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Note

A convenient synthesis of D-glucose-2-C-d derivatives,
and of methyl 4,6-0-benzylidene-2-C-methyl-a-D-
glucopyranoside

Aran H. HamNngs
School of Chenucal Sciences. Universitv of East Aneha. Norwich NRS 7TJ (Great Briraim)

(Recenved f Iictober 7th, 1976 accepted for publication, November 5th, 1976)

In connection with *°Si-n.m.r. studies' on trimethylisilyl ethers of carbo-
hydrates. methyl c-D-glucopyranoside-2-C-4 (6) was required. The published
procedures for the preparation of D-glucase, or its derivatives. isotopically substituted
with deuterium or trinum at C-2 imvolve enzyme-controlled incorporation of the
isotope from deuterium onide or tritiated water into D-glucose 6-phosphate? or
D-fructuse 6-phosphate®~*. and the reduction of sodium b-arabino-hesulosonate with
lithium borotriuide®. In each case. careful separation of the compound having the
required gluco-configuration is necessary from structural isomers or stereoisomers
that are produced concomitantly. Brief reports’~® of high stereoselectivity exhibited
in reductions of certain z-pD-arabino-hexopyranosid-2-ulose derivatives prompted the
development of a simple, non-enzymic svnthesis for D-glucose and its derivatives
labelled with deutenum at C-2, starting from the readily available'® methyl 3-0-
tenzoyl-4,6-0O-benzvlidene-x-p-glucopyranoside (1).

Osidation of 1 with methyl sulphovude-phosphorus pentaovide in N, N-
dimethylformamide'! gave a chromatographically homogeneous substance which
appeared to be the hydrate (2) of methyl 3-O-benzoyl-4,6-0-benzylhidene-x-p-arabino-
hexopyranosid-2-ulose (3). Although the product had a large m.p. range and no
satisfactory elemental analysis was obtamed. further recrystallisations and preparative
laver chromatography did not alter its physical properties. The n.m.r. spectrum
irdicated, unequivocally, the structure 2. and provided no evidence for the presence of
any impurities. The i.r. spectrum showed absorptions for hydrosyl groups, in addition
to the espected carbonyl absorption.

Complete dehvdration of 2, 10 afford ketone 3, was not achievad by repeated
azeotiropic removal of water with toluene. Although an absorption for hydroxyl
eroups in the i.r. spectrum of the glassy material so obtained was only just detectable,
crystallisation of the substance from dichleromethane-light petroleum gave highly
crystalline matenial (mainly ketone 3) which melted over a large temperature-range.
This range varied with each preparation. but at its narrowest was 54-64°. Prolonged
drying of hydrate 2 in tacuo produced materi1l which gave an i.r. spectrum very
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similar to that of this crystalline material, and which had an elzmental analysis close
to that expected for 3.

Collins and his co-workers'? reported the preparation of 3, having m.p. 51-527,
by the oxidation of 1 with methyl sulphoxide-dicyclohevylcarbodi-imide??. Their
n.m.r. data for this compound agree well with the corresponding data for the de-
hydration product of 2 prepared in this work. in this laboratory, repetiticn of the
described'® preparation of 3 afforded material having i.r. and n.m.r. spectra in-
distinguishable from those of the compeund obiained rig the ovidation of 1 with
methyl sulphoxide-phosphorus pentaoxide. and similar melting-point behaviour was
observed. It is concluded that the complete dehydration of 2 proceeds only with
difficulty, and that the hydration of 3 does not occur stoichiometrically.

Reduction of hydrate 2 with sodium borodeuteride in ethanol solution gave
an immediate precipitate of the 3-benzoate, which was debenzoylated to afford methyl
4,6-O-benzylidene-z-pD-glucopyranoside-2-C-d (4) 1n 69% overall yield. Catalvtic
hydrogenolysis of 4 gave methyl x-b-glucopyranoside-2-C-d (6), in which the estent of
deuterium incorporation was shown to be not less than 96°., by examination of the
mass spectrum of the tetra-O-acetyl derivative 7. Hydrolysis of the glycoside 6 gave
D-glucose-2-C-4. which was characterised as its penta-acetate 8.

The high stereoselectivity of tne reduction prompted an investigation into the
stereochemistry of the reaction of 3 with a Grignard reagent. Treatment of 3 with six
molar equivalents of methylmagnesium iodide in ether, with 1solation of the major
reaction product by p.l.c., gave crystalline methyl 4.6-0-benzyiidene-2-C-methyl-x-D-
glucopyranoside (S). The configuration at C-2 in 5 was ascertained by measurement
of the circular dichroism (c.d.) spectrum of a solution containing equal amounts of
the diol and tris(dipivalomethanato)prasecodymium!*. The positive extremum of the
c.d. curve at 315 nm indicated the gluco configuration of the product: the mammo
isomer would be espected 1o give a curve having a negative extrenum at this wave-
length.

EXPERIMENTAL

Preparative layer chromatography was performed on Kieselgel PF,z,. N.m.r.
spectra were measured with Varian HA-100 or Perkin-Elmer R-12 instruments
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(Me,Si as internal standard). Rotations were measured at ambient temperature with a
Perkin-Elmer 141 polarimeter. The c.d. spectrum was measured with a Cary 61
Spectropolanmeter. Light petroleem refers to the fraction having b.p. 60-80".

Oxudanion of methil 3-O-benzovi-4,6-0-benzviidene-x-pD-glucopvranoside (1)
with methyl sulphoxide-phosphorus pentaoxide. — A solution of 1'° (10.6 g) in a
mixture of N, N-dimethylformamide (300 ml) and methyl sulphoxide (9 ml) con-
taining phosphorus peniaoside (14.4 g) was stirred at room temperature for 12 h, and
then heated in an oil bath at 70° for 6 h. Addition of the reaction mixture to ice-water
(1.51) afforded a crystalline solid. which was collected, washed with water, and then
recrystallised from ethanol-water to afford matenial (mainly the hvdrate 2: 8.38 g),
m.p. 91-102", [z]p —+ (¢ 0.5, ethanob); v 3500, 3240 (OH), 1760 (weak), and
1720 cm~ ' (C=0). N.r1.r. data (CDCl;, 100 MH2): 6 1.90 (br, 2 OH), 3.53 (s. OMe).
3.704.60 (complex m, H-4,5,6,6'), 4.84 (5. H-1). 5.38 (s benzylic-H), 6.01 (d, J, ,
10 Hz. H-3), 7.20-7.70 and 8.00-8.20 (complex m. Ar-H .

An acceptable elemental analysis could not be obtained on this material. On
t.l.c. (toluene—ethyl acetate, 9:1: three developments). it was homogeneous (R 0.36:
I had R 0.21). Neither repeated recrystallisation nor p.l.c. of the material produced
an elevation or narrow.ng of the meliing range, and aithough intensive drying (80° in
racuo over P,O.) produced no sysiematic change in m.p.. it caused a significant
decrease in the iatensities of the i.r. bands ror OH. and a marked increase in the
intensity of the C=O band at 1760 cm~'. Elemental apalvsis of dried material was
consistent with its being mainly the ketone 3.

Anal. Cale. for C5,H,,04: C. 62.7; H. 4.5. Found: C, 62.2: H, 5.6.

Repeated evaporation of ioluene from a sample of the oxidation product
(m.p. 91-102 ) gave a thick svrup which was reconverted into the original. crystalline
material on the addr.1on of water. Crystallisation of the syrup from dichioromethane-
light petroleum afforded material having m.p. 54-64°: +Nuio) 3600-3100 (very broad
and weak). 1760, and 1720cm ™! (C=0). N.m.r. data (CDCl;. 60 MHz): ¢ 3.38
(s, OMe). 3.70-4.60 (comples m. H-4.5.6.6"), 4.76 (s. H-1). 5.50 (s, benzylic-H),
6.0} (d. J; , 10 Hz, H-3). 7.10-7.60 and 8.00-8.30 (complex, Ar-H). Collins and his
co-workers'? reported m.p. 51-52%, [a]p — 187 (¢ Q.5, ethanol), and similar spectral
dat for 3 prepared by oxidation of 1 with methyl sulphoxide-dicyclohexylcarbod:-
imide.

Oxidation of 1 with methyl sulphoxide-dicyclohexylcarbodi-imide, with
crystallisation of the product from ethanol-water. gave material, m.p. 100-112-.
[¢]lp — 6" (¢ 0.6. ethanol), the i.r. spectrum of which was indistinguishable from that of
the material having m.p. 91-102" described above. The products of the two owdation
procedures. afier azeotropic dehvdration with toluene, gave indistinguishable o.m r.
spectra (CDCl; at 60 MHz).

Methyt 4,6-0O-benzy lidene-z-p-glucopyranoside-2-C-d (4). — To a solution of
the crystalline oxidation product 2 (2.7 g) in 95% ethanol (25 ml), a solution of
sodium borodeuteride (0.2 g) 1n ethanol (5 mi) was added in one portion. The
solution deposited crystals immediately and, «fter the addition of water (10 ml), these
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were collected and dried in racuo over phosphorus pentaowide. The matenal (2.2 g),
which had an R value identical to that of I (t.l.c.: toluene-cthyl acetate. 4:1). was
suspended in methanol (30 ml), and sodium (0.02 g) was added: dissolution of the
solid occurred during {3 min. After 635 h at room temperature, solid carbon dioxide
was added to the mixture, and the residue obtained on concentration of the solution
was triturated with light petroleum. Crystallisation of the resulting sohid from ethyl
acetate-light petroleum gave 4 (1.3 g, 69°, based on 2), m.p. 167-169 | [x]p + 105°
(¢ 0.2. chloroform): lit.'” for the uniabelled compound. m.p. 163-164", [x], +110-
{(c 2. chloroform). The n.m r. specirum of 4 in (CD,),CO was similar to that of the
undeuterated compound. but the signal for H-1 was a singlet at 6 4.7 instead of tha
doublet at ¢ 4.7 (J, .. 4 Hz) observed 1n the latter case.

Methyl a-p-glucopyranoside-2-C-d (6). — A solution of 4 (0.96 g) in methanol
(20 ml) containing one drop of triflunoroacetic acid was stirred under hydrogen in the
presence of palladium—charcoal (0.14 g) for 4 h After filtrauon through kieselguhr,
the solution was concentrated. and the residue ~as crystallised from ethanol at 4 to
gine 6 (0.56 2. 85%:). m p 169-171". The n.m.r. spectrum n D,O was similar to that
of undeuterated compound. but H-1 appezred as a singlet at & 4.78, instead of a
doublet at 6 4.79 (J, » 4 Hz) in the latter case

Treatment of 6 with acstic anhydride in pyridine afforded the tetra-acetate 7.
m.p. 102-103". In the mass spectrum of 7. the peak of highest m/e value was ai 332
(M — ONMfe) The ratio of intensities of peaks at mife 332 and 331 indicated that 7 was
= 96", monodeuicrated.

Penta-O-acetyl-f-o-glucopi ranose-2-C-d (8). — A solution of 6 (0.2 2) in 0.5M
hydrochloric acid was heated under refiux for 13 h After neutralization with
Amberlite IR-45 (HO ") ion-eschange resin (3 mu). the solution was concentrated, and
water was removed from the residue by azeotropic distillation with absolute ethanol.
The solid was dissolved in the munimum quanuiv of water. absolute ethanol (4 mi)
added. and the solution was seeded with D-glucose. After | week. the crystals (0.12 )
were collected. and acetylated with acetic anhydride-sodium acetate to afford, after
two recrystallisations from ethanol, 8 (0.07 g), m p. 130-132". N.m r. data (CDCl,;.
100 MHz): 6 1.99, 2.0l (x2), 206. 2.09 (45, OAc)., 3.70-394 (m. H-3), 39640
(complex m. H-6,6"), 4.96-5.31 (m, H-3... and 3.7 (s. H-1). The n.m.r. spectrum n
CDCl, was similar to that of the undeuterated compound'®: in the latter case, the
signal for H-1 is a doublet at d 576 (J, , 6.9 H2).

Methvl 4.6-O-benzvhidenc-2-C-methy I-2-p-glucopi ranoside (8). — The crystalline
onidation product 2 (1.3 g) was dehydrated by azeotropic removal ol water with
toluene (5% 30 ml). A solution of the resulting syrup in ether (30 ml) was added
during 1 h, with stirring. to an ethereal solution of methylmagnesium 1o0dide, prepared
from magnesium (0.49 g), methyl iodide (1 3 ml). and ether (11 ml). After 12 h. water
(2 ml) was added and the ether was evaporated under reduced pressure. Chloroform
(75 ml) and water (75 ml) were added. the mixture was filtered through hieselguhr,
and the chloroform laver was dried (Na,SQO,) and concentrated. T.l.c. (ethyl acetate-
toluene. 1:1) indicaied a major reaction product (Ry 0.2) which was then isolated by
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p.l.c. Crysiallisation of the syrup (0.59 g) from ethyl acetate-light petroleum gave
material (0.4 g) which, afier two further recrystallisations, gave &, m.p. 156-158°,
[2lp +80° (¢ 0.3, chloroform). N.m.r. data (CDCl;, 100 MHz): é 1.31 (s. C-Me),
2.50-2.7C (br, 2 OH), 3.40 (s, OMe), 3.454.34 (complex m, H-3,4,5,6,6'), 4.42 (5. H-1),
5.50 (s, benzylic-H), and 7.20-7.60 (m, Ar-H).

Anal. Calc. for C,sH,,0.: C, 60.8; H. 6.8. Found: C, 60.6; H, 6.7.

The c.d. spectrum of a solution of 5 (3 mg) in carbon tetrachloride (100 ml}j
containing tris(dipivalomethanaio)praseodymium (7 mg) had d& +0.73 at 315 nm.

A solution of the dibenzoate of 5 in methanol gave a c.d. spectrum with Ag
+18.13 at 235 nm, confirming'’ the gluco configuration.
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