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Abstmcc Chid ncm-raxmic a-substin~ted sulfoxidcs were rexted with CLsilylated lretene acetal in the 
prasnce of a catalytic amaunt afZnI2 in TIIF to give chid nakmeemic a-siloxysulfides in >99% ce. 
Thir is the highest emantiosekctivity rqorted to date for the hmmerer reaction. 

Although the asymmetric Pummerer rearrangement is of sig&icant importance due to the stereogenicity 

transfer from optically active sulfoxides to the a-carbon of the sulfur, the extent of asymmetric induction in 

acyclic systems was quite low,l) probably due to the formation of a sulfurane intermediate with the generated 

acetate anion. The enantioselectivity was considerably improved by the addition of 1,3-dicyclohexyl- 

carbadiimide @CC) as an effective acetate anion scavenger, but the chemical yield sign&antly decrensed.2) 

Recently, we reported the first highly enantioselective silicon-induced Pummerer-type rearrangement in acyclic 

chiral non-racemic sulfoxides (1) using O-methyl-0-art-butyldimethylsilyl ketene acttal(2), which gave chiml 

non-racemic a-siloxysulfides under mild conditions in high yield.3) The extent of asymmetric transformation, 

however, never exceeded 90% ee. To develop the optimal asymmetric transformation of 1, it is quite 

important to determine in which step(s) racemization occurs (Scheme 1). 
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Very recently, we have shown that the silicon-induced Pummerer rearrangement of 1 proceeded with 

highly diastereoselective depromnation of the a-methylene proton in step 1 and canti elimination of the siloxy 

group in step 2 using the detailed deuterium-labeling txperimem4) We describe here a highly selective 

Pummerer nzurangement of chiti non-racemic sulfoxides (Scheme 2). 
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deprotonation step of the a-methylene protons plays a significant role in the 

stereoselectivity, we se the compounds (3,d) which have two stereogenic centers: the a-carbon and 

sulfur atom. The s chiral non-racemic 3,d were easily prepared in stereoselective form using the 

ly, a high stereogenicity transfer was observed in the reaction of 3 and 4 with 

2. Thus, treatment 0 (-)-anti-3,4 with 2 in the presence of a catalytic amount of ZnI2 in THF@ 

gave enantlometically a-siloxysulfide (R-6,7),7,8) and the reaction of (C&)-(-&VI-~. 4 with 2 

gave pure R-6,77+ *) vely (Table 1, runs l-4). Interestingly, the stereochemistry of sulfoxide had no 

effect on the confi of the product. The introduction of a stereagenic center a to a sulfoxide 

dramatically improved 

This high stereocon 1 of the reaction is explained as follows: ln both isomers ((-)-anri-3,4, (-)-~-3, 

4), the deprotonation ste is completely controlled and the deprotonated hydrogen has the anti-periplanar 

orientation with S-O step of the a-methylene proton proceeds via an EZtype 

elimination to give the A and B.9) The siloxy anion then rearranged on the same face of the 

S-O group. This tesults step of ylide (step 2, i.e. between A and A’, B and B’) is 

not the racemization step ig. 1) and at least the racemization must have occur& in the depmtonadon ~tep’~~ 
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Table 1 Aaymmetrk Pummerer-type Rearrangement by O-Silylated Ketene Acetaf 

Run Sukfoxideb [alo (CHW Product Yiild (%) [ajo (cyckhexane) Ee (%) 

6 
PPy,3-pTol 

W): 
Et 

-235 70 

-23.6 fl-8 49 

-276 61 

-138 R-7 72 

+277 
2-h 

x 
S-pToi 

Et 0.5iMe@~’ 

s-y 

+138 s-7 

57 

75 

____ 

64 

ssd 

61d 

-0 
7 Z-Py<&-pTol 

-251 2-Py,/S-pTol 

s-5 
&h&But 

S-8 

-0 

2-Py<&pTol 
*-Py 

Y 
S -pTol 

8 +251 

R-5 
OSiMe@ul 
R-a 

.____ 

-23.3 
(c = 1.2) 

-22.6 
(c - 0.91 

-54.1 
(c - 0.6) 

-54.0 

(C= 1.2) 

+56.2 
(c = 1 .l) 

+54.1 
(C = 1.6} 

>99 

>99 

a99 

z-99 

z-99 

>99 

-28.6 79 
(acetone, c = 0.9) 

-30.2 83 
(acetone, c = 0.5) 

+29.6 
(acetone. c = 1 .o) 

82 

a_ All restions were cartid out in THF. 
b. Stating a~k~xidea (3-S) wore prepad by reported methods. 

c. Ee vpluea were determined by 1 H-NMR (CDCl3 and C&) with Eu(hfc)s 
d. Reactions were carried out in M&N. 

In conclusion, the deprotonation step (step 1) is the most importanc step for high enantiomeric purity and 

an optimal asymmetric Pummerer reaction of chiial non-racemic acyclic sulfoxides was accomplished to 
control the step 1. 
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MuLilEI/‘T F 
R-8 D! 2-Py 

x 
$$-pTol R-8: R-H, 8 %, [a]~‘* +I .2 (c = 0.25. acetone) 

R8D: R=D, 3298, [aID’@ +0.53 (c- 0.9, acetens) 
-90°C Bu%le,SiO R 

El &luOH. hlBoc’3, f&t, Etl 
Rb: R=Me, 7796. [&‘@ -!!i.2 (C = 2.0. eycbhexane) 
R-7: R=Et, tfi6s, [a]$@ -1.1 (c= 1.5, c~~~xane~ 

Alkyiation of the hetc atom substituted organolithium compounds, Aggarwall, V. K. Angew. Cherzr. fnt. 
Ed. Engl. 1994,33, P 75; Hoppe, D.; Hintze, F.; Tebben, P. Angew. Chem. Int. Ed. Engl. 1990.29. 
1422. 

In the ease of the ~-~t~~~~~n~on of syn- and anti-phenethyl p~nylsulfoxides, the larger substitutes in 
conflation C steri ally avoid unfa~~~e ~~ractions and are rapidly rotated into the more stable 
conformer C and the ltenyl rings m oriented trans to one another.; hlarsch, M.; Massa, W,; Harms, K.; 
Baum, G.; Boche, G, Angetv. C/tern. fnt. Ed. Engf. 1986,25, 1011; Boche, G. Angew. Chem. Znt. Ed. 
Ennl. 1989.28. : 277. . . 

0-Li O-Li 

Pummererretion, if the rotation step of ylide (step 2) is rhe racemization step, the 
the opposite: sigh of the [oc]~ value from (-)-and-3,4 and (-)-syn-$4. 

10. As expect&, the exte t of asymmetric induction of the chiral sulfoxides (S-and R-S), which have two cc- 
protons never ex ceeAd 83 5% (Table 1, runs 7 and 8). The absolute stereochemistry of 8 was tentatively 
assigned Fran xeferet$zs 3 and 4. 
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