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NUCLEOPHILIC DISPLACEMENT REACTIONS OF THE METHANESULFONATES OF

THE 1-0-BENZOYL-1,2- , -1,3- , and -1,46-GLYCOLS
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Abstract: Nucleophilic displacement reactions of the methanesulfonates (8a-c) of the l-0-benzoyl-1,2-,
-1,3-, and -1,4-glycols (7a-c) with potassium acetate in boiling acetic anhydride have been examined.
Both benzoyloxy-group participation pathway (path A) and SNZ displacement pathway (path B) have
been involved in the 1,2<(8a)- and 1,3-(8b)-substrates to give a mixture of the primary (10a,b) and the
secondary (lla,b) acetates with complete inversion of chiralities. On the other hand, only SN2
displacement pathway {(path B) has been involved in the l,4-substrate (8c) to give the secondary

acetate (llc) with inversion of the chirality.

Recently, we reported an efficient chirality inversion reaction of some !,2- and 1,3-glycol
derivatives (la,b) via the solvolytic treatment of their dimethanesulfonates (2a,b) with potassium
acetate in boiling acetic anhydridel'B (Scheme 1). Although there were no evidences, we assumed
that the inversion occurred by attack of the acetate ion at the primary center of an acetoxonium ion
(4) formed by neighboring-group participation of the initially introduced acetoxy group at the primary
carbon of a dimethanesulfonate (2) (path A) rather than by simple SNZ displacement at the primary
and the secondary centers with the acetate lon (path B) as a similar chirality inversion reaction by
neighboring-group participation has been reported in carbohydrates containing a 1,2-glycol systemu’j.
We report here our results on the solvolytic reactions of the methanesulfonates (8a-c) of the 1-0-
benzoyl-1,2-, -1,3-, and -l,4-glycols (7a-c), prepared from the corresponding precursors (6a-c), with
potassium acetate in boiling acetic anhydride.

Each of the methanesulfonates (8a-c) was prepared from the corresponding glycols, (R)—l,2-(§a)6,
(S)-l,3-(_6_b)3, and (S)—l,#-(éc)7, respectively, via the primary benzoates (7a-c) by successive treatment

mol. equiv.

with benzoyl chloride (1 ) and methanesulfonyl chloride under standard conditions.

mol. equiv,

Treatment of the l,2-diester (8a) with potassium acetate (1.3 ) in boiling acetic

anhydride gave an inseparable mixture of two isomeric products in 94 % yield of which ratio was
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Scheme 1

determined to be 6 : 1 by 1H-nmr spectrum. Comparing its lH-nmr spectrum with those of authentic
1-0-acetyl-2-0-benzoyl-(10a)- and 2-0-acetyl-1-0-benzoyl(l1a)-1,2-glycols prepared from the original
glycol (_ga)s, the major component was assigned to be the former (10a) formed by neighboring-group
participation pathway (path A) and the minor one to be the latter (1la) formed by SNZ displacement
pathway (path B). Treatment of the mixture with methanolic potassium carbonate allowed a facile
deacylation to give the l,2-glycol (6a) in 70 % yield which was identical with the original 1,2-glycol
(6a) in all respects except the sign of optical rotations. Since optical rotations of (6a) was found to
be very variable on concentration, both the materials were converted into the diacetate for the
comparison. The diacetate from the original (R)-1,2-glycol (6a) possessed [u]D + 16.69° (c .50,
CHC13), while the diacetate from the reaction product showed [OUD - 16.54° (c 3.06, CHCIB) indicating
a complete inversion in the solvolysis. This also indicated that the formation of (lla) was not
resulted by attack of the acetate ion at the secondary center of the benzoxonium intermediate (9a),
but by direct SNZ displacement at the secondary center of the mesylate (8a).

On the same solvolytic treatment, the 1,3-diester(éb) gave an inseparable mixture of two
components in 4 : 1 ratio, in 86 % yield, which were assigned to be the 3-0-acetyl-1-0-benzoyl(11b)-
and 1-0-acetyl-3-0-benzoyl(10b)-1,3-glycols, respectively, by lH-nmr comparison with authentic
materials obtained from the 1,3-glycol (_6_b)9. Hydrolysis of the mixture gave a single product (6b),

lol, + 7.90° (c 7.56, MeOH), in 85 % yield, which was identical in all respects except the sign of

D
rotations with the original 1,3-glycol (6b), [OL]D - 7.56° (c 3.65, MeOH)B, indicating complete inversion
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Scheme 2

in the reaction. In contrast to the 1,2-system (8a), SNZ displacement pathway (path B) predominated
over neighboring-group participation pathway (path A) in this case.

On the other hand, the l,4-diester (8¢) furnished a single product in 74 % yield upon the same
solvolytic treatment. The product, [Ot]D + 6.04° (c 2.81, MeOH), was assigned to be the 4-p-acetyl-
1-C-benzoyl-1,4-glycol (11c) by direct comparison with an authentic material (11c), [OL]D -5.94° (c 4,11,
MeOH), prepared from the original 1,4-glycol (gc)lo, which were identical in all respects except the
sign of rotation. This indicated that the inversion occurred only by SN2 displacement pathway (path
B) in the L,4-system.

In summary, we can conclude that the chirality inversion occurred by both benzoyloxy-group
participation pathway and SNZ displacement pathway in the 1,2- and 1,3-substrates, while by only SNZ

displacement pathway in the l,4-substrate.
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