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Monoethylation was the chief reaction when 30
g. of sodium cyclohexanebutyrate was heated at
150-250° with 10 g. of sodamide under 75 atm,
initial ethylene pressure (expt. 29). «-Ethyl-
cyclohexanebutyric acid was isolated in 319, yield
and e,a-diethylcyclohexanebutyric in 149 yield.

When 10 g. of a 509 dispersion of sodium in
mineral oil was used as catalyst for the ethylation
of the 30 g. of sodium cyclohexanebutyrate in the
presence of heptane as diluent, the diethylated
compound was obtained in 199, vield (expt. 30).
An unexpected by-product, triethylacetic acid,
was obtained in 169, yield based on the cyclohex-
anebutyrate charged. Its formation seems to
indicate the intermediate formation of sodium
acetate or, more probably, sodium butvrate during
the reaction, the latter being formed by cleavage
of the salt. Alternatively, cleavage may have oc-
curred after mono- or diethylation. Cleavage at
a cyclohexane ring is, however, not an anticipated
reaction.
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Experimental

Procedure B.——The inixture of salt and catalyst (and
diluent, when used) in a glass liner was sealed into an
Ipatieff-type rotating autoclave of, usually, 850-ml. capac-
ity. Ethylene was charged to a pressure of about 50 atm.
The autoclave then was rotated while being heated from
150 to 250° during 4 or 5 hours. The autoclave was per-
mitted to cool overnight, the pressure was released, and the
autoclave was opened. The product was carefully added
to ice-water (or to alcohol when unconverted sodiwn or
potassiumi was present). The resulting solution was ex-
tracted with ether to reinove alkali-insoluble material
(e.g., amides, nitriles, polymer or diluent) and the alkaline
aqueous solution was acidified with dilute hydrochloric
acid. The acidified solution was extracted with ether and
the extract was dried over sodium sulfate, and distilled.

Procedure T.—The salt, catalyst and diluent were
sealed into an autoclave equipped with an efficient stirrer
(a “‘turbomixer’’3 of about 1-liter capacity), the autoclave
was heated with stirring to about 180° and ethylene was
admitted to bring the total pressure to about 40 atm. The
temperature usually was increased gradually to about
200 or 250°, more ethvlene being added if the pressure
dropped to about 10-15 atm. The product was worked-up
in the manner described above.
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Cyclopropaneacetyl peroxide has been obtained crystalline at —20°, and its decomposition rates and products in carbon
tetrachloride re-examined. Reproducible first-order kinetics were obtained on 0.02-0.09 N solutions, induced decomposition

being demonstrably insignificant at these concentrations.

The peroxide decomposes approximately 55 times faster

than cyclohexaneacetyl peroxide, and with an activation energy of 26.3 keal. /inole, about 2 kcal. less than for cyclohexane-

acetyl peroxide.

The major product, in 569, yield, is cyclopropylmethyl cyclopropaneacetate; little, if any, chlorine ab-

straction product is obtained. The decomposition is unaffected by weak carboxylic acids, but is catalyzed by trichloroacetic

acid, the rate increase being proportional to the acid concentration.

acid is now a major product.

In the decomposition of diacyl peroxides the
nature of the R group affects both the rates and
products of decomposition. For example, peroxides
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u ]

R—C—0—0—C—R

in which R is a secondary alkyl group decompose
faster than when R is primary.* When R is cyclo-
alkyl the decomposition rate depends upon the
ring size, the rate in carbon tetrachloride at 7()°
for R = cyclohexyl being at least 76 times faster
than for R = cyclopropyl.® Peroxides in which the
free radical R- is stabilized (benzyl,® trichloro-
methyl,” triphenylmethyl®) are particularly ther-
mally labile. Phenylacetyl peroxide, which affords

(1) Taken from the Ph.D. thesis of Romeo A, Cipriani, Michigan
State University, 1961,

(2) Support from the National Science Foundation, ¢ 3288 and G
14289, is gratefully acknowledged.

(3) Momnsanto Chemical Co. Fellow, 19.38-19539,

(4) lsobutyryl peroxide decomposes 71 times faster than n-butyryl
peroxide in isodctane at 65°; calculated from the data of J. Smid, A.
Rembaum and M. Szwarc, J. Am. Chem. Soc., T8, 3315 (1956); and
J. Smid and M. Szwarc, J. Chem. Phys., 29, 432 (1958).

(5) H. Hart and D. P. Wyman, J. Am. Chzm. Soc., 81, 4891 (1939).

(6) P. ID. Bartlett and J. E. Leffler, ib:d., 72, 3030 (1950).

(7) W.T. Miller, A. I.. Dittman and $. K. Reed, U. S. Patent 2.580,
338 (December 23, 1931): C. Zimmerman, U. ¥. Patent 2,580,373
(December 25, 1931).

(8) H. Wieland aud G. Rasuwajew, Ann., 480, 157 (1430).

In addition to the usual ester, an ester of trichloroacetic

an example of deviation from the usual product
distribution, gave very little benzyl chloride
(chlorine atom abstraction) when decomposed in
carbon tetrachloride®; R-Cl is generally a major
product for decompositions in this solvent. It is
clear that since the nature of R influences the de-
composition rates of diacyl peroxides, there must be
R-C, as well as O-0, bond stretching in the transi-
tion state for the process.? 9.1

Aliphatic peroxides in which R is a primary alkyl
group (methyl,* ethyl,* #-propyl,* é-phenylbutyl,®
cyclobutylmethyl,®  cyclopentylmethyl,®  cyclo-
hexylmethyl®) all decompose at very nearly the
same rate in carbon tetrachloride. The diacyl
peroxide from cyclopropaneacetic acid (R = cyclo-
propylmethyl) appears to be an exception.® Al-
though its decomposition rate in carbon tetrachlo-
ride was erratic, depending upon the particular
batch of peroxide used, even the slowest observed
rate was at least 10 times faster than that of the
next larger ring (R = cyclobutylmethyl). The
CO. vield was low, the ester yield was high, and no
product of the R—Cl type was obtained. Stabili-
zation of the cyclopropylmethyl radical in a manner

19) For omne detailed interpretation of this phenomenon, see M.
Szwarc and L., Herk, J. Chem. Phys.. 29, 438 i1958).

(10) D. ¥, DeTar and R, C. Lambd, J. Am. Chem.
(1950).
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3698

Lo «.

-0 |- -

17 e ie

Fig. 1.

related to that of the cyclopropylmethyl cation!
was suggested as a possible explanation for the
rapid rates.1*1%

Because the behavior of cyclopropaneacetyl
peroxide was reported® to be erratic, it was decided
to reinvestigate this peroxide, paying special heed
to purity of the peroxide, possible catalysis by
acid or base, induced decomposition and the ener-
getics of the reaction. The products were also
re-examined under kinetically defined conditions.
With proper attention to detail it was possible to
obtain consistent, reproducible kinetics with cyclo-
propaneacetyl peroxide, and the results are de-
scribed in this paper.

Results

Preparation and Purity of the Peroxide.—Cyclo-
propaneacetic acid was prepared in two steps by
the addition of cyclopropyllithium to ethylene
oxide, followed by oxidation of the resulting 2-
cyclopropylethanol with chromic acid in aqueous
acetone (over-all vield 4097).1* The acid chloride,
prepared from the acid and thionyl chloride, was
converted to the peroxide with sodium peroxide
in moist ether by the usual procedure. The per-
oxide was crystallized from pentane at —80°,
and remained cryvstalline if stored at —20°, but
melted when warmed to room temperature,!®
Todometric titration'é showed the peroxide con-
tent of various batches to be 83-1009, solvent
being the major contaminant.*

(11) R. H. Mazur, W. N. White, 1). A. Semenow, C. C. T.ee, M. 8.
Silver and J. D). Roberts, J. Am. Chemn. Soc., 81, 1390 (1959).

(12) See also C. G. Overberger and A. Lebovits, ibni., T6, 2722
119534).

(13) J. D. Rouberts has offered an explanation in terms of geometry of
orbitals, fur the lack of cyclopropylmethyl-cyclobutyl interconversion
in the radical and anion, as contrasted with the cation (141st National
Meeting of the American Chemical Society, Washington, D). C., March
26, 1662),

(14) This method is superior to the previously describeds catalytic
dehydrogenation of 2-cyclopropylethanol to cyclopropaneacetaldehyde
followed by silver ion oxidation. Alkaline permanganate oxidation
of 2-eyclopropylethanol was unsatisfactory, considerableyver-nxidation
tir eyclopropanecarboxylic acid being observed.

(15) This peroxide had unt previously® been obtained crystalline.

(16) 1.. 8. Silbert and 13, Swern, J. 4. Chem. Sor., 81, 2363 (1050)

(17) 1t was necessary that all unreacted acid chlyride be removed by
sodium carbonate washing, as this impurity markedly accelerated the
peroxide decoinposition,
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Kinetics.—The decompositions were carried out
in 0.02-0.09 XV solutions of peroxide in purified!
carbon tetrachloride. Rates were followed by
disappearance of the 5.62 u peroxide carbonyl band
in the infrared, and checked in a few instances by
a titrimetric method.’®® For reference, cyclo-
hexaneacetyl peroxide was prepared and its de-
composition rates measured. The results on
the latter peroxide agreed well with previous®
measurements. Rate constants were calculated
from the least squares slopes of plots of log (optical
density) vs. time,

The kinetic results are given in Table I. Com-
parison of experiments 26 and 27 with 14 and 15
illustrates that the infrared and titrimetric pro-
cedures for following disappearance of peroxide
give the same rate constants. Experiments 16—
19 show that the rate constant is independent of
initial peroxide concentration over a 5-fold range
(0.018-0.092 N). Induced decomposition is fur-
ther shown to be unimportant by the negligible
effect of iodine (as scavenger) on the rate constants;
for cyclopropaneacetyl peroxide, compare experi-
ments 23 and 24 with 20-22; and for cyclohexane-
acetyl peroxide, compare experiments 37 and 38,

TABLE I

DECOMPOSITION RATES OF CYCLOPROPANEACETYL AND
CYCLOHEXANEACETYL PEROXIDES IN CARBON

TETRACHLORIDE

Temp., lnit, per- k1 X 108,

R = Expt. °C. oxide, ¥ sec, ~1
14 44.0 0.06 5.30 = 0.30

Dcm— 15 44.0 .06 5.07 = .21
26 44.5 ¢ 5.03 = .24

26 44.5 ¢ 4.93 = .12

27 445 ¢ 5.07 &= 32

16 49.8 0.018 11.1 = .2

17 50.8 046 124 = 4

18 50.8 055 13.0 = .6

19  50.8 092 123 = .7

20 56.7 .09 25.8 = 1.8

21 56.7 09 257 £ 2.4

22 56.5 .09 27.8 = 0.3

23 536.5 09° 294 x£1.2

24 56.5 05 280 =2.6
C\/*Cliz- 36  54.4 06 0.308 = 0.008
37 64.3 .08 1.14 = .05

38 64.3 065 1.23 = .04

39 71.8 06 2,95 £ .11

@ Initial concentration was not determined. ¢ Followed
by iodometric titration!®; all others were followed by the
infrared method. ¢ Solution was 0.07 NV in iodine. ¢ Solu-
tion was 0.05 N in iodine. ¢ Solution was 0.18 & in iodine.

An Arrhenius plot (Fig. 1) of the data for cyclo-
propaneacetyl peroxide leads to activation pa-
rameters of 24.3 kecal./mole for AH¥ and 3.1 cal./
degree mole for AS#*,

The effect of acids on the decomposition rate was
examined, and the results are given in Table II.
It is clear (expt. 30, 31) that weak carboxylic
acids have little effect, but that the strong acid,
trichloroacetic acid, markedly accelerates, in pro-
portion to its concentration, the decomposition of
cvclopropaneacetyl peroxide (expt. 33-33). Fur-

(181 T.. T. Fleser, "“Txperiments in Organic Chemistry,” 2nad Rd.,
1), C. Heath Co., Boston, Mass,, 1441, p. 365.
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Tue EFFECT OF ACIDS ON THE DECOMPOSITION RATES OF
CYCLOPROPANEACETYL AND CYCLOHEXANEACETYL
PEROXIDES 1IN CARBON TETRACHLORIDE

Init.
per- k1 X 108,
R = Expt. oxide, N Acid, N sec, "1
0 153 0.06 5.07=0.21
V«m— 30 .042 A°  0.014 4.65= .18
31 048 TMA? 043 4.64=x .14
33 061 TCA,» .061 65-80
34 .061 TCA, .031 33
35 .061 TCA, .015 13
1.14+0.05

OCHZ_ 37 .06
41 .06
a All experiments at 44.5°,

¢ A = acetic acid. ¢ TMA = trimethylacetic acid.
for trichloroacetic acid.,

TCA, 0.088 4.47 =%

b Both experiments at 64°.
¢ TCA

thermore, the rate enhancement is much larger
than is observed (expt. 41) with cyclohexane-
acetyl peroxide.

Products.—The nature and amounts of products
were determined under kinetic concentrations, but
the temperature was higher in order to complete the
decompositions more quickly. After 3 hours at 78°,
a 0.049 M solution of cyclopropaneacetyl peroxide
in carbon tetrachloride showed (infrared) no re-
maining peroxide. The major products, averages
of several experiments and given as moles per mole
of peroxide, were carbon dioxide (1.32), ester (0.56)
and acid (0.07). Carbon dioxide was determined
gravimetrically, ester and acid determined by
quantitative infrared using bands at 5.75 and 5.87
u, respectively. A careful search was made for
R-Cl type product. After 96 ml of 0.076 NV per-
oxide was decomposed at reflux for 8 hours, careful
in vacuo distillation of the carbon tetrachloride
showed small amounts of C-H containing material
in the distillate. The amount, estimated using
the C—H stretching frequency in the infrared, was
about 0.17 mole per mole of peroxide, if assumed
to be a C4 chloride; but the compound may have
been of the R-R type. This minor product did
not show a double bond band in the infrared.

The three major products account for 97.59,
of the initial carboxyl function and 59.59, of the
alkyl portion of the peroxide. The latter may be
augmented to 689, if R-Cl type product is in-
cluded. Distillation of the ester and acid fractions
left a tarry residue which may account for the
missing balance of the alkyl groups.

The ester, which was the major organic product,
was isolated from larger scale experiments. It had
no carbon—carbon double bond absorption in the
infrared. Its infrared spectrum, v.p.c. retention
time and refractive index were identical with those
of authentic cyclopropylmethyl cyclopropaneace-
tate. Cyclobutyl cyclopropaneacetate, prepared
for reference, had the same retention time, but the
other properties were distinguishing.!®

The products from the trichloroacetic acid-
catalyzed decomposition of cyclopropaneacetyl
peroxide were examined by decomposing a carbon
tetrachloride solution 0.062 M in peroxide and
0.125 M in trichloroacetic acid for 3 hours at 76°.

(149) We are indebted to Dr. Frank J. Chloupek for these results.
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In addition to carbon dioxide (1.22 moles per mole
of peroxide) two esters, absorbing at 5.76 u ((.30
mole) and 5.67 x (0.58 mole), were obtained. Their
identity is discussed below.

Discussion

The reason for prior erratic results with cyclo-
propaneacetyl peroxide did not specifically emerge
from the present work, but two possible catalysts
for its decomposition, strong acids or unconverted
acid chloride, may have been the cause of the dif-
ficulty. In any event, consistent kinetics were
obtained in the present work.

The decomposition rate, although not as rapid
as previously observed,® was nevertheless ap-
preciably greater than that for higher cycloalkane-
acetyl peroxides. Cyclopropaneacetyl peroxide
decomposed approximately 55 times faster than
cyclohexaneacetyl peroxide.  This is comparable
in magnitude to the enhancement found by Over-
berger and Lebovits!? for structurally related azo-
bisnitriles. The rate increase is due predominantly
to an approximately 1.5-2.0 kcal. per mole decrease
in activation energy, and may be interpreted to
mean that the cyclopropylmethyl radical, through
an electron delocalization process, is more stable
than the cyclohexylmethyl radical, for which such
delocalization is not possible.

That radicals are in fact produced by the de-
composition of cyclopropaneacetyl peroxide was
demonstrated by the observation that at 60° it
initiates the polymerization of styrene, although
less efficiently than benzoyl peroxide.

The major organic decomposition product was
the ester, cyclopropylcarbinyl cyclopropaneace-
tate; although the yield (569,) was not as large as
previously observed,® it was still much greater than
for other cycloalkaneacetyl peroxides (20-309).
Consistent with this was the lower (669 s. 889;)
CO. yield. The vield of R-Cl type product, if
indeed any was produced at all, was no greater than
8-997, whereas with cyclohexaneacetyl peroxide
a 609, yield of cyclohexylmethyl chloride was ob-
tained. This means either that not many free
cyclopropylmethyl radicals were produced or that,
if formed, they reacted by other (presumably
lower energy) paths rather than abstract chlorine
atoms from the solvent., The material ba'ance for
the carboxyvl moiety of the peroxide was fine
(97.5%) but a major part of the alkyl moiety
(32-409%,) went to unidentified products, possibly
polymer.

Trichloroacetic acid markedly accelerated the
decomposition of cyclopropaneacetyl peroxide, the
increase being approximately 13-fold for equi-
molar acid at 44.5°. The acceleration was pro-
portional to the amount of acid (Table II, expt.
33-35) and was very much smaller for cyclohexane-
acetyl peroxide. The yield of cyclopropylcarbinyl
cyclopropaneacetate was decreased and replaced
by another ester with absorbtion at 5.67 u, un-
doubtedly a trichloroacetate. Cyclopropylmethyl
trichloroacetate shows carbonyl absorption at 5.67
w. In view of the propensity for cvclopropyl-
methyl cation formation, it appears likely that
trichloroacetic acid accelerates the decomposition
by an ionic mechanism.
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Experimental

Cyclopropaneacetic Acid. A. 2-Cyclopropylethanol.—
2-Cyclopropylethanol was prepared from a cyclopropyl-
organometallic and ethylene oxide according to Hart and
Wyman® except that important modifications were used to
prepare cyclopropyllithiuin or cyclopropylmagnesitun chlo-
ride. Because these procedures may be generally useful,
they are described here. Cyclopropyllithium was prepared
by adding to 7.3 g. of a fine lithium sand in 250 ml. of an-
hydrous ether a solution of 46.3 g. of cyclopropyl chloride in
150 ml. of anhydrous ether, at a temperature of 0-10°
(3 hours). After standing an additional hour the cyclo-
propyllithium was ready for use and gave a 669, yield of
2-cyclopropylethanol on reaction with ethylene oxide.
Cyclopropylmagnesium chloride was prepared by using
tetrahydrofuran as solvent, benzyl bromide (20 mole per
cent. of the amount of cyclopropyl chloride) and reflux for
18 hours (1.6 mole scale) to complete formation of the
Grignard reagent. The yield of 2-cvclopropylethanol,
after reaction in the usual way with ethylene oxide, was 429,

B. Oxidation with Chromium Trioxide-Sulfuric Acid.—
To a well stirred solution of 39.5 g. (0.46 mole) of 2-cyclo-
propylethanol in 92.5 ml. of acetone was added, over a
period of 13 hours with the temperature never being allowed
to exceed 30°, a solution of 61.5 g. (0.615 mole) of chro-
mium trioxide and 98.5 g. (1.04 moles) of sulfuric acid in 405
ml. of water., Water (100 ml.) was added and the mixture
stirred for an additional hour. The layers were separated
and the water layer extracted with ether, The ether ex-
tracts were added to the organic layer and the solvents
removed by distillation (steam-bath). To the residue was
added 300 ml. of 4 N sodium hydroxide and the mixture was
refluxed for 5 hours. After cooling, the alkaline mixture was
extracted with ether; this extract, on work-up, gave 6 g.
of unoxidized 2-cyclopropylethanol.

The alkaline solution was acidified to congo red with 109,
sulfuric acid and extracted with ether. After drying and
removal of the solvent there was obtained 22.3 g. (57%
based on unrecovered alcohol) of cyclopropaneacetic acid,

£20) The alkyl group may also have thie cyclobutyl or allylearbinyl
structures on thie two structitres directly above,
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bO% 9>1° at 15 mm., n¥p 1.4321, neut. equiv. 100.1 (caled.
100.1).

Cyclopropaneacetyl Peroxide.—To a suspension of 2.0 g,
(0.026 mole) of sodium peroxide in 40 ml. of anhydrous
ether was added 5.8 g. (0.049 mole) of cyclopropaneacetyl
chloride (prepared by refluxing the acid and 109; excess
thionyl .chloride in chloroform for 4 hours, and then frac-
tional distillation). The reaction was initiated by adding 2
drops of water. Reaction was assumed to be complete
when the yellow color of the peroxide had disappeared and
the addition of a drop or two of water no longer caused the
temperature to rise.

Cold water was added to dissolve the sodium chloride,
the layers were separated and the ether layer washed with
109, sodium carbonate, then dried over calcium chloride.
The ether was removed (Rinco evaporation, no applied
heat), 20 1nl. of pentane was added to the liquid residue, and
the whole was cooled to Dry Ice temperature in a CO. at-
mosphere, The crystalline peroxide was filtered (sintered
glass) and stored in pentane or carbon tetrachloride solution.
Titration!® gave the peroxide content. Infrared spectra in
carbon tetrachloride and in carbon disulfide showed no
carbonyl-containing impurities in the peroxide.

Kinetic Procedure.—The apparatus was similar to those
used previously®® with minor unprovements., Samples
withdrawn periodically were frozen in Dry Ice, and the entire
batch of samples for any one run were analyzed at one time,
Rates were followed spectrophotometrically using the
5.62 uperoxide band in theinfrared. Raterunschecked iodo-
mietrically!® were analyzed as follows: A l-nl. aliquot of
peroxide solution was dissolved in 5 1nl. of glacial acetic
acid containing 0.0005¢¢ ferric cliloride hexalivdrate, The
solution was freed of oxygen by flushing withh carbon di-
oxide, 0.5 ml, of saturated aqueous sodium iodide was added,
and the solution was allowed to stand in the dark for 20
minutes. After addition of 5 mnl. of water, the solution was
titrated with standard thiosulfate, 2 inl. of starch indicator
being added shortly before the end-point was reached.
Standardization of the thiosulfate using this procedure with
benzoyl peroxide gave results identical with those obtained
using potassiuin iodate.

Products.—Carbon dioxide, ester and acid were de-
termined using techniques described previousty.>? In
the case of trichloroacetic acid catalyzed decomposition,
the CO; was again determined gravimetrically by nitrogen
sweep through an Ascarite tube. The cooled reaction
solution was then washed with 109, sodium carbonate,
which removed both the trichloroacetic acid and any other
acidic products (cyclopropaneacetic acid). Aliquots «of
the remaining dried solution were then analyzed with in-
frared (at 5.67 and 5.76 u) for the two esters present.

The ester from the decomposition of cyclopropaneacetyl
peroxide was isolated as follows. The peroxide (¢ce. 3 g.) in
100 ml. of carbon tetrachloride was refluxed for 12 hours.
After the solvent was removed by careful fractionation
(600 X 7 mm. vacuum jacketed tantaluin wire spiral colunu)
the residue boiling at 80-110° at 15 mm. was collected.
This distillate was passed through a Beckman Megachrom
vapor phase chromatograph at 150° using four 12/, 209,
silicone columns in parallel. The ester collected had an
infrared spectrum identical with that of authentic® cyclo-
propylmethyl cyclopropaneacetate,!?

(21) H. H. Lauw awl H. Hart, J. A, Chem. Soc., 81, 1837 (1452),



