
Carbohydrate Research, 201 (1990) 51-67 
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands 

51 

A regio- and stereo-controlled synthesis of P-D-Glcp 
NAc6SO,-( l-+3)-/?-D-GalpGSO,-( 1 +4)-j?-D-GlcpNAc6S0, 
-( 1 -+ 3)-D-Galp, a linear acidic glycan fragment of keratan 
sulfate I* 

Masanori Kobayashi, Fumito Yamazaki, Yukishige Ito, and Tomoya Ogawa, 
Riken (The Institute of Physical and Chemical Research), Wako-shi. Saitama 351-01 (Japan) 

(Received August 28th, 1989; accepted for publication November 30th, 1989) 

ABSTRACT 

A stereocontrolled systhesis of B-r+GlcpNAc6SO,-( l--4 3)-b-D-Galp6SG,-( 1 +4)-/?-D-GlcpNAcbSO, 

-(I -+3)-D-Gab, was achieved by use of benzyl 0-(2-acetamido-3,4 di-0-benzyl-2-deoxy-6-O-p-methoxy- 

phenyt-j?-D-glucopyranosyl)-(I ~3)-0-(2,4-di-0-terz-butyldiphenylsilyl-~-~-galactopyranosy~-(l~4) 

-O-(2-acetamido-3-O-benzyl-2-deoxy-6-O-~-methoxyphenyl-~-~-glucopyranosyl)-( I +3)-2,4,6-tri-o-ben- 

zyl+n-galactopyranoside as a key intermediate, which was in turn prepared by employing two glycosyl 

donors, 3,4-di-O-benzyl-2-deoxy-6-O-p-methoxyphenyl-2-ph~alimido-~-~-glucopyranosyl trichloroaceti- 

midate and 0-(3,6-di-O-acetyl-2,4-di-O-benzyl-~-~-galactopyranosy~)-(l +4)-3-O-benzyl-2-deoxy-6-O-p- 

methoxyphenyl-2-phthalimido-p-o-glucopyranosyl trichloroacetimidate, and a glycosyl acceptor, bcnzyl 

2,4,6-tri-O-benzyl$-n-galactopyranoside. 

INTRODUCTION 

Keratan sulfate proteoglycans’ may be classified into two types, keratan sulfate I 

and keratan sulfate II. Keratan sulfate I is exclusively located in the cornea, and the 

oligosaccharide chains are linked to protein by an N-glycosylic linkage3 between 

N-acetyl-D-glucosamine and L-asparagine. In 1983 Hascall and his co-workers4 clearly 

demonstrated that the linkage region of keratan sulfate I isolated from monkey cornea 

was derived from a complex type of N-linked glycan precursor. Keratan sulfate II is 

found in skin, cartilage and bone, and the oligosaccharide chains are bound to protein 

by an O-glycosidic linkage’ between N-acetyl-D-galactosamine and L-serine or L- 

threonine. Recently, Feizi and her co-workers6 successfully characterized the structures 

of a series of oligosaccharides up to nona-O-sulfoglycodecaose released from keratan 

sulfate I of bovine cornea. Based upon these structural studies, a putative structure for 

keratan sulfate I may be depicted as 1 (Scheme 1). Synthetic experiments on keratan 

sulfate I may be directed toward structural units, such as a sulfated glycooligose 2 and a 

* Part 70 in the series “Synthetic Studies on Cell-Surface Glycans”. For Part 69, see ref. 1. 
’ To whom enquiries should be addressed. 
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neutral biantennary complex type glycan 3. Since a synthetic approach to compound 3 
had been described’, a versatile route to acidic glycooligose 2 has now been undertaken’. 

RESULTS AND DISCUSSION 

As the simplest target for our synthetic experiments, we chose tri-O-sulfo- 
glycotetraose 2 (n = l), for which a synthetic plan is outlined in Scheme 2. A fully 
protected glycotetraose 5 is designed as a direct precursor for compound 4 (n = l), 
which is suitable for sulfation and subsequent deprotection. Compound 4 can be 
prepared by two successive glycosylations of a known glycosyl acceptor’ 8, first with a 

2 (n q 1) 

a 
“~-D-G~~PNA~-((~~~)-~-D-G~I~-(~~~)-~-~-GI~~NA~-J,(~~~)-D-G~I” 4 (n = 1) 

OAII 

Cl 
NPhlh 

9 10 

Scheme 2 
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glycobisoyl donor 7, and then with a glycosyl donor 6. The glycobiosyl donor 7 can be 

prepared from a glycosyl donor” 9 and a glycosyl acceptor” 10. 

Glycosyl donor 6 was prepared from ally1 glycoside 10 in three steps in 62% 

overall yield via compounds 11 and 12: (i) benzyl bromide, silver(I) oxide and potassium 

iodide in DMF at O”, (ii) tris(triphenylphosphine)rhodium(I) chloride and 1,4-diazab- 

icyclo[2.2.2]octane (DABCO) in 7:3: 1 ethanol-benzene-water under reflux, then mer- 

cury(II) oxide and mercury(I1) chloride in 10% aq. acetone’* at 20”, (iii) trichloroaceto- 

nitrile13 and 1,8-diazabicyclo[5.4.0]undec-7-ene. 

In order to determine both the reactivity of the imidate 6, as well as the suitability 

of the chosen protective groups, transformation of compound 8 into sulfoglycobiose 17 

was first examined (see Scheme 3). Coupling of the donor 6 with a glycosyl acceptor 8 

was performed at - 30” to - 40” in the presence of boron trifluoride etherate14 to give a 

76% yield of the glycobioside 13. The configuration of the newly introduced anomeric 

linkage at C-lb was assignable from the ‘H-n.m.r. data which showed a signal for H-lb 

as a doublet at 6 5.490 with a 3JH,H value of 8.6 Hz. Compound 13 was smoothly 

converted into monosulfoglycobiose 17 in 4 steps in 60% overall yield via compounds 

14,15, and 16; (i) hydrazine hydrate in ethanol under reflux15, then acetic anhydride and 

pyridine, (ii) ammonium cerium(IV) nitrate (CAN) in 10% aq. acetonitrilelh, (iii) sulfur 

trioxide-trimethylamine complex” in DMF at 50”, (iv) 10% palladium<arbon and HZ 

in 9: 1 methanol-water at 50”. 

Having successfully prepared monosulfoglycobiose 17, synthetic experiments 

toward the target trisulfoglycotetraose 2 were then undertaken. Silver triflate promoted 

glycosylation of a glycosyl acceptor 10 with a glycosyl donor 9 afforded a 92% yield of 

ally1 glycobioside 18. The configuration at C- 1 b in compound 18 was expected to be ,&D 

by the presence in the glycosyl donor 9 of an O-2 acetyl group as an auxiliary capable of 

neighbouring group participation. The p-0 configuration was confirmed by the ‘H- 

n.m.r. data which contained a doublet at 6 4.537 (3JH.H 7.9 Hz) for H- 1 b. Deacetylation 

of compound 18 was successfully achieved by lithium hydroxide and hydrogen perox- 

ide’* in THF to give a 9 1% yield of the diol19. Benzylation of compound 19 with benzyl 

bromide in the presence of potassium iodide and silver(I) oxide afforded the product 20 

in 90% yield. Subsequent stepwise deallylation of compound 20 was achieved as 

previously described to give the crude hemiacetal 21 that was directly acetylated to 

afford a 71% overall yield of the triacetate 22 as a mixture ofp- and a-anomers in a ratio 

of 11: 1. As a minor side product from this reaction sequence, a partially hydrogenated 

product, propyl 0-(3,6-di-0-acetyl-2,4-di-O-benzyl-P_D-galactopyra’~osyl)-( l-+4)-3- 

O-benzyl-2-deoxy-6-O-p-methoxyphenyl-2-phthalimido-~-~-glucopyranoside, was iso- 

lated in 24% overall yield. 

Chemoselective deacetylation oftriacetate 22 was achieved by hydrazine acetateI 

in DMF to afford a 73% yield of the hemiacetal23, which was then smoothly converted 

into the imidate 7 in 87% yield. The j&D configuration at C-la in compound 7 was 

confirmed by the ‘H-n.m.r. data that revealed a doublet at 6 6.443 (jJH,_ 8.4 Hz) for 

H-la. 

Boron trifluoride etherate promoted glycosylation of compound 8 with the 
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imidate 7 gave a desired glycotrioside 24 in 83% yield. The configuration of newly 

introduced anomeric carbon C- 1 b was expected to be P-D due to the presence of the N-2 

phthaloyl group” in the glycosyl donor which favors the formation of 1,2-trans ster- 

eochemistry. Thep-D configuration was confirmed by the ‘H-n.m.r. data which showed 

a doublet at 6 5.478 (3J,,, 8.2 Hz) for H- 1 b. 

Deacetylation of compound 24 to diol25, followed by the subsequent Mitsunobu 

reaction ” of 25 in the presence of p-methoxyphenol, triphenylphosphine, and diethyl 

azodicarboxylate, led to the quantitative isolation of the 3,Ganhydro derivative 27 

instead of the desired product from the introduction of the p-methoxyphenyl group at 

0-6~. However, treatment of diol 25 with tert-butylchlorodiphenylsilane”l and imida- 

zole in DMF gave the monosilyl ether 26 in 78% yield. The crucial glycosylation of 

compound 26 with two equiv. of the imidate 6 was carried out in the presence of boron 

trifluoride etherate at - 23” in 1,2-dichloroethane to afford a 48% yield of the desired 

glycotetraoside 28, along with a 33% recovery of the unreacted glycosyl acceptor 26. 

The configuration of the newly introduced anomeric center at C-ld of 28 was confirmed 

asp-D by its ‘H n.m.r. data, which contained two doublets at 6 5.435 and 5.266 (‘J,,,n 8.2 

Hz) for H-lb and H-Id, respectively. Due to the low reactivity of the hydroxy group at 

C-3c in compound 26, the glycosyl donor 6, which was employed in excess, was largely 

transformed into a rearranged trichloroacetamide 32 (48%) as well as into fluorides 33 

(8 %), which were shown to be a mixture of u and /I anomers in a ratio of 1: I .2. It is to be 

noted that reaction of the same glycosyl donor 6, under similar glycosylation condi- 

tions, proceeded quite smoothly with acceptor 8. The different reactivity observed for 

the C-3 hydroxy groups of compounds 8 and 26 may be ascribed to a steric impediment 

in compound 26 that is most likely brought about by the unfavorable conformation of 

the 4-0-benzyl group, which, in turn is caused by the presence of the bulky 6-O-tert- 

butyldiphenylsilyl group, which was not present in compound 8. Dephthaloylation of 

the glycotetraoside 28 and subsequent acetylation of the product afforded the key 

intermediate 5 in 63% yield. 

Having prepared the key intermediate 5, further conversion into the target 

compound 2 was achieved as follows. Removal of the p-methoxyphenyl group was 

achieved by oxidation with ammonium cerium(IV) nitrateI in aq. acetonitrile to give 

diol 29 in 75% yield. Subsequent desilylation of compound 29 by treatment with 

fluoride anion2’ in THF gave a 78% yield of the trio1 30, which was sulfated by the sulfur 

trioxide-trimethylamine complex to give a 93% yield of the tri-0-sulfoderivative 31. 

The ‘3C-n.m.r. spectrum of compound 31 in 1:l CDCI,-CD,OD showed a similar 

low-field shift of the chemical shifts for three signals for C-6bcd that were observed at 

about 6 61 p.p.m. for compound 30, indicating successful introduction of three sulfate 

groups at 0-6bcd. Finally, hydrogenolysis of compound 30, afforded the target com- 

pound 2 whose ‘H-n.m.r. spectral data taken in D,O was found to be in good agreement 

with that6 of the natural product, thus providing synthetic evidence for such structures 
as depicted in 2. 

In summary, a versatile synthetic route to the tri-0-sulfoglycotetraose 2, a part 

structure of the acidic glycan chain for keratan sulfate I, was developed for the first time 
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in a regio- and stereo-controlled way. Since the synthetic route to the glycononaose 3 

has already been established, it may be noted that further synthetic experiments directed 

toward an assembly of an acidic glycooligose 2 with a neutral complex type glycan 3 

remain to be undertaken for the reconstruction of keratan sulfate I glycan 1. 

EXPERIMENTAL 

General. - Optical rotations were determined with a Perkin-Elmer Model 241 

MC polarimeter, for solutions in CHCl, at 25”, unless noted otherwise. Column 

chromatography was performed on Silica Gel-60 (Merck 7&230 mesh ASTM). Flash 

chromatography was performed on columns of Wako Gel C-300 (200-300 mesh 

ASTM). T.1.c. and high-performance (h.p.) t.1.c. were carried out on Silica Gel-60 F,,, 

(Merck). Molecular sieves were purchased from Nakarai Chemicals. N.m.r. spectra 

were recorded with either JEOL GX500 [‘H(500 MHz)] or FX90Q [“C (22.50 MHz)] 

spectrometers. The values of 6, and 6, are expressed in p.p.m. downfield from the signal 

for internal Me@, for solutions in CDCI,, unless noted otherwise. 

Ally1 3,4-di-O-benzyl-2-deoxy-6-O-p-methoxyphenyl-2-phthalimido-~-~-glucopy- 

ranoside (11). - To a solution of compound 10 (5.39 g, 9.88 mmol) in DMF (150 mL) 

were added successively at 0” Ag,O (13.5 g, 58.3 mmol), benzyl bromide (10.1 g, 59.3 

mmol), and KI (3.94 g, 23.7 mmol). After being stirred for 4 h at O-20”, the reaction 

mixture was poured into ether (350 mL) and filtered through Celite. The filtrate was 
washed with water (300 mL), and the aqueous layer was back-extracted with ether (350 

mL). The combined organic layers were washed with brine (300 mL) and dried 

(MgSO,), and the solvent was evaporated. Chromatography of the residue on silica gel 

using 2: 1 hexane-EtOAc afforded 11 (6.20 g, 99%): m.p. 54-55” (hexane-CHCl,), [u]n 

+50.0” (c 0.4) R, 0.65 (1:2 hexane-EtOAc); ‘H-n.m.r. data: 6 3.771 (s, 3 H, OCH,), 

3.898 (dd, 1 H, J8.7, 10.7 Hz, H-4), 3.974 (m, 1 H, CH,-CH=CH,), 4.128 (dd, 1 H, J 

4.4, 10.4 Hz, H-6), 4.252 (dd, 1 H, J8.4, 10.7 Hz, H-2), 4.402 (dd, 1 H, J8.6, 10.6 Hz, 

H-3),4.454and4.806(2d,2H,Jl2.2Hz,OCH,Ph),4.628and4.867(2d,2H,Jl0.8Hz, 

OCH,Ph), 5.210 (d, 1 H, J8.3 Hz, H-l), and 5.655 (m, 1 H, CH=CH,). 

Anal. Calc. for C,,H,,NO,.O.OS CHCl,: C, 71.22; H,5.82; N, 2.18. Found: C, 
71.25; H, 5.85; N, 2.16 

3,4-Di-O-benzyl-2-deoxy-6-O-p-methoxyphenyl-2-phthalimido-~-glucopyranose 

(12). - A solution of 11 (3.0 g, 4.72 mmol) in EtOH-PhH-H,O (7:3:1, 250 mL) was 

heated under reflux for 1 h under Ar and then cooled to 20”. To this solution were added 

(PPh,),Rh(I)Cl(l75 mg, 188 pmol) and DABCO (63 mg, 562 pmol). After heating the 

mixture under reflux for 4 h, additional (PPh,),Rh(I)Cl (174 mg, 188 pmol) and 

DABCO (64 mg, 571 pmol) were added, and the mixture was heated under reflux for an 

additional 4.5 h. After evaporation of the solvent, HgO (433 mg, 2.00 mmol) and HgCl, 

(10.3 g, 47.2 mmol) were added to a solution of the residue in 10% aq. acetone (210 mL). 

After being stirred for 2.5 hat 20”, the reaction mixture was poured into chloroform (1.0 

L) and washed with water (1.0 L). The aqueous layer was extracted with chloroform 

(500 mL), and the combined organic layers were washed successively with 10% KI 
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solution (500 mL) and brine (500 mL) and dried (MgSO,). The solvent was evaporated 

in ZIUCUO, and chromatography of the residue on silica gel using 1: 1 hexane-EtOAc 

afforded 12 (1.74 g, 62%): m.p. 176-178” (hexane-CHCI,), ]a&, +87.1” (e 0.6); R, 0.26 

(1:l hexane-EtOAc); ‘H-n.m.r. data: 6 3.740 (s, 2.4 H, OCX& 3.755 (s, 0.6 H, OCN,), 

5.023 (d, 0.2 H, J,.,, 3.7 Hz, OH), 5.374 (t, 0.2 H, J 3.7 Hz, H-la), and 5.444 (t, 0.8 H, 

J ,.l.l.oH 8.1 Hz, H-V). 
Anal. Calc. for C,,H,,NO,: C, 70.58; H, 5.58; N, 2.35. Found: C, 70.45: H, 5.60; N, 

2.35. 

3,4-Di-O-ber?zyI-2-deo~~y-6-O-p-metho.xyphe~y~-2-~hth~limido-~-~-gl~cop~ro~~o- 
syl trichloroacetimidute (6). - Trichloroacetonitrile (848 mg, 5.88 mmol) and DBU (13 

mg, 84pmol) were added to a solution of 12 (91 mg, 0.15 mmol) in CH2CII (2 mL) at 0’. 

After being stirred for 2 h at O”, the mixture was carefully transferred onto the top of a 

column of silica gel and chromatographed using 2: 1 hexane--EtOAc to give 6 (111 mg, 

99%): [a], + 73.7” (c 0.8); R, 0.45 (1: I hexane-EtOAc); ‘H-N.m.r. data: 6 3.762 (s, 3 H, 

OMe), 3.958 (ddd, 1 H, J5,6. 1.9, Jj,b 3.5, J,,,9.8 Hz, H-5) 4.201 (dd, 1 H, J,,,3.5, Jh.6. 10.7 

Hz,H-6).4.262(dd,l H,J,,,1.9,J,,,.10.7Hz,H-6’),4.501and4.845(2d,2H.J12.3Hz, 

OCH,Ph),4.678and4.893(2d,2H,J10.8tIz,OCH,Ph).6.453(d,lH,J,~z8.7Hz,H-1), 

and 8.554 (s, 1 H, C=NH). 

EenzyE-O-(3,4-di-O-hensyl-2-deoxy-6-O-p-methoxypheny~-2-~hthalimido-~-~- 
gkcopyranosysylj-(J~3~-2,4,6-trj-O-benzyl-~-D-g~~~ctop~~ronoside (13). - To a mixture 

of8 (237 mg, 439 pmol) and AW-300 molecular sieves (1.58 g) in (ClCH,& (8 mL), were 

added successively a solution of6 (253 mg, 348 pmol) in (CICH& (2 mL) and a solution 

of BF,.OEt, (59pL, 0.40 mmol) in (CICH,), (2 mL) at - 30”. After being stirred for 2 h at 

- 30”, the mixture was filtered through Celite. The filtrate was diluted with EtOAc (40 

mL) and washed with aq. NaHCO, (40 mL). The aqueous layer was extracted with 

EtOAc (40 mL), and the combined organic layers were washed with brine (40 mL) and 

dried (MgSO,). The solvent was evaporated in uucuo, and chromatography of the 

residue on silica gel using 15: I toiuene-EtOAc afforded recovered 8 (57 mg, 15%) and 

13 (287 mg, 76% based on 6): [a],, +4.9” (c 0.4), R, 0.60 (1 :l hexaneEtOAc); ‘H-n.m.r. 

data:63.560(dd,lH,J,,~7.6,J~,j9.9Hz,H-2a),3.704(dd,1H,J,,3.0,J2,39.9Hz,H-3a), 

3.761 (s, 3 H, OCH,), 3.909 (d, 1 H, Jn,d3.0 Hz, H-4a), 4.291 (d, 1 H, J7.9 Hz, H-ta),and 

5.490 (d, 1 H, J 8.6 Hz, H-lb). 

Anal. Calc. for C~~H~,NO~~.~tOAc: C, 72.68; H, 6.27; N, I .16. Found: C, 72.74; 

H, 5.92; N, 1.39. 

Benzyl-O-(2-acetamido-3,4-di-O-benzyi-2-deoxy-6-O-p-metho.~~vphenyE-~-~-gEu- 
copyrunas_vlj-j1-t3)-2,4,6-tri-O-benzyl-~-D-galcfopyrunoside (14). -A mixture of 13 

(103 mg, 92.4 pmol) and NH2NH2*H,0 (1.5 mL, 29 mmol) in ethanol (4.5 mL) was 

heated under reflux for 2 h. After evaporation of the solvent, the residue was dissolved in 

I : 1 pyridine-acetic anhydride (3 mL) and stirred for 1 h at 20”. The mixture was filtered 
to remove the precipitated white solid, and the filtrate was concentrated in uucuo. 
Residual volatiles were co-evaporated with toluene in uncuo, and chromatography of 

the residue on silica gel using 1:l hexane-EtOAc afforded 14 (78 mg, 82%): m.p. 

149-150” (EtOAc-hexane), [a],- 14.1” (c l.O), R,0.59 in 1:2 hexane--EtOAc; ‘H-n.m.r. 
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data: 6 1.478 (s, 3 H, CGCH,), 3.747 (s, 3 H, OCH,), 3.872 (d, 1 H, J~,~ 2.6 Hi, H-da), 
4.053 (dd, 1 H, Js.6 4.8, Je,,s 10.4 Hz, H-6b), 4.152 (dd, 1 H, J5,# 2.0, Jh,# 10.4 Hz, H&b), 
and 4.406 (d, 1 H, J 7.9, H-la). 

Anal. Calc. for C,,H,,NO,,: C, 73.45; H. 6.55; N, 1.36. Found: C, 73.36; H, 6.59; 
N, 1.39. 

Benzyl 0-(2-acetamido-3,4-di-0-benzyl-2-deoxy-PZ)-(I +3)-2, 

4,6-tri-O-benzyl-b-D-galactopyranoside (15). - Ceric ammonium nitrate (CAN) (53 

mg, 97 @rol) was added at 0” to a solution of 14 (50 mg, 48 pmol) in 10% aq. acetonitrile 

(10 mL). After stirring for 5 h at O”, additional CAN (26 mg, 49 pmol) was added to the 

solution, and the mixture was stirred for 1 hat &20”. The reaction mixture was poured 
into EtGAc (40 mL) and washed with water (40 mL). The aqueous layer was extracted 

with EtOAc (40 mL), and the combined organic layers were washed with brine (40 mL) 

and dried (MgSO,). The solvent was evaporated in uucuo, and chromatography of the 

residue on silica gel using 1:l hexane-EtOAc afforded 15 (34 mg, 76%): m.p. 9698” 

(hexane-CHCl,), [a],- 17.7” (c 0.9); R, 0.43 (1:2 hexane-EtOAc); ‘H-n.m.r. data: 6 

1.500(s,3H,COCH,),4.420(d,1H,J7.6Hz,H-la),and4.846(d,1H,J8.2Hz,H-lb). 

Anal. Calc. for C,,H,,NO,,.O.14 CHCI,: C, 71.65; H, 6.55; N, 1.49. Found: C, 

71.64; H, 6.54; N, 1.76. 

Benzyl 0-(2-acetamido-3,4-di-O-benzyl-2-deoxy-6-O-su~o-~-~-glucopyranosyl)- 

(1+3)-2,4,6-tri-0-benzyl-/&II-galactopyranoside, sodium salt (16). - To a solution of 

15 (5.0 mg, 5.4 pmol) in DMF (0.2 mL) was added sulfur trioxide-trimethylamine 

complex (2.4 mg, 17pmol), and the mixture was stirred for 22 h at 50”. Then additional 

sulfur trioxide-trimethylamine complex (2.4 mg, 17pmol) was added, and after being 

stirred for 3 h at 50”, the mixture was diluted with 1: 1 chloroform-methanol (3 mL). The 

solution was carefully transferred onto the top of a column of Sephadex LH-20 and 

eluted with 1: 1 chloroform-methanol. The product was converted to the sodium salt by 

passing a solution of the compound in 1:l methanol-water through a column of 

Dowex-50 (Na+) resin to yield 16 (5.4 mg, 98%): m.p. 221-223” (toluene-hexane), [a]n 

- 15.2” (c 0.6), R, 0.71 (3:l CHCl,-MeOH); ‘H-n.m.r. data (1:l CDCl,-CD,OD): 6 

1.641(s,3H,COCH,),4.150(d,1H,J2.8Hz,H-4a),4.296(dd,1H,J,,,4.6,J,,~~l0.7Hz, 

H-6b), 4.440 (dd, 1 H, J5,@ 1.7, J6,6, 10.8 Hz, H-6’b), and 4.461 (d, J,,* 7.6, H-la). 

Anal. Calc. for C,,H,NO,,SNa. 0.5 H,O: C, 64.98; H, 6.04; N, 1.35. Found: C, 

64.83; H, 6.04; N, 1.66. 
Deprotection of compound 16 to giue 17. - A mixture of 16 (5.4 mg, 5.2 pmol) and 

10% Pd-C (6 mg) in 9:l methanol-water (0.5 mL) was stirred for 24 h at 20” under H,, at 

the end of which time, additional 10% Pd-C (7 mg) was added. After being stirred for an 

additional 42 h at 50” under H,, the mixture was filtered through Celite, and the filtrate 

was concentrated in uucuo. The residue was chromatographed on Sephadex G-10 using 

water. Further purification of the product was carried out by chromatography on 

Biogel P-4 using water to give 17 (2.5 mg, 98%): [a], + 10.5” (c 0.2, H,O), RF 0.13 (6:5:1 

BuOH-Acetone-H,O); ‘H-n.m.r. data (D,O): 6 2.033 (s, 3 H, COCH,), 4.558 (d, 0.75 H, 

J8.3Hz,H-la),4.702(d,J8.6Hz,H-lb),4.723(d,JB.6Hz,H-lb),and5.222(d,0.25H, 

J 3.3 Hz, H-la). 
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Aflyl 0-(2,4-di-0-acetyl-3,6-di-O-allyl-~-~-galactopyranosyf)-(1-t4)-3-O- 

benzyl-2-deoxy-6-O-p-methox_~phenyl-2-phthalimido-~-~-glucopy ranoside (IS). -TO a 

stirred mixture of 10 (1.09 g, 1.99 mmol), AgOSO,CF, (1.02 g, 3.98 mmol), and 4A 

molecular sieves (6.0 g) in (ClCH2), (25 mL) was added at - 10’ under Ar a solution of9 

(1.20 g, 3.31 mmol). After being stirred for 18 h at - 10-20”. the mixture was filtered 

through Celite, and the filtrate was diluted with EtOAc (50 mL), washed with aq. 

NaHCO, (100 mL) and brine (100 mL), dried (MgSO,) and concentrated in Dacuo. 

Chromatography of the residue on silica gel using 2: 1 hexane-EtOAc afforded 18 (1.6 g, 

92%): m.p. 55-56” (hexane-CHCl,), [a], t-40.1” (c 0.9), R, 0.22 (3:2 hexane--EtOAc); 

‘H-n.m.r. data: 6 2.042 and 2.060 (2 s, 6 H, COCH, x 2), 3.785 (s, 3 H, OCN,), 4.462 and 

4.869(2d,2H,Jl2.3Hz,CH,Ph),4.537(d,lH,J,,z7.9Hz,H-lb),5.184(d,1H,J,,z8.5 

Hz, H-la), and 5.380 (d, 1 H, J3,4 2.4 Hz, H-4b). 

Anal. Calc. for C,,H,,NO,,: C, 64.74; H, 6.13: N, 1.61. Found: C, 64.52; H,6.26; 

N, 1.59. 

All_~l O-(3,6-di-O-allyl-~-~-galactopyranosyl)- (I -+4)-3-0-benzyl-2-deoxy-6- 

O-p-methoxyphenyl-2-phthalimido-~-~-glucopyranoside (19). ~ To a stirred solution of 

18 (2.08 g, 2.39 mmol) in THF (45 mL) were added at 0” 1.25~ LiOH (6 mL, 7.5 mmol) 

and 3 1% aq. H,O, (17 mL). After stirring for 13 h at O”, the reaction mixture was diluted 

with EtOAc (100 mL) and washed with H,O (60 mL). The aqueous layer was extracted 

with EtOAc (100 mL), and the combined organic layers were washed with brine ( 100 

mL), dried (MgSO,) and concentrated in uacuo. Chromatography of the residue on 

silica gel using 3:2 hexane-EtOAc afforded 19 (1.71 g, 91 “XI): m.p. 55-57” (CHCl,- 

hexane-Et,O), [a], + 42.5” (c 1.3), R, 0.39 (I:2 hexane-EtOAc); ‘H-n.m.r. data: 6 3.777 

(s, 3 H, OCH,), 4.438 (d, 1 H, J7.9 Hz, H-lb), 4.457 and 4.860 (2 d, 2 H, J 12.4 Hz, 

CH,Ph), 5.201 (d, 1 H, J8.2 Hz, H-la), 5.654, 5.827 and 5.903 (3 m, 3 H, CH=CH2 x 

3). 
Anal. Calc. for C,,H,,NO,,: C, 65.55; H, 6.27; N, 1.78. Found: C, 65.3 1; H, 6.32; 

H, 1.76. 

Ally1 0-(3,6-di-O-allyl-2,4-di-O-benzyl-P_~-galactopyranosyf)-( I +4)-3-O- 

benzyf-2-deoxy-6-O-p-methoxyphenyl-2-phthalimido-~-r>-glucopyranoside (20). ~ To a 

cooled solution of 19 (1 .Ol g, 1.28 mmol) in DMF (20 mL) were successively added at 0” 

benzyl bromide (1.9 mL, 15 mmol), Ag,O (3.49 g, 15.1 mmol), and KI (1.03 g, 6.23 

mmol). After being stirred for 5 h at O-20”, the reaction mixture was poured into ether 

(50 mL) and filtered through Celite. The filtrate was washed with HZ0 (50 mL), and the 

aqueous layer was extracted with ether (50 mL). The combined organic layers were 

washed with brine (50 mL), dried (MgSO,) and concentrated in uacuo. Chromatography 

of the residue on silica gel using 4: 1 hexane-EtOAc afforded 20 (1.11 g, 90%): [u], 

+32.7” (c O.S), R, 0.37 (3:2 hexane-EtOAc); ‘H-n.m.r. data: 6 3.748 (s, 3 H, OCH,), 

3.8OO(d,1H,J,,~2.5Hz,H-4b),4.346(d,lH,~,,~7.9Hz,H-lb),4.479and4.894(2d,2 

H, J 11.9 HZ, CH,Ph), 4.540 and 4.913 (2 d, 2 H, J 11.9 Hz, CH2Ph), 4.793 and 4.864 (2 d, 

2H,~l~.OHz,CH,Ph),5.197(d,1H,J,~,8.2Hz,H-la),5.662,5.791,and5.873(3m,3 
H, CH=CH, x 3). 
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Q- (3,6-Di-O-acetyl-2,4-di-O-benzyl-~-D-gulactopyranosy~) - (I ‘4) -3-O-benzyi- 
2-deoxy-6-O-p-methoxyphenyl-d-phthalimido-~- and a-D-glucopyranosyl acetate (22 and 
its a-anomer), and propyl O- (3,6-dii-0-acetyl-2,4-di-O-benzyl-B_D-galactopyranosy~) - 
(I 44) -3-O-benzyl-2-deoxy-6-O-p-methoxyphenyi-2-phthalimido-~-D-glucopyranoside. 
- A solution of 20 (49 mg, 50 pmol) in 7:3:1 EtOH-PhH-H,O (2.8 mL) was heated 

under reflux for 1 h under Ar, then cooled to 20”. To the solution were added 

(PPh,),Rh(I)Cl(6 mg, 6pmol) and DABCO (2 mg, 0.02 mmol), and after refluxing for 16 

h under Ar, the solvent was evaporated. To a solution of the residue in 10: 1 acetone- 

water (2.2 mL), were added HgO (5 mg, 0.02 mmol) and HgCI, (138 mg, 0.67 mmol), 

and after being stirred for 1 h, the reaction mixture was poured into chloroform (20 mL) 

and washed with water (20 mL). The aqueous layer was extracted with chloroform (20 

mL) and EtOAc (20 mL), and the combined organic layers were washed with 10% aq. 

KI (20 mL) and brine (20 mL), dried (MgSO,) and concentrated in uucuo. 
The residue and a catalytic amount of DMAP was dissolved in 1:l acetic 

anhydride-pyridine (1.5 mL) and stirred for 1 h at 20”. After evaporation of the solvent 

and coevaporation of the volatiles with toluene, the residue was chromatographed on 

silica gel using 2: 1 hexane-EtOAc to afford 22 (35 mg, 7 l%, a$ = 1: 11) and propyl 

glycoside (12 mg, 24%). Analytical samples for 22 and its a-anomer were obtained by 

rechromatography of the products under the same conditions as those in the foregoing. 

Compound 22 had m.p. 153-154” (CHCl,-Et@), [alD +41.7” (c 0.4); I&0.26 (1:l 

hexane-EtOAc); ‘H-n.m.r. data: 6 1.928, 1.940, and 1.993 (3 s, 9 H, COCH, x 3), 3.766 

(s, 3 H,OCH,),4.413(d, 1 H, J7.9Hz,H-lb),4,654(dd, 1 H, J3,43.2, JZ,, 10.2Hz, H-3b), 
and6.320(d, 1 H, J,,, 8.9Hz, H-la). 

Anal. Calc. for C,,H,,NO+ C, 66.59; H, 5.59; N, 1.44. Found: C, 64.93; H, 5.71; 

N, 1.48. 

The a-anomer of 22 had m.p. 55-57” (CHCl,-hexane), [a], + 56.1” (c 1.5), R, 0.28 

(1:l hexane-EtOAc); ‘H-n.m.r. data: 6 1.931, 1.951, and 2.097 (3 s, 9 H, COCr-l, x 3), 

3.773 (s, 3 H, OCH,), 4.591 (dd, 1 H, J,,Z 3.7, J2,3 11.4 Hz, H-2a), 4.692 (dd, 1 H, J3,4 3.1, 
J2,3 10.1 Hz, H-3b), 5.085 (dd, 1 H, J3,9 9.2, J2,3 11.4 Hz, H-3a), and 6.270 (d, 1 H, J,,? 3.7 

Hz, H-la). 

Anal. Calc. for C,,H,,NO,,: C, 66.59; H, 5.69; N, 1.44. Found: C, 66.13; H, 5.66; 

N, 1.44. 

The propyl glycoside had [a], +32,9” (c 0.41, R, 0.30 (1:l hexane_EtOAc); 
‘H-n.m.r. data: 6 1.002 (t, 3 H, J7.2 Hz, CH,CH,CH,), 1.929, 1.986 (2 s, 6 H, COCH, x 
2), 3.768 (s, 3 H, OCH,), 4.439 (d, 1 H, J,,, 7.6 Hz, H-lb), and 5.176 (d, 1 H, J,,, 8.5 Hz, 

H-la). 

Anal. Calc. for C,,HS,NO,,: C, 67.82; H, 6.10; N, 1.44. Found: C, 67.54; H, 5.98; 
N, 1.51. 

()- (3,6-~i-O-acetyl-2,4-di-O-benzy~-~-D-galactopyranosyl~- (1+4) -3-O-benzyl- 

2-deoxy-6-O-p-methoxyphenyl-2-phthalimido-D-glueopyranose (23). - A sohtion of22 

(4 18 mg, 429 pmol) and NH,NH,.AcOH (47 mg, 0.5 1 mmol) in DMF (5 mL) was stirred 

for 10 min at 50”, at the end of which time, additional NH,NH,*AcOH (46 mg, 0.50 

mmol) was added. After being stirred for an additional 10 min at 50”, the mixture was 
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diluted with EtOAc (100 mL) and washed with 10% aq. NaHCO, (100 mL). The 

aqueous layer was extracted with EtOAc (100 mL), and the combined organic layers 

were washed with brine (100 mL), dried (MgSO,), and concentrated in vacua. Chroma- 

tography of the residue on silica gel using 3:l hexane-EtOAc afforded 23 (291 mg, 

73%): [a&, +49.3”(cO.5), R,0.18 and0.23 (1:l hexane-EtOAc). ‘H-n.m.r. data: (5 1.931 

and 1.979 (2 s, 4 H, COCH, x 2), 1.943 and 1.966 (2 s, 2 H, COCH, x 2), 3.754 (s, 2 H, 

OCH,), 3.767 (s, 1 H, OCH,), 5.297 (d, 0.33 H, .I,,? 3.5 Hz, H-la), and 5.378 (d, 0.67 H, 

J,,, 8.8 Hz, H-la). 
Anal. Calc. for C,,H,,NO,,: C, 67.01; H, 5.73; N, 1.50. Found: C, 66.77; H, 5.75; 

N, 1.53. 

Conversion of compound 23 to O-(3,6-di-O-acetyl-2,4-di-0-benz~vI-~-D-ga- 

ranos~l-(l~4)-3-O-benzyl-2-deo~~y-6-0-p-methoxyphenyl-2-phthalimido-~-D-glucopy- 

ranosyl trichloroacetimidate 7. - To a stirred solution of 23 (100 mg, 0.11 mmol) in 

dichloromethane (2 mL) were successively added at 0” Cl,CCN (387 mg, 2.68 mmol) 

and DBU (8 mg, 0.05 mmol). After being stirred for 3.5 h at O”, the reaction mixture was 

directly chromatographed on silica gel using 2: 1 hexane-EtOAc to give trichloroacet- 

imidate 7 (101 mg, 87%): [a], + 57.9” (c 0.5); R, 0.34 (1:l hexane-EtOAc); ‘H-n.m.r. 

data: 6 1.939, 2.002 (2 s, 6 H, COCH, x 2), 3.765 (s, 3 H, OCH,), 6.443 (d, 1 H, J,,? 8.4 

Hz, H-la), and 8.535 (s, 1 H, C=NH). 

Benzyl 0-(3,6-di-O-acetyf-2,4-di-O-benzyl-P_D-ga~actopyranos.~~)-( 1+4)-O-(3- 

O-benzyl-2-deoxy-6-p-methoxyphenyl-2-phtha~im~do-~-D-glucopyranos~~~)- (l-+3)-2,4, 

6-tri-0-benzyl-P-D-ga/actopyranoside (24). - To a stirred mixture of 8 (1.825 g, 3.38 

mmol) and AW-300 molecular sieves (21.2 g) in 1,2-dichloroethane (80 mL) were 

successively added a solution of7 (2.02 g, 1.88 mmol) in 1 ,Zdichloroethane (30 mL) and 

a solution of BF,.0Et2 (0.4 mL, 2.7 mmal) in 1,2-dichloroethane (10 mL) at - 25^ to 

-30” under Ar. After being stirred for 2 h at -25 to -3O’;, the mixture was filtered 

through Celite, and the filtrate was diluted with EtOAc (350 mL) and washed with 1% 

aq. NaHCO, (300 mL). The aqueous layer was extracted with EtOAc (300 mL). and the 

combined organic layers were washed with brine (300 mL), dried (MgSO,), and 

evaporated in vucuo. Chromatography of the residue on silica gel using in 3: 1 hexane- 

EtOAc afforded 24 (2.26 g, 83% based on 7): m.p. 56-58” (CH,OH); [a],, + 9.1” (c 0.7); 

R, 0.43 (1: 1 hexane-EtOAc); ‘H-n.m.r. data: 6 1.943 and 1.954 (2 s, 6 H, COCH, x 2). 

3.748 (s, 3 H, OCH,), 3.801 (d, 1 H, J3,4 2.0 Hz) and 3.878 (d, 1 H, J1,, 2.4 Hz, H-4ac), 

4.706(dd, 1 H,J,,,3.6,J2,39.8Hz,H-3c),5.478(d, 1 H,J8.2Hz,H-lb),and8.7&6.70 

(m, 43 H, aromatic). 

Anul. Calc. for C,,H,,NO,,: C, 71.01; H, 6.03; N, 0.96. Found: C. 71.17; H, 6.13; 

N, 1.04. 

Benzyl-O-(2,4-di-O-benzyl-~-D-gulactopyranosyZ)-(l -+4)-O-(3-O-benzyl-2- 

deoxy-6-O-p-me thoxyphenyl-2-ph thalimido-P-D-glucopyranosyl) - (l-3) -2,4,6- tri-O- 

benzy@-D-ga[actopyranoside (25). -Procedure A. To a stirred solution of 24 (77 mg, 53 

pmol) in THF (1.2 mL) were added successively 1.25~ aq. LiOH (0.1 I mL, 88 pmol) and 

3 1% aq. H,Oz (0.40 mL) at 0”. After being stirred for 34 h at 0”. the mixture was poured 

into EtOAc (40 mL) and washed with water (40 mL). The aqueous layer was extracted 
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with EtOAc (40 mL), and the combined organic layers were washed with brine (40 mL) 

and dried (MgSO,). The solvent was evaporated in uacuo, and chromatography of the 

residue on silica gel using 2: 1 hexane-EtOAc afforded 25 (66 mg, 90%). 

Procedure B. To a stirred solution of 24 (709 mg, 487 pmol) in MeOH (10 mL) was 

added 0.1~ NaOMe-MeOH solution (5 mL) at 20”. After being stirred for 2.5 h, the 

mixture was neutralised with Amberlyst-15 (H+) resin. After removal of the resin by 

filtration, the filtrate was concentrated to dryness. Chromatography of the residue on 

silica gel in using 1:l hexane-EtOAc afforded 25 (616 mg, 92%): [a], -3.7” (c 0.6); R, 

0.49 (1:2 hexane-EtOAc); n.m.r. data: 6,3.630 (d, 1 H, J3,4 3.4 Hz) and 3.878 (d, 1 H, 53,4 

2.4 Hz, H-4ac), 3.742 (s, 3 H, OCH,), 4.298 (d, 1 H, J,., 7.6 Hz) and 4.348 (d, 1 H, .I,,, 7.6 

Hz,H-lac),and5.500(d, lH,J,,*8.2Hz,H-lb);6,55.7and56.3(OCH,andC-2b),61.9 

(C-6c), 99.7 (‘JC,” 166.0 Hz, C-lb), 102.6 (‘.I,,” 157.0 Hz, C-la), and 103.3 (‘Jc,H 160.0 

Hz, C-lc). 

Anal. Calc. for C,,H,,NO,*: C, 71.86; H, 6.10; N, 1.02. Found: C, 71.42; H, 6.11; 
N, 0.99. 

BenzylO-(2,4-di-O-benzyl-6-O-tert-butyldiphenylsilyl-~-~-galactopyranosy~)- 

(1 ~4)-0-(3-O-benzyl-2-deoxy-6-O-p-methoxyphenyl-2-phthalimido-~-~-glucopyrano- 

syl)-(Z~3)-2,4,6-tri-O-benzyl-B-~-galuctopyranoside (26). -To the stirred mixture of 

rert-butylchlorodiphenylsilane (TBDPSCI) (0.11 mL, 0.41 mmol) and imidazole (32 

mg, 047 mmol) in DMF (5 mL) was added a solution of 25 (378 mg, 274 pmol) in DMF 

(5 mL) at 20”. After stirring for 24 h, the mixture was poured into ether (200 mL) and 

washed with water (200 mL). The aqueous layer was extracted with ether (200 mL x 2), 

and the combined organic layers were washed with brine (150 mL) and dried (MgSO,). 

After evaporation of the solvent, the residue was purified by silica gel column chroma- 

tography using 8:3 hexane-EtOAc to give 26 (344 mg, 78%): [a], -0.2” (c 1. l), R, 0.65 

(1:2 hexane_EtOAc); ‘H-n.m.r. data: 6 1.018 (s, 9 H, C(CH,),), 3.757 (s, 3 H, OCH,), 

3.861 (d, 1 H, J3,4 2.4 Hz), 3.944 (d, 1 H, J3,4 3.1 Hz, 4ac), and. 5.453 (d, 1 H, J,,, 8.5 Hz, 

H-lb). 

Anal. Calc. for C,,H,,,NO,,Si.0.75 EtOAc: C, 72.42; H, 6.44; N, 0.84. Found: C, 

72.45; H, 6.31; N, 0.79. 

BenzylO-(3,6-anhydro-2,4-di-O-benzyl-~-~-galactopyranosyl)-(1 -+4)-0-(3-O- 

benzyl-2-deoxy-6-O-p-methoxyphenyl-2-phthalimido-~-~-glucopyranosyl)-(I +3)-2,4,- 

6-tri-O-benzyl-P-D-galactopyranoside (27). -To a solution ofp-methoxyphenol(37 mg, 

0.30 mmol), triphenylphosphine (79 mg, 0.30 mmol), and 25 (136 mg, 99 pmol) in 

dichloromethane (5 mL) was added dropwise diethyl azodicarboxylate (53 mg, 0.30 

mmol) in dichloromethane (1.5 mL) at 0” under Ar. After being stirred for 21 h at O-20”, 

the reaction mixture was diluted with dichloromethane (50 mL) and washed with 

ice-water (50 mL). The aqueous layer was extracted with dichloromethane (50 mL), and 

the combined organic layers were washed with brine (50 mL), and dried (MgSO,). The 

solvent was evaporated in uacuo, and chromatography of the residue on silica gel using 

1:l hexane-EtOAc afforded 27 (135 mg, quantitative): m.p. 4&41” (EtOAc), [a], 

- 17.4” (c 1 .O): R, 0.43 (1:l hexane-EtOAc); n.m.r. data: 6,3.731 (s, 3 H, OCH,), 3.895 

(d, 1 H, J3,4 3.1 Hz, H-4a), 5.015 (s, 1 H, H-lc), and 5.478 (d, 1 H, J,,, 8.2 Hz, H-lb); 6, 
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55.7 (C-2b and OCH,), 99-7 (lJc,rl 166 Hz, C-f b), 101.3 (‘J,,,, 166 Hz, C-k), and 102.6 

(I&. w 158 Hz, C-la). Y 
And, Calc. for C,,H,,NQ,,-0.5 EtUAc: C, 72.24; H, 6.13; N, 1.00. Found: C, 

72.02; H, 6-12; N, 1.06. 
Be~zyl-0-~3,4-di-0-~enzyI-2-d~~~~-6-O-p-~~tho~yphenyZ-2-phthalimr’da_8-D- 

giuc~pymn~sy~l)-(~~3)-0-j2,4-d~-0-benzyl-6-O-tert-butyZd~p~e~yZsifyl-~-~-g~~uc~~~ 

pyranos~Z)- (l-+4) -0-(3-0-bpnzyl-2-de~xy-fi-O-p-Pnetho~yphenyl-2-phlhal~~~d~-~-~- 

gh.aqyranmyL (1’3) -2,4,6-~ri-O-benzy1~-galact~p~ranosi~~ (28). - To a stirred 

solution of 26 (344 mg, 2 14 pmol) and AW-300 molecular sieves (2.1 g) in 1,2- 

dichloroethane (20 mL) were; added successively a solution of 6 [prepared from 12 (302 
mg, 504 pmol) in 1,2-dichloroethane (IO mL)j and BF;EQ (15 pL, 0. I mmol) at - 23” 

under AI-. After being stirred for 1.5 h at -23” to - 25”, the mixture was filtrated 

through Celite. The filtrate was diluted with EtOAc (200 mL), then washed with 1% aq. 

NaHCO, (200 mL). The aqueous layer was extracted with EtOAc (200 mL), and the 

combined organic layers were washed with brine (150 mL) and dried (MgSOJ. The 

solvent was then evaporated in UQCUO. Purification of the residue by silica gel column 

chromatography using 121 PhCH,-EtOAc and p.t.1.c. in 7: 1 PhCH,-EtOAc, afforded 

28 (225 mg, 48%; 72% based on the consumed 26; recovered 26 (114 mg, 33%), 32 (176 

mg, 48% based on 12), 33 (24 mg, 8% as a mixture of a and /? anomers in a ratio of 1: 1.2, 

based on 12), and recovered 12 (58 mg, 20%). 

Compound 28 had [a],, -4.4” (c 0.9); R, OS7 (5: 1 PhCH,-EtOAc); N.m.r. data: 

b,, 0.838 (s, 9 H, C(CH,),), 3.704 and 3.739 (2 s, 6 H, OCH, x 2), 5.266 (d, 1 H, J8.2 Hz, 

H- Id), and 5.435 (d, 1 I-I, J82 Hz, H-lb); S, 99,3 (I,& 162 Hz, C-Id), 99.8 (I&, 166 Hz, 

C-lb), 102.6 {I&., 156 Hz, C-la), and 102.9 (‘Jc,H 159 Hz, C-k). 

Am-d. Calc. for C,,,H,,,N,O,,Si*1.4 EtOAc: C, 72.06; H, 6.24; N, I .21. Found: C, 

71.32; H, 5.89; N, 1.34. 

Compound 32 had m.p. 127-129” (CHCl,-hexane); [a],, + 57-4” (c 0.B); R, 0.23 

(1 S: 1 PhCH,-EtOAc); ‘H-n.m.r. data: 6 3.779 (s, 3 H, OCH,), 3.909 (ddd, 1 H, Ji 6 1.7, 

J5,6c 3.1, and J4. 10.2 HZ, H-5}, 4.005 (t, 1 H, &, 9.3 HZ, H-4), 4.M (dd, 1 H, J5_6r 3. i, & 

Uh7 Hz, H-6’), 4,254 (dd, I I-i, & 1,s Hz, Jbq6’ 10.7 Hz, H-6), 4.287 (t, 1 H, J,,: =& 10.1 

Hz, H-2): 4.511 and 4.863 (2 d, 2 H, J 12.1 Hz, CH,Ph), 4.651 and4.877 (2 d, 2 H, J 10.7 

Hz, CH,Ph), 4.746 (dd, 1 H, J3,, X.5, & IO.5 Hz, H-3), and 5.771 (t, f H, &=&, 9.6 
Hz, H-l). 

Anab. Calc. for C37H,,Cl,N,0x~ 0.1 C&I,,: C, 60.32; H, 4.63; N, 3.74. Found: C, 

60.72; H, 4.62; N, 3.63. 

Compound 33a had [aID + 76.3” cc OS); R, 0.38 (15: 1 PhCH,-EtOAc); ‘H+n.m.r. 

data: 6 3.78 1 (s, 3 H, OCH,), 4.016 (t, 1 II, & = & 9.4 Hz, H-4), 4.143 (dd, 1 H, Jj_, 2.1, 

=& IO.7 Hz, I-1-6’), 4.229 (dd, 1 H, & 3.1, & 10.7 Hz, H-6), 4.290 (td, 1 H, 

&,=&= 2.5, & 10.1 Hz, H-5), 4.523 (ddd, 1 H, J,,, 2.9, & 11.1, 3JH,F 3085 Hz, H-2), 

4.635 and 4.934 (2 d, 2 II, J 11.9 Hz, C&Ph), 4.647 and 4.873 (2 d, 2 H, J 10.1 Hz, 

CN,Ph), 5-227 (dd, 1 H, &, 9.2, J1_, 11.0 Hz, H-3), and 5.643 (dd, 1 H, J,., 2.9, z&F 53.6 
Hz, H-1). 

Compound 33p had m.p. 88-90” {EtOAc-toluene); [& + 56.8” (C 0.6); R, 0.24 
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(15:l PhCH,-EtOAc); ‘H-n.m.r. data: 6 3.779 (s, 3 H, OCH,), 3.887 (bd, 1 H, J& 10.0 

Hz, H-5), 3.987 (dd, 1 H, J3,4 8.5, J4,5 10.1 Hz, H-4), 4.159 (dd, 1 H, J5,6 3.6, JeT6, 10.7 Hz, 

H-6), 4.222 (dd, 1 H, J5,6’ 1.8, J6,6, 10.7 Hz, H-6’), 4.337 (ddd, 1 H, J,,, 7.9, J2,3 10.8, 3JH,F 

12.5Hz,H-2),4.439(dd, lH,J,,,8.7,J,,,10.8Hz,H-3),4.464and4.823(2d,2H,J12.2 

Hz, CH,Ph), 4.666 and 4.886 (2 d, 2 H, J 11.0 Hz, CH,Ph), and 5.912 (dd, 1 H, J,,, 7.8, 

‘J,,, 50.3 Hz, H-l). 
Benzyl- 0-(2-acetamido-3,4-di-O-benzyl-2-deoxy-6-O-p-methoxyphenyl-~-D-glu- 

copyranosyl)-(l-t3)-O-(2,4-di-O-benzyl-6-O-tert-buty1diphenylsilyl-~-D-galactopyran- 

osyl)- (1+4) -0-(2-acetamido-3-O-benzyl-2-deoxy-6-O-p-methoxyphenyl-~-D-glucopy- 

ranosyl)-(l+3)-2,4,6-tri-O-b&1zyl-B-D-galactopyranoside (5). -A mixture of 28 (107 

mg, 52.9 pmol) and NH,NH,.H,O (1.54 mL, 3 1.7 mmol) in EtOH (10 mL) was heated 

under reflux for 3 h. After evaporation of the solvent, the residue was dissolved in 1:l 

pyridine-acetic anhydride (6 mL). After being stirred for 23 h at 20”, the solvent was 

evaporated;and the residual volatiles were co-evaporated with toluene and ethanol in 

uacuo. Chromatography of the residue on silica gel using 10: 1, and then 3:l PhCH,- 

EtOAc, afforded 5 (62 mg, 63%): [a], - 6.4” (~0.3); R,0.78 (3: 1 PhCH,-acetone); n.m.r. 

data:6,0.884(~,9H, C(CH,),), 1.382and 1.438(2s, 6H,COCH, x 2),3.715,3.737(2s, 

6 H, OCH, x 2), and 7.55-6.65 (m, 63 H, aromatic); 6, 101.7 (‘J,-, 161 Hz) and 101.8 

(‘JC,* 161 Hz, C-lbd), 102.6 (‘JC,H 158 Hz), and 103.2 (‘JC,H 162 Hz, C-lac). 

Anal. Calc. for C,,,H,,,N,O,,Si: C, 72.29; H, 6.62; N, 1.39. Found: C, 71.85; H, 

6.70; N, 1.22. 

Benzyl 0-(2-acetamido-3,4-di-O-benzyl-2-deoxy-~-D-glucopyranosyl)-(l +3)-O- 

(2,4-di-0-benzyl-6-0-tert-butyldiphenylsilyl-~-D-galactopyranosyl)-(l -+4)-0-(2-acet- 

amido-3-O-benzyl-2-deoxy-~-D-g1ucopyranosyi)-(l-*3)-2,4,6-tri-O-benzyl-~-D-galac- 

topyranoside (29). - To a stirred solution of 5 (22 mg, 11 pmol) in 10% aq. acetonitrile 

(3 mL) was added CAN (40 mg, 73 pmol) at 0”. After being stirred for 1.5 h at O”, the 

mixture was diluted hsth EtOAc (20 mL) and washed hsth water (10 mL). The aqueous 

layer was back-extracted hsth EtOAc (20 mL x 2). The combined organic layers were 

washed hsth brine (10 mL) and dried (MgSO,), and the solvent was evaporated in uacuo. 

Chromatography of the residue on silica gel using 3: 1 PhCH,-acetone afforded 29 (15 

mg, 75%), [a], - 19.2” (~0.7); R,0.36(3:1 PhCH,-acetone); n.m.r. data: 6,1.016 (s, 9 H, 

C(CH,),), 1.431 and 1.466 (2 s, 6 H, COCH, x 2), 7.67.0 (m, 55 H, aromatic); 6,101.6 

and 101.7 (C-lbd), and 102.6 and 103.1 (C-lac). 

Anal. Calc. for C,,,H,,,N,O,,Si.2 H,O: C, 70.06; H, 6.70; N, 1.52. Found: C, 

70.01; H, 6.74; N, 1.46. 

Benzyl 0-(2-acetamido-3,4-di-O-benzyl-2-deoxy-~-D-glucopyranosyl)-(l +3)-O- 

(2,4-di-O-benzyl-~-D-gafactopyranosyl)-(l+4)-0-(2- acetamido-3-0-benzyl-2-deoxy- 

/?-D-glucopyranosyl)-(I +3)-2,4,6-tri-0-benzyl$-D-galactopyranoside (30). - To a 

stirred solution of 29 (21 mg, 12 pmol) in THF (2 mL) was added a M solution of Bu,NF 

in THF (0.07 mL, 0.07 mmol) at 0” under Ar. After being stirred for 3 h at &20”, the 

mixture was diluted hsth toluene (10 mL), and the solvent was evaporated in uacuo. The 

residue was diluted hsth EtOAc (20 mL) and washed hsth water (10 mL). The aqueous 

layer was back-extracted hsth EtOAc (20 mL x 2), and the combined organic layers 
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were washed with brine (10 mL) and dried (MgSO,). The solvent was evaporated in 

L’LICUO, and chromatography of the residue on siIica gel using 5:4 PhCH,-acetone 

afforded 30 (14 mg, 78%): [a], - 17.3” (c 0.4); R, 0.32 (1: I PhCH,-acetone); nmr. data: 

a,, 1.474 and 1.506 (2 S, 6 H, COCCI, x 2), 4.393 (d, 1 H, J7.6 Hz. H-l), and 7.45-7.15 

(m,4SH,CH&,H, x 9);&22.3(COCH, x 2),55.2and55.5(C-2bd),60.0,60.3,61.1. 

and 61.7 (C-6bcd and one unassigned signal), 101.8 (C-i), 102.1 (C-l x 2), 102.2 (C-l). 

and 170.9 and 171 .O (COCH, x 2). 

Anal. Calc. for C,,H rolN?O,,.H1O: C, 69.27; H, 6.64; N, 1.78. Found: C, 69.12; H, 

6.78; N, 1.62. 

Bcn;yl 0-(2-acetamiclo-3,4-a’i-O-henz~~~-2-~e~.~~-6-O-su~~~-~-~-glu~op~ra~~~~s~~- 

(f~3~-0-(2,#-tii-O-he~~~~~-6-O-s~~~-~-~-~~~~~~iop_~ru~~~.~~l~-~I -t41-0-(2-u~efnmiIZo- 

3-~-henl~i-2-t~eo.~~~-6-O-sid~~-~-~-g~u~op~ranos~i- (1 j31-2,4,6-tri-O-hen=I’1-P_D-ga- 

/acto~p.vrarlosi~le, trisodium srrlt (31). --To a solution of 30 (9.7 mg, 6.2 pmol) in DMF (3 

mL) was added sulfur trioxide~trimethylamine complex (SO~.NMe~) (7.8 1~18,56 /rmol), 

and the mixture was stirred for 22 h at 50-60’. Then additional SO?.NME, (7.2 mg, 52 

pmolf was added. After being stirred for an additional 24 h at 6&70’. the mixture was 

diluted with 1:l chloroform--methanol (3 mL). and the solution was carefully trans- 

ferred onto the top of a column of Sephadex LH-20 and eluted with 1: 1 chloroform- 

methanol. Conversion of the product into the sodium salt was carried out by passing a 

solution of the compound in 1: 1 methanol--water through a column of Dowex-50 [Na ‘1 

resin to yield 31(10.8 mg, 93%): [a], - 10.5” (1’ 1.2); R, 0.27 (3: 1 CHCl,-MeOH); n.m.r. 

data: 6, (1: 1 CDCl,-CD,OD) only broad signals; 6, ( I : 1 CDClrCD,OD) 22.2 and 22.4 

(COCH, x 2), 54.4and 55.1 (C-2bd),65.1, 100.9,101.8, 102.0.and 102.6(C-1 x 4),and 

171.1 and 171.2 (COCH, x2). 

Ana/. Calc. for C,,1I,,N,O,,,S,Na,.5 H,O: C, 55.88; H, 5.62; N, 1.44. Found: C, 

55.99: H, 5.68; N, 1.94. 

~e~r~te~tion ~?~~o~~z~oun~ 32 into ~~rn~(~u~~ 2. - A mixture of 31 (2.5 mg, 1.3 
pmol) and 10% PdjC (3.1 mg) in 9: f methanol-water (OS mL) was stirred for 2 1 h at 20“ 

under H,. After filtration of the mixture through Celite, the filtrate was evaporated in 

L’LZC~O, and the residue was chromatographed using a column of Sephadex G-10 in 

water. The fractions containing 2 were combined and lyophilized to give pure 2 (1.3 mg, 

92%): [all, -t 12’ (c 0.1, HIO); R, 0.50 (6:5:4 BuOH--acetone--H,O); n.m.r. data*: ati 

(D,O) 2.032 and 2.043 (2 s, 6 H, COCH, x 2), 4.531 (d, 5,,? 8.1 Hz, H-la), 4.534 (d, .I,,? 

7.7 Hz, H--lc), 4.561 (d, 0.6 H, J,,2 8.1 Hz, H-la), 5.226 (d, 0.4 H, J,,? 3.3 Hz, H-la); d‘, 

[D,O, (CH,),CO, 30.3 p.p.m.]22.27 and 22.30 (COCH, x 2). 55.23 and 55.62 (C-2bd), 

96.60 (C-la), and 102.65, 102.98, and 103.03 (C-lbcd). 
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