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Note

Synthesis of an aldosyl chloride by the reaction of thionyl chioride with the
1-O-thallium(l) salt of an aldose
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A glycosyl halide may be synthesized!*? from a suitable aldose derivative having
a free, anomeric hydroxyl group by sulfonylation of this group in the presence of
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halide ion. For example, the reaction of trifluoromethanesuifonic anhydride with
2,3,4,6-tetra-O-benzyl-D-glucopyranose (1) in the presence of tetrabutylammonium
bromide and s-collidine gives' the «-bromide (3). Analogously, the a-chloride (4)
is obtained when chloride ion is employed, or, more simply?, by the base-catalyzed
reaction of 1 with methanesulfony! chloride. These reactions undoubtedly involve a
displacement of the sulfonyloxy group of intermediate 2 by halide ion.

A related type of synthesis is described here; i.e., a glycosyl chloride is formed
by the action of thionyl chloride on an aldose or, more satisfactorily, on the 1-0-
thallium(I) salt® of the aldose. By use of this procedure, the halide is isolated very
conveniently in quantitative yield, paralleling the excellent, quantitative features of
many thallium-mediated reactions®.

Although thionyl chloride is used extensively for the conversion of an alcohol
into a chloro derivative, its reaction with 2,3:5,6-di-O-isopropylidene-«-D-manno-
furanose (5) was reported” to give the «-chloride (6) in only 4.5% yield. In the present
study, a quantitative yield of 6 was obtained by the following procedure: one molar
proportion of thallous ethoxide was added to a solution of 5 in benzene, the solution
was evaporated to remove the ethanol liberated, and then one molar proporiion of
thionyl chloride was introduced. Thallous chloride precipitated rapidly and was
centrifuged off, and the solution was evaporated to give an ~ 1009 yield of syrupy 6,
pure according to chromatographic and n.m.r.-spectroscopic evidence.

Employing the same procedure with 1 and with 2,3,5-tri-O-benzyl-p-arabino-
furanose (7) gave quantitative yields of the corresponding «-chiorides (4 and 8,
respectively). The «-anomeric designation for 8 is based on the small, H-1, H-2
coupling (<1 Hz; ref. 6) observed for the H-1 signal (§ 6.10). Additional evidence
was furnished by the reaction of compound 8 with methanol in the presence of silver
oxide. This afforded the methyl p-glycoside (9) almost exclusively, as shown by a
3-proton singlet at 0 3.45 and a coupling of 4.2 Hz (ref. 6) between H-1 and H-2.

By analogy with the reaction of thionyl chloride with an alcohol, the thallous
salt of an aldose (10) would be expected” to yield a chlorosulfite (11). Decomposition
of the latter would occur readily, and would be accompanied by an internal, nucleo-
philic substitution at C-1 by chlorine, to give a glycosyl chloride (12). As there is no
excess of CI™ in solution, substitution should take place with retention of con-
figuration”’, although the product that is isolated will be the one favored by equilibra-
tion at the anomeric center. Hence, with the D-glucopyranosyl derivative 1, the «
anomer (4) is obtained. The b-mannofuranose derivative 5 and the D-arabinofuranose
derivative 7 also yield « anomers (6 and 8) as products, probably because they are
stabilized more than their f anomers by a quasi-axial anomeric substituent, as well
as by a 1,2-trans arrangement. That is, the anomeric effect is operative in the five-
membered?®, as well as the six-membered, ring series.

It is worth noting that a quantitative yield of the D-glycosyl chloride 4 was also
obtained without the use of thallium, i.e., when a solution of aldose 1 and six molar
proportions of thionyl chloride in benzene was heated under reflux for five hours,
and the solution then evaporated. However, the D-arabino derivative (8) prepared in
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this way was contaminated by ~159% of an unidentified product, and the di-O-
isopropylidene-D-mannose derivative 6 proved to be unstable under the latter reaction-
conditions, undoubtedly due to the hydrogen chloride liberated*. Therefore, prior
formation of the thallous salt of an aldose is to be recommended when thionyl
chloride is used in the synthesis of a glycosyl chloride.

EXPERIMENTAL

General methods. — Solutions were usually evaporated below 40° under dimin-
ished pressure. Solvents were dried over molecular sieves (4A). All glassware was
oven-dried. Plates of Silica Gel G were used for t.l.c., and the developing solvent
was [:2 ethyl acetate-petroleum ether. Proton magnetic resonance spectra were
recorded with a Varian HA-100 spectrometer, using CDCIl; as the solvent. Chemical
shifts (J) are reported with reference to tetramethylsilane.

2,3:5,6-Di-O-isopropylidene-a-pD-mannofuranosy! chloride (6) from the thallous
salt of 5. — A solution of 2,3:5,6-di-O-isopropylidene-D-mannofuranose (5) (0.52 g,
2 mmol) in benzene (20 mL) was dried over molecular sieves (4A; 2 g), and then
transferred with a syringe to a flask fitted with a rubber septum. Dry nitrogen was
passed through the solution, thallium(l) ethoxide** (Aldrich; 0.53 g, 2.1 mmol) was
added, and the solution was stirred for 15 min, and evaporated (to remove ethanol}.
The yellow-green residue was dissoived by the addition of benzene (20 mL), and
thiony! chloride (0.26 g, 2.1 mmol) was introduced. leading to the formation of a
white precipitate. The suspension was stirred for 2 h, and then centrifuged: the super-
natant solution was filtered through Celite, and the filtrate evaporated, affording a
colorless syrup: yield, 0.55 g (1009%). According to t.l.c. evidence, the product
consisted of a single component, and its 'H-n.m.r. spectrum was indistinguishable
from that of 6 prepared? by other methods; 'H-n.m.r. data: § 6.04 (s, | H. H-1),
5.1-3.9 (m, 6 H, H-2,3,4,5,6,6°), 1.43 (s, 6 H, 2 CH,). 1.35 (s, 3 H, CH,), and 1.30
(s, 3 H, CH3); J, , <l Hz.

2,3,4,6-Tetra-Q-benzyl-a-b-glucopyranosy! chioride (4). — A solution of 1
(Pfanstiehi; 0.54 g, 1.0 mmol) in chloroform (15 mL) was dried over molecular sieves
(4A; 2 g), and then transferred with a syringe to a flask fitted with a rubber septum.
Dry nitrogen was passed through the solution, followed, at 0°, by addition of thionyl
chloride (0.71 g, 6.0 mmol). The solution was boiled under reflux for 5 h, and then
evaporated, affording a colorless syrup; yield, 0.56 g (1009). According to tl.c.
evidence, the product consisted of a single component, and its 'H-n.m.r. spectrum
was indistinguishable from that of 4 prepared® by other methods; 'H-n.m.r. data:
5 7.6-6.9 (m, 20 H, aryl), 6.1 (d, 1 H, H-1), and 5.0-3.7 (m, 14 H, 4 CH.,, H-2,3,4,5,6,
6’); J, ;» 4.0 Hz.

*In the earlier studyS, the reaction was conducted in the presence of pyridine, although the low yicld
of 6 obtained may have resulted from the use of insufficient thionyl chloride.

**As thallium compounds are extremely toxict, rubber gloves should be worn, and operations con-
ducted in a hood.




308 NOTE

ACKNOWLEDGMENT

The authors express their gratitude to the Natural Science and Engineering
Research Council of Canada for generous support.

REFERENCES

J. LErOUX AND A. S. PERLIN, Carbohydr. Res., 47 (1976) c9—c10.
J. LEeroux AND A. S. PErLIN, Carbohydr. Res., 67 (1978) 163-178.

R. C. MENziEs, J. Chem. Soc., (1947) 1378-1384.

E. C. TaAYLOR AND A. McKiLLop, Acc. Chem. Res., 3 (1970) 338-346.

K. TAKIURA AND S. HoNDA, Chem. Pharm. Bull., 18 (1970) 2125-2127.

J. D. Stevens anD H. G. FLETCHER, JR., J. Org. Chem., 33 (1968) 1799-1805.

E. S. Gourp, Mechanism and Structure in Qrganic Chemistry, Holt-Dryden, New York, 1959,
pp. 294-295.

8 N. Cyr AND A. S. PerLiIN, Can. J. Chem., 57 (1979) 2504-2511.

1
2
3
a4
5
6
7



