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A new approach to regioselective acylation of polyhydroxy compounds
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Even though extensive results have been accumulated on the selective acylation of
mono- 2nd oligo-saccharides and their derivatives!, such acylations are not always success-
ful from the preparative point of view, due to the low selectivity of the reactant towards
various hydroxyl groups, which in most cases leads to a low yield of the desired product.
Available methods are mainly based on the kinetically controlled reaction by taking
advantage of the different reactivity, towards acylating agents, of the hydroxyl groups ac-
cording to either their steric disposition? in the molecule, or their capability of intra-
moleculzr, hydrogen-bond formation®.

We report here a thermodynamically controlled approach to this problem through
regioselective enhancement of the nucleophilicity of hydroxyl groups®. As trialkylstannyl
alkoxides are known to form a coordination bond with a neighboring oxygen atom at the
tin atomS, trialkylstannylation of polyhydroxy compounds with a limited amount of bis-
(tributylstannyl) oxide® would be expected to occur regioselectively, if product A is
thermodynamically more stable than product B (see Scheme 1). Subsequent reaction of
(tributylstannyl) alkoxide A with such electrophilic, acylating agents as acid chlorides’
should then lead to regioselective acylation.

In order to study the regioselectivity in obtaining ~50% acylation among the
total hydroxyl groups in a compound, several methyl glycosides were first chosen as the
substrates for the experiment.

Methyl o-D-glucopyranoside (1) was treated with 1.5 molar proportions of bis(tri-
butylstannyl) oxide (2) in boiling toluene under reflux, with continuous remocval of water,
to give e clear solution. After cooling to room temperature, addition of 3.0 molar propor-
tions of benzoyl! chloride initiated a mildly exothermic reaction, to afford, after standing
for 7 h at room temperature, methyl 2,6-di-O-benzoyl-«-D-glucopyranoside (3) and methy!l
2,3,6-tri-0-benzoyl-x-D-glucopyranoside (4), m.p. 127-129°, [al; +149.4° (chloroform)*
in 82 and 15% yields, respectively. Under essentially the same reaction conditions, methyl

*All compounds for which [e]f§ is recorded gave both an acceptable elemental analysis and reasonable
'H-n.m.r. data.
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Scheme 1

a-D-mannopyranoside (5) and methyl §-D-galactopyranoside (7) respectively gave high
yields of methyl 3,6-di-0-benzoyl-a-D-mannopyranoside (6) and methyl 3,6-di-0-benzoyl-
g-D-galactopyranoside (8). )

Under the same reaction conditions, however, methyl a-D-galactopyranoside (9)
gave 2 mixture of four products, namely, methy! 6-0-benzoyl-a-D-galactopyranoside (10),
m.p. 152-154°, [} + 117.8° (methanol), methyl 2,6-di-0-benzoyl-a-D-galacto-
pyranoside (11), methyl 3,6-di-0-benzoyl-a-D-galactopyranoside? (12), and methyl 2,3,6-tsi-
O-benzoyl-a-D-galactopyranoside® (13), m.p. 137-139°, [e]§ + 116.9° (chioroform) in 21,
10, 20, and 41% yield, respectively. Although dibenzoates 1 l and 12 had the same R valuss
in tic.(0.6in 3 : 1 toluene—ethyl acetate) and were isolated as mixed crystals, m.p.
125-127°, the structure of each compound could be assigned from !H-n.m.r. data**;
8 5.33(q,J 3, 10 Hz, for H-3 of 12), 5.13 (q,J 4, 10 Hz, for H-2 of 11),4.92(d,J 4 Hz,
for H-1 of 12), 3.57 (s, for CH3 of 11), and 3.46 (s, for CH; of 12).
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**+The assignments of ! H-n.m.r. data were confirmed by double-irradiation experiments. (5 in p.p.m.
downward from Me,Si as the internal standard, in CDCL,.)
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From this result, the crucial importance of the stereochemistry at the anomeric carbon

atom, in order to obtain regioselectivity in this reaction, became evident; it may be

rationalized in terms of thermodynamically favored formation of the trialkylstannyl

alkoxide of type 14 (rather than thai of type 15), which should, in turn, result in the regio-
selective acylation observed.
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Similar regioselectivity could also be achieved in the case of sulfonylation. The
(tributylistannyl)ated intermediate prepared from 1 was treated in toluene with p-toluene-
suifonyl chloride or methanesulfonyl chloride at 50°, to give a high yield of the 2,6-di-0-
sulfonyl derivatives (16 or 17).

As both high regioselectivity and high yields could be realized in the case of
methyl glycosides by choosing the proper anomeric stereochemistry, further applicability
of this method was examined by employing more-complex sysiems, such as disaccharides.

Under the conditions described in Table I, sucrose (18) gave an 87% yield of
2,3,6,1",6'-penta-0-benzoylsucrose (19) as an amorphous material. The positions of
benzoylation in 19 could be determined from *H-n.m.r. data*;§ 6.01 (t, 1 H,J 10 Hz, H-3),
5.94 (d, 1 H,J 4 Hz, H-1), and 5.33 (q, 1 H, J 4, 10 Hz, H-2). Similarly, ¢,o-trehalose (20)
could be converted into 2,3,6,2",3',6"-hexa-0-benzoyl-a,a-trehalose (21) in good yield. The
structure of 21 was also assigned from the ! H-n.m.r. data*: § 5.89 (t,2 H,J7 9 Hz, H-3 3",
5.57 (4, 2H,J 4 Hz, H-1,1"), and 543 (q, 2 H,J 4, 9 Hz, for H-2,2).

Finally, finely powdered cyclohexaamylose (22) was submitted to this reaction
sequence. The expected product, 23, could, by diluting the reaction mixture with iso-
propyl ether, be directly isolated as a white solid in very high yield. Both the remarkable
regioselectivity of benzoylation and the homogeneity of 23 were supported by ¥ C-n.m.r.
data!?, as shown in Table II.

In conclusion, an efficient, simple method for the regioselective acylation of poly-
hydroxy compounds through enhancement of the nucleophilicity of the hydroxyl groups
by trialkylstannylation has been developed.

+See footnote, page C2.
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TABLE It
3C CHEMICAL-SHIFT DATA?
Compound C-1 c2 &3 ¢4 &5 Cs
22 101.3 721 73.2 82.0 72.1 60.1
23 98.5 73.8 695 814 69.5 63.7
asc -3.3 1.7 ~3.7 -06 -26 +36

9The spectral data were obtained with a JNM-FX100 F.t.-n.m.r. apparatus for compounds in Ms, SOd,
at 60°, with tetramethylsilane as the internal reference-standard. &c in p.p.m. downward from the
internal reference.
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