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Several glycopyranosyl dimethylphosphinothioates having a nonparticipating group at the C-2 position could
be easily prepared by reactions of the corresponding glycopyranose and dimethylphosphinothioyl chloride using
butyllithium as a base in tetrahydrofuran. These dimethylphosphinothioates are stable at room temperature
and gave the corresponding a-glycosides, predominantly in good yields, by reactions with alcohols using silver
perchlorate as an activator in the presence of molecular seives 4A in benzene at room temperature. Also, the
combined use of iodine and a catalytic amount of triphenylmethyl perchlorate was effective for this glycosidation
as a new activating system instead of silver perchlorate. Further, the synthetic intermediates of H-disaccharide
and the Lewis X antigen were prepared using the present method.

The stereoselective synthesis of oligosaccharides is an
important problem in carbohydrate chemistry.") The
classical Koenig—Knorr glycosylation reaction, using un-
stable acylated glycosyl halide as a glycosyl donor, has
been widely used for a long time. Recently, in order to
improve the stability of the glycosyl donor as well as
the stereoselectivity of glycoside formation, many new
methods have been reported, which are the so-called
“non-Koenig-Knorr” reaction. Glycosyl donors, such as
glycosyl fluoride,? glycosyl trichloroacetimidate,® pen-
tenyl glycoside,? and thioglycoside,® having a nonpar-
ticipating group at the C-2 position were used. Sev-
eral glycosyl donors using phosphorus containing leav-
ing groups have been reported as a new class of gly-
cosyl donors; such as: glycosyl phosphorodithioate,®
glycosyl diphenyl phosphate,” and so on.® We have
also reported on the glycosyl dimethylphosphinothio-
ate method for a-D-glucopyranosylation,” 2-amino-2-
deoxy- 3-D-glucopyranosylation,'® 2-deoxy- - D-gluco-
pyranosylation,'¥ and S-mannopyranosylation,'® dur-
ing the course of our continuous investigation to apply
dimethylphoshinothioyl (Mpt) chloride'® to synthetic
carbohydrate chemistry.!¥ Mpt-Cl was a useful reagent
for protecting the amino group and coupling the amino
acids in peptide synthesis.!3:1%

In this paper we describe the syntheses and glycosida-
tion of a glycopyranosyl dimethylphosphinothioate se-
ries having a nonparticipating equatorial group at the
C-2 position.

Results and Discussion

First, we examined the reaction of 2,3,4,6-tetra- O-
benzyl-D-glucopyranose (1)!® and Mpt-Cl. Because of
the poor reactivity of Mpt-Cl with alcohol,'® the reac-
tion in the presence of triethylamine in dichloromethane
gave no product. According to the literature concerning
how to obtain the stereoselective glycosyl acetate!” and
phosphate,'® we attempted a reaction of 1 and Mpt-Cl

using butyllithium and thallium ethoxide in tetrahydro-
furan (THF). In the case of n-BuLi, the desired 2,34,
6-tetra- O-benzyl-D-glucopyranosyl dimethylphosphino-
thioate (2) was obtained in good yields. It was found
that the anomer ratios were dependent on the reaction
temperature. The reaction at —30 °C gave 2« selec-
tively in 96% yield. Although the reaction using TIOE{
gave 23 with high selectivity, the yield was poor.

By using n-BuLi and Mpt-Cl, we could prepare 2,3,
4-tri- O-benzyl-L-fucopyranosyl dimethylphosphinothio-
ate (3), methyl 2,3,4-tri- O-benzyl-1- O-dimethylphos-
phinothioyl-D-glucopyranuronate (4), and 2-azido-3,4,
6-tri- O-benzyl-2-deoxy-D-glucopyranosyl dimethylphos-
phinothioate (5) from 2,3 ,4-tri- O-benzyl-L-fucopyranose
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Fig. 1. Glycopyranosyl dimethylphosphinothioates
(Bn=benzyl).
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Table 1. Syntheses of Several Glycopyranosyl Dimethylphosphinothioates
Compound Solvent Base Temp/°C  Product Yield/% o/ Ratio®

1 CH,Cl, EtsN R.T. 2 No reaction

1 THF n-BulLi 66 2 90 40/60

1 THF n-BuLi 0 2 99 50/50

1 THF n-Buli -30 2 96 a(>98%)

1 THF-Benzene TIOEt R.T. 2 30 9/91

6 THF n-BuLi -30 3 90 86/14

7 THF n-Buli —-30 4 80 40/60®

7 THF n-Buli —70 4 79 69/319)

8 THF n-BulLi —-30 5 67 58/42°)

a) Determined by 'H NMR spectra. b) Determined by the isolated yield.
Table 2. Properties of Glycopyranosyl Dimethylphosphinothioates
1 ~ a) 13 _ b)
Compound ~ Mp/°C [ /degree H NMR spectra of H-1/ppm C NMR spectra of C-1/ppm
(J1,2, Jucp/Hz) (Jeor /Hz)

20 62—64 +37.4 (¢ 1, CHCl3) 6.18 ( 3.4, 12.0) 92.28 (5.5)
2B 84—85 —0.7 (¢ 1.35, CHCl3) 5.38 ( 8.1, 11.5) 96.62 (8.3)
3ax oil —80.0 (c 4.06, CHCl3) 6.13 ( 3.4, 14.8) 93.50 (5.5)
3B oil +27.8 (¢ 0.89, CHCl3) 5.31 (11.7, 12.1) 96.82 (7.3)
4a 103—104 +86.5 (c 1.11, PhH) 6.18 ( 3.4, 12.7) 92.24 (4.5)
48 106—107 +4.5 (¢ 1.11, PhH) 5.45 (11.7, 11.7) 96.26 (7.4)
5a 98—99.5 +80.5 (¢ 2.77, CHCl) 6.04 ( 3.7, 12.0) 93.29 (5.5)
5B oil —18.2 (¢ 1.65, CHCl3) 5.27 ( 8.1, 11.5) 95.46 (5.5)

a) Signals were observed in double-doublet in all cases.

(6),' methyl 2,3,4-tri- O-benzyl-D-glucopyranuronate
(7),%9 2-azido-3,4,6-tri- O-benzyl-2-deoxy-D-glucopyran-
ose (8)%Y in 90, 80, and 67% yields, respectively as
shown in Table 1 (Fig. 1).

It is noted that these glycosyl dimethylphosphino-
thioates are stable compounds after being on the shelf
for several months without receiving any special care.
The physical data concerning these glycosyl dimethyl-
phosphinothioates are given in Table 2.

Although the anomer selectivity of 3 was similar to
those of 2, 4 and 5 were obtained with low selectivities.
Based on these findings, we assumed the mechanism of
stereoselectivity to be as follows. The five-membered
chelate ring shown in Fig. 2 might be formed by a coor-
dination of the oxygen atom in the benzyloxy group at
the C-2 position and the 1-O-lithium cation at low tem-
perature. Consequently, 2 and 3 were obtained with
high a-selectivity. In the case of 4, the coordination
of the 6-carbonyl group and the lithium cation would
decreased the a-selectivity. Compound 5 could not be
synthesized selectively, due to the absence of a benzyl-
oxy group at the C-2 position.

Secondly, we investigated the glucosidation of 34-
cholestanol using compound 2. We considered that
a silver cation would promote glycosidation using the
dimethylphosphinothioates, as shown in Fig. 3. Based
on this hypothesis, we examined the glucosidation us-
ing several kinds of silver salts and mercury salt, such
as silver perchlorate, silver oxide, silver carbonate, sil-
ver p-toluenesulfonate, silver trifluoromethanesulfonate,

b) Signals were observed in doublet in all cases.
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Fig. 2. Coordination of the oxygen atom in the ben-
zyloxy group and the 1-O-lithium cation.
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Fig. 3. Hypothesis of glycosidation using glycopyrano-
syl dimethylphosphinothioate.

and mercury acetate. This glucosidation was carried
out with an equivalent amount of reagents in THF in
the presence of molecular sieves 4A. We found that
the corresponding glucoside was obtained in 63% yield,
only when silver perchlorate was used. Other silver salts
gave no glucoside. In the case of Hg(OAc)s, only 2,3,
4,6-tetra- O-benzyl-3-D-glucopyranosyl acetate was ob-
tained in 32% yield.

We then examined the effect of the reaction tem-
perature in order to improve the stereoselectivities of
glucosidation. The corresponding glucopyranoside was
obtained in 18% yield at —5 °C, and the reaction at
—30 °C gave no glucoside. We also found that the yield
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Fig. 4. Postulated mechanism of glycoside formation from 2a with alcohol using AgClOy.

was not improved at all even when the temperature was
gradually raised from —5 °C to room temperature. This
result suggested that the initial reaction temperature
would be significant for this glucosidation reaction.

Further, we examined the solvent effect of this re-
action using THF, diethyl ether, benzene, acetonitrile,
and N,N-dimethylformamide (DMF). Acetonitrile and
DMF did not give the glucoside at all. However, THF
and diethyl ether gave the glucoside in 63 and 52%
yields, respectively. In particular, the use of benzene
increased the yield of glucoside up to 89%.

We also examined the effect of molecular seives. In
the absence of molecular seives 4A, the yield decreased
t0 59%. We could not determine the apparent difference
of the effect of various kinds of molecular seives, such
as 3A, 4A, and 5A. While using molecular sieves to
keep the reaction system drying, we assumed that the
molecular seives would also act to capture HCIOy4.

Under the above-described best reaction conditions,
we examined glycosidation with several alcohols using
compounds 2a and 3. Several a-glucosides were ob-
tained predominantly in good yields (Fig. 4). The reac-
tion of 2a and methyl 2,3,6-tri- O-benzyl-a-D-glucopy-
ranoside (10) having a hindered hydroxyl group, gave
the corresponding glucoside in only 48% yield. How-
ever, the yield increased up to 82% when 2a and
AgClO, were used in 2 equiv portions. We found that
the reaction using t-butyl alcohol gave t-butyl glucoside
in only 26% yield, and that the yield could not be im-

Table 3. Glycoside Formation from Dimethylphos-
phinothioates (2c;, 3) and Several Alcohols Using
AgClO4

Donor Acceptor Yield/%  a/8 Ratio®

20 CH;0H 90 69/31

2a Cyclohexanol 91 75/25

2a 3B-Cholestanol 89 81/19

2a Z-L-Ser-OMe® 89 69/31°)

2a 9 86 70/30%)

20 10 82 90/10

2a t-BuOH 26 N.D.9

3 Cyclohexanol 85 56/44

3 3B-Cholestanol 75 56/44°)

3 11 60 64/36°

a) Determined by the isolated yield. b) Z=ben-
zyloxycarbonyl. ¢) Determined by 'HNMR spectra.
d) N.D. =Not determined.

proved, even under conditions using excess amounts of
the reagents. These results are summarized in Table 3
(Fig. 5).

This glucosidation was not considered to be carried
out by only the Sy2 reaction, as shown in Fig. 3. We
have presently assumed that this glycosidation would
proceed mainly by the Sy1 reaction, as shown in Fig. 4.
Glycosyl perchlorate, which was known as an interme-
diate to give a-glucosides predominantly,?? could be
formed after leaving the Mpt group by the interaction
of silver cation with the sulfur atom of the Mpt group.

We also attempted the glycosidation of 4 and 5
with 33-cholestanol under the same reaction conditions.
Compound 4 gave the corresponding a-glucoside pre-
dominantly in only 30% yield.?¥ Although the gluco-
side was obtained in 51% yield by a reaction using 5,
the reproducibility of the stereoselectivity was poor.?%)

It is very important to develop a new class of activat-
ing reagents without using heavy metals. We thought
that the iodonium cation would be effective for this
glycosidation as well as the silver cation. We thus
chose iodine as an iodonium cation source. Similarly,
we attempted the reaction of compound 2a and 30-
cholestanol with 1 equiv amount of iodine in the pres-
ence of molecular seives 4A. We postulated that these
molecular seives could act not only as a drying reagent,
but also as to capture HI. The corresponding glucoside
was obtained in 47% yield. When 10 mol% amount
of triphenylmethyl perchlorate (TrtCl04)?* was added
to the above-mentioned reaction conditions, the yield
increased remarkably up to 82%. On the other hand,
the glucoside was obtained in 28% yield using only 10
mol% amount of TrtClO4 in the absence of iodine. By

HO BnO
AN
Bn Bnl
BnO OMe BnO oMme
9 10

11
Fig. 5. Glycosyl acceptors.
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Fig. 6. Postulated mechanism of glycoside formation from 2« and alcohol using iodine—10 mol% TrtClO4.
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Table 4. Glycoside Formation from Dimethylphos-

phinothioates (2a, 3) and Several Alcohols Using
Todine-10 mol% TrtClO4

Donor Acceptor Yield/%  a/B Ratio®
2a 38-Cholestanol 82 72/28

2a 33-Cholestanol 47%) N.D.9

2« 3p-Cholestanol 28%) N.D.

2a Cyclohexanol 67 62/38

2a t-BuOH 84 68/32

2a 11 78 57/43°

2a 9 66 74/26°)

3 Cyclohexanol 80 61/39

a) Determined by HNMR spectra. b) Only 1
equiv amount of iodine was used as an activator.
c¢) N. D. =Not determined. d) Only 10 mol% amount
of TrtClO4 was used as an activator. e) Determined by
the isolated yield.

this activating system, the combined use of iodine and
10 mol% of TrtClOy4, several a-gluco- and a-fucopyran-
osides were predominantly obtained in good yields by
the reaction of the corresponding dimethylphosphino-
thioate (2a and 3) with a variety of alcohols. Interest-
ingly, we found that the reaction of 2a and t-butyl alco-
hol gave the corresponding glucoside in 84% yield with
a selectivity of a/#=68/32, which were different from
glucosidation using AgClOy4. These results are summa-
rized in Table 4.

We assumed that iodonium perchlorate would be gen-
erated by the reaction of iodine and TrtClO4. This
iodonium perchlorate would be effective as an activator
for the leaving of the Mpt group, as shown in Fig. 6.

o)
o)
o
lp-catTrCio, ©
3 4 “PhH, MS4A 0
H
OH c OBn
12 Bn OBn
13

Fig. 7. Synthesis of the H-disaccharide derivative.

Particularly, the perchlorate anion would be essential
to produce glycosyl perchlorate as a key intermediate.
TrtClO4 could be regenerated in the reaction system.

Finally, we applied this method to the syntheses
of complex carbohydrate. L-Fucose-containing glyco-
conjugates exist widely in nature and have interest-
ing biological functions.?” We tried to synthesize syn-
thetic intermediates of H-disaccharide [a-L-Fuc-(1—2)-
D-Gal]?® and the Lewis X antigen [a-L-Fuc-(1—3)[3-D-
Gal-(1—4)]-D-GlcNAc].?"

The condensation of 3 and 1,6-anhydro-3,4- O-iso-
propylidene-3-D-galactopyranose (12)%®) using 1 equiv
iodine and 10 mol% catalytic amount of TrtClO,4 in
the presence of molecular seives 4A gave 1,6-anhydro-
2- 0-(2,3,4-tri- O-benzyl-L-fucopyranosyl)-3,4- O-isopro-
pylidene-3-D-galactopyranose (13) in 79% yield with a
selectivity of a/3=76/24 (Fig. 7). The synthesis of H-
disaccharide from 13 has been reported.?®

Several syntheses of the Lewis X antigen have been
reported.?” We designed 4- O-allyl-1,6-anhydro-2-azido-
2-deoxy-3- O-(2,3 4-tri- O-benzyl-a-L-fucopyranosyl)-3-D-
glucopyranose (14) as an intermediate for the synthesis
of the Lewis X antigen.?® Intermediate 14 was obtained
in 60% yield with a selectivity of a/3=86/14 by the
reaction of 3 and 4- O-allyl-1,6-anhydro-2-azido-2-deoxy-
(B-D-glucopyranose (15) using AgClO4 as an activator
in benzene (Fig. 8).

Experimental

The melting points were determined with a Labora-
tory Devices MEL-TEMP apparatus and are uncorrected.
'HNMR and »CNMR spectra were recorded on JEOL

Bn

OBn
Me
¢ gCIQ,
AgCIOy
3 ¢ PhH, MS4A
AllO Ng
All
15 o N3
14
Fig. 8. Synthesis of the synthetic intermediate of

Lewis X antigen (All=allyl).
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PMX-60, FX-90A, and EX-400 spectrometers with tetra-
methylsilane used as an internal standard in CDCls. The
optical rotations were recorded on a JASCO DIP-360 digital
polarimeter.

General Synthesis of Glycopyranosyl Dimethyl-
phosphinothioate. To a solution of glycose 1,6,7 or 8 (5
mmol) in dry THF (20 ml) at —30 °C was added a hexane
solution of butyllithium (5.5 mmol) under an argon atmo-
sphere and stirred for 30 min. Mpt-Cl (5.5 mmol) was added
to the solution, and the mixture was stirred for 1 h at —30
°C; water was then added. The mixture was extracted with
ether, and the organic layer was washed with water and a
saturated NaCl solution. After being dried over sodium sul-
fate, the ether was evaporated under reduced pressure. The
crude product was purified by silica-gel column chromatog-
raphy or silica-gel thin-layer chromatography (hexane/ethyl
acetate) to give the corresponding glycosyl dimethylphos-
phinothioates. The yields and physical data were given in
Tables 1 and 2.

2,3,4,6- Tetra- O- benzyl- a- D- glucopyranosyl Di-
methylphosphinothioate (2a):  Found: C, 67.97; H,
6.49; P, 4.96%. Calcd for C36H4106PS:C, 68.34; H, 6.53;
P, 4.90%.

2,3,4-Tri- O-benzyl-a,3-L-fucopyranosyl Dimethyl-
phosphinothioate (3): Found: C, 65.97; H, 6.82; P,
5.41%. Calcd for Co9H3505PS: C, 66.14; H, 6.70; P, 5.88%.

Methyl 2,3, 4-Tri- O- benzyl- 1- O- dimethylphos-
phinothioyl-a,3-p-glucopyranuronate (4): Found:
C, 63.00; H, 6.23%. Calcd for C3oHs3s07PS:C, 63.14; H,
6.18%.

2-Azido-3,4,6-tri- O-benzyl-2-deoxy-a,3-D-gluco-
pyranosyl Dimethylphosphinothioate (5): Found:
C, 61.41; H, 6.12; N, 7.34%. Calcd for C29H34N305PS: C,
61.36; H, 6.04; N, 7.40%.

General Glycosidation Procedure Using AgClOg.
To a benzene solution (2 ml) of glycosyl dimethylphosphino-
thioate (0.2 mmol) and alcohol (0.2 mmol) was added silver
perchlorate (0.2 mmol) in the presence of molecular seives
4A (ca. 100 mg); the mixture was stirred overnight in a dark
place. A 5% sodium sulfide solution and ethyl acetate was
added into the reaction mixture. The insoluble materials
were filtered off, and the filtrate was extracted with ethyl
acetate. The organic layer was washed with a 5% sodium
sulfide solution and a saturated NaCl solution, and then
dried over anhydrous sodium sulfate. The extracts were
filtered, and concentrated in vacuo to afford crude glycoside.
The residue was purified by thin-layer chromatography on
silica gel (hexane/ethyl acetate). The yields are given in
Table 3.

General Glycosidation Procedure Using lodine
and 10 mol% Amount of TrtClOs. A 0.1 M (1M=1
moldm ~3) benzene solution of iodine (2 ml, 0.2 mmol) was
added to a benzene solution (1 ml) of glucopyranosyl di-
methylphosphinothioate (0.2 mmol), alcohol (0.2 mmol) and
triphenylmethyl perchlorate (0.02 mmol) in the presence of
molecular seives 4A (ca. 100 mg); the resulting mixture was
stirred overnight. The reaction was quenched by the addi-
tion a 5% sodium thiosulfate solution. The following pro-
cedure was carried out in the same manner as described
concerning the method using AgClO4. The yields are given
in Table 4.

Cyclohexyl 2,3,4,6-Tetra- O-benzyl-p-glucopyran-
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oside: o Form: *CNMR 6§=94.68 (C-1); [a]?’+48.2°
(¢ 2.41, CHCl3) (1it,3® [a]3 +43° (c 1.0, CHCl3)). B Form:
150 NMR 6=101.94 (C-1); [0]3*+7.4° (c 1.36, CHCl3); mp
98 °C (1it,*? [a]3°+8° (¢ 1.0, CHCl3); mp 104—105 °C).

33-Cholestanyl 2,3,4,6-Tetra- O-benzyl-p-glucopy-
ranoside: a Form: CNMR 6§=94.72 (C-1); [o)3+
72.9° (¢ 0.38, CHCl3); mp 113—115 °C (lit,3V[a]2 +65.1°
(c 1.086, CHClg), mp 117 5—119.0 °C). B Form: *CNMR
6=101.89 (C- i []3t+26.7° (¢ 0.21, CHCl3); mp 90—92
°C (1it,* [ +20.2° (¢ 1.04, CHCl3); mp 93.5 °C).

t-Butyl 2,3,4,6-Tetra- O-benzyl-p-glucopyranoside:
I3CNMR 6=97.79 (C-18), 91.43 (C-1a); 'HNMR, §=1.325
(s, CH3f), 1.262 (s, CHze) (lit,>® 'HNMR §=1.24 (s,
CH3ﬂ) 1.20 (S, CHaa))

N-Benzyloxylcarbonyl- 0-(2,3,4,6-tetra- O-benzyl-
p-glucopyranosyl)-L-serine Methyl Ester: BBONMR
6=103.86 (C-18), 98.68 (C-1a); ' HNMR 6=6.06 (d, J=9.4
Hz, NHa), 5.76 (d, /=8 Hz, NHp), (1it,>® 3C NMR, 103.85
(C-13), 98.67 (C-1a); '"HNMR 6=5.97 (d, J=9 Hz, NHa)).

Methyl 6- 0-(2,3,4,6-Tetra- O-benzyl- p-glucopy-
ranosyl)- 2, 3, 4- tri- O- benzyl- a- b- glucopyranoside:
I3CNMR 6=103.70 (C-1'8), 97.94 (C-13), 97.85 (C-1a),
97.15 (C-1'a); "HNMR 6=3.350 (s, OMec), 3.327 (s, OMef3)
(lit,>¥ 'HNMR 6=3.348 (s, OMeg), 3.323 (s, OMeq)).

Methyl 4-0-(2,3,4,6-Tetra- O-benzyl-p-glucopyran-
osyl)-2,3,6-tri- O-benzyl-a-bp-glucopyranoside: «a
Form: *CNMR 6=97. 77 (C-1), 96.63 (C-1'); [o)¥ +51.0°
(c1, CHCl3) (1it,?® [a]2’+45.4° (¢ 0.82, CHClg)) 8 Form:
I3CNMR 6=102.49 (C-1'), 98.43 (C-1).

6- O0-(2,3,4,6-Tetra- O- benzyl- p- glucopyranosyl)-
1,2: 3,4-di- O-isopropylidene-a-p-galactopyranoside:
3CNMR 6§=104.30 (C-1'3), 96.97 (C-1'a), 96.31 (C-1B),
96.24 (C-1a); 'HNMR, §=5.57 (d, J=4.9 Hz, H-13), 5.52
(d, J=5.3 Hz, H-1a), (1it,*® *CNMR §=103.2 (C-1'B),
97.0 (C-1'a)).

Cyclohexyl 2,3,4-Tri- O-benzyl-L-fucopyranoside:
MS(FAB) 516 (M*). « Form: *CNMR 6§=95.34 (C-1),
[a]B*—56. 8° (¢ 1.29, CHCl;). B Form: '*C NMR §=101.71
(C-1), [a]3'—0.4° (¢ 2.27, CHCl;).

33-Cholestanyl 2,3,4-Tri- O-benzyl-L-fucopyran-
oside: *CNMR §=102.07 (C-183), 95.34 (C-1a).

6- O- (2, 3, 4- Tri- O- benzyl- L- fucopyranosyl)- 1,
2: 3, 4- di- O-isopropylidene- a- D- galactopyranoside:
I3CNMR 6=104.12 (C-1'8), 97.21 (C-1'a), 96.22 (C-
18), 96.14 (C-1a), 16.78 (Fuc-CH3f), 16.54 (Fuc-CHsa);
'HNMR 6=5.52 (d, J=5.4 Hz, H-18), 5.50 (d, J=5.4 Hz,
H-1a), 1.15 (d, J=6.4 Hz, H-6'a), 1.11 (d, J=6.8 Hz, H-
6'B3). Found: C, 69.00; H, 7.48%. Calcd for C39H4gO10: C,
69.21; H, 7.15%.

1,6-Anhydro-3,4-O-isopropylidene-2-0-(2,3 4-tri-O-
benzyl-L-fucopyranosyl)- 3-p-galactopyranose (13):
13CNMR 6=108.46 (acetal-Ca), 108.18 (acetal-Cf3), 104.41
(C-1'8), 100.35 (C-1a), 99.71 (C-18), 99.13 (C-1'a), 16.69
(Fuc-CH38), 16.56 (Fuc-CHsa); '"HNMR §=5.458 (s, H-
18), 5.424 (s, H-1a) (1it,?® *C NMR 6=108.46 (acetal-Ca),
108.26 (acetal-Cg), 104.53 (C-1'3), 100.41 (C-1a), 99.87 (C-
1'8), 99.13 (C-1'c), 16.76 (Fuc-CH3p3), 16.59 (Fuc-CHsa)).

4- 0-Allyl-1,6-anhydro-2-azido-2-deoxy-3- 0-(2,3,
4-tri-O-benzyl-L-fucopyranosyl)-3-p-galactopyranose
(14): MS (FAB) 644 (M*). a Form: '*C NMR, §=97.3 (C-
1'); 'THNMR 6=4.94 (1H, d, J=3.9 Hz, H-1'); [a]3'—8° (c
0.3, CHCl3). S Form: *CNMR 6=103.6 (C-1'); 'HNMR,
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§=4.31 (1H, d, J=7.3 Hz, H-1').
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