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The ease with which carbohydrate trifluoromethanesulfonates (trif-

lates) undergo substitution reactions with a wide variety of nucleophiles1

has allowed these compounds to play an increasingly important role in

synthetic carbohydrate chemistry.2 The exceptional reactivity of triflates

also creates an opportunity for unusual reactions to occur;* for example,

triflyl group migration4 and internal displacement by very weak nucleo-

philes5 both have been observed. Also, carbohydrate triflates have been

used as alkylating agents in oligosaccharide synthesis.* In this com-

munication a new triflate reaction is described. This new process is one

in which departure of the triflyloxy group is accompanied by ring opening

to give an acyclic alkene.

When methyl 4-O-benzoyl-2,6-dideoxy-3-O-triflyl-/3-D-iy,TO-hexo-

pyranoside (I)7 (0.63 g, 1.58 mmol) was heated for 45 min under reflux in a

solution consisting of toluene (5 mL), pyridine (5 mL) and water (1 mL), the

two esters 3 and 4 of 4-penten-2,3-diol were formed in 47% and 40% yields,

respectively.8 The s t ructures of these products suggested that a reaction

was occurring in which there was simultaneous loss of the triflyloxy group

and opening of the pyranoid ring (Scheme I). (Although triflate departure

before ring opening was an a priori possibility, such a reaction was

rendered unlikely by the absence of products arising from capture of the

cyclic cation 5.9) It was not clear, however, whether water was part ic-
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ipating in the process during ring-opening (Scheme I, path A) or simply

was reacting with the cation 6 after its formation (path B). One way to

choose between these possibilities, required the formation of a stable com-

pound, such as an orthoester, analogous to the proposed intermediate 7; in

fact, the orthoester 8 did form in 86% yield when methanol replaced water

in the reaction of I.10 If formation of 8 were occurring in a concerted

fashion, reaction of 1 with an alcohol other than methanol should produce

a single orthoester rather than the pair of diastereomers expected from

the intermediacy of 6. When such a reaction was conducted using CD3OD,

a mixture of the diastereomeric orthoesters 9 and 10 was produced.10 This

result supported the stepwise pathway B.
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H
BzO

R=H g R r R ' = H

R=D 9 R = H. R'= D

10 R = D, R' = H

A remaining uncertainty about the mechanism of this reaction con-

cerned the formation of the benzoate ester 4. Compound 4 could be

produced either directly from 7 (Scheme I, path C) or by hydrolysis of 3

(path D). Since 7 also is a probable intermediate in hydrolysis of 8 and

since orthoesters are easily hydrolyzed, it was possible to generate 7 and

observe its reaction under conditions which did not permit the hydrolysis

of 3. Under these conditions (moist silica gel and room temperature) only

compound 3 (no 4) was formed; therefore, 3 is the only primary product

from reaction of the triflate 1 in the presence of water. (Not surprisingly,

when 3 is heated in toluene and water, 4 is produced.)

A ring-opening reaction of the type described here, which is

analogous to a Grob fragmentation,11'12 is made possible by the absence of

an effective nucleophile. This fact is apparent when reaction of 1 (0.30 g,

0.75 mmol) is conducted in the presence of 1.0 g (3.1 mmol) of tetrabutyl-

ammonium bromide in dichloromethane for one h at 25 °C, since under

these conditions the simple displacement product 11 is the only compound

formed (in 96% yield). The contrast between bromide ion and water in

their reactions with 1 suggests that further examination of triflate reac-

tivity in the absence of effective nucleophiles, conditions not normally

employed, could reveal other new reactions for this valuable class of com-

pounds.

BzO

Y
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9. The other alternative, heterolytic Ci-C2 bond cleavage prior to t r i -
flate departure, was not deemed to be a realistic possibility. If such
a reaction could occur, Ci-C2 fragmentation reactions would be a
common rather than a rare reaction for pyranosides.
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3.28, 3.33 (OMe), 4.07 (H2, JJ>3 = 6.7 Hz, 5.20 [CH(OMe2], 5.32 (Hsc, JWc
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