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Vinylcyclopropanes1 and methylene cycloparopanes2 have 

been ring-opened by palladium(O) reagents and palladium 

dichloride. Vinylic epoxides3 and oxetanes4 also undergo pal- 

ladium(O) catalyzed ring-opening reactions useful in organic 

synthesis. We and others have recently observed that the 

addition of organopalladium compounds to unsaturated ep

oxides5 and oxetanes,6 as well as unsaturated cyclopropanes 

and cyclobutanes,7 leads via facile ring-opening to high yields 

of unsaturated alcohols and n-allylpalladium compounds re

spectively (eqs. 1, 2). Since the mechanism we proposed for
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these processes had little literature precedent,漏订"we sou

ght further information on these reactions. In conjunction 

with our earlier reported method for the preparation of n- 

allylpalladium compounds from I&PdCLi, vinylmercurials and 

alkenes (eq. 3),9 we have now studied the relative reactivity 

of palladium towards migration (eq. 3) and the ring-opening 

of three-and four-membered ring alkanes and ethers (eqs. 

1, 2).

W서 Ch
RCH=CHHgCl-----------------»

H2C=CHR'
⑶

Vinylmercurial 1 reacts with Li2PdC14 and vinylcyclopro

pane or 3,4-epoxy-l-butene to give predominantly the corres

ponding ring-opened n-allylpalladium compound 27 and die

nol 苧 respectively (eqs. 4, 5), while vinylcyclobutane affords 

only the migration product 4 (eq. 6). X-ray crystallographic 

analysis10 of dimer 4 (Figure 1) indicates a crystallographic 

2-fold axis passing through the chlorine atoms. This is the 

first example, to our knowledge, of such symmetry in a n- 

allylpalladium dimer. All bond angles and distances are with

in the range expected. Compound 4 adopts a Mtransplanarw 

arrangement in which the cyclobutyl rings appear to be only 

slightly puckered (± 0.06 A)

ch2-ch2

h2c=chch-ch2
LhPdCb

(CH3)3C-C

H

ch3l 아吁坦

4 61 %

Vinyl oxetane 5 has been observed to afford comparable 

amounts of ring-opened dienol 6 and n-allylpalladium migra

tion product 7 (eq. 7)6

Consistent with the higher reactivity of the cyclopropane 

versus the cyclobutane in vinylcyclopropane and vinylcyclo

butane, the reaction of phenylmercuric chloride, Li2PdC14 and 

1-cyclobutyl-l-cyclopropylethene afforded only a syn-anti mix

ture of the cyclopropane-opened products 8 (eq. 8).

We have established the ability of palladium to migrate 

prior to ring-opening by obtaining n-allylpalladium compound 

9 from the reaction of phenylmercuric chloride, Li2PdCl4 and 

allylcyclopropane (eq. 9). On the other hand, the reaction 

of vinylmercurial 1, Li2PdC14 and allylcyclopropane gives two
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Figure 1. An ORTEP drawing of compound 4. Hydrogen atoms 

are omitted for clarity. S이ected (average) distances and angles 
are: Pd-Cl = 2.421 A, Pd-C(allyl)=2.119 A, C-C(allyl)= 1.405 X; 

Cl-Pd-Cl=86.2°, Pd-Cl-Pd=93.8°, C-C-C(ally 1)=113.6°.
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products, n-allylpalladiuum compounds 10 and 11 resulting 

from migration and ring-opening respectively (eq. 10).

The reaction of vinylmercurial 1, Li2PdCl4 and 4,5- 

epoxy-pentene proceeds by palladium hydride migration to 

afford n-allylpalladium compound 12 (eq. II).11

丿이 3 /}\
HjC^HClhCH—CHi  ----------------- a (CHjfeC—CH;CH2CH--------CH： (11)

WWI. 丄冨丄
CV2

While all these reactions have not been carried out under 

identical reaction conditions, we conclude that the relative 

reactivity towards palladium-promoted ring-opening is appro

ximately cyclopropane>epoxide>oxetane%cyclobutane.
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Effective construction of polycyclic compounds has been 

a major challenge in synthetic organic chemistry due to the 

large appearance of biologically active natural products pos-

Scheme 1.

Scheme 2.

sessing polycyclic rings.1 For the past few years, palladium 

catalyzed cyclization has emerged as an efficient methodology 

which can provide various types of cyclic compounds in a 

very easy one step process.2 In connection of our interest 

in palladium catalyzed enediyne cyclizations forming tricyclic 

compounds, we have envisioned the feasibility of these regio- 

and stereo-selective polycyclizations which require to form 

neopentyl-type alkylpalladium intermediates.3

The neopentyl-type alkylpalladium intermediates (I) having 

a conjugated diene unit were known to undergo three diffe

rent types of cyclization to form 아le corresponding three 

(A), five (B), and six membered ring (C) depending on reac

tion conditions and substrates (Scheme I).4 Due to the comp

lexity of these reactions, little attention has been devoted 

t。이arify which factors govern each of these cyclization path

ways. In this paper we wish to report an important clue 

t。change those reaction pathways to form 사lemoselectiv이y 

either the five-membered ring B or the six-membered ring

C. We have prepared simple substrates 3 and 4 아iown in 

Scheme 2. lf7-Octadiyne (1) was deprotonated with n-butylli

thium and 나】en condensed with 2f2,5-trimethyl-5-pentenal5 

in THF to yield the corresponding ale아｝이 2. The alcoh이 

그 was protected with Z^f-butyldimethylsilyl chloride to give 

the substrate 3. Deprotonation of the substrate 3 with n-but- 

yllithium and treatment of ethyl chloroformate at -78 °C 

gave the substrate 4.
Enediyne 3 and 4 serve as our substrates shown in 

Scheme 3. When a dimethylformamide solution of substrate 

3, 5 mol% of n-allylpalladium chloride dimer,6 10 mol% of 

triphenylphosphine, and 0-5 mol% of acetic and was stirred 

for 4 h at 100 °C, 사le reaction was sluggish to give the corre

sponding cyclized product 3a in 10-20% yield along with a 

dimerized product in 40-50% yidle.7

We have tried to cyclize the substrate 3 using other pala-


