
July, 1951 PHENYLCYCLOHEPTATRIENE AND PHENYLCYCLOOCTATRIENE 3419 

[CONTRIBUTION PROM THE DEPARTMENT OF CHEMISTRY, MASSACHUSETTS INSTITUTE OF TECHNOLOGY] 

Cyclic Polyolefins. XVI. Phenylcycloheptatriene and Phenylcyclooctatriene1 

BY ARTHUR C. COPE AND ALFRED A. D'ADDIECO 

Pseudopelletierine (II) has been converted into phenylcyclooctatriene (XV) by a reaction sequence analogous to the one 
used by Willstatter to prepare 1,3,5-cyclooctatriene from II. In the first step of the synthesis pseudopelletierine was treated 
with phenyllithium to form 3-phenyl-N-methylgranatoline (IV). The reaction of IV with thionyl chloride followed by treat­
ment with potassium hydroxide yielded 3-phenyl-N-methylgranatenine (VI), which was converted into phenylcyclo6ctatriene 
by two successive Hofmann exhaustive methylations. By a parallel series of reactions studied as models, phenylcyclo­
heptatriene (XIV) was prepared from tropinone (I). 

One possible route for the synthesis of substituted 
cyclooctatetraenes would follow the classical Will­
statter synthesis,2 modified by the introduction of a 
substituent through a reaction of the carbonyl 
group of pseudopelletierine. This paper reports 
the investigation of such a synthesis with a phenyl 
group as the substituent, and a parallel model 
study of the conversion of the more readily avail­
able alkaloid tropinone into phenylcyclohepta­
triene. 

Tropinone (I) formed 3-phenyl-3-tropanol (III) 
in only 5% yield when it was treated with phenyl-
magnesium bromide, probably because an insoluble 
complex was formed, but with phenyllithium I 
yielded 74% of the tertiary alcohol III. A small 
amount (12%) of tropinone was recovered. Pre­
liminary attempts to convert III into the corre­
sponding olefin V by treatment with sulfuric acid 
in acetic acid at 165° or with iodine in refluxing 
benzene were unsuccessful. 3-Phenyltropidine (V) 
was obtained from III in 86% yield by reaction 
with thionyl chloride to form the tertiary chloride, 
which was not isolated, but treated directly with 
potassium hydroxide in aqueous ethanol. 3-
Phenyltropidine methiodide (VII) was formed in 
98% yield from V and methyl iodide. When the 
quaternary base prepared from VII and silver 
hydroxide was decomposed by heating at pressures 
below 1 mm. with a bath temperature which did 
not exceed 58°, and the product was isolated by a 
slow molecular distillation without heating above 
that temperature, 3-phenyl-a-des-methyltropidine 
(IX) was isolated as a light yellow liquid in 64% 
yield. The a-des base IX was characterized by a 
quantitative hydrogenation which required 104.2% 
of two molar equivalents of hydrogen, and by 
conversion into a crystalline methiodide (XII) 
in quantitative yield. 

When the quaternary base prepared from VII 
was decomposed at slightly higher temperatures, 
and the product was distilled at 1 mm., an isomer 
of IX was formed by a molecular rearrangement. 
This compound was a vinyl-type amine, 3-phenyl-
i8-des-methyltropidine (XI), which was char­
acterized by its ultraviolet absorption spectrum 
(Fig. 1), by a quantitative hydrogenation which 
required 107% of two molar equivalents of hy­
drogen, and by reaction with methyl iodide, which 
formed tetramethylammonium iodide rather than a 
methiodide. The rearrangement of IX to XI 
by heating parallels the rearrangement of a-des-

(1) Supported in part by theOfficeoi Naval Research under Contract 
N5ori-07822, Project Designation NR-055-96. 

(2) R. Willstatter and E. Waser, B«r., 44, 3423(1911); R. Willstat­
ter and M. Heidelberger, ibid., 46, 517 (1913). 

methyltropidine to /3-des-methyltropidine (struc­
tures analogous to IX and XI without the phenyl 
substituent).2'3 The structure XI is based on 
analogy with the structure of /3-des-methyltropi­
dine; it is not certain that both double bonds of 
IX rearrange in forming XI, but one must migrate 
to form a vinyl-type amine in order to explain the 
reaction of the product with methyl iodide forming 
tetramethylammonium iodide. In one case in 
which IX was purified by molecular distillation, 
partial rearrangement to XI occurred, and the 
fractions contained IX plus amounts of XI which 
increased from the first to the last fraction (deter-
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Fig. 1.—Ultraviolet absorption spectra: curves 1-3, 
mixtures of 3-phenyl-a-des-methyltropidine (IX) and 3-
phenyl-0-des-methyltropidine (XI) with «26D 1.5740, 
1.5837 and 1.5881, respectively; curve 4, 3-phenyl-/3-des-
methyltropidine, »25D 1.5958. 

(3) G. Merling, ibid., 84, 3123, 3125 (1891); R. H. F. Manske and 
H. L. Holmes, "The Alkaloids," Vol. I, Academic Press, New York, 
N. Y., 1949, p. 285. 
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Fig. 2.—Synthesis of phenylcycloheptatriene (XIV) from tropinone (I) , and syn­
thesis of phenylcyclooctatriene (XV) from pseudopelletierine (II) . 
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Fig. 3.—Curve 1, ultraviolet absorption spectrum of 
phenylcycloheptatriene (XIV); curve 2, phenylcyclo­
octatriene (XV); curve 3, 1-phenyl-l-cyclooctene (XVI). 

A. Edeleanu and V. N. Ipatiefl, THIS JOURNAL, 67, (4) H. Pines 
2195 (1945). 

(5) A. C. Cope, H. L. Dryden, Jr 
D'Addieco, ibid., 78, 3416 (1951). 

C. G. Overberger and A. A. 
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drate,5 and partial hydrolysis of the phenyllith-
ium reagent by water of hydration present in the 
pseudopelletierine may account for the low yield 
of IV and large recovery of II. In a preparation 
in which phenyllithium was added to pseudopelle­
tierine (inverse addition) the yield of IV was 
reduced to 20%. The reaction of IV with thionyl 
chloride and subsequent reaction of the tertiary 
chloride (which was not isolated) with potassium 
hydroxide in aqueous ethanol formed 3-phenyl-N-
methylgranatenine (VI) in 86% yield. Treatment 
of VI with methyl iodide yielded 3-phenyl-N-
methylgranatenine methiodide (VIII) (98%). Be­
cause of the difficulty which arose in the tropinone 
series through rearrangement of the a-des base 
IX to the /3-des base XI, the a-des base (X) was 
not isolated in the pseudopelletierine series. In­
stead the quaternary base prepared from VIII 
was decomposed at a low temperature, and a solu­
tion of the resulting a-des base (not distilled) in 
benzene was treated directly with methyl iodide to 
form 3-phenyl-a-des-dimethylgranatenine meth­
iodide (XIII) (99%_ over-all from VIII). De­
composition at 45-50° of the quaternary base 
prepared from XIII yielded phenylcyclooctatriene 
(XV) (77%) as a colorless liquid. The double 
bonds in phenylcyclooctatriene prepared in this 
manner are conjugated, for its ultraviolet absorp­
tion spectrum is almost exactly identical with the 
spectrum of phenylcycloheptatriene (Fig. 3), in 
which the double bonds must be conjugated for 
stereochemical reasons. There are four possible 
position isomers of phenylcyclooctatriene in which 
the double bonds are conjugated; formula XV 
is written for the product for convenience, and is 
the structure which would be formed if no re­
arrangement of double bonds occurred in the series 
of reactions. Phenylcyclooctatriene prepared in 
this way appears to be contaminated by an isomer 
with a bridged structure containing two double 
bonds. Like 1,3,5-cyclooctatriene itself,6 XV ab­
sorbed less than three molar equivalents of hy­
drogen (90.1%) in the presence of a palladium 
catalyst and formed somewhat impure phenyl-
cyclooctane, m.p. —1.7 to +1.5°, contaminated 
with a compound of similar boiling point (probably 
a phenylbicyclooctane). The reduction product 
was identified as phenylcyclooctane by preparation 
of a known sample from cyclooctanone. Phenyl-
magnesium bromide and cyclooctanone yielded 
a mixture of 1-phenyl-1-cyclooctanol and 1-phenyl-
1-cyclooctene, which was converted into pure 1-
phenyl-1-cyclooctene (XVI) by treatment with 
iodine. Hydrogenation of XVI in the presence of a 
palladium catalyst yielded pure phenylcyclo­
octane (XVII), m.p. 7.3-8.5°. A mixture of pure 
XVII and the impure sample obtained by hydro­
genation of XV melted at 2.0-7.3°. 

C H 2 - C H 2 - C H C H 2 - C H 2 - C H 2 

I I! H 2 , P d I I 
CH2 C - C 6 H 6 >• CH2 C H - C 6 H 6 I I I I 
C H 2 - C H 2 - C H 2 C H 2 - C H 2 - C H 2 

XVI XVII 

(6) A. C. Cope and F. A. Hochstein, T H I S JOURNAL, 7J, 2515 
(1950). 

Experimental7 

3-Phenyl-3-tropanol (III).—A dry 2-1. three-necked flask 
was fitted with a mechanical stirrer, a reflux condenser and a 
dropping funnel, and the condenser and funnel were pro­
tected with drying tubes attached to a source of nitrogen 
under a pressure of 1-2 cm. of mercury. The air in the 
system was displaced with nitrogen, and 120 ml. of dry 
ether and 6.76 g. of lithium wire (cut into short pieces) were 
added. A solution of 75.4 g. of bromobenzene in 160 ml. of 
dry ether was added with stirring during 1.5 hours at a rate 
that maintained reflux, and the mixture was heated under 
reflux for an additional period of 30 minutes. A solution 
of 55.6 g. of tropinone (obtained from Merck and Co., Inc., 
and redistilled) in 160 ml. of dry ether was added to the 
phenyllithium solution during 35 minutes. The heat of 
reaction maintained the reflux temperature during the addi­
tion, and the mixture was heated under reflux for an addi­
tional period of 30 minutes. The mixture was cooled in ice, 
and 200 ml. of ice-water was added, slowly at first. The 
white solid product was collected on a Buchner funnel, 
washed with cold water, sucked as dry as possible, and 
washed on the funnel with cold hexane .to remove organic 
impurities. The crude product after drying melted at 
161.5-162.5° and weighed 57.5 g. The aqueous layer in the 
filtrate was extracted with a 200-ml. and a 400-ml. portion 
of ether, and the combined organic layers were dried over 
sodium sulfate. A solid residue which was obtained by dis­
tillation of the solvent was purified by crystallization from 
hexane and yielded 6.3 g. of I I I , m.p. 161-162.5°, making 
the total yield 63.8 g. (74%). An analytical sample which 
was recrystallized from hexane melted at 161.5-162.5°. 

Anal. Calcd. for C14H19NO: C, 77.38; H, 8.81; N, 
6.45. Found.' C, 77.54; H, 8.65; N, 6.35. 

Extraction of the alkaline aqueous solution (from which 
I I I had been separated by ether extraction) with two 400-
ml. portions of methylene chloride yielded 6.5 g. (12%) of 
recovered tropinone. 

3-Phenyltropidine (V).—3-Phenyl-3-tropanol (69.9 g.) was 
added in small portions with mechanical stirring to a solution 
of 75 ml. of purified thionyl chloride in 150 ml. of dry ether 
with cooling in an ice-salt-bath. The resulting yellow 
solution was warmed in a bath at 45-50° for 30 minutes, and 
then the excess thionyl chloride and ether were removed by 
distillation under reduced pressure. The brown solid resi­
due was dissolved in 50 ml. of ethanol (added slowly at 
first), and a solution of 40 g. of potassium hydroxide in 75 
ml. of water and 150 ml. of ethanol was added slowly with 
cooling. A solution of 60 g. of potassium hydroxide in 250 
ml. of water was then added to make the mixture strongly 
basic. The brown oil which formed was separated, and the 
aqueous layer was extracted with two 200-ml. portions of 
ether. The combined oil and ethereal extracts were dried 
over sodium sulfate. The solution was concentrated, and 
the residue was distilled through a 20 X 1.2-cm. column 
packed with glass helices. The yield of V was 54.8 g. (86%), 
b.p . 118-119° (1 mm.) . A redistilled analytical sample 
from another preparation was obtained as a colorless liquid 
b.p. 113-115° (0.45 mm.), m.p. 13-14°, n®D 1.5777, d»t 
1.0481; AfD calcd. 62.32, found 62.93. 

Anal. Calcd. for C14H17N: C, 84.37; H , 8.60; N , 7.03. 
Found: C, 84.06; H, 8.51; N, 6.91. 

3-Phenyltropidine Methiodide (VII).—An excess of methyl 
iodide (60 g.) was added to a solution of 54.8 g. of 3-phenyl-
tropidine in 600 ml. of absolute ethanol with cooling in an 
ice-bath. After a few minutes the methiodide VII started 
to crystallize, and the mixture was allowed to stand over­
night at 0-5°. The product was collected on a filter and 
washed with small portions of cold ethanol. The first crop 
after drying amounted to 87.5 g., m.p. 260-261° ( d e c , 
introduced at 200° and heated 2-3° per minute). Addition 
of small portions of methyl iodide to the filtrate followed by 
concentration yielded an additional 4.2 g. of VII , m.p . 
259-261° (dec ) , making the total yield 91.7 g. (98%). An 
analytical sample was recrystallized from absolute ethanol; 
m.p . 260-261° ( d e c , introduced at 200° and heated 2-3° 
per minute). 

Anal. Calcd. for Ci6H20IN: C, 52.79; H, 5.91; N, 4.11; 
1,37.19. Found: C, 52.71; H, 5.98; N, 3.95; 1,37.49. 

(7) Melting points are corrected and boiling points are uncor­
rected. We are indebted to Mr. S. M. Nagy and his associates for 
analyses. 
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3-Phenyl-a-des-methyltropidine (IX).—3-Phenyltropi-
dine methiodide (6.0 g.) and 50 ml. of water were warmed 
on a steam-bath and stirred until the solid dissolved, and 
the alkali-free silver hydroxide freshly prepared from 5.98 g. 
of silver nitrate was added. The mixture was stirred and 
heated on a steam-bath for 1.5 hours. The mixture was 
filtered, and the silver iodide and silver hydroxide were di­
gested with 25 ml. of water on a steam-bath for 15 minutes. 
The solids were separated again by filtration, and the fil­
trates were combined and concentrated a t 1-2 mm. with a 
bath temperature which did not exceed 45°. The concen­
trated solution of the quaternary base was dissolved in a 
small volume of methanol, filtered to remove a small amount 
of solid, and placed in a molecular-type still. The solvent 
was removed by distillation, and the residual quaternary 
base was decomposed by heating for 44 hours at 0.2-1.0 mm. 
with a bath temperature which did not exceed 58°. The 
product (IX) collected during the period of heating as a 
light yellow liquid in four fractions ( « K D 1.5724, 1.5715, 
1.5725, 1.5719) with a total weight of 2.40 g. (64%). The 
second fraction was analyzed; d2S

t 1.0032; Mv calcd. 
68.68, found 69.93 (exaltation 1.25). 

Anal. Calcd. f6r CiSHi9N: C, 84.45; H, 8.98; N, 6.57. 
Found: C, 84.63; H, 9.06; N, 6.88. 

Hydrogenation of a solution of 0.3 g. of IX in 20 ml. of 
absolute ethanol in the presence of 100 mg. of pre-reduced 
Adams platinum oxide was complete in seven hours and re­
quired 104.2% of two molar equivalents of hydrogen. The 
picrate of the reduction product failed to crystallize. 

A 2.0-g. sample of IX was converted to the methiodide 
(XII ) by treatment with an excess of methyl iodide in ben­
zene solution. The product separated as an oil which 
crystallized on standing at 0-5°. Filtration separated a 
quantitative yield (3.35 g.) of X I I as a light yellow powder, 
m.p. 130-131° (the preparation and properties of pure XI I 
are described below). 

3-Phenyl-a-des-methyltropidine Methiodide (XII).—3-
Phenyltropidine methiodide (40 g.) and 320 ml. of water 
were warmed on a steam-bath and stirred mechanically 
until the solid dissolved. The alkali-free silver hydroxide 
freshly prepared from 40 g. of silver nitrate was added, and 
the mixture was stirred and heated on a steam-bath for one 
hour. The mixture was filtered, the solids were digested 
with 50 ml. of water on a steam-bath for 15 minutes, and 
again separated by filtration. The combined filtrates were 
concentrated in a nitrogen atmosphere at 1 mm. until nearly 
all of the water was removed with a bath temperature which 
did not exceed 55°, The residual quaternary base was de­
composed by heating in a nitrogen atmosphere at 1 mm. with 
a bath temperature of 45-55° for three hours. The liquid 
residue was dissolved in 150 ml. of benzene and washed with 
100 ml. of water. The water layer was extracted with 150 
ml. of benzene, and the combined benzene solutions were 
concentrated under reduced pressure in a nitrogen atmos­
phere to a volume of 200 ml. (the bath temperature did not 
exceed 55°). The benzene solution was filtered if it was not 
clear, 35 g. of methyl iodide was added, and the solution 
was cooled to 0-5°. The methiodide XI I began to crys­
tallize in a few minutes, and was collected on a filter after 
the mixture had stood overnight at 0-5°. I t was washed 
with 100 ml. of hexane and dried to a constant weight of 
40.5 g. (97%) in a vacuum desiccator. X I I was obtained 
as a yellow powder, m.p. 131.5-132.5°. An analytical 
sample that was recrystallized from a mixture of ethanol and 
hexane formed white crystals, m.p. 133.5-134.5° (intro­
duced at 110° and heated 2-3° per minute). 

Anal. Calcd. for Ci6H22IN: C, 54.09; H, 6.24; N, 3.94; 
1,35.72. Found: C, 54.03; H, 6.34; N, 4.04; 1,35.88. 

3-Phenyl-/3-des-methyltropidine (XI),—A solution of 6.0 
g. of 3-phenyltropidine methiodide in 30 ml. of water and 
35 ml. of methanol was stirred and heated in a bath at 60° 
for 1.25 hours with the alkali-free silver hydroxide freshly 
prepared from 5.98 g. of silver nitrate. The solids were 
collected on a filter, digested with 20 ml. of methanol on a 
steam-bath for ten minutes, and again separated by filtra­
tion. The combined filtrates were concentrated under re­
duced pressure and the residual quaternary base was de­
composed by heating in a short-path still at 0.6-1.5 mm. 
with a heating block temperature of 55-120°. Three frac­
tions of the light yellow distillate (3.23 g., 87%) were sepa­
rated at arbitrary intervals; «25D 1.5802, 1.5950, 1.5954. 
Two redistillations in which only mechanical losses occurred 

yielded XI as a light yellow liquid, b .p . 133-134° (1.05 
mm.) , M26D 1.5958, d^ 1.0142; Mo calcd. 68.68, found 
71.56 (exaltation 2.88). 

Anal. Calcd. for C16Hi9N: C, 84.45; H, 8.98; N, 6.57. 
Found: C, 84.54; H, 8.88; N, 6.15. 

Hydrogenation of a solution of 0.305 g. of X I in 15 ml. of 
absolute ethanol in the presence of 100 mg. of prereduced 
Adams platinum oxide added in two portions was complete 
in four hours and required 107% of two molar equivalents of 
hydrogen. The methiodide of the reduction product failed 
to crystallize. 

A solution of 5.5 g. of 3-phenyl-|3-des-methyltropidine 
(XI) in 60 ml. of dry methanol and 8.0 g. of methyl iodide 
was warmed in a bath a t 40-45° for 16 hours. A white 
crystalline solid separated, and the solution turned brown. 
The solid was collected on a filter and triturated with ethanol 
to remove a sticky impurity. An additional quantity of 
the white solid was obtained by concentrating the filtrate 
and crystallizing the residue from a mixture of ethanol and 
hexane, making the total yield 2.55 g. This solid was re-
crystallized from dry methanol. I t was identified as tetra-
methylammonium iodide by the fact that it did not melt be­
low 300°, and by analysis. The other products of the re­
action were not isolated. 

Anal. Calcd. for C4Hi2IN: C, 23.89; H, 6.02. Found: 
C, 23.97; H, 5.99. 

Thermal Rearrangement of 3-Phenyl-a-des-methyltropi-
dine (IX) to 3-Phenyl-j3-des-methyltropidine (XI).—A solu­
tion of 6.0 g. of 3-phenyltropidine methiodide in 50 ml. of hot 
water was treated with the alkali-free silver hydroxide freshly 
prepared from 5.98 g. of silver nitrate, and the quaternary 
base was concentrated and decomposed in the manner de­
scribed under the preparation of X I I . The benzene solu­
tion of the a-des base IX was concentrated and distilled in a 
short-path still at 0.17-0.24 mm. with a heating block tem­
perature of 42-53°, and the light yellow distillate (3.15 g., 
84%) was separated into four fractions. The refractive 
indices (raffiD 1.5740, 1.5778, 1.5837, 1.5881) and ultraviolet 
absorption spectra (Fig. 1) of the fractions showed that they 
were mixtures of IX and XI containing amounts of X I that 
increased from the first to the last fraction (indicating that 
IX was rearranging to XI during the distillation). The 
four fractions were combined and redistilled slowly through 
a Vigreux column at 0.17 mm. The last of three fractions 
which were collected was the analytically pure /3-des base 
X I , »2 5D 1.5959, Xma,c. 253 mM(log e4.24). 

Phenylcycloheptatriene (XIV).—3-Phenyl-a-des-methyl-
tropidine methiodide (XII ) (8.0 g.) and 50 ml. of water were 
warmed in a water-bath at 50-55° and stirred mechanically 
until the solid dissolved. The alkali-free silver hydroxide 
freshly prepared from 7.65 g. of silver nitrate was added, 
and the mixture was stirred a t 50-55° for one hour. The 
solids were separated by filtration and washed with small 
portions of water. The filtrate was concentrated in a ni­
trogen atmosphere at 0.5-0.9 mm. with a bath temperature 
of 45-50° until nearly all of the water had distilled, and the 
residual quaternary base was decomposed by heating at the 
same temperature and pressure for 2.5 hours. The residue 
was dissolved in 50 ml. of benzene, and the solution was 
washed with 70 ml. of water. The water washing was ex­
tracted with 50 ml. of benzene, and the combined benzene 
solutions were concentrated. The residue was distilled in a 
nitrogen atmosphere and yielded 2.58 g. (68%) of XIV as a 
colorless liquid, b.p. 100-103° (1.8-1.9 mm.), »%> 1.6202, 
d254 1.0217, AfD calcd. 55.03, found 57.86 (exaltation 2.83). 

Anal. Calcd. for Ci3Hi2: C, 92.81; H, 7.19. Found: 
C, 93.22; H, 7.18. 

Phenylcycloheptatriene (XIV) also was prepared by ther­
mal decomposition of the methiodide X I I . The methiodide 
(5.0 g.) was placed in a small flask attached to a semi-micro 
column,8 and heated slowly in a nitrogen atmosphere under 
reduced pressure. Decomposition began when the bath 
temperature reached 136°, and a colorless distillate was col­
lected during a period of 25 minutes, with a maximum bath 
temperature of 157°. The yield of XIV was 1.36 g. (58%), 
b.p. 71-72° (0.16 mm.), M26D 1.6202. A redistilled sample 
boiled at 92-93° (0.45 mm.), «25D 1.6203, d26

4 1.0219, and 
had the same ultraviolet absorption spectrum as a sample 
prepared from the quaternary base. 

(8) C. W. Gould, Jr., G. Holzman and C. Niemann, Anal. Chem., 20, 
361 (1948). 
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Anal, Calcd. for Ci3Hi2: C, 92.81; H, 7.19. Found: 
C, 92.81; H, 7.06. 

The solid residue obtained by thermal decomposition of 
XII (2.25 g. after trituration with ethanol and drying) was 
identified as trimethylamine hydroiodide; m.p. after two 
crystallizations from 95% ethanol 259-261° (dec, intro­
duced at 250° and heated 2-3° per minute) (lit.9 263°). 
Treatment with picric acid yielded trimethylamine picrate, 
which was recrystallized from 95% ethanol; m.p. 214-217° 
(si. dec.) (lit.10 216°). 

Hydrogenation of a solution of 1.03 g. of phenylcyclohep­
tatriene in 35 ml. of absolute ethanol in the presence of 0.1 
g. of 10% palladium-on-carbon11 was complete in 5.5 hours, 
and required 97.7% of three molar equivalents of hydrogen. 
The catalyst was separated by filtration, the filtrate was 
concentrated, and the residue was distilled through a semi-
micro column.8 Phenylcycloheptane distilled as a colorless 
liquid (0.90 g., 84%), b.p. 80-82° (0.65 mm.), W25D 1.5287, 
«MD 1.5309, d"i 0.9484; IfD calcd. 56.43, found 56.65 (lit.4 

W20D 1.5309, dwi 0.9482). 
Anal. Calcd. for Ci3Hi8: C, 89.59; H, 10.41. Found: 

C, 89.43; H, 10.27. 
The phenylcycloheptane obtained by this method was con­

verted into a diacetamido derivative by nitration, reduction 
of the dinitro compound and acetylation of the diamine.12 

The hydrocarbon (0.43 g.) yielded 0.57 g. (85%) of the di­
acetamido derivative, which after two crystallizations from 
a mixture of ethanol and hexane formed white plates, m.p. 
240.5-241° (lit.4 241°). 

The phenylcycloheptane was also characterized by con­
version into the sulfonamido derivative by treating a 0.40-g. 
sample with chlorosulfonic acid and subsequently with am­
monium carbonate.13 The crude derivative (0.5 g., 86%), 
m.p. 125-131°, was purified by three crystallizations from 
aqueous ethanol to a constant melting point of 142.9-143.5°. 
Since this melting point does not agree with the reported 
value4 of 131°, the compound was analyzed. 

Anal. Calcd. for Ci3H19NO2S: C, 61.63; H, 7.56; N, 
5.53; S, 12.65. Found: C, 61.71; H, 7.76; N, 5.74; S, 
12.63. 

3-Phenyl-N-methylgranatoline (IV).—A solution of phen-
yllithium was prepared in the manner described under the 
preparation of III from 9.0 g. of lithium and 104.2 g. of 
bromobenzene in 675 ml. of dry ether. A solution of 76.5 g. 
of resublimed pseudopelletierine5 in 500 ml. of dry ether was 
added dropwise during one hour. The heat of reaction 
maintained reflux, and after the addition the mixture was 
heated under reflux for 30 minutes. The product was iso­
lated in the same manner as III. The yield of IV, m.p. 
169.5-171°, was 41.3 g. (36%). An analytical sample was 
recrystallized from hexane as fluffy white needles, m.p. 
170.5-171°. 

Anal. Calcd. for Ci6H2iNO: C, 77.88; H, 9.15; N, 6.06. 
Found: C, 78.02; H, 9.33; N, 5.93. 

A total of 37.7 g. (49%) of pseudopelletierine was recov­
ered by a short-path distillation of the mother liquor from 
the ether extract of the reaction mixture (after hydrolysis), 
and from the methylene chloride extract. 

3-Phenyl-N-methylgranatenine (VI).—VI was prepared 
by adding 41.3 g. of IV to 60 ml. of thionyl chloride and 150 
ml. of dry ether, and treating the crude chloro compound 
with a solution of 50 g. of potassium hydroxide in 75 ml. of 
water and 150 ml. of ethanol with cooling, by a procedure 
analogous to the one used for preparing V. The mixture 
was made strongly basic by adding a solution of 20 g. of 
potassium hydroxide in 500 ml. of water. The product 
was isolated by extraction with ether, and purified by dis­
tillation through a 20-cm. Vigreux column. The yield of 
VI was 32.9 g. (86%), collected as a very pale yellow liquid, 
b.p. 137-139° (2 mm.). A sample from a similar prepara­
tion was analyzed; b.p. 138-139° (1 mm.), nxD 1.5720, da

t 
1.0456, MD calcd. 66.94, found 67.14. 

Anal. Calcd. for Ci5Hi9N: C, 84.45; H, 8.98; N, 6.57. 
Found: C, 84.67; H, 9.07; N, 6.37. 

(9) L. Wagner, Z. Kryst. Miner., 43, 170 (1907). 
(10) M. Delepine, Ann. Mm. phys., [7] 8, 452 (1896). 
(11) Org. Syntheses, 26, 32 (1946). 
(12) V. N. Ipatiefl and L. Schmerling, T H I S JOURNAL, 69, 1056 

(1937). 
(13) E. H. Huntress and F. H. Carten, ibid., 62, 511 (1940); E. H. 

Huntress and J. S. Autenrieth, ibid., 63, 3446 (1941). 

3-Phenyl-N-methylgranatenine Methiodide (VIII).—An 
excess of methyl iodide (45 g.) was added to a solution of 
32.8 g. of VI in 300 ml. of absolute ethanol with cooling in an 
ice-bath. The methiodide VIII began to crystallize after 
a few minutes, and was collected on a filter after the mix­
ture had stood at 0-5° overnight. The solid was washed 
with small portions of cold ethanol, and the filtrate was 
treated with an additional 5 g. of methyl iodide and con­
centrated to obtain a second crop of VIII. The total yield 
was 53.8 g. (98%), m.p. 288-289° (dec, darkening at 275°). 
An analytical sample which was recrystallized from dry 
methanol melted at 288-289° (dec, darkening at 275°). 

Anal. Calcd. for Ci6H22IN: C, 54.09; H, 6.24; N, 
3.94; I, 35.72. Found: C, 54.02; H, 6.22; N, 3.94; I, 
35.54. 

3-Phenyl-a-des-dimethylgranatenine Methiodide (XIII). 
—3-Phenyl-N-methylgranatenine methiodide (VIII) (53.8 
g.) and 1300 ml. of water were stirred and warmed on a 
steam-bath until the solid dissolved. The alkali-free silver 
hydroxide freshly prepared from 51.34 g. of silver nitrate 
was added, and the mixture was stirred and heated on a 
steam-bath for one hour. The mixture was filtered, and 
the solids were washed with small portions of water on the 
funnel. The filtrate was concentrated at 30-40 mm. with 
a bath temperature of 50-60° until nearly all of the water had 
distilled, and the residual quaternary base was decomposed 
by heating at 45-50° in a nitrogen atmosphere at 4-6 mm. 
for 2.5 hours. The residual oil was dissolved in 150 ml. of 
benzene and the solution was filtered and washed with 100 
ml. of water. The water washing was extracted with 150 
ml. of benzene, and the combined benzene extracts were con­
centrated to a volume of 200 ml. under reduced pressure in 
a nitrogen atmosphere. Methyl iodide (45 g.) was added. 
The methiodide XIII began to separate as an oil which soon 
crystallized. The mixture was allowed to stand at 0-5° 
overnight, and then was filtered to separate XIII, which 
was obtained as a white powder (after washing on the funnel 
with benzene and drying) in a yield of 55.2 g. (99%), m.p. 
149-151°. An analytical sample was recrystallized from a 
mixture of ethanol and hexane as very pale yellow crystals, 
m.p. 151.5-152.5°. 

Anal. Calcd. for Ci7H24IN: C, 55.29; H, 6.55; N, 3.79; 
1,34.37. Found: C, 55.61; H, 6.54; N, 3.77; 1,34.41. 

Phenylcyclooctatriene (XV).—A mixture of 8.0 g. of the 
methiodide XIII and 100 ml. of water was stirred and 
warmed in a water-bath at 45° until the solid dissolved. 
The alkali-free silver hydroxide freshly prepared from 7.31 
g. of silver nitrate was added, and the mixture was stirred 
and heated at 45° for one hour. The solids were removed 
by nitration, washed on the funnel with small portions of 
water, and the filtrate was concentrated in a nitrogen atmos­
phere at 2 mm. with a bath temperature of 45-50° until 
nearly all of the water had distilled. The residual quat­
ernary base was decomposed by heating under nitrogen 
at the same temperature and pressure for two hours. The 
residue was dissolved in 50 ml. of benzene, washed with 50 
ml. of water, and the water washing was extracted with two 
50-ml. portions of benzene. The combined benzene solu­
tions were concentrated under reduced pressure and the resi­
due was distilled through a semi-micro column, yielding 3.02 
g. (77%) of phenylcyclooctatriene, b.p. 117-118° (1.7 mm.), 
n25D 1.6072, d»t 1.0198; Mv calcd. 59.65, found 61.73 (exal­
tation 2.08). 

Anal. Calcd. for CuHi4: C, 92.26; H, 7.74. Found: 
C, 92.47; H, 7.80. 

Hydrogenation of a solution of 2.78 g. of XV in 40 ml. of 
cyclohexane in the presence of 0.8 g. of 10% palladium-on-
carbon11 was complete in 2.5 hours, and required 90.1% of 
three molar equivalents of hydrogen. The catalyst was 
separated by filtration and the filtrate was concentrated 
under reduced pressure. Distillation of the residue through 
a semi-micro column yielded 2.51 g. (88%) of phenylcyclo-
octane as a colorless liquid, b.p. 98° (0.75 mm.). Retreat-
ment with hydrogen and palladium-on-carbon in acetic acid 
and a second retreatment with hydrogen and prereduced 
Adams platinum oxide catalyst in absolute ethanol resulted 
in no further uptake of hydrogen. The pheaylcyclooctane 
obtained in this manner boiled at 79.5° (0.2 mm.), d®t 
0.9586; AfD calcd. 61.05, found 60.84, m.p. -1 .7 to +1.5°, 
mixed melting point with a authentic sample of XVII de­
scribed below, 2.0-7.3°. 
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Anal. Calcd. for Ci4H20: C, 89.29; H, 10.71. Found: 
C, 89.71; H, 10.28. 

l-Phenyl-l-cyclo8ctene (XVI).—Pure cyclooctanone, b .p . 
113-113.5° (60 mm.) , was regenerated from its semicarba-
zone.14 A solution of phenylmagnesium bromide was pre­
pared from 17.3 g. of bromobenzene and 2.67 g. of magne­
sium turnings in 75 ml. of dry ether. A solution of 12.6 g. 
of cyclooctanone in 75 ml. of dry ether was added with stir­
ring during 30 minutes at a rate which maintained reflux. 
The mixture was stirred and heated under reflux for an ad­
ditional period of 30 minutes, and then was cooled in ice. 
A solution of 50 g. of ammonium chloride in 150 ml. of water 
was added, slowly at first, and the mixture was stirred at 
room temperature for four hours and allowed to stand 
overnight. The ether layer was separated, the aqueous 
layer was extracted with 125 ml. of ether, and the combined 
ethereal solutions were dried over sodium sulfate. The 
ether was distilled, and the residue was dissolved in 150 ml. 
of benzene and heated in a bath at 100-110° for five hours. 
This treatment did not result in complete dehydration of the 
tertiary alcohol, for concentration and distillation yielded 
4.1 g. (32%) of recovered cyclooctanone and 10.74 g. of a 
mixture of 1-phenyl-l-cyclooctanol and 1-phenyl-l-cyclo-
octene, b .p . 94.5-107° (0.55-1.5 mm.) , reMD 1.5582-1.5608. 
A 5.71-g. portion of this mixture was converted to pure 1-
phenyl-1-cyclooctene by heating a solution in 100 ml. of 
benzene with 50 mg. of iodine under reflux in a flask at­
tached to a Dean and Stark water separator16 for three 
hours. The benzene solution was washed with sodium 
thiosulfate solution to remove iodine, and the light yellow 
product obtained by distillation under reduced pressure was 
rewashed with sodium thiosulfate and redistilled through a 
semi-micro column.8 The yield of 1-phenyl-l-cyclooctene16 

(14) Prepared by L. L. Estes, Jr., and regenerated by the method 
of E. P. Kohler, M. Tishler, H. Potter and H. T. Thompson, T H I S 
JOURNAL, 61, 1061 (1939). 

(15) E. W, Dean and D, D. Stark, Ind. Eng. Chem., 12, 486 (1920). 
(16) L. F. Fieser and J. Szmuszkovicz, T H I S JOURNAL, 70, 3352 

(1948), have prepared a mixture of l-phenyl-l-cyclo6ctanol and 1-
phenyl-1-cyclodctene in a similar manner but did not isolate the pure 
olefin. 

I n a r e c e n t c o m m u n i c a t i o n 3 t h e r e a c t i o n s of 
p h e n y l l i t h i u m a n d £ - d i m e t h y l a m i n o p h e n y l l i t h i u m 
w i t h c y c l o o c t a t e t r a e n e were r e p o r t e d t o f o r m 
p h e n y l c y c l o o c t a t e t r a e n e (I ) a n d p - d i m e t h y l a m i n o -
p h e n y l c y c l o o c t a t e t r a e n e ( I V ) , r e s p e c t i v e l y . T h i s 
p a p e r p r e s e n t s a d d i t i o n a l i n f o r m a t i o n c o n c e r n i n g 
t h e s e u n u s u a l r e a c t i o n s a n d t h e p r o p e r t i e s of I 
a n d I V , a n d in a d d i t i o n de sc r ibe s t h e r e a c t i o n s of 

(1) Supported in part by a du Pont grant in aid of fundamenta1 

research, and in part by the Office of Naval Research under Contract 
Noori-07822, Project Designation NR-053-96. 

(2) du Pont Fellow, 1950-1951. 
(3) A. C. Cope and M. R. Kinter, THIS JOURNAL, 72, 630 (1950). 

(XVl) was 3.57 g., b .p . 82-83.5° (0.2 mm.) , H25D 1.5612, 
(f-°4 0.9731; AfD calcd. 60.58, found 61.69 (exaltation 1.11). 

Anal. Calcd. for C»H1S: C, 90.26; H, 9.74. Found: 
C, 90.59; H, 9.83. 

Phenylcyclooctane (XVII).—An authentic sample of 
phenylcyclooctane was prepared by hydrogenating a solu­
tion of 2.24 g. of 1-phenyl-l-cycloSctene in 40 ml. of glacial 
acetic acid in the presence of 0.4 g. of 10% palladium-on-
carbon.11 The reduction was complete in 20 minutes and 
required 102.9% of one molar equivalent of hydrogen. 
The catalyst was separated by filtration, and the filtrate 
was concentrated under reduced pressure. A solution of the 
residue in ether was washed with 10% sodium carbonate 
solution and water, and was dried over magnesium sulfate. 
The extracts were concentrated, and the residue was dis­
tilled through a semi-micro column, yielding 1.88 g. (83%) 
of phenylcyclooctane as a colorless liquid, b .p . 86-87.5° 
(0.29 mm.) m.p. 7.3-8.5°, »%> 1.5299, d^t 0.9525; Mo 
calcd. 61.05, found 61.05. 

Anal. Calcd. for C14H2n: C, 89.29; H, 10.71. Found: 
C, 89.36; H, 10.71. 

Ultraviolet Absorption Spectra.—The ultraviolet absorp­
tion spectra shown in Figs. 1 and 3 were determined for 
solutions of the compounds in purified cyclohexane17 with a 
Beckman model DU quartz ultraviolet spectrophotometer. 
The following maxima were observed: In Fig. 1: Curve 1 
(mixture of IX and XI ) , Xmaj., 226 mji (tog ' 4.21), Xmajt, 
259 mn (log e 3.92); Curve 2 (mixture of IX and XI) , \ m a l , 
229 mM (log e 4.17), Xmal., 254 mM (log t 4.10); Curve 3 
(mixture of IX and XI , •̂max.i 232 ITIjU (log C 4 .11) , Xmiix.i 
254 nn< (log e 4.15); Curve 4 (XI) , XmM. 252 mM (log t 4.27). 
In Fig. 3: Curve 1 (XIV), XmBIC.v 231 mM (log « 4.23), 
Xmai., 284 nui (log e 3.99); XIV prepared by thermal de­
composition of the methiodide X I I (not shown), XmaT t 
232 mM (log t 4.20), \m^., 284 mn (log <• 4.00); Curve 2 
(XV), Xma*., 232 m„ (log « 4.23), Xmal., 284 ray. (log t 3.94); 
Curve 3 (XVI) , XmM. 248 m/* (log« 4.07). 

(17) M. E. Maclean, P. J. Jencks and S. F. Acree, J. Research Natl, 
Bur. Standards, 34, 271 (1945). 
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c y c l o o c t a t e t r a e n e w i t h p h e n y l s o d i u m a n d p h e n y l ­
m a g n e s i u m b r o m i d e . 

O r g a n o l i t h i u m c o m p o u n d s a r e k n o w n t o a d d 
t o t h e c a r b o n - c a r b o n d o u b l e b o n d s of a r y l - s u b -
s t i t u t e d olefins4 a n d fu lvenes , 6 a n d t o c o n j u g a t e d 
d i e n e s in t h e i n i t i a t i o n of p o l y m e r i z a t i o n . 6 A 
s t u d y of t h e r e a c t i o n of o r g a n o l i t h i u m c o m p o u n d s 
w i t h c y c l o o c t a t e t r a e n e acco rd i n g l y w a s u n d e r ­
t a k e n , in o r d e r t o d e t e r m i n e w h e t h e r s u b s t i t u t e d 

(4) K. Ziegler, F. Crossmann, H. Kleiner and O. Schafer, Ann., 473, 
1 (1929). 

(5) K. Ziegler and W. Schafer, Md., 511, 101 (1934). 
(6) K. Ziegler, Angew. Chem., 49, 499 (19,36). 

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, MASSACHUSETTS INSTITUTE OF TECHNOLOGY] 

Cyclic Polyolefins. XVII. Preparation of Arylcyclooctatetraenes from 
Cyclooctatetraene and Organometallic Compounds1 

B Y A R T H U R C. C O P E A N D M A R K R . K I N T E R 2 

The reaction of phenyllithium with cyclooctatetraene has been found to proceed by addition, followed by a process equiva­
lent to the transfer of lithium hydride from the addition compound to another molecule of cyclooctatetraene. The products 
isolated after hydrolysis were phenylcyclooctatetraene, phenylcyclooctatriene, a mixture of 1,3,5- and 1,3,6-cyclooctatrienes 
and recovered cyclooctatetraene. Phenylsodium reacted in the same way, yielding phenylcyclodctatetraene and cyclo-
octatrienes. Likewise £-dimethylammophenyllithmm yielded £-dimethylammophenylcyclo6ctatetraene and cyclooctatri-
enes, The reaction of phenylmagnesium bromide with cyclooctatetraene resulted in the formation of biphenyl- and cyclo-
octatrienes. 

Phenylcyclooctatetraene has been characterized by the preparation of a 1:1 complex with silver nitrate, addition compounds 
with maleic anhydride and ^-benzoquinone, and by quantitative hydrogenation to phenylcyclooctane. ^-Dimethylamino-
phenylcyclooctatetraene was reduced quantitatively to £-dimethylaminophenvlcyclodctane. A crystalline salt was ob­
tained from ^-dimethylaminophenylcyclooctatetraene and i-camphor-10-sulfonic acid, but recrystallization of the salt failed 
to result in the separation of diastereomerie forms. 


