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SMALL RING COMPOUNDS. IV.1
ANODIC OXIDATION OF CARBETHOXYCYCLOPROPANECARBOXYLIC ACIDS
Koji KIMURA, Shinji HORIE, Ichiro MINATO, and Yoshinobu ODAIRA
Department of Petroleum Chemistry, Faculty of Engineering,

Osaka University, Suita-shi, Osaka 565

The substituent effect on the stability of a cyclopropyl radical
generated by anodic oxidation of carbethoxycyclopropanecarboxylic
acids is discussed, and then some synthetic applications of the

cyclopropyl radical are demonstrated.

In a previous paper,1 we have reported that the anodic oxidation of 2,3-dicar-
bethoxycyclopropanecarboxylic acid (I) in methanol containing sodium methoxide gener-
ated the cyclopropyl radical in high efficiency, which resulted in the formation of
the hydrogen abstraction product chiefly, together with the coupling one.

In this paper, we describe the anodic oxidation of some cyclopropanecarboxylic
acid derivatives in pyridine in order to suppress the unfavorable hydrogen abstraction
by cyclopropyl radical for synthetic application, and demonstrate the effect of
substituent on the stability of cyclopropyl radical generated in the present reaction.

In addition, with a view to expanding the utility of this anodic oxidation for
synthetic chemistry, we wish to report the addition of a cyclopropyl radical to
acrylonitrile and the synthesis of 3-carbethoxycyclopropene whose existence has been
postulated as unstable intermediate in some reactions.?

The anodic decarboxylations of cyclopropanemonocarboxylic acid derivatives
(0.01 mole); 2,3-dicarbethoxy- (I), l-carbethoxy- (I), and 2-carbethoxycyclopropane-
l-carboxylic acid (II) were carried out for 5 hr using two stationary platinum wire
gauze electrodes in 90% aqueous pyridine (90 ml) containing triethylamine (2.0 ml)
and supplied currents were 2.0—0.6 A at 100 V. During the reaction, an internal
temperature was maintained through lower than 20°. The anodic oxidation of (I) gave

2,2',3,3"'-tetracarbethoxybicyclopropyl as the coupling product in 62.2% yield.
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(1) R=C0,Et 13.0% 62.55% in methanol

On the other hand, in the cases of (II) and (II), the ring opening took place

mainly, though the corresponding bicyclopropyl derivatives were obtained in 23.5% and

CO,Et Et0,C
~-COOH
“COOH () (1)

As proposed previously,1 these results may be interpreted on the basis of the

less than 10%, respectively.

electronic effect of substituent on a cyclopropane ring, that is, two carbethoxy
groups on a cyclopropane ring increase the ionization potential of generated cyclo-
propyl radical and, consequently, the one-electron oxidation of cyclopropyl radical
to cyclopropyl cation is extremely depressed. However, the substituent effect of
only one carbethoxy group, regardless of its substituted position, is insufficient to
suppress the above oxidation of cyclopropyl radical, and so the ring opening through
cyclopropyl cation occurs preferentially.3

Based on our fundamental study of the anodic oxidation, we have tried some reac-
tions in order to apply the stable cyclopropyl radical to organic synthesis.

As a preliminary experiment on the addition of a cyclopropyl radical to olefins,
the anodic oxidation of (I) in the presence of acrylonitrile, a good radical trapping

reagent, was carried out. The addition with acrylonitrile occurred smoothly and

resulted in the formation of dimerization product (Nj4 in a moderate yield.

R
>CH2-CI{-CN
Pt-Pt R

(1) N (V)

o R
CH,=CH-CN ]>CH2—CH-CN
R R=CO,Et

It is expected that this reaction using appropriate olefins will give various

cyclopropane derivatives. Further work is being studied and details will be
represented elsewhere.

In an anodic oxidation of 1,2-dicarboxycyclopropane derivatives, having an elec-
tronwithdrawing substituent at the 3-position, it may be expected that bisdecarboxyla-
tion proceeds stepwise via a stable monocarboxy-cyclopropyl radical intermediate (V°

to form cyclopropene derivatives, represented by the following scheme;
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No attempts at the synthesis of cyclopropenes by the anodic oxidation have been
made, though they have been synthesized by various methods.5 Thus, the anodic bis-
decarboxylation of trans-3-carbethoxy-1,2-cyclopropanedicarboxylic acid (0.0l mole)
(VI) was carried out under the conditions similar to those used for anodic monodecar-

boxylation of (I).

CO,Et CO,Et
Pt -Pt .
HOOC e -
COOH
(D) (vin)

As expected, hitherto unknown 3-carbethoxycyclopropene (VII) was obtained in
28.2% yield, along with considerable amounts of oligomers mainly comprised of tetra-
mers and pentamers. The spectral properties of (VII) are as follows, Voax 3100

L.t (in ccl, ) 3.16 (d, 2H, J=1.8 cps, C=C-H),

(=C-H), 1725 (-COZCZHS), 1660 (C=C) cm’
5.97 (a, 2H, -C0,-CH,-), 7.92 (t, 1H, 3CH), 8.78 (t, 3H, -CO,CH,-CH,).

Like other simple cyclopropenes,6 (VH)7readily polymerizes at room temperature
to form oligomers mentioned above and its half-life time is estimated at 2.5 hr at
15° by measurement of the rate of disappearance of the infrared absorption at 1660
cm-l. The (4+2) cycloaddition of (VI) with some cyclic 1,3-dienes, such as cyclo-
pentadiene, and 1,3-diphenylisobenzofuran, occurred rapidly even at 0° to afford the
corresponding endo-adducts8 almost quantitatively.

9 _
(vir) > /
0°

H COZEt

Concerning the synthesis of cyclopropenes by the anodic bisdecarboxylation, the
electrolytic conditions employed are of critical importance. When the anodic oxida-
tion of (VI) was carried out with platinum anode and mercury cathode in methanol con-

taining sodium methoxide,9 the formation of (VOI) was suppressed markedly.
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Further studies on the utility of the present method for the synthesis of cyclo-

propenes are currently in progress and will be reported shortly.
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