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Summary: Oxabicyclo[2.2.l]heptenes react with 
PhMe2SiLi or PhMe2SiCu*LiCN to yield 1,3-cyclo- 
hexadienes. The reaction pathway is shown to proceed via 
an addition-elimination-Peterson olefination sequence. 

There exist several strategies for the preparation of 
1,3-~yclohexadienes. For example, the conversion of an 
aromatic compound to a cyclohexadiene has been achieved 
via the Birch reduction: enzymatic cis hydroxylation,3 or 
nucleophilic addition to an arene-metal c ~ m p l e x . ~  
Metal-catalyzed elimination of acetic acid from cyclo- 
hexenyl acetates represents an alternative approach which 
also utilizes a cyclic starting material? Various cyclization 
strategies have also been employed including the tandem 
conjugate addition-Wittig reaction of an enolate to a dienyl 
phosphonium salt6 or the electrocyclization of a hexatri- 
ene.' A tandem cycloaddition-extrusion sequence via the 
intermediacy of a bicyclic intermediate represents yet 
another entry into these compounds? A pertinent exam- 
ple of the latter strategy relevant to the results described 
in this work utilizes a Diels-Alder cycloaddition between 
W-pyran-2-one (a-pyrone) and a suitable dienophileekc 
Subsequent spontaneous extrusion of C02 (via a retro 
Diels-Alder reaction) at temperatures >110 "C yields the 
cyclohexadiene directly. However, a-pyrone is prohibi- 
tively expensive to make this a generally applicable and 
widely used strategy. 

Herein, we describe an alternative approach which uses 
a furan in place of a-pyrone. The net process is extrusion 
of "0" from an oxabicyclic compound.*12 Simple routes 
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Table I. Synthesis of Cyclohexadienes from Oxabicyclic 
Compounds" 

entrv substrate Droduct conditions. time' vield 

/OR 

/OTBDMS 

8 12  

R=TlPS A,5h 

13 B,2.5h 
OR 

10 bR=Bn B,5h 

c R = H  B,30mh 

79%2 

7 v 2  

78% 

78% 

" Key (1) conditions: A = 4-8 equiv of PhMeaiLi  in ether at 0 
"C, B = 2-4 equiv of (PhMe8i)Cu.LiCN in THF, 0 "C to rt; (2) a 
small amount of a silyl impurity contaminated the product, see ref 
16. 

to the starting materials, moderate reaction temperatures 
(0 "C to room temperature), and access to substituted 
cyclohexadienes with complete control of the positioning 
of the double bonds within the ring are noteworthy fea- 
tures of this methodology. 

The reactions of symmetrical 7-oxabicyclo[2.2.l]hept- 
enes such as 1 serve to illustrate the process. Treatment 
of la (R = TBDMS) with a solution of PhMeaiLi in ether 
at 0 OC gave diene 2a as the major product. However, this 
reaction was capricious, sometimes leading to further re- 
action of the diene with unreacted silyllithium reagent. 
The silylcopper species proved to be more chemoselecti~e.~~ 
Reaction of 1.1 equiv of PhMe2SiCu.LiCN in THF at 0 OC 
to room temperature for 50 min gave 2a in 73% yield. The 
reaction was equally efficient for 1 bearing other protecting 
groups such as l b  (R = Me) and IC (R = Bn); treatment 
with PhMe2SiCu*LiCN gave the dienes 2b and 2c in 87% 
and 88% yields respectively."16 
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1 I - c  
R = TBDMS, Me, Bn 

The proposed mechanism for conversion of the starting 
material to the diene invokes a silacupration or silalithi- 
ation of the highly strained olefin from the exo face to give 
3 which undergoes subsequent ring opening to the alk- 
oxysilane 4, Scheme I.'OJ1 Finally, Peterson elimination 
provides the diene 2.'' This mechanism is supported by 
the isolation of all of the proposed intermediates in the 
sequence.18 

An examination of the scope of this reaction was un- 
dertaken. Table I lista the range of substrates studied. A 
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Scheme I 

comparison was made between PhMe2SiLi and 
PhMe2SiCu*LiCN (conditions A and B in Table I). In 
contrast to 1, oxabicyclic compounds 7-10 bearing sub- 
stituents a t  the bridgehead position react smoothly with 
either the silyllithium or silylcopper reagent. Yields of the 
dienes ranged from 58-90%. Usually, 1.5-4 equiv of 
PhMe2SiCu*LiCN is necessary to ensure complete con- 
sumption of the starting material, whereas 6-8 equiv of 
PhMe2SiLi are routinely required. When following the 
reaction progress by TLC, rapid formation of a more polar 
product (presumably either 5 or 6) is observed.18 Upon 
increasing the temperature, the diene is isolated. Effi- 
ciency, regioselectivity, and mildly basic conditions are 
characteristics of this methodology; no further isomeriza- 
tion of the olefins has been observed. The reaction is 
equally useful for small to medium scale and the yields 
improve with increasing scale. The rates of consumption 
of the oxabicyclic compounds are nearly identical regard- 
less of the presence or absence of substituents at the 
bridgehead. However, the subsequent ring opening or 
Peterson elimination occur at different rates as a function 
of the substrate. Thus, while la requires 50 min for con- 
version to the diene, 8 and 9 require 5-7 h. 

In summary, we have shown that ring opening of 
[2.2.l]oxabicyclic compounds occurs with silyllithium or 
silylcopper reagents to form cyclohexadienes. Efforts to 
utilize this reaction sequence in the preparation of bio- 
logically active compounds are in progress and will be 
reported in due course. 
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Summary: The first Ni(0)-catalyzed cross-coupling reac- 
tions of aryl 0-carbamates and aryl triflates with Grignard 
reagents (Scheme I) to give diversely polysubstituted 
aromatics 2d and 28 (Table I) which feature regiospecificity 
based on directed ortho metalation (carbamate), minimal 
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&hydride elimination (triflate), and dependence on steric 
and electronic effects are described. 

We report on the first Ni(0)-catalyzed aryl 0-carbamate 
and aryl triflate cross-coupling reactions with Grignard 
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