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Abstmct: Under optimized conditions, the epoxidation of 1-0-watts-2-butenyl-3.4,~tri-0-benzyl-P_ 

D-glucopyranose gave a 9:l mixture of diastereomers. The diastereoselectivities observed were 

shown to be highly dependent on the nature of the reagent used and of the protecting group at C-2 of 

the auxiliary. 

The epoxidation of allylic alcohols is of major importance in asymmetric synthesis.2 The advent of the 

Katsuki-SharpJess reactions has advantaged the oxirane function as an excellent precursor of optically pure 

derivatives. Being such a powerful catalytic process, the Sharpless epoxidation has completely overwhelmed 

other methodologies, thus, it is not surprising that there are no in depth investigations of the application chiral 

auxiliaries in this area.” We have recently shown that carbohydrates can be used as efficient chiral auxiliaries5 

in the stereoselective Simmons-Smith cyclopropanation of substituted allylic alcohols.6 In the course of our 

research program which aims at developing new chiral auxiliaries for hydroxyl-directed reactions, we became 

interested in evaluating the potential of the glucose-derived template in the directed epoxidation reaction. This 

general methodology would be of interest not only to provide access to substituted epoxy alcohols, but also to 

provide an expedient entry to a variety of glycolipidsr by oxirane opening (Scheme 1). In this communication, 

we report that 3.4.6-tri-0-benzyl+D-glucose can be used as an efficient chiral template for the epoxidation 

reaction of allylic ethers. 

Scheme 1 

i Diastereoselection: ~50 : 1 

I 9 

2283 



2284 A. B. CHARE~TE and B. COTE 

Among the wide variety of epoxidizing reagents available, several have emerged as being particularly 

effective for the oxygen-directed epoxidation reaction. * The first class of reagents that was studied were those 

that involve formation of a covalent oxygen-metal bond. 9 It is well known, from literature data, that the 

metal-directed epoxidation requires an hydroxy group as an anchor for the reagent in order to achieve good 

diastereoselectivities.tu Quite unexpectedly, the vanadium, molybdenum, or titanium-catalyzed epoxidation 

of rruns-2’-butenyl3,4,6-tri-O-benzyl-~-D-glucopyranoside la (R=OH) produced very low yields (O-40%) of 

the desired epoxides under a variety of reaction conditions (Table 1) . Most importantly, neither diastereomer 

was formed preferentially. 
Table 1. Transition Metal-catalyzed Epoxidation of 1. 

Bn 

%! z&b 
O O&C& Reagents, ,“;o*-c& + E3;&p_c~ En0 

R CHzClz 
0 0 

1 2 3 

Entry R 

1 OH (la) 

2 OH (la) 

3 OH (la) 

Reagents 

VO(acac)pb 
rerr-B&OH 

Mo(co)6° 
rerr-B&OH 

McOPHb*e 

Yieldc 

N.R. 

N.R. 

40% 

Ratio (2:3)d 

____ 

____ 

1:l 

4 OH (la) TiiwF&;b 10% 1: 1 

Catalytic amount of metal was used. bStoechiometric amount of metal was also ineffective in increasing 
the yields. ‘Determined by 200 MHz tH NMR. dDetermined by 200 MHz rH NMR and HPLC of the 
crude pro&r CMoopH: Oxodiperoxymolybdenum@yridine)-hexamethyiphosphoramide. 

These results are rather surprising since the transition metal-catalyzed epoxidation of some 

trishomoallylic olefins are known to give relatively good diastereoselectivities.*t 

The failure of the transition metal-directed epoxidation led us to explore the second class of reagents 

which involves the use of peroxy acids as epoxidizing reagents. Since several functional groups are known to 

direct the epoxidation reaction via hydrogen bond formation, we initially focused on determining the best 

directing group at the C-2 position of the auxiliary. MCPBA was used for the initial study because of its ease 

in handling, availability, and intermediate reactivity. As shown in Table 2, the efficiency of the reaction is 

optimal in the case where a free hydroxy group is present at the 2-position (entry 1). This is presumably due to 

hydrogen bond formation between the reagent and the directing group on the auxiliary. Another important 

observation is that the relative rate of epoxidation appears to be highly dependent on the nature of the 

protecting group at C-2. The fastest epoxidation reaction occurred with a free hydroxy group at C-2 and it 

was also the most diastereoselective. This rate enhancement is consistent with the involvement of the hydroxy 

group at C-2 and with kinetic data for the directed epoxidation of simple allylic alcohols.12 It is not surprising 

to see the efficiency of the hydroxy and carbamate groups knowing their high propensity to form hydrogen 

bonds.13 Lower diastereoselectivities in the case of the carbamate are presumably the result of the longer 

distance between the hydrogen bonded reagent and the reactive site (entry 5). It is also interesting to observe 

that very low yields and diastereoselectivities were obtained with bulky protecting groups at C-2 (entry 4, 5). 



Carbohydrates as chiral auxiliaries 2285 

Table 2. Epoxidation of 1 with MCPBA (2 eq) in CH2Cl2 (0 “C). 
Entry R Time YieldC Ratio (2:3)d 

1 OH (la) 4hrs >95% 4.1 : 1 

2 OBn (lb) 12 hrs 40% 1:l 

3 OTB’S (lc)o 12hrs 30% 1:l 

4 OPiv (ld>b 12 hrs 30% 1:l 

5 OCONHPh (le) 12 hrs 70% 2:1 
“TIPS: Triisopropylsilyl. bPiv: Pivsloyl. ‘Determined by 200 MHz *H NMR. 
dDeterminedby 2OOMHz~HNMRandHPL.Cofthccmdeproduct. 

Having found the best directing group at the C-2 position of the glycoside. we then surveyed some 

other oxidizing reagents which are prone to react via a similar mechanism (Table 3). Unfortunately, most 

peroxides and peroxy acids that were studied produced lower yields and ratios (entry l-4). 
Table 3. Effect of the reagents on the diastereoselectivities in the epoxidation of la. 

lOI Solvent Temp. (‘C) Time (h) Yield (%r Ratio (2:3)b 

1 CF,CqH / Na,WO, 

3 a I 
m3H 

cQ2H 

4 
o-o 
x 

5 

6 

MCPBA 

MCF’BA 
3A mol. siev. 

CY~* -50 2 90 2.1 : 1 

CHz& 25 12 10 1.5 : 1 

CHz’& 25 24 90 2.0 : 1 

CWA 0 6 80 1:l 

CHDz 0 4 >95 4.1 : 1 

Toluene -30 48 80 9:l 

“Determined by 200 MHz lH NMR. bDetermined by 200 MHz lH NMR and HPLC of the crude product 

The optimization of the reaction conditions, with MCPBA as the oxidant, have shown that the number 

of equivalents of peracid, the concentration of the substrate, the excess of m-chlorobenzoic acid and the 

presence of a buffer (Nam4) had no effect on the selectivities of the epoxidation. Conversely, it is possible 

to favor one diastereomeric transition state by lowering the reaction temperature and to promote the hydrogen 

bond effect by using a less polar solvent. So when the reaction was performed in toluene at -30 l C a 9 : 1 

mixture of dlastereomers14 was obtained in 80% yield along with 15% of recovered starting material (entry 

6).15 The level of stereochemical induction reported here is one of the highest known for the epoxidation 

reaction of trishomoallylic alcohols. Mechanistic studies are under investigation with different substrates in 

order to find out salient interactions which can account for the opposite face selectivity relative to the delivery 

of the carbenoid species in the cyclopropanation reaction. Conversion of epoxide 2 into glycolipids will also 

be reported in due course. 
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