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Free radical reactions have been developed into power- 
ful carbon-carbon bond formation methodologies for 
organic synthesis.’sZ Many synthetic studies have focused 
on radical reactions that are accompanied by asymmetric 
ind~ct ion,~ but there have been few reports of intermo- 
lecular radical 1,a-asy”etric induction, in which a 
stereogenic x-face is selected by an achiral radical (eq 
1). 

This paper reports very high 1,2-asymmetric induction 
in a radical addition to 3-hydroxy-l-(methylthio)-l-(p- 
tolylsulfony1)-1-alkenes 1 (eq 2). The radical is l-hy- 

OH 

[a R = Me; b R =  Et; c R’= i-Pr] 

droxyalkyl (RzCOH), generated from an alcohol (Rz- 
CHOH) by a-hydrogen abstraction with excited triplet 
ben~ophenone.~ 

Upon irradiation5 of (E)-la6 and benzophenone in 
2-propanol, an adduct (2a, R = Me) was formed as a 
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mixture of four (mainly two) diastereomers. Desulfur- 
ization of the adduct with Raney-Ni (W2) afforded 3a (R 
= Me) which consisted of two diastereomers (syn:anti = 
95:5).839 This syn:anti ratio is indicative of very high 1,2- 
asymmetric induction in this acyclic systeme3 Similar 
irradiation of (Zl-la gave 2a (R = Me) with a comparably 
high syn-selectivity (syn:anti = 955). Monitoring of the 
latter reaction by HPLC showed that isomerization of (2)- 
l a  to (E)-la occurred concurrently.1° Analogously, lb 
and IC produced the corresponding 2 in a ratio of 96:4. 
Hydroxymethyl radical also added to la  with high syn 
selectivity (Table l).I1 

The combination of methylthio and p-tolylsulfonyl 
groups at the 1-position not only controls the regioselec- 
tivity of the reaction, but also amplifies the C, chirality 
through the double bond to provide high syn selectivity. 
Since the synergistic effect of an electron-donating meth- 
ylthio group and an electron-withdrawingp-tolylsulfonyl 
group makes the carbon radical very stable,12 addition 
of a radical to 1 is so exothermic13 that its transition state 
is reactant-like (the Hammond postulate). The preferred 
conformation of la  was suggested by X-ray crystal- 
lography result: the crystal structure (Figure 1) of la  
possesses the hydroxyl group outside the double bond and 
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1 3.2%< ’ uHb 7.0% NO€ 
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Table 1. Photochemical Additions to 1 

1 yield/% 

R' ( E Z j  RlCHOH 2 3 (svn:anti) 
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Scheme 1'9 
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Figure 1. Chem 3D representation of the X-ray structure of 
la. 

the methine proton (Hb) in~ide. '~ .~ '  The 'H NMR spectra 
of la-c in CDC13 and CD30D exhibited large coupling 
constants (7.60-9.20 Hz)16 and no NOE between H, and 
Hb. Therefore, the most favorable conformations of 1 
about the C2-C3 bond in solution resemble the crystal 
structure of la, in which allylic 1,3-strain17 may play an 
important role in dictating conformation. If a radical 
approaches from the less crowded side, opposite the 
methyl and p-tolyl groups, the adduct would have the 
syn configuration as shown in Figure 1. 

(151 Important torsional angles: Ha-C2-C3-Hb = 145.3', Ha- 
C2-C3-C4 = -96.1". Ha-C2-C3-03 = 21.9", C5-SI-Cl-CZ = 
i n i ~ 9 - ~  nz-si-ci-e2 = - 1 ~ 4 0 .  cfi-~z-ci-cz = 98.80. 
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The present 1,2-asy"etric induction is applicable to  
the synthesis of various optically active organic com- 
pounds. Starting 1 was easily obtained in optically-active 
form by transesterification with lipase PS and vinyl 
acetate in benzene.18 Optically active 1 was transformed 
into various synthetic precursors. Some examples are 
shown in Scheme 1. 

It is noteworthy that 1,3-dioxolane and 2-methyl-1,3- 
dioxolane can be employed instead of the alcohols to 
achieve high 1,2-asymmetric induction (syn:anti = 78: 
22 and 8416, respectively, for la). Other applications 
are in progress in our laboratory. 
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