
Tetrahedron Letters,Vo1.27,No.25,pp 2801-2804,1986 0040-4039/86 $3.00 + .OO 
Printed in Great Britain Pergamon Journals Ltd. 

RRACTIONS OF CIS-SILYL TIN OLEFINS: (ANTI-DENFD~RR) NAimtov 

CYCLIZATION OF f3-SILYL DIVINYL KETONES 

8. L. Chenard,*tC. M. Van Zyl, 1 and D. R. Sanderson 

Central Research and Development Department’ 

E. I. du Pont de Nemours and Company, Inc. 

Experimental Station 

Wilmington, Delaware 19898 

Summary: Readily available silyl tin olefins efficiently couple with acid 

chlorides (Stille Reaction) to give S-silyl divinyl ketones. These ketones 

with large silyl groups (Et3Si, t-BuMe2Si) undergo Nazarov cyclizations 

wherein the silicon group is retained in the product. 

Recently, we have been exploring the organic chemistry of silyl 

stannanes. These little used but easily accessible reagents3 were found to 

react with terminal acetylenes under palladium catalysis to give 

differentially bis functionalized adducts 1 in a highly regio- and 

stereoselective fashion. 4 In principal, adducts 1 should be versatile 

R” SnRj 

R3SiSnRj + R”CmCH - 

SiR3 

1 

intermediates since both the vinyl silane and vinyl stannane moieties might be 

independently manipulated for the construction of complex molecules. We 

report here the direct conversion of 1 to 6-silyl divinyl ketones 2 and the 

subsequent Nazarov cyclisation of these adducts; a reaction which is very 

sensitive to the size of the silicon group. 

Initial attempts to couple 1 (R=Me, R’-Bu, R”-Ph) with benzoyl 

chloride in a Stille type reaction 5 was complicated by considerable 

desilylation. 6 With larger silyl groups (Et3Si, t-BuMe2Si, n-BuMe2Si) 

however , the coupling with acid chlorides was clean affording 60-85% yields of 

adducts (Table I). 
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Table I : Stille Coupling of & Silyl Tin Olefid 
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Cl 
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SnMe3 
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Fe2 
CH2CH2CH2CH3 
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Phkl 
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’ Cl d I 
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PRODUCT 
(9/o ISOLATED YIELD 1 

0 
Ph 

Ph (65-69) 
‘SiEt3 

20 

0 

Ph 

2b 

-&p 
AMe3 

2c 

c+Q 
YMe 

kMe3 

2d 

4Q 
I 

(87) 

(58) 

(77) 

CH2CHpCH 2CH3 

20 

‘All reactions run in CHCL3 at 60% for IB-24h with (ACN),PdCl2 cotolyst. 

Based on Denmark’s work with S-silyl divinyl ketones, the Nazarov 

reaction should give cyclopentenones wherein the silyl group has been 

eliminated while directing double bond formation. 
7 Surprisingly, when 2b was 

treated with FeC13 a 1:l mixture of cyclized products was obtained. The 

expected known product 36 was identified by its melting point 64-65°C and 

spectroscopic data. The side product 4, which had retained the silyl groupl 

was characterized by HRMS m/e 326.2063 (m/e calcd for C21H300Si: 326.2066) 

and NNR evidence. Clefinic protons were absent from the spectrum. 

Furthermore, the proton OL to the carbonyl was a doublet (J=68~) which we used 
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Table II: Norarov Cyclization of @-Silyl Divinyl Ketones 

KETONE 

0 

Ph 

ti 
I I 
SiEt3 

2b 

LEWIS ACID“ 

BF3. EteOb 

PRODUCTS 

Phb (30) Phh (37) 

3 Et3Si 

4 

+!p 

kAe3 

SnC14 (-78Y, 2h) 

FeC13 (O”C, 4h) 

BF3 l Et20 

(16) (18) 

(18) (24) 

4 (69) 

I 
Me3CSi Fne2 

0 

Cl-&J 
YMep 

CMe3 

0 

BF3* Et20 I (80) cl& 

Me3CSikp 

0 

Cl% SnCl4 (-78%. 1 h 1 
iMe 

6&J (100) 6 

k H2CH2CH2CH3 7 

20 

aOther Lewis acida (TMS triflate. TiCIs, Et3OPF6) gave inferior results. 

bBF3 l Et20 conditions: Combine at -7B.C; 4h at -2OV; then 0% for 24h. 

to assign the cis configurftion to 4.9 Also the IR spectrum contained a 

carbonyl stretch at 1692 cm-’ indicative of the olefin conjugation. A number 

of other Lewis acids were examined including boron trifluoride etherate, tin 

tetrachloride, and trimethylsilyl triflate with BF3 etherate giving the 

highest yield of cyclized products 3 and 4 (67% combined yield). 

Based on subsequent reactions, we believe the loss of the 

triethylsilyl group was substantial for 2b cyclization only because of the 

pendant phenyl group which served to further stabilize the cation center 

a beta to the silicon. 
10 

As can be seen in Table II, with other large silicon groups, the 

cyclization is directed to introduce the olefin exclusively at the ring 

fusion. The products are obtained in good yield after simple chromatography 
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and short path distillation. Only with 2e containing the smaller 

n-butyldimethylsilyl group were we able to observe the Denmark directed 

cyclization and in this case SnC14 was the Lewis acid of choice. Other acids 

produced a multitude of products with this system. 

In summary, the cis-silyl tin olefins are useful precursors to 

8-silyl divinyl ketones with large silicon groups. These compounds undergo 

Nazarov cyclizations to give cyclopentenones which generally retain the Silyl 

group. This results in generation of an ally1 silane unit which may be useful 

for further chemical reactions. Finally based on our work in this area, we 

find that no blanket statement can be made concerning the best Lewis acid for 

the Nazarov cyclization. 11 In our work BF3 etherate has been most useful; 

however, each system must be tested experimentally to ensure the highest yield 

of product. 
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