HyprogeNoLysis oF CYCLOPROPANES

content was transferred under nitrogen to a distillation flask.
The product was not soluble in benzene. The benzene and other
low-hoiling material were removed by distillation without rectifi-
cation by lowering the pressure gradually to 10 mm at 40°. Most
of the benzene was separated by distillation through a 36-in.
column. The residue was distilled through a 20-in. spiral wire
column to give 28 g, bp 121° at atmospheric pressure to 110° at
200 mm. Gas chromatography showed that it contained about
709 of one material and several other products in small amounts.
A fraction boiling between 122 and 124°, which was about 859,
pure according to gas chromatography, was analyzed, n%p 1.4572,
% 0.814 (it} bp 118°, n¥p 1.4557).

Anal. Caled for CsHys: C, 88.82; H, 11.18; mol wt, 108.
Found: C, 88.55; H, 11.39; mol wt (largest parent peak by
mass spectroscopy), 108.

The product was purified further by gas chromatography. Its
infrared absorption spectrum showed bands at 6.06, 6.10, 10.12,
11.0, and 11.35 u indicating the presence of both a vinyl and a
vinylidene group. All of the positions of the absorption peaks
were identical with the positions reported.-for 5.14

(13) W, D, Huntsman and R. P, Hall, J. Org, Chem., 27, 1988 (1962),
(14) R.P. Hall, M8, Thesis, Ohio University, Athens, Ohio, 1961, p 10.
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Reduction of 1-Methylene-2-vinylcyclopentane.—1-Methyl-
ene-2-vinyleyclopentane (2 ml), which was about 83% pure, was
hydrogenated over platinum oxide in a Parr hydrogenator at 40
psi and room temperature. After 1 hr the pressure had decreased
to 37.5 psi. Gas chromatography showed the presence of two
major peaks: 359 of peak I and 54% of peak II. A compari-
son with the two 1-ethyl-2-methylcyclopentanes obtained by
hydrolysis of the TIBA~-cyclooctadiene reaction product showed
that peak I and peak II had the same retention times as 3 and 2,
respectively. Further support was obtained from the infrared
and mass spectra of the products which had been purified by gas
chromatography.

Hydrogenation of 5 over prereduced platinum oxide in acetic
acid has been reported to give 66 of 2 and 349, of 3.1%

Registry No.—TIBA, 100-99-2; 1, 111-78-4.
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Several cyclopropane derivatives bearing unsaturated functional groups directly on the three-membered ring,
including ketones, acids, and esters, were prepared and subjected to hydrogenolysis at room temperature and

atmospheric pressure over a palladium-on-carbon catalyst.

Exclusive C—C; bond cleavage was observed for all

cyclopropyl methyl ketones studied. Predominant C;~C, bond cleavage (>709,) was observed for the cyclo-

propanecarboxylic acids and cyclopropanecarboxylic acid esters.

For cyclopropanes bearing phenyl groups as

the only unsaturated substituent, exclusive cleavage adjacent to the phenyl-substituted carbon atom was ob-
served. This preference for C,—C: bond cleavage may be due to polarization effects of the unsaturated sub-
stituents and/or binding of the unsaturated functional groups to the catalyst surface.

Although the cyclopropyl system is one that has been
extensively studied, relatively few investigations have
been carried out involving the ability of eyclopropanes
to undergo hydrogenolysis.? In the previous studies
only a small percentage of the work has dealt with the
hydrogenolysis of cyclopropane rings adjacent to un-
saturated groups. In addition, comparisons of the
effect of structure on reactivity are often difficult to
make because different catalysts as well as various
reaction temperatures and pressures have been used.
Cyclopropyl methyl ketone has been hydrogenated
using copper—chromium, Raney nickel, zine, zinec-
copper, and copper catalysts. Various products result
depending upon the catalyst employed.” Several al-
kenyleyclopropanes have been hydrogenated,? but the
only systematic study of the effect of structure upon
the nature of the hydrogenation produects has dealt with
the differences observed in the behavior of 2-cyelo-
propyl-1- and -2-alkenes.®* The only report of the effect
of phenyl substituents was concerned with the relative
reactivities of phenyleyclopropane and the various di-
phenyleyclopropanes.*

In an attempt to elucidate the effect of adjacent
unsaturated groups on the direction of ring opening of
the three-membered ring, several such cyclopropanes

(1) This work is taken in part from the M.S, Thesis of A, L, 8.

(2) For reviews see (2) M. Yu. Lukina, Russ. Chem. Rev., 81, 419 (1962);
(b) J. Newham, Chem. Rev., 68, 123 (1963).

(3) V. A.Slabey and P. H. Wise, J. Amer, Chem. Soc., T4, 3887 (1952).

(4) B. A, Kazanskil, M. Yu. Lukina, and I. L. Safonova, Dokl. Akad.
Nauk SSSR, 180, 322 (1960); Chem. Abstr., 54, 10953 (1960),

were prepared and hydrogenated at room temperature
and atmospheric pressure in the presence of palladium
on carbon. In all the cases studied hydrogenolysis of
the cyclopropane ring could result in various produets
determined by the direction of bond cleavage. The
results of these hydrogenolyses and their implications
are discussed.

Results and Discussion

The results of the present study into the mode of
ring opening of unsaturated cyclopropane derivatives
upon hydrogenation at room temperature and atmo-
spheric pressure over 109, palladium-on-carbon cata-
lyst are presented in Table 1.

Upon hydrogenation all the cyclopropanes bearing an
adjacent carbonyl group preferentially undergo ring
opening at the C;~Cy’ bond of the three-membered ring.
In the case of the cyclopropyl methyl ketones hydro-
genolysis occurs exclusively at the C;—C, bond of the
eyclopropane ring, while with the esters and acids a
minimum of 709, of the ring-opened produects results
from rupture of the Ci—C; bond of the three-membered
ring. The results of the hydrogenolyses of the cyelo-
propylearbinols (19-21), acetates (22-24), trans-1,2-
diphenyleyclopropane (25), and 1,1-dimethyl-2-phenyl-
cyclopropane (26) indicate that, in those compounds
in which a benzene ring is the only unsaturated moiety
in conjugation with the three-membered ring, exclusive

(5) See Table I for numbering system.
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TasLe 1
DirectioN oF RiNG OPENING UPON HYDROGENOLYSIS OF CYCLOPROPANES

R;

Ry ! R,
i
I

R, Rs Ry
————Bond cleaved, %%bt———
Compd R, R, R, R, R; R, Ci=C2 Ci1~Cs Ce-Cs

1 COCH; H H H H H 50 50

2 COCH; H H C,Hy H L8 50 50

3 COCH; H H CeHs H H 100

4 COCH; H CH; CeH; H H 100

5 COCH; CeHis H CH, H CH; 50 50

6 COCH; CeHs CH; H H CH; 50 50

7 COCH; CH;, CeH; CeH; H H 100

8 COCH, CH; H CsHs H H 100?

9 COCH; H CeH; CeH; H H 100°
10 CO,C.H; H H CeH; H H 100
11 CO,CH;, CH; CeHs CeH; H H 89 11
12 CO,CH; CH, H CeHs H H 854 154
13 CO,CH; H CeH; CeH; H H 80° 20°
14 CO:H H H CeH; H H 100
15 CO.H H CeH; CeH; H H 100
16 COH CH; CeHs CiH; H H 100
17 COH H CeH; H H H 1004
18 CO.H CH; H CsH; H H 704 304
19 CH,0H CH; CeH CeHj; H H 100
20 CH,OH CH; H CeH; H H 1004
21 CH;CHOH H CeH; CeH: H H 100°
22 OCOCH; CeH; CeH; H H H 100/
23 OCOCH; CH; CH; CH; H H No reaction
24 OCOCH; CH; H CeH: H H 1002,/
25 CsH; H H CeH; H H 100°
26 CH;, CH; CeH; H H H 1004

« C; is the carbon atom bearing R; and R,, C; is the carbon atom bearing R; and Ry, and C; is the carbon atom bearing Rs; and Re.

b All percentages are =59, as analysis was by nmr.
results. ¢ Dr. B. Plummer, unpublished results.

cleavage of a carbon—carbon bond adjacent to the aro-
matic ring takes place.

The hydrogenolysis of alkyleyclopropanes typically
occurs with cleavage of the bond between those two
carbon atoms of the three-membered ring which carry
the largest number of hydrogen atoms.? Inspection of
Table I reveals that the behavior of cyclopropane de-
rivatives containing an adjacent carbonyl function
under conditions of hydrogenolysis is quite different
from that exhibited by alkylcyclopropanes under simi-
lar reaction conditions as evidenced by the predomi-
nance of C~C, bond cleavage observed in this
study.

Palladium was chosen for the catalyst because of
reports that many other hydrogenation catalysts cause
isomerization of alkyleyelopropanes to open-chain
alkenes which are then hydrogenated, whereas pal-
ladium leads only to direct hydrogenolysis of the three-
membered ring.?2 Palladium is also a specific catalyst
for the hydrogenolysis of conjugated eyclopropane com-
pounds. For example, phenylcyclopropane is hydro-
genolyzed 90 times more rapidly in the presence of pal-
ladium than in the presence of platinum. In the former
case the only product is n-propylbenzene, whereas in the
latter case n-propylbenzene and possibly cyclopropyl-
cyclohexane are also formed.®

The mechanisms of hydrogenolysis of eyclopropanes

(6) B. A. Kazanskif, M. Yu. Lukina, and I. L. Safonova, Bull. Acad.
Se¢t. USSR, Div, Chem. Sci., 95 (1958).

¢ A tetramethylene grouping bridges R. and R.
/ The acetoxy group was also cleaved.

¢ Dr. W. Wiedemann, unpublished

are not well understood.? There are, however, some
studies in the literature which lend some understanding
to the present results. The rates of hydrogenolysis of
phenyleyeclopropanes on palladium at 20° have been
found to be trans-1,2-diphenyleyeclopropane > phe-
nyleyclopropane > cis-1,2-diphenyleyclopropane >
1,1-diphenyleyclopropane.* It was reported that under
these conditions 1,1-diphenyleyelopropane fails to
react. The Raman spectra of these compounds show
a corresponding decrease in the conjugation of the
substrate as the rate of hydrogenolysis decreases.”
This was taken as evidence that polarization or con-
jugative effects and not steric hindrance are the im-
portant factors in determining the direction and rate of
cleavage of phenyl-substituted cyclopropanes.

When unsaturated substituents are present on a cy-
clopropane ring, the point(s) of adsorption on the cata-
lyst surface is not as well defined as with alkyl-substi-
tuted cyclopropanes.?? The possibility that phenyley-
clopropane is initially adsorbed at the aromatic ring and
that hydrogenolysis occurs by way of a migration of the
adsorbed site to the cyclopropyl ring does not seem
likely based on deuterium exchange studies.?® 1t has
been suggested that the hydrogenation of alkenes in
conjugation with a phenyl substituent proceeds via a
species in which the olefinic bond is adsorbed on the
catalyst surface while the aromatic ring is simultane-

(7) V. T. Aleksanyan and Kh, Sterin, Dokl. Akad. Nauk SSSR, 181, 1373
(1960); Chem. Abstr., BT, 7929 (1962).
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ously = complexed to the metal.® Such a phenyl effect
could conceivably be operative in the case of phenyley-
clopropanes. Although 1,4-conjugate addition has
been proposed for some of the hydrogenolyses of cyclo-
propyl methyl ketone,?® no supportive evidence has
been provided. It has also been suggested that 1,4~
conjugate addition may be involved in the hydrogenol-
ysis of alkenyleyelopropanes.?2 However, in a study
of the hydrogenolysis of isopropenyleyelopropane over

palladium it was shown that the product that would -

result from 1,4-conjugate addition could be formed by
the isomerization by palladium of the produect that
would result from 1,2 addition of hydrogen to the eyelo-
propylring.®

The most probable explanations for the formation of
the major hydrogenolysis products observed in this
study resulting from the rupture of the bond between
C, and C, thus appear to be based upon (1) the action
of polarization effects acting through conjugative or
inductive forces tending to weaken the C;—C; bond of
the cyclopropane ring and leading to chemisorption
with simultaneous ring cleavage, and (2) an interaction
of the unsaturated functional groups on C; and C, with
the catalyst surface in such a manner as to properly
orient the cyclopropyl ring for cleavage of the Ci—Cy
bond. These two effects may operate separately or in
conjunction with one another. Steric effects do not
appear to be of any consequence as is most noticeably
shown by the fact that 2,2-diphenyl-1-methyleyclo-
propyl methyl ketone (7) readily undergoes hydrogenol-
ysis at the sterically shielded C,~C; bond.

The formation of the minor products observed in the
hydrogenolysis of some of the acids and esters does not
show a definite pattern at this time. As there are many
factors that could affect the formation of these produects,
no attempt will be made to interpret these results until
further work is performed to determine if a definite pat-
tern does exist.

The observation that l-methyl-irans-2-phenyleyelo-
propyl acetate (24) undergoes cleavage of the acetoxy
group as well as hydrogenolysis of the three-membered
ring while 1,2,2-trimethyleyeclopropyl acetate (23) fails
to react suggests that the acetoxy function is lost in the
former case from a species in which the cyclopropane
ring is bound to the catalyst.

Experimental Section

General.—Melting points were taken on a Fisher—Johns melt-
ing point apparatus and are uncorrected. Boiling points are
uncorrected. The ir spectra were recorded with a Beckman
IR-10. Nmr spectra were determined with a Varian A-60 spec-
trometer using TMS as an internal standard. Glpe analyses
were performed on either an Aerograph Model 200 or an ¥ & M
Model 700. Preparative scale glpe was performed on an Aero-
graph Autoprep Model A-700. All elemental analyses were
performed by A. Bernhardt, Miilheim, Germany.

The hydrogenolyses of substituted cyclopropanes were carried
out in an atmospheric pressure hydrogenation apparatus of es-
sentially the same design as that described by Wiberg,? the princi-
pal difference being that water rather than mercury was used in
the 500-ml buret. The hydrogenations were carried out using
109, palladium on carbon as the catalyst in 95%, ethanol unless

(8) G.V.Smithand J. A. Roth, J. Amer. Chem, Soc., 88, 3879 (1966).

(9) B. A. Kazanskil, M, Yu, Lukina, A, I, Malyshev, V. T, Aleksanyan,
and Kh, E, Sterin, Bull. Acad. Sci. USSR, Div. Chem. Sct., 35 (19586).

(10) K. B. Wiberg, ‘“Laboratory Technique in Organic Chemistry,”
McGraw-Hill, New York, N. Y., 1860, p 228,
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otherwise noted. In a typical experiment 1 g of the cyclopro-
pane compound was dissolved in 25 ml of solvent and, along with
150 mg of catalyst, was charged to a hydrogenation flask equipped
with a magnetic stirring bar. The system was alternately evacu-
ated and filled with hydrogen five times and then the magnetic
stirrer was started. When the uptake of hydrogen ceased, the
catalyst was removed by filtration, and after the removal of sol-
vent by distillation at atmospheric pressure, the crude reaction
product was analyzed by nmr and ir spectroscopy. The product
distribution is based entirely on nmr analysis and is therefore
accurate to ==5%. The overall yield of ring-opened products
was 909, or greater unless otherwise stated. In general, the
ketones took up the theoretical amount of hydrogen in a few
hours, whereas the acide and esters required several days for
complete hydrogenolysis of the cyclopropane ring.

Diphenyldiazomethane was prepared by the method of Smith
and Howard," employing & modification described by Miller.1?

Cyclopropy! methyl ketone (1) was commercially available and
was used without purification. Hydrogenolysis of 1 produced 2-
pentanone as the only product: ir (CCL) 1715 em~!; nmr
(CCL) 6 0.98 (t, 3), 1.48 (m, 2), 2.07 (s, 3), 2.35 (t, 2). A mix-
ture melting point of the 2,4-dinitrophenylhydrazone prepared
from the product with an authentic sample showed no melting
point depression. The ir spectra of the two derivatives were
identical.

exo-7-Norcaryl methyl ketone (2)!* gave only cyclohexylace-
tone upon hydrogenolysis: ir (CCl) 1715 em™!; nmr (CCL) 6
1.37 (m, 11), 2.02 (s, 3), 2.20 (d, 2). A 2,4-dinitrophenylhy-
drazone derivative of the reaction product was prepared, mip 117-
118° (lit.1 mp 115-117°).

{rans-2-Phenylcyclopropyl methyl ketone (3)¥ gave only 5-
phenyl-2-pentanone upon hydrogenolysis: ir (CCL) 1720 em™;
nmr (CCL) 8 1.92 (s, 3), 2.15 (m, 6), 7.13 (s, 53). The spectro-
scopic identification of the product was supported by preparation
of two derivatives: 2;4-dinitrophenylhydrazone, mp 77.5-79°
(lit.® mp 78°); semicarbazone, mp 130-133.5° (lit." mp 135-
136°).

cis-2-Methyl-trans-2-phenylcyclopropyl methyl ketone (4) was
prepared in 149, yield from cis-2-methyl-trans-2-phenylcyclo-
propanecarboxylic acid and methyllithium using the method
described by Tegner,®® bp 52-537° (0.4-0.5 mm). A 2,4-dinitro-
phenylhydrazone derivative was prepared yielding orange crys-
tals (ethanol), mp 161.5-163.5°.

Anal. Caled for CsH;eN Oy C, 61.01; H, 5.12; N, 15.81.
Found: C, 60.83; H, 5.26; N, 15.64.

Hydrogenolysis of 4 produced only 5-phenyl-2-hexanone: ir
(CCly) 1722 em™; nmr (CCL) 6 1.21 (d, 3), 1.88 (s, 3), 2.28 (m,
5), 7.15 (s, 5). A semicarbazone of the product was prepared,
mp 146-148° (1it.2* mp 147°).

trans,trans-2,3-Dimethyl-1-phenylcyclopropyl methyl ketone
(5)% gave only 4-methyl-3-phenyl-2-hexanone upon hydrogenoly-
sis: ir (CCly) 1720 em™!; nmr (CClL) § 0.93 (m, 9), 1.97 (s, 3),
3.38 (d, 1), 7.20 (s, 5).

cis,trans-2,3-Dimethyl-1-phenylcyclopropyl Methyl Ketone
(6)."—The hydrogenation product was shown to be the same as
that resulting from the isomeric ketone, 5, based on ir, nmr, and
glpe (5-ft 159, Apiezon L on 60-80 Chromosorb W at 185°) com-
parisons.

2,2-Diphenyl-1-methylcyclopropyl methyl ketone (7)% gave
5,5-diphenyl-3-methyl-2-pentanone as the only hydrogenolysis
product: ir (CCL) 1710 cm™1; nmr (CCL) 6 0.93 (d, 3), 1.75 (s,
3),2.32 (m, 3), 3.83 (m, 1), 7.05 (s, 10).

1-Methyl-trans-2-phenylcyclopropyl methyl ketone (8)% gave

(11) L, I. Smith and K. L, Howard, “Organic Syntheses,” Coll. Vol, III,
Wiley, New York, N. Y., 1955, p 351,

(12) J. B. Miller, J. Org. Chem., 24, 560 (1959).

(18) M. Mousseron, R. Jacquier, and R. Fraisse, C. B. Acad. 8ct., Ser. C,
248, 1880 (1956).

(14) J. G. Baldinus and I. Rothberg, Anal. Chem., 34, 524 (1962).

(15) C. H. DePuy, G. M, Dappen, K. L. Eilers, and R. A. Klein, J. Org.
Chem., 29, 2813 (1964).

(18) C. M. Clark and J. D, A. Johnson, J. Ckem. Soc., 126 (1962).

(17) A. 1. Lebedeva and V. A, 8hlyakova, Zh. Obshch. Khim., 19, 1290
(19498); Chem. Absir., 44, 1054 (1950).

(18) C. Tegner, Acta Chem. Scand., 6, 782 (1652).

(19) J. Cologne and L. Pichat, Bull. Soc. Chim, Fr., 853 (1949).

(20) C. H. DePuy, W. C. Arney, Jr., and Dorothy H. Gibson, J. Admer.
Chem. Soc., 90, 1830 (1968).

(21) F.J.Impastatoand H. M, Walborsky, ibid., 84, 4838 (1962).

(22) C. H. DePuy, F. W, Breitbeil, and K. R. DeBruin, 1b¢d., 88, 3347
(19686).
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only 3-methyl-3-phenyl-2-pentanone upon hydrogenolysis: nmr
(COL) & 1.04 (d, 3), 2.00 (s, 3), 2.06 (m, 5), 7.12 (s, 5).

2,2-Diphenylcyclopropyl methyl ketone (9)% gave only 5,5-
diphenyl-2-pentanone: ir (CCl) 1720 em~t; nmr (CCly) § 1.95
(s, 3), 2.20 (m, 4), 3.78 (t, 1), 7.10 (s, 10).

Ethyl {rans-2-phenylcyclopropanecarboxylate (10) gave only
ethyl 4-phenylbutanoate upon hydrogenolysis: ir (CCly) 1745
em™; nmr (CCL) 5 1.20 (t, 3), 2.03 (m, 4), 2.60 (t, 2), 4.05
(quartet, 2), 7.15 (s, 5).

Methyl 2,2-diphenyl-l-methylcyclopropanecarboxylate (11)28
gave a mixture of products upon hydrogenolysis. The reaction
mixture exhibited ir (CCly) 1738 em=1; nmr (CCl) § 1.27 (m),
2.28 (m), 3.20 (s), 3.33 (s), 8.43 (s), 3.88 (m), 7.23 (m). Inter-
pretation of these data along with the observed nmr integrated
peak areas led to the conclusion that the reaction mixture con-
sisted of 269, unreacted starting material, 669, methyl 4,4-di-
phenyl-2-methylbutancate, and 8%, methyl 3,3-diphenyl-2-
methylbutanoate.

Methyl 1l-methyl-trans-2-phenyleyclopropanecarboxylate (12)
was prepared from the corresponding acid, 18, by treatment with
diazomethane. The crude product was subjected directly to
hydrogenolysis and gave an 85: 15 mixture of methyl 2-methyl-4-
phenylbutanoate-methyl 2-methyl-3-phenylbutanoate as shown
by ir and nmr spectroscopy and glpe analysis.

Methyl 2,2-diphenylcyclopropanecarboxylate (13)% gave a
mixture of 809, methyl 4,4-diphenylbutanocate and 209, methyl
3,3-diphenyl-2-methylbutanoate wupon hydrogenolysis: nmr
(CCL) 5 1.08 (d), 2.20 (m), 3.34 (s), 3.48 (s), 3.86 (m), 7.10 ().

Ethyl ¢is- and trans-2-Methyl-2-phenylcyclopropanecarboxyl-
ates.—These isomeric esters were prepared by a method analo-
gous to that used by Burger and Yost24 to prepare ethyl 2-phenyl-
cyclopropanecarboxylate. In this case o-methylstyrene and
ethyl diazoacetate were the reagents used. The mixture of iso-
mers was obtained in 449 yield, bp 70-78° (0.75 mm). The
ratio of ethyl irans-2-methyl-¢is-2-phenyleyclopropanecarboxylate
to ethyl cis-2-methyl-trons-2-phenyleyclopropanecarboxylate was
found to be 1:3 by glpc analysis (5-ft Apiezon L on 60-80 Chro-
mosorb W at 160°). Separation of the isomers was effected by
initial enhancement of the isomer ratio by use of a Nester—Faust
annular Teflon spinning-band distillation column followed by
preparative scale glpc (20-ft SE-30 on 30-60 Chromosorb P).

Anal. Caled for CsH 02 (ethyl ¢is-2-methyl-irans-2-phenyl-
cyclopropanecarboxylate): C, 76.44; H, 7.90. Found: C,
76.41; H, 7.74.

Anal. Caled for Ci3Hi0, (ethyl trans-2-methyl-cis-2-phenyl-
cyclopropanecarboxylate): C, 76.44; H, 7.90. Found: C,
76.24; H, 7.70.

Structure assignments for the geometrical isomers were made
using the chemical shift of the methylene protons in the carbo-
ethoxy group as a criterion.?® Thus the structure of ethyl cis-2-
methyl-trans-2-phenyleyclopropanecarboxylate was assigned to
the compound with nmr (CCl,) 8 1.22 (t, 3), 1.40 (m, 2), 1.50 (s,
3), 1.90 (doublet of doublets, 1), 4.13 (quartet, 2), 7.20 (s, 5), and
the structure of ethyl trans-2-methyl-¢is-2-phenyleyclopropane-
carboxylate to the compound with nmr (CCl,) 8 0.85 (m, 4), 1.37
(s, 3), 1.72 (m, 2), 3.74 (quartet, 2), 7.17 (s, 5).

trans-2-Phenylcyclopropanecarboxylic acid (14)® gave only
4-phenylbutanoic acid upon hydrogenolysis: ir (CCL) 2940,
1720 em~!; nmr (CCl) & 2.12 (m, 4), 2.67 (t, 2), 7.17 (s, 5),
12.09 (s, 1).

2,2-Diphenylcyclopropanecarboxylic acid (15)* gave only 4,4
diphenylbutanoic acid upon hydrogenolysis in ethyl acetate: ir
(CHCl;) 3020, 1710 em™; nmr (CDCls) 8 2.33 (m, 4), 3.77 (m,
1), 7.17 (s, 10), 11.30 (s, 1).

1-Methyl-2,2-diphenylcyclopropanecarboxylic acid (16)%* was
hydrogenated using a 2: 3 mixture of ethanol-ethyl acetate as the
solvent to give 4,4-diphenyl-2-methylbutanoic acid as the only
product: ir (CCL) 2950, 1705 em™t; nmr (CCl) 8 1.15 (d, 3),
2.17 (m, 3), 3.83 (t, 1), 6.90 (s, 10), 11.73 (s, 1).

cis-2-Phenylcyclopropanecarboxylic acid (17)¥ gave only 4-
phenylbutanoic acid upon hydrogenolysis: nmr (CCl) & 2.10
(m, 4), 2.67 (t, 2), 7.17 (s, 5), 12.41 (s, 1).

(23) H. M. Walborsky and F. M, Hornyak, J. Amer. Chem. Soc., 77, 6026
(1955).

(24) A. Burger and W, L. Yost, ¢bid., T0, 2108 (1948).

(25) G. L. Kreueger, F. Kaplan, M. Orchin, and W. H, Faul, Tetrahedron
Lett., 3979 (1965).
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1-Methyl-trans-2-phenylcyclopropanecarboxylic acid (18)22 gave
a mixture of 709, 2-methyl-4-phenylbutanoic acid and 309, 2-
methyl-3-phenylbutanoic acid: nmr (CCL) 6 1.19 (m), 1.77 (m),
2.53 (m), 3.48 (m), 7.08 (s), 10.50 (s).

cts-2-Methyl-trans-2-phenylcyclopropanecarboxylic acid was
prepared by saponification of the corresponding ethyl ester in
ethanol in 669, yield, mp 46-48° (lit.* mp 52.5-53°) from petro-
leum ether (bp 35-60°).

2,2-Diphenyl-1-methylcyclopropylcarbinol (19)¥ gave only
4,4-diphenyl-2-methyl-1-butanol upon hydrogenolysis: ir (CCl)
3600, 3345 cm™; nmr (CCL) 5 0.83 (d, 3), 1.81 (m, 3), 2.70 (s,
1), 3.22 (d, 2), 3.88 (m, 1), 7.10 (s, 10).

1-Methyl-irans-2-phenylcyclopropylcarbinol (20) was prepared
by reduction of the corresponding acid, 18, with lithium alu-
minum hydride.® 2,2-Dimethyl-3-phenylpropanol was the only
product obtained upon hydrogenation: nmr (CCL) & 0.84 (s,
8), 2.49 (s, 2), 2.56 (s, 1), 3.17 (s, 2), 7.15 (s, 5).

2,2-Diphenylcyclopropylmethylearbinol (21) was prepared by
sodium borohydride reduction of the corresponding ketone, 9,
and was hydrogenated without purification to give 1,2-dimethyl-
3,3-diphenyl-1-propanol as the only product: ir (CCl) 3380
em=; nmr (CCL) 5 0.88 (m, 6), 2.37 (m, 1), 2.47 (s, 1), 3.65 (m,
2), 7.15 (m, 10).

cis-1,2-Diphenylcyclopropyl acetate (22) was prepared as pre-
viously described by Freeman.? The isomers were separated?
by distillation through a Nester-Faust 24-in. spinning-band dis-
tillation column. The fraction with bp 100-110° (0.06 mm) was
found to be greater than 959, c¢is-1,2-diphenylcyclopropyl ace-
tate by glpe analysis. Crystallization of this material from hex-
ane yielded pure 22, mp 74.5-75.0°.

Anal. Caled for Ci;Hi O, C, 80.94; H, 6.39.
81.05; H, 6.61.

The hydrogenation of this acetate in a 2:3 mixture of ethanol-
ethyl acetate required 2 mol of hydrogen per mol of cyclopropyl
compound. The ir and nmr spectra of the product was identical
with those of an authentic sample of 1,3-diphenylpropane.

1,2,2-Trimethylcyclopropyl acetate (23)%:% fajled to undergo
hydrogenolysis in either ethyl acetate or acetic acid.

1-Methyl-irans-2-phenylcyclopropyl acetate (24)** gave only
2-methyl-1-phenylpropane upon hydrogenolysis: nmr (CCl) &
0.89 (d, 6), 1.71 (m, 1), 2.41 (d, 2), 7.09 (s, 5).

trans-1,2-Diphenylcyclopropane (25)% gave only 1,3-diphenyl-
propane upon hydrogenolysis: nmr (CClL) § 1.93 (m, 2), 2.58
(t, 4), 7.15 (s, 10).

1,1-Dimethyl-2-phenylcyclopropane (26)* was prepared from
the corresponding carbinol, 20, and yielded only 2,2-dimethyl-1-
phenylpropane upon hydrogenation: nmr (CCl) 6 0.91 (s, 9),
2.40 (8,2),7.09 (s, 5).
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