
TETRAHEDRON 
LETTERS 

Tetrahedron Letters 40 (1999) 7779-7782 
Pergamon 

Preparation and Stereoselective Additions of Highly Substituted Cyclic Allylzinc Reagents 

A Zinc-Ene Cyclization 

Nicolas Millot and Paul Knochel* 

lnstitut ftir Organische Chemic der Ludwig-Maximilians-Universit~it Mtinchen, Butenandtstr. 5-13, 

D-81377 Mtinchen, Germany 
Received 30 July 1999; accepted 3 September 1999 

Abstract : Highly substituted cyclic allylzinc reagents 2 have been prepared by fragmentation of  sterically hindered homoallylic zinc 
alcoholates I. Their reactions with aldehydes proceed under mild conditions and are highly stereoselective (64-86 % ; dr. up to 
> 98/2). Examples ofacylation with benzonitrile and zinc-ene cyclization giving new spirobicyclic zinc reagents are also reported 

© 1999 Elsevier Science Ltd. All rights reserved. 

The use of allylic organometallics for carbon-carbon bond formation in stereoselective synthesis has received much 

attention over the past decades.I Despite the numerous methods available for performing allylation reactions, there still 

remains several problems associated with the generation of allyl organometallic reagents. For example, the reaction of 

allylic halides with a metal such as Li, Mg or Zn gives high proportions of Wurtz homocoupling products. This side 

reaction becomes a major problem if the generation of highly substituted elaborated allylic organometallics is 

considered, since the degree of substitution and functionalization dramatically increases the amount of homocoupling 

products. 2 Recently, we have described a new approach for the generation of altylzinc reagents avoiding these problems 

based on the fragmentation of sterically hindered homoallylic alcohols. 3 This methodology has also revealed an excellent 

stereocontrol in the subsequent reaction with aldehydes. 3b Herein, we wish to disclose a new application of homoallylic 

zinc alcoholates (masked allylic zinc reagents) for the preparation of highly substituted cyclic allylzinc reagents, their 

stereoselective addition to aldehydes and the performance ofa  zinc-ene cyclization. 

Homoallylic alcoholates of type 1 undergo a fragmentation in the presence of zinc salts affording highly substituted 

cyclic allylzinc reagents 2 (Scheme 1). These reagents can be trapped with a range of aldehydes in satisfactory yields 

(64-86 %) and excellent diastereoselectivities (up to > 98/2). The reactions occurred in very mild conditions (-78 °C to 

25 °C) and in short reaction times (2-4 h). 
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1 required for the fragmentation reaction were prepared from 

cyclohexenyl tert-butyl ketone 4 in three steps (Scheme 2). The ~,-deprotonation of 4 with LDA in a THF/HMPA mixture 

leads at -78 °C (3 h) to the expected lithium dienolate. Its methylation at the a-position affords an intermediate 13,7- 

unsaturated ketone in 88 % yield. 4 Addition ofsec -BuLi  in ether at -78 °C gives the desired alcohol 5a. Its deprotonation 

with n-BuLi (-78 °C) provides a lithium alcoholate (Procedure A) which proved to be stable at -78 °C for several hours 
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toward fragmentation. The subsequent addition of l-naphthaldehyde followed by zinc chloride leads to a rapid reaction 

to afford the syn y-adduct 3e in 86 % yield (d.r. = 93/7). 5 

t-Bu -78 °C, 3 h t-Bu ii)l- NaphthCHO 
s_BdM/~e~L,.~ .~ 1- Napht 

ii) Mel iii) ZnCI2 
iii) s-BuLi, -78 °C, ether -78 °C to 25 °C, 3 h 

4 5a : 87 % 3c : 86 % 
synlanti : 93•7 

Scheme 2 

We have applied this method for preparing highly substituted allylic organometallics having 5, 6 and 7-membered rings. 

The rate of the reaction strongly depends on the steric hindrance of the alcoholate and on the ring size. Thus, for the 6- 

membered ring series when R 1 = H, two tert-Bu groups adjacent to the tertiary alcoholate position were required to 

induce the fragmentation at 0 °C in the presence of zinc salt (entry 4 of Table 1). When the steric hindrance was 

increased (R I = Me), the presence of one tert-Bu and one sec-Bu group was sufficient to initiate a fast and clean reaction 

at -78 °C (see entries 1-3 of Table 1). 5 When R t = allyl, the cyclic allylzinc reagent has been generated in a one-pot 

reaction starting from the corresponding ketone 5e (entries 5 and 6 of Table 1). Thus, the addition of n-BuLi at 0 °C 

afforded a THF solution of the tertiary lithium alcoholate which was immediately cooled to -78 °C (Procedure B). 

Addition of the aldehyde followed by zinc chloride gave a clean reaction by slowly warming to 25 °C. Additionally these 

results showed that diastereoselectivities increased with the steric hindrance of R I (compare entries 1, 4 and 5 of Table 

1). In the case of the 5-membered ring series, 6 the reaction only occurred in the presence of two tert-Bu groups (entry 7 

of Table 1). Low diastereoselectivity was observed in this series. The 7-membered ring ally[zinc reagent was directly 

generated from the ketone 5e 7 according to procedure B and was reacted with benzaldehyde to afford 3h in 67 % yield 

and good diastereoselectivity (syn/anti = 90/10 ; entry 8 of Table 1). 
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Scheme 3 Scheme 4 

These results suggested that a chair-like transition state like 6 where each substituent would be placed in an equatorial 

position would explain the observed relative diastereoselectivities (Scheme 3). 8 Acylation reactions were also possible 

by adding nitriles to cyclic allylzinc reagents. Thus, the zinc alcoholate of 5a reacted with benzonitrile affording the 

ketone 7 in 72 % yield after acid hydrolysis (Scheme 4). 

Metallo-ene cyclizations have been used as key steps in natural products synthesis. 9 However their applications are 

limited due to the difficulties encounted for the preparation of the starting allylic metal reagents. The use of homoallylic 

alcohols as masked allylzinc reagents allows a straightforward preparation of precursors for the zinc-ene reaction. Thus, 

the enone 8 was treated with n-BuLi at 0 °C in THF giving the corresponding tertiary lithium alcoholate (Scheme 5). 

After cooling to -78 °C, zinc chloride (1 equiv.) was added to promote the fragmentation. By slowly warming to 25 °C 
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Table 1 : Products 3a-h obtained by the fragmentation of the zinc alcoholates 1 derived from compounds 5a-e and subsequent 

Entries Compounds  5a--e R 3a Procedure b Products 3a-h  s,vn/anti c Yields (%)d 

1 t-B Ph A Ph 92/8 77 e 
$ 

5a - x ~  3a  

2 t-s Et2CH A Et2H 90/10 81 
S 

5a v 3b  

3 t -~  u / [ . . . , . . j s  1 -Naphth A 1-Napht 93/7 86 

5a 3c 

4 t-a Ph f A Ph 90/10 64g 
t 

5b 3d 

5 t- Ph B p 5/95 77 

5c 3e 

°4e 6 t- c-Hex B c-He > 2/98 76 

5c / / '  31 

7 t-B Ph A Ph 75/25 81 h 
t 

5d 3g 

90/10 67 8 t.a Ph f B Ph Mcf 

5e 3h 

a Aldehyde : 0.9 eq ; b Procedure A : i) n-BuLi, THF, -78 °C ii) R3CHO iii) ZnCI 2 ; Procedure B : i) n-BuLi, THF, 0 °C, ii) R3CHO, 

-78 °C iii) ZnCI2 ; c 1H NMR determined ratio ; d Isolated yields ; e The reaction was also run with InCI 3 using the same conditions 

(52 % yield ; syn/anti = 80/20) ; f Benzaldehyde : 0,7 eq ; g Reaction time 60 h at 0 °C ; h The reaction was also run with lnCl 3 using 
the same conditions ( 54 % yield ; syn/anti = 52/48). 

over 4 h, complete fragmentation was observed and further cyclization o f  the resulting unsatured allylzinc reagent 9 was 

achieved. Transmetallation with CuCN'2LiCI followed by addition o f  benzoyl chloride or ethyl 2-(bromomethyl)acrylate 

afforded 1-substituted spiro-[4,5]dec-6-ene 10a and 10b respectively in 60 % and 72 % yield. Only one diastereoisomer 

was observed by IH and 13C N M R  analysis. The relative stereochemistry o f  the products were determined by X-Ray 

analyses o f  compound 10a. 10 

In summary,  we have shown that zinc alcoholates o f  type 1 are versatile masked zinc reagents 3 allowing the convenient 

preparation o f  substituted cyclic allylzinc reagents not previously available by simple methods. No formation o f  Wurtz 

homocoupling products was observed. The method has also been applied in a stereoselective zinc-ene cyclization to 
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prepare new spirobicyclic zinc reagents. It illustrates the potential o f  this chemistry in natural product synthesis. Further 

applications are currently underway in this direction. 
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