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Abstract: The diastereofaces of primary allylic alcohols bearing (4S,SS)-bis(r-butyldimethyl- 

siloxy)-framework as a controller of acyclic conformation have been differentiated with high 

Qde’s in hydroxy-directed MCPBA epoxidations. The stereochemical outcome of this process 

has been discussed and rationalized by invoking both the “outside-inside bias” concept 

previously proposed and the possible transition state structure proposed by Sharpless. 

Differentiation of the diastereofaces of allylic alcohols having an oxygen-linking stereocenter by oxidizing 

agents such as no-chloroperbenzoic acid (MCPBA) or transition metal-mediated t-butylhydroperoxide (‘I’BI-IP) 

provides us with diverse opportunities for gaining access to valuable chiral building blocks in target-orienting 

total syntheses.’ The E-isomer system (1) illustrated in Scheme I leads to diastereoisomeric syn- or anti-tranr- 

2,3-epoxy alcohols (3 and 4) regioselectively in high yields on treatment with MCPBA even in the presence of 

other carbon-carbon double bond in Z provided they are not accompanied by an allylic hydroxyl group. 

Similarly, the Z-isomer system (2) is a desired precursor for syn- or anti-cis-2,3-epoxy alcohols (5 and 6) 
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A possible transitio*state structure for this electrophilic addition process of carbon-carbon double bonds has 

been proposed by Sharpless’ to involve 7 as shown above. This structure reasonably satisfies a stereoelectronic 

ensemble among the bonding and anti-bonding rr-orbitals of the carbon-carbon double bond, the antibonding o- 

orbital (O-O) of the peracid, and the two unshared electron pairs on the oxygen atom of the peracid one of 

which makes hydrogen bond to the allylic hydroxyl group at the transition state. 

To the best our knowledge, no proposal has been recorded so far with regard to the relative disposition 

between the substituents on the stereocenter and incoming hydrogen-bonded peracid within the systems 1 and 2. 

Important consequences of the model 7 should be invoked for this purpose: the m-chlorobenzoyl subunit, 

denoted by thick lines (Scheme I), occupies a space opposite to the hydroxymethylene subunit with regard to an 

axis around the carbon-carbon double bond. On this basis each transition state for epoxidations of 1 and 2 can 

be illustrated as [Ea]* or [Es]* and [Za]* or [zS]*, respectively (Scheme I). This situation, in turn, means that a 

diastereofacial bias generated by the oxygen-bearing stereocenters would be disappointingly small because no 

enhanced propinquity of the peracid to the most demanding space seems assured as reasonably and quickly 

recognized from the spatial occupation of the peracid designated in those structures. 

Thus, the diastereomerlc excess for epoxidation of this class is, in general, moderate or very low irrespective 

of the geometry of carbon-carbon double bonds. For instance, the compounds shown below (?3? 9.3 1OP 112) 

have demonstrated that such is the case. After every endeavor to overcome this drawback, we have succeeded in 

achieving very high diaspereomeric excesses in MCPBA epoxidations of the related compounds5 relying on the 

protected vicinal diol controller,6 which is the subject of this communication. 
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The first representative results are shown in Scheme IL7 The stereochemical results over 80 %de can be 

rationalized on the basis of the specific conformations of substrates 12 and 14 as depicted, for which the 

imbedded vicinal TBSO groups is responsible.6” In these conformations an oxidant is allowed to attack only 

from the outside.8 In particular, Z-allylic substrate (14) afforded a mixture of anti- (15) and syn-isomers in a 

ratio 52:l (96 %de) in sharp contrast to the case of 9 (5 %de), for which a transition state assembly such as 

TS(14A) should be reswnsible. On the other hand, E-allylic substrate (12) led to a 9:l (80 %de) mixture of 

epoxides in preference to anti-adduct (13). Similar interpretation as above brings us to the conclusion that a 

transition state leading p 13 illustrated as TS(12A) would unavoidably suffer from steric congestion between 

the hydrogen-bonded peracid and the C(4)-TBSO group. The situation would dictate rotation sround the C(3)_ 

C(4)-bond to become free from such a steric disadvantage, leading to TS(12B) though this, in particular the 

C(2&hydrogen, must in turn be pitted against constraint from the C(S)-TBSO group. If so, the oxidant may 

approach to the opposite n-(C=C)-face that turned inside out. Formation of a minor but still a considerable 

amount of syn-epoxide (10%) from 12 could be rationalized in this way. 

In order to make this point clear and understandable at an interpreting level and to test the feasibility of the 

present strategy, more substituted derivatives such as 16 and 18 were epoxidized in a similar way. These 
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second representative results were shown in Scheme IIL7 Introduction of a methyl group to the C(2) of 12 was 

expected for TS(l2A~twTS(l2Bt interconversion to be highly encumbered for steric reason. This idea 

has proven to be exquisitely powerful to lead to the exclusive formation of anti-epoxide (17) (>99 bde). This 

degree of diastereoselection is highly delightful if we recall the disappointing level of that (9 %de) observed for 

the related compound 8. In contrast to this remarkable control, introduction of a methyl group three-carbon 

away from the C(4)-stereocenter has proven no more effective. Indeed, epoxldatlon of 1,1-dlmethyl version 

(18), which is considered not to result in sizable steric crowding on both C(4) and C(S)-TBSO groups, 

remained at an essentially identical level of diastereoselection (19: 81 %de) as that of 12 (80 %de). 

Scheme II. 
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These satisfactory results observed for 12,14,16, and 18 led us to examine further the particular advantage 

inherent to the protected vicinal diol controller in terms of diastereoselection using various structural types 20- 

23. As expected these compounds turned out to give satisfactory diasetereomeric excesses as shown. 

From the synthetic standpoint, though not an essential breakthrough, the present protected vlcinal diol 

controller approach offers a simple and promising solution to highly diasteneoselective hydroxy-directed 

MBBA epoxidation of allylic alcohols since such processes using acetonide or single bulky protection (S-11) 
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resulted only in 9,5,39, and 20 sbde’s, respectively. Several novel chiral oxirane templates available in this way 

should be highly useful in the light of their versatility and tolerance for latent functionality elaboration. 
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