Carbohydrate Research, 159 (1987) 65-79 65
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

SYNTHESIS OF METHYL 4-DEOXY-3-C-[(§)-1.2-DIHYDROXYETHYL]-o-
D-xylo-HEXOPYRANOSIDE AND METHYL 2,2-ANHYDRO-3-C-[(S5)-1,2-
DIHYDROXYETHYL]-a-D-GLUCOPYRANOSIDE DERIVATIVES

KaAzutosHl HARA, HiROSH] FUIIMOTO, KEN-ICHT SATO, HIRONOBU HASHIMOTO. AND JUlI YOSHIMURA

Laboratory of Chemistry for Natural Products, Faculty of Science, Tokyo Institute of Technology,
Nagatsuta, Midoriku, Yokohama, 227 Japan

(Received February 2nd, 1986; accepted for publication in revised form, April 15th, 1986)

ABSTRACT

The title branched-chain sugars possessing a new type of two-carbon branch
were synthesised from D-glucose. These compounds are important intermediates
for a total synthesis of the nucleoside antibiotics, amipurimycin and miharamycin.

INTRODUCTION

Amipurimycin! (1) and miharamycin A (2a) and B (2b) (ref. 2) are novel
9-N-substituted 2-aminopurine nucleoside antibiotics that are active against rice-
blast disease caused by Pyricularia oryzae. Although the absolute configurations at
C-6' of these antibiotics remain to be established, the branched-chain moieties have
closely related structures. The chain branches are the same two-carbon unit,
namely, the (S)-1,2-dihydroxyethyl group, which has not heretofore been found as
the side chain of naturally occurring branched-chain sugars. In this paper we
describe the synthesis of the important intermediates (22 and 32) for a total
synthesis of 1 and 2 from D-glucose.
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RESULTS AND DISCUSSION

To construct the chain branch, Horner-Emmons alkenation of methyl 2-O-
benzoyl-4,6-0-benzylidene-a-D-ribo-hexopyranosid-3-ulose® (3) was chosen, be-
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cause the undesired stereochemistry at C-3 was found* when alkyl metat carbanion
was added. This method has the additional advantage that the configuration at the
branching carbon and the side chain can be controlled at the same time by cis-di-
hydroxylation, if the (E) isomer is used. The alkenation of 3 with cthyl diethylphos-
phonoacetate in the presence of an cquimolar amount of potassium rers-butoxide
was complicated in that two 2-C-(ethoxycarbonylmethylence ) isomers (4 and 8§y were
obtained in addition to a mixture of the two expected 3-C-tethosyearbonyl-
methylene) isomers (6). For example. the reaction in A V-dimethyvltormamide
(DMF) at —-60° gave the products 4, 5, and 6 in 32, 11 and 27% yvields.
respectively. The mixture 6 could not be separated at this stage and the ratio of ()
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and (£) isomers was proved to be 2.3 by the intensity of alkenic protons at 8 6.8
and 6.09, respectively, in the "H-n.m.r. spectrum at 500 MHz. The signals for the
(Z) and (E) isomers were distinguished and assigned by the aid of 'H-chemical-shift
correlated 2D, n.m.r.” spectroscopy. The methylene signals in the othyl group of
the (7Z) isomer show doubled quartets, which may be rationalized on the basis of
hindered rotation of the cthyl group because of the neighboring benzoyl group.
The structures of the 2-C-alkylidene isomers 4 and § were confirmed by the
fact that each H-1 proton is coupled with H-3, und cach H-4 signal appears s
triplet instead of a doublet because of the new proton at C-3 The configurations ut
C-3 were readily determined by the large values of J, |, (9.5 and [0.2 iz}, indicative
of the trans-diaxial relationship. The geometrical structures of § and & were con-
firmed by the following chemical modifications. Each isomer was converted into
the corresponding 2-hydroxyethylidene derivative by reduction of the ethoxy-
carbonyl group with lithium aluminium hydride in cther. {ollowed by treatment
with 2-methoxypropenc and catalytic amount of pyridinium p-tolucnesulfonate
(PPTS) in DMF. The 2-hydroxyethylidenc derivative from the minor (£) isomer §
gave an O-isopropylidenc derivative (7). whereas that from the major (73 isomer 4
did not. A similar modification confirmed that the major component of 6 was the
(Z) isomer, as shown later. These results indicate a rearrangement of 3 to the corre-
sponding 3-O-benzoyl-p-arabine-hexopyranosid-2-ulose (8). e benzoyl migration
of the 2.3-encdiol derivative formed by proton abstraction with strong base. as
shown in Scheme 1. This migration was suppressed considerably by addition of the
less-polar tetrahydrofuran (THF) as cosolvent. as shown in Table L. The best resuit
was obtained in a mixture of DMF and THF, with u ratio of 4 to 3 that gave pre-
dominantly 6 in 72% yicld. In contrast. the same alkenation with cthyl trimethyl-
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Scheme 1.

silylacetate and lithium dicyclohexylamide® in THF gave only the 3-C-alkylidene
derivative 6, with a similar ratio of geometrical isomers, in 97% yield.

Conversion of 6 into the corresponding 3-C-(2-hydroxyethylidene)
derivatives (9 and 11) was performed in the same manner as described for 4 and 5.
These geometrical isomers were first separated as their diacetates (10 and 12).
Starting from the undesired but major (Z) isomer (9), the synthetic routes for the
skeletal structures of 1 and 2 were established as follows.

Treatment of 9 with 2-methoxypropene and PPTS gave the 2,21-O-iso-
propylidene derivative (13) in 91% yield, and this proved to have the (Z) configura-
tion. Stereoselective cis-dihydroxylation from the exocyclic direction was per-
formed by treatment of the alkene 13 with osmium tetraoxide and 4-methyl-
morpholine N-oxide in fert-butyl alcohol-THF-water to give 14 in 62% yield. The
stereochemistry of the 3,4-dihydroxy group was proved chemically to be trans by
3,4-anhydro ring formation, as will be mentioned here. In order to construct the
skeletal structure of 1 from 14, deoxygenation at C-4 and inversion of configuration
in the chain branch were needed. At first the latter conversion was achieved by
Swern oxidation® and subsequent reduction with sodium borohydride. The inverted
product (15) was obtained as the 1'-acetate (16) in 72% yield. The O-debenzyl-
idenated derivative (17) of 16, obtained by hydrogenolysis in the presence of 20%
palladium hydroxide, was treated with pivaloyl chloride in pyridine at 60° to afford
the 6-O-pivaloyl derivative (18) in 87% yield. Formation of the 3,4-anhydro ring
occurred readily with triflic anhydride in pyridine to give the D-galacto isomer (20)
in 96% yield. However, even the secondary hydroxyl group of 18 resisted con-
ventional sulfonylation with cither p-toluenesulfonyl or methanesulfonyl chloride

TABLE I

ETHOXYCARBONYLMETHYLENATION OF 3

Carbanion Bases Solvents Temperature*  Products (%)
sources (ratio) (degrees)

4 S5(ZE) 6(ZE)

(EtO),POCH,CO,Et  fert-BuOK DMF -60 2 1 Q9 27223)
(EtO),POCH,CO,Et  tert-BuOK DMF-THF (5:2) 78 38 68(55) 45(2.8)
(E10),POCH,CO,Et  tert-BuOK DMF-THF (4:5) —78 18 58(3.1) 72(3.0)
Me;,SiCH,CO,Et ({O>—),NLi  THF -78 - - 97 (2.3)

“Reaction time was 2 h.
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in pyridine at room temperature. The 4-p-tolucnesulfonate 19 was first obtained. in
20% yield, when 18 was treated with p-toluenesulfonyl chloride in the presence of
pyridine (6 equiv.) and 4-dimethylaminopyridine (1 equiv.) in dichloromethane
under reflux for 7 days. The reaction in pyridine at 60° for 3 days gave 19 and 20 in
20 and 15% vyiclds, respectively. The D-galacto configuration was considered much
more probable than D-allo, considering the higher reactivity of the secondary
hydroxyl group, and conclusive evidence was obtained by the next step. namely.
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reductive cleavage of the anhydro ring. Among various sets of conditions examined
(Table II), the best selectivity for formation of the desired 4-deoxy sugar (22) was
observed with lithium aluminium hydride in ether at 15° to give. after acctylation,
the desired 4-deoxy sugar (22) and 3-dcoxy sugar (23) in 68% vield in the ratio of
10 to 1. Reduction by diisobutylaiuminium hydride and sodium bis(2-
methoxyethoxy)aluminium hydride of the deacylated derivative 21 in the expecta-
tion, especially for the latter reagent, of higher regioselectivity (as shown in the
formation of 1,3-diols from free allyl alcohol epoxides™™). proved not to be
cffective. The structure of 23 was confirmed by the presence of three acetyl signals
instead of two for 22, together with appropriate coupling constants between ring
protons: J, 5 (11.8), J5, (2.9). and J, < (0 Hz), which were observed in the 'H-n.m.r.
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TABLE II

REDUCTIVE ANHYDRO-RING CLEAVAGE OF 20 AND 21

69

Anhydro Hydrides Equivalents Solvents Temperature Reaction Products® Recovery

sugars (degrees) time (%) of anhydro
(h) (22/23)® sugar

20 LiAlHZ 2.0 THF reflux 6 57.2(68/32) 182

20 LiAlH, 3.0 ether 15 42 68.0(91/9)

20 LiAIH, 8.0 ether =25 240 37.5(91/9)  20.9

21 DIBALY 5.0 THF 15 120 77.9(26/74)

21 RedAlc 3.8 toluene 15 96 64.4(57/43)

“Isolated after acetylation as a mixture of diacetate 22 and triacetate 23. *Determined by 'H-n.m.r.
signals of methoxyl group. ‘Recovered as 6,1!-diacetate of 21. 4Diisobutylaluminium hydride. ¢Sodium
bis(2-methoxyethoxy)aluminium hydride.

spectrum at 500 MHz. Thus, a key intermediate 22 for the total synthesis of 1 was
obtained from D-glucose by 16 steps in 9.6% overall yield.

Dihydroxylation of the alkene 10 in the same manner as decribed for 13 gave
the D-gluco isomer 24 selectively in 57% yield. Its O-deacetylated analog 25 was
then cyclized with camphorsulfonyl chloride in pyridine at room temperature to
give the 2,2l-anhydro derivative 26 in 72% yield. The possibility of a four-
membered cyclic ether structure was rejected by the fact that the H-1! signal was
shifted to the lower field in the '"H-n.m.r. spectrum of its acetate 27. The configura-
tion of the hydroxyl group at C-1! was inverted by the same oxidation-reduction
method used for 14. The intermediate glycosulose 28 was obtained by Swern
oxidation in 72% yield and successive hydride reduction gave, in 95% yield, a diol
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derivative (29) as a single product which was clearly difrerent from 26. The
stereochemistry of 29 was confirmed by the following chemical conversion.
Sclective hydrolysis of 15 with 0.85M p-toluenesulfonic acid in 1:1 1.4-dioxanc—
water at room temperature gave the ()-deisopropylidenated derivative. whose
cyclization product using camphorsulfonyl chloride was fully consistent with the
structure 29. Furthermorc, benzylation of 29 with sodium hydride and benzyl
chloride in dimethyl sulfoxide gave the di-O-benzyvi derivative (31). whose benzyl-
idene group was clcavaged regiosclectively with an equimolar mixture of lithium
aluminium hydride and aluminium chloride in ether—dichloromethane to give the
3.4.1-1tri-O-benzyl derivative (32) in 8% yield. This compound is a key inter-
mediate for modification both at C-1 and C-6, which is necessary for the synthesis
of 2. and was obtained from n-glucose by 14 steps in 2.6% overall vicld.

EXPERIMENTAL

General methods. — Melting points are uncorrected. Solutions were concen-
trated under diminished pressure at <50° (bath). Opticai rotations were measured
with a Carl Zeiss LEP-Al or a JASCO DIP-4 polarimeter. Lr. spectra were
recorded with a Hitachi EPI-G2 grating spectrometer. '"H-N.m.r. specira were
recorded at 100 MHz with a JEOL PS-1060 spectrometer, unless otherwise stated,
for solutions in CDCI; (internal Mc,Si). Bruker AM-300 and Varian XI1-H)00
spectrometers were also used for the measurement of certain compounds. at 500
MHz and 400 MHz. respectively. C-N.m.r. spectra were recorded at 22.5 MHz
with a JEOL FX-90 spectrometer for solutions in CDCl,. unless otherwise stated.
Chromatography was performed on Wakogel C-200. flash chromatography on
Wakogel C-300, and preparative t.l.c. on silica gel 60 (Merck). Ethyl dicthyl-
phosphonoacetate and cthyl trimethylsilylacctate were purchased from Tokyo
Kasei Kogyo Co. Ltd. and Aldrich Chemical Co.. respectively.

Reaction of 3 with ethyl diethyviphosphonoacetale and potassium tert-butovide.
-— T'o a solution of 3 (50 g, 0.13 mol) in a mixturc of DMF {300 mL.) and THF (400
ml) was added dropwisc at —78" during | h a solution of the carbanion!! prepared
from ethyl dicthylphosphonoacetate (88.3 g. 0.26 mol) and potassium rerr-butoxide
(29.2 g. 0.26 mmol) in a4 mixture of DMF (100 mL) and THF (100 ml.). After being
kept for 2 h at =787, the solution was poured into saturated agucous ammonium
chloride, and extracted with cthyl acctate. The extract was washed with water,
dried with magnesium sulfate. and evaporated to give a syrup that was separated
on a column of silica gel with 6:1 hexanc—ethyl acetate to give 4 (10.7 g. 18%), 6
(42.8 g. 72%) and 5 (3.4 g. 5.8%).

Compound 4. a syrup. had [a], —3.4° {c 1.0. CHCl,): '"H-n.m.r.: § 5.89 (d,
H-1). 6.27 (dd. J, ; 2.0 Hz. J,, 10.2 Hz, H-3), 3.82 (t. /, . 9.6 Hz. H-4). 4.21 (dt,
Jo o 9.9 Hz  J. 1, 4.9 Hz, H-5). 3.81 (1, S, o 10.3 Hizo H-6a). 4.36 (dd. H-6b), 6.48
{s. H-19), 1.27 (t. Me in Et). 4. 18 (q. Jy,. 1y 7.3 Hz, CH, in Et), 3.53 (5. OMe). und
5.55 (s. PhCH): “C-numurs: 8 96.06 (d. C-11. 139,19 (s, C-2). 70,71 (d. C-3). 81.38
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(d, C-4), 63.23 (d, C-5), 68.92 (t, C-6), 120.66 (d, C-11), 164.71 (s, C-21), 14.09 (q,
Me in Et), 54.37 (g, OMe), 60.63 (t, CH, in Et), 101.54 (d, PhCH), 126.13, 128.08,
128.52, 128.89, 129.87 and 133.34 (each d, Ph), 129.38 and 137.08 (each s, Ph), and
164.87 (s, Bz).

Anal. Calc. for C,sH,O4: C, 66.07; H, 5.77. Found: C, 65.78; H, 5.94.

Compound 5 had m.p. 146-148°, [a]p —2.9° (c 0.9, CHCl,); 'H-n.m.r. (500
MHz): 6 5.97 (d, J, ;2.3 Hz, H-1), 6.46 (dd, J, , 9.5 Hz, H-3), 3.87 (t, J,5 9.5 Hz,
H-4), 4.13 (dt, Js¢, 10.3 Hz, J 4, 5.0 Hz, H-5), 3.80 (t, J,, , 10.3 Hz, H-6a), 4.35
(dd, H-6b), 5.02 (s, H-11), 5.52 (s, PhCH), 3.40 and 3.73 (each dq, J,5 10.8 Hz,
Juecu 7-3 Hz, CH, in Et), 1.28 (t, Me in Et), and 3.45 (s, OMe); *C-n.m.r.: 8
101.37 and 102.89 (d, C-1 and PhCH), 139.19 (s, C-2), 70.00 (d, C-3), 81.11 (d,
C-4), 63.39 (d, C-5), 68.92 (t, C-6), 120.66 (d, C-1'), 164.71 and 166.11 (each s,
C-2Y), 13.87 (q, Me in Et), 54.94 (g, OMe), 61.06 (t, CH, in Et), 126.03, 128.08,
128.03, 128.84, 129.87 and 133.23 (each d, Ph), 129.49 and 137.02 (each s, Ph).

Anal. Cale. for C,sH,O4: C, 66.07; H, 5.77. Found: C, 65.82; H, 5.51.

Compound 6 was a mixture of the (Z) and (E) isomers in 2.3 ratio; 'H-n.m.r.
(500 MHz). (Z) isomer: 6 4.93 (d, J; , 4.0 Hz, H-1), 5.92 (dd, J, ; 2.1 Hz, H-2),
4.12 (dd, J,59.5 Hz, J, » 1.6 Hz, H-4), 3.97 (dt, J5, 9.8 Hz, J5, 4.7 Hz, H-5), 3.8
(H-6a), 4.36 (dd, J,, ¢, 10.4 Hz, H-6b), 6.18 (dd, H-1'), 5.64 (s, PhCH), 3.54 and
3.80 (each dq, Jop 10.7 Hz, Jy,, oy 7.3 Hz, CH, in Et), 0.93 (t, Me in Et) and 3.44
(s, OMe); (E) isomer: 5.06 (d, J,, 3.9 Hz, H-1), 5.64 (dd, J, ; 1.8 Hz, H-2), 4.29
(dd, J,5 9.3 Hz, J, 1.8 Hz, H-4), 4.00 (dt, J54, 10.0 Hz, Js 4, 4.3 Hz, H-5), 3.8
(H-6a), 4.34 (dd, H-6b), 6.09 (dd, H-1!), 5.60 (s, PaCH), 3.75(q,J 7.2 Hz, CH, in
Et), 0.93 (t, Me in Et), and 3.44 (s, OMe).

Anal. Calc. for C,sH,,O4: C, 66.07; H, 5.77. Found: C, 66.52; H, 5.70.

Methyl 2-O-benzoyl-4,6-O-benzylidene-3-C-(ethoxycarbonylmethylene)-a-D-
ribo-hexopyranoside (6). — To a solution of dicyclohexylamine (363 mg, 2 mmol)
in THF (10 mL) was added, under an atmosphere of argon dropwise with stirring
at —78° a 1.6M THF solution of butyllithium (1.25 mL, 2 mmol) and ethyl tri-
methylsilylacetate (320 mg, 2 mmol) and then a solution of 3 (384 mg, 1.0 mmol)
in THF (5 mL) during 10 min. The solution was kept at —78°, at —25°, and then
at 0° each for 1 h, poured into saturated aqueous sodium chloride, and extracted
with ethyl acetate. Conventional treatment of the extract gave a syrupy residue that
was purified by flash chromatography on silica gel with 3:1 hexane—ethyl acetate to
give 6 (440 mg, 97%), which was identical with the mixture just described. The
ratio of (Z) and (E) isomers was 2.3.

Methyl  4,6-O-benzylidene-2-C-[(E)-2-hydroxyethylidene]-3,2'-O-isopropyl-
idene-a-D-arabino-hexopyranoside (7). — Compound 5§ was converted first into the
corresponding 2-C-(2-hydroxyethylidene) derivative and then into its 3,2'-diacetate
in the same manner as described for 9 and 10. The diacetate was purified on a
column of silica gel with 3:1 hexane—ethyl acetate and deacetylated with sodium
methoxide in methanol. The diol obtained thus was further treated with 2-
methoxypropene in the presence of PPTS, as described for 13, to give 7 (265 mg,
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72%), m.p. 158-160°, [a], —4.0° (¢ 1.3. CHCL,); 'H-n.m.r.: § .94 (5. H-1), 4.86
(m, H-3), 3.5-4.1 (m, H-4 and H-5). 4.31 (dd. J5,, 4.4 Hz, J, . (,, 9.8 Hz. H-6a), 3.65
(t, Jsen 9.8 Hz, H-6b), 5.74 (ddd, J; 5, 4.0 Hz, J;1 5, 6.0 Hz, J,: ; .8 Hz. H-17), 4.56
(ddd, Jo1, o1, 17.0 Hz. J; 3, 2.6 Hz, H-2'a). 3.96 (ddd. J. », 3.6 Hz, H-2'b), 1.45 and
1.50 (each s, Me,C), 3.36 (s, OMe). 5.56 (s, PhCH), and 7.3-7.6 (m. Ph): "C-
n.m.r.: 8 101.22 (d, C-1). 137.53 (s, C-2), 70.38 (d. C-3), 80.28 (d. C-4). 61.94 (d.
C-5). 69.21 (1, C-6). 128.75 and 130.70 (each d, C-1' and Ph). 59.93 (t. C-21), 24.16
and 24.26 (each q. Me), 54.52 (q, OMe). 102.05 (s and d. Me,C and PhCH,
respectively), 126.06 and 128.07 (each d, Ph). and 137.53 (s, Ph).

Anal. Calc. for C,4H,,0O: C, 66.50: H. 6.94. Found: C. 66.84: H, 7.20.

Methyl 2.2'-di-O-acetyl-4,6-O-benzylidene-3-C-|(Z)-2-hydroxyethylidene}-a-
D-ribo-hexopyranoside (10). — To an ice-cold suspension of lithium aluminium
hydride (344 mg, 9.07 mmol) in dry ether (35 mL) was added dropwise with stirring
a solution of 6 (1.75 g, 3.81 mmol) in dry ether (20 ml.). Stirring was continued at
room temperature for 30) min. To the mixture was added dropwisc cthyl acetate (20
mL) and water (1 mL). Undissolved materials were filtered off using filter aid. and
the filtrate was extracted with chloroform. The mixture was evaporated and the
residue, dried over phosphorus pentaoxide, was acctylated conventionally with
acetic anhydride in pyridine. Only the major isomer (10) was obtained. as crystals
(940 mg. 63%), after purification by column chromatography on silica gel with 2:1
hexane-ethyl acetate: the minor isomer (12) was not obtained by this trcatment.
Compound 10 had m.p. 116-117° (from EtOH). [a];, +127.8° (¢ 1.0, CHC1,): 'H-
nm.r.: 8§ 4.84 (d, J,, 3.9 Hz. H-1), 5.40-5.52 (m. H-2). 3.6—4.4 (m. H-4. H-5,
H-6a, and H-6'b), 5.73 (1. J, 5 6.0 Hz. H-1'), 4.82-4.96 (m. H-2'a. H-2'b). 2.02
and 2.18 (each s, Ac). 3.38 (s, OMc), 5.54 (s, PhCH). 7.2-7.5 (m. Ph): ¥C-n.m.r.:
5 98.65 (d, C-1), 72.54 (d, C-2). 130.46 (s, C-3), 78.50 (d, C-4). 63.87 (d. C-5),
69.34 (t. C-6). 118.32 (d. C-11), 69.34 (1, C-21), 20.86 and 21.02 (vcach 4. Ac). 55.36
(q. OMe), 101.69 (d. PhCH). 126.39, 128.29 and 129.16 (cach d. Ph). 137.34 (s.
Ph). 169.63 and 170.82 (cach s, Ac).

Anal. Calc. for CoH,, 040 C, 61.22; H. 6.17. Found: C, 61.25: H, 6.14.

In a separate experiment. the reaction mixture was pourcd into M hvdro-
chloric acid and extracted with chloroform. The dried residue obtained by evapora-
tion of the extract was acctylated and the products were fractionated on a column
of silica gel with hexane--cthyt acctate to give 10 (370 mg. 52%) and 12 (120 mg.
17%). Compound 12 had 'H-n.m.r.: § 4.79 (d. J,, 4.0 Hz H-1), 5.72 (d. H-2),
3.64.4 (m. H-4. H-5. H-6a. and H-6b), 548 (t. J, -, 6.0 Hz, H-1"), 4.64.8 (m,
H-2'a and H-2'b), 2.04 and 2.16 (cach s. Ac), 3.40 (s. OMe). 550 (s. PhCH).

.2-7.6 (m, Ph); ¥C-n.m.r.: § 96.64 (C-1, d), 72.08 (d. C-2). 128,07 (s, C-3), 79.21
(d, C-4). 63.64 (d. C-5). 69.06 (t. C-6), 119.96 (t. C-11). 60.32 (t. C-21), 55.15 (q.
OMe), 60.32 and 69.06 (each q. Ac). 101.66 (d, PhCH). 126.12. 128.16, and 128.94
(each d, Ph), 137.29 (s, Ph), 169.65 and 170.18 (cach s, Ac¢).

Anal. Calc. for C,H-,0p C, 61.22; H, 6.17. Found: C, 61.09: H, 6.11.

Methyl  4,6-O-benczylidene-3-C-|(Z)-2-hydroxyethylidene]-2,2/-O-isopropyl-
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idene-a-D-ribo-hexopyranoside (13). — To a solution of 9 (290 mg, 1.0 mmol) in
DMF (3 mL) was added 2-methoxypropene (5 mL) and PPTS (30 mg). The solution
was kept overnight at room temperature, poured into saturated aqueous sodium
hydrogencarbonate, and extracted with ethyl acetate. The extract was dried and
evaporated to a syrup that was purified by flash chromatography with 1:1 hexane—
ethyl acetate to give 13 as crystal, yield 317 mg (92%); m.p. 154-155°, [a]p +23.0°
(c 0.6, CHCL,); 'H-n.m.r.:  4.48-4.80 (m, 3 H, H-1, H-2, and H-2'a), 4.28 (d, J, 5
6.0 Hz, H-4), 3.6-4.0 (m, 4 H, H-5, H-6a, H-6b, and H-2'b), 5.92 (m, H-11), 1.48
(s, 3 H, CMe,), 3.44 (s, 3 H, OMe), 5.54 (s, PhCH), 7.2-7.56 (m, 5 H, Ph); 13C-
n.m.r.: § 99.48 (d, C-1), 71.30 (d, C-2), 135.40 (s, C-3), 77.64 (d, C-4), 63.23 (d,
C-5), 135.40 (s, C-3), 69.64 (t, C-6), 122.45 (d, C-1'), 59.22 (t, C-21), 23.68 and
25.30 (g, Me in CMe,), 55.32 (q, OMe), 101.75 (d, PhCH), 101.91 (s, CMe,),
128.14, 126.24 and 128.95 (d, Ph).

Anal. Cale. for C,gH,,0: C, 65.50; H, 6.94. Found: C, 65.52; H, 7.10.

Methyl  4,6-O-benzylidene-3-C-[(R)-1,2-dihydroxyethyl]-2,2!-O-isopropy!-
idene-a-D-glucopyranoside (14). — Compound 13 (200 mg, 0.547 mmol) and 4-
methylmorpholine N-oxide (135 mg, 1 mmol) were dissolved in a mixture of tert-
butyl alcohol (3 mL), tetrahydrofuran (3 mL), and water (1.5 mL). To the solution
was added a 0.13M solution of osmium tetraoxide (0.47 mL, 0.06 mmol) in tert-butyl
alcohol and stirring was continued overnight at room temperature under exclusion
of light. The mixture was poured into water and extracted with chloroform. The
extract was washed with water, dried, and evaporated. The residue was purified by
flash chromatography with 4:1 hexane—ethyl acetate to give 14 as a syrup (136 mg,
62%), [a]p 0° (¢ 0.65, CHCL,); '"H-n.m.r.: § 4.77 (d, J,, 3.2 Hz, H-1), 4.04 (d,
H-2), 3.50-4.40 (m, 7 H), 1.38 and 1.46 (each s, 3 H, CMe,), 3.40 (s, 3 H, OMe),
5.14 (s, PhCH), 7.08-7.44 (m, 5 H, Ph); 3C-n.m.r.: & 98.34 (d, C-1), 75.47 (d,
C-2), 74.71 (s, C-3), 85.28 (d, C-4), 62.04 (d, C-5), 69.79 (t, C-6), 69.87 (d, C-1"),
64.58 (each t, C-21), 24.00 and 25.63 (each q, CMe,), 56.13 (q, OMe), 101.86 (s,
CMe,), 102.35 (d, PhCH), 125.97, 128.30 and 129.22 (each d, Ph), and 136.97 (s,
Ph).

Anal. Calc. for C,¢H,O4: C, 59.67; H, 6.85. Found: C, 59.47; H, 7.10.

Methyl  4,6-O-benzylidene-3-C-[(S)-1,2-dihydroxyethyl\-2,2!-O-isopropy!-
idene-a-D-glucopyranoside (15). — Under an atmosphere of argon, to a solution of
dimethyl sulfoxide (2.11 g, 27.0 mmol) in dichloromethane (30 mL) was added at
—78° oxalyl chloride (3.63 mL, 27.0 mmol) and then, after stirring for 10 min, a
solution of 14 (2.58 g, 6.75 mmol) in dichloromethane (50 mL). To this solution
was added after 1 h triethylamine (7.1 mL, 54 mmol), and the temperature was
raised and kept for 1 h at room temperature. After addition of water, the organic
layer was separated and the aqueous layer extracted with chloroform. The organic
layer and the extract were combined, washed with water, dried, and evaporated to
give the crude, syrupy glycosulose. To a chilled solution of the latter in methanol
(30 mL) was added with stirring sodium borohydride (255 mg, 6.75 mmol) and
then, after 1 h, acetone (10 mL). The residue obtained by evaporation of the
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solvent was purified on a column of silica gel with hexane—ethyl acetate to give 15
(1.86 g, 72%) as a syrup, [a];, +45.9° (¢ 1.2, CHCL;); '"H-n.m.r.: 8 4.60 (d. J, , 3.6
Hz, H-1), 3.40-4.32 (m. 9 H). 4.46 {dd. H-1"). 1.32 and 1.40 (cach s. 3 H, CMe.).
3.32 (s. 3 H, OMe), 5.36 (s. PhCH). 7.12-7.48 (m. 5 H. Ph): “*C-n.m.r.: 5 100,18
(d, C-1), 75.80 (d. C-2), 73.58 (s. C-3). 84.63 (d. C-4). 61.77 (d. C-5). 69.13 (1.
C-6), 73.69 (d, C-1'), 66.37 (t, C-2'), 26.33 and 26.87 (cach q, CMec.), 55.64 (q,
OMe). 101.64 (d, PhCH), 107.44 (s, CMe.). 126.46, 128.14 and 129.00 (cach d.
Ph), 137.62 (s, Ph).

Conventional acetylation of 15 gave its tl-acetate (16). m.p. 136-137°, [«];,
+32.7° (¢ 3.5. CHCl,); '"H-n.m.r.: §5.13 (d. J, , 4.0 Hz, H-1)., 4.78 (d. H-2). 3.46-
4.38 (m, 7 H). 4.65 (dd, J; 5, 5.0 Hz, J; oy 9.8 Hz. H-1%), 1.40 and 1.50 (cach s, 3
H, CMe,), 2.13 (s. 3 H. Ac). 3.40 (s. 3 H, OMc¢). 5.50 (s. PhCH). 7.24-7.04 {m. 5
H, Ph): 3C-n.m.r.: § 97.96 (d. C-1)., 75.79 (d, C-2). 72.00 (s, C-3). 84.79 (d. C-4),
61.60 (d. C-5), 68.97 (t, C-6). 73.08 (d, C-1'). 66.32 (t. C-27). 20.81 (y. Ac). 26.28
and 26.93 (each g. CMe,). 55.54 (g. OMe). 101.64 (d. PhCH). [07.82 (s, (Mec.).
126.40. 128.08 and 129.90 (cach d. Ph), 137.51 (s, Ph). 169.48 (5. Ac).

Anal. Cale. for C, H,Oy: C, 59.42; H, 6.65. Found: C. 59.14: H. 6.76.

Methyl  I-O-acervl-3-C-[(S)-1,2-dihvdroxyethyl]-2,2'-O-isopropvlidese-a-n-
glucopyranoside (17). — Compound 16 (107 mg. (.25 mmol) i cthanol (50 ml.)
was hydrogenolyzed at atmospheric pressure in the presence of 20% palladium
hydroxide on charcoal and two drops of acetic acid for 44 h at room temperature.
Undissolved material was filtercd off. the filtratc madc ncutral with sodium
hydrogen carbonate. and cvaporated to a syrup. Purification by flash chromato-
graphy with 1:1 hexanc-ecthyl acctatc gave 17 quantitatively, [a],, +29.5° (¢ 1195,
CHC,); 'H-n.m.r.: § 4.82 (d, J, 4.0 Hz, H-1), 3.3-4.3 (m. 9 H), 4.92 (¢, /, .., 4.0
Hz. H-1'), 1.12 (s, 3 H, Ac), 1.44 (s, 6 H, CMe,). 2.80 (bs, OH). 3.40 (s. 3 H.
OMe); *C-n.m.r.: 6 97.09 (d, C-1), 77.42 and 77.75 (cach d. C-2 and C-4), 72.65
(s, C-3). 71.63 (d, C-5), 62.15 (t, C-6), 74.34 (d. C-1"), 66.15 (1. C-21), 20.75 (q,
Ac). 25.90 and 26.44 (cach q, CMe,), 108.80 (s. CMc,). 16Y.75 (s. Ac).

Anal. Calc. for C H,,0,: C, 49.99; H. 7.19. Found: C, 49.94; . 7.63.

Merhyl  1'-O-acetyl-3-C-[(S)-1,2-dihydroxyethyl]-2,2-O-isopropyiidenc-6-O-
pivaloyl-a-D-glucopyranoside (18). — To a solution of 17 (73 mg. 0.23 mmol) in
pyridine (7 mL) was added pivaloyl chloride (33 mg, 0.27 mmol). The solution was
heated for 24 h at 60°, pourcd into water, and extracted with chloroform. The
extract was washed with water, dried, and evaporated to give a residue that was
purified by flash chromatography with 2:1 hexanc—cthyl acctate to give 18 in 87%
yield. The starting compound 17 was recovered in 12% yield. Compound 18, a
syrup, had [a], +108.2° (¢ 1.3, CHCl,); 'H-n.m.r. (500 MHz): § 4.93 (d. J, . 4.0
Hz, H-1), 4.79 (d, H-2), 3.62 (t, /s 10.4 Hz. J, 1y 10.4 Hz, H-4). 3.8Y (ddd. J,
2.1 Hz, J5¢, 6.1 Hz, H-5). 4.28 (dd. J,, ,, 11.9 Hz, H-6), 4.48 (dd. H-6b). 4.86 (dd.
Jyi 2, 5.8 Hz, Jp 5y, 8.6 Hz. H-1'), 4.19 (dd. Jo, .y, 8.6 Hz, H-2'a). 4.09 (t, H-2'b),
1.23 (s, 9 H, CMe,), 1.41 and 1.44 (each s. 3 H, CMe,), 2.11 (s. 3 H. Ac). 3.38 (s,
3 H, OMe), 3.98 (d. OH); "*C-n.m.r.: § 96.88 (d, C-1). 77.37 (d. C-2). 72.60 (s.
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C-3), 76.01 (d, C-4), 69.62 (d, C-5), 63.72 (each t, C-6), 73.96 (d, C-11), 66.21 (t,
C-2Y), 20.70 (q, Ac), 25.90 and 26.49 (each q, CMe,), 27.20 (q, CMe;), 38.85 (s,
CMe,), 55.37 (q, OMe), 108.90 (s, CMe,), 169.42 (s, Ac), 177.98 (s, COCMe;).

Anal. Cale. for C,gH;,0,,: C, 54.27; H, 7.67. Found: C, 54.59; H, 7.65.

Methyl 1!-O-acetyl-3-C-[(S)-1,2-dihydroxyethyl)-2,2!-O-isopropylidene-6-O-
pivaloyl-4-O-p-tolylsulfonyl-a-p-glucopyranoside (19). — To a solution of 18 (108
mg, 0.27 mmol) in dichloromethane (1 mL) was added with stirring pyridine (260
uL., 3.2 mmol), 4-dimethylaminopyridine (39.6 mg, 0.27 mmol), and p-toluene-
sulfonyl chloride (509 mg, 2.7 mmol). The solution was heated at 40° for 7 d, and
processed conventionally. The syrup obtained was fractionated by flash chromato-
graphy on silica gel with 5:1 hexane—ethyl acetate to give 19 (29 mg, 20%) and
unreacted 18 (60 mg, 56%).

Compound 19 was a syrup, [a]p +74.6° (¢ 0.6, CHCl;); 'H-n.m.r.: §5.04 (d,
J,, 3.6 Hz, H-1), 3.80-4.88 (m, 8 H), 3.40 (s, 3H, OMe), 2.44 (s, 3 H, Me in Ts),
2.10 (s, 3 H, Ac), 1.32 (s, 6 H, CMe,), 1.24 (s, 9 H, CMe,), and 7.34 and 7.88 (each
d, 4 H, 7 8.8 Hz, Ts); *C-n.m.r.: § 96.77 (d, C-1), 75.64 and 80.30 (each d, C-2
and C-4), 72.76 (s, C-3), 67.78 (d, C-5), 62.15 (t, C-6), 72.28 (d, C-1'), 65.99 {t,
C-21), 20.81 and 21.61 (each q, Me in Ac and Ts), 25.79 and 26.82 (each q, CMe,),
27.20 (q, CMe;), 38.90 (s, CMe,), 55.70 (q, OMe), 108.15 (s, CMe,), 128.14 and
129.60 (each d, Ts), 133.50 and 145.09 (each s, Ts), 169.26 (s, Ac), and 177.98 (s,
COCMey,).

Anal. Cale. for C,sH330,,8: C, 54.03; H, 6.63. Found: C, 54.32; H, 6.69.

Methyl 1-O-acetyl-3,4-anhydro-3-C-[(S)-1,2-dihydroxyethyl)-2,2!-O-iso-
propylidene-6-O-pivaloyl-a-D-galactopyranoside (20). — To a solution of 18 (500
mg, 1.2 mmol) in pyridine (10 mL) was added trifluoromethanesulfonic anhydride
(1 mL, 6.0 mmol) under strictly dry conditions. After being kept overnight at room
temperature, the syrup obtained conventionally was purified by flash chromato-
graphy with 3:1 hexane—~ethyl acetate to give 20 (443 mg, 93%), [a], +78.5° (0.9,
CHCly); H-n.m.r. (500 MHz): 5 4.93 (d, J,, 3.2 Hz, H-1), 4.80 (d, H-2), 3.48 (s,
J,5 0 Hz, H-4), 422-4.36 (m, 3 H, H-5, H-6a, and H-6b), 4.49 (t, J;: 5, 6.4 Hz,
Jy1,w 6.4 Hz, H-11), 4.08 (dd, J,, », 8.4 Hz, H-2'a), 3.90 (dd, H-2'b), 1.24 (s, 9 H,
CMe,), 1.35 (s, 6 H, CMe,), 2.16 (s, 3 H, Ac), 3.40 (s, 3 H, OMe); *C-n.m.r.: §
94.28 (d, C-1), 65.45 (d, C-2), 57.87 (s, C-3), 53.64 (d, C-4), 67.51 (d, C-5), 62.90
(t, C-6), 72.00(d, C-11), 65.94 (t, C-21), 20.81 (g, Ac), 25.63 (q, 2 C, CMe,), 27.14
(g, 3 C, CMe,), 38.19 (s, CMe,), 56.02 (q, OMe), 109.88 (s, CMe,), 169.58 (s, Ac),
178.04 (s, COCMe,).

Anal. Calc. for C,gH3,0,: C, 56.71; H, 7.51. Found: C, 56.28; H, 7.40.

Methyl 6,1'-di-O-acetyl-4-deoxy-3-C-[(S)-1,2-dihydroxyethyl]-2,2!-O-iso-
propylidene-a-D-xylo-hexopyranoside (22) and methyl 4,6,1'-tri-O-acetyl-3-deoxy-3-
C-[(R)-1,2-dihydroxyethyl]-2,2!-O-isopropylidene-a-D-galactopyranoside (23). —
To a chilled suspension of lithium aluminium hydride (17 mg, 0.44 mmol) in ether
(3 mL) was added with stirring an ethereal solution (3 mL) of 21 (80 mg, 0.20
mmol) which was prepared as described for the next experiment. After stirring for
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42 h at room tcmperature, the mixture was evaporated with additions of small
amounts of water. The residue was dried over phosphorus pentaoxide under
diminished presssurc at 50°, and acetylated conventionally to give a mixture of 22
and 23 (49 mg. 68%, ratio 10:1 by 'H-n.m.r.) after purification by flash chromato-
graphy. The two isomers werc scparated by preparative t.1.c.. with double develop-
ment by 7:2:1 benzene-hexane-acetone. Compound 22 was a syrup, [e],, +88.9°
(c 0.2. CHCIy); 'H-n.m.r.: 6 4.84 (d. J, . 3.8 Hz, H-1). 5.02 (d. H-2). 1.68 (t. J,,
12.8 Hz. Jy, 4, 13.2 Hz. H-4a), 2.22 (dd, /,, s 2.1 Hz, H-4b). 4.03 (dddd, J;, 5.6
Hz, Js¢4, 4.0 Hz, H-5). 4.13 (dd, J,, ¢, 11.7 Hz. H-6a). 4.16 (dd. H-6b), 4.61 (dd.
Jyy, 8.4 Hz, Ji 5y 5.9 Hz. H-1'), 3.98 (t. Jo1, 5y, 8.6 Hz, H-2'a). 4.09 (dd, H-2'b),
1.39 and 1.40 (each s. 3 H, CMe,). 2.10 (s. 6 H. Ac), 3.37 (s, 3 H. OMe); *C-
n.m.r.: § 97.58 (d, C-1), 76.72, 65.23 and 73.90 (each d, C-2, C-5 and C-1'), 70.54
(s, C-3), 38.41 (t, C-4), 65.34 and 65.83 (cach t, C-6 and C-2'), 55.48 (q. OMe).
20.81 and 20.91 (each q, Ac), 107.71 (s, CMe,), 169.91 and 170.78 (each s. Ac).
Anal. Calc. for C;;H,,0,: C, 53.03; H. 7.23. Found: C. 52.80: H. 7.32.
Compound 23 was a syrup, [a], +68.9° (c 0.3, CHCL;); 'H-n.m.r.: § 4.86 (d,
J,, 3.5 Hz, H-1), 5.41 (dd. J,; 11.8 Hz. H-2), 2.52 (ddd, J; 4 2.9 Hz. J; ;» 4.0 Hz.
H-3), 5.32 (d, J, 5 0 Hz, H-4). 4.10 (dd. Js, 13.2 Hz, J 4, 5.5 Hz. H-5). 3.99 (dd,
Jeaén 13.2 Hz, H-6a), 4.13 (dd, H-6b), 4.16 (dt, J 4, 7.0 Hz. J,1 », 7.0 Hz, H-11),
3.87 (dd, Jy, o1, 8.0 Hz, H-21a), 3.91 (dd, H-2'b), .23 and 1.33 (each s, 3 H, CMe,).
2.05, 2.07 and 2.10 (each s, 3 H, Ac). 3.43 (s, 3 H. OMe); *C-n.m.r.: § 96.77 (d,
C-1). 67.62 (2C), 69.24 and 74.77 (each d, C-2, C-4. C-5, and C-1). 39.61 (d, C-3).
62.57 (t, C-6), 67.62 (t, C-21), 55.26 (q, OMe), 20.75, 20.91 and 21.13 (cach q. Ac).
24.33 and 26.11 (each q, CMe.). 109.12 (s, CMe,), 170.35 (s, 3 C. Ac).
Anal. Calc. for C H,,0,, C.53.46; H, 6.98. Found: C, 52.96; H. 7.02.
Reduction of 21 with diisobutylaluminium hydride (DIBAL) or sodium bis(2-
methoxyethoxy)aluminium hydride (RedAl). — Compound 20 was first deacvlated
with sodium methoxide in methanol in the conventional manner to give 21 quantita-
tively. whosc homogencity was ascertained only by “C-n.m.r.: § 96.34 (d. C-1),
66.33 and 67.01 (each d, C-2 and C-5), 57.84 (s, C-3), 53.94 (d. C-4). 62.67 (1. C-6).
72.57 (d, C-1"), 65.74 (t. C-2"). 109.47 (s, CMc,). 55.79 (q. OMe). 25.02 and 25.96
(each g, CMc,). Reduction of 21 with DIBAL or RedAl was carried out according
to conditions shown in Table II, and the mixture was processed as just described.
Methyl 2,2'-di-O-acetyl-4,6-O-benzylidene-3-C-[(R)-1.2-dihydroxyethvl}-a-D-
glucopyranoside (24). — Compound 10 (1.0 g, 2.6 mmol) was hydroxylated in the
same manncr as described for 14 and the product was purified on a column of silica
gel with 1:1 hexanc—ethyl acctate to give 24 (1.1 g, 57%), [«];, +120.9° (¢ 1.0,
CHCl,. '"H-n.m.r. (400 MHz): § 4.80 (d. J,. 4.0 Hz. H-1). 5.11 {d. H-2). 3.79 (d.
Ji5 9.8 Hz. H-4). 4.02 (dt. J5, 4.8 Hz. /5, 10.0 Hz. H-5), 4.36 (dd. J, ,, 9.8 Hz.
H-6a). 3.77 (dd, H-6b), 4.31 (dd, J;. y, 11.8 Hz, J;1., 6.9 Hz. H-1'), 4.63 and 4.66
(cach dd, H-2'a and H-2'b). 3.44 (s, OMe), 2.10 and 2.15 (cach s. Ac): *C-n.m.r.:
698.39 (d, C-1), 74.00 (d, C-2). 74.38 (5. C-3), 86.73 (d. C-4). 62.28 (d. C-5). 69.45
(t, C-6). 71.06 (d, C-11). 66.23 (t. C-27). 21.13 and 21.28 (each . Ac). 56.03 (q.
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OMe), 102.74 (d, PhCH), 126.51, 128.80 and 129.77 (each d, Ph), 137.19 (s, Ph),
170.28 and 171.50 (each s, Ac).

Anal. Calc. for C,0H,,0,,: C, 56.34; H, 6.15. Found: C, 56.32; H, 6.12.

Methyl  2,2!-anhydro-4,6-O-benzylidene-3-C-[(R)-1,2-dihydroxyethyl]-o-D-
glucopyranoside (26). — Compound 24 (0.26 g, 0.61 mmol) was deacetylated con-
ventionally with sodium methoxide in methanol to give 25 quantitatively, which
was treated with camphorsulfonyl chloride (0.15 g, 0.35 mmol) in pyridine (5 mL)
at room temperature for 20 h. The solution was poured into saturated aqueous
sodium chloride, and extracted with chloroform. The residue obtained by evapora-
tion of the dried extract was purified on a silica gel column with 1:2 hexane—ethyl
acetate to give 26 (0.14 g, 72%), [a], +74.7° (c 1.1, CHCl,); 'H-n.m.r. (500 MHz):
64.71(d,J, ;5.2 Hz, H-1), 4.08 (d, H-2), 3.88 (d, J, 5 9.6 Hz, H-4), 3.78 (ddd, J; ¢,
9.6 Hz, Js g, 4.6 Hz, H-5), 3.73 (t, Jg, ¢, 9.6 Hz, H-6a), 4.30 (dd, H-6b), 4.82 (dd,
Jya, = Jpay 7.8 Hz, H-11), 4.25 (dd, J,1, 54, 7.8 Hz, H-21a), 3.66 (dd, H-2!b), 3.39
(s, OMe), 5.52 (s, PhACH), 7.34-7.46 (m, Ph); 3C-n.m.r.:  100.87 (d, C-1), 83.40
(d, C-2), 77.34 (s, C-3), 84.28 (d, C-4), 60.40 (d, C-5), 70.15 (t, C-6), 72.21 (d,
C-11), 73.61 (t, C-21), 56.23 (q, OMe), 103.55 (d, PhCH), 127.69, 129.93 and 130.85
(each d, Ph), 138.84 (s, Ph).

Anal. Cale. for C,(H,,0;: C, 59.26; H, 6.22. Found: C, 59.35; H, 6.22.

Conventional acetylation of 26 gave its 1!-acetate (27), syrup, [a], +2.7° (¢
1.2, CHCly), 'H-n.m.r.: 6 4.82 (d, J,, 5.5 Hz, H-1), 4.17 (d, H-2), 3.774.13 (m,
H-4, H-5, H-6a and H-2b), 4.29-4.50 (m, H-6b), 5.50 (dd, J;1 5, = J;1 5, 7.6 Hz,
H-1'), 4.54 (t, J,, 51, 7.6 Hz, H-21a), 2.65 (s, Ac), 3.50 (s, OMe), 5.64 (s, PhCH),
7.26-7.72 (m, Ph); ¥C-n.m.r.: §99.32 (d, C-1), 81.94 (d, C-2), 76.92 (s, C-3), 82.33
(d, C-4), 59.30 (d, C-5), 69.06 (t, C-6), 71.79 (d, C-1'), 72.18 (t, C-21), 20.50 (q,
Ac), 55.64 (q, OMe), 102.40 (d, PhCH), 126.26; 128.07 and 129.14 (each d, Ph),
137.24 (s, Ph), 169.31 (s, Ac).

Anal. Calc. for C;gH,,04: C, 59.02; H, 6.05. Found: C, 58.96; H, 6.13.

Methyl 2,2!-anhydro-4,6-O-benzylidene-3-C-hydroxyacetyl-a-pD-glucopyrano-
side (28). — Swern oxidation of 26 (0.16 g, 0.48 mmol) was performed as described
for 15 and the product was purified on a column of silica gel with 2:1 hexane-ethyl
acetate to give 28 (0.12 g, 78%), syrup, [a], +6.1° (¢ 1.2, CHCL;); 'H-n.m.r.: 8
4.92 (s, J;, 5.6 Hz, H-1), 4.44 (d, H-2), 3.72-4.68 (m, 7 H), 3.42 (s, OMe), 5.64 (s,
PhCH), 7.32-7.64 (m, Ph); ¥*C-n.m.r.: 8 100.18 (d, C-1), 79.86 (d, C-2), 76.18 (s,
C-3), 58.79 (d, C-4), 80.24 (d, C-5), 68.97 (t, C-6), 158.58 (s, C-11), 72.00 (t, C-21),
55.76 (q, OMe), 101.97 (d, PhCH), 125.97, 128.30 and 129.33 (each d, Ph), 137.95
(s, Ph).

Anal. Calc. for C,;H,;0: C, 59.63; H, 5.63. Found: C, 59.47; H, 5.82.

Methyl  2,2'-anhydro-4,6-O-benzylidene-3-C-[(S)-1,2-dihydroxyethyl)-a-D-
glucopyranoside (29). — The compound 28 (59 mg, 0.18 mmol) was reduced with
sodium borohydride as described for 15 and the product was purified on a column
of silica gel with 1:2 hexane—ethyl acetate to give 29 (57 mg, 95%), syrup [a]p
+57.6° (¢ 0.9, CHCI;); 'H-n.m.r. (500 MHz): 64.77 (d, J,, 5.0 Hz, H-1), 4.14 (d,
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H-2).3.95(d. J, s 10 Hz, H-4), 3.86 (dt. J5, 10 Hz, J5, 5.0 Hz. H-5). 3.84 (t. J, a0
9.6 Hz, H-6a), 4.34 (dd, H-6b), 4.96 (dd. J,1 5+, = J» », 7.8 Hz, H-1"). 432 (t. J4 -y,
7.8 Hz. H-2'a). 3.74 (t. H-2'b), 3.43 (5, OMe), 5.57 (s, PhCH}. 7.26-7.45 (m. Ph):
BC-n.m.r.: §99.32 (d, C-1). 81.94 (d, C-2), 76.92 (s. C-3), 82.33 (d. C-4), 59.30 (d.
C-5). 69.06 (1, C-6), 71.79 (d. C-11), 72.18 (1, C-2"). 20.50 (q. Ac). 55.64 (q. OMe),
102.40 (d. PhCH). 126.26, 128.07 and 129.14 (each d. Ph). 137.24 (~, Ph). [A9.31
(s. Ac).

Anal. Cale. for C, H.,,O,: C. 59.26; H, 6.22. Found: C. 59.13: H. 6.23.

Conventional acetylation of 29 gave its '-acetate (30). syrup. |a];, +33.3% (¢
1.0, CHCL); 'TH-nm.r.: 84.73 (d. J, - 5.2 Hz, H-1). 4.07 (d. H-2). 3.55-3.98 (m.
H-1Y). 4.42 (t. Ji, 5y, 7.7 Hz. H-2'a). 1.90 (s. Ac), 3.43 (s. (')ML“). 5.45 (s. PhCH).
7.25-7.48 (m. Ph); C-n.m.r.: §99.48 (d, C-1), 81.81 (d. C-2}. 77.05 (+. C-3). 82.82
(d. C-4), 59.38 (d. C-5). 69.19 (t. C-6). 71.95 (d. C-1"), 7141 (r. C-21). 20.59 (q.
Ac). 55.75 (q. OMe), 102.56 (d, PhCH), 126.35. 128.19 and 129.28 (cach d. Ph),
137.30 (s. Ph). 169.48 (s, Ac).

Anal. Calc. for € H,,0,: C, 59.02: H. 6.05. Found: C. 59.01: H. 6.16.

Methyl 2, 2unhvdro-3, 1 -di-O-benzyl-4,6-O-benzylidene-3-C-|(8)-1,2-di-
hyvdroxyethyl]-a-n-glucopyranoside (31). — To a suspension of sodium hydride
(0.42 g. 17.5 mmol) in Me,SO, which had been stirred for 4 h at 40°. was added
with stirring a solution of 29 (1.03 g, 3.2 mmol) in Me,SO (5 mL}). and then, after
2 h, benzyl chloride (1.46 mL, 12.7 mmol). After 2 h the mixture was poured into
saturated aqueous sodium chloride and extractcd with ether. Conventional
isolation and purification on a column of silica gel gave 31 (1.4 g 87%). syrup. [a],
+18.6° (c .84, CHCL,): 'H-n.m.r.: 6 3.60-4.82 (m. 11 H). 3.37 (5. OMe). 4.98 and
5.14 (ABq. CH. in Bn. J,; 12.0 Hz). 5.44 (s, PhCH). 7.12-7.60 (m. Ph. 15 H);
RC-n.m.r.: §98.99 (d, C-1), 81.49 (d. C-2), 81.76 (s. C-3). 82.68 (d. C-4). 59.98 (d,
C-5), 68.59 (t. C-6). 79.81 (d. C-1"). 69.51 (t. C-2"), 55.59 (4. OMc). 72.60 and
73.04 (cach t, CH, in Bn), 101.80 (d. PhCH). 127.16. [27.38. 128.14 and 12895
(each d. Ph), 137.30. 138.54 and 139.90 (each s. Ph).

Anal. Cale. for CjH5.04: C.71.42; H. 6.34. Found: C, 71.42: H. 6.39.

Merhyl  2,2-anhivdro-3,4, 11-1ri-O-benzyl-3-C-[(S)-1.2-dihvdroxvethvl]-a-1>-
glucopyranoside (32). -— To a chilled suspension of LiAIH, (510 mg. 1.3 mmol) in
a mixed solution of dry cther (10 mL) and dichloromethane (10 ml.) was added
dropwise a solution of 31 (0.55 ¢, 1.3 mmol) and then aluminium trichloride (0.18
g. 1.3 mmol) in dry cther (10 mL). The mixture was heated vnder reflux for 3 h,
mixed carefully with water. and extracted with ether and chloroform. The residuc
obtained by cvaporation of the dried extract was purificd on a column of silica gel
with 1:1 hexane—ethyl acetate to give 32 (0.46 g, 82%%), syrup. [a}, +59.4° (¢ 0.9
CHCl,): '"H-n.m.r.: 8§ 3.40-4.76 (m, 11 H), 3.30 (s. OMe), 4.96 (1. CH, in Bn),
7.13-7.68 (m. Ph, 15 H): "C-n.m.r.: 8 98.73 (d. C-1), 80.04 (d, C-2). 86.04 (s,
C-3), 80.48 (d. C-4), 67.69 (d, C-5), 62.47 (t, C-6), 76.87 (d. C-11). 66.96 (1. C-21).
55.05 (q. OMe), 73.26. 74.09 and 74.38 (cach t, CH. in Bn). [26.75. 127.19. 127 48.
128.11 and 128.31 (ecach d, Ph). 138.42. 138.61 and 139.29 {cach s. T'h).
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Anal. Calc. for C;)H;,04: C, 71.13; H, 6.77. Found: C, 70.80; H, 6.84.

Conventional acetylation of 32 gave 33, [a], +64.1° (¢ 2.2, CHCl,); 'H-
n.m.r.: 53.86-5.14 (m, 15 H), 1.96 (s, Ac), 3.36 (s, OMe), 7.04-7.56 (m, Ph, 15
H); BC-n.m.r.: 5 98.72 (d, C-1), 80.02 (d, C-2), 86.15 (s, C-3), 80.46 (d, C-4),
65.61 (d, C-5), 63.55 (t, C-6), 76.29 (d, C-1'), 67.18 (t, C-21), 20.70 (g, Ac), 55.10
(q, OMe), 73.36 and 74.17 (each t, CH, in Bn), 127.27, 127.43, 127.65, 128.19 and
128.41 (each d, Ph), 138.16, 138.54 and 139.25 (each s, Ph), 170.56 (s, Ac).

Anal. Calc. for C;,H3Oy: C, 70.06; H, 6.61. Found: C, 70.08; H, 6.84.
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