6920

Proximity Effects. XLVIII. Aprotic Decomposition of
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The aprotic decompositions of 2-phenylcyclooctanone p-toluenesulfonylhydrazone (tosylhydrazone)

and 3-phenylcyclooctanone tosylhydrazone, promoted by sodium methoxide, were studied. Hydrocarbon products
formed from 2-phenylcyclooctanone tosylhydrazone (87 % yield) were 1-phenylcyclooctene (18 %7), 3-phenylcyclo-
octene (42 %), exo-2-phenyl-cis-bicyclo[3.3.0]octane (15 ), endo-2-phenyl-cis-bicyclo[3.3.0]octane (4%7), 2-phenyl-

cis-bicyclo[5.1.0]octane (3 %7), exo-8-phenyl-cis-bicyclo[5.1.0]octane (17 %3), and benzylcycloheptane (1),
composition of 3-phenylcyclooctanone tosylhydrazone gave a 499 yield of hydrocarbons:

The de-
3-phenylcyclooctene

(40%), 4-phenylcyclooctene (389%), 3-phenyl-cis-bicyclo[3.3.0]octane (17 %), 1-phenyl-cis-bicyclo[5.1.0]octane

(1%), and 3-phenyl-cis-bicyclo[5.1.0]octane (2%).

Transannular reactions have been the subject of
considerable investigation since the observation
that the major products from the solvolysis of cis-
cyclooctene oxide resulted from hydride shifts across
the eight-membered ring.? The outcome of these
reactions is normally quite dependent on the relative
positions of the reactive centers in space, a phenomenon
which gives rise to the term “proximity effect.” The
intermediacy of carbonium ions, carbanions, radicals,
and carbenes has been postulated.?

of the diazoalkane is rapid and the alcohol is quickly
removed from the reaction mixture, minimizes this
possibility. *7

Transannular insertion reactions have been observed
in aprotic decompositions of medium-ring tosylhy-
drazones. Cyclooctanone tosylthydrazone yields cis-
bicyclo[3.3.0Joctane and cis-bicyclo[5.1.0]octane in ad-
dition to cyclooctene. Cyclononanone tosylhydra-
zone and cyclodecanone tosylhydrazone give 76 and
809 bicyclic products, respectively.®

Scheme 1
>=N—NSO:-—©—CH3 NOMe | >=§1Nisoz~©—cm + MeOH
IlI Na™t
A
“+
N = N=N patha  S=N=N + Na'~0 s—@—CH
H—%*‘ + 2 <—N2' H ﬁ T N 2 3
HO OH
path b
/0\/\0/\/0\
>: + N; < =N
The base-promoted decomposition of p-toluenesul- The product distribution from phenyl-substituted
fonylhydrazones (tosylhydrazones) may proceed medium-ring tosylhydrazones indicates the relative

through a carbonium ion or a carbene intermediate,
depending on the reaction conditions. In a protic
solvent, such as ethylene glycol, the intermediate
diazoalkane may be protonated, leading to products
which typically result from the intermediacy of a
carbonium ion (path a). When the reaction is car-
ried out in aprotic solvents, such as diglyme (path b),
carbene formation predominates (Scheme I).

Minor amounts of products may result from a car-
bonium ion pathway, since an equivalent of proton-
donating methanol is formed in the reaction. The
use of high temperatures, at which the decomposition
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transannular insertion reaction. The steric relation-
ship of the benzene ring to the bridgehead hydrogens
in bicyclic products may reveal the nature of the tran-
sition state. The decompositions of 2-phenylcyclo-
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octanone tosylhydrazone (1) and 3-phenylcyclo-
octanone tosylthydrazone (9) are reported here.

Results

2-Phenylcyclooctanone and 3-phenylcyclooctanone
were prepared by published procedures.® A con-
venient alternative route to 3-phenylcyclooctanone is
the Cu(l)-catalyzed addition of phenylmagnesium
bromide to 2-cycloocten-l-one. Conjugate addition

Ph
@ 1.PhMgBr Q
Cul
Ei0
g 2.NH,Cl, H,0 g

under the conditions used occurs to the virtual ex-
clusion of nonconjugate addition.!* The tosylhy-
drazones were prepared in 84-9597 yield by reaction
of an ethanolic solution of the ketone with p-toluene-
sulfonylhydrazide,

Decomposition of the tosylhydrazones was pro-
moted by sodium methoxide in an anhydrous system
at 160° (refluxing diglyme). The composition of the
hydrocarbon fractions was determined by glpc and
components were identified by comparison of infrared
and mass spectra and glpc retention times with those
of authentic samples. Hydrocarbons were formed in
879 yield from 2-phenyleyclooctanone tosylhydrazone
(1) and in 499 yield from 3-phenylcyclooctanone
tosylhydrazone (9). The results of the decomposi-
tions are summarized in Scheme II.

Synthesis and Stereochemistry of Products. The
synthesis of compounds 4, 5, and 7 is outlined in
Scheme III.

Treatment of cis-bicyclo[3.3.0]octan-2-one  with
phenylmagnesium bromide afforded the alcohol 14,
which underwent hydrogenolysis to a mixture of two
hydrocarbons, 4 and 5. Compound 5 may be epi-
merized to 4 by equilibration with potassium z-bu-
toxide in dimethyl sulfoxide. Inspection of models
reveals that in the hydrogenolysis reaction attack of
hydrogen from the less hindered side should yield the
sterically more congested and presumably the less
stable of the two possible isomers. On these grounds,
the 2-phenyl group is assigned the endo configuration
in 5 and the exo in 4.

The synthesis of 8-chloro-8-phenyl-cis-bicyclo[5.1.0]-
octane (15) and its reduction with triphenyltin hydride
parallels the method of Jensen and Patterson,'? who
obtained endo-7-phenylnorcarane in this way. The
thermodynamically less stable endo epimer 16 may be
converted into exo-8-phenyl-cis-bicyclo[S.1.0]octane (7)
by treatment with potassium z-butoxide in dimethyl
sulfoxide. The stereochemical assignment is also
supported by the greater complexity of the aromatic
region in the nmr spectrum of the exo epimer 7 com-
pared to that of the endo epimer 16.!2

The reaction of cis-bicyclo[3.3.0]Joctan-3-one with
phenylmagnesium bromide afforded a crystalline al-
cohol, which was converted by hydrogenolysis into
3-phenyl-cis-bicyclo[3.3.0]octane (11). Separation of
epimers was not achieved.

(9) A. C. Cope and D. S. Smith, J. Am. Chem. Soc., 74, 5136 (1952),
(10) A. C. Cope, M. R, Kinter, and R. J. Keller, Ibid., 76, 2757 (1954).
(11) H. O. House, W. L. Respess, and G. M. Whitesides, J. Org.
Chem., 31, 3128 (1966).
; 51626; F. R. Jensen and D. B. Patterson, Tetrghedron Letters, 3837
1 .
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Cyclopropanes 6, 12, and 13 were prepared via the
Simmons-Smith reaction from the corresponding ole-
fins. The stereochemical relationship of the bridge-
head hydrogens and the phenyl group in 6 and 13 was
not determined. Benzyl cycloheptane (8) was ob-
tained by a two-step reduction of a-benzylidenecyclo-
heptanone.
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Discussion

The phenyl group on the eight-membered ring does
not appear to increase the lability of the benzylic hy-
drogen toward the insertion reaction. In the decom-
position of 2-phenylcyclooctanone tosylthydrazone (1),
both possible olefins, 2 and 3, were formed in amounts
which indicate that the intermediate carbene lacked
selectivity. The product of insertion toward the ben-
zene ring in the decomposition of 3-phenyleycloocta-
none tosylhydrazone (9), I-phenyl-cis-bicyclof5.1.0]-
octane (12), accounted for only 1 97 of the hydrocarbon
fraction and, significantly, was not favored over the
alternative 1-3 insertion product, 13.

A preference for 1-5 insertion toward the benzylic
position was noted in the decomposition of 5-phenyl-
cyclodecanone tosylhydrazone,!®* where a choice be-
tween benzylic and nonbenzylic 1-5 insertion exists.

NNHTSs
NaOMe
/0\/\0/\/0\
h
+ <+ other
products
Ph Ph
27%, 489,

The total amount of olefin formation, 609 in the
case of the 2-substituted isomer, and 78 % from the 3-
substituted isomer, represents a significant increase
over the unsubstituted case,® in which cyclooctene
comprised 459, of the volatile products. This trend
was also observed in the decomposition of 5-phenyl-
cyclooctanone tosylhydrazone!* (57.597 S-phenylcy-
clooctene) and may result from a slight flattening of the
ring due to the presence of the phenyl group. This
type of steric effect is consistent with decreased trans-
annular insertion since the distance between the re-
active centers is increased.

The absence of any 1-4 insertion products is in
agreement with previous studies. The 1 and 4 posi-
tions are not favorably disposed sterically for a trans-
annular reaction. Solvolysis reactions have shown
minimum amounts of 1-4 hydride shifts compared to
1-2, 1-3, and 1-5 migrations.? The unique feature of
the decomposition of 2-phenylcyclooctanone tosylhy-
drazone (1) is the large amount of 1-3 insertion (17 %)
in one direction to form exo-8-phenyl-cis-bicyclo[5.1.0]-
octane (7); 2-phenyl-cis-bicyclo[5.1.0]octane (6) is
observed in only 39 yield. Products resulting from
1-3 insertion when 3-phenylcyclooctanone tosylhy-
drazone is decomposed (12 and 13) amount to only
39 of the hydrocarbon fraction. This result is most
likely due to a conformational effect which increases
the proximity of the particular 1 and 3 positions which
become bonded to form 7.

Only cis-ring junctures were observed in the bicyclic
products. This is in accord with previous studies in
which only cis junctures were found, regardless of the
relative thermodynamic stability of the cis and rrans
bicyclic compounds. This stereospecificity is a result
of concerted transfer of an axial hydrogen in the in-
sertion reaction and is in agreement with the general

(13) R. B. Davis, Ph.D. Thesis, Massachusetts Institute of Technology,
1965.

observation that this reaction occurs with retention of
configuration ® 1314

The major bicyclic products from the decomposi-
tion of 2-phenylcyclooctanone tosylhydrazone (1),
exo-2-phenyl-cis-bicyclo[3.3.0]octane (4), and exo-8-
phenyl-cis-bicyclo[5.1.0]octane (7) reflect another mode
of stereospecificity. Only 4%, endo-2-phenyl-cis-bi-
cyclo[3.3.0]octane (5) was observed and endo-8-phenyl-
cis-bicyclo[5.1.0Joctane (16) was not present in the
mixture. The products are not epimerized under the
reaction conditions. If the cyclooctane ring exists in
the crown conformation in the transition state, the
phenyl group would most likely be held in a pseudo-
equatorial position. Transannular insertion to the
3 or 5 position with migration of axial hydrogen then
leads to the observed products. The stereochemistry

N&r% %

1-5 insertion

Ph
H

of 3-phenyl-cis-bicyclo[3.3.0]octane (11) was not deter-
mined. On the basis of the above arguments, the
endo structure would be assigned to the predominant
1-5 insertion product from 3-phenylcyclooctanone
tosylhydrazone (9).

H H
H
Ph 1-5insertion | 1-5 Insertion

Benzylcycloheptane (8), formed in the decompo-
sition of 2-phenylcyclooctanone tosylhydrazone (1),
is not an expected product. It is almost certainly
not a primary product since it is difficult to imagine a
process by which a nonisomeric product could be
formed in the initial reaction. Small amounts of water
in the system can cause hydrolysis of the tosylhydra-
zone to p-toluenesulfonylhydrazide and 2-phenylcy-
clooctanone (trace amounts observed). The hydra-
zide is a good reducing agent!® and could cause hydro-
genolysis of exo-8-phenyl-cis-bicyclo[5.1.0Joctane (7)
resulting in formation of benzylcycloheptane (8).

Experimental Section!®

2-Phenylcyclooctanone Tosylhydrazone (1). A mixture of 1.00 g
(4.9 mmoles) of 2-phenylcyclooctanone,? 0.92 g (5.38 mmoles) of

(14) R. B. Kinnel, Ph.D. Thesis, Massachusetts Institute of Technol-
ogy, 1964,

(15) R. S. Dewey and E. E. van Tamelen, J. Am. Chem. Soc., 83,
3729 (1961).

(16) Melting points were determined on a Kofler hot stage; boiling
points are uncorrected. Infrared spectra were measured on a Perkin-
Elmer Model 237B recording spectrophotometer. Ultraviolet spectra
were measured on a Cary Model 14 spectrophotometer, Nuclear
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p-toluenesulfonylhydrazide, and 15 ml of ethanol was heated under
reflux for 1 hr. Upon cooling, a white solid slowly precipitated.
This material was collected and recrystallized from methanol,
yielding 1.52 g (84.0%) of 2-phenylcyclooctanone tosylhydrazone
(1) melting at 187-188°: »$5C" 3252, 3200, 1165 cm~!,

Anal. Caled for CaH:eN:0:.S: C, 68.20; H, 7.03; N, 7.58;
S, 8.66. Found: C, 68.02; H, 7.20; N, 7.40; S, 8.64.

endo-2-Phenyl-cis-bicyclo(3.3.0]octane  (5).  Phenylmagnesium
bromide (2.42 mmoles) was prepared in 25 ml of ether from 380 mg
(2.42 mmoles) of bromobenzene and 100 mg (4.12 mg-atoms) of
magnesium turnings. A solution of 232 mg (1.87 mmoles) of
cis-bicyclo[3.3.0]Joctan-2-one!” in 5 ml of ether was added drop-
wise. The mixture was refluxed for 10 min and then decomposed
with saturated aqueous NH.Cl. The resulting two-phase system
was separated and the ethereal layer was washed (saturated aqueous
NaHCO;) and dried (MgSO4). Removal of solvent at reduced
pressure vielded 385 mg of the alcohol 14, »55y 3600, 3400 cm~.
This material was used without further purification. A mixture
of 100 mg of 109 palladium on carbon, 380 mg of alcohol, 3
drops of 359 perchloric acid, and 10 ml of ethanol was stirred in an
atmosphere of hydrogen at a pressure of 1 atm and a temperature
of 20° until uptake cf hydrogen was complete. The catalyst was
filtered and the mixture was poured into 50 ml of water and ex-
tracted with three 25-ml portions of ether. The ether layer was
washed (saturated aqueous NaHCO;) and dried (MgSO,4). Re-
moval of solvent at reduced pressure yielded 300 mg of crude
product, which was purified by collection from glpc (8 ft X 0.25
in., 209 SE-30, 180°). Analysis of this material on an 8 ft X 0.25
in., 107 phenyldiethanolamine succinate column at 150° showed
two peaks, 14 and 86 %, corresponding to exo-2-phenyl-cis-bicyclo-
[3.3.0Joctane (4) and endo-2-phenyl-cis-bicyclo[3.3.0)octane (5),
respectively, and the following spectral properties of the endo
epimer: ooy 3080, 3055, 2920, 2970, 2890, 1600, 1498, 1450, 1026,
698 cm~!; nmr (CCly), 6 7.09 (5 H, singlet), 2.6-1.0 (13 H, multi-
plet); mass spectrum, m/e (relative intensity), 186 (22, molecular
ion), 117 (11), 104 (100), 91 (15), 67 (15).

Anal. Caled for CuHis: C, 90.32;
90.45; H, 9.56.

exo-2-Phenyl-cis-bicyclo[3.3.0]octane (4). A mixture of 15.5
mg (0.083 mole) of endo-2-phenyl-cis-bicyclo[3.3.0]octane (5), 0.60
ml of dimethy! sulfoxide, and 37 mg (0.33 mmole) of potassium
r-butoxide was heated with stirring under a positive pressure of
nitrogen at 70° for 20 hr. The resulting mixture was poured into
10 ml of water and extracted with three 50-ml portions of methylene
chloride. The methylene chloride layer was washed with three
125-ml portions of water and dried (MgSO4). Removal of solvent
at reduced pressure left a residue of 29.9 mg, which was analyzed by
glpe (8 ft X 0.25 in., 209 LAC-728, 140°). The composition of
the product was 279% endo-2-phenyl-cis-bicyclo[3.3.0Joctane (5)
and 739 exo-2-phenyl-cis-bicyclo[3.3.0]octane (4) having relative
retention times of 1.14 and 1.00, respectively: »SSH 3073, 3061,
3021, 2948, 2863, 1600, 1470, 1440, 1057, 1020, 685 ¢cm~!; nmr
(CCly), 6 7.09 (5 H singlet), 2.6-1.0 (13 H, multiplet); mass spec-
trum, m/e (relative intensity), 186 (19, molecular ion), 117 (9), 115
(9), 104 (100), 91 (15), 67 (9), 41 (12).

Anal. Caled for Ci4His: C, 90.32; H, 9.68.
H, 9.84.

8-Chloro-8-phenyl-cis-bicyclo[5.1.0Joctane (15). Benzal chloride
(2.7 g, 0.017 mole) was added dropwise with stirring to a refluxing
mixture of 2.0 g (0.017 mole) of potassium ¢-butoxide and 50 ml of
cycloheptene. The reaction was carried out in dry equipment
under a positive pressure of oxygen. After the addition was
complete, the mixture was heated under reflux for 4.5 hr. The
cooled mixture was poured into 100 ml of water and extracted
with three 100-ml portions of ether. The ether layer was washed
with 250 ml of water and dried (MgSQ4). The solvent was removed
at reduced pressure; distillation yielded 950 mg (25 %) of 8-chloro-
8-phenyl-cis-bicyclo[5.1.0]octane (15); »SS¥ 3085, 3060, 3035, 3000,
2920, 2855, 1600, 1483, 1465, 1445, 852, 685 cm™!;  AZHH my ()
221 (9350), 253 (275); nmr (CCly), § 7.15 (5 H, singlet), 2.50-1.20

H, 9.68. Found: C,

Found: C, 90.16;

magnetic resonance spectra were measured on a Varian Associates A-60
instrument. Peak positions are reported in parts per million using
tetramethylsilane as an internal standard. Mass spectra were de-
termined with an Hitachi Perkin-Elmer RMU-6D mass spectrometer.
Vapor phase chromatograpby studies were performed on a F& M Model
720 instrument with a flow rate of 1 cc of helium/sec. Microanalyses
were performed by Scandinavian Microanalytical Laboratories, Gal-
braith Laboratories, Inc., and Dr. S. M. Nagy and associates.
(I17) R. P. Linstead and E. M. Meade, J. Chem. Soc., 946 (1934).
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(12 H, multiplet); mass spectrum, m/e (relative intensity), 220
(23, molecular ion), 138 (100), 129 (50), 128 (49), 115 (74), 91 (49).

Anal. Caled for CiyHyr: C, 76.36; H, 7.73. Found: C, 76.10;
H, 7.65.

endo-8-Phenyl-cis-bicyclo[5.1.0Joctane (16). A mixture of 150
mg (0.68 mmole) of 8-chloro-8-phenyl-cis-bicyclo[5.1.0]octane
(15), 77.5 mg (2.04 mmoles) of lithium aluminum hydride, and 26.2
mg (0.068 mole) of triphenyltin chloride in 5 ml of dimethoxyethane
was heated under reflux for 8 hr in a nitrogen atmosphere. At the
end of this time, 15 ml of cold water was added and the resulting
mixture was extracted with three 25-ml portions of ether. The
ether layer was washed with water and dried with magnesium
sulfate. The solvent was removed at reduced pressure leaving a
residue of 110 mg, which was analyzed by glpc (8 ft X 0.25 in.,
209 LAC-728, 140°). There were two peaks, 86.1 and 13.9%,
having relative retention times of 1.00 and 1.34, which correspond
to endo-8-phenyl-cis-bicyclo[5.1.0Joctane (16) and exo-8-phenyl-
cis-bicyclo[5.1.0]octane (7), respectively. Compound 16 showed
the following spectral properties: »oo.* 3085, 3063, 3023, 3000,
2920, 2855, 1600, 1492, 1460, 1450, 1440, 1177, 1023, 720, 690
el ABOH () 218 (8910), 253 (247), 259 (247); nmr (CCly),
8 7.13 (5 H, broad singlet), 2.70-0.70 (13 H, multiplet); mass
spectrum, mje (relative intensity), 186 (62, molecular ion), 129
(43), 104 (100), 95 (80), 91 (65).

Anal. Caled for Ci4His: C, 90.32; H, 9.68.
H, 9.95.

ex0-8-Phenyl-cis-bicyclo[5.1.0]Joctane (7). A mixture of 30 mg
(0.16 mmole) of endo-8-phenyl-cis-bicyclo[5.1.0]octane (16), 75 mg
(0.67 mmole) of potassium r-butoxide, and 1.20 ml of dimethyl
sulfoxide was heated to 80° for 48 hr under a positive pressure of
nitrogen. The resulting mixture was poured into 10 ml of water
and extracted with three 50-ml portions of methylene chloride.
The methylene chloride layer was washed with three 125-ml portions
of water and dried (MgSQO.). Removal of solvent at reduced
pressure left a residue of 30 mg, which was analyzed by glpc (8 ft X
0.25in.,20% LAC-728, 140°). Two peaks, 24.3 and 75.7 %, having
relative retention times of 1.00 and 1.34, corresponded to the
endo and exo epimers, respectively. exo-8-Phenyl-cis-bicyclo-
[5.1.0)octane (7) had the following spectral properties: v
3080, 3064, 3025, 3008, 2925, 2860, 1607, 1598, 1500, 1455, 1450,
1026, 285 cm=1; AESH my (&) 225 (12,500), 255 (638), 263 (724),
268 (758), 277 (659); nmr (CCly), 6 7.40-6.70 (multiplet, 5 H),
2.70-0.70 (13 H, multiplet); mass spectrum, m/e (relative intensity),
186 (47, molecular ion), 129 (33), 104 (100), 95 (36), 91 (42).

Anal. Caled for Ci4His: C, 90.32; H, 9.68. Found: C, 90.14;
H, 9.60.

3-Phenylcycloheptene. Phenylmagnesium bromide (0.072 mole)
in 50 ml of ether was prepared from bromobenzene (11.8 g, 0.075
mole) and magnesium turnings (1.75 g, 0.072 g-atom). A solution of
3-bromocycloheptene!® (4.0 g, 0.023 mole) in 15 ml of ether was
added dropwise with stirring at room temperature. After stirring
had been continued for 2 hr, the mixture was poured into 75 g
of ice water and extracted with two 100-ml portions of ether. The
ether extracts were washed (saturated aqueous NH,Cl, 10 % aqueous
NHOH, and 10% aqueous NaOH), dried (MgSO,), concentrated,
and distilled, yielding 1.60 g (409) of 3-phenylcycloheptene, bp
70.5-71.5° (0.4 mm). The spectral properties are as follows:
»SS% 3080, 3070, 3030, 2940, 2865, 1650, 1600, 1485, 1450, 1440,
685 cm™!; nmr (CCly), 6 7.12 (5 H, singlet), 5.92-5.68 (2 H, multi-
plet), 3.67-3.25 (1 H, multiplet), 2.50-1.17 (8 H, multiplet); mass
spectrum, mfe (relative intensity), 172 (86, molecular ion), 129
(100), 115 (80), 104 (100), 91 (78).

Anal. Caled for Ci3Hyg: C, 90.70; H, 9.30. Found: C, 90.59;
H, 9.34.

2-Phenyl-cis-bicyclo[5.1.0]octane (6). The Simmons-Smith rea-
gent was prepared by heating a slurry of 5.30 g of Zn~Cu couple,
5 ml of methylene iodide, a crystal of iodine, and 100 ml of ether
for 1 hr at the reflux temperature. To this mixture 464 mg (2.66
moles) of 3-phenylcycloheptene was added in one portion.
The mixture was heated under reflux with stirring for 69 hr. After
cooling, the inorganic material was filtered and washed with five
50-ml portions of ether. The ether layer was then washed with 300
ml of 25% aqueous NH,Cl and five 200-ml portions of water.
The ether was dried (MgSO,) and removed under reduced pressure
leaving a residue of 1.96 g, which was analyzed by glpc (8 ft X
0.25 in., 209 SE-30, 175°). The mixture contained some starting

Found: C, 90.04;

(18) M. Mennrath and M. Gauducheau, Compt. Rend., 252, 1622
(1961).
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material in addition to 2-phenyl-cis-bicyclo[5.1.0]octane (6). There
was no indication of any separation of epimers under the conditions
used. The major components could therefore be either the endo
or exo epimer, or a mixture of both. The spectral properties are as
follows: »SC¥ 3083, 3063, 3018, 2993, 2918, 2858, 1600, 1490,
1450, 1440, 1022, 695 cm™!; nmr (CCly), § 7.20-6.60 (5 H, singlet
with shoulder), 2.70-0.30 (13 H, multiplet); mass spectrum, m/e
(relative intensity), 186 (17, molecular ion), 117 (11), 104 (100),
91 (18), 67 (11).

Anal. Caled for Ci Hys: C, 90.32; H, 9.68.
H, 9.68.

Benzylcycloheptane (8). A mixture of 3.0 g (0.015 mole) of
a-benzylidenecycloheptanone,!? 50 m! of absolute ethanol, and 0.5
g of 109} palladium-on-charcoal catalyst was agitated in an atmo-
sphere of hydrogen at a pressure of 1 atm and a temperature of 20°
until the theoretical amount of hydrogen (360 ml) was taken up.
The catalyst was filtered and the ethanol was evaporated, leaving a
residue of 3.0 g (99%) of a-benzylcycloheptanone showing i<k
1700 cm~—1.

A mixture of 2.0 g (0.0099 mole) of a-benzylcycloheptanone,
4.0 g (0.125 mole) of 1009 hydrazine, and 10 ml of ethanol was
heated under reflux for 2 hr. Most of the ethanol was removed
under reduced pressure and the residue was extracted with three
25-ml portions of ether. The ether solution was dried (MgSO.,)
and concentrated, yielding an oil whose infrared spectrum exhibited
N-H bands and showed no carbonyl absorption. This material
was mixed, without further purification, with 800 mg (0.014 mole)
of powdered potassium hydroxide and heated to 150° for 1 hr,
after which 25 mi of water was added. The mixture was extracted
with three 25-ml portions of ether and the ether solution dried
(MgSQy). The ether was removed at reduced pressure leaving
1.50 g (80%) of benzylcycloheptane (8) which was homogeneous
by glpe (8 ft X 0.25 in., 209 SE-30, 170°); »55* 3080, 3052, 3025,
2925, 2850, 1600, 1488, 1444, 1019, 708, 688 cm™!; nmr (CCly),
8 7.10 (5 H, singlet), 2.49 (2 H, doublet), 1.9-1.0 (13 H, multiplet);
mass spectrum, mje (relative intensity), 188 (33, molecular ion),
97 (62), 96 (44), 92 (86), 51 (55), 55 (100).

Anal. Caled for CisHzy: C, 89.36; H, 10.64. Found: C,
89.39; H, 10.70.

Anhydrous Decomposition of 2-Phenylcyclooctanone Tosyl-
hydrazone (1). All equipment was flamed dry under vacuum.
Diglyme (40 ml) was distilled from lithium aluminum hydride into
a mixture of 151 mg (2.80 mmoles) of sodium methoxide and 970
mg (2.62 mmoles) of 2-phenylcyclooctanone tosylhydrazone (1).
The resulting mixture was immersed in an oil bath which had been
preheated to 180°, Refluxing was continued for 2 hr under a posi-
tive pressure of N.. The mixture was cooled and the precipitated
sodium toluenesulfinate was filtered. The resulting solution was
diluted with 100 ml of ether and 100 ml of water. The layers were
separated and the ether layers were washed with 25 40-ml portions
of water. The ether was dried (MgSQ,) and removed under re-
duced pressure, yielding 460 mg of crude product. This material
was distilled in a Hickman still at a pot temperature of 120-140°
and a pressure of 1 mm. The resulting hydrocarbon mixture
(422 mg, 87 %) was aualyzed by glpc (8 ft X 0.25in,, 209, LAC-728,
140°) to give the following compounds (the relative retention times
are in parentheses): benzylcycloheptane (8) (0.62), exo-2-phenyl-
cis-bicyclo[3.3.0Joctane (4) (0.69), endo-2-plienyl-cis-bicyclo[3.3.0]-
octane (5) (0.79), 2-phenyl-cis-bicyclo[5.1.0jJoctane (6) (0.86), 3-
phenyleyclooctene (3) (1.00), exo-8-phenyl-cis-bicyclo[5.1.0Joctane
(7) (1.06), 1-phenylcyclooctene (2) (1.11). The composition of the
mixture was determined by measuring peak areas with a planimeter
and the reported percentages represent the average of three de-
compositions, For spectral data, samples were obtained by collect-
ingona2ft X 0.25in., 209 SE-30 column at 180°.

3-Phenylcyclooctanone. Phenylmagnesium bromide (0.16 mole)
was prepared in 400 ml of ether from 25.0 g (0.16 mole) of bromo-
benzene and 4.0 g (0.17 g-atom) of magnesium turnings. Cuprous
iodide (15.2 g, 0.08 mole) was added in one portion. A solution of
10.0 g (0.08 mole) of 2-cycloocten-1-one!® in 100 ml of ether was
added dropwise with stirring. After the addition was complete,
the mixture was heated under reflux for 15 min and decomposed
by dropwise addition of 500 ml of saturated aqueous NH,Cl
After dilution with 1000 ml of water and 500 ml of ether, the layers
were separated and the organic phase was washed (500 ml of
saturated aqueous NaHCO;) and dried (MgSO,). Removal of
solvent at reduced pressure followed by distillation yielded 6.0 g

Found: C, 90.12;

(19) R. L. Erskine and E. S, Waight, J. Chem. Soc., 3425 (1960).

(37%) of 3-phenylcyclooctanone, bp 118-120° (0.5 mm). The ke-
tone solidified rapidly and was recrystallized from a 5:1 methanol-
water mixture to a melting point of 61-62° (lit.! mp 61-62.5°).

3-Phenylcyclooctanone Tosylhydrazone (9). A mixture of 2.00 g
(9.8 mmoles) of 3-phenylcyclooctanone, 1.84 g (10.8 mmoles) of
p-toluenesulfonylhydrazide, and 25 ml of ethanol was heated
under reflux for 1 hr. A white solid precipitated when the mixture
was cooled. This material was collected and recrystallized from
ethanol, yielding 3.40 g (95%) of 3-phenylcyclooctanone tosyl-
hydrazone (9) at 151-153°; »S* 3250, 3200, 1165 cm™1.

Anal. Caled for CyHeN.O.S: C, 68.20; H, 7.03; N, 7.58;
S, 8.66. Found: C,6791; H, 7.10; N, 7.48; S, 8.76.

1-Phenyl-cis-bicyclo[5.1.0]Joctane (12). The Simmons-Smith rea-
gent was prepared by heating a slurry of 4.71 g of Zn~Cu couple,
5.0 ml of methylene iodide, a crystal of iodine, and 100 ml of ether
for 1 hr under reflux. 1-Phenylcycloheptene? (435 mg, 2.50
mmoles) was added in one portion. The mixture was heated
under reflux with stirring for 64 hr. After cooling, the inorganic
material was filtered and washed with five 50-m! portions of ether.
The ether layer was then washed with 300 ml of 25% aqueous
NH.C! and five 200-ml portions of water. The ether was dried
(MgS0,) and removed under reduced pressure leaving a residue of
1.70 g, which was analyzed by glpc (8 ft X 0.25in., 209 SE-30, 175°).
The mixture contained only one high-boiling component, which
had retention time different from that of 1-phenylcycloheptene.
This material was identified as 1-phenyl-cis-bicyclo[5.1.0Joctane
(12) of by its spectral properties: S5 3076, 3066, 3018, 2996, 1600,
1490, 1462, 1445, 1025, 695 ecm~1; AESH mu (€) 215 (7170), 253
(430), 260 (430); nmr (CCly), 8 7.13 (5 H, singlet), 2.70-0.50 (13 H,
multiplet); mass spectrum, m/e (relative intensity), 186 (100,
molecular ion), 158 (51), 129 (70), 118 (60), 104 (63), 91 (50).

Anal. Caled for CiyHy: C, 90.32; H,9.68. Found: C, 90.28;
H, 9.61.

3-Phenyl-cis-bicyclo[3.3.0Joctane (11). Phenylmagnesium bro-
mide (4.80 mmoles) was prepared in 50 ml of ether from bromo-
benzene (760 mg, 4.80 mmoles) and magnesium turnings (200 mg,
8.24 mg-atoms). A solution of cis-bicyclo[3.3.0]octan-3-one?! (460
mg, 3.70 mmoles) in 10 ml of ether was added dropwise. The
mixture was heated under reflux for 10 min and decomposed with
saturated aqueous NH.Cl. The resulting two-phase system was
separated and the organic layer was washed (saturated aqueous
NaHCO:,) and dried (MgS0,). Concentration at reduced pressure
yielded a residue of 551 mg, which rapidly solidified. The alcohol,
mp 74-75° after recrystallization from hexane, vou ® 3600, 3400
cm~!, was used without further purification, A mixture of 227
mg of the alcohol, 75 mg of 109 palladium on carbon, 3 drops
of 35% aqueous perchloric acid, and 10 ml of absolute ethanol was
stirred in an atmosphere of hydrogen at 20° and a pressure of 1 atm
until uptake of hydrogen was complete. The catalyst was filtered
and the mixture was poured into 50 ml of water and extracted with
three 25-ml portions of ether. The organic phase was washed
(saturated aqueous NaHCO;) and dried (MgSO.). Removal of
solvent at reduced pressure yielded 200 mg of crude hydrocarbon,
which was purified by collection by glpc (8 ft X 0.25 in., 2077
LAC-728, 140°) and recollection (2 ft X 0.25 in., 209, SE-30,
180°). There was no evidence of separation of epimers. The
stereochemistry of the product, 3-phenyl-cis-bicyclo[3.3.0]octane
(11), may therefore be either endo, exo, or a mixture of both. The
spectral properties are as follows: voor 3070, 3059, 3020, 2950,
2860, 1600, 1495, 1470, 1462, 1449, 1026, 695 cm~!; nmr (CCly),
8 7.10 (5 H, singlet), 2.70-1.30 (13 H, multiplet); mass spectrum,
m/e (relative intensity), 186 (79, molecular ion), 104 (100), 91 (32),
89 (31), 67 (23).

Anal. Caled for C4Hjs: C, 90.32; H, 9.68.
H, 9.89.

3-Phenylcycloheptanone. Phenylmagnesium bromide (0.13 mole)
was prepared in 400 ml of ether from bromobenzene (22.0 g, 0.13
mole) and magnesium turnings (3.4 g, 0.14 g-atom). Cuprous iodide
(12.2 g, 0.064 mole) was added in one portion. A solution of
2-cyclohepten-1-one2? (7.0 g, 0.064 mole) in 100 ml of ether was
added dropwise with stirring. After the addition was complete,
the mixture was heated under reflux for 15 min and decomposed by
dropwise addition of 500 ml of saturated aqueous NH,CL Follow-
ing dilution with 1000 ml of water and 500 ml of ether, the two-
phase system was separated and the ether layer was washed (500

Found: C, 90.17;

(20) H. Pines, A. Edeleanu, and V. N. Ipatieff, J. Am. Chem. Soc., 67.
2193 (1945).

(21) R, P. Linstead and E, M, Meade, J. Chem. Soc., 935 (1934).

(22) C. D. Gutsche, J. Am. Chem. Soc., 71, 3513 (1949).
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ml of saturated aqueous NaHCQ;) and dried (MgSO,.). Concen-
tration at reduced pressure followed by distillation yielded 4.0 g
(33%) of 3-phenylcycloheptanone, bp 105° (0.5 mm). The semi-
carbazone melted at 219-220° (lit.2? mp 220-221°).

3-Phenylcycloheptanol. A solution of 3-phenylcycloheptanone
(3.50 g, 18.5 mmoles) in 45 ml of ether was added dropwise with
stirring to a slurry of lithium aluminum hydride (500 mg, 13.2
mmoles) in 50 ml of ether at room temperature. Stirring was con-
tinued for 1 hr and the mixture was decomposed by dropwise addi-
tion of water. The ether layer was separated, washed (H:0),
dried (MgSQ.), and concentrated at reduced pressure yielding 3.50 g
(99%) of 3-phenylcycloheptanol. Analysis by glpc (8 ft X 0.25
in,, Carbowax, 240°) indicated a 50:50 mixture of c¢is and trans
isomers with the following spectral properties: »55; 3600, 3400,
3080, 3055, 3025, 2930, 2855, 1500, 1490, 1450, 1025, 695 cm™1;
nmr (CCly), § 7.09 (5 H, singlet), 3.84 (1 H, multiplet), 3.09-1.00
(11 H, multiplet); mass spectrum; m/e (relative intensity), 190
(12, molecular ion), 117 (43), 104 (100), 91 (69), 41 (46).

Anal, Caled for C;;HiO: C, 82.10; H, 9.47. Found: C,
81.85; H, 9.45.

Dehydration of 3-Phenylcycloheptanol. Phosphorus oxychloride
(3.0 ml) was added dropwise with stirring to a solution of 3-phenyl-
cycloheptanol (1.80 g, 9.5 mmoles) in 50 ml of pyridine at room
temperature. The mixture was heated at 100° for 1 hr and, after
cooling, was diluted with 200 ml of water and extracted with two
100-ml portions of ether. The ether extracts were washed (6 N
HC) and dried (MgS0O,). Concentration yielded 1.65 g of a mix-
ture of olefins which was analyzed by glpc (8 ft X 0.25 in,, 10%
phenyldiethanolamine succinate, 140°), The mixture was sepa-
rated into two components, in the ratio of 44 to 569, having
relative retention times of 1.00 and 1.10, respectively. No isom-
erization to l-phenylcycloheptene was observed. The first com-
ponent was identified as 3-phenylcycloheptene by comparison of
its infrared spectrum and retention time to those of an authentic
sample. The spectral properties of the second component estab-
lished its structure as 4-phenylcycloheptene: »SS* 3080, 3070,
3030, 2930, 2850, 1650, 1600, 1475, 1450, 1435, 685 cm™!; nmr
(CCly), 6 7.08 (5 H singlet), 5.87-5.62 (2 H, multiplet), 2.68-1.18
(9 H, multiplet); mass spectrum, m/e (relative intensity), 172
(56, molecular ion), 117 (92), 104 (100), 91 (81), 39 (56).

6925

Anal. Calced for C;His: C, 90.70; H, 9.30. Found: C, 90.85;
H, 9.26.

3-Phenyl-cis-bicyclo[5.1.0Joctane (13). A slurry of Zn-Cu
couple (1.04 g), 1.1 ml of methylene iodide, and a crystal of iodine
in 25 ml of ether was heated under reflux for 1 hr. 4-Phenylcyclo-
heptene (95.0 mg, 0.55 mmoles) was added in one portion. The
mixture and stirred and refluxed for 60 hr, The inorganic material
was filtered, and the ether solution was washed (saturated aqueous
NH.C! and H:0), dried (MgSQ.,), and concentrated at reduced
pressure yielding a residue of 176 mg, which was analyzed by glpc
(8 ft X 0.25 in.,, LAC-728, 140°). There was one high-boiling
component with retention time different from 4-phenylcyclo-
heptene. This was identified as 3-phenyl-cis-bicyclo[5.1.0]Joctane
(13) by comparison of spectral and chromatographic properties
with those of an authentic sample.!* There was no evidence for
separation of epimers under any conditions tried. The stereo-
chemistry of the product may therefore be either endo or exo
or a mixture of both with a mass spectrum; m/e (relative intensity),
186 (73, molecular ion), 129 (31), 117 (48), 104 (100), 91 (67).

Aprotic Decomposition of 3-Phenylcyclooctanone Tosylhydrazone
(9). The procedure was identical with that used in the aprotic
decomposition of 2-phenylcyclooctanone tosylhydrazone (1).
In a typical run, the decomposition of 700 mg (1.89 mmoles) of
3-phenylcyclooctanone tosylhydrazone (9) was promoted by 109
mg (2.02 mmoles) of sodium methoxide. This yielded a mixture
of hydrocarbons (119 mg, 49 %) which was analyzed by glpc (8 ft
x 0.25 in., 209, LAC-728, 140°) to give the following compounds
(the relative retention times are given in parentheses): 1-phenyl-
cis-bicyclo[5.1.0)octane (12) (0.71), 3-phenyl-cis-bicyclo[3.3.0]-
octane (11) (0.80), 3-phenyl-cis-bicyclo[5.1.0Joctane (13) (0.96),
3-phenylcyclooctene (3) (1.00), 4-phenylcyclooctene (10) (1.05),
unidentified (1.15). The composition of the mixture was deter-
mined by measuring peak areas with a planimeter and the reported
percentages represent the average of three decompositions. Spec-
tral data were obtained by recollecting from a 2 ft X 0.25in., 207
SE-30 column at 180°.
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A series of oligomers was prepared by adding heavy water to a solution of isopropyl acrylate-a,8-ds,

which was polymerizing by an anionic mechanism under conditions which give, without hydrolysis, a highly di-
isotactic polymer through trans opening of the double bond. Nmr analysis of the products showed that the oligo-

mers comprised a homologous series, all mer units of which had isotactic «-methine configurations.

The first and

second units of each oligomer, however, had S-methylene carbons of nearly random configuration and all units
added later had isotactic 8 configurations corresponding to frans opening of the double bond like the high poly-
mers produced in this system. Apparently regular isotactic placement of the terminal a-methine carbon of a growing
anion does not require the prior occurrence of an isotactic placement and is independent of the mode of incorpora-

tion of the 8 carbon of the terminal unit into the growing chain.

Mer units other than the last two of a growing

anion are not required to direct the mode of approach of another monomer into a transition state.

he effect of preceding mer units on the placement
of the terminal unit of a growing chain can be
derived from the intensities of the nmr signals character-
istic of dyads, triads, tetrads, etc., of mer units of the
polymer obtained. It has been found!' from the inten-

(1) F. A. Bovey and G. V. D. Tiers, J. Polymer Sci., 44, 173 (1960).

sities of the dyad and triad signals that anionic polymer-
izations of methyl methacrylate usually cannot be ex-
plained by a single Bernoullian process. In any non-
Bernoullian as, for example, multistate? polymeriza-
tion, the intensities of the signals of tetrads and higher

(2) B. D, Coleman and T. G. Fox, J. Chem. Phys., 38, 1065 (1963),
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