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STUDIES ON THE ORIGIN OF ALLYLIC C-H "INSERTION" PRODUCTS IN ADDITIONS OF DIME-
THYL DIAZOMALONATE TO OLEFINS, THERMOCATALYTIC REACTION OF DIAZOMALONATE WITH
DICYCLOPROPYL ETHYLENE
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The copper catalyzed reaction of methyl diazomalonate with dicyclopropyl
ethylene gives only the 1+2 adduct in up to 88% yield. No rearrangement com-
pounds are produced. Thermolysis of this adduct furnishes the product of cyclo-

propane ring disconnection only without rearrangement.

When alkyl diazoacetates are exposed to a wide variety of alkenes in the
presence of copper salts at 60 - 150° cyclopropanes usually result along with
little or no C-H insertion or rearrangement productsl. Conversely, diazomalonic
esters furnish an assortment of compounds under the same conditions whose origin
has not been well establishedz. The production of variable amounts of diesters
4 - 6 during the copper catalyzed addition of methyl diazomalonate 1 to l-methyl-

2,3

cyclohexene prompted us to investigate the mechanisms entailed in their forma-
tion, since these have been briefly described either as a direct allylic C-H
insertion process of a partly triplet-like copper carbenoid species or as C-H
insertion at the most highly substituted position with concomitant rearrangements
of unspecified nature3'4. More recently the participation of copper hydrocarbe-
noid or copper hydride species paired to an allylic carbocation obtained as a
consequence of the formation of only one new carbon-carbon bond in the cyclopro-
panation reaction has been postulated on the basis of relative product distribu-
tion in additions of 1 to a limited number of cyclohexenes to account for the
generation of cyclopropanes and formal allylic C-H insertion products from a

common intermediate4b’5. Nevertheless, the possible participation of electron
transfer processes and diradical intermediates6 was not evaluated, Below we

report the outcome of experiments addressed to this issue,

The substrate employed in the present study, dicyclopropyl ethylene, allows
for the intermediacy of diradical species, hence the presence of a triplet-like
carbenoid, to be detected7 during the copper catalyzed addition of 1 and the
thermolysis of the cyclopropane adducts derived therefrom, by virtue of the fast
decomposition of cyclopropylcarbinyl free radicals8 whereby compounds 9, 10, and
il would be formed. Furthermore, actual allylic C-H insertion product 14 and

8a,9

compound 15 obtained via homo-1,5-hydrogen shift would readily be identified,
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Bis(acetocacetonato) copper(11) catalyzed decomposition of 1 in'excess 7 and
benzene (80°, 24 h) gave only dicyclopropyl cyclopropane diester 8 which was iso
lated from the reaction mixture by vacuum distillation {bp 129-30°(bath)/0.25
Torr}; ir (neat) C=0 1730 (s), C-0 1250 (s) cm-l; nmr (CC14) § 0.28-0.75 (m, 8,
4CH2
cyclopropane), 3.69 (s, 6, OCH3) ppm. Analysis: Calcd. for C13H1804: C,65.51;
H,7.62; 0,27.87; Found: C, 65.37; H, 7.52; O, 27.11. Neither rearrangement com-
pounds 9, 10, and 11, nor C-H insertion product 14, nor tetramethoxycarbonyl

of cyclopropanes), 0.90-1.18 (m, cyclopropyl methynes), 1.18 (s, 2, CH, of

ethylene -diazomalonate carbene dimer- were detected in the crude reaction mix-
tures. Changes in diazocompound/catalyst ratio (see Table I) and in type of

catalyst did not alter the product composition.

These results can best be interpreted by the assumption that, on the one
hand, either a singlet-like copper carbenoid or a diazo copper complex is invol-
ved in the addition step, and not a triplet-like carbenoid as contended before3.
Also, the participation of diradical intermediates may be ruled out for this
reaction while the contribution of polar species or a concerted 1 + 2 addition
are probably dominant. On the other hand, the absence of formal C-H insertion

products such as 14 casts doubt as to whether Wulfman's proposition4b

on the abs
traction of an allylic hydrogen to furnish a hydrocarbenoid is generally tenable,
although C-H insertion reactions of cyclopropane hydrogens are expected to be

more difficult than those of allylic C-H bonds of aliphatic compounds.

TABLE I

EFFECT OF CATALYST {Cu(AcAC)2}/DIAZOC0MPOUND MOLAR RATIO ON PRODUCT
DISTRIBUTION IN THE ADDITION OF METHYL DIAZOMALONATE TO DICYCLOPROPYL ETHYLENE
*
AT ca. 80° FOR 24 HOURS.

CATALYST/ 1 Compound g** Unreacted é***
(molar ratio) (%) (%)
x 103
6.12 29 61
12.23 67 15
24.406 83 --
44.04 88 -

*) Product composition was determined by GC-mass spectrometry
analysis using a 5 ft 10% SE-30 column at 110°C.

**) vYield of isolated product.
***) Yield of recovered methyl diazomalonate.

When the reaction of 1 with 7 was performed for prolonged periods of time
(over 36 hours) olefinic material became apparent in the crude mixture. This
product was identified as compound 17 on the basis of its spectral data (yide

infra). 1In order to account for this phenomenon, pure dicyclopropylcyclopropane
diester 8 was thermolyzed in the liquid phase at 190°. As much as 50%
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conversion to 17 {nmr (CC14) § 0.10-0.80 (m, 8, 4CH2 of cyclopropanes), 1.15-1.70
(m, 2, cyclopropane methyne), 3.72 (s, 3, OCH3), 3.77 (s, 3, OCH3),4.50 (4, 1,

J= 6.0 Hz, allylic methyne), 5.42 (4, 1, J= 6.0 Hz, vinyl methyne)}10 was
observed after 60 minutesll. Rearranged compounds were not obtained suggesting
that for 18-type trimethylene derivatives, cyclopropane bond disconnection does
not take place via diradical intermediates in the liquid phase as suggested pre-

8a,12

viously , but rather via an ionic process in agreement with other work1 .

Sequence 8+16+17 provides a feasible explanation of this occurrence. It is note
worthy that migration of the double bond in 17 to the thermodinamically more
stable o,B-unsaturated diester 19 was not witnessed
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