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SUMMARY: An enantiospecific synthesis 

Tokyo Institute of Technology, Meguro, Tokyo 152, Japan 

of the title compound is described which involves the 

TiCl4-promoted cyclization of the chiral allylic silane having formyl group, which 

was obtained via the Claisen rearrangement of (R, E_)-1-trimethylsilyl-1-buten-3-01. 

In view of the well-defined stereochemistry of the SE2' reaction of chiral allylic silanes 

with aldehydes,' the intrumotecu2u.r version generalized by eq. 1 is conceptually feasible, 

wherein the silyl-chirality could specifically be transmitted to the two newly created chiral 

centers. Thus, this type of asymmetric endo-cyclization, if successful, would result in the 

direct formation of cycloalkenols E with both a high diastereo- and enantioselectivity. 
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However, such strategy has never been explored, while its racemic version leading to the 

cyclopentenols has been precedented. The major problem confronting the implementation of this 

strategy is, of course, associated with the difficulty encountered in the preparation of 

optically-active allylic silanes having formyl group.3 Herein we wish to report the first 

success in this strategy within the context of a highly enantiospecific synthesis of (12, 2S)- 

(+)-2-methyl-3-cyclopenten-l-ol,4 an important intermediate for natural product syntheses. 495 

The key to the success is the relatively easy availability of the stereochemically-defined 

allylic silane having formyl group via the Claisen rearrangement of an enantiomerically-enriched 

y-(trimethylsilyl)allylic alcohol. 
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The overall transformation is depicted in Scheme I. The requisite chiral alcohol, (R, E)- 

g (100% E by GLC assay), ’ was prepared in 73% yield from the optically-resolved7 alcohol (1)-(+)-l_ 

(100% e.e.) via the silylation followed by the highly &)-selective hydride reduction of the 

triple bond.* The enol ether Claisen rearrangement' afforded 71% yield of a geometric mixture 

of the allylic silane 3 with moderate (E)-selectivity (&/I. = 83 : 17).'" Although no attempt 

was made to assign the absolute configuration of 2, the configuration of (r)-? might reasonably 

be assigned to (E) on the basis of the well-established chair-like transition state (TE) for the 

Scheme I 
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(a) EtMgBr/Me3SiC1, THF; (b) NaA1H(OCH2CH20CH3)2, toluene-Et20; (2) CH2=CHOEt (excess)/Hg(OAc)2, 

1OO'C; (a) Tic14 (1 1 equiv), CH2C12, -78°C. 

Claisen process. 
11 The stereoisomeric mixture of 3 was then subjected to the cyclization 

process in the presence of titanium(IV) chloride 
12 

to provide seemingly quantitative 
13 yield of 

the cyclopentenol twith a high diastereopurity 098% trans by NMR assay). 
14 

Unfortunately, 

however, the isolated yield after preparative TLC was 59% because of its great instability.4 

The absolute configuration of (+)-trans-4_ thus obtained was assigned to (12, 2S_) based on the 

reported configuration of (+)-(12, 2S),4 The enantiomeric purity was )98% e.e. as determined 

by NMR (300 MHz) comparison of the (-)-cl-methoxy-cttrifluoromethylphenylacetate of 5 with the 

racemic counterpart independently prepared. 



5153 

The most striking feature in the asymmetric synthesis outlined here is that the enantio- 

merit purity of the final product (2) is essentially the same as that of the starting alcohol 

Cl_). This means that the chirality transfer proceeds with nearly 100% efficiency throughout the 

Claisen-cyclization sequence, although the Claisen process provides only 83% of @)-selectivity. 

This somewhat surprising outcome is reasonably rationalized in terms of a combination of the 

completely suprafacia2 transfer of chirality in the Claisen process with the completely antara- 

facial transfer in the cyclization process (Scheme II). In other words, the @)-configuration 

in 2 is suprafacially transmitted to yield (R, E)- and (5, Z)-3 as described above, both of -_ 

which undergo the diastereoselective SE2'-type cyclization exclusively via the anti-attack by 

the formyl group as previously reported for the intermolecular versions,' ultimately leading 

to trans-2 with the identical configuration (13, 25). 

,Scheme II r 

1 
HO+' 

I 

In summary, this work convincingly demonstrates that the silicon-mediated asymmetric 

Claisen-cyclization sequence provides a new, efficient method for the enantiospecific synthesis 

of trans-2-alkyl-3-cyclopenten-1-01s. While only one example is presented here, the wide 

applicability established for both the Claisen process and the allylsilane chemistry, coupled 

with the simplicity of the procedure, makes the present strategy potentially useful for 

asymmetric carbocyclization. Further synthetic applications of our strategy are in progress. 
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