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Abstract: The asymmetric dihydroxylation (AD) of prhmy allylic halides is dem’bed. Enantiomeric excesses 
rangefrom 40 to 98%. Subsequent base treatment gives epoxy alcohols in high yields. This strategy isfurther 
illustrated by the synthesis off-Mepoxybutane, an important Cp-chiral building block 

Aiming to expand the scope of the AD-reactio&s we present here the results of its 

application to some readily available allylic halides (except for la, all are chlorides). In order to 

suppress both the hydrolysis of the starting halide and the closure of the diol to the epoxy alcohol, 
the so-called bu&ed AD-mix (containing 3 eq. of NaHCO3 in addition to the 3 eq. of K2CO3) was 

used in all entries.4 

buffered AD-mix-B 
OH 

R-X 
* 

‘BuOH-H20. MeS02NH2 
R + X 

0°C 
OH 

l:X=I,Cl 2 

The AD of Cs-allylic substrates such as ally1 chloride, bromide and tosylate has been 

previously reported.5 Because of the moderate enantioselectivities (4072% ee) that were obtained, 

we investigated the reaction of ally1 iodide using (DHQD)z-PHAL which afforded the iodo diol2a 

with 62% ee (70% yield). The enantioselectivity was increased to 70% ee with the recently developed 

pyrimidine ligand (DHQD)z-PYR .2b Unfortunately, attempts to increase the optical purity by 

recrystallization failed. 
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Table : Results for the AD of primary allylic halides6 

entry olefin diolavb 

OH 

% eec yield abs. confad 

a I- 
I&OH 70 70% 2s 

OH 

b -cl 
+ 

3 
2 

Cl 95 75% 2S,3R 

C cl 
-a 

& 
Cl 94 

88% 2S,3S 

OH 

d Cl A 
,xOH 40 70% 2s= 

OH 

e Ph- Cl Phs2 Cl 
+ 

98 80% 2S.3R 

OH 

OH 

f 
C4H9 -Cl c4H9 3 2 

+ 
CJ 94 89% 2S,3R 

g /&-J $0. 12 50% 2Re 

OH 

a) No methanesulfonamide was added for entries la and Id. b) Except for Zg, due to hydrolysis of the 
chloride prior to AD-reaction. c) Enantiomeric excesses were determine d by HPLC analysis of the dial 2a, the l- 
mono-MTPA-ester of Id, the I,&bis-MTPA-ester of Zg and the 2,3-his-benzoate of 2f on a Chiralcel@ OD-H 
column (Daicel Chemical Industries, LTD). The enantiomeric excess of diol2e was determjned on a Chiralcel@ OB 
column (D.C.I., LTD.). Ensntiomeric excesses of 2c and 2d were determined by GLC analysis of the mono-MTPA- 
ester of the corresponding epoxyalcohols 3c and 3d on a DB-5 column (J&W Scientific). d) The absolute 
configuration of Zc was determined by its transformation to (-)-diepoxybutane (4) and comparison with the 
known (+)-4.’ For the other diols, the absolute configurations are assigned according to the AD face-selection 
rule.2a e) The low ee renders the configurational assignment (based in this case on the AD face-selection rule) 
highly uncertain. 



3471 

All truns-disubstituted olefins gave ee values greater than 94%, whereas the yields range 

from 80 to 90%. The ee for 2c is readily increased Tom 94% to >98% upon recrystallization from 

toluene. On the other hand, 3-chloro-2-methylpropene (Id) gave only 40% ee whereas l-chlom-3- 

methyl-2-butene (18) hydrolyzed rapidly, giving rise to a mixture of the corresponding isomeric 

allylic alcohols, prenyl alcohol and 3methyl-1-buten-3-o& prior to the AD-reaction. According to 

the AD-mnemonifi?a, these two ally& alcohols give opposite face-selectivities, accounting for the 

very low ee observed for trio1 28. 

Treatment of the chlorodiol2 with pulverized sodium hydroxide (2 eq.) in THF at 0°C gives 

gives the corresponding epoxy alcohols 3 in 80-90% yield. 

OH OH 

R + 

NaOH/THP 
X 0°C * R 

OH 

2:x=c!l 3 

OH 

2c 4 (+)-DIOP 

(S,S)-Dichlorodiol 2c (>98% eef, pulverized sodium hydroxide and methanol (1 eq.) were 

stirred for 1 hour to produce (R,R)-(-)-diepoxybutane (4) {[a]~ = -24” (c 4, CC&)) in 85% isolated 

yield. This bisepoxidea is an important Qchiral building block, e.g. serving as a key intermediate 

in the synthesis of DIOP and various modifications thereof.10 The described two-step procedure 

provides a fast and facile route to 4 compared to the previously reported 5-step synthesis starting 

from tartaric acid.7! 11 

In summary, the catalytic asymmetric d~ydroxylation of primary allylic halides under 

buffered conditions followed by base-mediated epoxide formation gives easy access to fhreo-1,2- 

epoxy-3-ols.12 High overall enantioselectivities are obtained with trues-disubstituted olefins. 

Applying this protocol, a very short synthesis of enantiomerically pure (-)-diepoxybutane was 

achieved in high overall yield. 
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