
Tdnhc&on Lutets. Vo131, No.23, pi 3335-3338.1990 
Printed in Great Britain 

oo404039190 $3.00 + .w 
Pcrgamm Press pk 

Stereoselectlve Construction of Three- and Four-Contiguous Asymmetric Centers: 

Novel Possibility by Alkylative Rearrangement of Epoxy Silyl Ethers 
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apartment of Chemistry, Reio University, Hiyoshi, Yokohama 223, Japan 

Summary: Stereospecific 1,2-marrsngernent of epoxy silyl etbers in the presence of nucleophiles is 
desuibed. The reaction affords 19diols or cormspond@ mono-silylated ethers. which prwides a route to 
establish three- or four-cootiguons asymmetric centers io one step. 

Previously, we reported a stereoselective synthetic method of 2-vinyl-19diols which are versatile in natural 

product synthesis. The method depends on the rearrangement-reduction sequence (Scheme l), starting 

from epoxy trimethylsilyl (TMS) ether 1.1) The Th4!%inyl group serves not only as a good migrating group 

in the 1,2- rearrangement (step 1) but also as a controlling element for dictating the hydride attack to 2 (step 

2). Large steric bias posed by this group leads to highly selective formation of &&y&i01 3 (see model I). 

1 R=Alkyl 2 
I I 

Instead, if we start with epoxy silyl ether 4 with secondary silylether at C(3) 

(I$ tertiary in l), S-hydroxy aldehyde 5 would be formed by the rearrangement. 

And the subsequent nucleophilic addition would give 1,3-diol 6 with 2.39nti 

stereochemistry (cf. 3). A potential problem foreseen was the instability of 

&hydroxy aldehyde 5, for which we planned to’perform the rearrangement in the 

presence of nuckophiles to convert the aldehyde 5 in situ to 1,3-dio16. 

In this communication, we describe the aspect of this consecutive 1,2_rearrangement and nucleophilic 

addition, the synthetic potential and also some new implications on the reaction profiles. 

The reaction of epoxy silylether 4 in the presence of Et3SiH represents the stereospecificity of the 

1,2-rearrangement step.2) At -78 “C, to a mixture of epoxy silylether 4 and Et#H (3 equiv.) in CH$Zl2 was 

added a solution of TiCl4 (2.2 equiv.) in CH2Q, where the rearrangement and subsequent hydride attack 
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proceeded immediately to afford 1,3diol6a in 89% yield. The stereochemistry of 6a was rigorously unti, 

which clearly showed the full inversion at C(2).2) 

Moreover, the 2,3relatlonship, that is, the diastereofacial selectivity of Bfl 
C 

the nucleophillc attack could be highly controlled to be anh&ctive. The 1 
HH 

reaction with allyltrimethylsilane (2 equiv.) and Tic4 (2.2 equiv., -78 “C / ‘.“q 

CH$& 15 min) afforded 6b in 75% yield, where the 2,3-selectivity was anti J& x 
iMe, 

/ syn = 12 / 1.2) Dimethylzmc (2 equlv., -78 “C / CI-Ig12; 15 min) was also II D 

an effective nucleophile to afford 6c ln excellent yield with high anti selectivity.~~ These selectivities are 

explained by invoking the titanium chelate model II. Interestingly, the use of Et$ii) in place of Et@I led 

to the formation of 6d with a “chiil methylene.“z) 

MeaBiv, 

product: .“*,s$+ B*H& Btis 

6a 6b 6o 6d 

2,3-anti I syn - 12/l 14/l 2,3-anti only 
Yield (%) a9 75 89 74 

Unexpectedly, similar reactions of trlphenylsilyl fTP!S) ether 7 provided a 

new mechanistically intriguing finding. Different from the TMS cases, the 

products were mono-silyl ethers 8a-d rather than 1,3-dials 6, where the TPS 7 

group exclusively located at C(3). The regiospecificlty was confirmed by *H-NMR analysis of the acetate 

derivative of 8. These results correspond to the conservation of 0-Si bond during the reaction, which 

suggests the intermediacy of silyl oxonium species, rather than aldehyde, which is trapped by the 

nucleophiles.43) Now, it is not evident whether the reaction proceeds via aldehyde II or silyl oxonium 

species in the TMS cases above.5) 

Nucleophile: Et&iH eBB@3 Me@ Et&D 

Me,Si~, 

Prodti “ti,,,, B* B*B; “*/B_ 

&I 8b 8c Bd 

2,3-anti I syn - 33/l 22/l 2,3unti only 
Yield (96) 82 83 60 a5 

It is also notable that the 2,3selectivities of the TFS cases are higher than those of the corresponding 

TMS cases k$ 6b us. Bb, 6c us. EC). And the formation of mono-silyl ether is also synthetically useful since 

the selective protection of one of two secondary hydroxyl groups is realized. 
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Silyl ketene acetaG) worked also well as the nucleophile in this type of reaction. In this case, the 

experimental procedure described above was not effective. Instead, the pm-mixing of TiC4 and epoxy silyl 

ether at -78 “C followed by the addition of silyl ketene a&al was favorable, which gave dihydroxy ester 10 

in good yie1d.n It is noteworthy that no products containing the siloxy group were obtained even starting 

from TFS ether 7. The product was isolated as lactone 11 after acid-treatment of the reacted product, since 

the attempted isolation of 10 by silica-gel TLC led already to the partial formation of lactone 11. This 

lactone 11 was isomerically pure product with the stereochemistry depicted below, which means the 

excellent 29-selectivity. 

BnO~co,Ph 

OH OH 

4 R=Me 
7 R=Ph 

pTsOH 

/Renzene,46”C ) 

66%tiom4 
11 

56%from7 

Furthermore, use of prostereogenic silyl ketene a&al offers a new possibility for constructing four 

contiguous asymmetric centers as shown below. The reaction using Wketene TMS acetall provided 

lactone 14 as a sole isolable product. The 3,4-relationship of 13 is syn (3,4-unti in 141, which suggests the 

open transition state concerned with the stage of the nucleophiic addition.9) The alkoxyl part of ketene 

TMS a&al plays a significant role for the high 3,4selectivity, since poor selectivity resulted from ketene 

TM!5 a&al of methyl propionate. 

.fiG 
H OSiR, 

4 R=Me 
7 R=Ph 

pTsOH 

/Benzene, 40°C 
I, 

14 
6796fiom4 

80%9om7 

As described above, the stereoselective synthesis of the four-contiguous asymmetric centers was 

performed by the rearrangement with the silyl ketene acetal. 



3338 

In summary, the 1,2-rearrangement-nudeopbilic addition sequence described above provide a new 

possibility for eatnbliahing three- or four-contiguous aaymm&ric centers. 
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3) 

4) 

5) 

6) 

7) 
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