
Tcmhedron Lcttm, Vol. 33. No. 27. pp. 3899~S&2,1992 
Rircd in Or& Britain 

oo40-4039m 55.00 + .ofl 
Pergamon Rcss Lid 

AN IMPROVED METHOD FOR THE GENERATION OF ORGANOZJNC 
CARBENOIDS AND ITS APPLICATION IN DICARBONYL COUPLING 

REACTIONS 

carlos A. M. Afonso, William B. Mothenvell,* Dennis M. O’Shea and Lee R. Roberts 

Dcpartmont of Chemistry. Imperial College of Science, Technology and Medicine, South Kensington, London SW7 2AY, U.K. 

Abstmct: Reaction qfaromatic aldehydes and certain a&waturated carLmy compounds w&h 

1,2&s(chlorodinwthyMlyl)ethane and zinc leaa to products of sytnmtrical dicarbmyi coupling. 

We have previously reported a novel type of symmetrical dicarbonyl coupling reaction of certain 
aromatic aldehydes and o!$-unsaturated carbonyl compounds using chlorotrimethylsilane and zinc.’ In 
contrast to the McMurry reaction,2 vicinal diols or their derived trimethylsilyl ethers were inert, thereby 
precluding the operation of a pathway utilising pinacolic coupling. A mechanism involving the trapping of 
an organozinc carbenoid3 by a second molecule of carbonyl compound and subsequent dcoxygenation of 
the resulting epoxide was proposed. The formation of stilbene from rranr-stilbene oxide was demonstrated 
under the reaction conditions. 

Scheme 1 

During studies to extend the range of substrates, we became even more aware that pinacolic type 
coupling or dimerisation of trimethylsiloxy alkyl radicals, produced at the one electron reduction level, could 
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1,2-Z& (chlorodimcthylsilyl)ethane (1) and Zinc. 
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be an undesirable and even dominant’*3 process, as can be found in the mechanistically analogous 
Clemmensen reduction4 Since the formation of the putative organozinc carbenoid (2) formally requires the 
delivery of two electrons from zinc and sequential attack of zwo silicon electrophiles we reasoned as 
shown in Scheme 1 that the overall efficiency of catbenoid generation would be improved by selection of 
1.2~bis(chlorodimethylsily1) ethane (1) as a bis electrophile which would then permit intramofecular 
delivery of the second electropositive silicon atom5 

The results for a variety of substrates art shown in Table 1, and confnm that a more efficient dicarbonyl 
coupling procedure is possible. Several features are worthy of particular comment. Within the series of 
aromatic aldchydes (Entries 1,3,4), the decreasing yields in the series para OMe > H > Cl are mirrored by 
those obtained under classical Clemmensen conditions and are, in all probability, related to the rcdox 
potential of the conesponding car-bony1 substrate. Of the acyclic enones which have been examined (Entries 
5, 6, 7), it is notable that successful dicarbonyl coupling to give oxygen sensitive s-tram-trienes7 is 
favoured either by branching and/or by increased hindrance around the p-carbon atom of the enone unit, as 
demonstrated by the remarkable difference between the exe and endocyclic cyclopentanoid isomers 
(Entries 6,7). 

Ph 

- qPh + cPh 

(4) (J) (6) 

Scheme 2 

Finally, we have attempted to perform some intramolecular dicarbcnyl coupling reactions (Scheme 2). 
Reaction of (4) gave the open chain products (5) (18%) and (6) (42%), indicating that insertion of the 
carbenoid into the neighbouring C-H bond was an energetically more favourable outcome than interaction 
with the second carbonyl group. More interestingly, however, use of the nor methylene congener (7) gave 
dihydropyran (8) (31%) along with open chain products (9) (14%) and (10) (21%). Dihydropyran (8) is 
formed presumably via a carbonyl ylidea like intermediate (11) whose ring closure to the epoxide 
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necessary for deoxygenation to alkene is effectively retarded by a combination of’electronic effects and ring 
strain. Such an observation is also in keeping with the carbenoid character of intermediates (2), and tends to 
rule out the possibility of epoxide formation via nucleuphilic attack at the carbonyl group in a manner 
reminiscent of intermediate (2) functioning as a Reformatsky like m-agent, or as the carbanion in a Darzen’s 
Glycidic Ester condensation. 
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