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Abstract: Examples are given for a cooperative effect by a hydroxy group and ether oxygen in 
directing the steric course of epoxidation with m-chloroperbenzoic acid. 

In 1957 Henbest and Wilson' reported their studies on epoxidation with perbenzoic acid of 

cyclohexene derivatives bearing various allylic substituents. Although 3-methoxy- and 3-acetoxy- 

cyclohexene gave predominantly the trans epoxide, 3-hydroxycyclohexene yielded mainly the cis - 

epoxide at a significantly faster rate. In 1973 Sharpless and Michaelson published a useful, 

highly stereoselective method to epoxidize allylic and homoallylic alcohols using transition metal 

catalysts. Related to the synthesis of various antibiotics, 
3 
we have recently observed a unique 

cooperative effect by a hydroxyl group and ether oxygen in directing the steric course of epoxi- 

dation with a peracid. 

Trans and cis allylic alcohol derivatives 3a-d4 -- and 5a-d4 were stereoselectively synthe- 

sized from the suitably protected aldehyde 1, which is readily available in racemic and optically 

active forms. 
5 

Geometric purity of 3a-d and 5a-d was insured by carefully removing the minor cis -- - 
6 

and trans esters produced in the Wittig processes, i.e., steps a and c - , by silica gel chromato- 

graphy. 
7 

The results of epoxidation of the trans allylic alcohol derivatives 3a-d are summarized in 

the following table. The stereoselectivity observed for 3a and 3b and non-stereoselectivity for - - 

3d are expected, judging from the known examples. 
8 

- Again, the low degree of stereoselectivity 

for 3c under the Sharpless procedure is anticipated based on the proposed mechanism for the - 

oxidation. 
9 

Epoxidation of 3c with m-chloroperbensoic acid (MCPBA) in methylene chloride at O*c - 

gave the epoxide 6c as the only observed product, - the stereochemistry of which corresponds 

to that of the major product from 3a and 3b. 
10 

- - The observed stereoselective epoxidation of 3c is - 

unique, for superficially the ether oxygen near the assymetric center directs the steric course 

of the incoming peracid. This result is not consistent with the previous observations made by - 

Henbest' and others. 
8 

One possible rationalization for this might be the cooperative effect by 

the hydroxy group and ether oxygen; namely the most preferred conformation of 3c in the transition - 
state would be A, 

3,ll . 
with which m-chloroperbensoic acid could be complexed nicely by two 

hydrogen bonds as indicated. 
12 - 

In preliminary experiments it was noticed that the rate of epoxi- 

dation of 3c with MCPBA is faster than that of a, but similar to that of 3b. - - 
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brc 

ca. 90% 

3a-d4 

Sa-d4 

Reagents : a- CH3C(=P(C6H5)3)COZEt/C6H6/reflux, b_ LiA1H4/Et20/OoC, C_ protection or 

deprotection if necessary, d. - CH3C(PO(OMe)2)C02Me/NaH/THP/-78 + 0°C.6 

A - 

The results of epoxidation of 

summarized in the following table. 

series. 

the corresponding cis allylic - 

These data are parallel with 

alcohol derivatives 5a-d are 

those observed for the trans 

These results together with those reported in the previous paper3 

laboratories indicate this cooperative effect seems to be general, and 

synthetic problems. 

and others from our 

useful in solving many 
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Table 

Me Ma 

RloJ&oR* - RID&_& OR2 + 
0 

a’oJ&Oa. 
d 

3a-d4 6a-d4 la-d4 

Ratios* (6 : 7) 

R1 R2 MCPBA/CH2C12/OoC k-Bu02H/VO(acac)./C6H6/RT 
-- 

a H H .25 : 1 >25 : 1 

H 6:l >25 : 1 

c 'gHgCH2 
H >25 : 1 4:3 

*** 

a 'gHgCH2 'gHgCH2 
1:l ** 

9a-d4 

Ratios* (8 : 9 

R1 R2 
-- 

MCPBA/CH2C12/Ooc &-Bu02H/VO(acac)./C6H6/RT 

a H H 4:l 5:l 

H 7:l >25 : 1 

c 'gHgCH2 H 15 :l 2:3 

d 
*** 

1:l ** 

* Ratios determined from the nmr spectrum of the total reaction mixture. 

** The reaction was too slow to measure the ratio. 

*** The oxidation was achieved at room temperature because of its slowness at O'c. 
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