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ABSTRACT: The key steps of a newly developed annulation method involve (a) reaction of 
cyclic S-trifluoromethanesulfonyloxy a,S-unsaturated esters (e.g. 14-16) with lithium -- 
(phenylthio)(trlmethylstannyl)cuprate, (b) alkylation of the resultant products (e.g. 17-19) -- 
with l,wdihaloalkanes, and (c) transmetalation-cyclization of suitable substrates (e.g. 2, 
2, 2, 30) derived from the alkylation products (e.g. 20-24). -- 

Annulation methods, involving the construction of rings onto cyclic or acyclic 

substrates, have been, and continue to be, of great importance in synthetic organic 

chemistry. Indeed, it is difficult to overstate the centrality of such processes in the area 

of natural product synthesis. Since the introduction of the Robinson annulation sequence 

nearly 50 years ago,l many different six-membered ring annulation processes have been 

developed.l'* More recently, however , primarily in connection with research programs aimed 

at the synthesis of naturally occurring substances containing five- and seven-membered 

carbocycles, a significant number of annulation methods leading to functionalized cyclo- 

pentane and cycloheptane ring systems have been described.3'4 

Recently, we developed a new 5-membered ring annulation method based on the 

(theoretical) combination of a d2,a3-synthon5 1 with the 1-butene d*,a%ynthon 2. In this 

process, which produces efficiently the methylenecyclopentane products 2, a,@-unsaturated 

ketones serve as equivalents to the generalized substrate synthon 1, while the structurally 

interesting organocuprates 5 and/or 5 function as efficient equivalents to the reagent 

synthon 2. Reagents i and z are derived from 4-chloro-2-lithio-1-butene ($),6 which, in 

turn, can be produced conveniently by low-temperature transmetalation of 4-chloro-2- 

(trimethylstannyl)-l-butene (z>.7 

I 2 3 4 M = Cu(CN)Li 

5 M = Cu(SPh)Li 
6 M=Li 
7 M=SnMe, 

3155 





3157 

II R=H 14 R=H 17 R=H 20 R=H 25 R=H 
12 R=CH, 15 R=CH, I8 R=CH, 21 R=CH, 26 R=CH, 

C02Me CH,OR 

a?“e ) a;zIF ) (y%” _dlry ) (lJ;“;;” 

2 3 3 

13 16 I9 22 n=4, X=C13 27 n=4,X=C13 

R= 
R 23 n=4, X=Br 

OTBDMS 
28 n=4,X=Br TBDMS 

25,26 - cb 

24 n=5 ,X=Br 29 n=5, X=Br I 
30 R= Me, n=5, X= Er 

31 R=H 
32 R=CH, 

27 - i + 

OTBDMS 

d 

OR 

2g -es+ (f.%;; 

.4CH,),CI 

R’ 

33 34 R = TBDMS, R’=H 
35 R =H, R’=TBDMS 30 - 

OTBDMS 

. . . 
28 - 33 + d \ \ 

36 

group transfer (S-centered transition state) favored the latter process. This unsatisfactory 

result could be largely overcome simply by changing the leaving group. Thus, when the 

bromide 28 was treated with methyllithium, - a 6:l mixture of the annulation product 33 and the - 
diene 36 was produced in good yield. - None of the corresponding silyl group transfer product 

was formed. Presumably, the diene 36 was derived from an intramolecular elimination process - 
(6-centered transition state) involving the vinyl anion produced by transmetalation. 

Although attempted transmetalation-ring closure of substrate 9 did afford the desired 

product 21 (35%), the latter substance was again accompanied by a significant amount (17%) of 

the product 38 resulting from migration of the i-BuMepSi group from oxygen to carbon. In 

this case, apparently, even though the leaving group on the S-carbon side chain was bromide, 

the rate of ring closure (7-centered transition state) was only about twice that of the 

alternative process. However, 7-membered ring formation did take place quite efficiently 

when the alcohol protecting group was changed from t-BuMe$i to Me. Thus, treatment of 30 - 
with methyllithium afforded the substituted bicyclo[5.3.0]dec-7-ene 39 in 54% yield. - 

The preliminary results reported herein demonstrate clearly the viability of annulation 

sequences represented in general terms by 8 + 9 + 10. Extension of this work to the - - - 
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preparation of more highly functionalized annulation products is being pursued. 
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