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SELECTIVE SYNTHESIS OF vy,S8-UNSATURATED CARBOXYLIC ACID DERIVATIVES
BY THE Ni(CO)4—INDUCED RING-OPENING CARBONYLATION REACTION
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Summary: gem-Dibromocyclopropanes bearing the chloromethyl or mesyloxymethyl
substituent at the vicinal position underwent the Ni(CO)4—induced ring-opening
carbonylation reaction with alcohol or amines leading to the y,d-unsaturated
carboxylic acid derivatives selectively via nickel enolate intermediates.
Successful utilization of N,N-dimethyltrimethylsilylamine as an initial nucle-

ophile resulted in condensation with benzaldehyde giving 2-allylcinnamamides.

Regioselective C-C bond formation in allylic substitution is difficult
in spite of its high potential utility in organic synthesis.1 We report herein
a useful procedure for the regioselective introduction of an alkoxycarbonyl
group to allylic chlorides or alcohols with one-carbon homologation. The
Ni(CO)4-induced reactions of gem-dibromocyclopropanes have provided a versatile
method for gem-functionalization, which allows reduction or introduction of an
electrophile accompanied by carbonylation at the geminal position of cyclo-

propanes.”’

The novel nickel enolate species are considered to be present as
key intermediates. Based on these observations, a unique ring-opening carbo-
nylation reaction is now disclosed to lead to a selective synthesis of Y,8-
unsaturated carboxylic acid derivatives.

Treatment of the l-chloromethyl-2,2-dibromocyclopropanes 1 with Ni(CO)4 and
l-propanol in DMF afforded the v,8-unsaturated esters ,?:’exclusively.4 Neither

the B,y-unsaturated ester nor the o,B-isomer was not formed. Use of amine gave
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the corresponding vy,S8-unsaturated amide. Some results are listed in Table I.

In related studies, the same ring-opening carbonylation reaction was
realized when the methanesulfonates 2 were employed {Table I). The methane-
sulfonates 2 were derived from 2,2-dibromocyclopropanemethanols, which are
subjected to intramolecular reductive carbonylation with Ni(CO)4 into the
corresponding bicyclic 1actones.2

Since i and 2 are easily obtained by the addition of dibromocarbene to
allylic chlorideswand alcohols, respectively,5 the present process is formally
regarded as the SN2' reaction of allylic compounds with the ester enolate anion
(Scheme I).

Scheme I
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The selective ring cleavage is based on the presence of the chloromethyl or
mesyloxymethyl substituent at the vicinal position of gem-dibromocyclopropanes.
One of the plausible reaction paths is depicted in Scheme II. The similar
nickel enclate 4 (Q=0) as described in the reactions of gem-dibromocyclopro-
panes3 might be involved as a key intermediate. The displacement with another
alkoxycarbonyl group or hydride6 is considered to induce ring cleavage with
removal of the chloro or mesyloxy group to give the nickel enolate intermediate
5. Protonation and decarboxylation7 (in the case of Z=COOR) of 5 lead to the

-~

requisite compound 3 selectively. Starting from 2b, propyl 4-methyl-2,4-

Scheme II

b

ROH  + Ni(CO), —= I RQCN i L] —

X X
= NilL
< (Z Z - Tq
ONi L . Ni L, /\IIJ\/O
- - - — = —= 3
QR SQR OR ~
o)
4 Z=H or COQR 5

pentadienoate was produced together with the y,d8-unsaturated ester. The former
product might be derived by a f-elimination reaction of the nickel enolate QE.
The reaction of 2 with sec-amine did not give the desired amide 3 exclu-
sively. The selective transformation and improvement of yield were performed by
using N,N-dimethyltrimethylsilylamine as an initial nucleophile (Table I). This
finding makes it possible to introduce an electrophile instead of proton. The

presence of benzaldehyde in the Ni(CO)4—induced reaction of 1 with the



Table I. Synthesis of v,8-Unsaturated Carboxylic Acid Derivatives

5797

a)

l or 2 RQHb) Ni(CO)4, equiv 3 Isolated Yields, %
Cl Br
ph Ph
Ccl Br
Me Me
Cil Br
\v{Br 1o PrOH A \""coopr 61
1b PINH, NCONHP:: 30
Me
MsO Br
WM oa ProH A(\coopr 80
Me Me Me
MsO Br Me
MlV‘Br b PrOH NCOOPr 20
Me
N\COOPr 10
2a PrNH, /Y\CONHPr 34
Me Me
C)
2a Et ,NH /}(\comst2 15
Me Me
2a Me NSiMe, A(\CONMeZ 46
Me Me
a) Reaction conditions: 70 °C,
b) RQH (2.2 equiv) was used.
c)
--CONEt (15%) was obtained as a byproduct.
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silylamine led to a one-pot synthesis of the 2-allylcinnamamide 68 although

yields were not so high. The formation of 6 is explained by condensation of the

-k

nucleophilic9l enolate 5 with benzaldehyde. This four-component construction

is formally interpreted as the allylic substitution and subsequent condensation

with the enoclate dianijion.

Ph
1. Ni(CO)4/DMF
1+ MezNSiMe3 + PhCHO NMe
- 2. H.,O

2 g © 6 R"=Ph, 30%

Me, 28%

These results are also evaluated to disclose a new method for the
generation of nickel enolates and their synthetic reactions because only few

studies on transition metal enolates have been reported.9
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