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1237. 2,3-Dideoxy-2,3-epithio-glycosides 1
By R. D. GuTHRIE and D. MURPHY

THE reaction of simple acylic and alicyclic epoxides with alkali-metal thiocyanates to give
the corresponding episulphides is well known.2® Treatment of cyclopentene oxide or
cyclohexene oxide 8 with the potassium salt gave the corresponding episulphide together
with polymeric material. Similar treatment of cyclopentene oxide ¢ with the ammonium
salt gave predominantly the frans-thiocyanohydrin with some episulphide. The difference
in products from the potassium and ammonium salts was attributed to the difference in
basicity of the two reagents.6

Christensen and Goodman 7 reported that methyl 2,3-anhydro-4,6-O-benzylidene-«-D-
mannoside (I) reacted with ammonium thiocyanate to give the methyl 4,6-0O-benzylidene-
3-deoxy-3-thiocyano-«-D-altroside.* No methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-epi-
thio-a-D-alloside (IV) was formed directly; it was obtained from the thiocyanohydrin in
two further steps in an overall yield of 289 from the manno-epoxide (based on the corrected
yields). The lack of direct formation of the episulphide was attributed to the rigidity of
the pyranose ring due to the benzylidene group.

This view has been criticised on two counts,! the main one being that conformational
mobility is possible in such systems (cf. ref. 8), and it was further shown that direct
conversion of the manno-epoxide (I) into the allo-episulphide (IV) was possible, using
potassium thiocyanate, in 209, yield (see ref. 1 and Experimental section). Reaction of the
allo-epoxide (III) with potassium thiocyanate failed to yield any of the manno-
episulphide (II).
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In the steroid series it has since been shown that epoxides can be converted directly
into episulphides by potassium thiocyanate, albeit in low yield,? and that a vicinal diaxial
thiocyanato-ol (which would be the first product in the epoxide reaction) can be converted
directly into an episulphide.®

An alternative one-step route from epoxides to episulphides is the reaction with

* It should be noted that, assuming that the weights of products are given correctly, some yields
in the paper describing this work have been calculated incorrectly.
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thiourea.®1112 Extension of this reaction to methyl 2,3-anhydro-4,6-O-benzylidene-
«-D-mannoside (I) gave the epithio-alloside (IV) in 299, yield. Reaction with the corre-
sponding allo-epoxide (III) gave the hitherto unknown epithio-mannoside (II) (63%)
together with methyl 4,6-0-benzylidene-2,3-dideoxy-2,3-didehydro-«-D-erythro-hexo-
pyranoside (V) (20%). This latter product, whose formation was surprising, must arise
from elimination from the thiouronium intermediate and not from the episulphide, since
prolonged treatment of the epithio-mannoside with thiourea gave only unchanged starting
compound.

Thus, the best route for the formation of these two epithio-sugar derivatives is the
thiourea method rather than through thiocyanohydrins. Neither of the epithio-sugars
gave a yellow colour with concentrated sulphuric acid, as did some 5,6-epithio-sugars.!

It has been shown that aliphatic and steroid episulphides have an ultraviolet absorption
band at about 260 my. (¢ 50—200),1314 due to an optically active transition.1* The ultra-
violet spectra of the epithio-sugars (II) and (IV) (dioxan solution) did not show this band
at all clearly as it was masked by the complex absorption due to the phenyl ring of the
benzylidene group. (The spectra were essentially the same as those of the corresponding
epoxides.) The optical rotatory dispersion curves of the allo-episulphide showed a
positive Cotton effect, and the manno-isomer a very weak positive effect, both around
258 my, showing that these sugar episulphides do have an ultraviolet absorption band in
that region.

The proton magnetic resonance spectrum of the epithiomannoside (II), in chloroform,
has the features predictable from the observations of Hough and his co-workers.1®> The
phenyl, benzylidene-methine, and methoxyl protons occurred at = 2-63, 4-41, and 6-61,
respectively. The anomeric proton (H-1) gave a singlet (r 5-14) showing zero coupling
between H-1 and H-2, as found for the other manno-epi-derivatives.!d The signals due to
H-2 and H-3 occurred in the 6-5—6-9 region and were partly hidden under the methoxyl
signal.

Experimental.—Rotations were measured for chloroform solutions. Where possible com-
pounds were identified by mixed m. p., and by infrared spectroscopy.

Preparation of methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-epithio-a-D-alloside (IV). (a) With
potassium thiocyanate. The 2,3-anhydro-mannoside (I) (0-5 g.), and potassium thiocyanate
(1-0 g.) in 2-methoxyethanol (10 ml.) and water (1 ml.) were boiled under reflux for 4-5 hr.
The solution was poured into water (30 ml.), and the white solid product twice recrystallised
from propan-2-ol to give the epithio-alloside (IV) (10%), m. p. 165—170°, [«],'® -195° (¢ 1-0)
(lit.,” m. p. 166—167°, [« ?® +192°), [$lego 1180, [$lago +3060, [plgs 15380 pk., [Blosy
43350 tr., [¢ae; 47300 (dioxan).

(b) With potassium thiocyanate and ammonium chlovide. The 2,3-anhydro-mannoside (I)
(0-5 g.), potassium thiocyanate (1-0 g.), and ammonium chloride (0-075 g.) in 2-methoxyethanol
(10 ml.) and water (1 ml.) were boiled under reflux for 4-5 hr. The mixture was poured into
water (30 ml.), and the white solid product (no SCN at about 2160 cm.™) collected and dried
(0-41 g.), m. p. 98—130°, [«]!® +165° (¢ 1-0). The solid was twice recrystallised from propan-
2-0l, to give the 2,3-epithio-alloside (IV) (20%), m. p. 167—169°, [«],® +195° (¢ 1-0).

(c) With thiourea. The 2,3-anhydro-mannoside (I) (2:6 g.) and thiourea (3-0 g.) in ethanol
(100 ml.) were boiled under reflux for 16 hr. The solution was evaporated, and the crystalline
residue extracted with chloroform (50 ml.); evaporation gave the 2,3-epithio-alloside (IV)
(36%), m. p. 160—164°, [«], +192° (¢ 1-2). Recrystallisation from propan-2-ol gave the
product (29%), m. p. 164—166°.

Methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-epithio-a-D-mannoside. Methyl 2,3-anhydro-4,6-
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O-benzylidene-a-D-alloside (IIT) (2 g.) and thiourea (2:2 g.) in propan-2-ol (30 ml.) were boiled
under reflux for 48 hr. Pouring into water gave a white solid product. Careful recrystallis-
ation of the solid from propan-2-ol gave two solids, each recrystallised from the same solvent,
to give wmethyl 4,6-O-benzylidene-2,3-dideoxy-2,3-epithio-a-D-mannoside (II) (63%), m. p. 173—
174°, (], ++130° (c 0-65), [$lago + 830, [Plage + 1870, [Plass + 2330 pk., [Plaas + 1830 tr., [$ler
+ 3120 (dioxan) (Found: C, 59-8; H, 5-7; S, 11-4. C,,H,,0,S requires C, 60-0; H, 5-8; S,
11-4%,), and methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-didehydro-a-D-erythro-hexopyranoside
(V) (20%), m. p. 111—112°,

A similar experiment, using the 2,3-anhydro-alloside (III} (20 g.), gave the same products
(58 and 189%,).

The 2,3-epithio-mannoside (II) and thiourea were boiled under reflux in propan-2-ol for
40 hr. Pouring into water, and recrystallisation of the solid product, gave only unchanged
epithio-mannoside (82%).
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