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Summary: In the presence of a palladium(0) catalyst, 
ketone a-carbonates react with norbornene to give a 
cyclopropane derivative via an oxa-r-allylpalladium in- 
termediate. 

The chemistry of oxa-r-allylpalladium has been thor- 
oughly investigated.' Most oxa-r-allylpalladium species 
have been generated by transmetalation of enol silyl ethers 
with a Pd(II) complex.lb However, only scattered examples 
of direct oxidative addition to Pd(0) species of bonds a to 
a carbonyl leading to the formation of oxa-r-allylpalladium 
complexes have been reported.2 To the best of our 
knowledge, such oxidative additions are limited to a few 
cases: Palladium(0)-catalyzed carbonylation of a-halo 
ketones: Pd(0)-catalyzed synthesis of pyrrolidines using 
an intramolecular cyclization of an a-bromo ester: and 
conversions of a,fl-epoxy ketones to 1,3-diketone~~~ and 
&hydroxy ketonesaSb 

We have been interested in the formation of carbon- 
carbon bonds via oxa-a-allylpalladium intermediates 
which are obtained by oxidative addition of ketone 
a-carbonates to Pd(0) complexes followed by decarbox- 
ylation. We wish to report here the unusual palladium- 
catalyzed cyclopropanation mediated by oxa-r-allylpal- 
ladium. 

When acetonyl ethyl carbonate (laY reacted with 
norbornene in the presence of 10 mol % Pd(PPhd4 in 
toluene a t  reflux temperature, exo-3-acetyltri- 
cyclo[3.2.1.02~4]~ctane (2a, 90%, GC yield) was obtained 
(eq 1). Similarly, the carbonate la reacted with other 

l a :  R = CH3 
lb:R=OEt 

2 a  9 0 %  
2b - 

~~ 
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Table I. Reaction of la with NorbornenetP 
norbornene solvent time, h product yield, % c  

toluene 

DMF 7 2 a  99 

DMF V 

3 a  11 52b 

79 (68) 

99 

toluene 

DMF 10 
4 a  

a Reaction conditions: carbonate la (1 mmol), norbornene (10 
mmol), Pd(PPh3)r (0.1 mmol), solvent (3 mL), bathtemperature 120 
OC. b Norbornadiene (3 mmol). c GC yield. Isolated yields are in 
parentheses. 

norbornenes to give the corresponding cyclopropanation 
products in good yields. When the reaction was carried 
out in DMF, the rate of the reaction was significantly 
accelerated. Typical results are listed in Table I. 

The use of excess norbornene relative to carbonate la 
was required to obtain high yields. A carbonate of ethyl 
acetate, lb,7 did not react with norbornene under the same 
reaction conditions. 

Scheme I shows plausible paths for the formation of the 
cyclopropane. First, oxidative addition of la followed by 
decarboxylation affords oxa-r-allylpalladium A. In path 
a, an ethoxy group abstracts a proton a to palladium to 
generate a-ketocarbene palladium B, which can be ex- 
pected to react with various olefins.s However, carbonate 
la reacted only with norbornene derivatives to give 
cyclopropanated products.9 Thus path a does not seem 
likely. In path c, proton abstraction from a methyl group 
leads to formation of oxatrimethylenemethanepalladium 
D (oxatrimethylenemethane = OTMM), which reacts with 
norbomene to give a cyclopropane through an intermediate 
E. The intermediacy of E has been postulated in the 
reaction of OTMMpalladium species with norbornene 

(7) Kiwi Pharmaceutical Co., Ltd. Jpn. Patent 59216886,1984; Chem. 
Abstr. 1985,103,104836p. FujiaawaPharmaceuticalCo., Ltd. Ger. Patent 
DE 2239611,1973; Chem. Abstr. 1973, 79,41506~. 

(8) a-Ketocarbenepalladium species can form cyclopropanes with 
olefins. Mende, U.; Rndlichel, B.; Skuballa, W.; Vorbriiggen, H. Tet- 
rahedron Lett. 1975, 16,629. Suda, M. Synthesis 1981,714. Anciaux, 
A. J.; Hubert, A. J.; Noels, A. F.; Petiniot, N.; Teyseie, P. J. Org. Chem. 
1980,45, 695. 

(9) The carbonate l a  did not react with other olefins (ethyl acrylate, 
styrene, acrylonitrile, vinyl ethyl ether) under the palladium-catalyzed 
conditions. 
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Table 11. Reaction of IC and Id with NorbOrnenes* 
carbonate norbomene solvent time, h product yield, % E  

1 c  & toluene 

DMF 

l d  

b toluene 

DMF 

Jb toluene 

DMF 

toluene 

DMF 

48 P h y &  

2c 

1 

24 '"& 
3c 

3 

l6 "* 
1 

48 2c 

5 

'Reaction conditions: carbonate la (1 mmol), norbomene (10 
mmol), Pd(PPhs)4 (0.1 mmol), solvent (3 mL), bath temperature 120 
O C .  b Norbomadiene (3 mmol). GC yield. Isolated yields are in 
parentheses. 

giving the same prbduct.1° In path b, the intermediate A 
adds to norbomene to give an intermediate C, in which 
proton abstraction at the y-position leads to the formation 
of E, releasing ethanol. 

The reactions of phenacyl ethyl carbonate (IC) with 
norbomenes were examined (Table II).ll This carbonate 

I C  I d  

(10) Trost, B. M.; Schneider, S. J.  Am. Chem. SOC. 1989,111,4430. 
Trost, B. M.; Urabe, H. Tetrahedron Lett. 1990,31,616. It has been also 
reported that adrimethylemmethanepalladium reacted with norbomene 
to bring about a similar cyclopropanation. Ohe, K.; Ishihara, T.; Chatani, 
N.; Murai, S .  J.  Am. Chem. SOC. ISSO, 112,9646. 

also underwent cyclopropanation with norbomenes to give 
2c, 3c, and 4c. This observation ruled out path c, since 
the reaction of IC with the Pd(0) complex cannot give 
OTMMpalladium. As a consequence, path b is the most 
likely course of this cyclopropanation reaction. The 
formation of a byproduct, acetophenone, might have 
decreased the yield of the cyclopropanated product.12 

We have described here an unusual cyclopropanation 
in the palladium-catalyzed reaction of ketone a-carbonates 
with norbornene. This reaction proceeds via the oxa-?r- 
allylpalladium intermediate. More detailed studies on the 
scope and usefulness of this oxa-?r-allylpalladium species 
are in progress. 
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(11) Typical procedure for reaction of IC with norbornene: Under a 
nitrogen atmosphere, 206 mg (0.989 "01) of carbonate IC, 942 mg (9.89 
mmol) of norbomene, and 116 (0.1 "01) of Pd(PPh.& were diesolved 
in3mLofdryDMF. Theeolut1onwaastirredat120~C (bathtemperature) 
for 1 h and concentrated in vacuo. T h e  residue waa purified by column 
chromatography (silica gel, 100-200 mesh, hexane/EhO = 5/1) to give 20 
(82%) and acetophenone (16%). 

(12) A considerable amount (1847% yields) of acetophenoneb ale0 
been obtained, probably consuming the common intermediate F which 
otherwise leads to the cyclopropanation product (see ale0 ref 13). To 
suppress the formation of acetophenone, the reaction of Id, which has 
no @-hydrogen, with norbomene was attempted, but acetophenone (16% ) 
waa generated. We cannot propose a suitable reaction path to account 
for the formation of acetophenone. Thus, further studies are required. 

Y 

F 
(13)The 8-elimination from the intermediate F may lead to the 

formation of an ora-r-allylpalladium hydride. See for a related reaction: 
Tsuji, J.; Minami, I.; Shimizu, 1. Tetrahedron Lett. 1984,!25, 279. 


