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Abstract: Optically active silyl and stannyl substituted cyclopropylmethanols were 
effectively obtained by the catalytic and enantioselective cyclopropanation of ysiiyl and 

ystannyl substituted allylic alcohols with EtzZn and CH212 in the presence of chiral 

N,N’-bis(p-nitrobennesulfonyl)-l,Z-cyclohexanediamine in good enantioselectivites. 

The absolute cotiguratiom of the resulting metallocyclopropanes were unambiguously, 

established. 

Although silyl and stannyl substituted cyclopropanes have been recognixed to exhibit an interesting 

reactivity,2 these metallocyclopropanes have not been fully utilized in organic synthesis.3 Since stereospecific 

replacement of silyl and stannyl group on cyclopropane skeleton by other functional groups might be possible, 

the development of practical route to chiral metallocyclopropanes would expand the scope of this class of 

compounds as valuable synthetic intermediates. However, there have been no precedent for the enantio- 

selective method for the synthesis of metallocyclopropanes. Ukaji and lnomata recently reported the fit 

enantioselective preparation of chiral silyl substituted cyclopropanes with high enantiomeric excesses.4 This 

method, however, requires the stoichiomeaic amount of diethyl tartrate as a chiral auxiliary, and the catalytic 

version has not yet been developed. 

We have recently reported the first catalytic and enantioselective Simmons-Smith reaction of an allylic 

alcohol in the presence of cbii disulfonamide-modified xinc or aluminum complex5 (Scheme 1). As one of 

the applications of the methodology, we examined the cyclopropanation of ysilyl and y-stannyl allylic alcohols. 

Pmliminary results am describrzi below. 
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InitiaIly, Simmons-Smith reaction of (Z)-allylic alcohok @a3 and Zb6) was examined (Schemt 2). 

Thus, cyclqropanation of (Z)_?bibutylrrtannyl-spin-1-d (2~) u&h Et$!n (2 equiv.) and cH2J2 (3 quiv.) 

was carried out in the presence of 18 catalytic amOunt of (IR,2R)_EI,N’-his@-nitroben~nesulfoayl)-1,2- 

syclohexanediamine7 (LO. 1 cqiv,) to obtain the conesponding &-atannyl cyciapropane 31$ in 75% yield. 

The absolute configuration and enantiomeric excess of the resulting 3a were determined to be 2~7.3s and 66% 

e.e., respectively, by the comparison of its specific rotation (Eu]$$! +6.3’ (E 0.95, CHCIJ)) with that in 

Etenuute.9 Similarly. (Z13_dimethylghenyfsilyl-~-~~~ l-01 (2b) was subjected to cyclopmpanation to give 

the correspond.ing sifyl substituted cyclop&py~metha& 30 ([o]B +4.8* (c I .f5, CHClg)) in 67% yield. 
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The absolute conkiguratiarr and enantiomeric txcess of 3b weft determin& aa follows: The stanoyl 

cyclopropane (2s,3s)-3a (66% e.e.) was converted ta the sibyl cy&~pzqane (2$3&‘)-3b in 8846 yield by the 

reaction with B&i (2 equiv.), N~~‘Jv’-tetrame~ylcthylenediamine (TMFDA, 2.4 quiv.), and Me2PhSiCl 

(2 equiv.) in THF followed hy treatment of the silyl ether with ACOH in Me0H (Scheme 3). The nsulting 

(2S,3S)-3b showed the [a]8 al v ue of +5.4= (E 1.45, CHCIJ), therefore, the absokte cctnfigmtion of 3b 

obtained by cycIopropanatian of 21, was established as 2S.3S with 59% c-e. g 1 

Scheme 3 

Next, cyclopropanation of (E)-allylic alcohols was examined Cyclopropanation of (E)-fdimethyl- 

phenylsilyl-2-propen-l-o1 (2~) under the same conditions gave 31~12 (L(rJw -15-P (c 0.85, CEKls)) in 83% 

yield (Scheme 4). The enantiomezic excess of the product 3c was determined to be $t% B.C. by HPLC 

analysis using a Die& OD column with 5% i-P&H in kxane as an eluent (Rt: 8 min for the majw eaa&omeJr 

and 14 &n for tbc: minor one), The absolute configuration of 3c was unamhiguousty estatrlished to be 2&3R 

by comparison with the authentic 2R,3S-Jc, prepared from the stereochemicalfy esrablished cis-silyI 

cyclopropane (2S,3S)-5b as shown in Scheme 5. Thus, (2S,3S)-3b {59% e.e.) was rransfornttd to methyl 

(2&3S)-3-dimethylphcnylsilyl-2J-methan~pionate ((2S,3SW, [&I$$) 41.9” (c 0.96, CHCl$) by oxidation 
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with RuO4 in MeCN-CCL+-Hfl and tteabnent with CH2N2 in Et&L The (2$3s)-4 was easily isomerized to 

the thermodynamically more stable Pans-silyl cyclopropa= (2RJS)-4,andthelatterwasreduaXlwithLiAlH4 

in THF to afford (2R.3.T~3c ([a]8 +12.5O (c 0.40. CHCl3), 62% ce. fiotn HPLC analysis using Daicel OD 

column) which was found to be enantiomeric with 3c produced by the cycloptopanation of 2c shown in 

Scheme 4. 

Scheme 4 
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Finally, cyclopropanation of (E)-3-tributylstannyl-2-propen-l-01 (2d) was also carried out to give the 

zrans-stannyl cyclopropane 3d13 in 94% yield (Scheme 6)_ The enantiomeric excess and the absolute 

configuration of 36 were determined to be 86% e.e. and ZS,3R, respectively, after conzlating to the silyl 

cyclopropane 3c ([a]% -17.4” (c 1.49, CHC13)) by the similar procedunz for the conversion of 3a to 3b shown 

in Scheme 3. 

Scheme 6 
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In conclusion, y-sllyl and y-stannyl substituted allylic alcohols underwent a catalytic and enantioselective 

Simmons-Smith reaction to obtain the corresponding metallocyclopropylmethanols with good to high 

enantiomeric excesses. l4 It should also bc noted that the sense of enantiofacial selection in the present 

cycloptxqanation utilizing disulfonamide-modified zinc complex is the same as observed in the conventional 

allylic alcohols reported previously.5ab 
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A typical procedure of the catalytic and ensntioselective cyclopmpanation is as follows: 

(2S,3R)-2,3-methano-3-(tributylstannyl)propan-l-ol (3d). To a colorless clear solution of 2d 

(1.48g, 4.25mmo1, 1 equiv.) and 1 (206mg, 0.43mmo1, 0.1 equiv.) in 12OmL of anhydrous CH2C12 were 

added dropwise at -50°C a solution of EtzZn in hexane (l.OM, 8.51mL, 8.51mmo1, 2 equiv.) and CH& 

(l.O3mL, 12.8mmo1, 3 equiv.). The mixture was stirred for 22 h at -20°C. quenched at -2O’C with 4mL of 

EtsN, diluted with 24OmL of Et20, washed with 40mL of brine, and dried over MgS04. After removal of the 

solvent, the xsidue was chromatographed on silica gel with a 1:4 mixture of EtOAc and hexane to afford 1.45g 

(94% yield, [a] D *O -14.6O(c 1.80, CHC13)) of 3d as a colorless oil. 
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