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Abstract: A new route to enantiopure syn and anti 1,2-diols is described from oxalyl-di-(N- 
methyl-N-methoxyamide) via the corresponding ~-ketosulfoxide. This is the first report of the 
stereoselective reduction ofaT--keto-~-hydroxysulfoxide. © 1997 Elsevier Science Ltd. 

In the course of our studies concerning sulfoxide-directed reduction of carbonyl groups, we have shown 

that enantiomerically pure syn and ant/1,2-diols could be obtained by reduction of [5-keto-7-hydroxysulfoxides 

easily made from ¢x-hydroxyesters.1 

We report now the synthesis of enantiomerically pure syn and anti 1,2-diols 6 from the oxalic acid 

derivative 1 using a new highly diastereoselective reduction of a carbonyl (>95/5 to >97/3) directed by a 

sulfoxide in 7-position (scheme 1). 

The di-N-methyl-N-methoxyamide of oxalic acid 12, reacted smoothly with (+)R p-tolylmethyl sulfoxide 

anion 3 to give in 78% isolated yield the [5-ketosulfoxide (R)-2. 4 The DIBAL reduction of the I~--ketosulfoxide 2 

provided then the I~-hydroxysulfoxide 35 with high S-diastereoselectivity (>97/3) and 81% isolated yield, thus 

showing that there was no significant effect of the vicinal amide function. 6 

The protected ~-hydroxysulfoxide (R,S)-4 was transformed, by Grignard addition to the Weinreb amide 7, 

into the [~-hydroxy-7-ketosulfoxide 5(a-d) in good to excellent yields (78 to 92%). The S absolute 

configuration at the C-2 chiral center in compound 5, deduced from our previous results and model of 

approach s for the reduction step, was confirmed by chemical correlation of 5b to the known (+)(R) 1-phenyl-2- 

hydroxypropanone 79 by desulfurization and deprotection. 

DIBAL reduction of the [~-silyloxy 7-ketosulfoxide 5a happened to be a slow process requiring 12h to 

afford a moderate yield (60%) of the desired syn diol 6a with a low diastereoselectivity (75%), Table I. We 

discovered that addition of a Lewis acid, having no tendency to chelate, allowed to carry out the reaction in a 
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few hours at -78°C and with high and not inverted diastereoselectivities. Ytterbium Triflate in catalytic amount 

(0.6eq) was found to be the best Lewis acid giving a 96% yield and a stereoselectivity up to 91%. 

In all the other cases, 5b-d, where the carbonyl substituant is an aromatic group, a vinyl or an allyl 

group, the Lewis acid catalysis was not necessary and DIBAL reduction gave the syn diol 6 I° in high yield (93- 

95%) and high stereoselectivity (92->95%),Table I. 
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Scheme 1 

In sharp contrast, reduction of the I~-silyloxy y-ketosulfoxide 5 with DIBAL in presence of chelating 

Lewis acid ZnI2 afforded in high yield only the anti-diol 61°, Table I. 
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Table I. : Reduction of  I~-silyloxy T-ketosulfoxide 5 to syn and/or anti I~-silyloxy T-hydroxysulfoxide 6. 

[S(R),2(S)I 

5 

R 

a Me 

a Me 
a Me 
a Me 
a Me 
b Ph 
b Ph 

c allyl 
c allyl 

d vinyl 
d vinyl 

Reduction Conditions 

Lewis reaction 
Acid time 

12h 
SnCI4 2h 
IABr 3h 

Yb(OTf) 3 lh  
ZnIi  311 

30 min 
ZnI~ 30 min 

30 min 
ZnI~ 30 min 

30 min 
ZaI 2 30 min 

reaction 
temp. 

-78°C-rt 

[S(R),2(S),3(R)]-Syn 6,[S(R),2(S),3(S)I-ant/6 

isolated 
yield 

60% 

de% Syn-6 / Anti-6 

75% 87 / 13 

-78°C 88% 80% 90 / 10 
-78°C 90% 70% 85 / 15 
-78°C 96% a 92% 96 / 4 

.78°C 

-78°C 
-78°C 

-78°C 

96%* 
95% b.c 
92% b 

93% b 
90% b 

97% a 

94% 3 1 9 7  
92% 96 / 4 

>95% 2 / 98 

>95% 98 / 2 
-78°C 94% 3 /97  

-78°C 
-78°C 

>95% 98 / 2 
91% a >95% 2 / 98 

a) isolated by crystallisation; b) isolated by chromatography; c) 2.5eq of DIBAL. 

The relative configurations of carbons C-2 and C-3 in diols 6 were assigned by 13C NMR of the 

corresponding acetonides 8 and 9tt: a smaller non-equivalence between the gem-dimethyl groups was observed 

for the syn diol than for the anti diol (0.8ppm and 3ppm). 12 

Compounds 5 contain two chiral centers(C-2 or S). The reduction of the easily accessible cc-silyloxy- 

ketone 10 has been studied in the same experimental conditions: DIBAL, DIBAL-Yb(OTf)3 and DIBAL-ZnI2. 

The results in Table II, compared to those listed in Table I, showed clearly that the chiral sulfoxide group 

participated to the high stereoselectivity observed in the reduction of compounds 5. 

This is, thus, the first report of high asymmetric induction induced by a sulfoxide located in y 

position with respect to the carbonyl. 

Table !1. Reduction of  ~-si lyioxiketone 10 with DIBAL. 

Reagent Product Reduction conditions Syn I Anti 11 

O 

lO OTBS 

OH 

11 OTBS 

DIBAL, THF, -78°C 

DIBAL, Yb(OTf)3, THF, - 

78°C 

DIBAL, ZnI2, THF, -78°C 

65 / 35 

75 / 25 

50 / 50 
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