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Abstract—Three kinds of t-butyl per (trans-2-substituted cyclopropyl) acetates (R=H, CH,, CiH;)
were synthesized from the corresponding acy! chlorides and thermally decomposed in cyclohexane to
investigate the chemical stability and behaviour of the cyclopropylcarbinyl radical. Clean first-order
kinetics were obtained in all of the thermal decomposition reactions. The experimental fact that the
decompositoin rates and activation parameters of these three t-butyl peresters are similar to each other
may indicate the absence of the ionic character in the transition state suggesting the almost complete
homolytic decomposition of these peresters. Although the typical concerted decomposition might be
invalid for these peresters in view of the activation parameters, it would be suggested from the product
studies that the decomposition of these peresters was characterized by a considerable loss of their
acyl-alkyl bonds at the time of the fission of their O—O bonds. The products yielded from the thermal
decomposition of t-buty] per (trans-2-phenylcyclopropyl) acetate in various hydrogen donating sol-
vents consisted of three hydrocarbons and two t-butyl ethers. The formation of these t-buty! ethers,

possibly cage products, was significant.

INTRODUCTION

Extensive studies have been applied to elucidate
the nature of the cyclopropylcarbiny! radical,’™ but
the stability and chemical behaviour of this particu-
lar radical species, has not been clarified. For
instance, in some reactions involving a free radical
intermediate at the rate determining step, the
formation of cyclopropylcarbinyl radical enhances
the reaction rates.’ Reversely, the similarity in the
stability of the cyclopropylcarbinyl radical relative
to the other simple alkylcarbiny! radicals has been
observed in some other reactions.™*

Furthermore, a clear-cut general explanation for
the rate acceleration in the generation of the cyclo-
propyicarbinyl radical, if any, has not been given.
The relief of considerable ring strain brought by the
concerted opening of cyclopropane ring might be
one of the important driving forces. The charge
polarization in the transition state might be another
factor to bring about the rate enhancement,?
since even a very small degree of charge separation
would be sufficient to explain the rate acceleration
observed in the radical reactions.’ Martin and
Timberlake** have proposed that a conjugate in-
teraction between cyclopropane ring and a develop-
ing radical center may be significant for the
stabilization of the cyclopropylcarbinyl radical.

Although the homoallylic rearrangement® be-
tween the cyclopropylcarbinyl and the allylcarbinyl
radicals has been studied extensively, the problem

of the electron delocalization in the cyclopropylicar-
binyl radical is still pending.

Generally, t-butyl peresters (1) are available to
investigate the stability and properties of the radi-
cal R. When oxygen-oxygen and acyl-alkyl bonds
in the t-butyl peresters (2, 3,4) are cleaved syn-
chronously, it may be anticipated to estimate the
effect of the 2-substitutents on the cyclopropane
ring on the decomposition rates of these peresters
and the chemical behaviour of the radicals. Thus,
the following three t-butyl per (trans-2-substituted
cyclopropyl) acetates (2,3,4) were synthesized,
and thermally decomposed to obtain more informa-
tions on the nature of the cyclopropylcarbinyl
radical.

RCOOOBu() J>— CH,COOOBu(t)
1 X-
2 X=H
3: X=CH,
4: X=CH,

RESULTS

Synthesis of t-butyl percyclopropylacetates 2, 3
and 4. A series of the peracetates (2, 3 and 4) were
synthesized by the usual method from the corres-
ponding acy! chlorides. The structures of these t-
butyl peracetates were identified by spectroscopic
and elemental analyses (Experimental).

Kinetic study. The t-butyl percyclopropy! ace-
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tates (2, 3, 4), and t-butyl perisovalerate (5) were
thermally decomposed in cyclohexane at 90°, 100°
and 110°, and their decomposition rates were deter-
mined by the IR technique.” The first-order kinetic
results are summarized in Table 1. The experimen-
tal plots in each run showed a good linear relation-
ship and the Arrhenius plots of their decomposition
rates also gave good correlations with 1/T. It thus
appeared that the peracetates (2, 3, 4 and 5)
decomposed according to the clean first-order kine-
tics with no complex induced decompositions.
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phenylcyclopropylcarbinyl t-butyl ether (8), 4-
phenyl-4-t-butoxybutene (9) and 4-phenyl-4-
cyclohexyl (or cyclohexenyl) butene (10a or 10b).
From the IR analysis of the mixture, the corres-
ponding acid or ester was found only in traces.

The structures of all of the decomposition pro-
ducts (6, 7, 8, 9 and 10) were identified by spectros-
copic and elemental analyses, and some of them
were characterized by the comparison of their
spectroscopic and gas chromatographic behaviour
with those of the authentic samples.

Table 1. Decomposition rates of t-butyl peracetates (2, 3, 4 and §)°

R—COOOBu(t)
R k(X107 sec™) AH" AS™*
90-0° 100-0° 110-0° (kcal/mol) (cal/deg)
[>—CH, @2 218 797 232 33-4 11-6
_[>-CH, 3 2-40° 109 3114 329 107
C.H,
‘[>-CH2 @ 273 108 309 316 7-366
CH,
CH,__
CH—CH, S 117 395 125 32:0 6-54
~
CH,
°0-2 mol/1, in cyclohexane.
®at 110-0°.
“at 89-5°,
‘at 110-5°
The products from t-butyl per (trans-2- The authentic samples of both unrearranged and

phenyicyclopropyl) acetate (3). The t-butyl perace-
tate (3) was decomposed in various hydrogen-
donating solvents at 100° for 24 hr to study the con-
figuration and distribution of the products. The
decomposition products consisted of 4-phenyl-

rearranged t-butyl ether, 8 and 9, were prepared
from the reaction of the corresponding chloride
with t-butanol in the mixed solvent of tetrahydro-
furan and hexamethylphosphoramide containing
sodium hydride. Moreover, both recombination

butene (6), 4-phenylbutadiene (7), trans-2- products, 10a and 10b, between phenylallylcarbiny!
CH,—CH,CH,CH=CH, CH,—CH=CH—CH=CH, J>-cu,onu(t)
6 7 CsHs -

CH;—CH—CH.CH=CH.

OBu(t) R
9

CH]

D—CH:
CeHs--

11

12

CeHs_?H_Cl'hCH:CHz

CH;—CH—CH=CH,

=)
=)

s
CH: =ii{CH=CHz
13
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radical and cyclohexyl or
radical were synthesized from the corresponding
Gringnard reactions of phenylallylcarbinyl
chloride. trans -2-Phenyl l-methylcyclopropane
{(i1)", 3-phenyibutene (i2)’ and 2-phenylbutadiene”
were also prepared according to the reported litera-
ture procedures, though they were not detected in
the mixture.

The yield of each product obtained from the de-
composition of 3 in such hydrogen-donating hyd-
rocarbons as cyclohexene cyclohexene or 1,4-
cyclohexadiene are summarized in Table 2.

cyclohexenyl-
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nents which may be expected to be formed from
the thermal decomposition of the peracetate (4).

DISCUSSION

fe ok Arrrea o 'olala ha satas amd antiuntiae
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parameters of the decomposition of the peresters
(2, 3 and 4) were similar to each other. These kinetic
results may indicate that the decomposition reac-
tions of these peresters are almost completely
homolytic and proceed via a similar transition state,
since it was already shown by Schleyer et al.’* that
2-methyl substitutents in the cyclopropylcarbinyl

Table 2. Yields of decomposition products of t-butyl per (trans-2-
phenylcyclopropyl) acetate (3) in various hydrocarbon solvents®

Solvents @ O @
Products (%) (%) (%)
Cﬁ}\{s/CHz ©® 65 74 375

CH. CH=CH,

C.H; CH,
M \er=cn, M 04 06 07

D—CH,OBu(t) ® 20 2:3 16
CH,~
CH; CH,

CH CH=CH, © 98 9-8 4.7

(I)Bu(t)

CHs cH,
(|ZH CH=CH, o 151° 228 (10
R

“100°, 0-2 mol/1, 24 hours.
*R = cyclohexyl (10a).

°R = cyclohexenyl (10b).
“R = cyclohexadienyl.

The Products from t-butyl per (trans-2-
methylcyclopropyl) acetate (4).-The thermal de-
composition of t-butyl peracetate (4) in cyclohex-
ane gave n-pentene (14), n-pentadiene-1,3 (15) and
trans-2-methylcyclopropylcarbiny! t-butyl ether
(16) as main products. Although three or four
unidentified components (except for t-butanol,
acetone and dicyclohexyl) were present as minor
products, the IR and gas chromatographic analyses
of the mixture indicated the absence of 3-
methylbutene-1, isoprene and any carbonyl compo-

D—CHzCOsBu(t) —4, CH, ¢H:
CH,-—- @ bt \CH=CH,

4 14

cation brought a considerable rate enhancement
(8 ~ 10 times) relative to the parent nonsubstituted
cation in the solvolytic reactions.

Unexpectedly, the activation parameters ob-
tained for the thermal decomposition of 2, 3 and 4
would not imply the typical concerted decomposi-

on."' The following experimental results, how-
ever, do not suggest the typical nonconcerted de-
composition.

(1) The corresponding acids and esters, typical
products of the nonconcerted decomposition of

WA

. D— CH,OBu(t)
CH CH=CH. = CH,~

15 16

CH, H
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Table 3, Half-lives of t-butyl peresters RCOOOBu(t) (at 60°)

R Half life, AH" AS”
ty2 (min})  (kcal/mol)  (cal/deg)
[>cm © 418x10° 334 16
J>—CH: ¢ 2:.83x10° 32:9 10-9°
coHs -
J>—CH, * 2 12x10° 316 7-4°
Me--
CH, * 50x10° 38 17 °*
CHs__
_CH *© 1.0x10* 31-8 9.4°
CH,
CH,
_CH—CH, * 5.80x 10* 320 67
CH,
J> fL10x10° 325 69
C.H;
C.H, * 3.0x10° 33.5 7.8
C.H,CH, ‘1700 287 3.9°

*In cyclohexane.
*In chlorobenzene.
‘In cumene.

“In p-chlorotoluene.

“H. Minato, J. Syn. Org. Chem. Japan 23, 12 (1965).

'Ref 12.
*Present study.

peresters,'? were almost absent in the decomposi-
tion products.

(2) The unrearranged t-butyl ethers (8 and 16)
were obtained as one of the main products in spite
of the remarkable tendency of the cyclopropylcar-
binyl radical to rearrange to allylcarbinyl radical.®

(3) A small rate enhancement was observed for
the decomposition of 2, 3 and 4 against that of
t-butyl perisovalerate (5).

Therefore, it might be postulated as a charac-
teristic of the thermal decomposition of these per-
cyclopropylacetates (2, 3 and 4) that the acyl-alkyl
bond becomes considerably loose at the time of the
cleavage of the oxygen—oxygen bond and hence the
loosing of the former bond does not allow the
formation of an acyloxy radical as an intermediate.

The half-lives at 60° and the activation parame-
ters of various t-butyl pereaters are summarized on
Table 3. As is shown in Table 3, cyclopropylcar-
binyl radicals generated from the peracetates (2, 3
and 4) seem to be not as stable as the radical (e.g.,
benzyl radical”) characterized by the typical con-
certed decompositoin. The rate constant of the

decomposition of t-butyl percyclopropylacetate (2)
was slightly larger (2 ~ 3 times, at 90°~ 110°) than
that of t-butyl perisovalerate (5).

It may also be reasonable that the total yield of
hydrocarbons [6+ 7+ 10] increased with the in-
crease in the hydrogen-donating ability of the
solvents. The negligible formation of 4-phenyl-4-
cyclohexadienylbutene would be relationalized by
the facile transformation of 1,4-cyclohexadienyl
radical to benzene.

The fact is quite noteworthy that the peracetate
(3) gave unrearranged and rearranged t-butyl ethers
(8 and 9), and the ratio of the rearranged ether to
the unrearranged one (ca 3~ 5) was almost inde-
pendent upon the hydrogen-donating ability of the
solvents. From the thermal decomposition of 2-
methyl substituted peracetate (4), trans-2-methyl-
cyclopropylcarbinyl t-butyl ether (16) was also ob-
tained as one of the main products. The formation
of these t-butyl ethers could be explained by
several different mechanisms. However, it may be
very difficult to elucidate this fact by the hypothesis
that the t-butoxy radical once diffused into such
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hydrogen-donating solvents recombined with the
cyclopropylcarbinyl radical or allylcarbinal radical
to give the corresponding t-butyl ether. Moreover,
the induced bimolecular decomposition may be
denied by the clean first-order kinetics. Therefore,
it would be more reasonable to suppose that a
solvent cage was an important role in the formation
of these t-butyl ethers. Moreover, the similarity of
the ratio of the rearranged t-butyl ether (9) to the
unrearranged one (8) in three solvents may also
suggest the availability of the solvent cage. Conse-
quently, it would be proposed that in the thermal
decomposition of the peracetates (3 and 4), the
oxygen—oxygen bond was cleaved with the consid-
erable loosing of the acyl-alkyl bond, and some
fractions of the unrearranged cyclopropylcarbinyl
radical were recombined with the t-butoxy radical
in the solvent cage. The facile rearrangement of
cyclopropylcarbinyl radical to allylcarbinyl radical
in the solvent cage competed with the diffusion of
the former radical into solvent. The recombination
of the resulting allylcarbinyl radical with the t-
butoxy radical in the solvent cage would also
compete with their diffusion into solvent (Scheme
2).

77

the reaction mixture. This result would indicate the
instability of the cyclopropylcarbinyl radical at the
outside of the solvent cage and the remarkable con-
tribution of the solvent cage for the formation of 8
and 16.

EXPERIMENTAL

Synthesis of t-butyl percyclopropylacetate 2

(The title peracetate (2) was prepared according to a
following reaction route.)

Cyclopropylcarbinyl cyanide. Into a solution of NaCN
(16-0 g; 0-326 mole) in 15 ml water, cyclopropylcarbinyl
bromide (22:0 g; 0-163 mole) prepared from the reaction
of the corresponding alcohol with PBr, at acetone-dry ice
temp in 62-5% yield, dissolved in 20 ml EtOH was added
dropwise with stirring over a period of 15min. The
mixture was stirred under reflux for 4h. The resulting
dark-red mixture was poured into 200ml water and
extracted with three 100 ml portions of ether. The com-
bined ethereal layer was washed with four 10 ml portions
of 3:1 H,SO, aq in order to remove isonitrile formed as a
by-product. The ethereal soln was then neutralized with
NaHCO;, washed with two 100 ml portions of water and
dried over MgSO.. After the ether was removed, frac-
tional distillation gave 9-3g of cyclopropylcarbinyl
cyanide (Y=70-6%), b.p. 148~ 149" (lit. 147°'¢
142 ~ 144°""), which was found to have the purity of ca

l:R\/\// + -OBu(t) + CO, :I ‘_QT [ J>—éHz +CO, + -OBu(t)J
recombination diffusian difusion asd l recombination
rearrangoment
R R
Y\// \aY > CH,OBu(t)
OBu R--

R R R
W+ W+Y\//

The formation of trans-2-substituted cyclop-
ropylcarbinyl t-butyl ether (8 and 16) in the solvent
cage is comparable to the fact that in the solvent
cage the stereoconfiguration of radical is retained in
spite of the stereoconfigurational instability of the
radical.” On the other hand, trans-2-phenyl-1-
methylcyclopropane (11), the product formed
through the hydrogen-abstraction of the corres-
ponding radical from solvent, was not detected in

R’

79% by the gas chromatographic technique. The NMR
spectrum of cyclopropylcarbinyl cyanide showed com-
plex absorption pattern at 7 =8-70 ~9-90 ppm charac-
teristic for the cyclopropane ring protons.
Cyclopropylacetyl chloride. Into 100 ml anhyd ether
containing cyclopropylacetic acid (7-0g; 0-07 moles)
(prepared from alkali hydrolysis of cyclopropylcarbinyl
cyanide with NaOH aq in 76-0% yield), oxalyl chioride
(10-1g; 0-08 moles) was added dropwise at room temp,
and the mixture was stirred for one day at room temp.
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After the ether was evaporated, fractional distillation
gave almost pure cyclopropylacetyl chloride, b.p. 120 ~
121°, yield, 29-1%; NMR (CCL): r=7-27 (2H, d),
8-60 ~ 9-85 (SH, m); (Found: C, 50-85; H, 6-20; Cl, 29-81.
C,H,0Cl requires: C, 50-66; H, 5-95; Cl, 29-90%).

t-Butyl percyclopropylacetate. A solun of 15ml of
anhyd ether containing cyclopropylacety! chloride (2-7 g;
0-023 moles) was added carefully into a solun of 6-18g
(0-068 moles) of t-butyl hydroperoxide and 7-12 g (0-091
moles) of pyridine in 15 ml anhyd ether with vigorous stir-
ring at ice-water temp. The mixture was allowed to stand
for 3 days at room temp in the dark, and then poured into
100 ml ice-water. The organic components were extracted
with three 30 ml portions of ether, and the combined
ethereal layer was washed with 109 H,SO. aq, neutral-
ized with 109 NaHCO, aq and dried over MgSO.. After
removal of the drying agent by filtration, the ether and
excess t-butyl hydroperoxide were completely removed
under reduced pressure at room temp, and the colorless
oil was obtained in 68-9% yield, which was found to be the
almost pure desired peracetate through spectroscopic and
elemental analyses. NMR (CCL):, r =7-78 (2H, d), 8-76
(2H, d), 8:76 (9H, s), 8:70~9-90 (5SH, m); IR (neat):
179 cm™ (>c=o) (Found: C, 62:50; H, 9-65. C,H.O,
requires: C, 62:76; H, 9-36%).

Synthesis of t-butyl per (trans-2-phenylcyclopropyl)
acetate (3). The peracetate 3 was prepared according to
the route mentioned for preparation of 2. trans-2-
Phenylcyclopropylcarbinol was prepared by reduction of
the corresponding ethyl ester, obtained by careful frac-
tional distillation of its isomeric mixture, with LAH ac-
cordir:g to the method reported previously by the au-
thors.’*

trans-2-Phenylcyclopropylcarbinyl chloride. Into a
solun of 800ml anhyd ether containing trans-2-
phenylcyclopropylcarbinol (57 g; 0-385 moles) and tri-n-
butylamine (93 g; 0-500 moles) SOCI; (50-0 g; 0-420 moles)
was added dropwise with vigorous stirrring at — 10°. After
addition, the mixture was continously stirred at —10°~
—5° for 1h and at room temp 2h. After evaporation
of the ether under reduced pressure, the desired chloride
was obtained in 91% yield by fractional distillation of the
red-brown residue, b.p. 73 ~ 74°/4 mm; NMR (CCL): 7 =
2-86 (5H, m), 6:54 (2H, d), 7-96 ~ 9-19 (4H, m); (Found: C,
71-61; H, 6:99; Cl, 21-38, C,H,,Cl requires C, 71-62; H,
7-11; Cl, 21:17%).

trans-2-Phenylcyclopropylcarbinyl cyanide. It was diffi-
cult to obtain the title compound in moderate yield from
the corresponding chloride under conditions such as
heating under reflux in aqueous alcohol or acetone. This
substitution reaction was very sensitive to the purity of
employed reagents, reaction temp and the nature of
employed solvents. The presence of even a small amount
of water or the employment of protic solvents may make
the character of this reaction more SN-1 like, so that the
cyclopropane ring may be readily cleaved. Among many
attempts, the desired nitrile could be obtained in the
highest yield (Y = 76-7%) according to a following proce-
dure. trans-2-Phenylcyclopropylcarbinyl chloride (65 g;
moles) was added dropwise to 400ml of the anhyd
dimethylformamide, freshly distilled, containing KCN
(44-0 g; 0-68 moles) at 120° ~ 130° with vigorous stirring,
and after the addition, the mixture was stirred at
120°~ 130° for 20h. After filtration of K-salts and
removal of dimethylformamide at reduced pressure, frac-
tional distillation of the dark-brown residue gave 41-0 g

T. SHONO and 1. NISHIGUCHI

(76:7% yield) of almost pure trans-2-phenyl-
cyclopropylcarbinyl cyanide, b.p. 146°~ 147°/14 mm;
NMR (CCL): =295 (SH, m), 755 (H, d),
7-96 ~9-18 (4H, m); IR (neat): 2250 (—C==N), 3070, 1025
cm™ (cyclopropane); (Found: C, 84-06; H, 7-13; N, 8-81.
C.HuN requires: C, 84-04; H, 7-05; N, 8-91%).

trans-2-Phenylcyclopropylacetic acid, trans-2-
phenylcyclopropylacetyl chloride and t-butyl per
(trans-2-phenylcyclopropyl) acetate were prepared, re-
spectively, from the corresponding precursor according to
the procedure described for the preparation of nonsubsti-
tuted derivatives. Their spectroscopic and analytical re-
sults are summarized in Table 4.

Synthesis of t-butyl per (trans-2-methylcyclopropyl)
acetate (4) (The title peracaetate 4 was prepared accord-
ing to a following reaction route.)

Ethyl (trans-2-methyicyclopropyl) acetate. Zn—Cu
couple'® (29-5 g; containing 0-46 atoms of Zn) was sus-
pended in 160 ml anhyd ether. A crystal of I, was added
and the mixture was stirred for 0-5h. A mixture of
trans-ethyl 2-penlencate (41g; 0-41 moles) (prepared
from acid-catalyzed esterification of 2-pentenoic acid) and
Mel (120g; 0-45 moles) was added to the soln, and
immediately a mild exothemic reaction took place. After
stirring and heating under reflux for 30 h, the ether soln
was decanted and the finely divided Cu and unreacted
couple were washed with two 30 ml portions of ether. The
combined ethereal solon was shaken with sat NH.CI aq,
NaHCO, aq and sat NaCl aq, and dried over MgSO,.
After removal of the drying agent and evaporation of the
solvent under ordinary pressure, the residual organic
components were distilled through a 30-cm column
packed with Helipak. Approximately 43 g (68-5%) of ethyl
(trans-2-methylcyclopropyl) acetate was obtained. b.p.
NMR (CCL); r =590 (2H, q), 7-86 (2H, d), 874 3H, t),
8-29 (3H, d), 9-10~9-98 (4H, m); (Found: C, 67-80; H,
9-85. C,H,,0; requires: C, 67-57; H, 9-93%).

trans-2- Methylcyclopropylacetic acid was obtained
from alkali hydrolysis of the corresponding ethyl ester in
69-6% yield, and trans-2-methylcyclopropylacetyl
chloride and t-butyl per (trans-2-methyl-cyclopropyl) ace-
tate were prepared according to the procedure for
preparation of nonsubstituted derivatives, and their spec-
troscopic and analytical results are summarized in Table
5.

t-Butyl perisovalerate was prepared from isovaleric
chloride according to the method mentioned above; NMR
(CCL): = =7-86 (2H, d) 8:70 (9H, s), 8-45 (1H, m), 9-86

(6H, d); IR (neat): 1790 cm™* (>Ch0), (Found: C, 62:25;

H, 10-57. C,H,,0, requires: C, 62:04; H, 10-41%).
Thermal decomposition of the peracetate (3) in
cyclohexane. A soln of 3 (4-96 g; 0-02 moles) dissolved in
100 ml freshly distilled anhyd cyclohexane was heated at
100° in an ampule for 24 hr. The mixture was cooled, and
cyclohexane was evaporated under reduced pressure. The
residue was analyzed through usual gas chromatographic
technique to determine the conformation and yield of the
products. (column; Silicon DC 550, 5 m; PEG 2M, 5Sm).
Tetralin was used as an internal standard. The analysis
indicated that the product mixture consisted of 6
(Y =65%), 7 (Y =0-4%), trans- 8 (Y=20%) 9 (Y=
9-8%), 10a (Y = 15-1%) and three unidentified components
(total yield 4-8%). (except for t-butanol, acetone and
dicyclohexyl (Y = 0:8%95)). All of the products were iso-
lated through a preparative gas chromatography and
identified by comparison of their gas chromatographic and
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Table 4. Spectroscopic and analytical results of the derivatives of trans-2-phenylcyclopropy! acetic acid

l>—cu,coou l>cu,coc1 D—CH,CO,Bu(t)
CsHs - CsH.« == Cc.H«“

Yield 93-6% 67-5% 74-1%
b.p. (m.p.) 109°/3 mm (45 ~ 46°C) 105 ~ 106°/3 mm
IR (>(h0) 1705cm™ 179Scm™ 1787 cm™'
NMR (CCl, 3-00 (m,” SH) 2-92 (m, 5SH) 2-87 (m, 5H)
ppm, 7-value) 7-53 (d,* 2H) 7-12 (d, 2H) Z?f (d',\ Etl) .
8:10 ~9-33 (m, 4H) 8-05 ~9-25 (m, 4H) 8:30 ~9-70 (m, 4H)
-1-80 (s, 1H) 8:76 (s, SH)
Anal. Calcd for C,,H,,0. for C,,H,,0Cl for C,sH,,0;
C; 7497%, H; 6-86% C; 67-96%, H; 5-18% C; 72:55%, H; 8:12%
Cl; 18-25%
Found C; 75-00%, H; 7-15% C; 6801, H; 5-21% C; 72:67%, H; 8-16%
Cl; 18-32%
*m = multiplet.
*d = doublet.
‘s = ginglet.

Table 5. Spectroscopic and analytical results of the derivatives of trans-2-methylcyclopropyl acetic acid

J>—CH2COOH
CH: -

J>—cnzcoc1
CH:" CH

J>—CH;CO;Bu(t)

3

Yield 68-5% 58-:3% 86-5%
b.p. 102°/17 mm 48°/25 mm
IR (>&0) 1708 cm 1795cm™ 1789 cm™
NMR (CClL,, 7-77 (d, 2H) 7-24 (d, 2H) 7-76 (d, 2H)
ppm, 8-89 (d. 3H) 889 (d, 3H) 8-89 (d, 3H)
T-value) 9-08 ~ 9-88 (m, 4H) 9-07 ~ 9-84 (m, 4H) 8:75 (s, 9H)
-1-78 (s, 1H) 8-70 ~9-80 (m, 4H)
Anal. Calcd for CsH.0: for C.H,0Cl for C,,H,,0;
C; 63-13%, H; 8-83% C; 54-35%, H; 6-84% C; 64-49%, H; 9-74%
Cl; 26-74%
Found C; 62:94% H; 9-11% C; 54-43%, H; 6-88% C; 64:22%, H; 9-94%

Cl; 27-02%

spectroscopic behaviour with those of the authentic sam-
ples. The following compounds which could be expected
from the thermal decomposition of 3, were synthesized
according to independent reaction routes as reported, but
their existence was not observed in the decomposition
products; 11, b.p. 186°~ 187° (lit.” b.p. 184° ~ 186°); 12,
b.p. 160° ~ 162°/630 mm (lit.* b.p. 119°/152 mm); 13, b.p.
70°/30 mm (lit.’ b.p. 60°/15 mm).

Thermal decomposition of 3 in cyclohexene or cyclo-
hexadiene was carried out by a similar procedure. Analyt-
ical results of the products through the gas chromatog-
raphic technique was summarized in Table 2.

Independent preparation of the t-butyl ethers (8 and
9). In 100 ml of anhyd THF was suspended 3-46 g (0-072
moles) of 50% solium hydride-mineral oil dispersion pre-
washed twice with 50 ml of anhyd ether. A soln of freshly
distilled anhydrous t-butyl alcohol (5-9 g; 0-080 moles)
in 20 ml anhyd THF was added siowly to the sus-
pended soln, and then the resulting mixture was stirred
under reflux for 2h. A soln of tmans-2-
phenylcyclopropylcarbinyl chloride or phenylallylcar-

biny! chloride (11 g; 0-066 moles) dissolved in 50 ml anhyd
hexamethylphosphoramide was added dropwise with stir-
ring into the cooled reaction mixture at room temp, and
then the mixture was again stirred and heated under reflux
for an additional 2 h. The resulting soln was poured into
500 mi water and extracted with three 100 ml portions of
ether. The combined ethereal layer was dried over
MgSO,. After removal of the drying agent and evapora-
tion of the solvents under reduced pressure, fractional
distillation of the residual organic material gave the
desired t-butyl ether.

trans-2-Phenyicyclopropylcarbinyl t-butyl ether (8);
b.p. 140°/30 mm; Y = 12:3%; NMR (CCL): v =2-98 (5H,
m), 6:69 (2H, d), 8-84 (9H, s), 8-15 ~ 9-33 (4H, m); (Found:
C, 82-67; H, 10-08. C,,H,,0 requires; C, 82-30; H, 9-87%).

4-Phenyl-4-t -butoxybutene-1 (9); b.p. 138°/30 mm; Y =
10-2%6; NMR (CCL): 7 = 2:83 (5H, s), 3-85 ~ 4-60 (1H, m),
4.76 ~ 5-30 2H, m), 6-62 (1H, t), 7-71 (2H, t), 8-92 (9H, s):
(Found: C, 82-17; H, 10-08. C,.HxO requires; c, 82-30; H,
9-87%).

Independent

preparation of 4-substituted -4-
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Fig 1. First order plots of thermal decomposition of the t-butyl peracetates (2-4).

phenylbutene-1 (10a, b). Into 50 ml of an ethereal soln of
0-04 moles of cyclohexyl magnesium bromide (or 3-
cyclohexenyl magnesium bromide) was added dropwise
moles of 4-phenyl-4-chlorobutene-1 dissolved in 50 ml of
anhyd ether with stirring at room temp. Then the mixture
was stirred and heated under reflux for 3h, and was
poured into 300 ml water containing ammonium chloride.
The organic components were extracted with three 100 ml
portions of ether and dried over MgSO.. After removal of
the drying agent and evaporation of the ether under
reduced pressure, fractional distillation of the residue
gave the desired compound in low yield.

4-Cyclohexyl-4-phenylbutene- (10a); b.p. 118°/20 mm;
NMR (CCL): ==293 (5H, s), 4-12~4-87 (I1H, m)m
4.95~5-40 2H, m), 7-59 (3H, m), 8-:00 ~9-45 (11H, m);
(Found: C, 89-34; H, 10-73. C,(H., requires: C, 89-65; H,
10-35%).

4-Cyclohexenyl-4-phenylbutene-1 (10b); b.p. 120°-
22 mm; NMR (CCL): r = 2-85 (SH, s), 4-05 ~ 4-76 (3H, m),
4-85~5-31 (2H, m), 7-54 (3H, m), 7-89 ~8-90 (7H, m);
(Found: C, 90-3; H, 9-77. C\¢Hj requires: C, 90-50; H,
9-50%).

Thermal decomposition of the t-butyl peracetate (4) in
cyclohexane. Thermal decomposition of 4 in cyclohexane
was carried out according to the procedure for 3. The
main products consisted of n-pentane, 1,3-n-
pentadiene and trans -2-methylcyclopylcarbinyl
t-butyl ether accompanying by trace amounts of four
unidentified components (except for t-butanol, acetone
and dicyclohexyl). These three products were identi-
fied by spectroscopic and gas chromatographic
analyses. 3-Methylbutene-1 and isoprene, expected to
yield from thermal decomposition of 4, were found to
be absent in the mixture through the gas chromato-
graphic technique. trans-2-Methylcyclopropylcarbinyl
t-butyl ether (16); NMR (CCL) =689 (2H, m),
8-83 (9H, s), 893 (3H, d), 9-15~995 (4H, m);
8-83 (9H, s), 8-93 (3H, d), 9-15 ~ 9-95 (4H, m); (Found: C,
76-05; H, 12-55, C,H,4O requires: C, 75-99; H, 12-76%).

Kinetic study. Thermal decomposition of 2~5 in
cyclohexane was carried out by means of the ampule
technique. Decomposition rates of these peracetates in

various temps were determined by the quantitative
analysis of disappearance of the peresters’ carbonyl
stretching bands (1780 ~ 1790 cm™) in their IR spectra of
1-ml aliquots. The rate constants were calculated from
slopes of the least squares straight lines obtained when log
P was plotted vs time t in following equations.'

_23 , Po
k= t logp,

Po _log T/To
P logTIT"

To; initial concentration
Tp; concentration at time t.
T"; infinitive concentration

In all cases, clean first-order kinetics were obtained up
to almost quantitative completion of decomposition reac-
tions. The rate constants at individual temperature for
these peracetates shown in Table 1 were mean values of
three runs, and six or seven experimental points were
taken in each run. Some typical kinetic runs are illustrated
in Fig 1.
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