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ABSTRACT

Methyl a-L- and «-D-glucopyranosides have been synthesized from methyl
(R)- and (8)-(2-furylglycolates (3), respectively. The key intermediates, methyl
6-O-benzyl-2,3-dideoxy-L(and D)-hex-2-enopyranosid-4-uloses (13), were obtained in
seven steps from the ester 3, without change of configuration of the asymmetric
center, which became C-5 in the sugar molecule. Reduction of the ketone group at C-4
in the glycoside 13 with sodium borohydride afforded the corresponding methy!
6-0-benzyl-2,3-dideoxy-erythro-hex-2-enopyranosides (14). Epoxidation of the double
bond in 14, followed by oxirane ring-opening in the anhydro sugar 16, and subsequent
catalytic hydrogenolysis of the benzyl group led to the title compounds.

INTRODUCTION

The total synthesis of optically pure monosaccharides!~® from nonsugar
precursors usually requires resolution at the final or at an intermediate stage of the
synthesis. Therefore, the choice of a product having a desired absolute configuration
is possible only by comparison with the naturally occuring sugar. When the absolute
configuration of the natural sugar is not known, separate steps may be necessary to
establish it?. On the other hand, starting from D-threaric acid’, L-glutamic acid®, or
L-alanine®, optically active pentoses and 6-deoxyhexoses have been obtained. These
syntheses did not require a resolution step and, even more significantly, the absolute
configurations of the final products could be selected at the outset of the synthetic
sequence. It appeared desirable to extend this approach on other types of mono-
saccharides. The general method for stereoselective, total synthesis of monosac-
charides from furan derivatives developed by us!®, and summarized in Scheme I,
seemed well suited for this purpose.

Thus far, this route has afforded only racemic sugars**. However, starting with
an enantxom°nm.[ly pure 2-furylcarbino! (1) of known absolute configuration, it

*PDedicated to the memory of Professor J. K. N. Jones, F.R.S.
TPreliminary report of part of this work: O. Achmatowicz, Jr., R. Bielski, and P. Bukowski, Abstr.,
Oth Intern. Symp. Chem. Natural P(adztcts, Ottawa, Canada, June 24-28, 1974, p. 38A. -
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should be possible to obtain optically pure monosaccharides of the desired absolute
configuration. As the result of a six-step, stereoselective transformation, the carbinol
carbon atom in a 2-furylearbinoi 1 (R = H, CH;, CH,0H, CH,NO,, or CH,NHACc)
becomes a C-5 in the final product 2, and defines the configurational series (D or L) of
the monosaccharide obtained*, which should therefore be related to the configuration
of the asymmetric center in the siarting furan derivative.

The present report describes how this approach may be put to practice, as
exemplified by the total synthesis of methyl -L- and a-D-glucopyranosides.

RESULTS AND DISCUSSION

The furan derivatives used as substrates were the readily available methyl esters
of {R)- and (S)-2-furylglycolic acid (3). Their preparation and assignment of their
absolute configuration have been described previously!2. Reduction of the racemic
methyl (2-furyl)giycolate and conversion of the resulting diol info methyl 2,3-dideoxy-
a- and B-pL-hex-2-enopyranosid-4-uloses has also been published already'®''>. In
the preparation of the corresponding optically active compounds, difficulties might
arise at the stage of hydrolysis of the respective 2,5-dimethoxy-2,5-dihydrofuran
derivatives because of possible epimerization at the carbinol carbon atom!®. This
crucial question was settled by preparation of the optically active methyl 2,3-dideoxy-
- and B-hex-2-enopyranosid-4-uloses (4 and 5) from methyl (R)-(—)-(2-furyl)-
glycolate 3 of 95% optical purity!2. Comparison of the optical rotations (for the
6-benzoate 6 of the « anomer) with [iterature data for methyl 6- O-benzoyl-x-D-glycero-
hex-2-enopyranosid-4-ulose*#, and methyl f-p-glycero-hex-2-enopyranosid-4-ulose!>
obtained from D-glucose, demonstrated the enantiomeric relation of the respective
compounds and indicated about 90% optical purity in the synthetic samples. There-
fore, it could be concluded that the configuration at the carbinol asymmetric center
in the starting ester 3 was not altered during the foregoing transformations, and the
extent of racemization was smallf. This point was clearly demonstrated by completion

*Except in case of the peatoses, namely, when R=H. i
¥ Further experiments, described Iater, showed that degree of raoemmatxon is, in fact, negligible.



TOTAL SYNTHESIS OF METHYL GLUCOSIDES 167

of the synthesis of methyl «-L and «-D-glucopyranosides from methyl (R)-(—)- (95%
optical purity) and (S)-(-+)~-(2-furyl)glycolates (93% optical purity), respectively. The
following report pertains to the transformations conducted separately upon both
enantiomers of the ester 3 (compare Experimentatl).

H CH,0BN
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MeO O
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Scheme II (For the scke of simplicity, formulas in this Scheme
denote only compounds of the o series)
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To avoid undesirable reactions*, the. primary hydroxyl group in (2-furyl)-1,2-
dihydroxyethane!® was protected as the benzyl (Bn) cther. To achieve this, methyl

{2-furyl)glycolate (3) was converted into the tetrahydropyran-2-yl (THP) derivative 7,

which was reduced with lithium aluminum hydride to give the diol 8. The latter, upon
treatment with benzyl bromide in the presence of sodium hydroxide, and subsequent
acid hydrolysis, gave the benzyl ether 10. Compound 10 reacted with bromine in
methanol!? to yield a mixture of c¢is and trans isomers (t.lc., *H-n.m.r) of 2,5-
dimethoxy-2,5-dihydrofuran (11). .Acid hydrolysis of 11 gave the glycosulose 12,
migrating as a single spot in t.lc. However, its 'H-n.m.r. spectrum revealed the
presence of the « and B anomers in approximately 7:3 ratio. Moreover, the anomeric
relation of the components was consistent with the mutarotation observed for 12 in
chloroform solution.

The next three steps of the synthesis were performed on the mixture of anomers,
without separation of the resulting compounds.

2,3-Dideoxyhex-2-enopyranos-4-ulose (12), treated with methy! orthoformate
in the presence of boron trifluoride, gave a 7:3 mixture of methyl «- and f-glycosides
{13). Treatment of 13 with lithium aluminum hydride at room temperature effected
reduction of the carbonyl group, together with reductive rearrangement of the double
bond*®, leading to the 3-deoxyglycal 22, which was characterized spectroscopically
(i.r. and *H-n.m.r.) as its 4-acetate® 23.

CH,OBn
13 1. LiAIH4 , ether o
2.A¢,0 , CeHsN
RO
22 R = H
23 R = Ac

On the other hand, reduction of the carbonyl group in 13 with sodium boro-
hydride in THF-water gave a product exhibiting properties consistent with structure
14. The configuration at C-4 in compounds i4 or 15 could not be deduced from
1H-n.m.r. data. However, on the basis of previous studies!*-!°, it could be predicted
that, for the °Hs(D) [°Hy(L)] conformation, prevailing for both anomers of 13,
stereoelectronic factors decidedly favor the approach of a metal hydride from the

side of the pyranoid ring. Consequently, the erythro configuration (x and f) was {

assigned to the carbinols 14.

Epoxidation of 14 with freshly purified m-chloroperoxybenzoic acid gave a
product consisting essentially of two components (t.l.c.), which were separated by
chromatography on a column of silica gel. These compounds and their 4-acetates gave

*Formation of the 1,6-anhydride during glycosidation has already been mentioned!?; the 3,6-
anhydride is formed as the main product during oxirane ring-opening in methyl 2,3-anhydro-o-
allopyranoside2® (an intermediate in the synthesis of methyl glucopyranosides).
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analytical and spectral (i.r. and *H-n.m.r.) data expected for methyl 6-O-benzyl-2,3-
anhydropyranosides. In the *H-n.m.r. spectra of the 4-acetates 17 and 19, the J, s
values of 9.8 and 9.0 Hz, respectively, confirmed that both compounds have the
erpthro configuration and that the pyranoid ring adopts the °H(D) [°H,(L)] con-
formation. The configuration in the oxirane ring and the stereochemistry of the
methoxyl group at C-1 in both compounds 17 and 19 was established unequivocally
from the J; ; and J; 4 values?0.

In recent studies on the 'H-n.m.r. spectra and conformations of methyl
6-deoxy-2,3-anhydrohexopyranosides®?, we have determined values of the coupling
constants for cis and frans orientations of the H-1-H-2 and H-3-H-4 atoms, which
have permitted differentiation of pseudoaxial (pax) and pseudoequatorial (peg)
dispositions of H-1 and H-4. These are as follows: cis~Jy ., 2 3.1, €is-J} yor,» 0.8-1.0,
Cis-J3 speq 54, Cis=J;3 4p0x 1.5-1.9, trans-J,,., 5 0.6, trans-Jype. , ~0.1, trans-Js 4pe,
~0.4, and trans-J; 4. ~0 Hz. Comparison of these values with the 'H-n.m.r. data
{Table 1) of the epoxides obtained established the «-allo and B-allo configurations for
the major (16) and minor (18) products, respectively.

It should be pointed out that epoxidation of 14 with commercial m-chloro-
peroxybenzoic acid (whaich contained about 30% of m-chlorobenzoic acid as a
stabilizer) unexpectedly gave 6-0-benzyl-2,3-dideoxy-a- and f-hex-2-enopyranos-4-
ulose (12) as the only product isolated. The same result was obtained when pure
m-chloroperoxybenzoic acid containing a trace of p-toluenesulfonic acid was used.
The following rationale for this transformation is offered. The mixture of carbinols (14)
undergoes acidic degradation to 2-(2-benzyloxy-1-hydroxyethyDfuran (10) (the
formation of 10 from 14 in the presence of p-toluenesulfonic acid was observed in
t.l.c.). After oxidation, the furan ring in the latier rearranges to give the glycosnlose
12, a reaction already reported?? for a number of furylcarbinols.

CH,OBn CH-OBn
H
= O
O, nt H ~
oMe é ch 080 m-CICgHCO3H . o OH
HO © &n
10 12

14

It is noteworthy that these transformations proceed without loss of optical
activity, in accord with earlier observations of the acidic degradation of 2,3-
unsaturated sugars to furan compounds??® and the mechanism suggested by Zamojski
et al.** for this reaction.

Scission of the oxirane ring in 2,3-anhydro sugars having the «-allo configuration
is not usually regioselective?%:2%, It was observed that base-catalyzed hydrolysis of
the anhydride 16 gave two methyl pyranocsides in 1:1 ratio (t..c.). On the other hand,
acid-catalyzed hydrolysis was found to be more regioselective; treatment of 16 with
1% sulfuric acid yielded the same methyl pyranosides but in the ratio of about 9:1.
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The main product 20, after isolation by chromatography on silica gel, exhibited
[edp —83.1° and {«], +82.0° for the L and D series, respectively. Its a-gluco con-
figuration was proved by direct comparison (t.l.c., i.r., and !H-n.m.r. spectroscopy)
with an authentic sample of methyl 6-0-benzy1—oz—n-glucopyranoéide (falp +87.1°).

Catalytic hydrogenolysis of the protecting benzyl group in 20 yielded methyl
a-L- and a-D-glucopyranosides (21), exhibiting optical rotations of [&], —150.2 and
[elp +147.6° respectively, and ir. spectra superposable on that of an authentic
sampie of methy! «-p-glucopyranoside.

The foregoing values for the optical rotations show 95% optical purity of the
synthetic methyl a-L-glucopyranoside and 93% for the methyl «-D-glucopyranoside.
These values are approximately equal to the optical purity of the corresponding
methyl (R)- and (S)-(2-furyl)glycolates used as starting materials.

CONMCLUSION

A general method for stereoselective synthesis of monosaccharides from furan
compounds has provided a convenient route to a number of classes of sugar com-
pounds®!+27. The present paper has described the total synthesis of methyl a-L- and
«-D-glucopyranosides from methyl (R)- and (S)-(2-furyl)glycolates, proceeding
without loss of optical purity and with retention of configuration of the asymmetric
carbon atom in the starting material. The resuits demonstrate the applicability of this
method to the synthesis of enantiomerically pure sugars of specified absolute con-
figuration.

EXPERIMENTAL

General methods. — Melting points were determined on a Kofler block and are
uncorrected. Bath temperatures are given for boiling points. L.r. spectra were obtained
with a Unicam SP-200 spectrometer, with KBr discs for solids and films for liquids.
U.v. spectra were measured for ethanolic solutions with a Unicam SP-500 spec-
trometer. *H-N.m.r. spectra were obtained with a Jeol JNM-4H-100 instrument
operating at 100 MHz. Optical rotations were measured with a Hilger—Standard
polarimeter. Gas-liquid chromatographic analyses were made with Willy Giede gas
chromatograph model 18.3." For column chromatography, silica gel Schuchardt
(100-200 mesh) was used. All reactions and chromatographic separations were
monitored by t.l.c. on silica gel G (E. Merck). Solvents were removed under vacuum.

Experiments performed separately for each enantiomer are described jointly
and only the optical rotations observed are reported separately. Elemental analyses
are given for compounds of the L series. 'H-N.m.r. data of compounds 12-19 are
collected in Table I.

Substrates. — Methyl (R)-( —)- and (S)-(+)-2-furyiglycolate (3) were obtained
according to the procedure reported®?: (R)-3, m.p. 44-45° [«]p, —132.0° (c 0.91,
chloroform), 95% optical purity, (S)-3, m.p. 44-45°, [«]p +129.0° (¢ 0.93, chiloro-
form), 93% optical purity.
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Compounds 4, 5, 24, 25, and 26 were prepared exactly according te procedures
described for the corresponding racemic compounds!®. They exhibited physical
(b.p. and t.l.c. mobility) and spectroscopic (i.r., u.v., and *H-n.m.r.) properties
identical with the latter and gave the following optical rotations: (S)-2-(1,2-dthydroxy-
ethylfuran (24), [¢]p —34.3° (¢ 1.1, chloroform), 93.5% optical purity [lit.>> for
(R)-2-(1,2-dihydroxyethyDfuran, [x]p +36.7° (chloroform)]; (S)-2-(1,2-O-isopro-
pylidene-1,2-dihydroxyethyl)furan (25), [a]p —25.2° (c 1.0, chloroform); 2,3-dideoxy-
a- and f-L-glycero-hex-2-enopyranos-4-ulose (26), [¢]p +26.4° (¢ 1.35, water),
[€lp —18.2° (¢ 1.25, chloroform); methyl 2,3-dideoxy-a-1-glycero-hex-2-enopyranosid-
4-ulose (4), m.p. 74-76°, [alp —15.6° (c 2.11, chloroform); and methyl 2,3-dideoxy-
p-L-glycero-hex-2-enopyranosid-4-ulose (5), {x]p —34.0° (¢ 1.16, chloroform),
[«]p +12.8° (¢ 1.10, ethanol), 90% optical purity [lit.?® for methyl 2,3-dideoxy-
B-D-glycero-hex-2-enopyranosid-4-ulose, {a]y — 14.3° (ethanol)}.

Methyl 6-O-benzyl-a-D-glucopyranoside®, [o]p +87.1° (¢ 0.91, chloroform),
was obtained by treating methyl «¢-D-glucopyranoside with one molar equivalent of
benzyl chloride and sodium hydroxide in dimethyl sulfoxide, with subsequent
chromatographic separation of the main product, which showed the expected
spectroscopic (i.r. and *H-n.m.r.) properties.

Methyl 6-Q-benzoyl-2,3-dideoxy-a-L-glycero-hex-2-enopyranosid-4-ulose (6). —
A solution of the glycopyranosid-4-ulose 4 (30 mg), benzoyl chloride (33 mg), and
pyridine (0.025 ml) in chloroform (3 ml) was kept for two days at room temperature,
washed successively with 5% aqueous hydrochloric acid and water, and then
evaporated. Preparative t.lc. (9:1 benzene-ethyl acetate) gave 6 (45 mg, 90%),
m.p. 69-70°, [¢]p +6.9° (¢ 0.83, chloroform) of 90% optical purity (Found: C, 64.0;
H, 5.6. C;,H,,0; calc.: C, 64.1; H, 5.4%). The m.p., and i.r. and u.v. data of 6 were
identical with lit.** values for methyl 6-O-benzoyl-2,3-dideoxy-a-D-glycero-hex-2-
enopyranosid-4-ulose (fxly —7.7° in chloroform).

Methyl (R)- and (S)~(2-furyly-O-tetrchydropyranylglycolate (7). — A solution of
the methyl ester 3 (12.95 g, 83 mmol) and p-toluenesulfonic acid (0.25 g) was chilled
to 0° and 3,4-dihydro-2H-pyran (8.4 g, 0.10 mol) was added with stirring while the
temperature was maintained below 15°. Stirring was continued for 0.5 h and the
solution was diluted with ether (200 ml). It was washed with aqueous sodium hydrogen-
carbonate and water, and then evaporated. Distillation of the residue gave 7 (18.92 g,
95%), b.p. 1.0°/0.3 torr, [(R)-7, [«}p —68.2° (¢ 2.22, chloroform); (S)-7, [¢]lp +65.4°
(c 0.91, chloroform)]; v,. 1760 (C=0), 1220, 1200, 1120, and 1040 cm ™! (C-O-C);
'H-n.m.r. data (CDCl;): 6 7.40 (m, H-5, furan). 6.40 (m, H-3 and H-4 of furan),
5.34 (s, H-a0), 4.76 (m, 1 proton, THP), 3.81 (s, OCH;) 3.55 (m, 2 protons, THP),
and 1.95-1.45 (m, 6 protons, THP) (Found: C, 60.2; H, 6.5. C;,H,,0; calc.: C, 60.0;
H, 6.7%).

*The preparation of methyl 6-O-benzyi-p-glucopyranosides as a mixture of a and § anomers has
been reported?? already.



TOTAL SYNTHESIS O% METHYL GLUCOSIDES 173

(S)- and (R)*-2-[I-(1-O-Tetrahydropyranyl-1,2-dihydroxyethyl)]furan (8). —
A solution of the ester 7 {16.2 g, 68 mmol) was slowly added to a stirred suspension of
lithium aluminum hydride (2.5 g, 0.062 mol) in ether (100 ml). The mixture was cooled
in an ice-water bath, and water (2.5 ml), 15% sodium hydroxide (2.5 ml), and
water (7.5 ml) were added in succession. The precipitate was filtered off and washed
with ethyl acetate (100 ml). Evaporation of the combined solvents gave 8 (144 g,
100%), b.p. 100°/0.3 torr, [(S)-8, [«]p —37.8° (¢ 1.38, chloroform); (R)-8, [«], +35.4°
(c 0.69, chloroform)]; v, 3450 (OH), 1120, 1025, 985 (C-0O-C), 1505, and 880 cm ™!
(furan); 'H-n.m.r. data (CDCl,): 6 7.34 (dd, H-5 of furan), 6.30 (m, H-3, H4 of
furan), 4.82 (t, J; , 2.2 Hz, H-1), 4.59 (m, 1 proton, THP), 3.84 (d, 2 protons,
Jy,2 2.2 Hz, H-2, H-2'), 4.05-3.50 (m, 2 protons, THP), 2.82 (s, OH), and 1.8-1.4
(m, 6 protons, THP) (Found: C, 62.3; H, 8.0. C,;H,¢,0, calc.: C, 62.2; H, 7.6%).

2-[1-(2-O-Benzyl-1-O-tetrahydropyranyl-1,2-dihydroxyethyDlfuran (9). — A
solution of the diol 8 (14.2 g, 59 mmol) in dimethyl sulfoxide (100 ml) was stirred
under nitrogen for 0.5 h with a solution of sodium hydroxide (4.5 g, 0.113 mol) in
dimethyl sulfoxide (80 ml). Benzyl chloride (8.3 g, 0.065 mol) was added dropwise,
stirring was continued for 24 h, and the mixture was poured on ice-water and
extracted with ether. Evaporation of the solvents and distillation afforded the ether 9
(15.5 g, 87%) b.p. 155°/0.3 torr, [(S)-9, [¢lp —41.6° (¢ 1.54, chloroform); (R)-9,
[elp +39.9° (¢ 0.71, chloroform)]; v,.. 1505, 880 (furan), 1460, 740, 695 (Ph), 1200,
1120, and 1025cm™! (C-O-C); 'H-n.m.r. data (CDCl,): J 7.35 (m, 6 protons,
Ph and H-5 of furan), 6.34 (m, H-2 and H-3 of furan), 4.95 (m, H-1), 4.59 (s,
2 protons, CH, of benzyl), 4.57 (m, 1 proton, THP), 4.2-3.3 (m, 2 protons, THP),
and 2.0-1.0 (m, 6 protons, THP) (Found: C, 71.7; H, 7.2. C,gH,,0, calc.: C, 71.5;
H, 7.3%).

2-{1-(2-O-Benzyl-1,2-dihydroxyethyl)l furan (10). — The THP derivative 9
(12.8 g, 42 mmol) was treated at room temperature with p-toluenesulfonic acid (0.4 g)
in abs. methanol. After 3 h the mixture was made neutral with triethylamine and
then evaporated. The residue was diluted with ether, and the solution was washed
with water, dried, and evaporated. Distillation yielded the benzyl ether 10 (90 g,
98%), b.p. 120°/0.2 torr, [(S)-10, [}, — 16.5° (¢ 0.58, chloroform); (R)-10, [«], +15.3°
(c 0.59, chloroform)]; v,.. 3450 (OH), 1505, 890 (furan), 1460, 745, 700 (Ph), 1150,
1120, and 1020cm™*! (C-0-C); 'H-n.m.r. data (CDCl;): &7.24 (m, 6 protons,
Ph and H-5 of furan), 6.22 (d, 2 protons, J 1.4 Hz, H-3 and H-4 of furan), 4.86
(t, Jy,» 5.7Hz, H-1), 4.53 (s, 2 protons, CH, of benzyl), 3.34 (d, 2 protons, H-2
and H-27), and 2.90 (s, OH) (Found: C, 71.6; H, 6.5. C,3H,.0; calc.: C, 71.5;
H, 6.5%).

2-[1-(2-O-Benzyl-1,2-dihydroxyethyl)}-2,5-dimethoxy-2,5-dihydrofuran (11). —
The ether 10 (9.0 g, 41 mmol) afforded!® 11 (10.0 g, 87.5%), b.p. 160°/0.2 torr,
[(S)-11, [a]p —4.9° (¢ 1.21, chloroform); (R)-11, [z}, +4.6° (¢ 0.73, chlcroform)];

*Note the change of the notation (R, S) for the absolute configuration for the corresponding enanti-
omers of 7 and 8.
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Voax 3480 (OH), 1630 (C=C), 1460, 740, 695 (Ph), 1120, 1095, 1020, and 980 cm™!
(C-0-C); *H-n.m.r. data (CDCl;): 6 7.25 (s, 5 protons, Ph), 6.2-5.8 (m, 2 protons,
J3,4 5.9 Hz, H-3 and H4 of dihydrofuran), 5.61 (t, H-5 of trans-dihydrofuran),
5.42 (t, H-5 of cis-dihydrofuran), 4.38 (s, 2 protons, CH, of benzyl), 3.90-3.5G
(=, 3 protons, H-1, H-2, H-2'), 3.49, 3.18 (2xs, OCH; cis), 3.40, 3.09 (2xs,
OCH; frans), and 2.62 (s, OH) (Found: C, 64.0; H, 7.1. C,;H,,0; calc.: C, 64.2;
H, 7.2%).

6-O-Benzyl-2,3-dideoxy-u- and B-glycero-hex-2-enopyranos-¢-ulose (12). — The
carbinol 11 (6.6 g, 23.5 mmol), dissolved in acetic acid (13 ml), was treated with 1%
sulfuric acid (6.5 mi) for 3 h at room temperature, and then brought to pH 4.5-5.0
with aqueous sodium hydrogencarbonate. The product was extracted with ethyl
acetate. Evaporation of the extract gave the homogeneous (t.l.c.) glycosulose 12
(5.5 g, 100%), b.p. 175°/0.3 torr, [L-12, [x]lp —23.0° (¢ 0.94, chlorcform), after 6 h
—61.7°; p-12, [¢]p, +61.6° (after 5h, ¢ 1.32, chloroform)]; v... 3450 (OH), 1690,
1630 (O=C—-C=C), 1460, 740, and 695 cm™* (Ph) (Found: C, 65.9; H, 6.1. C;3H,,0,
cale.: C, 66.6; H, 6.0%). -4

Methyl 6-O-benzyl-2,3-dideoxy-a- and B-glycero-hex-2-enopyranosid-4-uloses
{(13). — A solution of the glycopyranos-4-ulose 12 (5.35 g, 21.8 mmol) and trimethyl
orthoformate (5.50 g, 50.9 mmol) in ether (200 ml) was treated with boron trifiuoride
etherate (0.5 ml) at room temperature. After 2 h, the mixture was neutralized with
triethylamine, washed with water, dried, and evaporated. Distillation yielded the
glycopyranosid-4-uloses 13 (5.1 g, 94%) b.p. 160°/0.1 torr, {L-13, [0l —8.1° (¢ 0.75,
chloroform); D-13, [alp, +7.7° (¢ 0.52, chloroform)}; v,.. 1695, 1635 (O=-C-C=C),
1460, 745, 700 (Ph), 1105, and 1050 cm™! (C-0-C); AE°H 217 (¢ 4600), 282 nm
(1080) (Found: C, 67.7; H, 6.5. C,,H,,0, calc.: C, 67.7; H, 6.5%).

Methyl 6-O-benzyl-2,3-dideoxy-o- and B-erythro-hex-2-encpyranosides (14). —
The methyl glycosides 13 (5.0 g, 20 mmo}l) in THF (100 m!) were added dropwise to a
chilled (ice-water bath) solution of sodium borohydride (0.40 g, 10 mmol) in water
(60 ml). After stirring for 0.5 h, the mixture was made neutral with acetic acid and
extracted with ethyl acetate. Evaporation of the solvent and chromatography of the
residue (4.7 g) on a column of silica gel (100 g) with 9:1 benzene-ether gave the
alcohols 14 (3.15 g, 63%), b.p. 170°/0.2 torr, [L-14, [}y —21.0° (¢ 0.46, chloroform);
D-14, Jalp +17.6° (¢ 0.94, chloroform)}; v,.. 3450 (OH), 1460, 735, 695 (Phj), 1100,
1050, and 965 cm™?! (C-O-C) (Found: C, 67.3; H, 7.3. C,;,H,30, calc.: C, 67.2;
H, 7.3%). Examination of the trimethylsilyl ethers®® of 14 by g.l.c. showed a ratio of
2:1 for the « and f anomers and the presence of a third compound (~ 10%), pre-
sumably the S-threo isomer.

Methyl 4-O-acetyl-6-0-benzyl-2,3-dideoxy-u- and f-erythro-hex-2-encpyranosides
(15). — The alcohols 14, treated with 1:1 acetic anhydride-pyridine at room temper-
ature afforded the acetates 20, b.p. 165°/0.4 torr, v, 1740, 1235 (OAc), 1460, 735,
695 (Ph), 1100, 1045, and 965 cm™* (C-0-C) (Found: C, 65.2; H, 7.1. C,cH,,0;
calc.: C, 65.7; H, 6.9%).

Methyl 2,3-anhydro-6-O-benzyl-a- and B-allopyranoside (16) and (18). — A
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solution of the alcohols 14 (1.70 g, 6.8 mmol) in dichloromethane (30 ml) was stirred
for 4 days with freshly purified m-chloroperoxybenzoic acid (1.3 g, 8.0 mmol) at
room temperature. The solvent was evaporated off and the residue redissoived in
benzene. The solution was washed with aqueous sodium hydrogencarbonate,
evaporated, and the resulting syrup adsorbed on a column of silica gel (35 g). Elution
with 9:1 benzene—ether and combination of appropriate (t.l.c.) fractions gave the
B-allo epoxide 18, (0.214 g, 12%) b.p. 180°/0.05 torr, [1-18, [«]p, +19.5° (¢ 1.61,
chloroform)]; vy, 3450 (OH), 1460, 745, 700 (Ph), 1120, 1080, 1005 (C~O-C), 1210,
860, and 820 cm™! (epoxide) (Found: C, 62.9; H, 7.0. C,.,H,,05 calc.: C, 63.1;
H, 6.8%).

Further elution of the column with the same solvent afforded the a-allo epoxide
16 (0.85 g, 47%) b.p. 190°/0.2 torr, [L-16, [a]p —93.9° (¢ 0.61, chloroform); D-16,
[elp +91.0° (¢ 1.04, chloroform)]; v, 3450 (CH), 1460, 740, 695 (Ph), 1150, 1100,
1065, 990 (C-0O-C), 1250, and 910 cm ™ * (epoxide) (Found: C, 63.0; H, 6.8. C,,H,,0;
calc.: C, 63.1; H, 6.8%).

Methyl4-O-acetyl-2,3-anhydro-6-O-benzyl-B-allopyranoside (19). — This product
had b.p. 190°/0.5 torr, [L-19, [x], —40.4° (¢ 0.99, chloroform)]; v..., 1740, 1240 (OAc),
1460, 755, 700 (Ph), 1125, 1090, 1005 (C-O-C), 860, and 820 cm ™! (epoxide) (Found:
C, 62.2; H, 6.6. C;cH,,0; calc.: C, 62.3; H, 6.5%).

Methyl 4-O-acetyl-2,3-anhydro-6-O-benzyl-a-allopyranoside (17T). — This com-
pound had b.p. 190°/0.4 torr, v, 1740, 1240 (OAc), 1460, 745, 700 (Ph), 1150, 1120,
1080, 1040 (C-O-C), 1250, and 920cm™*! (epoxide) (Found: C, 62.0; H, 6.5.
C,6H,,0; cale.: C, 62.3; H, 6.5%).

Methyl 6-O-benzyl-u-glucopyranoside (20). — Epoxide 16 {688 mg, 2.6 mmol)
was heated to boiling with 1% sulfuric acid (7 ml) under reflux for 3 h. The solution
was chilled, neutralized with aqueous barium hydroxide, filtered, and evaporated.
the residue (780 mg) was resoived on a column of silica gel (16 g). Elution with 19:1
benzene-methanol afforded methyl 6-0-benzyl-a-altropyranoside (44 mg, 6.1%) and
then the glucoside 20 (396 mg, 55%). The latter, after distillation, had b.p. 200°/
0.3 torr, and it solidified; m.p. 58-60°, [L-20, [x]p, —83.1° (¢ 0.81, chloroform)
(95.4% optical purity); D-20, [«]l, +82.0° (¢ 0.83, chloroform) (94.1% optical
purity)l; va.. 3450 (OH), 1460, 755, 720, 700 (Ph), 1160, 1060, and 1010 cm™!
(C-0-C) (Found: C, 59.1; H, 7.4. C{4H,,0; calc.: C, 59.1; H, 7.1%).

Methyl a-glucopyranoside (21). — A suspension of palladium oxide (60 mg) in
acetic acid (5 ml) was agitated in an atmosphere of hydrogen for 6 h, the glucoside 20
(155 mg) in acetic acid (10 ml) was added, and hydrogenation was continued for 12 h.
The catalyst was filtered off and the solvent evaporated to yield 21 (95 mg, 89%),
which solidified. Recrystallization from methanol afforded: methyl a-L-glucopyrano-
side, m.p. 166-167°, [«]p —150.2° (¢ 0.50, water), 95% optical purity; or methyl
«-D-glucopyranoside, m.p. 165-167°, [¢]p +147.6° (¢ 0.91, water), 93% optical
purity. Both synthetic methyl «-glucopyranosides gave i.r. (KBr) spectra superposable
on that of methyl a-D-glucopyranoside ([e]p +158.2°) obtained from: natural D-
glucose.



176 . 0. Aéquwxcz, JR; R: er_skr

REFERENCES

1
2
3
4
5
6
7
8
9
10

11

12
13
14
5
16
17
18
19
20
21
22
23
24
25

26

E. FiscHeR AND J. TAFEL, Ber., 20 (1887) 1088-1094; 2566-2575: 3384-3390; H. O. L. FiscHeER
- AND E. BaEr, Helo, Chim. Acta, 19 (1936) 519-532; H. Q. L. FIscuER, E. Baeg, H. Pou.ocr;, AND
H. NmbeckerR Helo, Chim. Acta, 20 {1937) 1213-1226. -

D. M. Lemar, P. D. PAcHT, AND R. B. WGODWARD, Tetrahedron, 18 (1962) 1275-1293.

G. NaxammaMmi, M. NAKAGAWA, S. SHIOF, Y. SUGIYAMA, S. IseMURA, AND M. SHIBUYA, Tefra-
kedron Lett., (1967) 3983-3987.

G. NAgaMmaAMI, S. SHIOL, Y. SUGIYAMA, S. IssMura, M. SHIBUYA, AND M. NAKAGAWA, Bull.
Chem. Soc. Jpn., 45 (1972) 2626-2634.

Y. SUHARA, F. Sasaky, K. Maepa, H. UMEZAWA, AND M. OBNO, J. Am. Chen. Soc., 90 (1968)
6559-6560. ’

S. Yasupa, T. OGASAWARA, S. KAwABATA, T. IWATAKI, AND T. MATSUMOTO, Tetrahedron Lett.,
(1569) 3969-3972; Tetrahedron, 29 (1973) 3141-3147.

F. WEYGAND AND R. SCHMIECHEN, Chem. Eer., 92 (1959) 535-540.

K. KoGga, M. TAMIGUCHI, AND S. YAMADA, Tetrahedron Lett., (1971) 263-266.

K. KoGA AND S. Yamava, Carbohydr. Res., 36 (1974) C9-C11.

O. Acamatowicz, Jr., B. BUkKkowskI, B. SZECHNER, Z. ZWIERZCHOWSKA, AND A. ZAMOJSKI,
Tetrahedron, 27 (1971) 1973-1996.

O. ACHMATOWICZ, JR. AND P. BUKOWSKL, Can. J. Chem., 53 (1975) 2524-2529; O. ACHMATOWICZ,
JR. AND B. SZECHNER, Rocz. Chem., 49 (1975) 1715-1724; 50 (1976) 729-736; O. ACHMATOWICZ,
JR., G. GRYNKIEWICZ, AND B. SZECHNER, Tefrahedron, 32 (1976) 1051-1054; O. ACHMATOWICZ,
Jr. AND G. GRYNKIEWICZ, Rocz. Chem., 50 (1976) 719-728.

O. AcemaTowicz, Jr. AND P. BukowsKl, Bull. Acad. Pol. Sci. Sér. Sci. Chin:., 19 (1971) 305-
308.

0. ACHMATOWICZ, JR., R. BieLsk1, AND P. Bukowskl, Rocz, Chem., 50 (1976) 1535-1543.

B. FrRASER-REID, A. McLEAN, AND E. W. UsHERWOOD, J. Am. Chem. Soc., 91 (1969) 5392-5394.
B. T. Lawron, W. A. Szarek, anD J. K. N. Jones, Chem. Commun., (1969) 787-788; Carbohydr.
Res.;, 15 (1970) 397-402.

R. Bierskr, Ph.D. Thesis, Institute of Organic Chemistry, Polish Academy of Sciences, Warsaw,
1974.

N. CrLausoN-Kaas, F. LIMBORG, AND J. FARKSTORP, Acta Chem. Seand., 2 (1948) 109-115; N.
CLAUSON-KAAS, F. LIMBORG, AND K. GLENS, Acta Chem. Scand., 6 (1952) 531-534.

B. FRASER-REID AND B. RADATUS, J. Am. Chem. Soc., 92 (1970) 6661-6663; O. ACHMATOWICZ,
Jr. AND B. SZECHNER, Tetrahedron Lett., (1972) 1205-1208.

Q. ACHMATOWICZ, JR. AND P. BUKOWsKL, Rocz. Chemn., 47 (1973) 99-114.

N. R. WrLriams, Ado. Carbohydr. Chem. Biochem., 25 (1970) 109-179.

O. ACEMATOWICZ, JR. AND B. SZECHNER, Carbohydr. Res., 50 {(1976) 23-34.

Y. Lerepvre, Tetrahedron Lett., (1972) 133-136; R. LALIBERTE, G. MEDAVAR, AND Y. LEFEBVRE,
J. Med. Chem., 16 (1973) 1084-1089.

E. L. Aisano, D. HorTON, AND T. Tsucmrya, Carbohydr. Res., 2 (1966) 349-362; 3 (1966) 257~
259.

A. Zamosski, M. CHMIELEWSKI, aAND A. KONOWAL, Tetralxéa?on, 26 (1970) 183-189.

R. J. FErrIER AnD N, Prasap, J. Chem. Soc., C, (1969) 575-580; F. Sweer aMD R. K. BROwWN,
Can. J. Chkerm., 46 (1968) 1481-1486; H. NewmaN, J. Org. Chem., 29 (1964) 1461-1468; K. Carex
AND J. JarY, Collect. Czech. Chem. Commun., 38 (1973) 2518-2528.

J. G. BucHANAN AND H. Z. SABLE, in B. S. THYAGARAJAN (EQd.), Selective Organic Transforma-
tions, Vol. 2, Wiley-Interscience, New York, 1972, 1-95.

27 O. ACHMATOWICZ, JR. AND B. SzZECHNER, Bull. Acad. Polon. Sci., Sér. Sci. Chim., 19 (1971)

28
29

30

309-311; O. AceMATOWICZ, JR. AND G. GRYNKIEWICZ, Carbokydr. Res., 54 (1977) 193-198;
M. BUrzYNskA, Ph.D. Thesis, Institute of Otga.mc Chemistry, Polish Academy of Sciences,
‘Warsaw, 1976.

E. H. WiLLiaMs, W. A. SZAREK, AND J. K. N. Jongs, Carbokydr. Res., 20 (1971) 49-57,

C. McCLoskEeY, Adv. Carbohydr. Chem., 12 (1957) ]37—156 B. NORRMAN, Acta Chem. Secand.,
22 (1968) 1623-1627.

C. C. SWeELEY, R. BENTLEY, M. MAKITA, AND W. W. WELLS, J. Am. Chem. Soc., 85 (1963)
2427-2507.



