod u ct) to  47 cp m /V m ol (am m o
nium  sa lt) ; the produ ct therefore con ta in s less th an  0 .5 %  ,4C  o f 
the orig inal radiolabel.
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T h e  reaction  o f  .5 ,5 -d im ethyl-l,3 -cyclohexaned ione ( 1 ) w ith  eth yl a cetoacetate  (2 ) in  C F 3C O 2H  gives the 2- 
pyrone 4 and a xan th en e-l,8 -d ion e  5 instead o f the reported 4 -p yron e 3. Sodium  diethy l oxalacetate (13) and I 
react in a sim ilar m anner g iv ing  ester 14, isom eric w ith  ester 10 prepared b y  condensing 8 w ith  eth yl oxalate. 
A cid  15, prepared b y  h ydrolysis  o f 14, gives 2 -p yron e 16 on  d ecarboxyla tion , isom eric w ith  4-pyrone 9 prepared 
b y  condensation  o f 8 w ith  e th y l form ate. U ltraviolet spectra com parisons o f 4, 9, and 16 substantiates the struc
ture o f 4. In d a n -l,3 -d ion e  (6) and 2 d id  n ot g ive  a p y ron e  on  condensation  in C F 3C O 2H ; instead, dim er 6a is 
isolated.

Condensation of 5,5-dimethyl-l,3-cyclohexanedione
(1) with ethyl acetoacetate (2) has been described1 as

yielding 7,8-dihydro-2,7,7-trimethyl-4//-l-benzopyran- 
4,5(6f7)-dione (3 ). We needed 3 for uv spectral com
parison purposes and repeated the original preparation.1 
Instead of 3, however, we isolated 7,8-dihydro-4,7,7- 
trimethyl-2//-l-benzopyran-2,5(6//)-dione (4) and
3,4,6,7-tetrahydro-3,3,6,6,9,9-hexamethylxanthene-l,8- 
(2H,5fi)-dione (5 ) .2 The structure of 4  was sub
stantiated by uv spectral correlations with several syn
thesized model 2- and 4-pyrones.

After considering the incongruities involved with 
the attempted preparation of 3, we repeated the original 
preparation1 involving the condensation of 1,3-in- 
dandione (6) and 2. The nmr spectra indicated that 
none or only a very small amount of the proposed 
product 7 was present. Instead, we found that, when 
the reaction was worked up as described, mostly 6 was 
recovered, along with [A1-2'-biindan]-l, ,3,3'-trione (6a)3 
and another high melting product. Apparently the 
original investigator’s efforts resulted in the isolation of

(1) L. L. Woods, J. Org. Chem., 34, 2796 (1969).
(2) D. Vorländer and F. Kalkow, Justus Liebigs Ann. Chem., 309, 374 

(1899); Beilstein, 17:509.
(3) W. Wislicenus, Chem. Ber., 20, 589 (1887).

6 and he described it as a new compound 7. The origi
nally described melting points (129 and 129-131°) 
agree with that reported for 6 (130-131°).4 The 
originally reported found analysis (C, 73.70, 73.85; 
H, 3.94, 4.04),1 presumably applicable to 7 (Ci3H80 3), 
also agrees with that calculated for 6 (C9H6O2) (C, 
73.96; H, 4.14).

Efforts to provide a structural proof for 3 started with
2-acetyl-5,5-dimethyl-l,3-cyclohexanedione (8).6 It
became obvious that any acid- or base-catalyzed 
acetylation of 8, followed by ring closure, could lead to 
the ambiguities shown in Scheme I. In fact, 4  was iso

lated from the neutral fraction separated from the 
preparation of 8.

Instead of synthesizing 3 or 4 , the problem was ap
proached by preparing chromophorically identical 4- 
and 2-pyrones as uv spectral models. Two 4-pyrones 
easily prepared from 8 are 7,S-dihydro-7,7-dimethyl- 
4//-l-benzopyran-4,5(6//)-dione (9) and 5,6,7,8-tetra- 
hydro-7,7-dimethvl-4,5-dioxo-4I2-l-benzopyran-2-car- 
boxylic acid ethyl ester (1 0 ). Compounds 9  and 
10 were formed, respectively, by formylation and 
ethoxylation of the disodium salt of 8, followed by de- 
hydrative cyclization. The uv spectra of 9 and 10 
(Table I) indicate that they have identical chromo- 
phores, but there is no similarity to the chromophore of 
4 , which must be a 2-pyrone. Intermediate 11 was 
isolated and characterized en route to preparation of 9.

(4) W. O. Teeters and R. L. Shriner, J. Amer. Chem. Soc., 55, 3026 (1933).
(5) W. Dieckmann and R. Stein, Chem. Ber., 37, 3370 (1904); A. W. 

Crossley and N. Renouf, J. Chem. Soc., 101, 1524 (1912).
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T able  I
Ultraviolet Spectra in  95%  A lcohol

■2-Pyrones------------------------------------ - ' ------------------------------------- 4-Pyrones-
Compd mM (0 Compd nui (e)

4 262 (12,100), 290“ (5960) 5 232 (15,450), 309 (5490)
14 263 (11,400), 296“ (6530) 9 245 (8840)
15 263 (11,100), 296“ (6240) 10 221 (22,800), 248 (7220)
15a 264 (10,250), 295“ (5930) 12 217 (24,800), 247 (8830)
16

Inflection points.
261 (12,230), 294“ (6380) 12a 216 (28,800), 247 (10,160)

12a sodium  sait

Ester 10 was hydrolyzed and characterized as the free 
acid 12 and sodium salt 12a. Several attempts to de- 
carboxylate 12 to 9  met only with extensive decomposi
tion.

To complete the sequence, a series involving the 2- 
pyrones isomeric with 9, 10, and 12 was prepared. 
Condensation of 1 with sodium diethyl oxalacetate
(13), using conditions similar to those described by

Woods,1 gave a reasonable yield of 5,6,7,8-tetrahydro-
7,7-dimethyl-2,5-dioxo-2fir-l-benzopyran-4-carboxylic 
acid ethyl ester (14). Ester 14 is isomeric with 10, 
and formation of a 2-pyrone (14) from 1 and 13 also

illustrates a general trend to form 2-pyrones when 1,3 
diketones and d-keto esters are condensed in an acid 
medium. Ester 14 was acid hydrolyzed, and the prod
uct was characterized as the free acid IS and sodium 
salt 15a. Acid 15 was easily decarboxylated with cop
per powder in refluxing quinoline to 7,8-dihydro-7,7- 
dimethyl-2i/-l-benzopyran-2,5(6//)-dione (1 6 ), which 
is isomeric with 9.

It is clearly evident from the uv data in Table I that 
4 belongs to the 2-pyrone series. The spectral data in 
Table I also illustrate another point: that addition of 
a carboxyl or ethoxycarbonyl group to a 2- or 4-pyrone 
does not appreciably alter the electronic chromophore. 
By comparing the nmr spectra of l ,6 4, and 5 with that 
given by Woods1 [solvent not reported, 5 1.10 (6), 
1.66 (2), 2.20-2.80 (4), 3.35 (0.4), 5.50 (0.6)] for what 
he presumed to be 3 , it is evident that his condensation 
of 1 and 2 yielded only a mixture of 1 and 5. The vinyl 
proton at S 5.94 of 4 is not present in Woods mixture but 
the 5 5.50 vinyl of 1 and 5 1.66 methyls of 5 are.

Experim ental Section

M eltin g  poin ts w ere taken in capillary tubes in an oil ba th  and 
are uncorrected . Solvents were rem oved  in vacuo on  a B iich i 
R otav a p or R . A nhydrous m agnesium  sulfate w as used fo r  all 
solution  dry ing . Spectra  were ob ta in ed  under th e supervision  o f 
M r . B ruce H ofm an n . T h e  ir spectra  were determ ined in  K B r  
pellets using a Perkin-E lm er M od e l 21 spectrop h otom eter. T h e  
u v  spectra were taken w ith  a Perk in-E lm er M o d e l 450 u v -v is ib le  
N I R  spectroph otom eter. T h e  nm r spectra  were determ ined 
w ith  a V arian  M od e l A -60 or  a Jeolco  M od e l C -6 0H L  nm r sp ec
trom eter using T M S  in C D C 13 and D M S O -d 6 and D S S  in D 20 . 
Analyses were carried o u t on  a Perkin-E lm er M od e l 240 elem ental 
analyzer.

7,8-Dihydro-4,7,7-trimethyl-2//-l-benzopyran-2,5(6H)-dione
(4) and 3,4,6,7-Tetrahydro-3,3,6,6,9,9-hexamethylxanthene-l,8- 
(2H,5H)-dione (5).— A  solution  o f  70 g (0 .5  m o l) o f  1 and 63.5 
m l (0 .5  m ol) o f  2 in 200 m l o f C F 3C 0 2H  w as refluxed fo r  22 hr. 
T h e  solution  w as con centrated  and the residue w as pou red  in to  an 
E t20 - H 20  m ixture. An interphase w as filtered off and crysta l
lized (E tO H ), g iv ing 2 .7  g o f 5: m p 2 4 9 -2 5 2 ° (lit .2 m p  2 4 5 ° ); 
ir 6 .04  ( C = 0 ) ,  6 .20  n ( C = C ) ;  n m r (C D C 13) 5 1 .09 [s, 12, 
C H 2C (C H 3)2C H 2] , 1.66 [s, 6 , C = C C ( C H 3)2C = C ] , 2 .27  (s, 4, 
C H 2C O ), 2 .35  [s, 4 , C = C ( 0 ) C H 2].

Anal. C a lcd  for  Ci9H260 3: C , 7 5 .46 ; H , 8 .6 7 . F ou n d : C , 
7 5 .48 ; H , 8 .67.

T h e  E t20 - H 20  filtrate o f  5 w as separated and th e E t20  w as 
w ashed successively w ith  H 20  (tw ice ), saturated N a H C 0 3 (until 
b a s ic), co ld  1 N  N aO H  (tw ice w ith  300 m l), H 20 ,  and co ld  d ilu te  
HC1. A fter  the w ashings, additional 5 (4 .5  g , m p  2 4 4 -2 4 7 ° )  w as 
filtered o ff. T h e  E t20  in the filtrate w as w ashed w ith  brine, dried , 
and  con cen tra ted , g iv ing  18 g  o f  a ye llow  solid , m p 1 0 5 -1 3 5 °, 
consisting o f  a m ixture o f  4  and 5. T h e  m ixture w as crystallized  
(E tO H ), g iv in g  7 .7  g  o f  a  w hite solid , m p  1 1 0 -2 1 0 °, consisting o f 
a 6 :1  m ixture o f  4  and 5. A n a ttem p t to  separate th e m ixtu re 
on  W oelm  grade I I I  neutral alum ina fa iled , b u t , w hen  2 .0  g o f 
th e m ixture w as sublim ed a t  110 ±  5 °  (0 .05  m m ) in a N es te r -

(6) Varian Spectra Catalog, Vol. 2, Spectra No. 512: nmr (CDCli) 5
1.06 [s, C(CH i)2, keto form], 1.09 [s, C(CHS)2, enol form], 2.29 [s, C(CH,).- 
CH2CO, enol and keto form], 2.56 [s, CH jC(OH )=CH ], 3.36 (s, COCHjCO), 
5.51 [s, C (OH )=CH CO], 10.90 (s, OH).



F au st M od el N F S -60  sublim er, 1.65 g  o f  4, m p  1 0 8 -1 1 2 °, co l
lected  in the coo led  cone and w as crystallized (E tO H ), g iv ing 
w hite crystals: m p 1 0 8 -1 1 1 °; ir 5 .77  and 6 .0 0  ( C = 0 ) ,  6 .17  
and 6.45  y  (C = = C ); nm r (C D C 1S) S 1.14 [s, 6 , C (C H 3)2] , 2 .45  (s, 
3 , C H = C C H 3), 2 .48  (s, 2 , C H 2C O ),7 2 .78  [s, 2 , C = C ( 0 ) C H 2],
5 .94  (s, 1, v in y l) .

Anal. C a lcd  fo r  C i2H 140 3: C , 69 .88 ; H , 6 .84 . F ou n d : C , 
69 .68 ; H , 6 .96 .

A n add ition a l 0 .4 g  o f 5 , m p  2 4 8 -2 5 0 ° , co llected  on  th e ou ter 
shell o f  the sublim er a b ov e  the oil level. A n  a ttem p t to  repeat 
this separation on  a larger scale failed .

Condensation of 2 with 6 in Refluxing CF3CO;H.— A  solution  
o f  12.6 m l (0 .10  m o l) o f  2 and 14.6 g  (0 .10  m o l) o f  6 in 40 m l o f  
C F 3C 0 2H  w as refluxed fo r  2 hr and the resulting m ixture was 
poured in to 400  m l o f H 20 .  F iltra tion  gave 12 g  o f  a brow n  
solid, w hich  w as triturated  three tim es w ith  400 m l o f  boiling 
hexane. C on centration  o f  th e hexane gave 6 .3  g o f  a yellow  
solid, w hich  was sublim ed a t  100° (0 .05  m m ), g iv ing  5.8 g o f  6, 
m p 1 2 8 -130°, m m p 128-130° w ith  au th en tic 6. T h e  hexane- 
insoluble solid was triturated three tim es w ith  200 m l o f  boiling 
E tO A c. C on cen tra tion  o f  th e E tO A c ga ve  2 .3  g  o f  6a as a tan 
solid , m p  1 7 3 -183°. T h e  solid w as recrystallized from  C 6H 5M e, 
g iving yellow  crystals o f 6a: m p 2 0 5 -2 0 8 °  (lit .3 m p 2 0 6 -2 0 8 ° ); 
ir8 5 .82, 5 .93, and 6 .20  ( C = 0 ) ,  6 .35  y  ( C = C ) ;  uv m ax (9 5 %  
E tO H ) 245 m y  (<= 24 ,10 0 ), 340 (20 ,3 0 0 ); nm r (C D C 13) S 4.15  (s, 
2, C H 2), 7 .6 0 -8 .4 0  (m , 7 , a rom a tic), 9 .5 0 -9 .7 8  (m , 1, a rom atic).

Anal. C a lcd  fo r  C iSH 10O 3: C , 78 .82 ; H , 3 .68 . F ou n d : C , 
79.10 ; H , 3 .87 .

T h e  rem aining 3 g o f  solid  m elted ab ove  300° and was very  in
soluble in D M S O , m aking it  difficu lt to  g e t a g ood  nm r: ir
5 .83, 5 .95, 6 .20 , and 6.37  y .

5,6,7,8-Tetrahydro-7,7-dimethyl-4,5-dioxo-4H-l-benzopyran- 
2-carboxylic acid Ethyl Ester (10 ).— A bsolu te  E tO H  (10 .25  m l,
0.175 m ol) w as added  to  a  m ixture o f  6 .24  g  (0.13 m ol) o f  5 0 %  
N a H  in 250 m l o f  C J l-.M e . A  solu tion  o f  9.11 g  (0 .050  m o l) o f  
8 in 34 m l (0 .25  m ol) o f  (E t 0 2C )2 w as added  to  the C 6H 3M e m ix
ture a t 1 0 -2 0 °  over 20 m in . T h e  resulting m ixture was stirred a t 
50 ° for 3 hr and pou red  in to  500 m l o f  ice -w a ter . T h e  w ater solu 
tion  was w ashed tw ice w ith  E t 20  and acidified to  p H  1 a t 0 -1 0 °  
w ith  concentrated  HC1 in th e presence o f  E t20 .  T h e  w ater layer 
w as extracted  tw ice w ith  E t20 .  T h e  ether w as w ashed w ith  
brine, dried, and con cen tra ted , g iv ing  16.1 g  o f  an am ber o il. 
T h e  oil was ch rom atograph ed  on  160 g  o f  F lorex A A -R V M  6 0 -9 0  
m esh in C 6H 6. T w o  500-m l fraction s o f  C 6H 6, fo llow ed  b y  tw o o f 
CH C13, w ere co llected . T h e  first CH C13 fraction  w as con cen 
trated , g iv in g  1.5 g  (1 1 % ) o f  10, m p  1 2 8 -1 3 2 °. A fter  crystalliza
tion  from  eth yl a ceta te -h exa n e , the p rod u ct h ad  m p 1 3 4 -1 3 7 °; 
ir 5 .74, 5 .86 , and 6 .06  ( 0 = 0 ) ,  6 .34  y  ( C = C ) ;  nm r (C D C 13) 5
1.16 [s, 6 , C (C H 3)2] , 1.41 (t , 3, J =  7 .2  H z , C H 3), 2 .46  (s, 2 ,
6 -C H 2),7 2 .90  (s, 2 , 8 -C H 2), 4 .47  (q , 2 , J  =  7 .2  H z, C H 2C H 3),
7 .10  (s, 1, v in y l) .

Anal. C a lcd  for C ^H ^O s: C , 63 .63 ; H , 6 .10 . F ou n d : C , 
63 .56 ; H , 6 .05 .

C on centration  o f the first C 6H 6 fraction  gave 8 .0  g  o f  a ligh t 
yellow  solid , m p 4 8 -9 0 ° . T h e  solid w as dissolved in 50 m l of 
absolu te  E tO H , 3 m l o f  E tO H  saturated w ith  HC1 gas w as added, 
and the solution  w as refluxed fo r  20 m in and coo led  in ice, g iv ing
3.5 g o f light p ink  crystals o f  10, m p  1 3 0 -1 3 6 °.

5,6,7,8-Tetrahydro-7,7-dimethyl-4,5-dioxo-4if-l-benzopyran-2- 
carboxylic A cid (12) and Its Sodium Salt (12a).— A  solution  o f
20 .0  g  (0 .076  m ol) o f  10 in 240 m l o f  1:1 d iox an e-con cen trated  
h yd roch loric  acid  was refluxed fo r  3 hr and k ep t overn igh t at 
room  tem perature. W ater (250 m l) w as added  and th e m ixture 
was coo led  to  0 -5 ° ,  g iv in g  11.7 g  o f  12. T h e  crude p rod u ct w as 
crystallized (M e C N ), g iv in g  8 .7  g  (4 9 % )  o f  12 as w hite crysta ls: 
m p 2 1 0 -2 1 2 °  d ec ; ir 5 .73 , 5 .92 , and 6 .09  ( C = 0 ) ,  6 .30  and 6.45  
y  ( C = C ) ;  nm r (D M S O -d e) 8 1-08 [s, 6 , C (C H 3)2] ,  2 .36  (s, 2,
6 -C H 2), 2 .89  (s, 2 , 8 -C H 2), 6 .80  (s, 1, v in y l) , 10.20 (s, 1, C 0 2H ).

Anal. C a lcd  fo r  C i2H i20 5 : C , 61 .01 ; H , 5 .12 . F ou n d : C , 
60 .97 ; H , 5 .12 .

T o  a boilin g, a n a ly tica lly  filtered solu tion  o f 2 .64  g (0 .010 
m ol) o f  10 in 50 m l o f a bsolu te  E tO H  w as add ed , w ith  stirring over 
1 m in, 1.9 m l o f  5.25 N N a O H . C rystals form ed rap id ly  and the 
m ixture w as k ep t on  a steam  bath  for  10 m in , coo led  in ice , and

2-Pyrones from Condensation of /3-Keto E sters

(7) Routine assignment of the higher field methylene to the 6 position on 
the 1-benzopyran nucleus is based on data in Varian Spectra Catalog, Spectra 
No. 512.

(8) Spectrum identical with that found in the Sad tier Index (Spectra No. 
18437).

filtered , g iv ing  1.7 g  (6 6 % )  o f 12a as yellow  crysta ls: m p
> 3 0 0 ° ;  ir 5 .90  and 6 .13  ( C = 0 ) ,  6 .42  y  ( C = C ) ;  nm r (D 20 )  5
1.15 [s, 6 , C (C H 3)2] , 2 .56  (s, 2 , 6 -C H 2), 3 .04  (s, 2 , 8 -C H 2), 6.96 
(s, 1, v in y l) .

Anal. C a lcd  fo r  C i2H n N a 0 5: C , 55 .82 ; H , 4 .30 . F ou n d : 
C , 55 .65 ; H , 4 .45 .

2-(Formylacetyl)-5,5-dimethyl-1,3-cyclohexanedione (11).— 11 
w as prepared in the sam e m anner as 10, b u t  20.2 m l (0.25 m ol) 
of E t 0 2C H  was used instead o f  (E t0 2C )2 and the N a  salt o f 11 
w as filtered off a fter th e 3-hr heating period . A n  aqueous (300 
m l) solution  o f the salt was w ashed w ith  E t20  and acidified to  pH  
1 w ith  con centrated  HC1 in th e presence o f  E t 20 .  A fter  10 m in 
o f stirring, 5 .7  g  (5 4 % )  o f  11, m p  131° dec, w as filtered o ff and 
crystallized (eth yl a ce ta te -h ex a n e ), afford ing 4 .4  g (4 2 % )  o f  11 
as yellow  crysta ls: m p  1 3 5 -1 3 6 .5 ° d ec ; ir 6 .2  ( C = 0 ) ,  6 .62  y  

(C = = C ); u v  m ax (9 5 %  E tO H ) 249 m /i (center o f  b road  p lateau) 
(e 8380), 335 (9300 ); nm r (D M S O -d 6) 8 1 .00  [s, C (C H 3)2] ,  2 .40  
(s, C H 2), 7 .04  (d , /  =  12 H z , v in y l) , 8 .04  (d , J =  12 H z , v in y l) , 
the ratios being unobta in able  because o f  the D M S O -d 5 in ter
ference w ith  th e C H 2 peaks.

Anal. C a lcd  fo r  C iiH m0 4: C , 62 .84 ; H , 6 .71 . F ou n d : C , 
62 .74 ; H , 6 .81.

7.8- Dihydro-7,7-dimethyl-47/-l-benzopyran-4,5 (6H)-dione
(9).— D C C  (1.073  g , 0 .0052 m ol) w as added  to  a w arm  solu tion  o f
1.074 g  (0.00511 m o l) o f  11 in 20 m l o f T H F . A fter  20 hr at 
room  tem perature, th e red m ixture w as filt ered and th e cake (1 .0  
g )  w as w ashed w ith  T H F . T h e  filtrate w as concentrated  and the 
red residue w as triturated tw ice  w ith  boilin g  E t20 ,  leavin g 0.36 
g  o f  a  red solid . T h e  ether w as treated w ith  ch arcoa l and 
con cen tra ted , g iv ing  0.610 g o f  a gu m m y  solid , w h ich  w as chro
m atograph ed  on  a c tiv ity  I  silica gel in  E tO A c. E lu tion  w ith  150 
m l E tO A c rem oved  th e D C C . C ollection  o f fraction s w ith  in
creasing am ounts o f  M e C O M e  to  1 0 0 %  and subsequent con cen 
tration  a fforded 0.30  g (3 1 % )  o f  9. C rystallization  from  ch loro 
form -h ex an e  yie lded  a p rod u ct w ith  m p  1 1 5 -1 1 7 .5 ° ; ir 5 .89 and
6 .07  ( 0 = 0 ) ,  6 .42  y  ( C = C ) ;  nm r (C D C 13) 8 1.15 [s, 6 , C (C H 3)3],
2 .43  (s, 2 , 6 -C H 2), 2 .77  (s, 2 , 8 -C H 2), 6 .38  (d , 1, J =  6 H z, 
v in y l) ,  7 .72  (d , 1, /  =  6 H z , v in y l) .

Anal. C a lcd  fo r  C n H i20 3: C , 68 .73 ; H , 6 .29. F ou n d : 
6 8 .44 ; H , 6 .54 .

5.6.7.8- Tetrahydro-7,7-dimethyl-2,5-dioxo-2if-l-benzopyran-4- 
carboxylic Acid Ethyl Ester (14).— A  m ixture o f  14.0 g (0.1 
m o l) o f  1 and 21 .0  g (0.1 m ol) o f  13 was refluxed in  50 m l o f 
C F 3C 0 2H  fo r  4  hr and then stirred overn igh t at room  tem pera
ture. A fter con centration , th e residue w as pou red  in to  an E t20 -  
H 20  m ixture. T h e  E t20  w as w ashed successively w ith  saturated 
N a H C 0 3 (until b a s ic ), co ld  0 .5 N  N a O H , dilute HC1, H 20 ,  and 
brine. I t  was then  dried and  con cen tra ted , g iv ing  7.4 g  (2 8 % ) 
o f  14 as a w hite  solid . C rystallization  (eth yl a ce ta te -h exa n e ) 
gave 5 .6  g  o f  w h ite  crysta ls: m p  1 3 6 -1 3 8 °; ir 5.74 and 5.96 
( 0 = 0 ) ,  6 .16  and 6.43  ( C = C ) ;  nm r (C D C 13) 8 1.18 [s, 6 , C - 
(C H 3)2] ,  1.38 (t , 3, J =  7 .5  H z , C H „), 2 .48  (s, 2 , 6 -C H 2), 2 .80  
(s, 2, 8 -C H j), 4 .46  (q , 2 , J  =  7 .5  H z , C H 2C H 3), 6 .25  (s, 1, 
v in y l) .

Anal. C a lcd  for  C „ H ,60 5: C , 63 .63 ; H , 6 .10 . F ou n d : C , 
6 3 .59 ; H , 6 .01.

5 .6 .7 .8 - T etra h y d ro -7 ,7 -d im eth y l-2 ,5 -d iox o -2 //-l-b en zop y ra n -4 - 
carboxylic A cid  (15 ) and Its S od iu m  Salt (15a ).— A  so lu tion  o f 
10 g  (0.038 m ol) o f  14 in  100 m l o f 1 :1  d io x a n e -2 0 %  h ydroch loric  
acid  w as refluxed fo r  6 hr and k ep t at room  tem perature over
n ight. F iltration  gave 8 .0  g  (8 9 % ) o f  15, m p  2 1 8 -2 2 3 ° dec. 
T h e  crude p rod u ct was crystallized  (E tO H ), g iv in g  6 .4  g  o f  15 
as w hite  crystals: m p  2 2 2 -2 2 4 ° d e c ; ir 5 .65 , 5 .7 7 , and 6.15 
( C = 0 ) ,  6 .45  y  ( C = C ) ;  nm r (D M S O -d 6) 6 1.11 [s, 6 , C (C H 3)2] ,
2 .48  (s, 2 , 6 -C H 2), 2 .87  (s, 2 , 8 -C H 2), 6 .39  (s, 1, v in v l) .

Anal. C a lcd  fo r  C J2H l20 5: C , 6 1 .01 ; H , 5 .12 . F ou n d : C , 
60 .78 ; H , 5 .35.

T o  a boiling, an a ly tica lly  filtered solu tion  o f  2.1 g (0 .0089 
m o l) o f  15 in 75 m l o f absolu te  E tO H  w as add ed  3.3 m l o f 2 .74 
N  sod iu m  2-ethylhexan oate  in  1 -bu tan ol. T h e  m ixture was 
coo led , g iv ing  1.3 g (5 8 % )  o f  15a as w h ite  crysta ls : m p  > 3 0 0 ° ;  
ir 5.66 , 5 .72  , 5 .95 , and 6.20  ( C = 0 ) ,  6 .48  y  ( C = C ) ;  nm r (D 20 )  
5 1.10 [s, 6 , C (C H 3)2] ,  2 .53  (s, 2 , 6 -C H 2), 2 .89  (s, 2 , 8 -C H 2), 6.13 
(s, 1, v in y l) .

Anal. C a lcd  fo r  C 12H „ N a 0 5: C , 55 .82 ; H , 4 .30 . F ou n d : 
C , 5 5 .88 ; H , 4 .40 .

7 .8 - D ih y d ro -7 ,7 -d im eth y l-2 if-l-b en zop y ra n -2 ,5 (6 H )-d ion e
(1 6 ).— A  stirred m ixture o f  5 .0  g  (0.021 m o l) o f  15, 0.9S g  o f C u  
pow d er, and 10 m l o f  qu inoline w as p laced  in an oil ba th  at 2 5 0 °. 
D ecarboxy la tion  w as essentially com plete  a fter 10 m in , and the
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m ixture w as coo led  and filtered. A n E t 20 solution  o f the filtrate 
w as w ashed successively w ith  1 N HC1 (five tim es), saturated 
N a H C 0 3, H 20 ,  and brine. I t  w as then  dried and concentrated , 
g iv ing  2.33  g  o f  a yellow  solid , m p 7 9 -8 7 ° . T h e  solid w as re
crystallized from  hexane and cyclohexan e, g iv ing  1.66 g (4 1 % ) 
o f 16 as light yellow  crysta ls: m p  8 9 -9 2 ° ; ir 5.76 and 5.96 
(C = = 0 ), 6 .14  and 6 .40  M ( C = C ) ;  nm r (C D C 13) 8 1.16 [s, 6 , 
C (C H 3)2] , 2 .46  (s, 2 , 6-C H 2), 2 .79 (s, 2 , 8-C H ,) ,  6 .30  (d , l ,  J  =
9 .75  H z , v in y l) , 7.91 (d , 1, J  =  9 .75 H z , v in y l) .

Anal. C a lcd  fo r  C „ H 120 3: C , 68 .73 ; H , 6 .29 . F ou n d : C , 
68 .31 ; H , 6 .39.

Registry N o .— 3 , 20452-84-0; 4 , 3265-69-8; 5 ,
33777-60-5; 6,606-23-5; 6a, 1707-95-5; 7,20452-88-4; 
9 , 33777-64-9; 10, 33777-65-0; 11, 33777-66-1; 12, 
33777-67-2; 12a, 33777-68-3; 14, 33886-29-2; 15, 
33777-69-4; 15a, 33777-70-7; 16, 33777-71-8; tri- 
fiuoroacetic acid, 76-05-1.
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T h e produ ct o f the free-radical addition  o f C F 3SC1 to  m ethyl acrylate has been  con verted  to  a series o f a - 
C F 3S -acrylic acid  derivatives. T h e  preparation  o f the corresponding /?-C F3S-substituted com pounds began 
w ith  the addition  o f C F 3SH  to  m ethy l propiolate. (T rifluorom ethylth io )acetonitrile readily undergoes K noev en - 
agel reactions to  y ie ld  a -C F 3S-substituted acrylonitriles.

Following the development of convenient laboratory 
syntheses for bis (trifluoromethylthio) mercury, trifluoro- 
methanethiol, and trifluoromethanesulfenyl chloride, a 
modest number of CF3S-substituted organic compounds 
have been synthesized. 1 To date no CF3S-substituted, 
unsaturated acids or derivatives have been reported. 
This paper summarizes the results of a study of methods 
of preparation and the properties of CF3S-substituted 
acrylic acid derivatives.

R esu lts and D iscussion

a -C F 3S-Su bstitu ted  Acrylic Acid D erivatives.—For
preparation of several a-CF3S-substituted acrylic acid 
derivatives, the free-radical addition of trifluoro
methanesulfenyl chloride (CF3SC1) to methyl acrylate 
served as the starting point. When carried out with a 
large excess of CF3SC1, the reaction yielded as the major 
product a 1 : 1  adduct fraction which contained about 
90% methyl a-(trifluoromethylthio)-/3-chloropropionate
(1 ) and 10%  of an isomeric material, presumably the 
other possible 1 : 1  adduct (2) (eq 1 ).

C1CH 2C H C 0 2C H 3
1
+

C F 3SC H 2C H C 1 C 0 2C H 3 (1 ) 
2 
+

c o 2c h 3 s c f 3
I I

C1CH 2C H C H 2— C H C O 2C H 3 
3

A considerable quantity of a 2:1 adduct (3) was 
formed, which, according to gas chromatography and 
19F nmr spectroscopy, contained two isomers in roughly 
equal amounts.

The orientation of the major 1:1 adduct (1) was

(1) J. F. Harris, Jr., J. Org. Chem., 32, 2063 (1967).

established by analysis of the 13C nmr pattern.2’3 The 
13C resonances of the hydrogen-bearing carbons along 
with the 13C-H  coupling constants are shown in Table I.

T a b l e  I
13C  N m r  Spec tru m  o f  M e t h y l  

a-(TRIFLUOROMETHYLTH!0)-/3-CHLOROPROPIONATE (N e a t )

s c f 3

c i c h 2c h c o 2c h 3

Carbon
Chemical

shift, Splitting J  (>*C-H),
atom ppm pattern Hz
c h 3 7 3 .4 Q uartet 149
C H 68 .2 D ou b le t 148
c h 2 6 3 .5 T rip let 158

Neither of the resonances for the carbons possibly 
containing the CF3S group showed any spin-spin 
coupling clearly attributable to the presence of this 
group, and thus no structure assignment could be made 
on that basis. However, since values of J (13C-H) for 
CH groups with chlorine substituents have been ob
served to be 150 Hz and higher,4 it is concluded that the 
CH group, with J (13C-H) of 148 Hz, cannot have the 
Cl, but must instead have the CF3S group as substitu
ent. This structure is consistent with the structures 
of the dehydrochlorination products from the 1 : 1  
adduct discussed below.

Structure 3 was assigned to the 2:1 adduct on the 
basis of a dehydrochlorination experiment (eq 2), which 
produced a single, unsaturated ester in 78.5% yield 
(distilled). On the basis of the 4H nmr and infrared 
spectra, 4  is the most likely structure for this product. 
The 4H nmr pattern contains two unsplit CH3 reso
nances, a CH2 resonance split to a doublet, each com-

(2) Neither the nor the 19F nmr pattern of the mixture of 1:1 adducts 
gave evidence sufficient for structure assignment.

(3) The author is indebted to Dr. G. S. Reddy of this laboratory for 
determination and interpretation of the 13C nmr pattern of the 1:1 adduct 
fraction.

(4) For example, see J. W. Emsley, J. Feeney, and L. H. Sutcliffe, “ High 
Resolution Nuclear Magnetic Resonance Spectroscopy,”  Vol. 1, Pergamon 
Press, New York, N. Y., 1965, p 195, Table 5.21.
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T able  II
'H  an d  1,F  N m k  S pe c t r a  o p  C F 3S-ACRYUC A cid  D e r iv a t iv e s

Compd

ch3o2c scf, 

ch2= c— ch,chco2ch3
4

-------------------- 1H, 5 (ppm) from the resonance of
= c h  c m  

6 .2 9  (2 )  J s-a  =  1 .2  H z 3 .7 3 ( 1 )  
5 -7 3  (2, 3 ) J h - h =  1 .2  H z 3 .7 7 ( 1 )

JH-H = 1 . 0  H z

(CHa^Si------------------
Other

2 .8 9  (C H 2, 2 b r) 
J h- h =  7 .8  H z 
4 .1 2  (C H , 3 )
J H—h =  7 .8  H z

-* 19F, S (ppm) from the 
19F resonance of ClaCF

- 4 1 . 2 ( 1 )

H. SCF,
/ C=C\  

ha co2ch3
5

6 . 86“ ( 4 ) / H- f =  0 .9  H z 
6 .3 2  (4 )  J h - f =  0 .8  H z 

<7h - h =  0

3 .8 1  (1 ) - 4 2 . 8  (2, 2 ) J  =  0 .8  H z

Hbn  ^SCF,

/ C=C\  
ha co2h 

6

7 .1 5  (1 b roa d ) 
6 .6 1  (1  b roa d ) 1 1 .8  (O H , 1 ) - 4 2 . 6 ( 3  ) /  =  < 1  H z

H SCF, 
/C = C %

H CN
9

6 .7 3  ( 5 ) / h- h =  ~ 0 . 7  H z 
6 .6 0

- 4 9 . 4  (2, 2 ) J =  0 .8  H z
J  =  0 .4 - 0 .5  H z

CF3S. X 02CHj 

IT V H

7 .1 7  (2  b roa d ) Ja-a  =  10 H z 
6 .1 0  (2, 4 ) / H- f =  1 H z

3 .7 6 ( 1 ) - 4 5 . 9  (2 , 2 )J  =  1 H z
J =  0 .4  f l z

11a

CFÄ H
/ C = %

H C0.,CH3 
lib

7 .5 3  ( 2 ) / H- h =  1 5 .6  H z 
6 .0 9  (2, 4 )  J h- f =  0 .7  H z

3 .7 1  ( 1 ) - 4 2 . 4 ( 2 ) /  =  0 .7  H z

CF,S CN
> = <

K  H
15a

7 .2 7  (2 )  J h - h =  1 0 .2  H z 
5 .7 6  (2, 4 ) / H- f =  1 .1  H z

- 4 2 . 1  (2 )  /  =  1 . 1  H z

CFjS / H  
C = C ^

K  CN

7 .3 6  (2 )  / h - h =  1 6 .1  H z 
5 .6 9  (2, 4 ) / H- f =  0 .6  H z

- 4 2 . 2  (2 )  J  =  0 .6  H z

15b

“ Analysis o f  th is spectrum  based on  th e spectra  o f  C F 3S C H = C H 2 (ref 1) and m eth y l a cry late  b y  th e m eth od  o f  E . U . M a tter, C. 
Pascual, E . P retsch , A . Pross, W . Sim on, and S. Sternhell [Tetrahedron, 25, 691 (1969)] suggests that th e low -field  resonance belongs 
to  th e proton  cis to  th e ca rb om eth ox y  group, i.e., H A.

H 3C O 2C  S C F 3
| | THF

C1CH2C H C H 2C H C 0 2C H 3 +  (C 2H 5)3N  — >- 
3

h 3c o 2c  s c f 3

CH2= i c H 2CHC02CH3 (2) 
4

ponent of which is rather broad, a CH resonance 
(doublet), and two vinyl proton resonances (Table II). 
These vinyl protons are mutually spin coupled (J =
1.2 Hz), and the high-field one is, in addition, split to 
triplets, thus indicating the proximity of, the CH2 
group. This pattern supports structure 4 and makes 
alternative structures in which the CH2 group is not 
adjacent to the double bond unlikely. The logical 
precursor to 4 is 3, whose two asymmetric centers ac
count for the two components indicated by gas chroma
tography and I9F nmr spectroscopy.

The orientation of the major 1:1 and 2:1 adducts just 
discussed suggests that the principal adding species in 
the radical-chain addition of CF3SC1 to methyl acrylate 
is the chlorine atom which adds to the CH2 carbon, the 
usual site of radical attack in methyl acrylate. The 
resulting radical apparently either chain transfers by 
attacking the sulfur atom of the sulfenyl chloride to 
give the major 1:1 adduct obtained, or else adds to 
another molecule of methyl acrylate to produce a radi
cal which leads by chain transfer to the 2:1 adduct.

The main steps assumed in this process are shown in 
eq 3-7.

hv
C F 3SC1 — 9- C F 3S- +  C l- (3 )

C l- +  C H ^ C H C O iC H s  — 9- C1CH 2C H C 0 2C H 3 (4 ) 

C1CH 2C H C 0 2C H 3 +  C F 3SC1 — 9-
c f 3s

C1CH 2C H C 0 2C H 3 +  C l- (5) 

C1CH 2C H C 0 2C H 3 +  C H 2 = C H C 0 2C H 3 — >
h 3c o 2c  c o 2c h 3

I I
C1CH 2C H C H 2C H - (6 )

h 3c o 2c  c o 2c h 3

c i c h 2c h c h 2c h - +  C F 3S C 1 — 9-
h 3c o 2c  c o 2c h 3

C1CH 2C H C H 2C H S C F 3 +  C l- (7 )

This reaction is wholly analogous to previously stud
ied examples of free-radical additions of CF3SC1 to 
unsymmetrical double bonds.5

Dehydrochlorination of the 1:1 adduct fraction was 
easily achieved by treatment with triethylamine in 
anhydrous ether, and methyl a-(trifluoromethylthio)- 
acrylate (5) was obtained in over 60% yield (eq 8). 
The proof of structure for 5 is based primarily upon 
spectral evidence. Thus the 'H nmr pattern (Table II)

(5) J. F. Harris, Jr., J. Amer. Chem. Soc., 84, 3148 (1962).
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c f 3s c f 3s

CICH2CHCO2CH3 +  (C2H5)3N CH2= C C 02CH3 (8) 
5

indicates two vinyl protons each spin coupled to the 
CF3 group by 8-9 Hz but apparently not coupled to one 
another, consistent with their being on the same carbon 
atom. This pattern is clearly different from those of 
the isomeric cis- and trans-methyl /3-(trifluoromethyl- 
thio)acrylates discussed later in this paper. Further 
support for structure 5 is seen in the infrared spectrum, 
which contains a = C H  stretch band at 3106 cm - 1  in 
the region consistent for a R 2C = C H 2 type structure.6 
The C = C  stretch band occurs at 1603 cm-1. After 
several days at room temperature, 5 polymerized to a 
solid polymer.

Treatment of the CF3SCl-methyl acrylate 1:1 adduct 
fraction with dilute aqueous HC1 at reflux also resulted 
in dehydrochlorination, giving a small amount of 5, 
a-(trifluoromethylthio)acrylic acid (6) (32%), and a 
high-boiling fraction containing (trifluoromethylthio)- 
hydroxypropionic acid (7) (eq 9). The vinyl proton

CF3S
HCl

C1CH2CH C0 2CH3 +  H20  •
c f 3s  c f 3s c f 3s

CH 2=CC02CH3 +  CH 2=CC03H +  HOCH2CHCO2H (9) 
5 6 7

portion of the *H nmr spectrum of the acid 6 (Table II) 
is similar to that of the ester 5 and indicates that the 
product is indeed the a-CF3S acid. On the basis of 
elemental analysis and the infrared spectrum, it was 
concluded that the high-boiling fraction is a CF3S- 
substitutcd hydroxypropionic acid. The infrared spec
trum contains a broad band in the 3330 cm - 1  region 
(OH), a broad band at 2632 cm - 1  (acid OH), bands at 
2967 and 2899 cm - 1  (saturated CH), and a carbonyl 
band at 1733 cm - 1  as well as bands in the 1110-1250 
cm - 1  region (CF). There was no indication of carbon- 
carbon unsaturation. The 19F nmr spectrum contains 
two resonances in a ratio of 80:15, thus indicating the 
presence of two CF3S-containing compounds in the 
fraction. The 85% peak is unsplit and is no help in 
structure assignment. The 15% peak is split to a 
triplet (J =  0.7 Hz), suggesting that the minor com
ponent is probably a-hydroxy-/3-(trifluoromethylthio)- 
propionic acid. The major component is thus pre
sumed to be /3-hydroxy-«-(trifluoromethylthio)pro- 
pionic acid (7), although admittedly other isomeric 
structures are possible.

It is not clear from the experiment just described 
whether the hydroxy acids arise from a substitution 
reaction on the saturated ester (or acid), or whether 
there is first a dehydrochlorination followed by addi
tion of the elements of water. Addition of water to 
the double bond was observed in an experiment in 
which the ester 5 was heated with dilute HCl giving the 
unsaturated acid 6 and the hydroxy acid 7 as major 
products. Another addition to the double bond oc
curred when the acid 6 was treated with excess mor
pholine. Although not proved, the structure of the 
product, isolated as the morpholine salt, was assumed 
to be 8.

(6) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,’’ 2nd
ed, Wiley, New York, N. Y., 1958, p 34.

cf3s

nch2chco2~ h2n 

8

Application of the traditional sequence for converting 
acids to nitriles gave very small amounts of a-(trifluoro- 
methylthio)acrylonitrile (9) (eq 10).

S C F 3 j. s o c i .  S C F 3
2. NH, |

C H 2 = C C 0 2H ----------C H 2 = C C N  (10 )
3. PAR g

Somewhat higher yields were obtained from a two- 
step process starting with acrylamide and CF3SC1 
(eq 11). The structure assigned to this nitrile (9) is

O
acetonitrile

C F 3SC1 +  c h 2= c h c n h 2 ---------------
s c f 3 s c f 3
I p:os |

[C1CH2C H C 0 N H 2] — >- C H 2= C C N  (11 )
9

based primarily upon the similarity of the vinyl proton 
portion of the *H nmr pattern to that of the other 
compounds in the a-CF3S series (Table II).

Another entry into the synthesis of a-CF3S-sub- 
stituted acrylonitrile derivatives is via Knoevenagel 
reactions of aldehydes and ketones with (trifluoro- 
methylthio) acetonitrile (10) (prepared according to eq
12). The reaction appears to be rather general, and
CFjSCl +  CH2= C = 0  — >

O
|| 1. NHi

CF3SCH2CC1--------> CF3SCH2CN (12)
2. PAR in

examples were carried out with aldehydes and ketones 
containing both aromatic and aliphatic substituents 
(eq 13) (Tables III-V ).7

SCF:t

R ( R ') C = 0  +  CF3SCH,CN —  R (R ')C = C %  (13)
CN

As with other Knoevenagel reactions, those examples 
with hydrocarbon aromatic aldehydes were most rapid 
and went in highest yield.8 In the reactions with 
aliphatic ketones and pentafluorobenzaldehyde,9 rela
tively large amounts of catalyst were used in order to 
achieve substantial reactions. In all cases, the ex
pected a-CF3S acrylonitrile was obtained as the major 
product, but sometimes minor yields of higher boiling, 
unidentified compounds were also noted (Table III). 
The elemental analyses and infrared, ‘H, and 19F nmr 
spectra from all of the major products were consistent 
with the assigned acrylonitrile structure (Tables IV and 
V). In those reactions with unsymmctrical carbonyl 
compounds, both the cis and trans isomers of the ex-

(7) Knoevenagel reactions involving sulfonyl-substituted acetonitriles 
and aryl- or alkylthioacetic acids and -acetamides as the active methylene 
component are well known, but the reactions reported in this paper are 
apparently the first employing an acetonitrile with a thiyl substituent: 
G. Jones, “ The Knoevenagel Reaction,”  in “ Organic Reactions,”  Vol. 15, 
Wiley, New York, N. Y., 1967.

(8) G. Jones, “ The Knoevenagel Reaction,”  in “ Organic Reactions,” 
Vol. 15, Wiiey, New York, N. Y., 1967.

(9) The lower reactivity of pentafluorobenzaldehyde compared with 
benzaldehyde in Knoevenagel reactions has been noted previously: N. G. 
Ivanova, V. A. Barkhash, and N. N. Vorozhtsov, J. Gen. Chem. USSR, 39, 
1317 (1969).
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T able  III
K n o e v e n a g e l  R e a c t io n s  o f  A l d e h y d e s  a n d  K e t o n e s  w it h  C F 3S C H 3C N

Aldehyde 
or ketone, 

g (mol)
CFiSCHíCN, 

g (mol)

Piper
idine,

ml
Benzene,

ml

Reflux
time,

hr

Product
(yield of distilled 

product, %)

c 6h 6c h o

1 6 .0 (0 .1 5 1 )
20

(0 .1 4 2 )
3 145 V*

-SCF,
C9H5CH— C-

XN
(83)

p-CICsBUCHO
2 0 (0 .1 4 2 )

20
(0 .1 4 2 )

3 145 i ‘ A
-SCF,

p-ClCiH ,C H =<'
CN

(6 8 )

C»FflC H O
1 7 (0 .0 8 6 6 )

10
(0 .0 7 0 7 )

5“ 70 72A
-SCF,

C*FÆH=C((
CN

(63)

n -C 3H 7C H O  
6 (0 .0 8 3 1 )

10
(0 .0 7 0 7 )

1 .5 70 2
-SCF,

C,H,CH=a
CN

(45)

C 6H 6C ( = 0 ) C H 3 
9 .1 (0 .0 7 5 7 )

10
(0 .0 7 0 7 )

5 .5 “ 70 251A
SCF,

CRsaCH ,)=C^
XN

(34)

C 2H 6C ( = 0 ) C 2H 5 
10 (0 .1 1 6 )

10
(0 .0 7 0 7 )

5 .0 “ 70 22 V 2
/SCF, 

(C,H,),C —C
XN

(34)
0

A
1 0 (0 .1 1 9 )

10
(0 .0 7 0 7 )

1 .5 70 21 "A D -C
(41)

Comments

T h e i#F  nm r spectrum  o f  crude p rod u ct indi
cated tw o isom ers in  a ratio  o f  9 0 .1 :8 .6 .

T h e **F nm r spectrum  o f  the distilled p rod u ct 
indicated tw o  isom ers in  a ra tio  o f  7 9 :21 .

G c b efore  distillation  show ed 8 3 .9 %  expected 
p rod u ct (tw o  isom ers — ratio 7 1 :2 9 )  and 
1 6 .1%  o f  h igher retention  tim e m aterials.

G c  b efore  distillation  indicated tw o isom ers in 
a ratio  o f  4 1 :5 9 .

G c  b efore  distillation  show ed 7 6 .8 %  expected  
p rod u ct plus tw o  other m aterials.

G c  b e fore  d istillation  show ed 9 1 %  exp ected  
p rod u ct p lu s 9 %  o f  an unknow n m ateria l at 
longer retention  tim e.

“ A dd ition  o f an in itial 1.5 m l o f  piperidine resulted in  th e separation  o f  v ery  little  w ater after 1 hr or  m ore o f reflux. A dd ition a l 
piperidine was added, usually in 1.5-m l increm ents, until th e tota ls show n were obtained.

T a b l e  IV
P ro d u cts  from  K n o e v e n a g e l  R e a c t io n s  o f  C F 3S C H 2C N

Hydrogen, Nitrogen,

Structure
Registry

no.
Bp,

°C (mm)
Molecular
formula

Carb<
Caled

on, %—̂  
Found

/------% ------ > <■—Fluoi
Caled Found Caled

•ine, % -  
Found

— % — . 
Caled Found

r--Sulf
Caled

ur, % - -  
Found

-SCF,
CftCH—C-

XN
7437-06-0 69 (0.15) CioHeFsNS 24.9 25.1 14.0 13.6

-SCF,
pClC.H.CH— C

CN
7437-05-9 102(0.4)

108(0.5)
CioHsCIFaNS 5.3 5.7 12.2 12.4

-SCF,
OFíCH— GT

CN
34033-90-4 67-71 (0.1) CmHFsNS 37.6 38.2

38.0
0 . 3 0.7

0.5
47.6 47.0

47.4
10.0 10.3

10.1
/SCF, 

u-CR7CH = c
XN

34033-91-3 69-80 (16) C7HsFjNS 43.1 43.3
43.1

4 . 1 4.3
4.3

29.2 29.1
29.1

16.4 16.8
16.8

SCF,
C f t d C H M

XN
34033-92-6 81 (0.2) 

94(0.45)
CuHsFjNS 54.3 54.3

54.1
3 . 3 3.7

3.8
23.4 23.5

23.3

-SCF,
(C,H5) ,C = < '

XN
34033-93-7 61(1.75) CsHioFsNS 46.0 45.8

45.5
4 . 8 4.9

4.7
15.3 15.6

15.7

O ' C 8®'— '  CN
4033-94-8 40(0.025) CsHsFiNS 46.4 46.4

46.5
3 . 9 4.2

4.0
27.5 26.8

27.0

pected products were detected by gas chromatography 
and the nmr spectra, but in no case could a specific 
assignment be made on the basis of the spectra ob
tained. The proportion of the two isomers varied from 
91:9 with benzaldehyde to 41:59 with acetophenone.

/3-CF3S-S u bstitu ted  Acrylic A cid  Derivatives.—A 
route to j3-CF3S acrylic acid derivatives was provided 
by the uv-catalyzed addition of CF3SH to methyl 
propiolate, which yielded methyl ^-(trifluoromethyl- 
thio)acrylate (11) in over 50% yield (eq 14). This 
process gave both the cis and trans isomers (ratio 
77.5:22.5), which were isolated by preparative-scale

C F 3S H  +  H C = C C 0 2C H 3 C F 3S C H = C H C 0 2C H 3 (14 )
11

gas chromatography. Structures were assigned on the 
basis of the lH nmr spectra, each of which contained in 
addition to a CH3 resonance two coupled vinyl proton 
resonances: J -  10 (77.5% isomer) and 15.6 Hz 
(22.5% isomer). Since trans H -H  coupling is almost 
always greater than cis H -H  coupling10 in such struc-

(10) J. A. Pople, W. G. Schneider, and H. J. Bernstein, “ High-Resolution 
Nuclear Magnetic Resonance,”  McGraw-Hill, New York, N. Y., 1959, p 
238.
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T able  V
S pe c tr a l  C h a r a c t e r iza t io n  o f  P rodu cts  from  K n o e v e n a g e l  R e a c t io n s  o f  C F 3S C H 2C N

Compd

/SCF,
c6h5ch= c

XN

/SCF3
C6F5C H = a

CN

/SCF3
n-C3H7CH=C

CN

Infrared, cm 1
1592, 1570, 1531, 1499 (C = C ) 
3058 and 3096 (= C H )
2222 ( -C = N )
1105 and 762 (-SCFs)
688 and 742 (monosubstituted 

aromatic)

1658, 1600, 1524, 1504 (C = C ) 
3058 (= C H )
2257 ( -C = N )
762 (-SCFs)
Strong absorption at 1100 

region (-CF)

*H nmr (ppm from TMSI) 
Complicated pattern in vinyl and aro

matic proton region at 7.4-8.0

19F nmr 
(ppm from 19F 

resonance of ClsCF) 
2CF3’s

Major —43.2 (1)
Minor -4 1 .3  (1)

Single resonance in vinyl region at 7.67 2CFs’s
(4, broad), J =  1.2 Hz Major —42.4 (1)

Minor —40.9 (3) J =  3 Hz 
Three groups of aromatic CF 

centered at —138.0,
-1 4 8 .6 , -1 6 1 .0

Overlapping CHa’s at 2.58 and 1.63 
Overlapping CHa’s at 1.0 
2 vinyl H’s

major, 7.18 (3) J =  7 .8 Hz 
minor, 7.28 (3) J  =  7.6 Hz

2CFs’s 
Major -4 3 .8  (1) 
Minor -4 2 .2  (1)

SCF:)
C6H5C(CH3)==C^

XN

.SCF:1
(C2H5),C = C

CN

1592, 1570, 1497 (C = C )
2967, 2874 (-CH)
8086 (= C H )
706 (monosubstituted aromatic) 
2227 (-C = N )
1374 (—CCHa)
1101, 765 (-SCFs)

Aromatic protons at 7 .0 -7 .6
Two CHs’s at ca. 2.58 separated by 2 Hz
Both unsplit, but smaller one is broad

2CFa’s
Major -4 2 .5  (4) J  = 0 .5 Hz 
Minor -4 2 .4  (1)

1590 (C = C )
3003, 2976, 2907 (-CH) 
2232 (-C = N )
1110, 762 (-SCFa)

At 220 Mcps two triplets (CHs's) at 
1.12 and 1.22 (J =  7 .5 Hz)

Two superimposed quadruplets (CH^s) 
at 2.65 J =  7.5 Hz

CFa
-4 3 .1  (1)

/SCF3
ĈN

1616 (C = C )
2994, 2907 (-CH) 
2227 (~ C = N ) 
1107, 762 (-SCFs)

Two multisplit CH2 resonances at 1.90 
and 2.78

CFs
-4 2 .9  (1)

tures, it is concluded that the more prevalent isomer 
obtained in this reaction is methyl-ci's-fl- (ti i fluoro- 
methylthio)acrylate (11a). Support for this assign-

cf3s  / co2c h :!

) C=Cs
H H

11a

CF.jS H

N
CO,CH:,

Ub

ment is seen in the infrared spectrum of the trans isomer, 
which contains a band at 949 cm-1, a frequency consis
tent with the C-H  out-of-plane bending frequency often 
observed in trans-disubstituted olefins.11 The pre
dominance of the cis adduct is consistent with several 
previously studied free-radical additions of thiols to 
acetylenes.12

From the ester mixture (11a and l i b )  were obtained 
the acid 12, acid chloride 13, amide 14, and the corre
sponding nitrile 15 by conventional procedures (eq 15).

HCl SOCl;
c f 3s c h = c h c o 2c h 3 — ^  c f 3s c h = c h c o 2h  — >

11 H2°  12
NHi

C F 3S C H = C H C O C l — >- 
13

P205
C F 3S C H = C H C O N H 2 — C F 3S C H = C H C N  (15) 

14 15

(11) C. N. R. Rao, “ Chemical Application of Infrared Spectroscopy,” 
Academic Press, New York, N. Y., 1963, p 152, 153.

(12) The cis adduct arises from a two-step, overall trans addition, and
this appears to be the preferred stereochemistry of radical thiol additions 
to acetylenes: O. Simamura, “ The Stereochemistry of Cyclohexyl and
Vinylic Radicals,”  in “ Topics in Stereochemistry,”  Voi. 4, E. L. Eliel and 
N. L. Allinger, Ed., Wiley, New York, N. Y., 1969, pp 23-25.

The nitrile mixture contained two isomers (ratio 
72:28), and the nmr patterns (Table I I )  show that, 
as in the case of the esters, the cis isomer (15a) pre
dominates.

CF3S CN

/ C=CN 
H H

15a

CF3s  h

Nc = c
HX  X CN

15b

Experim ental Section

R eaction  o f  T riflu orom ethan esu lfenyl Chloride w ith  M ethyl 
A cry late.— In to  a quartz tube (12 X  1.5 in .)  fitted  w ith  a d rop 
ping funnel, a gas in let tu be, a m agnetic stirrer, and a D ry  Ice  
condenser, was added 92 g (0.673 m ol) o f  liqu id  C F 3SC1.13 
Fresh ly distilled m ethy l a crylate (7  m l) w as add ed , and the 
m ixture w as irradiated w ith  a low -pressure m ercury  resonance 
lam p for 0 .5 hr. T h is  procedure w as repeated fou r tim es, i.e., 
until a to ta l o f 35 m l (0.388 m o l) o f  m eth y l a cry late  had been 
added . A fter th e last add ition , the m ixture w as irradiated for 
1 hr. T h e  excess C F 3SC1 w as distilled off, and then th e residue 
w as fraction ated  through  a sm all sp inning-band still. T h ere 
w as ob ta in ed  40  g  (4 6 % ) o f  a 1 :1  a d d u ct fraction  distilling at 
6 6 -7 2 °  (25 m m ), n25o  1.4152, and 11.83 g  (1 9 % )  o f  a 2 :1  a d d u ct 
fraction  distilling a t 7 0 -7 2 °  (0 .20  m m ), n 25n 1.4385. 1SF  nm r 
spectra indicated th at each fraction  contained tw o m a jor  com 
pon ents in ratios o f  9 0 :1 0  (1 :1  add uct fra ction ) and  5 5 :4 5  
(2 :1  ad d u ct fra ction ).

Anal. C a lcd  for  1 :1  ad d u ct C sH eC lF /h S : C , 2 7 .0 ; II , 
2 .7 ; S, 14.4. F ou n d : C , 2 7 .6 ; H , 3 .1 ; S, 14.2. C a lcd  fo r  2 :1  
ad d u ct C 9H ,2C IF30 ,S :  C , 35 .0 ; H , 3 .9 ; S , 10.4. F ou n d : C , 
3 5 .2 ; H , 4 .2 ; S, 10.6.

D eh ydroch lorin ation  o f the 2 :1  M eth y l A cry la te -C F 3SC1

(13) CFaSCl (bp 0°) is highly toxic and should be handled only in an 
efficient hood.



Adduct.— A  m ixture o f 30 g  (0 .0970 m o l) o f  th e 2 :1  m eth y l acry - 
la te -C F 3SC l ad d u ct, 10 g  (0.0987 m o l) o f  trieth ylam in e, and 
100 m l o f  tetrahydrofuran  w as refluxed fo r  a period  o f  20 hr. A  
gas ch rom atogram  in d icated  th a t a  v ery  sm all am ou n t o f start
ing m aterial rem ained and th a t essentially a single p rod u ct was 
present. T h e  m ixture w as filtered and th e triethylam ine h yd ro
ch loride w as rinsed and dried on  th e filter, y ie ld  12.03 g (9 0 % ). 
D istillation  o f  the filtrate th rou gh  a sm all V igreux still y ie lded  
20.78 g  (7 8 .4 % ) o f  d im eth y l « -m eth y len e -a '-(tr iflu orom eth y l- 
th io)g lu tarate  distilling a t 52 ° (0 .10  m m ), re26d 1.4301 ( > 9 7 %  
pure b y  gas ch rom a togra p h y).

Anal. C a lcd  fo r  C 9H nF 30 4S : C , 3 9 .7 ; H , 4 .1 ; F , 20 .9 . 
F ou n d : C , 3 9 .9 ; H , 4 .1 ; F , 2 1 .6 , 21 .3 .

T h e  infrared spectrum  contains bands a t 2994, 2959, and 2849 
(saturated C H ), 1742 and 1721 ( > C = 0 ) ,  1656 ( - C = C - ) ,  ca. 
1110 (b roa d ) (C F ) , 756 ( -S C F 3), and 954 c m “ 1 (C H 2= C < ) .  
T h e  1H  and 19F  nm r spectra  are tabu la ted  in T a b le  I I .

Reaction of Methyl «-(Trifluoromethylthio )-0-chloropropionate 
with Triethylamine. Preparation of Methyl «-(Trifluoromethyl- 
thio)acrylate.— T o  a solu tion  o f  10 g  (0 .045  m o l) o f  the 1 :1  
m ethy l a cry la te -C F 3SC l ad d u ct fra ction  in 75 m l o f anhydrous 
ether w as added 6 .2  m l o f  trieth ylam in e. A fter the resulting 
m ixture w as stirred for 0 .5  h r, it  w as filtered and the solid was 
rinsed on the filter w ith  anhydrous eth er. D istillation  o f the 
ether solution  th rou gh  a sm all V igreux still y ie lded  6 .0  g . 
(7 2 % ) o f m eth y l «-(tr iflu orom eth y lth io  (acry late  as a colorless 
liqu id distilling at 5 8 -6 0 °  (42 m m ), n 26d 1 .4067.

Anal. C a lcd  fo r  C s H jF A S :  C , 3 2 .3 ; H , 2 .7 ; F , 30 .6 . 
F ou n d : C , 3 2 .7 ; H , 2 .8 ; F , 3 0 .3 .

Hydrolysis of Methyl a - (Trifluoromethylthio)-/3-chloropropi- 
onate.— A  m ixture o f  45 g (0.202 m ol) o f  the 1 :1  m eth y l a cry la te - 
C F 3SC1 add u ct, 60 m l o f  con centrated  HC1, and 300 m l o f  dis
tilled w ater was refluxed fo r  15 hr. T h e  m ixture was coo led  in 
an ice -w a ter  ba th , and the organ ic layer w as separated. F o l
low ing three extractions o f  the aqueous layer w ith  100 m l o f 
ether, the extracts and th e organ ic layer w ere com bin ed , dried 
over anhydrous m agnesium  sulfa te, and distilled th rou gh  a sm all 
spinning-band still. A fter  a fraction  contain ing som e m eth y l « -  
(triflu orom eth ylth io)acry late  w as ob ta in ed , 11.04 g  (3 2 % ) o f 
colorless a -(tr iflu orom eth y lth io )a cry lic  acid  distilled a t 6 8 -  
72 ° (2 .00  m m ), n 25D 1 .4213 -1 .4240 .

Anal. C a lcd  for  C 4H 3F 30 2S : F , 3 3 .1 ; S , 18.6. F ou n d : 
F , 3 3 .2 ; S , 17.7.

In  add ition  there w as ob ta in ed  7.62  g  (2 0 % )  o f a v iscou s frac
tion  distilling a t 9 7 .5 -9 9 °  (0 .025  m m ) w hich  con ta in ed  isom ers 
o f  (tr iflu orom eth y lth io )h ydrox yprop ion ic  a cid . A  19F  nm r indi
cated  the presence o f  tw o  C F 3S-conta in ing m aterials in a ratio 
o f  8 5 :1 5 .

Anal. C a lcd  fo r  C 4H 5F 30 3S : C , 2 5 .2 ; H , 2 .6 ; F , 30 .0 . 
F ou n d : C , 25 .8 , 2 5 .9 ; H , 2 .7 , 2 .6 ; F , 3 0 .7 , 30 .7 .

Hydrolysis of Methyl a-(Trifluoromethylthio)acrylate.— A  
m ixture o f 11.86 g (0 .0636 m ol) o f  m eth y l « -(tr iflu orom eth y l- 
th io )a cry la te , 100 m l o f distilled w ater, and 23 m l o f concen 
trated  HC1 w as refluxed fo r  a period  o f 15 hr. T h e  m ixture was 
coo led , th e organ ic layer was separated, and the aqueous layer 
w as extracted  tw ice w ith  50 m l o f  eth er. T h e  com bined  
extracts and organ ic layer were dried over anhydrous 
m agnesium  sulfate and distilled through  a sm all V igreux 
still. T h ere w as ob ta in ed  3.62  g (3 3 % )  o f «-(tr iflu orom eth y l- 
th io )a cry lic  acid  as a colorless liqu id  distilling a t 6 4 -6 9 °  (1 .0  
m m ), n 25D 1.4207, and 3 .90  g  (3 2 % )  o f (triflu orom ethylth io  }- 
h y d rox y p rop ion ic  a cid (s ) as a  v iscou s, colorless liqu id  distilling 
a t  102° (0 .7  m m ), n 2SD 1.4284.

Reaction of «-(Trifluoromethylthio (acrylic Acid with Mor
pholine.— T o  a stirred solu tion  o f  2 .0  g  (0.01163 m ol) o f  « -  
(triflu orom eth y lth io )acry lic  acid  in  20 m l o f anhydrous ether 
was s low ly  added  2.20  g  (0.0252 m o l) o f  m orph oline in 10 m l o f 
ether. A fter th e  m ixture had s tood  for  1 hr, it  was filtered to  re
m ov e  the p rod u ct presum ed to  be m orph olin iu m  /3-V -m or- 
ph olin o-a -(tr iflu orom eth y lth io (p rop ion a te , y ie ld  3 .07  (7 6 % ), m p 
9 5 ° .

Anal. C a lcd  fo r  C 12H 2IF 3N 20 4S : C , 4 1 .6 ; H , 6 .1 ; F , 16.4; 
S , 9 .3 . F ou n d : C , 4 1 .5 ; H , 5 .8 ; F , 16 .7 ; S, 9 .4 .

Conversion of a- (Trifluoromethylthio (acrylic Acid to «- 
(Trifluoromethylthio(acrylonitrile.— A  m ixtu re o f 9 .0  g (0.0756 
m ol) o f  th ion yl ch loride and 11.09 g (0 .0644 m o l) o f  « -(tr iflu oro 
m ethylth io )acrylic acid  w as stirred at room  tem perature for
1.5 hr and then  a t gentle reflux fo r  6 .5  hr. D istillation  through  
a sm all spinning-band still gave 4 .48  g  (3 6 % )  o f « - (trifluoro
m ethy lth io  )acry ly l ch loride distilling at 5 0 -5 2 °  (40 m m ).

(T rifluoromethylthio)acrylic A cid D erivatives

A n hydrous am m onia w as passed th rou gh  3.56 g  (0.019 m ol) 
o f  this acid  ch loride in 30 m l o f  a nhydrous ether until there w as no 
further precip itation . T h e  m ixture w as filtered , the residue 
w as rinsed w ith  eth er, and th e filtrate and  rinsings were com 
bined  and evaporated  to  dryness. T h e  resulting g u m m y  residue 
w as m ixed w ith  several gram s o f  a nhydrous phosphorus pen tox ide 
and placed  in a flask heated  b y  an oil b a th  and con nected  through 
tw o a ce to n e -D ry  Ice  coo led  traps to  the w ater p u m p . T h e  
system  was evacu ated , and th e o il b a th  was h eated to  160° dur
ing 3 .5  hr and m aintained a t 150 -1 6 0 ° fo r  5 hr. T h ere col
lected  in the receiver 0.25 g  o f  colorless liqu id , re26d 1.3990. 
T h e  in frared spectrum  con ta in ed  bands a t 3125 and 3021 ( = C H ) ,  
2232 (con ju gated  C = N ) ,  1600 (con ju gated  C = C ) ,  and 758 
c m -1 (C F 3S ).

Preparation of «-(Trifluoromethylthio(acrylonitrile from CF3- 
SC1 and Acrylamide.— T rifluorom ethanesulfenyl ch loride was 
passed in to  a stirred solu tion  o f  100 g  (1.41 m o l) o f  acrylam ide 
in 500 m l o f  aceton itrile  until 272 g  (1.99 m ol) o f  C F 3SC1 had 
been absorbed . T h e  resulting m ixture w as a llow ed  to  stir 
for  a short tim e, and then  the excess reactants w ere rem oved  
in vacuo on  the oil pu m p . T h e  liqu id  residue (267 g )  w as m ixed 
as w ell as possible w ith  430 g o f  phosphorus pen tox id e  in a 2-1. 
flask fitted  w ith  an oil ba th  and a short-path  stillhead w hose re
ceiver was connected  to  a w ater aspirator through tw o D ry  I c e -  
aceton e cooled  traps. T h e  flask w as also fitted  w ith  a paddle 
stirrer w hich  was m anipulated b y  hand to  per iod ica lly  m ix the 
com pon ents as w ell as possib le. T h e  system  w as evacu ated  and 
th e oil bath  w as w arm ed slow ly  to  150°. M ater ia l began to  dis
till a t ca. 100°. T h e  oil ba th  was m aintained a t 150 -1 8 0 ° for 
3 hr, w hereupon the system  w as evacu ated  w ith  an oil p u m p  for 
an add ition a l few  m inutes. D istillation  o f  the com bined  
d istillate and trap contents through  a sm all sp inning-band still 
gave 10.97 g o f a fra ction  boilin g  at 4 4 -7 3 °  (43 m m ), n 24D 
1.3999. C areful red istillation  o f  this fra ction  y ie ld ed  pu re « -  
(triflu orom ethylth io(acry lon itrile  distilling a t 44 ° (37 m m ), 
n 25D 1.3977.

Anal. C a lcd  fo r  C 4H 2F 3N S : F , 3 7 .2 ; N , 9 .1 ; S , 20 .9 . 
F ou n d : F , 37 .3 ; N , 9 .3 ; S , 21 .1 .

Preparation of (Trifluoromethylthio(acetonitrile. A. Prep
aration of (Trifluoromethylthio(acetyl Chloride.— In to  a solution  
o f  35 g (0.256 m ol) o f  C F 3SC1 in  200 m l o f anhydrous ether con 
tained in  a flask fitted  w ith  a m agnetic stirrer, an a ce to n e -D ry  
Ice  filled reflux condenser, and a gas add ition  tu be , w as passed 
ketene until th e characteristic ye llow  co lor o f the sulfenyl 
ch loride w as gon e. A fter the m ixture had s tood  fo r  18 hr, it 
w as distilled through  a sm all spinning-band still. T h ere was 
thus obta in ed  31 .20  g  (6 8 % ) o f  (tr iflu orom eth y lth io (acety l 
ch loride distilling at 56° (90 m m ), n 25D 1 .4 040 -1 .4083 .

Anal. C a lcd  fo r  C 3H 2C1F30 S : F , 3 1 .9 ; S , 18.0. F ou n d : 
F , 3 0 .7 ; S, 17.5.

B. Preparation of (Trifluoromethylthio )acetamide.— A m 
m on ia  w as passed through  a stirred and coo led  solu tion  o f  25 g 
(0 .140 m ol) o f  (triflu orom eth ylth io )acety l ch loride in 200 m l 
o f  anhydrous ether until there w as no further reaction . T h e  
m ixture w as w arm ed to  room  tem perature and then  filtered. 
U pon  evaporation  o f  th e filtrate in vacuo, there w as ob ta in ed  a 
liqu id  residue w hich  crystallized w hen  pen tan e w as a dd ed , y ield
21.05  g  (9 4 % ), m p  8 4 .5 -8 6 .5 ° . A fter  on e  recrystallization  
from  benzene, (triflu orom ethylth io(acetam ide w as ob ta in ed  as 
colorless p lates m elting a t 8 8 -8 9 ° .

Anal. C a lcd  for C 3H 4F 3N O S : C , 2 2 .6 ; H , 2 .5 ; S , 20 .1 . 
F ou n d : C , 2 2 .8 ; H , 2 .6 ; S, 20 .3 .

C. Dehydration of (Trifluoromethylthio)acetamide.— A  m ix
ture o f  10 g (0.0628 m ol) o f  (triflu orom eth ylth io)acetam ide and 
10 g  (0.0705 m ol) o f  anhydrous P 20 5 w as shaken in a flask until 
th orou gh ly  m ixed. T h e  flask w as then  fitted  w ith  a sm all still 
w hose receiver w as con n ected  th rou gh  an a ce to n e -D ry  Ice  
coo led  trap  to  a w ater aspirator. T h e  system  w as evacu ated  
and then  th e flask w as heated w ith  an oil b a th  at 160° for a t least 
0 .5  h ou r. U pon  distillation  o f th e com bin ed  receiver and trap 
contents through  a sm all spinning-band still, there w as ob ta in ed
5 .8  g  (6 5 % )  o f (triflu orom ethylth io)aceton itrile  as a colorless 
liqu id  distilling a t 59 ° (34 m m ), n 25D 1.3831.

Anal. C a lcd  for C 3H 2F 3N S : C , 2 5 .7 ; H , 1 .4 ; N , 9 .9 ; S, 
22 .7 . F ou n d : C , 26 .2 ; H , 1 .6; N , 10 .2 ; S , 23.6.

Reaction of Carbonyl Compounds with (Trifluoromethylthio)- 
acetonitrile.— A ll o f  these reactions w ere carried ou t in a b ou t 
th e sam e m anner. T h e  reaction  w ith  benza ldeh yde is described 
below  in detail. T h e  results o f  th e oth er experim ents are given  
in T ables I I I ,  IV , and V .
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A  m ixture o f  16 g  (0.151 m o l) o f  benza ldeh yde, 20 g (0.142 
m o l) o f  (triflu orom ethylth io)aceton itrile , 3 m l o f  p iperidine, 
and 145 m l o f  benzene w as refluxed in  an apparatus fitted  w ith  a 
w ater separator. A fter 0 .5  hr o f  refluxing, the separation  o f 
w ater had stop p ed . T h e  reaction  m ixture w as extracted  tw ice 
w ith  50 m l o f  w ater, tw ice  w ith  50 m l o f 3 %  aqueous hydro
ch loric a cid , and on ce w ith  50 m l o f saturated aqueous sodium  
b icarbon ate  so lu tion . A fter  being dried over anhydrous m a g
nesium  su lfa te , the m ixture was distilled. T h ere w as thus o b 
tained 23 .06  g  (8 3 % )  o f  0 -phen yl-a :-(triflu orom ethy lth io)acry lo- 
nitrile as a  colorless liqu id  distilling a t 69 ° (0 .15  m m ), n “ i) 
1 .5509.

Anal. C a lcd  fo r  C wH 6F 3N S : F , 2 4 .9 ; S , 14.0. F ou n d : F , 
2 5 .1 ; S , 13.6.

A  19F  nmr spectrum  on  a sim ilar m ixture after the distillation  
o f  the benzene, b u t before  th e distillation  o f the p rod u ct, show ed 
tw o m a jor fluorine-containing com pon ents w hich  are presum ably  
th e cis and trans isom ers in a ratio o f  9 0 .1 :8 .6 . D istillation  
through  a spinning-band still gave a fraction  w hich  w as 9 8 %  
one isom er.

Addition of Trifluoromethanethiol to Methyl Propiolate.—
A  m ixture o f  42 g (0 .50  m ol) o f  m ethy l p rop iolate  and 62 g (0.607 
m ol) o f  trifluorom ethaneth iol contained in a quartz tu be (12 X
1.5 in .)  fitted  w ith  a D ry  Ice  condenser was irradiated w ith  a 
spiral-shaped, low -pressure m ercury  resonance lam p for 46.25 
hr. A fter the excess volatiles had been allow ed to  evaporate , 
the reaction  m ixture w as distilled through  a sm all spinning-band 
still. T h ere was obta in ed  14.09 g o f recovered m eth y l p rop iolate  
and 35 .25  g  (5 7 % ) o f  a 1 :1  ad d u ct fraction  distilling a t 62 ° (95 
m m ) and 46° (13 m m ). T h ere rem ained 20.12 g o f  v iscous resi
due.

Anal. C a lcd  fo r  C 5H 5F ,0 2S : C , 3 2 .3 ; H , 2 .7 ; F , 30 .6 . 
F ou n d : C , 3 2 .8 ; H , 3 .0 ; F , 31 .6 .

A  gas ch rom atogram  in dicated  the presence o f  b o th  the cis 
and trans isom ers in a ratio  o f  77.5  ( c is ) :22 .5  (tran s). Pure 
sam ples o f  each  were ob ta in ed  b y  preparative-scale gas chro
m atograph y w ith  a 12 f t  X  0.75  in . colum n packed  w ith  2 0 %  
“ D ig ly cer id e”  on C h rom asorb  at 125°.

Methyl cis-/3-(trifluoromethylthio)acrylate had b p  56° (20 
m m ), n 24n 1.4246.

Anal. C a lcd  fo r  C 5H 5F 30 2S : C , 3 2 .3 ; H , 2 .7 ; F , 3 0 .6 ; S , 
17.2. F ou n d : C , 32 .7 ; H , 2 .5 ; F , 3 0 .6 ; S, 17.3.

Methyl trans /3-(trifluoromethylthio)acrylate (n o t d istilled) 
h ad  n 24n 1.4211.

T h e  *H and ,9F  nm r spectra  o f  these isom ers are tabu lated  in 
T a b le  I I .

Hydrolysis of Methyl /3-(Trifluoromethylthio)acrylate (Cis 
and Trans Isomers).— A  m ixture o f 62 g (0.335 m ol) o f 
m ethyl 3 -(triflu orom eth ylth io )acry la te , 1 1. o f  distilled w ater, 
and 250 m l o f con centrated  HC1 w as refluxed fo r  18.5 hr. A fter 
being cooled  to  room  tem perature, the m ixture w as extracted  
three tim es w ith  200 m l o f ether. T h e  extracts were dried over 
anhydrous m agnesium  sulfate and distilled th rou gh  a sm all 
V igreux still. T h ere w as ob ta in ed  5.80  g  o f recovered m eth y l 
^ -(triflu orom eth ylth io )acry la te  and 45 .15  g (8 7 % ) o f /3-(tri- 
flu orom eth ylth io )acry lic  acid  as a colorless liqu id  distilling at 
9 3 -9 6 °  (13 m m ).

Anal. C a lcd  fo r  C 4H 3F 30 2S : C , 2 7 .9 ; H , 1 .8 ; F , 33 .1 . 
F ou n d : C , 28 .1 ; H , 1 .7 ; F , 3 2 .3 .

Conversion of 5 -(Trifluoromethylthio )acrylic A cid  to ¡3- 
(Trifiuoromethylthio)acrylonitrile. A. Preparation of (¡-(Tri- 
fluoromethylthio)acrylyl Chloride.— A  m ixture o f  100.7 g 
(0.5S3 m ol) o f  /3 -(tr iflu orom eth ylth io)acrylic acid  and 60 m l of 
th ion yl ch loride was stirred fo r  16 hr and then gen tly  refluxed for  
4 hr. U pon  distillation  o f  the reaction  m ixture through  a sm all 
sp inning-band still there w as obta in ed  73 g  (6 5 .5 % ) o f  /3-(tri- 
flu orom eth y lth io )acry ly l ch loride distilling at 4 8 ° (29 m m ), 
k 2Sd  1.4553. T h ere w as also recovered  1 6 .5 %  o f /3-(trifluoro- 
m eth y lth io )a cry lic  acid .

B. Preparation of /3-(Trifluoromethylthio)acrylamide.— A m 
m onia  w as passed through  an ice -coo led  solu tion  o f  11.6 g 
(0.0746 m ol) o f  /3 -(trifluorom ethylth io)acrylyl ch loride in  100 
m l o f  anhydrous ether until there w as n o m ore precip ita tion . 
T h e  reaction  m ixture w as filtered , the solid  w as rinsed on  the 
filter w ith  ether, and the filtrate and rinsings were eva p orated  to  
dryness. T h ere was ob ta in ed  9 .88  g  (9 4 % )  o f  crude /3-(tri- 
fluorom eth ylth io)acry lam ide m elting a t 9 5 -9 8 ° . A fter  recrysta l
lization  from  benzene (11 m l /g ) ,  the p rod u ct w as ob ta in ed  as 
fine w hite  needles m elting a t 1 0 2 -1 0 2 .5 ° .

Anal. C a lcd  fo r  C 4H 4F 3N O S : F , 3 3 .3 ; N , 8 .2 ; S , 18 .7 . 
F ou n d : F , 3 4 .1 ; N , 8 .0 ; S, 17.6.

C. Dehydration of (i- (Trifluoromethylthio (acrylamide.—A 
m ixture o f  8 .85  g  (0.0577 m ol) o f  finely grou nd (¡-(trifluororneth- 
y lth io )acry lam id e  and 25 g  (0.176 m o l) o f  anh ydrous P 20 5 w as 
p laced  in a sm all, rou n d -bottom ed  flask fitted  w ith  an oil b a th  
and a sm all still head w hose receiver w as con nected  th rou gh  an 
a ce to n e -D ry  Ice  cooled  trap to  a w ater asp irator. T h e  system  
was evacu ated , and during 2 .5  hr the oil ba th  w as h eated  to  
175°. D uring this tim e, 6.76 g  o f  d istillate co llected  in  th e re
ceiver. D istillation  o f this m aterial through  a sm all spinning- 
band still yielded 5.29 g (6 7 % ) o f /3 -(tr iflu orom eth ylth io)acry lon i- 
trile d istilling a t 62° (48 m m ), n2Sd 1.4203.

Anal. C a lcd  for C 4H 2F 3N S ; F , 3 7 .2 ; N , 9 .1 ; S , 2 0 .9 . 
F ou n d : F , 3 6 .8 ; N , 9 .4 ; S , 21 .4 .

T h e  infrared spectrum  is consistent w ith  a m ixture o f  th e cis 
and trans isom ers o f /3 -(tr iflu orom eth ylth io)acry lon itrile : ir 
3067 ( = C H ) ,  2217 ( - C = X ) ,  1577 ( C = C ) ,  1111 (C F ) ,  756 
( -S C F 3), 950  (trans C H = C H ) ,  711 c m “ ' (cis C H = C H ) .  A  
gas ch rom atogram  show ed the presence o f tw o  isom ers in  a  ratio  
o f 70 .5  (c is ) :2 9 .5  (tran s). Sam ples o f  each w ere separated w ith  
a 12 f t  X  0.75  in . colum n packed  w ith  2 0 %  “ D ig ly cer id e ”  on  
C h rom osorb  a t 100°.

cis-/3-(Trifluoromethylthio)acrylonitrile had bp 62° (45 mm), 
ti24d  1.4158.

Anal. C a lcd  fo r  C 4H 2F 3N S : F , 3 7 .2 ; N , 9 .1 ; S , 2 0 .9 . 
F ou n d : F , 3 7 .2 ; N , 9 .3 ; S , 20 .6 .

iraras-/3-(Trifluoromethylthio)acrylonitiile had bp 64° (45
mm), ra24D 1.4242.

T h e  'H  and 19F  nm r resonances o f these isom ers are tabu la ted  
in T a b le  I I .

Nmr and Infared Spectra.— 19F  nm r spectra  (56 .4  M H z )  
w ere ob ta in ed  from  10 %  solutions o f  the com pou n ds in  carbon  
tetrach loride w ith  a Varian  A -5 6 /6 0  spectrom eter. A ll 'H  
nm r spectra were also ob ta in ed  from  carbon  tetrach loride solu 
tions w ith  a Varian  A -60  spectrom eter, excep t in one case (T a b le  
V )  in  w hich  a V arian  H R -2 2 0  spectrom eter w as used. T h e  
13C  spectrum  (25.1 M H z )  was obta in ed  w ith  a V arian  H A -100  
spectrom eter m od ified  for noise decoupling . C h em ica l shifts 
are reported  in parts per m illion  from  the resonance o f  tetra - 
m ethylsilane (4H ) or fluorotrich lorom ethane ( 19F )  as internal 
standards and m ethy l iodide (13C )  as an external standard . In  
accord ance w ith  the recom m endations published in A S T M  E - 
386-69 T ,  chem ical shifts a t higher field than  the resonance o f the 
standard are designated as negative.

T h e  infrared spectra  were determ ined w ith  a P erk in-E lm er 21 
(prism ) spectrom eter.

Registry No.—1, 3403 3 -72 -2  ; 3, 3 4 0 3 3 -7 3 -3 ; 4, 
3 4 0 3 3 -7 4 -4 ; 5 ,1 3 1 2 2 -6 0 -6 ; 6 ,1 3 1 3 7 -4 5 -6 ; 7 ,3 4 0 3 3 -7 7 -  
7 ; 8, 3 4 1 4 5 -3 4 -1 ; 9, 7 3 4 7 -1 0 -6 ; 10, 3 4 0 3 3 -7 9 -9 ;
11, 1 3 1 2 2 -5 6 -0 ; 11a, 3 4 0 3 3 -8 1 -3 ; lib, 3 4 0 3 3 -8 2 -4 ;
12, 7 3 4 7 -0 2 -6 ; 13, 7 3 4 7 -0 1 -5 ; 14, 7 3 4 7 -0 0 -4 ; 15a, 
3 4 0 3 3 -8 6 -8 ; 15b, 3 4 0 3 3 -8 7 -9 ; (trifluorom ethylthio)- 
acetyl chloride, 1 6 4 5 -7 9 -0 ; (trifluorom ethylthio)acet
am ide, 1737-79-7 .
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B is(trifluorom ethyl)th ioketene adds to alcohols and th iols to  form  th io esters and to  am ines to  g ive  thioam ides. 
W ith  1,3-disubstituted triazenes com pounds o f the form ula  A r S C (= N R )C H (C F 3)2 are form ed . D im eth y l- 
anilines g ive  A rN (C H 3)C H 2S C H = C (C F 3)2 and ethers fo rm  R O C H R S C H = C (C F 3)2. S ilicon  and tin  hydrides 
add to  y ie ld  products w ith  su lfu r-m eta l bonds. O lefinic com pounds undergo ene reactions to  produce com 
pounds contain ing the C = C C - S C H = C (C F 3)2 unit. M ore  com plex transform ations take p lace w ith  cyclohep- 
tatriene, bieyclobutane, and b icyclo  [4.2.0] oct-7 -ene. C -T h ioacylation s occu r w ith  indole, l,3 ,3 -trim ethyl-2 - 
m ethyleneindoline, and 6-(dim ethylam ino)fulvene. R eaction  w ith sulfur diim ides yields ketenim ines o f the 
form ula (C F 3)2C = C = N R .

Synthesis and cycloaddition reactions of bis(tri- 
fluoromethyl)thioketene were reported in part I .1 
This paper describes acyclic derivatives to illustrate 
further the range of reactivity of the thioketene.

Addition to Water, Alcohol, and Thiols.—The reac
tivity of bis (trifluoromethyl) thioketene resides, in most 
instances, in the thiocarbonyl group, as reflected in its 
cycloaddition reactions. Normal additions to active 
hydrogen compounds are therefore believed to proceed 
through the enethiol.

S H  S
(CFs)2C = C = S  | II

R H --------------- — >- (C F 3)2C = C R  — =- (C F 3)2C H C R

In the special case of water, a thiono acid may be 
another possible intermediate.

SH S

I II
(CF3) , C = C = S  (CF3).,C = C O H  — * <CF3),CHCOH

1
0
II

----------------- *■ (CF3)2CHCSH

Addition of methanol or ethanol forms (CF3)2CHC- 
(=S)O R  which, like certain other sulfur compounds,2 
produces white, faintly oxyluminescent fumes in air, a

(1) M. S. Raasch, J. Org. Chem., 35, 3470 (1970). To the literature
synopsis therein may be added: (a) Reaction of alkylthiophenylacetylenes 
with amines to form phenylthioacetamides is postulated to proceed through 
phenylthioketene. M. L. Petrov, B. S. Kupin, and A. A. Petrov, Zh. Org. 
Khim., 5, 1759 (1969); J. Org. Chem. USSR, 5, 1705 (1969). (b) Pyrolysis 
of l,l-diphenyl-2-ethoxy-2-(ethoxythiocarbonylthio)ethylene or ethyl di- 
phenylthionoacetate gave diphenylthioketene dimer. A. Schônberg, W. 
Knôfel, E. Frese, and K. Praefcke, Chem. Ber., 103, 949 (1970). (c) Carbo- 
methoxycyanothioketene, generated in situ, combines with 2-methylthio- 
benzhydrazide to form mesoionic 2-(carbomethoxycyanomethylene)-4- 
methyl-5-phenyl-l,3,4-thiadiazole. R. Grashey, M. Baumann, and R. 
Hamprecht, Tetrahedron Lett., 5083 (1970). (d) Perfluoroisobutene reacts
with sulfur and potassium fluoride to form (CFi)jC==C=S dimer. B. L. 
Dyatkin, S. R. Sterlin, L. G. Zhuravkova, and I. L. Knunyants, Dokl. Akad. 
Nauk SSSR, 183, 598 (1968); Proc. Acad. Sci. USSR, 183, 1018 (1968). 
(e) Reaction of perfluoroisobutene with potassium diethyl thiophosphate, 
potassium thiocyanate, or sodium thiosulfate forms (CFt)2C = 0 = S  dimer. 
I. L. Knunyants, B. L. Dyatkin, S. R. Sterlin, and V. L. Isaev, Russian 
Patent 246,508 (1969). (f) Perfluoroisobutene and potassium sulfide yield
(CF*)2C = C = S  dimer. D. C. England, U. S. Patent 3,544,591 (1970); 
Chem. Abstr., 74, 141735h (1971). (g) Bis (trifluoromethyl) thioketene adds
to carbodiimides and azines to give 1,3-thiazetidines. M. S. Raasch, U. S. 
Patent 3,592,811 (1971); Chem. Abstr., 75, 99232k (1971). (h) Reaction
of lithium 2-phenylethynethiolate with protic substances presumably pro
ceeds through phenylthioketene. R. Raap, Can. J. Chem., 46, 2251 (1968). 
(i) Thioketene ions appear in the mass spectra of desaurins. P. Yates, 
T. R. Lynch, and L. S. Weiler, ibid., 46, 365 (1968). (j) The potential role
of thioketene intermediates in the dimerization of V-alkyl-3-isothiazolones 
to 2,4-dimethylene-l,3-diethietanes is discussed. A. W. K. Chan, W. D. 
Crow, and I. Gosney, Tetrahedron, 26, 1493 (1970).

(2) E. E. Reid, “ Organic Chemistry of Bivalent Sulfur,”  Vol. IV, Chem
ical Publishing Co., New York, N. Y., 1962, pp 179, 180.

phenomenon that has been attributed to the formation 
of sulfur monoxide. Thio adducts do not give obvious 
fumes. Addition of benzeneselenol results in the 
novel function, -C (= S )S e-. Thio esters derived 
from the thioketene are listed in Table I.

Addition to Hydrogen Bromide.—The thioketene 
and HBr form (CF3)2CHC(=S)Br. Few thioacyl 
bromides are known. Besides thiocarbonyl bromide,3 
a complex thioacyl bromide4 has been reported.

Thioacylation of Amines.—Catalytic amounts of 
tertiary amines, except for A,W-dimethylanilines, cause 
the thioketene to dimerize, but with primary and sec
ondary amines addition takes place much more rapidly 
than dimerization and high yields of thioamides are 
obtained (Table I). Ordinarily, a second molecule 
of the thioketene does not add to the thiocarbonyl 
group of the thioamides to form a 1,3-dithietane. How
ever, in the case of the aminoimidazoline5 1, only the 
diadduct 2 can be obtained, even when excess imidazo
line is used.

2(CF3)2C— C =S

(CF3)20

H

S '  (CF3)2f % C F 3)2 
■Nh L = N  

•g- 'CH(CF3)2

(or tautom er)
2

Bis(trifluoromethyl)thioketene and l-methyl-3-p-tol- 
yltriazene result in the unusual reaction shown below7, 
which is also operable with 1,3-di-p-tolyltriazene.

// \ (CF3)2C = C = S
CH3f  W = N N H C H 3 ---------------------- »

CH,

N CR,
II

SCCH(CF3)2 +  n 2

Thioacylation of the triazene seems likely as the 
first step in the reaction sequence and product for
mation might be rationalized as shown in Scheme I.

Besides physical evidence, proof of structure of the 
product includes hydrolysis to p-toluenethiol. 3,3- 
Dimethyl-l-p-tolyltriazene dimerized the thioketene.

(3) W. J. Middleton, E. G. Howard, Jr., and W. H. Sharkey, J. Org. 
Chem., 30, 1375 (1965); R. Steudel, Angew. Chem., 79, 649 (1967); Angew. 
Chem., Int. Ed. Engl., 6, 635 (1967).

(4) B. R. O’Connor and F. N. Jones, J. Org. Chem., 35, 2002 (1970).
(5) W. J. Middleton and C. G. Krespan, ibid., 35, 1480 (1970).
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Scheme I

CH3

AtN = N N H C H 3 ( c f ^ = c = =s> ArN  =  N N — CCH(CF3)2

S

c h 3

A r N = N + +  -  rCCH(CF3)2 

S
c h 3

S y
n c h 3

Ar+ +  -^C C H (C F;,)2 —  ArSCCH(CF3)2

S

Reaction with iV,A'-Dimethylanilines.—The thio- 
ketene adds to A^N-dimethylanilines at 10° with attack 
on one methyl group. The reaction is reminiscent of

C H S
(CFj)2C = C = S  I

C eH sN CCH ah--------------------^  C 6H 5N C H 2S C H = C (C F 3)2

S C H = C (C F 3)2
(CFs)2C = C = S  I

C H aO C H iC sH s--------------------- C H 3O C H C 6H 5

S C H = C (C F 3)2
(CFj)2C = C = S  i

C H 3C H 2O C H 2C H 3 ---------------------C H 3C H 2O C H C H 3

This reaction, like the addition to dimethylaniline, 
could be represented as proceeding through a dipolar 
intermediate.

C6H5CH2 C = C (C F 3)2
I I

CH30+— s

However, the reaction is peroxide catalyzed and is 
considered to be a free radical reaction. Peroxide 
catalysis also leads to more Complex products.

Adducts with Silicon and Tin Hydrides.—These 
hydrides also add to the thioketene to form the 
(CF3)2C = C H S - group with its characteristic nmr.

H
(CFi)2C = C = S  |

R 2SiH 2 ------------------->  R 2S iS C H = C (C F 3)2 R  =  E t, P h

E ta S iH ------------------->  E t3S iS C H = C (C F 3)2

the addition of azodicarboxvlic ester to dimethylanihne, 
the mechanism of which has been concluded to be ionic.6

C H 3 N H C O O R
ROOCN=NCOOR | !

C 6H 5N (C H 3)2 -------------------------->  C 6H 5N C H 2N C O O R

Like the azodicarboxylic ester reaction, the thioketene 
reaction proceeds more slowly with JV,iV-dimethyl- 
m-nitroaniline than with A.A-dimethylaniline, does 
not go with iV,iV-dimethyl-p-nitroaniline under the 
conditions, and is not stopped by diphenylpicrylhy- 
drazyl. Adapting the rationalization used for the 
azodicarboxylic ester reaction to the present case, 
electrophilic attack on the nitrogen atom first takes 
place, then proton transfer and ylide rearrangement.

C6H5N+-

c h 3

CH3 C = C (C F 3)2 

S

C B f  C H = C (C F 3)2

c 6h 5n +— s
I

c h 3

CH2S C H = C (C F 3)2

c h 3

R 3S n H -------------------- >- R 3S n S C H = G (C F 3)2 R  =  M e, P h

The product from trimethylstannane is unstable.
The reaction can be compared with the addition of 

triethylstannane to phenyl isothiocyanate, which adds 
in the same direction.7 Presumably it is ionic with 
nucleophilic attack of hydride hydrogen on carbon, e.g.,

(CFj)2C = C = S
R 3S n H -------------------- >- [R 3Sn+ +  S - C H = C ( C F 3)2] — >-

R 3S n S C H = C (C F 3)2

Ene Reactions.—A range of olefinic substances 
readily undergoes the ene reaction8 with the thioketene 
as illustrated in Table II. The olefin attaches to the 
sulfur atom and in this respect the thioketene resembles 
hexafluorothioacetone9® and aryl thioketones in their 
reaction with tetramethylallene.9b

The ene reaction is usually, though not necessarily, 
represented as a concerted reaction proceeding through 
a six-membered transition state.

x .
C < * 'S c / C v s

-
Il 1 

H u X F .
/ C\ i

c f 3 c f 3 c f 3

The reaction also proceeds well with lV,2V-dimethyl- 
p-toluidine, and with iV,Af,iV',,iV,-tetramethylbenzidine 
to give a diadduct. However, with A-cthyl-A-methyl- 
aniline or iV,iV-dimethyl-l-naphthylamme the reaction 
is apparently slowed to the point where the sensitive, 
base-catalyzed dimerization of the thioketene takes 
precedence.

The (CF3)2C = C H S - group, encountered in the 
above compounds and many that follow, has in its 
*H nmr spectrum a diagnostic quadruplet, ./ = 1.4-
1.6 Hz, at about 7.5 ppm, a position seldom occupied 
by other absorptions.

Addition to Ethers.—Reaction of the thioketene 
with ethers is another example of the introduction of a 
propenylthio group.

(6) R. Huisgen and F. Jacob, Justus Liebigs Ann. Chem., 590, 46 (1954).

In the reaction of the thioketene with allene, two 
linear molecules, to form (CF3)2C=CH SCH 2C = C H  
some modification of the picture is needed.10

If a diradical were an intermediate, cyclization to 
form a thietane would be a possibility in addition to 
the ene product. No careful search for the thietanes

(7) J. G. Noltes and M. J. Janssen, J. Organometal. Chem., 1, 346 (1964).
(8) For a review of the ene reaction see H. M. R. Hoffmann, Angew. 

Chem., 81, 597 (1969); Angew. Chem., Int. Ed. Engl., 8, 556 (1969).
(9) (a) W. J. Middleton, J. Org. Chem., 30, 1395 (1965); (b) H. Gott-

hardt, Tetrahedron Lett., 2343, 2345 (1971).
(10) W. R. Dolbier, Jr., and Sheng-Hong Dai, Chem. Commun., 166 

(1971), propose that allene and hexafluorocyclobutanone undergo a con
certed reaction passing through a distorted, cyclic, six-membered, dipolar 
transition state. W. H. Urry, J. H. Y. Niu, and L. G. Lundsted, J . Org. 
Chem., 33, 2302 (1968), suggest a zwitterion intermediate in the reaction of 
allene with hexafluoroacetone. R. L. Adelman, ibid., 33, 1400 (1968), 
argues for a four-membered, cyclic, dipolar intermediate for the ene reaction 
of olefins with hexafluoroacetone.
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T a b l e  I
E ste r s  a n d  A m id e s  fro m  B is (t r if l u o r o m e t h y l )t h io k e t e n e <î

Reactant
Reaction

conditions Product
s

Registry-
no.

Yield,
%

Bp (mm) 
or mp, °C n25D Color

c h 3o h C H 2CI2
II

(C F 3)2C H C O C H 3
s

33830-41-0 69 9 4 -9 6 1 .3588 P a le  ye llow

C Æ sO H C H 2C12 (C F 3)2C H C O C 2H 5
s

867-93-6 84 110-111 1 .3622 P a le  ye llow

c 2h 6s h c h 2c i 2 (C F 3)2C H C S C 2H 5
s

33830-42-1 88 6 2 .6  (23) 1 .4382 O range

(C H 3)2C H S H c h 2c i 2
II

(C F 3)2C H C S C H (C H 3)2
s

33830-43-2 85 6 2 -6 4  (23) 1 .4322 O range

c 6h 6c h 2s h c h 2c i 2
II

(C F 3)2C H C S C H 2C 6H 5
s

33830-44-3 92 65 (0 .3 ) 1 .5136 O range

c 6h 5s h (C F 3)2C H C S C 6H 5

s

33830-45-4 82 100 (10)
M p  3 7 .5 -3 8 .5

1 .5044 Orange

p - c i c 6h 4s h « 100°, 5  hr (C F 3)2C H C S C 6H 4C l-p
s

33830-46-5 81 74 -7 5  (0 .5 ) 
M p  34

R ed -oran ge

CeHsSeH» (C F 3)2C H C S eC 6H 5
s

33830-47-6 96 112-114  (13 ) 1 .525 M agen ta

C H if= C H C H 2NH2 C H 2C12 (C F 3 )2C H C N H C H 2C H = C H 2
s

33830-48-7 64 6 7 -6 8  (16) 1 .4345 Orange

C6H 5C H 2N H 2 c h 2c i 2
II

(C F 3)2C H C N H C H 2C6H 6

s

33830-49-8 49 M p  64 -66  
(hexane)

P ale yellow

p -c i c 6h 4n h 2 c 6h 6
II

(C F 3)2C H C N H C 6H 4C l-p

s

7527-43-7 84 M p  5 4 .5 -5 5 .5  
(petroleum  
ether)

Y e llow

C 6H 6N H C H 3 H exane
II

(C F 3)2C H C N C 6H 5

c h 3
s

33820-51-2 83 M p  7 7 .5 -7 8 .5  
(hexane)

P ale  yellow

p-C H sC sIR N H C H s» C H 2C12
II

(C F 3)2C H C N C 6H 4C H 3-p

¿ h 3
s
II

(C F 3 )2C H C N N = C H C 6H 5 

¿ h 3

33830-52-3 71 M p  7 0 -7 0 .7  
(C H 3O H )

Y ellow

C 6H 5C H = N N H C H 3» c h 2c i 2 33830-53-4 85 M p  143-144 
(C H 3O H )

Y ellow

J>' c h 2c i 2
S jg.

(CF3)2CHCN^J 33830-54-5 81 37 (0 .1 ) 1 .4 87 2 R ed-oran ge

« Eastm an K od a k  C o., R ochester, N . Y . 6 R . H . W iley  and G. Irick , J. Org. Chem., 24, 1925 (1959). c R . H üttel, O. Schafer, and 
G . W elzel, Justus Liebigs Ann. Chem., 598, 186 (1956). d S atisfactory  analytical data ( ± 0 .3 3 %  fo r  C , H , and S ) were reported  fo r  all 
new com pounds listed in  the tab le  excep t that n o. 8 was analyzed for  F  instead o f S.

was made aside from observing the nmr spectra. The 
19F shift for the thietanes1 is farther downfield than for 
ene products. Only in the case of a-methylstyrene 
in Table II were both products observed, probably the 
result of separate reaction paths rather than a common 
intermediate.

Dimethylketene and butylethylketene react with the 
thioketene to form acrylate thio esters, whereas

C H 3 c h 3
! (CFa)2C=C=S I

C H 3C = C = 0  -------------------->■ C H 2= C C S C H = C ( C F 3)2

o
ketene and methylketene cycloadd to form thietanes.1 
The greater electron donation to C = C  in (CHj)r  
C = C = 0  vs. CH3C H = C = 0  promotes the ene reac
tion. This effect has been observed in other ene re
actions.8

1-Methylcyclopropene, cyclopentene, and cyclohex
ene readily underwent the ene reaction at 15-25° 
but cyclobutene required a higher temperature. At 
100° a mixture was formed. Purification by glpc was 
hampered by polymerization on the column but a 
small amount of material identified as CH2= C H C H =  
CHSCH==C(CF3)2 was obtained. This could arise 
by ring opening of the primary ene product, shown 
below.

D — SCH=C(CF3)2

Hexamethyl Dewar benzene gave an ene reaction, 
apparently the first reported for this compound.

— j f '  (CF;1)!C =C =S .
(CF3)2C =C H S ^

~ 1\ J J ?
HoC
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E ne  R e a c t io n s .
Reactant Reacn condn

c h 2= c h c h 3 100°, 3 hr
c h 2= c = c h 2 100°, 15 hr
(C H 3)2C = C ( C H 3)2 2 4 -3 0 °
c h 2= c h c h 2c i 100°, 16 hr

c h 3

C H j= i c O O C H 3
2 4 °, 16 hr 
R eflux, 4 hr

C6H 5C H 2C H = C H 2 100°, 2 hr
p -C H 3O C 6H ,C H = C H C H 3 24°, 16 hr

(A nethole)

C 6H 5C (C H 3) = C H 2 24°, 20 hr

(C H 3)2C = C = 0

C 4H 9

C H 3C H 2d = C = 0 »
c h 3 c h 3

C H 3( !> = C H C H = i c H 3

0 -3 4 ° , 2 hr 
E tO A c

2 4 °, 16 hr 
H exane

24°, 2 hr 
100°, 1 hr

V CH/ 0 ° , C H 2C12

D 24°, 1 hr

O 24°, 1 hr

CÔ» C 6H 6, 100°, 
20 hr

(C H A ^ jC H , 2 4 °, 16 hr

(a-Pinene)

2 4 °, 1 hr

24°, 20 hr

0
24°, 3 hr

\

T a b l e  I I
3,3,3-Trifluoro-2-(trifluorom eth yl)propenyl Sulfides ’ '1'

Product
CH2=C H CH 2SCH=C(CF3)2 
CH=CCH2SCH=C (CF3 )2 
CH2=C C H 3C(CH3)2SCH=C(CF3 
C1CH=CHCH2SCH=C (CF3 )2 
6 5 :3 5  cis :tran s

CH2SCH=C(CF3)2

C H ^ C O O C H s 
C6H5CH=CHCH2SCH=C(CF3)2*
p-c h 3o c 6h ,c h c h = c h 2

icH = C (C F 3)2 
C6H5C =C H 2'  (39%)

¿H 2SCH=C(CF3)2
CH,. / S\

>  j)C—C(CFj>/ (6 1 % )
CSH, X /
CH2=C C H 3COSCH=C(CF3)2

c <h  9

CH3CH=icOSCH=C(CF3)2
c h 3 c h 3

CHî=CCHCH=CCH3

icH = C (C F 3)2 
ch3 V sch= c<cf3>2

Q ^ S C H = C (C F 3).

O  SCH=CiCFa)2

(CF^C— C H S ^ -^ ^ Q Q

HjO) (CF3i,C=CHS— / N â » 1
XXcOOH

(CH3)2 CH,

■SCH— CXCF,)/

SCH-=C(CF3)â

SCH—OCF̂
■SCH“ sC(CFu>2

/ ,CH,

iCH=C(CFj),

Registry no. Bp, °C (mm) n»D Yield, %
28181-98-8 5 2 .5 -5 3  (15 ) 1 .4 04 8 61
33830-56-7 6 2 .5 -6 3  (22) 1 .4 08 0 > 4 2
30589-11-8 58 (7 ) 1 .4 2 0 0 88
33835-26-6
33835-27-7

68 (8) 1 .4 36 0 27

33830-58-9 82 (1 ) 1 .4 25 0 27
33835-28-8 73 -77  (0 .1 ) 1 .5062 70
33830-59-0

28182-02-7

M p  77
(M eO H )

1 .4 91 6

72

23592-39-4 60 (0 .0 5 ) 1 .4875 65

33872-30-9 8 0 -8 1  (23 ) 1 .4234 40

33830-62-5 4 7 -4 9  (0 .1 ) 1 .4417 75

33830-63-6 8 4 -8 5  (5 ) 1 .4393 60

33830-64-7 65 -6 8  (11 ) 1 .4210 31

30631-75-5 9 7 -9 9  (32) 1 .4345 89

28181-99-9 112-114 (29 ) 1 .4455 72

33830-67-0

33830-81-8

M p  72 -73  
(C C I.)

M p  157 
(M e N 0 2)

65

30589-17-4 6 9 -7 0  (0 .3 ) 1 .4 5 6 8 -
1 .4605

85

33830-82-9 91 (4 .6 ) 1 .4668 83

28182-01-6 70 (0 .1 ) 1 .4773 92

28182-00-5 49 (0 .0 5 ) 1 .4621 23, 50

33872-35-4 95 (0 .0 5 ) 1 .4 75 0 3 4 ,1 5

33830-85-2 61 (0 .4 )» 1 .4514 96

° C . W . Sm ith  and D . G . N orton  in  “ O rganic Syntheses,”  C ollect. V ol. IV , N . R ab joh n , E d ., W iley, N ew  Y ork , N . Y ., 1963, p p  3 4 8 -  
350. b E astm an  C hem ical P roducts, In c., K in gsport, T en n . e F . Fisher and D . E . A pplequist, J. Org. Chem., 30, 2089 (19 6 5 ); R . M . 
M agid , T . C . C larke, and C . D . D un can , ibid., 36, 1320 (1971). * C . A . C ohen, F rench  P atent 1,478,766 (1967); Chem. Abstr., 68, 
12554a (1968). ’ Sim ilarity o f  nm r spectrum  to  th at o f  anethole indicates trans form , t C om poun ds separated b y  g lp c  on  co lu m n
contain ing 2 0 %  T r iton  X 30 5  (R oh m  and H aas C o .)  on  firebrick. » T w o  stereoisom ers. * D istillation  ba th  a t 100°. '  D isclosed  in 
part in M . S. R aasch , U . S. P atent 3,536,765 (1970); Chem. Abstr., 74, 4232c (1971). ’  S atisfactory  analytical data  ( ± 0 . 4 % )  fo r  C , H , 
and S were reported for all new com pounds listed in  the table.
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Natural rubber in solution reacted with the thio- 
ketene to form a composition containing 30% by weight 
of the thioketene.

Cycloheptatriene Adduct.—Cycloheptatriene and bis- 
(trifluoromethyl) thioketene, containing a total of five 
double bonds, react at 25° in a 1:1 ratio to give a 
compound 3, revealing only one double bond in its 
Raman spectrum. This has been rationalized as 
proceeding through an ene reaction, bond rearrange
ment to a norcaradiene, and intramolecular Diels- 
Alder addition of the side chain to the norcaradiene 
to form the proposed structure 3.

The nmr spectra and other physical data are de
scribed in the Experimental Section. A model of the 
structure poses no problems. The first two steps are 
analogous to those proposed for the addition of di
methyl acetylenedicarboxylate to cycloheptatriene.Ua 
A favorable situation for the intramolecular Diels- 
Alder addition is assumed, as (CF3)2C=CH SCH 3 and 
(CF3)2C=CHSC6H5 do not add to cycloheptatriene 
or 2,3-dimethylbutadienc at 100°.

The vinyl sulfides -were made by the following se
quence and served also as nmr and ir reference com
pounds.

PhjP BuLi (CFsJsCO
R S C H 2CI — >  R S C H 3P P h 3CI — >- R S C H = P P h 3 ------------>

R S C H = C (C F 3)2
R  =  M e , P h C H 3, P h

Addition to Bicyclobutane.—Addition of the thio
ketene to bicyclobutane gave short-lived products in a 
course different from the conventional ene reaction.

O  (CFj);C=C=S> < > - C = C ( C F 3)2 - *

SH
4

S
II

CH2= C H C H = C H C C H (C F 3)2 —  polym er 
5 (pu rple) (colorless)

When equivalent amounts of the reactants were 
mixed at 0° in deuteriochloroform and the solution was 
placed in a cold ir cell, a strong band was observed for 
SH at 2550 cm-1, at 1588 cm-1 for exocyclic C = C , 
and at 1562 cm-1 for cyclobutene C = C . After 10 
min the sample had become purple with weaker SH and 
C = C  bands. After 16 min the SH band had disap
peared. The nmr spectra were in accord with the 
structure 4 (see Experimental Section). With develop- 11

(11) (a) M. J. Goldstein and A. H. Gevirtz, Tetrahedron Lett., 4413 
(1965); (b) D. H. Clemens, A. J. Bell, and J. L. O’Brien, ibid., 1487, 1491 
(1965).

ment of the purple color, nmr showed the appearance 
of the (CF3)2CH group, disappearance of cyclobutene 
C H =C H , and appearance of new unsaturation. The 
purple color is indicative of a conjugated thiocarbonyl 
group. From these considerations, structure 5 is 
proposed for the purple compound, formed by ring 
opening of the cyclobutene. Clean conversion to 5 
was frustrated by concomitant polymerization. The 
end product was a colorless, tacky polymer.

Addition to Bicyclo [4.2.0 ]oct-7-ene.—The thioketene 
substitutes on the cyclobutene ring to form a compound 
6 that is isomerized by heat with opening of the cyclo
butene ring to form a 1,3-cyclooctadiene 7.

S C H = C (C F 3)2

7

The *H nmr of the initial adduct reveals the (CF3)2- 
C = C H  group and one cyclobutene = C H . Incipient 
isomerization was noted at 50° in an nmr tube. At 
95°, isomerization became complete. The final prod
uct was identified by nmr and ir spectrum and by ox
idation to adipic acid.

C-Thioacylations. —Indole, l,3,3-trimethyl-2-methy- 
leneindoline, and 6-(dimethylamino)fulvene are thio- 
acylated at 25° by the thioketene.

H

These colored thioketones can be regarded as vinylogs 
of thioamides, having one, one, and three vinylene 
groups, respectively, between the thiocarbonyl group 
and the nitrogen atom. They are dipole stabilized;
i.e., a resonance form can be written in which a nega
tive charge resides on the sulfur atom and a positive 
charge on the nitrogen.

These thioketones form unstable dithietanes with 
another mole of the thioketene, e.g.,

H

Q ^ < w
(CF3)2CH

8
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Ketenimines from Sulfur Diimides.—The thioketene 
reacts with sulfur diimides to give ketenimines in 
20-48% yield.

(CFs),C = C = S
R N = S = N R --------------------->  (C F j ) i C = C = N — R

R  =  M e, ra-Bu, ieri-Bu, P h

No evidence for mechanism is available, as the by
products were resinous. However, the reaction may 
proceed through a five- or four-membered ring.

S R N ----- S = N R
R N ^  NR !

(CF3)2C = C ---------S (CF:+ C = C ----- S

Phenyl isothiocyanate reacts with sulfur diimides 
analogously.1115

Experimental Section
T h e  ’ H  nmr spectra  were determ ined on a V arian  A -60 instru

m ent using tetram ethylsilane as external standard. T h e  19F  
nm r spectra were m easured on a Varian A -5 6 /6 0  instrum ent 
using l,2 -d iflu oro -l,l,2 ,2 -te tra ch lo roe th a n e  as a standard in a 
capillary tube placed in the sam ple tu be. W ith  this standard, 
nearly all values for the com pou nds o f this article fail w ith in  
1000 H z dow nfield ( — ) fo r  the standard. T h is  standard is 
3S00 H z (67.4  p p m ) upheld from  ch lorotriflu orom ethan e. R a 
m an spectra were m easured on  C ary  M od el 81 L aser, ir on  Perkin- 
E lm er M od e l 21 and u v  on C a ry  14 spectrom eters. M eltin g  
and boilin g  poin ts are uncorrected .

E sters and A m ides (T able  I ) .— T o  the reactant in the solvent 
specified , stirred and coo led  in an ice ba th , b is (triflu orom eth yl)- 
th ioketene was added dropw ise at such a rate as to  keep the 
tem perature at 1 5 -2 6 °. T h e  reaction  w ith  p -C lC 6H 4SH  at 100° 
w as carried ou t in a sealed glass tu be. In  sim ple esters and 
am ides the nm r septuplet ( /  =  7 -8  H z ) for H  in (C F 3)2C H  is at 
a bou t 4 .4  p p m . T h e  19F  nm r show s a d ou blet around — 1.3 to  
— 2 .3  pp m .

Use o f  excessively low  tem peratures for these reactions should 
be avo id ed , as po lym er form ation  m a y  ensue. T h u s, adding 
th e th ioketene to  ethanol at —80° results in 3 8 %  conversion  to  
the th ioketene p o ly m er .12 13

H ydration .— T o  10 m l o f  con centrated  sulfuric acid  contain ing 
an added 0 .5  m l o f w ater was added 5 g  o f  the th ioketene w ith  
stirring. T h e  th ioketene becam e decolorized  in 5 m in ; 5 g 
m ore o f  the th ioketene w as added w ith  coo lin g  in ice . T h e  
m ixture w as poured on to  ice  and the fluoro acid  was collected 
w ith  d ich lorom eth ane. A fter drying (M g S 0 4), d istillation  
gave 7 .3  g (6 7 % ) o f  3 ,3 ,3 -tr iflu oro -2 -(tr iflu orom eth y l)th iop ro- 
p ion ic  a cid : bp  9 7 -9 9 ° ; n 25d 1 .3489; ir 2976 (C H ), 2571 (S H ), 
1709 ( C = 0 ) ,  1330-1100 c m -1 (C F ) ; 'H  nm r (neat) 4 .05  [sep
tu plet, (C F 3)2C I I ] , 5 .02  pp m  (s, S H ).

Anal. C a lcd  for C 4H 2F 6O S: C , 22 .65 ; H , 0 .95 ; S , 15.12; 
neut eq u iv , 212. F ou n d : C , 23 .01 ; H , 1 .06 ; S , 15.68; neut 
eq u iv , 214.

3 ,3 ,3 -T rifluoro-2 - (trifluorom ethyl )th iopropionyl B rom id e .—
A b ou t 1.8 m l (4 .9  g , 0 .06  m o l) o f  H B r was condensed in to  a glass 
tu be cooled  in D ry  Ice -a ce ton e  and 5.82 g (0 .03  m ol) o f  b is(tri- 
fluorom eth yl)th ioketen e w as add ed . T h e  tube was sealed and 
a llow ed to  stand at 24 ° for 64 h r. D istillation  gave 5.54  g  (6 5 % ) 
o f  the purple th ioacy l b rom id e : bp  9 4 -9 6 ° ;  n 25d ca. 1.401; 
'H  nm r (neat) 4 .65  ppm  (sep tu p let); 19F  nm r — 1.15 ppm  (d , 
J  =  6 .8  H z ).

Anal. C a lcd  for C 4H B rFeS: C , 17.47; H , 0 .3 7 ; S , 11.66. 
F ou n d : C , 17.85 ; I I , 0 .47 ; S, 11.36.

W hen triethylam ine in d ich lorom ethane w as added to  a solu 
tion  o f the product in d ich lorom eth ane, b is (triflu orom eth yl)- 
th ioketene d im er1 w as form ed .

4 -A m in o -2 ,2 ,5 ,5 -tetrak isftrifluorom ethyl )-3 -im idazoline P rod 
u ct.— T h e  im idazolin e1 1 (1 .79  g , 0 .003  m o l), 5 m l o f  benzene, 
and 2.14  g  (0.011 m ol) o f  b is (triflu orom eth yl)th ioketen e were 
heated at 100° for 5 hr in a  sealed glass tu be. T h e  benzene 
was evaporated  and the product was recrystallized from  di
ch lorom ethane to  g ive  3 .13 g (8 4 % ) o f  4 -{2 -[2 ,2 ,2 -tr iflu oro - 
l- (t r iflu orom eth y l)e th y l]-4 - [2 ,2 ,2 - tr if lu o r o -1 - (tr iflu orom eth y l)-

(12) M. S. Raasch, U. S. Patent 3,275,609 (1966).

e th y lid e n e ]- l,3 -d ith ie ta n -2 -y la m in o )-2 ,2 ,5 ,5 -te tra k is (t r ifh io ro -
m eth y l)-3 -im id azo lin e  (2 ) : m p  1 2 2 .5 -1 2 3 °; ir 3472 (N H ), 
3021 (C H ), 1681 ( C = N ) ,  1634 ( C = C ) ,  1565 c m “ 1 (N H  
d e form ation ); 'H  nm r [(C D 3hC O ] 6.29  [septu plet, J =  11 H z , 
(C F 3)2C H [, 6 .29  (s, N H ), 9 .14  pp m  (s, broaden ed , N H ) ;  19F 
nm r - 8 . 0 0  [s, (C F 3)2C = C ] , - 4 . 2 2  [d , J =  8 H z , (C F 3)2C H [, 
+  5 .50 , + 1 0 .8  (broadened peaks w ith  evidence o f  sp littin g , one 
peak  for each  pair o f  ring C F 3 grou ps).

Anal. C a lcd  for C .J L F ^ N + S ,: C , 2 4 .17 ; H , 0 .4 1 ; S , 8 .60 .
F ou n d : C , 2 4 .45 ; H , 0 .61 ; S , 8 .69.

N o  1:1 adduct cou ld  be detected , even  w hen excess im idazolin e 
w as used.

R ea ction  w ith 3 -M eth y l-l-p -to ly ltr ia zen e .— T o  5.96 g  (0 .04  
m ol) o f  3 -m eth y l-l-p -to ly ltr ia zen e  in 20 m l o f  d ich lorom eth an e  
was added 7.76  g (0 .04  m o l) o f  b is (tr iflu orom eth y l)th iok eten e  
w ith  stirring and coolin g in ice . N itrogen  w as ev o lv ed . D is 
tillation  gave 2 .74  g (2 2 % ) o f p -to lv l 3 ,3 ,3 -tr iflu oro -2 -(tr iflu oro - 
m eth y l)-A -m eth y lth io lp rop ion im id a te , b p  6 1 -6 3 °  (0 .4  m m ). 
R ecrystallization  from  m ethanol left 2 .02  g : m p  5 0 -5 1 .3 ° ;
ir 2976, 2899 (C H ), 1629, 1493 ( C = N  and arom atic  C = C ) ,  
846 c m -1 (para-d isubstitu ted a rom a tic ); *H nm r (CC14) 2 .24  
(s, C H 3 on p h en y l), 3 .26 (s, C H SN ) ,  3.71 [septuplet, (C F 3)2C H [ ,
7.71 pp m  (A 2B 2 pattern , C 6H 4); I9F  nm r —2.57 p p m  (d, J  =  7 
H z).

Anal. C a lcd  for C 12H „ F 6N S : C , 4 5 .71 ; H , 3 .5 2 ; N , 4 .4 4 ;
S , 10.17. F ou n d : C , 45 .47 ; H , 3 .73 ; N , 4 .61 ; S, 10.16.

H ydrolysis  w ith  a h o t solution  o f  K O H  in m eth a n o l-w a ter  
resulted in the form ation  o f p -to luen eth iol, identified b y  o d or , 
m elting p o in t, and m ixture m elting p o in t (4 2 ° )  and b y  com p a ri
son o f nm r spectrum .

R ea ction  w ith  1 ,3 -D i-p -toly ltriazine.— T o  2 .25  g  (0.01 m o l)  
o f  1 ,3 -d i-p -to ly ltriazen e13 in 10 m l o f d ich lorom eth ane w as added
1.94 g (0.01 m ol) o f  b is(triflu orom eth yl)th ioketen e . N itrogen  
was slow ly  ev o lved . A fter 20 hr the solvent was rem oved  under 
vacu um  and the residue was steam  distilled . T h e  p rodu ct w as 
filtered o ff, dried , and recrystallized from  m ethan ol to  g ive  1.3 g 
(3 3 % ) o f  p -to ly l 3 ,3 ,3 -tr iflu oro -2 -(tr iflu orom eth y l)-A -p -to ly l- 
th io lp rop ion im id ate : m p 6 7 -6 7 .5 ° ; ir 3077, 3030 ( = C H ) ,
2976, 2915, 2857 (C H ), 1639, 1623, 1506, 1493 ( C = N  and a ro 
m atic C = C ) ,  854 c m -1 (para-d isubstitu ted a rom a tic ); ‘ H  nm r 
(CD C13) 2 .32  (2 overlappin g C H 3 peaks 0.02  p p m  a p a rt), 3.98 
[septuplet, (C F 3)2C H [ , 6 .97 , 7 .25  pp m  (centers o f  overla p p in g  
A 2B 2 patterns for  tw o C 6II4 g rou p s); 19F  nm r —2.94 ppm  (d , 
J =  7 H z ).

Anal. C a lcd  fo r  C 18H 15F 6N S : C , 55 .24 ; H , 3 .86 ; S , 8 .19 . 
F ou n d : C , 55 .53 ; H ,3 .9 1 ; S ,8 .2 9 .

R eaction  w ith  A ',A7-D im ethylan ilin es. A . A ',A ’ -D im eth yl- 
an iline .— A '.A '-D im ethy lan ilin e (4 .84  g , 0 .04  m ol) in 15 m l o f 
petroleum  ether (bp  3 0 -6 0 ° )  w as stirred and coo led  in ice and
7.76  g  (0 .04  m ol) o f  b is (trifluorom eth yl)th ioketen e was added  
dropw ise. A  reddish color developed  w ith  each  drop  and then 
fad ed . T h e  crystals th at separated were filtered off and rinsed 
w ith  petroleum  ether. C on centration  o f the m other liqu or gave 
m ore for  a to ta l o f 9 .4  g (7 5 % ) o f A -m e th y l-A -[3 ,3 ,3 -tr iflu o ro -2 - 
( tr ifluorom ethyl )propenylth iom ethyl] aniline. R ecrysta llization
from  petroleum  ether (18 m l) le ft 8 .2  g : m p  5 1 -5 2 ° ; ir 3077 
( = C H ) ,  2959, 2915, 2857 (C H ), 1608 [(C F 3)2C = C [ ,  1582, 1511, 
1493 (arom atic C = C ) ,  1408 c m -1 (N C H 3); T I  nm r (C C h ) 2 .90  
(s, C H 3), 4 .87  (s, C II2), 7 .0  (m , C 6H 6), 7 .45  ppm  [qu adru plet, 
J  =  1.4 H z , (C F 3)2C = C H [ ; 19F  nm r — 4 .81 , —6.92  pp m  (qu a 
druplets, com pon ents o f  form er split to  dou blets , J  =  1.4 H z ).

Anal. C a lcd  for C i2H n F 6N S : C , 4 5 .71 ; H , 3 .52 ; S , 10.17. 
F ou n d : C , 4 5 .98 ; 1 1 ,3 .7 2 ; S ,9 .9 3 .

T h e  com pou n d  is stable at 4 °  bu t decom poses a fter several 
weeks at 2 4 °. It is n ot basic enough to  d issolve in aqueous 
h ydroch loric acid  bu t the h ydroch lorid e w as m ade b y  passing 
HC1 in to  an ethereal solution  o f the am ine, m p  1 0 3 -1 0 6 °.

Anal. C a lcd  for C ^ H u F s N S H C l: C l, 10.08 . F ou n d : 
C l, 10.03.

B . A?,A;-D im eth y l-p -to lu id in e .— T h e  th ioketene (7 .76  g , 
0 .04  m ol) w as added w ith  coolin g to  5 .40  g  (0 .04  m o l) o f  N ,N - 
dim eth yl-p -to lu id in e  in 15 m l o f d ich lorom eth ane. T h e  p rod u ct 
w as distilled to  g ive  4 .76  g  (3 6 % ) o f  Ar-m eth y l-.V -[3 ,3 ,3-t rifluoro- 
2 -(tr iflu orom eth y l)p rop en y lth iom eth y l]-p -to lu id in e : b p  60°
(0 .2  m m ); n s D 1 .5001; 'I I  nm r (neat) 1.95 (s , p -C H 3), 2 .47  
(s, N C H 3), 4 .37  (s, C H 2), 6 .48  (A 2B 2 pattern , p -C 6H 4), 7 .23  
pp m  [quadruplet, J =  1.4 H z, (C F 3)jC = C ]  ; 19F  nm r —4 .8 4 , 
— 7.15 p p m  (quadruplets, com pon ents o f  form er split to  d ou b le ts ).

(13) P. Jacobson, Justus Liebigs Ann. Chem., 427, 152 (1922).
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Anal. C a lcd  fo r  C i3H i3F 6N S : C , 4 7 .41 ; H , 3 .9 8 ; S, 9 .74 . 
F ou n d : C , 47 .79 ; H , 4 .2 4 ; S , 9 .80 .

C. N .A '-D im ethyl-m -nitroaniline.— A  solu tion  o f  0 .03  m ol 
o f  each o f the reactants in  25 m l o f  d ich lorom ethane w as allow ed 
to  stand fo r  2 days, th en  extracted  w ith  1 0 %  HC1 to  rem ove 
unreacted JV .iV-dim ethyl-ro-nitroaniline. T h e  solu tion  was 
evaporated  on  a steam  b a th  to  drive  o u t  the th ioketene dim er. 
T h e  residue was recrystallized from  cyclohexan e con ta in ing a 
little  d ich lorom ethane to  g ive  3 .76  g (3 5 % ) o f  iV -m ethyl-3 - 
n itro-7V -[3 ,3 ,3 -triflu oro-2 - (tr iflu orom eth y l)propen y lth iom eth y l]- 
aniline: m p  5 8 ° ; *11 nm r 3.13 (s, C H 3), 5 .04  (s, C H 2),
6 .8 -7 .8  p p m  (m , = C H  +  C sH 5).

Anal. C a lcd  fo r  C i2H i0F 6N 2O2S : C , 4 0 .0 0 ; H , 2 .80 ; S , 
8 .90. F ou n d : C , 4 0 .3 0 ; H , 3 .1 2 ; S , 9 .01.

D . N ,N ,N ',N '-T etram eth y lben z id in e .— T o  a solu tion  o f  
1.20 g  (0 .05  m o l) o f  N ,N,N ',N  '-te tram eth ylben zid in e  in 12 m l o f 
dich lorom ethane was added 3 .88  g  (0 .02  m o l) o f  the th ioketene 
w ith  coolin g  in  ice . P a rt w a y  through  the add ition  a p rod u ct 
precipitated (m on oad d u ct? ) and then  dissolved as add ition  con 
tinued. E va p ora tion  o f  th e solven t and recrystallization  o f the 
residue from  cyclohexan e gave 2.3 g (7 3 % )  o f  N ,N ’-bis[3 ,3 ,3 - 
tr iflu oro-2 -(triflu orom ethy l)p ropen ylth iom eth yl] -N , N '-d im eth y l- 
benzidine: m p  1 3 2 -1 3 2 .5 ° ; >H nm r (C D C 13) 3.11 (s, C H 3),
5 .09  (s, C H 2), 7 .32  (arom atic A 2B 2 p a ttern ), 7.67 p p m  [qua
d r u p le t , /  =  1.4 H z , (C F 3)2C = C H ] .

Anal. C a lcd  fo r  C 24H 2„F12N 2S2: C , 4 5 .85 ; H , 3 .21 ; S,
10.20. F ou n d : C , 4 5 .76 ; H , 3 .37 ; S , 9 .97.

R ea ction  w ith  E thers. A . B en zyl M ethyl E ther.— T o  6.10  
g (0 .05  m ol) o f  freshly distilled ben zy l m eth y l ether w as added 
6.79 g (0.035 m ol) o f  the th ioketene. A fter 16 hr a t 24 ° the 
product w as distilled to  g ive  6 .7  g (6 0 % ) o f  a -[3 ,3 ,3 -triflu oro - 
2 -(tr iflu orom eth y l)propen y lth io ]ben zv l m eth y l eth er: b p  65° 
(0 .2  m m ); ra25d 1 .4699; ir 3049 ( = C H ) ,  2941, 2841 (C H ), 1623 
(linear C = C ) ,  1502 c m -1 (arom atic  C = C ) ;  ‘H  nm r (neat)
3 .05  (s, C H 3), 5 .19  (s, C H  o f  b en z y l), 6 .95  (m , C 6H 5), 7 .40  pp m  
[quadruplet, J  =  1.4 H z , (C F 3)2C = C H [ ; 19F  nm r - 6 .5 1 ,
— 4 .03  p p m  (quadruplets, J  =  7 H z , com pon ents o f  la tter split 
to  d ou b lets , J  =  1.4 H z ) .

Anal. C a lcd  fo r  C 12H 10F 6O S : C , 4 5 .56 ; H , 3 .19 ; S , 10.14. 
F ou n d : 4 5 .12 ; H , 3 .27 ; S, 10.52.

B . Ethyl E ther.— B is(triflu orom eth yl)th ioketen e (7 g )  and 
7 m l o f e th y l ether were allow ed to  stand for  2 days. T h e  solu
tion  was then coo led  in ice  and 3.24  g  (4 6 % ) o f  the th ioketene 
dim er1 was filtered o ff. D istillation  o f  the filtrate gave 2.33 g 
(2 4 % ) o f  e th y l l-[3 ,3 ,3 -trifiu oro -2 -(tr iflu orom eth y l)p rop en y l- 
th io ]e th y l ether, b p  70° (17 m m ). T h e  com pou n d  w as purified 
fo r  analysis b y  g lpc over T r ito n  X  305 (R oh m  and  H aas C o .)  on  
d ia tom ite : n 25i) 1.3953; ir 3058 ( = C H ) ,  2985, 2941, 2899 
(C H ), 1616 ( C = C ) ,  1379 c m “ 1 (C C H 3); >H nm r (n eat) 0 .86 
(t , C H 3C H 2), 1.27 (d , C H 3C H ), 3.28 (A B  p a rt o f  A B X 3, C H 2), 
4 .53  (quadruplet, C H 3C H ), 7 .58  p p m  [quadruplet, (C F 3)2C =  
C H ] ; 19F  nmr —3 .56 , — 5.82 p p m  (qu adru plets).

Anal. C a lcd  for C 8H 10F 6O S: C , 35 .83 ; H , 3 .76 ; S , 11.95. 
F ou n d : C , 35 .48 ; H , 4 .0 2 ; S, 11.99.

A m ix tu re , 0 .62 g , b p  2 9 -4 2 °  (0.12 m m ), w as also form ed .
W hen  run in  th e presence o f 3 drops o f  4 0 %  peracetic acid , the 

reaction  w as rapid  b u t produced  m ore o f a m ixture.
R ea ction s  w ith H y d rid es . A . D ieth yls ilan e .— T o  2.64  g 

(0 .03  m ol) o f  diethylsilane w as added  5.82  g  (0 .03  m ol) o f  bis- 
(triflu orom ethyl)th ioketene w ith  occasional coolin g . A fter the 
co lor  o f  the th ioketene h ad  disappeared, th e p rod u ct w as cooled  
and 1.63 g  o f  the th ioketene d im er w as filtered o ff. D istillation  
o f  the filtrate gave 2 .14  g  (2 5 % ) o f d ieth y l[3 ,3 ,3 -triflu oro - 
2 - (tr iflu orom eth yl)propen ylth io]silan e: b p  7 5 -7 6 °  (16 m m ); 
n 25d 1.4119; *H nm r (n eat) 4 .43  (broadened  peak , S iH ), 7 .33  
p p m  [quadruplet fo r  (C F 3)2C = C H ,  J  =  1.6 H z ] ;  19F  nm r
— 3 .05 , — 5.98  p p m  (quadruplets, com pon en ts  o f form er sp lit 
to  d ou b lets , /  =  1.6 H z ) .

Anal. C a lcd  fo r  C 8H 12F 6SSi: C , 3 4 .03 ; H , 4 .29 ; S , 11.36. 
F ou n d : C , 33 .53 ; H , 4 .0 9 ; S , 11.75.

B . Triethylsilane.-— A dd ition  o f 5 .82 g  (0 .03  m ol) o f  the 
th ioketene to  3 .48  g (0 .03  m o l) o f  triethylsilane a t  2 5 -3 0 °  and 
d istillation  gave 6 g (6 4 % )  o f  triethyl [3 ,3 ,3 -trifluoro-2 -(tri- 
fluorom eth yl)prop enylth io]silan e: b p  64° (28 m m ); n^D 1.4242;
ir 2976, 2924, 2890 (C H ), 1600 c m ’ 1 ( C = C ) ;  *H nm r 7.42  p p m  
[quadruplet, J  =  1.6 H z , (C F 3)2C = C H ] ;  19F  nm r — 3.25,
— 6.18 p p m  (quadruplets, com pon en ts  o f form er split t o  doublets, 
J — 1.6 H z ).

Anal. C a lcd  fo r  CioH^FeSSi: C , 3 8 .68 ; H , 5 .2 0 ; S , 10.33. 
F ou n d : C , 38 .67 ; H , 5 .0 0 ; S , 10.53.

C. Diphenylsilane.— D iphenylsilane (5 .52  g , 0 .03  m ol) and
5.82 g  (0 .03  m o l) o f  th ioketene w ere a llow ed to  stand for  16 hr. 
D istillation  gave 3.75 g  (3 3 % )  o f  d ip hen yl[3 ,3 ,3 -triflu oro-2- 
(tr iflu orom eth y l)propen y lth io ]silan e : b p  9 2 -9 4 °  (0 .05  m m ); 
n “ D 1.5226; 2H  nm r (neat) 5 .10  (s, S iH ), 6 .6 -7 .2  p p m  (m , C 6H 6 
and - C H = ) ;  19F  nm r — 3.58, —6.72  p p m  (quadruplets, com p o
nents o f  form er split to  dou blets , J  =  1.6 H z ).

Anal. C a lcd  fo r  C i6H 12F 6SSi: C , 50 .78 ; H , 3 .20 ; S, 8 .47. 
F ou n d : C , 51 .04 ; H , 3 .40 ; S , 8 .32 .

D. Triphenylstannane.— T o  a solu tion  o f  3.51 g  (0.01 m ol) 
o f  triphenylstannane in  10 m l o f  d ich lorom ethane w as added
2 .0 4  g  (0.0105 m o l) o f  the th ioketene. A  w hite  solid  w as filtered 
off and th e solven t w as rem oved  from  the filtrate, fina lly  under 
vacu u m . T h e  residue crystallized a fter  several d ays and was 
recrystallized from  petroleum  ether in several crops to  g ive  2.95 
g  (5 4 % ) o f  tr iph en y l[3 ,3 ,3 -triflu oro -2 -(tr iflu orom eth y l)p ropen y l- 
th io jstan n an e: m p  6 3 -6 4 ° ; ir3 0 5 8  ( = C H ) ,  1613 (o le f in ic C = C ) , 
1585, 1570 (arom atic C = C ) ,  730, 696 c m -1 (m on osu bstitu ted  
a rom a tic); 1H  nm r (CCU ) = C H -  peak  in  th e a rom a tic  m u ltip let 
a t 7 -7 .7  p p m ; 19F  nm r —4 .38 , —7.80  p p m  (qu adru plets, com 
pon ents o f form er split to  d ou b lets , J  =  1.6 H z ).

Anal. C a lcd  fo r  C22H 16F 6SSn: C , 4 8 .48 ; H , 2 .9 6 ; S , 5 .88 . 
F ou n d : C , 4 8 .86 ; H , 3 .0 7 ; S , 5 .78.

Trimethylstannane.— T o  4.95  g  (0 .03  m ol) o f  tr im ethylstan - 
nane14 15 in  10 m l o f hexane w as add ed , w ith  coolin g  in  ice , 5 .82  g 
(0 .03  m ol) o f  th e th ioketene. T h e  reaction  w as v igorou s . T h e  
hexane was rem oved  at 25 ° and 11 m m . T h e  liqu id  com p ou n d  
was unstable to  h eat and deposited  a solid  on  stan d in g . H ow 
ever, an nm r spectrum  taken  im m ediately  a fter rem ova l o f the 
hexane show ed the com pou n d  to  be tr im eth yl [3 ,3 ,3-trifluoro-2- 
(tr iflu orom ethyl)propen ylth io]stann ane: 4H  nm r (n eat) 0.47 
(s, C H 3), 7 .57  p p m  [quadruplet, (C F 3)2C = C H ] ;  I9F  nm r — 4 .50 , 
— 7 .40  p p m  (quadruplets, com pon ents o f form er sp lit to  d ou 
b le ts ).

Ene Reactions. A. General Conditions.— W h ere a tem 
perature o f 24 ° is in d icated  in  T a b le  I I ,  b is (tr iflu orom eth y l)- 
th ioketene w as added  to  th e olefin w hile it  w as stirred and cooled  
in  ice  if necessary to  h old  th e tem perature dow n . T h e  solution  
was then  allow ed to  stand a t room  tem perature. R eaction s at 
100° were run in  sealed glass tubes. S tructures were established 
hy nm r. T h e  (C F 3)2C = C H S -g r o u p  show s a ch aracteristic qu a 
druplet (J =  1.4 H z )  for H  a t 7 .1 -8 .2  p p m . T h e  19F n m r h a s a  
quadrup let (J  =  ca. 6 .4  H z ) a t —2.98 to  — 5.05  p p m  w ith  com 
p on ents split to  dou blets (J  =  1 .4 H z ) an d  a secon d , unsplit 
quadrup let a t — 5.20 to  —7.35 pp m .

B. With 1,5-Cyclooctadiene.— In  th e reaction  o f th e  th io 
ketene w ith  1 ,5 -cy clooctad ien e  to  produ ce  m on o- and d iad du cts 
(T a b le  I I ) ,  the first y ie lds recorded  w ere produ ced  b y  using the 
reactants in  the m olar ra tio  o f  1 :1 .1  w hile the second  y ields were 
ob ta in ed  from  a reactan t ra tio  o f 1 :4 .  T h e  stru cture o f  the 
d ia d d u ct is established b y  nm r b y  th e  presence o f  three ring 
- C H =  groups rather th an  fou r.

C. With Cyclobutene.— C y clob u ten e15 (1 .9  g , 0 .035 m o l), 5 
m l o f d ich lorom ethane, and 7 g  (0.036 m o l) o f  the th ioketene were 
sealed in a glass tu be and h eated  a t 100° fo r  1 hr. D istillation  
gave 2 .38  g , b p  3 8 -4 3 °  (2 .2  m m ), and 2 .77  g , bp  5 1 -6 1 °  (0.1  m m ). 
A n aly tica l g lp c on  th e low  boiler in d icated  a 7 1 %  com p on en t, 
b u t  in  preparative g lp c over 2 0 %  fluoroa lky l py rom ellita te  on  
firebrick  m ost o f  th e p rod u ct po lym erized  on th e co lu m n . A  
sm all am ou n t of m ateria l identified  as C H 2= C H C H = C H S -  
C H = C (C F 3)2, 1 ,3 -bu tad ien yl 3 ,3 ,3 -tr iftu oro -2 -(triflu orom eth yl)- 
p ropen y l sulfide, w as ob ta in ed : n 25d  1 .4683; ir 3058 ( = C I I ) ,  
1605 (C = C S ) ,  1570 c m -1 (con ju g a ted  d ien e); ‘ H  nm r (neat)
4 .6 -5 .1  (m , C H 2= ) ,  5 .6 -6 .3  (m , 3 C H = ) ,  7 .17  p p m  [qu adru p let, 
J =  1.4 H z , (C F 3)2C = C H ] ; 19F  nm r - 3 . 7 8 ,  - 6 . 2 8  p p m  (qu a d 
ruplets, J  =  6 .5 H z , com pon ents o f  form er sp lit to  d ou b lets , J 
=  1.4 H z ) .

Anal. C a lcd  fo r  C 8H 6F 6S : C , 38 .70 ; H , 2 .4 4 ; S, 12.92. 
F ou n d : C , 37 .87 ; H , 2 .7 8 ; S , 12.93.

T h e  reaction  m ixtu re w as n o t exam ined further.
Cycloheptatri ene Adduct.— B is (triflu orom ethy 1 ) t h i o k e t e n e  

(7 .76  g , 0 .04  m o l) w as added  to  3 .68 g  (0 .04  m o l) o f  cycloh ep ta - 
triene w ith  stirring and occasion al coo lin g . D istilla tion  gave
8 .4  g , b p  8 3 -8 6 °  (2 m m ). R ecrysta llization  from  m ethan ol le ft
5 .9 g  (5 1 % ) o f  5 ,5 -b is (tr iflu orom eth y l)-3 -th ia te tra cyclo [4 .4 .- 
0 -02■10.04’9]dec-7-ene (3): m p 7 0 -7 0 .6 ° ; R am an  1613 cm “

(14) A. E. Finholt, A. C. Bond, Jr., K. E. Wilzbach, and H. I. Schlesinger,
J. Amer. Chem. Soc., 69, 2692 (1947).

(15) J. D. Bacha and J. K. Kochi, Tetrahedron, 24, 2215 (1968).
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( C = C ) ,  ir 3049 ( = C H ) ,  2994 (C H ), 1629, 1616 c m " 1 (w , C = C ) ;  
>H nm r (C D C 13) (see positions b e low ) 1.47 (qu a rte t, 2 -H ), 1.94,
2 .10  (m ’ s, 1-H  +  1 0 -H ), 3 .26  (d  w ith  broaden ing , 4 -H ) , 3 .53 
( t t ,  9 -H ) , 3 .96  (peak  broaden ed  b y  C F 3’s, 6 -H ) , 6 .20  (t , sp lit to  
d , 8 -H ) , 7 .22  p p m  (t , 7 -H ) (decou p lin g  7 -H  and 8 -H  a ffected
6 -H  and 9 -H  b u t n o t 4 -H ) ; 16 17 18 19F  nm r + 2 .2 0 ,  - 6 . 7 4  p p m  [qua
druplets, J  =  12 H z , form er sp lit to  d , J =  2 H z , p osition s show  
(C F 3)jC = C  n o t p resen t].

Anal. C a lcd  fo r  CuHsFsS: C , 4 6 .15 ; H , 2 .8 2 ; S , 11.20. 
F o u n d : C , 4 6 .21 ; H , 2 .8 8 ; S , 11.17.

(Methylthiomethyl)triphenylphosphonium Chloride.— C h loro- 
m eth y l m eth y l sulfide16 (33 g , 0 .34  m o l) and 90 g (0 .34  m ol) o f 
triphenylphosphine were w arm ed togeth er on  a steam  bash  until 
the m ixtu re solidified . R ecrysta llization  from  n itrom ethane 
gave 76 g (6 2 % )  o f the salt in tw o  crop s, m p  2 1 9 .5 -2 2 0 .5 ° .

Anal. C a lcd  fo r  C 20H 20C1PS: C , 6 6 .93 ; H , 5 .62 ; S , 8 .93 . 
F ou n d : 6 6 .88 ; H ,5 .8 2 ;  S , 8 .89.

Methyl 3,3,3-Trifluoro-2-(trifluoromethyl)propenyl Sulfide.— 
T o  35 .9  g  (0.1  m ol) o f  pow dered  (m ethy l th iom eth yl)trip h en yl- 
ph osph on iu m  ch loride suspended in 200  m l o f tetrahydrofuran  
w as added w ith  stirring and coolin g  in ice 65 m l o f 15%  b u ty l-  
lith ium  in hexane (0.1  m o l). H exaflu oroacetone w as then  passed 
in w ith  con tin ued  coo lin g  until there w as no further evidence o f 
reaction . All the liqu id  w as distilled from  the reaction  m ixture 
a t 30 m m  and co llected  in a D ry  Ice  trap . F raction ation  gave a 
foresh ot, b p  7 0 -1 2 8 .5 ° , and 8 .3  g  o f th e sulfide, b p  128 .5 °, n KD 
1.3850. T h e  foresh ot w as w ashed w ith  w a ter , d r ied , and d istilled 
to  g ive  3 .9  g m ore o f th e sulfide, b p  1 2 7 -1 2 8 °, fo r  a to ta l y ield  
o f  5 8 % : ir 3067 ( = C H ) ,  2950, 2857 (C H ), 1608 ( C = C ) ,  1326 
c m -1 (S C H 3); 'H  nm r (n eat) 2 .20  (s, C H 3), 7 .48  p p m  [quadru 
p le t, J =  1.4 H z , (C F 3)2C = C H ] ; **F nm r — 3 .67 , — 6.11 pp m
(qu adru plets, J =  6 .3  H z , com pon en ts  o f  h igh  field one sp lit to  
dou blets, J  =  1.4 H z ).

Anal. C a lcd  fo r  CsH .FsS: C , 2 8 .59 ; H , 1 .92; S , 15.26. 
F ou n d : C , 28 .85 ; H ,2 .1 8 ;  S , 15.37.

(Benzylthiomethyl)triphenylphosphonium Chloride.— B en zyl 
ch lorom eth y l sulfide17 (4.5 g , 0 .26  m ol) and 69 g  (0 .26  m o l) o f  
triphenylphosphine were heated  on  a steam  b a th  for 16 h r. T h e  
solid  w as broken  up and w ashed w ith  eth er, y ie ld  10.5 g (9 3 % ). 
T h e  p rod u ct w as recrystallized from  315 m l o f  w ater to  g ive  97 g 
(8 5 % ) o f th e sa lt in tw o  crops, m p  2 1 6 -2 1 7 .5 °  a fter  dry in g  in 
a ir and under vacu u m  a t 8 0 °.

Anal. C a lcd  for  C 26H 2,C1PS: C , 71 .79 ; H , 5 .5 6 ; S , 7 .37 . 
F ou n d : C , 71 .92 ; H , 5 .8 9 ; S , 7 .40 .

Benzyl 3,3,3-Trifluoro-2-(trifluoromethyl)propenyl Sulfide.—
T o  43 .5  g  (0.1 m ol) o f  (ben zy lth iom eth yl)triph en ylph osp h on iu m  
ch loride suspended in 200 m l o f tetrahydrofuran  w as added w ith  
coolin g 70 m l (0 .108  m ol) o f  1 5 %  buty llith iu m  in hexane. H exa
fluoroacetone was passed in , the solution  w as filtered, and 
th e solvent w as boiled  o ff. Petroleum  ether w as added  to  the 
residue and the solid w as filtered o ff. T h e  filtrate w as distilled 
to  g ive  8 .2  g (2 9 % ) o f the sulfide: bp  117-119° (17 m m ); n “ i> 
1.4735; ‘ H  nm r (n eat) 3.38 (s, C H 2), 6 .83  (s, C 6H 5), 7 .15  p p m  
[quadruplet, J  =  1.4 H z , (C F 3)2C=CH ||; 19F  nm r - 4 . 2 8 ,  
— 6 .80  pp m  (quadruplets, com pon ents o f  h igh  field on e  sp lit to  
dou b lets , J =  1.4 H z ).

Anal. C a lcd  for CnHgFeS: C , 4 6 .15 ; H , 2 .8 2 ; S , 11.20. 
F ou n d : C , 4 6 .35 ; H , 3 .12 ; S , 10.89.

(Phenylthiomethyl )triphenylphosphonium Chloride.— C h loro 
m eth y l phenyl sulfide12 (64 g , 0 .4  m ol) and 105 g  (0 .4  m o l) o f 
triphenylphosphine were w arm ed on  a steam  b a th  fo r  45 m in . 
T h e  solid  was w ashed w ith  aceton e  to  g ive  135 g  (8 0 % )  o f the 
phosphonium  salt. R ecrysta llization  from  n itrom ethane gave 
121 g  (7 2 % )  in tw o  crops, m p  2 3 2 -2 3 4 ° d ec .

Anal. C a lcd  for C 23H 21C1PS: C , 71 .35 ; H , 5 .2 7 ; S , 7 .62 . 
F ou n d : C , 7 1 .26 ; H ,5 .4 2 ;  S ,7 .5 6 .

Phenyl 3,3,3-Trifluoro-2-(trifluoromethyl)propenyl Sulfide.— 
T h e  reaction  and isolation  w ere carried o u t  on  a 0 .1 -m ol scale

(16) F. G. Bordwell and B. M. Pitt, J. Amor. Chem. Soc., 77, 572 (1955).
(17) H. Bohme, H. Fischer, and R. Frank, Justus Liebigs Ann. Chem., 

563, 54 (1948).

as described fo r  the benzyl com pou n d  excep t th at 65 m l o f the 
buty llith iu m  solution  w as used. D istillation  gave 15.7 g  (5 8 % )  
o f  th e sulfide: b p  1 0 7 -1 0 8 .5 ° (28 m m ); n^n 1 .4725; *H nm r 
(n eat) 7 .03  (s, C 6H 5), 7 .33  pp m  [qu adru plet, J =  1.4 H z , (C F 3)2-  
C = C H ] ; 19F  nm r — 4 .05 , —6.05  p p m  (quadruplets, com pon ents 
o f  h igh field on e  split to  d ou b lets , J  =  1.4 H z ).

Anal. C a lcd  for  C.oH sF.S: C , 4 4 .12 ; H , 2 .2 2 ; S , 11.78. 
F ou n d : C , 4 4 .47 ; H , 2 .4 4 ; S , 11.76.

Addition to Bicyclobutane.— T h e  th ioketene w as add ed  to  
an  equ iva len t o f  b icy c lob u ta n e18 in  C D C 13 a t 0 °  and the nm r o f  
the colorless solution  w as im m ediately  tak en : 2 .50  (A B  p a ttern , 
J =  14 H z , h igh  field pair split to  m , low  field pair sp lit t o  d , 
J =  4 H z , C H 2), 4 .23  (broadened p ea k , C H ), 4 .30  (qu a d ru p le t, 
Ju- cts =  H  H z , a n otab le  va lu e , S H ), 5 .7 5 , 6 .17  pp m  (m ’ s, 
C H = C H ) ;  19F  nm r — 8.93 (qu in tu plet, , 7 = 1 1  H z , fo rm ed  by- 
overlap  o f C F 3C F 3 and H C F 3 splittings o f  sam e J v a lu e ), — 12.0 
p p m  (qu adru plet, J cficfi =  11 H z ). T h ese data  and th e ir 
da ta  in th e discussion are consistent for l- (3 -c y c lo b u te n y l)-
3 ,3 ,3 -tr iflu oro -2 -(tr iflu orom eth y l)-l-p rop en eth io l (4 ).

T h e  th ioketene (14.4  g , 0 .074 m ol) w as added to  4 g  (0 .074  m o l) 
o f  b icy clobu ta n e  in 10 m l o f d ich lorom eth ane a t 0 - 5 ° .  V a cu u m  
flash distillation  at room  tem perature o f a p ortion  in to  a D ry  Ice  
trap caused the com pou nd  to  turn purple. D istillation  w ith  a 
b a th  a t  5 5 -6 0 °  gave 8 .2  g (4 5 % )  o f pu rple liqu id , b p  3 2 -3 6 °  
(3 .5  m m ), and a residue o f 5 .7 g o f resin.

Anal. C a lcd  fo r  C 8H 6F 6S : C , 38 .70 ; I I , 2 .4 4 ; S, 12.92 . 
F ou n d : C , 38 .26 ; H , 2 .44 ; S, 12.88.

T h e  2H  nm r show ed th at som e o f  the prim ary  a d d u ct w as still 
present. A  septup let w as present at 4 .60  p p m  [(C F 3)2C II] and 
the C H = C H  m ultiplets w ere largely replaced w ith  a m u ltip let 
betw een th em . A  clean conversion  o f th e prim ary  a d d u ct in to
l,l,l-tr iflu oro -2 -(tr iflu orom eth y l)-4 ,6 -h ep ta d ien e -3 -th ion e  (5 ) 
was thw arted because o f  con com ita n t p o ly m eriza tion .

Addition to Bicyclo[4.2.0]oct-7-ene.— B is(triflu orom eth y l)- 
th ioketene (6.79 g , 0 .035 m ol) was added w ith  stirring and coo lin g  
to  3 .78  g  (0 .035  m ol) o f  b ie y c lo [4 .2 .0 ]o ct -7 -e n e .19 T h e  tem 
perature w as k ept at a b ou t 2 5 ° : 'H  nm r o f  crude p rod u ct (neat)
1 .8 -2 .8  (m ultip le a bsorp tion s), 3 .43 (s, fused C H  nearest S ) , 
5 .22  (s, = C H  o f  cyclobu ten e  rin g ), 7 .50  pp m  [qu adru p let, J 
— 1.4 H z , (C F 3)2C = C H J . T h ese data  in dicate  th a t the in itia l 
p rod u ct is 7 -[3 ,3 ,3 -triflu oro -2 -(tr iflu orom eth y l)p ropen ydth io ]- 
b icy c lo [4 .2 .0 ]o ct -7 -en e  (6 ). D istillation  gave 8 g  (7 5 % )  o f the 
isom erized p rod u ct, 2 -[3 ,3 ,3 -triflu oro -2 -(tr iflu orom eth y l)p ro - 
p e n y lth io ]-l,3 -cy c loo cta d ien e  (7 ) : bp  73° (0 .06  m m ); n 26D 
1.4982; ir 3067 ( = C H ) ,  2959, 2890, 2865 (C I I ) ,  1608 (su b 
stituen t C = C ) ,  1597 c m -1 (con ju gated  cy c lic  C = C ) ;  ’ H  nm r 
(n eat) 1 .4, 1.85 (tw o  peaks w ith  sp littin gs, 8 H , sim ilar to  sa t
urated region  o f  1,3 -cyclooctad ien e  sp ectru m ), 5 .98  (A B  p a t
tern , J =  15 H z , C H = C H ) ,  5 .45  (overlapped  peak fo r  3rd 
= C H ) ,  7 .32  p p m  [qu adru plet, J  =  1.4 H z , (C F 3)2C = C H ] ;  
19F  nm r —4 .20 , —6.63  p p m  (qu adru plets, J =  6 .4  H z , co m 
pon ents o f  form er sp lit to  d ou b lets , J  =  1.4 H z ).

Anal. C a lcd  fo r  C ^ H .jF sS : C , 47 .68 ; H , 4 .0 0 ; S , 10.61. 
F ou n d : C , 47 .98 ; I I , 4 .0 4 ; S , 10.73.

O zone w as passed in to  1.65 g  o f the com p ou n d  in 35 m l o f  d i
ch lorom ethane a t  —8 0 °. T h e  solution  w as allow ed to  w arm  to  
2 4 °, 4 m l o f  3 0 %  h ydrogen  peroxide in 25 m l o f a ce tic  a cid  w as 
add ed , and the m ixture was w arm ed on  a steam  bath  fo r  1 hr. 
P eroxide w as destroyed  b y  add ing 5 %  R u  on C  and th e filtered 
solu tion  w as evaporated  to  dryness. T h e  residue w as rinsed w ith  
ether to  leave 0 .6  g (7 5 % ) o f  crude ad ip ic a cid , m p and m m p 
152-153° a fter recrystallization  from  eth y l a ceta te .

Addition to Indole.— T o  3.51 g (0 .03  m o l) o f  indole d issolved 
in 10 m l o f  ch loro form  w as added  1.94 g  (0.01 m o l) o f  b is (tr i- 
flu orom eth yl)th ioketen e. A fter 16 hr th e solution  w as coo led  
and filtered to  g ive  1.81 g (5 8 % )  o f red crystals o f 2 ,2 ,2 -tr i- 
f lu oro -l-(tr ifiu orom eth y l)e th y l-3 -in d o ly lth ion e : m p  199 -200°
after recrystallization  from  ch loroform  in 9 2 %  return ; ir 3279 
(N H ), 3077 ( = C H ) ,  2933 (C H ), 1610, 1585, 1506, 1490 (co n 
ju gated  cy c lic  C = C ) ,  754 c m -1 (orth o-d isu bstitu ted  a rom a tic ); 
2H  nm r [(C D 3)2CO] 5.41 [septuplet, (C F 3)2C H ], 6 .2 -7 .1  (m , 3 
H ) ,  8 .23  (d , p ro ton  in 2 p os it ion ), 8 .3 -8 .6  (m , 1 H ) ,  11.10 pp m  
(broad , N H ) (ad dition  o f  D 20  caused th e N H  peak  to  d isappear 
and th e d ou b let a t 8 .23  p p m  to  b e  con verted  to  a s in g let); 19F  
nm r (tetrahydropy-ran ) — 3.24 p p m  (d, J — 7 H z ).

Anal. C a lcd  fo r  C .J R F eN S : C , 46 .30 ; H , 2 .2 7 ; S , 10.30. 
F ou n d : C , 4 6 .45 ; H , 2 .3 6 ; S , 10.20.

(18) J. B. Sieja, J. Amer. Chem. Soc., 93, 130 (1971).
(19) R. S. H. Liu, ibid., 89, 112 (1967).
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T h e  com pou nd  in  dich lorom eth ane dissolved  b y  reaction  w ith  
another m ole o f the th ioketene t o  fo rm  th e unstable d ith ietane 8. 
T h e  p rod u ct cou ld  b e  ob ta in ed  in  som ew h at im pure, p a le  yellow  
form  b y  crysta llization  from  th e  so lven t: ir 3497 (N H ), 3086 
( = C H ) ,  1618 (ex ocy clic  C = C ) ,  1534, 1490, 1477 c m " 1 (cy c lic , 
con ju gated  C = C ) ;  19F  nm r (M e 2C O ) —2.94  [d , (C F 3)2C H ], 
- 7 . 7 1  pp m  [s, (C F ,) s C = C ] .

Addition to l,3,3-Trimethyl-2-methyleneindoline.— T o  5.19
g  (0 .03  m o l) o f  l,3 ,3 -tr im eth y l-2 -m eth y len ein dolin e  (E astm an  
K o d a k  C o .)  in  10 m l o f  d ich lorom eth an e, stirred and coo led  
in ice , was added  7.5 g  (0 .038  m o l) o f  th e th ioketene at ca. 2 0 °. 
T h ioketen e dim er was filtered off and th e solven t w as ev a p 
ora ted . T h e  residue w as recrystallized from  m ethanol to  give
5.87  g (5 3 % ) o f orange 2 ,2 ,2 -tr iflu oro -l-(tr iflu orom eth y l)e th y l 
(l,3 ,3 -tr im eth y l-2 -in d o lin y lid en e )m eth y lth ion e : m p 1 1 4 -1 1 4 .5 ° ; 
ir 3030 ( = C H ) ,  2983, 2924 (C H ), 1538, 1515, 1471 c m “ 1 
( C = C ) ;  visib le m ax (isooctan e) 446 m/i (e 29 ,92 0 ); u v  m ax 
(isooctan e) 253 m*t (« 10 ,430 ); 4H  nm r (C C U ) 1-44 [s, (C H 3)2C ], 
3.42 (s, C H 3N ) ,  4 .42  [septuplet, (C F 3)2C H ], 6 .42  (s, = C H ) ,
7.17 p p m  (m , 4  H , a rom a tic ); 19F  nm r — 2 .5 5 pp m  (d ).

Anal. C a lcd  fo r  CisHisFoNS: C , 5 2 .45 ; H , 4 .13 ; S, 8 .75 . 
F ou n d : C , 52 .64 ; H , 4 .0 9 ; S , 8 .96.

Addition to 6- (Dimethylaminojfulvene.— T o  6 .05  g  (0 .05  
m ol) o f  6 - (d im eth ylam in o )fu lven e20 in  35 m l o f CCU w as added 
dropw ise 9 .70  g (0 .05  m ol) o f  the th ioketene w ith  stirring and 
coolin g to  keep th e tem perature a t 2 5 -3 0 ° . T h e  p rod u ct crysta l
lized o u t and w as filtered a t 5 °  and rinsed w ith  co ld  CCU. T h e  
p rodu ct (6 .6  g ) w as recrysta llized  from  CCU to  g ive  5 .9 g  (3 7 % ) 
o f purple 5 -(d im eth y la m in om eth y len e )-l,3 -cy c lop en ta d ien -l-y l-
2 ,2 ,2 -tr iflu oro -l-(tr iflu orom eth y l)e th y lth ion e : m p ca. 118°
dec; ir 3067 ( = C H ) ,  2941 (C H ), 1642, 1515 c m “ 1 ( C = C ) ;  ' l l  
nm r (C D 3C N ) 2.65 [s, (C H 3)2N ] ,  4 .83  [septuplet, J =  8  H z , 
(C F 3)2C H ] , 5 .70  (t , J — 4  H z , H  in 3 p o s it ion ) 6 .32  (d , J =
4 H z , H  in 2 or  4 p o s it io n ), 6 .52  (d , J  =  4 H z , H  in 4 or 2 posi
t io n ), 8 .26  p p m  (sep tu plet, J =  0 .7  H z , exocy clic  = C H ) ;  19F  
nm r — 3.13 p p m  (d , J  =  8  H z ).

Anal. C a lcd  fo r  C 12H nF 6N S : C , 4 5 .71 ; H , 3 .52 ; S , 10.17. 
F ou n d : C , 4 6 .11 ; H , 3 .6 4 ; S , 10.28.

Bis(trifluoromethyl)ketenimines.21 A. From Dimethylsulfur 
Diimide.— T o  2 .7  g  (0 .03  m o l) o f  d im ethylsu lfur d iim ide22 in
5 m l o f  d ich lorom eth ane w as added  dropw ise a t 20 ° w ith  stirring
11.64 g  (0 .06  m o l) o f  b is (triflu orom eth yl)th iok eten e . A fter  1 hr 
the vola tile  m aterial w as pu lled  off a t 20 m m  and caught in a D ry  
Ice  trap . T h e  p o t  was finally  heated w ith  steam . F raction ation  
gave 1.94 g  (1 7 % )  o f  iV -[3 ,3 ,3 -triflu oro -2 -(tr iflu orom eth y l)- 
p ropen y liden e]m eth ylam in e: b p  5 5 -5 6 °  (184 m m ); n 25D 1.3345; 
ir 2967, 2899 (saturated  C H ), 2110 cm “ 1 ( C = C = N ) ;  H I nm r 
(neat) 1.85 p p m  (s ) ; 19F n m r  —9 .8 0 p p m (s ) .

Anal. C a lcd  fo r  C 5H 3F 6N : C , 31 .43 ; H , 1 .58; N , 7 .33 . 
F ou n d : C , 31 .18 ; H , 1 .83; N , 7 .3 0 .

B . From Di-n-butylsulfur Diimide.— T h e  reaction  w as carried 
o u t w ith  d i-n -bu tylsu lfu r d iim ide23 as described a b ove . A fter 
2 days, the vola tile  m ateria l w as flashed in to  a D ry  Ice  trap  at 
1 m m . D istillation  gave a 2 0 %  yield  o f  th e ra-butylam ine de
riv a tiv e : b p  75° (6 1 m m ); n 26D 1.3623; ir 2967, 2890 (saturated 
C H ), 2114 cm -1 ( C = C = N ) ;  19F  nm r — 10.1 p p m  (s).

Anal. C a lcd  for C 8H 9F 6N : C , 41 .20 ; H , 3 .89 ; N , 6 .01 . 
F ou n d : C , 41 .12 ; H , 3 .7 8 ; N .5 .8 0 .

C. From Di-terf-butylsulfur Diimide.— T h e reaction  was 
carried ou t w ith  di-iert-butylsu lfur d iim ide24 as described under 
A. A fter 4 hr the p rod u ct w as distilled  d irectly  to  g ive  a  4 8 %  
y ie ld  o f  th e fert-butylam ine d er iv a tiv e ,21,25 b p  6 6 -6 8 °  (108 m m ); 
n 25d  1 .3524; ir 2985 (saturated  C H ), 2096 c m -1 ( C = C = N ) ;  
u v  m ax (isooctan e) 268 m/n (e 2 8 7 ); *H nm r (n eat) 1 .08 p p m  
(s ); I9F  nm r — 10.6 p p m  (s).

Anal. C a lcd  for C 8H 9F 6N : C , 4 1 .20 ; H , 3 .89 ; N , 6 .01 . 
F ou n d : C , 41 .41 ; H ,4 .1 7 ;  N , 6 .16 .

D. From Diphenylsulfur Diimide.-— T h e  d iphenylsu lfur di
im ide w as m ade b y  a m od ifica tion  o f C ram er ’s p roced u re .26

(20) K. Hafner, K. H. Vopel, G. Ploss, and C. König, Org. Syn., 47, 52 
(1967).

(21) M. S. Raasch, U. S. Patent 3,462,489 (1969); Chem. Abstr., 71, 
90831g (1969).

(22) Made according to B. Cohen and A. G. MacDiarmid, J. Chem. Soc. 
A, 1780 (1966), except that ten times as much methylamine as specified was 
used; 66% yield.

(23) M. Goehring and G. Weis, Angew. Chem., 68, 678 (1956).
(24) See ref lib .
(25) E. Ciganek, ibid., 5179 (1969).
(26) R. D. Cramer, J. Org. Chem., 26, 3476 (1961).

A niline (56 g , 0 .6  m o l) in  100 m l o f  d ich lorom eth ane w as coo led  
in D r y  Ice -a ce to n e  and 11 g  (0.1  m ol) o f  sulfur tetra flu orid e  w as 
passed in . T h e  m ixtu re w as allow ed to  w arm  to  24° and  the 
aniline h ydrofluoride w as filtered o ff. T h e  so lven t w as boiled  
o ff, finally  under v a cu u m  on  a steam  bath . P etro leu m  ether 
w as added to  p recip itate  tar and th e decanted solu tion  w as dis
tilled  to  g iv e  10.1 g  (9 4 % ) o f diphenylsu lfur d iim id e , b p  105° 
(0.1  m m ).

T h e  reaction  w as carried o u t as under A  and after 16 h r dis
tilla tion  gave a 3 8 %  yie ld  o f A '-[3 ,3 ,3 -tr iflu oro -2 -(triflu oro - 
m ethy l)p ropen ylid en e]an ilin e :27 bp  60° (8 m m ); >H nm r (n eat)
6.75  p p m  (m ); 19F  nm r — 10.2 p p m  (s ). H ydrolysis in  w arm , 
aqueous aceton e gave (C F 3)2C H C O N H C 6H 5,28 m p and m m p 1 71 - 
172°.

Registry No.—2, 33830-86-3; 3, 33872-36-5; 4, 
33830-87-4; 7, 33830-88-5; 3,3,3-trifluoro-2-(trifluoro- 
methyl)thiopropionic acid, 33830-89-6; 3,3,3-trifluoro-2- 
(trifluoromethyl)thiopropionyl bromide, 33830-90-9; p- 
tolyl 3,3,3-trifluoro-2-(trifluoromethyl)-iV-methylthiol- 
propionimidate, 33830-91-0; p-tolyl 3,3,3-trifluoro-2- 
(trifluoromethyl)-iV-p-tolylthiolpropionimidate, 33830-
92-1; iV'-methyl-iV’- [3,3,3-trifluoro-2-(trifluoro- 
methyl)propenylthiomethyl]aniline, 33890-40-3; 
33830-93-2 (HC1); lV-methyl-lV’-[3,3,3-trifluoro-2-(tri- 
fluoromethyl) propenylthiomethyl [-p-toluidine, 33830- 
94-3; (V-methyl-3-nitro-A?- [3,3,3-trifluoro-2-(trifluoro- 
methyl)propenylthiomethyl]aniline, 33830-95-4; N -  
iV'-bis [3,3,3-trifluoro-2-(trifluoromethyl)-propenylthio- 
methylj-A^iV'-dimethylbenzidine, 33830-96-5; a- 
[3,3,3-trifluoro-2- (trifluoromethyl)propenylthio ]benzyl 
methyl ether, 33830-97-6; ethyl 1-[3,3,3-tri- 
fluoro - 2 - (trifluoromethyl)propenylthio [ethyl ether, 
33830-98-7; triethyl[3,3,3-trifluoro-2-(trifluoromethyl)- 
propenylthio [silane, 33872-37-6; diphenyl [3,3,3-tri-
fluoro-2-(trifiuoromethyl)propenylthio [silane, 33830- 
99-8; triphenyl [3,3,3-trifluoro-2-(trifluoromethyl)pro- 
penylthiojstannane, 33831-00-4; CH2= C H C H =C H S - 
C H =C (C F3)2, 33831-01-5; (methylthiomethyl)tri-
phenylphosphonium chloride, 1779-54-0; methyl 3,-
3,3-trifluoro-2-(trifluoromethyl)propenyl sulfide, 33831-
03-7; (benzylthiomethyl)triphenylphosphonium chlo
ride, 33831-04-8; benzyl 3,3,3-trifluoro-2-(trifluoro- 
methyl)propenyl sulfide, 33831-05-9; (phenylthio- 
methyl)triphenylphosphonium chloride, 13884-92-9; 
phenyl 3,3,3-trifluoro-2-(trifluoromethyl)propenyl sul
fide, 33831-07-1; adipic acid, 124-04-9; 2,2,2-trifiuoro-
1- (trifluoromethyl)ethyl-3-indolylthione, 33831-08-2;
2,2,2-trifluoro-l-(trifluoromethyl)ethyl (1,3,3-trimethyl-
2- indolinylidene)methylthione, 33831-09-3; 5-(di-
methylaminomethylene) -1,3-cyclopentadien-l-yl- 2,2,2- 
trifluoro - 1 - (trifluoromethyl) ethylthione, 33831-
10-6; N- [3,3,3-trifluoro-2-(trifluoromethyl)propenyli- 
dene [methylamine, 23386-63-2; Ar-[3,3,3-trifluoro-2- 
(trifluoromethyl) propenyfidene [-n-butylamine, 23386-
64-3; N- [3 ,3 ,3-trifluoro-2-(trifluorom ethyl)pro- 
penylidenej-ferf-buty lamine, 23409-78-1; diphenylsulfur 
diimide, 3839-89-2; AI-[3,3,3-trifluoro-2-(trifluoro- 
methyl)propenylidene[aniline, 1519-73-9; (CF3)2CH-
CONHC 6H5, 786-39-0; bis (trifiuoromethyl) thioketene, 
7445-60-5.
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2-H , 2 ,6 -d iC O O H , 2-C1, 2 -C H 3, 2 -C H 30 ,  and 2 -N 0 2 thioxanthen-9-one 10,10-dioxides were synthesized and 
treated, at reflux, w ith  2 %  N a O H -6 5 %  d iox a n e -H 20 .  F or  these system s, facile hydroxide d isp lacem ent o f the 
sulfone linkage was foun d to  occu r exclusively on  the m ore electrophilic ring to g ive  the n ovel benzoph enon e-2 '- 
hydroxy-2-sulfin ic acids. Further, in alkaline media, these sulfinic acids generally undergo unique intram olecular 
cyclization  to xanthones. T h e  structures o f the sulfinic acids were established b y  replacem ent of the sulfinic acid 
group w ith a ch lorom ercury group  follow ed b y  replacem ent o f the latter w ith hydrogen  to a fford  2 -h yd roxy - 
benzophenones.

Because thioxanthen-9-one 10,10-dioxides may pos
sess some interesting physiologial properties, syn
thetic procedures leading to the preparation of a variety 
of substituted parent (1) systems have been reported.3 
Further, the well-known4 5 colored solutions resulting 
from treatment of thioxanthen-9-one 10,10-dioxides 
with reducing agents in alkaline media have been in
vestigated,6 and epr data6 have verified that formation 
of radical anions are responsible for the observed colors. 
While studying these color reactions in alkaline systems, 
the partial conversion of 1 to xanthone (3) was ob
served.6a Additional investigations relating to this 
transformation have not been reported and this in
teresting cleavage reaction has remained unexplained.

1,R = R '=H  
4,R = R' = C00H

During the course of our recent studies7 relating to 
the cyclization of diphenyl sulfone-2-carboxylic acids 
to thioxanthen-9-one 10,10-dioxides, we found that the 
heterocyclic moiety of the 2,6-dicarboxylic acid (4) 
of 1 was unstable to treatment with dilute aqueous 
sodium hydroxide. Since our results, along with those 
reported by Heymann, suggested a general lack of 
stability of the thioxanthen-9-one 10,10-dioxide nucleus

(1) This investigation was supported in part by a National Science Foun
dation Undergraduate Research Grant No. GE 8888.

(2) (a) Taken in part from the M.S. theses of M. J. B. and R. M .; (b) 
the senior thesis of P. D.; (c) the Ph.D. dissertation of G. S.

(3) (a) E. D. Amstutz and C. R. Neumoyer, J. Amer. Chem. Soc., 69, 
1925 (1947); (b) J. Blanz and F. A. French, J. Med. Chem., 6, 185 (1963).

(4) (a) C. Graebe and O. Schulthess, Justus Liebigs Ann. Chem., 263, 10 
(1891); (b) F. Ullmann and O. Von Glenck, Ber., 49, 2509 (1916); (c) E. 
D. Amstutz, E. A. Fehnel, and I. M. Hunsberger, J. Amer. Chem. Soc., 70, 
133 (1948).

(5) (a) H. Heymann, J. Amer. Chem. Soc., 71, 260 (1949); (b) E. A.
Fehnel, ibid., 71, 1065 (1949).

(6) E. T. Kaiser and L. Kevan, Ed., “ Radical Ions,”  Interscience, New 
York, N. Y., 1968, Chapter 8, and references cited therein.

(7) O. F. Bennett and P. Gauvin, J. Org. Chem., 34, 4165 (1969^.

in alkaline media, we undertook a more detailed in
vestigation of this reaction system and report our find
ings in this paper.

For the purpose of this study, six thioxanthene-9-one
10,10-dioxides were prepared and refluxed with 2% 
sodium hydroxide-65% dioxane-water8a solution (Table
I). All compounds underwent ring opening at the

T a b l e  I
T hioxanthen-9-one 10,10-D ioxides R eacted 

at R eflux  in 2 %  Sodium H ydroxide-6 5 %  D ioxan e -H 20
Reaction

Re time, % Un
actant mmola R ' R hr reacted

1 16 H H 4 6 1 .5
4 6 C O O H C O O H 0 .2 5 6 4 5 .0

5 7 .5
5 14 H Cl 4 5 0 .2
6 14 H N 0 2 2 0 .0
7 15 H c h 3 18 2 3 .0
8 15 H c h 3o 18 2 8 .8

<* A ll reactions were run in 500 m l o f solution  excep t 4  w hich 
was run in 50 m l. 6 Y ields  in T a b le  I I  were obta in ed  fo r  this re
action  tim e.

sulfone linkagesb under these conditions, and, following 
acidification, the corresponding novel hydroxybenzo- 
phenonesulfinic acids were obtained (Table II, A). 
In addition, except for the nitro compound 6, xanthones 
were also isolated from the reaction mixtures (Table 
II, B). Nitro compound 6 gave only the 2'-hydroxy- 
5'-nitro-2-sulfinobenzophenone (12). Further, when 
the pure hydroxybenzophenonesulfinic acids were re
fluxed with 3% aqueous sodium hydroxide, all except 
12 were converted to their corresponding xanthone 
products shown in Table III. Under these reaction 
conditions, the refractory nitro compound, 12, re
mained unchanged even after reflux for 48 hr. The

(8) (a) All of the thioxanthen-9-one 10,10-dioxides were completely solu
ble in this solvent system, while many exhibited limited solubility in only 
aqueous hydroxide, (b) One referee of this manuscript has observed base- 
induced ring opening of the thioxanthen-9-one (2) ring system using Huang- 
Minlon conditions. Unlike the sulfone systems, he reports that ring opening 
in the sulfides does not lead to new, ring-closed products.
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T a b l e  I I

P ro d u cts  O b t a in e d  from  R e a c t io n  of

T h io x a n t h e n -9 -o n e  IO JO -D io x id e s /

Reactant

A
Benzophenone product“ 

(yield, %) Product Mp, °C
1 2 '-0 H -2 -S 0 2H  (25 .1 ) 9 119-120
4 4,5 '-d iC O O H -2  '-0 H -2 -S 0 2H 10 189-191

5
(40 .0 )

5 '-C 1 -2 '-O H -2 -S 0 2H  (37 .0) 11 118-119
6 2 '- 0 H -5 '-N 0 2-2 -S 0 2H  (89 .5) 12 123-124
7 2 '-0 H -5 -C H 3 -2 -S 0 2H  (72 .4) 13 123-124
8 2 '-0 H -5 -C H 30 -2 -S 0 2H  (68.1 ) 14 105-106

Reactant

B
Xanthone product

(yield, % ) Product Mp, ”C
1 X a n th on e6 (13 .4) 3 174-175
4 2,6-d iC O O H « (15 .0) 15 407-412
5 2-C16 (13 .3) 16 170-171
7 2 -C H 36'd (4 .6 ) 17 121-122
8 2 -C H 30 6'« (3 .1 ) 18 134-135

“ P roducts 10 and 11 were purified b y  crystallization  from  
aqueous m ethanol. A ll oth er products were crystallized from  
aqueous acetone. 6 In frared  and m elting p o in t com parisons 
w ith  authentic sam ples w ere identical. e In frared and m elting 
poin t com parisons m ade w ith  a sam ple prepared b y  an indepen
dent p rocedure p roved  id en tity ; see E xperim ental Section. d F . 
U lm ann and M . S lokasow , Ber., 38, 2115 (1905). * A . B aeyer, 
Justus Liebigs Ann. Chem., 372, 102 (1910). 1 S a tisfactory  
analytical values ( ± 0 . 4 %  fo r  C , H , S ) for all new com pounds 
were reported : E d .

T a b l e  I I I

C y c l iz a t io n  of t h e  H y d r o x y b e n zo p h e n o n e su l f in ic  A cid s  to  
X a n t h o n e s  b y  R e f l u x  in  3 %  A q u e o u s  So d iu m  H y d r o x id e

Reaction
Re time, % Xanthone Yield,

actant mmol hr Unreacted product %
9 2 2 2 6 .8 3 73.2

10 1 .4 2 3 7 .0 15 63.0
11 2 2 4 7 .2 16 52 .8
12 2 48 100.0 0 .0
13 2 4 76 .4 17 23 .6
13 2 40 18.8 17 81 .2
14 2 4 82 .0 18 18.0
14 2 40 33 .0 18 67.0

xanthone structures were confirmed by elemental analy
sis and by infrared and melting point comparison to 
known compounds. The structure of the new diacid 
xanthone, 15, was established by comparison to a 
sample synthesized by an independent route (see 
Experimental Section).

All of the hydroxybenzophenonesulfinic acids im
mediately decolorize cold neutral permanganate and 
also give a positive Krishna test9 indicating the pres
ence of a sulfinic acid group. Their general structures 
were consistent with elemental analyses (Table II) 
as well as with ir and nmr data, but their absolute 
structures were established by synthetic procedures. 
Thus, for each hydroxybenzophenonesulfinic acid, 
the sulfinic acid group was replaced by a chloromercury 
group10 to afford the corresponding solid hydroxychloro- 
mercuribenzophenones (Table IV). Removal of the 
chloromercury group was achieved in acid solution to 
give the respective 2-hydroxybenzophenones (Table V)

(9) S. Krishna and H. Singh, J. Amer. Chem. Soc., BO, 792 (1928).
(10) (a) W. Peters, Ber., 38, 2567 (1905). (b) I. L. Finar, “ Organic

Chemistry,”  Longmans, Green and Co., New York, N. Y., 1955, p 522.

T a b l e  IV

P r e p a r a t io n  o f  H y d r o x y c h l o r o m e r c u r ib e n zo p h e n o n e s  
from  th e  H y d r o x y b e n zo p h e n o n e su l f in ic  A c id s6

Chloromercuri
Re product“ Prod

actant mmol (yield, %) uct Mp, °C
9 15 2 '-H g C l-2 -O H  (69 .6) 19 185 -187

10 3 2 '-H g C l-4  ',5 -d iC O O H -2-O H 20 3 0 4 -3 0 6
(70 .3) dec

11 13 5-C1-2 '-H gC l-2 -O H  (74.6) 21 2 0 6 -2 0 8
12 13 2 '-H g C l-2 -O H -5 -N 0 2 (82.1) 22 2 5 5 -2 5 6
13 14 2 -H g C l-2 '-O H -5 -C H 3 (74.7) 23 2 0 3 -2 0 4
14 14 2 -H g C l-2 '-0 H -5 -C H 30  (68.2) 24 2 0 3 -2 0 4

“ A ll products were purified b y  crystallization from  aqueous 
acetone 6 Satisfactory  analytical values ( ± 0 .4 %  fo r  C , H )  for 
all com pounds were rep orted : E d .

T a b l e  V

o-H yd r o x y b e n zo p h e n o n e s  from  th e  
H yd r o xy c h l o r o m e r c u r ib e n zo ph e n o n e s®

Re
o-Hydroxy

product Prod Recrystn
actant mmol (yield, %) uct Mp, °C solvent

19 18 2-O H “ (91.8) 25 38 -39 D istilled  bp  
1 3 6 -1 3 8 ° 
(1.9  m m )

20 19 4 ',5 -d iC O O H -2 - 
O H 6 (89 .0)

26 334-336
dec

A queou s
acetone

21 16 5-C 1-2-OH 6
(84 .9 )

27 93 -94 E thanol

22 16 2 -0 H -5 -N 0 2‘
(84 .0)

28 123-124 E th an ol

23 15 2 -O H -3 '-C H 3d
(82.4)

29 L iqu id D istilled , bp  
140 -1 4 1 ° 
(0.9  m m )

24 15 2 -O H -3 '-C H 3O d
(83.6)

30 L iqu id D istilled , b p  
148 -1 4 9 ° 
(0.5  m m )

“ T h e  solid  oxim e was prepared, m p 132 -134° [lit. m p 135°:
E . P . K oh ler and W . F . B ruce, J. Amer. Chem. Soc., 53, 1572 
(1931)]. 6 C om parison  m ade to  Sadtler R esearch  Laboratories, 
Standard In frared Spectra, G ratin g 24374. c See F . U lm ann 
and J. H . M allet, Ber., 31, 1696 (1898). d C om parisons m ade to  
structures prepared b y  independent procedures p rov ed  id en tity ; 
see E xperim ental Section. e S atisfactory  analytica l values 
( ± 0 .4 %  for  C , H )  for all com pou nds excep t 19, 21, and 22 were 
reported : E d .

which were compared to known compounds or to 
structures synthesized by independent methods.

The reported54 finding of xanthone product following 
treatment of thioxanthen-9-one 10,10-dioxide in alka
line media can now be explained as the result of nucleo
philic displacement of the sulfonyl linkage in the thio- 
xanthen-9-one 10,10-dioxide moiety leading to the 
novel hydroxybenzophenonesulfinic acids. Further, 
in alkaline systems, the unique functionality of these 
sulfinic acids allows intramolecular displacement of 
the sulfinate group to afford xanthone products. Fail
ure of the nitro compound 12 to undergo cyclization 
reaction may be attributable to the reduced nucleo
philic strength of the phenoxy anion due to the strong 
electron-withdrawing influence of the p-nitro sub
stituent'.

Although for a given substituted thioxanthen-9- 
one 10,10-dioxide, two isomeric cleavage products are 
theoretically possible, we found no evidence to indicate 
that displacement reaction occurred other than ex
clusively on the more electrophilic aromatic ring.

Scheme I proposes a general mechanism that is con-
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S ch em e  I

sistent with the cleavage-cvclization reactions found 
in this investigation. Although some inorganic sulfite 
results from the cyclization reaction, the precise nature 
of the sulfinate displacement is not presently known.

Experimental Section11
Preparation  o f the T h ioxan th en -9 -on e  10 ,10 -D iox id es  (1,

4 -8 ) .— T h e reported p rocedu re411 for the oxidation  o f th ioxan- 
then -9-one and 2 -eh loroth ioxan th en -9 -on e in hydrogen  peroxide 
(3 0 % ) and  glacia l a ce tic  acid  gave th ioxan th en -9 -on e 10 ,10- 
d iox ide411 (1 ) (3 4 % )  and 2 -ch loroth ioxanthen -9 -one 10 ,10-di- 
ox id e12 (5 ) (8 5 % ) . T h ioxan th en -9 -on e 10 ,10 -d iox ide-2 ,6-d icar- 
b ox y lic  acid  (4 ) w as prepared (8 5 % ) accord in g  to  the cyclization  
procedure reported  b y  B en nett and G a u vin .7 T h e  con den 
sation  procedure reported b y  R oberts  and S m iles '3 was utilized 
to ob ta in  the 4 '-n itr o -14 (7 2 % ), 4 '-m e th y l-15 (7 0 % ) , and 4 '-  
m eth oxyd ip h en yl su lfide-2-carboxylic a cid s13 (7 8 % ). C ycliza 
tion  o f the 4 '-m eth y l and the 4 '-m eth oxyd ip h en y l sulfide-2- 
ca rb oxy lic  acids w as ach ieved in concentrated  sulfuric acid  at 
100° and 5 0 ° , respectively , to  a fford 2 -m eth ylth ioxan th en -9 - 
o n e16 (79% ,) and 2 -m eth oxyth iox an th en -9 -on e17 (8 4 % ) . T h e  
cycliza tion  o f  4 '-n itrod ip h en y l su lfide-2 -carboxylic acid to  2- 
n itroth ioxan th en-9 -one (4 7 % ) w as effected using the procedu re o f 
M a y e r ,14 w hich  in volved  reaction  o f the acid  ch loride w ith  alu
m inum  ch loride. T h e  oxidation  o f  the 2 -n itro -, 2 -m eth y l-, and 
2-m eth oxyth ioxanthen -9 -ones in hydrogen  peroxide and glacial 
acetic acid  afforded the 2 -n itro -14 (6) (8 9 % ), 2 -m eth y l-18 (7) 
(7 0 % ), and 2-m eth oxyth ioxanthen -9 -one 10 ,10 -d iox ides19 (8) 
(7 3 % ).

All com pou n ds synthesized were identified b y  sa tis factory  
elem ental analyses, m elting p o in ts , and ir and nm r data .

R ea ction  o f the T h ioxan th en -9 -on e 10 ,10 -D iox ides in  2 %  
Sod iu m  H y d ro x id e -6 5 %  D io x a n e -W a te r .— T h e  fo llow ing  ty p 
ical exam ples illustrate the general procedures used to  carry  ou t 
the cleavage reactions. F or each specific com p ou n d , changes in 
these procedures, as well as necessary p rod u ct in form ation , are 
n oted  in T a b les  I  and I I .

A . R ea ction  o f T h ioxan th en -9 -on e 10 ,10 -D iox id e-2 ,6 -d icar- 
boxy lic  A cid  (4 ).— In a ty p ica l reaction , 4 (2 g , 6 m m ol) in 50 
m l o f  2 %  sodium  h y d ro x id e -6 5 %  d iox a n e -w ater w as refluxed 
for 5 hr. T h e  in itia l brow n  solution  changed to  a deep green 
as reflux began and this co lor persisted for  1 hr during th e reac
tion  tim e. F ollow ing add ition  o f 150 m l o f w ater, the dioxane 
was flash distilled and the co ld , brow n  solution  w as acidified w ith  
10 %  h ydroch loric acid and filtered. T h e  tan solid  was washed 
w ith  w ater, dried, and extracted  w ith  three 150-m l portion s o f 
co ld  a ceton e . T h e  acetone-insoluble m ateria l, 1.56 g (9 2 % ), 
was identified as xan th on e-2 ,6 -d icarbox y lic  a cid , 15 (T a b le  I I , 
B ) ,  b y  ir and m elting poin t com parisons w ith  a sam ple prepared 
b y  independent synthesis (vide infra).

T h e com bined  aceton e extracts were evaporated  to  dryness, 
leaving 0.45  g  o f  yellow  pow d er. T h is  solid  w as extracted  w ith  
three 75-m l portion s o f ether, w hich  left 0 .15 g (7 .5 % )  o f  un
reacted 4 . E vap oration  o f the ether extracts afforded 0.29  g  o f 
4 ,5 '-d iea rb oxy -2 '-h yd rox y -2 -su lfin oben zop h en on e , 10 (T a b le  I I , 
A ).

B . R ea ction  o f 2 -C hloroth ioxanthen -9-one 10,10 D iox id e  (5 ).
— A  solu tion  o f 5 (4 g , 14 m m ol) in 500 m l o f 2 %  sodium  h y 

(11) Melting points are corrected except for those compounds melting 
above 300°. Elemental analyses were performed by Dr. Carol K. Fitz, Need- 
ham Heights, Mass., and by Galbraith Laboratories, Inc., Knoxville, Tenn.

(12) H. Gilman and J. W. Diehl, J. Org. Chem., 24, 1914 (1959).
(13) K. C. Roberts and S. Smiles, J. Chem. Soc., 867 (1929).
(14) F. Mayer, Ber., 42, 3050 (1909).
(15) J. Goldberg, ibid., 37, 4527 (1904).
(16) F. Mayer, ibid.. 43, 588 (1910).
(17) \\ . G. Prescott and S. Smiles, J. Chem. Soc., 645 (1911).
(18) F. Ulmann and A. Lehner, Ber., 38, 741 (1905).
(19) W. B. Price and S. Smiles, J. Chem. Soc., 3159 (1928).

d ro x id e -6 5 %  d iox an e-w ater was refluxed fo r  4 hr. T h e  initial 
clear solu tion  changed to  a deep green as reflux began  and  this 
co lor persisted during th e entire reaction  tim e. F o llow in g  the 
add ition  o f  300 m l o f w ater, th e d ioxane w as rem oved  b y  flash 
distillation  and the solution  w as filtered . T h e  w h ite  solid  w as 
w ashed w ith  w ater, dried, and extracted  w ith  three 150-m l 
portion s o f  co ld  ether. T h e  ether-insoluble m ateria l, 1.99 g 
(5 0 .2 % ), w as unreacted 5. T h e  com bin ed  ether extracts  w ere 
evaporated  to  dryness, leaving 0.45 g o f w h ite  solid . C ry sta l
lization  from  m ethanol gave 2 -ch loroxan th one, 16, w hich  w as 
identified b y  ir and m elting p o in t com parisons (T a b le  I I ,  B ) .

T h e  rem aining basic reaction  solution w as acidified  w ith  10 %  
h ydroch loric acid  to  g ive  a clou dy  solution  w hich  w as extracted  
w ith  four 100-m l portion s o f co ld  eth er. E v a p ora tion  o f  the 
ether extracts left a yellow  oil w hich  solidified on ch illing to  a 
light yellow  solid . T w o  crystallizations from  aqueous m eth an ol 
afforded the w h ite  needles, 1.42 g , o f  5 '-ch lo ro -2 '-h y d ro x y -2 -  
su lfinobenzophenone, 11 (T ab le  I I ,  A ).

C yclization  o f the H yd roxybenzop hen onesu lfin ic A cid s  to 
X an th ones (T able  III ) .— In a ty p ica l reaction , 0 .5  g (2 m m o l)  o f 
13 w as d issolved in 50 m l o f 3 %  aqueous sodium  h y d rox id e . 
T h e  ligh t yellow  solution  w as refluxed for  4 hr w ith  n o co lor 
change. T h e  w h ite  solid that form ed w as filtered from  th e cold  
so lu tion , w ashed w ith  w ater, and dried. T h is solid , 0 .09  g , was
2 -m eth ylxan th one, 17, as show n b y  ir and m elting p o in t co m 
parison w ith  an authentic sam ple. T h e  rem aining basic solu tion  
was acidified w ith  1 0%  h ydroch loric acid  and filtered . T h e  
solid , 0 .38  g , w as w ashed w ith  w ater and dried, and w as show n 
to  be u nreacted  13.

Preparation  o f H ydrox ych lorom ercu riben zoph en on es from  the 
H yd roxybenzop hen onesu lfin ic A cids (T ab le  IV ).— T h e  general 
procedu re10“ em p loyed  for the replacem ent o f  a sulfinic acid  grou p  
w ith  a ch lorom ercury grou p  was utilized in these preparation s. 
In  a ty p ica l reaction , 4 g (14 m m ol) o f 14, 12 g  (44 m m o l)  o f 
m ercuric ch loride, and 80 m l o f w ater were added to  80 m l o f 
g lacial a cetic a cid . T h e  m ixture was heated to  reflux, g iv ing  a 
light yellow  solu tion  as 14 dissolved . A fter a 4 -hr reflux per iod , 
the solid  p recip itate  w as filtered from  the cold  so lu tion , w ashed 
w ith  w ater, and dried. C rystallization  from  aceton e afforded 
yellow  needles (4 .3  g ) o f 2 -ch lorom ercu ri-2 '-h yd roxy -5 -m e- 
th o x y b en zop h en on e ,24.

P reparation  o f o -H yd ioxyb en zop h en on es from  the H yd rox y - 
ch lorom ercu riben zoph en on es (T able  V ) .— T h e  general p roce 
dure20 em p loyed  for  the replacem ent o f  a ch lorom ercury  grou p  
w ith  hydrogen  w as utilized in these preparations. In  a ty p ica l 
reaction , 8  g  (16 m m ol) o f  22 and 200 m l o f  9 5 %  eth anol w as 
added to  200 m l o f  con centrated  h ydroch loric acid . T h e  m ixtu re 
was heated to  reflux and a fter 2 hr a clear solu tion  resulted. 
A fter 2 hr m ore at reflux, 300 m l o f  w ater w as added  to  th e cold  
solution  and the eth anol was rem oved b y  flash d istilla tion . T h e  
resulting acid ic solu tion  w as extracted  w ith  five 100-m l portion s 
o f  benzene and th e benzene extracts were dried over anhydrous 
ca lcium  carbon ate . E vap oration  o f the benzene left 3 .4  g  o f 
ligh t tan solid . C rystallization  from  ethanol gave ligh t tan 
needles o f the k n ow n 21 2 -h yd roxy-5 -n itroben zop h en on e, 28.

Synthesis o f X an th on e-2 ,6 -d icarboxy lic  A cid  (15 ). G en era l.—  
S tarting w ith  2 -eh loro-4-m ethylaniline, the reported  procedu re 
o f G oldberg  and W ra g g 22 was used to  prepare 3 -ch loro -4 -cya n o- 
toluene in 4 5 %  y ie ld . T h is  produ ct was con verted  to  2 -ch loro -4 - 
m ethy lbenzoic acid , fo llow ing  the literature p roced u re ,22 in 
8 6 %  y ie ld . R ea ction  o f  the benzoic acid  p rodu ct w ith  p -cresol 
using the m eth od  o f  K ob r ich 23 gave the know n 2 -ca rb o x y -4 ',5 - 
d im eth y ld iph en y l ether (7 5 % ).

A . D iphenyl E ther-2 ,4 ' , 5 -tricarboxylic A cid  (31 ).— 2-C ar- 
box y -4 ',5 -d im eth v ld ip h en y l eth er, 0 .5  g  (2 m m ol), w as refluxed 
fo r  5 hr in 125 m l o f w ater con ta in ing 2 .2  g  (14 m m ol) o f p o ta s 
sium  perm anganate. T h e  cold  reaction  m ixture w as filtered 
and the purple filtrate w as acidified w ith  5 %  h yd roch loric  acid . 
T h e  solid , ob ta in ed  b y  filtration , w as w ashed w ith  w ater, dried, 
and crystal’ ized from  aqueous m ethanol to  g ive  0 .45  g (7 2 % ) 
o f  w h ite  31, m p 3 1 4 -3 1 8 ° dec.

Anal. C a lcd  fo r  Ci.TTioCb: C , 5 9 .58 ; I I , 3 .34 . F ou n d : 
C , 59 .78 ; 11 ,3 .3 2 .

B . X an th on e-2 ,6 -d icarboxylic A cid  (15 ).— A  stirred solu tion  
o f  31 (0 .2  g , 0 .7  m m ol) in 20 m l o f  con centrated  sulfuric acid

Bennett, Bouchard, M alloy, D ervin, and Saluti

(20) T. Okamoto and J. F. Bunnett, J. Amer. Chem. Soc., 78, 5361 (1956).
(21) F. Ulmann and J. H. Mallet, Ber., 31, 1696 (1898).
(22) A. A. Goldberg and A. H. Wragg, J. Chem. Soc., 4227 (1958).
(23) V. G. Kobrich, Justus Liebigs Ann. Chem., 664, 88 (1963).
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w as heated a t 135° for 3 hr. T h e  coo l solution  w as pou red  on to  
ice  and the solid , co llected  b y  filtration , w as w ashed w ith  w ater 
and several portion s o f  h o t m ethan ol. T h e  dry  solid  15, 0 .15 g, 
was obta in ed  in  8 3 %  y ie ld , m p  4 0 7 -4 1 2 °  dec, and  w as iden tica l 
w ith  the xan th one p rod u ct ob ta in ed  from  cleavage o f 4  (T ab le  
I I ,  B )  as show n b y  ir and m eltin g p o in t com parisons.

C. Dimethyl Xanthone-2,6-dicarboxylate (32).— N orm a l es
terification  o f  15 cou ld  n o t  be ach ieved  du e to  its extrem e in
solub ility . H ow ever, treatm ent o f  15 w ith  ethereal d iazom ethane 
gave 32, m p  213-214°, from  m eth an ol. Sim ilar treatm en t o f  15 
obta in ed  from  cleavage o f  4 also a fforded  32.

Anal. C a lcd  fo r  C n H u O «: C , 65 .38 ; H , 3 .87 . F ou n d : 
C , 65 .10 ; H , 3 .80.

Synthesis of 2-Hydroxy-3'-methylbenzophenone (29).— T h e 
position  o f  h ydrox ide d isp lacem ent o f  th e sulfone linkage in 
com pou nds 1,5, and 6 was established b y  u ltim ate conversion  o f 
cleavage produ cts  9, 11, and 12 to  the k n ow n  o -h yd roxyben zo- 
phenones 25, 27, and 28, respective ly . Sim ilar conversion  o f 
cleavage produ cts  10, 13, and 14 led to  the unknow n o-h yd roxy - 
benzophenones, 26, 29, and 30. T h u s, for com parative  purposes, 
these la tter com pou n ds w ere prepared b y  independent p roce 
dures.

N akazaw a and B a b a 24 h ave reported  on  th e Fries rearrange
m ent o f m -ph en yltolu ate  to  ob ta in  4 -h y d rox y -3 '-m eth y lben zo - 
phenone. U tilizing their procedu re, w e h ave also isolated the
2-h yd roxy  isom er, 29, from  th e reaction  m ixture.

T o  a stirred m ixture o f 26 .6  g  (0 .2  m o l) o f  alum inum  chloride 
in 200 m l o f  carbon  disulfide w as add ed  23 .2  g  (0.1  m o l) o f  m- 
p h eny ltolu ate  in  50 m l o f  carbon  disulfide at a rate sufficient 
to  prom ote  solvent reflux. F ollow in g  com plete  ad d ition , reflux 
w as continued fo r  2 hr b efore  d istillation  o f  the carbon  disulfide. 
T h e  rem aining reaction  m ixture w as heated  at 150° for 3 hr, 
cooled , and treated w ith  200  m l o f  co ld  5 %  h ydroch loric  acid . 
F iltration  gave th e k n ow n  4 -h yd roxy -3 '-m eth y lben zop h en on e ,24 
m p 165 -166°. T h e  o ily  filtrate w as extracted  w ith  fou r 100-m l 
portions o f  eth er. D istilla tion  gave 4 .7  g  o f  light yellow  o il, 
bp  142 -144° (1 m m ).

Anal. C a lcd  fo r  C 14H 12O 2: C , 7 9 .22 ; H , 5 .70 . F ou n d : 
C , 79 .38 ; H , 5 .80.

Ir and nm r com parison  o f  th is com p ou n d  w ith  29 show ed the 
tw o to  be identica l.

2-Methoxy-3'-methylbenzophenone (33).— T o  a stirred solu 
tion  o f  50 m l o f  w ater, 50 m l o f  aceton e , and 0.68 g  (17 m m ol) o f 
sodium  h ydroxide w as added  4 g  (17 m m ol) o f  29. A fter reflux 
for  30 m in , 16.3 g  (28 m m ol) o f  iodom eth an e d issolved in 50 m l o f 
aceton e w as added  slow ly  to  th e h o t solu tion . F ollow in g  reflux 
for  8 h r, the aceton e and unreacted iodom eth ane w ere rem oved  b y  
flash distillation  and th e solu tion  w as acidified w ith  10 %  h y d ro 
ch loric acid . T h e  o ily  solu tion  w as extracted  w ith  four 100-m l 
portion s o f  ether and dried (M g S 0 4). D istillation  gave 3.1 g 
o f  ligh t yellow  o il, 33, bp  161 -162° (0 .8  m m ).

Anal. C a lcd  for C 15H 14O 2: C , 7 9 .64 ; H , 6 .24 . F ou n d : 
C , 79 .37 ; H ,6 .1 5 .

Synthesis of 2-Hydroxy-3'-methoxybenzophenone (30).— In 
sim ilar m anner to  th a t described a b ov e  for  th e synthesis o f  29, 
N akazaw a and B a b a 24 prepared 4 -h y d rox y -3 '-m eth ox y b en zo - 
phenone b y  the Fries rearrangem ent o f  m -phenylanisate. U til
izing their procedure w e also isolated  the 2 -h y d rox y  isom er, 30, 
from  th e reaction  m ixture. T h u s, th e Fries rearrangem ent w as 
con du cted  as described a b ov e  to  th e p o in t w here th e reaction  
m ixture w as treated w ith  co ld  5 %  h ydroch loric a cid . T h e  w axy  
solid  w hich  form ed  w as rem oved  b y  extraction  w ith  fou r 100-m l 
portion s o f  ether. T h e  ether solu tion  w as extracted  w ith  three

(24) K. Nakazawa and S. Baba, J. Pharm. Soc. Jap., 75, 379 (1955).

50-m l portion s o f  1 0%  sodium  h ydroxide. A cid ification  o f the 
basic extracts a fforded th e k n ow n  4 -h y d rox y -3 '-m eth ox y b en zo - 
p h en on e ,24 m p  1 3 7 -138°, from  m ethan ol. D istillation  o f the 
rem aining ether solution gave 7 .2  g  o f  ligh t yellow  o il, bp  148- 
150° (0 .4  m m ).

Anal. C a lcd  fo r  C 14H 12O 3: C , 73 .69 ; H , 5 .30. F ou n d : C , 
7 3 .65 ; H , 5 .40.

Ir and nm r com parison  o f  th is com p ou n d  w ith  30 show ed the 
tw o to  be iden tica l.

2,3'-Dimethoxybenzophenone (34).— F ollow ing  the procedu re 
used for th e preparation  o f 33 afforded 34 as a light orange o il, 
b p  151-152° (0 .35  m m ). T h is  o il solidified im on ch illing, m p 
2 7 -2 8 ° .

Anal. C a lcd  fo r  C 15H 14O 3: C , 74 .38 ; H , 5 .82. F ou n d : 
C , 74 .55 ; H ,5 .9 1 .

Conversion of 2-Hydroxybenzophenone-4',5-dicarboxylic Acid
(26) to 2-Methoxybenzophenone-4',5-dicarboxylic Acid (35).— 
T h is  m ethyl ether w as prepared using the sam e general pro 
cedure th at a fforded m eth y l ethers 33 and 34. Solid  35 w as 
obta in ed  in  7 0 %  y ield , m p 3 0 6 -3 0 9 ° dec, from  aqueous m eth 
anol.

Anal. C a lcd  fo r  C i6H i206: C , 64 .22 ; H , 3 .71 . F ou n d : 
C , 63 .87 ; H , 3 .95.

2-Methoxydimethylbenzophenone-4',5-dicarboxylate (36).— 
T reatm en t o f  35 w ith  ethereal d iazom ethane gave 36, m p 138— 
139°, from  aqueous m ethanol.

Anal. C a lcd  fo r  C 18H i606: C , 65 .85 ; H , 4 .87 . F ou n d : 
C , 65 .70 ; H , 4 .90 .

Synthesis of 2-Methoxybenzophenone-4',5-dicarboxylic Acid
(35). A. 2-Methoxy-4',5-dimethylbenzophenone (37).— T h e 
rep orted 25 synthesis o f  2 -h yd roxy -4 ',5 -d im eth v lben zoph en on e  
was used to  ob ta in  this com p ou n d  in  7 8 %  y ie ld . Its  m ethyl 
ether was prepared using the sam e general procedu re that gave 
methyl ethers 33, 34, and 35. Solid  37 w as ob ta in ed  in 7 2 %  
yield, m p 8 1 -8 2 ° , from  aqueous m ethanol.

Anal. C a lcd  for  C 16H 16O 2: C , 79 .97 ; H , 6 .7 1 . F ou n d : 
C , 8 0 .00 ; H , 6 .80.

B. Oxidation of 37 to 35.—A stirred m ixtu re o f  37 (1 .4  g,
5 .8  m m ol), 7 .7 g (43 m m ol) o f  potassium  perm angan ate, and 100 
m l o f 2 %  sodium  h ydroxide were h eated at reflux fo r  3 hr and 
filtered. T h e  cooled  filtrate w as acidified w ith  dilute sulfuric 
a cid , and 10 %  sodium  bisulfite w as added until the dark solution  
becam e clear. T h e  solid was filtered, w ashed w ith  dilute sulfuric 
acid  and w ater, and dried. T h is  p rod u ct, 1 .1 2  g  (6 4 % ), w-as 
show n to  be identica l w ith  35 b y  m elting p o in t and ir com pari
sons. F urther, d iazom ethane esterification  o f this com pou nd  
gave 36.

Registry No.—3, 90-47-1; 9,33886-18-9; 10,33785-
48-7; 11, 337S5-49-8; 12, 33785-50-1; 13, 33785-51-2; 
14, 33785-52-3; 15, 33872-64-9; 16, 13210-15-6; 17, 
6280-45-1; 18, 1214-20-6; 19, 33785-56-7; 20, 33785-
57-8; 21, 33785-58-9; 22, 33785-59-0; 23, 33785-60-3; 
24, 33785-61-4; 25, 117-99-7; 26, 33785-63-6; 27,
85-19-8; 28, 18803-19-5; 29, 33785-66-9; 30, 21554-
73-4; 31, 33785-68-1; 32, 33785-69-2; 33, 33785-70-5; 
34, 21554-74-5; 35, 33785-72-7; 36, 33785-73-8; 37, 
33785-74-9.
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Both direct combination with elemental sulfur and reversible transfer of sulfur from an isothiocyanate trans
formed each of nine aryl isocyanides into the corresponding isothiocyanate. An equimolar mixture of phenyl 
isocyanide and phenyl isothiocyanate reacted with water in the presence of acid to form thiooxanilide in low yield.

Sulfur transformed carbon monoxide in the presence 
of sodium acetate into carbon oxysulfide2 and an iso
cyanide into an isothiocyanate.3 Known for over a 
century this carbenoid reaction of an isocyanide has 
received little attention. The isocyano carbon also 
combined with selenium30 but failed to combine with 
either oxygen (without a catalyst)4 5 or tellurium.30 
Apparently these are reactions at nucleophilic isocyano 
carbon, RN+s=C:_ .6 A similar addition of sulfur to 
nucleophilic carbenes has been reported for diamino 
carbenes, (R2N)2C:6a and considered for diphenyl 
carbene, (C6H5)2C : ;6b however, an explanation for the 
formation of a thioketone based on initial dissociation 
of a tetraaminoethylene into a diaminocarbene followed 
by addition to sulfur6a has been challenged and replaced 
with one which calls for an initial attack on the x- 
electron system of the tetraaminoethylene.60

(R 2N ) 2C = C (N R 2 )2 =i=a= (R 2N ) 2C : 

(R 2N ) 2C = C (N R 2)2 - ^ >  (R 2N )2C = S

A nucleophilic attack by an isocyano carbon may 
occur in the [4 +  1 ] addition of an isocyanide to an acyl 
isothiocyanate,7 and a similar, but previously un
known, attack by isocyano carbon upon a monofunc
tional isothiocyanate would be expected to lead initially 
to a zwitterionic adduct. A comparable adduct of a 
diamino carbene has been obtained from the dimer, a 
tetraaminoethylene, and phenyl isothiocyanate.8

(1) Financial support was received from NASA Grant No. NGR 14-012- 
004.

(2) V. P. Savin, P. V. Naumkin, G. E. Semenova, and S. Ya. Kazakova, 
K h im . P r o m  (M o s c o w ),  44, 550 (1968); C h em . A b str ., 69, 78824r (1968).

(3) (a) W. Weith, C h em . B e r . ,  6, 210 (1873). (b) J. U. Nef, J u s tu s  L ieb ig s
A n n .  C h em ., 280, 291 (1894). (c) M. Lipp, F. Dallacker, and I. Meier zu
Köcker [M o n a tsh . C h em ., 90, 41 (1959)] reported thermal sulfurization of 
isocyanides in the presence of amines to produce thioureas. An intermediate 
isothiocyanate was assumed. In a similar reaction with selenium, an inter
mediate isoselenocyanate was apparently transformed into a selenourea. 
(d) Y. Kowaoka [J . S oc . C h em . I n d . ,  J a p .,  43, 151 (1940); C h em . A b str ., 34, 
6487 (1940) ] treated phenyl isocyanide with sulfur and carbon disulfide at 
151° for 4 hr at pressures up to 200 psi. A solid black mass containing a 
trace of mercaptobenzothiazole, the only identified product, confirms the 
earlier report38, that trace quantities of phenyl isothiocyanate may be formed 
from phenyl isocyanide and sulfur.

(4) S. Otsuka and M. Tatsuno, Japanese Patent 70 19,884 (1970); C h em . 
A b str ., 73, 98442a (1970).

(5) I. Ugi, “ Isonitrile Chemistry,”  Academic Press, New York, N. Y., 
1971,p 66.

(6) (a) H.-W. Wanzlick and B. König, C h em . B e r ., 97, 3513 (1964). (b) 
N. Latif and I. Fathy [J . O rg. C h em ., 27, 1634 (1962)] suggested the inter
mediate formation of a thiocarbonyl compound by the reaction between a 
carbene and sulfur in the overall transformation of a diazoalkane and sulfur 
into a tetrasubstituted ethylene sulfide, (c) D. M. Lemal in “ The Chemis
try of the Amino Group,”  S. Patai, Ed., Wiley, New York, N. Y., 1968, pp 
701-748.

(7) (a) R. Neidlein, A n g ew . C h em ., 76, 500 (1964); A n g ew . C h em ., I n t .
E d . E n g l.,  3, 446 (1964); C h em . B e r ., 97, 3476 (1964); A r c h . P h a rm . ( W e in 
h e im ), 298, 124 (1965). (b) J. Goerdeler and H. Schenk, C h em . B er ., 98,
3831 (1965); H. Schenk, ib id ., 99, 1258 (1966).

(8) H. E. Winberg and D. D. Coffman, J . A m er . C h em . S o c ., 87, 2776 
(1965).

R N = C — 0
RNC +  R'CONCS — * S = C  J eR '

RNC +  R'NCS — >- R N = C — C = N R '
I-s

(R2N )2C = C (N R 2)2 +  CeHsNCS — >  (R2N )2C— C (= N C «H 5)S

Results

Aryl isocyanides, 1-9 were transformed into isothio
cyanates 10-18 by heating each in benzene with sulfur, 
the preferred reagent, or with phenyl isothiocyanate 
(Scheme I) (Tables I and II). For three different

S c h e m e  I

ArNC +  S — >  ArNCS 
1-9 10-18

ArNC +  Ar'NCS ArNCS +  Ar'NC

CHiOCeH, OaNCeFU (cmonceHj CsHr
o- m- p- m- P- 2,4- 2,5- 3,4- 0-

1 2 3 4 5 6 7 8 9
10 11 12 13 14 15 16 17 18

T a b l e  I
I s o t h i o c y a n a t e s  f r o m  I s o c y a n i d e s  a n d  S u l f u r “

No.

-Isocyanides,

mmol

ArNC--------.
Gc rt, 
min

.------1

No.

[sothiocyanat<
Yield,

%

is, ArNCS------ .
Gc rt, 
min

1 1.353 6.2 10 87 .36 12.8
2 1.353 4.2 11 44.2 10.8
3 1.353 5.5 12 65.0 14.0
4 1.014 4.2 13 76.2 8.2
5 1.014 4 .0 14 79.6 8.5
6 1.000 8.8 15 77.5 16.8
7 1.227 4.2 16 83.6 7 .4
8 1.000 1.9 17 82.8 3.2
9 0.894 6.2 18 97.6 10.8

“ See Experimental Section for gc details; rt, retention time. 
b This value corresponds to 72.5% recovery of 1 and 87.3% yield 
of 10. A duplicate experiment gave 78.5% recovery of 1 and
84.9% yield of 10.

systems a reversible transfer of sulfur from an iso
thiocyanate to an isocyanide was demonstrated (Table
III).

No interaction between 6 and 12 in benzene at room 
temperature could be detected after 64 hr and 12 was 
quantitatively recovered. Under similar conditions 
sulfur also failed to transform 6 into 15. In refluxing 
methylene chloride, bp 39°, there was no interaction 
between 6  and 12 but a trace of 15 was produced after 
64 hr from the combination of 6 and sulfur.
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T a b l e  II
I s o t h i o c y a n a t e s  f r o m  I s o c y a n i d e s  

a n d  P h e n y l  I s o t h i o c y a n a t e “

^-Isocyanides, ArNC—> ✓—Isothiocyanates, ArNCS—.
No. mmol No. Yield, %
1 1.000 10 46.1
2 1.128 11 34.04
3 1.209 12 55.7l ~d
4 1.014 13 52.5
5 1.014 14 26.5*''
6 0.614 15 66.84
7 1.227 16 65.6
8 1.000 17 36.4

° See Experimental Section for gc details and Table I for each 
retention time. Amount of phenyl isothiocyanate was equi
molar with 1, 3, 4, S, and 8; in a molar excess of 40% with 2 and 
20% with 6; and in a molar deficiency of 8%  with 7. The 
presence of phenyl isothiocyanate was detected during the 
work-up of each reaction mixture by gc and tic. In the reaction 
with 6 it was recovered in 62.0% (0.459 mmol). 4 Based on 
amount isolated from a column chromatographic fraction. Gc 
analysis was abandoned because of tailing. '  By ir and tic m- 
anisidine and its A-formyl derivative were detected. d Reaction 
time 90 hr. * Determined by a gc comparison of a column chro
matographic fraction with authentic data. '  In a duplicate run 
a 34% yield of 14 was determined by gc analysis of a concen
trated product mixture in chloroform. The higher yield is at
tributed to further reaction at the gc temperature of 190°.

p-Methoxyphenyl isothiocyanate (12) transformed 
m- and p-nitrophenyl and 2,4-dimethoxyphenyl iso
cyanides (4, 5, and 6 ) into the corresponding isothio
cyanates 13 and 14 in moderate yields and 15 in higher 
yield (Table III). Similar reactions with phenyl iso
thiocyanate (Table II) also revealed higher reactivity in 
6  when compared with a nitrophenyl isocyanide (4 
or 5).

Phenyl isothiocyanate and 2,4-dimethoxyphenyl iso
thiocyanate (15) were each more efficient than a nitro
phenyl isothiocyanate (13 or 14) in transferring sulfur 
to p-methoxyphenyl isocyanide (3).

In very low yield an equimolar mixture of phenyl 
isocyanide and phenyl isothiocyanate interacted with 
water on a silica gel column to give thiooxanilide.

D iscussion

When heated with sulfur, ethyl and phenyl iso
cyanides were converted into iso thiocyanates; how
ever, no more than a trace amount of unisolated phenyl 
isothiocyanate was found and a percentage yield of 
ethyl isothiocyanate was not reported.3a'b Without 
isolation, other isothiocyanates have probably. been 
formed by this reaction; e.g., a thiourea from an iso
cyanide, sulfur, and an amine probably came from an 
intermediate iso thiocyanate.30 Heating phenyl iso
cyanide, sulfur, and carbon disulfide under pressure 
gave a solid black mass,3d perhaps polymeric.

Identification of a polymer of an aryl isocyanide has 
not been reported; however, both a bis anil of 4-aza- 
naphthquinone-1,2 which is an orange-red trimer9 and a 
bis anil of indigo which is a blue-black tetramer10 
are obtained from phenyl isocyanide. Just as a,a 
addition, generally initiated by a nucleophilic iso- 
cyano carbon, describes many of its other chemical 
reactions, a, a self-addition, with the formation of only 
carbon to carbon bonds, would result in the polym-

(9) M. Passerini and T. Bonciana, Gazz. Chim. Ital., 61, 959 (1931).
(10) C. Grundmann, Chem. B e r 91, 1380 (1958).

T a b l e  III
R e v e r s i b l e  T r a n s f e r  o f  S u l f u r  f r o m  a n  I s o t h i o c y a n a t e  

t o  a n  I s o c y a n i d e

ArNC +  Ar'NCS ArNCS +  Ar'NC

Mixture composition obtained from an initial equimolar mixture 
-----------------of starting materials, ArNC and Ar'NCS-----------------
ArNC, Ar'NCS, ArNCS, Ar'NC,

%“ %“ %“ %“
4, 4 5 .0 4 12, 4 3 .2b 13, 2 .2 ' 3, trace11
3, 2 9 .64'« 13, 3 0 .6 ' 12, 2 .0 ' 4, e
5, 43 .3* 12, 4 2 .4 4 14, 2 .7 ' 3, trace11
3, 42 . V 14, 4 7 .2 4 12, 1 .1 ' 5, none
6, 3 7 .1 ' 12, 4 3 .4 ' 15, 4 .6 ' 3, 4 . 1 '
3, 4 4 .44 15, 4 4 .94 12, 3 . 0 ' 6, 1 .5*
6, 32.8* 12, 34.9* 15, 8 .1 ' 3, 7 .2 '
3, 38.8* 15, 3 6 .2 ' 12, 4 .4 ' 6, 3 .0 '

a Proportion of reaction mixture. Unaccounted for material 
is assumed to be polymeric. 4 From weight of material isolated 
by column chromatography. e The amount was determined by 
gc analysis of the concentrated reaction mixture. The differences 
for mixtures of 6, 12, 15, and 3 are attributed to further reaction 
at the temperature, 170°, of the gc analysis. d Detected by tic 
and by odor, identified by comparison with authentic data.
* The A-formyl derivatives of p-anisidine and of ro-nitroaniline 
were detected by tic and identified by comparison with authentic 
values. '  From gc analysis of a column chromatographic frac
tion and comparison with authentic data.

erization of an isocyanide.11 B y  com bining w ith an  
isocyano carbon, sulfur could conceivably catalyze  
polym erization and, a t the same tim e, produce an iso
thiocyanate.12 A  nucleophilic attack b y  isocyano  
carbon upon sulfur is assumed.

S8 — + ArNC — + n ArNC
ArNC — >  SS6S C -------->- S8C— C ------->

Il II II
ArN ArN NAr

Sg[C (=N A r)]mC = N A r 

(ArNCRSg — ArNCS +  [(ArNCk*-« +  Sr]

Three dim ethoxyphenyl and tw o nitrophenyl iso
cyanides are transform ed b y  sulfur into corresponding  
isothiocyanates in excellent yields, bu t the results are 
scattered for the reaction w ith the three isomeric m eth - 
oxyphenyl isocyanides (T able I ) . Inductive sub
stituent effects appear to  influence these reactions, as 
expected in the absence of resonance interaction be
tw een the isocyano group and another ring substit
u en t.13 Possibly an ortho-substituent effect is needed  
to account for consistently high yields of 10, 15, 16, 
and 18. Intram olecular interaction betw een an o- 
m eth oxy or an o-phenyl substituent and the cationic 
center in the suggested interm ediate adduct could

(11) T. Saegusa, Y. Ito, and S. Kobayashi [T e tra h ed ro n  L ett., 521 (1967)] 
described a polymer of cyclohexyl isocyanide. F. Millich and R. G. Sinclair 
[J . P o ly m . S c i .,  P a r t  A - l ,  6, 1417 (1968); P a r t  C , 22, 33 (1968)] reported 
heterogeneous polymerization of alkyl isocyanides in the presence of a strong 
acid and a free-radical source. Liquid samples of isocyanides on long stor
age in amber bottles at room temperature also polymerized. An explanation 
for a poly-tt-pheny’.ethyl isonitrile with repeating imino units was based, in 
part, on chain propagation by a a,a self-addition to isocyano carbon and de
tection of the repeating imino group by ir absorption at 1625 cm -1 and uv 
absorption below 220 nm.

(12) T. G. Levi [G azz. C h im . I ta l . ,  61, 619 (1931)] reported polysulfides 
of aryl isothiocyanates, from which an aryl isothiocyanate may dissociate.

C6H5NHC(=S)SNH4 +  S2CI2 ----->■ (C6H6NC)2S8
C2H6OH

(CeHsNChSg--------->  CsHsNCS +  NH4SCN
KCN

(13) P. v. R. Schleyer and A. Allerhand, J. A m e r . C h em . S o c ., 84, 1322 
(1962); 85, 866 (1963). L. L. Ferstandig, ib id ., 84, 3553 (1962). Reference 
5, pp 1-7.
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improve the yield of product and decrease the amount 
of polymer formed. A similar effect might be expected 
for o-nitrophenyl isocyanide, but our efforts to prepare 
this unknown compound were unsuccessful.

Apart from an interest in the reaction mechanism 
for the reversible transfer of sulfur from an isothio
cyanate to an isocyanide, application to organic syn
thesis will be limited. There is not only the problem of 
separating a product from the four-component reac
tion mixture but also the occurrence of competitive 
reactions which partially consume both isocyanides 
and isothiocyanates. These have not been investi
gated; nevertheless it is assumed that polymerization 
accounts for a tarry material collected at the top of the 
chromatographic column in the work-up of each reac
tion mixture. Trace amounts of formanilides can be 
attributed to hydration of isocyanides, perhaps by trace 
amounts of water in the reaction mixture, but more 
likely by water from the silica column.

Product separation was fortuitously simplified when 
phenyl isothiocyanate was the sulfurization reagent. 
Apparently phenyl isocyanide was rapidly polymer
ized since no more than trace quantities were detected 
in any of the reaction mixtures. While this has un
doubtedly brought about an increase in the yield of 
product isothiocyanate, thereby enhancing value in 
preparative work, sulfur is the reagent of choice for the 
sulfurization of an isocyanide.

As revealed (Table II) by recovery of starting mate
rial, o-methoxyphenyl and 2,5-dimethoxyphenyl iso
cyanides (1 and 7) appear to be the least reactive of the 
isocyanides studied in the presence of phenyl isothio
cyanate while m-methoxyphenyl and 2,4-dimethoxy- 
phenyl isocyanides (2 and 6) appear to be the most 
reactive. Since unrecovered 1 and 2 are mostly con
sumed in an unidentified reaction(s), 6 has been judged 
to be the most efficient of the isocyanides studied in 
capturing sulfur from phenyl isothiocyanate, p- 
Nitrophenyl isocyanide (5) appears to be the least 
efficient. Similarly 6 is more effective than either m- 
or p-nitrophenyl isocyanide (4 or 5) in taking sulfur 
from p-methoxyphenyl isothiocyanate (12); however, 
it must also participate more extensively in other reac
tions to account for total amount consumed (Table 
HR.

The transfer of sulfur to the isocyanide 3 from the 
isothiocyanates 13, 14, or 15 produced isothiocyanate 
12 in yields of 10, 36, and 59%, respectively (Table 
III). Corresponding limits on competitive but unin
vestigated consumption of starting material, including 
polymerization, were 38, 10, and 6%. Clearly the
2,4-dimethoxyphenyl group makes both the isocyanide 
6 and also the iso thiocyanate 15 the most productive 
of each kind for the sulfur transfer, perhaps as a result 
of inhibiting side reactions. A side reaction which is 
significant for its absence in all isocyanide-isothio
cyanate systems in this study is the dipolar addition 
of an isothiocyanate to an assumed zwitterionic 1:1 
adduct. In contrast the zwitterion (R2N)2C +—C-

(= N C 6H5)S~ readily combined with an isothiocyanate 
and other 1,3 dipolariphiles.8 Of course an isothio
cyanate may be a poor competitor with an isocyanide 
for a dipolariphile such as adduct A.

For the formation of an adduct, a nucleophilic attack 
by isocyano carbon upon isothiocyanato carbon was 
expected but has not been differentiated from an attack 
on sulfur. The latter might give initially a tetracova- 
lent sulfur derivative B.14 Both A and B are electron- 
localized forms of adduct C in which lower reactivity 
may be attributed to resonance. Electron donation,
e.g., by an o- or p-methoxyphenyl group, would tend to 
stabilize the cationic charge in C. While electron 
withdrawal, e.g., by an o- or p-nitrophenyl group, 
would tend to stabilize the anionic center in C, such 
resonance interaction would favor an attack by iso
cyano carbon leading to polymerization (Scheme II).

A r'N = C — C = N A r 
ArN S

V

Sch em e  I I

A r'N = C — Ç= N Ar

ArNCS +  Ar'NC

C— CC(=NAr)S
Il II

ArN NAr

A r N = C = S = C = N A r '
B

A rN =C SC =N A r'

ArNCS +  Ar'NC

;* /A _
A rN —(;-=•=-=-C— NAr ^  ArNC +  Ar'NCS

An unsuccessful attempt was made to detect an intra
molecular “ adduct” from 2-isocyano-2'-isothiocyanato- 
biphenyl which was prepared along with 2,2'-diiso-

C 6H ,N C -o ' s CeHiNC C 6H 4NCS
I — ► I + 1

C6H,NH-o CeHfiSTCS C,H,NCS

thiocyanatobiphenyl from 2,2'-diisocyanobiphenyl and 
sulfur. On the other hand a low yield of thiooxanilide 
was obtained by passing a mixture of phenyl isocyanide 
and phenyl iso thiocyanate over a silica gel column.15 
Addition of water to an intermediate zwitterion C (Ar 
= Ar' =  C6H5) would account for the product. In a 
similar manner a solid obtained in trace quantity from
2,4-dimethoxyphenyl isocyanide and 2,4-dimethoxy- 
phenyl iso thiocyanate may be the corresponding tetra- 
methoxythiooxanilide; however, the tentative identi-

(14) M. Takaku, S. Mitamura, and H. Nozaki [Tetrahedron Lett., 3651 
(1969)] generated (CH3)2N)2C +S C -H C 02CH8. M. Carmack, I. W. Staple- 
ton, and R. Y. Yen [Org. Prep. Proced., 1, 255 (1969)] discuss and refer to 
hetero, tetravalent, sulfur intermediates.

(15) We are indebted to Dr. J. de Jong for first observing this reaction.
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fication, supported by the mass spectrum, M + 376, and 
mp 230°, for the yellow solid needs to be confirmed. 
Further investigation in this area is planned.

CeH5NC +  C6H5NCS — ►

-* /A -«
C6H5N— C = ^  C— N CeH5 C6H5NHC(= S )C (=  0)NHC,H5

Experimental Section
Instrumental data were obtained from a Barber-Colman 

Model 5320 flame ionization gas chromatograph with an attached 
Sargent recorder equipped with an integrator, a Perkin-Elmer 
Model 237B grating infrared spectrophotometer, a Hitachi- 
Coleman Model 124 spectrophotometer, a Varian A-60A spec
trometer, and a Perkin-Elmer Model 270 gas chromatograph 
and attached mass spectrometer. Elemental analyses were 
obtained from Micro-tech Laboratories, Chicago, 111. For gc 
analyses the gas chromatograph was equipped with a stainless 
s eel column, 8 ft by 0.25 in., of 5%  GE, XE60 on Chromosorb 
C , 60-80 AW DMGS (Nuclear Chicago); nitrogen was the carrier 
gis. J. T . Baker silica gel powder, 60-200 mesh, in a column, 
12 in. by 1 in., was the adsorbent in column chromatography. 
I  exane-benzene mixtures, with the ratio progressing from 1:0 
to 0:1, eluted the column. Separation by tic was achieved on 
s rips of ChromAR sheet-500.

Sulfurization of 1 to 2 mmol of each isocyanide 1-9 by either 
e emental sulfur (1.0 to 1.5 molar excess) or phenyl isothiocyanate 
v as carried out in a solution of 25 ml of anhydrous benzene at 
reflux temperature for 64 hr. Yields were based on recovered 
ifocyanide and were determined by gc analysis of the concen
trated reaction mixture in chloroform. The identity and amount 
o ? each component in a reaction mixture were determined by 
comparison with gc analysis of a standard solution of the au
thentic material. In addition each component of a reaction 
mixture was also identified by comparing ir and tic absorption 
vith  authentic data and by mixture melting point wherever 
possible. Each gc analysis was carried out under a carrier gas 
pressure of 18-20 psi. The retention times (Table I) were ob
tained at a column temperature of 132° for 1, 2, 3, 10, 11, and 
11; 190° for 4, 5, 7, 13, 14, and 16; 170° for 6 and 15; 212° 
for 8 and 17; and 175° for 9 and 18. Phenyl isoeyanide was 
o;casionally detected by gc analysis of reaction mixtures de
scribed in Table II. It was more often detected by odor. Re
sults are found in Tables I and II.

The reaction mixture of four components obtained by the 
reversible transfer of sulfur from an isothiocyanate to an iso
cyanide was analyzed for the forward and reverse reaction in three 
systems. Conditions for the reaction are identical with the ones 
discribed above. Reaction mixture composition was deter
mined by gc and column chromatography. Results are found 
in Table III.

Preparation of Isocyanides. 3,4-Dimethoxyphenyl Isocy- 
aiide.— A mixture of 15.3 g (100 mmol) of 3,4-dimethoxyaniline 
in 125 ml of formic acid (88%) was heated under reflux for 2 hr. 
A fter vacuum distillation had removed excess formic acid and the 
residue had been treated with ice-water, organic material was 
extracted with chloroform, washed separately with dilute hydro- 
c lloric acid, water, aqueous sodium bicarbonate, and water, 
a id dried over magnesium sulfate. Filtration and then removal 
o ' solvent left 10.0 g (55% ) of 3,4-dimethoxyformanilide as a 
colorless solid, mp 87-88°, which was recrystallized from a mix
ture of chloroform and ether.

A solution of 9.0 g (50 mmol) of 3,4-dimethoxyformanilide in 
300 ml of methylene chloride and 25 ml of triethylamine in a 
500-ml, three-necked, round-bottomed flask equipped with a 
condenser, a mechanical stirrer, and a condenser cooled by Dry 
Ice in acetone was cooled in an ice bath and stirred while phos
gene gas was introduced through the Dry Ice-acetone cooled 
condenser until 110 drops were added. Stirring was continued 
for 1 hr and then ~ 100  ml of water was added to the reaction 
mixture. The organic layer was separated, washed with about 
200 ml of water, dried over magnesium sulfate, and concentrated 
by evaporation. The residue was slurried with silica gel and 
chromatographed by a column, 10 in. by 1.5 in., of silica. Elu
tion with 800 ml of a mixture of benzene-hexane (1:1) removed

6.5 g (79.7%) of 3,4-dimethoxyphenyl isocyanide 8, mp 48°, 
as colorless crystals. An analytical sample was obtained by 
rechromatographing the crude product. Elution with hexane- 
benzene gave 8 as a colorless crystalline solid: mp 49-50°; 
ir (CHCh) 2128 cm“ 1 (NC); nmr (CDC13) 6 3.84 (s, 6 H, OCH3),
6.7-7.1 (m, 3 H, aromatic); uv (CHC13) 254 nm (log e 4.12), 
285 (3.69), 292 (3.67); mass spectrum (70 eV) m/e 163 (M +), 
148, 120, 102, 93, 92. Anal. Calcd for C9H9N 0 2: C, 66.25; 
H, 5.56; N, 8.58. Found: C, 66.35; H, 5.59; N ,8.65. Other 
isocyanides were known.

Preparation of Isothiocyanates. 2,4-Dimethoxyphenyl Iso
thiocyanate.— To an ice-cooled solution of 4.1 g (20 mmol) of 
N,N  '-dicyclohexylcarbodiimide in 10 ml of carbon disulfide and 
4 ml of pyridine a solution of 3.06 g (20 mmol) of 2,4-dimethoxy- 
aniline in 8 ml of pyridine was added dropwise with stirring. 
After the mixture stirred overnight, ether was added, and a pre
cipitate of di cyclohexyl thiourea was removed by filtration. 
After concentration the filtrate was taken up in chloroform and 
washed consecutively with water, dilute hydrochloric acid, 
water, aqueous sodium bicarbonate, and water. After the 
mixture dried over magnesium sulfate, removal of solvent left a 
liquid which solidified and was purified chromatographically 
from a silica gel column. It was eluted immediately by 400 ml 
of a mixture of benzene-hexane (1:3) and isolated after removal of 
solvent as 3.05 g (78.2% yield) of a colorless solid: mp 52-53° 
(after several recrystallizations from hexane an analytical sample, 
mp 53-53.5°, was obtained); ir (CHC13) 2128-2041 cm -1 (NCS); 
uv (CHC13) 274 nm (log e 4.05), 301 (4.06); nmr (CDC13) 5
3.83 and 3.90 (2 s, 6 H, OCH3), 6.3-7.2 (m, 3 H, aromatic); 
mass spectrum (70 ev) m/e 195 (M +), 180, 163, 152, 137, 120. 
Anal. Calcd for C9H9N 0 2S: C, 55.39; H, 4.65; N , 7.18; 
S, 16.40. Found: C, 55.24; H, 4.54; N , 7.06; S, 16.48.

The other isothiocyanates were each prepared by the same 
method or were commercially available. Previously reported16 
as an oil, 3,4-dimethoxyphenyl isothiocyanate was obtained as a 
colorless solid: mp 48-48.5°; nmr (CDC13) 8 3.83 (s, 6 H, 
OCH3) 6.7-6.8 I'm, 3 H, aromatic). Anal. Calcd for C9H9- 
N 0 2S: C, 55.39; H, 4.65; N , 7.18; S, 16.40. Found: C, 
55.49; H, 4.69; N, 7.07; S, 16.15.

Thiooxanilide was obtained by placing an equimolar mixture 
of phenyl isocyanide and phenyl iso thiocyanate (20.0 mmol 
each) on a silica gel column. After elution of phenyl isothio
cyanate by 500 ml of hexane and then phenyl isocyanide by a 
mixture of 400 ml of hexane-benzene (3:1), it was eluted from 
the column by' a mixture of 400 ml of hexane-benzene (1:1) 
and isolated in trace amount as yellow needles, mp and mmp 
142-144°,17 m/e256 (M +).

A mixture of 204.0 mg (1.0 mmol) of 2,2'-diisocyanobiphenyl18 
and 32.0 mg (1.0 mmol) of sulfur in 25 ml of benzene was heated 
at reflux for 64 hr. The concentrated product mixture was 
chromatographed from a silica gel column, 12 in. by 1 in. After 
sulfur was eluted with 200 ml of hexane, further elution with 
300 ml of hexane removed 2,2'-diisothiocyanatobiphenyl as a 
colorless semisolid, 18.0 mg, mp 33-36°, 15.4% yield. When 
the concentrated product mixture was analyzed by gc at a col
umn temperature of 190° the diisothiocyanate, retention time
28.0 min, was found in 14.9% yield, ir (CHC13) 2128-2041 cm-1 
(NCS). Anal. Calcd for CuHsN2S2: C, 62.69; H, 3.01; N, 
10.44; S, 23.86. Found: C, 62.59; H, 3.19; N , 10.64; S,
24.09.

Further elution of the column with 600 ml of hexane-benzene 
(3:1) gave 55.0 mg of 2-isocyano-2'-isothiocyanatobiphenyl 
as a light pink semisolid, 53.4% yield. Rechromatographic 
separation gave an analytical sample as a light pink semisolid. 
Gc analysis, vide supra, gave the product, retention time 19.4 
min, in 36.7% yield (presumably some of the isocyanide poly
merized at 190°): ir (CHCls) 2128 (NC), 2128-2041 c m '1 
(NCS). Anal. Calcd for CuH8N2OS: C, 71.18; H, 3.41; 
N , 11.86; S, 13.55. Found: C, 71.46; H, 3.63; N , 11.58; 
S, 13.59.

Further elution of the column with 400 ml of benzene-hexane 
(1:1) gave unreacted 2,2'-diisocyanobiphenyl, 115.0 mg, re
tention time 10.0 min, 56.4%, identified by comparison with 
identical tic and ir data. Yields are based on the recovered 
starting material.

(16) G. M. Dyson, H. J. George, and R. F. Hunter, J. Chem. Soc., 436 
(1927).

(17) B. Milligan and J. M. Swan, ibid., 2969 (1959).
(18) Unpublished preparation by Dr. J. de Jong.
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A repeat sulfurization of 2,2'-diisocyanobiphenyl with a 6 
molar excess of sulfur gave 2,2'-diisothiocyanatobiphenyl found 
in 67.2% yield by isolation from a silica gel column and 87.5% 
yield by gc (apparently there was additional reaction at 190°). 
The 2-isocyano-2'-isothiocyanatobiphenyl was found in 10.2% 
yield by isolation from a silica gel column and was not detected 
by gc analysis of the product mixture. There was no recovered 
starting material.

Registry No.—8 , 33904-01-7; 3,4-dimethoxyform- 
anilide, 33904-02-8; 2,4-dimethoxyphenyl isothio
cyanate, 33904-03-9 ; 3,4-dimethoxyphenyl isothio
cyanate, 33904-04-0; 2,2'-diisothiocyanatobiphenyl, 
33904-05-1; 2-isocyano-2'-isothiocyanatobiphenyl, 
33904-06-2.

Reactions of Dimethylsulfonium Cyclopentadienylide with 
Electrophiles and Dienophiles
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The reactions of dimethylsulfonium cyclopentadienylide (I) with electrophiles and dienophiles have been at
tempted. Electrophiles such as acetyl chloride, benzenesulfonic acid anhydride, Vilsmeier reagent, and tri- 
ethyloxonium fluoroborate react with I to give acetyl-, benzenesulfonyl-, diformyl-, and ethyl-substituted 
derivatives of I, respectively. Dienophiles such as diethyl acetylenedicarboxylate, tetracyanoethylene, and 
chloranil react with I to afford the respective Michael addition products of I. From these reaction behaviors, 
an aromatic character of the five-membered ring in I has been discussed.

Dimethylsulfonium cyclopentadienylide (I) is con
sidered to be the resonance hybrid of ylide structures 
A, B, and ylene structure C. Although I was first 
synthesized by Behringer1 in 1965, no reactions of I

ylide structure

C
ylene structure

have been reported so far except diazo coupling.1 It 
was suggested in our previous communication2 that the 
ylide structures predominantly contribute to the res
onance hybrid of sulfonium and phosphonium cyclo
pentadienylide on the basis of theoretical consider
ation of their electronic spectra. In our other com
munications3’4 the reaction of triphenylphosphonium 
cyclopentadienylide (II) with electrophiles and di
enophiles were reported and it was found that electro
philic substitutions and Michael additions took place 
at the 2 position of the five-membered ring in II with
out cleavage of the C-P bond. In this paper we 
describe the reactions of I with electrophiles and 
dienophiles, and discuss which resonance structure 
(A, B, or C) plays an important role in the reaction.

Results and Discussion

Preparation of I.—Though I was prepared by Behrin
ger, et al.,1 in 1965, their procedure afforded I in only 
a few per cent yield. We used jV,Y-dimethylform- 
amide as a solvent, and kept low temperature during 
the reaction. This improved procedure afforded I 
in considerably better yield (15-20%).

(1) H. Behringer and F. Scheidl, Tetrahedron Lett., No. 22, 1757 (1965).
(2) Z. Yoshida, K. Iwata, and S. Yoneda, ibid., 1519 (1971); K. Iwata, S. 

Yoneda, and Z. Yoshida, J. Amer. Chem. Soc., 93, 6745 (1971).
(3) Z. Yoshida, S. Yoneda, H. Hashimoto, and Y. Murata, Tetrahedron 

Lett., 1523 (1971).
(4) Z. Yoshida, S. Yoneda, Y. Murata, and H. Hashimoto, ibid., 1527

(1971).

Reactions of I with Electrophiles. —The treatment of
1 with acetyl chloride, benzenesulfonic acid anhydride, 
Vilsmeier reagent, and triethyloxonium fluoroborate 
yielded 2-acetyl (III), 2-benzenesulfonyl (IV), 2,5- 
diformyl (V), and 2-ethyl (VI) derivatives of I, re
spectively. In the ir spectra of III and V, the carbonyl 
stretching vibrations were found at 1580 and 1630 
cm-1 respectively. These shifts to lower wave 
numbers are attributed to the delocalization of the 
negative charge of the five-membered ring to the car
bonyl oxygen atom. Since the delocalization of the 
negative charge generally stabilizes the five-membered 
ring, the derivatives whose substituents have electron- 
withdrawing nature, such as acetyl, benzenesulfonyl, 
and formyl, are more stable than I and the ethyl 
is less stable5 than I. The position of substitution was 
determined by the nmr spectrum of each derivative 
of I. The signal for five-membered ring protons of I 
appears as an AA'BB'-type multiplet centered at r
3.8 (4 H) and the exact chemical shifts and the coupling 
constants were obtained by simulating the spectrum.6 
The part in the lower field of the signal is assigned to 
the protons at 2,5 positions and the part in the higher 
field to the protons at 3,4 positions, as similarly in the 
case of II. The nmr spectrum of III exhibited three 
multiplets of equal area (1 H) centered at t 3.0 (doublet 
of doublets, J =  3,8, 2.3 Hz), 3.5 (doublet of doublets, 
J =  3.8, 2.3 Hz), and 3.9 (t, J =  3.8 Hz), which are 
assigned to cyclopentadienyl ring protons. Among 
these three peaks, one is nearly in the same position 
as that in I and the other two peaks shift downfield 
from the cyclopentadienyl ring proton in I. This is 
well interpreted if the acetyl group is attached to the
2 position7 of I; i.e., two electron-withdrawing sub
stituents (dimethylsulfonium and acetyl) make two

(5) VI decomposes within 2 or 3 days under nitrogen atmosphere, whereas 
I does not decompose for about 1 month even in the air.

(6) Z. Yoshida, S. Yoneda, and M. Hazama, Chem. Commun., 716 (1971).
(7) Rationalization of 2 substitution was discussed in the previous publi

cations.3’8 Lloyd9 also mentioned the substitution of the 2 position of the 
cyclopentadienyl ring of II.

(8) Z. Yoshida, S. Yoneda, and Y. Murata, unpublished (to be submitted 
to J. Org. Chem.).

(9) D. Lloyd and M. I. C. Singer, Chem. Ind. (London), 786 (1971).
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Sch em e  I

R e a c t io n s  o f  I  w it h  E l e c tr o ph il e s  an d  D ie n o p h il e s

protons (3 and 5 positions) shift to lower field. More
over, the peak (H4) resonanced in the highest field was 
split equally by H3 and H5 (J =  3.8 Hz) to a triplet, 
and lower peaks (H3, H5) was split with each other 
(J =  2.3 Hz) and by H4 (J =  3.8 Hz) to a doublet 
of doublets. The same tendency was also found in 
the nmr spectra of IV. This assignment is supported 
by analogy to the case of phosphonium cyclopenta
dienylide. The proton signal for the five-membered 
ring of the p-nitrophenylazo derivative of II resembles 
closely those of III and IV. The substituted position 
of the p-nitrophenylazo derivative of II was exper
imentally confirmed by Ramirez10 to be the 2 position.

On the other hand, the signal for the five-membered 
ring protons of VI exhibited a multiplet centered at 
r 3.8 (3 H), in which the intensity diminished by one 
proton in the part of lower field. This tendency was 
also found in alkyl derivatives of II.11 Since the ethyl 
group scarcely disturbed the electronic state of the 
five-membered ring, the decrease of the intensity in 
the lower part indicates that the 2 position was sub
stituted by the ethyl group.

The Reactions of I with Dienophiles.—Upon treat
ment of I with diethyl acetylenedicarboxylate, the 1:1 
adduct (VII) was obtained. The nmr spectrum of VII 
showed a vinyl proton at r 4.1 (s, 1 H), five-membered 
ring protons centered at r 3.6 (m, 3 H), and signals cor
responding to two nonequivalent ethyl groups, methy
lene protons at t 5.6 (q, 2 H) and 5.8 (q, 2 H), and 
methyl protons at r 8.6 (t, 3 H) and 8.7 (t, 3 H).

(10) F. Ramirez and S. Levy, J. Amer. Chem. Soc., 79, 6167 (1957).
(11) The alkyl derivatives of II have been recently prepared in our labora

tory. The results will be published elsewhere.

These nmr data indicate that VII is the Michael addi
tion reaction product as presented in Scheme I. No 
evidence for Diels-Alder reaction was observed.

When I was treated with tetracyanoethylene in the 
absence of a base, a 1:2 Michael addition product
(VIII) was obtained, while in the presence of thi- 
ethylamine only a 1:1 adduct (IX) was obtained. The 
difference in reaction product in the absence and in the 
presence of triethylamine is interpreted as follows. 
When no base was used, before the elimination of hydro
gen cyanide from the 1:1 adduct, another molecule of 
tetracyanoethylene easily added to the 1:1 adduct, 
followed by elimination of hydrogen cyanide to give 
the bistricyanovinyl derivative of I. On the other 
hand, when triethylamine was used as a base, the 
elimination of hydrogen cyanide immediately would 
occur before another addition of tetracyanoethylene 
to the 1:1 adduct. Consequently, the further addition of 
tetracyanoethylene should be excluded, because a large 
electron-withdrawing nature of the tricyanovinyl group 
deactivates the five-membered ring.

The reaction of I with chloranil at 5° gave Michael 
addition reaction product X , blue crystals. Its nmr 
spectrum contains a singlet at t 3.17 (2 H, cyclo- 
pentadienyl), clearly indicating that X  is the 1:2 ad
duct of I and chloranil.

Through the reactions of I with dienophiles evi
dence for Dieis-Alder reaction was not obtained, but 
the products isolated were Michael addition reaction 
products.

All the reactions of I with electrophiles and di
enophiles are summarized in Scheme I. In the com
parison of dimethylsulfonium cyclopentadienylide with
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triphenylphosphonium  cyclopentadienylide, the form er  
is considered likely to be m ore reactive than the latter, 
because I reacts w ith  electrophiles and dienophiles 
under m uch m ore m ild conditions than I I . In  sum 
m ary from  the results, it can be concluded th at I has an 
arom atic character; that is, the structure A  predom 
inantly contributes to the resonance hybrid of I . T h e  
arom atic character of the five-m em bered ring in I  has 
been also supported b y  the T-bond orders (P2s and Pu) 
estim ated from  the vicinal coupling constants. T h e  
T-bond orders of 0 .71 and 0 .5 6  for P n  and P m calculated  
from  the Jvlc — PT3 relation proposed b y  Sm ith, et al.,12 
are clearly w ithin the arom atic range.6

Experimental Section
Spectra.— All ultraviolet spectra were taken on a Hitachi 

EPS-3T recording photometer. All infrared spectra were re
corded on a Hitachi grating infrared spectrophotometer, Model 
215. All nmr spectra were recorded with a JNM C-60H nmr 
spectrometer in deuteriochloroform with tetramethylsilane as an 
internal standard.

Dimethylsulfonium Cyclopentadienylide (I).— To a stirred 
solution of 100 g (l.o  mol) of cyclopentadiene in 300 ml of N,N- 
dimethylformamide (DM F) was added 240 g (1.5 mol) of bromine 
at — 50 to — 30° within 1 hr and the mixture was stirred for an 
additional 1 hr at this temperature. To the solution, 186 g (3 
mol) of dimethyl sulfide in 200 ml of DM F was added below 
— 30°. The orange-yellow colored solution was allowed to 
stand at 0° for 24 hr. The sulfonium salt precipitated was 
filtered and poured into 200 ml of water. After decolorization 
with charcoal, the mixture was made alkaline with 20% aqueous 
sodium hydroxide and a crude product separated was recrystal
lized from benzene to give 29 g (15.3%) of colorless needles: mp
134°; uv max (methylene chloride) 283 m/x (« 1.15 X  104); ir 
(KBr) 3050, 2980, 2900, 1430 (s), 1420 (s), 1400 (s) 1340, 1320, 
1220, 1200 (s), 1190 (s), 1040, 1030, 1020, 980 (s), 710 cm“ 1 
(these infrared absorption bands are characteristic of the deriva
tive of I ); nmr (CDC13) r 3.8 (m, A A 'B B ', J 23 =  3.9, J 34 = 
2.8, Ju = 2 -1 , — 1-9 Hz, 4 H, ring), 7.4 (s, 6 H, SCH3).

Dimethylsulfonium 2-Acetylcyclopentadienylide (III).— To a 
cooled solution of 1.26 g (0.01 mol) of I dissolved in 50 ml of 
methylene chloride was added 0.785 g (0.01 mol) of acetyl chlo
ride at —10° under nitrogen atmosphere, and the mixture was 
stirred for 6 hr at — 10°. The reaction mixture was washed with 
water and dried over calcium chloride, and the solvent was re
moved under reduced pressure. The residue was chromato
graphed on alumina and III was obtained as colorless needles 
(70 mg, 4.2%  yield): mp 150°; ir (KBr) 1580 cm-1 (vc-o); 
nmr (CDC13) r 3.0 (doublet of doublets, J =  3.8, 2.3 Hz, 1 H, 
ring), 3.5 (doublet of doublets, J  =  3.8, 2.3 Hz, 1 H, ring), 3.9 
(t, 1 H, ring), 6.95 (s, 6 Id, SCH3), 7.6 (s, 3 H, COCH3).

Anal. Calcd for C9H12OS: C, 64.23; H, 7.14; O, 9.52; 
S, 19.05. Found: C, 64.49; H, 7.25; O, 9.53; S, 18.92.

Dimethylsulfonium 2-Benzenesulfonylcyclopentadienylide
(IV).— To a stirred solution of 1.26 g (0.01 mol) of I dissolved 
in 50 ml of methylene chloride was added a solution of 3 g (0.01 
mol) of benzenesulfonie acid anhydride in methylene chloride at 
room temperature under nitrogen atmosphere. After stirring 
for an additional 2 hr, the reaction mixture was neutralized with 
5%  aqueous sodium hydroxide, extracted with methylene chlo
ride, dried over calcium chloride, and concentrated under reduced 
pressure. The residual oil was chromatographed on alumina, 
and 150 mg (5.6% ) of IV was obtained as pale yellow needles: 
mp 164-165°; uv max (acetonitrile) 262 m/x (e 8.2 X 10s), 292 
(1.02 X  103); ir (KBr) 1340, 1320 (xa3 S02), 1140 cm“ 1 (rs S02); 
nmr (CDC13) r 2.3 (m, 2 H, phenyl), 2.8 (m, 3 H, phenyl), 3.2 
(doublet of doublets, J  =  3.8, 2.3 Hz, 1 H, ring), 3.5 (doublet of 
doublets, J =  3.8, 2.3 Hz, 1 H, ring), 3.8 (t, J =  3.8 Hz, 1 H, 
ring), 7.1 (s, 6 H, SCH3).

Anal. Calcd for C i3H hS20 2: C, 58.65; H, 5.26; S, 24.06; 
0 ,12.03. Found: C, 58.71; H, 5.84; S, 23.77; 0 , 11.98.

Dimethylsulfonium 2,5-Diformylcyclopentadienylide (V).—

(12) W. B. Smith, tV. H. Watson, and S. Chiranjeevi, J. Amer. Chem.
Soc., 89, 1438 (1967).

The Vilsmeier reagent was prepared as follows. To 10 ml (0.13 
mol) of N .A’ -dimethylformamide was added 1.2 ml (0.024 mol) 
of phosphorus oxychloride at —10 to —15° under nitrogen at
mosphere, and the temperature was elevated to 5°. To this 
solution, 1.26 g (0.01 mol) of I was added slowly maintaining the 
temperature at —10 to —15°, and the mixture was stirred for 1 
hr at 0°. The reddish precipitate that separated was filtered, 
shaken with aqueous potassium perchlorate solution, and made 
alkaline with 50% aqueous sodium hydroxide. The mixture was 
extracted with methylene chloride and the extract was dried, 
concentrated, and chromatographed on alumina to give 180 mg 
(4.4%) of V as pale brown needles: mp 159-160°; uv max 
(acetonitrile) 263 m/x (« 1.93 X  104), 326 (6.85 X  103); ir (KBr) 
1630 cm-1 (rc-o); nmr (CDC13) t 0.50 (s, 2 H, CHO), 2.8 (s,
2 H, ring), 6.95 (s, 6 H, SCH3).

Anal. Calcd for C9Hio02S: C, 59.31; H, 5.53; S, 17.59. 
Found: C, 59.49; H, 5.61; S, 17.68.

Dimethylsulfonium 2-Ethylcyclopentadienylide (VI).— To a 
stirred solution of 1.26 g (0.01 mol) of I in 50 ml of methylene 
chloride was added 2.0 g (0.0105 mol) of triethyloxonium fluoro- 
borate at 0°, and the mixture was stirred for 1 hr at this tem
perature. The reaction mixture was then neutralized with 5%  
aqueous sodium hydroxide and extracted with methylene chloride. 
The extract was, after removal of the solvent, chromatographed 
on alumina to give 50 mg of brown precipitate (VI). Elemental 
analysis of VI was impossible to carry out because of its in
stability. This material showed ir (KBr) 3080, 3000, 2900, 
2880, 2860, 2840 cm-1 (vCh3, vcm); nmr (CDC13) r 3.80 (m,
3 H, ring), 7.30 (s, 2 H, SCH3), 7.30 (q, 2 H, J  =  7.5 Hz, CH2), 
8.80 (t, 3 H, J  =  7.5 Hz, CH3). These spectral data clearly 
indicate VI to be the monoethyl derivative of I.

Dimethylsulfonium 2- (1,2-Dicarbethoxyvinyl )cyclopentadienyl- 
ide (VII).— To a stirred solution of 1.0 g (7.95 mmol) of I in 30 ml 
of methylene chloride was added 1.45 g (7.95 mmol) of diethyl 
aeetylenedicarboxylate at 5° under nitrogen atmosphere. After 
stirring for 1 hr at this temperature, the reaction mixture was 
concentrated under reduced pressure and chromatographed on 
alumina, and VII was obtained as yellow crystals (2.15 g, 88.7% 
yield): mp 50°; uv max 390 m/x (e 1.65 X 104) ; ir (KBr) 
1720, 1680 (rc-o), 1560 (pc- c), 1480, and 1140 cm-1; nmr 
(CDC13) t 3.60 (m, 3 H, ring), 4.10 (s, 1 H, vinyl), 5.60 (q, 2
H, J =  7.5 Hz, CH2), 5.80 (q, 2 H , J  =  7.5 Hz, CH2), 7.27 
(s, 6 H, SCH3), 8.62 (t, 3 H, J =  7.5 Hz, CH3), 8.70 (t, 3 H , J  =
7.5 Hz, CH3).

Anal. Calcd for Ci5H2„04S: C, 60.79; H, 6.80; O, 21.59; 
S, 10.82. Found: C, 60.23; H, 7.08; 0 , 21.65; S, 10.52.

Dimethylsulfonium 2,5-Bis(tricyanovinyl)cyclopentadienylide 
(VHI).— To a stirred solution of 1.0 g (7.95 mmol) of I in 50 ml 
of tetrahydrofuran was added 1.01 g (7.95 mmol) of tetraeyano- 
ethylene in tetrahydrofuran at 5° under nitrogen atmosphere. 
After stirring for 3 hr at this temperature, the reaction mixture 
was concentrated under reduced pressure and chromatographed 
on alumina to afford 202 mg (7.8% yield) of red crystals (VIII): 
mp 220°; uv max (chloroform) 308 m/x (c 1.07 X  104), 322 (9.85 
X  103), 404 (3.12 X 104), and 524 (6.00 X 104); ir (KBr) 2200 
(rco), 1500 (rc-c), 1300 cm-1; nmr (DMSO-d6) r 2.20 (m, 2 H, 
ring), 6.70 (s, 6 H, SCH3).

Anal. Calcd for CnHsNeS: C, 62.18; H, 2.46; N , 25.59; 
S, 9.76. Found: C, 61.95; H, 2.53; N, 25.42; S, 970.

Dimethylsulfonium 2-Tricyanovinylcyclopentadienylide (IX).— 
To a stirred solution of 1.0 g (7.95 mmol) of I and 8.1 g (7.95 
mmol) of triethylamine in 50 ml of tetrahydrofuran was added
I . 01 g (7.95 mmol) of tetracyanoethylene in tetrahydrofuran at 
5° under nitrogen atmosphere, and the mixture was allowed to 
stir at this temperature for 3 hr. The reaction mixture was 
concentrated under reduced pressure and chromatographed on 
alumina to yield 240 mg (13.3%) of orange crystals (IX ): mp 
205°; uv max (chloroform) 260 m/x (e 2.18 X 103), 428 (2.07 X  
104), and 458 (2.79 X  104); ir (KBr), 2200 (rex), 1530 (vc-c), 
1380, 950 cm-1; nmr (DMSO-de) t 3.10 (m, 3 H, ring), 6.90 
(s, 6 H, SCH3).

Anal. Calcd for Ci2H9N 3S: C, 63.43; H, 3.99; N , 18.49; 
S, 14.11. Found: C, 63.33; H, 4.00; N , 18.79; S, 14.20.

Preparation of X.— To a stirred solution of 1.0 g (7.95 mmol) 
of I in 50 ml of methylene chloride was added 1.95 g (7.95 mmol) 
of chloranil at 5° under nitrogen atmosphere. After stirring at 
this temperature for 2 hr, the reaction mixture was concentrated 
under reduced pressure and chromatographed on alumina to give 
145 mg (8.1% yield) of blue crystals: mp 330° dec; uv max
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(chloroform) 281 my (e 4.10 X  101 2 3 4 5), 630 (6.20 X 103); ir (KBr) 
1680, 1650 (xC_o), 1530 (»c-c, 1110 cm “ '; nmr (CDC13) r 3.17 
(s, 2 H, ring), 7.00 (s, 6 H, SCH3).

Anal. Calcd for C19H80 4SC16: C, 41.87; H, 1.48; O,
11.74. Found; C, 42.87; H, 1.61; 0 , 11.23.

Registry No.—I-B, 29164-15-6; I-C, 25158-32-1;

III, 33834-93-4; IV, 33830-74-9; V, 33830-75-0; VI, 
33830-76-1; VII, 33830-77-2; VIII, 33830-78-3; IX , 
33830-79-4; X , 33830-80-7.
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Sulfenyl chlorides condense exothermically with 1,3,2-dioxaphospholenes to form a-chloro/3-keto sulfides in 
high yield. The exact nature and number of products depend on the structure of the 1,3,2-dioxaphosphospholene.
Several mechanisms were considered and the “ sulfenium chloride”  pathway is favored.

Trivalent phosphorus compounds are known to re
act with a-dicarbonyl derivatives to form 1; 1 adducts 
which have been shown to be substituted 1,3,2-dioxa-
phospholenes 3.23 These adducts undergo a wide

R ,R
R H

> - <  or o
+ =PR/ 

2
— M

o o

l R'/ |X R'
R'
3

R R' R R'
la  C6H s 2a c h 3o 3a c h 3o  c 6h 5
lb  CH3 2b (CH3)2N 3b (CH3)2N c 6h 5

3c CHsO CHa
3d (CH3)2N CHa

variety of reactions which are of both synthetic and
mechanistic interest. For example, the reactivity of
1:1 dicarbonyl-phosphine adducts toward electrophilic 
centers is attested by their ready condensation with 
bromine,4a carbonyl compounds,4b acid chlorides,40 iso
cyanates,4'1 and ketene.4e We wish to report that the 
1:1 dicarbonyl-phosphine adducts condense exother
mically with a variety of sulfenyl chlorides.6 The 
nature and the number of final products depend on the 
type of 1 ; 1 adduct used. This paper describes the 
scope and mechanism of the condensation.

Results and Discussion

In this investigation, benzil (la) and biacetyl (lb) 
were allowed to react with trivalent phosphorus com
pounds trimethyl phosphite (2 a) and tris(dimethyl-

(1) Holder of National Research Council of Canada Scholarship, 1967— 
1970.

(2) (a) L. D. Quinn, G. Pfundt, and G. O. Schenk, in ‘ 1,4 Cycloaddition
Reactions,” J. Hamer, Ed., Academic Press, New York, N. Y., 1967, pp 
83-96, 379-388. (b) F. Ramirez, Pure Appl. Chem., 9, 337 (1964), Bull. 
Soc. Chim. Fr., 2443 (1966), Accounts Chem. Res., 1, 168 (1968). (c) F. 
Ramirez, S. L. Glaser, A. J. Bigler, and J. F. Pilot, J. Amer. Chem. Soc., 91, 
496 (1969). (d) F. Ramirez, A. V. Patwardhan, H. J. Kugler, and C. P. 
Smith, Tetrahedron Lett., 3053 (1966). (e) Some adducts of (Me2N)sP
with diketones exist in the phosphonium enolate form.2d

(3) Throughout this paper substituted 1,3,2-dioxaphospholenes will be 
referred to as 1:1 dicarbonylphosphine adducts.

(4) (a) F. Ramirez and N. B. Desai, J. Amer. Chem. Soc., 82, 2652 (1960); 
(b) F. Ramirez, A. V. Patwardhan, and C. P. Smith, J. Org. Chem., 31, 3159 
(1966); (c) F. Ramirez, S. B. Bhatia, A. J. Bigler, and C. P. Smith, ibid., 
33, 1192 (1968); (d) F. Ramirez, S. B. Bhatia, and C. P. Smith, J. Amer. 
Chem. Soc., 89, 3030 (1967); (e) ibid., 89, 3026 (1967).

(5) A preliminary account of this work has been published: D. N. Harpp
and P. Mathiaparanam, Tetrahedron Lett., 2089 (1970).

amino)phosphine (2b). Of the four possible 1:1 
adducts, 3a-c were prepared according to reported 
procedures.6'2d In our hands, the preparation of the 
1:1 biacetyl-tris(dimethylamino)phosphine adduct (3d, 
R ' =  Me, R  =  NMe2) was not successful; only a 
black tarry product was obtained.

Adduct 3a reacted with a variety of sulfenyl chlo
rides 4 to give a-chloro-/3-kcto sulfides 5 and trimethyl 
phosphate 6 according to the following equation.7

Ph

3a +  R"SC1 — >  P h C o is R "  +  (MeO)3P = 0  

Cl
4 5 6

The yields and relevant data of the a-chloro-/?-keto 
sulfides 5 are summarized in Table I.

The progress of this condensation was monitored by 
nmr. As the addition of sulfenyl chloride progressed, 
the doublet at r 6.35 (J =  13 Hz; OCH3 of 3a) dimin
ished in intensity as the doublet at r 6.30 increasingly 
appeared. Once the addition of sulfenyl chloride was 
over, the doublet at r 6.35 had disappeared completely. 
Trimethyl phosphate was identified by gas chro
matography (glpc). The formation of the products 
appears to be quantitative, although isolated yields 
are somewhat lower.

The infrared spectra of the a-chloro-/3-keto sulfides 5 
all show a carbonyl band at 1685 cm-1. The methylene 
protons a to sulfur in 5d, 5e, and 5f are observed to be 
diastereotopic8 even though they are separated from 
the asymmetric center by a sulfur atom. The methy
lene protons of 5e (R "  =  CH3CH2) were a complex 
multiplet, thus indicating ABX3 rather than A2X 3 
splitting. In the case of 5d (R "  =  PhCH2) and 5f 
(R "  = CH2C 02Me), AB quartets with coupling con
stants 12 and 16 Hz, respectively, were observed. 
These values indicate that the AB quartet was derived 
from vicinal coupling.9

(6) F. Ramirez and N. B. Desai, J. Amer. Chem. Soc., 85, 3252 (1963).
(7) Adducts such as 3a were prepared in situ and dissolved in a suitable 

solvent (carbon tetrachloride, benzene, or methylene chloride). The color 
change (discharging of the red sulfenyl chloride) during the addition of sul
fenyl chloride was used to follow all the reactions studied.

(8) K. Mislow in “ Introduction to Stereochemistry,”  W. A. Benjamin, 
New York, N. Y., 1966, pp 93-95; M. Raban and F. B. Jones, Jr., J. Amer. 
Chem. Soc., 93, 2692 (1971).

(9) R. M. Silverstein and G. Bassler, “ Spectrometric Identification of 
Organic Compounds,”  2nded, Wiley, New York, N. Y., 1967, p 144.
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T able  I
P hysical, A nalytical, and Spectroscopic D ata of « -B enzoyl- îi-chlorobenzyl Sulfides 5

Mp of 5, Yield, —Calculated, %— ,---------- -----Found, %-----
R "  in 5 “C % c H s Cl C H s Cl Nmr data, r

P-CH3CsH4 (5a) 118-120 80 71.47 4.86 9.09 10.05 71.32 4.86 9.04 9.82 2.10-3 .20 (14 H, m);
7.72 (3 H, s)

C Ä  (5b) 113-115 82 70.88 4.46 9.46 10.46 70.94 4.52 9.35 10.02 2.10-3.00 (m)
p-CICsH, (5c) 122-124 83 54.34 3.78 3.59 18.99 64.31 3.86 8.57 19.04 2.10-3.00 (m)
C6H5CH2 (5d) 109-110 80 79.21» 5.70 7.55 79.19 5.76 7.53 2.00-3.00 (15 H, m );

6.15 (2 H, AB, J = 12 Hz)
CH3CH2 (5e) Oil 60 76.12» 6.12 8.85 76.06 6.12 8.90 1.80-3.10 (10 H, m );

7.30-7.90 (2 H, m ); 
8 .60-9.20 (3 H, m)

CH30 2CCH2 (5f) 65-67 75 70.91» 5.46 7.88 70.76 5.57 7.86 1.90-2.65 (10 H, m );

a y  «

6.34 (3 H, s),
6.53 (2 H, AB, /  = 16 Hz)

135-136 93 63.70 3.56 16.20 8.96 63.36 3.56 16.31 9.57 1.80-2.90 (m)

» Analyses were performed on the corresponding benzyloxyketo sulfides.

The condensation of adduct 3b with sulfenyl chlorides 
proceeds in an analogous manner to the previous re
action. For example, with p-toluenesulfenyl chloride 
4a (R " = p-tolyl), gas chromatographic analysis of the 
mixture indicated the presence of hexamethylphos- 
phoramide 7 and the a-chloro-/3-keto sulfide 5a. In 
addition, 5a was isolated from the reaction mixture and 
was shown to be identical with an authentic sample 
(prepared from 3a and 4a).

Adduct 3c condensed with sulfenyl chlorides to give 
a-chloro-/3-keto sulfide 8, trimethyl phosphate 6, the 
/3-keto phosphate 9, and methyl chloride according to 
the following equation.

3c +  R"SC1 — CH3COCSR" +

A
8

CH3

and C H 3 C O  protons of the a-chloro-/3-keto sulfide 8a 
by comparison with an authentic sample.11 The 
singlets at r 7.80 and 7.67 and the doublet at r 6.22 
( J p _ H  = 12 Hz) were assigned to the C H 3, CH3CO, 
and O C H 3 protons of /3-keto phosphate 8b. All 
attempts toward the unequivocal synthesis of 8b were 
unsuccessful. Synthetic Schemes I and II were tried.

Scheme I
A ttempted  Synthesis of /S-Keto P hosphate 8b

CH3

)AsCH3COCOCH3 +  CeHsSH CH3COCSC,H5

A h
1 0

0

10 +  (CH30)J>C1 — 8b +  HC1 
11

C H j C O C S R "  +  C H j C l  +  ( C H 30 )3P = 0
I

O P O ( O C H 3)2
9 6

Benzene- and ethanesulfenyl chlorides were used in 
carbon tetrachloride as solvent. The reaction mixture 
was analyzed by nmr. When benzenesulfenyl chloride 
was used, 93% of keto sulfide 8a was realized along with 
7% of the /3-keto phosphate 9a. The ratio of products 
was altered somewhat in the reaction with ethanesul
fenyl chloride (8b, 72%; 9b, 28%).

The nmr spectra of the reaction of adduct 3c with 
benzene- and ethanesulfenyl chlorides are illustrated in 
Figures 1 and 2. In both cases, the singlet at r 7.00 
was identified as arising from methyl chloride.10 On 
evaporation of the solvent at room temperature this 
singlet disappeared. The doublet at r 6.30 {J-p-u =  
12 Hz) was due to trimethyl phosphate by comparison 
with an authentic sample. Also, addition of few drops 
of trimethyl phosphate to the reaction mixture in
creased the intensity of this doublet with respect to 
other peaks.

Considering the reaction between benzenesulfenyl 
chloride and adduct 3c (e.g., Figure 1) in detail, the 
singlets at t 8.32 and 7.63 can be attributed to the CH3

(10) One reported value is r 6.95, ref 9, p 144.

Scheme II
Attempted  Synthesis of /3-Keto P hosphate 8b 

CH3 O

CH3COCSCsH5 +  M->
I
Cl

8a

-OP(OCH3)2
12

8b +  MCI

M+ =  Ag+ or H2N+=CSCH , 

NH,

In Scheme I biacetyl reacted exothermically with 
benzenethiol to form an equilibrium mixture contain
ing 80% of the a-hydroxy-/3-keto sulfide 10 (analyzed 
by nmr).12 When dimethyl phosphorochloridate 11 
was added to this mixture at room temperature, no 
reaction was observed after 2 days. On heating,

(11) Prepared from azibutanone (diazobutanone) and benzenesulfenyl chlo
ride; see Experimental Section for details.

CH3 Cl

CH3COCN2 +  CeHsSCl- • CH3COCSC6H5 +  No 
I .

c h 3
8a

(12) It has been shown that thiols react with carbonyl compounds to 
form an equilibrium mixture containing mainly «-hydroxy sulfides; cf. 
E. Campaigne in “ Organo-Sulfur Compounds,”  Vol. 1, N. Kharasch, Ed., 
Pergamon Press, Elmsford, N. Y. 1961, Chapter 14. In the above synthetic 
scheme the reaction was extended to a diketones.
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Figure 1.— Reaction of benzenesulfenyl chloride with 3c.

extensive decomposition occurred. In another at
tempt, the same procedure was repeated in the presence 
of pyridine as hydrogen chloride scavenger. The 
analysis of the reaction mixture by nmr indicated the 
presence of biacetyl as the main product.

In Scheme II the nucleophilic displacement of the 
chlorine atom of 8a with the dimethyl phosphate 
anion 12 was attempted in acetonitrile. The antic
ipated /3-keto phosphate 8b was not obtained; only 
a complex mixture of intractable decomposition 
products resulted.

Owing to the low stability of the products from the 
sulfenyl chloride condensation, separation of the /3-keto 
phosphate 8b either by fractional distillation or by 
preparative glpc was not achieved. However, the 
mass spectrum of the reaction mixture revealed the 
molecular ion of 8b at m/e 304 and two other ions of 
medium intensity at m/e 126 and 127. While the 
intensity of the molecular ion at m/e 304 was too weak 
for exact mass measurement, the exact masses were 
determined for ions at m/e 126 and 127. Details of 
these experiments are summarized in Table II. These

T a b l e  II
M ass  Sp e c t r a l  D a t a  on  I ons m/e 126 an d  127

,-------------- Exact mass-------------- > Chemical
Calcd Found formula Possible structure

126.0082 126.0083 (AH-OJ3 (CH30 ) 2P (0 )0 H
127.0160 127.0164 CJRChP (CH30 ) 2P (0 H )2

ions were not present in the mass spectra of pure 
samples of a-chloro-/3-keto sulfide 8a and trimethyl 
phosphate. Thus, they appeared to be derived from 
the /3-keto phosphate 8b.

The mass spectra of several organic phosphates have

been studied in some detail.13 A distinct difference in 
fragmentation patterns was observed between phos
phates with and without y  hydrogens to phosphorus.14 
The essential difference between trimethyl phosphate 
and the /3-keto phosphate 8b is that the latter has three 
7  hydrogens. Therefore, it is reasonable to suggest

yCHa
P 1

CH3COCSC6Hs

«OP(OCII.,)2
II
o

that these y hydrogens are involved in the formation of 
ions at m/e 126 and 127 in 8b. Fragment m/e 126 is 
probably formed by a McLafferty rearrangement of 
molecular ion 8b* as shown. The formation of ion 
m/e 127 could be rationalized as follows. Ion 8b** , 
formed by a-carbonyl cleavage, probably undergoes two

COCH3

CH2— C— SC(>H3

H \  ^ / ( } . 0 = P —
O
OCH3

0CH3

8 b *

O
II

■ i- HOKOCH3)., 

m/e 126

(13) H. Budzikiewbz, C. Djerassi, and D. H. Williams in “ Mass Spec
trometry of Organic Compounds,”  Holden-Day, San Francisco, Calif., 
1967, pp 647-653.

(14) For example, tiie presence of ions at m/e 126 and 127 in triethyl phos
phate and their absence in trimethyl phosphate could be attributed to the 
availability of 7  hydrogens in the former.

(CH3CH20 )3P = 0  (CH30 )3P = 0
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Figure 2.— Reaction of ethanesulfenyl chloride with 3c.

♦ -[CH,C0-]
8b ----- -------

C H ^ C — SC6H5

H / ©  
o = p — och3

och3

/C H — c = sc6h 5

H ^ 0  8b*
0 = P — o c h 3

I
och3

CH==C— SC6H5 
/ %  ' A  .

H '  0 +
HO— P.

IX 0CH,
o c h 3

-[H C — CSQHJ -----------------------► [(HO)2P(OCH3)2]+
m/el27

hydrogen shifts with the elimination of phenylthio- 
acetylene to form ion m/e 127.

On mechanistic grounds (vide infra), products 13 and 
14 could also be expected from the sulfenyl chloride

3c +  C6H-,SC1 ■

CH3

8a +  C H a C oic i +

OP(OCH3)2

A
13

(CH30)3P = 0  +  CsHiSCHs 
14

condensation. The nmr signals associated with tri
methyl phosphate and a-chloro-/3-keto sulfide 8a were 
identified. The absence of products 13 and 14 was 
conclusively demonstrated by comparing the nmr

spectrum of the reaction mixture with those of the 
authentic samples of 13 and 14. The singlet at r 7.73 
due to the methyl protons of 14 did not correspond 
with any of the peaks in the nmr spectrum of the re
action mixture. Furthermore, addition of a few drops 
of 14 to the reaction mixture produced a new singlet at 
t 7.73. Authentic a-chloro-/?-keto phosphate 13 was 
prepared according to a reported procedure15 by the 
action of chlorine on 3c. Again, the singlets associ
ated with the CH3 (t 7.93) and CH3CO (r 7.59) of 13 
did not correspond with those of the reaction mixture. 
This was further checked by addition of 13 to the re
action mixture.

Mechanism.—Several mechanisms can be advanced 
for this condensation based on the chemistry of both 
1:1 dicarbonyl-phosphine adducts and sulfenyl chlo
rides. A free-radical pathway has been proposed for 
the reaction of the adduct 3c with bromotrichloro- 
methane.16 By analogy, a similar mechanism can be 
advanced for the sulfenyl chloride condensation. The 
reaction of adduct 3a with p-toluenesulfenyl chloride 
(4a) was used to test this possibility. The conden
sation proceeded in the dark and in the presence of a 
free-radical inhibitor (1,3,5-trinitrobenzene) with no 
appreciable change in the rate. Furthermore, gas 
chromatographic analysis of the reaction mixture re
vealed the absence of p-tolyl disulfide, indicating the 
formation of the p-tolylthiyl (p-CH3C6H4S •) radical is 
not important. In other free-radical reactions involv
ing thiyl radicals, disulfides are often formed as by
products.17 These observations make the free-radical 
chain mechanism unlikely.

A ca,rbene mechanism has been suggested for the for-

(15) F. Ramirez and N. B. Desai, J. Amer. Chem. Soc., 82, 2652 (1960).
(16) W. G. Bentrude, ibid., 87, 4026 (1965).
(17) N. Kharaach and Z. S. Ariyan, Chem. Ind. (London), 929 (1964).
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mation of a-chloro-/3-keto sulfides 19 by the action of 
sulfenyl chlorides on a-diazo ketones 21.18 Also, 
adduct 3c, when irradiated in cyclohexane, gave tri

l l  R
| - N »  | R"SC1

RCOCN2— >  [RCOC : ] -------->  19
22

methyl phosphate, trimethyl phosphite, and biacetyl 
as products.19 The formation of trimethyl phosphate 
indicates that a ketocarbene 23 might have been gener-

hv ..
3c — >  (CH30 )3P = 0  +  [CHsCOCCH;]

? 23

ated on photolysis.20 Furthermore, mechanisms in
volving a carbene by elimination of phosphate21 or 
thiophosphate22 have been suggested for several re
actions.

From these studies, it is therefore reasonable to 
propose a carbene mechanism (Scheme III) for the

S ch em e  III

IS — >- RCOCR +  (R '0 )3P = 0  
22

22 +  R"SC1 ■ 19

/
OR'

22 +  (R '0 ) ,P = 0 RCOp----- P—  (OR')2

R \  /

Cl
/ ^ R \

?R"S

RCOC^— P(OR')2
R \  /

24

20 +  R'Cl

sulfenyl chloride condensation. Several experiments 
(Scheme IV) were designed to test the validity of this

carbene 25 has been shown to be intercepted by styrene 
to give cyclobutanone 27.23 However, under identical 
conditions, adduct 3a did not give 27 when treated with 
styrene. Thus, the possibility of a carbene mechanism 
seems remote for the sulfenyl chloride condensation.

Any ionic mechanism for the sulfenyl chloride con
densation should take into account the two possible 
modes of polarization of sulfenyl chlorides, namely, a 
“ sulfenium chloride”  mode (R "S S+CP_) and a “ chloro- 
nium mercaptide”  mode (R "S 6~CP+). Even though 
the former polarization has been favored in most of the 
reactions of sulfenyl chlorides,24 the latter has been 
shown to occur in some reactions (e.g., involving 
p-nitrobenzenesulfenyl chloride). The reactions of 
ethane- and benzenesulfenyl chlorides with trialkyl 
phosphites25 illustrate the sulfenium chloride polar
ization. The phosphite attacks the electrophilic sulfur 
to form the phosphonium intermediate 28. The chloride

>  p t  +
(R '0)3R  +  R"S— Cl — ► (R'0)2PSR"

s-*, /A 
“ Cl R — O

28
0  I
II *

R"SP(0R')2 +  R'Cl
29

R" =  CH3CH, or CeHs

ion is sufficiently nucleophilic to dealkylate the phos
phonium intermediate 28 by preferential attack on an 
alkoxy carbon to form the energetically favored P = 0  
bond. An alternative chloronium mercaptide mech
anism would involve an initial attack of the phosphite 
on the chlorine similar to that observed in ieri-butyl 
hypochlorite.26 In this case, attack on chlorine seems 
less likely, because the mercaptide ion (R "S _) would 
itself be strongly thiophilic and would be expected to 
react rapidly with remaining sulfenyl chloride to form 
disulfide 32 and the dichlorophosphorus compound 33.

Schem e  IV
C Ä

3a C6H5COCSR"
I, (CH30)3P = 0  R"SCly

Cl
[C6HsCOCCfiH5;

25

Ç A

c6h5c o c n 2
26

mechanism. Benzoylphenylcarbene (25) obtained from 
benzoylphenyldiazomethane (26) reacting with p- 
toluenesulfenyl chloride (4a, R "  =  p-tolyl) to give the 
a-chloro-/3-keto sulfide 5a in good yield. Also, keto-

(18) F. Weygand and H. J. Bestmann, Z. Naturforsch. B, 10, 296 (1955).
(19) W. G. Bentrude, Chem. Commun., 174 (1967).
(20) The mechanistic details of this reaction have not yet been reported.
(21) F. Ramirez, H. Yamanaka, and O. H. Basedow, J. Amer. Chem. Soc., 

83, 173 (1961).
(22) E. J. Corey and R. A. E. Winter, ibid., 85, 2677 (1963).

28

I
29 + 30

(R '0)£PC12 +  R"SSR"
33 32

This chloronium mercaptide polarization of sulfenyl 
chlorides has been observed in the reaction of p- 
nitrobenzenesulfenyl chloride (R "  =  p-NChCeH,,) with 
triphenyl phosphite (R = Ph).27 Based on these 
analogies, in the condensation of benzenesulfenyl 
chloride 4b with the adduct 3c, the following set of 
products would be expected by the two proposed

(23) C. S. Marvel and M. I. Kohan, J. Org. Chem., 16, 741 (1951). In 
this case, the ketocarbene 5 rearranged to diphenylketene (P h2C =C = 0) 
before addition to styrene. The assignment of structure 27 for the cyclo
butanone was confirmed by ir and nmr spectra (see Experimental Section.)

(24) W. H. Muellsr, Angew. Chem., Int. Ed. Engl., 8, 482 (1969), and refer
ences cited therein.

(25) D. C. Morrison, J . Amer. Chem. Soc., 77, 181 (1955).
(26) D. B. Denney and R. R. DiLeone, ibid., 84, 4737 (1962).
(27) K. A. Petrov, G. A. Sokolskii, and B. M. Poleers, Zh. Obshch. Khim.,

26, 2281 (1956); Chem. Abstr., 51, 9473 (1957). (b) p-Nitrophenyl di
sulfide and triphenoxyphosphorus dichloride were isolated in good yields.

r " s — a + ' V o R O s
+ AX 

(R '0 )3P— Cl
y

R"S“
31

R"SCl|
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sulfenium chloride mechanism: X  =  S R "; Y  =  Cl

chloronium mercaptide mechanism: X  =  Cl; Y  =  S R "

mechanisms (Scheme V). It has been shown earlier 
that the products formed in the condensation corre
spond to those predicted by the sulfenium chloride 
mechanism. Thus, it appears that the condensation in 
this case proceeds via the above mechanism. The 
absence of phenyl disulfide in the reaction mixture 
(checked by glpc) makes the chloronium mercaptide 
mechanism unlikely.

In the 1:1 benzil-trimethyl phosphite adduct (3a)- 
sulfenyl chloride condensation, the only products 
observed are the a-chloro-/?-keto sulfide 5 and tri
methyl phosphate. Although, these products can be 
accounted by both mechanisms, the sulfenium chloride 
pathway is preferred because there is no disulfide for
mation. It seems that in this case, path i is followed 
exclusively to path ii. This could be rationalized as 
follows. In path i, the tertiary carbon undergoing 
nucleophilic attack is not only benzylic but also, a to 
the carbonyl group and to sulfur. All these char
acteristics accelerate the substitution at the carbon.28 
Moreover, additional driving force is introduced into 
path i by the elimination of the very stable trimethyl 
phosphate through energetically favored P = 0  bond 
formation. In path ii even though there are three pri
mary carbons which can undergo nucleophilic attack, 
the only driving force available is P = 0  bond formation. 
In the 1:1 biacetyl-trimethyl phosphite adduct (3c)- 
sulfenyl chloride condensation (R = R ' = M e), which 
lacks the benzylic group, path ii competes with path i 
to a significant extent.

The condensation of sulfenyl chlorides with 1:1 
benzil-tris(dimethylamino) phosphine adduct 3b can 
also be rationalized on the basis of sulfenium chloride 
mechanism. This condensation is similar to that of 
the adduct 3a with sulfenyl chlorides, except that path 
ii is not important.

(28) E. S. Gould, “ Mechanism and Structure in Organic Chemistry,”  
Holt, Rinehart and Winston, New York, N. Y., 1959, pp 280-289.

Experimental Section
Melting points were obtained on a Gallenkamp melting point 

apparatus and are corrected. Infared spectra were recorded 
on a Perkin-Elmer (Model 257 or 337) grating infrared spectro
photometer. Spectra of solids were obtained using potassium 
bromide pellets and a film technique was used for liquid samples. 
Spectra were calibrated with the 1601-cm-1 band of a polystyrene 
film reference. Nmr spectra were recorded on Varian Associates 
A-60 or T-60 spectrometers. All proton spectra are reported in 
t  units relative to tetramethylsilane (TM S). Unless otherwise 
stated, deuteriochloroform was used as solvent. Gas chromato
graphic (vpc) analyses were performed on an F & M  (Model 
5750) research chromatograph. Two 6 ft X  Vs in. stainless 
steel columns were used; 10% silicone gum rubbber UC W98 on 
Diatoport-S (UC-W98 column) and 10% Apiezon L on Chromo- 
sorb W /AW -M CD S (Apiezon L column). Organic microanalyses 
were performed by Scandanavian Microanalytical Laboratories, 
Herlev, Denmark, and Organic Microanalyses (Dr. C. Daessle), 
Montreal, Canada. Trimethyl phosphite (Aldrich Chemical 
Co. Ltd.) was purified by prolonged treatment with molecular 
sieves “ Linde”  Type 3A (1/16) followed by fractional distilla
tion. Tris(dimethylamino)phosphine (Eastman Kodak Chemi
cal Co.) was used without further purification. Carbonyl com
pounds (benzil, biacetyl, etc.) were freshly distilled or recrystal
lized from aprotic solvents.

Preparation of Aromatic Sulfenyl Chlorides.— The procedure 
used was a modification on the method of Emde.29 30 * In a 500- 
ml flask fitted with a dropping funnel and a reflux condenser car
rying a drying tube was placed A'-chlorosuccinimide (26.7 g, 
0.2 mol). Benzene (120 ml) was added and the contents of the 
flask were stirred magnetically to form a slurry. A solution of 
the aromatic thiol (0.2 mol) in benzene (50 ml) was added drop- 
wise with the flask being cooled by ice water. An orange-red 
color developed after 5 min; it deepened as the addition con
tinued. After the addition was complete, the mixture was 
stirred for 24 hr at room temperature. The white solid (suc- 
cinimide) was removed by filtration and the deep red filtrate was 
concentrated under reduced pressure. Carbon tetrachloride 
(30 ml) was added to the red oil to precipitate the last traces of 
succinimide. After filtration, the filtrate was concentrated and 
the residual red oil distilled under reduced pressure. The yields 
and boiling points are given in Table III .30a,b

T a b l e  III

RC1
Yield,

% Bp, °C  (m m )
Reported bp , °C  

(m m )

p-CH3C6H4 (4a) 7 0 4 4  ( 0 . 3 ) 7 7 . 5 - 7 8 . 5  ( 2 . 5 )

C6H6 (4b) 7 3 5 8  ( 0 . 8 ) 7 3 - 7 5  ( 9 . 0 )
p-CICeHr (4c) 8 6 9 0  ( 0 . 4 ) 9 4  ( 6 . 0 )

Reaction of Aromatic Sulfenyl Chlorides with the 1:1 Benzil- 
Trimethyl Phosphite Adduct (3a).— To a 50-ml, three-necked, 
round-bottomed flask fitted with a dropping funnel, gas inlet 
tube, and a condenser connected to a mercury trap, was added 
benzil (2.10 g, 0.01 mol). The flask was flushed with dry nitro
gen for 15 min. Trimethyl phosphite (1.24 g, 0.01 m ol) was 
added; an exothermic reaction occurred immediately and the pale 
yellow viscous liquid was stirred for 1 hr. Benzene (10 ml) was 
added to dissolve the syrup. This was followed by the aromatic 
sulfenyl chloride (0.01 mol) in benzene (10 ml). As the addition 
continued, the deep red color changed to pale yellow. Once the 
addition was complete, the reaction mixture was stirred for 1 
hr at room temperature. The solvent was removed on a flash 
evaporator and n-hexane (15 ml) was added to the residue. A 
white crystalline solid separated on cooling and was filtered and 
recrystallized from n-hexane-benzene. The melting points, 
yields, and analytical data of the aromatic chloroketo sulfides 
are summarized in Table I. The reaction mixture showed the 
presence of trimethyl phosphate when compared with an 
authentic sample by gas chromatography -using an Apiezon L 
column. No aromatic disulfides were detected.

Preparation of Aliphatic Sulfenyl Chlorides.— Ethane, phenyl-

(29) H. Emde, German Patent 804,572 (1951); Chem. Abstr., 46, 529 
(1952).

(30) (a) H. Lecher, F. Holschneider, K. Koberle, \V. Speer, and P. Stock-
lin, Ber., 58, 409 (1925); (b) E. Gebauer-Fulnegg, J. Amer. Chem. Soc., 49, 
2270 (1927).
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T a b l e  IV

R "S S R " +  Cl2 — >- 2R"SC1 
(0.005 mol)

-Chemical shift ( t )  of a methylene protons----------------------------------------- - Temp of
✓---------------------- Disulfide-------- ------------------ - z------------------- Sulfenyl chloride----- CI2 required, g chlorinolysis, °C
(CHsCHsS-h“ 7 .3 0 CHsCHjSCl (4e) 6 .9 0 0 .4 0 - 3 0
(C6H5CH2S-)26 6 .5 0 C6H5CH2SC1 (4d) 5 .7 3 0 .3 6 0 -5
(CH302CCH2S-)2i 6 .3 3 CH ÄCCH aSCl (4f) 5 .9 7 0 .8 0 0 -5

“ Neat disulfide. b Carbon tetrachloride (10 ml).

methane, and carbomethoxymethanesulfenyl chlorides were 
generated by chlorinolysis of the corresponding disulfides. The 
progress of the reaction was monitored by nmr. As the sulfenyl 
chloride was formed a significant decrease (r 0.4-0.5) in the 
chemical shifts of protons a to the sulfur atom was observed. 
In a typical run, chlorine was passed into the disulfide (neat or a 
solution in CCh) until the nmr signal of methylene protons a 
to sulfur had disappeared. The experimental procedure adopted 
was similar to that reported for methanesulfenyl chloride.31 
Relevant reaction data are collected in Table IV.

Reaction of Aliphatic Sulfenyl Chlorides with 3a.— Adduct 3a 
was generated from benzil (2.10 g, 0.01 mol) and trimethyl phos
phite (1.25 g, ~0.01 mol) as described previously. The sul
fenyl chloride (obtained by the chlorinolysis of 0.005 mol of the 
corresponding disulfide) was added dropwise to adduct 3a in 
carbon tetrachloride (10 ml) at 0°. The red color of the sulfenyl 
chloride was discharged as the addition progressed. After 0.5- 
1 hr at room temperature, the solvent was removed under re
duced pressure; last traces were removed using a vacuum pump. 
The resulting white chloro keto sulfide was recrystallized from 
ra-hexane-benzene. The physical and spectroscopic data are 
summarized in Table I. Owing to the low stability of the chloro- 
keto sulfide, it was converted to the corresponding a-benzyloxy- 
/3-keto sulfide for elemental analysis. To the reaction mixture 
obtained by adding sulfenyl chloride (0.01 mol) to adduct 3a 
(0.01 mol) in benzene (10 ml) were added benzyl alcohol (1.10 g,
0.01 mol) and silver carbonate (1.50 g). The mixture was stirred 
overnight at room temperature. Silver salts were removed by 
filtration and the filtrate was concentrated. The a-benzyloxy- 
(3-keto sulfide so formed was recrystallized from methanol. The 
analysis data are summarized in Table I.

Reaction of 2-Benzothiazolesulfenyl Chloride (4g) with 1:1 
Benzil-Trimethyl Phosphite Adduct 3a.— 2-Benzothiazolesul
fenyl chloride (4g) was prepared by the action of sulfuryl chloride 
on 2,2'-dithiobis(benzothiazole). To a suspension of freshly 
recrystallized 2,2'-dithiobis(benzothiazole) (1.65 g, 0.005 mol) 
in methylene chloride (20 ml) at room temperature was added 
sulfuryl chloride (0.68 g, 0.005 mol). As the reaction pro
gressed, the suspended disulfide dissolved and the solution 
turned deep red. After 1 hr at room temperature, it was added 
to the adduct 3a prepared as before from benzil (2.10 g, 0.01 
mol) and trimethyl phosphite (1.25 g, 0.01 mol) in benzene (10 
ml). As the addition progressed, the deep red color of 2-benzo- 
thiazolesulfenyl chloride changed to pale yellow. Once the 
addition was complete, the reaction mixture was stirred at room 
temperature for 1 hr. The solvent was removed under reduced 
pressure and the resulting pale yellow solid was recrystallized 
from methylene chloride-n-hexane. The a-chloro-/3-keto sulfide 
Sg crystallized out as white plates. See Table I for physical, 
analytical, and spectroscopic data.

Reaction of p-Toluenesulfenyl Chloride (4a) with 1:1 Benzil- 
Tris(dimethylamino)Phosphine Adduct 3b.— In a 50-ml, three- 
necked, round-bottomed flask fitted with a dropping funnel, gas 
inlet tube, and a condenser connected to mercury trap was 
placed benzil (1.05 g, 0.005 mol). Dry methylene chloride (10 
ml) was added to dissolve the benzil and the solution was 
cooled to 5°. The reaction system was flushed with dry nitrogen 
for 15 min. Tris(dimethylamino)phosphine (2b, 0.8 g, ~0.005 
mol) was added dropwise with stirring. The yellow color of the 
solution turned deep red, and stirring was continued for 30 min 
at 5° after the addition was complete. p-Toluenesulfenyl 
chloride 4a (0.8 g, 0.005 mol) in methylene chloride (10 ml) was 
added to the adduct 3b. After 1 hr at room temperature, the 
solvent was removed under reduced pressure and w-hexane (10 
ml) was added to the residue. On cooling, a yellowish white 
solid precipitated out, yield 0.8 g (45%). Recrystallization

(31) I. B. Douglass, J. Org. Chem., 24, 2004 (1959).

from ra-hexane gave white needles melting at 117-118°. This 
product was shown to be identical with the a-chloro-/3-keto sul
fide 5a obtained from the 1:1 benzil-trimethyl phosphite adduct 
(3a)-p-toluenesulfenyl chloride (4a) reaction by mixture melting 
point and ir. Chromatographic analysis of the mother liquor, 
using an Apiezon L column, revealed the presence of the a- 
chloro-d-keto sulfide 5a and hexamethylphosphoramide 7. 
No p-tolyl disulfide was detected.

Preparation of 1:1 Biacetyl-Trimethyl Phosphite Adduct 3c.— 
Adduct 3c was prepared as previously described.6 Biacetyl 
(14.8 g) was converted to adduct 3c, 33.5 g (86%), bp 46° (0.6 
mm) (lit.6 45-47° (0.5 mm)).

Reaction of Benzenesulfenyl Chloride (4b) with 1:1 Biacetyl- 
Trimethyl Phosphite Adduct 3c.— Adduct 3c (2.10 g, 0.01 mol) 
was dissolved in carbon tetrachloride (10 ml) under dry nitrogen. 
The solution was cooled to 5°. Benzenesulfenyl chloride (4b,
1.45 g, 0.01 mol) in carbon tetrachloride (5 ml) was added drop- 
wise. An exothermic reaction occurred with a disappearance of 
the red color of sulfenyl chloride 4b. The nmr spectrum of the 
reaction mixture showed the following: r 2.30-2.90 (5 H, m),
6.30 (3 H, d, /  = 12 Hz), 6.22 (3 H, d, J  =  12 Hz), 7.00 (3 H, 
s), 7.63 (3 H, s), 7.67 (3 H, s), 8.32 (3 H, s). Extensive de
composition occurred on distillation.

Reaction of Ethanesulfenyl Chloride (4e) with 1:1 Biacetyl- 
Trimethyl Phosphite Adduct 3c.— The above procedure was re
peated using ethanesulfenyl chloride (4e, 0.01 mol) instead of 
benzenesulfenyl chloride (4b). The nmr spectrum of the reaction 
mixture showed the following: t 6.24 (3 H, d, J =  12 Hz),
6.30 (3 H, d, J = 12 Hz), 7.00 (3 H, s), 7.62 (3 H, s), 7.67 (3 
H, s), 7.82 (3 H, s), 8.07 (3 H, s), 7.10-7.90 (2 H, m), 8.40-8.93 
(3 H, m). Extensive decomposition occurred on distillation.

Preparation of Biacetyl Monohydrazone.— The reported pro
cedure for the preparation of biacetyl monohydrazone32 has 
been modified as follows. A solution of biacetyl (10 ml) in ben
zene (10 ml) was cooled in an ice bath, and anhydrous hydrazine 
(3.87 g) was added dropwise with stirring. About 10 min after 
the addition was complete, a white solid precipitated and 
was filtered. The crude monohydrazone was dissolved in hot 
benzene and this layer decanted. On cooling, biacetyl mono
hydrazone crystallized, yield 7.5 g (65%), mp 64-65° (lit.32 mp 

°)-
Preparation of Azibutanone.— Two procedures were used to 

prepare azibutanone (diazobutanone) from biacetyl monohydra
zone.

Procedure I. Using Silver Oxide.— Biacetyl monohydrazone 
(6.0 g) in methylene chloride (20 ml) was added to vigorously 
stirred suspension of silver oxide (20 g) and anhydrous sodium 
sulfate (20 g) in methylene chloride (80 ml). After the initial 
reaction had subsided, the mixture was stirred at room tempera
ture for 24 hr. The inorganic salts were removed by filtration. 
The residue was washed with several portions of methylene 
chloride until the washings were devoid of yellow color. The 
washings were combined and concentrated in a flash evaporator. 
The residual red oil was distilled under reduced pressure using a 
water aspirator. The product boiling at 32° (7 mm) was col
lected: yield 3.0 g (51%); lit.32 bp 45° (12-13 mm); ir 1650 
(CO), 2070 cm -1 (N = N ); nmr r 7.85 (3 H, s), 8.22 (3 H, s).

Procedure II. Using Mercuric Oxide (Yellow).— Biacetyl 
monohydrazone (10.0 g) in methylene chloride (50 ml) was 
added to a vigorously stirred suspension of yellow mercuric 
oxide (22 g) and anhydrous sodium sulfate (30 g) in methylene 
chloride (150 ml) containing two drops of alcoholic sodium hy
droxide. After the initial reaction had subsided, the mixture 
was stirred for 24 hr. Azibutanone was isolated by a similar 
work-up as in procedure I, yield 9.0 g (90%), bp 32° (7 mm).

Preparation of a-Acetyl-a-chloroethyl Phenyl Sulfide (8a).—

(32) O. Diels and K. Pflanmer, Ber., 48, 223 (1915).
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Benzenesulfenyl chloride (4b, 1.45 g, 0.01 mol) in carbon tetra
chloride (10 ml) was added dropwise to a solution of azibutanone 
(0.98 g, 0.01 mol) in carbon tetrachloride (10 ml) at —10°. As 
the addition continued, the deep red color of the sulfenyl chloride 
4b and the orange color of azibutanone turned lighter with 
vigorous evolution of nitrogen. At the end of addition, a light 
yellow color was obtained. The solvent was removed and the 
residual oil distilled under reduced pressure. The <*-chloro-/3- 
keto sulfide 8k distilled at 126° (0.005 mm) as a pale yellow oil: 
yield 1.7 g (80% ); ir 1725 cm -» (CO); nmr r 2.20-2.70 (5 H, m),
7.62 (3 H, s), 8.21 (3 H, s). Exact mass data: calculated for
C.oHnOSCl, 214.0219; found, 214.0224.

Preparation of «-Acetyl-/3-chloroethylethyl Sulfide 8b.—  
Ethyl disulfide (2.44 g, 0.02 mol) reacted at —30° with chlorine 
(1.42 g, 0.02 mol). The deep red ethanesulfenyl chloride 4e 
was added dropwise to azibutanone (3.95 g, 0.04 mol) in carbon 
tetrachloride (30 ml) at —20°. As the addition continued, the 
color of the reaction mixture-became lighter and was accompanied 
by the evolution of nitrogen. After the addition was complete, 
the solvent was removed on a flash evaporator and the residue 
yellow oil was distilled under reduced pressure. The a-chloro- 
d-keto sulfide 8b distilled at 44° (0.1 mm) as a pale yellow oil: 
yield 5.6 g (84% ); ir 1730 cm“ 1 (CO); nmr r 7.30 (2 H, AB, J =
7 Hz), 7.59 (3 H, s), 8.03 (3 H, s), 8.75 (3 H, split t, J = 7 Hz). 
Exact mass data: calculated for C«H:108C1, 166.0219; found, 
166.0204. Owing to its low stability at room temperature, the 
product was stored in Dry Ice.

Preparation of Dimethyl Phosphorochloridate (11).— Trimethyl 
phosphite (7.4 g) in benzene (15 ml) was cooled in an ice bath. 
Chlorine gas was bubbled through the solution until it turned 
pale yellow1. The solvent and other volatile products were re
moved on a flash evaporator and the residue was distilled under 
reduced pressure: yield 7.2 g (85% ); bp 66° (10 mm) (lit.33 
bp 75-80° (20-25 mm)).

Preparation of S-Methylisothiuronium Dimethyl Phosphate.—
This compound was prepared by a modification of the reported 
procedure.34 In a 150-ml flask, fitted with a reflux condenser car
rying a drying tube, were placed trimethyl phosphate (14.0 g), 
thiourea (7.6 g), and acetonitrile (35 ml). The reaction mixture 
was stirred and refluxed. The thiourea dissolved on warming 
and after 1.5 hr a white solid precipitated from the clear 
solution; refluxing was continued for another 2 hr. The 
reaction mixture was cooled and w'hite crystals of S-methyl- 
isothiouronium dimethyl phosphate were collected, yield 17.7 g 
(82%), mp 139-141° (fit.34 mp 136°).

Reaction of p-Toluenesulfenyl Chloride (4a) with 1:1 Ben- 
zil-Trimethyl Phosphite Adduct 3a in the Presence of 1,3,5- 
Trinitrobenzene as Free-Radical Inhibitor.— The adduct 3a 
was generated as described previously from benzil (2.10 g, 0.01 
mol) and trimethyl phosphite (1.25 g, 0.01 mol). It was dis
solved in benzene (10 ml) and 1,3,5-trinitrobenzene (0.2 g) was 
added. The color changed to deep red. p-Toluenesulfenyl 
chloride (4a, 1.58 g, 0.01 mol) in benzene (5 ml) was added 
dropwise. At the end of the addition, the yellow reaction mix
ture was stirred for an additional 10 min. Benzene was re
moved on a flash evaporator and the residue recrystallized from 
re-hexane-methylene chloride mixture, yield 2.8 g (80%), mp
120-122°. This product was shown to be identical with a-

(33) G. M. Kosalapoff, "Organo Phosphorus Compounds,”  Wiley, New 
York, N. Y., 1950, p 252.

(34) J. B. Parker and T. D. Smith, J. Chem. Soc., 442 (1961).

benzoyl-a-ehlorobenzyl p-tolyl sulfide (5a) by mixture melting 
point and ir spectra. Gas chromatographic analysis of the 
mother liquor on an Apiezon L column showed the presence 
of trimethyl phosphate and a-chloro-j3-keto sulfide 5a.

Reaction of p-Toluenesulfenyl Chloride (4a) with Azibenzil
(26).35— In a 50-ml erlenmyer flask equipped with a magnetic 
stirrer was placed dry monoglyme (10 ml). Azibenzil (26, 2.22 
g, 0.01 mol) was added with stirring and the resulting orange 
solution was cooled in an ice bath. p-Toluenesulfenyl chloride 
4a (1.59 g, 0.01 mol) was added dropwise to the azibenzil solu
tion. As the addition progressed, the orange color of the azi
benzil solution became lighter with evolution of nitrogen. Once 
the addition was complete, the pale yellow solution was stirred 
for 10 min at room temperature. The solvent was removed and 
the residue was recrystallized from re-hexane-methylene chloride. 
The yield of white crystalline product was 3.2 g (93% ), mp 120- 
122°. This product was shown to be identical with a-benzoyl- 
<*-chlorobenzyl p-tolyl sulfide 5a by mixture melting point and 
ir spectra.

Reaction of Azibenzil (26) with Styrene.— A solution of 26 
(4.4 g, 0.02 mol) and styrene (2.1 g, 0.02 mol) containing few 
crystals of 1,3,5-trinitrobenzene (polymerization inhibitor) in 
ether (10 ml) was heated under reflux for 41 hr. At the end of 
the reflux period, the solvent was removed under reduced pres
sure and the residual orange viscous oil was dissolved in acetic 
acid and cooled. The yellow crystals were separated by filtra
tion and recrystallized from ethanol. Pale yellow crystals 
(3.1 g, 52% ) of 2,2,3-triphenylcyclobutanone (27), mp 136-138°, 
were obtained. This product on further recrystallization from 
re-hexane-methylene chloride yielded white crystals melting at
137-138° (lit.23 mp 132-136°); ir 1775 cm“ 1 (CO); nmr r 2.20-
3.20 (15 H, m), 5.47 (2 H, split t, J =  9 Hz), 6.50 (2 H, d, J =  
9 Hz).

Attempted Reaction of 1:1 Benzil-Trimethyl Phosphite Adduct 
3a with Styrene.— The adduct 3a was generated as described 
previously from benzil (2.10 g, 0.01 mol) and trimethyl phosphite 
(1.25 g, 0.01 mol). It was dissolved in dry ether (10 ml) and 
styrene (1.05 g, 0.01 mol) containing a few crystals of 1,3,5- 
trinitrobenzene. The reaction mixture was refluxed for 41 hr 
and monitored by gas chromatography using Apiezon L and 
UCW-98 columns and by tic on silica gel using 1:1 methylene 
chloride-hexane as eluent. The analysis of the reaction mixture 
showed the absence of 2,2,3-triphenylcyclobutanone (27).

Registry No.—3a, 4850-55-9; 3b, 7137-83-9; 3c, 
1665-79-8; 4a, 933-00-6; 4b, 931-59-9; 4c, 933-01-7; 
4d, 26826-81-3; 4e, 1496-75-9; 4f, 33537-30-3; 5a, 
28220-62-4; 5b, 28194-60-7; 5c, 28194-61-8; 5d,
28194-62-9; 5e, 28194-63-0; 5f, 33537-32-5; 5g, 28194-
65-2; 8 a, 33487-46-6; 8 b, 33487-47-7; 26, 3469-17-8; 
biacetyl monohydrazone, 33487-48-8; azibutanone, 
14088-58-5.
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(35) Azibenzil (diazobenzil) was prepared according to the procedure of 
A. I. Vogel, in “ A Textbook of Practical Organic Chemistry,”  Longmans, 
Green and Co. London, 1964, p 856.
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The reaction of 3-chlorophthalide, 3-bromophthalide, and 3-chloro-3-phenylphthalide with potassium O-alkyl 
xanthates gave the corresponding O-alkyl iS-(3-phthalidyl) xanthates. Dithiocarbamates, on the other hand, 
gave the corresponding 3-dithiocarbamoyl phthalides. Photolysis of both O-alkyl <S-(3-phthalidyl) xanthates and 
3-dithiocarbamoyl phthalides gave meso-dihydrobiphthalide as the chief product in each case. The thermal de
composition of these substances, on the other hand, gave a mixture of products consisting of carbonyl sulfide, 
thiophthalic anhydride, 3,3'-monothiobiphthalide, 3,3'-dithiobiphthalide, and isocournarino[4,3-c]isothiocou- 
marin. The thermal and photochemical decomposition of O-ethyl S-(3-phenylphthalidyl) xanthate gave rise 
to 3,3'-diphenylbiphthalide as the chief product. The same product was obtained from the thermal and photo
chemical decompositions of 3-dithiocarbamoyl-3-phenylphthalides.

In earlier communications2'3 we had reported the 
reactions of both symmetrical and unsymmetrical 
phthaloyl dichlorides with several potassium O-alkyl 
xanthates and dithiocarbamates which led to the syn
thesis of phthaloyl dixanthates and bisdithiocarbamic 
anhydrides. In the reaction of symmetrical phthaloyl 
dichloride with potassium O-methyl xanthate, for ex
ample, the unsymmetrical di-O-methyl (S.S-phthaloyl 
dixanthate was formed as the major product. It was 
shown that in this reaction the symmetrical di-O-methyl 
<S,/S-phthaloyl dixanthate is formed initially which 
then rapidly rearranges to the unsymmetrical isomer. 
The reaction of dithiocarbamates with both symmetri
cal and unsymmetrical phthaloyl dichlorides, on the 
other hand, gave the corresponding symmetrical phthal- 
oic bisdithiocarbamic anhydrides, in each case. In 
continuation of our studies, we have examined the re
actions of a few monohalophthalides with potassium 
O-alkyl xanthates and dithiocarbamates, with a view 
to examining the nature of the products formed in these 
reactions.

Treatment of potassium O-ethyl xanthate with an 
acetone solution of 3-chlorophthalide (1) gave a prod
uct which was identified as O-ethyl $-phthalidyl xan
thate (5a), mp 107-108°. The identity of this product 
was confirmed on the basis of analytical results and 
spectral data. The ir spectrum of 5a showed a car
bonyl absorption at 1770 cm-1, characteristic of a 7 - 
lactone. The nmr spectrum of 5a showed a multiplet 
centered around 5 7.9 (5 H) due to the four aromatic 
protons and one tertiary proton attached to the 3 posi
tion of the phthalide nucleus. In addition, the spec
trum showed a quartet centered around 5 4.89 (2 H) 
due to the methylene protons and a triplet at 8 1.42 
(3 H) due to the methyl protons of the alkyl side chain.

The formation of 5a may be rationalized in terms of 
a direct displacement of the chloride ion (path A) or 
through the attack of the nucleophile on the carbonyl 
carbon (path B) as shown in Scheme I. If the reac
tion is proceeding through path B, then one would expect 
the formation of the intermediate aldehydo xanthate 
3, which can then rearrange to 5a through a bicyclo- 
[3.2.1] transition state 4 .4 With a view to finding out

(1) To whom enquiries should be addressed.
(2) A. Shah, S. N. Singh, and M. V. George, Tetrahedron Lett., 3983 

(1968).
(3) S. N. Singh and M. V. George, J. Org. Chem., 36, 615 (1971).
(4) For some examples involving bicyclo [3.2.1] transition states, see (a)

ref 3; (b) M. S. Newman and C. Courduvelis, J. Amer. Chem. Soc., 86,
2942 (1964); 88 , 781 (1966); (c) M. S. Newman, N. Gill, and B. Darre,
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whether the intermediate 3 is formed in the reaction or 
not, we have examined the absorption spectrum of the 
product mixture, immediately after mixing together 
the chlorophthalide 1 and potassium O-ethyl xanthate 
in a 1 : 1  ratio, in acetone solution around 5°. The 
absorption spectrum of this mixture was characterized 
by the presence of a maximum at 390 nm (e 80), char
acteristic of acyl and aroyl xanthates containing the 
-C (= 0 )S C (= S )-  chromophore.2-3'5 Further, it was 
observed that the absorption maximum at 390 nm of a 
freshly formed solution of 3 gradually disappeared, 
and a new absorption maximum at 362 nm (e 50) was 
observed due to the formation of 5a. In this connec
tion it might be mentioned that a similar absorption 
maximum around 360 nm was observed in all the un
symmetrical phthaloyl dixanthates that we have ex-

J. Org. Chem., 31, 2713 (1966); (d) M . S. Newman and L. K. Lala, ibid., 
32, 3225 (1967); (e) M. S. Newman, S. S. Gupte, and S. Sankarappa, ibid., 
35, 2757 (1970).

(5) D. H. R. Barton, M. V. George, and M. Tomoeda, J. Chem. Soc., 1967 
(1962).
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amined earlier.3 These observations support the view 
that the reaction of 1 with potassium O-ethyl xanthate 
proceeds through B, as shown in Scheme I.

With a view to studying the mode of displacement 
in a few other phthalide derivatives, we have examined 
the reactions of 3-chloro-3-phenylphthalide and 3- 
bromophthalide with different potassium O-alkyl xan- 
thates. Treatment of potassium O-ethyl xanthate with 
an acetone solution of 3-chloro-3-phenylphthalide (6), 
for example, gave a 60% yield of O-ethyl <S-(3-phenyl- 
phthalidyl) xanthate (9 ), mp 88 °. It has been observed 
that a freshly formed solution of 9 shows an absorp
tion maximum at 392 nm (t 75), characteristic of the 
-C (= 0 )S C (= S )-  chromophore present in the inter
mediate-xanthate 7 (Scheme I). The absorption maxi
mum at 392 nm gradually disappeared, and a new ab
sorption band was observed at 366 nm, characteristic 
of the rearranged xanthate 9. It is therefore inferred 
that the reaction of potassium O-ethyl xanthate with 
6 proceeds through path B (Scheme I) and is similar 
to the reaction of 3-chlorophthalide. The reaction 
of potassium O-ethyl xanthate with 3-bromophthalide 
(10), on the other hand, gave rise to a 88%  yield of 5a. 
It is interesting to note that, even when this reaction 
was carried out at low temperatures ( — 30°), we could 
not detect the formation of any aldehydo xanthate (3 ). 
It appears that the nucleophilic substitution in this 
case is proceeding through path A, involving a direct 
displacement of the halide ion. This difference in the 
mode of reactions between 3-chlorophthalide and 3- 
bromophthalide may be attributed to the greater ease 
with which benzyl bromides undergo displacement 
reactions when compared to the corresponding chlo
rides. Similarly, the reactions of potassium O-n-propyl 
xanthate and potassium O-n-butyl xanthate with 10 
resulted in the formation of O-n-propyl iS-(3-phthali- 
dyl) xanthate (5b) and O-n-butyl /S-(3-phthalidyl) 
xanthate (5c) in 80 and 75% yields, respectively.

Our next objective was to examine the reactions of 
3-chlorophthalide, 3-chloro-3-phenylphthalide, and 3- 
bromophthalide with different dithiocarbamates with 
a view to studying the nature of the products formed 
in these reactions. The reaction of 3-chlorophthalide 
(1) with dimethyldithiocarbamate (11a), for example, 
gave a 62% yield of a product, mp 186-187°, identified 
as 3-[(dimethylthiocarbamoyl)thio]phthalide (14a), 
based on analytical results and spectral data. The ir 
spectrum of 14a showed an absorption band at 1750 
cm-1, characteristic of a 7 -lactone carbonyl group. 
The uv spectrum of 14a showed an absorption maxi
mum at 340 nm (e 90), characteristic of unsymmetrical 
phthaloic dithiocarbamic anhydrides.3 The nmr spec
trum of 14a showed a multiplet centered around 8 7.9 
(5 H) due to the four aromatic protons and the tertiary 
proton attached to the 3 carbon of the phthalide nu
cleus. In addition, the spectrum showed two singlets 
at 8 3.42 (3 H) and 3.63 (3 H), respectively, due to the 
two methyl groups of the dithiocarbamate group. The 
magnetic nonequivalence of these two methyl groups 
is attributed to the restricted rotation about the C-N 
bond in 14a, similar to the restricted rotation that is 
observed in amides.6 Further, it was observed that

(6) For some relevant examples for the restricted rotation in amides, see 
(a) W. D. Phillips, J. Chem. Phys., 23, 1363 (1955); (b) H. S. Gutowsky
and C. H. Holm, ibid., 25, 1228 (1956).
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the two separate peaks appearing at 8 3.42 and 3.63 
coalesced to a single broad peak (8 3.5) when the nmr 
spectrum was determined at 60°.

As in the case of the reaction of 3-chlorophthalide 
(1 ) with potassium O-ethyl xanthate, a freshly mixed 
solution of 1 and dimethyldithiocarbamate showed 
an absorption maximum at 394 nm (« 100), character
istic of the -C (= 0 )S C (= S )-  chromophore. Further, 
it was observed that the absorption band at 394 nm 
disappeared on keeping the solution at room tempera
ture for a couple of hours, and a new absorption maxi
mum at 340 nm (« 90), characteristic of thiocarbamoyl 
phthalides, was observed. The initial appearance of 
the absorption maximum at 394 nm is attributed to 
the formation of the unstable benzoic dithiocarbamic 
anhydride intermediate 12 which then rapidly rear
ranges to 14a through the bicyclo [3.2.1] transition 
state 13, as shown in Scheme II (path B).

Similarly, the reaction of tetramethylenedithiocarba- 
mate (11c) with 1 gave rise to a 64% yield of 3-[(tetra- 
methylenethiocarbamoyl)thio[phthalide (14c).
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In the reaction of 3-chloro-3-phenylphthalide (6) 
with dimethyldithiocarbamate, a 60% yield of 3-phenyl- 
phthalidyl dimethyldithiocarbamate (19a) was formed 
as the chief product. Based on the appearance of an 
absorption maximum at 392 nm (e 150) in a freshly 
mixed solution of 6  and 1 1 a, it has been inferred that 
this reaction proceeds through path B, as shown in 
Scheme II. Similarly, the reaction of diethyldithio- 
carbamate (lib), tetramethylenedithiocarbamate (1 1 c), 
and pentamethylenedithiocarbamate (lid) with 6  gave 
rise to the corresponding phthalides, 19b, 19c, and 19d, 
in yields ranging between 57 and 71%.

In continuation of our studies we have examined 
the reaction of 3-bromophthalide (10) with several 
dithiocarbamates to ascertain whether these reactions 
are analogous to those of 0-alkyl xanthates. Treat
ment of an acetone solution of 1 0  with dimethyldithio
carbamate, for example, gave a 86% yield of 14a as 
the only isolable product. The formation of 14a in 
this reaction could arise by either a direct displacement 
of the bromide ion as per path A or through the attack 
on the carbonyl carbon as in path B (Scheme II). In 
order to distinguish between these two possible modes, 
we have examined the uv spectrum of the product mix
ture, immediately after mixing 1 0  and 1 1 a in acetone 
solution at 5°. The uv spectrum showed an absorp
tion at 340 nm, characteristic of thiocarbamoyl phthal
ides, indicating thereby that the displacement reac
tion is proceeding through path A, as shown in Scheme
II. Similarly, the reactions of 1 0  with diethyldithio- 
carbamate (lib), tetramethylenedithiocarbamate (lie), 
pentamethylenedithiocarbamate (lid), and oxydi- 
ethylenedithiocarbamate (lie) gave the corresponding
3-[(dialkylthiocarbamoyl)thio]phthalides, 14b-e, in 
yields ranging from 75 to 85%.

Earlier we had reported the thermal and photochem
ical fragmentations of several unsymmetrical phthaloyl 
dixanthates and symmetrical phthaloic bisdithiocar- 
bamic anhydrides.2'3 Photolysis of unsymmetrical 
phthaloyl dixanthates in benzene solution, for example, 
gave chiefly Aans-biphthalide, whereas symmetrical 
phthaloic bisdithiocarbamic anhydrides gave a mix
ture of ¿raws-diphthalide and the corresponding thiuram 
disulfides. The thermal decomposition of unsym
metrical phthaloyl dixanthates, on the other hand, 
yielded a mixture of several products, consisting of 
irans-diphthalide, thiophthalic anhydride, carbonyl 
sulfide, and the corresponding 0,<S-dialkyl xanthates. 
During the course of the present investigation, we have 
examined both the thermal and photochemical trans
formations of several O-alkyl *S’-(3-phthalidyl) xanthates 
and 3-[(dialkylthiocarbamoyl)thio]phthalides with a 
view to studying the mode of these transformations.

Photolysis of O-ethyl /S-(3-phthalidyl) xanthate (5a) 
in benzene solution at room temperature gave a 25% 
yield of meso-dihydrobiphthalide (21), mp 270°, as the 
only isolable product. Under analogous conditions, 
the photolysis of O-n-propyl (S-(3-phthalidyl) xanthate 
(5b) and O-n-butyl <S-(3-phthalidyl) xanthate (5c) gave 
21 in 20 and 35% yields, respectively. The formation 
of meso-dihydrobiphthalide (21) in the photolysis of
0-alkyl jS-(3-phthalidyl) xanthates suggests that the 
photofragmentation reactions may be proceeding 
through the initial scission of a C -N  bond, leading to 
the formation of phthalidyl radical 20, which then di-
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merizes to 21 as shown in Scheme III. A similar type 
of photochemical fragmentation of the C-S bond is 
reported in the case of unsymmetrical phthaloyl di
xanthates2’3 and 9,9-dixanthogenyl xanthene.7

If the photochemical transformation of 5a to 21 is 
proceeding through a homolytic C-S bond fission, then 
one would expect that this process would be more facile 
in the case of a compound such as O-ethyl <S'-(3-phenyl- 
phthalidyl) xanthate (9), as the intermediate 3-phenyl- 
phthalidyl radical (22) would be more stable when com
pared to 20. In accord with this view, we found that 
a benzene solution of 9 undergoes very ready photol
ysis giving rise to a 50% yield of meso-3,3'-diphenyl- 
biphthalide.8-9

The thermal decomposition of O-alkyl /S’-phthalidyl 
xanthates is of interest in that a mixture of several 
products is formed in these cases. Heating a sample of
O-ethyl ¿»-phthalidyl xanthate (5a), for example, to 
ca. 230-240° for ca. 20 min gave rise to a mixture of 
products consisting of a 33% yield of carbonyl sulfide 
(26), identified through its piperidinium salt,10 a 14% 
yield of phthalic thioanhydride (32), and a yellow 
product, mp 324-325°. Both analytical results and 
the presence of two molecular ion peaks at m/e 280 
and 296, respectively, in the mass spectrum indicated 
that this mixture consists of compounds having the 
molecular formulas Ci6H80 3S and Ci6H802S2. The 
ir spectrum of this product showed four distinct car
bonyl absorption bands at 1786, 1736, 1695, and 1647 
cm-1, indicating the presence of y- and 5-lactones and 
thiolactones.-1 The uv spectrum of this mixture 
showed several absorption maxima, indicating that the

(7) A. Schonberg and U. Sodtke, Tetrahedron Lett., 4977 (1967).
(8) On the basis of analogy to 21, the meso configuration is assigned to 

23.
(9) For an earlier report on the formation of 3,3,-diphenylbiphthalide, 

see M. Renson, Bull. Soc. Chim. Belg., 70, 77 (1961); Chem. Abstr., 55, 
18852 (1961).

(10) J. Parrod, C. R. Acad. Sci., 234 (1952); Chem. Abstr., 47, 1606 
(1953).

(11) J. H. Markgraf, C. I. Heller, and H. L. Avery, III, «7. Org. Chem., 35, 
1588 (1970).
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S ch em e  IV

36j,m/e76
36d, m /e 180

n f

components are extensively conjugated. The extreme 
insolubility of this mixture in most of the common or
ganic solvents has prevented a satisfactory separation 
into its components. However, when a dilute solu
tion of this product in methylene chloride was tested 
on a tic plate, we could detect the presence of at least 
three components. It might be mentioned in this con
nection that Markgraf and coworkers11 have reported 
the formation of a similar reaction mixture when they 
treated phthalic thioanhydride with tris (dimethyl- 
amino) phosphine. A similar mixture of products is 
also reported to be formed in the reaction of triethyl 
phosphite with a mixture of phthalic thioanhydride 
and phthalic anhydride.12 Comparison of Markgraf’s 
reaction mixture13 with ours on a tic plate indicated 
that two of the components, namely, 2-thio-3,3'-bi- 
phthalide (35) and isocoumarino[4,3-c]isothiocoumarin 
(36), were common constituents. Further confirma
tion of the identities of these compounds has been made 
by separating both the constituents 35 and 36 from 
our reaction mixture, employing preparative tic and 
comparing their ir and uv spectra with those of the 
authentic samples.13’14

(12) C. W. Bird and D. Y. Wong, Chem. Commun., 932 (1969).
(13) We thank Dr. J. H. Markgraf for very kindly sending us a sample of 

the mixture of products obtained from the reaction of phthalic thioanhydride 
with tris(dimethylamino)phosphine.11

(14) (a) We thank Dr. C. W. Bird, who has kindly sent us the spectral 
data of compound 35, which he obtained by extensive fractional recrystalli
zation of a product formed in the reaction of phthalic thioanhydride with 
tris(dimethylamino)phosphine;n (b) C. W. Koch and J. H. Markgraf, J. 
Heterocycl. Chem., 8, 225 (1971).

Additional evidence concerning the structure of 36 
was derived from electron impact studies. The mass 
spectrum of 36 showed the molecular ion peak at m/e 
280. Other peaks were observed at m/e 264, 252, 224, 
196, 180, 152, 120, 104, and 76, which could be due to 
some of the fragments shown in Scheme IV. The spe
cies at m/e 224, 196,180, and 152 are formulated as ions 
corresponding to monothiophenanthrenequinone (36b), 
thiofluorenone (36c), fluorenone (36d), and biphenylene 
(36e), respectively. The occurrence of the m/e 208 
species is assigned to the fragment 36g, which is prob
ably formed by the loss of two molecules of carbon 
monoxide from 36. Other peaks at m/e 120, 104, and 
76 could be due to the fragments 36i, 36h, and 36j, re
spectively. A peak at m/e 252 may be assigned to the 
fragment 361, arising through a loss of carbon monoxide 
from 36, whereas the peak at m/e 264 could be assigned 
to the fragment 36k, formed by the loss of an oxygen 
atom from 36, as shown in Scheme IV. It might be 
mentioned in this connection that an analogous mode 
of fragmentation has been observed in the case of both 
biphthalide and bithiophthalide.14b

The exact mode of formation of the products 26, 
32, 35, 36, and 37 in the thermal decomposition of 5a 
is not very clear. A probable route to the formation 
of these products is indicated in Scheme V. In this 
scheme, we assume that the products such as 2-thio- 
3,3'-biphthalide (35), isocoumarino[4,3-c]isothiocou- 
marin (36), and 2,2'-dithio-3,3'-diphthalide (37) are 
formed from the reaction between the two carbene 
intermediates 25 and 29, which can exist in equilibrium
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with their diketene isomers 33 and 34, respectively.16 
The formation of the carbene 25 may occur through 
a free-radical process involving the intermediate 20 
or through a cyclic concerted process involving 24a, 
which in itself is a rearranged product of 5a. 16 The 15

(15) For some examples of such dimerizations, see (a) R. F. C. Brown and 
R. K. Solly, Tetrahedron Lett., 169 (1966); (b) H. A. Staab and J. Ipaktschi, 
ibid., 583 (1966).

decom position of 24a as in this scheme w ould also ac
count for the form ation of carbonyl sulfide, which has 
been identified as one of the products in the therm al 
decom position of 5a. T h e form ation of the carbene 
29, on the other hand, is postulated through a concerted  
process involving the decom position of 28, which is

(16) For some examples of this type of rearrangement, see T. Taguchi and 
H. Nakao, Tetrahedron, 18, 245 (1962).
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presumed to be a transformation product of 24 and 
involving the bicyclo [2.2.1] transition state 27. The 
occurrence of phthalic thioanhydride in this reaction 
may be rationalized in terms of the free-radical inter
mediate 30, which can fragment further to give the 
thionphthalic anhydride (31), and the rearrangement 
of 31 leads to 32.17

Similarly, the thermal decompositions of O-a-propyl
iS-phthalidyl xanthate (5b) and O-n-butyl ¿»-phthalidyl 
xanthate (5c) gave carbonyl sulfide, phthalic thioan
hydride, and a mixture of products consisting of 35, 
36, and 37 in each case.

The thermal decomposition of 0-ethyl <S-(3-phenyl- 
phthalidyl) xanthate (9), on the other hand, gave a 
76% yield of 3,3'-diphenylbiphthalide (23) as the only 
isolable product. A probable route to the formation 
of 23 is through the radical intermediate 22, arising 
through a homolytic fragmentation of 9 (Scheme III). 
It is interesting to note that both the thermal and 
photochemical transformations of 9 lead to the same 
product 23. The relative stabilities of the phthalidyl 
radicals 20 and 22 would account for the difference in 
behavior between the thermal decompositions of 5a 
and 9.

The C-S type of bond fission occurring in the pho
tolysis of acyl and aroyl xanthates has also been pos
tulated in the photofragmentation of dithiocarbamic 
anhydrides.3'18 In the photolysis of symmetrical bis- 
pyrrolidine dithiocarbamic anhydride, for example, a 
mixture of (rems-biphthalide and bis(tetramethylene)- 
thiuram disulfide are formed. The formation of these 
products has been explained in terms of a homolytic 
fragmentation of the C-S bond leading to radical in
termediates.

During the course of the present investigation we 
have examined both the thermal and photochemical 
transformations of 3-[(dialkylthiocarbamoyl)thio]- 
phthalides with a view to studying the nature of the 
products formed in these reactions. Photolysis of a 
benzene solution of 3-[(dimethylthiocarbamoyl)thio]- 
phthalide (14a), for example, gave a 27% yield of meso- 
3,3'-dihydrobiphthalide (21) as the only isolable 
product. Similarly, the photolysis of 3 -[(diethylthio- 
carbamoyl)thio]phthalide (14b), 3-[(tetramethylene- 
thiocarbamoyl)thio]phthalide (14c), 3-[(pentamethyl- 
enethiocarbamoyl)thio]phthalide (14d), and 3-[(oxydi- 
ethylenethiocarbamoyl)thio]phthalide (14e) gave 21 
in each case and in yields ranging between 25 and 40%. 
The photolysis of 3-phenylphthalidyl dimethyldithio- 
carbamate (19a), on the other hand, gave a 50% yield 
of 3,3'-diphenylbiphthalide (23). Similarly, the pho
tolysis of 3-phenylphthalidyl diethyldithiocarbamate 
(19b), 3-phenylphthalidyl tetramethylenedithiocarba- 
mate (19c), and 3-phenylphthalidyl pentamethylene- 
dithiocarbamate (19d) gave, in each case, 23 in yields 
ranging between 45 and 57%.

The formation of 3,3'-dihydrobiphthalide (21) in 
the photolysis of 3-[(dialkylthiocarbamoyl)thio]phtha- 
lides 14a-e and 3,3'-diphenylbiphthalide (23) in the 
photolysis of 3-phenylphthalidyl dialkyldithiocarba- 
mates 19a-d may be rationalized in terms of the initial 
C-S bond fission leading to the generation of the phtha-

(17) For examples of this type of transformation, see C. M. Sharts and 
D. W. Fong, J. Org. Chem., 32, 3709 (1967).

(18) E. H. Hoffmeister and D. S. Tarbell, Tetrahedron, 21, 35, 2857, 2865 
(1965).

lide radicals 20 and 22, respectively, through reaction 
paths similar to those indicated in Scheme III.

The thermal decomposition of the 3-[(dialkylthio- 
carbamoyl)thio]phthalides 14a-e gave, in each case, 
a mixture of products consisting of 2-thio-3,3'-diphtha- 
lide (35), isoeoumarino[4,3-c]thiosocoumarin (36), and 
2,2'-dithio-3,3'-biphthalide (37) in yields ranging be
tween 12 and 17%. The formation of the mixture of 
products consisting of 35, 36, and 37 in these cases in
dicates that both 0-alkyl S-phthalidyl xanthates and
3-[(dialkylthiocarbamoyl)thio]phthalides undergo a 
similar type of thermal transformation.

The thermal decomposition of 3-phenylphthalidyl 
dialkyldithiocarbamates 19a d gave, in each case, 3,3'- 
diphenylbiphthalide in yields ranging between 60 and 
80%. It is interesting to note that, as in the case of
0-ethyl ¿>-(3-phenyl phthalidyl) xanthate, both the 
thermal and photochemical transformations of 3- 
phenylphthalidyl dialkyldithiocarbamates give rise 
to the same product, in each case.

Experimental Section
All melting points are uncorrected and were taken on a Mel- 

Temp melting point apparatus. Infrared spectra were taken on a 
Perkin-Elmer Model 137 Infracord spectrometer and uv spectra 
were determined on a Beckman DB spectrometer. The nmr 
spectra were determined either on a Varian A-60D or HR-100 
spectrometer, using tetramethylsilane as an internal standard.

All irradiation experiments were carried out using a Hanovia 
medium-pressure mercury lamp (450 W ).

Starting Materials.— Potassium O-ethyl xanthate, mp 185- 
186°, potassium 0-n-propyl xanthate, mp 237-238°, and potas
sium O-n-butyl xanthate, mp 261-262°, were prepared by known 
procedures.19 Dimethyldithiocarbamate,20 mp 136°, diethyl
dithiocarbamate,20 mp 152°, tetramethylenedithiocarbamate,18 
mp 152°, pentamethylenedithiocarbamate,18 mp 169-170°, and 
oxydiethylenedithiocarbamate,18 mp 180-182°, were prepared 
by reported procedures. 3-Chlorophthalide,21 mp 61°, 3-bromo- 
phthalide,22 mp 78-80°, and 3-chloro-3-phenylphthalide,23 mp 
60°, were prepared in good yields as per standard reports.

Reaction of 3-Chlorophthalide (1) with Potassium O-Ethyl 
Xanthate (2a).— To a solution of 1 (0.42 g, 0.0025 mol) in acetone 
(20 ml), maintained around 5°, was gradually added 2a (0.4 g, 
0.0025 mol) in small portions and with constant stirring. After 
removal of the solvent from the reaction mixture, the residue was 
treated with excess of water to remove any unchanged 2a and 
recrystallized from a mixture (1:1) of ethanol and methylene 
chloride to give 0.42 g (66%) of 0-ethyl S-(3-phthalidyl) xanthate 
(5a), mp 107-108°.

Anal. Calcd for CnHwOaSj: C, 51.96; H, 3.93. Found: 
C, 52.59; H ,4.03.

The ir spectrum (KBr) of 5a showed an absorption band at 1770 
cm-1 due to the carbonyl group (y-lactone) and another band at 
1040 cm-1 due to the C = S  group.

The uv spectrum of 5a(CHjCb) was characterized by the 
following absorption maxima: 278 nm (t 12,600) and 362 (50).

Reaction of 3-Bromophthalide (10) with Potassium O-Alkyl 
Xanthates (2a-c).— In a typical run, a solution of 2a in acetone 
(0.019 mol in 25 ml) was slowly added to an acetone solution of 
10 (0.018 mol in 25 ml), maintained around 5°. The addition 
was completed in about 30 min, during which period the mixture 
was kept stirred. Removal of the solvent under vacuum and 
treatment of the residue with water to remove any unchanged 
2a gave a 88% yield of 5a, mmp 107-108°.

Under similar conditions, the reaction of 10 with 2b gave a 
80% yield of 0-n-propyl S-(3-phthalidyl) xanthate (5b), mp

(19) I. S. Shupe, J. Ass. Offic. Agr. Chem., 25, 495 (1942); Chem. Abstr., 
36, 4670 (1942).

(20) R. H. Sahasrabudhey and K. L. Radhakrishnan, J. Indian Chem. 
Soc., 31, 853 (1954).

(21) S. Gabriel, Bee., 49, 1612 (1916).
(22) I. A. Koten and R. J. Sauer, “ Organic Syntheses," Vol. 42, V. Boekel- 

hide, Ed., Wiley, New York, N. Y., 1962, p 26.
(23) H. C. Martin, J. Amer. Chem. Soc., 38, 1143 (1916).
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92°, after recrystallization from a mixture (1:1) cf ethanol and 
methylene chloride.

Anal. Calcd for C i2H i20 3S2: C, 53.73; H, 4.47. Found: 
0 ,53 .46 ; H ,4.38.

The ir spectrum (KBr) of 5b showed absorption bands at 1770 
(C = 0 , 7-lactone) and 1050 cm-1 (C = S ).

The uv spectrum (CH2CI2) of 5b was characterized by the 
following absorption maxima: 278 nm (e 12,800) and 364 (50).

In an analogous manner, the reaction of 10 with 2c gave a 75% 
yield of 0-n-butyl S-(3-phthalidyl) xanthate (5c), mp 90°, after 
recrystallization from a mixture (1: 1) of ethanol and methylene 
dichloride.

Anal. Calcd for C ijH mOjS:: C, 55.31; H, 4.96. Found: 
C, 55.20; H, 4.68.

The ir spectrum (KBr) of 5c showed absorption bands at 1765 
and 1040 cm-1 due to the C = 0  group (7-lactone) and the C = S  
group, respectively.

The uv spectrum of 5c (CH2CI2) showed the following absorp
tion maxima: 278 nm (« 15,850) and 364 (130).

Photolysis of O-Alkyl S-(3-Phthalidyl) Xanthates.— In a rep
resentative run, a solution of 5a (1.0 g, 0.004 mol) in benzene 
(200 ml) was irradiated for 30 min at room temperature. Re
moval of the solvent under vacuum gave a product which on 
treatment with a small quantity of acetone gave 0.13 g (25%) of 
meso-3,3'-dihydrobiphthalide (21), which melted at 270° (lit.24 
mp 269°), on recrystallization from acetic acid.

Anal. Calcd for Ci6Hl(,04: C, 72.18; H, 3.76. Found: 
C, 72.33; H .4.04.

The ir spectrum (KBr) of 21 showed an absorption band at 
1765 cm-1 due to a 7-lactone carbonyl group.

The uv spectrum (CH2CI2) of 21 showed the following absorp
tion maxima: 238 nm (e 1350), 276 (3650), 284 (3750), 296 (900), 
308 (900), 362 (2050), 376 (1680), and 384 (1450).

In identical runs, the photolysis of 5b and 5c gave 21 in 20 
and 35% yields, respectively.

Thermal Decomposition of O-Alkyl S-(3-Phthaliiyl) Xanthates.
— In a typical run, 4.0 g (0.016 mol) of 5a was heated at ca. 
230-240° for 20 min in a 10-ml round-bottomed flask provided 
with a nitrogen inlet and a water-cooled condenser. The gaseous 
products were bubbled through a 10%  solution of piperidine in di
ethyl ether. The precipitated piperidinium salt was filtered and re
crystallized from a mixture (1 : 1) of methylene chloride and di
ethyl ether to give 1.2 g (33%) of piperidinium 1-piperidine carbo- 
thiolate, mp 112°, which showed no depression in its melting 
point when mixed with an authentic sample.9

The pyrolyzed mixture was extracted with methylene chloride 
to give a methylene chloride soluble fraction, which after removal 
of the solvent and recrystallization from a mixture (1: 1) of 
methylene chloride and petroleum ether (bp 60-80°) gave 0.35 
g (14%) of phthalic thioanhydride (32), mmp 110°.

The methylene chloride insoluble product gave 0.2 g of a yellow 
solid, mp 324-325°. Our attempts to purify this sample by 
recrystallization from common organic solvents were unsuccess
ful, in view of its very low solubility.

Anal. Calcd for Ci6H80 3S: C, 68.57; H, 2.86. Calcd for 
C i6H80 2S2; C, 64.86; H, 2.70. Found: C, 68.69; H, 2.79.

The ir spectrum (KBr) of the yellow mixture showed absorp
tion bands at 1786 (7-lactone C = 0 ) ,  1695 (7-thiolactone C = 0 ) ,  
1736 (5-lactone C = 0 ) ,  and 1647 cm-1 (5-thiolactone C = 0 ) .

The uv spectrum (CH2C12) was characterized by the following 
absorption maxima: 384 nm (e 13,000), 372 (13,800), 306 (4830), 
284 (4560), 270 (6100).

The mass spectrum of the yellow mixture showed prominent 
peaks at m/e 296, 280, 264, 252, 240, 236, 232, 224, 208, 195, 
196, 180, 163, 153, 120,104, 76, and 50.

Treatment of the yellow product with boiling methylene chlo
ride could bring a small quantity of it in solution and testing this 
dilute solution on a tic plate revealed the presence of at least three 
components. The top spot on the tic plate showed no fluores
cence under a uv lamp, whereas the middle spot and the bottom 
spot showed blue and green fluorescence, respectively. Employ
ing preparative tic, we have been able to separate the components 
from a small quantity of the mixture.

Extraction of the top spot on the tic plate with methylene 
chloride gave a light yellow solid, mp 350°, which showed no 
depression in its melting point with an authentic sample of 37.10

The ir spectrum (KBr) of 37 showed an absorption band at 1700

(24) K. F. Cohen, J. T. Pinhey, and R. J. Smith, Tetrahedron Lett., 4729 
(1968).

cm-1 due to the C = 0  group in a 7-thiolactone10 and was iden
tical with that of an authentic sample.

The uv spectrum (CH2C12) of 37 was characterized by the 
following absorption maxima: 292 nm (e 4740), 304 (5200), 
316 (4750), and 400 (19,750).

Extraction of the middle spot on the tic plate with methylene 
chloride gave a yellow solid, mp 339-340°, which showed no 
depression in its melting point when mixed with an authentic 
sample of 2-thio-3,3'-biphthalide (35).10

The ir spectrum (KBr) of 35 showed two absorption bands at 
1792 and 1704 cm-1 due to the C = 0  groups in 7-lactone and
7-thiolactone, respectively. The ir spectrum was superimpos- 
able on that of an authentic sample of 35.

The uv spectrum (CH2C12) of 35 was characterized by the 
following absorption maxima: 274 nm (e 5700), 300 (6550), 
314 (6700), 380 (21,850) and 392 (20,850).

Extraction of the bottom spot on the tic plate with methylene 
chloride gave a pale yellow solid, mp 340°, which showed no 
depression in its melting point when mixed with an authentic 
sample of 36.10

The ir spectrum (KBr) of 36 showed two absorption bands at 
1754 and 1667 cm-1 due to the C = 0  groups in 5-lactone and
5-thiolactone, respectively. The ir spectrum of 36 was identical 
with that of an authentic sample.

The uv spectrum (CH2C12) of 36 was characterized by the 
following absorption maxima: 272 nm (« 42,000) (shoulder), 
284 (26,900), 308 (32,750) (shoulder), 320 (48,700), 356 (54,600), 
370 (66,350), and 386 (50,400).

Further confirmation of the structure of 36 was derived from 
its mass spectrum, which showed the molecular ion peak at 
m/e 280.

The pyrolysis of 5b under similar conditions gave a 24% yield 
of carbonyl sulfide, identified through its piperidinium salt (mp 
112°), 16% of phthalic thioanhydride, mmp 110°, and 9%  yield 
of the mixture consisting of 35, 36, and 37, as identified on a tic 
plate. Similarly, the thermal decomposition of 5c gave a 30% 
yield of carbonyl sulfide, a 25% yield of phthalic thioanhydride, 
and a 15% yield of the mixture consisting of 35,36, and 37.

Reaction of 3-Chloro-3-phenylphthalide (6) with Potassium 
O-Ethyl Xanthate (2a).— To an acetone solution (20 ml) of 6 
(2.5 g, 0.1 mol) maintained around 5° was added 1.6 g (0.01 
mol) of 2a, in small portions and with stirring, over a period of 30 
min. Removal of the solvent under vacuum gave a product 
which was treated with water to remove any unchanged 2a 
and was recrystallized from a mixture (1: 1) of methylene chloride 
and methanol to give 2.1 g (60%) of 0-ethyl S-(3-phenylphtha- 
lidyl) xanthate (9), mp 88°.

Anal. Calcd for CnHu03S2: C, 61.81; H, 4.24. Found: 
C, 61.89, H, 4.27.

The ir spectrum (KBr) of 9 showed an absorption band at 1786 
cm-1 due to the C = 0  group (7-lactone).

The uv spectrum (CH2C12) of 9 was characterized by the fol
lowing absorption maxima: 284 nm (e 17,050) and 366 (50).

The nmr spectrum (CDCI3) of 9 showed a multiplet centered 
around 5 7.5 (9 H) due to the aromatic protons, a quartet at 5
4.17 (2 H) due to the methylene protons, and a triplet at 5 0.9 
(3 H ) due to the methyl protons.

Photolysis of 0-Ethyl 3-(Phenylphthalidyl) Xanthate (9).— A 
solution of 0.5 g (0.0015 mol) of 9 in benzene (200 ml) was ir
radiated at room temperature for 30 min. Removal of the sol
vent under vacuum gave a product which on recrystallization 
from a mixture (1:1) of methylene chloride and ethanol gave 0.15 
g (50%) of 3,3'-diphenylbiphthalide (23), mp 285-286° (lit.8 
mp 293°).

Anal. Calcd for C28H180 4: C, 80.38; H, 4.30. Found: 
C, 80.24; H, 4.14.

The ir spectrum (KBr) of 23 showed a single C = 0  absorption 
at 1783 cm-1, due to a 7-lactone grouping.

The uv spectrum (CH2C12) of 23 showed the following ab
sorption maxima: 280 nm (e 3550) and 288 (3820).

Thermal Decomposition of O-Ethyl 3-(Phenylphthalidyl) 
Xanthate (9).— Heating0.66g (0.002 mol) of the xanthate 9 at ca. 
200° for 20 m:n and work-up of the pyrolyzed residue by treat
ment with ethanol in the usual manner gave 0.32 g (76%) of 
23, mmp 285-286°.

Reaction of 3-Chlorophthalide (1) or 3-Bromophthalide (10) 
with Dithiocarbamates (lla -e).-—In a representative run, 0.01 
mol of 11a was added to a solution of 1 in acetone (0.01 mol in 
25 ml), maintained around 5°, over a period of 30 min. Re
moval of the solvent under vacuum gave a product which was



T able  I
3 -[(D ialkylthiocarbam oyl)thio]phthalides
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Ir, cm -1 
(KBr),

Compd Yield, % Mp, °C C
-Calcd, %- 

H N c
-Found, % — 

H N
c = o

( 7-lactone) Uv, Xmax, nm («)
14a 62,“ 866 186-187 50.00 4.54 5.78 50.27 4.53 5.56 1750 282 (11,850), 340 (90)
14b 85* 121-122 55.51 5.33 4.96 55.30 5.28 5.25 1760 284 (11,350), 340 (120)
14c 64,“ 64 175-176 55.91 4.65 5.0 56.16 4.60 5.09 1750 284 (13,100), 334 (100)
14d 756 115-116 57.33 5.11 4.77 57.54 5.41 4.58 1760 286 (16,650), 340 (100)
14e 78* 167-168 52.88 4.40 4.74 52.65 4.23 4.67 1750 288 (14,800), 350 (130)

“ In the reaction of 1 with dithiocarbamates. 6 In the reaction of 10 with dithiocarbamates.

T able  II
3-Phenylphthalidyl D ialkyldithiocarbamates

Ir, cm “ 1 
(KBr),

,-------- Calcd, %---------. --------- Found, %---------- C=0
Compd Yield, % Mp, "C C H N C H N (7-lactone) Uv, Xmax, nm («)

19a 60 135-136 62.00 4.55 4.25 61.82 4.84 4.00 1770 286 (10,100), 360 (70)
19b 71 135-136 63.86 5.32 3.92 64.17 5.30 3.85 1773 290 (7,650), 364 (60)
19c 57 149-150 64.22 4.78 3.94 64.33 4.64 3.88 1776 290 (11,550), 366 (70)
19d 70 135-136 65.04 5.14 3.79 65.06 5.13 4.10 1770 290 (11,100), 366 (90)

washed with excess of water to remove any unchanged 11a and 
recrystallized from a mixture (1:1) of ethanol and methylene 
chloride. Table I summarizes the percentage yields and the 
physical data of the different 3 -[(dialkylthiocarbamoyi)thio]- 
phthalides (14a-e).

Photolysis of 3-[(Dialkylthiocarbamoyl)thio]phthalides
(14a-e).— In a typical run, a solution of 1 g (0.004 mol) of 14a 
in benzene (200 ml) was irradiated for 1 hr at room temperature. 
Removal of the solvent under vacuum gave a product which on 
recrystallization from acetic acid gave 0.11 g (27%) of meso- 
3,3'-dihydrobiphthalide (21), mmp 270°.

Under identical conditions, the photolysis of 14b gave a 40% 
yield of 21, whereas the photolysis of 14c, 14d, and 14e gave 25, 
27, and 25% yields of 21, respectively.

Thermal Decomposition of 3-[(Dialkylthiocarbamoyl)thio]- 
phthalides (14a-e).— In a typical run, 0.25 g (0.001 mol) of 
14a was heated at ca. 230-240°, under a nitrogen atmosphere, for 
20 min. The evolved gases were passed into a 10% solution of 
piperidine in diethyl ether. No piperidinium salt of either COS 
or CS2 precipitated out. Work-up of the pyrolyzed residue 
as in the case of O-alkyl S-phthalidyl xanthates resulted in the 
isolation of 0.018 g (12%) of a mixture of 35, 36, and 37, melt
ing over the range 324-325°, as identified by tic comparison.

Under identical conditions, the thermolysis of 14b (14%), 14c 
(15%), 14d (14%), and 14e (17%) gave, in each case a mixture of 
products consisting of 35, 36, and 37, in yields indicated in paren
theses.

Reaction of 3-Chloro-3-Phenylphthalide (6) with Dithiocar
bamates (lla-d).— In a representative run, 0.01 mol of 11a 
was added to an acetone solution of 6 (0.01 mol, 20 ml), main
tained around 5°, for a period of 45 min. Removal of the sol
vent under vacuum gave a product which was washed with excess

of water to remove any unreacted 11a and recrystallized from a 
mixture (1:1) of ethanol and methylene chloride. Table II 
summarizes the physical data of the different 3-phenylphthalidyl 
dialkyldithiocarbamates (19a-d).

Photolysis of 3-Phenylphthalidyl Dialkyldithiocarbamates 
(19a-d).— In a typical run, a solution of 0.66 g (0.002 mol) of 
19a in benzene (175 ml) was irradiated for 1 hr at room tempera
ture. Removal of the solvent under vacuum and work-up of 
the mixture in the usual manner gave 0.21 g (50%) of 3,3'-di- 
phenylbiphthalide (23), mmp 285-286°, after recrystallization 
from a mixture (1:1) of ethanol and methylene chloride.

In similar experiments, the photolysis of 19b, 19c, and 19d 
gave 23 in 57, 57, and 45% yields, respectively.

Thermal Decomposition of 3-Phenylphthalidyl Dialkyldithio
carbamates (19a-d).— In a typical run, 0.33 g (0.001 mol) 
of 19a was heated at ca. 200° under nitrogen atmosphere for 20 
min. The pyrolyzed residue was treated with a small quantity 
of ethanol to give 0.15 g (72%) of 3,3'-diphenylbiphthalide (23) 
mmp 285-286° on recrystallization from a mixture (1 :1) of 
ethanol and methylene chloride.

Under similar conditions, the thermal decomposition of 19b 
(80%), 19c (70%), and 19d (60%) gave 23 in each case, in yields 
indicated in parentheses.

Registry No.—Sa, 32819-73-1; 5b, 32819-74-2; 5c, 
32819-75-3; 9, 32785-00-5; 14a, 32819-76-4; 14b,
32958-89-7; 14c, 32819-77-5; 14d, 32851-12-0; 14e, 
32819-78-6; 19a, 32785-01-6; 19b, 32819-79-7; 19c, 
32785-02-7; 19d, 32819-80-0; 21, 4281-21-4; 35,
32819-82-2; 36,23667-34-7; 37,32819-84-4.
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The nucleophilic reactivity of the fluoride, chloride, imidazole, pyridine, and p-nitrophenyl diphenylcarbamoyl 
derivatives have been investigated. The pyridinium ion is reactive to nucleophiles, following closely the reac
tivity sequence of these nucleophiles to p-nitrophenyl acetate. On the other hand, except for amine nucleo
philes, diphenylcarbamoyl chloride is insensitive to nucleophiles, reacting instead with water. The AS4= of 
— 5 eu for the water reaction and the small deuterium solvent isotope effect of 1.2 strongly suggest that diphenyl
carbamoyl chloride hydrolyzes by an ionization reaction.

Diphenylcarbamoyl chloride (1) is known to specifi
cally inactivate chymotrypsin3'4 and cholinesterase.5 
This fact is very interesting because carbamoyl chlo
rides are thought to undergo hydrolysis by an ioniza
tion mechanism6 and therefore to be insensitive to nu
cleophilic attack. If this is so, then the enzyme must 
be able to alter the mechanism of displacement reac
tions with the acid chloride, so that the ionization mech
anism is bypassed by a lower energy process of direct 
reaction with the enzyme. For this reason we have 
studied in detail the sensitivity of the acid chloride 
and of the pyridinium derivative to nucleophilic attack. 
Diphenylcarbamoylpyridinium ion (2) has been found 
to be a good irreversible inhibitor of a variety of serine 
esterases and proteinases as well as of urease.7

1 2

Results

Diphenylcarbamoyl Chloride.—1 has no reactivity 
to acetate, sulfite, phosphate, or formate, as demon
strated by the identical rate constants obtained in the 
presence or absence of these agents (Table II). No 
acid-catalyzed hydrolysis is observed in 1 M  HC1 or 
HClOj. Concentrations of phosphate or acetate as 
high as 0.9 or 1 M  give rise to quantitative yields of 
diphenylamine with identical rates. Had diphenyl
carbamoyl phosphate been produced, then diphenyl
amine would not be produced in quantitative yield, 
because separate experiments with diphenylcarbamoyl
pyridinium ion, which reacts rapidly with phosphate 
to produce the phosphate derivative with a Amax at 
248 nm, demonstrate that the intermediate yields di
phenylamine only slowly over the period of a week.

On the other hand, diphenylcarbamoyl chloride re
acts readily with amine-containing buffers. In the 
case of imidazole the diphenylcarbamoylimidazole

(1) This work was supported by Grant GM-11834 frcm the U. S. Public 
Health Service.

(2) Taken in part from the M.S. thesis of H. M. G., Vassar College, 
1965.

(3) B. F. Erlanger, A. G. Cooper, and W. Cohen, Biochemistry, 5, 190 
(1966).

(4) B. F. Erlanger and W . Cohen, J. Amer. Chem. Soc., 85, 348 (1963).
(5) H. P. Metzger and I. B. Wilson, Biochemistry, 3, 926 (1964).
(6) H. K. Hall, Jr., and C. H. Lueck, J. Org. Chem., 28, 2818 (1963).
(7) S. L. Johnson, unpublished work.

product, Amax 233 nm, can be spectrophotometrically 
detected as v/ell as the diphenylamine (Amax 280 nm) 
product. In addition diphenylcarbamoylimidazole can 
be isolated from aqueous solutions containing imidazole 
and 1. (See Experimental Section.) The yield of the 
diphenylamine decreases as the yield of diphenylcar
bamoylimidazole increases and the total rate increases 
with the increasing imidazole concentration in the buffer. 
These results are displayed in Table I. Similar prod-

T a b l e  I

Y ie l d  o f  D ip h e n y l a m in e  f r o m  D ip h e n y l c a r b a m o y l

C h l o r id e  in  I m id a z o l e  B u f f e r s ® 
Yield,

%  diphenyl-
Calcd,6 

%  diphenyl
Buffer composition amine amine

0.05 M  Im, 0.05 M  ImH 52 48
0.10 M  Im, 0.02 M  ImH 36 31
0.15 M  Im, 0.03 M  ImH 22 23
0.10 M  Im, 0.01 M  ImH 46 31
0.20 M  Im, 0.02 M  ImH 24 18

“ Constant ionic strength of 0.20 M  maintained with KC1. 
Temperature is 25°. b Calculated from eq 1 substituting imid
azole for glycine and using 0.0020 min-1 for kb and 0.045 M ~x 
min-1 for ke.

uct results are obtained in glycine containing buffers,
0.4 M in Tris, pH 8.3, in which the glycine concen
tration varies from 0.1 X 10~3 to 5 X 10~3 to 10 X
10-3 M. The yield of diphenylamine determined at 
280 nm decreases in this series from 100 to 67 to 29%. 
These results are in accord with eq 1, which describes

100/%  diphenylamine =  1 +  fcg(glycine)/&b (1)

the expected yield of diphenylamine in terms of the 
kinetic constant observed in a separate set of experi
ments. Diphenylcarbamoyl chloride is known to react 
with amino acids, including glycine, in water-ethanol 
mixtures to give high yields of crystalline diphenylcar
bamoyl derivatives.8 In eq 1 ke is the apparent cata
lytic coefficient of glycine in the buffer, and kb is the 
constant buffer term. The derivation of eq 1 was made 
assuming that competitive kinetics9a give rise to di
phenylamine as the hydrolysis product and diphenyl- 
carbamoylglycine as the product of nucleophilic attack 
by glycine. The latter urea derivative is assumed to 
be optically transparent at 280 nm in analogy with
1,1-diphenylurea, which has a Amax at 235 nm. A plot 
of eq 1 yields a straight line with a value of 50 M~x for

(8) D. E. Rivstt and J. F. K. Wiltshire, Ausi. J. Chem., 18, 1667 (1965).
(9) (a) A. A. Frost and R. G. Pearson, “ Kinetics and Mechanism,” 

Wiley, New York, N. Y., 1961, p 161; (b) p 66.
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T a b l e  II
K in etics  o f  D ip h e n y l c a r b a m o y l  C h lo r id e  in  A q u eo u s  So lu tio n s« a t  25°

e. ko. ko.
Reactant solution6 Ma pH min-1 M ~l min-1

0.20M H C104 0 .20- 1 .0' 0.00226 ±  0.00011
1 .0M H C 1 1.0 0.0017
0-0 .20 Af HCKV 0.20 0.00225 ±  0.00015
0-0.20 Af HCl* 
0 -0 .2  Af DCF

0.20
0.20

0.00193 ±  0.000201 
0.00165 ±  O.OOOllJ ^Hìo/^DìO = 1 •

0.01 Ai HC1 at 25° 0.01 0.00182
0.01 Af HC1 at 48.8° 0.01 0.0308
10% MeCN 0 0.0015
1 .0M K C 1, 10% MeCN 1.0 0.00148
2.45 Af KC1, 10% MeCN 2.45 0.00109
0.20 Af Na formate, 0.20 Af formic acid, 0.20 3.81 0.0020 < 0.002

and five dilutions
0.20 Af NaOAc, 0.10 Af HOAc, and five 0.20 4.78 0.0018 < 0.002

dilutions
1.0 Af NaOAc, 0.08 Af HOAc in 10% 1.0 5.58 0.0014 < 0.0002

MeCN
0.05 Af Na2HP04, 0.05 Af NaH2P 04, and 0.20 6.85 0.0017 <0.007

five dilutions
0.90 Af Na2H P04, 0.10 Af NaH2P 04, 2.45 7.51 0.0005 < 0.0001

0.10 Af NaCl in 10% MeCN 
Hydrazine, IO-4, 10-3, 5 X 10-3, 10-2 Af 0.20 10.3 0.0018 0.70

in 0 .2  Af K2C03 buffer 
Hydroxylamine, IO-4, IO-3, 5 X IO-3, 0.20 10.3 0.0016 0.24

IO-2 Af in 0.2 Af K 2C 03 buffer 
Hydroxylamine, IO-4, IO-3, 5 X IO-3, 0.20 8.4 0.0025 0.26

' IO-2 Af in 0.4 Af Tris buffer 
0 .2 Af Na2S 03 0.60 9.71 0.0014 < 0.001
0.2 Af NaN3 0.20 9.5 0.063
Butylamine, IO-4, 5 X IO-4, IO-3 Af in 0.20 10.3 0.55t

0.2 Af K 2CO3 buffer
Glycine, IO“ 4, 5 X IO-4, IO-3, 5 X  IO-2, 0.20 8.4 0.0025 0.14'

IO-1 Af in 0.40 Ai Tris buffer 
Glycine, IO-3, 5 X IO-3, IO-2, 10_1 Af in 0.20 10.4 0.0015 0.18 '

0 .2 Af K 2CO3 buffer 
0.18 Af Im, 0.18 Ai ImH, and five dilu 0.20 7.45 0.0020 0.036.

tions
0.08 Af Im, 0.008 Af ImH, and four dilu 0.20 8.08 0.0022 0.052

tions
0.70 Af Im, 0.10 Af ImH, and five dilu 0.20 7.83 0.0020 0.052

tions
0.20 Af Im, 0.04 Af ImH, and five dilu 0.20 7.90 0.0016 0.048

tions
1.0 Af Imidazole 10.1 0.049
0.60 Af Melm, 0.20 Ai MelmH, and one 0.20 7.4 0.003 0.022

dilution
0.20 Af Tris, 0.20 Ai TrisH 0.20 8.29 0.0018 <0.0018
0.20 Af KF 0.20 0.0021 < 0.001
NaN 02, IO“ 3, IO“ 2, 5 X IO“ 2 Af in 0.2 Ai 10.3 0.0022 0.008

K 2CO3 buffer
Mercaptoethanol, 0.063 and 0.016 Af in 0.20 7.78 0.015 < 10*

0.1 Af phosphate buffer, 10% MeCN 
0.90 Af pyridine, 0.09 Af pyridineH in 0.09 6.2 0.045

10% MeCN
NaOH, 0.01, 0.04, 0.06, 0.08, 0.10, 0.20 0.0019 1.04

0.14, 0.20 Af
“ Ionic strength maintained with KC1 unless otherwise noted. 6 Abbreviations used: Im, imidazole; Melm, iV-methylimidazole; 

HO Ac, acetic acid; MeCN, acetonitrile; Tris, tris(hvdroxyethyl)aminomethane. e Concentration of diphenylcarbamoyl chloride is 
4 X 10 ~5 Af. The substrate was dissolved in acetonitrile and introduced into the reaction medium to initiate the reaction. The final 
concentration of acetonitrile is 0.3% unless otherwise noted. k„ refers to the water term and ku refers to the second order nucleophile 
term. d Calculated using a value of 9.5 for the pAa of mercaptoethanol. '  Calculated using a value of 9.6 for the pKa of glycine. 
> Calculated using a value of 10.6 for the pKa of butylamine. » Five separate determinations. h Nine separate determinations. 
' Five separate determinations in NaCICh-IIClOi mixtures. 1 Three separate determinations in 0.05, 0.10, and 0.20 Af DC1, n =  
0.20.

kjk\„ the slope. This is in good agreement with the 
value of 0.071 M -1 min_1/0.0025 min-1 = 28 M~l ob
tained in the separate kinetic experiments.

The kinetics of the disappearance of 1 in various

buffers are given in Table II. The salt effects and co
solvent effects are fairly small, as demonstrated by the 
less than 10% rate effect in the perchloric acid buffers 
of ionic strength varying from 0.02 to 1.0 M  and the
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T a b l e  I I I

K i n e t i c s  o f  D i p h e n y l c a r b a m o y l p y r i d i n i u m  I o n  i n  A q u e o u s  S o l u t i o n s  a t  2 5 °*

Reactant solutions pH
H2O-10-3 m  h o
OH", determined6 in 0.12 M  Na2C 03 9.75

buffer and four dilutions
OH - , determined* in 0.20 M  Na2C 0 3 9.43

buffer and three dilutions
1.0 M  NaOAc, 0.10 M  HOAc“ 5.68
0.50 M  NaOAc, 0.05 ili HOAc 5.65
1.0 M  Na formate, 0.10 M  formic acid' 4.58
1.0 M  Na formate, 0.10 M  formic acid“ 4.58
0.50 M  Na formate, 0.05 ili formic acid“ 4.55
0.02 M  Sodium phosphate buffer1' 7 .0
0.10 ili Sodium phosphate buffer 7.56
0.02 ili Tris buffer 7.28
0.02 ili Tris buffe id 9 .0
Mercaptoethanol 0.0135 ili in 0.02 ili 7 .0

phosphate buffer1'
Mercaptoethanol, 0.0068 ili in 0.2 ili 7 .0

phosphate buffer1'
Mercaptoethanol, 0.000138 ili in 0.02 7.0

M  phosphate buffer1'

kobsd. k,,
min-1 M ~l min-1

4.95 X  10-4 
1.40 ±  0.25 0.25 ±  0.05 X 106

2.2 ±  0.2 0 .8  ±  0.08 X 106

0.17, 0.18 0.17, 0.18
0.079 0.16
0.18 0.18
0.21, 0.18 0.21, 0.18
0.13 0.26
0.0167, 0.0168 1.2
0.069 0.78
0.0038 2.0
1.16 3.6
20 4.7 X  106'i

11 5.2 X 10s

0.20, 0.26 5 .6  X  106,
4 .2  X  106

“ Followed at 280 nm. b Followed at 340 nm. c Followed by alkaline quenching method. d Based on a pKa value of 9.5 for mer
captoethanol. e Abbreviations: Tris, tris(hydroxymethyl)aminomethane; AcO, acetate.

25% rate decrease obtained by adding 10% acetonitrile 
to the aqueous medium. The reaction of 1 with hy
droxide is relatively slow, with the result that the al
kaline hydrolysis term does not become important until 
the pH is raised to 12.2. The activation parameters 
for the hydrolysis of 1 determined in 0.01 M  HC1 at 
48.8 and 25° are AH* =  22 kcal and AN* = — 5 eu. 
Diphenylcarbamoyl chloride hydrolyzes at nearly the 
same rate in heavy water as in light water, giving a 
value of 1.2 for the solvent deuterium isotope effect, 
&h2oA d 2o -

No terms second order in imidazole or first order in 
imidazole and first order in hydroxide ior. could be de
tected for the interaction of diphenylcarbamoyl chlo
ride with imidazole, when the reaction is carried out in a 
1.0 M  imidazole solution at pH 10.9.

Diphenylcarbamoylpyridinium Chloride. —In con
trast to 1, 2 is very sensitive to attack by nucleophiles, 
as demonstrated by the kinetic results in Table III. 
Also, 2 undergoes a ring-opening reaction in more 
alkaline solution to produce the Schiff base of 1,1- 
diphenylurea and glutacondialdehyde 3, which absorbs 
maximally at 422 nm in its anionic form and 340 nm 
in its neutral form, pK & =  12 according to eq 2. This

O
A,(OH~)

k-,

A2(OH")
0

O '

(C6H5)2N— C— N^__^  (2)

3

reaction is second order in hydroxide with a specific 
rate constant of kfa/k-i of 109 M~2 min-1, as deter
mined by using the same techniques as were used with 
dimethylcarbamoylpyridinium ion.10

(10) S. L. Johnson and K. A. Ruraon, Biochemistry, 9 , 847 (1970).

The products of the reaction of nucleophiles with di
phenylcarbamoylpyridinium ion have varying degrees 
of stability. The acetate derivative is only stable 
enough to be detected as a kinetic intermediate in the 
reaction given by eq 3. The intermediate diphenyl-

fc;,(OAc~ )

- c5h5n

o  o
Il II

(C6H5),NCOCCH3
k,l H ,0) 
-OAc-

0
II

(C6H5)NC— CH:J +  C02

(C6H5),NC02H (3) 
5

fasi|

(C<H5)2NH

carbamoyl acetate 4 yields diphenylamine quantita
tively in the &4 step with a rate comparable to the rate 
of attack of 0.5 or 1.0 M  acetate with 2 in the k3 step. 
The kinetics of diphenylamine production followed at 
280 nm are not first order, but rather show a lag period 
and therefore were treated by the method of consecutive 
kinetics. The rate constant for the interaction of ace
tate with 2 is 0.17 min-1 M -1, as determined separately 
by the alkaline quenching method which measures di
rectly the substrate concentration. The rate constant 
for the production of diphenylamine from 4 is estimated 
to be 0.25 min-1 when the absorbance changes at 280 
nm are treated according to eq 4. A similar treatment

[(C6H5)2N H ]t
[(C6H5)2NH]„ 1 +  k ^ r j<  {kie~ u

k3e-kd ) (4)

of the reaction in 0.5 M  acetate buffer yields a nearly 
identical value of 0.20 min-1 for kh indicating that the 
intermediate 4 is not subject to nucleophilic or general 
base-catalyzed decomposition under these conditions. 
The decomposition rate of diphenylcarbamic acid 5
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under the conditions used here (pH 5.7) is much greater 
than the rate of formation of 5, so that is rate limiting 
in the production of diphenylamine. The rate con
stant for this process is 102 min-1.11 The properties of 
diphenylcarbamoyl acetate can be compared with those 
of dimethylcarbamoyl acetate (G +  /c5 >  0.08 min-1), 
which is produced from the reaction of dimethylcar- 
bamoylpyridinium ion with acetate at a lower rate than 
its decomposition rate.12 The acetate derivative yields 
50% dimethylacetamide by rearrangement and 50% 
dimethylamine by hydrolysis at pH 5.4.12 In contrast 
4 does not internally rearrange (the step in eq 3), but 
rather quantitatively yields diphenylamine in the 
hydrolysis step.

The intermediate diphenylcarbamoyl formate, pro
duced from the interaction of formate with 2, decom
poses with a rate constant which is at least five times 
greater than the rate constant for its production in the 
presence of 0.5 and 1.0 M formate. This is demon
strated by the identical first-order kinetics obtained 
from measuring either the amount of substrate present 
by the method of alkaline quenching, or by measuring 
the amount of diphenylamine produced by observing 
the reaction at 280 nm. A quantitative yield of di
phenylamine was obtained, indicating that the inter
mediate diphenylcarbamoyl formate hydrolyzes only 
to diphenylamine rather than internally rearranging to 
diphenylformamide, which would be expected if its be
havior were similar to that of dimethylcarbamoyl for
mate.12

The reaction of 2 with mercaptoethanol yields a stable 
thiol ester of diphenylcarbamic acid which absorbs 
maximally at 241 nm and does not hydrolyze to di
phenylamine at pH 7.0 in a 0.1 M  phosphate buffer 
over a period of 1 week. That 2 reacts with thiol to 
yield thiol esters, rather than other products such as 
pyridine ring addition products, is demonstrated by 
the isolation in high yield of the mercaptoethanol thiol 
ester upon treatment of 2 with mercaptoethanol in 
aqueous solution. (See Experimental Section.) The 
phosphate derivative of 2 absorbs maximally at 237 nm 
and decomposes very slowly at pH 7.56 to diphenyl
amine with an estimated half-life of 3-4 days. The 
hydroxy] amine derivative of 2 or of 1 is very rapidly 
formed in a 0.1 M hydroxylamine solution, pH 6.3, and 
absorbs maximally at 237 nm, slowly decomposing 
overnight to give nearly quantitative amounts of di
phenylamine as determined spectrally at 280 nm. 
Sodium sulfite reacts exceedingly rapidly with 2 to 
form a highly absorbing intermediate, Amax 276 nm, 
which slowly decomposes over a week’s time to the 
lesser absorbing diphenylamine. The sulfite reaction is 
too fast to measure using conventional techniques at 
pH 7 when quantities of sulfite as low as 10 ~4 M  are 
used. The azide derivative of 2 is quite stable at pH
7.3, decomposing exceedingly slowly over a period of 1 
week to give only slightly increased absorption at 280 
nm. The above products from the interaction of 2 
with nucleophiles are assumed to be the diphenylcar- 
bamylated products by analogy with the corresponding 
dimethylcarbamylation of nucleophiles by dimethyl
carbamoyl pyridinium ion.12 Also, we have prepared

diphenylcarbamoyl fluoride by treatment of 2 with 
KF in 10% aqueous acetonitrile. (See Experimental 
Section.)

Diphenylcarbamoylimidazole.—Because of the possi
bility that enzyme inhibition could involve histidyl 
residues, the chemical properties of diphenylcar
bamoylimidazole were investigated. This compound 
represents an exceedingly stable acylimidazole deriv
ative. Its spectrophotometrically determined pAa 
value is 3.5. The rate of diphenylamine production 
followed in a 0.55 M  formate buffer at pH 2.36 and in 
a 0.60 M  formate buffer at pH 2.72 gives rate constants 
of 1.12 X 10-5 and 1.58 X 10-5 min-1 at 26°, respec
tively. These results can be analyzed according to 
eq 5. In contrast to its unreactivity to water and car-
rate = [5.6 X 10-5 +  (formate) 9.2 X 10—s] X

[(CsHsIiNCOImH+l min“ 1 (5)

boxylate ion, a rapid reaction of diphenylcarbamoyli
midazole is observed with hydroxide ion, the specific 
rate constant from which is 3.6 M~x min-1, determined 
in 0.01-1.0 M NaOH solutions at 25°. This value is 
three times greater than the corresponding value for 
diphenylcarbamoyl chloride.

Other Diphenylcarbamoyl Derivatives.—The rate 
of the alkaline reaction of the p-nitrophenyl ester and 
of the alkaline and water reactions of the fluoride were 
determined. These results are summarized in Table 
IV with the alkaline and water reactions of the chloride, 
imidazole, and pyridinium derivatives.

T a b l e  IV
R a t e  C o n s t a n t s  f o r  t h e  H y d r o x i d e  a n d  W a t e r  R e a c t i o n s  

o f  D i p h e n y l c a r b a m o y l  D e r i v a t i v e s  a t  25°

Derivative
Fluoride
Chloride
p-Nitrophenol
Pyridine
Imidazole

min-1
3.8 X IO“ 6«
1.8 X IO-3

4.95 X IO"1

I" OH.
.If-1 min -1

776
1.04

0.018c
2 .5 -8 .0  X 10s

3.6
“ Determined in 10 ‘-10 3 M  HC1, 10% acetonitrile. b De

termined in 10~2 M  NaOH. e Determined in 0.88 M  NaOH.

Discussion

The sensitivity of diphenylcarbamoyl chloride to re
action with nucleophiles is very small. This lack of 
sensitivity is most apparent in the low value of &ohA wi 
the ratio of the hydroxide rate constant and the water 
rate constant, 500 M~' for this substrate. The fluoride, 
on the other hand, has a kon/kw value of 2 X 108 M~l. 
Typical values of k0n/kxv for most esters, both reactive 
and unreactive, is 109-1010 M~l. Examples are 1.7 X 
109 M~l for diphenylcarbamoylpyridinium ion found 
here, 7 X 109 M~x for p-nitrophenyl acetate, 20 X 
1010 M~x for phenyl acetate, 3.6 X 109 A /-1 for 1-ace- 
toxy-4-methoxypyridinium perchlorate, 2.2 X 109 
A /-1 for acetyl-4-methylpyridinium ion, and 3.9 X  108 
for methyl chloroacetate.13-15 No reaction of anionic 
nucleophiles with diphenylcarbamoyl chloride could be 
detected in the case of carboxylates, sulfite, phosphate, 
and carbonate. The value of 678 M ~l min-1 for /c0H

(11) S. L. Johnson and D. L. Morrison, J. Amer. Chem. Soc., 94, 1323 
(1972).

(12) S. L. Johnson and K. A. Rumon, ibid., 87, 4782 (1967).

(13) W. P. Jencks and M. Gilchrist, J. Amer. Chem. Soc., 90, 2622 (1968).
(14) A. R. Fersht and W. P. Jencks, ibid., 92, 5442 (1970).
(15) J. F. Kirsch and W. P. Jencks, ibid., 86, 837 (1964).
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Figure 1.— Rate coefficients for nucleophilic reactions of di
phenylcarbamoyl chloride vs. pK a of the nucleophile. Abbrevia
tions: gly, glycine; For, formate; AcO, acetate; Tris, tris- 
(hydroxymethyl)aminomethane; Im, imidazole; Melm, N- 
methylimidazole; Pi, phosphate; O, oxygen nucleophiles; □, 
nitrogen nucleophiles. Data from Table II.

(32°, 25% acetonitrile) reported by Erlanger, et al.,u 
is in error, because this value was determined at a single 
pH value of 7.6 where there is no significant hydroxide 
reaction with diphenylcarbamoyl chloride. Because 
of the insensitivity to nucleophilic attack the hydroxide 
reaction does not become important until pH 11 due to 
its low value of 1 M -1 min-1.

On the other hand, diphenylcarbamoyl chloride does 
react directly with amines forming the corresponding 
iV^A-diphenylurea derivatives, and with the reactive 
anionic nucleophiles azide and nitrite. Greater reac
tivity to the “ a effect”  nucleophiles hydrazine and 
hydroxylamine than to primary amines of similar ba
sicity is displayed, as shown in Figure 1, where the rate 
constants for the nucleophilic reactions are plotted 
against the pA a of the nucleophile. The plot separates 
into two distinct lines; the amines are more reactive 
for their basicity than the oxygen nucleophiles water 
and hydroxide. The sensitivity to nucleophilic attack 
is small with the slope of the lines (the 3 values) being
0.25. The reactivity of nucleophiles to diphenylcar
bamoyl chloride can be correlated with their nucleo
philic reactivity to p-nitrophenyl acetate as shown in 
Figure 2 where also nucleophilic reactivity to diphenyl- 
carbamoylpyridinium ion is shown. The slope for this 
plot is 0.5 for diphenylcarbamoyl chloride and 1.1 for 
diphenylcarbamoylpyridinium ion. The slope of 0.5 
is considerably smaller than the slopes of unity for most 
reactions,17 thereby suggesting very little bond making 
in the transition state for diphenylcarbamoyl chloride. 
The small negative entropy of activation of — 5 eu and 
the solvent deuterium isotope effect of 1.2 for the water 
reaction of diphenylcarbamoyl chloride is in contrast 
to the large negative entropies of activation of — 20 to 
— 30 eu18 and the sizable solvent isotope effects of >2  
observed in the water reactions of most carboxylic acid 
derivatives.17 These results, combined with the low 
sensitivity (low 3) iu nucleophilic displacement reac
tions, suggest that the transition state fcr the reaction

(16) B. F. Erlanger, S. M. Vratsanos, N. H. Wasserman, and A. G. Cooper, 
Biochem. J 118, 421 (1970).

(17) S. L. Johnson in “ Advances in Physical Organic Chemistry,”  Vol. 
V, V. Gold, Ed., Academic Press, New York, N. Y., 1937.

(18) L. L. Schaleger and F. A. Long, “ Advances in Physical Organic 
Chemistry,”  Vol. I, V. Gold, Ed., Academic Press, New York, N. Y., 1963, 
P 1.

l0gkNPA’ M' lm in'

Figure 2.— Logarithmic plot of rate constants for the reactions 
of nucleophiles with p-nitrophenyl acetate, &n p a , v s . the reactions 
of nucleophiles with diphenylcarbamoyl chloride, O, and diphenyl
carbamoylpyridinium ion, □. M E is mercaptoethanol; For, 
formate; AcO, acetate; Im, imidazole; Melm, A'-melhylimid- 
azole; Pi, phosphate. The formate rate constant for p-nitro- 
phenyl acetate was estimated from the data of Fersht and 
Kirby15* for nucleophilic reactions of 2,4rdinitrophenyl acetate 
assuming a similar relative reactivity to p-nitrophenyl acetate. 
The other rate constants for p-nitrophenyl acetate has been sum
marized by Johnson.17

of diphenylcarbamoyl chloride with water and with 
other nucleophiles is very loose and nearly unimolecular. 
An even more extreme carbamoyl chloride reaction is 
that of dimethylcarbamoyl chloride, which exhibits an 
entropy of activation of 5 eu and is insensitive to reac
tion with added amine nucleophiles.19’20

In acyl transfer reactions from acyl compounds with 
good leaving groups Ferscht and Jencks found low sen
sitivity to the nucleophile basicity as well as low sensi
tivity to the basicity of the leaving group.14 A very 
reactantlike transition state was suggested. The be
havior of diphenylcarbamoyl chloride to nucleophilic 
reagents represents a very extreme example of low sen
sitivity to the reactivity of the nucleophile and can be 
accounted for by transition state 6. The maintenance

N -
' i + *T -Cl

i -

N\
c6h {  x c6h 5

of sensitivity to factors other than basicity in the reac
tivity of diphenylcarbamoyl chloride to the “ a nucleo
philes”  hydrazine and hydroxylamine as well as to 
azide ion, a situation similar to the reactions of acyl- 
pyridinium ions, suggests that highly reactive nucleo
philes do not require much bonding in transition state 
6 to exert their special reactivity.14

(19) H. K. Hall, Jr., J. Amer. Chem. Soc., 77, 5993 (1955).
(20) I. Ugi and F. Beck, Chem. Ber., 94, 1839 (1961).
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Experimental Section
Materials.— Diphenylcarbamoylimidazole was prepared by al

lowing 1 M  imidazole to react with 0.025 M  diphenylcarbamoyl 
chloride in 30% aqueous dioxane at room temperature for 24 hr. 
Crystals were collected and recrystallized from ethanol, mp 119.3— 
122.5°, vc-o 1695 cm” 1. Analysis was performed by Schwarz
kopf Analytical Service, Woodside, N. Y . Anal. Calcd for 
C i6H13N30 :  C, 72.99; H, 4.98; N , 15.96. Found: C, 72.90; H, 
4.93; N, 15.68. Diphenylcarbamoyl chloride 1,1-diphenylurea, 
ethyl diphenylearbamate, and diphenylamine are from Distilla
tion Products Industries. p-Nitrophenyl diphenylearbamate is 
from Sigma Chemical Co. Dimethylcarbamoylpyridinium chlo
ride was prepared by the method of Johnson and Rumon.21 Di- 
phenylcarbamoylpyridinium chloride, mp 107.5-108.5°, was pre
pared by the method of Herzog.22 Diphenylcarbamoyl fluoride, 
mp 81.8-82.0°, was prepared by allowing equimolar KF and di- 
phenylcarbamoylpyridinium chloride to react in 10% acetonitrile, 
and twice recrystallized from ethanol. This product has the 
same melting point as the diphenylcarbamoyl fluoride ootained 
by treatment of diphenylcarbamoyl chloride with SbF3 in xy
lene.5 The mercaptoethanol thiol ester of diphenylcarbamie acid 
was prepared from the treatment of II, 0.10 M , with 0.2 mer
captoethanol, pH 8.0, for 5 min. The product was isolated in 
89% yield in the crude form and recry,stallized from ethanol, mp
77.5-78.5°. Elemental analysis was performed by Schwarzkopf 
Microanalytical Laboratories, Woodside, N. Y . Anal. Calcd 
for C13HI5N 0 2: C, 65.91; H, 5.53; N, 5.13; S, 11.71. Found: 
C, 65.38; H, 5.59; N, 5.03; S, 13.23. The infrared spectrum of 
this compound (taken with a Beckman IR-4 spectrometer) shows 
an OH stretching frequency at 3450 cm” 1, a carbonyl stretching 
frequency at 1666 cm” 1, and a single carbonyl stretching fre
quency at 1666 cm” 1. The latter frequency is in contrast with 
the 1724 cm” 1 frequency of ethyl diphenylearbamate, and serves 
to rule out the formation of the isomeric oxygen ester in the reac
tion. The presence of the OH stretching frequency confirms this 
structure because the isomeric product would have only a weak 
band due to SH stretching at ca. 2400 cm” 1. The thiol ester 
product absorbs maximally at 241 nm in the uv.

Chemical Kinetics.— The hydrolysis rate of diphenylcarbamoyl 
chloride, fluoride, -imidazole, and -pyridinium ion was followed by 
measuring the increase in absorption produced at 280 nm by the 
diphenylamine product. In case of acetate, phosphate, Tris, 
and thiol-containing buffers which react directly with diphenyl- 
carbamoylpyridinium to form products which do not rapidly 
liberate diphenylamine, the disappearance of the substrate was 
measured by utilizing the ability of carbamovlpyridinium ions to 
undergo ring-opening reactions which produce chromophoric 
materials.20 In this case diphenylcarbamoylpyridinium ion is 
allowed to react with the desired buffer, and 1-ml aliquots are 21 22

(21) S. L. Johnson and K. A. Rumon, J. Phys. Chem., 68 , 3149 (1964).
(22) J. Herzog, Ber., 40, 1831 (1907).

removed at timed intervals and placed in 5 0-ml portions of 1 M 
NaOH. The absorbances of these solutions are then measured at 
422 nm. At this pH the chromophoric material disappears only 
slowly with a specific rate constant of 0.012 min” 1.

The reaction of diphenylcarbamoylpyridinium ion with more 
basic buffers was followed at 340 or 422 nm, which is a measure of 
the concurrent ring-opening process. The alkaline hydrolysis 
of diphenylcarbamoyl chloride was followed at 245 nm in 0.01-1 
M  NaOH. Diphenylearbamate, Xmax 245 nm, is the stable prod
uct from this reaction from diphenylcarbamoyl chloride, Amo* 
227 nm. The reaction of diphenylearbamate to produce di
phenylamine depends only on hydrogen ion and has a specific 
rate constant fcH = 0.45 X 108 Af min“ 1 at 25 °." Theresultis 
that this carbamate is the stable product of diphenylcarbamoyl 
chloride in alkaline solutions. The alkaline hydrolysis of di
phenylcarbamoyl chloride and fluoride and of diphenylcarbamoyl
imidazole was also followed by a quenching procedure, in which 
appropriate amounts of 1 M  acetic acid are added to aliquots from 
the alkaline reacting solutions. This gives a pH 4-6 solution, 
depending upon the conditions, in which diphenylearbamate from 
the alkaline hydrolysis reaction readily produces diphenylamine 
which can be monitored at 280 nm. The pA a of diphenylcar
bamoylimidazole was measured by placing known quantities of 
the substrate in buffers of various pH values and measuring the 
absorbance of the acid form at 226.5 nm and the basic form of the 
substrate at 233 nm. The relationship pK  =  pH +  log Au — 
A/{A — Ai) was used, where Ai, Au, and A are optical absorbances 
of the fully ionized form the unionized form, and observed form, 
respectively.

Analysis of Kinetics.— Semilog plots of At — A „  vs. time were 
made, where the A ’s refer to the optical absorbances. Good 
linearity is achieved to past 90% reaction in most cases. The rate 
constant is calculated from the slope of the line divided by 2.303. 
The observed rate constants are plotted against the buffer con
centration if a series of buffers of constant pH and varying con
centration is used. The slope of such a plot is taken as the spe
cific rate constant, fe, for the interaction of the substrate with the 
buffer component. The intercept, k,, is equal to fcw +  kon-- 
(OH” ), the sum of the water and hydroxide terms. In the case 
where hydroxide is the variable buffer component ka refers to the 
water term, fcw.

Registry No.—1, 83-01-2; 2, 33712-38-8; diphenyl
carbamoyl fluoride, 10055-41-1; p-nitrophenyl di
phenylearbamate, 3848-46-2 ; diphenylcarbamoyl
imidazole, 2875-79-8; mercaptoethanol thiol ester 
of diphenylcarbamie acid, 33712-42-4.
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The decarboxylation of 2-cyano-2-phenylacetate ion via an intermediate carbanion is catalyzed ca. 660-fold 
by micelles of cetyltrimethylammonium bromide, CTABr, but that of 3-bromo-3-phenylpropionate ion via 
an intermediate carbonium ion is retarded by cationic micelles. The micellar-catalyzed decarboxylation of 
the 2-cyano acetate ion is enhanced by added inorganic salts, but added salts reduce the micellar inhibition 
of the decarboxylation of the 3-bromo propionate ion.

Decarboxylation of the 6-nitrobenzisoxazole-3-carbox- 
ylate ion (I) is strongly catalyzed by cationic micelles 
of cetyltrimethylammonium bromide (CTABr).3 This

(1) Support of this work by the National Science Foundation and the 
Arthritis and Metabolic Diseases Institute at the U. S. PHS is gratefully 
acknowledged.

(2) U. S. PHS Postdoctoral Fellow.
(3) C. A. Bunton and M. J. Minch, Tetrahedron Lett., 3881 (1970).

implies that the transition state with its delocalized neg
ative charge interacts more strongly than I with the 
cationic micelle. We were therefore interested in ex
amining micellar effects upon decarboxylations of other 
carboxylate ions. Two reactions, having different mech
anisms, were examined.

The decarboxylation of 2-cyanocarboxylate ions (II)
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co2-
I

PhCHCN — >- PhCHCN +  C 0 2
II III

^ +  fast

PhCH2CN
Br
I

PhCHCH2C 02-  — >- P hC H =C H 2 +  B r“  +  C 0 2 
IV

involves rate-limiting formation of a resonance- 
stabilized carbanion (III)4 and, like the decarboxylation 
of benzisoxazole carboxylate ions,8 is much faster in 
aprotic solvents than in water.6 On the other hand, 
Bordwell and his coworkers have shown that the rate- 
limiting step of the decarboxylation of the 3-bromo- 
carboxylate ion (IV) is ionization to give a carbonium

Br
I

PhCHCH2C O f
IV

PhCHCH2CO r +  Br- 
V ^̂ fast

I fast PhCH— CH2
1 I I

PhCH=CH2 +  C02 0------CO

ion (V) which either decarboxylates or collapses to a 
lactone.8

The solvolysis of similar 2-bromo carboxylate ions 
also proceeds via a carbonium ion.8a Such ionizations 
are not particularly sensitive to changes in the solvent, 
and the interaction between the carboxylate ion and the 
carbonium center appears to be electrostatic rather than 
covalent.

By analogy with other systems we expected that 
decarboxylation of II would be catalyzed by cationic 
micelles, but the situation should be more complex for 
the decarboxylation of IV. Incorporation of the 3- 
bromo carboxylate ion IV into a cationic micelle will 
stabilize the initial state and this of itself would reduce 
the reaction rate, but this inhibition may be offset by 
interaction between the cationic micelle and both the 
leaving bromide ion and the organic residue, especially 
if the latter is lactonelike.

There are many examples of electrolyte inhibition of 
micellar catalysis.9'10 This inhibition appeared to be a 
general phenomenon and was readily explained in 
terms of competition between a counterion and the 
ionic reagent for the ionic micelle.10'11 However, the 
rate of decarboxylation of I in the presence of micellized

(4) A. Thomson, J. Chem. Soc. B, 1198 (1970).
(5) D. S. Kemp and K. Paul, J. Amer. Chem. Soc., 92, 2555 (1970).
(6) This decarboxylation is also assisted by substrate incorporation into 

a cyclodextrin.7
(7) F. Cramer and W. Kampe, J. Amer. Chem. Soc., 87, 1115 (1965).
(8) (a) F. G. Bordwell and A. C. Knipe, J. Org. Chem., 35, 2956 (1970); 

(b) ibid., 35, 2959 (1970).
(9) E. J. Fendler and J. H. Fendler, Advan. Phys. Org. Chem., 8, 271 

(1970).
(10) E. H. Cordes and R. B. Dunlap, Accounts Chem. Res., 2, 329 (1969).
(11) C. A. Bunton, E. J. Fendler, L. Sepulveda, and K.-U. Yang, J.

Amer. Chem. Soc., 90, 5512 (1968); C. A. Bunton and L. Robinson, ibid.,
90, 5972 (1968).

CTABr is increased by some salts,12 and we were 
interested in finding other examples of this unexpected 
salt effect. The effectiveness of micelles as catalysts or 
inhibitors varies widely from one system to another 
and we are particularly interested in elucidating the 
factors which control these effects.

Experimental Section
Materials.— The 3-bromo-3-phenylpropionic acid was pre

pared by saturating a warm solution of cinnamic acid in acetic 
acid with HBr gas for 2.5 hr. The solvent was removed under 
reduced pressure on a rotary evaporator to yield the product 
which, after recrystallization from CHC13, had mp 139.5- 
141.5° (lit.13 mp 137°).

Ethyl 2-cyanophenylacetate was prepared from benzyl cy
anide14 and was saponified by Hessler’s method using 1 M  Na- 
OH.15 After recrystallization from benzene, 2-cyano-2-phenyl- 
acetic acid had mp 69-72° (lit.4 mp 72-73°). It appears that 
the compound can exist in more than one crystalline modifica
tion, because when the sample was kept at 50° for 3 days the 
melting point rose to 89-91°. On recrystallization from ben
zene the melting point went back to 69-72°.

The samples of CTABr and the dicationic surfactants (VI) 
were prepared and purified by methods already described.11'16

cetyl NMe2(CH2)„NMe2cetyl 2Br~
VI

(a, b, c: n =  2, 4, 6, respectively)

Kinetics.— The reactions were followed spectrophotometrically 
using either a Cary 11 or a Gilford spectrophotometer with a 
water-jacketed cell compartment. The first-order rate con
stants, k̂ ,, are in sec-1 .

The relatively rapid decarboxylation of 3-bromo-3-phenyl- 
propionate ion (IV) was followed by introducing the acid, in 5 
fd of ether, to 3 ml of aqueous surfactant containing 0.02 M 
NaOH in a cuvette. A perforated Teflon plunger was used to 
mix the solution rapidly in the cuvette. The substrate concen
tration was 5 X 10~5 M . The reaction was followed at 248 nm.

The decarboxylation of 2-cyano-2-phenylacetate ion (II) is 
relatively slow at room temperature.4 An aqueous solution of 
the acid was added to a solution of CTABr and 1.7 X 10-2 M  
Tris buffer at pH 8; the resulting substrate concentration was
7-10 X 10-4 M . The reaction was followed at 235 nm.

The change in absorbance is small for the decarboxylation 
of the 2-cyanocarboxylate ion (II), and the absorbance of 
CTABr compounds the problem; consequently, the rate con
stants have an uncertainty of ca. 10%. However, this ac
curacy is sufficient to establish the magnitude of the micellar 
catalysis.

Products of Decarboxylation of the 3-Bromo Acid (IV).'—
The formation of styrene and lactone from 3-bromo-3-phenyl- 
propionate ion has been examined by Bordwell and Knipe.8 
If reaction took place in the micellar phase, the reaction prod
ucts might change when the reaction mixture contains CTABr. 
In order to test this possibility we allowed a solution of 2 X 10-4 
M  IV to react at pH 8.1 in water and a second solution to react 
under the same conditions except that 10-2 M  CTABr was 
present. After complete reaction, the first solution was also 
made 10-2 M  in CTABr and it was found that the two mixtures 
had identical absorbances in the region 210-340 nm, so that 
there is no marked change of products in the two systems.

Spectral Measurements.— Because of their reactivity we could 
not examine II and IV in aqueous CTABr and therefore we 
measured the spectral shifts of the structurally similar 3-phenyl- 
propionate ion, both in aqueous 0.05 M  CTABr and in ethanol. 
In water 3-phenylpropionate ion has peaks at 267.2, 263, 257.5, 
253.1, and 247.2 nm, the third and fourth peaks being the 
largest. The changes of wavelength and extinction coefficient 
of these peaks in CTABr and ethanol are given in Table I.

(12) C. A. Bunton, M. J. Minch, and L. Sepulveda, J. Phys. Chem., 75, 
2707 (1971).

(13) G. Senter and A. M. Ward, J. Chem. Soc., 125, 2137 (1924).
(14) E. C. Horning and A. F. Finelli, Org. Syn., 30, 43 (1970).
(15) J. C. Hessler, Amer. Chem. J., 32, 127 (1904).
(16) C. A. Bunton, L. Robinson, J. Schaak, and M. F. Stam, J. Org. 

Chem., 36, 2346 (1971).
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Figure 1.—-Catalysis of the decarboxylation of 2-cyano-2-phenyl 
acetate ion by CTABr at 33.2°.

T a b l e  I
S pe c tr a l  Sh ift s  o f  3 -P h e n y l p r o p io n a t e  I on

AX,
Medium nm Ae

0.05 iff CTABr +  1.5 — 25“
+  1.8 — 76

EtOH +  0.9 - 3 2 “
+  1.4 -1 4 *

“ Relative to e 252 at 257.5 nm in water. 6 Relative to e 248 
at 260 nm in water.

These spectral shifts are consistent with incorporation of 3- 
phenylpropionate ion, and by analogy II and IV, in micellar 
CTABr (cf. ref 9).

Results

Kinetics.—Micelles of CTABr effectively catalyze 
the decarboxylation of 2-cyano-2-phenylacetate ion 
(Figure 1 and Table II), but they retard that of 3- 
bromo-3-phenylpropionate (Figure 2).

Micellar Catalysis.—The variation of fĉ , for the 
decarboxylation of II, with CTABr concentration (cD) 
shows the typical kinetic form of a spontaneous reaction 
catalyzed by micelles; that is, k̂  increases to a plateau 
value, and then remains constant.3-11’17 The kinetic 
forms characterized by a rate maximum rather than a 
plateau value are very common for bimolecular reac
tions catalyzed by micelles, suggesting that micellar 
deactivation of the external reagent is an important 
factor.9-11 At lower temperatures the substrate is not 
soluble enough for accurate rate measurements in the 
absence of CTABr and the k̂  values of 9.3 X 10-7 and
3.9 X 10~6 sec-1 for 25.0 and 33.2°, respectively, were 
calculated by extrapolation from 104/+ = 1.42 at 
55.5°, 5.55 at 65.0°, and 10.8 at 69.8°. These rate 
constants gave a linear Arrhenius plot and Thomson’s 
value of 104A+ = 2.614 at 60.0° fell on this plot. The 
activation parameters for reaction in the absence of 
surfactant are AH * = 31.5 kcal mol-1 and AS* = 21 
eu, and are very similar to those for decarboxylation 
of the p-chloro compound.4

The activation parameters for decarboxylation 
catalyzed by 0.15 M  CTABr are AAT* = 20 kcal mol-1 
and AS* = —8.5 eu (calculated from the rate constants

(17) G. J. Buist, C. A. Bunton, L. Robinson, L. Sepulveda, and M. F.
Stam, J. Amer. Chem. Soc., 92, 4072 (1970).

T a b l e  I I
R a t e  C o n st an t s  f o r  th e  D e c a r b o x y l a t io n  o f  

2 -C y a n o p h e n y l a c e t a t e  I on  in  CTABr“
10aCD, 10

M sec-1
0.0 0.0093
1.0 5.73
5.0 6.03
6.0 5.50
7.5 6.50
9 .0 6.33

10.0 6.72
12.5 6.50
15.0 5.45

“ At 25.0° at pH 8 (0.017 M  Tris buffer).

T a b l e  I I I

Sa l t  E ffects  upon  th e  D e c a r b o x y l a t io n  of 
2 -C y a n o p h e n y l a c e t a t e  I on  in  CTABr“

~csalt, M -

Salt 0.1 0.2 0.3 0.4 0.5 0.6
Na2S04 1.84 2.22 2.44
NaCl 1.98 2.15 2.37 2.43
KC1 1.82 2.10 2.24
k h 2p o 4 1.49 1.78 1.74 1.75 1.91
k 2h p o 4 1.70 1.75 1 .8 8 2.17

“ Values of lO3̂ ,  sec *, at 33.2° in 0.15 iff CTABr; in the 
absence of added salt 10% ,̂ =  1.35 sec-1.

in Figure 1 and Table II and k̂ , = 30.6 X 10~4 sec-1 
at 39.9° in 0.15 M CTABr). The decrease of A if*  
and AS *  for the micellar-catalyzed decarboxylation is 
similar to that observed by Cramer and Kampe for 
cyclodextrin-catalyzed decarboxylation,7 and is readily 
explicable in terms of an incorporation of the substrate 
into the micelle. The maximum rate enhancements 
[ca. 660-fold at 25° and 360-fold at 33.2° based on 
plateau values of = 6.5 X 10~4 sec-1 at 25.0° and 
1.35 X 10-3 sec-1 at 33.2° (Figure 1 and Table II)] by 
micelles of CTABr are larger than that found for the 
decarboxylation of 6-nitrobenzisoxazole carboxylate 
ion.3

With some micellar-catalyzed or inhibited reactions 
it is possible to treat the kinetics in terms of an equilib
rium binding of the substrate to the micelle and a rate 
constant for reaction in the micellar phase.9-11’17’18 In 
order to use this approach the micellar concentration 
has to be greater than that of the substrate, so that, a 
micelle will generally not contain more than one sub
strate molecule. This condition is not satisfied in our 
system because the small absorbance change in the 
reaction together with the absorbance of bromide ions 
forced us to use relatively high concentrations (ca. 10-3 
M) of II.

As expected we find that the anionic surfactant 
sodium lauryl sulfate had no effect on the rate of de
carboxylation of II because II should not be incorpo
rated into an anionic micelle.

Salt Effects on the Micellar-Catalyzed Reaction.— 
Several added salts were found to increase the rate of 
decarboxylation of the 2-cyano acetate ion II in the 
presence of micellized CTABr (Table III). The effects 
are relatively small but are consistently greater than 
the experimental uncertainty. Although inorganic 
phosphate mono- and dianions have smaller effects than 
sulfate and chloride, the overall effects are not large

(18) F. M. Menger and C. E. Portnoy, ibid., 89, 4698 (1967).
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T a b l e  IV

I n h ib it io n  o f  D e c a r b o x y l a t io n  o f  
3 -B rom o -3 -p h e n y l p r o p io n a t e  I on  

b y  C a t io n ic  Su r f a c t a n t s”
10* CD, ------------- Surfa ctant-------------

M Via VIb Vic CTABr
1.0 7.69 6.61
2 .0 2.40
5.0 3.43

10.0 5 .0 2.83 1.47 14.0
20.0 1.27 10.0

100 2.44
200 2.38

0 Values of 102k¿ at 25.0° in 0.02 M  NaOH and 5 X 10-5 M  
substrate; in the absence of surfactant 102Ay =  14.7 sec-1.

enough to show the marked salt specificity that was 
observed for the decarboxylation of 6-nitrobenzisox- 
azole-3-carboxylate ion (I).12 We were restricted in 
our choice of salts by the necessity of using only those 
which did not interfere with the rate measurements by 
absorbing strongly at 235 nm. We therefore could not 
use benzoate or tosylate ions which give a marked en
hancement of the CTABr micelle-catalyzed decarbox
ylation of I at salt concentrations comparable to the 
CTABr concentration and retardation at higher salt 
concentrations.12 The decarboxylation of I is catalyzed 
more by mixed micelles of CTABr and the nonionic 
detergent Igepal (an aryl polyether) than by micellized 
CTABr alone, suggesting that a decrease in the charge 
density of a cationic micelle assists the reaction,3 but 
we could not use Igepal in the present work, because 
it absorbs too strongly at 235 nm. However, similari
ties between the decarboxylations of I and II suggest 
that both Igepal and the added salts assist decarboxyla
tion by reducing the charge density of the cationic 
micelle.3’12 These interactions between salts and 
micelles are being examined by nmr and electronic 
spectroscopy.

Micellar Inhibition. —The kinetic form of the inhibi
tion of the 3-bromo-3-phenylpropionate ion (IV) is very 
simple (Figure 2). Qualitatively we would expect that 
there would be no inhibition below the critical micelle 
concentration (cmc) of CTABr, which is ca. 0.8 X 
10-3 M .9 (The cmc is affected by added solutes.) We 
observe a sharp rate decrease at CTABr concentrations 
above 1 X 10-3 M, in accord with this simple theory.

It is generally found that inhibiting micelles act by 
removing the substrate from the aqueous phase, in 
which it is reactive, into the micellar pseudophase, in 
which it is less reactive. On this hypothesis the steep
ness of the plot of kf against cD should be related to the 
strength of micelle-substrate binding. This expecta
tion is fulfilled in the present system, where the 3- 
bromo-3-phenylpropionate ion (IV) should interact 
strongly with micellar CTABr. Shifts in the uv spectra 
of 3-phenylpropionate ion in CTABr micelles (Table I) 
are evidence for such interactions between carboxylate 
ions and cationic micelles.

Dicationic ammonium salts VI form micelles which 
are effective catalysts of nucleophilic attack of hydrox
ide ion upon halonitrobenzenes and hydroxide and 
fluoride ion upon p-nitrophenyldiphenyl phosphate.16 
These micelles are catalytically effective at low surfac
tant concentration, and we find that they inhibit de
carboxylation of IV in low concentration, as is shown in

Figure 2.— Inhibition of the decomposition of 3-bromo-3-phenyl- 
propionate ion by CTABr at 25.0°.

Table IV. The surfactant derived from the ethane- 
diamine needed to be in higher concentration than the 
corresponding butane and hexane derivatives to be an 
effective inhibitor (c/. ref 16).

The values of k̂  in the presence of relatively high 
concentrations of either CTABr or VI appear to level 
out at ^  ~  2 X 10-2 sec-1. At these surfactant 
concentrations, it can be assumed that the substrate 
will be whollyr incorporated into the micellar pseudo
phase and that the reaction is therefore not stopped but 
merely slowed when the substrate is incorporated into a 
cationic micelle.

Added salts decrease the amount of inhibition by 
CTABr of the decarboxylation of 3-bromo-3-phenyl- 
propionate ion (Table V). The salt effect is explicable 
in terms of the partial exclusion of the carboxylate ion 
IV from micelles of CTABr because of competition for 
sites on the micelle by added anions; sodium tosylate 
is especially' effective in this role (c/. ref 12).

T able V
Salt E ffects u po n  the M icellar- I nhibited R eaction 

o r  3-B romo-3-phenylpropionati: Ion”
Csalt»

M NaCl
------------------ Salt-

NaOAc Na2S04 NaTOS
0.01
0.20 4.50 2.45 3.20

7.86

0.40 4.70 2.63 3.35
0.60 5.01 3.30 3.30

° Values of 102iy, sec- ’ at 25.0° in 0.02 M  NaOH and 0.01 M  
CTABr. In the absence of added salt 102fĉ  = 1.66 sec-1.

Discussion

Inhibition of Reactions of the 3-Bromo Acid IV.—
The inhibition of the decarboxylation of the 3-bromo 
carboxylate ion IV is readily understandable in terms 
of Bordwell’s mechanistic evidence, which shows that 
the transition state has considerable zwitterionic
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character,8 because such a transition state (essentially a 
zwitterion plus a bromide ion) should be considerably 
destabilized by transfer from water to a micellar pseudo
phase. On the other hand, if the transition state had 
considerable lactone character, one might expect the 
hydrophobic interactions between the micelle and the 
forming lactone plus those between the cationic micelle 
and the forming bromide ion to outweigh the energeti
cally beneficial initial state interactions between the 
carboxylate ion and the cationic micelle so that the rate 
would not be retarded.

Catalysis of Decarboxylation of the 2 -Cyano Acid II.
—Although micellar catalysis is often interpreted in 
terms of a bringing together of reactants in a medium 
favorable for reaction, some unimoleeular reactions 
are catalyzed by micelles.3’9’11 Decarboxylations in 
which a carboxylate ion generates a carbanionlike 
transition state are strongly catalyzed by cationic 
micelles. The electrostatic interactions between the 
cationic micelle and the carboxylate ion assist the incor
poration of the latter into the micelle and, of itself, this 
stabilization of the initial state would result in a rate 
reduction unless the transition state, with its delocalized 
negative charge, interacts more strongly with the micelle 
than the more localized carboxylate ion and offsets this 
rate reduction. As in the decarboxylation of 6-nitro- 
benzisoxazole-3-carboxylate ion (I),3,12 we assume that 
added salts enhance the CTABr-catalyzed decarboxyla
tion of 2-cyanophenylacetate (II) by reducing the 
charge density of the micelle. These positive salt 
effects upon micellar catalysis are unusual and have 
been observed only for decarboxylations.12 In all 
other systems the counterions inhibit catalysis, presum
ably by excluding an anionic reactant from the mi

celle.9-11 Added salts affect micellar structure;12’19 
for example they increase aggregation number, de
crease the cmc, and cause the shape of the micelle to 
change from spherical toward rodlike, but, for all in
vestigated reactions other than decarboxylations, it 
appears that these structural changes have no direct 
kinetic effects. For example, in the CTABr-catalyzed 
hydrolysis of the 2,4-dinitrophenyl phosphate dianion 
there is almost no increase of rate when the surfactant 
concentration is increased so much that the micelle 
becomes rodlike.17 Decarboxylations appear to be 
more sensitive to micellar catalysis than most nucleo
philic substitutions, where rate enhancements are often 
only cu. 10-fold, and are rarely more than 100-fold,9’ 10 
as compared with the 660-fold enhancement of the de
carboxylation of II at 25°, and probably they are un
usually sensitive to the charge density and nature of 
the micellar surface. When a cyanocarboxylate ion is 
incorporated into a cationic micelle the negatively 
charged carboxylate residue will probably be in the 
w'ater-rich region, where it will suffer electrostatic 
repulsions if added anions build up in the Stern layer, 
and added salts should destabilize the initial state. 
On the other hand, this negative charge becomes de
localized into the carbanionlike transition state where 
it will be closer to the quaternary ammonium groups of 
the surfactant and therefore relatively unaffected by 
anions in the Stern layer.

Registry No.—II, 34220-42-3; IV, 25297-23-8; 
CTABr, 57-09-0; 3-phenylpropionate ion, 826-17-5.

(19) K. Shinoda, T. Nakagawa, B. I. Tamamushi, and T. Isemura, 
“ Colloidal Surfactants,”  Academic Press, New York, N. Y., 1963; K. 
Shinoda, J .  P h y s .  C h em ., 59, 432 (1955); K. J. Mysels and L. H. Princen, 
J . C o llo id  S e t ., 12, 594 (1957).
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Isobutyl acetate was treated with oxygen in the temperature range 100-120°. This autoxidation reaction 
seems to proceed as the analogous one with isobutane, but the primary product is, apparently, much less stable. 
The 2-hydroperoxyisobutyl acetate decomposes to acetone, formaldehyde, and acetic acid at a rate comparable 
to its rate of formation. In some respects, this decomposition seems not to involve radical intermediates. The 
formaldehyde is readily oxidized further to formic acid. Carbon monoxide, hydrogen, isobutyric acid, and 2- 
oxopropyl acetate are minor products in the isobutyl acetate oxidation. The oxidation kinetics conform to the 
usual free-radical chain mechanism rate expression with little complication.

The reaction of hydrocarbons with oxygen is one of 
the most thoroughly studied1 reactions of organic 
chemistry; yet, the amount of information available 
on oxygen-containing derivatives is surprisingly small.
Aldehydes,2 3 4 ethers,3 and alcohols4 are the most closely 
studied of the oxygen-containing compounds.

Although the oxidation of unsaturated fatty acid

(1) Relatively recent reviews of the subject include L. Reich and S. S.
Stivala, “ Autoxidation of Hydrocarbons and Polyolefins,”  Marcel Dekker,
New York, N. Y., 1969; F. R. Mayo, A cco u n ts  C h em . R es ., 1, 193 (1968);
J. Betts, Q u art. R ev ., C h em . S o c ., 25, 265 (1971).

(2) G. E. Zaikov, J. A. Howard, and K. U. Ingold, C a n . J .  C h em ., 47, 3017 
(1969).

(3) J. A. Howard and K. U. Ingold, ib id ., 47, 3809 (1969); 48, 873 (1970).
(4) C. F. Cullis and A. Fish in “ The Chemistry of the Carbonyl Group,”

S. Patai, Ed., Interscience, New York, N. Y., 1966, Chapter II, pp 79-186.

esters6 has been intensively studied, information is 
lacking on simple esters where the ester function and 
the oxidatively labile hydrogen are in proximity. In 
particular, the autoxidative attack on the alcohol 
portion of an ester at the a and 8 positions is the major 
interest here.

O
6 «  II 

r c h 2c h 2o c r '
1

From the few data available in the present literature 
it appears that trying to investigate oxidative attack

(5) W. O. Lundberg, Ed., “ Autoxidation and Antioxidants,”  Interscience, 
New York, N. Y., 1962. Several chapters deal with fatty acid autoxidation.
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at the a position may be unrewarding. Although 
benzyl acetate6 is moderately reactive in autoxidation 
to give an 80% yield of titratable hydroperoxide at 
30° and gas-phase oxidation of ethyl acetate7 at 250- 
400° has been postulated to occur at the a position, 
simple esters seem inert in the liquid phase. Buxbaum 
was unable to obtain any useful reaction between 
oxygen and ethylene dibenzoate8 up to 200°, and 
isopropyl acetate9 could not be oxidized at a repro
ducible rate or product yield in the temperature range 
135-150°. The sensitivity of the oxidation to the 
purity of the ester was attributed to hydrolysis and the 
oxidative reactivity of isopropyl alcohol, which was 
much higher than the reactivity of the ester. In situ 
conversion of alcohols to borate esters10 to protect them 
from further oxidative attack is a well-known technique.

Reported in this paper are the results of a detailed 
investigation of the liquid-phase autoxidation of iso
butyl acetate, one of the simplest possible substrates 
where a reactive (tertiary) hydrogen is /3 to the ester 
function. This ester is a simple analog of the well- 
studied isobutane11 where one methyl group has been 
replaced by an acetoxymethyl group. Some less 
complete data on the autoxidation of the bifunctional 
compound hans-1,4-cyclohexylenedimcthylene di
acetate are presented in another paper.12

Experimental Section
Materials.— Isobutyl acetate (IBAc), isobutyl benzoate 

(IBBz), and isopentyl acetate (IPAc) were Eastman reagent- 
grade materials and were distilled before use. The IBAc con
tained low levels (~ 0 .5 % ) of either butyl acetate or ethyl iso
butyrate, depending on the lot. Neither impurity at this level 
is expected to have an effect on the results. Methyl benzoate, 
used as a reaction solvent, was also an Eastman reagent-grade 
compound and was also distilled. Initiators were Lucidol 99% 
ierf-butyl peroxide, which was used directly, or Columbia 
Organic l,T-azodicyelohexanecarbonitrile, which was recrystal
lized from methanol-acetone. All other materials were reagent- 
grade chemicals and were used directly.

2-O xopropyl A ceta te .— This material, anticipated as a possible 
product in the oxidation,5 was synthesized by direct acetylation 
of 1-hydroxy-2-propanone (Eastman Organic Chemicals No. 
10646). l-Hydroxy-2-propanone (14.8 g, 0.2 mol) in 75 ml of 
pyridine was mixed with 20.4 g of acetic anhydride and allowed 
to stand overnight. Distillation of the mixture gave 8 g of 
product: bp 124-127° (150 mm) [lit.13 bp 65° (11 mm)]; nmr 
(CDCh, 60 M Hz) S 2.OS (s, 6, CH3, CH2OOCCH3), 4.58 (s, 2, 
COCH2OOCCH3). 2-Oxopropyl acetate was detected in small 
amounts (see Results and Discussion) in IBAc oxidations by 
comparison of mass spectral-glpc effluent patterns with those of 
the authentic material.

2-H ydroxy-2-m ethylpropyl A cetate (2 ).— This material seemed 
to be incompletely described in the literature; it was expected to 
be the major product (following reduction of the corresponding 
hydroperoxide) from the oxidation of IBAc. Sodium acetate 
(5 g) was dissolved in acetic acid (35 ml) by warming on a steam 
bath; then 5.0 ml of l,2-epoxy-2-methylpropane (Columbia 
Organic) was added by syringe, and the mixture was kept on a 
steam bath for 1 hr. The reaction mixture was poured into 
water, sodium hydroxide solution was added until the mixture

(6) J. A. Howard and S. Koreek, C a n . J .  C h em ., 48, 2165 (1970).
(7) A. Fish and A. Waris, J .  C h em . S o c ., 4513 (1962).
(8) L. H. Buxbaum, P o ly m . P r e p r . ,  A m e r . C h em . S o c ., D iv . P o ly m . C h em ., 

8 (1), 552 (1967).
(9) T. Mill, Stanford Research Institute, private communication.
(10) W. G. Woods and R. J. Brotherton in “ Progress in Boron Chemistry,”  

Pergamon Press, Oxford, 1970, p 1.
(11) D. L. Allara, T. Mill, D. G. Hendry, and F. R. Mayo, A d v a n . C h em . 

S er ., 76, 40 (1968).
(12) D. E. Van Sickle, J .  O rg . C h em ., 37, 1398 (1972).
(13) G. F. Hennion and W. S. Murray, J . A m er . C h em . S o c ., 69, 1221

(1942).

was neutral, and then the mixture was extracted with ether. 
Distillation of the ether extracts yielded 3.5 g of oil which, by 
nmr, was 85% desired product. Repetitive, preparative glpc 
(Carbowax 20M column) of the oil yielded 1.0 g of analytical 
sample used for making standard solutions for glpc calibration: 
nmr (CDC13, 60 M Hz) S 1.20 [s, 6, (CH3)2C], 2.05 (s, 3, 
OOCCHs), ~ 3  s, 1, (CHshCOH], 3.88 (s, 2, CH2OOCCH3).

Oxidation Procedure.— Initiator and ester were made up in re
action bulbs of 54- or 104-ml capacity and shaken with oxygen at 
100 or 120°. The apparatus used has been previously described, 
along with the procedure for calculating the rates.14 At the 
conclusion of a run, in some cases, the gases in the reaction bulb 
void space were sampled for glpc analysis before final degassing of 
the bulb, detachment from the apparatus, and weighing.

Analysis Procedure.— Oxidates were titrated15 first for hydro
peroxide by the usual iodometric procedure and then for free 
carboxylic acid with 0.1 N  sodium hydroxide. An approxi
mately 25-g aliquot of the oxidate was reduced16 with triphenyl- 
phosphine by the addition of 15% excess (as indicated by the 
iodometric titration) in a small amount (~ 2  ml) of IBAc. The 
reduced mixture was then distilled at ~ 1 0  mm with the pot 
temperature kept at 30° or less and the receiver maintained at 
— 200°. An aliquot of the weighed distillate was made up with 
benzene as an internal standard and analyzed for undecom
posed ¿erf-butyl peroxide, acetone, and fert-butyl alcohol by glpc 
(Carbowax 20M column). The pot residue was quantitatively 
collected with benzene as the solvent, made up with mesitylene 
as an internal standard, and analyzed for 2 by glpc (Carbowax 
20M). Both glpc analyses were calibrated with authentic 
samples. Also, sufficient pot residue from one oxidation run was 
collected from the glpc effluent to obtain an nmr spectrum and 
confirm the assigned structure of 2. About one-sixth of the total 
amount of 2 was carried over into the distillate by this procedure, 
and the total yield of this product was corrected accordingly.

The acid products of this reaction could not be satisfactorily 
analyzed directly by glpc. To apportion the total yield of acid 
as determined by titration, the acidic fraction of an oxidation 
was isolated and converted to propyl esters for glpc analysis as 
follows. Following reduction of an oxidate sample, sufficient 
aqueous sodium hydroxide (0.1 N ) was added to the mixture to 
convert all acids to sodium salts. The aqueous phase was iso
lated, washed with ether, acidified (pH 1), and continuously ex
tracted with ether for 24 hr. The ethereal solution of acids was 
dried (MgSO,) and concentrated to ~ 2 0  ml by distillation under 
reflux. The pot residue was then esterified with propanol- 
BF3 reagent and worked up for glpc analysis as described.17 
Propyl formate, acetate, and isobutyrate were identified by com. 
parison of their retention times with those of authentic samples- 
The effectiveness of the procedure was checked by esterifying 
a known mixture of the three acids in a like manner.

Results and Discussion

M o st  of the rate and product data of this investiga
tion are sum m arized in T ab le  I . Supplem entary data  
are contained in Tables I I  and I I I .

Rate Law for the Oxidation. Order in Substrate 
Concentration.— Figure 1 shows a plot of the initial rate 
of oxygen consum ption (R 0) vs. the concentration of 
IB A c  for 120° runs where the ¿erf-butyl peroxide 
concentration was near 0.038 M . For the pure m ethyl 
benzoate solvent (run 13, T a b le  I ) , the observed rate 
was increased b y  the factor (0.038/0.0128)1/2 to correct 
for the lower initiator concentration. A s  indicated, 
m eth yl benzoate, chosen because of its similar polarity  
to  IB A c , is not com pletely inert under the oxidation  
conditions so th at a cooxidation of the tw o esters was 
actually perform ed. A  good linear correlation was 
obtained and indicated first-order dependence on the

(14) D. E. Van Sickle, F. R. Mayo, and R. M. Arluck, ib id ., 87, 4832 
(1965).

(15) R. D. Mair and A. J. Graupner, A n a l. C h em ., 36, 194 (1964). “ Her
cules Method I” was used.

(16) D. B. Denney, W. F. Goodyear, and B. Goldstein, J . A m e r . C h em . 
S o c ., 82, 1393 (1960).

(17) H. Salwim and J. F. Bond, J .  Ass. O fiic. A n a l.  C h em ., 52, 41 (1969).



1394 J. Org. Chem., Vol. 37, No. 9, 1972 V an Sickle

T a b l e  I
O x id a t io n  o f  E s t e r s“

Charge and rate data—
IBAc,
mmol

Volume,
ml

Time, O2 absorbed, 
mmole

[ieri-Bu202],
Run M

1 0
2 0
3 0 .0 098
4 0 .0 200
5 0 .0 202
6 0 .0 375
7 0 .0 386
8 0.0391
9 0 .0 400

10 0 .0 908
11» 0 .0 375
12» 0 .0 381
13» 0 .0 1 2 8
14* 0 .0 1 6 7
15‘ 0 .0 213
16’ 0 .0 3 9 4
17* 0 .0 4 2 3
181 0 .0 4 0 4

19 0 .0 4 0 0
20 0 .0 4 2 3
21 0 .0 7 9 0
22 0 .0 4 0 2 ’
23" 0 .0 403

2 9 7 .0 4 5 .7
3 0 1 .0 4 6 .3
2 9 7 .0 4 5 .9
2 9 8 .0 4 6 .0
5 9 8 .0 9 2 .5
2 9 9 .0 4 6 .0
2 9 7 .0 4 6 .0
5 9 7 .0 9 2 .6
3 0 0 .0 4 6 .2
2 9 9 .0 4 6 .7
148.0» 4 5 .0 »

7 6 .3 » 4 5 .2 »
0» 4 2 .9 »

2 9 9 .0 5 6 .2
2 9 9 .0 4 8 .4
2 9 9 .0 4 7 .5
223.0* 4 4 .1
2 6 5 .0 ' 4 6 .5

299 4 4 .9
299 4 5 .0
299 4 5 .3

1775 5 .6
1445 3 .2
495 2 .7

1460 1 3 .7
495 8 .4
495 4 .9
410 4 .9
410 9 .6

1200 7 .5
275 5 .2
505 2 .9
475 1 .8
400 — 0 .3
170 8 .3
360 4 .6
410 5 .8
495 3 .6

85 4 .0

2110 2 .5
1830 2 .7
1510 3 .1

225 5 .9

Ro X 10“,*
Total

- 0 2H,c
M  min-1 mmol

20°
0 .3 8 / 1 .21
0 .2 3 1 .3 2
1 .2 1 .2 5
1 .9 0 .3 0
1 .9 3 .0 5
2 .3 1 .9 8
2 .5 1 .7 1
2 .7 3 .4 1
2 .5 0 .3 7
4 .2 1 .9 9
1 .5 1 .1 5
1 .0 0 .6 3
0 .2 2 0 .1 0

- 9 . 8 0 .2 3
1 .3 1 .8 3
2 .9 2 .3 8
2 .4 1 .8 2

1 1 .5 1 .9 3

)0°
0 .3 0 1 .2 4
0 .3 8 1 .1 2
0 .4 5 1 .2 3
9 .2 2 .0 0

--------------- Product yields-
(CH3)2C- 

Total (OH)CH2
-COOH,d OAc,e

mmol mmol

6 .0 7  1 .3 6
1 .2 6

2 .2 3  1 .0 9
1 7 .10  2 .5 5

6 .7 5
3 .7 0
3 .6 6  1 .81
7 .71  
8.02 
4 .0 5  
2 .3 0

3 .1 5  1 .0 7

3 .0 4
1 .3 5

1 .9 7  1 .3 4  
2 .2 6  1 .1 4  
2 .4 8  1 .3 2  
3 .4 2

tert-
(CH3)2CO, BuOH,

mmol mmol

2 .8 1
1 .8 3
1 .0 0  0 .3 2

— 10.20 1.12

2 .5 6  0 .7 4

0 .9 0  0 .5 8

0 .7 5  0 .4 3
1 .1 4  0 .4 7
1 .1 5  0 .6 5

299 4 4 .6
277 4 7 .1  1525 7 .0  1 .4  - 0 . 8 0 »

“ Oxygen pressures ranged from 3 to 6 atm. 6 Initial oxygen uptake rate. c By iodometric titration. d By base titration. e After 
triphenylphosphine reduction. f Final (steady from t =  1300 min to end), rate =  0.88 M  min-1. » Methyl benzoate solvent. h 104.0 
mmol of acetic anhydride present. ' 21.7 mmol of isobutyl alcohol in initial charge. ’ 1.0 ml of water (58 mmol), added at start gives 
single phase at the 120° reaction temperature. * Isobutyl benzoate. 1 Isopentyl acetate. m l,l'-Azodicyclohexanecarbonitrile 
initiator. "  47.5 mmol of ¿eri-butyl hydroperoxide was added. » Net decrease in -O 2H titer.

T a b l e  I I
A cid  C o n te n t  o f  I so b u t y l  A cet a te  O x id a t io n s  a t  120°

O2 Total Total .--------- Acid yield, mol % of total-

Run
[£eri-Bu20 2],

M
IBAc,
mmol

Time,
min

consumed,
mmol

Convn,
%

- o 2h ,
mmol

-COOH,
mmol HCOOH CHjCOOH

(CH,),CH
COOH

24 0 600 1400 7 .5 1 .2 5 2 .5 0 6 .4 5 18 .2 7 7 .5 3 .8
25 0 .0 2 4 373 1125 1 3 .8 3 .7 0 1 .3 7 16.41 2 0 .5 7 5 .3 4 .2

T a b l e  III
G as Y ield s  o f  I so b u t y l  A c e tate  

O x id a t io n s  a t  120°
O2 consumed, Convn, /—Gas yields, mmol—*

Run mmol % CO H=
4 1 3 .7 4 .6 0 3 .8 0 1 .8 9
3 2 .7 0 .9 1 0 .3 4 0 .1 0
7 4 .9 1 .6 5 0 .8 2 0 .0 6
8 9 .6 1.61 1 .3 0 0 .2 0

24 7 .4 1 .2 3 0 .7 2 0 .1 3
17“ 3 .6 1 .61 0 .5 4 0 .0 2
18* 4 .0 1 .51 0 .0 9 0 .0 1
25 1 3 .8 3 .7 0 4 .2 1 0 .8 9

“ Isobutyl benzoate. b Isopentyl acetate.

IBAc concentration; it further indicated that the 
oxidation is not sensitive to participation by solvent- 
derived radicals; i.e., an ideal cooxidation18 is obtained. 
Active tertiary hydrogen substrates, in particular 
cumene,18 19 often show marked deviation from ideality. 

These results also suggest that this system is sig-

(18) F. R. Mayo, M. G. Syz, T. Mill, and J. K. Castleman, A d v a n . C h em . 
S er., 75, 38 (1968).

(19) G. A. Russell, J . A m e r .  C h em . S o c ., 78, 1047 (1956).

nificantly different from the analogous isobutane11 
oxidation where the feri-butylperoxy radical enters into 
a bimolecular, nonterminating reaction to produce 
ferf-butoxy radicals. At high IBAc concentration, 3 
would be converted to 2.

O
II

(CH3)2CCH2OCCH3
I

o -

o
II

(CH3)5CCH,OCCH3
I•o2

The possibility of the conversion of the chain carrier 
radical 4 to 3 as a significant reaction in the mechanism 
is discussed in the section on products. A comparison 
of the absolute oxidation rates of the IBAc and iso
butane systems infers that a much faster termination 
exists in the IBAc system than in the isobutane system. 
At 100° with ferf-butyl peroxide (0.0619 M), neat 
isobutane (7.46 M ) oxidizes11 at a rate of 3.5 X 10~4 
M  min-1. At the same temperature and comparable 
initiator concentration (run 21, Table I), neat IBAc 
(6.6 M) oxidizes at 0.45 X 10-4 M  min-1.

Order in Initiation Rate.—In Figure 2 the oxidation
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Figure 1.— Substrate concentration rate dependence.

rates of neat (6.5 M) IBAc at 120° are plotted against 
the initiator concentrations on a log-log scale. A 
straight line is obtained over a tenfold range of tert- 
butyl peroxide concentration, and the slope of the line 
is 0.52, probably identical within experimental error to 
the theoretical value of l/ 2 which applies for simple 
oxidations. Thus, some of the complications which 
lead to nonrational20 initiation orders are absent in this 
reaction.

In particular, the thermal initiation rate is apparently 
minor compared to that from the added ferf-butyl 
peroxide. The estimation of the initial thermal rate,
0.3 X 10-4 M min-1 (runs 1 and 2, Table I), suggests 
that, where ferf-butyl peroxide is ~0.02 M, the ratio of 
initiation rates is (1.9/0.3)2 = 40/1. Also, the onset 
of autocatalysis is relatively slow with the rate of the 
thermally initiated run slowly rising to ~0.88 X 10~4 
M min-1. Initiated oxidations of IBAc at 120° show 
either no autocatalysis or a slight diminution of rate, 
as shown by Figure 3. These results contrast with the 
oxidation of the cyclohexylenedimethylene diacetate, 
described in another paper.12

Temperature Effect.—Only two temperatures were 
investigated due to the low reactivity of IBAc. At 
100° with ferf-butyl peroxide (0.0400 M), the rate is
0.30 X 10~4 M min-1 (run 19, Table I) vs. the expected 
rate of 2.7 X 10_4M  min-1 (read from Figure 2) at 120°. 
A two-point Arrhenius plot of these data indicates an 
overall activation energy (E&) of 32 kcal/mol. Assum
ing the rate law is of the form

Ro =  A[ieri-Bu202] '/¡[IBAc] (1)

and the activation energy21 for ferf-butyl peroxide is 
37 kcal/mol, the overall activation energy exclusive of 
the initiation step is

AE  = 32 — (1/ 2)(37) = 14 kcal/mol

If, as argued in the preceding sections, the termination 
is the relatively low activation process of a primary 
(or secondary) and a tertiary peroxy radical com
bination (Ea ~ 3 ) , then the net activation energy of the 
propagation reaction would be ~ 1 5  kcal/mol. This 
assumes that eq 1 in the complete form is

R0 = (fli/2fct)‘A*p[IBAc] (2)

where fcp is the rate constant for propagation, kt the 
rate constant for termination, and Ri the rate of 
initiation, related to the concentration of ferf-butyl 
peroxide by

Ri = 2ki[tert-H\\iOi\ (3)

where kd is the rate constant for the decomposition of 
¿erf-butyl peroxide. The 15-kcal activation energy

(20) D. E. Van Sickle, J . Org. Chem., 37, 755 (1972).

R0 X IO4, M MIN“1

Figure 2.—-Effect of initiator concentration.

Figure 3.— Oxygen absorption of isobutyl acetate.

associated with fcp is the same value calculated for the 
isobutane11 oxidation.

Products of Oxidation.—As can be seen from Table 
I, hydroperoxide yields are only ~ 4 0 %  of the oxygen 
absorbed. After triphenylphosphine reduction of the 
oxidate, the amount of 2 found corresponds quite 
closely to the hydroperoxide content. Therefore, it 
was assumed that, at most of the conversions studied, 
the hydroperoxide 5 accounted for ~ 4 0 %  of the oxygen 
consumed.

O
II

(CH3)2CCH2OCCH3
I

o 2h
5

Only in the high conversion run 145 (Table I), where 
reaction was continued until oxygen in the bulb void 
space was exhausted, did 2 substantially exceed the 
hydroperoxide yield.

Aside from ferf-butyl alcohol, which arises from 
initiator fragments, the only other product reliably 
detected in the glpc analysis was acetone. Peaks which 
were later identified as those of acetic and isobutyric 
acids were present but did not account quantitatively 
for the acid titrated. Calculation of the amount of 
ferf-butyl alcohol which should be formed if all peroxide 
which decomposes is converted to this product agrees 
within 0.1 to 0.2 mol of alcohol actually found. Pre
viously published21 values for the decomposition rate 
of ferf-butyl peroxide were used to calculate the number 
of ferf-butoxy radicals formed. Therefore, all of the

(21) P. Molyneux, T etrah ed ron , 22, 2929 (1966), and references cited 
therein. The “ best”  value of E& for ierf-butyl peroxide is 37.8 ±  1.0 kcal/mol.
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acetone found in the IBAc oxidations was assigned to 
the substrate itself and not to fragmentation of the 
(erf-butoxy initiator radicals.

As indicated previously, direct glpc analysis for the 
acids present in the product mixture was not effective. 
To determine the nature of the acids present, two 
oxidation runs were made which were worked up to 
isolate the acids present as propyl esters (see Experi
mental Section). The results are summarized in Table
II. The significance of the results is considered in the 
section on the mechanism of the reaction.

Gas yields of selected runs are given in Table III. 
The gas law was used to calculate the yields from the 
glpc analysis of the gas from the reaction bulb void. 
The amount of product gas dissolved in the liquid phase 
was calculated from the estimated22 solubilities of the 
gases in the isobutyl acetate. The only two significant 
gaseous products were carbon monoxide and hydrogen. 
Carbon dioxide was reported only in trace quantity.

Proposed Mechanism.—It appears from the data 
presented here that isobutyl acetate oxidizes by the 
same mechanism as isobutane11 but that subsequent 
decomposition of the product hydroperoxide compli
cates the overall picture. The following equations 
represent a minimum description of the system.

tert-Bu20 2 — *■ 2 ieriBuO (4)

ieri-BuO +  H -^ ^ ^ O A c — *• ierf-BuOH +  OAc (5)

+  0 2 —  - O . - ^ ^ O A c  (6)

•02-^ '^ 'O A c +  H -^ ^ D A c  —*■

H02̂ " ^ O A c +  OAc (7)

H02"^ ^  'OAc — ► y = 0  +  CH20  +  AcOH (8)

CH,0 — radical intermediates — »- HCOOH +  CO +  H2 (9)

2 -0 2- ^ V'O A c — »  2 - O - ^ ^ O A c  +  0 2 I (10)

• O -^ ^ ^ O A c — > -^ = 0  +  CH,0 +  CO +  CH3- ) tentative, (U)
1 see

CH3- +  0 2 —+■ CH30 2-------------- CH20  1 discussion (12)

.q  ) y ^ ^ 0 A c  +  srnad peroxy __ ^ nonradical Qg)
/  radical products

(e.g, CH30 2-)

H - ^ ^ O A c  +  RO------► H ^ ^ O A c  +  ROH (14)

H ^ ^ O A c  —  H -^  CHO +  CO +  CH3. (15)

\
I

H^COOH

Except for the final two equations, all products are 
postulated to arise from attack at the tertiary hydrogen. 
Equations 4-7 are a straightforward analogy of the 
hydrocarbon oxidation mechanism.1 The remaining 
equations require some elaboration and qualification.

(22) Solubilities of 0.0088 and 0.0022 mol l.-* atm-1 for carbon monoxide
and hydrogen, respectively, were calculated by the method of J. M. Prausnitz
and F. H. Shair, Airier. Inst. Chem. Eng. J ., 682 (1961).

Equation 8 .—Decomposition of hydroperoxides23 is 
usually thought to proceed via radical intermediates; 
yet the characteristics of this reaction seem to require, 
at least in part, a nonradical decomposition. Auto
catalysis of the oxidation is very weak, which suggests 
that unimolecular or bimolecular decomposition to 
radicals is not obtained. An induced form of decom
position which would not result in a net generation of 
radicals as occurs with (erf-butyl hydroperoxide23 (eq 10 
in part) cannot be a major contributor since little or no 
excess of 2 over the amount of hydroperoxide reduced 
is found. This conclusion is qualified on the assump
tion that peracids make no contribution to the hydro
peroxide titer.

A brief investigation of the decomposition properties 
of the hydroperoxide was made by isolating (by distil
lation of unreacted IBAc) 1.46 mmol of 5, adding 
IBAc until there was 40 ml of solution, and decom
posing it at 120°. Within 16.25 hr, all of the hydro
peroxide had decomposed, and 1.37 mol of acetone and
0.82 mol of acid had formed. More importantly, none 
of the acetate 2 was detected in the products. Thus, 
if radical 3 is formed, it rapidly fragments without 
competing abstraction from IBAc solvent to give 2. 
Although we have no conclusive evidence, a cyclic 
transition state for decomposition looks attractive.

Equation 9.—Formic acid is a significant product of 
the reaction, and it seems reasonable to ascribe its 
formation to the oxidation of formaldehyde. The 
amount of formic acid found is significantly less than 
the amount of acetic acid; if formaldehyde and acetic 
acid are formed initially in equal amounts, conversion 
to formic acid is not quantitative. A possible explana
tion for this less than quantitative conversion is trans- 
esterification with the substrate to give isobutyl formate 
and acetic acid. Alternate reactions of formaldehyde 
include formation of peroxy acetals (with hydro
peroxides) and subsequent decomposition. No sig
nificant levels of formaldehyde were detected by the 
chromotropic acid test during the oxidations or the 
hydroperoxide decomposition experiment. In run 16 
(Table I) polarographic analysis of the water phase 
which separated on cooling gave some indication of 
formaldehyde. Another possibility for less than quan
titative conversion of formaldehyde to formic acid 
could be the concomitant formation of carbon mon
oxide. Horner, Style, and Summer24 studied the 
photooxidation of formaldehyde in the gas phase at 
110° and found formic acid, carbon monoxide, carbon 
dioxide, and hydrogen as products. No analogous 
liquid phase studies seem to be available.

Equations 10-12.—As pointed out previously, an 
induced decomposition of the hydroperoxide does not 
seem to be the major pathway for its decomposition. 
A seemingly plausible alternate explanation for the 
formation of carbon monoxide, a significant product,

(23) R. Hiatt, T. Mill, and F. R. Mayo, J . O rg . C h em ., 33, 1416, 1421 
(1968).

(24) E. C. A. Horner, D. W. G. Style, and D. Summers, T ra n s . F a ra d a y  
S oc, 50, 1201 (1954).



Atjtoxidation of Esters. I J. Org. Chem., Voi. 37, No. 9, 1972 1397

could be the decomposition of radical 3 (eq 11). 
However, a theoretical difficulty of eq 11 is the apparent 
endothermicity of the reaction. Calculation25 of the 
thermodynamics of eq 11 suggests that the reaction is 
34 kcal endothermic! If the reaction is broken down in 
steps the following results are obtained.

•O -^^^O A c — *■ ^ > = 0  +  -CH2OAc A H - - 5  ( n a)

•CH2OAc — *• CH20  +  -CGHj a H = +27 (nb)

0
•CCH3 — *■ CO +  CH3- a H =  +12 (lie)

0

These results suggest that the reaction may not 
proceed beyond the first step and that -CH2OAc is 
degraded to carbon monoxide and other products via 
the associated peroxy radical ChCHjOAc. Reactions 
of this radical are not known.

Evidence that radical 4 does form includes the de
tection of small amounts of 2-oxopropyl acetate in the 
product mix. Thus, for this product to form, methyl 
instead of acetoxymethyl is cleaved from radical 4. 
The amount of 2-oxopropyl acetate formed is small, 
obscured in the glpc trace by acetic acid, and is esti
mated to be present in less than 1/i0 the amount of 2.

Equation 13.—As discussed in the section on rates, 
the termination reaction does not seem to be between 
two type 4 radicals.

2-02̂ ^ 0 A c — »  AcO ^ N ^ O O ^ ^ O A c +  0 2

Reactions of this type (between tertiary radicals) 
have relatively high activation energies,26 and the 
overall rates of oxidation are sensitive to the addition19 
of small amounts of reactive substances. With the 
various fragments available from the decomposed hy
droperoxide, a cross termination seems most likely.

Equations 12 and 13.—As mentioned in the introduc
tion, it has usually been assumed that hydrogens a to an 
esterified hydroxyl function are inert to attack by 
peroxy radicals. Thus, ethylene dibenzoate could not 
be oxidized8 at temperatures below 200°, and Mill9 
found isopropyl acetate quite resistant to oxidation 
but, perhaps, susceptible to water catalysis. The 
experiments with added water (run 16, Table I) or 
isobutyl alcohol (run 15, Table I) suggest that IBAc 
oxidation rates seem comparable to those of the “ un
doped”  runs, and the acid yield of the run with iso
butyl alcohol seems normal. Thus, rapid oxidation of 
the alcohol, relative to the oxidation rate of the ester, 
does not seem to be part of the mechanism. Hydrolysis 
of the ester apparently is slow; when the reaction 
mixture of run 16 (Table I) was cooled, water separated

(25) S. W. Benson, “ Methods for the Estimation of Thermochemical 
Data,” Wiley, New York, N. Y., 1968. The thermodynamics of eq 11c can 
be confirmed by the data of R. Walsh and S. W. Benson, J . P h y s . C h em ., 70, 
3751 (1966).

(26) D. G. Hendry, J .  A m e r . C h em . S o c ., 89, 5433 (1967).

from the reaction in apparently the same amount 
started with. However, isobutyric acid is a signif
icant product of the ester oxidation and needs to be 
accounted for. The most direct route to this product 
seems to be attack of the a position of the ester by some 
relatively reactive radical, most likely an alkoxy 
radical. Either decomposition of the ester radical as 
shown or, perhaps, degradation of the associated peroxy 
radical should ultimately lead to isobutyric acid.

Oxygen Balance.—The fact that secondary products 
are so prominent in the IBAc oxidation, even at 1% 
conversion, complicates accounting for the oxygen 
consumed. However, a reasonable approximation is to 
assume that the acetate 2 plus the acetone represent 
the total amount of hydroperoxide 5 originally formed. 
The difference between this amount of oxygen and the 
amount actually consumed represents the secondary 
oxidation processes, e.g., conversion of formaldehyde to 
formic acid. Two quantities were determined in 
Table IV. The “ excess oxygen” (A02) represents the

T a b l e  IV
O x y g e n  B a l a n c e  f o r  I s o b u t y l  A c e t a t e  O x i d a t i o n “

Acetone Acid —
and acetone -

Run diol o. AO;6 A2c A2/AO2
100°

19 2.09 2 .5 0 .4 1.22 3 .0
20 2.05 2 .7 0 .6 1.12 1.9
21 2.24 3.1 0 .8 1.33 1.7

120°
1 3 .94 5 .6 1 .7 3 .26 1.9
3 2 .09 2 .8 0 .7 1.23 1 .8
7 4 .37 4 .9 0 .5 1.10 2 .2

“ All quantities in millimoles. b “ Excess oxygen.’ ’ '  “ Excess
acid.”

oxygen available for secondary oxidation processes,
and the “ excess acid”  (A2) is the acid assumed to be 
present besides the acetic acid. Except for the first 
entry in the A2/A 0 2 column, the ratio of “ excess acid” 
to “ excess oxygen”  is ~ 2  and suggests the stoichiometry 
of eq 16.

2CH20  +  0 2 — >  2HCOOH (16)

This treatment overlooks the formation of isobutyric 
acid as well as carbon monoxide and also predicts a 
1:1 relationship between formic and acetic acid, a fact 
not borne out by the data of Table II.

Other Esters. —Preliminary experiments were carried 
out on isobutyl benzoate and isopentyl acetate. As 
expected, the oxidation behavior is mostly independent 
of the acid part of the ester. However, placing one 
more methylene group between the active hydrogen 
and the ester function causes the oxidation to more 
nearly resemble that of the hydrocarbon. Thus, iso
pentyl acetate oxidizes ca. five times as fast as isobutyl 
acetate, and the acid and gas yields are sharply reduced.

Registry No.—Isobutyl acetate, 110-19-0.
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Autoxidation of Esters. II. Cyclohexylenedimethylene Diacetate
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trans- 1,4-Cyclohexylenedimethylene diacetate (CH DM DA) was reacted with oxygen in the temperature 
range 100-120°. The data obtained from this investigation indicate that CHDM DA is more reactive in autoxida
tion and gives a much more complicated mixture of oxidation products than the acyclic analog (isobutyl acetate). 
The oxidation of CHDM DA at 100° is strongly autocatalytic, and the rate is nearly independent of added 
tert-butyl peroxide initiator. Titratable hydroperoxide accounts for ~ 1 0 %  of the oxygen consumed during 
autoxidation, but carboxylic acid yield is relatively high. Products tentatively identified from the oxidation 
mixture are 4-oxocyclohexylmethyl acetate (4) and the eis-trans pair of l-hydroxy-l,4-cyclohexylenedimethylene 
diacetate (6).

In a previous paper,1 it was shown that a tertiary 
hydrogen /3 to the ester function on the alcohol moiety 
reacts with oxygen in much the same way a hydrocarbon 
hydrogen does. However, the hydroperoxide formed 
as a primary product of ester autoxidation seemed to be 
much more susceptible to decomposition than a simple, 
tertiary hydroperoxide. To determine the effect of 
placing the reacting tertiary hydrogens in a ring and 
to determine how a bifunctional substrate would react 
in autoxidation, the reaction of frans-1,4-cyclohexylene- 
dimethylene diacetate (CHDMDA) with oxygen was 
studied.

Experim ental Section

Materials.—frans-1,4-Dimethylcyclohexane (99% pure) was 
obtained from Chemical Samples Co. ierf-Butyl peroxide (99% 
pure) was obtained from Wallace and Tiernan, Inc., Lucidol 
Div. (Both materials were used as obtained.) Peroxy- 
aeetic acid was obtained from FMC Corp.

trans- and cis- 1,4-Cyclohexylenedimethylene Diacetate
(CHDMDA).— The Eastman trans-1,4-cyclohexanedimethanol 
(CHDM) used was recrystallized once from ethyl acetate to 
give 99.4% irares-CHDM as indicated by glpc. The recrystal
lized CHDM was acetylated with acetic anhydride, and the 
CHDM DA was recrystallized from a water-methanol solution 
for a net yield of 89%. After the product was thoroughly dried 
in a vacuum desiccator, a 70° melting point was obtained (lit.2 
mp 70°).

The Eastman practical grade CHDM  used was distilled at
6.0 mm (95% reflux on ^100-plate column) to obtain the cis 
isomer. The head temperature of the column was 135° [lit.3 
bp, trans, 284° and, cis, 288° (760 m m )]. A pot residue from one 
of these distillations (90% cis as indicated by glpc) was exhaus
tively acetylated with acetyl chloride-pyridine reagent to give 
an oil, bp 107-108° (0.5 mm) [lit.4 5 bp 156° (6.0 m m )].

Cyclohexylmethyl Acetate (CHMA).— The Eastman reagent 
grade cyclohexane-methanol used was acetylated with acetyl 
chloride-pyridine reagent to yield CHMA, bp 52-54° (2 mm) 
[lit.6 bp 105° (56 m m )]. Glpc indicated that the product was 
free of alcohol but contained ~ 1 %  of unidentified impurity.

Possible CHDMDA Oxidation Products.— Two possible 
CHDM DA oxidation products were synthesized as glpc stan
dards. 4-Oxocyclohexylmethyl acetate (4), bp 76-78° (0.08 mm), 
was obtained by ozonolysis in acetic acid followed by reduction 
with powdered zinc of 4-exo-methyIenecyclohexylmethyl acetate 
(yield ~ 4 0 % ). The starting acetate, bp 72-73° (2.8 mm), was 
obtained by acetylating the corresponding alcohol (4-methylene- 
cyclohexane-methanol)2 with pyridine-acetic anhydride reagent 
(yield ~ 7 5 % ). (It was confirmed that no isomerization to the 
methylcvclohexene derivative had occurred.) The mr.r spec
trum of the product agrees with the proposed structure 4:

(1) D. E. Van Sickle, J .  O rg . C h em ., 37, 1392 (1972).
(2) G. A. Haggis and L. N. Owen, J .  C h em . S o c ., 404 (1953).
(3) Eastman Chemical Products, Inc., Technical Data Sheet No. X-105, 

P 2.
(4) J. Falbe, N. Huppes, and E. Korte, B ren n st . C h em ., 47, 207 (1966).
(5) A. Mac Lachlan, J . O rg . C h em ., 29, 1598 (1964).

nmr (CDC13) 6 1.0-2.1 (m, 5, ring protons), 2.1-2.5 (m, 4, 
ring protons), 1.98 (s, 3, methyl protons), and 3.95 (d, 2, meth
ylene protons).

l-Hydroxy-l,4-cyclohexylenedimethylene diacetate (6) was 
obtained as a crude mixture of isomers by epoxidizing 4-exo- 
methylenecyclohexylmethyl acetate with peroxyacetic acid in 
the presence of sodium acetate (lg ). Peroxyacetic acid (6.7 
g, -'-45 mmol) was added to the acetate (7.24 g, ~ 4 3  mmol) in 
50 ml of acetic acid containing 1 g of sodium acetate. After the 
heat of the initial reaction subsided, the mixture was heated on 
a steam bath for ~ 3 0  min, then cooled to 0°. The crystallized 
sodium acetate was filtered off, and the acetic acid was evapo
rated with a nitrogen stream at 100° to give a thick oil (6.3 g) 
which would not crystallize.

The infrared spectrum of the oil showed a strong hydroxyl ab
sorption at 3500 cm-1 and a strong carbonyl absorption (from 
the acetate groups) at 1750 cm-1. Glpc showed that the oil 
contained principally two components (partially resolved on an 
XE-60 silicone column) whose retention times were identical 
with those of two products from the oxidation of CHDM DA. 
An attempt by repetitive, preparative glpc to isolate the two 
components was unsuccessful; nmr spectra of the trapped ef
fluent showed considerable vinyl proton signals which suggested 
dehydration of products on the column. The nmr spectrum of 
the crude oil was in agreement with the assigned structure of a 
cis-trans pair but was not conclusive because of the impurities 
present: nmr (CDCI3) & 0 .8- 2.1 (m, 15, ring and methyl pro
tons), 3.8-4.1 (m, 3.7, methylene protons), and 3.0 (s, 1, hy
droxyl proton). No vinyl hydrogens were indicated.

Oxidation Procedure.— The apparatus and its use were the 
same as in the preceding investigation.1 The oxidation mix
tures (substrate and initiator) were made up in the reaction bulb. 
The irares-CHDMDA was added as a melt. The bulb contents, 
after oxidation, were emptied as a melt and soldified into a cake, 
and the cake was pulverized for analysis. Corrections of pres
sure readings and calculations of rates were done as previously 
described.’

Product Analysis.—Iodometric titrations of oxidized CHD
M DA were performed by the method of Mair and Graupner.6 
Benzene solutions of oxidized irares-CHDMDA were analyzed 
(without prior triphenylphosphine reduction since the hydro
peroxide titers were so low) for products by glpc using tempera
ture-programmed XE-60 silicone columns. Docosane was 
added to the solutions as internal standard. No response factors 
were determined; so the assumption that peak area is propor
tional to the weight of the material was used.

Results and Discussion

The rates of oxidation of ¿rans-CHDMDA and re
lated compounds, as well as the products of oxidation, 
are listed in Table I.

Rates.—Qualitatively, frans-CHDMDA is much 
more reactive to oxygen than is isobutyl acetate. At 
100°, R0 (initial and final rate of oxidation) for trans- 
CHDMDA is similar to R0 for isobutyl acetate at 120°. 
However, the insensitivity of the CHDMDA oxidations

(6) R. D. Mair and A. J. Graupner, Anal. Chem., 36, 194 (1964).
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T a b l e  I
O x id a t io n  o f  ¿ ra ra s -C H D M D A  a n d  R e l a t e d  C o m p o u n d s “

,-------- O2H yield-------- '
Initial Final O, O,

Substrate, tert- BU2O2, R o,b M Äo,c M Time, consumed, 3onsumed, Acid ,d -Products, mmol-----------*
Run mmol M m in-1 X  3104 min-1 X 104 min mmol M m ol' % mmol 6 f Other^»ff

l* CHDM DA 0.0218 5.9 17.3 125 3.1 0.35 11 1.8 0.20 0.32 0.34
93.5

2 CHDM DA 0.0129 0.6 1.5 520 1.0 0.21 21 0.65 0.09 0.22 0.20
93.5

3 CHDM DA 0.0214 1.2 ~ 1 .8 510 1.3 0.14 11 0.69 0.12 0.17 0.17
95.5

4 CHDM DA 0.0462 0.9 2.1 760 2.7 0.21 8 1.3 0.19 ~ 0 .4 0 0.36
98.7

5 CHDM DA 0.1610 1.1 3.7 1495 6.4 0.36 5.7 4.0 0.38 0.72 1 .0
95.7

6 CHDM DA4 0.0228 0.32 0.32 1840 1.4 0.83 60 0.42
98.9

7 CHMA 0.0225 0.55 0.71 1555 1.9 1.11 59 0.54
119

8 (CH3)2-C 6H10 0.0236 1.9 4.6 355 2.2 1.93 89 0.10
133

" Oxidations of neat materials; approximate concentrations at reaction temperature were 4-6 M ; oxygen pressure ranged from 2 to 
6 atm; 100° unless otherwise noted. b,c Initial and final rates of oxygen consumption, respectively, in mol l.-1 min-1. d By titration 
with aqueous NaOH. e By iodometric titration.5 /  Determined by glpc. a Mostly four products which elute after 6. K 120°. * Cis 
isomer.

to added ieri-butyl peroxide precludes a quantitative 
comparison of the reactivities of CHDMDA and iso
butyl acetate. Aside from run 2, in which the lowest 
ieri-butyl peroxide concentration was used, the rate of 
oxidation was effectively zero order in initiator. 
Apparently, at 100°, ieri-butyl peroxide provided only 
a small amount of the total radical generation.

At both 100 and 120°, the autocatalysis was strong 
with the final rate (after 1 to 5% conversion) being two 
or three times as fast as the initial rate. Evidently, 
and unlike that of the isobutyl acetate system, the 
decomposition of the primary product 1 proceeds 
through radical intermediates.

m -CHDM DA oxidizes much slower than the trans 
isomer and without autocatalysis. No simple ex
planation is apparent. The CHMA (run 7) is about 
as reactive as the irans-CIID AIDA on a per-tertiary- 
hydrogen basis.

Products. —Probably the most notable feature of the 
trans-CHDMDA oxidations is / the very low hydro
peroxide yield. The average value of the somewhat 
erratic yield is about 10%. As far as can be deter
mined, the thermal instability of the expected trans- 
CHDMDA oxidation product 3 is unique to its struc
ture. The oxidation of the hydrocarbon analog (1,4- 
dimethylcyclohexane) of CHDMDA is reported to give 
nearly quantitative yields of the hydroperoxide (at 95°), 
at least up to 10% conversions.7 It has also been 
reported that 1,4-dimethylcyclohexane gives a 
“ normal”  oxidation product8 (1) without participation

(7) V. Stannett, A. E. Woodward, and R. B. Mesrobian, J . P h y s . C h em ., 
61, 360 (1957).

(8) R. Criegee and P. Ludwig, E rd ô e l  K o h le , 15, 523 (19(2).

CH,OAc

OoH

S c h e m e  I 

O

+  HCHO +  CH,COOH

CH2OAc

4

I  i - c a 2O A c ) /

CH20Ac CH2OAc
O J  (A J  o2h

O ' - YY
CH2OAc

Y
CH2OAc

7

of an intramolecular propagation step.9 The di
hydroperoxide 2 of 1,4-dimethylcyclohexane can be 
formed, however, with 1 being an intermediate.

In run 8, the initial oxidation rate of 1,4-dimethyl- 
cyclohexane was faster than the corresponding CHD
MDA rate (run 3), and rate acceleration was fairly 
rapid. However, titratable hydroperoxide yield was 
high (although not so quantitative as previously 
reported6) and acid yield was low. Substitution of 
acetate groups on the methyl groups of the hydrocarbon 
obviously has a profound effect on the course of oxi
dation.

(9) F. F. Rust, J . Amer. Chem. Soc., 79, 4000 (1957).
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The products of fraws-CHDMDA oxidation which 
were identified support the premise of hydroperoxide 
3 and its associated alkoxy radical S as major inter
mediates (Scheme I).

Whether 5 arises from thermolysis of 3 or from a 
nonterminating reaction of peroxy radicals during the 
oxidation cannot be determined with the limited data 
of this investigation. The rapid autocatalysis of the 
oxidation and the near zero order in added initiator 
suggest a facile cleavage of 3 to radicals. The uniden
tified products found by the glpc analysis are assumed 
to result from ring cleavage of radical 5 to radical 7 
and so on or, possibly, from radical attack at the 
secondary ring hydrogens of the CHDMDA.

The amount of acid titrated in the oxidized trans- 
CHDMDA mixture increases almost proportionately

to increasing conversion. Howrever, the production of 
4 falls far short of accounting for the acid formed (top 
line of Scheme I), even if it is assumed that the formal- 
dehyde is quantitatively oxidized to formic acid.1 2 
Clearly, there are other sources of carboxylic acid in 
the oxidation mechanism.

The results of this and other investigations indicate 
that a multiplicity of products may be generated from 
the autoxidation of simple bifunctional esters. Much 
more work will be required to identify and authenticate 
all of the elementary steps of the oxidation mechanism 
of esters.

Registry No.—4, 33904-15-3; frans-l,4-cyclohexyl- 
enedimethylene diacetate, 10412-78-9; 4-ouo-methy- 
lenecyclohexylmethyl acetate, 33904-17-5.

Resin Acids. XXIII. Oxidation of Levopimaric Acid 
with Potassium Permanganate and Osmium Tetroxide12

W erner Herz* and R. C. Ligon

Department of Chemistry, The Florida State University, Tallahassee, Florida 32306 
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Structures have been deduced for the products resulting from the KMnOt and osmium tetroxide oxidation of 
levopimaric acid. The major product of KMnO« oxidation is 8a(12a)-oxido-13a, 14a-dihydroxyabietan-18-oic 
acid (2a). The compounds produced by osmium tetroxide of methyl levopimarate are methyl 8a, 14a-dihydroxy- 
abiet-12-en-18-oate (16), methyl 12a,13a-dihydroxyabiet-8(14)-en-18-oate (13), and methyl 8a, 12a, 13a, 14a- 
tetrahydroxyabietan-18-oate (15). The preparation of other enediols, epoxydiols, and tetraols derived from 
levopimaric acid is described.

Structure 2a (exclusive of stereochemistry) was 
proposed after prolonged controversy3 by Wienhaus and 
Marchand4 5 for the major product resulting from the 
oxidation of levopimaric acid (la) with aqueous 
permanganate. This formula has been generally 
accepted, but the evidence for the gross structure was 
not decisive and the stereochemistry assigned to it more 
recently on a provisional basis6 remained unproved.6 
In the present communication we produce conclusive 
proof for formulation of this substance as 2a. We also 
show that earlier structure assignments8 for the diols 
obtained by osmylation of methyl levopimarate (lb) 
require correction.

Potassium Permanganate Oxidation. —The nmr spec
trum of 2b, obtained in 30% yield by oxidation of 
levopimaric acid followed by esterification, was in 
excellent agreement with the gross structure assigned 
to it by the German workers.4 The presence of a 
secondary hydroxyl group on a carbon next to two

(1) Previous paper: W. Herz and V. Baburao, J . O rg. C h em ., 36, 3899
(1971).

(2) Supported in part by grants from the National Science Foundation 
(GP-12582) and the Petroleum Research Fund, administered by the Ameri
can Chemical Society (508-A1).

(3) For a review of work prior to 1953, see J. Simonsen and D. H. R. Bar
ton, “ The Terpenes,”  Vol. I l l ,  2nd ed, Cambridge University Press, New 
York, N. Y., 1952, p 438; Vol. V, 1957, pp 604-610.

(4) H. Wienhaus and B. Marchand, C h em . B er ., 91, 401 (1958).
(5) H. Kanno, W. H. Schuller, and R. V. Lawrence, J .  O rg . C h em ., 31, 

4138 (1966).
(6) Especially so since the structure of levopimaric acid dioxide, whose 

transformation products were compared with the transformation products 
of 2a, has had to be revised.7

(7) W. Herz, R. C. Ligon, H. Kanno, W. H. Schuller, and R. V. Lawrence, 
J . O rg . C h em ., 35, 3338 (1970).

(8) B. Marchand, C h em . B er ., 91, 407 (1958).

la, R =  H 2a,R =  H 3
b, R =  CH3 b,R =  CH3

4  5 6

b, R =  Ac

tertiary centers and of an ether oxygen linking a ter
tiary and secondary carbon atom next to a methylene 
group was indicated by a doublet (J =  3 Hz) at 4.05 
ppm, which collapsed to a singlet on addition of D20, 
and a multiplet at 3.30 ppm. The cis nature of the diol 
was easily established by the formation of a sulfite ester



Oxidation of Levopimaric A cid J. Org. Chem., Vol. 87, No. 9, 1972 1401

3 and by facile cleavage of 2b with lead tetraacetate to a 
product which had properties commensurate with 
formula 4. The nmr spectrum of 4 displayed the signal 
of the C-10 methyl group at relatively high field. This 
value is reasonable if the C-10 methyl group is in a 1,3- 
diaxial relationship to the new aldehyde carbonyl, a 
situation possible only if the oxide bridge of 2 b is a 
oriented.

To confirm this deduction and to establish the 
relative orientation of the hydroxyl groups to the oxide 
bridge, attempts were made to oxidize 2 b to the ketol
5. These experiments met with little success at first.9 
Acidic Cr(VI) reagents led to products arising from 
cleavage of the diol grouping. The main product 
(70%) was identified as the keto acid ester 6. which has 
been obtained more directly by Lemieux-Rudloff and 
Ru04-N aI04 oxidation of lb , 10 by exhaustive ozonolysis 
of lb followed by oxidative work-up,10 and by lead 
tetraacetate-Jones oxidation of 2 b . 10 Two other 
compounds which were formed in variable amounts 
also resulted from cleavage of the diol system and 
contributed to an understanding of the path by which 
6 was formed.

One of these had structure 7 on the basis of the 
empirical formula C2iH30O6 and spectral data. The 
infrared spectrum exhibited three carbonyl bands at 
1790, 1732, and 1721 cm-1, indicating the presence 
of strained lactone, ketone, and ester groups. The 
presence of a ketone was further verified by the CD 
curve. Since the nmr spectrum displayed no reso
nance below 2.6 ppm other than that of the methyl 
ester function, the only possible structure was 7. The 
stereochemistry of 7 was inferred from that subse
quently deduced for the starting material 2 b and was 
corroborated by the weak positive Cotton effect, which 
is in excellent agreement with the octant diagram 
(Figure 1).

The third product, C2iH3206, isolated from the 
chromic acid oxidation of 2 b, was also produced by 
reduction of 7 with sodium borohydride and could 
therefore be assigned formula 8a. Its nmr spectrum 
had a new broad multiplet at 3.80 ppm (Wi/, =  20 Hz) 
which sharpened on addition of D 20  and appeared as a 
doublet of doublets (J = 10, 6 Hz) at 4.97 ppm in the 
nmr spectrum of 8 b. Inspection of a model of 7 
indicates that hydride attack should occur on the 
a face of the molecule and produce a /3-oriented hy
droxyl group. This is in accord with the nmr spectrum 
of 8 b. The observed couplings (10, 6 Hz) fall within 
the ranges expected for axial-axial (8-13 Hz) and axial- 
equatorial (2-6 Hz) couplings for six-membered rings 
in the chair conformation.11

Chromic acid induced cleavages of vicinal secondary-

(9) Oxidations which require removal of the proton at C-14 by a base in 
the initial step (Pfitzner-Moffat, Albright-Goldman, and modifications 
thereof) resulted in complete recovery of starting material. Inspection of 
molecular models indicates that, if the stereochemistry is as depicted in 2b, 
approach to H-14 by a base is severely restricted by the C-10 methyl group. 
Attempts to oxidize 2b with Sarett’s or Collins’ reagent also resulted in re
covery of starting material. The reason for this is not readily apparent but 
may be due to an increase in the bulk of the oxidizing agent (association of 
two pyridine molecules with the chromium species) which inhibits formation 
of a chromate ester.

(10) (a) S. W. Pelletier, K. N. Iyer, C. W. Chang, and A. Ogiso, T etra 
hedron  L ett., 3819 (1968); (b) S. W. Pelletier, Iv. N. Iyer, and C. W. Chang, 
J . O rg. C h em ., 35, 3535 (1970).

(11) L. M. Jackman and S. Sternhell, “ Application of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry,”  Pergamon Press, Elmsford,
N. Y., 1969, p 288.

tertiary diols have been reported previously,12 although 
oxidation to a hydroxy ketone is usually the dominant 
reaction. In the case of 2b, however, inspection of the 
model shows that the two hydroxyl groups are ideally 
suited for formation of a cyclic chromate ester, the 
initial step in the path by which ditertiary 1,2-glycols 
are cleaved.13,14

9 10 11

The desired ketol 5 was eventually prepared in low 
yield by the method of Walker,12 which employs 
manganous ion to suppress the cleavage reaction. 
Subsequently the yield of 5 was improved by utilizing 
chromium trioxide-acetic anhydride in benzene.15 
The C-10 methyl resonance of 5 appeared at 0.71 
ppm, a chemical shift similar to that of 4. Inspection 
of models showed that the C-10 methyl group is in 
the shielding cone of the carbonyl group at C-14 only 
if the oxide bridge is a oriented. The CD curve of the 
ketol exhibited a negative Cotton effect, which is in 
accord with the octant diagram (Figure 2).

Sodium borohydride reduction of 5 afforded a new 
diol 1219 which must differ from 2b at C-14. This was 
confirmed by the infrared spectrum, which indicated a 
trans relationship of the two hydroxyl groups (two 
bands at 3420 and 3310 cm-1, nonbonded and bonded 
hydroxyl). The C-10 methyl group, whose signal 
appeared at 0.93 ppm, was deshielded by 7 Hz in 
comparison with the C-10 methyl group of 2b. It 
follows20 that the C-14 hydroxyl group of 12 is ß and

(12) B. H. Walker, J . O rg. C h em ., 3 2 , 1098 (1967).
(13) J. Rocek and F. H. Westheimer, J . A m e r . C h em . S o c ., 84, 2241 

(1962).
(14) If this is so, the presumed intermediate 9 is formed via  4 rather than 

by cleavage of 5. Rearrangement of 5 to 8a, perhaps by way of the pseudo
acid 10, is followed by oxidation to 7. Further oxidation of 7 or its open- 
chain equivalent furnishes 11 and then 6.

(15) The success of these experiments leads to the conclusion that at least 
part of the cleavage of 2b to 6, 7, and 8a is due to the presence of Cr(IV), 
since the reactivity of this species is suppressed under these conditions.12,16 
That Cr(IV) is responsible for oxidative cleavage of secondary alcohols 
which contain a quaternary center has been demonstrated recently.17,18

(16) K. B. Wiberg and S. K. Mukherjer, J .  A m e r . C h em . S o c ., 93, 2543 
(1971).

(17) J. Rocek anc A. E. Rudkowsky, ib id ., 90, 2986 (1968).
(18) P. M. Nave and W. S. Trahanovsky, ib id ., 92, 1120 (1970).
(19) The structure of a compound to which this formula was ascribed 

previously5 has been revised.7
(20) R. F. Zürcher, H elv . C h im . A c ta , 46, 2054 (1963).
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Figure 2.— Octant diagram of 5.

that of 2b is a. This is eminently reasonable, since 
inspection of models shows that hydride attack on 5 
should occur exclusively from the a side. Therefore 
the stereochemistry of the permanganate oxidation 
product of levopimaric acid is correctly represented by 
2a.

Osmium Tetroxide Oxidation and Related Topics.—
Marchand8 reported that osmium tetroxide oxidation of 
lb in diethyl ether-pyridine furnished two dihydroxy 
esters which could be separated because the solubilities 
of their osmate ester-pyridine complexes differed. The 
major product, mp 138-140°, was assigned structure 13; 
the minor product, mp 118-120°, formula 14. Further 
oxidation of the major product yielded a tetraol 
formulated as 15. No evidence was presented to 
substantiate these assignments.

Because recent work in our laboratory1 led to the 
isolation and structure proof of 16, whose melting 
point matched that of Marchand’s major product, we 
repeated the osmium tetroxide oxidation of lb  by the 
described method. The major product, mp 138-140° 
(70%), was indeed identical with 16. The minor 
product, mp 112-114° (20%), was identified as 13. 
A slightly broadened singlet at 5.27 ppm was character
istic of a vinyl proton at C-14, not C-12, and the 
presence of a multiplet at 3.87 ppm which sharpened 
on addition of D20  confirmed that the secondary 
hydroxyl group was attached to C-12 rather than to 
C-14. The normal chemical shift of the C-10 methyl 
resonance (0.78 ppm) indicated a rather than ¡3 orien
tation of the two hydroxyl groups, in agreement with 
the rule that attack on the a face of levopimaric acid 
is generally preferred.

Osmylation of lb in anhydrous benzene furnished 16 
and the tetraol 15, mp 186-188°, which could also be 
prepared by further osmylation of 16. The nmr 
spectrum of 15 indicated the presence of nine low-field 
protons, four of which disappeared after deuterium 
exchange. Of the remaining five, three could be 
assigned to the methyl ester function (singlet at 3.60 
ppm), one to H-14 (singlet at 3.50 ppm), and one to 
H-12 (somewhat broadened triplet at 3.94 ppm).21 
Conclusive proof for the a orientation of the hydroxyl 
groups at C-12 and C-13 was provided by the observa-

(21) The appearance of this signal was compatible neither with an a -  
hydroxyl (H-12 0 and axial) nor a 0-hydroxyl (H-12 a  and equatorial) group 
on C-12 and may reflect distortion of ring C as has been noted in similar 
compounds.22

(22) J. W. Huffman, T. Kamiya, L. H. Wright, J. J. Schmid, and W. 
Herz, J . O rg. C h em ., 31, 4128 (1966).

tion that osmylation of 1823 and 19,7 both of authen
ticated stereochemistry, furnished 15.24 25

Jones oxidation of 16 gave the ketol 21, which could 
be obtained more directly from 2b by the action of 
phosphoric acid in refluxing methanol, perhaps via 
0 elimination of an intermediate 22. Sodium boro- 
hydride reduction of 21 furnished 23 by attack from the 
less hindered a face. In accordance with the postu
lated stereochemistry, the C-10 methyl resonance was 
deshielded by 7 Hz in comparison with that of 21.20 
Further confirmation for the orientation of the C-14 
hydroxyl group was provided by the observation that 
23 resisted acetylation with acetic anhydride-pyridine 
under conditions which afforded the 14-acetate 17 in 
quantitative yield. Models show that attack on the 
secondary hydroxyl group of 23 is severely hindered by 
the C-10 methyl and the axial hydrogen on C-6, 
while the secondary hydroxyl group of 16 is easily 
approached.

Osmylation of 23 gave the tetraol 24 by attack from 
the less hindered a side. This conclusion was sup
ported by the appearance of the C-10 methyl resonance 
at 0.97 ppm. Use of Table I, which lists the approx-

T a b l e  I
S u b st it u e n t  S h ift s  fo r  C-10 M e t h y l  G r o u p

IN 8a-ABIETANESa
Substituent J , Hz Ppm

8a-OH — 5..0 ±  0 .5 - 0 .0 8
12a-OH - 3 . 5 -0 .0 6
120-OH 3.0 0.05
13a-OH - 1 . 0 -0 .0 2 ''
14a-OH - 3 . 5 - 0 .0 6
14/3-OH 3.0 0.05

From nmr spectra run at 60 MHz in CDC1, solution
least three compounds. Reference compound is methyl 8a- 
abietan-18-oate. Positive values indicate shift toward lower 
field. 6 Two compounds.

imate shielding constants for hydroxyl groups in ring 
C of 8a-abietanes and is derived from measurements on 
a number of compounds obtained in the course of 
our studies of resin acids, affords the same value.27 
Epoxidation of 23 yielded 25, the stereochemistry of 
the oxirane being based on analogy to the osmium 
tetroxide oxidation and on the presence of a narrowly 
split triplet at 3.27 ppm (H-12). Attempts to cleave 
the epoxide ring with acid to form a new tetraol re
sulted in a complex mixture of at least seven com
ponents.

The C-12 epimer 27 (H-14 singlet at 5.18, H-12 
multiplet at 4.38 ppm) of 19 was formed by sodium 
borohydride reduction of 2623 and underwent spon
taneous dehydration at room temperature to 28 (H-14 
singlet at 5.64, H-7 multiplet at 5.43, H-12 multiplet 
at 4.30 ppm), presumably because this relieves the 
severe interaction between the pseudoaxial hydroxyl

(23) R. N. Moore and R. V. Lawrence, J . A m e r . C h em . S o c ., 80, 1438 
(1958); 81,458 (1959).

(24) Reductive cleavage of the transannular peroxide linkage of 18 was 
undoubtedly caused by the hydrogen sulfide used to cleave the osmate ester.

(25) Since it has been shown26 that the double bond of A8(u >-abietanes is 
attacked from the 0 as well as the a  face, it is reasonable to assume that the 
noncrystalline material obtained by Marchand8 from the osmylation of the 
enediol, mp 118—120° (now shown to be 13), was a mixture of 15 and 20.

(26) J. W. Huffman, J. A. Alford, and R. R. Sobti, J . O rg . C h em ., 35, 473 
(1970).

(27) Table I predicts a chemical shift of 0.86 ppm for the C-10 methyl 
signal of 17. This is in good agreement with the observed value (0.88 ppm).
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group at C-12 and the C-10 methyl group in 27. Since 
28 differs from methyl 12a-hydroxyabiet-7,13-dieno- 
ate,28 the C-12 stereochemistry of 27 and 28 is as 
shown.

Osmylation of 27 produced a new tetraol 20 whose 
nmr spectrum displayed the C-10 methyl signal at

(28) W. Herz, H. J. Wahlborg, W. D. Lloyd, W. H. Schuller, and G. W.
Hedrick, J . Org. Chem., 30, 3190 (1965).

anomalously high field (0.85 instead of 0.97 ppm as 
calculated from Table I). We ascribe this to a con
formational change in ring C from a chair to a twist- 
boat, which minimizes the strong interaction between 
the C-10 methyl and the axial 12-hydroxyl group. An 
analogous interaction exists in 24 between the C-10 
methyl and the 14-hydroxyl group, but here the inter
action would be exacerbated rather than relieved by a 
conformational change.

Epoxidation of 19 furnished 30, which had spectral 
properties in accord with the proposed stereochemistry 
and exhibited surprising stability toward aqueous acid 
when attempts were made to convert it to a tetraol. 
Elevated temperature caused quantitative conversion 
of 30 to methyl 12-hydroxydehydroabietate (31).23 30 
Oxidation of 30 with Collins’ reagent afforded 32, a 
substance also obtained quite surprisingly and more 
conveniently by refluxing 337 in xylene.

The direct thermal conversion of 33 to 32 is difficult to 
explain in terms of the diradical mechanism discussed 
for the thermolysis of endoperoxides such as ascari- 
dol,29,30 but can be rationalized by assuming heterolytic 
cleavage of the peroxide bond to the zwitterion A, 
which suffers loss of a proton. This speculation is 
supported by the observation that substitution of the 
more polar solvent chlorobenzene for xylene produced a 
notable increase in the rate of conversion of 33 to 32. 
The possibility that catalysis by the glass walls of the 
reaction vessel might be responsible for the transfor
mation of 33 to 32 through operation of the Korn- 
blum-De La Mare mechanism B31 was thought to be 
unlikely as addition of glass helices to increase the 
surface area did not result in an increased conversion 
rate. Moreover, it has been shown previously7 that 
treatment with alkali transforms 33 into 34, presum
ably via Favorskii rearrangement of the intermediate, 
not isolable 32 and subsequent lactonization; this 
conversion can also be catalyzed by weaker organic 
bases such as cyclohexylamine.

Experimental Section32
M ethyl 8 a (1 2 a )-O x id o-13a ,14«-d ih yd roxyab ietan -18 -oate  

(2 b ) .— T o  a solution of 60 g of la  and 25 g of KOH in 1 1. of

(29) J. Boche and O. Runquist, ib id ., 33, 4285 (1968).
(30) K. K. Maheshwari, P. De Mayo, and D. Wiegand, C a n . J .  C h em ., 

48, 3265 (1970).
(31) N. Kornblum andP. De La Mare, J .  A m e r .  C h em . S o c ., 73, 880 (1951).
(32) Melting points are uncorrected. Analyses were carried out by Dr. 

F. Pascher, Bonn, Germany. Nmr spectra were run on Varian A-60 or 
Bruker HFX-90 instruments in deuteriochloroform with tetramethylsilane 
as internal standard, unless specified otherwise. Values for line positions 
are expressed in parts per million from the standard, coupling constants in 
hertz. Signals are characterized in the usual way: d, doublet; t, triplet; 
br, broadened singlet; m, multiplet; c, complex band whose center is given. 
Singlets are not marked. Ir spectra were run on a Perkin-Elmer Model 257 
spectrometer as KBr pellets unless otherwise noted. ORD curves were re
corded on a Jasco Model ORD/UV-5 recording spectropolarimeter in meth
anol solution; rotations were measured in 95% ethanol. Mass spectra were 
run at 70 MeV on a Nuclide 12 in medium resolution or a MS-902 high 
resolution mass spectrometer. Silica gel PF254+366 (Merck) was used for 
preparative tic.
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water was added 90 g of K M n04 in small portions. The mix
ture was stirred for 1 hr in an ice bath and for 2 hr at room tem
perature. The M n02 formed was decomposed with NaHS03, 
the mixture was filtered, and the filtrate was acidified with dilute 
H2S04. The product was taken up in ether, and the solution 
was extracted with saturated brine, dried, and partially concen
trated in vacuo. The concentrated ether solution was methylated 
with diazomethane and chilled; this resulted in precipitation of 2b. 
Further work-up of the mother liquors gave a total of 21.4 g 
(30%) of 2b: mp 178-180°; nmr signals at 4.05 (br, sharpens on
addition of D20 , H-14), 3.64 (methoxyl), 3.30 (m, H-12), 1.12 
(C-4 methyl), 1.06 (d) and 0.90 (d, J =  7.0 Hz, isopropyl), and 
0.91 ppm (C-10 methyl).

Anal. Calcd for C21H340 5: C, 68.82; H, 9.35; O, 22.29. 
Found: C, 69.03; H, 9.41; O, 22.08.

The sulfite 3 was prepared by dissolving 0.5 g of 2b in 4 ml of 
pyridine and adding 2 ml of thionyl chloride dropwise. After 10 
min at room temperature, the mixture was poured into water 
and extracted with ether. The dried ether extracts were evap
orated and the residue (3) was recrystallized from methanol: 
yield 0.475 g (85% ); mp 153-155°; nmr signals at 5.04 (H-14),
3.68 (methoxyl), 3.32 (t, 3, H-12), 1.19 (C-4 methyl), 1.04 (d) 
and 1.01 (d, 7, isopropyl), and 0.81 ppm (C-10 methyl).

Anal. Calcd for C2iH320 6S: C, 61.15; H, 7.82. Found: 
C, 61.31; H, 7.86.

Cleavage of 2b with Lead Tetraacetate.— A solution of 0.5 g 
of 2b in the minimum amount of benzene was mixed with 0.62 g 
of lead tetraacetate in 25 ml of benzene, stirred for 1 hr, filtered, 
and concentrated in vacuo. The residue was taken up in ether, 
washed, dried, and evaporated, but could not be induced to 
crystallize. The product (4) was homogeneous on tic and had 
nmr signals at 9.52 (-CH O ), 3.65 (methoxyl), 3.28 (m, H-12),
1.15 (C-4 methyl), 0.95 (d) and 0.89 (d, J  =  6.5, Hz, isopropyl), 
and 0.73 ppm (C-10 methyl).

Oxidation of 2b with Chromium Trioxide. A.— To a solution 
of 1 g of 2b in 8 ml of acetic acid was added dropwise 0.8 g of 
Cr03 in 4 ml of water and then 1 ml of sulfuric acid below 5°. 
The mixture was stirred for 2 hr, poured into water, and ex
tracted with ether. The washed (bicarbonate, brine, and water) 
and dried ether extract gave 0.3 g of a gum. Preparative tic 
resulted in isolation of two major components. The less polar 
material 7 was recrystallized from hexane: yield 175 mg (17%); 
mp 138.5-139.5°; ir 1794 (strained lactone), 1733 (ketone) and 
1712, 1258 cm-1 (ester); nmr 3.66 (methoxyl), 1.23 (C-4 methyl),
1.00 (d, J  =  7 Hz, 6 protons, isopropyl), and 1.01 ppm (C-10 
methyl); ORD curve, [a]45o + 18 .1°, [a]320 0°, [a]283 —197° 
(shoulder), [a]245 —341°, [a]!B 0° (last reading).

Anal. Calcd for C2IH30O6: C, 66.65; H, 7.99; O, 25.36. 
Found: C, 66.72; H, 8.01; O, 25.08.

The more polar substance 8a was obtained after recrystalliza
tion from methanol in 90 mg (8% ) yield: mp 174-176°; ir 
3465, 1780, 1720, and 1250 cm-1; nmr 3.80 (m, H-12), 3.65 
(methoxyl), 1.22 (C-4 methyl), 1.01 (d) and 0.90 (d, /  = 7 Hz, 
isopropyl), and 0.96 ppm (C-10 methyl). The same compound 
was obtained in 70 mg (70%) yield by NaBH4 reduction of 100 
mg of 7.

Anal. Calcd for C2iH320 6: C, 66.29; H, 8.48; O, 25.23. 
Found: C, 66.31; H, 8.42; O, 25.18.

Acetylation of 0.2 g of 8a with 3 ml of pyridine and 1 ml of 
acetic anhydride for 2 hr followed by the usual work-up gave 
8b as a gum which could not be induced to crystallize, but 
which was homogeneous on tic.

The bicarbonate extract was acidified and extracted with 
ether. The usual work-up afforded an oily mixture, yield 0.64 g. 
Methylation with diazomethane and purification by chromatog
raphy gave a crystalline diester, mp 93-94°, yield 70%, which 
was identical in all respects with an authentic sample of the 
methyl ester of 6.

B.— Tic of the neutral fraction obtained by repetition of oxi
dation in the presence of 2 ml of a 50% solution of manganous 
nitrate indicated the presence of an additional component. 
Preparative tic and recrystallization from methanol-water 
afforded 54 mg of 5: mp 105-106°; ir 3420 (-O H ), 1726 
(ketone), 1712 and 1233 cm-1 (ester); nmr 3.68 (methoxyl), 
3.59 m (H-12), 1.11 (C-4 methyl), 0.98 (d) and 0.94 (d, J — 
7 Hz, isopropyl), and 0.71 ppm (C-10 methyl); ORD curve, 
[<*]4oO —22.5°, [o'] 345 — 156°, [a]322 0°, [of] 293 +198°, [a]250 
+  128° (last reading).

Anal. Calcd for C2iH320 5: C, 69.20; H, 8.55; O, 21.97,

mol wt, 364.2249. Found: C, 68.68; H, 8.77; O, 22.22; mol 
wt (mass spectrometry), 364.2277.

C.— To a solution of 0.8 g of Cr03 in 20 ml of acetic anhydride 
was added 1 g of 2b in 10 ml of dry benzene. The mixture was 
stirred at room temperature for 3 hr, poured into water, and ex
tracted with ether. The washed and dried ether extracts were 
evaporated and subjected to preparative tic, yield 270 mg 
(27%) of 4 and 310 mg (31%) of 5.

Sodium Borohydride Reduction of 5.— A solution of 0.3 g of 
5 in methanol was reduced with excess NaBH4. The usual 
work-up gave, after recrystallization from methanol-water, 
0.22 g (73%) of 12: mp 162-163°; ir 3420, 3315 (-O H ), 1722, 
and 1242 cm-1 (ester); nmr 4.73 (d br, J =  o Hz, H-14, col
lapses on addition of D20 ), 3.63 (methoxyl), 3.36 (t, J  =  2.5 
Hz, H-12), 3.11 (d, J =  5 Hz, OH), 1.2 (C-4 methyl), 1.02 (d) 
and 0.90 (d, J  =  7 Hz, isopropyl), and 0.93 ppm (C-10 methyl).

Anal. Calcd for C2iH340 5: C, 68.82; H, 9.35; O, 21.83. 
Found: C, 68.77; H, 9.42; 0 , 22.16.

Osmium Tetroxide Oxidation of lb. A.— A solution of 1.4 g 
of lb in 50 ml of anhydrous benzene was oxidized with 1 g of 
0 s0 4 for 3 days. Methanol was added and H2S was bubbled 
through the solution for 1 hr. The mixture was filtered and 
evaporated and the residual gum was chromatographed over silica 
gel. The less polar material (16) was recrystallized from meth
anol, yield 0.3 g (19%), mp 138-140°. The substance was 
identical in all respects with 16 described in our earlier publica
tion.1 The more polar material (15) was recrystallized from 
hexane-ether: yield 0.17 g (10%); mp 186-188°; ir 3400 
(strong) and 1722 cm-1; nmr (DMSO-de) 3.94 (m, H-12, col
lapses to t br, J  =  6.5 Hz, on addition of D20 ), 3.50 (m, H-14, 
collapses to singlet on D20  exchange), 1.10 (C-4 methyl), 0.93 
(d, J =  7 Hz, 6 protons, isopropyl), 0.86 ppm (C-10 methyl), 
and four -O H  multiplets.

Anal. Calcd for C2iH360 6: C, 65.60; H, 9.44; O, 24.97. 
Found: C, 66.02; H, 9.14; O, 24.88.

B.— Oxidation of 2.5 g of lb by the procedure of Marchand8 
gave, by decomposition of the ether-soluble osmate, 2.1 g 
(76%) of 16. Decomposition of the ether-insoluble osmate and 
recrystallization from methanol-water afforded 0.6 g (21%) of 
13: mp 112-114°; nmr 5.27 (br, H-14), 3.87 (m, H-12), 3.60 
(methoxyl), 1.26 (C-4 methyl), 0.91 (d, J  =  6.5 Hz, 6 protons, 
isopropyl), and 0.78 ppm (C-10 methyl).

Anal. Calcd for C21H340 4: C, 71.96; H, 9.78; O, 18.26. 
Found: C, 71.97; H, 9.94; O, 17.88.

Acetylation of 0.2 g of 16 in 3 ml of pyridine with 1 ml of 
acetic anhydride for 1 hr at room temperature followed by the 
usual work-up gave 0.175 g of 17, which was recrystallized from 
hexane: mp 140-141°; nmr 5.77 (br, H-14), 5.60 (m, H-12), 
3.61 (methoxyl), 2.13 (acetate), 1.15 (C-4 methyl), 1.01 (d, 
J — 7 Hz, 6 protons, isopropyl), and 0.88 ppm (C-10 methyl). 
Under these conditions, 23 was not acetylated and was recovered 
in quantitative yield.

Osmium Tetroxide Oxidation of 19.— A solution of 1.3 g of
197 in 150 ml of anhydrous benzene was oxidized with 1 g of 
osmium tetroxide in 20 ml of benzene as described for lb . The 
organic product was recrystallized from hexane-ether, yield 
0.43 g (30%), mp 186-188°, identical with 15 prepared from lb .

Preparation of 21.-—A solution of 0.5 g of 2b in 100 ml of 
methanol and 10 ml of 85% phosphoric acid was refluxed over
night, poured into water, and extracted with ether. The 
washed and dried ether extract yielded 0.2 g (42%) of 21: mp
159.5-160° after recrystallization from hexane; ir 1728 and 1241 
(ester) and 1668 cm-1 (unsaturated ketone); nmr 6.59 (t, J =
3.5 Hz, H-12), 3.69 (methoxyl), 2.20 (-OH , disappears on D 20  
exchange), 1.10 (C-4 methyl), 1.04 (d) and 1.00 (d, /  =  7 Hz, 
isopropyl), and 0.69 ppm (C-10 methyl).

Anal. Calcd for C2,H320 4: C, 72.38; H, 9.26; O, 18.36. 
Found: C, 72.19; H, 9.30; O, 18.50.

NaBH4 Reduction of 21.— A solution of 1.5 g of 21 in methanol 
was reduced with excess NaBH4. When tic indicated that 
starting material had been consumed, the solvent was removed at 
reduced pressure. The residue was extracted several times with 
hot benzene and the undissolved material (23) was recrystallized 
from hexane: yield 1.29 g (86% ); mp 124-126°; ir 3445 
(strong) and 1724 cm-1 (ester); nmr 5.56 (t, J =  5 Hz, H-12),
3.77 (m, H-14, sharpens on addition of D 20 ) , 3.60 (methoxyl), 
1.12 (C-4 methyl), 1.06 (d) and 1.02 (d, J  =  7 Hz, isopropyl), 
and 0.89 ppm (C-10 methyl).

Anal. Calcd for C2iH340 4: C, 71.96; H, 9.78; O, 18.26. 
Found: C, 71.78; H, 9.75; O, 18.28.
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Osmium Tetroxide Oxidation of 23.— Osmylation of 1.0 g of
23 in anhydrous ether with 1 g of 0 s0 4 for 24 hr, followed by 
concentration at reduced pressure, dilution with methanol, de
composition with hydrogen sulfide, and work-up in the usual 
manner, gave a gum. Recrystallization from hexane-ether 
afforded 0.21 g (19%) of 24: mp 197-199°; ir 3415 (strong) and 
1725 cm-1; nmr (DMSO-d6) 3.85 (q, J  =  5 Hz, H-12, collapses 
to t on D20  exchange), 3.58 (methoxyl), 1.16 (C-4 methyl), 
0.96 (d, J  =  7 Hz, 6 protons, isopropyl), 0.97 ppm (C-10 
methyl), and four OH multiplets.

Anal. Calcd for C2lH360 G: C, 65.60; H, 9.44; O, 24.97. 
Found: C, 65.44; H, 9.25; O, 24.92.

Epoxidation of 23.— A solution of 0.5 g of 23 was allowed to 
stand with 0.35 g of m-chloroperbenzoic acid at room temperature 
overnight and extracted with sodium bicarbonate solution, 
water, and saturated brine. The dried organic layer was evap
orated and the residue was recrystallized from hexane: yield 
of 25 0.32 g (61%); mp 156-158°; ir 3325 (strong) and 1724 cm-1; 
nmr 3.66 (br, H-14, sharpens on addition of D20 ), 3.58 (meth
oxyl), 3.27 (t br, /  =  2 Hz, H-12), 1.17 (C-4 methyl), 1.00 (d) 
and 0.88 (d, J = 7 Hz, isopropyl), and 0.90 ppm (C-10 methyl).

Anal. Calcd for C21H340 5: C, 68.86; H, 9.35; O, 21.83. 
Found: C, 69.20; H, 9.39; O, 21.68.

NaBH4 Reduction of 26.— Reduction of 5 g of 2623 with 
NaBH4 in the manner described for 21 gave, in the hot benzene 
extracts, a gum which was recrystallized from hexane: yield of 
27 2.65 g (52% ); mp 143.5-145°; ir 3458 (strong) and 1705 
cm-1; nmr 5.18 (H-14), 4.37 (m, H-12, sharpens on addition of 
D20 ), 3.60 (methoxyl), 1.17 (C-4 methyl), 1.03 d (J = 7 Hz, 6 
protons, isopropyl), and 0.80 ppm (C-10 methyl). This ma
terial was converted to 28 on standing in chloroform solution.

Anal. Calcd for C2,H340 4: C, 71.96; H, 9.78; O, 18.26. 
Found: C, 72.24; H, 9.71; O, 18.15.

Evaporation of the mother liquors of 27 produced a gum 
which was homogeneous (tic) but could not be induced to crystal
lize and was identified as 28 spectroscopically. Its nmr spec
trum exhibited signals at 5.64 (H-14), 5.33 (m, H-7), 4.30 (m, 
H-12, sharpens on addition of D 20 ), 3.59 (methoxyl), 2.60 (m, 
-O H ), 1.27 (C-4 methyl), 1.03 (d, /  =  7 Hz, 6 protons, iso
propyl), and 0.80 ppm (C-10 methyl).

Osmium Tetroxide Oxidation of 27.— Osmylation of 1 g of 27 
with 1 g of 0 s0 4 in anhydrous ether and work-up as described for 
23 gave 29 which was recrystallized from hexane-ether: yield 
0.23 g (21%); mp 220-222°; ir 3425 (strong) and 1710 cm-1; 
nmr (DMSO-dG) 4.1 (t br, 8, H-12), 3.60 (methoxyl, super
imposed on H-14), 1.20 (C-4 methyl), 0.93 (d) and 0.88 (d, J  = 
7 Hz, isopropyl), 0.85 ppm (C-10 methyl), and four OH multi
plets.

Anal. Calcd for C2iH3G0 6: C, 65.60; H, 9.44; 0 , 24.97. 
Found: C, 65.72; H, 9.16; O, 25.10.

Epoxidation of 19.— Oxidation of 1 g of 197 with 0.7 g of m- 
chloroperbenzoic acid in chloroform at room temperature for 3 
hr and work-up as described for 23 gave, after recrystallization 
from hexane, 0.55 g (52%) of 30: mp 145-147°; ir 3478, 1705, 
and 1164 cm-1; nmr 4.28 (t br, J  =  6 Hz, H-12, sharpens on

addition of D20 ), 3.66 (methoxyl), 3.02 (H-14), 1.23 (C-4 
methyl), 1.04 (d) and 0.98 (d, /  =  7 Hz, isopropyl), and 0.88 
ppm (C-10 methyl).

Anal. Calcd for C21H340 5: C, 68.82; H, 9.35; O, 21.83. 
Found: C, 68.68; H, 9.45; 0 , 22.08.

Reaction of 3C With Acid.— A solution of 0.5 g of 30 in 50 ml 
of tetrahydrofuran and 50 ml of 20% perchloric acid was stirred 
at room temperature for 2 days. Since tic examination re
vealed that only starting material was present, the solution was 
refluxed on the steam bath for 3 hr, cooled, poured into water, 
and extracted with ether. The washed and dried ether extract 
was evaporated. The residual gum solidified on trituration 
with hexane, yield 60%, mp 156-158°, identified as methyl 12- 
hydroxydehydroabietate (31) by comparison with an authentic 
sample.23 The ether mother liquors yielded an additional 30% 
of 31.

Preparation of 32. A.— Oxidation of 0.5 g of 30 with Collins’ 
reagent by the procedure of Ratcliffe and Rodehorst33 and re
crystallization of the crude product from hexane gave 0.32 g 
(64%) of 32: mp 83-85°; ir 3478, 1728, 1709, and 1245 cm“ 1; 
nmr 3.63 (methoxyl), 3.31 (H-14), 1.18 (C-4 methyl), 1.00 (d) 
and 0.96 (d, J  =  7 Hz, isopropyl), and 0.85 ppm (C-10 methyl).

Anal. Calcd for C2iH320 6: C, 69.20; H, 8.85; 0 , 21.95. 
Found: C, 68.86; H, 8.86; 0 , 22.09.

B.— A solution of 1 g of 337 in 50 ml of p-xylene was refluxed 
for 20 hr and evaporated at reduced pressure. The residue was 
taken up in hot hexane and allowed to cool, whereupon crude 32 
precipitated. The mother liquors were evaporated, chroma
tographed over a short alumina column, and evaporated to 
furnish additional crude 32. Recrystallization from hexane 
afforded 0.71 g (71%) of 32, mp 83-85°.

Rearrangement reactions were run simultaneously on 0.1 g of 
33 in 15 ml of xylene, 15 ml of xylene packed with glass beads, 
and 15 ml of chlorobenzene, the progress of the reaction being 
followed by tic. After 4 hr, conversion of 33 to 32 in chloro
benzene was complete, whereas the xylene runs were just be
ginning to show a detectable amount of 32.

A solution of 1 g of 33 in 20 ml of cyclohexylamine was re
fluxed for 3 hr, poured into dilute phosphoric acid, and ex
tracted with ether. The usual work-up and recrystallization 
from methanol-water afforded 0.85 g (85%) of pure 34,7 mp 
241-243°.

Registry No.—la, 79-54-9; lb, 3513-69-7; 2b,
34226-16-9; 3, 34202-06-7; 4, 34226-17-0; 5, 34226-
18-1; 7, 34225-19-2; 8a, 34217-09-9; 12, 34217-10-2; 
13, 34217-11-3; 15, 34217-12-4; 21, 32111-53-8;
23, 34217-14-6; 24, 34217-15-7; 25, 34217-16-8;
27, 34217-17-9; 28, 34217-18-0; 29, 34217-19-1;
30, 34217-20-4; 32, 34217-21-5; potassium perman
ganate, 7722-64-7; osmium tetroxide, 20816-12-0.

(33) R. Ratcliffe and R. Rodehorst, J .  O rg . C h em ., 35, 4000 (1970).

Molecular Rotations of Steroids in Relation to Their Structures. 
The S value of a Hydrogen Atom and That of a Hydroxyl Radical
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Department of Chemistry. Kyoto University of Education, Fushimi-ku, Kyoto, Japan
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S values of the hydrogen atom and of the hydroxyl radical vary discontinuously over a range. The par
ticular S value selected from a small set of discrete values depends on influences in the remainder of the mole
cule which can be transmitted through a coplanar zigzag chain.

Though optical rotatory dispersion and optical 
circular dichroism of steroids have been investigated 
actively for about two decades,1'2 many reports of 
molecular rotations [M ]d of steroids measured at the

(1) C. Djerassi, “Optical Rotatory Dispersion, Applications to Organic
Chemistry,” McGraw-Hill, New York, N. Y., 1960.

sodium d  line date from earlier periods. Therefore, it 
is necessary to arrange them and to try to explain (or 
interpret) them in the framework of a physical theory.

In 1959, Brewster applied his idea of a screw pattern
(2) For example, see A. I. Scott and A. D. Wrixon, T etra h ed ron , 27, 2339 

(1971).
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T a b l e  I
[M ]20d (in  C h l o r o f o r m ) o f  St e r o id  D e r iv a t iv e s

Position and
orientation -------------------------------------------------------------------[M]20d for X ------------------------

Compd of X H F (OH) Cl Br I Figure

5a-Cholestane derivative
1 2 221.2* mm mm 188.6* 173.4* mm 10
2 2 a 435.0* mm 418.8“ * mm 414.4“ * mm 5
2 ' 2/3 435.0* mm 165.1“ * mm -223.5“ mm 5
3 2 a 164.3 242.86-* 153.0 213.1“ 190.0 154.8C
3' 2/3 164.3 mm mm 522.2 758.9* mm 11
4 2 a 522.2 mm mm 519.3*'* 463.0“-* mm 11
4" 20 219.0* mm mm 551.2* 710.0“.* mm 10
S 2 a 338.5 mm mm 360.4#.* 435.7#.* mm 7
6 2 a -30 .8 mm mm -21.0#.* 2.3#.* mm 11
6' 20 -30 .8 mm mm 410.7#.* 533.1#* mm 10
7 2 a 89.4* mm 72.8“ 63.5 56.1 mm 5
7” 20 97.2* mm 133.5“ 165.0 205.7 272.7h 6
8 2 a 56.0 mm mm 20.9* -40 .8 mm 11
8" 20 120.6’ mm 185.5# 297.7* 361.8 506.5* 4
9' 20 124.2 mm 224.3 273.8 323.2 mm 5

10' 20 129.6* mm 289.9 298.9 413.8 mm 7
11 3a 104.4* 125.0* 97.2* 124.2 129.6* 161.0* 3
11' 30 104.4* 85.9* 89.4* 109.9 mm 156.6n-* 3
12' 30 44.5“ mm 212.3 405.1» mm mm 6
13 3a 193.3 mm mm 673.8 856.6 mm 10
14 3a 130.2 mm 137.6“ 224.3 289.9 mm 3
IS 3a 116.3 mm 145.6 290.7 366.9 512.1«- 8
15” 30 -4 .3 mm mm -130.2* -112.1* —105.8* ttuu
16 3a mm mm 165.0 273.8 298.9 mm 12
16” 30 mm mm 63.5 -28 .7 -75.3* mm 12
17 3a mm mm 205.7 323.2 413.8 mm 13
17” 30 mm mm 56.1 -82.6* -153.8 ’ mm 12
18 3a 244.6“ mm 444.7* 684.6'.* mm mm 6
18' 30 244.6“ mm 172.1* 105.3'.* mm mm 6
19 3a -200.2 mm -170.1* -12 .2 -22 .5 mm tt”
19' 30 -200.2 -176.8“ -150.8 -107.4 -98 .8 -62 .1 5
20' 30 -468.2 mm -446.2 -401.1 -387.1 mm 4
21' 30 mm mm -210.5 -190.1 mm -140.1* 12
22 3a mm mm 10.1* 32.4* 46.6 mm 12
22' 30 mm mm -20 .1 -4 .2 * 14.0 41.0 13
23' 30 31.1 mm 52.6* 61.4 65.5 77.2 5
24 4 338.5 374.5’ 319.3* 444.2“ 496.0“ mm 3
25 5a 164.3 145.7* 165.1 mm 23.3“ mm 3
26 5a mm mm 13.1* -123.0 -225.0* mm 12
27 5 a 52.6* 54.9* 12.6»» -96 .6 -183.8 mm 6
28 5a mm mm -39 .5 -123.5 -226.0 mm 13
29 5 a mm mm -149.2 -144.9 -233.9* mm 7
30 5 a mm mm -108.6 -126.4 -190.9 mm 7
31 5a 109.9 mm 103.7““ 53.9“« 16.5* mm 3
32 5a 114.1 mm mm 442.2“ 307.3** mm it
33 5a mm mm -179.2»*.* -429.5““ -675.1““ mm 13
34 6a 104.4* mm 136.0* 187.3" 225.8" mm 4
34' 60 104.4* mm mm 8.1’ * -72.3*« mm 11
35 6a 338.5 410.7// 325.7* 247.3 245.7 mm ttvv
35' 60 338.5 40.3// 107.0* 62.9 27.8 mm 13
36' 60 165.1 277.6" mm 13.1* — 65.0“ mm 11
37' 60 11.7“ mm -177.7* -233.9* -270.7 mm 13
38' 60 mm mm -129.3 -190.9 -260.2* mm 13
39' 60 38.9 mm mm — 25.4““ — 51.4““ mm 10
40 6a -181.7* -72 .8 » mm -33 .7 " -32 .6 " 5.1* tt““
40' 60 -181.7* -323.7» mm 139.0" 316.6“ 584.3» 8
41 7a 93.2 mm 42.8 -85 .5 -90 .3 mm tt'” ’
42 7a -184.3 mm -389.1 -764.2 -1233.5 -2024.3 6
43 7a -73 .6 mm -253.4 -632.9 -1025.4 -1665.0* 6
43' 70 -73 .6 mm 65.9 318.8 113.9““ mm 6
44 7a -107.4 mm mm -725.3* -1135.0* mm 11
45' (30)'*’ 417.2 mm mm 449.4* mm 401.4* It'” ’
46' (30)' 263.6 mm mm 288.5 mm 315.6* tt'” ’
47' (30)' -184.3 mm mm -178.8 -143.1 135.3 11
48' (60)' -237.2* mm mm -235.1* mm -209.4* tt”
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T a b l e  I  

(Continued)
Position and

orientation .•------------------------------------------------------------------[M ]md for X-
Compd of X H F (OH) Cl Br I Figure

5/S-Cholestane (i.e., coprostane) derivative
49 3a 96.9 mm * 120.5 134.4» 149.0» mm 5
49' Sß 96.9 mm 93.3 91.6* 81.3 mm 6
50' (3/3)' 411.3“ '* mm mm 440.4* mm 435.6* te>v

Androstane derivative
51 2 a 238.7* mm mm 352.3 324.2* 375.9 10
52 17a 299.7* 319.5* 206.2».*  135.0 ! 63.2* mm 6

Pregnane derivative
53 9a 861.3* mm mm 1101.1* 1131.3* mm 10
54 9a 610.8nn'* 638.0** mm 610.1* 642.9 769.1* 11

Spirostane derivative
55 12a -2 2 3 .1 mm mm mm -1 4 9 .5 * -9 0 .1 * 11

Cholaoic acid derivative
56 12a 178.8" mm 396.5" 634.6 981.7 mm 6
57 12a 245.5" mm 500.2" 716.2 mm mm 8

Compd Steroid Compd Steroid
1 2-X-(5a)cholest-l-en-3-one 2 2a-X-(5a)cholestan-l-one
2' 2;S-X-(5a)cholestan-l-one 3 2<*-X-(5a )cholestan-3-one
3' 2/3-X-(5a )cholestan-3-one 4 2a-X-2/3-chloro-(5a)cholestan-3-one
4'' 2/3-X-2a-ehloro-(5a)cholestan-3-one 5 2a-X-(5a)cholest-4-en-3-one
6 2«-X -(5a )cholest-5-en-3-one 6' 2/S-X-(5a)eholest-5-en-3-one
7 2a-X-(5«)cholestan-3/3-ol 7" 2(3-X-(5a)choles tan-3 a-ol
8 2a-X-(5a)eholestan-3/5-yl acetate 8" 2j3-X-(5a)cholestan-3a-yl acetate
9' 2/3-X-3a-chloro-(5a )cholestane 10' 2/3-X-3o:-brDmo-(5a:)cholestane

11 3a-X-(5a)cholestane 11' 3/9-X-(5cr)eholestane
12' 3/3-X-(5a )eholest-l-ene 13 3o-X-(5a)cholestan-2-one
14 3a-X-(5a)cholestan-2/3-ol 15 3a-X-(5a)cholestan-2/3-yl acetate
15" 3/3-X-(5a)cholestan-2a-yl acetate 16 3a-X-2/3-chloro-(5a)cholestane
16" 3|3-X-2a-chloro-(5a)cholestane 17 3<*-X-20-br 3mo-(5a )cholest ane
17" 3/3-X-2a-bromo-(5a)eholestane 18 3a-X-(5a )cholest-4-ene
18' 3/3-X-(5a )cholest-4-ene 19 3a-X-(5a )cholest-5-ene
19' 3/3-X-(5a )cholest-5-ene 20' 3/3-X-(5a)caolest-5,7-diene
21' 3/3-X-24-ethyl-(5a)cholest-5,22-diene 22 3a-X-(5a )cholestan-6-one
22' 3/3-X-(5 a )cholestan-6-one 23' 3/3-X-(5a)cholestan-6/3-ol
24 4-X-(5a)eholest-4-en-3-one 25 5-X-(5a)cholestan-3-one
26 5-X-6j3-chloro-(5a)cholestan-3-one 27 5-X-(5cr)cholestane-3/3,6/3-diol
28 5-X-6/3-chloro-(5a)cholestan-3/3-oI 29 5-X-6/3-chloro-(5a)cholestan-3/3-yl acetate
30 5-X-6/3-chloro-(5a )cholestan-3/3-yl benzoate 31 5-X-3^-chlc ro-(5a )cholestane
32 5-X-(5a)cholestan-4-one 33 5-X-(5 a )cholestan-6-one
34 6«-X-(5a)cholestane 34' 6/3-X-(5 a )cholestane
35 6a-X-(5a)cholest-4-en-3-one 35' 6/S-X-(5a)cholest-4-en-3-one
36' 6/3-X-(5a)cholestan-5-ol-3-one 37' 65-X-5-bromo-(5a )cholestan-3/3-yl acetate
38' 6/3-X-5-bromo-(5cr)cholestan-3/3-yl benzoate 39' 6/S-X-(5a)cholestan-5-ol
40 6a-X-(5a)cholestan-7-one 40' 6/3-X-(5a )caolestan-7-one
41 7 a-X -(5a )cholestane 42 7a-X-cholest-5-en-3/3-yl acetate
43 7a-X-cholest-5-en-3/3-yl benzoate 43' 7/S-X-cholest-5-en-3/3-yl benzoate
44 7 a-X-3/3-chloro-cholest-5-ene 45' 3|3-(X-acetoxy)-4,4,14a-trimethyl-(5a;)cholest-7,9(ll)-

diene
46' 3/9-(X-acetoxy)-4,4,14a-trimethyl-(5a)cholest-8-ene 47' 3|8-(X-acetoxy)cholest-5-ene
48'
49'

6/3-(X-acetoxy)-(5a)cholestan-5-ol-3/3-yl acetate 
3/3-X-(5/3 )cholestane

49 3a-X-(5/3 leholestane

51 2a-X-17/3-methoxycarbonyl-(5a)androstan-3-one 50' 3/3-(X-acetoxy)-5-methyl-19-nor-(5/3)cholest-9-en-63-yl
acetate

53 9a-X-pregn-4-en-17a-ol-3,ll,20-trion-21-yl acetate 52 17 <*-X-androst-4-en-3-one
55 12a-X-(5a,22a)spirostan-lljS-ol-3/S-yl acetate 54 9a-X-pregr-4-ene-l 1/3,17a-diol-3,20-dion-21-yl acetate
57 methyl ester of 12a-X-3a-acetoxy-(5(3)chol-9i ll)-en-24- 

oic acid
56 methyl ester of 12a-X-(5/3)chol-9(ll)-ene-3a-ol-24-oic 

acid

Unless noted otherwise, [M ]20d were calculated from [a] n, cited by J. P. Mathieu and A. Petit, in “ Tables de Constantes et Données 
Numériques. 6. Constantes Sélectionnées. Pourvoir Rotatoire Naturel. I. Stéroïdes,”  Masson et Cie, Paris, 1956. See page 
1408 for footnotes.
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T able I (Continued,)
• H. P. Sigg and C. Tamm, Helv. Chim. Acta, 43, 1402 (1960). b G. A. Boswell, Jr., J. Org. Chem., 33, 3699 (1968). e H. R. Nace 

and B. A. Olsen, ibid., 32, 3438 (1967). d I. Malunowicz, J. Fajkos, and F. Sorm, Chem. Listy., 52, 2359 (1958); Chem. Abstr., 53, 
10283<? (1959). * E. W. Warnhoff, J. Org. Chem., 28, 887 (1963). 1 B. Ellis and V. Petrow, J. Chem. Soc., 1179 (1956). » C. W.
Shoppee, D. N. Jones, and G. H. R. Summers, ibid., 3100 (1957). h D. H. R. Barton and J. F. King, ibid., 4398 (1958). * M. Nussim,
Y. Mazur, and F. Sondheimer, J . Org. Chem., 29, 1120 (1964). ’ K. L. Williamson and W. S. Johnson, ibid., 26, 4563 (1961). * C. W.
Shoppee, B. D. Agashe, and G. H. R. Summers, J. Chem. Soc., 3107 (1957). 1 H. B. Henbest and W. R. Jackson, ibid., 954 (1962).
“  A. V. Bayless and H. Zimmer, Tetrahedron Lett., No. 35, 3811 (1968). " E. J. Corey, M. G. Howell, A. Boston, R. L. Young, and 
R. A. Sneen, J. Amer. Chem. Soc., 78, 5036 (1956). ° R. B. Turner, W. R. Meador, and R. E. Winkler, ibid., 79, 4122 (1957). p H. B. 
Henbest and R. A. L. Wilson, J. Chem. Soc., 3289 (1956). 4 H. Mori, K. Shibata, K. Tsuneda, and M. Sawai, Chem. Pharm. Bull.,
15, 460 (1967); Chem. Abstr., 67, 100313/ (1967). r D. G. Hey, G. D. Meakins, and M. W. Pemberton, J. Chem. Soc. C, 1331 (1966).
* G. H. Alt and D. H. R. Barton, ibid., 4284 (1954). ‘ W. G. Young, R. E. Ireland, T. I. Wrigley, C. W. Shoppee, B. D. Agashe,
and G. H. R. Summers, J. Amer. Chem. Soc., 81, 1452 (1959). u C. W. Shoppee and G. H. R. Summers, J. Chem. Soc., 4813 (1957).
* S. Nakanishi, R. L. Morgan, and E. V. Jensen, Chem. Ind. {London), 1136 (1960). w J. I. Shaw and R. Stevenson, J. Chem. Soc.,
3549 (1955). * R. Jacquesy and J. Levisalles, Bull. Soc. Chim. Fr., 1884 (1966). » J. C. Jacquesy and J. Levisalles, ibid., 1538 (1965).
* H. B. Henbest and T. I. Wrigley, J. Chem. Soc., 4765 (1957). ““ C. W. Shoppee, R. J. Bridgwater, D. N. Jones, and G. H. R. Sum
mers, ibid., 2492 (1956). bb C. W. Shoppee, M. E. H. Howden, R. W. Killick, and G. H. R. Summers, ibid., 630 (1959). cc C. W. 
Shoppee, R. H. Jenkins, and G. H. R. Summers, ibid., 1657 (1958). dd C. W. Shoppee and M. E. H. Howden, Chem. Ind. {London), 
414 (1958). “  C. W. Shoppee and R. Lack, J. Chem. Soc., 4864 (1960). 11 S. Nakanishi, K. Morita, and E. V. Jensen, J. Amer.
Chem. Soc., 81, 5259 (1959). m A. Bowers and H. J. Ringold, Tetrahedron, 3, 14 (1958). bh S. P. J. Maas and J. G. De Heus, Reel. 
Trav. Chim. Pays-Bas, 77, 531 (1958). A. Nickon, M. A. Castle, R. Harada, C. E. Berkoff, and R. O. Williams, J. Amer. Chem. 
Soc., 85, 2185 (1963). ’ ’ J. R. Lewis and C. W. Shoppee, J. Chem. Soc., 1365 (1955). kk H. Aebli, C. A. Grob, and E. Schumacher,
Helv. Chim. Acta, 41, 774 (1958). “  J. Elks, G. H. Phillipps, and W. F. Wall, J. Chem. Soc., 4001 (1958). ”*”* Unknown. nn In acetone.
00 In benzene. pp In ethanol. « « In ether. "  In methanol. s* (3/3)' means that the group X  is part of a larger group attached to 
the 3 position of the steroid skeleton in the orientation, but that it is not itself combined directly with the steroid skeleton, and so 
on. “ No figure. “ “ Refer to footnote 26. ”” Refer to footnote 19. * This was assumed from the [ M ] d , which was observed at ca. 20°.

The present author recently found4 some empirical 
rules graphically which govern the molecular rotations 
[M ]20d (at 20°) of poly-O-acetyl (or benzoyl) glyco- 
pyranosyl compounds, RX. These rules5 can be sum
marized by eq 1 where a and b are constants inherent in

[MJ^d value of a compound, R X  =  a +  bS (1)

the moiety, R, and S is a new coefficient which is con
cerned with some optical properties of the atom (or 
radical) X . It was found that the S value of a halogen 
atom is equal to its atomic refraction, Rd, but the S 
value of a hydrogen atom is —1.8.5 The following 
method was proposed6 in order to estimate the S value 
of an OH radical in a compound, ROH.

First, a straight [M]20d vs. S line is drawn for a series 
of compounds R X  (where X  is H, F, Cl, Br, or I).7 
Next, a horizontal line is drawn whose ordinate is 
[M ]20d of ROH (eq 2).

ordinate value =  [M ]20d value of ROH (2)

If the OH radical has its own S value, the abscissa at 
the intersection of these two lines (i.e., the standard line 
of R X  and the horizontal line of ROH) should be the 
S value of the OH radical which is combined with the 
R moiety, because [M]20d of ROH should fall on both 
of the two lines at this abscissal value.8 * *

By using the ITL method8 in Figure 1 of the pre
vious paper,6 the S value of the OH radical in poly-O- 
acetylglycopyranosyl compounds was estimated as
1.2. This value has been proved to be applicable not

(4) S. Yamana, J . O rg ..C h em ., 31, 3698 (1966).
(5) Rule 1. When the molecular rotation of poly-O-acetyl- or benzoyl- 

glycopyranosyl halides RX, where X  is F, Cl, Br, or I, is plotted against the 
atomic refraction of X, straight lines are obtained* regardless of the con
figuration at the 1 position. Rule 2. An abscissal value can be found for 
hydrogen so that the “ hydrides,”  RH, also fall on the lines mentioned in 
rule 1. Rule 3. The abscissal value of the point for the “ hydride”  is 
— 1.8 (by the Rv> scale for halogen) and is not related to the atomic refrac
tion of hydrogen, 1.028.

(6) S. Yamana, J . O rg. C h em ., 33, 185 (1968).
(7) This straight [ M P ° d  v s . S  line is called the “ Standard Line”  of this 

series of compounds RX.
(8) This method of estimating the S  value of an atom or radical in an

optically active molecule will be called the “ Intersecting Two Lines (or
ITL) method,”  hereafter.

CVJ
I
o

X

£
oV+—o
o

sz
o
c

o
CO

S  (or Rd for halogen)
Figure 1.— Estimation of the S value of a radical OH which is 

attached to the C -l atom in a pyranose ring;1011 ©, OH.

of electron polarizability to calculating the [M]d 
values of steroids, but some of his calculated values 
deviate considerably from the observed values.3

(3) J. H. Brewster, J .  A m er . C h em . S o c ., 81, 5475, 5483, 5493 (1959).
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Figure 2.— Two coplanar zigzag chains, containing the C -l atom 
of a pyranose ring.

Figure 3.— Estimations of the S value of H and OH in steroid 
derivatives:17’“ .2' A 1 class (S of H =  S of OH =  —1.8); 
B 1 class (S of H = S of OH =  1.2). O, H; 0, OH.

only to all nonsubstituted glycopyranosyl compounds6 
but also to 6-Y-6-deoxy-D-glucopyranose derivatives.9

In order to reexamine the S value of the OH radical, 
the earlier figure is reproduced (with some changes) as 
Figure l 10’11 of the present paper.

Figure 1 shows that the abscissal value of the OH 
radical is ca. 1.2 in some compounds (i.e., 1*, 4*, 5*, 
6* and 7*), but in four compounds (i.e., 2*, 3*, 2'*, and 
3'*) it is considerably large, i.e., ca. 3.7. The larger S 
values may be explained in terms of the factors illus
trated in Figure 2, i.e., (A) the presence of two coplanar 
zigzag chains,12 each of which contains the C -l atom13

(9) S. Yamana, J . O rg. C h em ., 33, 1819 (1968).
(10) The oblique lines of Figure 1 are the standard lines.7 In order to 

simplify Figure 1, the horizontal lines are omitted. The intersections of the 
standard lines and the horizontal lines are indicated by 0 .

(11) Carbohydrates are numbered as follows (the mark * means that
we are dealing with a glycopyranosyl compound, R X ): 1*, 2,3,4-tri-O-acetyl- 
a-D-xylopyranosyl; 2*, 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl; 2'*, 
2,3,4,6-tetra-0-acetyl-/3-D-galactopyranosyl; 3*, 2,3,4,6-tetra-O-acetyl-a-D-
glucopyranosyl; 3'*, 2,3,4,6-tetra-0-acetyl-/3-D-glucopyranosyl; 4*, 2,3,4,6- 
tetra-O-acetyl-a-D-mannopyranosyl; 5*, 2,3,4,6-tetra-O-acetyl-a-D-talo- 
pyranosyl; 6*, l,3,4,5-tetra-0-acetyl-/3-D-fructopyranosyl; 7*, 1,3,4,5- 
tetra-O-acetyl-a-L-sorbopyranosyl.

(12) A coplanar chain is a chain composed of some atoms, all of which lie 
in one plane.

(13) The C-l atom is the one to which the OH radical is attached. More
over, these two coplanar zigzag chains contain a common moiety, i .e . , the 
0 * -C -l bond.

Figure 4.— Estimations of the S value of H and OH in steroid 
derivatives:17’20 A 2 class (S of H =  —1.8; S of OH =  1.2). O, 
H ; 0 ,O H .

Figure 5.— Estimations of the S value of H and OH in steroid 
derivatives:17’ 20 2 2 A 3  class (S of H  = —1.8; S of OH =  3.2). 
O, H; 0 ,O H .

[the first one is C -l-0*-C -5 -C -6 -(0A c)-6t14 and the 
second one is 0*-C-l-C -2-(OAc)-2(down) ]; (B) the 
presence of the Ac radical at the end of each of these co
planar zigzag chains.

These two conditions are easily seen when one com
pares the molecular structures of the compounds which 
have a large S value of OH radical (i .e . , 2*, 3*, 2 ' * ,  and 
3'*) with those of the others (i .e . , 1*, 4*, 5*, 6 *, and 7*). 
Moreover, the phenomenon that the S value of the OH 
radical in 2'* and 3'* is slightly larger than that in 2* 
and 3* suggests that the extension of the first coplanar 
zigzag chain by a new coplanar bond C -l-(O H )-l(up) 
increases the S value of the OH radical.16 In other

(14) O* means the ring oxygen atom and t means the trans position (see 
Figure 6 of the previous paper9).

(15) The increase produced by a coplanar zigzag chain (or a combination 
of two kinds of coplanar chains) in the S  value of an OH radical which is 
combined (but not coplanar) with this chain (or these chains) is named the 
“ First Coplanar Effect.”  The increase which is caused by extending a 
coplanar zigzag chain with the OH radical itself is called the “ Second Co
planar Effect.”
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Figure 6.— Estimations of the S value of H and OH in steroid 
derivatives:1722 B 2 ' class (S of H =  1.2; S of OH =  3.2). 
O, H; 0, OH.

— V ---------H---------H -----------T
F Cl Br I  

S (or Ro for halogen)

Figure 7.— Estimations of the S value of H and OH in steroid 
derivatives:17 B 3 class OS of H =  1.2; S of OH =  5.8) and the 
case S of H =  5.8. O, H ; 0 , OH.

words, the S value of the OH radical at the 1 position in 
2* and 3* is much larger than ca. 1.2 owing to the first 
coplanar effect, but the one in 2'* and 3'* is additionally 
increased by the second effect.

Strictly speaking, however, the actual structure of 
pentopyranosyl compounds is that of an equilibrium 
between two different conformations related by in
version of the tetrahydropyranyl ring.16 Therefore, it 
becomes necessary to examine the applicability of eq 
1 and at the same time the variability of the S value of 
OH in other types of compounds. In this article, the 
method is applied to steroids because of the rigid carbon 
skeleton of these substances. The 75 steroid deriva

(16) P. L. Durette and D. Horton, C a rb oh yd . R es ., 18, 57 (1971).

Figure 8.— Estimations of the S value of H and OH in steroid 
derivatives:17,21,22,25 C 1' class (,S of H =  0.0; S of OH = 1.2); 
C 2 class (S of H = 0.0; S of OH =  3.2). O, H; 0 , OH.

tives, RX , discussed in this article and their molecular 
rotations are given in Table I.

The [M]md values17 were plotted against the S (or 
R d ) value of the halogen atom to get the standard lines 
of Figures 3-8, but the values of S used are as follows: 
S of F atom is 0.8; S of Cl atom is 5.8; S of Br atom is 
8.7; S of I atom is 14.0.18 Next, the S values of the H 
atom and that of the OH radical were estimated. 
However, in the present instance, not only the S value 
of the OH radical but also that of the H atom were ob
tained by using only the ITL method,8,19 because, as 
will be noticed later, the S value of the H atom depends 
on the orientation of the corresponding C-H  bond and 
therefore the method using the intersection of two 
standard lines of a pair of diastereomers (as shown in 
Figures 1 and 3 of the previous paper4 for the case of 
carbohydrates) is unsuitable.

The intersections formed by the ITL method are 
shown by the white circles (for the H atom) and the 
marks ©  (for the OH radical) in Figures 3-8.20-22

It is apparent from Figures 3-8 that H and OH can

(17) Refer to Table I.
(18) A. I. Vogel, J .  C h em . S o c ., 1833 (1948).
(19) Some of the compounds listed in Table I are unsuitable for estimating

the S  value of the H atom and that of the OH radical, for the following 
reasons, (a) A standard line may be nearly horizontal, and, accordingly, 
the abscissal value of the intersection of this standard line with the horizontal 
line (eq 2) cannot be estimated clearly on a figure (for example, 45', 46', 
48', and 60'). (b) A [M]20d v s .  R d (for halogen) plot is nearly horizontal
and is situated too far from the horizontal line of eq 2, and, therefore, it is 
impossible to get their intersection at a moderate abscissal value (for example, 
19, 35, and 41).

(20) A [M]20d v s .  R d (for halogen) plot of a steroid which has only one 
substituent ( i .e ., X) is drawn with a somewhat bold line.

(21) The symbol —► means a deviation from the corresponding solid line.
(22) 2 and 2 ' have a [M]20d datum of only one kind of halide, and there

fore these two compounds do not have any standard lines. If S  values 
for H and for OH are assumed to be —1.8 and 3.2, respectively, [M]20d vs. 
S  (or R d for halogen) plots for these three X ’s (i.e., H, (OH), and one halogen 
atom) become straight. Accordingly, 2 and 2 ' seem to belong to the A 3 
class and they are shown by dotted lines in Figure 5. Similarly, four com
pounds, 12', 18, 18', and 43', seem to belong to the R 2' class and are indi
cated by the dotted lines in Figure 6. 57, which is presumed to belong to
the C 2 class, is similarly shown in Figure 8.
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T able  II
P air  of S V alue of H A tom and 5  V alue  of (OH ) R adical 

in  Steroid  D erivatives  
•------S  value-------

Figure Class H (OH) Type® Ccmpd
3 A 1 - 1 . 8 - 1 . 8 h 24, 25
4 A 2 - 1 . 8 1.2 i 8 " , 20', 34
5 A 3  - 1 . 8 3.2 c 7, 9', 19', 23', 49 (2,

2 ')
3 B 1 1.2 1.2 h 11, 11', 14, 31
6 B 2' 1.2 3.2 i ' 27, 42, 43, 7 " , 49', 52, 

56 (12', 18, 18', 43')
7 B 3 1.2 5 .8 c 10'
8 C l '  0 .0 1.2 15
8 C 2 0.0 3.2 i (57)

° See Figure 9.

take several discrete S values and that pairing of the S 
values of H and OH will lead to a certain classification. 
Depending on the S value of the H atom (he., —1.8,
1.2,23 or 0.0), the pairs are divided into three main 
classes (he., A, B, and C classes, respectively), each 
of which is again divided into several subclasses, as 
shown in Table II.24

In order to distinguish visually the various kinds of S 
value pairs from each other, Figure 9 has been con
structed, in which the ordinate corresponds to the S 
value and the abscissa corresponds to the kind of atom 
or radical.

It is clear from Figure 9 that there are several kinds 
of slopes. The main types are named as follows: (a) 
horizontal (or h) type—A 1 class and B I class; (b) 
gently increasing (or i') type—B 2' class; (c) increasing 
(or i) type—A 2 class; (d) climbing (or c) type—A 3 
class and B 3 class.

Next, the series of compounds RX, where either the 
[M ]20d value of the hydride (he., X  =  H) or that of the 
hydroxide (he., X  =  OH) is known, were treated in 
similar fashion. The results are given in Figures 7, 8, 
and 10-13 (S of H = —1.8 in Figure 10, S of H = 0.0 
in Figure 8, S of H = 1.2 in Figure 11, S of H = 5.8 in 
Figure 7, S of (OH) = —1.8 or 1.2 in Figure 12, and S 
of (OH) = 2.2 or 3.2 in Figure 13).25

The S values of H and those of OH obtained from 
Figures 7, 8, and 10-13 are listed in Table III.26

From Figures 3-8 and 10-13 and Tables II and III, 
the following empirical rules are obtained for the 
steroids.

Rule 1.— [M ]20d of a compound RX (where X  is H, 
OH, F, Cl, Br, or I) = a +  bS, but here a and b are con
stants which are inherent in the moiety R, and S is one 
which is concerned with some optical property of X.

(23) The S  value of H, 1.2, is approximately, but not exactly, equal to 
the R d  value of the H atom in CH 2 (1.028).18

(24) The A 2 class was already encountered in the carbohydrates.4’6’9
(25) In the case of 51 (Figure 10), the standard line was drawn by using 

the [M]2°d value of the bromide and the iodide. This line was useful to 
get the S  value of H atom, —1.8. The [M]20d value of the chloride does 
not fall, however, on this standard line at the abscissal value of 5.8 (¿2 d 
of Cl atom18). Moreover, in three cases (i.e., 35' (in Figure 13), 36' (in 
Figure 11) and 40' (in Figure 8)), the [M]2°d values of their fluorides do 
not fall on their respective standard lines (all of which are drawn without 
using the [M]2°d values of fluorides) at the abscissal value of 0.8 (¿2d of 
F atom18). The study of the reasons for these abnormalities of fluorides 
is left for the future.

(26) The S  value of the H atom is, in some cases, somewhat large (either 
positive or negative in sign). For example, S  of H =  c«z. —7 in 35', 37', 
and 40 or ca . 14 in 3, 15", and 32. These S  values are somewhat imprecise 
and are not included in any figures or tables of this article. (Refer to 
footnote 31.)
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X group
Figure 9.— Types of line slopes which corresponds to a pair of 

S values (i.e., S value of H atom and S value of OH radical: h,
horizontal; i, increasing; i', gently increasing; c, climbing).

T able III
S V alue of H A tom or S V alue of (OH) 

R adical in  Steroid D erivatives

Figure S  of H Compd
10 - 1 . 8 1, 4 " , 6', 13, 39', 51, 53
8 0 .0 40'

11 1.2 3', 4, 6, 8, 34', 36', 44, 
47', 54, 55

7 5 .8 5

Figure S  of (OH) Compd
12 - 1 . 8 16
12 1 .2 16” , 17” , 21', 22, 26
13 2 .2 17, 35', 37'
13 3 .2 22', 28, 33, 38'
7 5 .8 29, 30

Rule 2.—The value of S is equal to the value of atomic 
refraction, Rv only for halogen.

Rule 3.—A hydrogen atom (or a hydroxyl radical) 
assumes discontinuous definite S values, which are as 
follows:2'' H atom (—1.8, 0.0, 1.2, etc.);26 OH radical 
(-1 .8 ,1 .2 , 2.2, 3.2, 5.8, etc.).

Rule 4.—In the same series of compounds, S value 
of H atom S value of OH radical.

Moreover, in terms of molecular structures, the fol
lowing rules can be deduced.

Rule 5.—The S value of the H atom or OH radical 
depends on the orientation of the corresponding C-H (or 
C-O) bond.

For example, the S value of the H atom is —1.8 in 
some compounds (i.e., 6', 34, and 49), but it is 1.2 in 
their diastereomers (i.e., 6, 34', and 49'). Similarly, 
the S value of the OH radical is 1.2 in 22, but it is 3.2 in 
22 '.

(27) Only those S values which are ascertained in more than three cases
in this article are given here.
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Figure 10.— Estimation of the S value of H in steroid deriva
tives17'21'25 (S o f H =  -1 .8 ) ;  O, H.

— r — ‘— *-1-------1 -1----------- r

F Cl Br I  
S (or Rd for halogen)

Figure 11.— Estimation of the S value of H in steroid deriva
tives17'20'21'25 (S o f H = 1.2); O, H.

Rule 6 . —When the X  group is located more or less in 
the plane of symmetry with regard to the arrangement of 
the atoms which surround it, the compound belongs to the 
horizontal type class.

For example, 24 and25 (A 1 class); 11, IT , 14, 31 (B 
1 class).

Rule 7. —When there is a double bond at the a position 
[with respect to the X  group) and in the same ring of the 
steroid skeleton, the compound belongs to the B 2' class 
(i.e., S of H =  1.2; S of (OH) = 3.2).

The examples are 12', 18, 18', 42, 43, 43', and 56. 
The only exception is 57, which belongs to the C 2 class 
(S of H =  0.0; S of (OH) =  3.2). Referring to Table 
III, the S value of the H atom is 1.2 in 44, but, as 
[M ]20d of the corresponding hydroxide is unknown in

Table I, the S value of the OH radical cannot be esti
mated in 44. However, 44 (i.e., 7a-X-3/3-chlorocholest-
5-ene) has a double bond between C-5 and C-6 which is 
located at the a position with respect to the X-7 group; 
hence, according to rule 7, it is presumed that 44 belongs 
to the B 2' class and the S value of OH radical which is 
attached to the 7 position in a orientation may be 3.2. 
This value is used in Figure 11 to estimate the [M ]20d 
value of the hydroxide of 44 (in which X  is OH radical) 
at ca. —400.

Rule 8 .—If the X  group and some other group Y lie 
on the same coplanar zigzag chain,12 the influence of the Y 
group can be easily transmitted to the X  group.

In order to illustrate rule 8, Table IV is given here.28

T a b l e  IV
I n f l u e n c e  o f  Y-6 G r o u p  on  th e  S V a l u e  of t h e  OH R a d ic a l

a t  th e  3 P o sition

, - S  of X-3a—. *—S  of X-30—
Compd Y-6 H (OH) Compd Y-6 H (OH)

11 Two H ’s 1 .2  1 .2 11' Two H ’s 1 .2  1 .2
225 O (in CO) a 1 .2 2 2 '« O (in CO) a 3 .2
“ Unknown. 6 This has a noncoplanar structure, (CO i-6- 

C-5-C-4-C-3-(OH)-3a. c This has a coplanar zigzag chain, 
(CO F6-C -5-C-4-C-3- (OH )-3/3.

Table IV shows that the replacement of two hydro
gen atoms by an O atom to make a carbonyl group at 
the 6 position changes the S value of the OH at C-3 
from 1.2 to 3.2 only when this OH radical is in the 3 
orientation which is coplanar with the carbonyl radi
cal.29

Another example illustrating rule 8 is given in Table 
V .28

T a b l e  V

I n f l u e n c e  of Y-3a G r o u p  on  th e  K in d  of C lass

■5 of X-20—
Compd“ Y-3a Class H (OH)

9 ' Cl A 3  (c) - 1 . 8 3.2
10' Br B 3  (c) 1 .2 5.8

“ This has a coplanar zigzag chain, Y-3a-C-3-C-2-X-2j3.

As shown in Table V, the kind of group at the 3a 
position determines the class to which 9' or 10' belong, 
although, interestingly enough, both classes are of the 
same, i.e., climbing, type. In other words, the change 
from Cl to Br (both of which are halogen) does not 
cause any change in class type but produces a parallel 
displacement of the line of the class type in Figure 9. 
In order to examine whether this phenomenon also 
exists in the corresponding noncoplanar structures (Y- 
3/J-C-3-C-2-X-2a),29 the [ M ] 20d  values of some other 
compounds (i.e., 2a-X-3j3-ehloro-(5a)cholestane and 
2a-X-3j3-bromo-(5a)cholestane) are necessary. Un
fortunately, these are not available, but, in order to 
show the correctness of rule 8, some other examples will 
be given later in this article.

Interpretation from the Standpoint of Electronic 
Theory.—As regards the electron density on a hydrogen 
atom which is combined with a carbon atom in a steroid 
skeleton, the following situation may be probable. A 
hydrogen atom has a smaller electronegativity than a 
carbon atom, and therefore a partially ionized bond

(28) Refer to Tables II and III.
(29) See Figure 14.
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Figure 12.— Estimation of the S value of OH in steroid deriva
tives17 (S of OH =  —1.8 or 1.2); 0, OH.

C5--H 5+ is more stable than a perfectly electroneutral 
covalent bond C-H. However, if an atom or radical Y 
in the remainder of the molecule repulses an electron 
toward this C5~-H s+ bond, from the opposite side of 
H«+, Hs+ will be forced to receive a part of an electron 
and to become electroneutral H. Then, depending on 
the magnitude of the electron-repulsing (or -attracting) 
force of the Y  group, roughly speaking a carbon- 
hydrogen bond may exist in the two states, C -H  or 
Cs~-H i+ .

On the other hand, it has been reported that the Rv> 
value of an H atom (in CH2) is positive in sign, 1.028,18 
but a proton H+ has a negative refractivity.30 On this 
basis, the several discrete S values of H atom given in 
rule 3 can be interpreted as follows: the S value of H 
in C-H  is 1.2 and the S value of H in Cs~-H 5+ is —1.8. 
The case where the S value of H is equal to 0.0 may be a 
mixture of the two states of a carbon-hydrogen bond.31 
One way of showing the correctness of this interpreta
tion is to compare 3' with 4 " .28 The S value of the H- 
2(3 atom is 1.2 in 3' which does not have any halogen 
atom attached to the C-2 atom of the steroid skeleton, 
but it is —1.8 in 4 "  in which the Cl-2a atom is sup
posed to attract an electron from the H-2/3 atom through 
the coplanar chain, Cl-2a-C-2-H-2/3.

In order to examine the correctness of rule 8 and the 
author’s interpretation of the reasons for the variability 
in the S value of H, some examples are she wn in Table
V I. 28

Table VI shows that the Y-3a group in the second 
column attracts an electron more strongly than that in 
the fifth column of the same line. This influence of the

(30) R. J. W. Le F6vre in “ Advances in Physical Organic Chemistry,”  
Vol. 3, V. Gold, Ed., Academic Press, London, 1965, p 1.

(31) In some instances, the S value of the H atom is somewhat larger in 
magnitude,26 but, when one examines the molecular structures giving rise to 
these values, one finds that in some of those compounds the H atom is 
situated at the a  position with regard to a CO radical (i.e., in 3, 32, and 40) 
or to some other functional group which is conjugated with a CO radical 
(i .e ., in 35'). This suggests that, in these compounds, some kind of con
stitutional change is involved (for example, keto— enol tautomerism, etc.). 
The study of these cases is, however, left for the future.

Figure 13.— Estimation of the S value of OH in steroid deriva
tives1721'26 (S of OH =  2.2 or 3.2); 0 , OH.

T a b l e  V I
I n f lu e n c e  of Y -3« G r o u p  on  th e  S V a l u e  o f  H-2/5 an d  the  

K in d  of C lass- T ype

Compd° Y-3<r
S of 
H-2/3 Compda Y-3a

S of 
H-2/3 Type6

25c O (in CO) - 1 . 8 11 H 1 .2 h
8 " OAc - 1 . 8 7 " OH 1 .2 i or i'
9 ' d Cl - 1 . 8 10' Br 1 .2 c

° This has a coplanar zigzag chain, Y-3<*-C-3-C-2-H-2/S. 
6 See Figure 9. c Strictly speaking, the O-C-3 bond is not coplanar 
with the C-2-H-20 bond. d 9 ' and 10' have already been included 
in Table V, with the S values of their OH radicals.

Y-3a group is transmitted to the H-2/3 group through 
the coplanar zigzag chain, Y-3a-C-3-C-2-H -2/3.29

The other coplanar zigzag chain, Y -2/3-C-2-C-3-X- 
3a, and its corresponding noncoplanar structure, Y - 
2a-C-2-C-3-X-3/3, are treated in Tables VII and VIII, 
respectively.28’29

T a b l e  VII
I n fl u e n c e  o f  Y-2/3 G r o u p  on  th e  S V a l u e  o f  X-3a G rou p

■S of X-3a-
Compd6 Y-2/3 H (OH)

11 H 1 .2 1 .2
14 OH 1 .2 1 .2
15 OAc 0 .0 1 .2
13 CO' - 1 . 8 a
16 Cl a - 1 . 8
17 Br a 2 . 2

“ Unknown. 6 This has a coplanar zigzag chain, Y-2/3-C-2- 
C -3-X-3«. c Strictly speaking, the O-C-2 bond is not coplanar 
with the C-3-X-3<* bond.

T a b l e  V I I I
I n fl u e n c e  of Y-2a G r o u p  on  th e  S V a l u e  of X-3/3 G rou p

Compd6 Y-2or
,--------- S of X-3/3-

H (OH)

i r H 1 .2 1 .2
1 6 " Cl a 1 .2
1 7 " Br a 1 .2

Unknown. 6 This has a noncoplanar structure, Y -2a-C -2-
C-3-X-3/3.
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Table VII, which lists compounds containing a co- 
planar zigzag chain, show's that the S value of the OH- 
3 a radical is not constant but depends on the kind of 
Y-2/3 group. On the other hand, Table VIII, which lists 
compounds containing a noncoplanar chain, shows that 
the S value of the OH-3,8 radical is constant and in

dependent of the kind of Y-2a group. One concludes 
that, although the direct distance between the Y-2 
group and the OH-3 radical is much larger in the co- 
planar zigzag chain, i.e., in the trans conformation, 
than in the noncoplanar structure, i.e., in the gauche 
conformation, the influence of the Y-2 group is easily 
transmitted to the OH-3 radical only through a co- 
planar zigzag chain.

Conclusion

Several theories (or calculation methods) have been 
presented for estimating the optical rotation of an 
organic compound.32 Some of these emphasize the role 
of the atomic refraction, Ri> (or polarizability, a), of an 
atom (or a radical) in producing the optical rotatory 
power of a molecule. However, none of them pay any 
attention to the variability of or the nature of the 
change in this Rd (or a) value. Moreover, since the 
days of van’t Hoff,33 the role apparently played by the 
presence or absence of a coplanar zigzag chain has never 
been noticed. It is hoped that the empirical rules 1-8 
presented in this article will be of help in constructing a 
new theory or developing new approaches to the calcula
tion of optical rotatory power.

Addendum.—The fact that a straight [ M ] 20d  as. S 
line changes its slope, according to the change in the 
kind of a Y  atom (or radical) which is coplanar with 
the X  atom (or radical) in the same molecule, means 
that these two atoms (or radicals) (i.e., X  and Y) 
couple with each other to produce a certain partial 
molecular rotation, in spite of their existence in one 
plane (cf. 7", 9', and 10'; 11, 14, 16, and 17; IT , 16", 
and 17", etc.).

(32) J. H. Brewster, in “ Topics in Stereochemistry," Vol. 2, N. L. 
Allinger and E. L. Eliel, Ed., Interscience, New York, N. Y., 1967, p 1.

(33) van’t Hoff, B u ll. S oc . C h im . F r . ,  23, 298 (1875).
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Co(III) ion catalyzed oxidation of alkyltoluenes with oxygen was studied under mild conditions. It was 
found that the methyl group was preferentially oxidized in the presence of other groups on the same benzene 
ring. p-Cymene afforded p-isopropylbenzoic acid (90%) and p-methylacetophenone (10%) as the primary 
products. p-Ethyltoluene gave p-ethylbenzoic acid (68%) and p-methylacetophenone (25%) as major products. 
Prolonged oxidation converted p-methylacetophenone into p-acetobenzoie acid and eventually into terephthalic 
acid. A mixture of the isomeric sec-butyltoluenes was oxidized to the corresponding sec-butylbenzoic acids 
(89%). The relative ease of oxidation of the alkyl groups follows the sequence methyl >  ethyl >  isopropyl ~  
sec-butyl. These results cannot be rationalized on the basis of the classical free-radical mechanism, and an 
electron-transfer mechanism involving the intermediacy of radical cations is proposed.

The literature has numerous references to the 
oxidation of various alkyltoluenes in which secondary or 
tertiary hydrogen on alkyl groups is preferentially ab
stracted. In fact, the oxidation of the methyl group 
in such instances is difficult. Products are comprised 
of carboxylic acids, hydroperoxides, and/or cleavage 
products of the latter. Oxidation of p-cymene or p- 
ethyltoluene with 15% nitric acid is reported to produce 
p-toluic acid, w'hereas p-ethylisopropylbenzene affords 
p-ethylbenzoic acid.2 In the autoxidation of p-ethyl- 
toluene3 or p-cymene,4-7 major products were either

(1) A preliminary report by A. Onopchenko. J. G. D. Schuhz, and R. 
Seekircher appeared in C h em . C o m m u n ., 939 (1971).

(2) L. N. Ferguson and A. I. Wims, J . O rg. C h em ., 28, 668 (1960).
(3) A. Kobayashi, K. Sadakata, and S. Akiyoshi, K o g y o  K aga lcu  Z a ssh i, 

89, 654 (1956); C h em . A b str ., 82, 5334 (1958).
(4) V. B. Fal’kovskii and L. A. Golubko, N efteh h im iy a , 8 (3), 392 (1968).
(5) U. S. Patent 2,833,816 (1958).
(6) U. S. Patent 3,227,752 (1966).
(7) M. I. Khmura, B. V. Suvorov, and S. R. Rafikov, Z h . O bshch. K h im .,  

28, 1418 (1956).

p-toluic acid, terephthalic acid, p-methylacetophe
none, or a combination of these. p-Acetobenzoic acid, 
p-isopropylbenzoic acid, and p-(a-hydroxyisopropyl)- 
benzoic acid were also formed in varying amounts. 
The relative ease of oxidation of these alkyl groups 
follows the sequence isopropyl >  ethyl >  methyl. In 
this paper, we report on a study of Co(III) ion catalyzed 
oxidation of a methyl group in preference to isopropyl, 
ethyl, or sec-butyl in p-cymene, p-ethyltoluene, and 
sec-butyltoluenes. Results obtained are surprising 
as the normal order of hydrogen abstraction, tertiary 
>  secondary >  primary, is reversed.

Results

Reactants, experimental conditions, and the results 
obtained are summarized in Table I. Conversion in 
all experiments was essentially 100%.

Oxidation of p-cymene gave p-isopropylbenzoic
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Expt no.

T a b l e  I
O x id a t io n  o f  A l k y l t o l u e n e s “ 

1 2b 3 4
Hydrocarbon oxidized p-Cymene p-Ethyltoluene sec-Butyltoluenesc

Reactants, g
Co(OAc)2-4H20 20 20 20 20
MEK 20 20 20 20
HOAc 400 400 400 400
7I-C4ÏÏ10 70 85 60 100
Substrate 53 60 20 62

Conditions
Induction time, hr 1.0 0.5 min 0.7 0.5
Reaction time, hr 1.5 1.5 0.7 1.5

Products, g (% )
p-Isopropylbenzoic acid 
p-Acetobenzoic acid 
p-Ethylbenzoic acid 
sec-Butylbenzoic acids 
p-Toluic acid 
p-Methylacetophenone 
Terephthalic acid

58.5(90)
6 .5 (10)

10.6(19)
4 .0 (7 .3 )

9.3 (17)
30(55)
1.0 (1.8)

0 .7 (2 )
16 (68)

1 .3 (5 .5 ) 
5 .5 (25) 

Trace

66.0 (89)d

“ 105°, 22 atm total pressure (partial pressures of butane and oxygen). b 20 g of LiCl added. c 36.5% para, 59.0% meta, and 4.5% 
ortho. d 38.3% para, 59.5% meta, and 2.2% ortho.

acid and p-acetobenzoic acid in yields of 90 and 10%, 
respectively. To determine whether p-acetobenzoic 
acid was formed in competition with p-isopropylbenzoic 
acid, or as the result of secondary oxidation of the latter, 
one experiment was interrupted after 30 min. p-Iso- 
propylbenzoic acid was shown in this case to be the only 
acid formed along with p-methylacetophenone. For
mation of ketone is evidence for the competitive nature 
of the reaction. Prolonged oxidation of p-cymene for
5.5 hr resulted in significant amounts of terephthalic 
acid.

Oxidation of p-ethyltoluene under similar conditions 
gave p-ethylbenzoic acid and p-methylacetophenone 
in yields of 68 and 25%, respectively.

A mixture of sec-butyltoluenes (36.5% para, 59.0% 
meta, and 4.5% ortho) gave an 89% yield of the cor
responding sec-butylbenzoic acids.

These results demonstrate unique and unexpected 
selectivity in methyl group attack in preference over 
other types of alkyl groups on the same benzene ring.

Discussion

The system discussed involves two basic reactions:
(a) continuous conversion of Co(II) ions to Co(III), 
and (b) interaction of Co (III) with the aromatic sub
strates in the presence of oxygen. The first proceeds 
in the presence of methyl ethyl ketone (M EK)8 9 10 11 12, or 
other promoters. As the ketone is rapidly consumed, 
n-butane was generally used as its precursor and a 
promoter of greater permanency to ensure complete 
conversions. Co(II) ions formed in the course of the 
second reaction are regenerated to Co(III) in the first. 
If neither ketone nor butane is added, Co (III) ions 
can be formed by interaction of Co(II) with peroxy 
radicals derived from the substrate alone.8-12

PhCHjOO• +  C o(II) — PhCHO +  C o(III) +  OH -
(8) T. Morimoto and Y. Ogata, J . C h em . S o c . B , 62 (1967).
(9) D. A. S. Ravens, T ra n s. F a ra d a y  S o c ., 55, 1768 (1959).
(10) K. Sakota, Y. Kamiya, and N. Ohta, B u ll. C h em . S oc . J a p ., 41, 641 

(1968).
(11) A. S. Hay and H. S. Blanchard, C a n . J .  C h em ., 43, 1306 (1965).
(12) Y. Ichikawa, G. Yamashita, M. Tokashiki, and T. Yamaji, I n d .

E n g . C h em ., 62, 38 (1970).

The major products of alkyltoluene oxidation in our 
work are unexpected on the basis of the classical free 
radical theory. A different mechanism, possibly in
volving an electron transfer step, may be operating. 
Such a mechanism, proposed by Dewar on kinetic 
grounds for the oxidation of p-methoxy toluene with 
M n(III) 13 ions, apparently also applies to Co(III).14 
It would explain the fact that in p-xylene oxidation, 
in the presence of large amounts of cobaltic acetate 
and acetic acid solvent, the reaction does not stop at 
the p-toluic acid stage as in the oxidation using cata
lytic amount of cobalt salt. Attempts to rationalize 
this observation in terms of accepted free radical theory 
are inconclusive.1315 Recently, certain radical cations 
derived from methyl and ¿eri-butyl substituted benzenes 
employing Co (III) salts have been observed directly 
by esr,16 indicating electron transfer in the absence of 
oxygen. Additionally, oxidation of alkylbenzenes with 
potassium 12-tungstocobaltate(III) ions (K5C0O4- 
W 12O36) imply involvement of outer-sphere electrons 
in radical cation formation.17 Heiba, et al.,14 and 
others18’19 used the magnitude of p values in the Ham
mett <r-p relationship to distingush attack by Co(III) 
ions from the normal radical abstraction. Among 
their criteria for an electron-transfer mechanism are 
the following: (a) requirement of high concentration
of metal ions in a higher valency state, (b) failure of 
the reactivities of aromatics to follow the normal order 
of hydrogen abstraction, (c) small effect of cupric ions, 
effective inhibitors through electron transfer, and (d) 
acceleration of rate by chloride ions, accompanied in 
some cases by nuclear and side chain chlorinations. 
Because of the similarity of the p values obtained in 
both the absence and presence of oxygen (—2.414 vs.

(13) P. J. Andrulis, M. J. S. Dewar, R. Dietz, and R. L. Hunt, J . A m e r .  
C h em . S o c ., 88, 5473 (1966).

(14) E. I. Heiaa, R. M. Dessau, and W. J. Koehl, Jr., ib id ., 91, 6830 
(1969).

(15) W. H. Starnes, Jr., J . O rg. C h em ., 31, 1436 (1966).
(16) R. M. Dessau, S. Shih, and E. I. Heiba, J .  A m e r .  C h em . S o c ., 92, 

412 (1970).
(17) A. W. Chester, J . O rg. C h em ., 35, 1797 (1970).
(18) T. Morimoto and Y. Ogata, J . C h em . S o c . B , 1353 (1967).
(19) K. Sakota, Y. Kamiya, and N. Ohta, Can. J .  C h em ., 47, 387 (1969).
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— 2.6618), electron transfer from toluene to Co(III) 
was probably involved.

Some of the above criteria were applied to our studies 
with oxygen. Table II demonstrates the effect of

T a b l e  II
E ff e c t  o f  C a t a l y s t  C o n c e n tr a t io n  on 

P -C y m e n e  C o n v e r sio n '1'6
Catalyst6 Cymene Induction
concn, M  conversion, % period, hr

0.18 100 1.0
0.09 18 3.5
0.04 2 11.0

° 1.2 M  cymene and 1.0 M  C4Hi0 were used in cooxidation 
(105°, 22 atm, 1.5 hr). 6 Initiated with MEK. c Total cobalt 
ions, initially added as Co(OAe)2-4H20.

catalyst concentration on cymene conversion and induc
tion period. With increasing cobalt concentration, a 
shortening of the induction time, as well as increasing 
cymene conversion, was obtained, with no effect on 
the selectivity to isopropylbenzoic acid. The dis
tinguishing feature of this system is its requirement 
for a high concentration of metal ions throughout the 
reaction, not observed in free-radical processes where 
the metal catalyst is only effective in the early stages 
of the reaction.20-21 Similar conditions are also em
ployed in novel xylene oxidations,22 believed to involve 
radical cation intermediates (Teijin process).23 Table 
III summarizes reactivities for some aromatics which

T a b l e  III
R e l a t iv e  R e a c t iv it ie s  o f  A r o m atics  t o w a r d  C o (I II ) I on°

p-Xylene 3 .96
p-Ethyltoluene 3.5
p-Cymene 2.4
o-Xylene 2.0
p-ierf-Butyltoluene 1.9
Ethylbenzene 1.2
Toluene 1.0 '
Cumene 0.1
p-Methylacetophenone 0.1
ierf-Butylbenzene o .o 8
, 22 atm, in presence of M E K -C 4H10. 6 Reactivity per

molecule. '  Assumed standard. d Internal standard.

were obtained by competitive oxidation. Reactivity 
data of Table III should be compared with literature 
values of Table IV. Reactivities observed in Co (III) 
systems differ from those observed with Cr(VI) where 
a hydrogen abstraction pattern was followed. In 
the Mn(III) system, the electron transfer pathway 
appears to be of importance only in highly activated 
molecules such as p-methoxytoluene. The reactivity 
sequence observed by us for alkylbenzenes, ethyl
benzene >  toluene >  cumene, is in accord with the 
literature. Similarly, the reactivity order of p-cymene 
>  p-ieri-butyltoluene and their magnitude are also in 
reasonable agreement with the literature.18 p-Xylene 
under our conditions was less reactive than previously 
reported.14

Even more interesting than this reactivity sequence

(20) Z. G. Kozlova, V. F. Tsepalov, and V. Ya. Shlyapintokh, K in e t .  
C a ta l. ( U S S R ),  5, 868 (1964).

(21) N. M. Emanuel, D o k l. A k a d . N a u k  S S S R , 45, 603 (1954).
(22) W. F. Brill, I n d . E n g . C h em ., 52, 837 (1960).
(23) U. S. Patents 3,299,125 and 3,334,135.

T a b l e  IV
R e a c t iv it ie s  o f  A rom atics  t o w a r d  Co(III), Cr(VI), an d  

M n(III) I ons an d  Som e  R a d ic a ls  (P e r  A c t iv e  H y d r o g e n )
Aromatic C o(IIl), Cr(VI), M n(III), ROO-, C1-,

Hydrocarbon 65°“ 30° d 130o/ 90°» 4QO»

Toluene 1.0s 1.0 1.0 1.0 1.0
Ethylbenzene 1.36 3.1 7.8 2.5
Cumene 0.36 13.3 5.5
Diphenylmethane 0 .8 ' 6.3 7.9 16.0 2.0
Triphenylmethane 0 .7 ' 8.1 13.2 7.2
p-Methoxytoluene 71s 926'*

« Reference 14. 6 Per molecule. '  Per active hydrogen, 
40°.19 d K. B. Wiberg, Tetrahedron, 8, 313 (1960). ‘  Our 
own extrapolation. 1 E. I. Heiba, R. M. Dessau, and W. J. 
Koehl, Jr., J. Amer. Chem. Soc., 91, 138 (1969). « G. A. Russell, 
ibid., 78, 1047 (1956). 6 G. A. Russell, ibid., 85, 2976 (1963).

is the competition between the methyl group and other 
alkyl substituents in the alkyltoluenes. Assuming 
that reactivity of the isopropyl group in cymene is 
represented by half the molar amount of p-acetobenzoic 
acid formed, and reactivity of the methyl group by 
the sum of the molar amount of p-isopropylbenzoic 
acid and half that of p-acetobenzoic acid produced, 
the methyl group reacts about 19 times faster than 
isopropyl. Applying this reasoning to p-ethyltoluene, 
its methyl group reacts about twice as fast as ethyl, 
even though ethylbenzene is slightly more reactive 
than toluene.

A  recent paper24 describes anodic oxidation of p- 
cymene in methanol via electron transfer to products 
corresponding to a reactivity of the isopropyl group 
as compared to methyl of about 2:1. The Co(III) 
system is therefore milder and more selective than 
electrochemical oxidation. Its selectivity can be 
altered by addition of chloride ions.14 The acceler
ating effect of chloride ion and ensuing loss in selectivity 
associated with a more vigorous oxidation is exemplified 
by experiment 2. Under such conditions, reactivity 
of isopropyl group vs. methyl was 3.2:1, similar to 
values obtained in free radical oxidations [3.5:125 and 
3.2:1 (ref g, Table IV)]. No ring or side chain chlo
rinated products were found. Chloride ion concentra
tion was possibly not sufficient to capture the reactive 
radical cation, or the mechanism may have changed.

Based on the literature and our own work, a mech
anism is proposed which involves the following steps:
(a) interaction of Co (III) with the alkyltoluenes to 
form radical cations, (b) loss of a hydrogen to form 
radicals, (c) trapping of radicals by oxygen to form 
peroxy radicals, and (d) termination of peroxy radicals.

The first step involves reversible interaction of Co-
(III) ions with the substrate to form radical cations. 
This is based on the observation that the rate of ox
idation can be accelerated or slowed down by adding 
Co(III) or Co(II) ions, respectively. In the next step, 
benzyl radicals are formed from the radical cation in
termediate by loss of a hydrogen as protons. The loss 
of proton is controlled by stereoelectronic considera
tions and not by the thermodynamic stability of the 
product. The rate-determining step could be either 
Keq or fc2, or both, depending on the ionization potential 
of the substrate and the stability of radical cation 
formed.

(24) T. Shono and Y. Matsumura, J . O rg. C h em ., 35, 4157 (1970).
(25) G. Serif, C. Hunt, and A. Bourns, C a n . J .  C h em ., 31, 1229 (1953).
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In the preferred geometry, the tertiary hydrogen on 
the isopropyl group of p-cymene is located in the node 
plane of the benzene ring where its interaction with 
the t system in the transition state is minimized. The 
methyl group, on the other hand, rotates freely and is 
therefore affected preferentially. Recent esr data 
support the proposed orientation of alkyl groups in 
radical cations on the basis of r values26 (ratio of /3- 
proton coupling constant to the corresponding methyl 
proton coupling constant: r = 0.3 for isopropyl, 
no rotation; 1.0 for ethyl, free rotation at 25°). Such 
remarkable selectivity prevails during the oxidation 
of p-cymene and sec-butyltoluenes, and to a lesser ex
tent in p-ethyltoluene.

Precisely what is involved, induction, hyperconjuga
tion, solvation, mass effects, or any combination of the 
factors, lies beyond the scope of this paper. Benzyl 
radicals add oxygen to afford peroxy radicals which 
then may terminate in several different ways which do 
not necessarily proceed through a hydroperoxide stage. 
Some of these possibilities have been recently dis
cussed.27 In the absence of detailed kinetic data, it 
is difficult to predict which of the proposed possibilities, 
if any, are applicable under our experimental conditions.

Experimental Section
Apparatus and Materials.-—Oxidations were carried out in a 

1-1., 316 stainless steel, magnetically stirred autoclave (Auto
clave Engineers, Inc., Erie, Pa.) at 105° and 22 atm of total 
pressure. The autoclave was equipped with a cooling coil and 
heaters, and was connected to an oxygen supply system, tem
perature and pressure controllers, and recording instruments. 
Complete conversion of aromatics was obtained in most experi
ments, whereas recovery of products was usually 95% or better. 
The nmr spectra were obtained on a Varian T-60 spectrometer 
(DMSO-d6, TM S). Chemical shifts are in S units, in parts per 
million. The ir spectra were recorded either on Perkin-Elmer 
Infracord or Model 237B spectrometers. Carboxylic acids were 
analyzed by vapor phase chromatography (vpc) as trimethyl-

(26) D. H. Geske, P r o g r . P h y s .  O rg . C h em ., 4, 125 (1967).
(27) C. Walling, J . A m e r . C h em . S o c ., 91, 7590 (1969).

silyl derivatives '4 ft X  0.25 in. OV-1 column, programmed from 
50 to 250° at 10°/min).

p-Cymene and p-ethyltoluene were purchased from Chemical 
Samples Co., Cclumbus, Ohio (minimum purity of 9 9 + % ), and 
were used as received. sec-Butyltoluenes, bp 193-198°, and 
other hydrocarbons were obtained from this laboratory.

Oxidation of p-Cymene.— A mixture consisting of 20 g of 
Co(OAc)2-4H20 , 20 g of M EK, and 53 g (0.39 mol) of p-cymene 
in 400 g of glacial acetic acid was charged into the autoclave. 
After addition of 70 g of n-butane by means of Milroy pump, the 
autoclave was pressured with oxygen to 10 atm and heated to 
105°. Additional oxygen was introduced to bring the pressure 
inside the autoclave to 22 atm. After an induction period of 1 
hr, reaction was continued for 1.5 hr. The autoclave was cooled 
and depressured, and the product mixture was removed. The 
low-boding components were removed under reduced pressure in 
a rotary evaporator, and 500 ml of ice water was added to the 
residue. The white precipitate that formed was filtered, washed 
with water, and dried in a vacuum oven to give 65 g of solids. 
Analysis of product by vpc and nmr indicated the product to be 
a mixture of p-isopropylbenzoic acid (90%) and p-acetobenzoic 
acid (10%). This result was confirmed by vpc by doping with 
standards. Repeated crystallization of crude material from 
aqueous acetic acid gave pure p-isopropylbenzoic acid: mp
114-116° (lit.28 mp 116-117°); nmr 5 1.26 (d, 6, CH3), 2.95 (m, 
1, CH), 7.29 (d, 2, ring), and 7.9 (d, 2, ring). A portion of 
isolated p-acetobenzoic acid melted at 203-206° (lit.29 mp 208°), 
nmr S 2.64 (s, 3, CH3) and 8.1 (s, 4, ring).

Oxidation of p-Ethyltoluene.— Oxidation of ethyl toluene was 
carried out in a manner described for p-cymene. Experimental 
conditions and results obtained are summarized in Table I. 
On work-up, 16 g (68%) of p-ethylbenzoic acid was isolated: 
mp 108-110° (lit.® mp 113.5°); nmr 5 1.2 (t, 3, CH3), 2.6 (q, 2, 
CH2), 7.25 (d, 2, ring), and 7.88 (d, 2, ring). In addition, the 
acid fraction also contained 0.7 g (2% ) of p-acetobenzoic acid,
1.3 g (5.5% ) of p-toluic acid, and a trace of terephthalic acid 
(all by vpc). The neutral fraction contained 5.5 g (25%) of p- 
methylacetophenone, whose ir spectrum and relative retention 
time were identical with those of an authentic sample.

Oxidation of sec-Butyltoluenes.— Starting with 62 g of sec- 
butyltoluenes, a total of 66 g (89%) of the corresponding 
carboxylic acids were obtained, neutral equivalent of 175. The 
ratio of ring protons to that on the alkyl group by nmr was 4:9, 
consistent with sec-butylbenzoic acids. Isomeric distribution 
of charge and product were determined by vpc. Results are 
included in Table I.

Competitive Rate Study.— Competitive oxidations on mix
tures of substrates were done under conditions earlier described 
for p-cymene. Results are shown in Table III. The initial 
concentration of each substrate was held at low value (~ 0 .1  M ) 
to minimize possible solvent effects. After the initiation period 
was over, reaction was allowed to proceed for 5 min. The ini
tial charge and the pentane extract of the final mixture were 
analyzed directly by vpc for the disappearance of starting hy
drocarbons. Analyses were carried out (Varian 1520 chro
matograph, TC detector) on two columns using leri-butylbenzene 
as internal standard: 20 ft X 1/% in., 5%  Bentone 24 and DC 
200 on Chrom W at 95°, and 20 ft X */, in., 20% /3,(3'-oxydi- 
propionitrile on Chrom W at 100°. All reactivities were re
lated to toluene using the following expression

*. lo g q + M A h ) 
kb log([R]t/[B ]i)

where A and B refer to concentrations of the two substrates 
before and after the reaction.

Registry No.—Cobaltic ion, 22541-63-5; p-cymene, 
99-87-6; p-ethyltoluene, 622-96-8; sec-butyltoluenes, 
26571-04-0.

(28) “ Lange’s Handbook of Chemistry,”  9th ed, Handbook Publishers, 
Sandusky, Ohio, 1956, p 664.

(29) P. D. Ritchie and A. E. Wright, J . C h em . S o c ., 902 (1960).
(30) “ Handbook of Chemistry and Physics,”  47th ed, Chemical Rubber 

Publishing Co., Cleveland, Ohio, 1966, p C-190.
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Synthesis of l-/3-D-Arabinofuranosylorotate and an Investigation 
of the Rearrangement of 2,2'-Anhydroorotidine Derivatives

C a r m e n  V. Z. Sm it h , R o l a n d  K. R o b in s , a n d  R ic h a r d  L. T o l m a n *
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2,2'-Anhydroorotidine ethyl ester (2) was prepared by cyelization of 2-amino-0-D-arabmofurano[l',2':4,5]-2- 
oxazoline (1) with diethyl acetylenedicarboxylate. Treatment of compound 2 with 2 N  HC1 afforded 1-/3-D- 
arabinofuranosylorotic acid 2',6-lactone (4) which gave, after titration with 0.5 M  KOH, potassium 1-jS-D-arabino- 
furanosylorotate (7). Compound 2 was readily converted to 2,2'-anhydro-l-/3-o-arabinofuranosyluracil-6-car- 
boxamide (3a) by treatment with methanol saturated with ammonia at 0°. Prolonged treatment of compound 2 
with methanolic ammonia gave 2-amino-2',6-anhydro-l-/S-D-arabinofuranosyl-5,6-dihydrouracil-6-carboxamide
(6). A similar rearrangement was observed when compound 7 was treated with base or allowed to stand at room 
temperature in solution for a few days. Treatment of compound 3a with trifluoroacetic acid, which had been 
saturated with dry hydrogen bromide at 0°, afforded, not the expected 3'-bromo-3'-deoxyorotidine derivative, but 
a 3-/3-D-anhydronucleoside isomeric with 3a, which was subsequently hydrolyzed to 3-(i-D-arabmofuranosyl- 
uraeil-6-earboxamide (11). The combined nature of the arabinosyl 2'-OH group and the pyrimidine 6-carboxyl 
group in close proximity has led to a number of unusual interactions and rearrangements, for which mechanisms 
have been proposed.

The importance of orotic acid in the biological syn
thesis of nucleic acid, and pyrimidine nucleotides in 
particular, has been well established.1 Orotidine was 
first isolated from a mutant of Neurospora cra-ssa by 
Michelson, Drell, and Mitchell,2 who showed that it was 
composed of orotic acid and ribose. Subsequently, 
Lieberman, et al.,lB by enzymatic studies, and Fox, el 
al.,3 by ultraviolet absorption spectroscopy proved that 
the ribose moiety was affixed to the N -l position of the 
pyrimidine. To date, however, the only synthetic 
method of preparing orotidine (~ 10% ) is that reported 
by Angier and Curran.4 This consideration prompted 
an investigation of new synthetic routes to various 
derivatives of orotic acid nucleosides.

In 1968, Ferris, Sanchez, and Orgel5 reported a syn
thesis of cytosine and uracil from cyanoacetylene and 
later, by a similar procedure, Sanchez and Orgel6 
obtained a-ribosyl- and d-arabinosvlpyrimidines. Fol
lowing a similar approach in our laboratory, 2,2'- 
anhydroorotidine ethyl ester (2) was synthesized by 
treatment of 2-amino-/3-D-arabinofurano[l',2':4,5]-2- 
oxazoline (1) with diethyl acetylenedicarboxylate in 
53% yield. This compound, like other anhydro- 
nucleosides in the literature,7 is an important inter
mediate in stereochemically controlled reactions in
volving alteration of the sugar configuration, as well as 
that of the aglycon.

The potassium salt of 2,2,-anhydroorotidine (5b) 
was readily prepared by treatment of 2 with 1 equiv 
of potassium hydroxide at room temperature. Neu
tralization with Dowex 50 (H+) furnished the cor
responding free acid (5a).

(1) (a) F. W. Chathaway, N a tu re , 153, 250 (1944); (b) H. S. Loring and 
J. G. Pierce, J . B io l . C h em ., 153, 61 (1944); (c) H. Arvidson, N. A. Eliasson, 
E. Hammersten, P. Reichard, H. Von Ubisch, and S. Bergstrom, ib id ., 179, 
169 (1949); (d) L. D. Wright, C. S. Miller, N. R. Skeggs, L. L. Weed, and 
D. W. Wilson, J . A m e r .  C h em . S o c ., 73, 1898 (1951); (e) R. B. Hurlbert 
and V. R. Potter, J . M o l. B io l ., 195, 257 (1952); (f) I. Lieberman, A. R om 
berg, and E. S. Simms, J . A m e r .  C h em . S o c ., 76, 2844 (1954); (g) 1. Lieber
man, A. Romberg, and E. S. Simms, J . B io l . C h em ., 215, 403 (1955).

(2) A. M. Michelson, W. Drell, and H. R. Mitchell. P r o c .  N a t. A ca d . 
S ci. U . S ., 37, 396 (1951).

(3) J. J. Fox, N. Yung, and I. Wempen, B io c h im . B io p h y s .  A c ta , 23, 295 
(1957).

(4) W. V. Curran and R. B. Angier, J . O rg. C h em ., 31, 201 (1965).
(5) J. P. Ferris, R. A. Sanchez, and L. E. Orgel, J . M o l.  B io l - , 33, 693

(1968).
(6) R. A. Sanchez and L. E. Orgel, ib id ., 47, 531 (1970).
(7) J. J. Fox, P u r e  A p p l .  C h em ., 18, 223 (1969).

Compound 2 was readily converted to 2,2'-anhydro-
l-/3-D-arabinofuranosyluraci 1-6-carboxamide (3a) by 
treatment of 2 at 0° with methanol saturated with 
ammonia (0°); the morpholino derivative 3b was 
prepared in a similar manner with the objective of 
obtaining a more stable protecting group for future re
actions.

It was found that prolonged treatment of compound 
2 at 0° with methanolic ammonia afforded 2-amino-2',6- 
anhydro-l-/3-D-arabinofuranosyl-5,6-d i h y d r ou r a ci 1-6- 
carboxamide (6) as a side product. The structural as
signment of 6 was based on the following data: uv 
absorption above 240 nm was lost; the nmr spectrum 
showed a broad singlet at 5 8.47 assigned to NH2 and a 
widely separated broad doublet (22 Hz) which was 
attributed to the carboxamido group. This assign
ment was substantiated by the disappearance of the H-5 
signal at 5 6.28 (singlet) and the appearance of a singlet 
at 5 2.8 which integrated for two protons and exchanged 
upon the addition of D20  and NaOD. That the 5' 
position is not involved in the anhydro linkage of 6 
follows from the nmr spectrum, which showed the H-5' 
protons as a broad singlet at 8 3.60.’ In a typical 5'- 
anhydro derivative the H-5' signals appear at lower 
field, for example at 5 4.08,8 and as a quartet with Jw,h" 
~  13 Hz. Compound 6 was obtained in 82% yield 
from 2 when the same reaction was performed at room 
temperature in a sealed vessel for 3 days.

The formation of compound 6 can be explained by the 
displacement of the 2,2'-anhydro linkage of 3a through 
nucleophilic attack of ammonia on C-2 to form A. 
Attack of the initially formed 2 '-0  anion of A or the 2'-

3a — ►

(8) B. A. Otter, E. A. Falco, and J. J. Fox, J . Org. Chem ., 34, 1390 (1969).
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OH group of B on C-6 would lead to the formation of 
the dihydro derivative 6.

The possibility of the utilization of 2,2'-anhydro- 
orotidine as a starting material for the synthesis of 2'- 
bromo-2'-deoxy nucleosides was investigated following 
the method described by Fox and coworkers.9 This 
involves treatment of the anhydronucleoside with tri- 
fluoroacetic acid saturated with dry hydrogen bromide 
at 0°. This procedure, however, led to the rearrange
ment of compound 3a to the corresponding 3-/3-D 
isomer (10). The structure assigned to 10 is supported

by the following data: the uv absorption spectrum 
showed a significant bathochromic shift o: 14 nm rela
tive to compound 3a; and the ir spectrum of compound 
10 was markedly different from that of 3a, indicating a 
difference in the electronic structure of the pyrimidine

(9) J. F. Codington, I. L. Doerr, and J. J. Fox, J . O rg. C h em ., 29, 558
(1964).

moiety. In addition, the similarity of the nmr spectra 
of 3a and 10 (except H-5 and H -l') implies that both 
compounds have the same conformation and therefore, 
contain anhydro rings of the same size. Elemental 
analysis supports the fact that these two compounds are 
isomers. This structural assignment was further sub
stantiated by the alkaline hydrolysis of compound 10 
to 3-/3-D-arabinofuranosyluracil-6-carboxamide (11). 
Compound 11 showed a bathochromic shift of 39 nm in 
alkaline solution accompanied by an increase in imax, 
characteristic of an N-3 substituted orotic acid.3’10

A mechanism that accounts for the above rearrange
ment involves protonation of 3a to form 12. Nucleo
philic attack by bromide ion on C-l leads to 13, which 
subsequently undergoes an intramolecular displacement 
of the bromide ion to give compound 10.

Further evidence for the preferential rearrangement 
to N-3 can be seen from orotate methylation studies.3’4 
Orotic acid may be methylated by dimethyl sulfate in 
alkaline medium to 3-methylorotic acid, but treatment 
of 3-methylorotic acid with dimethyl sulfate afforded 
only meager yields of 1,3-dimethylorotic acid. 1- 
Methylorotic acid, however, may be methylated by the 
same process in good yields. From an examination of a 
molecular model it is quite evident that the 6-carboxy 
function of orotic acid creates a considerable amount of 
steric hindrance at the N -l position of the pyrimidine 
ring, and this fact would explain the difficulty in

(10) M. W. Winkley and R. K. Robins, ibid., 33, 2822 (1968).
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methylating orotic acid at N -l. Hence, by the same 
token, once glycosylic cleavage has been effected, intra
molecular glycosylation will favor the formation of the 
more stable N-3 isomer (10).

Studies have shown11 that arabinosyl nucleosides are 
of considerable biological interest. These conditions 
prompted the synthesis of 1-,8-D-arabinofuranosylorotic 
acid from the easily accessible 2,2'-anhydroorotidine 
derivative. Aqueous acidic (2 N HC1) hydrolysis of 2 
at room temperature afforded the lactone 4.

The nmr spectrum of 4 showed an NH (5 12.08) and 
H-5 as a broad singlet ( / 5,n h  = 1 . 2  Hz) which becomes 
a sharp singlet after deuteration. It has been observed12 * * 
that an NH, H-5 coupling in DMSO-d6 is characteristic 
of many pyrimidine nucleosides, of which the orotidines 
are an example.

Titration of 4 with dilute potassium hydroxide readily 
furnished the potassium salt 7. Potassium 1-j3-d- 
arabinofuranosylorotate (7) is unstable for extended 
periods of time in solution at room temperature and is 
spontaneously converted to a corresponding dihydro 
derivative 8; it is stable, however, at 0° in the dry state 
as the potassium salt. Attempts made to convert salt 
7 to the corresponding carboxylic acid led only to re
conversion to the original lactone (4).

It is suggested that the reaction of aqueous hydro
chloric acid with the 2,2'-anhydronucleoside 2 involves 
as a first step hydrolysis of the ester 2 to the acid 5a and

2 — ►

(11) (a) S. S. Cohen, P r o g r . N u d .  A d d  R es . M o l.  B io l ., 5, 1 (1966); (b) 
F. M . Schabel, C h em o th era p y , 13, 321 (1968).

(12) (a) R. S. Klein, J. Wempen, K. A. Watanabe, and J. J. Fox, J . O rg.
C h em ., 35, 2330 (1970). (b) Nmr spectra of orotidine and orotidine ethyl
ester, kindly provided by Dr. B. A. Otter, showed Jhn, h- 5  =  2 Hz.

protonation of the pyrimidine ring to give intermediate 
14.

Intramolecular attack by the 3'-OH on C-2' leads to 
the formation of a protonated “ down”  2',3'-epoxide
(15) which can revert to 2. Subsequent attack by the
6-carboxylic acid oxygen on C-2' of the epoxide 15 
gives lactone 4 , which upon base hydrolysis gives ara- 
binosylorotate (7).

The stability of compounds 3 and 10 to acidic condi
tions can be explained by the fact that although the 
“ down” epoxides can be formed, they can only be con
verted back to the 2,2'-anhydro starting materials, 
since the amide linkage is stable to acidic conditions. 
This acid stability of 3 and 10 rules out the possible 
formation of 4  by acidic hydrolysis of the anhydro 
linkage followed by transesterification with the C-2' 
hydroxyl moiety.

In 1961 Yung and Fox18 suggested the formation of a 
similar “ down” protonated epoxide to account for the 
formation of arabinosyluracil when 2,3'-anhydroxylos- 
yluracil was heated under reflux temperature in dilute 
hydrochloric acid.

A similar attempt to open lactone 4  using methanolic 
ammonia afforded the dihydro carboxamide (9 ). The 
structural assignment was based, again, on the disap
pearance of the H-5 vinylic proton at & 6.42, which was 
accompanied by the appearance of a quartet centered at 
5 2.85 (2 H, y 5a,5b =  18.5 Hz), which exchanged upon 
the addition of D20  and NaOD, and which were as
signed to the 5-methylene moiety (-CH 2). Further
more, loss of uv absorption at wavelengths higher than 
250 nm is consistent with the dihydro structure pro
posed.

The combined nature of the arabinosyl 2'-OH and the 
pyrimidine 6-carboxyl group in close proximity have led 
to unusual interactions between these groups. It is 
interesting to point out that ring opening of the 2,2'- 
anhydro linkage under acidic conditions was accom
plished only when substituents at position 6 were the 
ethyl ester or the free carboxylic acid group. When 
similar conditions were used for the hydrolysis of com
pound 3 and 10 (carboxamido derivatives), only the 
starting materials were isolated after 5 days. These 
observations can probably be explained by the fact that 
ethanol and water are better leaving groups than am
monia.

Experimental Section
G eneral P roced u re .—Melting points were determined with a 

Thomas-Hoover apparatus and are uncorrected. Optical rota
tions were determined with a Perkin-Elmer 141 polarimeter with 
a 1-dm path length. Ultraviolet spectra were recorded on a 
Cary Model 15 spectrometer, ir spectra on a Perkin-Elmer 257 
spectrophotometer (KBr pellets), and nuclear magnetic resonance 
spectra with a Hitachi R20a spectrometer using EM SO-A as a 
solvent and sodium 2,2-dimethyl-2-silapentane-5-sulfonate as an 
internal standard. Values given for coupling constants (Hz) 
and chemical shifts (5) are first order. Microanalyses were per
formed by M-H-W-Laboratories, Garden City, Mich., and by 
Galbraith Laboratories, Inc., Knoxville, Tenn. Evaporations 
were carried out under reduced pressure with bath temperatures 
below 40°.

2 ,2 '-A n h yd roorotid m e Ethyl E ster (2 ).— Diethyl acetylene- 
dicarboxylate (12.1 g, 0.71 mol) was added to a well-stirred sus
pension of 2-amino-/3-D-arabinofurano[l',2':4,5]-2-oxazoline6 (1,
12.0 g, 0.69 mol) in DMAc (30 ml) and the resulting mixture was 
stirred overnight at room temperature. The greenish suspension

(13) N. C. Yung and J. J. Fox, J . Amer. Chem. Soc., 83, 3060 (1961).
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was diluted to about 40 ml with chloroform and allowed to stand 
for 1 hr at 4°. Filtration of the mixture afforded white crystals, 
mp 234-236° (11 g, 53%). A portion was recrystallized from 
aqueous methanol (with a trace of ethyl acetate) to furnish 
colorless needles: mp 235-236°; [a]25o —194.8° (c 1.0, D M F); 
X“ '™ 276 nm (e 6000); xS .1 275 nm (<= 7000); X ^ "  264 nm (c 
7200); nmr 8 6.85 (1, d, H -l ',  Jy.v  =  6.0 Hz), 6.48 (1, s, H-5), 
5.92 (1, d, 3'-OH, Jv.oh =  4.2 Hz), 5.25 (1, d, H -2'), 4.97 (1, t, 
5'-OH, Jv-oh =  4.5 Hz), 4.6-4.06 (4, m, H-3', H-4, CH2),
3.15-3.45 (2, m, H-5', H -5"), 1.28 (3, t, CH3).

Anal. Calcd for C12HI4N20 ,: C, 48.32; H, 4.73; N, 9.39. 
Found: C, 48.25; H, 4.90; N, 9.25.

2,2 '-Anhydro- l-/3-D-arabinofuranosyluracil-5-carboxamide 
(3a).— Methanol saturated with ammonia at 0° (200 ml) was 
added to compound 2 (5 g, 0.17 mol) and the suspension was 
stirred at 0° until complete solution was achieved. The solvent 
and excess ammonia were evaporated in vacuo and 50 ml of 
methanol was added to the resulting residue to afford white, 
crystalline 3 (4 g, 89%) mp 236° dec (softens at > 221°). Re
crystallization of a small portion from methanol afforded colorless 
crystals: mp 249° dec (softens at >225°); [al22D —280.0° (c 
1.0, D M F); X“ ;° H 263 nm (e 5900), XE„H„ IM 263 nm (e 6300); 
nmr 8 8.39 and 8.01 (2, s, NH2), 6.85 (1, d, H -l ',  JJ,% = 6 Hz), 
6.28 (1, s, H-5), 5.88 (1, d, 3'-OH, Jv.0H =  5 Hz), 5.22 (1, d, 
H -2'), 4.87 (1, t, 5'-OH, Jv-oh =  5 H z ), 4.42 (1, broad d, H -3'),
4.05 (1, broad s, H -4'), 3.25 (2, broad s, H -5').

Anal. Calcd for CioHnNsCh: C, 44.61; H, 4.12; N, 15.61. 
Found: C, 44.64; H, 4.09; N , 15.55.

2,2'-Anhydro-l-/3-D-arabinofuranosyl-6-morpholinocarbonylur- 
acil (3b).— Compound 2 (0.5 g, 1.67 mmol) was suspended in 
absolute ethanol (15 ml), and morpholine (5 ml) was added. 
The resulting mixture was heated at reflux for 3-4 hr and then 
allowed to stand, at room temperature, for several days; progress 
of the reaction was followed by tic on silica gel GF254 using 1- 
butano 1-ethanol-water (2 :1 :1 ) as solvent system. Evaporation 
of the solvent and excess morpholine gave a syrup which crystal
lized from methanol containing a few drops of 2-propanol. Re- 
crystallization from methanol afforded white crystals of 13 (0.5 g, 
88% ): mp 218-220°; M 22d -1 6 7 .6 ° (c 1.0, D M F); X?° 
256 nm (t 8700), Xp"x‘ 256 nm (e 9200), X°„Haxu 256 nm (e 8900); 
nmr 8 6.36 (1, d, H -l ',  J v,z' =  6 Hz), 6.02 (1, s, H-5), 5.99 (1, d, 
3'-OH), 5.27 (1, d, H -2'), 5.0 (1, t, 5'-OH), 4.43 (1, broad d, H- 
3 '), 4.16 (1, broad peak, H -4'), 3.S-3.2 (10, m, H-5', morpholino 
protons).

Anal. Calcd for C14H17N 3O7: C, 49.55; H, 5.05; N, 12.39. 
Found: C, 49.40; H, 4.92; N , 12.43.

l-/3-D-Arabinofuranosylorotic Acid 2',6-Lactone (4). Method 
A.—-Compound 2 (1.00 g, 0.003 mol) was suspended in freshly 
prepared 2 N  hydrochloric acid and the mixture was stirred at 
room temperature for 4 days. Evaporation of the solvent and 
excess acid to dryness afforded a white foam. Two successive 
additions and evaporations of ethanol gave a syrup which was 
dissolved in methanol. Crystallization occurred upon standing 
at 4°; filtration and subsequent washing with cold methanol 
afforded white crystals (0.43 g, 53%). An analytical sample 
was obtained by recrystallization (twice) from methanol: mp
249-250.5°; [ a ] 22D -2 5 .0 °  (c 1.0, D M F ); X“«0H 290 nm (e
7600), Xg,1 290 nm (e 7800), XpmH„ u 270 nm (e 5400); nmr 8
12.08 (1, broad s, NH), 6.42 [1, broad s (becomes a sharp s after 
deuteration), H-5], ~5.97 [2, H -l ' (d) overlapped by 3'-OH 
at 5.95, J i«,2# =  2.2 Hz], ~ 4 .95  (2, H -2 'd  at 4.97 overlapped 
by 5'-OH at 4.95), 4.1-4.3 (1, m, H -3'), 3.7-4.0 (1, m, H -4'), 
3.47 (2, broad t, H-5', H -5").

Anal. Calcd for C10H I0O7N2: C, 44.45; H, 3.73; N, 10.37. 
Found: C, 44.48; H, 3.92; N , 10.48.

Method B.— Compound 3a (0.6 g, 2 mmol) was suspended in 
15 ml of 0.5 M  potassium hydroxide, and the resulting solution 
was stirred for 1 hr at room temperature. Treatment of the re
action mixture with Dowex 50 (H+) (~ 1  g), filtration, and sub
sequent evaporation of the resulting filtrate afforded a foam. 
Water was removed by azeotropic distillation with absolute 
ethanol. Crystallization was effected by dissolving the crude 
material in ethanol and storing the solution at ~ 4 °  overnight. 
A small portion of this material was recrystallized from 
methanol to afford white crystals whose physical properties were 
identical with those of an authentic sample of compound 4.

2,2'-Anhydroorotidine (5a).— Compound 2 (2.0 g, 0.006 mol) 
was dissolved in 25 ml of 0.5 M  potassium hydroxide. After 
stirring for 5 min, the solution was treated with Dowex 50 (H+). 
The solvent was evaporated and the gel was broken by azeotropic

distillation with absolute ethanol. Treatment of the white 
residue with methanol effected crystallization (1.5 g, 81%). A 
pure sample was prepared by recrystallization from methanol and 
subsequent washing with cold methanol (with a few drops of 
water): mp 235-239°; H 22d -1 7 8 .6 ° (c 1.0, D M F); x2i° 
267 nm (e 6500), X^x‘ 273 nm (<e 6800), XcmH„ n 265 nm (e 6800); 
nmr 5 6.89 (4, d, H -l ' at 6.89 overlapped by 3'-OH, 5'-OH, and 
C 02H at ~ 6 .8 , J,,2. =  6 Hz), 6.40 (1, s, H-5), 5.22 (1, d, H -2'), 
4.40 (1, broad s, H -3'), 4.08 (1, broad t, H -4'), 3.28 (2, d, H-5', 
H -5').

Anal. Calcd for C ioH10N2Oj: C, 44.45; H, 3.73; N , 10.37. 
Found: C, 44.20; H, 3.43; N , 10.18.

2,2'-Anhydroorotidine Potassium Salt (5b).— Compound 2 
(1.0 g, 0.003 mol) was suspended in 0.1 M  potassium hydroxide 
(30 ml, 0.003 mol) and the mixture was stirred at room tempera
ture until the reaction was complete by tic (about 30 min). 
Methanol (25 ml) was added to the warm solution and crystalliza
tion began immediately, providing 0.93 g of product (90%): 
mp 264° dec; [a]25D -1 5 4 .2 ° (c 1.0, H 20 ) ;  Xp" x‘ 273 nm (e 
6200), X“ ;°H 268 nm (e 5900), XL«“  270 nm (e 6200); nmr 
(D20 )  8 7.08 (1, d, H -l ',  Jv .v =  6.2 Hz), 6.47 (1, s, H-5), 5.45 
(1, d, H -2'), 4.8-4.3 (2, m, H-3', H -4'), 3.57 (2, d, H-5', H -5").

Anal. Calcd for C i0H9O,N2K : C, 38.96; H, 2.94; N, 9.09. 
Found: C, 38.70; H, 3.00; N, 8.87.

2-Amino-2',6-anhydro-l-/3-D-arabinofuranosyl-5,6-dihydroura- 
cil-6-carboxamide (6).—Compound 2 (1.0 g, 0.003 mol) was 
suspended in 100 ml of methanol saturated with ammonia (0°) 
in a pressurized bottle and the solution was allowed to stand for 3 
days (RT). Evaporation of the solvent and excess ammonia gave 
a syrup. This residue was crystallized from methanol, with a 
few drops of 2-propanol, to furnish colorless crystals (0.75 g, 
82% ). An analytical sample was obtained by recrystallization 
of a small portion of the material from water: mp 192-194°; 
[<*]22d -  68.0° (c 1.0, D M F); x“ ? H 234 nm (e 12,600), XpmH„ u 232 
nm (e 12,900), A™*1 end absorption; nmr 8 8.47 (2, broad s, NH2),
7.17 and 6.8 (2, broad s, CONH2), 5.77 (1, d, H -l ',  J v,v  =  4.5 
Hz), 5.6 (1, d, 3'-OH, J V -oh =  5 Hz), 4.9-5.2 (1, m, 5'-OH), 
4.30-4.6 (1, m, H -2'), 3.S-4.2 (1, m, H -3'), 3.60 (3, broad s, 
H -4', H-5', H -5"), 3.39 (2, s, H20 ) , 2.80 (2, s, H-5).

Anal. Calcd for C 10H I4O8N4-H2O: C, 39.47; H, 5.30; N , 
18.42. Found: C, 39.44; H, 5.50; N , 18.52.

Potassium 1-3-D-Arabinofuranosylorotate (7).— Compound 4 
(0.15 g, 0.5 mmol), suspended in 17 ml of water, was titrated with 
potassium hydroxide (2 ml of 0.5 M  solution). The solution was 
evaporated to dryness and the white residue was crystallized by 
adding a small amount (•—-15 ml) of methanol. Filtration and 
washing (twice with cold methanol with a few drops of water) 
afforded, after freeze-drying, white crystals of 7 (0.12 g, 74%): 
[a] 22d +26.9° (c 1.0, H 20 ) ; X ~ f 45 268 nm (t 8100), X” » 1 285 
nm (e 6400), Xp“x“  269 nm (e 4700); nmr 8 11.25 (1, broad s, 
N 3H ), 5.98 (1, d, H -l ',  Jv.v  =  6 Hz), 5.35 (2, H-5, broad 
singlet at 5.35 overlapped by an OH), ~ 4  (2, H-2', H -3'), 3.62 
(3, H -4', overlapped by the H -5').

Anal. Calcd for C10H „O 8N2K -l /2 H 2O: C, 35.81; H, 3.58;
N , 8.35. Found: C, 35.86; H, 3.50; N, 8.39.

Titration of 4 (0.15 g) with potassium hydroxide (2 ml of 0.5 
M  solution) followed by treatment with Dowex 50 (H+) gave
O. 082 g of white crystals. Recrystallization of this material 
from methanol afforded a pure sample, the physical properties of 
which were identical with those of the starting material 4.

Potassium 2',6-Anhydro-l-j3-D-arabinofuranosyl-5,6-dihydro- 
orotate (8). Method A.— A small portion of 7 was recrystallized 
from methanol containing a small amount of water to give color
less 8 which did not show any uv absorption above 240 nm: 
mp 218° (sinters), 222° dec; [a]22D +29.6° (c 1.0, H20 ) ;  nmr 
(with two drops of trifluoroacetic acid to effect solution) 8 10.72 
(1, broad s, N 3H), 8.75 (all of the OH’s overlapped by trifluoro
acetic acid peak), 5.97 (1, d, H -l ',  J v,v  — 4-7 Hz), 4.73 (1, d of 
d, H -2'), 4.15 (1, m, H -3'), 3.5 (3, H-5' singlet at 3.55 overlapped 
by H-4' at 3.68), 2.88 (2, q, H-5, Jaa.sb =  17 Hz).

Anal. Calcd for C10H „O 8N2K : C, 36.81; H, 3.30; N , 8.50. 
Found: C, 37.10; H, 3.50; N, 8.69.

Method B.— Crystalline 7, when allowed to stand at room 
temperature, gradually lost uv absorption above 240 nm (com
plete loss of absorption was observed after 5 days). Nmr, ir, 
and uv spectra of this material are superimposable upon those of 
the product by method A.

Method C.— Compound 3a (1.3 g, 0.004 mol) was suspended 
in 25 ml of 0.5 M  potassium hydroxide and the resulting solution 
was stirred for 6 hr. The solution was neutralized by stirring



1422 J. Org. Chem., Vol. 97, No. 9, 1972 POTTS AND SORM

with Dowex 50 (H+) (~ 1 .5  g). Filtration of the resin and sub
sequent evaporation of the filtrate to dryness gave a white solid 
which crystallized from methanol to give 8 (0.9 g, 78%), mp 
219°. An analytical sample was obtained by recrystallization 
from methanol to give white crystals, mp 222° dec. Physical 
properties of this material were identical with those of an authen
tic sample prepared previously.

Concentration of the mother liquor to about 10 ml afforded 
white crystals (0.20 g). Nmr, ir, and uv spectra, as well as the 
melting point of this material, are identical with those of lactone
4.

Method D.— Compound 2 (0.3 g, 1 mmol) was dissolved in 10 
ml of 0.5 M  potassium hydroxide and the resulting solution was 
stirred at room temperature until the absorption above 240 nm 
was completely gone. Dilution with water (~ 5 0  ml), treatment 
with Dowex 50 (H+), and subsequent evaporation of the solvent 
afforded a gel. This residue upon azeotropic distillation with 
absolute ethanol gave a syrup which crystallized from methanol 
after standing at ~ 4 ° .  This material was shown (by ir, uv, 
nmr, and melting point) to be identical writh compound 8.

2',6-Anhydro-l-/3-D-arabinofuranosyl-5,6-dihydrouracil-6-car- 
boxamide (9).— Compound 4 (0.2 g, 0.69 mmol) was stirred 
with 50 ml of methanol saturated with ammonia (0°). As soon 
as solution was effected, the solvent and excess ammonia were 
immediately evaporated. Addition of a small amount of metha
nol (~ 1 0  ml) furnished colorless crystals (0.19 g, 95% ). Re
crystallization from methanol (with a few drops of water) af
forded pure 9: mp 172-174° dec; [<*]22d  +47.9° (c 1.0, D M F); 
nmr 5 10.35 (1, broad s, N 3H), 7.52 (2, broad s, CNH2), 5.88 (1, 
d, H -l ',  J i ',2' =  4.4 Hz), 5.60 (1, broad peak, 3'-OH), 5.06 (1, 
broad s, o '-OH ), 4.65 (1, d, H -2'), 4.20 (1, broad peak, H -3'), 
~ 3 .64  (3, H -4' at ~3.65 overlapped by the 2 H -5' at ~3.64), 
2.85 (2, q, H-5, J 5a.5b =  18.5 Hz).

Anal. Calcd for C igH130 tN 3; C, 41.81; H, 4.56; N, 14.63. 
Found: C, 41.67; H, 4.54; N , 14.54.

2,2 '-Anhydro-3-d-D-arabinofuranosyluracil-6-carboxamide
(10).— Compound 3a (0.6 g, 0.002 mol) was suspended in 35 ml 
of trifluoroacetic acid saturated with hydrobromic acid (0°) and 
the resulting mixture was allowed to react at room temperature in 
a pressurized bottle overnight. Evaporation of the solvent and

excess hydrobromic acid gave a foam which gradually crystallized 
from ethanol upon standing at ~ 4 ° .  Filtration of the dark sus
pension afforded light gray crystals (400 mg, 67% ); a second 
crop (~ 5 0  mg) was obtained from the mother liquor. Recrystal
lization from methanol with decolorization afforded white crystals 
(300 mg, 50% ): mp 170° (sinters), 210° dec; [ a ] 22D —168.0° 
(c 0.4, D M F); x I ? H' pH 1 “nd 11 296 nm (e 5000); nmr 5 7.85 (2, 
broad d, CONH2), 6.58 (1, s, H-5), 6.45 (1, d, H -l ',  J,,.,, =  6 
Hz), 5.91 (1, d, 3'-OH, J 3. . o h  = 5 Hz), 5.26 (1, d, H -2'), 4.95 
(1, t, 5'-OH, J 5'-oh = 5 Hz), ~ 4 .45  (1, broad s, H -3'), '-'+.14 
(1, broad s, H -4'), 3.35 (2, broad t, H -5', H -5 '').

Anal. Calcd for C+HuN A p C, 44.61; H, 4.12; N , 15.61. 
Found: C, 44.45; H, 4.21; N , 15.35.

3-/3-D-Arabinofuranosyluracil-6-carboxamide (11).— Compound 
10 (0.5 g, 0.002 mol) was dissolved in 10 ml of 0.5 M  potassium 
hydroxide and progress of the reaction at ambient temperature 
was followed by tic on silica gel GF-254 using the solvent system 
ethyl acetate-l-propanol-water (4 :1 :2 , upper phase). After 
about 4 hr the solution was treated with Dowex 50 (H+) (~ 1  g). 
Evaporation of the solvent to dryness afforded a foam which 
crystallized upon addition of methanol (0.4 g, 80% ). A small 
portion was recrystallized from ethanol to give colorless crystals: 
mp 172-174°; M 22d -5 9 .5 °  (c 1.0, D M F); X“ae°H 282 nm (e 
5500), X * 1 282 nm (e 5900), x£L“  321 nm (e 6400); nmr S 10.77 
(1, broad s, N 3H ), 8.31 and 8.03 (2, broad s, CONH2), 6.48 (1, 
d, H -l',  Jv .v  = 7 Hz), 5.45-5.05 (2, m, 5'-OH), 4.00-4.50 (3, 
m, H-2', H-3', H -4'), 3.65 (2, broad s, H-5', H -5").

Anal. Calcd for C,oH130 7N3: C, 41.81; H, 4.56; N, 14.64. 
Found: C, 42.02; H, 4.62; N, 14.42.

Registry No.—2, 33780-80-2; 3a, 33780-81-3; 3b, 
33780-82-4; 4, 33886-19-0; Sa, 33886-20-3; 5b,
33872-65-0; 6, 33886-21-4; 7, 33780-83-5; 8, 33886-
22-5; 9,33886-23-6; 10,33780-84-6; 11,33886-24-7.
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N,N'-Disubstituted amidines and carbon suboxide gave in excellent yield anhydro-4-hydroxy-6-oxo-l,2,3- 
trisubstituted pyrimidinium hydroxides which underwent 1,+dipolar type cycloadditions with dimethyl acet- 
ylenedicarboxylate. In the case of are/!j/dro-l,3-diphenyl-4-hydroxy-2-methyl-6-oxopyrimidinium hydroxide, 
the primary adduct, dimethyl 2,6-diaza-3,5-dioxo-2,6-diphenyl-l-methylbicyclo[2.2.2]oct>7-ene-7,8-dicarbox- 
ylate, was isolated; on heating, it lost phenyl isocyanate, forming dimethyl 6-methyl-2-oxo-l-phenylpyridine-
4,5-dicarboxylate.

1,3-Dipolar cycloaddition reactions utilizing meso
ionic ring systems as the source of the 1,3-dipole are well 
documented in the literature.2 3 Both five-membered2 
and six-membered3 ring systems have been utilized in 
these reactions. In most instances during the reaction 
the primary cycloadduct readily lost species such as

(1) Support of this work by U. S. Public Health Service Research Grant 
CA 08495, National Cancer Institute, is gratefully acknowledged. First 
presented at the IUPAC Symposium on ‘ ‘Cycloaddition Reactions,” Munich, 
Sept 1971.

(2) Summaries of this general area may be found in M. Ohta and H. 
Kato, “ Non Benzenoid Aromatics,”  J. P. Snyder, Ed., Academic Press, 
New York, N. Y., 1969, Chapter 4; R. Huisgen, “ Aromaticity,”  Chemical 
Society Special Publication No. 21, p 51.

(3) (a) J. Honzl, M. Sorm, and V. Hanus, T etra h ed ron , 26, 2305 (1970); (b) 
A. R. Katritzky and Y. Takeuchi, J . C h em . S oc . C , 874, 878 (1971); K. T. 
Potts and M. Sorm, unpublished observations; (c) E. F. Ullman and J. E. 
Milks, J . A m e r .  C h em . S o c ., 86, 3814 (1964); D. E. Ames and B. Novitt, 
J . C h em . S o c . C , 2355 (1969).

carbon dioxide,4 carbonyl sulfide,5 isocyanates,6'7 or 
sulfur7 leading to substituted heterocycles often diffi
cult to obtain by alternative routes. In other cases 
the primary cycloadduct was quite stable but, by stan
dard procedures, could be converted into interesting 
ring systems.313'8

In a recent communication9 we showed how anhydro-

(4) H. Gotthardt, R. Huisgen, and H. O. Bayer, J . A m e r .  C h em . S o c .,  
92, 4340 (1970); R. Huisgen, H. Gotthardt, and R. Grashey, C h em . B e r .,  
101, 536 (1968).

(5) K. T. Potts and D. N. Roy, C h em . C o m m u n ., 1061, 1062 (1968);
K. T. Potts and U. P. Singh, ib id ., 569 (1969); H. Gotthardt and B. Christi, 
T etra h ed ron  L ett., 4747 (1968).

(6) K. T. Potts and S. Husain, J .  O rg. C h em ., 35, 3451 (1970).
(7) K. T. Potts, E. Houghton, and U. P. Singh, C h em . C o m m u n ., 1129

(1969).
(8) H. Gotthardt and B. Christi, T etra h ed ron  L ett., 4751 (1968).
(9) K. T. Potts and M. Sorm, J . O rg . C h em ., 36, 8 (1971).
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T able I
C hemical Shifts of Some Pyhimidine B etaines (2 )“

Compd Solvent6 tCîHj TC, H tCH3
R i =  R2 =  Ph A 2.50-3.13 (m) 5.01 (s)

B 2.50-2 .9  (d) 3.55 (s, br)
R 1 =  CH3; R 2 =  Ph A 2.40-2.96 (m) 5.13 (s) 6.97 (s)

B 2.35-2.85 (d) 3.47 (s, br) 6.30 (s)
R> =  Ph; R 2 =  CH3 A 2.25-2.78 (s, br) 5.21 (s) 8.1 (s)

B 2.15-2.80 (m) 3.62 (s, br) 7.61 (s)
“ In parts per million from internal TMS. 6 A =  DMSO-c^, B =  CF3COOH.

2- hydroxy- l-methyl-4-oxopyrido [l,2-a]pyrimidinium 
hydroxide underwent a ready cycloaddition reaction 
with acetylenic dipolarophiles to yield 1,2-disubstituted 
4i/-quinolizin-4-ones, with extrusion of methyl iso
cyanate. In contrast to the reactions of flie six-mem- 
bered ring systems already reported, this cycloaddition 
may be interpreted in terms of the intermediacy of a 
1,4-dipole.10 This present communication describes 
the extension of this concept to a series of pyrimidinium 
betaines.

The betaines (2) were synthesized in excellent yields 
by condensation of the Ar,iV'-disubstituted amidines 
(1) with carbon suboxide. They were characterized by 
analytical and spectral data, especially by the presence 
of molecular ions in their mass spectra and by two car
bonyl absorptions at ca. 1700 and 1665 cm-1. Hy
drolysis experiments also supported the assigned struc
tures. (m/u/dro-4-Hydroxy-6-oxo-l ,2,3-triphenylpyrim- 
idinium hydroxide (2, R 1 =  R 2 =  Ph), when treated 
with 2% sodium hydroxide at room temperature for 1 
min, gave 2,4-dihydroxy-6-oxo-l,2,3-triphenyl-l,2,3,6- 
tetrahydropyrimidine (5a, R 1 =  Ph) which, in this 
case, existed in the carbinolamine form rather than the 
open chain amino aldehyde form (5b). Infrared ab
sorptions (foh 3280, vco 1698,1652 cm-1) together with 
nmr data showing two exchangeable protons (D20 ) at 
— r 0.2, an exchangeable singlet at r 4.2, and the ab
sence of a methylene group, support structure 5a. 
Replacement of the 2-phenyl substituent in 2 with a 
hydrogen atom greatly increased the susceptibility of 
the ring system to hydrolysis, anhydro-1,3-Diphenyl- 
4-hydroxy-6-oxopyrimidinium hydroxide (2, R 1 = Ph; 
R 2 = H), on dissolution in acetonitrile containing small 
amounts of water, gave N-formylmalonanilide (5b, 
R = H). The existence of the hydrolysis product in 
this case in the amino aldehyde form was indicated by 
the spectral data (vNH 3300, 3200; v C o  1695, 1655; 
rcHO 1725 cm-1), particularly the nmr data, which 
showed absorptions at r 6.65 (s, 2, COCH2CO, ex
changed with D20 ), 1.56 (broad s, 1, NH, exchanged 
with D20 ), 0.5 (s, 1, CHO), and aromatic protons. 
When 2 (R 1 =  Ph; R 2 =  H) was heated in aqueous 
acetone hydrolysis was complete, the product isolated 
being malonanilide (6) which was also obtained from 
2 (R1 = R 2 =  Ph) and warm sodium hydroxide solu
tion. Reaction of aniline with carbon suboxide gave 
6, whose physical constants were identical with those 
already described.11

Table I lists the nmr data for the pyrimidinium 
betaines and shows that in trifluoroacetic acid they are 
to a large extent protonated on the exocyclic oxygen 
atom. In trifluoroacetic acid the proton attached to

C-5 of the nucleus, and also the methyl group at C-2, 
undergo appreciable downfield shifts of ca. 1.5 and 0.5 
ppm, respectively, from their resonances observed in 
DMSO-de- No OH proton signal was observed due to 
the rapid exchange with the solvent. The substantial 
downfield shift of the C5 H is attributable to an increase 
in the heteroatom ring current caused by protonation 
and is analogous to the results observed on protonation 
of 3-phenylsydnone and its derivatives.12 In most of 
the spectra the singlet due to the C-5 methine hydrogen 
is invariably broadened in trifluoroacetic acid in com
parison to that observed in DMSO-d6- 

These pyrimidinium betaines are derivatives of 4,6- 
dihydroxypyrimidine and several have been prepared13 
from 5-substituted 4,6-dimethoxypyrimidine in poor 
yield by reaction with methyl iodide in a sealed tube at 
120°. Preparation by this route restricts the substit-

R2C=NR>
I

NHPh
1

R2
ph-\ JL+ / R1

c A A o -

_  R‘x  .OH P h \  N /  .-Ph

OH
H
5a

H
2

COR
I

PhNCOCHXONHPh
5b

Ph NH COCH.CONHPh 
6

COOCH,
CH3OOCXXR2 ^ N ^ O

R1

uents on the nitrogen atoms to methyl groups and, in 
contrast to the betaines described in this current study, 
those betaines unsubstituted in the five position under
went an interesting dimerization involving positions 
two and five of the nucleus.

The betaines 2 readily underwent 1,4-dipolar type 
cycloaddition reactions with dimethyl acetylenedicar- 
boxylate. With anhydro- 4- hydroxy-1,3- diphenyl - 2- 
methyl-6-oxopyrimidinium betaine (2, R 1 =  Ph; R 2 = 
CH3), the primary 1:1 adduct dimethyl 2,6-diaza- 
3,5-dioxo-2,6-diphenyl-l-methylbicyclo [2.2.2 ]oct-7-ene- 
7,8-dicarboxylate (3, R 1 =  Ph; R 2 =  CH3) was iso
lated in 94% yield as colorless needles, mp 188-189°. 
This structural assignment is based on analytical and 
spectral data, especially infrared absorptions (rcoocm 
1720 cm-1, f c o n < 1690 cm-1) and nmr data [(CDCI3) 
r 8.82 (s, 3. Ci CH3), 6.11 (s, 3, C7<8) COOCH3), 6.09 
(s, 3, C8(7, COOCH3), 5.02 (s, 1, C4 H), 3.0-2.7 (m, 10,

(10) R. Huisgen, “ Topics in Heterocyclic Chemistry,”  R. N. Castle, 
Ed., Wiley-Interscience, New York, N. Y ., 1969, Chapter 8.

(11) M . Freund, B er ., 17, 133 (1884).

(12) G. A. Olah, D. P. Kelly, and N. Suciu, J . A m e r . C h em . S o c ., 92, 
3133 (1970).

(13) M. Prysta3, C ollect. C zech . C h em . C o m m u n ., 32, 4241 (1967).
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aromatics] in which the resonance of the C 4 bridgehead 
proton is consistent with that found in other [2 .2 .2 ] 
bicyclic ring systems.14 Thermolysis of 3 resulted in 
elimination of phenyl isocyanate and the formation of 
dimethyl 6-methyl-2-oxo-l-phenylpyridine-4,5-dicar- 
boxylate (4, R 1 =  Ph; R 2 =  CH3). With the other 
betaines 2, the intermediate 3 was not isolated, the 
isocyanate being eliminated during the course of the 
reaction and the pyridone 4 being obtained directly. 
It is interesting to note that it is phenyl isocyanate 
which is eliminated in preference to methyl isocyanate 
from the intermediate adduct 3 when both possibilities 
are present. Spectral data of the pyridones 4 were 
consistent with such a representation and dimethyl
l,6-diphenyl-2-oxopyridine-4,5-dicarboxylate (4, R 1 =  
R 2 =  Ph) obtained from 2 (R 1 =  R 2 =  Ph) was identi
cal with a sample prepared from anhydro-2,3-diphenyl-
4-hydroxythiazolium hydroxide and dimethyl acetyl- 
enedicarboxylate.7

Ethyl propiolate and iV,7V’-diethylaminophenyIacet- 
ylene as well as olefinic dipolarophiles such as di
methyl maleate did not form well-defined products 
with the pyrimidinium betaines.

Experimental Section15
The following preparation illustrates the method used for the 

synthesis of the pyrimidinium betaines.
anhydroA-Hydioxy-6-oxo-1,2,3-triphenylpyrimidinium Hy

droxide (2, R 1 = R 2 =  Ph).— N ,AADiphenylbenzamidine16 (1.9 g, 
0.007 mol), dissolved in anhydrous ether (70 ml) with a catalytic 
amount of anhydrous A1C13, was added slowly to a stirred, ether
eal solution of carbon suboxide17 (ca. 0.7 g, 0.01 mol). A crystal
line product separated toward the end of this addition. After 
stirring the reaction mixture at room temperature for 12 hr, the 
product was collected, washed with anhydrous ether, and re
crystallized from absolute ethanol, from which it separated as 
colorless prisms: yield 1.8 g (76% ); mp 256-267° dec; ir (KBr) 
3060, 3040 (CH), 1700, 1665 cm“ 1 (CO); x“ l0H 350-270 nm 
(plateau), 253 sh (log e 3.96), 235 sh (4.25), 215 (4.62); nmr 
(DMSO-ds) r 5.01 (s, 1, Hj), 3.13-2.50 (m, 15, aromatic); mass 
spectrum M +- , m/e (rel intensity) 340 (5).

Ana’ . Calcd for C22H16N20 2: C, 77.63; H, 4.74; N, 8.23. 
Found: C, 77.59; H, 4.76; N, 8.23.

anhydro-1,2-Diphenyl-4-hydroxy-3-methyl-6-oxopyrimidinium 
hydroxide (2, R 1 = CH3; R 2 =  Ph) prepared from V-m ethyl-A '- 
phenylbenzamidine18 separated from ethanol as colorless prisms: 
mp 206-208° (100%); ir (KBr) 3050, 2950 (CH), 1695, 1670 
cm“ 1 (CO); X™a0H 350-275 nm (plateau), 255 (log t 3.39), 
217 (4.27); nmr (DMSO-d6) r 6.97 (s, 3, NCH3), 5.13 (s, 1, H5),
2.-96-2.40 (m, 10, aromatic); mass spectrum M +■, m/e (rel inten
sity) 278 (17).

Anal. Calcd for CnH14N20 2: C, 73.44; H, 5.07; N, 10.06. 
Found: C, 73.04; H , 5.12; N , 9.93.

anhydro-1,3-Diphenyl-4-hydroxy-6-oxopyrimidinium hydroxide
(2, R 1 = Ph; R 2 = H) was obtained from N »iV'-diphenylformami- 
dine19 as colorless, irregular prisms on trituration of the reaction

(14) L. M. Jackman and S. Sternhell, “ Applications of Nuclear Magnetic 
Resonance Spectroscopy in Organic Chemistry,”  2nd ed, Pergamon Press, 
London, 1969, p 232.

(15) Spectral characterization of products was carried out on the follow
ing instrumentation: ir, Perkin-Elmer Model 337 spectrophotometer; uv, 
Cary Model 14 spectrophotometer; nmr, Varian A-60 nmr spectrometer 
using TMS as internal standard; mass spectra, Hitachi Perkin-Elmer RMU- 
6E mass spectrometer, 70 eV, using the direct inlet probe at a source of 
temperature of ca. 100°. All evaporations were done under reduced pres
sure using a rotatory evaporator and melting points were taken in capil
laries. Chromatographic columns utilized a length:width ratio of 10:1. 
Microanalyses were by Instranal Laboratories, Rensselaer, N. Y.

(16) W. Lossen and M. Kobbert, Justus Liebigs Ann. Chem., 265, 155 
(1891).

(17) A. Stock and H. Stoltzenberg, Ber., 50, 498 (1917). We have 
found this method of generation of C 3 O 2  from malonic acid-P>0& to be most 
suitable for laboratory purposes.

(18) H. V. Pechmann, Ber., 28, 2362 (1895).
(19) L. Claisen, Justus Liebigs Ann. Chem., 287, 366 (1895).

product with anhydrous acetone: mp 193-195° (78% ); ir (KBr) 
3035 (CH), 1680, 1670 cm“ 1 (CO); X™ fl! 360-315 nm (pla
teau), 280 sh (log e 3.65), 243 (4.36); nmr (DMSO-rfe) r 5.25 (s, 1, 
Ho), 2.67-2.55 (broad s, 10, aromatic), 0.68 (s, 1, H2). Trace 
amounts of water present in recrystallization solvents caused suf
ficient hydrolysis to result in incorrect analytical values.

anhydro-1,3-Diphenyl-4-hydroxy-2-methyl-6-oxopyrimidinium 
hydroxide (2, R1 = Ph; R2 = CH3) was prepared from N ,N'-d\- 
phenvlacetamidine20 and crystallized from absolute ethanol as 
colorless prisms: yield 71%; mp 260-261°; ir (KBr) 3045, 3000, 
2900 (CH), 1699,' 1665 cm“ 1 (CO); x“ aOH 370-345 nm (pla
teau), 252 (log e 3.82), 208 (4.66); nmr (DMSO-d6) r 8.1 (s, 3, 
C2CH3), 5.21 (s, 1, Hj), 2.00 (s, 10, aromatics); mass spectrum M + - 
m/e (rel intensity) 278 (9).

Anal. Calcd for CJ7HMN20 2: C, 73.44; H, 5.07; N, 10.06. 
Found: C, 73.18; H, 4.98; N, 9.73.

Hydrolysis of anh j/dro-1,3-Diph enyl-4-hydroxy-6-oxopyrimi- 
dinium Hydroxide (2, R1 = Ph; R2 = H).— The betaine (0.39 g, 
0.001 mol), acetone (10 ml), and H20  (1 ml) were refluxed for 30 
min. The solvent was evaporated in vacuo and the residue was 
recrystallized from ethanol, affording colorless flakes of N ,N '- 
diphenylmalonamide, mp 223-225° (lit.11 mp 223-224°) (92%). 
The mixture melting point with an authentic sample was not de
pressed and their ir spectra were identical.

Hydrolysis of arefo/dn>-4-Hydroxy-6-oxo-l,2,3-triphenylpyrimi- 
dinium Hydroxide (2, R1 = R2 = Ph).— The betaine (0.4 g) was 
treated with aqueous sodium hydroxide (20 ml of 2%  solution) 
for 1 min. After filtration, the reaction mixture was acidified 
with dilute HC1 and the product which separated was collected 
and dried. It crystallized from ethanol as colorless prisms of
2.4- dihydroxy-6 - oxo-1,2,3 - triphenvl -1,2,3,6 - tetrah vdropy rimi- 
dine (5a): 84% ; mp 208-210°; ir (KBr) 2980 (OH), 3140- 
3010 (CH), 1698 cm“ 1 (CO); X™3°H 310 nm sh (log e 4.07), 
267 sh (4.82), 256 (4.85), 201 (5.06); nmr (DMSO-tf6) r 4.20 (s, 1, 
H5, exchanged with D20 ) , 1.9-2.95 (m, 15, aromatic), —0.2 (s, 2, 
OH, exchanged with D20 ) ;  mass spectrm M +-, m/e (rel intensity) 
358 (1).

Anal. Calcd for C22H 18N20 3: C, 73.81; H, 5.05; N, 7.31. 
Found: C, 73.51; H , 5.07; N , 7.73.

Hydrolysis of anhydro-1,3-Diphenyl-4-hydroxy-6-oxopyrimi- 
diniumHydroxide (2, R1 = Ph;R2 =  H).— The above betaine, on 
dissolution in wet acetonitrile, gave a small amount of A'-formyl- 
malonanilide (5b, R =  H) as colorless rhombs: mp 122-123°;
ir (KBr) 3300, 3200 (NH), 3150, 3055, 2940 (CH), 1725 (CO), 
1695, 1655 cm“ 1 (CO N <); nmr (CDC13) r 6.65 (s, 2, CH2, ex
changed with D20 ), 2.42-3.00 (m, 10, aromatic), 1.56 (broad s, 1, 
NH, exchanged with D20 ), 0.5 (s, 1, CHO); mass spectrum, M  + - , 
m/e (rel intensity) 282 (3).

Anal. Calcd for C 16H14N20 3: C, 68.01; H, 5.00; N , 9.93. 
Found: C, 67.97; H, 4.94; N, 9.86.

Dimethyl l,6-Diphenyl-2-oxopyridine-4,5-dicarboxylate (4, 
R1 =  R2 =  Ph).— The betaine 2 (R1 =  R 2 =  Ph) (0.34 g, 0.001 
mol), dimethyl acetylenedicarboxylate (0.568 g, 0.004 mol), and 
acetone (15 ml) were refluxed for 24 hr. Acetone was then re
moved in vacuo and the residue was chromatographed on silica 
gel (Fluorsil F-100) with benzene-ether (2:1) as eluent. The 
product was recrystallized from chloroform-ether, giving color
less prisms, mp 180-182° (82%) (lit.7 mp 180-H810).

In a similar manner, dimethyl l-methyl-2-oxo-6-phenylpyridine-
4.5- dicarboxylate (4, R1 =  CH3; R2 = Ph) was prepared from 2
(R1 = CH3; R 2 =  Ph) and dimethyl acetylenedicarboxylate in 
55% yield. In this case the reaction mixture was refluxed for 48 
hr, chromatographed on silica gel, and eluted with benzene-ether 
(1 :1). The product recrystallized from benzene-petroleum 
ether (bp 30-60°) forming colorless prisms: mp 102-103°; ir
(KBr) 3060, 2950 (CH), 1735, 1650 cm“ 1 (CO); x£“ a0H 330 
nm (log 13.82), 250 (3.95); nmr (CDC13) r 6.77 (s, 3, C5COOCH3), 
6.57 (s, 3, C6COOCH3), 6.15 (s, 3, NCH3), 2.95 (s, 1, H3), 2 .4 - 
2.85 (m, 5, aromatic); mass spectrum, M +-, m/e (rel intensity) 
301 (100).

Anal. Calcd for C16H15N 0 5: C, 63.78; H, 5.02; N , 4.65. 
Found: C, 63.46; H, 5.02; N , 4.53.

Dimethyl 2,6-Diaza-3,5-dioxo-2,6-diphenyl- 1-methylbicyclo-
[2.2.2]oct-7-ene-7,8-dicarboxylate (3 ,R> =  Ph; R2 =  CH3).— The 
betaine 2 (R l = Ph; R2 =  CH3) (0.6 g, 0.0022 mol), dimethyl 
acetylenedicarboxylate (0.612 g, 0.0043 mol), and benzene (50 ml) 
were refluxed for 24 hr. The solvent was evaporated in vacuo 
and the residue, after trituration with ether, was recrystallized

(20) E. Bamberger and J. Lorenzen, ibid., 273, 300 (1893).
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from ethanol, affording colorless needles: mp 188-189° (94%); 
ir (KBr) 3045, 3010, 2960 (CH), 1720, 1690 cm“ 1 (CO); x£2°H 
235 nm sh (log t 3.00), 2.00 (4.69); nmr (CDC13) t 8.82 (s, 3, Ci 
CH,), 6.11 (s, 3, C6 COOCH3), 6.09 (s, 3, C5 COOCH,), 5.02 (s, 
1, H4), 3.0-2.4 (m, 10, aromatic); mass spectrum, identical with 
that of 4 (R1 =  Ph; R 2 =  CH3).

Anal. Calcd for C23H20N2O6: C, 65.70; H, 4.80; N , 6 .66. 
Found: C, 65.62; H , 4.78; N , 6.62.

Thermal Elimination of Phenyl Isocyanate from 3 (R1 =  P h ;
R2 =  CH3).— The primary adduct 3 (Rl =  Ph; R 2 =  CHS) (0.42 
g, 0.001 mol) was heated for 20 min above its melting point at 
about 0.5 mm. After cooling and trituration with ether, the 
product crystallized from benzene-cyclohexane as colorless 
prisms of dimethyl 6-methyl-2-oxo-l-phenylpyridine-4,5-dicar- 
boxylate (4, R 1 =  Ph; R2 =  CH3): 90% ; mp 155-158°; ir (KBr) 
3001, 2950 (CH), 1740, 1725, 1660 cm“ 1 (CO); X ^30H 328 nm

(log <= 3.74), 251 (4.08), 203 (4.68); nmr (CDC13) r 7.90 (s, 3, C6 
CH3), 6.17 (s, 3, C4 COOCH,), 6.10 (s, 3, C5 COOCH3), 3.09 (s, 
1, H3), 2.32-2.90 (m, 10, aromatic); mass spectrum, M +- , m/e (rel 
intensity) 301 (100).

Anal. Calcd for CI6H15N 0 5: C, 63.78; H, 5.02; N, 4.65. 
Found: C, 63.50; H, 4.98; N , 4.52.

Registry No.—2 (R 1 =  R 2 =  Ph), 33821-84-0; 
2 (R 1 =  CH 3; R 2 =  Ph), 33821-85-1; 2 (R 1 =  Ph; 
R 2 =  H), 33821-86-2; 2 (R 1 =  Ph; R 2 =  CH S), 
33821-87-3; 3 (R 1 =  Ph; R 2 =  CH3), 33821-88-4; 
4 (R 1 =  CHS; R 2 =  Ph), 33821-89-5; 4 (R 1 =  Ph; 
R 2 = CH3), 33821-90-8; 5a (R 1 = Ph), 33821-91-9; 
5b (R =  H), 33821-92-0.
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Nematic mesophases that exist at low temperatures are desirable in several applications, but compounds which 
exhibit nematic mesomorphism tend also to have high melting points. Schiff bases (1), the best materials for 
these applications until recently, are relatively unstable chemically. Esters are more stable and the symmetrical 
p-phenylene di-p-n-alkoxybenzoates (2, R  =  R ') are nematogenic. However, no compound in this series melts 
to a nematic mesophase below 122°. The possibility of obtaining lower melting nematic esters by introducing 
molecular dissymmetry was explored. Twenty-eight unsymmetrical esters (2, R ^  R '), providing all possible 
combinations of terminal ra-alkyl groups from methyl through ra-octyl, were synthesized and their phase transi
tion temperatures determined. The nematic-isotropic transition point is high, even for the most unsymmetrical 
esters, while the melting point is depressed. The lowest melting products are the hexyl-octyl and pentyl-heptyl 
esters, which are nematic at 107-202 and 108-210°, respectively. The high nematic-isotropic transition tem
peratures of these compounds suggest that much lower melting points can be achieved in this system, without 
losing nematic mesomorphism, by introducing even more molecular dissymmetry. In addition to the 28 un
symmetrical esters of type 2, seven new p-hydroxyphenyl p-n-alkoxybenzoates (3) and the previously unreported 
2 (R =  R ' =  ra-CoHn) were also prepared. Similar studies of other chemically stable nematic compounds are 
reviewed briefly.

Nematic liquid crystallinity (mesomorphism)2-3 is 
exhibited by certain compounds with relatively rigid, 
polar, rod-shaped molecules that tend to be oriented 
with their long axes parallel because of mutual at
tractive forces. When such a compound is heated, the 
crystalline solid melts to a birefringent, anisotropic 
liquid (nematic mesophase) in which adjoining mole
cules lie parallel to one another. At a higher tem
perature, the mesophase undergoes transition to iso
tropic liquid.

For practical applications, such as optical and dis
play devices4 and gas-liquid chromatography,5 nematic 
mesophases which exist at or near room temperature 
are desirable. This is a difficult criterion to meet be
cause the molecular characteristics that are necessary 
for nematic mesomorphism also produce stable crystal
line lattices. Accordingly, nematic compounds gen
erally have high melting points. Success in meeting 
the requirement has been achieved with nematic sub

(1) (a) Presented at the 162nd National Meeting of the American Chemi
cal Society, Washington, D. C., Sept 1971. (b) From the M.S. thesis of
S. A. H., The University of North Carolina at Greensboro, 1971. (c) This 
work was supported in part by a grant-in-aid from The University of North 
Carolina at Greensboro Research Council, (d) Previous paper in this 
series: J. P. Schroeder and Dorothy C. Schroeder, J. Org. Chem., 33, 591 
(1968).

(2) G. W. Gray, “ Molecular Structure and the Properties of Liquid 
Crystals,”  Academic Press, New York, N. Y., 1962.

(3) G. H. Brown and W. G. Shaw, Chem. Rev., 57, 1049 (1957).
(4) T. Kallard, Ed., “ Liquid Crystals and Their Applications,”  Optosonic 

Press, New York, N. Y., 1970.
(5) H. Kelker and E. Von-Schivizhoffen, Advan. Ch*omatog., 6 , 247

(1968).

stances having a relatively high degree of molecular 
dissymmetry and their mixtures. The dissymmetry 
and the mixing depress the solid-nematic melting 
point without necessarily lowering the nematic-isotopic 
transition temperature. Accordingly, by proper selec
tion of compounds, low melting points are obtainable 
with retention of nematic mesomorphism.

At the time our investigation was begun, the out
standing examples of these successes involved Schiff 
bases (1 ). A  ternary mixture of 1 (R =  CH 30 ;  R 7

R - ^ C ^ - ch
v~~ i

=  n-C3H 7COO), 1 (R =  n -C 4H 90 ;  R 7 =  CH 3COO), 
and 1 (R =  CH 30 ;  R ' =  CH 3COO) has a nematic 
range6 of 22-105°.7 The compound 1 (R =  CH 30 ;  
R ' =  n-ChHg) is nematic at 22 -48°.8 The trouble with 
Schiff bases is their hydrolytic, oxidative, and thermal 
instability. Aromatic esters are much more stable, 
and symmetrical p-phenylene di-p-n-alkoxybenzoates 
(2 , R  =  R 7) are known to have long nematic ranges.9-10 
However, no compound in the series undergoes transi-

(6) Temperature range over which the nematic mesophase exists.
(7) J. E. Goldmacher and J. A. Castellano (to Radio Corporation of 

America), British Patent 1,170,486 (Nov. 12, 1969).
(8) (a) H. Kelker and B. Scheurle, Angew. Chem., Int. Ed. Engl., 8, 884

(1969) ; (b) H. Kelker, B. Scheurle, R. Hatz, and W. Bartsch, ibid., 9, 962
(1970) .

(9) M. J. S. Dewar and J. P. Schroeder, J. Org. Chem., 30, 2296 (1965).
(10) S. L. Arora, J. L. Fergason, and T. R . Taylor, ibid., 35, 4055 (1970).
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tion to the nematic mesophase below 122°. This 
paper describes an exploration of the molecular dis
symmetry approach to low melting nematic compounds 
based on this chemically more stable system. Twenty- 
eight esters of type 2 (R R ') were synthesized, 
encompassing all combinations of the terminal n- 
alkoxy groups CH30  through n-C'sHnO. The experi
mental procedure was to prepare a p-hydroxyphenyl 
p-w-alkoxybenzoate (3) from a p-alkoxybenzoyl chlo
ride and an excess of hydroquinone in pyridine solution 
(eq 1). This was converted to the desired unsym- 
metrical diester by reaction with a different p-alkoxy
benzoyl chloride, again in pyridine (eq 2). In the

R O ^ g ^ C O C l + H O - ^ - O H

RO COO OH + HC1 (1)
3

3 +  R 'O ^ ^ - C O C l

COO ̂ 0 M ) c o h O ^ <)r ' + HC1 (2)

course of the study, 7 new compounds of type 3 and 
the previously unreported 2 (R =  R ' =  n-C5H n) were also 
prepared. The phase transition temperatures of these 
materials were determined using a hot stage polarizing 
microscope.

While this study was in progress, several reports of 
similar approaches were published. It was shown10 
that molecular dissymmetry in esters of type 2 (R =  
R ') resulting from introduction of a methyl substituent 
on the central phenylene group shifts the nematic range 
downward significantly. E.g., the methyl-substituted 
ester with R =  R ' =  n-C8Hn is nematic at 72-156° 
as compared with 126-195° for 2 (R =  R ' =  n-C8Hi7). 
Another unsymmetrical ester system that has been 
studied is the homologous series of p-alkoxyphenyl p- 
alkylcarbonatobenzoates.11 Mixtures of these com
pounds have solid-nematic transition temperatures as 
low as 24°. Additional chemically stable systems 
that exhibit nematic mesophases at low temperatures 
are unsymmetrically substituted azoxybenzenes,8b’12'13 
stilbenes, 14 and tolanes.15

Experimental Section
p-re-Alkoxybenzoic Acids.— The ethoxy, butyloxy, and octyl- 

oxy acids were commercial products. The others were obtained 
by reaction of ethyl p-hydroxybenzoate with the appropriate 
re-alkyl bromides and saponification of the resulting ethyl p-

(11) M. T. McCaffrey, J. E. Goldmacher, and J. A. Castellano, Mol- 
Cryst. Liq. Cryst., 12, 345 (1971).

(12) R. Steinstrasser and L. Pohl, Tetrahedron Lett., 1921 (1971).
(13) M. T. McCaffrey and J. A. Castellano, Abstracts, 162nd National 

Meeting of the American Chemical Society, Washington, D. C., Sept 1971, 
PHYS Paper No. 148.

(14) W. R. Young, A. Aviram, and R. J. Cox, Angew. Chem., Int. Ed. 
Engl., 10, 410 (1971); Abstracts, 162nd National Meeting of the American 
Chemical Society, Washington, D. C., Sept 1971, PHYS Paper No. 147.

(15) J. Malthete, M. Leclercq, J. Gabard, J. Billard, and J. Jacques, C.
R. Acad. Sci., Paris, Ser. C, 273, 265 (1971).

alkoxybenzoates in ethanolic KOH solution.3 The products had 
the following phase transitions: p-re-propyloxybenzoie acid, solid- 
nematic at 145°, nematic-isotropic at 156° (lit.16 145, 154°); 
p-n-hexyloxybenzoic acid, solid-nematic at 109°, nematic-isotro
pic at 155° (lit.16 105, 153°); p-re-heptyloxybenzoic acid, solid- 
smectic at 94°, smectic-nematic at 99°, nematic-isotropic at 
146° (lit.16 92,98, 146°).

p-re-Alkoxybenzoyl Chlorides.— The methoxy and pentyloxy 
compounds were purchased. The others were prepared from the 
corresponding acids by treatment with thionyl chloride in the 
presence of pyridine as catalyst. Excess thionyl chloride was 
distilled to give the acid chlorides as residue products.

p-Hydroxyphenyl p-re-Alkoxybenzoates (3).—-Typically, 0.10 
mol of the appropriate p-re-alkoxybenzoyl chloride was added 
with stirring to a saturated solution of hydroquinone (0.50 mol) 
in dry pyridine. After stirring for 20-24 hr, the mixture was 
poured into 1.1 1. of 2.2 N  hydrochloric acid. The precipitated 
solid -was collected by filtration, washed with water, and stirred 
for 1 hr in 1 1. of saturated aqueous NaHCCL solution to remove 
any p-alkoxybenzoic acid from unreacted acid chloride. The 
slurry was filtered to recover the desired hvdroxyphenyl ester.17 
After this was washed with water, the solid was dried at 100° 
and used in the next step without further purification.18 The 
crude yields and the melting points and analyses of the materials 
after recrystallization from ethanol-water are listed in Table I.

T a b l e  I
P -H y d e o x y p h e n y l  p-re-Al k o x y b e n zo a t e s “ 

RO COO OH

Registry Yield, Mp, --------% C------- . -------% H------.
R no. % °C Calcd F ou nd Calcd F ou nd

CHS 8 4 1 5 6 6
c 2h 5 3 3 9 0 .5 -6 0 -1 8 9 1 6 4 6 9 . 8 6 9 . 7 5 5 . 5 .5 .1

71-C3H7 3 3 9 0 .5 -6 1 -2 9 0 13 6 7 0 . 6 7 0 . 7 5 5 . 9 6 . 1

71-C4H9 3 3 9 0 .5 -6 2 -3 8 8 14 4 7 1 . 3 7 1 . 5 5 6 . 3 6 . 6

re-CjHii 3 3 9 0 .5 -6 3 -4 8 0 120 7 2 . 0 7 1 . 7 6 . 7 6 . 5

re-CeHi3 3 3 9 0 5 -6 4 -5 6 6 1 1 6 7 2 . 6 7 2 . 5 7 . 0 5 6 . 9

re-C,H!5 3 39 0 .5 -6 .5 -6 8 6 11 3 7 3 . 1 5 7 3 . 2 7 . 4 7 . 4

re-C8H17 3 3 9 0 5 -6 6 -7 8 5 111 7 3 . 7 7 3 . 3 7 . 6 5 7 . 3

° Satisfactory analytical data (± 0 .4 %  for C and H) were re
ported for all new compounds listed in the table: Ed. b Litera
ture mp 152°: M. J. S. Dewar and R. S. Goldberg, J. Amcr. 
Chem. Soc., 92, 1582 (1970).

p-Phenylene Di-p-re-alkoxybenzoates (2 ).—The unsymmetrical 
esters were synthesized from the appropriate p-n-alkoxybenzoyl 
chloride and hydroxyphenyl p-re-alkoxybenzoate by essentially 
the same procedure used to prepare the latter except that, at 
the start, a solution of the phenol was added to a solution of the 
acid chloride (3 mol/mol of phenol), both in anhydrous pyridine. 
The dried product was dissolved in a suitable solvent, treated 
with Norit, and recrystallized twice from that solvent and then 
repeatedly from a mixture of the same solvent and hexane until 
the phase transition temperatures remained constant, p- 
Phenylene di-p-re-pentyloxybenzoate was prepared by the reac
tion of excess p-re-pentyloxybenzovl chloride and hydroquinone 
in dry pyridine.9

The results are summarized in Table II along with the transi
tion temperatures of symmetrical esters from the literature for 
comparison.

Transition Temperatures.— These were determined with a 
Reichert “ Thermopan”  polarizing microscope equipped with a 
Kofler micro hot stage! The instrument was calibrated against 
pure compounds of known melting points.

Analyses.—The elemental microanalyses were performed by 
Dr. Kurt Eder, Laboratoire Microchimique, Ecole de Chimie, 
Geneva, Switzerland.

(16) G. W. Gray and B. Jones, J. Chem. Soc., 4179 (1953).
(17) The heptyloxy and octyloxy products required hot filtration because 

of the low water solubility of the sodium p-alkoxybenzoate at room tempera
ture.

(18) Recrystallization of the intermediate before the next step is recom
mended. Despite the large excess of hydroquinone in the reaction, some 
symmetrical ester was usually produced and this was troublesome to remove 
from the unsymmetrical ester.
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T a b l e  II
p-PHENYLENE D l-p -n -A L K 0X Y B E N Z 0A T E 3°

RO coo OC O - ^ - O R '

Registry Recrystn Yield, Nematic % C--------- . % H---------
R

c h 3
R-

c h 3
no.. solvent % range, °C

222-300*
Calcd Found Calcd Found

c h 3 c 2h 5 33905-67-8 D io x a n e 81 213-295 70.4 70.1 5.1 5.3
c h 3 n -C 3H 7 33905-68-9 D io x a n e 67 167-277 70.9 70.7 5.5 5.25
c h 3 »i-C4H9 33905-69-0 EtOAc 75 134-266 71.4 71.8 5.75 5.8
c h 3 71-CoHll 33905-70-3 D io x a n e 56 137-253 71.9 72.1 6.0 6.0
c h 3 ¿i-C6H13 33905-71-4 EtOAc 54 125-244 72.3 72.4 6.3 6.3
c h 3 »1-C7H15 33905-72-5 EtOAc 66 127-234 72.7 72.5 6.5 6.4
c h 3
c 2h 5

7l-CgHi7
c 2h 5

33905-73-6 EtOAc 62 125-229
226-287'

73.1 73.25 6.8 6.5

c 2h 5 n -C 3H , 33905-74-7 D io x a n e 81 198-278 71.4 70.9 5.75 5.8
c 2h 5 n -C 4H 9 33905-75-8 D io x a n e 77 150-270 71.9 71.6 6.0 6.2
C 2H 5 re-C3H n 33905-76-9 D io x a n e 69 150-251 72.3 72.5 6.3 6.3
c 2h 5 7l-CeHi3 33905-77-0 EtOAc 81 134-248 72.7 72.1 6.5 6 .2
c 2h 5 n-C,H15 33905-78-1 EtOAc 84 130-235 73.1 73.5 6 .8 6.7
c 2h 5
W-C3H 7

h-C8H17
re-C3H 7

33905-79-2 EtOAc 74 124-235
175-249'

73.45 73.5 7.0 6.8

»1-C 3H 7 n -C 4TT9 33905-80-5 EtOAc 82 151-248 72.3 72.2 6.3 6.5
n -C 3H 7 re-CsHii 33905-81-6 EtOAc 59 126-236 72.7 72.8 6.5 6.9
re-C 3H 7 7i-CeHi3 33905-82-7 EtOAc 78 114-230 73.1 73.2 6 .8 7.0
Ti-Cali? n -C 7H 15 33905-83-8 EtOAc 67 120-222 73.45 73.3 7.0 7.2
n -C 3H , 
n-C 4H 9

ra-CaHn
n -C 4H 9

33966-22-2 EtOAc 71 128-216
153-241'

73.8 74.2 7.2 7.25

»i-C4H9 n-C6H„ 33903-88-7 EtOAc 75 140-229 73.1 73.7 6 .8 6 .8
n -C 4H 9 »i-C6H13 33903-89-8 EtOAc 75 117-226 73.45 73.7 7.0 7.05
n -C 4H 9 71-C7H15 33903-90-1 EtOAc 67 114-218 73.8 74.0 7.2 7.3
71- O4W9 7i-CgHi7 33903-91-2 EtOAc 72 121-214 74.1 73.9 7.4 7.3
ra-C5H ii n-C5H„ 33903-92-3 EtOAc 78 145-222 73.45 73.4 7.0 7.2
n-CJIu ra-C6H I3 33903-93-4 EtOAc 62 123-215 73.8 73.3 7.2 7.1
»1-C5H11 7l-C7Üi5 33903-94-5 EtOAc 69 108-210 74.1 74.1 7.4 7.2
W-C5H11
n -C 6H , 3

re-C8H i7

w-C6H13
33903-9.5-6 EtOAc 74 116-207

124-213'1
74.4 74.4 7.6 7.6

™-c 6h 13 n -C 7H i5 33903-96-7 H e x a n e 74 118-206 74.4 74.2 7.6 7.5
n -C 6H 13

7I-C7H15
7l-CgHi7
7I-C7H15

33903-97-8
1819-00-7

H e x a n e 66 107-202«
122-W9d-'

74.7 74.2 7.7 7.8

n -C 7H 15

TZ-CgHn
Tl-CgHn
71-CgHn

33903-99-0 H e x a n e 57 121-198°
m -io s * '*

75.0 74.8 7.9 7.6

“ Satisfactory analytical data (± 0 .4 %  for C and H) were reported for all new compounds listed in the table with some exceptions: 
Ed. These follow for per cent carbon calculated and found (R, R ') :  71.4 and 70.9 (C2H5, n-C3H7); 72.7 and 72.1 (C*H5, n-C6II13); 
73.1 and 73.7 (»¿-C4H9, n-C5Hu); 73.8 and 73.3 n-C6H13); 74.7 and 74.2 (n-C,H„, n-CsH „). 4 Reference 9. '  M. J. S.
Dewar and R. S. Goldberg, J. Org. Chem., 35, 2711 (1970); reference in footnote 6, Table I. d Reference 10. • Smectic range 106- 
107°. /  Monotropic nematic-smectic transition at 110°. 5 Smectic range 114-121°. * Smectic range 122-126°.

Results and Discussion

The data from Table II are presented graphically in 
Figures 1 and 2 . Figure 1 shows the effect on the ne
matic-isotropic (N -I) transition temperatures of p-phen- 
ylene di-p-n-alkoxybenzoates produced by varying one 
terminal »¿-alkyl group while holding the other constant. 
Figure 2 treats the melting points and smectic-nematic 
transition temperatures19 in the same manner. Be
cause of congestion of data points and intersections of 
curves, Figure 2 is divided into two parts with the 
plots for the Ci through C t esters above and those for 
the C3 through C8 esters below.

In Figure 1, there is a rather regular drop in N -I  
transition temperature with increasing length of the 
varied »¿-alkyl group for all curves. This is consistent 
with results for other homologous series and reflects the 
decreasing thermal stability of the nematic mesophase 
with decreasing molecular rigidity and polarity (in
creasing »¿-alkane character) .2 For the same reason,

(19) For a discussion of smectic mesophases, see A. Saupe, M ol. Cryst.
Liq. Cryst., 7, 59 (1969).

the curves lie at progressively lower temperatures as 
the length of the constant alkyl group increases. This 
is not a regular progression, however. The curves are 
grouped in pairs (Ci-C2, C 3-C 4 , C5-C 6, Cy-Cs), sug
gesting that there is, e.g., very little difference in dis
ruptive effect on the mesophase between C H 3 and 
C2H5, and between »1-C3H7 and n-C4H 9, but the latter 
two groups have a significantly greater effect than the 
former. The drop in N -I  transition point on traversing 
a curve from the C H 3 to the »¿-C8H i7 homolog varies 
from 71° for the Ci series to 34° for the C8 series. Both 
the N -I  transition temperatures and the melting points 
(Figure 2) of the ethyl homologs are generally higher 
than would be expected from interpolation based on 
the other data points. This recalls the homologous 
series of 4,4'-di-n-alkoxyazoxybenzenes in which the 
ethyl compound has the highest melting and N -I  
transition temperatures.20'21

(20) W. Maier and G. Englert, Z. Phys. Chem. (Frankfurt), 19, 168 
(1959).

(21) C. Weygand and R. Gabler, J. Prakt. Chem., 155, 332 (1940).
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Figure 1.-—Nematic-isotropic transition temperatures of p- 
phenylene di-p-ra-alkoxybenzoates (2). For each curve, R is 
constant (R =  CH3 for curve 1, C2H5 for curve 2, etc.) while R ' is 
varied from CH3 through re-CgHn.

The melting point curves (Figure 2) are much less 
regular than those for the N -I  transitions, being 
strongly influenced by molecular symmetry and by the 
ethyl group effect just described. Good examples of 
this are the C 4 and C5 curves. Traversing the former 
from left to right, the melting point rises on going from 
the methyl to the ethyl homolog and then remains 
almost constant through the pentyl compound before 
dropping off as dissymmetry and increasing alkane 
character exert their effects. In the C5 curve, there 
are two obvious maxima at the ethyl and symmetrical 
pentyl homologs. The Ci, C2, and C3 curves decline 
steeply between the ethyl and butyl to hexyl homologs 
as dissymmetry and alkane character increase. The 
melting point of the CH3-n -C H 9 ester is 88° below 
that of the CH3-C H 3 ester (134 vs. 222°). The right- 
hand portions of these curves and the entire curves for the 
C6, C7, and C8 series are fairly level, reflecting the dom
inant effect of the long alkyl chains. However, the 
influences of symmetry and the ethyl group can still be 
detected. Smectic mesomorphism appears only in the 
C6, C7, and C8 series.

The data show that the introduction of dissymmetry 
produces the expected melting point depression without

Figure2.— Melting points and smectic-nematic transition temp
eratures of p-phenylene di-p-n-alkoxybenzoates (2). For each 
melting point curve, R is constant (R =  CH3 for curve 1, C2H 5 
for curve 2, etc.) while R ' is varied from CH3 through Ji-CgHn- 
Smectic-nematic transition temperatures are indicated by the 
same symbols, but are connected by dotted, rather than solid, 
lines.

lowering the N -I  transition temperature drastically 
(198° minimum). The lowest temperatures of transi
tion to nematic liquid are 107 and 108°, i.e., 14-15° 
below the lowest value for the symmetrical ester series. 
The new materials are still too high melting to be of 
practical interest, but they show promise. Their high 
N -I  transition temperatures suggest that this chem
ically stable system would tolerate much more mo
lecular dissymmetry without losing its nematic meso
morphism. Highly asymmetric esters and their mix
tures should exhibit markedly lower melting points. 
Work along this line is in progress.
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Methylene Blue Photosensitized Conversion of
3-Substituted Indoles to /3-Carboline Derivatives
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Indole derivatives substituted in the 3 position with a side chain bearing a free /3-amino group undergo facile 
conversion to /3-carbolines when a solution of the indole in a carboxylic acid is irradiated with visible light in 
the presence of methylene blue as the sensitizer. /3-Carbolines variously substituted in the 1 and 3 position can be 
obtained by an appropriate choice of the solvent and indole side chain. The photoreaction appears to proceed 
through • OH abstraction from the solvent molecule by photoexcited methylene blue, with formation of an acyl 
R C = 0  radical, which attacks the 2 position of the indole substrate. The 2-acyl derivative thus obtained 
undergoes a dark cyclization to /3-carboline by a Schiff base formation between the carbonyl function and the 
side chain amino group. Finally, the dihydro-/3-carboline is aromatized by methylene blue photosensitized 
dehydrogenation.

A previous note from this laboratory1 2 3 4 described a 
novel photoreaction of tryptophan (la), leading to the 
formation of /3-carboline derivatives by irradiation of the 
amino acid with visible light in acetic acid solution and 
in the presence of methylene blue as the sensitizer. The 
reaction was found to proceed through a dihydro 
intermediate according to the following scheme.

.ch2
CH— R
I
NH,

Sens, fw 
CH.iCOOH'

la, R = COOH
b, R = H
c ,  R=COOC,H5
d, R = CH2OH
e, R = CONH2

2a, R =  COOH 
b,R =  H
c, R =  COOC,H5
d, R =  CHjOH
e, R = CONH2

By this photoprocess, high yields of l-methyl-3- 
carboxy-/3-carboline (2a) could be easily obtained, 
whereas the chemical synthesis of this and analogous 
compounds usually involves complex procedures, 
yielding relatively low amounts of the desired prod
ucts.2-4

Owing to the importance of /3-carbolines in the field 
of indole alkaloids, it appeared of interest to investigate 
the preparative and mechanistic features of the afore
said photoreaction in greater detail. Moreover, on the 
basis of the reaction scheme outlined above, we explored 
the possibility of synthesizing differently substituted 
/3-carbolines by changing the type of the solvent, as 
well as the nature of the side chain in the 3 position 
of the indole ring.

(1) G. Jori, G. Galiazzo, and G. Gennari, Photochem. Photobiol., 9, 179
(1969).

(2) R. Tschesche and H. Jenssen, Chem. Ber., 93, 271 (1960).
(3) H. R. Snyder, C. H. Hansch, L. Katz, S. M. Parmeter, and E. C. 

Spaeth, J. Amer. Chem. Soc., 70, 219 (1948).
(4) I. S. Spenser, Can. J. Chem., 37, 1851 (1959).

Results and Discussion

Irradiation of 3-Substituted Indoles in Acetic Acid 
Solutions.—The irradiation of the 3-substituted in
doles listed in Table I, in either oxygen-saturated or

T a b l e  I

F o r m a t i o n  o f  /3 -C a r b o l i n e s  f r o m  I r r a d i a t e d

3 - S t j b s t it u t e d I n d o l e s “

Y ie ld  in Y ie ld  in
the aerated the deaerated

P rodu ct(s) solution, solu tion ,
Substrate obta ined % %

la 2a, 2b 6 3 , 1 6 6 7 1 , 2 4
lb 2b 7 5 9 3
lc 2c 7 5 9 5
Id 2d 6 9 8 7
le 2e 6 5 8 8

* The irradiations were carried out at 25°, in acetic acid solu
tion and in the presence of methylene blue as the sensitizer, 
using four 300-W tungsten lamps as the light source. The 
yields were calculated for the crystallized products. 6 Taken 
from ref 1.

deaerated acetic solutions, caused a gradual disap
pearance of the starting material, as determined by 
paper or thin layer chromatography. Concomitantly, 
new spots were detected which displayed a deep blue 
fluorescence under 254-m/x light and gave negative color 
tests with ninhydrin and with Ehrlich’s reagent.5 
This strongly suggested that both the side chain amino 
group and the 2 position of the indole ring were masked 
as a consequence of the photoreaction. By analogy 
with our previous findings about the photocyclode 
hydrogenation process, which la underwent when 
irradiated under the same conditions,1 we inferred that 
the fluorescent products were /3-carboline derivatives. 
This assignment was fully supported by elemental 
analysis and by spectroscopic characterization of the 
purified reaction products (see Experimental Section).

It is noteworthy that, as shown in Table I, the yield 
of /3-carbolines was enhanced by performing the irradi
ation in deaerated solutions. Since the primary step 
in the formation of /3-carbolines involves the inter
action between the solvent molecules and the triplet 
sensitizer (see later), the lower yields obtained upon 
irradiation in 0 2-saturated solutions are probably 
due to the competition of molecular oxygen with acetic

(5) E. Stahl in “ Dilnnsehicht Chromatographie,”  Springer-Verlag, West 
Berlin, 1962, p 503.
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Figure 1.— The time course of tryptophan disappearance upon 
irradiation at 20° of a 1 mM  deaerated solution of the amino acid 
in acetic acid (O— O), isobutyric acid (•—•), and pivalic acid 
(•— •), and in the presence of equimolar methylene blue as the 
photosensitizer. The plot obtained upon irradiation in propionic 
acid solution was closely similar to that shown for acetic acid.

acid for the photoexcited methylene blue. Actually, 
all the indole derivatives examined, when irradiated in 
the presence of 0 2, gave appreciable amounts of 
insoluble material, which appeared by chromatographic 
and colorimetric analysis to be composed mainly of 
mélanines of indole structure.6 These compounds are 
known to be produced by photosensitized oxygenation 
of la .7

The lack of side products when the photoreaction is 
carried out under nitrogen simplifies the experimental 
procedure for the isolation and purification of /3- 
carbolines and renders this novel preparative approach 
even more valuable. It is apparent that the require
ments to be fulfilled by the side chain for the cyclization 
to occur are the presence of two carbon atoms and of a 
free terminal amino group.8 On the other hand, the 
yield of /3-carbolines is practically independent of the 
type of the second substituent eventually present on 
the carbon bearing the N H 2 group (see Table I). This 
fact opens large possibilities of preparing new ¡3 -  

carbolines; for example, as far as we know, compounds 
2d and 2e have not been isolated up to now. More
over, the partial photolytic decarboxylation, which 
occurs when tryptophan is the starting material,1 can be 
avoided by irradiation of tryptophan ethyl ester; the 
free 3-carboxy-/3-carboline can be easily obtained by 
saponification of 2c.

The decarboxylated product (2b) is quantitatively 
formed by irradiation of tryptamine.

Irradiation of Tryptophan in Other Acid Organic 
Solvents.—Changing the length and the branching of 
the hydrocarbon chain of the organic acid used as the 
solvent had no marked effect on the yield of the corre
sponding l-alkyl-3-carboxy-/3-carbolines (Table II).

(6) R. A. Nicolaus, G azz. Chim. Itcil., 85, 659 (1955).
(7) C. A. Benassi, E. Scoffone, G. Galiazzo, andG. Jori, Photochem. Photo- 

biol., 6, 857 (1967).
(8) Prolonged irradiation of iV-acetyltryptophan or of iV-benzyloxy- 

carbonyltryptophan under the same conditions gave no trace of ,3-carboline 
derivatives.

T a b l e  II
F o rm atio n  o p  /1-Ca r b o l in e s  u po n  I r r a d ia t io n  

o r  T r y p to ph a n  in  D if f e r e n t  So l v e n t s“

Solvent Products formed
Yield,

%
Acetic acid l-Methyl-3-carboxy-/3-carboline 71

l-Methyl-/3-carboline 24
Propionic acid l-Ethyl-3-carboxy-jS-carboline 70

l-Ethyl-(3-carboline 22
Isobutyric acid l-Isopropyl-3-carboxy-/5- 75

carboline
l-Isopropyl-/3-carboline 23

Pivalic acid l-/«rt-Butyl-3-carboxy-/3- 78
carboline

l-iert-Butyl-/5-carboline 12
“ The irradiations were carried out in deaerated solution. 

All other conditions were the same as described in Table I.

In addition, small amounts of the decarboxylated 
compounds were constantly obtained. In all cases, 
the formation of decarboxylated products was avoided 
when tryptophan ethyl ester was the starting material. 
This allowed us to isolate the corresponding 1-alkyl- 
/3-carbolines in almost quantitative yields.

The rate of conversion of la to /3-carbolines increased 
as the carbon atom adjacent to the carboxyl function of 
the organic acid changed from primary to secondary and 
to tertiary (Figure 1). Conversely, no photoreaction 
of la occurred when the irradiations were run in formic 
acid or in trichloroacetic acid solution. It thus 
appears that the presence of electron-donating sub
stituents near the COOH group in the solvent molecule 
favors the photocyclization process, whereas the 
reaction is inhibited by the presence of electron- 
withdrawing groups.

The Reaction Mechanism. A. The Attacking 
Species.—The stoichiometry of /3-carboline formation, 
as well as the accelerating power of electron-donating 
groups in the solvent molecule, can be reasonably 
interpreted by hypothesizing that the organic acid 
attacks the indole derivatives either as an acylium 

+ . 
cation, R - C = 0 ,  or as an acyl radical, R - C = 0 .  The
ability of acetyl radicals to promote the conversion 
of la to /3-carbolines is demonstrated by the following 
experiment.

Paper chromatographic analysis of 2 m M  solutions of 
la in 25%  aqueous acetone, which had been irradiated 
with 254-m/x light (Mineralight lamp.), in a N 2 atmo
sphere, showed that, besides other unidentified prod
ucts, appreciable amounts of 2a were produced. Since, 
under our conditions, almost all of the incident light was 
absorbed by acetone, it appears reasonable to infer 
that 2 a is formed by attack from the acetyl radicals 
deriving from the photolysis of acetone.9 Furthermore, 
the presence of radical intermediates in the methylene 
blue sensitized process can be deduced by the inhibitory 
effect displayed by radical scavengers, such as hydro- 
quinone.10

The photoreaction was also inhibited by skatole 
(3-methylindole). After 1 hr irradiation of an equi
molar mixture of skatole and la in deaerated acetic 
acid, the yield of /3-carboline dropped from about 70%

(9) M. I. Christie, J. M. Collins, and M. A. Voisey, Trans. Faraday Soc., 
61, 462 (1965).

(10) In the presence of 10 mM  hydroquinone, prolonged irradiation 
caused no detectable modification of tryptophan.



to 22% . Irradiation of skatole alone under the same 
conditions gave an over 70%  yield of 2-acetyl skatole. 
These findings strongly support the hypothesis that the 
attacking species is the R -C = = 0  radical, which should 
originate by an interaction between the photoexcited 
sensitizer11 and acetic acid. The detailed features of 
such interaction are not yet fully understood. A  
possible reaction pathway involves the photolytic 
detachment of one -X (C H 3)2 radical from methylene 
blue and the subsequent attack of the dye radical on 
acetic acid, leading to the R - C = 0  species and 3(or 6)- 
dimethylamino-6(or 3)-hydroxyphenthiazine. Indeed, 
prolonged irradiation of methylene blue alone in 
deaerated acetic acid solution led to a major product, 
whose elemental analysis corresponded to a derivative of 
methylene blue in which one X (C H 3)2 group has 
been replaced by an OH group. Moreover, the 
infrared spectrum of the compound clearly showed the 
presence of the OH function. The presence of deami- 
nated species among the products of the photobleaching 
of methylene blue was postulated by Obata.12

B. The Position of Attack on Tryptophan.— Charge 
density calculations13 14 15 16 indicate that the 2 and 3 positions 
of the indole ring are the most suitable for an electro
philic attack. The experimental evidence supports 
this conclusion.14-16 In our case, it is likely that the 
radical attack occurs in the 2 position. Actually,
2-hydroxytryptophan failed to undergo any reaction 
when irradiated under the same conditions as used for 
tryptophan. If the 3 position had been the site of 
attack by R - C = 0 ,  the spirocycloindolenine 3 should

Photoconversion of I ndoles to /3-Carbolines

COOH

be formed, analogously to what has been observed by 
other authors17 for tryptophan derivatives masked in 
the 2 position. Further evidence supporting our 
hypothesis is provided by the unique formation of
2-acetylskatole upon methylene blue sensitized irradi
ation of skatole in deaerated acetic acid solution. On 
the other hand, the possibility of formation of N- 
acetyltryptophan as an intermediate is ruled out by the 
failure of this compound to undergo photocyclization 
to (3-carbolines.8

A  definite demonstration of the intermediate forma
tion of 2-acetyltryptophan was achieved by irradiation 
of 1 m l  A-ieri-butoxycarbonyl-L-tryptophan ethyl 
ester in 80%  acetic acid solution, where this compound 
is quite stable in the dark. After 3 hr of irradiation a 
photoproduct was isolated which gave a negative 
response to a colorimetric test with the Ehrlich re

(11) The conversion of tryptophan to /3-carbolines is completely inhibited 
by running the irradiation in the presence of Fe2+ ions. Since paramag
netic species are known to quench the excited triplet states by enhancing 
the spin-orbit coupling, this fact suggests that the triplet state of the dye 
is the reactive intermediate.

(12) H. Obata, Bull. Chem. Soc. Jap., 34, 1057 (1961).
(13) W. E. Kurtin and P. S. Song, Photochem. Photobiol., 7, 263 (1968).
(14) A. H. Jackson and P. Smith, Tetrahedron, 24, 2227 (1968).
(15) A. H. Jackson, B. Naidoo, and P. Smith, Tetrahedron, 24, 6119 

(1968).
(16) E. Scoffone, A. Fontana, and R. Rocchi, Biochemistry, 7, 971 (1968).
(17) A. H. Jackson and P. Smith, Tetrahedron, 24, 403 (1968).

agent, showing that the 2 position was masked; its 
elemental analysis and ir spectrum were consistent with 
the presence of a COCH3 group. After removal of the 
teri-butoxycarbonyl group by treatment with HC1, 
the expected 2c was isolated.

Having established the initial formation of 2-acetyl
tryptophan, the subsequent step must be the formation 
of a dihydro-jS-carboline by a dark condensation 
between the side chain X H 2 group and the acetyl 
group.

C. The Dehydrogenation of the Dihydro-/3-carbo- 
lines.— Methylene blue can photosensitize the dehydro
genation of the intermediate dihydro-/3-carbolines. 
Actually, we found that, upon irradiation of the di
hydro derivative either in acetic acid or in aqueous 
solution, 2a is formed with a concomitant enhancement 
of the photobleaching of methylene blue, which is 
probably converted to the leuco dye;18 in particular, 
after 3 hr of irradiation in deaerated aqueous solution, 
the presence of 1 m l  dihydro-/3-carboline increased 
the amount of photobleached dye from 5.7 to about 
23% , as deduced from absorbance measurements at 
665 myu. On the other hand, even after prolonged 
irradiation in the presence of 0 2, practically no de
decoloration of methylene blue was observed. This 
is in agreement with the well known reversibility of 
the conversion of this dye to the leuco form.18

It is noteworthy that the photodehydrogenation 
of the dihydro intermediates was efficiently sensitized 
also by the aforesaid hydroxy derivative of methylene 
blue. This process may become important in the later 
stages of the photoreaction.

Experimental Section
All melting points were determined with Kofler micro hot stage 

and are uncorrected. Spectra were measured with a Cary Model 
15 spectrophotometer and with a Perkin-Elmer 317 grating infra
red spectrophotometer.

Thin layer chromatography was performed on silica gel coated 
plates (ascending ".echnique) using the mixture 1-butanol-water- 
acetic acid (80:20:20, v /v /v )  as eluent; paper chromatograms 
were run on Whatman No. 1 paper (descending technique), using 
5%  ammonia (solvent 1) and the Partridge mixture (solvent 2) as 
eluents.

The time course of tryptophan photodegradation was followed 
by the spectrophotometric procedure detailed elsewhere.19 The 
indole derivatives were obtained from Fluka and appeared to be 
homogeneous by tic in different solvents. Methylene blue was 
purchased from Merck; the organic acids were products of Carlo 
Erba and were distilled under reduced pressure before use. 2-Hy- 
droxytryptophan was kindly supplied by Dr. A. Fontana of this 
Institute.

Analytical Scale Irradiations.— In all cases, 4 ml of a 1 mM  sub
strate solution, added in the dark with an equimolar amount of 
sensitizer, was introduced into Pyrex test tubes (1.2 X 12 cm) 
and exposed to the light of four 300-W tungsten lamps, using the 
same experimental conditions as previously described.19 The 
temperature was maintained at 20 ±  1° by circulating water. 
The solutions were deaerated by bubbling ultrapure N, for at least 
15 min prior to ar.d during illumination. In some experiments, 
the irradiations were performed in the presence of hydroquinone 
or ferrous sulfate in tenfold molar excess over the substrate.

Photocyclodehydrogenation of 3-Substituted Indoles in Acetic 
Acid.— In a 300-rnl Pyrex cylinder was placed 0.5 mmol of sub
strate, plus an equimolar amount of methylene blue and 250 ml of 
acetic acid. The vessel was placed in a water bath at 20 ±  1° 
and irradiated by means of the lamp system described above, at a

(18) Y. Usui, H. Obata, and M. Koizumi, Bull. Chem. Soc. Jap., 34, 
1049 (1961).

(19) G. Jori, G. Galiazzo, A. Marzotto, and E. Scoffone, Biochim. Biophys. 
Acta, 154, 1 (1968).
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distance of 40 cm. Deaeration of the solutions was achieved by 
thoroughly flushing ultrapure N2 through three porous disks at 
the bottom of the vessel. When tic showed total disappearance 
of the original compound, the irradiation was stopped, the solvent 
was removed by lyophilization, and the residue was taken up with 
water and loaded on a column (1.3 X 50 cm) of a carboxylic resin 
(Amberlite CG-50, 200-400 mesh). The column was eluted with 
2%  ammonia; 2-ml fractions were collected, which were analyzed 
by tic or paper chromatography. In the case of the solutions ir
radiated in the presence of oxygen, prior to loading on the column, 
a trace of insoluble material was removed by centrifugation; the 
residual solution was further purified by preparative paper chro
matograph}-,20 using 5%  ammonia as eluent. The blue fluores
cent strip was eluted with absolute methanol and taken to dry
ness.

In the case of trvptamine, one fraction was obtained from the 
column (R„ 0.11, R,„ 0.32); crystallization from 80% methanol 
gave white needles of l-methyl-8-carboline (2b), 64.5 mg (75%) 
for solutions irradiated in 0 2, 80 mg (93%) after irradiations in N2. 
The identification of the product was achieved by mixture melt
ing point and by uv and ir comparison with a sample of 2b pre
pared independently.1

Anal. Calcd for C i2H k>N2: C, 79.09; H, 5.48; N , 15.68. 
Found: C, 79.12; H , 5.50; N, 15.62.

In the case of tryptophan ethyl ester, one fraction was again 
isolated (R„ 0.18, Rt2 0.42), which was found, after crystalliza
tion from absolute methanol, to be l-methyl-3-ethoxycarbonyl-/3- 
carboline (2c) (95.2 mg, 75% after irradiation in 0 2; 110.7 mg, 
95% after irradiations under N2): mp 248-249°; uv max (95% 
methanol) 234 m/x (log e 4.581), 268.5 (4.202), 334.5 (3.598), 347 
(3.605); ir (KBr) 1720 (aryl ester C = 0 ) ,  1250 and 1120 cm-1 
(aryl ester CO).

Saponification of 2c by the method of Tschesche. el al.,21 
yielded the free acid (2a, yield 85%), identified by mixture melt
ing point and by uv and ir comparison with a sample of authen
tic 2a.

Anal. Calcd for C 15H „N 20 2: C, 70.81; H, 5.83; N , 5.52. 
Found: C, 71.02; H, 5.97; N , 5.42.

In the case of tryptophanol, the isolated product [R„ 0.14, 
Ri, 0.59) was identified as l-methyl-3-hydroxymethyl-^-carboline 
(2d): 73.2 mg, 69% after irradiation in 0 2; 88.3 mg, 87% after
irradiation under N»; mp 263-265°; uv max (95% methanol) 212 
m/i (log e 4.537), 236 (4.477), 277.5 (4.316), 329 (3.617), 345 
(3.588); ir (KBr) 3360 (broad, OH) 1050 cm-1 (broad, primarv 
OH).

Anal. Calcd for C13Hi2N20 :  C, 73.49; H, 5.66; N , 13.42. 
Found: C, 73.22; H, 5.78; N , 13.36.

In the case of tryptophanamide, the isolated product (/i,, 0.36, 
Rt„ 0.44) was found to be l-methyl-3-carbamoyl-^-carboline (2e) 
after crystallization from 80% methanol: 73.1 mg, 65% after
irradiation in 0 2; 99 mg, 88% after irradiation under N2; mp 235- 
237°; uv max (95% methanol) 228 m/x (log e 4.762), 260.5 
(4.573), 288 (4.105), 321 (3.276), 353 (3.421); ir (KBr) 3330 and 
3190 (medium, N il), 1645 (amide I), 1630 cm“ 1 (amide II).

Anal. Calcd for Ci3HuN 30 :  C, 69.35; II, 4.88; N , 18.67. 
Found: C, 69.48; H, 4.65; N , 18.72.

Photochemical Conversion of Tryptophan to l-Alkyl-3-carboxy- 
ft-carbolines.— In a typical experiment, 51 mg (0.25 mmol) of 
tryptophan was dissolved in 250 ml of the appropriate solvent 
and mixed with an equimolar amount of methylene blue. The 
solutions were deaerated and irradiated by the experimental ar
rangement previously described. When all the tryptophan had 
reacted, as shown by tic, the irradiation was stopped and the sol
vent was removed by rotary evaporation and by repeated ly
ophilization. The residue was taken up with the minimal amount 
of water and loaded on a column of Amberlite CG-50 (0.9 X  55 
cm).

In the case of irradiation in acetic acid solution, elution of the 
column with water gave one product (40.7 mg, yield 71% ), which 
was identified as l-methyl-3-carboxy-/3-carboline on the basis of 
elemental analysis and chromatographic Rt values1 as well as by- 
mixture melting point and uv and ir comparison with a sample of 
the same product previously prepared.1 Subsequent elution from 
the column with 3%  ammonia gave a second fraction (10.9 mg, 
yield 24% ), which appeared by elemental, chromatographic, and

(20) G. Jori, G. Gennari, G. Toniolo, and E. Scottone, J . Mol. Biol., in 
press.

(21) R. Tschesche, H. Jenssen, and F. M. Rangachari, Chem. Ber., 91, 
1732 (1958).

spectroscopic analysis to be identical with a sample of authentic
1-methy l-/3-carboline

After irradiation in propionic acid solution, elution from the 
column with water gave one fraction which, after crystallization 
from 80% methanol, was identified as l-ethyl-3-carboxy-/3-car- 
boline: 47 mg, 70% ; mp 295-297°. The melting point, as well 
as the uv and ir spectra, were coincident with those of a sample of 
the same product prepared from tryptophan according to Tsches
che, el al.2-2'

Anal. Calcd for C „H 12N20 2: C, 70.20; H, 5.03; N , 11.59. 
Found: C, 69.70; H, 5.10; N, 11.55.

Subsequent elution with 3%  ammonia gave a second fraction, 
which was crystallized from methanol and identified as l-ethyl-/3- 
carboline: 10.8 mg, 22% ; mp 244-246°; the uv and ir spectrum
were coincident \ îth a sample of the same product prepared from 
tryptamine by a chemical procedure.2

.Anal. Calcd for C,3H12N2: C, 78.6; H, 6.18; N , 13.98. 
Found: C, 78.9; H, 6.15; N , 14.15.

After irradiation of tryptophan in the presence of isobutyrric 
acid as the solvent, elution from Amberlite with water gave one 
product (Rn 0.73, RH 0.50) which, after crystallization from 80% 
methanol, was identified as l-isopropyl-3-carboxy-/3-carboline:
47.5 mg, 75% ; mp 277-278°; uv max (95% methanol) 232 m/i 
(log e 4.603), 279 (4.326), 331 (3.602), 345 (3.613); ir (KBr) 1685 
(aryl C = 0 ) ,  1385 and 1370 cm“ 1 (strong, isopropyl C -H  bend
ing).

Anal. Calcd for C13H MN20 2: C, 70.82; H, 5.55; N , 11.02. 
Found: C, 70.23; H, 5.62; N , 11.20.

A second fraction (/?,, 0.33, R,, 0.38) was isolated by elution 
with 3%  ammonia. Crystallization with 80% methanol gave 
pale yellow needles of l-isopropyl-/3-carboline: 12.6 mg, 23% ;
mp 225-228°; uv max (95% methanol) 212 m/x (log c 4.803), 268 
(3.992), 307 (2.654), 360 (2.812); ir (KBr) 3345 (indole NH), 
1380 and 1370 cm “ 1 (isopropvl C -H  bending).

Anal. Calcd for C14H „N 2: C, 79.95; H, 6.71; N , 13.33. 
Found: C, 79.73; H, 6.70; N , 13.42.

Finally, after irradiation in pivalic acid solution, one fraction 
(R,, 0.78, R,2 0.57) was isolated by elution with water; it was 
crystallized from 80% methanol and identified as 1-tert-butyl- 
carboxy-0-carboline: 52.3 mg, 78%; mp 293-295°; uv max 
(methanol) 227 m/i (log e 4.715), 282 (4.22), 332 (3.487), 348 
(3.608); ir (KBr) 1685 (aryl C = 0 ) ,  1390 and 1365 cm “ 1 (weak, 
teri-butvl C-H  bending).

Anal'. Calcd for C,6H16N20 2: C, 71.68; H, 6.34; N, 10.45. 
Found: C, 71.35; H, 6.35; N , 10.62.

Elution with 3% ammonia yielded a second product (i?tl 0.18, 
R„ 0.25), which after crystallization from 80% methanol was 
shown to be 1-iert-butyl-fJ-carboline: 6.7 mg, 12%; mp 208- 
211°; uv max (methanol) 208 m/i (log e 4.77), 271.5 (4.082), 310 
(2.835), 353 (2.874); ir (KBr) 3350 (indole NH), 1385 and 1360 
cm“ 1 (iert-butyl C -H  bending).

Anal. Calcd for Cir.H16N2: C, 80.04; H, 7.14; N, 12.5. 
Found: C, 79.95; II, 7.08; N, 12.35.

Irradiation of tert-Butoxycarbonyl-L-tryptophan Ethyl Ester in 
80% Acetic Acid Solution.— The apparatus described above was 
used to irradiate, under N2, 20 mg of terf-butoxycarbonv 1-L- 
trvptophan ethyl ester and 25 mg of methylene blue dissolved in 
40 ml of 80% acetic acid. After 5 hr of illumination, the solvent 
was removed by lyophilization. Chromatography of the residue 
on a column of Amberlite CG-50 (see above) yielded 18 mg of one 
product, which gave a negative color test with the Ehrlich re
agent,5 showing that the 2 position of the indole ring was masked. 
The ir spectrum (Nujol) showed, besides the peak at 1730 cm“ 1 
(aliphatic ester C = 0 ) ,  the presence of a band at 1680 cm“ 1, which 
can be assigned to a ketonic -C==0 conjugated with an aromatic 
system. The elemental analy-sis of the product was in agreement 
with the expected one for 2-acetyl-/ert-butoxycarbonyl-i.-trypto
phan ethyl ester.

Anal. Calcd for C20H26N2O3: C, 64.17; H, 6.95; N , 7.48. 
Found: C, 63.98; H, 6.80; N , 7.51.

Removal of the tert-butoxycarbonyl group by treating the 
product (10 mg) with 2 N HC1 for 3 hr at 50° yielded a new prod
uct, whose chromatographic and spectral features were coin
cident with those found for 1-rnethy 1-3-ethoxyearbonyl-fi-car- 
boline (2c)

Irradiation of Skatole in Acetic Acid Solution.— The apparatus 
described above was used to irradiate, under N2, 20.8 mg of ska
tole and 32 mg of methylene blue dissolved in 40 ml of acetic acid. 
After 3 hr of illumination, tic showed that skatole (Rf, 0.95) was 
almost completely converted to one product (Rn 0.83), which
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gave negative color tests with the Ehrlich reagent,5 suggesting 
that the 2 position of the indole moiety was masked. The prod
uct was isolated by chromatographing the lyophilized residue on a 
column (1.0 X  42 cm) of the sulfonic resin Dowex-50, using 1% 
ammonia as eluent: 21.2 mg, 72.7%; the ir spectrum (KBr) 
gave a peak at 1690 cm-1, clearly showing the presence of a car
bonyl group conjugated with an aromatic system; the elemental 
analysis was in agreement with the expected one for 2-acetyl- 
skatole.

Anal. Calcd for CuHuNO: C, 74.68; H, 6.79; N, 8.64. 
Found: C, 74.19; H, 6.85; N , 8.65.

Irradiation of Methylene Blue in Acetic Acid Solution.— In one 
experiment, 100 mg of methylene blue in 250 ml of acetic acid 
were irradiated for 40 hr under N2 by the apparatus previously 
described. Tic analysis showed that methylene blue was slowly 
converted to three products. The major product (R,2 0.65) 
was isolated by chromatographing the lyophilized irradiated mix
ture on an alumina column (2 X 50 cm), using a 1:1 (v /v ) CH3- 
OH-CHCh mixture as eluent. The visible absorption maximum 
of the product in chloroform was located at 625 m/x; such a blue 
shift with respect to methylene blue (absorption maximum 637 
mu) was observed by Obata12 for hydroxyphenthiazines. The ir 
spectrum (KBr) differed from that of methylene blue for the 
presence of a broadened band at 3340 cm-1 and of a doublet at 
1200 cm-1, as it is typical of phenolic OH. On the basis of these

evidences, we tentatively identify the product as 3(or 6)-hydroxy- 
6 (or 3 )-dimethvlaminophenothiazine.

Anal. Calcd for ChH14N2SO: C, 61.84; H, 5.58; N , 12.02; 
S, 13.75. Found: C, 61.73; H , 5.55; N , 12.10; S, 13.69.

Registry No.—2a, 22329-38-0; 2b, 486-84-0; 2c, 
33821-71-5; 2d, 33821-72-6; 2e, 23256-12-4; trypto
phan, 6159-33-7; l-ethyl-3-carboxy-/3-carboline, 33821-
74-8; l-ethyl-/3-carboline, 20127-61-1 ; 1-isopropyl-
3-carboxy-^-carboline, 33821-76-0; l-isopropyl-/3- 
carboline, 22314-95-0; l-feri-butyl-3-carboxy-/3- 
carboline, 33821-78-2; l-ter(-buty]-/3-carboline, 33821-
79-3; 2-acetyl-ferf-butoxycarbonyl-L-tryptophan ethyl 
ester, 33821-80-6; 2-acetylskatole, 16244-23-8; 
methylene blue, 61-73-4; 3-hydroxy-6-dimethylamino- 
phenthiazine, 33821-82-8; 6-hydroxy-3-dimethyl- 
aminophenthiazine, 33821-83-9.
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As is typical for the addition of amines to carbonyl compounds, the reaction of 5-substituted furfurals with 
phenylhydrazine exhibits rate-determining attack of the nucleophile under acidic conditions and rate-determin
ing decomposition of the carbinolamine intermediate under neutral and basic conditions. The attack of phenyl
hydrazine on these substrates is subject to general acid catalysis by carboxylic acids, the Brpnsted exponent 
a =  0.35. Dehydration of the carbinolamine intermediates occurs via acid-catalyzed, pH-independent, and, 
in the case of the nitro derivative, base-catalyzed reaction pathways.

The principal features of the mechanisms for addition 
of weakly basic amines to carbonyl compounds2’3 have 
been derived from a series of studies employing simple 
aliphatic and aromatic aldehydes and ketones.4-12 
Both to broaden the basis upon which our conclusions 
are founded and to explore substituent effects in hetero
cyclic aromatic systems, the kinetics of 5-substituted 
furfural phenylhydrazone formation have been investi
gated. While this study has, for the most part, rein
forced previous conclusions, some interesting differences 
in detail do appear. The results are presented below.

O

X— i QJ — C— H +  NH2NHPh — *

!i— I H HX— 1I J — C=NN Ph +  H20

(1) Supported in part by the Conselho Nacional de Pesquisas and by the 
Fundacao de Amparo à Pesquisa do Estado de Sâo Paulo.

(2) W. P. Jencks, Progr. Phys. Org. Chem., 2, 63 (1964).
(3) W. P. Jencks, “ Catalysis in Chemistry and Enzymoljgy,” McGraw- 

Hill, New York, N. Y., 1969.
(4) W. P. Jencks, J. Amer. Chem. Soc., 81, 475 (1959).
(5) E. H. Cordes and W. P. Jencks, ibid., 84, 826, 832 (1962).
(6) E. H. Cordes and W. P. Jencks, ibid., 84, 4319 (1962).
(7) L. do Amaral, W. A. Sandstrom, and E. H. Cordes, ibid., 88 ,  2225 

(1966).
(8) R. B. Martin, J. Phys. Chem., 6 8 , 1369 (1964).
(9) M. P. Bastos and L. do Amaral, J. Org. Chem., 36, 3412 (1971).
(10) J. M. Sayer and W. P. Jencks, J. Amer. Chem. Soc., 91, 6353 (1969).
(11) J. Hine, F. A. Via, J. K. Gotkis, and J. C. Craig, Jr., ibid., 92, 5186

(1970).
(12) J. Hine, J. C. Craig, Jr., J. G. Underwood, II, and F. A. Via, ibid., 

92, 5194 (1970).

Experimental Section
Materials.— 5-Methylfurfural was prepared according to the 

method of Rinkes,1 2 3 4 5 6 7 8 9 10 11 12 13 bp 84-86° (3 mm) [lit.13 bp 83-85° (15 m m )]. 
The product is stable for several months at —10° in the absence 
of light and oxygen. Dilute solutions in 20% aqueous ethanol 
were found to be stable for several days at 0° in the dark. 5- 
Bromofurfural, mp 84° (lit.14 mp 82°), and 5-nitrofurfural, mp 
35-36° (lit.15 16 mp 35-36°), were also prepared according to pub
lished procedures.14-16 All other reagents employed were ob
tained commercially and, with the exception of reagent grade 
inorganic salts, were either redistilled or recrystallized prior to 
use. Solutions of phenylhydrazine were prepared just prior 
to use, as were those of carboxylic acids in 20% ethanol, to avoid 
formation of the ethyl esters.

Kinetic measurements4-6’9 were carried out spectrophoto- 
metrically at 25° with the aid of a Zeiss PMQ II spectro
photometer equipped with a cell holder through which water 
from a thermostated bath was continuously circulated. Reaction 
kinetics were monitored by observing the appearance of the fur
fural phenylhydrazones at appropriate wavelengths in solutions 
containing initial concentrations of the aldehydes of 5 X 10-5 
M : 5-methyl, 343 nm; unsubstituted, 340 nm; 5-bromo, 348 
nm; 5-nitro, 464 nm. In all cases a sufficient excess of phenyl
hydrazine was employed to ensure that pseudo-first-order kinetic 
behavior would be obtained. First-order rate constants were 
evaluated from plots of log (O D „ — ODt) against time in the 
usual manner. Second-order rate constants were obtained by 
dividing first-order constants by the concentration of phenyl
hydrazine free base. In the pH region in which phenylhydrazine 
attack is principally rate-determining, rate constants have been

(13) I. J. Rinkes, ‘Organic Syntheses,”  Collect. Vol. II, Wiley, New York, 
N. Y., 1943, p 393.

(14) Z. N. Nazarova, Dokl. Akad. Nauk Uzbek SSR, 40 (1953).
(15) H. Gilman and G. F. Wright, J. Amer. Chem. Soc., 52, 2550 (1930).
(16) H. Gilman and G. F. Wright, Iowa State College J. Sci., 4, 53 (1929).
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Figure 1.—•Logarithms of second-order rate constants for 
phenylhydrazone formation from a series of 5-substituted fur- 
furals in 20% ethanol at 25° and ionic strength 0.50 plotted as a 
function of pH. All points refer to zero buffer concentration. I, 
5-nitrofurfural; II, 5-bromofurfural; III, furfural: IV, 5-
methylfurfural.

corrected to account for the influence of the rate of carbinolamine 
dehydration as described by Sayer and Jencks.10 Catalytic 
(third-order) rate constants were evaluated from the slopes of 
plots of second-order constants against the concentration of 
catalyst. All kinetic experiments were carried out in 20% 
ethanol at an ionic strength of 0.50, maintained with KC1, with 
2 X 10-4 M EDTA. Values of apparent pH were recorded 
with a Radiometer Model PHM 4d pH meter equipped with a 
glass electrode. Calculations of the concentration of phenylbydra- 
zine free base and undissociated carboxylic acids were made em
ploying the Henderson-Hasselbalch equation and values of pK a 
which refer to a solvent of water at zero ionic strength. Because 
of the opposing effects of high ionic strength and organic solvent 
on the values of pK a, use of the indicated values is not unreason
able.9 At any event, there is no conclusion drawn below that 
would be significantly modified by the choice of slightly different 
values of pA a.

Product Analysis.— The products of condensation of phenyl- 
hydrazine with furfural, 5-methylfurfural, and 5-nitrofurfural 
were identified as the corresponding phenylhydrazones from 
their characteristic ultraviolet and infrared spectra. 5-Bromo- 
furfural phenylhydrazone was prepared by mixing a solution of
1.0 g of phenylhydrazine hydrochloride in water with 50 ml of 
an ethanol solution containing 1.0 g of 5-bromofurfural. Yellow 
crystals of the phenylhydrazone, which became dark green 
upon drying, were obtained by the addition of small amounts of 
water after cooling the solution to 0°, mp 68-70°. Anal. 
Calcd: C, 49.83; H, 3.04. Found: C, 50.18; H, 3.17. 
The phenylhydrazone exhibited an absorption maximum at 358 
nm.

(17) L. P. Hammett, J. Amer. Chem. Soc., 59, 96 (1937).

Results and Discussion

Subsequent to the formulation of the Hammett 
equation,17 a very large amount of experimental infor
mation concerning the effects of polar substituents on 
reaction rates and equilibria has been correlated with 
the appropriate substituent constants in the benzene 
series.18-21 The only other aromatic nucleus treated 
in any detail is that of naphthalene.22 Treatment of 
heterocyclic aromatic systems is quite limited, although 
some preliminary efforts have been made.19'21’23 A 
set of <rF2'5 substituent constants (the designation of 
these constants follows the form employed by Dewar 
for the naphthalene system22) for 5-substituted 2-furyl 
derivatives has been calculated from the dissociation 
constants in water of the corresponding furoic acids.24 
These are linearly related to the usual a constants, 
vf2'6 =  1.40o-p. This result suggests that, for dis
sociation of the acids at least, the relative importance 
of inductive and resonance effects of polar substituents 
in the two cases is similar. Extension of this concept 
to nucleophilic reactions of the corresponding aldehydes 
is, as is developed below, not straightforward.

In Figure 1, second-order rate constants, extrapolated 
to zero buffer concentration where necessary, for 
phenylhydrazone formation from 5-substituted furfurals 
are plotted as a function of pH. The general shape of 
the curves is familiar and reflects (going from acidic to 
basic conditions) acid-catalyzed and water-catalyzed 
attack of the nucleophile, p A a 5.2, as the rate-deter
mining step and acid-catalyzed, water-catalyzed, and 
base-catalyzed dehydration of the carbinolamine inter
mediate as the rate-determining step.2-4'9

In the region of rate-determining attack of phenyl
hydrazine, the second-order rate constants are sensitive 
functions of the nature and concentration of buffers 
employed to maintain constant pH. Studies of the 
buffer catalysis demonstrated that, as usual, the 
catalysis is of the general acid type. As noted by 
Sayer and Jencks,10 estimation of catalytic constants 
for the carboxylic acids for reactions of this type can 
be complicated by the varying importance of the rate 
of carbinolamine dehydration to the overall rate as a 
function of pH and buffer concentration. To avoid 
this difficulty, all second-order rate constants have 
been corrected to account for the influence of the rate 
of carbinolamine dehydration. Catalytic constants 
for various carboxylic acids were then evaluated in the 
usual way. These constants are collected in Table I. 
As may be judged from Figure 1, the rates for carbinol
amine formation and dehydration are much more nearly 
equal for 5-nitrofurfural than for other substrates. 
One consequence of this fact is that, for this substrate, 
plots of uncorrected second-order rate constants against

(18) H. H. Jaffe, Chem. Rev., S3, 191 (1953).
(19) P. R. Wells, Chem. Rev., 63, 171 (1963).
(20) S. Ehrenson, Progr. Phys. Org. Chem., 2, 196 (1964).
(21) J. E. Leffler and E. Grunwald, “ Rates and Equilibria of Organic 

Reactions,”  Wiley, New York, N. Y., 1963.
(22) M. J. S. Dewar and P. J. Grisdale, J. Amer. Chem. Soc., 84, 3548 

(1962).
(23) R. C. Elderfield and M. Siegel, ibid., 73, 5622 (1951); T. Sasaki, 

Chem. Pharm. Bull., 2, 104 (1954); P. Zuman, Chem. Zve-sti, 8, 939 (1954); 
E. Imoto, R. Motoyama, and H. Kakiuchi, Bull. Naniwa Univ., A3, 203 
(1955); I. Stradius, S. Hillen, and Yu. K. Yur’ev, Dokl. Akad. Nauk SSSR, 
129, 816 (1959); R. Alan Jones, T. McL. Spotswood, and P. Cheuychit, 
Tetrahedron, 23, 4469 (1967); H. C. Smitherman and L. N. Fergunson, 
ibid., 24, 923 (1968).

(24) F. Freeman, J. Chem. Educ., 47, 140 (1970).
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T a b l e  I
C atalytic  C onstants o p  Several  A cids, E xpressed  in  M ~ 2 m in -1, for the A ttack  o p  Phenylhydrazine 

on a  Series o p  5-Substituted F urfurals in  2 0%  E thanol, at  25° and I onic Strength  0.50

Catalyst p K,
5-Methyl- 
furfural

h 3o + - 1 .7 4 2 .8  X  106
n c c h 2c o 2h 2.45
c ic h 2c o 2h 2.90 1.2 X 104
h c o 2h 3.75
BrCH2CH2C 02H 4.00
CH3C 02H 4.76 4 .6  X 103
PH H +« 5.20 1.3 X 104
H20 15.74 3.0

Phenylhydrazinium ion.

5-Bromo- 5-Nitro-
Furfural furfural furfural

3.3 X  105 4 .0  X 106 6 .0  X  10«
2 .6  X  104 7.9 X  106
1.6 X  104 2 .6  X 104 4 .8  X  106
8.3 X  103 3.5 X  106
9.2 X 103 2 .4  X  106
4 .8  X 103 5 .0  X 103 4.1 X 104
2.1 X 104 3.1 X 104 3.2 X 104

3.3 3 .6 4.6

catalyst concentration are nonlinear. Related cases 
identified include benzaldehyde semicarbazone and 
thiosemicarbazone formation.6’10 Data of this type 
can also be the consequence of complexation of carbox- 
ylate ions with the aldehyde substrates to form unreac- 
tive species; p-nitrobenzaldehyde phenylhydrazone 
formation appears to provide one example of this 
type.9

Catalytic constants for the carboxylic acids are well 
correlated by the Br0nsted catalysis law : least-squares 
treatment of the data yields a value of a of 0.35 for 
both furfural and 5-nitrofurfural. The same value of 
a has been obtained for general acid catalysis of benzal
dehyde phenylhydrazone formation,9 but smaller values 
appear to characterize a number of related reactions.10

Correlation of the rate constants for the attack of 
phenylhydrazine on the 5-substituted furfurals by the 
or2'5 substituent constants or by a or <r+ substituent 
constants fails. Examination of the data in Table I  
reveals the source of difficulty. With weakly acidic 
catalysts, including water, acetic acid, and phenyl- 
hydrazinium ion, the rate constants are quite insensitive 
to the nature of the polar substituent (and can, there
fore, be correlated by essentially any set of substituent 
constants) while for more acidic catalysts, the 5-nitro- 
furfural is markedly more reactive than the other three 
substrates whose rate constants are, as above, rather 
insensitive to the nature of the polar substituent. 
While the reasons for the distinctive behavior of the
5-nitro derivative are not clear, it does suggest that, just 
as in the benzene series, a special set of substituent con
stants may be necessary to correlate rate constants for 
reactions involving electrophilic species in the furan 
series.

The rate constants for the water-catalyzed attack 
reaction are less sensitive to the nature of the polar 
substituent than are those for the acid-catalyzed reac
tion (Figure 1 and Table I). This situation is quite the 
opposite of that usually observed6’9 for reactions of this 
class and is difficult to rationalize on the basis of the 
mechanism usually written for these reactions.2’3’6 It 
is possible that this observation reflects the importance 
of the heterocyclic oxygen of the furan ring as a partici
pant in the reaction through hydrogen bond formation 
with the catalyst via intervening water molecules. It 
is clear that a full explanation will await more detailed 
understanding of substituent effects in this system.

Rate constants characterizing the various reaction 
pathways for furfural phenylhydrazone formation un
der conditions of rate-limiting dehydration are collected 
in Table II. The acid-catalyzed pathway is quite in-

T able  II
R ate C onstants for the A cid-C atalyzed , p H -Independent, 
and B ase-C atalyzed  R eactions for  5-Substituted F urfural 

P henylhydrazone F ormation under C onditions of 
R ate-D etermining  C arbinolamine D ehydration

ku
X 10-', kiiio, &OHt

Substituent A f- 'm in -1 M ~l min-1 M~2 min-1
Nitro 9.0 2.5 2 .0  X  105
Bromo 8.0 0.31
Unsubstituted 8.0 0.20
Methyl 5 .0 0.10

sensitive to the nature of polar substituents; similar 
observations have been made for related reactions.6’9'25 
In contrast, the rate constants for the water-catalyzed 
(or uncatalyzed) reactions increase substantially with 
increasing electron withdrawal in the polar substituent 
(the rate constant for the 5-nitro derivative was evalu
ated by subtracting the rate constant for the acid- 
catalyzed and base-catalyzed reactions at the rate 
minimum). This reaction must occur in the following 
way (the corresponding reaction for Schiff base hydroly
sis is known to occur with attack of hydroxide ion on 
the protonated substrate).26-27

H

The fact that the acid-catalyzed dehydration of the 
carbinolamine is less sensitive to the nature of polar 
substituents than is the uncatalyzed process suggests 
that the transition states for the two reactions may 
differ significantly in the extent of carbon-oxygen bond 
cleavage.

\«+ I S -

N— C---OH  
/  I

^N— c —o:
H

With the good leaving group, water, little C -0  bond 
cleavage in the transition state is visualized, minimizing 
the effects of polar substituents. With the poorer 
leaving group, hydroxide ion, it is reasonable to assume'

(25) B. M. Anderson and W. P. Jencks, J. Amer. Chem. Soc., 82, 1773 
(1960).

(26) E. H. Cordes and W. P. Jencks, ibid., 85, 2843 (1963).
(27) K. Koehler, W. A. Sandstrom, and E. H. Cordes, ibid., 86 , 2413 

(1964).
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a greater degree of progress toward sp2 geometry at the 
transition state, increasing the extent of interaction, 
particularly by resonance, between the reaction center 
and polar substituents.

Dehydration of the carbinolamine derived from 5- 
nitrofurfural and phenylhydrazine is markedly suscep
tible to base catalysis, while those derived from other 
furfurals exhibit very small contributions from this 
pathway. Thus the polar effects on the base-catalyzed 
pathway are the largest for this particular dehydration 
pathway as they are for dehydration of benzaldehyde 
phenylhydrazine carbinolamine.4 As above, this be

havior must reflect the importance of electron with
drawal in the formation of the double bond in the 
product.

Registry No.— Phenylhydrazone, 100-63-0; 5-bro- 
mofurfural phenylhydrazone, 34220-06-9; 5-methyl- 
furfural, 620-02-0; furfural, 98-01-1; 5-bromofurfural, 
1899-24-7; 5-nitrofurfural, 698-63-5.
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A series of zusamen (Z y  and entgegen (f?)-a-phenylehalcones (l,2-diphenyl-3-arylpropenones) have been 
prepared and configurational assignments have been made to them. Their carbonyl stretching frequencies have 
been measured in carbon tetrachloride solutions. A good linear free-energy relationship was obtained between 
x (C = 0 ) and <r+ for the E isomers (r =  0.980). On the other hand, the Z  isomers gave only a poor correlation 
(r =  0.798). An unprecedentedly large p e /  p z  ratio of ~ 6  was observed. The p value for the Z  isomers suggests 
that this system is essentially insensitive to substituent effects. The data were also treated using the Swain- 
Lupton approach. Comparisons of the linear free-energy results obtained from the a-phenylehalcone system are 
made with other analogous systems.

The alteration of transmission of electronic effects 
through an intervening link by changing the geometric 
relationship between substituent and reaction site has 
been noted in several systems.2 In aliphatic systems 
a change from E to Z isomers resulted in an increase in 
sensitivity to substituents as judged by the magnitudes 
of the Hammett p values and this observation has been 
attributed to field effects. In aryl systems a reduction 
in sensitivity to substituents with the same configura
tional change has been noted. In spite of growing in
terest and an increasing number of reports on linear 
free-energy relationships of a,/3-unsaturated ketone 
systems,3’4 the effect of geometric alterations on sub
stituent effect transmission in such systems does not 
appear to have been reported. To attempt to assess 
this effect and as a continuation of a general investiga
tion4 of linear free-energy relationships of a,/3-unsatu- 
rated ketones, we have measured the carbonyl stretch
ing frequencies [v (C = 0 ) ] of a series of (Z)- and (E)- 
a-phenylchalcones [1,2-diphenyl-3-(para-substituted 
phenyl)propenones] (I and II).

a-Phenylchalcones.— The a-phenylchalcones were 
prepared using the approach previously described by 
Stobbe5 which usually resulted in a mixture of (Z)~ and

(1) American Chemical Society Petroleum Research Fund Scholar.
(2) (a) K. Bowden and D. C. Parkin, Can. J. Chem., 46, 3909 (1968);

(b) R. Fuchs and J. J. Bloomfield, J. Org. Chem., 31, 3423 (1966); (c) M. 
Charton, ibid., 30, 974 (1965); (d) A. B. Turner, R. E. Lutz, N. S. McFar- 
lane, and D. W. Boykin, Jr., ibid., 36, 1107 (1971); (e) J. J. Bloomfield and 
R. Fuchs, ibid., 26, 2991 (1961); (f) R. Fuchs, C. A. Kaplan, J. J. Bloom
field, and L. F. Hatch, ibid., 27, 733 (1962).

(3) (a) J. R. Dimmock, P. L. Carter, and P. D. Ralph, J. Chem. Soc. B, 
698 (1968); (b) S. Toma and A. Perjessy, Chem. Zvesti, 23, 343 (1969);
(c) A. Perjessy, ibid., 23, 905 (1969).

(4) (a) N. L. Silver and D. W. Boykin, Jr., J. Org. Chem., 36, 759 (1970);
(b) M. L. Ash, F. L. O’Brien, and D. W. Boykin, Jr., ibid., 37, 106 (1972);
(c) W. F. Winecoff, III, and D. W. Boykin, Jr., ibid., 37, 674 (1972); (d) R. 
W. Woodard and D. W. Boykin, Jr., Chem. Commun., 628 (1970).

(5) H. Stobbe and F. J. Wilson, Ann., 374, 237 (1910).

(E)-a-phenylchalcones. Frequently, the reaction se
quence gave mainly the E isomer, and consequently to 
acquire adequate amounts of the Z isomer the E isomer 
was subjected to photoequilibration type conditions 
and the resulting mixtures were separated by column 
chromatography.

The configurations of the isomers were assigned on 
the basis of the extinction coefficient of their uv ab
sorption maximum in analogy with the assignments 
made for 5, 13, 8, and 16 by Lutz and Black.6 The 
series of compounds assigned the E configuration con
sistently, with the exception of 16 as previously noted,6 
exhibited absorption maxima at wavelengths longer 
than the Z isomers. The series assigned the Z con
figuration exhibited r (C = 0 )  bands which were at 
higher frequencies, generally about 10 cm-1 , than the 
corresponding E isomers (see Table I). This is in ac
cord with the idea that the steric interaction of the
3-aryl group with the benzoyl group in the Z isomer 
results in the deconjugation of the carbonyl and styryl 
groups and hence a shift of r (C = 0 )  to higher frequency. 
The configurational assignments6 to the parent mem
bers of this series made by consideration of uv absorp
tions have now been independently confirmed by ir 
measurements.

(6) W. B. Black and R. E. Lutz, J. Amer. Chem. Soc., 76, 5990 (1953).
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T a b l e  I

<*-PHENYLCHALCONES
,----------------Z isomers---------------- - /---------------- E  isomers---------------- .

V(C = 0 ) , „ (C = 0 ) ,
Compd X cm -1 Compd X cm -1

1 p-CH30 1670 .6 9 p-CH30 1657 .7
2 p - c h 3 16 71 .4 10 p - c h 3 1660 .1
3 P -C cH s 16 71 .6 11 p - c «h 6 1660 .7
4 p-F 1670 .7 12 p-F 1661 .5
5 p-H 1671.1 13 p-H 1660 .8
6 p-Cl 16 72 .0 14 p-Cl 1662 .6
7 p-Br 16 71 .6 15 p-Br 1663 .2
8 p-N 02 16 72 .4 16 p-N 02 1667 .6

Linear Free-Energy Relationships.'—The values for 
r (C = 0 )  for eight geometric pairs of a-phenylchalcones 
measured in carbon tetrachloride solution are listed in 
Table I. The difference in v(C =0) for the p-methoxy-
(9) and the p-nitro- (16) (£■)-a-phenylchalcones, -~10  
cm-1 , provides an ample spread in <j values for devel
oping a significant linear free-energy relationship. On 
the other hand the analogous difference in the Z series 
is only ~ 2  cm-1 . In view of the error in measurement 
of j»(C = 0 )  interpretation of correlations derived from 
the Z series should be viewed with some skepticism.

Both configurational isomers show shoulders on the 
carbonyl band. The shoulders presumedly arise from 
conformational bands. It is assumed that lack of as
signment of these bands is of no particular consequence 
to this study, since it has been shown that effectiveness 
of transmission does not vary over a range of about 
30%  for conformational isomers in several other a,/3- 
unsaturated ketone systems.40

The stretching frequencies of both isomeric series 
have been correlated with <r+ values taken from re
ported tabulations.7 Figure 1 contains a graphical 
presentation and Table II contains the results of sta-

T a b l e  I I
R e su l ts  o f  St a t is t ic a l  T r e a t m e n t  U sin g  

o-+ C o n st a n t s“ '6
System n P 8 i C

(ZpChalcone 8 1.10 0.40 1671.5 0.798
(ÆpChalcone 8 6.35 0.62 1662.0 0.980
(Fl)-APCA“ 7 7.07 2.64 1674.0 0.826
1 See ref 4a and 8. bn, number of points ; p, slope as deter-

mined by method of least squares; s, standard deviation; c, 
correlation coefficient; i, intercept. “ Data taken from ref 9; 
values used for p-CH30 , p-CH3, p-H, m-CH30, p-Cl, m-Cl, and 
p-N 02 substituents. See also footnote 10.

tistical treatment8 for both series. A  good correlation 
is observed for the E series (r =  0.980), whereas a poor 
correlation is obtained with the Z system (r =  0.798).

Comparison of the p value (6.35) obtained from the 
E series with the value (5.36) obtained from five simi
larly substituted chalcones4a shows that there is little 
change in the effectiveness of the transmission of elec
tronic effects by the addition of the a-phenyl group to 
the (E)-chalcone system. This suggests that a serious 
steric effect on the chalcone system is not introduced 
by the addition of a large group and that the inductive 
effect of the a-phenyl is not detrimental to transmission. 
The implication is that the /3-phenyl and the benzoyl

(7) C. D. Ritchie and W. F. Sager in “ Progress in Physical Organic 
Chemistry,”  Vol. 2, Interscience, New York, N. Y., 1964.

(8) H. H. Jaffe, Chem. Rev., 53, 191 (1953).
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group remain essentially coplaner. This conclusion is 
in accord with ones previously drawn from uv studies.6

An investigation of the effect of substituents on the 
carbonyl stretching frequency of substituted a-phenyl- 
cinnamic acids (APCA), measured ¿n the solid state, 
has been reported.9'10 Table II contains the results 
of least-squares treatment of the (A)-APCA data. 
The correlation is poor; nevertheless, the p value is ap
proximately that which we note for the (Ji)-a-phenyl- 
chalcones.10

The p value for the (Z)-a-phenylchalcone series is 
dramatically different from the E value even bearing 
in mind the error in measurement for the Z series. Es
sentially, the Z series is insensitive to substituent ef
fects. This profound difference between geometric 
isomers is unprecedented. Previous studies of the 
effect of geometry on transmission of electronic effects 
in aryl systems have shown, by comparing pE: pz ratios, 
that the Z isomers generally transmit electronic effects 
from ~ 5 0 %  as effectively to equally as well as the cor
responding E isomers.2 Table III contains a compari-

T a b l e  III
p-V a l u e  C o m pa r iso n  f o r  Z  an d  E I som ers

System Reaction P E -  PZ Ref
a-Phenylchal cones r (C = 0 ) 5.8 This work
a-Phenylcinnamic acids Ionization 1.2 2a
a-Phenylcinnamic acids Esterification 1.9 2a
Cinnamic acids Ionization 1.4 2e
Cinnamic esters Saponification 1.1 2e
Phenylbenzoylaziridines
Phenylcyclopropane-

Nmr chemical shifts 1.4 2d

carboxylic acids 
Phenylcyclopropane-

Ionization 1.1 2f

carboxylic esters Saponification 0 .8 2f

son of pE: Pz for several sets of closely related geometric 
pairs. The pE; pz value reported here for the a-phenyl- 
chalcones is greater than those shown in the table by a

(9) C. W. Bird and E. M. Briggs, Spectrochim. Acta, 25A, 899 (1969).
(10) Data for only four Z isomers were reported and interestingly the 

y (C = 0 ) value for the p-NOj compound was at some 5-cm“ 1 lower frequency 
than that of the p-CHsO analog. Therefore, we have not treated the re
ported data for this Z series by our statistical approach.
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T a b l e  IV
R esu l ts  o f  St a t is t ic a l  T r e a t m e n t  U sin g  F  an d  R C o n st an t s“

System n / T t E C % R
(Z)-Chalcone 8 0.528 ±  0.346 2.30 ±  0.72 1671.5 0.374 0.858 64 ±  17
(£)-Chalcone 8 4.63 ±  0.430 9.66 ±  0.890 1661.1 0.465 0.991 46 ±  3
(EyAFCA” 7 6.56 ±  1.86 9.76 ±  3.15 1673.1 1.80 0.939 46 ±  11
(Z)-APCA“ 5 -0 .4 2 3  ±  0.044 -0 .5 2 6  ±  0.088 5.61 0.041 0.994 35 ±  5
(E)- APCA' 5 -0 .4 4 4  ±  0.122 -0 .8 5 7  ±  0.244 6.92 0.113 0.974 46 ±  10
(Z y  APCAd 5 0.180 ±  0.020 0.191 ±  0.040 0.980 0.019 0.993 32 ±  5
(EyAFCAd 5 0.301 ±  0.042 0.494 ±  0.084 0.02 0.039 0.992 42 ±  5

“ Swain-Lupton field and resonance parameters; see ref 11. These correlations were made using a multiple linear regression program 
written using the statistical analysis described in ref 11. Calculations were carried out on an IBM  7094 computer. %  9  values were 
calculated by the approach used in ref 4a. n, number of points; f, regression coefficient for field parameter; r, regression coefficient for 
resonance parameter; i, intercept; E, standard error of estimate; C, multiple correlation coefficient; %  R defined in ref 4a. 6 The
stretching frequency data for a-phenylcinnamic acids in the solid state have been reported.9 The E isomers used in this correlation 
were those listed in Table II, footnote c. See also ref 10. e Correlation of pK  data is reported for a-phenylcinnamic acids in ref 2a. 
Substituents used were p-H, p-CH30, p-CH3, p-Cl, and p-NCh. d Correlation of rate constants for esterification of a-phenylcinnamic 
acids with diphenyldiazomethane is reported in ref 2a. The substituents were the ones listed in c above.

factor of at least 3. The large difference may be the 
result of a greater degree of steric interactions in the 
more sterically complicated a-phenylchalcones in com
parison with other less substituted systems. On the 
other hand, this difference may reflect the fact that 
most of the pB: pz ratios in Table III are derived from 
reaction data where developing charges make more ex
tensive demands upon the substituents and thereby 
force a greater degree of coplanarity between the Z 
groups in question. To test this point, other geometric 
pairs should be investigated by methods which assess 
ground-state substituent effects.

Swain and Lupton11 have developed a method which 
evaluates the significance of the resonance and field 
effect contributions to a two parameter linear free-en- 
ergy relationship. The results of the treatment of the 
data for the (Z)- and (I?)-a-phenylchalcones by this 
approach are listed in Table IV. Included for com
parison with the a-phenylchalcone data in Table IV are 
the results from treatment of ir and reaction data pre
viously reported on the APCA system. 2a'9>10

It was noted (vide supra) that the Hammett p value 
for II was significantly greater than the value for I. 
If %  R values are a measure of the transmission of 
resonance effects it can be seen from Table IV that 
there is no significant effect on transmission by reso
nance with changes in the geometric relationships of 
the molecule. The correlation for I is poor and conse
quently makes this observation tenuous at best for this 
system. On the other hand, the reactivity data listed 
in Table IV , for which good correlations are obtained, 
show little, if any, difference between the contribution 
of resonance to the correlation for the (Z)- and (E)-a- 
phenylcinnamic acids. Whether these results should 
be interpreted as evidence for the invalidity of the 
Swain-Lupton approach or as evidence which requires 
the rejection of the idea that diminution of transmis
sion of electronic effects in the Z series is a result of de
conjugation of the substituent and the reaction site 
remains to be tested by an independent approach.

Experimental Section
Infrared Frequencies.— The ir stretching frequencies for all of

the a-phenylchalcones were determined using a Beckman IR-12 
grating spectrometer in the expanded scale mode at scan rates of 
8 cm -1 min, chart speeds of 1 in./m in, and period setting of 8

(11) C. G. Swain and E. C. Lupton, Jr., J. Amer. Chem. Soc.. 90, 4328 
(1968).

T a b l e  V
a-PH EN YLCH ALCO N E S“

Compd Mp (lit. mp), °C X, nm (e X 10_8) X, nm (e X 10 -’ )
Z  Isomers

1 113-114 (113)6 257 (25.7) 294 (28.8)
2 91-92 260 (24.3) 286 (26.1)
3 163-164.5 260 (20.1) 306 (34.2)
4 115-117.5 259 (23.4) 279 (21.1)
5 85-87 (88-89)“ 260 (20.3) 282 (19.4)
6 101-102 260 (29.8) 285 (30.6)
7 95-97 261 (26.6) 287 (28.2)
8 167-168

(168-168.5)“ 251 (21.6) 328 (20.4)
E  Isomers

9 84-85 (85y 252 (17.4) 315 (18.9)
10 94-94.5 252 (15.4) 312 (16.9)
11 184-186 253 (20.3) 325 (26.3)
12 107-110 254 (16.4) 303 (14.4)
13 99-101

(103-103.5)“ 250 (17.1) 299 (15.1)
14 98-100 255 (17.0) 304 (16.5)
15 96-98 255 (16.2) 305 (15.9)
16 155-157

(153-153.5)“ 257 (16.3) 318 (16.4)
“ All compounds except 5, 8, 13 and 16 were analyzed for C and

H and all results were within ±0 .3  of theory. 6 These isomers 
have been previously reported [A. Klages and F. Tetzner, Her., 
35, 3965 (1902)]; however, configurational assignments were not 
made. “ Configurational assignments were made in ref 6.

(see ref 4a for comments on error). The spectra were taken on 
~ 5 %  solutions of the compounds in spectral grade carbon tetra
chloride at 35 ±  4° in a matched set of KBr cells of path length 
0.05 mm. A weak band appeared at 1652 cm-1 in the spectra of 
all of the a-phenylchalcones, both E  and Z  isomers. The height 
of each band was measured as the distance from the maximum 
absorption of the 1652-cm"1 band to the point of maximum ab
sorption of the carbonyl band. The frequencies were taken as 
the point at 25% of the height at half-band width and this value 
was determined by measurement from said point to a premarked 
wavenumber. The values shown in Table II are the average of 
six different scans taken on two separate days all of which gave 
frequencies which were within 0.3 cm-1 of one another. The 
carbonyl band of 1 was atypieally complex; its band width was 
approximately twice as broad as the other E  isomers. The band 
width used for determining » (C = 0 )  for 1 was obtained by super- 
imposition of the spectrum of 2 on that of 1 and graphically 
plotting in the band shape. The r (C = 0 )  values deduced for 1 
by other procedures resulted in values which deviated signifi
cantly from the Hammett line.

a-Phenylchalcones.— The approach used to prepare the a- 
phenylchalcones is similar to that described by Stobbe.5 Anhy
drous HC1 was passed through a molten mixture of 0.05 mol of 
deoxybenzoin and 0.1 mol of substituted benzaldehyde for 4 hr. 
The resulting solid 3-chloro-3-aryl-l,2-diphenylpropanone was
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washed with small quantities of cold ethanol followed by small 
quantities of ether. The crude chloropropanones, usually 
~ 1 0  g, were used directly without further purification. Crude 
chloropropanone was dissolved in 250 ml of ethanol containing 
0.3 mol of piperidine and refluxed for 24 hr. The solvent was 
evaporated under reduced pressure and the resulting residue was 
taken up in ether and washed with 5%  HC1 and with H20 , dried 
(CaSO<), and evaporated. The crude residue was placed on a 
chromatograph column packed with AU03. The eluent was 
typically benzene-low boiling petroleum ether mixtures.12 
The Z isomers were the first isomers to be eluted. Frequently, 
to obtain reasonable quantities of the Z  isomers, benzene solu
tions of ~ 1 0 -3 M  E isomers were irradiated for 24 hr with a 320-W 
uv lamp fitted with a 2537-A light source. The product of the 
irradiation was chromatographed as described above. The 
physical properties of the a-phenylchalcones prepared in this way 
are listed in Table V.

Table Y  contains melting points obtained with a Thomas-

(12) Cf. L. E. Friedrich and R. A. Cormier, J. Org. Chem., 35, 450 (1970).

Hoover Uni-Melt and they are corrected. Also, Table V con
tains uv data obtained for the a-phenylchalcones in ~ 1 0 -s M  
absolute ethanol solutions on a Beckman DK-2 spectrometer. 
Analyses were obtained by Atlantic Microlab, Atlanta, Ga.

Registry N o.— 1, 34236-57-2; 2, 34236-58-3; 3, 
34236-59-4; 4, 34236-60-7; 5, 7512-67-6; 6, 34236-
62-9; 7, 34236-63-0; 8, 34236-64-1; 9, 34236-65-2; 
10, 34236-66-3; 11, 34236-67-4; 12, 34236-68-5;
13, 7474-65-9; 14, 34236-70-9; 15, 34236-71-0; 16, 
34236-72-1.
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The solvolysis of various monocyclic and bicyclic 
cyclopropyl compounds has received widespread at
tention by numerous investigators during the past sev
eral years.1 The impetus for this interest arises, for 
the most part, from the elegant and far-reaching 
theories of Woodward, Hoffmann, and DePuy con
cerning the electrocyclic reactions of cyclopropyl sys
tems.2 Product as well as kinetic studies have un
equivocally demonstrated that in secondary, mono- 
cyclic systems (e.g., 1) electrocyclic opening during

X =  halogen, -OTs. -OTf

solvolysis proceeds in a concerted disrotatory fashion 
with the alkyl substituents trans to the leaving group 
rotating outward and those cis to the leaving group 
rotating inward.1’3 These experimental findings are in

(1) (a) P. v. R. Schleyer, W. F. Sliwinski, G. W. Van Dine, U. Schôllkopf, 
and J. Paust, J. Amer. Chem. Soc., 94, 125 (1972), and references contained 
therein; (b) T. M. Su, Ph.D. Thesis, Princeton University, 1970; (c) W. 
F. Sliwinski, T. M. Su, and P. v. R. Schleyer, J. Amer. Chem. Soc., 94, 133 
(1972).

(2) R. B. Woodward and R. Hoffmann, “ The Conservation of Orbital 
Symmetry,”  Verlag Chemie, Weinheim/Bergstr., Germany, 1970.

(3) P. v. R. Schleyer, T. M. Su, M. Saunders, and J. C. Rosenfeld, J. 
Amer. Chem. Soc., 91, 5174 (1969).

X =  halogen, -OTs, -OTf

complete agreement with theory.2 In the bicyclic endo 
system 2, again, experiment verifies theory. That is, 
solvolysis proceeds in a disrotatory fashion affording a 
cis-allyl cation, which is subsequently quenched by sol
vent. In the corresponding exo series 3, experiment 
seems to support the intermediary of a “ partially 
opened” cyclopropyl cation 4 which leads to cyclo

propyl, cis-allyl, or trans-allyl products (or products 
derived from trans-allyl derivatives) when n <  5. 
The relative yields of these products depend on the 
magnitude of n and the reaction conditions. For those 
cases in which n >  5 only monocyclic allyl products are 
obtained, since the ring structure is now large enough 
to accommodate a transition state approaching that of 
the monocyclic series.1’4-7

Substitution of a group which can stabilize a positive 
charge at the site of the leaving group (e.g., c-Pr or Ph) 
results primarily in formation of cyclopropyl prod-

(4) G. H. Whitham and M. Wright, Chem. Commun., 294 (1967).
(5) U. Schollkopf, K. Fellenberger, M. Patsch, P. v. R. Schleyer, T. M. 

Su, and G. W. Van Dine, Tetrahedron Lett., 3639 (1967).
(6) D. T. Clark and G. Smale, J. Chem. Soc., 1050 (1969).
(7) D. Schober, Ph.D. Thesis, University of Chicago, 1969.
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ucts.6-10 Evidence has been presented which is con
sistent with the formation of a cyclopropyl cation inter
mediate in these cases.6

In this paper we report the products obtained in the 
silver ion assisted methanolysis of the title compound 
5. Compound 5 is constructed such that disrotatory 
ring opening to a fully opened allyl cation is prohibitive. 
In addition the electron-withdrawing effect of an a- 
bromo substituent is not conducive to the stabilization 
of a cyclopropyl cation. It was conceived that these 
effects acting in concert would force the system to 
undergo a Wagner-Meerwein rearrangement, a reaction 
pathway which heretofore has not been observed in the 
solvolysis of cyclopropyl derivatives with the leaving 
group bound directly to the ring.11

Compound 5 was synthesized by previously pub
lished methods.13 Its melting point and infrared spec
trum were identical with those of an authentic sample.14 
Treatment of 5 with methanolic silver nitrate, followed 
by an aqueous work-up, resulted in the formation of 
two major volatile products, 6 and 7, and several minor 
components whose structures have not been elucidated 
(eq 1).

22% 43%

The structure of compound 6 was assigned initially 
on the basis of its nmr and infrared spectrum in addi
tion to a correct elemental analysis. Unambiguous 
chemical proof of structure was obtained as outlined in 
Scheme I. An infrared spectrum of 9 was identical 
with that of an authentic sample.15 The structure of 
compound 7 was assigned on the basis of spectral evi
dence, a Correct elemental analysis, and a molecular ion 
at m/e 164 in the mass spectrum. The nmr spectrum 
of 7 exhibits absorption at 1.3-1.8 (multiplet, eight 
protons) and 1.8-2.6 ppm (multiplet, eight protons). 
No vinyl absorption was observed. In addition the 
infrared spectrum of 7 exhibits absorption at 1660 and 
1630 cm-1 (characteristic of C = C — C = 0 ) .16

Sch e m e  I

HjO+
CH.N,

Whether the products obtained in this study arise 
from a discrete cyclopropyl cation 11 or a partially 
opened cation 10 we cannot say at this point; however, 
current theory would seem to favor the latter.1 The 
formation of 7 can be rationalized as arising through a 
Wagner-Meerwein rearrangement of the initially 
formed cationic species to a more stable cation which 
(lacking the steric constraints placed on 10 or 11) 
undergoes disrotatory ring opening to the cis allyl ion 
12, the precursor to 7 (see Scheme II). Our initial con-

Sch em e  II18

jecture concerning the feasibility of a Wagner-Meer
wein rearrangement thus seems to be correct for this 
particular system.

(8) D. B. Ledlie and E. A. Nelson, Tetrahedron Lett., 1175 (1969).
(9) D. B. Ledlie and W. H. Hearne, ibid., 4837 (1969).
(10) J. A. Landgrebe and L. W. Becker, J. Amer. Chem. Soc., 90, 395 (1968).
(11) Applequist has reported a possible mechanism for the deamination 

of spiropentylamine which involves a Wagner-Meerwein rearrangement of 
the type we have reported. However, in light of the current theory of elec- 
trocyclic reactions this seems unlikely.15

(12) D. E. Applequist, and G. F. Fanta, J. Amer. Chem. Soc., 82, 6393 
(1960).

(13) R. Vaidyanathaswamy and D. Devaprabhakana, Chem. Ind. (Lon
don), 16, 515 (1968).

(14) W. R. Moore, private communication.
(15) We are indebted to Professor F. D. Greene for supplying us with an 

infrared spectrum of compound 9.
(16) Numerous attempts were made to dehydrogenate frans-bicyclo- 

[5.4.0]undecan-2-one with both selenium dioxide and seleneous acid (in 
various solvents) using the method of Ginsburg in an attempt to synthesize 
an authentic sample of 7.17 However, all our efforts met with failure. We 
feel, however, that the structure assigned on the basis of the above evidence 
and mechanistic considerations is unambiguous.

Experimental Section19

ll,ll-Dibrom otricyclo[4.4.1.0l-6]undecane (5).— Compound S 
was prepared according to previously published procedures,13 
mp 43-44° (pentane).14

Silver Ion Assisted Methanolysis of 5.— Compound 5 (0.49 g, 
1.65 mmol) was added to a solution of silver nitrate (0.6 g, 3.30 
mmol) in 50 ml of methanol. The resulting solution was then

(17) D. Ginsburg and W. J. Rosenfelder, Tetrahedron, 1, 3 (1957).
(18) Both 12 and 13 are depicted as localized cyclopropyl cations since 

both are tertiary and stabilized in relation to 10 .
(19) Infrared spectra were determined with a Perkin-Elmer Model 457 

recording spectrophotometer. The nmr spectra were measured at 60 Hz 
with an Hitachi Perkin-Elmer R20 spectrometer using tetramethylsilane as 
an internal reference. All spectra were measured in carbon tetrachloride 
unless otherwise stated. Magnesium sulfate was employed as the drying 
agent. All reactions involving air- or moisture-sensitive compounds were 
carried out under a nitrogen atmosphere.
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stirred for 12 hr at room temperature. The reaction mixture 
was filtered (removal of AgBr), and water was added to the 
filtrate. The resulting mixture was extracted wi:h 3 X  25 ml 
of pentane; the extracts were dried and concentrated to yield 
0.32 g of a light yellow oil which was subjected to gas chroma
tographic analysis (vpc). Two major components (6 and 7) were 
shown to be present which were collected.

Compound 7 exhibited nmr and infrared absorption consistent 
with the assigned structure as well as a molecular ion in the mass 
spectrum at m/e 164. (see text).

Anal. Calcd for CnH160 :  C, 80.44; H, 9.82. Found: C, 
80.23; H, 9.86.

An nmr spectrum of 6 exhibits absorption at 3.18 (singlet, 
six protons) and 1.00- 2.01 ppm (multiplet, 16 protons)

Anal. Calcd for C13H22O2: C, 74.23; H, 10.55. Found: 
C, 74.08; H, 10.56. The absolute yields of 6 and 7 were de
termined by vpc to be 22 and 43% , respectively.20

Acid Hydrolysis of ll,ll-Dimethoxybicyclo[4.4.1.0'>6]unde- 
cane (6).— Compound 6 (50 mg, 2.58 mmol) was dissolved in 50 
ml of 75% aqueous dioxane with a trace of p-toluenesulfonic acid. 
The resulting solution was refluxed for 3 days. A gas chroma
togram of the reaction mixture containing an internal standard, 
showed that 75% of the starting material had been consumed, 
and that none of 7 had been formed. The reaction mixture was 
basified and extracted with ether. The ether extracts were 
dried and concentrated to afford a light brown solid whose in
frared spectrum was characteristic of a carboxylic acid (8).

Esterification of Crude Acid 8.— The crude solid obtained 
above was dissolved in 50 ml of ether and cooled to 0°. Diazo
methane in ether was added dropwise with stirring to the cooled 
solution until a yellow color persisted. Cold, dilute acetic acid 
was then added to decompose the excess diazomethane and the 
reaction was worked up in the usual manner. A yellow oil was 
obtained which exhibited a single peak on gas chromatographic 
analysis. The material was collected and its infrared spectrum 
measured. It was identical with an authentic sample of methyl 
cfs-9-decalyl carboxylate.16

Registry No.—5, 20564-71-0 ; 6, 34201-85-9; 7,
27332-61-2.
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(20) A 3 ft X 0.25 in. 10% Carbowax 20M column was employed. Bi
phenyl was used as the internal standard.
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During the course of a synthesis of sirenin,1 it was 
observed that the exposure of the iodo ether 1 to di- 
methylcopperlithium produced in addition to the ex
pected2 methylation product 2 (30% yield) three other 
compounds. These by-products, which account for 
60% of the mass balance and which appear as a single 
spot by thin layer chromatography (R{ slightly higher 
than 2), have been separated by gas chromatography 
and identified by spectral methods as 3, 4, and 5 (ratio 
50:45:5, respectively). The formation of the latter 
two products is interesting since tetrahydropyranyl 
ethers, which are normally not regarded as good anionic 
leaving groups and which are commonly used for pro-

(1) See E. J. Corey, K. Achiwa, and J. A. Katzenellenbogen, J. Amer. 
Chem. Soc., 91, 4318 (1969).

(2) E. J. Corey and G. H. Posner, ibid., 89, 3911 (1967).

tection in organometallic reactions, participate in cross 
coupling3 with organocopper reagents. The allylic 
nature of the tetrahydropyranyl 'ether 1 must be at 
least partially responsible for this reactivity.4 It is 
also possible that the free hydroxyl group in 1 may play 
an important role since its conversion to alkoxide might 
cause tight complex formation with the organometallic 
reagent or aggregate and so induce a reaction which 
would normally occur only slowly or not at all. Of 
even greater significance, however, is the cyclization to 
the cyclopentene derivative 3, which is a novel and 
highly provocative process, and certainly deserving of

further investigation. In a formal sense this cycliza
tion is an intramolecular vinyl-allyl coupling, and as 
such it may prove to have significant generality.5 6’6

Experimental Section

Reaction of Dimethylcopperlithium with 2-Iodo-6-methyl-(2'- 
tetrahydropyranyloxy)-frans,irares-2,6-octadien-l-ol (1).— A flask 
containing 1.95 g (10.32 mmol) of cuprous iodide was flushed 
thoroughly with nitrogen and placed in an ice bath, and 75 ml of 
ether was added. Methyllithium (20.55 mmol, 12.7 ml of a
I . 62 M  ether solution) was added over a 5-min period, and 
stirring was continued for 10 min after addition was complete.
2-Iodo-6-methyl-8-(2'-tetrahydropyranyloxy)-lrans,iroras-octa- 
dien-l-ol (1) (300 mg, 0.825 mmol) in 3 ml of ether was added, 
and the reaction vessel was placed in a 5° cold room and stirred 
for 30 hr, during which time the reaction mixture changed in 
color from pale yellow to dark green. The solution was poured 
over ice-water (considerable bubbling) and filtered through a 
pad of Celite 545 to remove insoluble copper salts, and the organic 
layer, combined with four extracts of the aqueous layer, was dried 
over sodium caroonate (and briefly over MgSO(), filtered, and 
concentrated to ca. 160 mg of an oil. This crude product showed 
spots of Ri 0.72 and 0.36 on analytical tic (1:1 hexane-ether, 
two developments), and these two components were separated by 
preparative tic (pH 8, 1:1 hexane-ether). The more polar 
material thus isolated (62 mg, 30% ) was identified as the ex
pected methylation product 2 , since spectral and analytical data 
for it were identical with those of authentic 2 prepared by an 
alternative procedure.1

Gas chromatographic (gc) analysis (Carbowax 20M column

(3) See, for example, (a) E. J. Corey, J. A. Katzenellenbogen, and G. H. 
Posner, ibid., 89 , 4245 (1967); (b) E. J. Corey, J. A. Katzenellenbogen, 
N. W. Gilman, S. A. Roman, and B. W. Erickson, ibid., 90, 5618 (1968).

(4) Epoxides and allylic acetates have also been found to react readily 
with organocopper reagents. See (a) R. J. Anderson, C. A. Henrick, and
J. B. Siddall, ibid., 92, 735 (1970); (b) P. Roma and P. Crabbe, ibid., 91, 
3289 (1969); (c) R. J. Anderson, ibid., 92, 4978 (1970); R. W. Herr, D. M. 
Wieland, and C. R. Johnson, ibid., 92, 3813 (1970).

(5) For other recently discovered cyclization reactions using organocopper 
reagents, see (a) E. J. Corey and I. Kuwajima, ibid., 92, 395 (1970), and (b) 
E. J. Corey, M. Narisada, T. Hiraoka, and R. A. Ellison, ibid., 92, 396 
(1970).

(6) This study was assisted financially by the National Institutes of Health 
and the National Science Foundation.
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at 125°) of the less polar fraction obtained in the preceding 
reaction showed three components with retention times of 2.3 
min (45%, component A), 5.7 min (50%, component B ), and
9.2 min (5% , component C). These materials were separated 
by preparative gc (Carbowax 20M +  KOH column at 180°) 
and were assigned structures 3, 4, and 5 on the basis of spec
tral data (obtained for gas chromatographically homogeneous 
samples): component A, l-hydroxymethyl-5-methyl-5-vinyl-
cyclopentene (3 ); component B , 2,6-dimethyl-ir«ns,iran.s-2,6- 
nonadien-l-ol (4 ); and component C, 6-methyl-irans-6-nonen-2- 
yn-l-ol (5).

The alcohol 3 showed the following nmr spectrum (CC'h):
1.15 (singlet, 3 H, CH3-) ,  1.55-1.95 (multiplet, 2 H, -C H 2- ,  
C -4), 2.1-2.45 (multiplet, 2 H, -C H 2- ,  C -3 ), 3.78 (singlet, 1 H, 
-O H ), 3.94 (broad singlet, 2 H, -C H 2O -), 4.90 (doublet, J  = 
18 Hz, 1 H, -C H = C (H )H , cis to cyclopentene ring), 4.90 (dou
blet, J =  10 Hz, 1 H, -C H = C (H )H , trans to cyclopentene 
ring), 5.60 (1 H, = C H -, C -2), and 5.81 (doublet of doublets, J = 
10, 18 Hz, 1 H, -C H = C H 2). The ir spectrum (CC1<) exhibited 
bands at 3.05 (s, O-H  stretch), 3.40 and 3.50 (s, C -H  stretch),
6.10 (m, C = C  stretch), 6.90, 7.10, and 7.30 (m, C -H  bend),
9.15 (m), 9.70 (s, C -0  stretch), 9.95 and 10.9 (s, C -H  out of 
plane deformation, -C H = C H 2), and 12.65 (m). The mass 
spectrum (20 eV) showed a molecular ion at m/e 138, with 
prominent peaks resulting from cleavage of the fragments CH3 
(123), H20  (120), CH2OH (107), and H20  +  CH3 (105), as well 
as other peaks at m/e 96, 94, 92, and 79.

An exact mass determination (AEI MS-9 mass spectrometer) 
showed the parent peak at m/e 138.1040 (calcd for C2Hj40 :  
138.1044).

The nmr spectrum (CCU) of 4 exhibited signals at 0.94 (tri
plet, J =  7.5 Hz, 3 H, CH3CH2- ) ,  1.60 (singlet, 6 H, CH3C = ) ,  
1.75-2.3 (multiplet, 6 H, -C H 2- ,  C -4, 5, 8), 2.49 (singlet, 1 H, 
-O H ), 3.85 (singlet, 2 H, -C H 20 - ) ,  5.09 (triplet, .7 = 6 Hz, 
1 H, = C H -,  C -7), and 5.31 (triplet, J =  6 Hz, 1 H, = C H -,  
C -3). The ir spectrum (liquid film) revealed bands at 3.00 (s, 
O -H  stretch), 3.40 and 3.50 (s, C -H  stretch), 5.98 (w, C = C  
stretch), 6.90 and 7.20 (m, C -H  bend), 7.65 (w), 8.20 (w), 8.65 
(w), 9.30 (m), 9.85 (s, C -0  stretch), and 11.60 (m).

The nmr spectrum (CCL) of 5 exhibited resonances at 0.94 
(triplet, J =  7.5 Hz, 3 H, CH3CH2- ) ,  1.60 (singlet, 3 H, CH3- 
C = ) ,  1.8-2.4 (multiplet, 7 H, -C H 2- ,  C -4, 5, 8, and -O H ), 4.11 
(singlet, 2 H, -C H 20 - ) ,  and 5.14 (triplet, J  =  6 Hz, 1 H, = C H -) .  
The ir spectrum (liquid film) displayed absorbence maxima at
3.0 (s, O-H  stretch), 3.40 and 3.50 (s, C -H  stretch), 4.37 and 
4.40 (w, C = C  stretch), 6.00 (w, C = C  stretch), 6.90 and 7.25 
(m, C -H  bend), 8.15 (m), 8.80 (s), and 9.80 (s, C -0  stretch).

Registry No.—1, 33835-56-2; 3, 33835-15-3; 4, 
33835-57-3; 5, 33835-58-4; dimethylcopperlithium,
15681-48-8.

Mechanism of the Base-Catalyzed Condensation 
of Naphthols with

2,3-Dichloro-l,4-naphthoquinone

F. D. Sa e v a

Xerox Corporation, Rochester Corporate Research Center, 
Webster, New York 1/580

Received July 29, 1971

Dinaphthofurandiones, more commonly called benzo- 
brazanquinones, are a series of heterocyclic quinones 
derived from the base-catalyzed condensation of 1- 
or 2-naphthol with 2,3-dichloro-l,4-naphthoquinone 
(DCNQ). The synthesis of dinaphthofurandiones has 
been reported1'2 to proceed via initial O alkylation of the 
naphthol anion to yield compound 1, in the case of 2-

(1) R. V. Acharya, B. D. Tilak, and M. R. Venkiteswaran, J. Sci. Ind. 
Res., 16B, 400 (1957).

(2) M. F. Sartori, Chem. Rev., 63, 279 (1963).

naphthol, which then cyclizes, under the reaction condi
tions, to provide dinaphtho [2,1:2 ',3 ' ]furan-8,13-dione 
(2).

Since the reported cyclization of 1 to 2 did not appear 
reasonable and consistent with the poorly nucleophilic 
character of the one position of the naphthyl ether, the 
base-catalyzed condensation of 2-naphthol with DCNQ  
was investigated.

A  red crystalline compound was isolated from the 
reaction of 2-naphthol with DCNQ in 2-propanol, using 
1 mol of sodium acetate, and was proven to be the inter
mediate by the cyclization to 2 in refluxing pyridine. 
The intermediate displays an OH stretching frequency 
at 3575 cm-1 in dioxane and treatment of an aqueous 
acetone solution with alkali produces a blue-colored 
anion [Xmax =  670 mp (e ~  4000)], which converts to 
compound 2 after several minutes at room temperature. 
Compound 2 decomposes under these basic conditions 
in a secondary process, providing 2-naphthol and sev
eral other compounds which were not identified.

Thus, the intermediate is indicated to be the product 
of C alkylation (3) where a route for ring closure and 
dinaphthofurandione formation is clearly provided.

2

Dinaphthofurandione formation then involves initial 
alkylation on the 2-naphthol anion one position rather 
than an oxygen, consistent with the greater nucleo- 
philicity of C vs. O bases in polar solvents.3

This mechanism is also consistent with the inability 
to form benzo[6]naphtho[2,3-d]furan-6,ll-dione from 
the condensation of phenol with D C N Q 4 and also the 
ease of the preparation of certain substituted benzo- 
naphthofurandiones in which meta-substituted phenols 
are condensed with D C N Q .2 In these cases strongly 
electron-donating substituents such as methoxy or 
dimethylamino, which favor C alkylation, must be 
employed. If condensation occurs initially by hetero
atom attack, as in the case of the addition of aniline to

(3) E. S. Gould, “ Mechanism and Structure in Organic Chemistry,”  Holt, 
Rinehart and Winston, New York, N. Y., 1959, p 259.

(4) R. Gruber, private communication.
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DCNQ, cyclization does not occur unless another mech
anism is offered (e.g., Ullman reaction).

While this investigation had dealt solely with the 
base-catalyzed condensation of 2-naphthol with DCNQ, 
these mechanistic aspects may be generally applicable to 
other hydroxy aromatic systems.

Experimental Section5

Preparation of l-[2-(3-Chloro-l,4-naphthoquinone )]-2-naph- 
thol (3).— A suspension of 2-naphthol (1.44 g, 0.01 mol), DCNQ 
(2.27 g, 0.01 mol), and sodium acetate (0.82 g, 0.01 mol) in 2- 
propanol (50 ml) was heated at reflux for 10 hr. The originally 
yellow solution turned red shortly after heating commenced. 
The red solution was allowed to cool to room temperature and a 
red, crystalline solid was collected by suction filtration. Re
crystallization from 2-propanol provided 1.2 g (36%) of 3 as red 
needles, mp 178-179°, ir (dioxane) 3575 (OH), 1675 cm-1 (C = 0 ) .

Anal. Calcd for C2oHn0 3Cl: C, 71.76; H, 3.31; Cl, 10.59. 
Found: C, 71.45; H, 3.20; Cl, 10.51.

Preparation of Dinaphtho[2,l:2',3']furan-8,13-dione (2) from 
Compound 3.— Compound 3 (0.490 g, 1.49 mmol) was refluxed 
for 2 hr in pyridine (25 ml) and the solution was allowed to cool 
to room temperature. The yellow-orange crystalline compound, 
which crystallized from the pyridine solution, was then collected 
by suction filtration. Compound 2, 0.31 g (67%, mp 272-273° 
(lit.1 2 mp 271-272°), was obtained after recrystallization from 2- 
propanol.

Registry No.—3, 33835-18-6; 2,3-dichloro-l,4-naph
thoquinone, 117-80-6.

Acknowledgment.—Technical assistance by Richard
L. Schank and discussions with W . H. H. Gunther,
B. Grushkin, R. J. Gruber, and H. A. Six are gratefully 
acknowledged.

(5) Melting points are uncorrected. Analyses were performed by Gal
braith Laboratories, Inc., Knoxville, Tenn. Infrared spectra were recorded 
on a Perkin-Elmer 247 grating spectrophotometer.

Reaction between Arylnitrones and 
Arylnitroso Compounds

H e r b e r t  M. R o s e n b e r g *

Air Force Materials Laboratory,
Wright-Patterson Air Force Base, Ohio 45483

M. P a u l  Se r v Is

The Department of Chemistry,
Wright State University, Dayton, Ohio 4&431

Received October 15, 1971

For another study we required a number of p,p'~  
disubstituted azoxybenzenes. The few reported meth
ods for the synthesis of pure isomersla,b were not 
entirely suitable for the preparation of the desired 
compounds, and we were interested in finding a more 
general procedure.

Alessandri2 reported the formation of azoxybenzene 
in the reaction between nitrosobenzene and a nitrone. 
In a recent publication, Taylor and Buntrock3 postu
lated a cyclic intermediate in a similar reaction which

(1) (a) T. E. Stevens, J. Ora■ Chem. 29, 311 (1964). (b) L. C. Behr,
E. G. Alley, and O. Livand, ibid., 27, 65 (1962).

(2) L. Alessandri, Gazz. Chim. Ital., 54, 426 (1924).
(3) E. C. Taylor and R. E. Buntrock, J. Org. Chem,., 36, 634 (1971).

Sch em e  I

la, R =  H
b, R =  Cl 
c  R=CH 3

CHO

R— — N = 0

2a, R = H
b, R =  Cl
c, R =  CH3

suggested the reaction mechanism shown in Scheme I. 
This reaction appeared to be a potentially attractive 
route to unsymmetrically substituted azoxybenzenes.

In our investigation of the reaction between nitroso
benzene and A,a-diphenylnitrone, we found that the 
reaction went to completion in untreated chloroform 
after several hours at ambient temperature, but that no 
reaction occurred in dimethylformamide, dimethyl 
sulfoxide, acetonitrile, or benzene under the same con
ditions.4 W e also found that the reaction was cat
alyzed by trifluoroacetic acid in all solvents and that 
the reaction was inhibited in dry, acid-free chloroform.

The reactions between nitrones (1) and nitroso- 
benzenes (2) were conducted in untreated chloroform, 
presumably containing a catalytic amount of acid. 
Column chromatography (alumina) of the products of 
the reaction of lb and 2a gave three fractions, which 
were identified by comparison with authentic samples 
as azoxybenzene, 4,4'-dichloroazoxybenzene, and a 
mixture of 4- and 4'-chloroazoxybenzene in the ratio 
of 0.9:0.9; 1. The reactions between la and 2b yielded 
the same product ratio, indicating that both reactions 
proceeded through the same intermediates.

Similar results were obtained for the reactions of lc 
and 2a and la with 2c. The three isolated fractions 
were azoxybenzene, 4,4'-dimethylazoxybenzene, and a 
mixture of 4- and 4'-methylazoxybenzene in the ratio 
of 0 .95 :0 .96 :1 .

Reactions between p-chlorophenylhydroxylamine and 
2a in chloroform gave the same distribution of azoxy 
products as in the reaction between lb and 2a. Similar 
results were obtained in the reaction between p-meth- 
ylphenylhydroxylamine and 2a in chloroform.

These results rule out the cyclic mechanism shown 
in Scheme I. A more plausible mechanism involves the 
acid-catalyzed hydrolysis of nitrone to give the phenyl-

(4) Previous authors conducted their reactions in chloroform. See ref 
2 and 3.
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Sch em e  II

0 “

hydroxylamine which then equilibrates with the phenyl- 
nitrosobenzene. The phenylhydroxylamines and phe- 
nylnitroso compounds then react irreversibly to 
give azoxy products (Scheme II). The kinetics and 
mechanism of the latter reactions have previously been 
investigated. 6a'b

In order to examine the possibility that a-anilino- 
N-phenylnitrones3 might react differently than 1, 
a-p-toluidino-N-tolylnitrone (3) was treated with 
nitrosobenzene in chloroform in the dark for 5 days at 
ambient temperature. In addition to p-methylform- 
anilide, azoxybenzene, 4,4'-dimethylazoxybenzene, and 
a mixture of 4- and 4 '-methylazoxybenzene were 
formed. This suggests that the a-anilino-N-phenyl- 
nitrones react via a mechanism similar to a-phenyl-lV- 
phenylnitrones (Scheme I I ) .

Experimental Section

The aryl hydroxylamines were prepared by the procedure of 
Kamm.5 6 Nitrosobenzene was purchased from the Aldrich 
Chemical Co. The other nitrosobenzenes were prepared using 
the procedure of Barrow.7 8 a-p-Chlorophenyl-A-phenvlnitrone 
and a-p-tolyl-JV-phenylnitrone were synthesized using the re
ported methods.8a’b

a-p-T oluidino-A -p-tolylnitrone.— Using the procedure of 
Taylor,3 a solution of p-methylnitrosobenzene (2.4 g, 0.92 mol) 
and p-methylmethylene aniline (3.6 g, 0.03 mol) in 70 ml of 
chloroform was stoppered and kept in the dark for 70 hr. 
The chloroform was removed under reduced pressure. The solid 
remaining was taken up and recrystallized from benzene, yield
1.9 g (35%), mp 129-130°.

Arm}. Calcd for C15H16N20 : C, 74.96; H, 6.71; N, 11.66.
Found: C, 74.77; H, 6.79; N , 11.42.

The reaction below illustrates the general procedure used in 
the reactions of arylnitrones with the nitrosobenzenes.

Reaction of a-Phenyl-.V-p-chlorophenylnitrone with Nitroso
benzene.— A solution of a-phenyl-.Y-p-chlorophenylnitrone 
(3.45 g, 0.015 mol) and nitrosobenzene (1.5 g, 0.015 mol) in 
75 ml of chloroform was stoppered and placed in the dark for 
70 hr. At the end of that time no nitrone remained as evidenced 
by glpc. Three products were formed. The products were 
separated by preparative glpc and found to be azoxybenzene, 4- 
and 4'-chloroazoxybenzene, and 4,4'-dichloroazoxyber_zene by

(5) (a) Y. Ogata, M. Tsuchida, and Y. Takgi, J. Amer. Chem. Soc., 79 ,  
3397 (1957). (b) G. A. Russell and E. J. Geels, ibid., 87 ,  122 (1965).

(6) O. Kamm, “ Organic Syntheses,”  Collect. Vol. I, Wiley, New York, 
N. Y., p 445.

(7) F. Barrow and F. J. Thorneycroft, J. Chem. Soc., 773 (1939).
(8) (a) R. E. Erickson and T. M. Myszkewicz, J. Org. Chem., 30, 4236 

(1965). (b) S. L. Larsen, G. Schroll, S. O. Lawesson, J. H. Bowie, and R. G. 
Cooks, Tetrahedron, 24, 5193 (1968).

superimposing their ir spectra with the ir spectra of known 
samples. The three products were formed in the ratio of 
0 .9 :1:0.9. Benzaldehyde was the only other product formed.

Reaction of a-p-Toluidino-.'V-p-tolylnitrone with Nitroso
benzene.— Using the procedure of Taylor and Buntrock,3 a 
mixture of a-p-toluidino-A’-p-tolylnitrone (0.48 g, 0.0002 mol) 
and nitrosobenzene (0.22 g, 0.002 mol) in 30 ml of chloroform was 
allowed to stand in the dark for 5 days. Analysis by glpc showed 
that the nitrone was 75% reacted. The four products found were 
p-methylformanilide, azoxybenzene, 4- and 4'-methylazoxy- 
benzene, and 4,4'-dimethylazoxybenzene, formed in the ratio of 
7 :3 :1 .8 :1 .

Registry No. —  a-p -T olu id in o-N -p -toly ln itron e, 
33905-35-0; a-phenyl-N-p-chlorophenylnitrone, 5909-
74-0; nitrosobenzene, 586-96-9.

On the Friedel-Crafts Benzoylation and 
Acylation of Kojie Acid

L tjisito T o len tin o  an d  J acqu es  K a g a n *

Chemistry Department, University of Illinois at Chicago Circle, 
Chicago, Illinois 60607

Received June 16, 1971

Despite reports to the contrary, we believe that 
Friedel-Crafts acylation or aroylation reactions of 
kojie acid (1, 2-hydroxymethyl-5-hydroxy-4//-pyran-
4-one)1 under Friedel-Crafts conditions are yet to be 
accomplished.

Woods reported that treatment of 1 with benzoyl 
chloride and aluminum chloride in carbon disulfide 
yielded 6-benzoylkojic acid (2), mp 188°.2 Following 
the published procedure, we obtained a crystalline 
monobenzoylated product, mp 180-181°, mol wt 264 
(mass spectrum), which gave a positive FeCF test. 
That it was not the anticipated Friedel-Crafts product 
but rather the benzoate ester 3 (lit.3 mp 180-181°) was 
demonstrated by comparing the nmr spectra of 1 and 
3, which showed the deshielding of the methylene pro
tons from 4.50 to 5.20 ppm by the benzoate group, and 
which confirmed the presence of two pyrone ring pro
tons (Table I). Although the signals for the phenyl 
protons overlapped that of the C-6 proton, the latter 
was clearly visible in the integration.

Woods’ structural assignment for his benzoylated 
product rested largely on the results of a Clemmensen 
reduction, which yielded a product different from the 
starting material, and the reaction was therefore taken 
to represent the reduction of the benzoyl ketone. 
While it is entirely possible that Woods had actually 
obtained 2, and that its synthesis was very sensitive to 
minor changes in reaction conditions, we also considered 
the possibility that he was dealing with 3 and that its 
reduction had taken an unforeseen course. Treatment 
of 3 in the conditions of the Clemmensen reduction1 
yielded some benzoic acid, probably resulting from 
hydrogenolysis.3 A  neutral fraction which we could 
not crystallize was also obtained. It was acetylated to 
yield a product, mp 91-92°. Its molecular weight of 
168 (mass spectrum) and nmr (CDC13), which consisted

(1) A. Beelik, “ Advances in Carbohydrate Chemistry,”  Vol. 11, M. L. 
Wolfrom, Ed., Wiley, New York, N. Y., 1956, p 145.

(2) L. L. Woods, J. Amer. Chem. Soc., 74, 1105 (1952).
(3) A. Beelik and C. B. Purves, Can. J. Chem., 33, 1361 (1955).
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Compd Solvent - c h 2r H-3 H-6 Phenyl CHsCO OCHa OH
1 DMSO-de 4 .5 0 6 .6 0 8 .1 0 5 .6 8

9 .0 9
3 DMSO-d6 5 .2 0 6 .6 0 6 7 .7 0 -8 .2 0 '’ 9 .3 0
4 CDC13 2 .2 7 6 .2 3 7 .7 3 2 .2 7
5 CDCla 2 .3 0 6 .2 7 7 .8 0

DMSO-de 2 .3 4 6 .3 2 8 .0 8 9 .0 5
6 CDC13 5 .1 2 6 .5 5 b 7 .3 0 - 8 .20s 2 .3 2
7 c d c i3 4 .9 3 6 .5 3 7 .9 2 2 .1 7

2 .3 3
8 c d c i3 5 .0 3 6 .6 8 b 7 .4 0 -8 .4 0 6 2 .2 0
9 c d c i3 5 .2 8 6 .6 8 b 7 .3 0 -8 .4 0 "

DMSO-d6 5 .4 1 7 .2 0 8 .8 5 7 .5 0 -8 .40 '-’
12 CDC13 4 .9 3 6 .5 0 7 .8 7 2 .1 7

DMSO-d6 5 .0 0 6 .5 3 8 .2 0 2 .1 3 9 .0 0
13 DMSO-de 4 .3 5 6 .3 6 8 .1 8 3 .6 9 5 .7 0
14 CDC13 4 .9 5 6 .4 9 7 .6 5 2 .1 7 3 .8 0
15 DMSO-de 4 .6 7 7 .7 0 8 .1 3 9 .2 6
16 DMSO-de 4 .4 0 6 .5 5 8 .7 4 7 .6 0 -8 .4 0 5 .8 4

“ Values in parts per million relative to internal TMS. b The phenyl signals overlapped H-6.

0

1 , R i — OH ; R j — H
3, R ! =  OCOCsH*; R 2 =  H
4, R i =  H ; R 2 =  OCOCHs
5, R i =  R 2 — H
6 , R i =  O C O C JR ; R 2 =  COCH 3

7, R i =  OCOCH 3; R 2 =  COCH 3

8 , R i =  OCOCH3; R 2 =  COCeHs
9, R i =  OCOCsHe; R 2 =  COC 6H 5

1 2 , R ! =  OCOCH3; R 2 =  H
13, R j =  OH ; R 2 =  CHs
14, R i =  OCOCH3; R 2 =  CH 3

15, R a = Cl; R 2 =  H
16, R j =  OH ; R 2 =  COCeHs

O
II

O

2 , R i =  H ; R 2 =  C 6H 6

10 , R t =  H ; R 2 =  CH 3

1 1 , R ! =  COCH s; R 2 =  CHs

of three singlets at 7.73 (1 H), 6.23 (1 H) and 2.27 ppm 
(6 H), suggested the 2-methyl-5-acetoxypyrone struc
ture 4. This assignment was confirmed by comparison 
with an authentic sample prepared from allomaltol
(5), which was itself conveniently obtained by Clem- 
mensen reduction of l .4"5 6 No reaction was observed 
when 3 was exposed to thionyl chloride in hexane as 
described.1-6 A t room temperature 3 did not react 
with acetyl chloride in benzene, while acetylation took 
place upon heating, yielding 6, mp 86-87°. It is there

(4) The reduction of an amino- or hydroxymethyl to a methyl group is
not without precedent in the 7 -pyrone series. For example see (a) R. L. Mil
ler, B. E. Tate, R. P. Allingham, and H. Rutner, Belgian Patent 625,114 
(1963); Chem. Abstr., 60, 10651 (1964); (b) B. E. Tate, U. S. Patent
3,171,842 (1965); Chem. Abstr., 62, 16201 (1965); (c) I. Ichimoto, K. Fujii, 
and C. Tatsumi, Agr. Biol. Chem., 29, 325 (1965); (d) B. E. Tate and R. P. 
Allingham, U. S. Patent 3,365,469 (1968); Chem. Abstr., 69, 10360 (1968).

(5) A similar reduction of a benzoxymethyl to a methyl group was re
ported by Beelik and Purves. 3

(6 ) The product reported by Woods and purported to be 2-chloromethyl- 
5-hydroxy-6-benzoyl-4.ff-pyran-4-one melted at 185-187°, very close to his 
starting material (188°).

fore probable that Woods’ product, mp 182°, was again 
his starting material. Finally, wTork-up of the Meer- 
wein-Ponndorf-Verley reduction of 3, which was car
ried out as described,1 yielded crystalline starting ma
terial and we did not observe Woods’ product, mp 
114-115°.

Woods and Dix later noticed that benzoylation of 
diacetyl kojic acid (7) with benzoyl chloride in triflu- 
oroacetic acid yielded a product, mp 143°, which was 
different from that obtained through benzoylation of 
1 followed by acetylation as described above.7 As no 
structural explanation had been offered, we repeated 
the benzoylation of 7, which gave us a product, mp 
145-146°, probably identical with that obtained by 
Woods and Dix. It was identified as 2-acetoxymethyl-
5-benzoxy-47/-pyran-4-one (8) by its nmr (CDC13) 
which showed two pyrone ring protons (one of them 
overlapped by the phenyl), one acetyl, and the methy
lene at 4.90 ppm. The alternate 2-benzoxymethyl-5- 
acetoxy-4FT-pyran-4-one (6) formulation was ruled out 
by the nmr. Synthesis of 8 and direct comparison con
firmed the assignment.

The ring benzoylation to 2 was also claimed by 
Woods8 in the reaction of 1 with benzoic acid or ethyl 
benzoate in the presence of trrfluoroacetic acid. The 
values reported for the products, mp 188 and 186- 
187°, respectively, agree with that of 3, which is the 
product obtained by us when the published procedures 
were followed.

Woods also reported1 on the stannic chloride cata
lyzed benzoylation of 1, without clarifying the nature of 
the crystalline product(s).9 In our hands, benzoyla
tion in these conditions yielded the diester 9, mp ISS
IS I“, which could survive the described acidic treat
ment.

W e now turn to the Friedel-Crafts acetylation of 1 
to 10. Woods’ first report on the matter concerned 
the reaction with acetic anhydride and zinc chloride at

(7) L. L. Woods find P. A. Dix, J. Org. Chem., 24, 1126 (1959).
(8 ) L. L. Woods, ibid., 27, 696 (1962).
(9) No melting point was reported for the twice-recrystallized material 

which was submitted to analysis. Its resemblance to the product, mp 
128—130°, which was obtained by subsequent acid treatment, is therefore 
unknown.
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elevated temperature.10 The product, mp 106°, was 
soon shown by Hurd and Sims11 to be the diacetate 7. 
A later report12 described the acetylation with acetic 
anhydride and phosphoric acid at 150°, which was 
claimed to yield 10, mp 156.5°, via its monoacetate 11, 
mp 119-120°. W e did not obtain this material, but 
found instead a product, mp 135-137°, mol wt 184, 
which was the monoacetate 12 as shown by its nmr 
(Table I). It behaved as described by Woods, who 
may have been dealing with an impure sample. He 
reported that reflux in water converted it into a prod
uct, mp 156.5°; reflux of 12 in water hydrolyzed it into 
kojic acid, mp 155-157°, in agreement with Hurd and 
Sims,11 who observed complete hydrolysis of the di
acetate 7 when refluxed in water. Complete 0  acetyla
tion of Woods’ compound was reported to yield a prod
uct, mp 98-99° ; acetylation of 12 (performed more 
conveniently by complete acetylation of 1 with acetyl 
chloride) yielded the diacetate 7, mp 101-102°. Fi
nally, Clemmensen reduction of 12 would now be ex
pected to yield 5, mp 150-152°, in a reaction analogous 
to that of 3, and the product obtained by Woods 
melted at 147-149°.

A  synthesis of 6-acetylkojic acid (10), mp 136°, was 
also claimed by Eiden,13 who treated 1 with acetic acid 
in the presence of hydrogen chloride. In our hands 
the synthesis led to the acetate 12, and the proposed 
structures for the thio derivatives13 must be corrected 
accordingly.14 This result is analogous to that de
scribed by Ichimoto and Tatsumi, who acetylated 1 
with acetic acid and zinc chloride.16

Woods also reported the synthesis of diketones when 
kojic acid or its derivatives were treated with diethyl 
oxalate in the presence of trifluoroacetic acid.16 The 
foregoing results with ethyl benzoate made the claim 
doubtful, and we found that no reaction took place 
when 1 was treated as indicated, thus explaining the 
melting point and yield of Woods’ material. A  “ re
ductive acetylation” had been performed on that ma
terial, yielding a product, mp 103-104°. W e found 
that 1 yielded the diacetate 7, mp 102-103°, when 
treated with zinc and acetic anhydride as indicated. 
A similar observation was made with the methyl ether 
13, which did not react with diethyl oxalate and which 
yielded the acetate 14, mp 124-125°, in the presence of 
zinc and acetic anhydride.17

The products obtained by Woods and Dix,18 after 
treatment of 1, 13, or chlorokojic acid (15) with carbon 
monoxide and hydrogen chloride in trifluoroacetic acid, 
and the starting materials had very close melting points 
and had nmr spectra not readily explained by the pro
posed structures. W e found no reaction when the 
published procedures were followed and the nmr spec
tra must therefore be reinterpretated in terms of show
ing the hydroxyl protons in D M SO ,19 rather than ab-

(10) L. L. Woods, J. Amer. Chem. Soc., 70, 2608 (1948).
(11) C. D. Hurd and R. J. Sims, ibid., 71, 2440 (1949).
(12) L. L. Woods, ibid., 75, 3608 (1953).
(13) F. Eiden, Arzneim.-Forsch., 10 , 947 (1960).
(14) It is interesting to note that a similar treatment of 2-hydroxymethyl- 

3-hydroxy-477-pyran~4-one yielded the chloromethyl derivative.43
(15) I. Ichimoto and C. Tatsumi, Bull. Univ. Osaka Prefect., Ser. B, 13, 

53 (1962); Chem. Abstr., 61, 14627/(1964).
(16) L. L. Woods, Trans. Kans. Acad. Sci., 66 , 59 (1963); Chem. Abstr., 

59, 7624e (1963).
(17) Woods’ sample, mp 102°, may have been the acetate in impure form.
(18) L. L. Woods and P. A. Dix, J. Org. Chem., 26, 1028 (1961).
(19) O. L. Chapman and R. W. King, J. Amer. Chem. Soc. 8 6 , 1256 

(1964).

normal aldehyde protons. Judging from these results 
and our own synthesis with zinc and acid, one would 
have believed that the borohydride reduction performed 
by Woods and Dix18 had converted 1 into 5, mp 167°. 
However, we observed no reaction when 1 was treated 
with sodium borohydride.

Experimental Section

Benzoylation of Kojic Acid with A1C13.— Woods’ procedure2 
was repeated with 14.2 g of 1. The crude product was recrystal
lized twice from EtOH to yield 4.2 g of 3: mol wt 246 (mass 
spectrum); mp 179-180° (lit.1 mp 180-181°); ir (Nujol) 3264, 
1732, 1640 cm-1. No other product was found when either 1 
or 3 was treated as above with excess BzCl.

Clemmensen Reduction of O-Benzoylkojic Acid (3).— W oods’ 
procedure was repeated with 4 g of 3 and 30 g of Zn amalgam.20 
The filtrate obtained after a 7-hr reflux period was evaporated to 
yield a brown oil, which was dissolved in C6H6 and washed with 
Na2C 03 and with H20 . Acid treatment of the aqueous phase 
yielded 0.712 g of benzoic acid, mp 121-123°, identified by direct 
comparison. The CeH6 solution was evaporated under vacuum 
and yielded a dark brown oil which did not crystallize. It was 
treated with excess Ac20-pyridine and was chromatographed 
over silica gel. Elution with CHCfi-EtOAc (1:1) gave 0.2 g of 
4, mol wt 168 (mass spectrum), mp 91-92°, after recrystalliza
tion from CC14.

2-Benzoxymethyl-5-acetoxy-4fi-pyran-4-one (6).— No reaction 
was observed (melting point and nmr) when a mixture of 1 g of 
3 and 3 ml of AcCl in 20 ml of CsH6 was allowed to stand for 24 
hr at room temperature. When the above mixture was refluxed 
for 2 hr and evaporated under vacuum a solid was obtained, 
which was recrystallized twice from EtOH to yield 0.26 g of 6, 
mp 86-87°.

Reaction of 3 with SOCb.— A mixture of 1 g of 3 and 3 ml of 
SOCI2 in 15 ml of hexane was stirred for 24 hr at room tempera
ture. After filtration, the solid was washed with hexane. It was 
identical with the starting material (melting point and nmr).

Meerwein-Ponndorff-Verley Reduction of 3.— A mixture of 2 
g of 3 and 3 g of Al[OCH(CH3)2]3 in 40 ml of 2-propanol was 
refluxed for 8 hr. After removal of the solvent, the residue was 
acidified with 10 ml of concentrated HC1 and 50 ml of H20  was 
added. Extraction with C6H6 yielded a solid which was boiled 
with 100 ml of H20  for 15 min and recrystallized from EtOH to 
yield 0.301 g, mp 186-188°, identical with starting material.21 22

Reduction of Kojic Acid to Allomaltol (5).— The procedure 
used for the reduction of hydroxvmaltol to maltol4* was fol
lowed. It yielded 60% of 5, mol wt 125 (mass spectrum), sub
liming near 130°, mp (capillary) 150-152° (lit.1 mp 166°).

Acetylallomaltol (4).— A mixture of 0.1 g of 5 and 78 mg of AcCl 
in 25 ml of CHC13 was refluxed for 3 hr. The product was re
crystallized twice from CC14 to yield 0.1 g of crystals, mp 92-93° 
identical with the product of the Clemmensen reduction of 3.

2-Acetoxymethyl-5-benzoxy-4//-pyran-4-one (8).— A solution 
of 2 g of 7 and 1.5 ml of benzoyl chloride in 10 ml of CF3COOH 
was refluxed for 1 hr. It was poured over ice and the solid was 
recrystallized from EtOH to yield 0.503 g of 8: mp 145-146° (lit3 
mp 144°); ir (CHC13) 1730, 1640, and 1620 cm -1. The product 
was identical with a sample prepared by Schotten-Baumann 
benzoylation of 1 followed by acetylation.3

Benzoylation of Kojic Acid with SnCl4.— Woods’ procedure2 
was followed exactly. The solid obtained after NaOH treat
ment was recrystallized twice from EtOH and yielded 5.9 g of 
9, mp 133-134°, identical with a sample prepared in 84% yield 
by a brief treatment of 1 with benzoyl chloride in pyridine at 
— 5°.22 Treatment of 5 g of 9 with HC1 as described2 and re
crystallization of the product from EtOH yielded 2.5 g of starting 
material, mp 131-132°.

Benzoylation of Kojic Acid with CF3COOH.— W oods’ pro
cedure8 was repeated exactly. After recrystallization from 
EtOH, 3 was obtained in 27% yield, mp 179-180°. The same

(20) L. F. Fieser and M. Fieser, “ Reagents for Organic Synthesis,”  Inter- 
science, New York, N. Y., 1969, p 1287.

(21) There must be two crystalline forms of 3. The melting point of the 
sample obtained here agreed with Woods’ values, but it was lowered to 179- 
180° by further recrystallizations from EtOH.

(22) J. H. Looker, T. T. Okamoto, E. R. Magnson, D. L. Shaneyfelt, and 
R. J. Prokop, J. Org. Chem., 27, 4349 (1962).
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result was found when the reaction was run with 2 equiv of benzoic 
acid.

Acetylation of Kojic Acid with H3P 04.— Woods’ procedure12 
was followed exactly and gave 12 (20% yield after recrystalliza
tion from MeOH), mol wt 184 (mass spectrum), mp 135-137° 
(lit.1 mp 136-137°), positive FeClj test.

Hydrolysis of Acetylkojic Acid (12).— A solution of 200 mg of 
12 in 20 ml of H20  was refluxed for 24 hr. Nmr of the product 
showed it to be a mixture of 1 (43%) and 12 (57%).

Diacetylkojic Acid (7).— A solution of 2 g of 1 and 2.8 g of 
AcCl in 50 ml of C H C I3  was refluxed for 8 hr. The product was 
recrystallized from MeOH to yield 7 in 88% yield, mp 101-102° 
(lit.1 mp 102°), negative FeCls test.

Acetylation of Kojic Acid with HC1.— Through a refluxing 
solution of 5 g of 1 in 25 ml of AcOH, HC1 was bubbled for 4 hr. 
After concentration under vacuum, the product was recrystal
lized from EtOH to yield 4.7 g of 12, mp 135-136°, identical 
with the sample prepared above.

Treatment of Kojic Acid with Diethyl Oxalate and CF3COOH. 
— Woods’ procedure16 was followed exactly. After recrystalliza
tion from EtOH, the starting material was recovered in 26% 
yield, mp 155-157°.

Treatment of Kojic Acid with Zn and Ac20 .— The above mate
rial (1.6 g) was treated with 2.6 g of Zn dust and 9 ml of Ac20 . 16 
After standing at room temperature for 48 hr and work-up, there 
was obtained 0.380 g of 7, mp 102-103°.

Treatment of 5-0-Methylkojic Acid (13) with Diethyl Oxalate 
and Acetylation Reaction.— Woods’ procedure16 was followed 
using 0.935 g of 13.23 After recrystallization from EtOH, the 
starting material was recovered in 50% yield, mp 162-164°. 
A portion (0.366 g) was treated with 3 g of Zn dust and 10 ml 
of Ac20  at room temperature for 18 hr. After work-up, there 
was obtained 0.193 g of 14, mp 124-125°.

Formylation Reactions.— The published procedure18 was ap
plied to 5 g of 1, 3 g of 13, and 1 g of 15 to yield 1.62, 0.95, and 
0.61 g of product, respectively. These were found to be un
reacted starting materials by nmr and melting point determina
tions.

NaBH4 Reduction of Kojic Acid.— The published procedure 
was repeated with 2 g of 1, substituting NaBH4 forK B H 4. The 
solid (0.8 g) obtained after work-up and recrystallization from 
EtOH was identical with the starting material (nmr and melting 
point).

Registry No.—1, 501-30-4; 2,33777-41-2; 3,33777- 
42-3; 4, 25552-08-3; 5 , 644-46-2 ; 6, 33777-43-4; 7, 
26209-93-8; 8, 33777-44-5; 9, 33886-26-9; 10, 33777- 
45-6; 11, 33777-46-7; 12, 25552-08-3; 13, 6269-25-6; 
14,33777-49-0; 15,7559-81-1; 16,33777-51-4.
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Diaryl-3-halo-2-azetidinones have been prepared by 
the addition of haloacetic acid and phosphoryl chloride, 
in dimethylformamide (D M F), to imines,1 and the

(1) E. Ziegler, T. Wimmer, and H. Mittelbach, Monatsh. Chem., 99, 2128 
(1968).

authors indicated that single isomers, not mixtures, 
were obtained. The similarity of the chloroketene 
reaction with this procedure prompted a more thorough 
investigation of the haloacetic acid-phosphoryl chloride 
method.

Examination of the final products from ten reactions 
(Tables I and II), performed with the haloacetic acid-

Ri^ c h = n ^  +  cich2co2h

phosphoryl chloride conditions,1 indicated that both cis 
and trans /3-lactams were formed. The coupling 
constants of vicinal protons in 3-chloro-2-azetidinones, 
/(c is) >  /(trans), were used to distinguish the isomers.2

Since the isomer distribution differed from the orig
inal investigation,1 the reaction was further examined 
in order to define the disparity. The nearly equal 
distribution of cis and trans isomers suggested that 
isomerization may have occurred. No isomerization 
occurred in refluxing D M F  with either cis- or irons-1. 
However, in the presence of phosphoryl chloride and 
chloroacetic acid, isomerization was noted. An equi
librium mixture was established within 7 hr, starting 
from pure c is -1, and 22 hr from pure trans-1. This 
mixture contained 53%  c is -1 and 47%  trans-1 in both 
cases. When c is -1 was subjected to these conditions 
for 2 hr, only 18%  trans-1 was formed; however, when 
trans-1 was refluxed in the reagents for 2 hr, no c is -1 
was detected. This small amount of isomerization 
cannot fully account for the product distribution 
within the 2-hr reaction time.

Stereochemical evidence was obtained which favored 
direct acylation of the imine followed by ring closure. 
Since it is known that acyl chlorides can be formed from 
carboxylic acids with DMF-phosphoryl chloride,3 
chloroacetyl chloride was added to a solution of benz- 
alaniline in D M F  at 80°. The product was I (45%  
cis, 55%  trans). No /3-lactam was formed at 25°. A  
ketene mechanism was disfavored since chloroacetyl 
chloride addition to a D M F  solution of benzalaniline 
and triethylamine at 25° gave only trans-1. Similar 
cycloadditions performed in benzene gave only trans-1 .4

The proposed intermediate 11 was prepared by the 
direct acylation of benzalaniline with chloroacetyl 
chloride. No /3-lactam was formed when 11 was stirred 
in D M F  at 25°. However, mixed isomers of 1 (55%  
cis, 45%  trans) were obtained when 11 was added to 
refluxing D M F. These results compare quite well 
with the results from the preparative reaction (see 
Table I). The treatment of 11 with triethylamine in 
either D M F  or benzene at 25° yielded only trans-1. 
No /3-lactam was observed when 11 was refluxed in 
benzene. Thus, the possibility of solvent participation,
i.e ., D M F , cannot be neglected. The zwitterionic 
intermediate 12, previously proposed for haloketene

(2) D. A. Nelson, Tetrahedron Lett., 2543 (1971).
(3) H. H. Bosshard and H. Zollinger, Helv. Chim. Acta, 42, 1659 (1959).
(4) F. Duran and L. Ghosez, Tetrahedron Lett., 245 (1970).
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Y ie l d  and I som er  D is t r ib u t io n  o f  Som e  3-Chloro-2-azetidinones

Compd Ri r 2 Cis/trans Cis
-M p, °C--------------------

Trans
Yield,

%
1 H H 53/47 192“ 86-87 59
2 o-Nitro H 50/50 b 6 ^ 1
3 o-Nitro p-Methoxy 50/50 148-149 114-116 ^ 1
4 p-Nitro p-Methoxy 53/47 134-136 133-134 53
5 p-Nitro H 50/50 170-171 b 40
6 o-Chloro H 54/46 6 128-130“ 38
7 p-Chloro p-Methoxy 48/52 134^135 97-99 42
8 p-Chloro H 50/50 187-189“ 102-103 33
9 o-Metoxy H 50/50 106-107 130-131 46

10 p-Methoxy p-Methoxy 50/50 162-164 118-119 53
“ See ref 1. 6 Values could not be obtained for these isomers due to their similar solubility characteristics; ref 5 gave 150-152° for 

trans-5. ‘  Value obtained from chloroketene cycloaddition product.2

additions,4 would account for the stereospecificity of 
the base-catalyzed route (pathway B). Recently, it 
was proposed that direct acylation (such as 11), rather 
than in situ prepared ketene, is involved when acyl 
chloride and imine are present with triethylamine.5 
The lack of stereospecificity for pathway A  is not 
completely understood at this time. See Scheme I.

The extremely low yields of 2 and 3 may be due to 
reaction of the o-nitro groups of their corresponding 
imines or the intermediates (13 and 14). These 
reactions were very complex (tic indicated at least 13 
components).

T a b l e  I I
N m r  Sp e c t r a l  D ata o f  Som e  3-C hloro-2-azetidinones“

«hAi ppm ppm JAB. Hz
Cis/trans Cis/trans Cis/trans

1 5.42/4.98 5.24/4.58 5 .3 /2 .0
46 5.48/5.13 5.32/4.64 5 .5 /1 .9
5 5.53/5.11 5.34/4.61 5 .4 /2 .0
7‘ 5.35/4.95 5.22/4.57 5 .3 /1 .9
8 5.39/4.99 5.26/4.57 5 .4 /2 .0
9 5.71/5.32 5.25/4.71 5 .4 /2 .0

10 5.32/4.92 5.19/4.57 5 .3 /1 .9
• Values are reported relative to internal TMS in CDC13. 

b See ref 2 for values of 2, 3, and 6.

Schem e  I

C1CH2C02H +  P0C13 - 2^ *  c ic h 2c x

zO
C1CH2c C  +  PhCH=NPh 

Cl

1
Phv  xPh

JXH —
cr c c h ,ci

0
11

H
trans-1

When 13 was refluxed in D M F, a complex reaction 
mixture, containing a trace of 3, was obtained. Pre
vious investigations6’7 have shown that cyclization 
occurred with o-nitrophenyl compounds to give sub
stituted isoxazoles.

Experimental Section

Nuclear magnetic resonance (nmr) spectra were recorded on a 
Varian A-60 spectrometer. Chemical shifts are reported as 
parts per million (S) relative to tetramethylsilane. Infrared 
spectra were recorded on a Beckman IR-5 spectrometer. Melt
ing points were determined on a Thomas-Hoover melting point 
apparatus and are uncorrected.

All imines used in this study were prepared by direct conden
sation of the respective benzaldehyde and aniline in ethanol, 
and were recrystallized. The distilled solvents (Burdick and 
Jackson Laboratories) were dried: benzene over sodium metal 
and DM F over molecular sieves type 5 A (Linde Co.) followed 
by elution through an alumina column. 1

General Preparation of l,4-Diaryl-3-chloro-2-azetidinones.—  
To 50 ml of D M F was added 9.1 ml (0.1 mol) of phosphoryl 
chloride followed by 9.4 g (0.1 mol) of monochloroacetic acid. 
While this solution stirred, 0.1 mol of imine was added. The 
solution was heated to reflux for 2 hr (drying tube on condenser), 
then cooled. The reaction mixture was dissolved in 50 ml of 
dichloromethane and extracted with 100 ml of water. The

(5) A. K. Bose, G. Spiegelman, and M. S. Manhas, Tetrahedron Lett., 
3167 (1971).

(6) I. Tanasescu, C. Anghel, and A. Popescu, Studia Universitatis Babes- 
Bolyai, Ser. Chem., 9, 89 (1964).

(7) M. S. Gibson, Tetrahedron, 18, 1377 (1962).
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organic layer was dried over anhydrous sodium sulfate. The 
solvent was removed in vacuo. The product mixture, oil or 
crystalline, was analyzed by nmr for isomer distribution. Puri
fication was achieved on an alumina column eluted with dichloro- 
methane or benzene-hexane (2:3 v /v ) . This solvent was re
moved, and the isomers were fractionally crystallized with 
ethanol. In general, the cis isomers were more insoluble in 
ethanol. Elemental analyses were consistent with the as
signed structures. Yields were reported for the combined iso
lated isomers.

Isomerization of cis- and irons-1,4-Diphenyl-3-chloro-2- 
azetidinone (1).— The cis- or trans- 1 (5.0 g, 1.9 X  10-2 mol) was 
dissolved in 50 ml of DM F. To this was added 1.8 ml (1.9 X 
10-2 mol) of phosphoryl chloride and 1.8 g (1.9 X 10“ 1 2 mol) of 
monochloroacetic acid. The solution was stirred at reflux and 
sampled every 2 hr. The 5-ml samples were dissolved in 10 ml 
of dichloromethane and extracted with 10 ml of water. The 
organic layer was evaporated and dissolved in chloroform-d, for 
nmr determination of the isomer distribution. The equilibrium 
isomer mixture was established within 7 hr from the cis isomer, 
but 22 hr were required for the trans isomer to reach the 53% 
cis-47% trans relationship.

2-Chloro-A?-(a-chlorobenzyljacetanilide (11).— A benzene solu
tion of 30 g (0.16 mol) of benzalaniline was cooled to 0° with an 
ice bath. To this was added, dropwise, 18.7 g (0.16 mol) of 
chloroacetyl chloride over 2 hr while maintaining 0°. Moisture 
will cause hydrolysis of 11, and chloroacetanilide may precipi
tate if the reaction is not performed under a dry atmosphere. 
Recent evidence indicated that adducts such as 11 may be in 
equilibrium with acyl chloride and imine.5 The solvent was 
removed under reduced pressure and a white solid (46.5 g, 
96% ) was obtained, mp 50-52°. Since the product hydrolyzed 
readily, it was stored under dry nitrogen. Two characteristic 
nmr signals (chloroform-d,) were obtained: nmr 5 3.76 (2 H, 
s, CHjCl), and 7.85 (1 H, s, C1CHN); ir (CHCfi) 1661 cm-1 
(carbonyl). For comparison, the carbonyl absorbance for chloro
acetanilide (CHCR) was 1681 cm-1.

Anal. Calcd for C ,JI13C12N 0: C, 61.2; H, 4.42; N, 4.7. 
Found: C, 60.7; H, 4.56; N , 5.06.

2-Chloro-Ar-(o-chloro-o-nitrobenzyl )-p-acetan:sidide (13).—  
The adduct was prepared in a similar manner as 11. Hydroly
sis of 13 did not occur as readily as 11. A light yellow solid 
(92%) was recovered: mp 115-117° dec; nmr (chloroform-d,) 
S 3.81 (2 H, s, CH2CI), 3.77 (3 H, s, OCH3), 8.27 (1 H, s, C1CHN); 
ir (CHCI3) 1686 (carbonyl), 1533 (asymmetrical nitro), and 1352 
cm -1 (symmetrical nitro).

Anal. Calcd for CieHuChNAX: C, 52.0; H, 3.79; N, 7.6. 
Found: C, 52.2; H, 3.97; N, 7.7.

Registry No.
3b, 33281-34-4; 
5a, 33949-26-7; 
7b, 33276-93-6; 
9b, 33276-96-9; 
11,33949-35-8; I

-lb, 27348-77-2; 
4a, 33949-24-5; 
6b, 33276-92-5; 
8b, 33949-30-3; 

10a, 33949-33-6; 
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3a, 33281-33-3; 
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The A Value of the Deuterioamino Group 
Determined by the Nuclear Magnetic Resonance 

Peak Area Method at —93°

C. H ackf.t t  B tjshw eller ,* 1 G e o rg e  E. Y e s o w it c h ,2 
an d  F r a n k  H . B isse t t

Department of Chemistry, Worcester Polytechnic Institute, 
Worcester, Massachusetts 01609

Received September 28, 1971

Although there have been many reports concerning 
the measurement of the axial vs. equatorial conforma
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tional preference of the hydroxyl group in cyclohexanol,3 
similar data concerning the amino group is relatively 
scarce, having been derived from indirect kinetic, pK a, 
and nuclear magnetic resonance (nmr) techniques which 
necessarily involve the use of model compounds.4 
There have been no reports concerning the direct 
measurement of the conformational preference of the 
amino group in cyclohexylamine itself free from the 
constraints and possible distortions of locking sub
stituents.4

This report concerns the direct measurement of the 
A value5 (eq 1-2) of the deuterioamino group (N D 2)

n d2 D|i JV d
r -U e  K W
-D \

Ha

-ND, (1)

A value =  - A G° =  1Q00 - (2)

in cyclohexylamine-A',A,^,^,6,(?-d6 (1) using the low- 
temperature nmr method. 1 was prepared from cyclo- 
hexanol-2,2,6,6-d.i by the method of Streitwieser and 
Coverdale6 and was purified by preparative glpc.

Examination of the 4H nmr spectrum (60 or 100 
M Hz) of 1 in C D 3OD revealed broadening or coales
cence of the various complex (CH2)3 resonances from 
about —40 to —70° and subsequent sharpening of the 
complex (CH2)3 spectrum at lower temperatures. 
Likewise, the H CN resonance broadened and sharpened 
as the temperature was lowered, separating into a large 
singlet resonance at b 2.49 (Ha, eq 1) and a much smaller 
singlet at 5 3.02 (He, eq 1). Such spectral behavior is 
completely consistent with a slowing of the axial 
equatorial equilibration in 1 (eq 1) on the nmr time 
scale and the direct observation of axial and equatorial 
conformers. The observed chemical shifts for axial 
and equatorial H C N  protons in 1 are in good agreement 
with axial (5 2.50) and equatorial (5 3.09) H CN chemi
cal shifts in trans- and m-4-ierf-butylcyclohexylamine, 
respectively (95%  ethanol at room temperature).4a

Thus, we examined the 4H  nmr spectrum of 1 at 
— 93° in three solvent systems at different concentra
tions obtaining the axial: equatorial conformer ratio (eq
1) by weighing cut-outs of the H C N  proton resonances 
and by hand planimeter integration. The various 
equilibrium constants (K , eq 1) and associated free 
energy differences are compiled in Table I. It should 
be noted that the large equilibrium constants (Table I) 
at least by nmr standards necessitated the use of rela
tively high radiofrequency power levels, introducing 
the possibility of differential saturation effects.5

The various A values compiled in Table I are in re
markably good agreement with those obtained by more 
indirect methods.4 Although the A value of N D 2 does

(3) C. H. Bushweller, J. A. Beach, J. W. O’Neil, and G. U. Rao, J. Org. 
Chem., 35, 2086 (1970); E. L. Eliel and E. C. Gilbert, J. Amer. Chem. Soc., 
91, 5487 (1969), and references cited therein.

(4) (a) E. L. Eliel, E. W. Della, and T. H. Williams, Tetrahedron Lett., 
831 (1963); (b) J. Sicher, J. Jonas, and M. Tichy, ibid., 825 (1963); (c) 
G. Ransbotyn, J. C. Celotti, R. Ottinger, J. Reisse, and G. Chiurdoglu, 
Tetrahedron, 24, 3647 (1968); J. A. Hirsch, Top. Stereochem., 1, 199 (1967).

(5) For a recent review on the A value, see F. R. Jensen and C. H. Bush
weller in “ Advances in Alicyclic Chemistry,”  Vol. 3, H. Hart and G. J. 
Karabatsos, Ed., Academic Press, New York, N. Y., 1971, pp 139-194.

(6) A. Streitwieser, Jr., and C. E. Coverdale, J. Amer. Chem. Soc., 81, 
4275 (1959).
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T a b l e  I
A V a l u e  o f  N D 2 a s  a  F u n c tio n  of 

C o n c e n tr a t io n  an d  So l v e n t  a t  —93°
Concn, A value,

Solvent mol/1. K° kcal/mol
CDaOD 0.5 34 ±  5 1.3 ±  0.1

1.0 42 ±  7 1.3 ±  0.1
1.5 56 ±  9 1.4 ±  0.1
2.0 55 ±  9 1.4 ±  0.1

50% Pyridine- 
50% CH2CHC1 
(v /v )

2.0 26 ±  4 1.2 ±  0.1

50% CD2C12-  
50% toluene-dg 
(v /v )

2.0 55 ±  10 1.4 ±  0.1

“ According to eq 1; the error assigned to K  is the maximum 
deviation in the measured value.

not change appreciably with concentration in C D 3OD  
(Table I), K  (eq 1) does increase at increasing concen
trations of 1, suggesting an increasing degree of self
association by 1 in preference to complexation by C D 3- 
OD. In those solvents which do not form as strong 
hydrogen bonds, e.g., 5 0%  pyridine-50% CH 2CHC1 
(v /v ), the equatorial N D 2 conformational preference is 
reduced slightly in agreement with previous results.4

It is then instructive to compare the A value of the 
amino group to other functionalities having nitrogen 
bonded to the cyclohexane ring (Table II).7 Although

T a b l e  II
P e r t in e n t  A V alu e s

Group
- n d 2
- n o 2
-N = C = N -C 6Hh
- N = C = 0
-N = C = S
-N = C

A Value, kcal/mol 
1 . 2“

1 . 1*

1 ,0*’c 
0.51*
0.28*
0 . 21*

“ 2.0 M  in 50% pyridine-50% CH2CHC1 at -9 3 ° .  * 2.0 M  
in CS2 at — 80° except N 0 2 at — 90° ; see ref 7. c See ref 8.

unique hybridization of nitrogen in the case of -N C O , 
-N C S , and ~ N = C  apparently leads to more sub
stituent cylindrical symmetry and a relatively low A 
value,8 the A value for N D 2 is only slightly larger than 
that for - N 0 2 or ~ N = C = N — C«HU (Table II). In
deed, the higher A value for -N D 2 as compared to - N 0 2 
may reflect stronger solvent complexation of -N D 2 via 
hydrogen bonding and an effectively larger group.

Studies on the Syntheses of Heterocyclic 
Compounds. CDLX.1 Benzyne Reaction. 

X III.2 Benzyne Reaction of Halogenobenzenes 
with lY-Alkylmorpholines

T. K a m e t a n i,* K . K ig a s a w a , M . H iir a g i ,
AND T. A oYAMA

Pharmaceutical Institute, Tohoku University,
Aobayama, Sendai, Japan, and Research Laboratories,

Grelan Pharmaceutical Company, Ltd.,
Tokyo, Japan

Received October 28, 1971

In previous papers,3-5 we reported the benzyne 
reaction of a number of ortho-substituted halogeno
benzenes with acetonitrile or phenylacetonitrile in 
various organic solvents together with the appropriate 
amines in the presence of sodium amide to give the 
desired meta-substituted phenylacetonitriles in addition 
to the meta-substituted amino compounds. During 
these investigations, when A-methylmorpholine was 
used as solvent in the benzyne reaction of o-chloro- 
anisole, 3-methoxy-X-methylaniline (7b)3 was ob
tained as an unusual product in comparatively good 
yield. Although the formation of Stevens type6-11 
or Sommelet type12 rearranged products by the reaction 
of amines with benzyne has been reported, formation 
of the X-alkylaniline derivative by the benzyne reaction 
of halogenobenzene with N-substituted alicyclic amines 
has not previously been described, and we have there
fore studied several other cases of this reaction.

The benzyne reaction of bromobenzene, o-chloro- 
anisole, and o-benzyloxychlorobenzene with X-methyl-, 
Al-ethyl-, V-propyl-, X-benzylmorpholine, N-methyl- 
piperidine, and V/V'-dimethyl piperazine was examined 
and found to give N-alkylaniline derivatives. Further
more, in the case of the benzyne reaction of the halo
genobenzenes with N-alkylmorpholines, 2 -(A7-alky 1- 
N-phenyl)aminoethanols were obtained in addition 
to the desired products. All the known products were 
identified with authentic specimens by comparison of 
spectroscopic data. The structures of the unknown 
products were determined by microanalyses and nmr, 
ir, and mass spectra. These results are shown in 
Table I. In the benzyne reaction of bromobenzene 
with N-methylmorpholine, when a mixture of bromo-

Experimental Section

Nmr spectra were obtained using a Varian Associates HR-60A 
spectrometer equipped with a custom-built variable temperature 
probe or using a Varian HA-100 spectrometer equipped with the 
Varian variable temperature probe and accessories. Tempera
ture measurement was performed using a copper-constantan 
thermocouple inserted into the sample (HA-100) or permanently 
in place in the probe (HR-60A) and is accurate to ± 0 .3 °  at the 
sample.

Registry No.—Cyclohexylamine - N,N,2,2,6,6 - d6, 
33885-12-0.

Acknowledgment.—W e are grateful to U. S. Army 
Natick Laboratories for use of a Varian HA-100 nmr 
spectrometer.
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T a b l e  I
B e n zy n e  R e a ctio n  P ro d u cts  o f  B ro m o b e n ze n e  w it h  JV-Al k y l m o r p h o l in e ,

A ',jV ' - D iMETHYI,PIPERAZINE, AND N - M e THYLPIPERIDINE°

Amine Compd Ri R, Yield, %b
A’-Methylmorp holme 7a c h 3 H 12.8'

8a c h 3 CH2CH2OH 13.1
Ar-Methylmorpholine 7a c h 3 H 13.4*

8a c h 3 CH2CH2OH 13.8
A'-Methylmorpholine 7a c h 3 H 32.8«

8a c h 3 CH2CH2OH 21.6
Af-Ethylmorpholine 7c c h 2c h 3 H 24.4

8e c h 2c h 3 CH2CH2OH 12.4
Ar-n-Propylmorpholine 7d c h 2c h 2c h 3 H 21.9

8f c h 2c h 2c h 3 CH2CH2OH 3.2
Af-Benzylmorpholine 7e CH2Ph H 19.4

8g CH2Ph CH2CH2OH 6.2
4 CH2Ph c h 2c h 2o c h = c h 2 12.1

iVj.'V'-Dimethylpiperazine 7a c h 3 H 1.2
8c c h 3 c h 2c h 2n h c h 3 9.6
9 -C H 2CH2N(CH3iCH2CH(CH3)- 2.5

A-Methylpiperidine 10 -(C H s)5- 3.2
“ All the reactions were carried out under reflux, although JV-benzylmorpholine was allowed to react at 145-155°. The reaction 

time was 4 hr in all reactions except that with AAmethylpiperidine which was 6 hr. 6 Ratio of bromobenzene: amine: NaNH2: (c)
1:2:1.5; (d) 1 :2 :2 ; (e) 1:4:4.

benzene, N-methylmorpholine, and sodium amide 
(1 :4 :4 ) was used, N-methylaniline (7a) and 2-(N- 
methyl-N-phenyl)aminoethanol (8a) were formed in 
better yield than under other conditions.

In the case of the benzyne reaction of 2-benzyloxy- 
chlorobenzene with N-methylmorpholme, N-methyl-N- 
(2-vinyloxy ethyl) aniline (4a), and 2- [N-methyl-N- 
(3-methylphenyl) ]aminoethanol (8b) were obtained in 
addition to the desired product, 3-benzyloxy-N-meth- 
ylaniline (7f). Benzyne reaction of bromobenzene with 
N,Af'-dimethylpiperazineaffordedN-methyl-N-(/3-meth- 
ylaminoethyl) aniline (8c) together with 7a and the 
Stevens type rearranged product, 2,4-dimethyl-l- 
phenylpiperazine (9). Furthermore, piperidinoben- 
zene was obtained on the benzyne reaction of 
bromobenzene with N-methylpiperidine as reported 
by Wittig.6

The mechanism to explain the formation of these 
products remained unclear but would involve the 
reaction of the base with the quaternary salt (2) as 
shown in Scheme I.

Thus, N-alkylanilines and m-alkoxy-lV-alkylanilines 
were obtained by application of the benzyne reaction of 
bromobenzene and o-alkoxyhalogenobenzenes with the 
appropriate tertiary cyclic amines.

Experimental Section13

,V-M ethyl aniline (7a) (Benzyne Reaction of Bromobenzene 
with Af-Methylmorpholine).— To a stirred mixture of 25 g of N- 
methylmorpholine and 10 g of sodium amide was added 10 g of 
bromobenzene under reflux. After the stirring had been con
tinued under reflux for 3 hr, the excess sodium amide was de
composed with saturated ammonium chloride solution under ice 
cooling. After the addition of water, the mixture was extracted 
with ether. The organic layer was extracted with 10% HC1. 
The acidic extract was made basic with 10% NaOH and extracted 
with ether. The ethereal extract was washed with water, dried

(13) Melting points and boiling points are not corrected; ir and nmr 
spectra were determined on a Shimazu spectrometer and JNM-MH-60 with 
tetramethylsilane as internal reference, respectively.

over Na2S04, and evaporated. The residual oil was chroma
tographed on silicic acid using chloroform as an eluent. Evap
oration of the first fraction afforded 2.3 g (32.8%) of 7a as a 
pale yellowish oil, which was identified by comparison of spec
troscopic data with those of the authentic sample. Removal of 
the second fraction gave 2.07 g (21.6%) of 8a as a pale yellowish 
oil, the spectroscopic data of which were identical with those of 
the authentic specimen:14 nmr (CCh) S 2.68 (3 H, s, NCH3),
3.08 (2 H, t NCH2CH2OH), 3.38 (2 H, t, NCH2CH2OH), 
6.10-6.81 (5 H, m, aromatic protons).

3-Methoxy-Af-methylaniline (7b).— To a stirred mixture of 
28 g of Ar-methylmorpholine and 11 g of sodium amide, 10 g of o- 
chloroanisole was added under reflux and the mixture was re
fluxed with stirring for 4 hr. After the reaction, the mixture was 
worked up as usual and the crude product was chromatographed 
on silicic acid using chloroform as an eluent. The first eluent 
gave 2.1 g (21.9%) of 7b as a yellow oil, which was identical in 
ir and nmr spectral comparison with the authentic sample.3 
The second eluent afforded 2.7 g (21.1%) of 8d as a yellow oil: 
nmr (CCh) 5 2.98 (3 H, s, NCH3), 3.42 (2 H, t, CH2CH2OH),
3.72 (2 H, t, CH2CH2OH), 3.78 (3 H, s, OCH3), 6.02-7.00 (4 
H, m, aromatic protons). The oxalate gave colorless needles 
from ethanol-ether, mp 87-88°. Anal. Calcd for C10H15- 
N 0 2-C2H20<: C, 53.13; H, 6.32; N , 5.16. Found: C, 53.28; 
H, 6.00; N , 5.21.

A'-Ethylaniline (7c) (Benzyne Reaction of Bromobenzene with 
A'-Ethylmorpholine).— To a stirred mixture of 25 g of N-ethyl- 
morpholine and 8.4 g of sodium amide was dropwise added 8.5 
g of bromobenzene under reflux. After the stirring had been con
tinued under reflux for 4 hr, the mixture was worked up as usual 
and the crude product was subjected to silicic acid chromatog
raphy. The first chloroform eluent gave 1.6 g (24.4%) of 7c 
as a pale yellowish oil, bp 75-80° (15 mm), the hydrochloride 
of which was recrystallized from ethanol-ether to afford colorless 
needles, mp 174-177°; this was identical with the authentic 
specimen by comparison of spctroscopic data and melting point. 
The second eluent gave 1.1 g (12.4%) of 8e as a pale yellow oil: 
nmr (CCh) 5 1.12 (3 H, t, CH2CH3), 3.41 (2 H, q, CH2CH3),
3.43 (2 H, t, CH2CH2OH), 3.78 (2 H, t, CH2CH2OH), 6.55- 
7.41 (5 H, m, aromatic protons). The picrate formed yellow 
prisms from ethanol-ether, mp 103.5-104°. Anal. Calcd for 
for C ioH 1sNO C6H3N 30 -: C, 48.73; H, 4.60; N , 14.21. Found: 
C, 48.62; H, 4.56; N, 14.05.

A-n-Propylaniline (7d).— To a stirred mixture of 2.8 g of N-n- 
propylmorpholine and 8.4 g of sodium amide was added 8.5 g

(14) W. Wilson, J. Chem. Soc., 3524 (1952).
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Sch em e  I

<X = 0,NCH3,orCH,)

x  =  o
c, Ri =H;R2 = CH3;X=NCH3
d, R1 = 0CIJ3;R2 = CH3;X =0
e, R1 =  H;R2 = CH2CH3;X =0
f , R1=H;R2 = CH2CH2CH3;

X = 0
g, R1 =  H;R2 =  CH2C6H5;X  = 0

NHR>

c,  R1 =  H;R2 = CH2CH3
d, R1 =  H;R2 =  CH2CH2CH3
e, R, =  H;R2 =  CH2C6H5
f, R1 =  OCH2C6H5;R2 =  CH3

oi bromobenzene under reflux. After the stirring had been con- 
tined under reflux for 4 hr, the mixture was worked up as usual 
to give 1.6 g (21.9%) of 7d as a pale yellowish oil, from the first 
chloroform eluent, bp 81-84° (16 mm), the hydrochloride of 
which was recrystallized from ethanol-ether to afford colorless 
needles, mp 145-147°; this was identified with the authentic 
specimen by comparison of spectroscopic data and melting 
point. The second chloroform eluent afforded 0.3 g (3.2% ) of 
8f as a yellow oil: nmr (CC14) 5 0.91 (3 H, t, CH2CH2CH3), 
1.60 (2 H, sextet, CH2CH2CH3), 3.31 (2 H, t, CH2CH2CH3),
3.46 (2 H, t, CH2CH2OH), 3.75 (2 H, t, CH2CH2OH), 6.55-
7.43 (5 H, m, aromatic protons). This sample was identical with 
the authentic sample prepared by Wilson’s method14 in ir and 
nmr spectral comparison.

iV-Benzylaniline (7e).— To a stirred mixture of 18 g of W-ben- 
zylmorpholine and 4 g of sodium amide was added 4 g of bromo
benzene at 145-155°. After the stirring had been continued for
4 hr at the same temperature, the mixture was worked up as
usual and the resulting oil was chromatographed on silicic acid
using chloroform as an eluent. The first eluent gave 0.9 g 
(19.4%) of 7e as a yellow oil, bp 170-190° (7 mm), the hydro
chloride of which was recrystallized from ethanol to yield color
less plates, mp 212-214°; this was identical with the authentic 
specimen by comparison of spectroscopic data.

Evaporation of the second eluate afforded 0.7 g (12.1%) of N- 
benzyl-Ar-(2-vinyloxyethyl)aniline (4b) which was recrystallized 
from ethanol to afford colorless prisms: mp 88-89.5°; nmr (CC14)
8 2.05-2.62 (2 H, m, NCH2- ) ,  3.30-4.02 (4 H, m, -C H 2O C H =  
CHj), 3.85 (2 H, s, NCH2Ph), 4.48-4.95 (1 H, m, C H = C H 2), 
6.35-7.40 (10 H, m, aromatic protons); mass spectrum m/e 253 
(M+). Anal. Calcd for C „H 19NO: C, 80.57; H, 7.56; N, 
5.53. Found: C, 80.23; H, 7.20; N, 5.71.

This third eluent gave 0.4 g (6.2% ) of 8g as a yellow oil: ir 
3390 cm “ 1 (OH); nmr (CC14'| 8 3.47 '2 H, t, CH2CH2OH), 

3.66 (2 H, t, CH2CH2OH), 4.53 (2 H, s, CH2Ph), 6.50-7.41 (10 
H, m, aromatic protons).

A'-Methyl-3-benzyloxyaniline (7f).— To a stirred mixture of 16 
g of iV-methylmorpholine and 4.1 g of sodium amide was added 
dropwise 15.3 g of 2-benzyloxychlorobenzene under reflux.

After the stirring had been continued for 4.5 hr under reflux, 
the mixture was worked up as usual, and the crude product was 
distilled in vacuo to give an oil, bp 170-190° (0.3 mm), which was 
chromatographed on silicic acid using chloroform as an eluent. 
Evaporation of the first elution gave 1.6 g (10.8%) of 7f as a pale 
yellowish oil: nmr (CC14) 8 2.67 (3 H, s, NCH3), 4.96 (2 H, s, 
OCH2Ph), 5.98-7.50 (9 H, m, aromatic protons). The 
picrate was recrystallized from ethanol to give yellowish prisms, 
mp 137.5-138.5° (lit.oi * * 4 * * * 8 15 mp 138-138.5°). Removal of the 
second elution afforded 550 mg (3% ) of 8b as a pale yellowish 
oil: nmr (CC14) 8 2.78 (3 H, s, NCH3), 3.26 (2 H, t, NCH2CH2- 
OH), 3.57 (2 H, t, NCH2CH2OH), 4.93 (2 H, s, OCH2Ph), 
6.10-7.45 (9 H, m, aromatic protons). The hydrobromide was 
recrystallized from isopropyl alcohol-ether to give colorless 
needles, mp 78-80°. Anal. Calcd for CwH^NOrHBr: C, 
56.81; H, 5.96: N, 4.14. Found: C, 56.55; H, 5.91; N, 4.41.

A’-Phenylpiperidine (10).— To a mixture of 12.5 g of N-  
methylpiperidine and 3.7 g of sodium amide was added 10 g of 
bromobenzene under reflux. After the stirring had been con
tinued for 6 hr under reflux, the mixture was worked up as usual 
to give 10, which was purified as its picrate to give 450 mg (1.9% ) 
of yellow prisms, mp 144-145° (lit.16 mp 145-146°).

Benzyne Reaction of Bromobenzene with AT,AT'-Dimethyl- 
piperazine.— To a stirred mixture of 20 g of A^A''-dimethyl- 
piperazine and 10 g of sodium amide was added 10 g of bromo
benzene under reflux. After the stirring had been continued 
for 4 hr under reflux, the mixture was worked up as usual and the 
crude product was chromatographed on silicic acid. Removal 
of the elution with chloroform afforded 80 mg (1.2% ) of 7a, the 
spectroscopic data of which were identical with those of the 
authentic specimen. Evaporation of the successive elution with 
5%  ethanol-chloroform gave 300 mg (2.5% ) of 2,4-dimethyl-l- 
phenylpiperazine (9): nmr (CC14) 8 1.08 (3 H, d, CHCH3), 
2.01-2.95 [4 H, m, -C H 2N(CH3)CH2- ] , 2.30 (3 H, s, NCH3),

(15) A. A. Morton and W. R. Salunwhite, Jr., J. Biol. Chem., 179, 259 
(1949); Chem. Abstr., 44, 2511 (1950).

(16) C. H. Horning and F. W. Bergstrom, J. Amer. Chem. Soc., 67, 2110 
(1945).
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2.98-3.31 (2 H, m, CH2NPh), 3.52-4.00 (1 H, m, CHCH3), 
6.55-7.35 (5 H, m, aromatic protons). The hydrochloride was 
recrystallized from ethanol-ether to give a colorless powder, mp 
208-212° dec. Anal. Calcd for Ci2H i8N2-2HC1: C, 54.76; 
H, 7.66; N, 10.64. Found: C, 54.53; H, 7.88; N , 10.47.

Finally, the elution with 10% ethanol-chloroform was evap
orated to leave 1.1 g (9.7% ) of iV-metahyl-iV-(2-methylamino- 
ethvl)aniline (8c): nmr (CCU) S 2.45 (3 H, s, NHCH3), 2.78 
(2 H, t, CH2NHCH3), 2.98 (3 H, s, PhNCH3), 3.44 (2 H, t, 
PhNCH2), 6.45-7.3 (5 H, m, aromatic protons). The hydro
chloride was recrystallized from ethanol-ether to give pale yel
lowish needles, mp 159-160°. Anal. Calcd for Ci0Hi6N2-HCl: 
C, 59.84; H, 8.54; N, 13.96. Found: C, 59.69; H, 8.69; N, 
13.74.

The Reaction of 2-(jV-Methyl-iV-phenyl)aminoethanol (8a) 
with Sodium Amide.— A mixture of 1.5 g of 8a and 0.78 g of 
sodium amide was stirred for 4 hr at 150-160° in the presence 
of 2.4 g of N -methylmorpholine as solvent. After cooling, the 
excess sodium amide was decomposed with saturated ammonium 
chloride solution under ice cooling and extracted with ether. 
The extract was washed with water, dried over Na2S04, and 
evaporated. The residual oil was chromatographed on silicic 
acid using chloroform as an eluent. Evaporation of the solvent 
afforded 45 mg (4.2% ) of 7a, the spectroscopic data of which 
were identical with those of the authentic specimen.

Registry No.—4b, 33905-37-2; 7f, 33905-38-3; 8b, 
33905-39-4; 8b HBr, 33905-40-7; 8c, 2412-49-9;
8c HC1, 33905-42-9; 8d, 33905-43-0; 8d oxalate, 
33905-44-1; 8e, 92-50-2; 8e picrate, 33905-46-3; 8g, 
33905-47-4; 9 ,33905-48-5; 9 HC1, 33905-49-6; bromo- 
benzene, 108-86-1; o-chloroanisole, 766-51-3; o-benzyl- 
oxychlorobenzene, 949-38-2 ; A-methylmorpholine, 109-
02-4; iV-ethylmorpholine, 100-74-3; N-propylmorpho- 
line, 23949-50-0; IV-benzylmorpholine, 10316-00-4; N- 
methylpiperidine, 626-67-5 ; AjiV'-dimetlivlpiperazine, 
106-58-1.
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A Bisulfite Mediated Oxidation of Thebaine.
Formation of 6-O-Demethylsalutaridine1
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A  method for removal of ketonic compounds from 
thebaine and other nonketonic alkaloids involves treat
ment of such a mixture with an aqueous sodium bisul
fite solution.2 Water-soluble bisulfite addition prod
ucts are readily separated from the thebaine by simple 
extraction. W e have noted, however, that in certain 
instances the yields of recovered thebaine (1) were un
expectedly low. Further study indicated that thebaine 
was consumed under the extraction conditions only 
when the process was carried out in the presence of ox
ygen.

(1) Supported in part by Grant MH 12797 from the National Institute 
of Mental Health, U. S. Public Health Service.

(2) H. Rapoport, C. H. Lovell, H. R. Reist, and M. E. Warren, Jr., J. 
Amer. Chem. Soc., 89, 1942 (1967).

Thus, by reaction with aqueous sodium bisulfite 
(pH 4) and oxygen, thebaine (1) is oxidized to 6 -0 - 
demethylsalutaridine (A8(14)-7-oxothebainone) (7). The 
identity of the product was established by direct com
parison with material obtained by the action of alkali 
on 14-bromocodeinone.3’4 Thebaine is unaffected by 
a sodium phosphate buffer, pH 4, in the presence of 
oxygen, or sodium bisulfite buffer, pH 4, in the absence 
of oxygen. Furthermore, when oxygen is excluded, 
thebaine is unaffected by a bisulfite solution which has 
been previously shaken for 2 hr in the presence of ox
ygen. The possibility that the production of 7 is de
pendent on the alkaline treatment in the isolation pro
cedure was eliminated, since, on omitting this process, 
7 was produced in undiminished yield.

To determine the origin of the oxygen functions, 
180  tracer techniques were applied. An initial series of 
experiments was conducted to determine the extent of 
exchange of the carbonyl functions with water. The 
product 7 was subjected to the conditions under which 
it was formed except that the bisulfite solution used was 
prepared with 180-enriched water. Mass spectromet- 
ric analysis5 of the reisolated product indicated that ex
change at both carbonyls had occurred to the extent of 
about 10%  after 1 hr, 40%  after 3 hr, and 95%  after 
24 hr. Therefore, isotopic studies became definitive 
if the reaction time was reduced to 1 hr, a process which 
w'as feasible since the product 7 was still isolated in suffi
cient yield (15% ).

The possibility that either water or molecular oxygen 
was the source of the oxygen functionalities in 7 was 
explored by conducting the oxidation reaction first 
with 180-enriched water and then with 180-enriched 0 2. 
Mass spectrometric analysis indicated that the 180  en
richment of the product obtained from the first experi
ment was due only to exchange of the carbonyl oxygen 
atoms with the H 2180 . The product obtained from 
the reaction in an 180 2 atmosphere showed no 180  en
richment.

The remaining possible source of the oxygen which is 
incorporated into 6-O-demethylsalutaridine is bisulfite. 
Since it was previously established that water is not 
incorporated into the product, testing the bisulfite hy
pothesis was somewhat simplified. Thus, to prepare 
180-labeled bisulfite a l J V sodium bisulfite solution was 
prepared using 180-enriched water, and it was stirred 
under nitrogen for 28 hr. Thebaine was then added to 
this solution and allowed to react as usual. Analysis 
of the produce indicated a 100% isotopic enrichment of 
one oxygen atom. The initial bisulfite H 2180  exchange 
period was then increased to 48 hr and subsequent oxi
dation of thebaine in this solution produced a product 
which was again 100% isotopically enriched for one 
oxygen atom. The fact that the same enrichment was 
obtained with solutions in which exchange was allowed 
to occur for different periods establishes that the 
H S03“ -H 2180  exchange was complete within 28 hr. 
Furthermore, it eliminates the possibility that the re
sult obtained with the 28-hr exchange solution could 
have been due to a 50%  isotopic enrichment of both 
carbonyl oxygens in the product.

(3) W. Fleischtacker, F. Viebock, and F. Zeidler, Monatsh. Chem., 101, 
1215 (1970).

(4) D. E. Rearick and M. Gates, Tetrahedron Lett., 507 (1970).
(5) C. D. Snyder and H. Rapoport, Biochemistry, 7, 2318 (1968); 9, 

2033 (1970).
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For mechanistic considerations, since only one oxygen 
atom is incorporated, it is reasonable to assume that it 
is the oxygen atom at C-7 of 7 which is incorporated 
from bisulfite. Any mechanism proposed for this 
transformation must be consistent with the following 
observations: (a) thebaine is unaffected by a bisulfite
solution in the absence of 0 2; (b) molecular oxygen 
must be present during the course of the reaction in 
order for the conversion to occur; and (c) the source of 
the oxygen atom which is incorporated into the product 
is bisulfite.

These conditions have been incorporated in the mech
anism proposed in Scheme I. The postulated first

Schem e  I

7

step is the 1,4 addition of two bisulfite radical ions to 
form the disulfonate 2. The radical ions in turn are 
proposed as formed by the action of oxygen on aqueous 
bisulfite, conditions which are well documented to con
vert olefins to sulfonates and disulfonates6 via radical 
intermediates. Reaction then proceeds via displace
ment of the sulfonate at position 14 to form the 0-sul- 
tone 3. The latter then collapses to 4 which is hydro
lyzed to the a-hydroxy ketone 5. Tautomeric rear
rangement to 6 is followed by /3 elimination to form 
the morphinandienone, 6-O-demethylsalutaridine (7). 
Clearly, alternatives exist for the route from /S-sultone 
3 to dienone 7 involving essentially the same principles.

Experimental Section

6-O-Demethylsalutaridine (7).— A solution of 9 g of thebaine 
(1) in 250 ml of 1 A? sodium bisulfite was shaken for 3 hr under an 
atmosphere of oxygen. The solution was then brought to pH 
11 with 30% aqueous sodium hydroxide and extracted with two 
75-ml portions of benzene-hexane, 1:1. After drying (Nas- 
SO«) and removal of the solvent, the first extract produced 0.67

(6) E. E. Gilbert, “ Sulfonation and Related Reactions,”  Interscience,
New York, N. Y „ 1965, p 150.

g of a 2:1 mixture of thebaine and 7 and the second extract pro
duced 0.14 g of a 3 :2 mixture of the thebaine and 7. The 
aqueous phase was adjusted to pH 8.0 with concentrated HC1 and 
extracted with methylene chloride (four 75-ml portions). The 
extracts were combined and dried (Na2SOi) and the solvent was 
removed in vacuo to yield 7, 5.10 g (64%) based on thebaine 
consumed, as a white solid after crystallization from benzene, 
mp 184-186° turning red-brown, identical with material pre
pared by the action of alkali on 14-bromocodeinone.3'i

Isotopic Experiments. A. 180  Determinations.— Reactions 
were carried out for 1 hr in the presence of HjlsO, 18C>2, or Na- 
HS180 3, and the purified product was examined for 180  by non- 
oxidative pyrolysis as previously described.5 The 180  content 
of the carbon monoxide produced was determined by mass spec
trometry. Pyrolysis of an equal amount of unlabeled product 
provided a natural abundance background determination. The 
180  content of the H2180  and 0 2 used are 2.0 and 1.6%, respec
tively. All isotope assays were performed using a Consolidated 
Electrodynamics Corp. Model 130 mass spectrometer.

B. Apparatus.— The oxidations were conducted in an ap
paratus7 which is commonly used for hydrogenation at atmo
spheric pressure, fitted for the introduction of oxygen instead 
of hydrogen. All experiments using isotopically enriched ma
terials were conducted with this apparatus.

Registry No.—7, 27669-33-6.
(7) K. B. Wiberg, “ Laboratory Technique in Organic Chemistry,”  

McGraw-Hill, New York, N. Y., 1960, p 228.

A Novel Intramolecular Rearrangement 
of a 1,4 Dipole
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Gainesville, Florida 33601

Received September l/t, 1971

While cycloaddition reactions of 1,4 dipoles are well 
documented,1'2 intramolecular rearrangements of these 
dipoles have rarely been observed.1 W e wish to report 
experimental evidence for a unique 1,4-dipolar intra
molecular rearrangement resulting from the reaction of
4-phenyl-l,2,4-triazoline-3,5-dione3 (1) with vinyl 
esters.

Equimolar quantities of 1 and vinyl acetate (2) react 
in methylene chloride at 60° yielding l-formyl-2- 
acetyl-4-phenyl-l,2,4-triazoline-3,5-dione (3) exclu
sively. Isopropenyl acetate (4) reacts in a similar 
manner to give l-acetylmethyl-2-acetyl-4-phenyl-l,2,4- 
triazoline-3,5-dione (5).

A plausible mechanism for these reactions would in
volve the unusually stable 1,4 dipole4 (6) as the reactive 
intermediate, formed via initial reaction of the electron- 
poor nitrogen double bond with the electron-rich double 
bond of the vinyl ester. The 1,4 dipole, once formed, 
could undergo an intramolecular nucleophilic attack 
by nitrogen on the carbonyl carbon displacing the ester 
oxygen (path a, Scheme I). Intramolecular nucleo
philic attack by nitrogen is sterically hindered by large 
R2 groups, decreasing the relative yield of the product

(1) R. Huisgen, Z. Chem., 8, 290 (1968).
(2) E. K. Von Gustorf, D. V. White, B. Kim, K. Hess, and J. Leitich, 

J. Org. Chem., 35, 1155 (1970).
(3) J. C. Stickler and W. H. Pirkle, ibid., 31, 3444 (1966).
(4) 1,4 dipoles of a similar nature have previously been reported.8
(5) (a) Ref 2; (b) S. R. Turner, L. J. Guilbault, and G. B. Butler, J. Org. 

Chem., 36, 2838 (1971).
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2 H CH3
4 CH3 CH3
7 H CH2C1
9 H C6H5
12 H CH(CH3)2
15 H C(CH:i)3
18 H CF3
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b

C Ä
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I
C6H5

R! R2
3 H CH3
5 CH3 CH3
8 H CH2C1

10 H C6H5
13 H CH(CHa),
16 H C(CH.,)3

R
11 C6H5 +  polymer 
14 CH(CH,)2 +  polymer 
17 C(CHa)a +  polymer

a Structural assignments for 11 are tentative only. See Experimental Section.

resulting from rearrangement (Table I ) ; thus, while the
1,4 dipoles formed in the reactions of 2, 4, and vinyl 
chloroacetate (7)6 rearrange exclusively, the dipoles of 
vinyl isobutyrate (12), vinyl pivalate (15), and vinyl 
benzoate (9)6 form two other products as well, 1,3,5- 
triazabicyclo [3.2.0]hepta-2,4-diones via path b, Scheme 
I, and polymers by a mechanism previously described.7

A  third mechanistic possibility— reaction through an 
acylium ion— can be eliminated on the basis of two 
reactions listed in Table I. A  highly unstable chloro-

T a b l e  I
R e l a t iv e  Y ie l d s  o f  P roducts

Yield of Yield of
tri8ubstituted 1,3,5-triazabi-

triazoline- cyclo [3.2.0]- Yield of
diones, hepta-2,4- polymer,

Ester % diones, % %
2, 4, 7 100 0 0

12 77 8 15
15 42 42 16
9 6 7 87

acylium ion would be required as the reactive inter
mediate in the reaction of 7 with 1. Also, 9 reacts with 
1 to give polymeric material as the major product, con
trary to what would be expected (i.e., a high yield of 
10) if a benzacylium ion were the reactive intermediate.

The apparent differences in reactivities of other vinyl 
esters offer further evidence for a 1,4-dipoiar intermedi
ate. Electron-donating groups located close to the pos
itive center stabilize the dipole, while electron-with
drawing groups have an opposite effect. Thus, in com
parison to the vinyl acetate reaction, which required 4

(6) Electronic effects may also influence the relative yields of products 
in the vinyl chloroacetate and vinyl benzoate reactions.

(7) The polymers obtained in these reactions are related to those reported 
earlier: S. R. Turner, L. J. Guilbault, and G. B. Butler, Polym. Lett., 9 (2), 
115 (1971).

hr for completion,8 the characteristic red color of 1 
disappeared twice as fast in reaction with 4, ten times 
slower in reaction with 7, and vinyl trifluoroacetate
(18) failed to react after 96 hr.

Experimental Section9

General Procedure.— To a solution of 0.500 g (2.86 X  10-3 
mol) of 1 in 25 ml of reagent grade methylene chloride (dried over
4-A molecular sieves) was added 2.86 X 10“ 3 mol of the vinyl 
ester. The intense red solution was transferred to a thick- 
walled glass tube, which was sealed under vacuum following two 
freeze-thaw cycles in liquid nitrogen. The tube was placed in a 
60° constant-temperature bath and removed after color dis
charge to light yellow was noted. The tube was then opened 
and the contents were poured through a coarse sintered glass 
funnel into 250 ml of stirred hexane in order to precipitate any 
polymer formed. Polymer, if formed, was filtered and the filtrate 
was evaporated on a rotary evaporator, leaving nonpolymeric 
products behind. The nonpolymeric products were separated 
and purified as described below, and dried at 58° (0.03 mm) over
night before microanalysis. All nonpolymeric products were 
odorless, white, crystalline solids; the polymeric products were 
odorless, white, amorphous solids. Nmr data may be found in 
Table II.

l-Formyl-2-acetyl-4-phenyl-l,2,4-triazoline-3,5-dione (3) was
recrystallized twice from a methylene chloride-hexane solvent 
pair: yield 0.56 g (75%); mp 130-131°; ir (KBr) 2860 (w), 2750 
(w), 1800 (m), 1730 cm -' (s, b).

Anal. Calcd for C^HnNsO.: C, 55.20; H, 4.20; H, 16.09. 
Found: C, 55.34; H, 4.28; N, 15.95.

l-Acetylmethyl-2-acetyl-4-phenyl-l,2,4-tri azoline-3,5-dione
(5) was recrystallized twice from a methylene chloride-hexane 
solvent pair: yield 0.63 g (80% ); mp 107-108°; ir (KBr) 1800 
(m), 1750 (s), 1730 (s) 1720 cm r1 (s).

(8) The time required for complete disappearance of the characteristic 
red color of 1, using 2.86 X 10-3 mol of reactants in all reactions.

(9) Melting points were taken on a Thomas-Hoover melting point ap
paratus and are uncorrected. Ir spectra were taken on a Beckman IR-8 
spectrophotometer and nmr spectra on a Varian A-60A spectrometer. 
Mass spectral data were obtained using a Hitachi Perkin-Elmer RMU 
mass spectrometer and resulted in the molecular ion and reasonable crack
ing patterns for all products having analytical data. Microanalyses were 
performed by Atlantic Microlab, Inc., Atlanta, Ga.
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T a b l e  II 
N m r  D a t a 1

Notes

Il y
^ C —CH2 (A) "

N - N  «2
o = <  3 = o

T T
1

Ph

Compd Ri R 2 A Compd
3 9 .5 6  (s, 1) 2 .6 0  (s, 3 ) 4 .8 0  (s, 2 ) 11
5 2 .1 0  (s, 3) 2 .5 2  (s, 3 ) 4 .7 8  (s, 2 ) 14
8 9 .6 0  (s, 1) 4 .9 7  (s, 2 ) 4 .7 2  (s, 2 )

10 9 .6 6  (s) b 4 .7 8  (s ) 17
13 9 .5 7  (s, 1) 4 .1 5  (m , 1) 

1 .2 5  (d , 6 )
4 .7 9  (s, 2 )

16 9 .5 3  (s, 1) 1 .3 7  (s, 9 ) 4 .6 3  (s, 2 )

R Ha Hb Ha J  AB J a x J  BX
b 4 .2 0 e (m ) 6 .1 9  (m )

2 .6 4  (d , 6) 
2 .2 3  (d , 6)

4 .5 8  (q , 1) 4 .2 9  (q , 1) 6 .5 6  (q , 1) 10 6 5

1 .2 0  (s, 9) 4 .6 0  (q , 1) 4 .2 7  (q , 1) 6 .4 9  (q , 1) 10 6 5

°  In  ch loroform -di w ith  1 %  T M S  as internai standard. Values reported  in S units. A -P h en y l proton s appeared in th e  S 7 .4 1 -7 .5 0  
region for all com pou nds. A bbrev iations used are s, singlet; d, d ou b let; q, quartet; m , m ultiplet. b C om plex  m ultip let absorption  
in  th e 5 7 .2 -7 .8  region  was observed  for the tw o  ph eny l groups. c C om plex absorption  pattern  fo r  b o th  protons.

Anal. C a lcd  for C 13H I3N 30 4: C , 56 .73 ; H , 4 .7 6 ; N , 15.27. 
F ou n d : C , 56 .83 ; H , 4 .8 0 ; N , 15.33.

l-Formylmethyl-2-chloroacetyl-4-phenyl-l,2,4-triazoline-3,5- 
dione (8) precip itated  u pon  pou rin g the reaction  m ixture in to  
250 m l o f  stirred hexane. N m r spectra  o f  th e crude m aterial 
indicated no p o ly m er form ation . P u rification  w as effected  b y  
tw ice recrystallizing the crude p rod u ct from  h exan e-m eth y len e  
ch loride: y ie ld  0 .80  g (9 5 % ); m p 1 5 7 -1 5 8 °; ir (K B r ) 2880 (w ), 
2745 (w ), 1810 (s ), 1760-1710 c m “ 1 (s, b ) .

Anal. C a lcd  for C i2H 10C1N3O4: C , 4 8 .91 ; H , 3 .4 2 ; N , 
14.26. F ou n d : C , 4 9 .0 0 ; H , 3 .5 8 ; N , 14.20.

Separation  o f  l-formylmethyl-2-benzoyloxy-4-phenyl-l,2,4-tri- 
azoline-3,5-dione (10 ) and 3-phenyl-6-benzoyloxy-l,3,5-triazabi- 
cyclo[3.2.0]hepta-2,4-dione (11 ) has n ot y e t  been ach ieved , and 
their structural assignm ents h ave been ten tatively  m ade based on 
the nm r spectrum  o f  the m ixture, to ta l y ield  0.11 g (1 3 % ).

1-F ormylmethyl-2- (2-methylpropionyl)-4-phenyl-1,2,4-triazo- 
line-3,5-dione (13) and 3-phenyl-6-(2-methylpropionyloxy)-
l,3,5-triazabicyclo[3.2.0]hepta-2,4-dione (14) appeared as an oil 
after evaporation  o f  the solven t. T h e  m ixture w as d issolved in 
the m inim um  am ou nt o f m ethylene ch loride necessary to  a tta in  
solution  fo llow ed  b y  add ition  o f  th e m inim um  am ou n t o f hexane 
necessary to  cause slight cloudiness. T h e  solu tion  w as allow ed 
to  stand a t room  tem perature for 2 -3  days, resulting in fra c
tional crystallization  (14 precip itated  first) o f  the solids. T h e  
procedure was repeated several tim es in order to  ob ta in  pure 
sam ples o f  each  prod u ct.

D a ta  for 13 fo llow : y ield  0 .50  g (6 0 % ) ; m p  1 0 0 -1 0 1 ° ; ir 
(K B r) 2870 (w ), 2750 (w‘), 1800 (m ), 1735 (s, b ) ,  1720 c m “ 1 (s, 
shou lder).

Anal. C a lcd  fo r  C i4H 15N 30 4: C , 58 .13 ; H , 5 .23 ; N , 14.53. 
F ou n d : C , 58 .29 ; H , 5 .36 ; N , 14.45.

D a ta  fo r  14 fo llow : y ie ld  0 .50  g  (6 .3 % ) ;  m p  1 6 3 -1 6 4 °; ir 
(K B r ) 1780 (m ), 1755 (s ) , 1720 c m “ 1 (s ).

Anal. C a lcd  fo r  C 14H 15N 30 4: C , 58 .13 ; H , 5 .2 3 ; N , 14.53. 
F ou n d : C , 5 8 .00 ; H , 5 .31 ; N , 14.36.

1-F ormylmethyl-2- (2,2 '-dimethylpropionyl )-4-phenyl-1,2,4-tri- 
azoline-3,5-dione (16) and 3-phenyl-6-(2,2'-dimethylpropi- 
onyl)-l,3,5-triazabicylo[3.2.0]hepta-2,4 dione (17) were purified 
using the sam e procedure em p loyed  fo r  13 and 14, substitu tin g 
h exan e-eth er as the solven t pair.

D a ta  fo r  16 fo llow : y ie ld  0 .31 g (3 6 % ) ; m p 1 3 5 -1 3 6 °; ir (K B r ) 
2880 (w ), 2740 (w ), 1780 (m ), 1740 (s ), 1720 (s ), 1700 cm “ 1 (s ).

Anal. C a lcd  fo r  C ,5H „ N 30 4: C , 59 .40 ; H , 5 .65 ; N , 13.85. 
F ou n d : C , 5 9 .30 ; H , 5 .79 ; N , 13.69.

D a ta  for 17 fo llow : y ie ld  0 .30  g  (3 6 % ) ; m p  1 7 1 -1 7 2 °; ir
(K B r ) 1780 (m ), 1750 (s ) , 1725 cm “ 1 (s).

Anal. C a lcd  fo r  C i5H 17N 30 4: C , 5 9 .40 ; H , 5 .65 ; N , 13.85. 
F ou n d : C , 59 .18 ; H , 5 .7 0 ; N , 13.89.

V in yl tr iflu oroacetate  (18) was allow ed to  stand w ith  1 for  
96 hr at 6 0 ° . A pp roxim ate ly  8 0 %  o f 1 w as recovered  unreacted 
a long w ith  1 0 %  o f a tan  solid , w hich  appeared to  b e  an  oligom eric 
d ecom p ositon  product o f 1.

Registry No.—3, 33981-32-7; 5, 34050-55-0; 8 , 
33981-33-8; 10, 34050-56-1; 11, 33981-34-9; 13, 
33981-35-0; 14, 33981-36-1; 16, 34050-57-2; 17, 
33981-37-2.
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Intramolecular Catalysis in the Aminolysis 
of Thiol Esters

G e o r g e  J. K a s p e r e k 1 a n d  T h o m a s  C. B r u i c e * 2

Department of Chemistry, University of California,
Santa Barbara, California 93106

Received October 5, 1971

Although the aminolysis of esters has received con
siderable study, only one example of intramolecular 
amine-catalyzed aminolysis in water has been reported.3 
We report here the first example of intramolecular 
amine-catalyzed aminolysis of a thiol ester in water.
2-Pyridyl thiolacetate (la) was chosen as the thiol ester

H-.__.-C—ONr \
Rx l CH3 

R
la

because the pyridyl nitrogen is in a favorable geometric 
position to act as a general base and because thiol esters 
of 2-thiopyridone have an unusually high reactivity in

(1) Postdoctoral Fellow of the National Institutes of Health, 1969- 
present.

(2) T o  whom inquiries should be addressed.
(3) (a) T . C. Bruice and S. M . Felton, J . A m er . C h em . S o c ., 91, 2799 

(1969); (b) S. M . Felton and T . C. Bruice, ib id ., 91, 6721 (1969).
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- z  -I 0 1 2 3
log kn (I. mole-1 sec-')

4 —Pyridyl thiolacetate

Figure 1.— A  p lo t o f the log  o f  the second -order rate constants 
(kn) for  the reaction  o f bases w ith  2 -p yrid y l th iolacetate vs. the 
sam e fu n ction  fo r  4 -p yrid y l th iolacetate.

peptide synthesis.4 The second-order rate constants 
(fc [B ] [E ]) for the reaction of hydroxide ion and a series 
of primary, secondary, and tertiary amines with la and
4- pyridyl thiolacetate (lb) were obtained. Log k n for 
the reaction of la is plotted vs. log kn for lb in Figure 1. 
This plotting technique is a means of comparing nucleo- 
philicities which normalizes scattering of points due to 
steric effects, electronic effects, etc.5 In this case it 
compares the nucleophilicity of a series of nucleophiles 
toward la and lb. lb was chosen for comparison be
cause it is structurally similar to la but the pyridyl 
nitrogen is too distant from the reaction site to be in
volved in catalysis. Inspection of Figure 1 reveals 
that the nucleophiles fall on two distinct lines. Hy
droxide ion and the tertiary amines fit a line of slope 1, 
while the primary and secondary amines fit a line of 
slope 0.8. The slopes in plots of this nature are related 
to the Brpnsted /3 coefficient; i.e., a slope of 1.0 indicates 
that the 8 is the same for both esters and a slope differ
ent from 1 indicates that the /? values are different for 
the two esters. Thus, the plot shown in Figure 1 in
dicates that the mechanism associated with the tertiary 
amines and hydroxide ion is the same for both thiol 
esters, while the mechanisms of the reaction of the 
primary and secondary amines appear different for 
each thiol ester. The reaction of hydroxide ion and 
the tertiary amines with both thiol esters must proceed 
via nucleophilic attack at the carbonyl group, lb reacts 
with the primary and secondary amines by the same 
mechanism as the tertiary amines, while the reactivity 
of the primary and secondary amines is enhanced over 
the tertiary amines for la. This enhanced reactivity 
of amines containing dissociable protons can be at
tributed to intramolecular general base assistance. 
The intramolecular general base mechanism could in
volve the pyridyl nitrogen with a transition state as 
pictured in la or it could involve the sulfur after a rapid
5- to IV-acyl shift with a transition state as shown in
lb. The mechanism involving sulfur as a general base 
is ruled out because the basicity of the sulfur is ex
tremely low,6 negating its role as a general base cata

(4) K. Lloyd and G. T. Young, C h em . C o m m u n ., 1400 (1968).
(5) M. J. Gregor and T. C. Bruice, J . A m e r . C h em . S o c ., 89, 2121 (1967).
(6) R . A. Jones and A. R . Katritzky [J . C h em . S o c ., 3610 (1958)] report

the pjfiTa of 2-thiopyridone to be —1.38.

Figure 2 .— A  p lo t o f  the log  o f the second-order rate constant 
(kn) for the reaction  of bases w ith  phenyl p icolinate vs. phenyl 
ison icotin ate . T h e  data for  h ydrox ide ion  and hydrazines are 
from  ref 3b.

lyst. Thus the preferred mechanism for the intramo
lecular general base catalyzed reaction of the primary 
and secondary amines with la is the one involving pro
ton removal by the pyridyl nitrogen.

Phenyl picolinate (2a) was examined by this same 
plotting technique in an attempt to find a further ex
ample of intramolecular amine-catalyzed aminolysis 
of an ester in water. The logarithms of the second- 
order rate constants for the reaction of 2 a and phenyl 
isonicotinate (2 b) with a primary amine, a secondary 
amine, and hydroxide are plotted in Figure 2. Figure 
2 shows that all points lie on a line of slope 1.1. This 
indicates that the amines react via the same mechanism 
as hydroxide ion with both esters. Since hydroxide ion 
cannot react via an intramolecular mechanism, it follows 
that the reaction of the amines with 2 a is not proceeding 
via an intramolecular amine-catalyzed mechanism. 
Thus, Bruice and Felton’s previous suggestion3b that 
the pyridyl nitrogen cannot get close enough to the in
coming amine to remove a proton is probably correct.

Experimental Section

Materials.— T h e am ines or th eir hydroch lorides were purified  
as described elsew here.35 2 -P yrid y l th iolacetate. (la),7 phenyl 
p icolinate  (2b),35 and phenyl ison icotin ate  ( I I b ) 3b were prepared 
accord ing to  literature procedures.

4-Pyridinium Thiolacetate Hydrochloride.— T o  5.56  g (0.05 
m ol) o f  4 -m ercaptopyrid in e dissolved in 600 m l o f acetone a 
slight m olar excess o f acety l ch loride was add ed . A fter several 
m inutes yellow  crystals form ed . T h e  reaction  m ixture was al
low ed  to  stand at room  tem perature for 30 m in  and then the 
yellow  crystals were filtered off and recrystallized from  aceton i
trile: m elting p o in t cou ld  n ot be determ ined because the salt 
decom posed  on  heating; ir (K B r ) 1710 ( C = 0 ) .  C a lcd  for C 7H 8- 
NOSC1: C , 4 4 .32 ; H , 4 .26 ; S , 16.90. F ou n d : C , 44 .16 ; H ,
4 .0 6 ; S , 16.76.

Kinetics.— R eaction  rates were determ ined spectroph otom et- 
rica lly  in w ater at 30° b y  a p rev iously  published p roced u re .35 
T h e  ion ic strength  was m aintained at 1 M  b y  adding KC1. 
T h e  change in  absorbance was fo llow ed  at 324, 342, 290, and 
240 nm  fo r  la, lb, 2a, and 2b, respectively .

Registry No.—4-Pyridinium thiolacetate hydrochlo
ride, 34224-19-6.
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(7) H. Kato, K . Tanaka, and M . Ohta, B u ll . C h em . S oc . J a p .,  39, 1248 
(1966).
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We wish to report the new chemiluminescent reac
tion1 of tetrachloroethylene carbonate (lb) with hydro
gen peroxide in the presence of a fluorescer. As shown 
in expt 1 of Table I, a quantum efficiency of 0.98% was

T able I
Chemiluminescence of lb , 4, and S“ '6

Expt
Compd,

M

H2O2,
M

Quantum
yield,

102 einstein 
mol-1

Lifetime,c 
T z/4, 

min
1 lb ,  0 .0 3 0 .0 7 0 .9 8 8 9 .2
2 lb ,  0 .0 3 0 .0 3 0 .8 5 17 3 .7
3 lb ,  0 .1 0 0 .2 3 0 .2 1 4 1 2 .5
4 4, 0 .0 3 0 .0 7 0 .8 9 16 2 .8
5 5a, 0 .1 0 0 .2 5 0 .0 4 8 0 .6
6 5b, 0 .0 3 0 .3 7 0 .7 5 12 4 .6
7 lb , 0 .0 4 b 4 .9 2 41 9 .6
8" lb ,  0 .0 4 b 4 .9 2 108 9 .1
9 ' lb ,  0 .0 4 b 6 .4 9 65 1 3 .0

10 lb , 0 .1 0 b 2 .2 9 46 2 4 .2
11 lb , 1 .0 b 0 .1 9 10 6 8 .3
12 4, 0 .0 4 b 3 .4 0 94 2 .2
13 4, 0 .1 0 b 2 .3 0 147 4 .3
14 5b, 0 .0 3 b 20 0 .6

°  R ea ction  o f  ester, 9 8 %  H 20 2, and 2.3 X  10 " 3 M  9,10-bis-
(phenylethynyl)anthracene (B P E A ) in 7 5 %  eth yl ben zoate  and 
2 5 %  iert-butyl alcohol. b H etergeneous reaction  o f  three parts 
(b y  v o lu m e) ester and 4 X  10 -3 M  B P E A  w ith  one p art 3 0 %  
aqueous H 2O2. c T im e  required fo r  em ission  o f  7 5 %  o f  to ta l 
light. d M axim um  in ten sity  in  foot-la m b erts  c m -1 . e In itial 
con centration  o f  B P E A  was 1.3 X  10 -3 M. A fter  60 m in o f re
action  tim e m ore B P E A  was added to  m ake final con centration  
4 X  1 0 -3 M. t S olvent for lb  and B P E A  was d ieth y l carbonate.

obtained when 0.03 M  lb was allowed to react with 98% 
H20 2 in a solution of 75% ethyl benzoate and 25% tert- 
butyl alcohol which contained 3 X 10-3 M  9,10-bis- 
(phenylethynyl)anthracene (BPEA).2 Moreover, in a 
two-phase system in which a solution of lb and BPEA 
in diethyl carbonate was stirred with 30% aqueous 
H 2O 2 (expt 9), a chemiluminescence efficiency of 6.5% 
was measured. Thus, in a homogeneous system the 
chemiluminescence efficiency of lb is comparable with 
the 1% reported for electronegatively substituted ox- 
amides3 and the well-studied reaction of luminol with 
hydrogen peroxide.4 5 Under the best conditions, how
ever, the reaction of lb with H20 2 is the most efficient 
nonbiological chemiluminescent reaction reported, with 
the exception of certain diaryl oxalates (8% at 0.03 
M).b

(1) The emitting species is the first excited singlet state of the fluorescer, 
since the chemiluminescence emission spectrum matched the fluorescence 
emission curve in each reaction reported here.

(2) D . R . Maulding and B. G. Roberts, J . O rg. C h em ., 34, 1734 (1969).
(3) D . R . Maulding, R . A. Clarke, B. G. Roberts, and M . M . Rauhut, 

ib id ., 33, 250 (1968).
(4) Karl-Dietrich Gundermann, "Chemilumineszenz organischer Ver- 

bindungen,”  Springer-Verlag, W est Berlin and Heidelberg, 1968, p 63.
(5) M . M . Rauhut, A c c o u n ts  C h em . R es ., 80 (1969).

O CIO

:i

The related chlorinated ethylenedioxy derivatives la, 
2, and 3, and esters 4 and 5 which were prepared from 
lb also produced light when allowed to react with H20 2 
in the presence of BPEA. In 75% ethyl benzoate and 
25%. ierf-butyl alcohol the chemiluminescence efficiencies 
of dichlorovinylene carbonate (4) and ester 5b were
0. 75-0.89%, and in a heterogeneous system the effi
ciency of 4 was 3.4% (see expt 4, 6, and 12). Maximum 
intensities of only 0.3-0.5 foot-lamberts cm-1 and life
times of 4-18 min could be obtained with dichloroethyl- 
ene carbonate (la), perchloro-l,3-dioxolane (2), and 
perchloro-l,4-benzodioxane (3) in 75% ethyl benzoate 
and 25% 3-methyl-3-pentanol, although in a two-phase 
system 3 did provide light for 1 hr (maximum intensity,
2.3 foot-lamberts cm-1). It is therefore apparent from 
these experiments that the carbonyl and tetrachloro- 
ethylenedioxy groups in lb are required for efficient 
chemiluminescence.

A comparison of expt 1, 3, 7, 10, and 11 in Table I 
indicates that the chemiluminescence efficiency of lb is 
reduced at higher ester concentration. At least part of 
the quenching is due to the decomposition of fluorescer, 
since in 0.10 M  lb systems unreacted carbonate was 
still present when BPEA fluorescence could no longer 
be detected by irradiation of the reaction solution with 
uv light. Other fluorescers such as 9,10-diphenyl- 
anthracene, rubrene, and perylene were similarly de
stroyed in the reaction of lb with H20 2. The develop
ment of a highly acidic medium resulting from by-prod
uct hydrogen chloride may contribute to concentration 
quenching, since a similar effect is observed in the 
chemiluminescent reaction of oxalyl chloride and hydro
gen peroxide.6 The use of weak bases, however, such 
as sodium acetate, sodium bicarbonate and sodium 
carbonate, or a phosphate buffer in the 30% aqueous 
peroxide solution gave no appreciable enhancement of 
light output.

The existence of a long-lived intermediate is indicated 
by a comparison of the results of expt 7 and 8 in Table
1, which are also illustrated in Figure I. In expt 7 the 
concentration of BPEA at the beginning of the reaction 
was 4 X 10-3 M and was sufficient to maintain con
tinuous emission. In expt 8 the initial concentration of 
BPEA was 1.3 X 10-3 M and no light was detected 
after 22 min. Additional BPEA was added after 60

(6) M. M. Rauhut, B. G. Roberts, and A. M. Serasel, J. Amer. Chem. Soc.,
88, 3604 (1966).
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Figure 1.— P lot o f the in ten sity-tim e values obta in ed  in exp t 7 and 8 described in T ab le  I . T h e  d ecay  curve fo r  exp t 7 is represented b y
(• — • )  and the curve for  exp t 8 b y  ( X — X ) .

min of reaction time, so that the final concentration of 
fluorescer was 4 X 10-3 M . Even though the emission 
of light in expt 8 was interrupted, the quantum yields of 
the two reactions are similar.

0  Cl 0
Il I II

HOOC— OC— COOH

Cl
7

0 0 
Il II

HOC— COOH 
8

0 O
II »

HOOC— COOH 
9

O*

0-----0
10

By analogy with the reaction of lb with methanol,7 
initial attack at the carbonyl is expected in the chemi
luminescent reaction of lb with H20 2, rather than dis
placement of a gm-dichloromethyl group. Thus the 
cyclic peroxide 6 and the diperoxy acid 7 may be key 
intermediates, although further reaction of 6 or 7 with 
30% or 98% H20 2 to give monoperoxyoxalic acid (8), 
diperoxy oxalic acid (9), or 1,2-dioxetanedione (10), 
which have been proposed as intermediates in peroxy- 
oxalate chemiluminescence,6 presently can not be ruled 
out.

rovinylene carbonate (4),9 and the d ich lorog lycolates 5a and 
5b7 were prepared b y  the reported procedures.

Hexachloro-l,3-dioxolane (2 ).— C hlorine was bu bb led  in to a 
refluxing solution o f 7 .4  g (0 .10  m ol) o f  1,3 -d ioxolane and 100 m l 
o f carbon  tetrach loride, w hile the solution  was irradiated w ith  a 
H an ov ia  100-W  lam p (P yrex  filter) until a yellow -green  color 
persisted. T h e  solvent was rem oved  b y  evaporation  and the re
sulting oil was distilled tw ice, b p  78° (5  m m ). T h e  yie ld  o f the 
colorless p rod u ct was 3 8 % ; ir 1010 c m -1 ; n m r, no peaks; mass 
spectrum  m/e 243 (M  — C l) .

Anal. C a lcd  for C 3C160 2: C , 12.81; C l, 75 .80 . F o u n d : C , 
13.15; C l, 75.62.

Octachloro-l,4-benzodioxane (3).— C hlorine was bubbled  into 
a refluxing solution o f 1.55 g  o f 5 ,6 ,7 ,8 -te tra ch loro -l,4 -b en zod i- 
oxane10 in 200 m l o f carbon  tetrach loride while the solution was 
irradiated w ith  a H an ov ia  100 -W  lam p (P yrex  filter) until a 
yellow -green  color persisted. E vap oration  of so lven t gave 2 .2  g 
(9 5 % ) o f colorless solid , m p  1 2 8 -1 3 0 °.

Anal. C a lcd  for C 8C180 2: C , 23 .30 ; C l, 68 .93 . F ou n d : C , 
23 .02 ; C l, 68.65 .

Chemiluminescence Emission Measurements.— Procedures 
and instrum entation  for the determ ination  o f absolute em ission 
intensities, spectra and quan tu m  y ields have been described 
p rev iou s ly .11 T h e  chem ilum inescent reactions were in itiated 
b y  in jecting  an a liquot o f s tock  h ydrogen  peroxide solution  from  
an all-glass syringe in to solutions o f the ch lorinated ethyl- 
en edioxy derivative and fluorescer in  a stirred 3-m l circular 
cu vette  attached to  a spectroradiom eter. T h e  data  from  the 
radiom eter was converted to  foot-la m b erts  c m -1 b y  a Scientific 
D a ta  925 com puter program m ed w ith  the calibration  data.

Registry No.— lb, 22432-68-4; 2, 34288-86-3; 3,
34288-87-4; 4, 17994-23-9; 5a, 33619-75-9; 5b,
33661-49-3.

Experimental Section

In  the chem ilum inescence experim ents 1 ,2 -d ich loroethylene 
carbonate supplied b y  J . T .  Baker C h em ica l C o . w as used w ith 
ou t purification . T etrach loroeth ylen e carbon ate  (lb ) , 8 * dich lo-

(7) D. R . Maulding, S y n th es is , 480 (1971).
(8) E. K. Ellinghoe and L. R . M elby (to Du Pont), U. S. Patent, 2,816,287

(1957); C h em . A b str ., 52, 12899 (1958).
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Thermal dimerization of olefins using transition 
metal complexes as catalysts have been investigated 
extensively,3 but little attention has been focused on 
the analogous photochemical reactions.4 As a result, 
few comparisons have been made between the two 
excitation processes. In this communication a com
parison is made between thermal excitation and photo
chemical excitation on the Ni(CO)4-catalyzed dimer
ization of norbornadiene. A structure is unambigu
ously established for one of the pseudo-Diels-Alder 
dimers from the photoreaction, and the effect of a 
cyclopropane ring on the nmr spectra of this pseudo 
Diels-Alder dimer is discussed.

Previous investigators3“”* have shown that cyclo
butane dimers I and II (Figure 1) are formed from the 
thermal reaction of Ni(CO)4 and norbornadiene. 
Repetition of the thermal work in neat norbornadiene 
at 85° confirmed the above conclusions and we would 
simply add that the ratio of dimers I and II is 3:1, 
respectively.

Photochemical excitation using a Hanovia 450-W 
mercury lamp equipped with a Pyrex filter, cooling 
jacket, and “ merry-go-round”  sample holder gave two 
pseudo-Diels-Alder dimers having the general structure 
III (Figure 1). These two compounds were shown by

gc and nmr to be identical with compounds previously 
prepared by Katz3f-! and Greco6 through other pro
cesses. While Katz3i has suggested a structure for one 
of these dimers, we felt that a single-crystal X-ray 
structure analysis would accomplish two things. It 
would establish unambiguously the stereochemistry of

(1) B icyclo(2.2.1 ]hepta-2,5-diene.
(2) For the first paper in this area, see W. Jennings and B. Hill, J .  A m er .  

C h em . S o c ., 92, 3199 (1970).
(3) (a) R . Pettit, ib id ., 81, 1266 (1959); (b) C. W . Bird, D . L. Colinese, 

R . C . Cookson, J. Hudec, and R . O. Williams, T etra h ed ron  L ett., N o . 11, 
373 (1961); (c) D . M . Lemal and K . S. Shim, ib id ., 368 (1961); (d) L. G. 
Cannell, ib id ., 5967 (1966); (e) D . R. Arnold, D . J. Trecker, and E. B. 
Whipple, J . A m e r . C h em . S o c ., 87, 2596 (1965) ; (f) T . J. Katz, J. C. Carnahan, 
Jr., and R . Boecke, J . O rg. C h em ., 32, 1301 (1967); (g) F. W. Hoover and 
R . V. Lindsey, Jr., ib id ., 34, 3051 (1969); (h) P. W . Jolly and F. G. A. 
Stone, J . C h em . S o c ., 6416 (1965); (i) T . J. Katz and N. Acton, T etrah ed ron  
L ett ., 2601 (1967).

(4) (a) An excellent review article on the subject was written by G . N. 
Schrauzer, A d v a n . C a ta l., 18, 373 (1968); (b) D. J. Trecker, R . S. Foote, 
J. P. Henry, and J. E. McKean, J .  A m e r . C h em . S o c ., 88, 3021 (1966); (c) 
D . J. Trecker, et a l., ib id ., 87, 3261 (1965).

(5) A. Greco, et a l., J .  O rg. C h em ., 35, 271 (1970).

Figure 2.

Figure 3.

one of the four possible dimer isomers which are 
discussed below. Furthermore, we could correlate the 
actual structure with its nmr spectrum which appeared 
to possess some useful information regarding cyclo
propane interaction. We were able to show by nmr 
that no interconversion of cyclobutane and Diels- 
Alder dimers occurs under reaction conditions.

The above observations suggest that Ni(CO)4 has 
the unusual ability to produce cyclobutane dimers 
thermally and pseudo-Diels-Alder dimers photo- 
chemically with norbornadiene. It is our feeling that 
both processes are thermal, but in the photochemical 
reaction a different catalytic species is being generated. 
Another compound, Co(CO)3NO, has been shown to 
yield cyclobutane and pseudo-Diels-Alder dimers3h 
under thermal excitation, only which suggests that the 
necessary element for Diels-Alder formation is the 
loss of three ligands. Perhaps in the Ni(CO)4 reaction 
light is necessary to remove the third carbon monoxide 
moiety. Further mechanistic investigations are con
tinuing.

Stereochemical Assignments.—There are four possi
ble isomers of the general structure III (Figure 2). 
Prior to this investigation structures IV and V had been 
assigned their stereochemistry,3f but VI and VII which 
were obtained from the Ni(CO)4 reaction had not been 
assigned unambiguously. To ascertain isomer iden
tities, the silver nitrate complex of VI6 was prepared 
and subjected to X-ray crystallographic analysis. The 
results are shown in Figure 3.

This evidence combined with previous work estab
lishes the stereochemistry for three of the four possible

(6) This major product isomer is the one labeled “ predominant isomer”  
by M rowca and K atz.«



Notes

Figure 4 .— N m r spectra  o f  isom er V I :  (a ) nondecoupled
spectra ; (b )  the Hy p roton  decoupled  from  th e Hj p roton  w hich  is 
n ow  observed  as a resolved tr ip let;* '10 (c )  th e Hj p roton  is de
coupled  from  th e Hi p roton .

isomers of III. Since the fourth isomer7 has similar ir 
and nmr spectra (Figure 4a and 5a) it is quite reason
ably assigned to isomer VII.

Nmr Correlation.—While the X-ray analysis leaves 
little doubt as to the nature of isomer VI, it affords a 
unique opportunity for comparison between the 
structure and nmr spectrum. One distinct difference 
between isomers VI and VII (Figure 2) is the relative 
positions of the H j  protons with respect to the cyclo
propane ring in the other nortricyclene moiety. We 
reasoned that either the H ,  or H j  proton would be 
affected by the adjacent cyclopropane ring in VI, but un
affected in isomer VII. Furthermore, the effect might 
add evidence as to the nature of a ring current in cyclo- 
propanes. The H j  and H j  bridge protons (Figure 6) 
can be characterized as an A X  quartet with a coupling 
constant of « 1 0  cps. By decoupling the Hx from 
H i  protons, we were able to determine signals belonging 
to H ;  and H j .  Furthermore, the H y protons are long 
range coupled to the H j  ones8-10 and, thus, decoupling 
further facilitated the peak assignments for H j  and H ,

(7) This minor product isomer is identical with that of Figure le  of 
Greco.6

(8) (a) E. I. Snyder and B. Franzus, J . A m er. Chem. Soc., 86 , 1166 (1964); 
(b) Franzus, et. al.f ib id ., 90, 3721 (1968); (c) A. P. Marchaid and J. E. 
Rose, ib id ., 90, 3724 (1968).

(9) This proton is coupled only weakly to the Hy one but exists as a triplet 
on decoupling because it is coupled to the two bridgehead protons (H x).

(10) When the Hy protons are irradiated, the upheld Hj proton is un
affected.
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Figure 5.— N m r spectra  o f  isom er V I I :  (a ) n ondecoupled
spectra ; (b )  th e H,- proton s are decoupled  from  the Hj proton  
w hich  now  show s on ly  part o f  its  tr ip le t ;9.10 (c )  the H, proton s 
are decoupled  from  th e Hi and Hj p roton s  w hich  are collapsing 
tow ard  doublets.

T a b l e  I
/----Nmr (DCCh), ppm-----•

Isomer Hj Hj Difference
V I 2 .4 3 1 .1 5 1 .2 8
V II 1 .8 0 1 .1 7 0 .6 3

(Table I). The doublets of the quartet are sufficiently 
separated for individual proton assignment. Portions 
of the decoupled spectra of isomers VI and VII are 
shown in Figures 4 and 5.

As suspected from the structures, the cyclopropyl ring 
is apparently deshielding the Hj proton in isomer VI 
and not in isomer VII. One cannot attribute these 
differences in chemical shift for the Hj proton in VI 
and VII to ring strain variation because the Hj proton 
would also be altered. A closer look at the crystal 
structure of VI (Figure 3) reveals that Hj lies 2.34 ±
0.04 A from the cyclopropyl carbon-carbon bond and
0.61 A above the projected equatorial plane of the 
cyclopropyl ring. Thus, it is clear that a proton in the 
equatorial plane of a cyclopropyl ring will experience 
a downfield shift suggestive of a ring current. These 
conclusions on cyclopropvl ring effects are in agreement 
with those proposed by Roberts.11 The nmr assign-

(11) D. J. Patel, M. E. H. Howden, and J. D. Roberts, J . Amer. Chem.
Soc., 85, 3218 (1963).
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ments are analogous to the work of Franzus8 whose 
studies characterized this type of ring system.

We may conclude that Ni(CO)4 is a unique catalyst 
having the ability to produce different types of nor- 
bornadiene dimers as a function of the type of excita
tion. Furthermore, all four Diels-Alder dimers struc
tures are now firmly assigned and nmr interpretation 
of these types of structures is somewhat facilitated. 
Ring current effects in cyclopropane are implicated in 
deshielding an equatorial proton.

E xperim ental Section

G en era l.— T h e nm r spectra were obta in ed  from  a V arian  A -60 
spectrom eter w hile all th e spin decoupling was done on  a V arian  
H A -60  spectrom eter. G as ch rom atograph y in form ation  w as de
term ined b y  a V arian  A erograph  M od e l 1740, and preparative 
separations were done on  an A erograph  A u toprep  M od e l A -700 . 
A  V arian  C H -5  mass spectrom eter w ith  a gas ch rom atograph  
attached  w as used fo r  m ass spectral data . N orbornadiene w as 
purchased from  F rin ton , purified (accord in g to  gc  analysis) b y  
recrystallizing th e A g N 0 3 com plex o f  it  in  eth an ol, and re
covered  b y  therm al decom position  under vacu u m . T h e  N i(C O )4 
(to x ic ), obta in ed  from  M ath eson , w as distilled on ce prior to  
use.

T h erm al R ea ction .— T o  8 .5  m l o f  n orbornadiene (7 .73  g ,
83 .9  m m ol) under oxygen -scrubbed  N 2 in  a flask fitted  w ith  
reflux condenser and H g  bu bbler w as added N i(C O )4 (0 .145  g , 
0.849 m m ol). T h e  solu tion  w as brou gh t to  reflux (8 5 -8 7 ° )  and 
held  there for 6 .5  hr. A nalysis b y  ge (6 -ft co lu m n , 5 %  SE -30 
on  G as-C h rom  Z , 100 -120  m esh ) show ed tw o dim er peaks in  the 
ratio (peak heights) o f  3 :1 .  T h e  dim ers (3.17 g , 17.2 m m ol) 
con stitu ting  a 4 1 %  conversion  o f norbornadiene [20 3 0 %  yie ld  
based on  N i(C O )4] w ere rem oved  from  solution  b y  d istillation  
under vacu u m . C om parison  o f  the nm r spectrum  o f the m ixture 
w ith  those o f dim ers I  and I I  reported in  the literatureSe p roved  
their id en tity . T h e  integration  o f the olefin p ro ton  peaks in  the 
nm r spectrum  also show ed a relative ratio  o f  3 :1  I : I I .

P h otoch em ica l R ea ction .— U nder vacu u m  (< 0 .0 1 5  m m ) 
purified norbornadiene w as transferred in to  a ca librated flask and
8 .5  m l (7.73 g , 83.9 m m ol) w as transferred in to  a V y cor  tube 
(10-m m  i .d . ,  20 -cm  len gth ). N i(C O )4 (0.145 g , 0.849 m m ol) was 
added to  the norbornadiene via syringe through  a septum  above  
the tube w hich  was then sealed under vacu um  and irradiated for
4 .5  days in  a “ m erry-go-rou n d”  tube holder b y  a H an ovia  
450 -W  H g lam p in a quartz, w ater-cooled  ja ck et . F rom  gc 
analysis (6 -ft co lu m n , 5 %  SE -30 on  G as-C h rom  Z , 100-120  
m esh; 6 -ft colu m n , 2 0 %  C arbow ax 2 0 M  on  C h rom osorb  W , 
8 0 -1 0 0  m esh ) th e contents o f the tu be  w ere foun d  to  contain  
dim ers, 9 0 %  o f w hich  w ere the tw o  p seu d o-D ie ls -A ld er dim ers 
(peak height ratio  o f 2 :1 ) .  A lso d etected  were a  trace o f C O  
insertion p rod u ct (parent peak  in  mass spectrum  at m/e 212) and 
som e trim er (parent peak  a t m/e 2 7 6 ). Separation  o f  the products 
b y  vacu u m  distillation  produced  0.876 g (4 .75  m m ol) o f  dim ers 
[1 1 %  conversion  o f  norbornadiene or 5 5 9 %  yie ld  based on  N i- 
(C O )4[ and 43 m g (0.156 m m ol) o f  trim er. T h e  dim ers were 
separated on  a 2 0 -ft co lu m n , 2 0 %  C arbow ax 2 0 M  on  C h rom osorb  
W , 8 0 -1 0 0  m esh, 190°. T h e  nm r spectrum  o f  the original m ix
ture o f dim ers (ratio o f  olefin p ro ton  integrations w as 2 : 1 V I :  V I I )  
was the sam e as the com bin ation  o f th e nm r spectrum  o f  each  o f 
the com pon ents. W h en  P y rex  and quartz tubes w ere used 
rather than V y cor , b o th  ratios and am ounts as w ell as num ber o f 
products were essentially the sam e from  g c  in form ation .

Investigation  o f In tercon version  o f D im ers .— A  m ixture o f 
p seu d o-D ie ls -A ld er dim ers (5 .15  g ) ,  the predom in ant one being 
V I ,  and N i(C O )4 (91 m g ) were heated a t 92° fo r  26 hr under 
n itrogen . An nm r spectrum  show ed th e dim er m ixture to  be un

changed. L ikew ise, a m ixture o f  dim ers I  and I I  (6 .33  g )  and 
N i(C O )4 (104 m g ) were sealed under vacu u m  and irrad iated  as 
above  for  1 w eek. T h e  nm r analysis show ed n o change in  dim er 
contents.

Silver N itra te -D im er C om plex fo r  Crystal S tructure.— T o
dim er V I  a saturated aqueous A g N 0 3 solu tion  w as added  an d  th e 
resulting w hite precip itate collected . A fter  being w ashed  w ith  
w ater th e precip itate  w as recrystallized from  absolu te  eth an ol 
and crystals w ere used fo r  structure determ ination .

X -R a y  D ata .— T his com pou nd  crystallizes in  th e m on oclin ic  
space grou p  P 2 i /c  w ith  cell dim ensions a =  17 .554(9 ) A , 6 =  
6 .9 08 (4 ) A , c =  11 .031(5 ) A , and 0  =  1 0 3 .1 0 (3 )° .

A  unique data  set w as collected  b y  th e 6-29 scan techn ique on 
a G E  X R D -5  d iffractom eter using zirconium -filtered M o  K a 
radiation. T w o  crystals were used to  collect 1181 pieces o f  da ta , 
o f  w hich  841 were foun d  to  b e  m ore th an  tw ice  th e standard 
deviation  o f the in tensity  and w ere thus considered observed . 
T h e data  w ere reduced and corrected  fo r  absorption .

T h e  structure was solved b y  th e con ven tion a l h eav y  a tom  
m ethod . H ydrogens were loca ted  from  th e difference m a p . 
T h e structure w as refined using fu ll m atrix least squares, treatin g 
hydrogen  atom s isotrop ica lly  and n onh ydrogen  atom s aniso- 
trop ica lly , to  an R va lue o f 3 .3 % .12

R egistry N o — I , 2957-68-8; II, 1624-13-1; IV, 
17926-98-6; V, 17926-99-7; VI, 18067-61-3; VII, 
33780-58-4; norbornadiene, 121-46-0; tetracarbonyl- 
nickel, 13463-39-3.
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to the donors of The Petroleum Research Fund, adminis
tered by the American Chemical Society, and Cities 
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(12) The complete X -ray  data will be published in an appropriate journal.
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We wish to report our results on the photochemical 
decomposition of l-keto-2-carbomethoxymethylene- 
benzocyclobutene ( la ) .  This keto ester is of interest 
because of its relation to the recently studied 2-methyl- 
enecyclobutanones,2 benzoeyclobutenones,3 and ben- 
zocyclobutadienequinone.4

Ultraviolet irradiation of a dilute methanol solution 
of la  gave, upon preparative tic, a 15% yield of an 
85:15 mixture of cis and trans methyl o-carbomethoxy- 
cinnamate (3 and 4, Scheme I), as the major reaction 
products. Several additional unidentified minor com
ponents were also obtained in a combined yield of 6%. 
The remainder of the material remained at the origin of 
the tic plate as a brown gum. Esters 3 and 4 were 
separated by preparative gas chromatography.

Methyl o-carbomethoxy-as-cinnamate (3) showed the 
following spectral properties: nmr 5 3.51 (s, 3 H), 3.80

(1) N D E A  Predoctoral Trainee, 1967—1970.
(2) D . R . M orton, E. Lee-Ruff, R . M . Southam, and N. J. Turro, J .  

A m e r . C h em . S o c ., 92, 4349 (1970).
(3) M . P. Cava and R. J. Spangler, ib id ., 89, 4550 (1967).
(4) H. A. Staab and J. Ipaktschi, C h em . B e r ., 101, 1457 (1968).
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(s, 3 H), 5.99 (d, 1 H, J =  12 cps), 7.20-7.64 (m, 4 H), 
7.92-8.08 (m, 1 H ); decoupling at 5 5.99 collapsed two 
peaks at 7.47 and 7.59 to a single peak at 7.53; uv Xmax 
216 nm (log 6 4.10), 284 (3.47); ir (KBr pellet) 2945, 
1729, 1717, 1635, 1482, 1434, 1394, 1297, 1268, 1199, 
1161, 1134, 1080, 821, 758, and 708 cm-1; mass spec
trum m/e (rel intensity) 220 (4), 205 (2), 189 (8), 173
(12), 161 (100), 146 (5), 145 (6), 130 (6) , 129 (7), 118
(9). Methyl o-carbomethoxy-frans-cinnamate (4) 
showed these properties: nmr 5 3.78 (s, 3 H), 3.90 (s,
3 H), 6.27 (d, 1 H, J =  16 cps), 7.24-7.64 (m, 3 H), 
7.82-8.03 (m, 1 H), 8.45 (d, 1 H , J =  16 cps); uv Xmax 
224 nm (log e 4.12), 271 (4.06); ir (KBr pellet) 2950, 
1717, 1638, 1482, 1436, 1321, 1260, 1196, 1175, 1132, 
1080, 977, 763, 719 cm-1; mass spectrum identical with 
that of cis isomer 3. These spectra are fully consistent 
with the assigned structures; furthermore trans diester
4 was identical with an authentic sample prepared by 
the method of Elvidge and Jones.5 Irradiation of a 
solution of pure 45 for 58 hr with a 350-nm light source 
smoothly yielded an S5:15 mixture of 3 and 4, identical 
with the mixture of 3 and 4 obtained upon irradiation of 
la. Keto ester la was found to be stable toward re
fluxing methanol in the dark.

Thus, the major observable photodecomposition 
pathway of la appears to be an initial ring opening to 
give the o-benzoquinone intermediate 2. By analogy 
with the photochemistry of benzocyclobutadienequi- 
none (7)4 we feel that o-quinone 2 is a likely intermedi
ate, although there is no direct proof for its existence. 
Ring opening is then followed by reaction of the in
termediate 2 with the solvent, methanol, to give the 
methyl o-carbomethoxycinnamates (3 and 4). These 
in turn are in photoequilibrium with each other (Scheme

I )  . Significantly, we did not detect any of the acetal 
6, the product to be expected if la underwent a photo
chemical ring expansion to the oxacarbene 5 in a manner 
analogous to that of numerous cyclobutanones2 and 
benzocyclobutadienequinone (7) .4

Compound 1 was synthesized by the method of Cava 
and Pohl6 from benzocyclobutadienequinone (7) and 
triphenylphosphinecarbomethoxymethylene (Scheme
II )  . However, the stereochemistry about the double 
bond of 1 was not determined by these workers. The 
heretofore unreported nmr spectrum of 1 showed a 
singlet (3 H) at 8 3.86, a singlet (1 H) at 6.16, a multi
ple! (3 H) at 7.56-7.83, and a multiplet (1 H) at 8.26- 
8.38. This spectrum is consistent with the anti isomer 
la and not the syn isomer Is, in that one of the aromatic 
protons is clearly deshielded relative to the remaining 
three. We attribute this deshielding to the proximity 
of Ha (Scheme II) to the ester carbonyl group. That this 
deshielding is not due to the proximity of Hd (Scheme
II) to the ketone carbonyl is clear from examining the 
nmr spectra o: other benzocyclobutenones. For ex
ample, the nmr spectrum of benzocyclobutenone itself 
consists of a broad aromatic multiplet centered at 8
7.33 in which the proton ortho to the carbonyl function 
is not deshielded relative to the other three aromatic 
protons. To further substantiate this conclusion, 1 
was reduced with sodium borohvdride to the alcohol 8 
(Scheme II). The infrared spectrum of 8, determined 
at several concentrations in carbon tetrachloride solu
tion, showed no evidence of intramolecular hydrogen 
bonding. This behavior is to be expected from the 
anti isomer 8a but not from the syn isomer 8s. Thus we 
are confident that 1 is of anti stereochemistry, as de
picted in la.

E xperim ental S ection

G en era l.— A  R a y on et ph otochem ica l reactor M od e l R P R - 
100 equipped w ith  a 350-nm  light source w as used for irradiations. 
Ir  spectra were determ ined w ith  a Perkin-E lm er M od e l 621 spec
trom eter. N m r spectra were determ ined w ith  a X arian H A -100  
or a Varian A -60 spectrom eter. U v  spectra were deter
m ined in m ethanol solution w ith  a Perkin-E lm er M od el 202

(5) J. A. Elvidge and D. E. H. Jones, J . Chem. Soc. C, 2059 (1967). (6) M. P. Cava and R. J. Pohl, J . Amer. Chem. Soc., 82, 5242 (1960).
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spectrom eter. M ass spectra  were determ ined w ith  a H itach i 
P erk in-E lm er R M U  6E m ass spectrom eter at 70 eV . C arbon  
and hydrogen  analyses were determ ined w ith  a P erkin-E lm er 
M od e l 240 elem ental analyzer at the U n iversity  o f Idah o.

P h oto ly sis  o f l-K e to -2 -ca rb o m e th o x y m e th y le n e b e n z o cy c lo -  
bu ten e6 ( la )  in  M eth a n ol S olu tion .— T o  a quartz vessel were 
added 139 m g  (0 .740  m m ol) o f l-k eto -2 -carbom eth oxym eth y len e- 
b en zocyclobu ten e ( la )  and 20 m l o f  m ethan ol. T h e  reaction  
vessel w as then flushed w ith  nitrogen  and the system  was closed. 
T h e  solution  was then irradiated at 350 nm  and the reaction  was 
m on itored  w ith  gas ch rom atograph y. A fter 28 hr gc show ed that 
the starting m aterial had all reacted and the irradiation was 
stop ped . T h e  m ethanol was then rem oved b y  a rotary  evap o
rator. T h e  residue was dissolved in ch loroform  and streaked on 
an 8 in. X  8 in . X  1000 y. preparative thin layer p late o f neutral 
alum ina previously  oven  dried fo r  2 hr. T h e  plate was de
velop ed  w ith  ch loroform , and the m ain band (fit  0 .7 7 ) was re
m ov ed  from  the p late and extracted w ith  several portion s o f 
ch loroform  to  give 24 m g  (0.109 m m ol, 1 5 %  y ie ld ) o f cis and 
trans m ethyl o -carbom ethoxycinnam ate (3 and 4 ). Gas 
ch rom atograph y indicated th at the c is :tran s ratio was 8 5 :1 5 . 
P u re 3 and 4 were obtained  b y  preparative gas ch rom atography 
using a 10 f t  X  V< in. 5 %  SE -30 colum n at 195°.

In  addition  to  the m ethy l o -carbom ethoxycinnam ates iso
la ted , several m inor bands were rem oved from  the thin layer 
p late  and extracted w ith  ch loroform . S olven t rem oval gave a 
tota l o f 8 m g o f m aterial w hich  was n o t characterized. T h e  re
m ainder of the m aterial rem ained as a brow n  band at the origin 
o f the thin layer plate and was also n o t characterized.

P h otoisom erization  o f  M ethyl o -C arbom ethoxy-frans-cinn a- 
m a te (4 ).— T o  a quartz nm r tu be was added 2 drops o f m ethy l o- 
carbom ethoxy-frares-cinnam ate (4 )5 follow ed  b y  several drops o f 
deuterioch loroform  w ith  1 %  tetram ethylsilane. T h e  reaction  
m ixture was then p u t under a nitrogen  atm osphere and sealed w ith  
an nm r cap . T h e  m ixture was then irradiated at 350 nm  and 
the reaction  was m onitored  w ith  nm r. A fter  58 hr b o th  nm r 
and gc analysis show ed the solution contained a m ixture o f 8 5 %  
cis cinnam ate 3 and 15 %  trans cinnam ate 4 .

P u re cis-cinnam ate (3 ) was obta in ed  b y  preparative gas 
chrom atograph y using a 10 f t  X  * /i  in . 5 %  SE -30 colum n at 
195°. R ein jection  o f a  sm all am ount o f the collected  m aterial 
indicated high ( 9 7 + % )  pu rity  and that no isom erization to  trans- 
cinnam ate (4 ) had occurred on gc.

T herm al R ea ction  of l-K eto -2 -carbom eth oxym eth y len eben - 
zocy clobu ten e  ( la )  w ith M eth an ol.— T o  a 10-m l flask equipped 
w ith  reflux condenser, dry in g  tube, m agnetic stirrer, and heat
ing m antle were added 25 m g  o f la  and 5 m l o f m ethan ol. 
A lum inum  foil w as w rapped around the reaction  flask and 
condenser to  preven t any light-induced reaction  from  occurring. 
T h e  solution  was then refluxed fo r  48 hr.

A fter  solven t rem oval, g c  analysis show ed th at the residue 
had a retention  tim e identical w ith  that o f authentic l-k e to -2 - 
carbom ethoxym ethy leneben zocyclobu ten e ( la ) .  T h e  nm r spec
trum  was also identica l w ith  th at o f authentic k eto  ester la  and, 
furtherm ore, no peaks corresponding to  either cis or trans 
m ethyl o -carbom ethoxycinnam ate (3 or 4 ) were detected .

l-H ydroxy -2 -carbom eth oxym eth y len eben zocyclobu ten e  
(8 a ).— T o  a 50 -m l flask equipped w ith  m agnetic stirrer were 
added 150 m g  (0.615 m m ol) o f l-k eto -2 -carbom eth oxym eth ylen e- 
benzocyclobu ten e ( la )  and 15 m l o f m ethan ol. T h e  solution 
was stirred at room  tem perature until la  was dissolved and then 
6 m g  (0.63 m eq ) o f sodium  b oroh ydrid e  was added to  the m ix
ture w ith  stirring. Stirring was continued for 0 .5  hr. D ilu tion  
w ith  w ater, extraction  w ith  ch loroform , dry ing , and solven t re
m ov a l gave 177 m g  (0.615 m m ol) o f crude 8a in a quantitative 
y ie ld , as a th ick , light ye llow  oil. A nalysis b y  gc  show ed that 
the crude a lcohol was 9 5 + %  pure and was contam inated w ith  a 
slight am ount o f  the k eto  ester starting m aterial. C ollection  
b y  gc  using a 10 f t  X  V ,  in . 1 0 %  SE -30 colum n at 183° gave 
8a as a ligh t yellow  v iscous liqu id  {Anal. C a lcd : C , 69.46 ; H , 
5 .30 . F ou n d : C , 69 .65 ; H , 5 .3 5 % .) :  nm r S 3.60  (s, 3 H ) ,  4 .10  
(d , 1 H , J  =  9 cps, shifted  and collapsed to  a  singlet when H + was 
a d d ed ), 5 .36 (d , 1 H , 7  =  9 cps, collapsed to  singlet w hen H + 
was a d d ed ), 5 .67 (s, 1 H ) ,  7 .1 6 -7 .3 8  (m , 3 H ) ,  7 .5 5 -7 .7 9  (m , 
1 H ) ;  m ass spectrum  m/e (rel in ten sity) 190 (4 0 ), 175 (43 ), 158 
(15 ), 131 (10 0 ), 130 (2 4 ), 103 (66 ), 102 (37 ), 77 (58 ), 51 (29 ). 
T h e  ir spectrum  determ ined from  a 0.25  M  solution o f 8a in 
carbon  tetrach loride show ed a broad  (hydrogen  b on d ed ) h y 
droxyl absorption  centered at 3450 cm -1 w ith  a v ery  sm all sharp 
band (nonhydrogen  bon d ed ) at 3590 c m -1 . In  spectra deter

m ined at 0 .025 and 0 .0025 M , the broad  band centered at 3450 
cm -1 becam e m uch  smaller and a lm ost d isappeared w hile the 
sharp band at 3590 c m -1 grew  m ore intense u pon  d ilution .

Registry No.— la, 34288-39-6; 3, 34288-40-9; 4, 
18454-56-3; 8a, 34288-77-2.

Acknowledgment.—Acknowledgment is made to the 
donors of the Petroleum Research Fund, administered 
by the American Chemical Society, for partial support 
of this research.

A New Synthesis of the
1,3-Thiazine Ring System

H oward A l pe r* and E dmund C. H. K eung1

Department of Chemistry, State University of New York 
at Binghamton, Binghamton, New York 13901

Received October 27, 1971

This note describes a simple synthesis of the 1,3- 
thiazine ring system, some derivatives of which have 
been shown to exhibit important physiological activity.2 
We became interested in these heterocycles while 
investigating the products obtained from the reaction 
of 2-mercaptobenzimidazole with a-halo ketones.3 
It seemed reasonable that treatment of this and related 
mercaptoazoles (1) with epoxy halides such as epi- 
bromohydrin would result in condensation followed by 
intramolecular cyclization to give the thiazine deriv
ative 2 with the hydroxyl group on a ring carbon.

aqueous, NaHC03

OH

R =  R ' =  C6H3, H, C4H„, C2H2N2

The hydroxyl functionality would be a handle for 
preparing numerous other potentially useful thiazines.

Treatment of 4,5-diphenyl-2-mercaptoimidazole4a (1, 
R = R ' =  CeH5) with epibromohydrin in a mixture of
2-butanone and lV,iV-dimethylacetamide (10:1) at 
85° for 2 hr gave the hydrobromide salt of 2 from which

(1) National Science Foundation Undergraduate Research Participant.
(2) For example, see R . M . Gesler and A. R . Surrey, J .  P h a rm a co l . E x p .  

T h er ., 1 2 2 , 4 (1958); A . R . Surrey, W . G. W ebb, and R . M . Gesler, J .  A m e r .  
C h em . S o c ., 80, 3469 (1958); B . Loder, G. G. F . Newton, and E. P . Abraham, 
B io ch em . J . ,  79, 408 (1961); J. C. Wilson, R . N . Downer, and H . E. Sheffer, 
J .  H ete ro cy c l . C h em ., 7, 955 (1970).

(3) H. Alper, E. C. H. Keung, and (in part) R . A. Partis, J .  O rg . C h em ., 
36, 1352 (1971).

(4) (a) Aldrich Chemical Co., Milwaukee, W is.; (b) Pfaltz and Bauer, 
Inc., New York, N. Y .
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6-hydroxy-2,3-diphenyl-6,7-dihydro-5if-imidazo [2,1-6 ]-
[l,3]thiazine (2, R = R ' =  C6H5) could be isolated in 
48% yield (based on 1) by basification with aqueous 
sodium bicarbonate. Structure 2 (R =  R- =  C6H5) 
was assigned on the basis of analytical data and spectral 
results (see Experimental Section). For instance, the 
infrared spectrum (KBr) of the fused thiazine showed a 
broad band centered at 3150 cm-1 for the hydrogen- 
bonded OH stretching vibration and an intense band at 
1068 cm-1 due to C -0  stretching. The mass spectrum 
gave a parent peak at m/e 308 with important fragment 
ions at m/e 290, 276, 264, 204, and 178. Oxidation of 
2 (R = R ' =  C6H5) with chromium trioxide in pyridine 
gave the corresponding ketone (vc=o 1715 cm-1). A 
mixture of alkenes was obtained by dehydration of 2 
(R = R ' = CeH5) with phosphorus oxychloride in 
pyridine.

The dihydrothiazines 2 (R, R ' = H) (23% yield), 
C4H4 (41%), and C2H2N2 (12%) were obtained in the 
same manner as that described for 2 (R = R ' = C6H5) 
by the reaction of epibromohydrin with 2-mercapto- 
imidazole,4b 2-mercaptobenzimidazole,4a and 8-mercap- 
topurine,4a respectively. In the latter example, cycli- 
zation may occur at the 7 or 9 nitrogen and we have, 
thus far, been unable to distinguish between the two 
possible isomers.

We have used 1 (R =  R ' =  C/H5) for studying this 
reaction with a variety of epoxy bromides. Treatment 
of the mercaptoazole with the readily prepared 1-bromo-
2,3-epoxy-2-methylpropane5 and £6reo-3-bromo-l,2-ep- 
oxybutane6 gave 6-hydroxy-6-methyl-2,3-diphenyl-6,7- 
dihydro-5//-imidazo [2,1-6] [1,3 jthiazine (3, 24% yield), 
and eri/£6ro-6-hydroxy-7-methyl-2,3-diphenyl-6,7-di- 
hydro-5H-imidazo[2,1-6][1,3Jthiazine (4, 38% yield), 
respectively. These heterocycles are the expected

3 4

products arising from nucleophilic attack at the least 
substituted carbon of the epoxide ring.7 However, 
use of l-bromo-2,3-epoxy-3-methylbutane8 as the 
epoxy halide gave 6 (31%) rather than the antic
ipated product, 7. The nmr spectrum of the product 
showed a doublet at 5.75 ppm (-OH), which dis
appeared upon addition of trifluoroacetic acid. Oxi
dation of 6 with chromium trioxide in pyridine gave the 
corresponding ketone (vc=o at 1718 cm-  ). A six- 
membered rather than a five-membered ring inter
mediate has been invoked to explain the position of 
nucleophilic attack (at the least substituted carbon) 
in the reaction of glycidyl ethers with dibntylamine.7 
It is possible that the formation of a six-membered ring 
(leading to 6) rather than the less favored five-mem
bered ring intermediate (leading to 7) is responsible 
for nucleophilic attack at the most substituted carbon 
of epoxide 5 (i.e., path a rather than path b). These

(5) E. P. Adams, F. P. Doyle, D . L. Hart, D . O. Holland, W . H. Hunter, 
K . R . L. Mansford, J. H . C. Nayler, and A. Queen, J . C h em . S o c ., 2649 
(1960).

(6) C. F. Hiskey, H. L. Slates, and N . L. Wendler, J . O rg . C h em ., 21, 
429 (1956).

(7) S. A. Reines, J. R . Griffith, and J. C. O’ Rear, ibid., 35, 2772 (1970), 
and references cited therein.

(8) S. Winstein and L. Goodman, J . A m e r . C h em . S o c ., 76, 4373 (1954).

examples demonstrate the ease with which one could 
place methyl groups at different saturated carbons of 
the thiazine ring by using the appropriate epoxy 
halide. It should be pointed out that no attempt was 
made to optimize yields in any of the reactions.

Experimental Section

M eltin g  poin ts were determ ined on a F isher-Johns apparatus 
and are u ncorrected. E lem ental analyses w ere carried o u t b y  
P C R , In c .,  G ainesville, F la . In frared spectra w ere recorded 
on  Perkin-E lm er 457 and 521 spectroph otom eters ; the w ave
length  readings were calibrated w ith  po ly styren e  film . N uclear 
m agnetic resonance spectra were determ ined on a Varian  A-60 
spectrom eter using tetram ethylsilane as internal standard. 
M ass spectra w ere recorded on  a M S -9  spectrom eter.

General Procedure for Reaction of Mercaptoazoles and 
Epoxy Bromides.— T h e m ercaptoim idazole  (15 .6  m m ol) and the 
ep ox y  halide (15.6  m m ol) were suspended in a m ixture o f  2- 
bu tanon e (150 m l) and JV ,.Y-dim ethylacetam ide (15 m l) and 
heated to  8 0 -9 5 °  (oil ba th  tem perature) where the solution  be
cam e clear. A fter 1 -9  hr, the precip itated  h ydrobrom ide salt 
(2 -H B r ) w as filtered and dried. T h e  salt w as suspended in 
w ater (250 -350  m l), heated to  boiling (Ar,.Y -dim ethylacetam ide 
added to  bring in to  solution  w ater-insoluble sa lts), and then  basi- 
fied w ith  5 %  aqueous N a H C 0 3. T h e  resulting w hite precipi
ta te  was filtered and recrystallized from  either 7 0 %  aqueous 
ethanol or aceton i:rile  to  give th e fo llow in g  derivatives o f  2.

A . — 2 (R  =  R ' =  C 6H 5) had m p  2 1 9 -2 2 0 ° ; (K B r ) 3150 
(O H , b roa d ) and 1068 c m -1 (C O ); nm r [d im eth yl su lfoxide-d6 
(D M S O -d 6)] 8 3.25 (m , 2 H , N C H .) ,  3 .69 (m , 2 H , S C H 2), 4.29 
(m , 1 H , C H -) ,  5 .59  (d , 1 H , O H ), and 7 .0 2 -7 .4 1  (m , 10 H , 
A rH ). A dd ition  o f trifluoroacetic acid  resulted in disappearance 
o f  the 8 5.59 dou blet. T h e  m ass spectrum  gave a paren t ion  
peak  at m/e 308 as w ell as fragm ents a t m/e 290, 276, 264, 204, 
and 178.

Anal. C a lcd  f 3r C i8H 16N ,O S : C , 70 .10 ; I I , 5 .23 ; N , 9 .08 . 
F ou n d : C , 69 .98 ; H , 4 .95 ; N , 9 .15 .

B. — 2 (R  =  R '  =  H )  had m p 2 0 2 -2 0 3 ° ; > w  (K B r ) 3100 (O H , 
b roa d ) and 1041 c m -1 (C O ); the mass spectrum  gave a parent 
ion  peak  at m/e 156.

Anal. C alcd  for C 6H 8N 2O S: C , 4 6 .13 ; H , 5 .16 ; N , 17.94. 
F ou n d : C , 46 .16 ; H , 5 .0 4 ; N , 18.17.

C . — 2 (R  =  R ' =  C ,H ,)  (from  2 -m ercaptoben zim id azole) 
had m p  2 1 5 -2 1 7 ° ; (K B r ) 3090 (O H , b roa d ) and 1042 or 
1078 cm -1 (C O ); th e m ass spectrum  gave  a parent ion  peak at 
m/e 206.

Anal. C a lcd  fo r  C„>H10N 2O S: C , 5 8 .22 ; H , 4 .9 0 ; N , 13.58. 
F ou n d  ; C , 57 .95 ; H , 5 .24  ; N , 13.58.

D . — 2 (R  =  R ' =  C 2H 2N 2) (from  8 -m ercaptopu rin e) had 
m p  2 1 5 -2 1 7 ° ; (K B r ) 3090 (O H , b roa d ) and 1029 or  1074 
c m -1 (C O ); the mass spectrum  ga ve  a parent ion  peak  at m/e 
208.

Anal. C a lcd  for  C 8H 8N 4O S: C , 4 6 .14 ; H , 3 .8 7 ; N ,  26.91 . 
F ou n d : C , 4 6 .00 ; H , 3 .87 ; N , 27 .05 .

E. — 3 had m p 2 1 8 -2 2 0 ° ; > w  (K B r ) 3270 (O H , b roa d ) and 
1108 c m “ 1 (C O ); nm r (D M S O -d 6) 8 1.31 (s , 3 H , C H 3), 3 .12  (q , 
2 H , N C H 2- ) ,  3 .57  (q , 2 H , S C H 2- ) ,  5 .31 (s, 1 H , O H ), and
6 .8 0 -7 .6 2  (m , 10 H , A rH ). A dd ition  o f tr iflu oroacetic acid  re
sulted in disappearance o f  the 8 5 .31 absorption . T h e  mass 
spectrum  gave  a parent ion  peak at m/e 322.
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Anal. C a lcd  fo r  C 19H 18N 2O S: C , 70 .78 ; H , 5 .63 ; N , 8 .69. 
F ou n d : C , 70 .29 ; H , 5 .4 0 ; N , 8 .35 .

F . — 4 h ad  m p 2 1 8 -2 1 9 ° ; vnm* (K B r ) 3120 (O H , b roa d ) and 
1047 c m " 1 (C O ); nm r (D M S O -d 6) 5 1 .00 (s, 3 H ,  C H 3), 3 .24 (m ,
2 H , N C H 2), 4 .11 (m , 2 H , C H C H 3 and C H O H ), 5 .67 (d , 1 H , 
O H ), and 7.27  (center o f  m ultiplet, 10 H , A rH ). A dd ition  
o f  trifluoroacetic acid  resulted in disappearance o f  the S 5.67 
d ou b le t. T h e  mass spectrum  gave a parent ion  peak a t m/e 322.

Anal. C a lcd  fo r  C 19H 18N 2O S: C , 70 .78 ; H , 5 .63 : N , 8 .69 . 
F ou n d : C , 71 .02 ; H , 5 .54 ; N , 8 .53 .

G . — 6 had m p 2 3 7 -2 3 8 ° ; (K B r ) 3140 (O H , b roa d ) and 
1078 c m - '  (C O ); nm r (D M S O -d 6) 5 1.23 (s, 3 H , C H 3), 1.31 (s,
3 H , C H 3), 3 .46  (m , 2 H , S C H 2), 3 .90  (broad  m , 1 H , C H O H ),
5 .75  (d , 1 H , O H ), and bands centered at 7 .14  and 7.47  (m , 10 
H , A rH ). A dd ition  o f  trifluoroacetic acid  resulted in disap
pearance o f the 6 5 .75  dou b let. T h e  m ass spectrum  gave a 
paren t ion  peak  at m /e  336.

Anal. C a lcd  fo r  C 20H 2oN2O S: C , 71 .39 ; H , 5 .99 : N , 8 .32. 
F ou n d : C , 71 .19 ; H , 6 .16 ; N , 8 .21.

Oxidation of 2 (R =  R' =  CcHs) and 6.— C h rom ic ox id e (5.1 
m m ol) w as add ed , in sm all portion s, to  8 m l o f a well-stirred cold  
pyrid in e solu tion . T h e  a lcoh ol (1.7  m m ol) was then added and 
the m ixture was stirred a t room  tem perature for  12 -15  hr. T h e  
reaction  m ixture w as pou red  in to  w ater and the keton e w as ex
tracted  w ith  m ethylene ch loride. T h e  m ethylene ch loride ex
tract was dried (N a 2S 0 4), the solven t was evaporated  in vacuo, 
and the residual o il was crystallized from  pentane. R ecrysta l
lization from  7 0 %  aqueous ethanol gave a n a ly tica lly  pure 
p rod u ct.

A . — T h e  ox id ation  p rod u ct from  2 (11 =  R '  =  C 6H 5) h ad  m p 
1 9 8 -2 0 0 ° ; xmax (K B r ) 1715 c m " 1 (C O ).

Anal. C a lcd  fo r  C I8H „ N 2O S: C , 70 .56 ; H , 4 .6 0 : N , 9 .14 . 
F ou n d : C , 70 .51 ; H , 4 .9 1 ; N , 9 .4 0 .

B. — T h e  ox id ation  p rod u ct from  6 had m p  1 9 2 -193°; vm** 
(K B r ) 1718 c m " 1 (C O ).

Anal. C a lcd  fo r  C 20H 18N 2O S: C , 71 .83 ; H , 5 .43 : N , 8 .38. 
F ou n d : C , 71 .89 ; H , 5 .87 ; N , 8 .35.

Registry No.—2 (R =  R ' = C 6H5), 34035-39-7; 
2 (R = R ' =  CeH5) oxidation product, 34035-40-0;
2 (R = R ' =  H), 34035-41-1; 2 (R = R ' = C4H4), 
34035-42-2 ; 2 (R =  R ' =  C2H2N2), 34035-43-3;
3 , 34035-44-4 ; 4, 34035-45-5; 6, 34035-46-6; 6 oxida
tion product, 34035-47-7.
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Conversion of Allylic Alcohols to Chlorides 
without Rearrangement

E u g e n e  I. S n y d e r

Kraflco Research and Development, Glenview, Illinois 60025 

Received November 1, 1971

A recent report on the conversion of allylic alcohols 
to their chlorides without rearrangement1 prompts us to 
report similar, limited observations made some time 
ago. The unique properties2 of the triphenylphos-

(1) E. W . Collington and A. I. Meyers, J .  O rg . C h em ., 36, 3044 (1971).
(2) R. G. Weiss and E. I. Snyder, ib id ., 36, 403 (1971), and earlier work 

cited therein.

phine-carbon tetrachloride reagent suggested its po
tential in specific allylic alcohol-chloride conversions. 
When the reaction was employed using the classic 
isomeric a- and y-methallyl alcohol couple, the results 
substantiated our hopes based on prior experience 
(Table I).

T a b l e  I
C h l o r id e  C o m p o s it io n  f r o m  M e t h a l l y l  

A l c o h o l s  U s in g  Ph3P-CCLi
C H ,C H =  CHjCHCI-

Alcohol C H CH jCl C H = C H ,

C H 3C H = C H C H 2O H  100 0
C H 3C H O H C H = C H 2 11 89

The report of Meyers demonstrated that primary 
allylic alcohols can be converted to chlorides without 
formation of the secondary or tertiary isomer. Our 
results demonstrate that not only can the primary
primary conversion be achieved specifically, but also, 
and perhaps more importantly, the secondary-secon
dary conversion can be achieved with high specificity 
even in a system prone toward rearrangement.

Experimental Section3

3-Buten-2-ol was com m ercia l m aterial w hose g lp c trace show ed 
n o con tam ination  b y  its ally lic isom er. 2-Buten-l-ol w as a 
heart cu t from  distillation  o f com m ercia l a lcohol and was also 
free o f  its ally lic isom er b y  g lp c exam ination . Its  nm r spectrum  
clearly show ed a m ixture o f cis and trans isom ers. E a ch  a lcoh ol 
(0 .099  g , 1.37 m m ol) was dissolved in  0 .5  m l o f  carbon  tetra
ch loride contain ing 0.36 g (1 .4  m m ol) o f triphenylphosphine and 
k ep t a t am bient tem perature. A fter 48 hr the nm r spectrum  o f 
the 2 -b u ten -l-o l m ixture show ed on ly  a  sm all am ou nt o f  un
reacted a lcohol and l-ch loro -2 -bu ten e . H igh-gain  exam ination  
show ed the absence o f signals at 264 H z (C H 3C H C 1 C H = C H 2). 
E xam ination  b y  g lp c show ed l-ch loro -2 -b u ten e  as the o n ly  ch lo 
ride. S im ilarly, the nm r spectrum  o f  the 3 -bu ten -2 -ol m ixture 
show ed som e unreacted a lcoh ol, a m ultip let at 264 H z , and a 
w eak d ou b let at 236 and 228 H z (C H 3C H = C H C H 2C1) w hose 
integral indicated 9 %  o f the la tter ch loride. E xam ination  b y  
g lp c show ed that the chlorides consisted o f 8 9 %  unrearranged 
secondary  and 11 %  rearranged prim ary  ally lic ch loride.

T o  determ ine w hether the rearranged ch loride from  3 -bu ten -2 -ol 
was a k inetic p rod u ct or resulted from  post-isom erization  the 
fo llow ing  experim ent was perform ed. T o  1 .00  g  o f a lcohol in 
6 m l o f  carbon  tetrachloride was added 0 .9  g  o f tr iph enylphos
phine. A fter 4 hr an a liquot was rem oved  and exam ined b y  g lp c 
and another 0 .9 g  o f phosphine was added . T h is  was repeated 
tw ice  m ore at intervals o f 16 and 8 hr. T h e  g lp c results show ed 
the presence o f  8 -1 2 %  prim ary ch loride in all cases, suggesting 
th at the latter was a k in etica lly  controlled  p rod u ct.

Registry No.—3-Buten-2-ol, 598-32-3; «s-2-buten-
1- ol, 4088-60-2; irans-2-buten-l-ol, 504-61-0; 1-chloro-
2- butene, 591-97-9; 3-chloro-l-butene, 563-52-0.

Acknowledgment. —This work was supported by the 
National Science Foundation while the author was a 
guest at East Tennessee State University.

(3) Chloride analyses were performed on a FFAP column operated at 
50°. Chemical shift data are with reference to internal TM S.
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m-CHLOROPEROXYBENZOIC ACID

7
✓ ° v

(4) N O ? @ - C H — ^ N - C M e ,  ¿ -C  =  C -j* (3)

m-CPBA is a superior oxidizing agent compared to hydrogen peroxide or other peracids in reactivity, stereoselec
tivity, and in purity and yield of products. Isolated carbon-carbon double bonds and the less reactive a,/3-unsaturated 
esters are smoothly oxidized to epoxides in high yields.1 In nonconjugated dienes, selective epoxidation occurs in the 
more substituted double bond.2 Disub'stituted acetylenes can be oxidized to oxirenes which break down to ketones, car
boxylic acids, or esters depending on the reaction conditions.3 Like olefins, ¡mines are oxidized to the corresponding 
oxaziranes.4

m-CPBA is an excellent reagent for the Baeyer-Villiger oxidation of ketones to esters, such as acetylcyclanes5a and 
acetophenones.515 Related to this reaction is the conversion of acid chlorides to alcohols in which -OH replaces -CO2H. 
For example, 3-heptanol was obtained in 73% overall yield from 2-ethylhexanoyl chloride.5

Primary amines can be converted to nitroalkanes, and the yields decrease in the order: tert-alkyl >  sec-alkyl >  
n-alkyl.7 Secondary amines give nitroxide radicals,8 whereas tertiary amines afford the N-oxides.9 Hence, nic
otine is converted to the N’-oxide and to the N,N’-dioxide by 1 and 2 equivalents of m-CPBA, respectively. Among 
the nucleic acid bases, nucleosides, and nucleotides, only the cytosine and adenine series can be oxidized to N-oxides.10 
Uracil, thymine, and guanosine and their derivatives gave ring-cleavage products. N-substituted aziridines are presum
ably oxidized to the corresponding N-oxides.11 This reaction is successfully used in the stereospecific deamination of 
N-alkylaziridines to olefins.115

Sulfides can be selectively oxidized to sulfoxides12 or sulfones12a in excellent yields, even in the presence of amine 
functions,125 or carbon-carbon double and triple bonds.120 Some diaziridinones have been prepared from carbodi- 
imides,13 and some ortho esters from ketals.1*
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1976 (1964).
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Amer. Chem. Soc., 92, 2580 (1970). .

(6) D. B. Denney and N. S herm an, J. Org. Chem., 30, 3760
(1965) .
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(1966) .
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