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a-Mannosides were obtained in good yields and with good selectivity directly from benzyl-protected mannopyranosyl
p-nitrobenzoate or acetate using a trimethylsilyl chloride—zinc triflate catalyst system.
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The glycosidation reaction is one of the most important
in carbohydrate chemistry.? During the course of our
studies on synthesis of human serum albumin modified with
D-mannose through octamethylene spacer group via ether
and amide bonds, it was necessary to develop a new method
for the preparation of benzyl-protected a-mannopyranoside
(4ax)? in good yield and with good selectivity. Usually,
a-mannosyl bonds are synthesized with 2-acyl-protected
mannosyl donors utilizing the neighboring-group effect,®
but recently, synthesis of a-mannosides from mannosyl
fluoride® or chloride,® without the neighboring-group
effect, has been reported. These mannosyl halides are
prepared from mannosyl esters. In this paper, we wish to
describe a selective synthesis, promoted with trimethylsilyl
chloride (TMSCI]) and zinc triflate (Zn(OTf),), of a-man-
nosides from mannosyl esters without the neighboring-
group effect (Chart 1).

Results and Discussion

In a previous paper, we reported a novel method for the
direct activation of stable glycosyl esters with TMSCI and
Zn(OTf),.5 We applied the method to the reaction of

benzyl-protected mannopyranosyl p-nitrobenzoate (1)7® to
extend the utility of our new glycosidation method. Reac-
tion of 1 with 8-methoxycarbonyloctanol (3a) (2 eq)® in
dichloromethane in the presence of TMSCI (1.5 eq) and
Zn(OTf), (1.5 eq) gave the known substances, 4aa® and its
B-isomer (4ap),? at an 86: 14 ratio in 89% combined yield
(Table I, run 1).

We examined the solvent effect by reaction of 1 and 3a
in the presence of TMSCI and Zn(OTY), as promoters. The
results (runs 1-—4) made it clear that acetonitrile (run 2)
was the best solvent in terms of yields and a-selectivity.

To optimize the reaction conditions, some other silyl
halides, such as trimethylsilyl bromide (TMSBr, run 5),
tert-butyldimethylsilyl chloride (TBDMSCI, run 6), and
triphenylsilyl chloride (run 7), were examined using the
above-mentioned reaction of 1 and 3a in the presence of
Zn(OTf), in acetonitrile. High yields and a-selectivity were
attained when TMSCI was employed as the promoter. Next,
we tried using other metal triflates, such as copper triflate
(Cu(OTYf),, run 8) and tin triflate (Sn(OTf),, run 9) in
combination with TMSCI in acetonitrile, resulting in 72%
and 70% yields, and 80:20 and 98:2 «: f§ selectivity. These
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TaBLE 1. a-Selective Mannoside Synthesis

Run Donor Acceptor? Promoter? Solvent® Time? (h) Yield® (%) a:ph
1 1 3a TMSCI-Zn(OT), CH,Cl, 5.5 89 86:14

2 1 3a TMSCI-Zn(0Tf), MeCN 4 96 99: 1

3 1 3a TMSCI-Zn(OTH), PhCH, 75 73 94: 6

4 1 3a TMSCI-Zn(OTH), DME 23 73 64:36

5 1 3a TMSBr-Zn(OTf), MeCN 1.5 85 99: 1

6 1 3a TBDMSCI-Zn(OTf), MeCN 3 88 9%: 6

7 1 3a Ph;SiCl-Zn(OTY), MeCN 5.5 89 99: 1

8 1 3a TMSCI-Cu(OTf), MeCN 5 72 80:20

9 1 3a TMSCI-Sn(OTY), MeCN 3 70 98: 2
10 2 3a TMSCl-Zn(OTY), MeCN 4 88 99: 1
11 1 3b TMSCI-Zn(OTY), MeCN 5 95 98: 2
12 2 3b TMSCI-Zn(OTY), MeCN 4 92 97: 3
13 1 3¢ TMSCI-Zn(OTY), MeCN 4 89 99: 1
14 2 3c TMSCI-Zn(OTf), MeCN 5 83 99: 1
15 1 3d TMSCI-Zn(OTf), MeCN 6 57 96: 4
16 1 3d TMSCL-Zn(OTf),” MeCN 6 82 95: 5
17 1 3e TMSBr-Zn(OTY), CH,CL,» 15 91 93: 7
18 1 3f TMSCIl-Zn(O0TY), MeCN 1 80 97: 3

a) Two amounts of acceptor were used in each case.
carried out with ice cooling.
the weight of 1). h) Five equivalents of diglyme was used as an additive.

results showed that the metal cation influenced selectivity.
Good yields and a-selectivity were achieved, when Zn(OTf),
was employed as the promoter. The best result was attained
when the reaction was carried out in acetonitrile using
TMSCI and Zn(OTf), as promoters. After stirring with 3a
(2 eq), TMSCI (1.5 eq) and Zn(OTf), (1.5 eq) in acetonitrile
with ice cooling for 4 h, 4af was isomerized to an epimeric
mixture (4aa: 4af=92:8). This demonstrated that thermo-
dynamic control contributed to the a-selectivity.

In a similar manner, the reaction of benzyl-protected
mannopyranosyl acetate (2)'? with 3a gave 4ax in good
yield and with good selectivity (run 10). We then investigated
the reaction of mannosyl esters (1 and 2) with other alcohols
(3b—f). All the reactions resulted in the formation of the
corresponding a-glycosides (4ba—4fa) with good selectivity
(runs 11—18). When the alcohol (3d) was sterically hinder-
ed, the yield was low, because of the formation of a hydrol-
ysis product (2,3,4,6-tetrabenzylmannopyranose), which
was detected by thin-layer chromatography in the reac-
tion mixture (run 15). In this case, addition of powdered
molecular sieves AW-300 improved the yield (run 16). Since
p-cholestanol (3e) showed poor solubility in acetonitrile,
the reaction of 1 and 3e (run 17) was carried out in
dichloromethane containing diglyme, a condition® that we
had used for the synthesis of steroidal glycosides. The reac-
tion of 1 with glycosyl alcohol (3f) gave the disaccharide 4fa
and its f-isomer (4ff) at a 97: 3 rdtio in an 80% combin-
ed yield (run 18); and when 1 and 3f were reacted using
trimethylsilyl triflate® instead of TMSCI and Zn(OTf),
as the promoter, with ice cooling for 1h, the yield was
decreased (70%) but the a-selectivity was the same (97 : 3).

The stereochemical assignment of the glycosidic bond in
4a—f was verified by comparison of the specific rotations
of the minor and major isomers based on Hudson’s rule of
isorotation.!!) The major isomers of reaction products were
dextrorotatory, in contrast with the minor isomers,
indicating the stereochemistry of the glycosidic bond that
had formed to be « in the major isomers and f in the minor
isomers.

b) Each promoter was used in an amount of 1.5 eq.
e) Isolated total yield. f) The «: f ratios were determined by 'H-NMR analysis.

¢) DME; 1,2-dimethoxyethane. d) All reactions were
g) Addition of powdered molecular sieves AW-300 (twice

In summary, we have demonstrated that combination of
TMSCI and Zn(OTf), can serve as a potential activator in
o-mannosidation using mannosyl esters as mannosyl
donors.

Experimental

Melting points were determined on a Yanagimoto melting point
apparatus and are uncorrected. Proton nuclear magnetic resonance
("H-NMR) spectra were obtained on a Varian VXR-500 spectrometer
(500 MHz) in deuteriochloroform using tetramethylsilane as an internal
standard. Optical rotations were measured in chloroform with a
Perkin-Elmer 241 polarimeter. IR spectra were obtained on a Hitachi
270-30 IR spectrophotometer. Mass spectra (MS) and high-resolution mass
spectra (HRMS) were obtained on a JEOL JMS-HX110 mass spectrometer.
Column chromatography was performed with Merck Silica gel 60
(230—430 mesh). Glycosyl alcohol 3f was purchased from Junsei Chemical
Co., Ltd.

Typical Procedure for the z-Selective Glycosidation (Table I, Run 1),
TMSCI (0.038 ml, 0.3 mmol) was added to a mixture of the mannosyl es-
ter 1 (138 mg, 0.2 mmol), the alcohol 3a (75mg, 0.4 mmol) and Zn(OTf),
(109 mg, 0.3 mmol) in dichloromethane (2 ml) was added TMSCI (0.038 ml,
0.3 mmol) under ice-cooling, and the mixture was stirred for 5.5h. The
reaction mixture was diluted with ethyl acetate and washed with water,
saturated NaHCO; solution and water, then dried over- MgSO, and
concentrated under reduced pressure. The residue was chromatographed
onsilica gel (70 g) with toluene—ethyl acetate (19: 1) to give a 86 : 14 epimeric
mixture (126 mg, 89%) of 4a« and 4ap as a colorless oil. Analytical sam-
ples of 4aa and 4af were prepared by repeated silica gel column
chromatography.

daa®: A colorless oil. [a]p +21.1° (c=1.48). 'H-NMR §: 1.27 (8H, s),
1.51—1.52 (2H, m, CH,-CH,~-COOCH3), 1.59—1.62 (2H, m, CH,—CH ,-
0), 2.29 (2H, t, J=7.6Hz, CH,—~COOCH};), 3.34 (1H, dt, /=9.8, 6.6 Hz,
CH,-0), 3.37 (1H, dt, J=9.5, 6.8Hz, CH,-0), 3.66 (3H, s, OCH,),
3.67—3.80 (4H, m, H-2, 5, 6, 6'), 3.90 (1H, dd, J; ,=29, J; ,=9.3Hz,
H-3),3.98 (1H, dd J, 3=9.3, J, s=9.0 Hz, H-4), 4.50 (1H, d, J=10.7 Hz,
ArCH,), 4.55 (1H, d, J=12.2Hz, ArCH,), 4.63 (2H, s, ArCH,), 4.66 (1H,
d, J=12.2Hz, ArCH,), 4.72 (1H, d, J=12.7Hz, ArCH,), 4.76 (1H, d,
J=12.7Hz, ArCH,), 4.85 (IH, d, J,,=1.7Hz, H-1), 4.87 (1H, d,
J=10.7Hz, ArCH,), 7.15—7.17 (2H, m, ArH), 7.23—7.38 (18H, m, ArH).
IR (KBr): 2936, 2864, 1736, 1496, 1454, 1364cm ™. MS m/z: 710 (M ™),
619 (M* —C,H,). HRMS Calcd for C,,H;,04—C,H, 619.3271. Found
619.3257.

4ap?: A colorless solid. mp 54—55°C. [a]p —46.5° (¢=0.10). 'H-NMR
6: 1.25—1.39 (8H, m), 1.47—1.53 (2H, m, CH,~CH, COOCH,),
1.59—1.65 (2H, m, CH,-CH,-0), 2.30 (2H, t, J=7.4 Hz, CH,-COOCH,),
3.40 (1H, dt, J=9.3, 6.8 Hz, CH,-0), 3.45 (1H, ddd, J5 ,=9.5, J5 =6.1,
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Js.¢=2.0Hz, H-5), 3.50 (14, dd, J5 ,=2.9, J; ,=9.5Hz, H-3), 3.66 (3H,
s, OCHjy), 3.74 (1H, dd, J¢ s=6.1, Jg ¢ =10.8 Hz, H-6), 3.81 (I1H, dd,
Je.s=2.0,J¢ ¢=10.8Hz,H-6'),3.86 (1H,dd, J, ;=9.5,J, s=9.5Hz, H-4),
3.90 (1H, d, J, 3=2.9Hz, H-2),3.97 (1H, dt, J=9.3, 6.4 Hz, CH,-0), 4.37
(1H, s, H-1), 4.44 (1H, d, J=11.7Hz, ArCH,), 4.51 (1H, d, J=11.7Hz,
ArCH,), 4.53 (2H, d, J=10.7Hz, ArCH,), 4.59 (1H, d, J=12.0Hz,
ArCH,), 4.63 (1H, d, J=12.0Hz, ArCH,), 4.87 (1H, d, J=12.5Hz,
ArCH,), 490 (1H, d, J=10.7Hz, ArCH,), 5.00 (1H, d, J=12.5Hz,
ArCH,), 7.17—7.19 (2H, m, ArH), 7.22—7.35 (16H, m, ArH), 7.46—7.47
(2H, m, ArH). IR (KBr): 2932, 2860, 1732, 1497, 1454, 1362cm ™. MS
mfz: 710 M ™), 619 (M*™ —C,H,). HRMS Calcd for C,,H;,04—C,H,
619.3271. Found 619.3241.

Physical and spectral data for glycosides (4b—f) are as follows.

4ba: A colorless oil. [a]p, +28.7° (¢=1.09). '"H-NMR 6: 0.84—0.91 (2H,
m, cyclohexyl-H), 1.12—1.26 (3H, m, cyclohexyl-H), 1.47—1.70 (6H, m,
cyclohexyl-H), 3.15 (1H, dd, J=6.1, 9.3 Hz, O-CH,), 3.45 (1H, dd, /=6.8,
9.3Hz, O-CH,), 3.71—3.79 (4H, m, H-2, 5, 6, 6'), 3.89 (1H, dd, J, 3 =3.2,
J3.4=9.3Hz, H-3), 3.97 (1H, dd, J, 3=9.3, J, s=9.0Hz, H-4), 4.51 (1H,
d, J=10.7Hz, ArCH,), 4.55 (1H, d, J=12.2Hz, ArCH,), 4.62 (1H, d,
J=12.0Hz, ArCH,), 4.65 (1H, d, J=11.7Hz, ArCH,), 4.66 (1H, d,
J=12.0Hz, ArCH,), 4.70 (1H, d, J=12.5Hz, ArCH,), 4.75 (lH, d,
J=12.5Hz, ArCH,), 481 (1H, d, J,,=1.7Hz, H-1), 4.87 (1H, d,
J=10.5Hz, ArCH,), 7.16—7.18 (2H, m, ArH), 7.23—7.38 (18H, m, ArH).
IR (KBr): 2928, 2860, 1498, 1454, 1364cm™!. MS m/z: 636 (M), 545
(M*—-C,H,). HRMS Caled for C,;H,30,—C,H, 545.2903. Found
545.2883.

4bp: A colorless solid. mp 63—64°C. Anal. Caled for C4yH, 504 1/4
H,0: C, 76.79; H, 7.62. Found: C, 76.64; H, 7.90, [a], —46.6° (c=1.26).
'H-NMR §: 0.96—1.01 (2H, m, cyclohexyl-H), 1.16—1.29 (3H, m,
cyclohexyl-H), 1.63—1.81 (6H, m, cyclohexyl-H), 3.21 (1H, dd, J=6.6,
9.3Hz, O-CH,), 3.45 (1H, ddd, J; ,=9.8, J5 s=6.1, J5 - =2.0Hz, H-5),
3.50 (1H, dd, J;,4=9.6, J;,=29Hz, H-3), 3.74 (IH, dd, Jss5=6.1,
Jo.e=11.0Hz, H-6), 3.80—3.83 (2H, m, O-CH,, H-6"), 3.85 (1H, dd,
J43=9.6, J, s=9.8Hz, H-4), 3.91 (1H, d, J, 3=2.9Hz, H-2), 4.34 (1H,
s,H-1),4.44(1H,d, J=11.7Hz, ArCH,), 4.51 (1H, d, J=11.7 Hz, ArCH,),
4.53 (1H, d, J=10.7Hz, ArCH,), 4.60 (1H, d, /J=12.2Hz, ArCH,), 4.63
(1H, d, J=12.2 Hz, ArCH,), 4.87 (1H, d, J=12.7Hz, ArCH,), 4.90 (1H,
d, J=10.7Hz, ArCH,), 5.03 (1H, d, J=12.7Hz, ArCH,), 7.16—7.21 (2H,
m, ArH), 7.23—7.36 (16H, m, ArH), 7.46—7.48 (2H, m, ArH). IR (KBr):
2924, 2856, 1496, 1454, 1366 cm ™. MS m/z: 636 (M *), 545 M ™ —C,H,).
HRMS Calcd for C,,H, 30— C,H; 545.2903. Found 545.2911.

4ca: Colorless oil. [«]p +36.1° (c=1.01), "H-NMR &: 1.45—1.73 (8H,
m), 3.69 (1H, dd, J, =20, J, 3=3.2Hz, H-2), 3.72 (1H, dd, J5 s=3.9,
Jo.c=8.8 Hz, H-6), 3.78—3.82 (2H, m, H-5, H-6'), 3.90 (1H, dd, J; , =3.2,
J34=9.3Hz, H-3),3.98 (1H, dd, J, ;=9.3, J, s=9.0Hz, H-4), 4.16—4.18
(1H, m, O-CH), 4.35 (1H, d, J=10.7 Hz, ArCH,), 4.54 (1H, d, J=12.0Hz,
ArCH,), 4.63 (2H, s, ArCH,), 4.67 (1H, d, J=12.5Hz, ArCH,), 4.70 (1H,
d, J=12.7Hz, ArCH,), 4.82 (1H, d, /=12.5Hz, ArCH,), 4.87 (1H, d,
J=10.7Hz, ArCH,), 4.90 (1H, d, J, ,=2.0Hz, H-1), 7.16—7.19 (2H, m,
ArH), 7.24—7.38 (18H, m, ArH). IR (KBr): 2940, 2876, 1498, 1456,
1364cm™'. MS mjz: 608 M™*), 517 M* ~C,H,). HRMS Calcd for
C3H 4406 —C,H, 517.2590. Found 517.2615.

4¢p: Colorless solid. mp 94—95°C. Anal. Calcd for C30H,404 1/4H,0:
C, 76.38; H, 7.31. Found: C, 76.36; H, 7.47. [a]p, —S51.1° (¢=123).
'H-NMR 4§: 1.46—1.91 (8H, m), 3.45 (1H, ddd, Js ,=9.6, Js 5=6.1,
Js ¢ =1.7Hz, H-5), 3.50 (1H, dd, J; , =2.9, J; 4, =9.5Hz, H-3), 3.74 (1H,
dd, J¢ s=6.1, Jg ¢ =108 Hz, H-6), 3.80—3.85 (3H, m, H-2, H-4, H-6"),
4.32—4.34 (1H, m, O-CH), 4.42 (1H, s, H-1), 443 (1H, d, J=11.7Hz,
ArCH,), 4.51 (lH, d, J=11.7Hz, ArCH,), 454 (1H, d, J=10.8Hz,
ArCH,), 4.60 (1H, d, /J=12.0Hz, ArCH,), 4.63 (IH, d, J=12.0Hz,
ArCH,), 4.88 (1H, d, J=12.7Hz, ArCH,), 490 (1H, d, /=10.8Hz,
ArCH,), 498 (1H, d, J=12.7Hz, ArCH,), 7.18—7.35 (18H, m, ArH),
7.46—7.47 2H, m, ArH). IR (KBr): 2960, 2916, 2860, 1498, 1456,
1362cm ™. MS m/z: 608 (M*), 517 (M*—C,H,). HRMS Calcd for
C4H,,0,—C,H, 517.2590. Found 517.2615.

4da: Colorless oil. [a]p +39.6° (¢=0.51). 'H-NMR §: 0.72 (3H, d,
J=6.8Hz, CH,), 0.75 (3H, d, /=6.8 Hz, CH,), 0.86 (3H, d, J=6.6Hz,
CH,), 0.90 (3H, d, J=6.8 Hz, CH,), 1.68—1.81 (2H, m, CH(CH,),), 3.01
(1H, t, J=4.9Hz, O-CH), 3.69 (1H, dd, Jg s=1.5, Jg ¢ =10.5Hz, H-6),
3.76 (1H, dd, J,,=1.5, J,3=2.9Hz, H-2), 3.81 (1H, dd, J5¢=10.5,
Je.s=4.8Hz, H-6'), 3.88 (1H, dd, J; ,=2.9, J; , =9.3 Hz, H-3), 3.92 (1H,
ddd, J;,=938, Js¢=1.5, Js¢=48Hz, H-5), 405 (1H, dd, J,;=9.3,
J,s=9.8Hz, H-4), 4.50 (1H, d, J=12.2Hz, ArCH,), 452 (1H, d, J=
10.7Hz, ArCH,), 4.62 (IH, d, J=11.7Hz, ArCH,), 4.67 (1H, d,
J=12.5Hz,

12)
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ArCH,), 4.68 (1H, d, J=11.7Hz, ArCH,), 4.69 (1H, d, J=12.2Hz,
ArCH,), 4.73 (1H, d, J=12.5Hz, ArCH,), 483 (1H, d, J, ,=1.5Hz, H-1),
4.88 (1H, d, J=10.7Hz, ArCH,), 7.15—7.46 (20H, m, ArH). IR (KBr):
2964, 2936, 2880, 1498, 1456, 1366cm™!. MS mjz: 638 (M™), 547
(M* —C,H,). HRMS Caled for C, H;,04—C;H; 547.3059. Found
547.3087.

4dp: Colorless oil. [a]p —52.7° (¢=1.39). 'H-NMR 6: 0.89 (3H, d,
J=6.6Hz, CH;), 0.90 (3H, d, J=6.8Hz, CH;), 0.99 (3H, d, J=6.8 Hz,
CHj;), 1.00 (3H, d, /=6.8 Hz, CH3;), 1.85—1.89 (2H, m, CH(CH};),), 3.13
(1H, t, J=5.4Hz, O-CH), 3.39 (1H, dt, J5 , =3.9, J5 s =9.5Hz, H-5), 3.48
(1H, dd, J; ,=9.5, J5,=2.9Hz, H-3), 3.78 (2H, d, Js s=9.5Hz, H-6),
3.88 (1H,dd, J, 3=9.5,J, s=3.9Hz, H-4),3.93 (1H, d, J, 3 =2.9 Hz, H-2),
438 (1H,s,H-1),4.48(1H,d,J=11.7Hz, ArCH,),4.53 (1H,d, J=11.7Hz,
ArCH,), 4.57 (1H, d, J=12.0Hz, ArCH,), 4.58 (1H, d, J=10.7Hz,
ArCH,), 4.69 (1H, d, J=12.0Hz, ArCH,), 4.85 (IH, d, J=12.5Hz,
ArCH,), 491 (1H, d, J=10.7Hz, ArCH,), 5.02 (1H, d, J=12.5Hz,
ArCH,), 7.22—7.34 (18H, m, ArH), 7.46—7.47 (2H, m, ArH). IR (KBr):
2968, 2880, 1498, 1456, 1366cm ™~ 1. MS m/z: 638 (M ™), 547 (M * —C,H,).
HRMS Caled for C,H;006—C,H; 547.3059. Found 547.3060.

4ea: Colorless solid. mp 109—100°C. Anal. Caled for C4,Hg,04: C,
80.39; H, 9.07. Found: C, 80.28; H, 9.22. [a]p, +45.4° (¢=0.61). '"H-NMR
8: 0.63 (3H, s, CH,), 0.76 (3H, s, CH;), 0.86 (3H, d, J=6.6 Hz, CH,),
0.86, (3H, d, J=6.6Hz, CH,), 0.89 (3H, d, J=6.6 Hz, CH;), 3.73 (1H,
dd, J s=1.7, J¢.,=10.7Hz, H-6), 3.75 (1H, dd, J, ; =1.5, J, ;=2.9Hz,
H-2), 3.79 (1H, dd, J¢ s=5.1, Jo ¢=10.7Hz, H-6"), 3.86 (1H, ddd,
Js4=9.5, Jse=17, Js¢=51Hz, H-5), 392 (IH, dd, J;,=29,
J3.4=9.3Hz, H-3), 3.97 (1H, dd, J, 3=9.3, J, s=9.5Hz, H-4), 4.50 (1H,
d, J=10.7Hz, ArCH,), 4.54 (1H, d, J=12.0Hz, ArCH,), 4.63 (2H, s,
ArCH,), 4.66 (1H, d, J=12.0Hz, ArCH,), 471 (1H, d, J=12.7Hz,
ArCH,), 4.76 (1H, d, J=12.7Hz, ArCH,), 4.88 (1H, d, J=10.7Hz,
ArCH,), 5.02 (1H, d, J, ,=15Hz, H-1), 7.16—7.20 (2H, m, ArH),
7.24—7.49 (18H, m, ArH). IR (KBr): 2936, 2872, 1498, 1456, 1368 cm™*.
MSm/z:910 M ™), 819 (M " —C,H,). HRMS Calcd for C¢;Hg,04—C,H;
819.5563. Found 819.5559.

dep: Colorless solid. mp 95-96 °C. Anal. Caled for C¢,Hg,04: C, 80.39;
H, 9.07. Found: C, 80.45; H, 9.35. [«]p —25.1° (c=1.38). '"H-NMR ¢:
0.65 (3H, s, CH,;), 0.82 (3H, s, CH3), 0.86 3H, d, /J=6.6Hz, CH,;), 0.87
(3H, d, J=6.6Hz, CH;), 0.90 (3H, d, J=6.6Hz, CH,;), 3.44 (1H, ddd,
Js.4=9.5, Jse=64, Js¢=17Hz, H-5), 349 (IH, dd, J;,=32,
J3.4=9.3Hz, H-3), 3.62—3.69 (1H, m, O-CH), 3.72 (1H, dd, J5s 6=6.4,
Jo.oo=10.7Hz, H-6),3.81—3.85(3H, m,H-2,4,6),4.43(1H,d, J=11.7Hz,
ArCH,), 4.50 (1H, d, /J=11.7Hz, ArCH,), 4.51 (1H, s, H-1), 4.54 (1H,
d, J=10.8Hz, ArCH,), 4.59 (1H, d, /J=12.0Hz, ArCH,), 4.62 (I1H, d,
J=12.7Hz, ArCH,), 4.88 (1H, d, J=12.5Hz, ArCH,), 491 (1H, d,
J=10.8Hz, ArCH,), 4.99 (1H, d, J=12.5Hz, ArCH,), 7.19—7.21 (2H,
m, ArH), 7.27—7.49 (16H, m, ArH), 7.47—7.49 (2H, m, ArH). IR (KBr):
2936, 2872, 1498, 1456, 1368 cm™!. MS m/z: 910 (M ™*), 819 (M* —C,H,).
HRMS Calcd for CqHg,06—C,H, 819.5563. Found 819.5559.

4fa: A colorless oil. [a]p +35.2° (c=1.24). "H-NMR 4: 3.30 (3H, s,
OCH,), 3.38 (1H, dd, J, 3=9.3, J, s=9.0Hz, H(Glc)-4), 3.46 (1H, dd,
Jy =34, J,3=9.5Hz, H(Glc)-2), 3.58—3.71 (5H, m, H(Glc)-5, 6,
H(Man)-6), 3.78 (1H, d, J,,=1.7Hz, H(Man)-2), 3.81—3.85 (2H, m,
H(Man)-3, 5), 3.95—4.00 (2H, m, H(Glc)-3, H(Man)-4), 4.44 (IH, d,
J=12.2Hz, ArCH,), 448 (1H, d, J=10.7Hz, ArCH,), 448 (1H, d,
J=11.2Hz, ArCH,), 4.56 (1H, d, J=3.7Hz, H(Glc)-1), 4.59 (I1H, d,
J=12.0Hz, ArCH,), 4.61 (2H, s, ArCH,), 4.67 (1H, d, J=12.2Hz,
ArCH,), 4.68 (1H, d, J=12.5Hz, ArCH,), 472 (1H, d, J=12.7Hz,
ArCH,), 4.77 (2H, d, J=12.0Hz, ArCH,), 479 (1H, d, /J=10.7Hz,
ArCH,), 4.85 (1H, d, J=10.3Hz, ArCH,), 4.87 (1H, d, J=10.5Hz,
ArCH,), 4.96 (1H, d, J=1.7Hz, H(Man)-1), 4.97 (1H, d, J=10.7Hz,
ArCH,), 7.13—7.37 (35H, m, ArH). IR (KBr): 1498, 1456, 1362cm™ 1.
MS m/z 906 (M *), 895 (M ™ —C,H,).

4fB: A colorless solid. mp 123—125°C. Anal. Caled for Cg,HgsO441/2
H,O0: C, 74.75; H, 6.78. Found: C, 74.81; H, 6.85. [a], —5.6° (c=1.01).
'H-NMR §: 3.32 (3H, s, OCH,), 3.36—3.47 (4H, m), 3.51 (1H, dd, J=3.7,
9.8 Hz), 3.69—3.84 (5H, m), 4.01 (1H, dd, J=9.3, 9.3Hz), 4.16 (1H, dd,
J=10.5, 1.7Hz), 447 (1H, d, J=12.0Hz, ArCH,), 4.49—4.54 (4H, m,
ArCH,), 4.56 (1H, d, J=12.0Hz, ArCH,), 4.57 (1H, d, J=4.4Hz,
H(Glc)-1), 4.58 (1H, d, J=12.0Hz, ArCH,), 4.66 (1H, d, /J=12.0Hz,
ArCH,), 4.77 (1H, s, H(Man)-1), 4.72 (1H, d, J=12.7Hz, ArCH,), 4.77
(2H, d, J=12.0Hz, ArCH,), 4.78 (1H, d, J=12.5Hz, ArCH,), 4.82 (1H,
d, J=11.0Hz, ArCH,), 4.88 (1H, d, /=10.7Hz, ArCH,), 493 (1H, d,
J=12.5Hz, ArCH,), 5.01 (1H, d, J=11.0Hz, ArCH,), 7.17—7.42 (35H,
m, ArH). IR (KBr): 1497, 1454, 1362cm~'. MS m/z: 906 (M*), 895
M*—-C;H,).

NII-Electronic Library Service



204

Acknowledgment We are grateful to Miss H. Tsukamoto for her
technical assistance.

References and Notes

1

2)

3)

For recent reviews, see: a) H. Paulsen, Angew. Chem., Int. Ed. Engl.,
21, 155 (1982); b) Idem, Chem. Soc. Rev., 13, 15 (1984); ¢) R. R.
Schmidt, Angew. Chem., Int. Ed. Engl., 25, 212 (1986); d) H. Kunz,
ibid., 26, 294 (1987); e) R. R. Schmidt, Pure Appl. Chem., 61, 1257
(1989); 1) H. Paulsen, Angew. Chem., Int. Ed. Engl., 29, 823 (1990).

T. Sugawara, K. Irie, H. Iwasawa, T. Yoshikawa, S. Okuno, H. K.
Watanabe, T. Kato, M. Shibukawa, and Y. Ito, Carbohydr. Res.,
230, 117 (1992).

a) T. Ogawa and T. Nukada, Carbohydr. Res., 136, 135 (1985); b)
H. Paulsen, M. Heume, Z. Gyorgydeak, and R. Lebuhn, ibid., 144,
57 (1985); ¢) H. Paulsen, M. Heume, and H. Niirnberger, ibid., 200,
127 (1990); d) F. Yamazaki, T. Kitajima, T. Nukada, Y. Ito, and T.
Ogawa, ibid., 201, 15 (1990); e) F. Yamazaki, S. Sato, T. Nukada,
Y. Ito, and T. Ogawa, ibid., 201, 31 (1990).

4
5)

6)
7)

8)

9
10)

11)
12)

Vol. 41, No. 1

K. Suzuki, H. Maeta, T. Suzuki, and T. Matsumoto, Tetrahedron
Lett., 30, 6879 (1989).

M. Nishizawa, Y. Kan, W. Shimomoto, and H. Yamada, Tetrahedron
Lett., 31, 2431 (1990).

K. Higashi and H. Susaki, Chem. Pharm. Bull., 40, 2019 (1992).

S. Koto, N. Morishima, Y. Miyata, and S. Zen, Bull. Chem. Soc.
Jpn., 49, 2639 (1976).

For some glycosidations using p-nitrobenzoate as a glycosyl donor
in the presence of trimethylsilyl trifiate, see: @) Y. Kimura, M. Suzuki,
M. Matsumoto, R. Abe, and S. Terashima, Chem. Lett., 1984, 501;
b) Idem, Bull. Chem. Soc. Jpn., 50, 423 (1986).

N. Kann, T. Rein, B. Akermark, and P. Helquist, J. Org. Chem.,
55, 5312 (1990).

J. Tamura, S. Horito, J. Yoshimura, and H. Hashimoto, Carbohydr.
Res., 207, 153 (1990).

C. S. Hudson, J. Am. Chem. Soc., 30, 66 (1909).

Compounds 4b, 4d, 4e and 4f were reported® without 'H-NMR,
optical rotation, IR and MS data.

NII-Electronic Library Service





