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We have recently disclosed a novel Pd catalytic system
involving â-carbon elimination from an intermediate palladium-
(II)-alcoholate to afford ketones, the driving force of which is
the release of the ring strain of cyclobutane skeleton (eq 1).1,2 To

utilize this â-carbon elimination in palladium catalysis for other
organic transformations, we envisaged constructing a new Pd(0)
catalytic system using cyclobutanoneO-acyloximes. As shown
in eq 2, we assumedâ-carbon elimination from an intermediate

cyclobutaniminopalladium(II) complex (A) might give aγ-cy-
anoalkylpalladium species (B), since the oxidative addition of the
N-O bond of ketoneO-acyloximes to Pd(0) species giving
alkaniminopalladium(II) complexes was quite recently proposed
in the synthesis of five-membered nitrogen heterocycles.3,4 In this
paper we describe our successful results on the palladium(0)-
catalyzed reaction of cyclobutanoneO-acyloximes leading to
various nitriles.5,6

First, a tetrahydrofuran (THF) solution of 3-phenylcyclo-
butanoneO-acetyloxime1a7 was heated under reflux in the
presence of a catalytic amount of Pd2(dba)3‚CHCl3, a base, and

a bidentate phosphine ligand. The results are summarized in Table
1. As we expected, ring-opening reaction occurred to give
isomeric phenylbutenenitriles2 and3, the latter being the major
product. As a phosphine ligand, (R)-(+)-2,2′-bis(diphenylphos-
phino)-1,1′-binaphthyl (BINAP)8 was found to be most effective
to give3 in 76% yield (entry 5). In this reaction the concentration
of the substrate affected the product yield which decreased using
a higher concentration of1a (entry 6). Among various organic
and inorganic bases examined, K2CO3 was revealed to be the base
of choice. Other solvents such as toluene andN,N-dimethylfor-
mamide (DMF) were not effective. When Pd(PPh3)4 was used as
a catalyst, the yield of the products was low (3% of2 and 13%
of 3, respectively).9 When the substrate having different acyl
groups such as 3-phenylcyclobutanoneO-trimethylacetyloxime
(1b) and 3-phenylcyclobutanoneO-benzoyloxime (1c) was em-
ployed, the oxime1c gave3 in a higher yield than the case of1a
and 1b (entry 8). When1c was treated in the absence of Pd2-
(dba)3‚CHCl3, no reaction occurred and1cwas recovered intact.10

The formation of the products2 and3 from 1ccan be explained
as follows; first, the oxidative addition of the N-O bond of
O-benzoyloxime1c to the Pd(0)-BINAP complex occurs to give
a cyclobutaniminopalladium(II) intermediate (A), followed by the
formation of an alkylpalladium species (B) via â-carbon elimina-
tion. Next, successiveâ-hydrogen elimination from the alkyl-
palladium species proceeds to give2, followed by the isomer-
ization of2 to more stable3 and the reproduction of Pd(0) species
by reductive elimination. Similarly,O-benzoyloxime4 gave
nitriles 5 (as anE/Z mixture), while the oxime6 afforded nitriles
7 and 8 in 71% yield (7:8 ) 64:36 estimated by1H NMR,
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Table 1. Palladium-Catalyzed Reaction of 3-Phenylcyclobutanone
O-Acyloximes

GLC yield (%)

entry substrate ligand 2 3

1 1a dppe 3 10
2 1a dppp 3 17
3 1a dppb 1 8
4 1a dppf 3 24
5 1a (R)-(+)-BINAP 6 76
6c 1a (R)-(+)-BINAP 3 38
7 1b (R)-(+)-BINAP 15 66
8 1c (R)-(+)-BINAP 4 84 (80)d

a Reaction conditions:1 (0.50 mmol), Pd2(dba)3‚CHCl3 (0.0125
mmol), ligand (0.0375 mmol), K2CO3 (0.50 mmol), THF (5 mL), 90
°C (bath temp.), under N2. b Based on1 employed.c THF (2 mL).
d Isolated yield.
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eq 3).11 The reaction of a bicyclic compound9a (E-isomer)12

proceeded to give the nitrile10 preferentially in 86% yield as
well as 8% of the nitrile11 (eq 4).13 On the other hand,9b (Z-

isomer) gave10 and 11 in 37 and 48% yield, respectively.
Interestingly, when the reaction of9b was carried out at lower
temperature (diethyl ether reflux),10 became the main product
(83%) (eq 4). We confirmed separately that9a or 9b did not
isomerize each other under the present conditions in the absence
of Pd2(dba)3‚CHCl3 and each was recovered completely intact
after 9 h of refluxing in THF. These results indicate thatE/Z-
isomerization of an iminopalladium intermediate might occur
during the reaction (Scheme 1). An iminopalladium speciesE-I
may be produced from9a and afford10 via the formation of an
alkylpalladium speciesII formed byâ-carbon elimination. The
â-carbon elimination fromI occurs by the interaction between a
palladium and a sterically less hinderedâ-carbon in the cyclobu-

tane ring to give a primary alkylpalladium speciesII . On the other
hand, a palladium has to interact with a hinderedâ-carbon in
Z-III to afford an alkylpalladium speciesIV . In the reaction of
9b, the isomerization fromZ-III to E-I occurs to some extent
beforeâ-carbon elimination, because the process fromZ-III to
IV may be slower due to its steric bulkiness. At lower temperature,
the rate ofâ-carbon elimination fromZ-III to IV may be much
slower, resulting in a preferential formation of10. The same type
of reaction of the oxime12 underwent to give the nitrile13 in
79% yield (eq 5).14

Next, we treated 3,3-disubstituted cyclobutanoneO-benzoyl-
oximes under the same condition, in which there was no hydrogen
available to be eliminated after the formation of an alkylpalladium
intermediate (eqs 6 and 7). Interestingly, cyclopropanecarbonitriles

15 and17 were obtained from oximes14 and16 respectively in
79 and 67% yields. These cyclopropanes might be produced via
an intramolecular attack of an active methylene carbon of an
intermediate alkylpalladium benzoate speciesV to the palladium
in the presence of a base to afford a palladacyclobutaneVI ,
followed by the reductive elimination to give the product and
Pd(0) species (Scheme 2).
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(11) The isomerization of anexo-methylene compound toR,â-unsaturated
nitrile might occur by Pd(II)-H species. In the case of6, the recombination of
Pd(II)-H species with7 leading to its isomerization to8 might be slow because
of a sterically hindered substituent (t-Bu).

(12)E- andZ-configurations were estimated by13C NMR. Silverstein, R.
M.; Bassler, G. C.; Morrill, T. C. Spectrometric Identification of Organic
Compounds, 5th ed.; Wiley: New York, 1991; Chapter 5, p 245.

(13) Each product was isolated respectively by column chromatography
and fully characterized by1H and 13C NMR, IR, and C, H, N combustion
analysis. The isomerization of anexo-methylene compound10 to an internal
alkene was not observed. It is probably due to spatial restrictions of the
cyclohexane ring.

(14) Even in the reactions using each separated isomer of12, a significant
difference of the yield of13 was not observed.

Scheme 1 Scheme 2
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