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one hour gave a halogen-free product, b.p. 121-123° (60
mm.), n®p 1.4938. Careful fractionation of this material
through a Piros-Glover micro column gave pure 2-phenyl-2-
methylpentane, b.p. 126.8-127° (66 mm.), »®Dp 1.4020.
This product was completely stable to 29, permanganate.

2-Phenylhexane.—2-Phenyl-2-hexanol, synthesized from
acetophenone and #-butylmagnesium bromide, was dehy-
drated and the resulting olefin hydrogenated by the proce-
dure described above. The 2-phenylhexane thus obtained
had the following constants: b.p. 207.5-200.5°, #¥p
1.4868 (lit.!7 b.p. 214°, n®p 1.4882).

2-Methyl-3-phenylpentane.’®—2-Methyl-3-phenyl-3-pen-

tanol, synthesized from propiophenone and isopropylmag-
nesium bromide was dehydrated and the resulting olefin
hydrogenated by the procedure described above. The 2-
methyl-3-phenylpentane thus obtained had the following
constants: b.p. 199-200°, #%p 1.4890 (lit.” b.p. 209°, n2p
1.4912).

Alkylation Experiments.—The general procedure for
alkylations using hydrogen fluoride catalysts was followed.!®

(17) A. W. Francis, Chem. Revs., 43, 107 (1948).

(18) Synthesized by W. 8. Postl,

(19) H. Pines, A. Edeleanu and V. N. Ipatieff, TH1S JOURNAL, 67,
2193 (1945).
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1. n-Propylcyclopropane.—The reaction of 8.4 g. (0.1
mole) of n-propyleyclopropane with 78 g. (1 mole) of ben-
zene in the presence of 15.0 g. (0.75 mole) of hydrogen fluo-
ride produced 13.6 g. (849, yield) of monoalkylated product,
b.p. 207-210°, »®p 1.4861.

2. Isopropylcyclopropane ~—The reaction of 5.7 g. (0.07
mole) of isopropyleyclopropane with 78 g. (1 mole) of ben-
zene using 10 g. of hydrogen fluoride as catalyst gave 6.0 g.
(152;758yie1d) of monoalkylated product, b.p. 203-208°, #¥p

Infrared Spectra.—The infrared spectra of 2- and 3-
phenylhexane, and the alkylation product from benzene and
n-propyleyclopropane were determined on a Beckman Model
IR2 instrument. The remaining spectra of hexylbenzenes
were determined on a Beckman Model IR2T instrument.
Sodium chloride cells were used. The spectra of n- and iso-
propyleyclopropane were taken on a Perkin-Elmer Model
21 infrared recording spectrophotometer.

Acknowledgment,—The authors wish to thank
Mr. Edmond Baclawski of the Universal Qil Prod-
ucts Company for many of the infrared spectral
analyses.
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Isomerization of Saturated Hydrocarbons. XI.! The Isomerization of
Alkylcyclopropanes and Alkylcyclobutanes in the Presence of Aluminum Halide
Catalysts
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RECEIVED NOVEMBER 7, 1952

The behavior of a number of alkylcyclopropanes and alkyleyclobutanes in the presence of aluminum halide catalysts has
been studied to determine if they would isomerize to hydrocarbons containing five- or six-membered rings. 1,1-Dimethyl-,
1,2-dimethyl-, ethyl-, and #-propylcyclopropane showed no tendency to isomerize but underwent polymerization instead.
The polymerization of 1,1-dimethylcyclopropane was much more rapid and more extensive than that of the other alkyl-
cyclopropanes mentioned above. In the cyclobutane series, methylcyclobutane polymerized and no detectable amount of
isomerization to cyclopentane occurred. Ethyleyclobutane iosmerized to methyleyclopentane and cyclohexane, but the
isomerization was accompanied by considerable amounts of polymerization. With isopropylcyclobutane, however, extensive
isomerization to methylcyclohexane and dimethylcyclopentanes occurred with very little polymerization. The difference in
the behavior of methyl-, ethyl- and isopropylcyclobutane can be rationalized on the basis of the relative ease of formation of
intermediate carbonium ions. The dehydration of cyclobutyldimethylecarbinol by heating with phenyl isocyanate occurs

without rearrangement and provides a convenient route for the synthesis of isopropyleyclobutane.

Since it was first shown that the presence of
traces of alkyl halides or their equivalent are neces-
sary to effect the butane—isobutane isomerization in
the presence of aluminum halide catalysts,? a large
amount of evidence has been accumulated which
indicates that acid-catalyzed isomerizations of this
type proceed vie a carbonium ion chain mecha-
nism.? Recent communications from this Labora-
tory have dealt with various methods of producing
chain initiators, e.g., by ultraviolet irradiation*! and
addition of oxygen*®¢ and the effects of structure
upon the relative rates of isomerization,b4f

Isomerization of alkylcyclopentanes and cyclo-
hexane, 7.e., ring expansion and contraction, has
been shown to occur under the same conditions as
the butane—isobutane reaction. Very little work,

(1) For paper X of this series see H. Pines, F. J. Pavlik and V. N*
Ipatieff, THIS JOURNAL, T4, 5544 (1952).

(2) (a) Universal Oil Products Company Predoctoral Fellow 1947~
1950. (b) Deceased, November 29, 1952.

(8) H. Pines and R. C. Wackher, THIS JOURNAL, 68, 595 (1946).

(4) (a) H. Pines and R, C. Wackher, 7bsd., 68, 599 (1946); (b) H.
Pines, B. M. Abraham and V. N. Ipatieff, ibid., 70, 1742 (1948); (c)
H. Pines, E. Aristoff and V. N. Ipatieff, ibid., T1, 749 (1949); (d) 78,
4055 (1950); (e) 72, 4304 (1950); (f) H. Pines, F. J. Pavlik and V. N.
Ipatieff, ibid., 78, 5738 (1951).

however, has been reported on the isomerization of
alkylcyclopropanes and alkyleyclobutanes.® The
isomerization of ethylcyclobutane in the presence
of aluminum chloride has been reported to yield
methylcyclopentane and cyclohexane in addition to
considerable amounts of polymeric material.®
This has been confirmed in the present study.

Discussion of Resultfs

Alkylcyclopropanes.—The behavior of 1,1-di-
methyl-, 1,2-dimethyl-, ethyl- and #-propylcyclo-
propane in the presence of aluminum halide or
aluminum hydroxy dichloride catalysts was studied.
Details of representative experiments are summa-
rized in Table I. Detectable amounts of isomeriza-
tion did not occur with any of these compounds,
and polymerization was the predominant reaction.

Very rapid and complete polymerization of 1,1-°
dimethylcyclopropane occurred in the presence of
aluminum bromide and hydrogen bromide or alu-

(5) Throughout this paper, isomerization of cyclic hydrocarbons re-~
fers to ring expansion and contraction rather than the formation of
olefins.

(6) M. Turova-Pollak and M. Lukina, J. Gen. Chem. U.5.S.R., 18,
179 (1948).
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minum bromide alone even at —50° (Expt. 1 and
2). This polymerization occurred during the pe-
riod when the reaction mixture was warming up
from liquid air temperature and was complete
within a few minutes. Absence of highly colored
sludge in the reaction mixtures indicated that the
process was one of true addition polymerization.
Polymerization of the other three alkylcyclopro-
panes was much slower and less extensive. Fur-
thermore, the formation of orange-red sludge in the
reaction mixture indicated the occurrence of con-
junct polymerization. The detection of n-hexane
and 2-methylpentane in the unpolymerized product
from experiment 4 is additional evidence for this
belief.?

Failure of these compounds to isomerize can be
ascribed to the so-called “‘olefinic character” of
the cyclopropane ring. On the basis of the ionic
mechanism which has been proposed for acid-cata-
lyzed isomerization, ring expansion would necessi-
tate the formation of intermediate ions such as I
by abstraction of hydrogen with its pair of elec-
trons. Polymerization, on the other hand, would
involve cleavage of the three-membered ring by an

CHg\ ES
| CH—CH—CH,
CHyf—
I
attacking carbonium ion as indicated in the follow-
ing scheme. This scheme is similar to ones that have
CH. +
R+ + | >CHC2H5 — > R(CH;,CHGC,H;
CHy

Polymers

T ete.

CH +
! >CH—C2H6 —> RCH,CH,—CH—(CH,);CHC,H;
CH; |

C2H5

+
R(CH,),CHC,H; +

been proposed for the polymerization of olefins.®
The ability of 1,1-dimethylcyclopropane to act as
a chain initiator for the isomerization of methylcy-
clopentane to cyclohexane provides further evidence
of the olefinic character of the cyclopropane ring.*
Evidently, cleavage of the three-membered ring
occurs more readily than the formation of ions such
as I.

Alkylcyclobutanes.—The behavior of methyl-,
ethyl- and isopropylcyclobutane is interesting.
Data obtained from representative experiments
with these compounds are summarized in Table IT,
It is seen (Expt. 7 and 8) that no detectable amount
of isomerization occurred with methylcyclobutane
in the presence of aluminum bromide, hydrogen
bromide and s-butyl bromide or aluminum chloride
and hydrogen chloride. Considerable polymeriza-
tion occurred. In the presence of aluminum chlo-
ride and hydrogen chloride (Expt. 9), ethylcyclobu-
tane polymerized to the extent of 409,. In addi-
tion, however, the unpolymerized product con-

(7) V. N. 1patiefl and H. Pines, Ind. Eng. Chem., 28, 684 (1930).

(8) L. Schmerling and V. N. lpatieff in ‘‘Advances in Catalysis,”
Vol. 2, edited by W. Frankenburg, V. I. Komarewsky and E. K.

Rideal, Academic Press, Inc., New York, N. Y., 1950, p. 21.
(9) H. Pines, E. Aristoff and V. N. Ipatiefl, unpublished results.
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tained approximately 89, methylcyclopentane, the
remainder being unreacted ethylcyclobutane. Ex-
tensive amounts of polymerization and isomeriza-
tion occurred in the presence of aluminum hydroxy-
dichloride catalysts®® (Expt. 10). It has been found
that the addition of small amounts of benzene sup-
presses the cracking of certain hydrocarbons upon
treatment with aluminum halide catalysts.!! It
failed to reduce the amount of polymerization of
these small ring compounds. In contrast to
methyl- and ethylceyclobutane, isopropyleyclobu-
tane underwent extensive isomerization and very
small amounts (1-29,) of polymerization (Expt. 65
and 66). Methylcyclohexane, ¢is- and trans-1,2-
dimethylcyclopentane, and c¢is- and trans-1,3-di-
methylcyclopentane constituted the reaction prod-
uct. The striking difference in the tendency of
these compounds to isomerize is probably related to
the decreasing ease of formation of the ions II >
IIT > 1V,

- +
CH,—CH~—C—CHj; CH,—CH—CH—CH;

! | I | l
CH,—CH, CH; CH,—CH,

11 III

CP2—CF—5H2
CH,—CH,
v

Dehydration of cyclobutyldimethylcarbinol by
heating with phenyl isocyanate followed by hydro-
genation of the resulting olefins, proved to be a con-
venient synthesis of pure isopropylcyclobutane.
The use of phenyl isocyanate for the dehydration of
tertiary alcohols has been reported in the litera-
ture!?; however, no mention is made of the fact that
the reaction proceeds without rearrangement. The
reaction may proceed by the formation of the
phenylurethan which decomposes by a mechanism
similar to ones proposed for the Chugaev reaction!®
and the formation of olefins by pyrolysis of esters.!4
N2 <H

S CH: R
‘ | s
R | . — _ye=c + CHNH: + CO;
R

\ !
NG N
CsH;NH: + CsHONCO —_—> (CGI‘I5NH)2CO

Experimental

Starting Materials. Alkylcyclopropanes.—The synthesis
of 1,1-dimethyl-, 1,2-dimethyl-, ethyl- and z-propylcyclo-
propane was described previously.15

Methylcyclobutane.—Methylenecyclobutane contaminated
with about 59, spiropentane was obtained by the Gustavson
debromination of pentaerythrityl bromide.!® Precise frac-
tionation of this material furnished methylenecyclobutane
of 999 purity as determined by infrared analysis. The
material thus obtained was hydrogenated to methylcyclo-

(10) R. C. Wackher and H. Pines, THIS JOURNAL, 68, 1642 (1946).

(11) J. Mavity, H. Pines, R. C. Wackher and J. Brooks, Ind. Eng.
Chem., 40, 2374 (1848).

(12) (a) C. J. Enklaar, Chem. Weekblad, 9, 68 (1912); (b) J. H.
Saunders and R. J. Slocombe, Chem. Revs., 48, 203 (1948).

(13) W. Hiickel, W. Tappe and G. Legutke, Ann., 543, 191 (1940).

(14) C. D. Hurd and F, H. Blunck, THis JOURNAL, 60, 2419 (1938).

(13} H. Pines, W. D. Huntsman and V. N. Ipatieff, tbid. T3, 4343
(1931); <bid., 76, 2311 (1933).

(16) G. Gustavson, J. praki. Chem., [2] 54, 97 (1896).
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TABLE I
Experiment 1 2 3 4 5 6
Alkyleyclopropane
Kind 1,1-Dimethyl 1,1-Dimethyl Ethy!® n-Propyl n-Propyl 1,2-Dimethyl
Mole 0.040 0.042 0.054 0.0192 0.015 0.034
Aluminum halide
Kind AlBr; AlBr, AlCl, AlBr; AlCl; Al(OH)Cl,
Mole 0.0008 0.001 0.0015 0.0008 0.0007 ¢
Hydrogen halide
Kind HBr HCl HBr
Mole 0.004 . 0.00015 0.0004 .. ..
Time, hours 0.25° 0.1 4 1 1 3
Temp., °C. 24 —50 25 24 24 24
Polymn., % 100 100 50 90 22 7
Unpolymd. material Ethylcyclo- #-Hexane 359, #n-Propyleyclo- 1,2-Dimethyl-
propane 2-methylpen-  propane cyclopropane

¢ Reaction tube opened at the end of this period of time,
time. ? s-Butyl bromide, 0.0001 mole, added.
H,0; 0.0017 mole of HCI evolved.

tane 549,
Polymerization was undoubtedly complete before end of this

¢ Catalyst prepared from reaction of 0.0023 mole of AlCl; and 0.0027 mole of

TaBLE 11
Experiment 7 . 8 9 10 11 12

Alkyleyclobutane

Kind Methyl® Methyl Ethyl Ethyl® Isopropyl Isopropyl

Mole 0.042 0.021 0.019 0.004 0.015 0.035
Aluminum halide

Kind AlBr, AlCl, AlCl, Al(OH)Cl, AlCl, AlBr;

Mole 0.0011 0.0018 0.00091 b 0.0017 0.0011
Hydrogen halide

Kind HBr HC1 HCl .. HCl

Mole 0.00048 0.00044 0.00049
Time, hours 1.5 1.5 1.5 21 2 4
Temp., °C. 30 24 24 25 25 26
Polymn., % 30 50 46 65 2 <1
Unpolymd. material (9, comp.)

Methyleyclobutane 96 96

Isopentane 4 2

Ethyleyclobutane 91 16

Methyleyclopentane 8 25

Cyclohexane 11

2-Methylpentane 13

Methyleyclohexane 60 16

Dimethyleyclopentanes 40 84¢

¢ s-Butyl bromide, 0.00014 mole used.
and 0.0010 mole 9, H,O; 0.0008 mole %, HCl evolved.

b Aluminum hydroxy-dichloride catalyst prepared from 0.0011 mole of AlCl,
¢ Benzene, 0.00005 mole, added.

4 ¢is-1,2-Dimethylcyclopentane,

6%, trans-1,2-dimethylcyclopentane, 47%; cis-1,3-dimethyleyclopentane, 24%; frans-1,3-dimethyleyclopentane, 7%.

butane, b.p. 37.0-37.2°, 2D 1.3851 (literature? b.p. 36.0-
36.5°, n®p 1.3847). The infrared spectra of the methyl-
cyclolgutane were identical with those reported in the litera-
ture.X

Ethylcyclobutane.—Methyl cyclobutyl ketone which was
synthesized by the method of Wibaut, ef al.,?® had the follow-
ing constants: b.p. 134.8-135° (751 mm.), »®p 1.4315
(literature!® b.p. 136-136.5°, #1%-3p 1.4322). The reduction
of this ketone by the Huang-Minlon® modified Wolff-Kish-
ner reaction furnished a 609 yield of ethyleyclobutane,
b.p. 70~71°, #n%p 1.4020 (literature® b.p. 70.6, #¥p 1.4020).
The infrared spectra were identical with those reported in
the literature.18:2!

Isopropylcyclobutane.—Cyclobutyldimethylcarbinol was
synthesized from methyl cyclobutyl ketone and methyl
iodide »/a a Grignard reaction. After hydrolysis with am-
monium chloride the cyclobutyldimethylcarbinol obtained

(17) O. Philipow, THIs JOoURNAL, {2] 98, 162 (1916).

(18) J. M. Derfer, E. E. Pickett and C. E. Boord, THIis JOURNAL, 71,
2482 (1949).

(19) J. P. Wibaut, H. Hoog, 8. L. Langedijk, J. Overhoff and J.
Smittenberg, Rec. trav. chim., 58, 329 (1939).

(20) Huang-Minlon, THis JOURNAL, 68, 2487 (1946).

(21) J. M. Derfer, K. W. Greenlee and C. E. Boord, ¢bid., 71, 175
(1949).

in 709, yield distilled at 145°, n2'p 1.4454 (literature?? b.p.
144.5-145.5°, n?Dp 1.4473).

Cyclobutyldimethylcarbinol, 60 g. (0.53 mole), and
phenyl isocyanate, 126 g. (1.06 moles) were mixed and heated
in a 250-ml. distilling flask. The olefin began distilling
when the flask temperature reached 150° and the reaction
proceeded smoothly at 150~-180°. A vigorous evolution of
carbon dioxide occurred and diphenylurea crystallized in
the flask. Five ml. of methanol was added to the crude
olefin thus obtained to remove small amounts of phenyl
isocyanate that distilled over. After standing overnight,
the mixture was washed thoroughly with water, filtered and
dried over calcium chloride. Distillation furnished 35 g.
(709% vyield) of olefin, b.p. 97-108°, »¥p 1.4355-1.4380.
This olefin on hydrogenation yielded 28 g. of isopropylcyclo-
butane b.p. 93° (756 mm.), #?p 1.4076. The infrared
spectrum of this material was identical with the published
spectra of isopropylcyclobutane.®

Isomerization Experiments.—A high vacuum line similar
to the one previously described*® was constructed for this
study, and the techniques used were essentially those de-
scribed by these workers. The composition of unpolyrer-
ized materials was determined by infrared analysis.
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(22) B. Kasansky, Ber., 69, 950 (1936).



