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Abs t r~ t :  As an alternative to phthaloyl (Phih) group, 4,5-dichlorophthaloyl (DCPhth) group was 
inveatigaled as an amino ptoCecting group to prove it to be useful for the syntJ~esis of IS-glycosides of 
2-ucelamido-2-deoxy glucose (GlcNAc). DCphth was inlroduced onto the C-2 nitrogen of glucosamine 
to give 2, which was further transformed into mono- and di- and trisaccharide derivatives which 
constitute basic sffuctural units of asparagine linked glycoprotein oligosaccharides. DCPhth group 
proved to have sufficient stability under the standard conditions of protecting group manipulations (e.g. 
deucetylatien, benzylation, benzylidenation), and Lewis acid-, silver salt- and iodonium inn-promoted 
glyco6yintion. Removal of DCPhth group was smoothly performed by using ethylenediamine in 
alcoholic solvent under substantially milder conditions required for deprotection of Phth. 
© 1998 Elsevier Science Ltd. All rights reserved. 

I N T R O D U C T I O N  

[~-Gly¢osides of 2-acctamido-2-deoxy-sugars are widespread in naturally occurring glycoconjugates which 

include Ash-linked and Ser/Thr-linked glycoproteins, glycolipids, proteoglycans, and plant derived glycans 2. 

In order to synthesize these biologically significant type of O-glycosides, phthaloyl (Phth) group has been 

extensively utilized as a protecting group of C-2 nitrogen3. This relies upon the strong 1,2-trans directing 

nature of  2-NPhth carrying glyeosyl donor which allows stereocontrolled synthesis of I3-GIcNAe and 13- 

GalNAe containing structures in a highly predictable manner 4. However, the utility of Phth substituent is in 

some cases hampered due to the harsh conditions required for its removal (i.e. prolonged heating with 

hydrazine hydrate or ethylenediamine). Complete depmtection of a molecule containing multiple number of 

Phth groups is sometimes problematic. Recently, we have reported the use of 4,5-dichlorophthaloyl 

(DCPhth) as a nitrogen protecting group 5. DCPhth, which retains the 1,2-trans directing nature of Phth, can 

be compared favourably over parent Phth, in terms of the ease of removal. We report herein some results 

from our recent investigations focussing on the compatibility of DCPhth with other protecting group strategies 

and glycan chain elongation technologies, which may well advocate its practical utility in complex 

oligosacchatide synthesis. 

RESULTS AND DISCUSSION 

Previously reported DCPhth carrying 25 was more conveniently prepared starting from acetyl protected 

glucosamine hydroehloride 16 (Scheme 1). By this method, the installation of the DCPhth group could be 

effected very reproducibly in -1130 g scale, to give 2 as a crystalline material without recourse of 

chromatograhie purification. The anomeric position was then masked as a p-methoxyphenyl 7 (MP) glycoside 

3, under TMSOTf catalyzed conditions. Deacetylation of 3 was successfully performed under standard 

72~plen conditions with a catalytic amount of sodium methoxide, followed by acid-catalyzed benzylidenation 
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to give partially protected 4 in quite reasonable yield. Subsequent benzylation was performed under carefully 

conlrolled conditions with benzyl bromide and sodium hydride at 6"C to furnish the 3-OBn protected 5, 

which was then transformed into 6 in 55 % yield from 4. Levulinoylation under standard conditions 8 gave 7 

that was then subjected to oxidative cleavage of the anomeric MP group followed by transformation into 

Irichlomacetimidate 8. Coupling with 6, promoted by TMSOTf afforded fully protected chitobiose derivative 

9. Delevulinoylation of 9 was performed by brief treatment with hydrazine hydrate 8 to give 10 in nearly 

quantitative yield. 
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I) 4,5-Dichlorophthalic anhydride, Et3N/CI(CH2)2CI. 50-60°C; 2) Ac20/l>yridine, r.t., 94%; 3) p- 
Metlm~yphenol, TMSOTf/Ci(CH2)2CI, r.L, 87%; 4) NaOMe/MeOH. 0*(2; 5) PhCH(OMe)2, CSA/DMF, 
r.L, 74% OV¢~ 2 steps; 6) PhCH2Br, NaH/DMF, 6oC; 7) NaCNBH3, HCl-dioxane/THF, r.t., 55% over 2 
steps; 8) (Lev)20/CH2Ci2-Pyridine, r.t., 95%; 9) CAN/Toluene-MeCN-H20, r.t.; 10) CCI3CN, 
DBU~CI-I2CI 2, r.L, 78% over 2 steps; 1 I) NH2NH2.H20/AcOH-pyridine, 99%. 

A potential problem with the use of DCPhth in oligosaccharide synthesis centers around its manifested base 

lability. In order that DCPhth protection can be accepted as a general tool in oligosaccharide synthesis, 

compatibility with standard deacylation conditions should be of particular significance. Although successful 

deacetylation of 3 was already described, there still remains a concern if DCPhth moiety tolerates the 

conditions for deprotection of acetyl groups at the advanced stage, which might require extended reaction 

time. Asking this question, we synthesized selectively protected lactosamine derivative 16 (Scheme 2). 

Disaccharide 16 was obtained, by using bromide 12 or more favourably thioglycoside 13, as a glycosyl 

donor, which in turn were obtained from 119. Deacetylation of 16 was performed successfully with catalytic 

amounts of sodium methoxide at 0"C with no substantial destruction of the DCPhth group to give 17. By 

contrast, 4-OAc 14, which was obtained by acetylation of 6, was somewhat more difficult to remove. The 

deprotection proceeded with a reasonable efficiency, only in the presence of subequimolar amount of 
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NaOMelO. For this particular position, either levulinoyl or chloroacetyl may well be a better option. For 

instance, installation as well as removal of chloroacetylll (ClAc) group proceeded without incident as 

cxemplifiedfarcompoundls. 

Demon of DCPhth group was performed using 3.16 and 9 as test cases (Scheme 3). The reactions 

proceeded smoothly, even at room temperature for 3 and 16, to afford, after acetylation. comsponding 

acetamides 18 and 19. Since the completion of the reaction was rather difficult to ascertained, larger excess 

of ethylenediamine and higher naction temperahue we= applied fur transformation of 9 into 20. 

Scheme 2 
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20 (84%) 
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Compatibility of DCPhth with operations required for sialic acid containing glycan formation is also of 

critical significance, considering the application into wider range of complex type glycans. Preparation of 

sialyl lactosamine component in a DCPhth protected form was performed as depicted in Scheme 

4.Sialylafions were performed in acetonitrile-containing systems, and as sialic acid donors, 

methylthiogiycoside 2112, phenylthioglycoside 2213 and phosphite 2314 were compared in terms of their 

efficiency. In order to avoid the risk of purifying out the minor isomer(s), so that the accurate estimation of 

the stereoselecfivity can be made, reaction mixtures were first purified by size exclusion column 

chromatography to remove low molecular weight materials derived from reagents and sialyl donors. 
Subsequent acetylation and chromatographic purification afforded 24 and 25. On contrary to high a- 

selectivity previously reported by other authors in related systemst2a.13a, 14b, stereoselectivity was only 
marginal ( a / ~ l . 7  to 2.5) in these particular combinations. Since reactions were performed in substantial 

scales (0.5-1.0 g acceptor 17) and both products were rigorously confirmed to be stereoisomeric 15, 

assessments of stereoselectivity should be with high degree of accuracy. By any means, the methyl 

thioglycoside 21 proved to be the most effective donor for our purpose to furnish the trisaccharide 24 in 47% 

~elcL 
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Attempted removal  of  DCPhth from 24 by using ethylenediamine resulted in the concomitant formation 

sialic acid amid° 26. In order to avoid such a complexity, methyl ester was first cleaved by LiI and then 

dexivatized into 27. 

In summary, DCPhth-carrying mono- and disaccharide components can be manipulated selectively in 

various manners.Oligosaccharide fragments 10 and 24, which have DCPhth masked amino groups constitute 

basic structures o f  complex-type glycoprotein oligosaccharide. In comparison with tetrachlorophthaloyl 

(TCP) group reported by Fraser-Reid et al.16 and Schmidt et al.17 DCPhth seems to be more stable under 

basic conditions. Combined with conventional Phth, three variants are now available for efficient construction 

of  ~-GIcNAc/GalNAc, with the base-lability order of  TCP>DCPhth>Phth. 

E X P E R I M E N T A L  

General methods: Melting points were determined with a Yanagimoto micro-melting point apparatus and are uncorrected. 
Optical rotations were measured with a JASCO DIP 370 Polarimet~ at 20+3*(7. FAB-MS spectra were measured with a JEOL 
JMS-Hx110 mass spectrometer with m-nilmbenzylalcohol as matrix if not stated otherwise. NMR spectra were recorded with 
either JEOL Ex-270 or Brukex AM-400 apeclxometer using Me4Si as internal standard for CDCI3, d6-DMSO and CD3OD 
solutions. TI.,C on silica gel 60 F254 (Merck, Darmstadt) was used to monitor the reactions and to ascertain the purity of the 
products. Silica gel column clwomatography was performed with Silica Gel 60 (Merck, 63-200 tun) or Spherical Silica Gel 60 N 
(Kanto, 40-100 or 100-210 IJa'n). N-Iedosuccinimide (NIS) was recrystaliized from dioxan-carbon tewachloride, AgOTf from 
tolueue.hexaue. All other reagents were used as received. CH2C12 and THF were de.stilled from Call 2 and Na-benzophenone, 
respectively. Oth~ solvents were dried and stored over freshly activated molecular sieve 3 or 4 ~ which were activated by heating 
to 180 "C in mcuo for 24 h prior to use. 

1,3,4,6-Tetra-O-aeetyl.2-deoxy-2.(4,$.dichlorophthalimido)-~-D-glucopyranose (2): To a suspension of 
hydr~hloride I (80.6 g, 0.21 moo in 1,2-dichloroethane (600 ml), triethylamine (70 ml, 0.5 tool) was added. After Ixxtienwise 
addition ¢ff 4,5--dichlomphthalic anhydride (50 g, 0.23 moO, the turbid solution was heated to 50-60°C for 2 h and then evaporated 
to dryness. The residue was dissolved in pyridine (403 ml) and the solution was cooled to 0°C. Acetic anhydride (190 ml, 2 tool) 
was ~ d~pwise and the mixtme was allowed to warm up gradually to r.t. and stirred for 24 h. The volaliles were removed in 

mcuo and the residue was dissolved in d i c ~  (l i), washed with water (2x300 ml), 2 N HCI (2>< 200 ml) and said. 
NaHCO3 solution (400 mi), successively, dried (Na2SO4) and evalxrated in vacuo to leave a syrup which was crystallized from 
ethanol-diiscSxopyl ether to give 104 g (91%) of 2 as colorless crystals. Purification of the mother liquor by silica gel column 
chromatography (toluene.e~yl acetate 5:1) and crystallization from ethanoi-diisopropyl ether gave an additional amount (3 g, 3 
%) o1'2 (total yield 94%); m.p. 180.5-181.5 *(2; [a]20 D +70.9 (c 1.0, CHCl3); Rf 0.43 (toluene-ethyl acetate 5:1); 1H NMR 
(270 MHz, ~ 3 )  8 1.88, 2.01, 2.05, 2.12 (4 s, 3 H each, 4 CIt3CO), 4.01 (ddd, l H, 5-H), 4.14 (dd, l H, 6-H~), 4.36 (dd, 1 
H, 6-Hb), 4.43 (rid, l H, 2-H), 5.22 (dd, 1 H, 4-H), 5.82 (dd, l H, 3-H), 6.48 (d, l H, l-H), 7.95 (s, 2 H, DCPhth); J1,2 8.9; 
./2"3 10.6; ./3,4 9.2; ./4,5 10.0;, ./5,6a 2.1; ./5,6b 4.1; ./6Lb 12.3 Hz. 

AnaL Calcd for C22H21C12NOll (546.31): C, 48.37; H, 3.87; N, 2.56; Cl, 12.98. Found: C, 47.95; H, 3.78; N, 2.55; 
Cl, 12.99. 

p-Methoxyphenyl 3,4,6-tri-O-aeetyl-2-deoxy-2-(4,$-diehlorophthalimido)-[~-D-glucopyranoside (3): 
T ~  2 (82 g, 0.15 tool) and 4-methoxyphenol (28 8, 0.225 mol) were dissolved in 1,2-dichloroethane (600 ml) and the 
flask was flushed with N2. TMSOTf (1 ml, 6 retool) was added and the mixture was stirred for 42 h. After being quenched with 
sat& NaI-ICO3 solution (200 ml), the mixture was washed with satd. NaCI/NaHCO3 solution (l:l ,  3x200 ml), dried (Na2SO4) 
and evaporated bt vacaw. Crystallization from ethanol-diisolm3pyl ether afforded 79.7 g (87 %) of 3 as yellow crystals; m.p. 98- 
100 *(2; [(x]20 D +63.5 (c 1.0, CHCI3); Rf 0.38 (CHC13-ethyi acetate 9:1); 1H NMR (270 MHz, CDCI3) 8 1.90, 2.05, 2.11 (3 
s, 3 H each, 3 C~3CO), 3.74 (s, 3 I-I, L-'~[3OC6I-I4), 3.94 (ddd, 1 H, 5-H), 4.17 (dd, 1 H, 6-Ha), 4.35 (dd, 1 H, 6-Hb), 4.53 (dd, 
1 H, 2-H), 5.24 (¢kl, 1 H, 4-H), 5.78 (rid, 1 H, 3-H), 5.81 (d, 1 H, l-H); ./1,2 8.5; ./2,3 10.7; ./3,4 9.2; J4,5 10.2; ./5,6a 2.5; 
./5,6b 5.2; ./6a,b 12.4 Hz; 13C NMR (67.80 MHz, ~ 3 )  8 20.4, 20.6, 20.7 (3 CH3CO), 54.9 (C-2), 55.5 (.~H3OC6H4), 
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61.9 ((2-6), 68.6 (C-4), 70.7 (C-3), 72.0 (C-5), 97.3 (C-I), 114.4, 118.8 (CH3OC_,,6H4), 125.8 (DCPhth), 130.4, 139.4 
('DEPh~), 150.3, 155.8 (CH30~), 169.3, 170.2, 170.5 (3 CH3.CO). 

Anal. Cakd fot C27H25CI2NO11 (610.40): C, 53.13; H, 4.13; N, 2.29; (21, 11.62. Found: C, 52.92; H, 4.15; N, 2.24; CI. 
11.46. 

p-Methoxyphenyl 4,6-O.benzyiidene.2-deoxy-2-(4,$-diehlorophthalimido)-J~-D-glueopyranoside (4): 
Compound 3 (27.9 g, 45.7 retool) was dissolved in a mixture of methanol-CH2Cl 2 (2:1,300 ml) and treated at 0 "C with 28 % 
NaOMe soimim in methanol (1.5 ml, 7.5 retool). After 2 h, additional NaOMe solution (1.0 ml, 5.0 mmol) was added, stirring 
continued for anotha 2 h and the mixtme acidified into -pH 5 with Ambedyst 15-E resin. Fdlration and evaporation of the 
solvents gave 25 g of a yellow, crystalline mass, which was dissolved in DMF (150 no) and stirred together with benzaldehyde 
dimethylacelal (13.5 ml, 90 retool) and ~ acid (2.0 g, 8.6 mmol) at room temperature for 24 h bl vacuo (10-15 
mblr). Benza]dehyde dimethylacetal (6.75 ml, 45 nu1~l) and camphorsulphonic acid (500 nag, 2.1 retool) were added and stirring 
continued for another 36 h. Diluting with CH2CI 2 (400 m/) and diethyl ether (I00 ml), washing with satd. NaHCO3 solution 
(200 ml), filtration from insoluble material and further washing with water (2 × I00 ml) and sald. NaCl solution (I00 ml), 
drying (Na2SO4) and removal of the solvents/it mcuo gave a yellow syrup. Cnevaporation with toluene-AcOEt (2:1, 3 × I00 
no), crystallisatkm from hot toluene, washing of the cryslals with cold diethyl ether and di'ying under high vacuum at 50 "C 
afforded 19A g (74 %) of 4 as colorless needles; m.p. 130-132 *C; [ct]20 D +22.7 (c I.I, CHCI3); Rf0.9 (CHCl3-methanol 
8:1); IH IqMR (270 MHz, CDCI3) 8 2.62 (d, I H, 3-OH), 3.73 (s, 3 H, C]:[3OC6H4), 3.65 - 3.81 (m, 3 H, 2-H, 4-H, 5-H), 
3.87 ( dd, 1 H, 6-Ha), 4.41 (dd, 1 H, 6-Hb), 4.47 (dd, 1 H, 2-H), 4.66 (ddd, 1 H, 3-H), 5.59 (s, I H, C6HsCJ;D, 5.75 (d, 1 H, l- 
H); $1,2 8.4; ,/2,3 10.6; ./3.4 8.4; J3,OH 3.4; JS.6b 4.3; J6a.b 10.6 I-Iz; 13C NMR (67.80 MI-Iz, CDCI3) 8 55.6 (~H3OC6H4), 
56.7 (C-2), 66.3 (C-5), 68.4 (C-3), 68.5 (C-6), 81.9 (C-4), 97.9 (C-l), 102.0 (C6H5CH), 114.5, 118.5 (CH30~£~'I4), 125.7 
(DCPhth), 126.5, 128.4, 129.4, 130.6, 136.8, 139.2 (.C,6H5CH, DCPhth), 150.4, 155.7 (CH30~H4), 169.3, 170.2, 170.5 (3 
CH3.CO); FAB-MS (positive) m/: 573 [M] +. 

Anal. Cakd for C28H23CI2NO8 (572.40): C, 58.75; H, 4.05; N, 2.45; CI, 12.39. Found: C, 58.49; H, 4.20; N, 2.38; CI, 
12.17. 

p-Methoxypheayl 3,6-di-O-bensyl-2-deoxy-2-(4,5-dichlorophthalimido)-J3-D-glucopyranoside (6): A 
solution of 4 (9.00 g, 15.7 retool) and benzyl bromide (19.0 ml, 159 mmol) in DMF (250 ml) was stirred for 30 rain over 
freshly activated molecul~ sieves 4 ~ (6.0 g) at 0 "C. Sodium hydride (1.9 g, 55 % oil dispersion, 48 retool) was added and the 
mixture was gradually wasmed up to 6 "C snd stirring was continued at this temperature for 28 h. The reaction was quenched at 0 
"C by slowly _~tdlng methanol (5 ml) and stirring for 30 rain. Diluting with AcOEt (600 ml), washing successively with water- 
brine (h 1, 2 × 200 nO) and brine (200 nO), drying (MgSO4) and removal of the solvents in vacuo gave a colorless syrup, which 
was enevaporated with relume to a f f ~  crude 5. 

Crude $ was dissolved in THF (200 ml) and was stirred for 30 rain over freshly activated molecular sieves 4 A (12.0 g) at 0 
'C. Sodium cymmbotohydride (10.6 g, 95 %, 159 mmol) and methyl orange (2 rag) wece added and the solution acidified with 4 
M HCl/dioxane solutim. After 7 It, the mixture was pomed on ice-water (400 ml), exlracted with CH2C12 (2 × 250 ml) and the 
orgmic phase stirred overnight with 2 N HC! (200 ml). Layers were separated and the organic layer was washed successively with 
2 N HCI (200 no), satd. NaHCO3 solufim (2 × 200 ml) and water (200 ml). Drying (Na2SO4) and evaporation of the solvents 
left a yellow syrup, which was applied to silica gel column chromatography (toluene-AcOEt 1:0 --* 2:1) to afford 5.70 g (55 %) 
oi'6 as yellow foam; [a]20 D +58.2 (c 1.1, CHCI3); Rf 0.36 (toluene-A¢OEt 5:1); IH NMR (270 MHz, CDCI3) 6 3.02 (d, 1 
H, 4-OH), 3.70 (s, 3 H, CJ~3OC6H4), 3.72 (m, 1 H, 5-H), 3.82 (m, 2 H, 6-H2), 3.90 (ddd, 1 H, 4-H), 4.24 (dd, 1 H, 3-H), 
4.34 (dd, 1 H, 2-H), 4.52, 4.57, 4.64, 4.80 (4 d, 1 H each, C6HsCJ~[2), 5.60 (d, 1 H, l-H); -/1.2 8.2; J2.3 10.7; ,/3,4 8.4; ,/4,5 
8.7; J4,OH 2.8; JCH2 11.7, 12.4 I-Iz; 13C NMR (67.80 MHz, CDCI3) B 55.5 (.CH3OC61-14), 56.6 ((2-2), 70.5 (C-6), 73.6 (C- 
5), 73.8, 74.6 (C6Hs.~H2), 74.4 (C-4), 78.5 ((2-3), 97.4 (C-l), 114.5, 118.6 (CH30~H4), 125.4 (DCPhth), 127.4 - 128.5, 
129.0, 137.5, 138.1, 138.7 (C,6HsCH, DCPhth), 150.6, 155.4 (CH30.C,6H4). 

Anal. Calcd for C35H31CI2NO8 (664.54): C, 63.26; H, 4.70; N, 2.11; CI, 10.67. Found C, 63.50; H, 4.74; N, 2.34; CI, 
10.00. 

In a self'ate experiment, compound 5 was purified by silica gel column cluomatography (toluene-AcOEt 50:1) and crystallized 
from diimpmpyl ~ into colodeas needles; m.p. 111 - 115 °C; [a]20 D +83.7 (c 1.1, CHCI3); Rf 0.72 (tolueue-AcOEt 5:1); 1H 
NMR (270 MHz, CD~3) 8 3.71 (s, 3 H, C~OC6I-I4), -3.71 (m, 1 H, 5-H), 3.89 (dd, 1 H, 4-H), --3.90 (m, 1 H, 6-Ha), 4.36 - 
4.44 (m, 3 H, 2-I-I, 3-H, 6-Hb), 4.49, 4.82 (2 d, 1 H each, C6I-I5CJJo.), 5.65 (s, 1 H, C6H5C/~D, 5.67 (d, 1 H, I-H); J1,2 7.9; 
-/3,4 J4.5 10.2; ./5,6 4.9;/(2142 12.5 Hz; 13C NMR (67.80 MHz, CDCI3) 8 55.6 (.C,J-I3OC6I-Lt), 56.0 (C-2), 66.2 ((2-5), 68.6 
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(C-6), 74.2 (C6H5~,I-12), 74.4 (C-3), 82.7 (C.4), 97.8 (C-I), 101.4 (C6I-Is~H), 114.5, 118.5 (CH30~sH4), 125.4 (DCPhth), 
126.0 - 128.2. 130.5, 137.1,137.8, 138.8 (.C,,6HsCH, DCl~th), 150.4, 155.6 (CH3OC,,6H4). FAB-MS (po6itive) 663 [M] +. 

Anal. Cakd for C35H29CI2NO 8 (662.52): C, 63.45; H, 4.41; N, 2.11; Ci, 10.70. Found: C, 63.43; H, 4.50;, N, 1.93; CI, 
10.70. 

p.Metboxypbenyl 3,6-di-O-benzyl-2-deoxy-2-(4,$-dJchlorophthalimido)-4-O-levulinoyl-[3- D. 
81ucopyranmide (7): To a solution of p-methoxyphenyl glycoside 6 (3.31 g, 5.00 mmol) in CH2CI 2 (10 ml) and pyridine 
(30 ml) was ~ 1 M levulinic anhydride solution in CH2C12 (25 ml, 25 mmol) and the whole was stirred for 24 h at room 
tempemlm~. Resulfin 8 dark-brown sointion was poured on ice-water (200 ml), stirred for 15 min and layers w~re selmmled. The 
oepnic layer was washed soccessively with 2 N HCI (3 x 40 ml), satd. NaI-ICO3 solution (2 x 40 ml) and water (40 ml). After 
&ying (Na2SO4), the mixture was evaporated/n mcuo to furnish a syrup. Purification by silica gel column chromatography 
(CHCI3-~OFA 9:1) gave syrup~ 7, which was {~ystalliTx-.d from diethyl ether to afford 2.95 g (77 %) of 7 as ¢oka'less crystals; 
m.p. 113-114 *(2; [a]20 D +83.8 (c 0.9, CHCI3); evaporation of the mother liquor afforded additional 0.71 g (18 %) of cok~less 
material, which was homogeneous judging from TIC; Rf 0.56 (in CHCI3-AcOEt 9:1); 1H NMR (270 MHz, CDCI3) 8 2.16 (s, 
3 I-I, CH3Lev ), 2.50 (t, 2 H, CH2Lev), 2.69 (t, 2 H, CU2Lev), 3.63 (dd, I H, 6-Ha), 3.69 (dd, 1 H, 6-Hb), 3.70 (s, 3 H, 
CH3OC6H4), 3.86 (ddd, 1 I-I, 5-H), 4.30 (d, 1 H, C6H5C~[2), 4.43 (m, 1 H, 2-H), 4.45 (m, 1 H, 3-H), 4.54 (s, 2 H, 
C6I-IsCJ~]2), 4.74 (d, 1 H, C6HsCJ:[2), 5.20 (m, 1 H, 4-H), 5.59 (m, 1 H, l-H); ./1,2 8.3; 12,3 9.7; ./3,4 8.8; ./4,5 10.0; 15,6a 
6.3; ./5,6b 3.3; ./6,,b 10.7; ./CH2Lx~ 6.8;/CH2 12.5 I-Iz; 13C NMR (67.80 MHz, CDCI3) 8 27.9 (CH2Lev), 29.7 (CH3Lev), 
37.6 (CH21a~), 55.5 (~H3OC6I'I4), 55.8 (C-2), 69.3 (C-6), 72.6 (C-4), 73.5 (C6H5CH2), 73.7 (C-5), 74.4 (C6H5~-I2), 77.5 
(C-3), 97.2 (C-I), 114.3, 118.4 (CH30~H4), 125.4 (DCPhth), 127.3 -138.7 CC,,6H5CH, DCPhth), 150.6, 155.4 
(CH3OC,,6H4), 171.6 (CH2L'OO), 206.1 (CH3~O). 

Anal. Cnicd for C40I-I37C12NO10 (762.64): C, 63.00; H, 4.89: N, 1.84; CI, 9.30; Found: C, 63.07; H, 4.84; N, 2.00; CI, 
9.30. 

3~6~Di.~benzy~2~de~xy~2~(4~5~dich~r~p~tha~imid~)-4~-~evu~in~y~[~-D.~uc~pyr~n~sy~ 
trichloreacetimidate (8): To compound 7 (3.40 g, 4.46 mmol) in tolucne-acetonilrile-water (50 ml, 4:3:3) 
ceriumammoniom nitrate (CAN, 7.33 g, 13A mmol) was added and the mixture was stirred vigorously for 4 h at room 
temperanae. Amm~ potion of CAN (4.90 g, 8.94 mmol) was added and stirring continued for 1 h. The mixture was diluted 
with AcOEt (150 ml) and washed with wate~ (2 × 50 ml). The aq. layer was back-exwacted with AcOEt (2 x 30 ml), and 
combined oq~anic lay¢~ wc~e wash~ socc¢~ively with sat& NaI-ICO3 solution (50 ml) and said. NaCI solution (50 ml), dried 
(MgSO4) and evapontted to th3mess. Filtration through silica gel (toluene-AcOEt 5:1 --* 0:1) afforded 2.39 g (82 %) of the 
hemiac~tal as orange crystalline mass; Rf 0.14 (in toluene-AcOEt 5:1); IH NMR (270 MI-I, CDCI3) 8 2.15 (s, 3 H, CH3Lev), 
2.46 (t, 2 H, CH2Lev), 2.68 (t, 2 I4, CH2Lev), 3.14 (d, 1 H, 1-OH), -3.60 (m, 2 H, 6-H2), 3.80 (ddd, 1 H, 5-H), 4.11 (dd, 1 H, 
2-H), 4.28 (d, 1 H, C6H5C]:[2), 4.44 (dd, 1 H, 3-I-I), 4.55 (s, 2 H, C6HsCH2), 4.71 (d, 1 H, C6H5C];[2), 5.15 (dd, 1 H, 4-H), 
5.32 (dd, 1 H, l-H); JI,OH 7.3; 11,2 8.5; 12, 3 10.8; 13,4 8.9; 14,5 9.9; 15,6t 5.3; JS,6b 3.6; JCU2Lev 6.5; JCH2 12.5 Hz. 

A solution of the hemiacetal (2.39 g, 3.64 retool) and Irichloroacetonitrile (3.64 ml, 36.4 mmol) in CH2CI 2 (50 ml) was 
stirred at room temperature for 30 rain over fxcshly activated molecular sieves 4 A (4.00 g). 1,8-Diazabicyclo-[5.4.0]-7-undecen 
(DBU, 190 ~1, 1.22 retool) was added and stining continued for I h. Fillration through celite, evaporation and flash 
~ y  over silica gel (tolueate-AcOEt 5:1 containing 1% triethylamine) afforded 2.27 g (78 %) of Irichinmacetimidate 
8 as a slightly orange foam; [a]20 D +93.4 (c 1.0, CHCI3); Rf 0.32 (in toluene-AcOEt 5:1); IH NMR (270 MHz, CDCI3) 8 
2.15 (s, 3 H, CH3Lev), 2.47 (dd, 2 14, CH2Lev), 2.67 (dd, 2 H, CH2Lev), 3.64 (dd, 1 H, 6-Ha), 3.70 (dd, 1 H, 6-Hb), 3.95 (ddd, 
1 H, 5-ED, 4.30 (d, 1 H, C 6 H 5 ~ ,  4.49 (m, 2 H, 2-H, 3-I-I), 4.53, 4.58, 4.74 (3 d, 1 H each, C6H5CJ~2), 5.27 (dd, 1 H, 4-H), 
6.39 (d, 1 I-I, I-H), 8.58 (s, 1 I4, Nil); 11,2 8.3; 13,4 8.2; ./4,5 10.1; ./5,6t 4.7; ./5,6b 3.5; ./6a,b 11.3; JCH2Lev 6.8, 12.9 ; ./CH2 
12.1, 12.4 I'Iz: 13C NMR (67.80 MHz, CDCI3) 8 28.0 (CH2Lev), 29.9 (CH3Lev), 37.8 (CH2Lev), 55.0 (C-2), 68.9 (C-6), 
72.3 (C-4), 73.6 (C6HsC, H2), 74.6 (C-5. C6I'15~I'I2), 77.0 (C-3), 93.9 (C-I), 125.6 (DCPhth), 127.5 - 139.0 (.C,,6H5CH, 
DCPhth), 160.8 (DCPhth), 171.6 (CH2~OO), 206.4 (CH3L'O). 

Anal. Caled for C35H31CIsN209 (800.90): C, 52.49; H, 3.90; N, 3.50. Found: C, 52.73; H, 3.93; N, 3.81. 
The sample comained ca. 5 % of a-unome~, Rf 0.46 (in toluene-AcOEt 5:1); 1H NMR (270 MHz, CDCI3) 8 6.36 (d, 1 H, I- 

H), 8.55 (s, 1 H, NED; ./1,2 3.6 I-LT. 

p-Metkoxypkenyl O-[3,6-di-O-benzyl-2-deoxy-2-(4,S-dichlorophthalimido)-4-O-levulinoyl.~- D- 
8~uc~pyr~8y~]~(1-~4).3~6.di~.be~y~-2.de~xy-2-(4~$-dicb~r~phtha~imid~)-~-D-~uc~pyran~side (9): A 
solution of compounds 8 (2.20 g, 2.75 retool) and 6 (1.11 g, 1.67 mmol) in CH2CI 2 (30 ml) was stirred under argon at room 
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tempemlme for 15 rain in the presence of freshly activated molecular sieves 4 J~ (2.00 g) and then cooled to -70 'C. 
Trimethylsilyl I r i f l ~  (TMSOTf, 40 I~1, 0.2 mmoi) was ~d~_d and stirring continued. After I h, additional 
TMSOTf (I0 ~ 0.05 mmol) was added and slLrring continued for 2.5 h. The suspension was diluted with CH2CI 2 (100 nil), 
filtemut quickly through celite and the filtrate was washed successively with said. NaHCO3 solution (30 ml) and water (30 ml) 
and dried (Na2SO4), followed by evaporation/n mcuo to furnish a yellowish foam (3.05 g). Purification by silica gel column 
chromatography (toluene-AcOEt 20:1) afforded 1.58 g ('73 %) of 9 as a foam, which was crystallized fr~n ether-n-bexane to give 
yellowish needles; m.p. 91 °C; [a]20 D +34.3 (c 1.1, CHCI3); 1H NMR (270 MHz, CDCI3) 8 2.13 (s, 3 H, CH3Lev), 2.45 (m, 
2 H, CH2Lev), 2.63 (m, 2 H, CH2Lev), -3.40 (m, 2 H, 5-H, 6-Ha), -3.50 (m, 2 H, 6-Hb, 6'-Ha), -3.58 (ddd, 1 H, 5'-H), -3.58 
(m, 1 H, 6'-Hb), 3.66 (s, 3 H, CH3OC6H4), 4.13 - 4.20 (m, 3 H, 2'-H, 3-H, 4-H), 4.26 (d, 1 H, C6H5CH2), 4.28 (dd, I H, 2- 
H), 4.39 (dd, 1 H, 3'-H), -4.40 (m, 2 H, C6HsCJ~[2), 4.42, 4.44, 4.53, 4.70, 4.84 (5 d, 1 H each, C6H5C]J~, 5.17 (dd, 1 H, 4'- 
H), 5.31 (d, 1 H, I'-H), 5.39 (d, 1 H, I-H); JI,2 8.1; J1',2' 8.3;/2',Y 8.9; JY,4' 9.1; ./4',5' 9.4; J5',6' 3.6; JCH2 11.9, 12.4, 
12.5 Hz; 13C NMR (67.80 MHz, ~ 3 )  8 27.9 (CH2Lev), 29.7 (CH3Lev), 37.6 (CH2Lev), 55.5 (.CH3OC6I-I4), 55.9 (C-2), 
56.6 (C-23, 67.9 (C-6), 69.1 (C-6"), 72.9 (C-4', C6H5CH2), 73.3 (C-53, 73.5, 74.3 (C6H5C, J-12), 74.8 (¢2-5, C6HsCjI2), 76.2, 
77.2 (C-3, C-4), 76.8 (¢2-33, 97.1 (C-13, 97.3 (C-I), 114.3, 118.4 (CH3OCd'I4), 125.3 (DCPhth), 126.9 - 138.5 (.C,6HsCH2, 
DCPhth), 150.5, 155.4 ( C H 3 ~ ) ,  171.5 (CH2~OO), 206.0 (CH3CO).; FAB-MS (positive) m/z 1325.4 [M+Na] +, 
(negative) m/z 1302.3 [M-H]-. 

Anal. Calcd for C68H60Ci4N2016 (1303.04): C, 62.68; H, 4.64; N, 2.15. Found C, 62.63; H, 4.63; N, 2.14. 

p-Methoxyphenyl O-[3,6-di-O-benzyl-2-deoxy-2-(4,5-dichiorophthalimido)-13- D-glueopyr anosyl]- 
(1-~4)-3,6-dl-O-bensyl-2-deoxy-2-(4,$-dichlorophthalimido)-~-D-glucopyranoside (10): Protected chitobinse 9 
(896 rag, 0.690 retool) was dissolved in pyridine-acetic acid (4:1, 25 ml) and treated with hydrazine monohydmte (344 ~,  6.90 
retool) at room tmnpetatm~ for 40 rain. The mixture was diluted with A¢OEt (120 ml) and washed successively with said. 
NaHCO3 solution (3 x 40 ml) and said. NaC1 solution (40 ml). The aq. phase was back-exlracted with AcOEt (60 ml), and 
combined organic layers were washed succesively with said. NaHCO 3 solution (40 ml) and said. NaCI solution (40 ml), dried 
(M8SO4) and evaporated in vacuo. The residual syrup was coevapomted with toluene (3 x 10 ml) and CH2C12 (3 x 10 ml) to 
afford 820 mg (99 %) of 10 as a beige, crispy foam; [ct]20 D +0.84 (c 1.0, CHCI3); ~ 0.31 (CHCI3-AcOEt 9:1); 1H NMR 
(270 MHz, CDCI3) 8 3.09 (d, 1 H, 4'-OH), 3.38 - 3.44 (m, 3 H, 5-H, 5'-H, 6-Ha), 3.54 Cot. d, 1 H, 6-Hb), 3.59 (dd, 1 H, 6'- 
Ha), 3.66 (s, 3 H, CJ~[3OC6H4), -3.74 (dd, 1 H, 6'-Hb), 3.82 (ddd, 1 H, 4'-H), 4.09 (dd, 1 H, 2'-H), 4.13 - 4.23 (m, 3 H, 3-H, 
3'-H, 4-H), 4.28 (dd. 1 H, 2-H), 4.40 - 4.52 (m, 6 H, C6H5CJJ2), 4.79, 4.80 (2 d, 1 H each, C6H5C~[~l), 5.27 (d, 1 H, I'-H), 
5.39 (d, 1 H, l-H); J1,2 8.3; J2,3 10.7; J6a, b 9.2; I1',2' 8.2; J2',Y 10.7; ./3',4' 8.3; ./4',5' 8.3; J4',OH 2.3; JS*,6'a 6.1: JS',6'b 
4.3; J6'Lb 9.8; ; JCH2 11.9, 12.5 I-Iz; 13C NMR (67.80 MHz, CDCI3) 8 55.5 (.~H3OC6H4), 55.9 (C-2), 56.5 (C-23, 68.0 (C- 
6), 70.7 (C-6'), 72.9 (C6Hs.C,J'I2), 73.0 (C-5'), 73.7, 74.5 (3 C6H5CH2), 74.8 (C-5), 75.2 (C-4'), 75.8, 76.9, 78.3 (C-3, C-4, 
C-3'), 96.9 (C-13, 97.3 (C-l), 114.3, 118.5 (CH30~H4), 125.3, 125.5 (DCPhth), 127.0 - 138.8 (.C,,6H5CH 2, DCPhdi), 
150.5, 155.4 (CH30~,6H4), 165,7 (DCPhth). 

Anal. Caicd for C63H54CI4N2014 (1204.94): C, 62.80; H, 4.52; N, 2.32. Found: C, 62.55; H, 4.57; N, 2.91. 

2,3,4.Tri.O-acetyi4-O-benzyl-a.D-galactopyranosyl bromide (12): A mixture of 1,2,3,4-tetra-O-acetyl-6-O- 
benzyl-D-galactopyranose 11 (3.76 8, 8.58 mmol) and freshly activated molecular sieves 4 • (slicks, 4 g) in CH2C12 (80 ml) 
were stirred for 30 rain and them cooled to 0 "C. 30 % HBr/AcOH solution (23 ml, 85.8 mmol) was added dropwiso over 5 rain 
and stirring was continued for 45 rain. The ccmge solution was poured into ice-water (250 ml), diluted with CH2C12 (120 ml), 
stirred vigorously for 10 min and sepmated. The org. phase was washed with satd. NaHCO3 solution (2 x 60 ml), 10 % 
Na2S203 solution (60 mi) and dried (Na2SO4). After evaporation, the crude product was filtered rapidly (10 min) through a short 
bed of silica gel (toinene-AcOEt-lriethylamine 100:10:1) to afford 2.28 g (58 %) of 12 as a clear syrup; [a]20 D +162.6 (c 1.3, 
CHCI3); Rf 0.44 (tolnene-AcOEt 5:1 containing 1% Iriethylamine); IH NMR (270 MHz, CDCI3) 8 2.00, 2.04, 2.10 (3 s, 3 H 
each, 3 CH3CO), 3.48 (dd, 1 H, 6-Ha), 3.55 (dd, 1 H, 6-Hb), 4.42 (d, 1 I-I, C6HsCH2), 4.45 (ddd, 1 H, 5-H), 4.56 (d, 1 H, 
C6H5C];[2), 5.03 (dd, 1 H, 2-H), 5.40 (dd, 1 H, 3-H), 5.58 (dd, 1 H, 4-I-1), 6.70 (d, 1 H, l-H); J1,2 4.0; J2.3 10.6; ./3,4 3.3; J4,5 
1.0; JS,6a 6.5; JS,6b 6.2; J6a,b 9.7 Hz. 

Anal. Cak.~ for C19H23BrO 8 (459.29): C, 49.49; H, 5.05. Found: C, 48.51; H, 4.91. 

Pbenyl 2,3,4-tri-O-acetyl-6-O-benzyl-l-thio-D-salactopyranoside (13): Te~rancetate 11 (~/~=1/1.2; 2.40 g, 
5.47 retool) and thiophenc/(0.84 ml, 8.2 mmol) were dissolved in CH2CI 2 (30 ml) and stirred over freshly activated molecular 
sieves 4 J~ (sticks, 5 g) for 30 rain at room temperature. BF3.OEt2 (2.1 ml, 16 retool) was added and stirring continued for 20 h. 
Additimml ~ (0.84 ml, 8.2 retool) a~l BF3.OEt2 (2.1 ml, 16 mmol) were added and, after being st in~ for 24 b, the 
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solution was diluted with CH2C12 (70 ml), filtered and washed successively with sald. NM-ICO3 solution (2 x 25 ml) and water 
(25 ml), dried (Na2SO4) and evaporated in ~cno. The residue was purified by silica gel chn3mamgraphy (tolueue-AcOEt I:0 
I0:.I -+ 5:1) gave 1.36 g (51%) ~-thiogaluctoside 1313 (Rf 0.21) as well as 23 nag (I %) of slightly impure a.thiomdste-toside 
(Rf 03.6 in tol~_a~-_ AcOEt I0:I),. 

13:[o]20 D -29.3 (c 0.5, CHCI3); IH NMR (270 MI-Iz, CDCI3) 8 1.97. 2.04, 2.08 (3 s, 3 H each. 3 CH3CO), 3.50 (dd, 1 
H, 6-Ha), 3.61 (dd, 1 H, 6-Hb), 3.90 (ddd, 1 H, 5-H), 4.42, 4.55 (2 d, 1 H each, C6HsC]J~2), 4.74 (dd, 1 H, I-H), 5.05 (dd, 1 H, 
3-H), 5.24 (dd, I H, 2-I-1), 5.49 (d, 1 H, 4-H); JI.2 10.0, J2.3 10.0" J3.4 3.3; J4.5 0.9; J5.6a 6.4; Js,6b 6.3; J6a, b 9.8; JCH2 
11.9 I-Ix. 

Anal. Calcd for C25H280$S (488.56): C, 61.46; I-I, 5.78. Found: C, 61.29; H, 5.80. 
ct-htomer: IH NMR (270 MHz, CDCl3) 8 2.01, 2.06, 2.11 (3 s, 3 H each, 3 CH3CO), 3.49 (d, 2 H, 6-H2), 4.39, 4.49 (2 d, 

I H each, C61"IsCii2), 4.74 (hr. dt, I H, 5-H), 50.8 (dd, I H, 3-H), 5.34 (dd, 1 l-I, 2-I-I), 5.56 (dd, I H, 4-H), 5.94 (d, I H, I-H), 
7.18 - 7.50 (In, 10 H, C6]~5CH2, C6/~S); JI,2 5.0; -/2,3 9.4; J3,4 3.0; ./4,5 1.3; -/5,6 6.3; JCH2 11.9 I-Iz. 

p-Methoxypbenyl 3,6-di-O-benzyl-4-O-ehloroacetyl-2-deoxy-2-(4,$-dichlorophthalimido).[~.D- 
glucopyrmtmide (15): Compound 6 (100 rag, 0.15 retool) was dissolved in a mixture of CH2CI 2 (3 ml) and pyridine (1 
ml) and chlomacetyl chloride (60 I~1, 0.75 mmol) was added at room temperature. The mixtme was stirred for 1 h, pomed on ice- 
walex (30 ml) and diluted with CH2CI 2 (40 nd). Layers were separated and the organic layer was wa~ed successively with 2 N 
HCI (2 x 15 ml) and satd. NaI-ICO3 solution (15 ml) and dried (Na2SO4). Evaporation under reduced pressure le~ a yellowish 
syrup, which was pm'ified by silica gel column chromatography (toluene-AcOEt 5:1) to afford 91 mg (82 %) of 15 as a yellow 
foam; [ct]20 D +78.0 (c 0.7, CHCI3); Rf 0.63 (toluene-AcOEt 5:1); IH NMR (270 MHz, CDCI3) 8 3.65 (d, 2 H, 6-H2), 3.71 
(s, 3 H, C~3OC61-14), 3.81 (d, 2 I-I, CICH2CO), 3.85 (ddd, 1 H, 5-H), 4.33 (d, 1 H, C6H5C]:[2), 4.44 (m, 1 H. 2-H). 4.47 (m, 
1 H. 3-H), 4.55 (s, 2 H, C6HsC]J3), 4.65 (d, 1 H, C6HsCI-I~), 5.26 (m, 1 H, 4-H), 5.59 (m, 1 H, l-H); J1.2 8.3; ./2.3 9.0; 
• /3,4 8.8; 14,5 9.9; -/5.6 5.0, JCH2 12.4 Hz. 

AnaL Calcd for C37H32CI3NO 9 (741.03): C, 59.97; H, 4.35; N, 1.89. Found: C, 59.14; H, 4.25; N, 1.82. 

p-Methoxyphenyl 4-O-acetyl-3,6-di-O-benzyl-2-deoxy-2-(4,5-dichlorophthalimido)-[~- D- 
glucopyranmide (14): A solution of 6 (100 mg, 0.15 retool) in CH2CI 2 (3 ml) and pyridine (1 ml) was cooled to 0 "C. 
Acetic anhydride (71 lttl, 0.75 mmol) was added and the solulim stirred for 20 h at room temperature. The mixture was poured on 
ice-water (10 ml), diluted with CH2CI 2 (30 ml) and layers separated. The organic layer was washed successively with 2 N HCI (2 
x 10 ml) mad satd. NaI-ICO 3 solution (10 ml), dried (Na2SO4) and evaporated in mcuo. The residue was purified by silica gel 
column chromatogntphy (toinone-AcOEt 5:1) to afford 92 m 8 (87 %) of 14 as a colorless foam; [ct]20 D +88.3 (c 1.0, CHCI3); 
Rf 0.50 (tohtene-AcOEt 5:1); 1H NMR (270 MHz, CDCI3) 8 2.01 (s, 3 H, CH3CO ), 3.62 (dd, 1 H, 6-Ha), 3.64 (dd, 1 H, 6- 
Hb), 3.70 (S, 3 H, C]~3OC6H4), 3.84 (ddd, I H, 5-H), 4.29 (d, I H, C6H5CH2), 4.44 (m, 1 H, 2-H), 4.45 (m, I H, 3-I-I), 4.53 

(s, 2 H, C6H5C]:[2), 4.68 (d, I H, C6H5C]:[2), 5.18 (m, I H, 4-H), 5.58 (m, I H, I-H); JI,2 8.3; J2,3 9.4; J3,4 8.9; J4,5 9.9; 
JS,6a 5.5; JS,6b 4.1; J6a,b 10.9; JCH2 12.5 Hz. 

AnaL Cak~ for C37H33CI2NO 9 (706.575): C, 62.90; H, 4.71; N, 1.98. Found: C, 62.67; H, 4.66; N, 1.89. 

p-Methoxyphenyl 3,6-di-O-benzyl-2-deoxy-2-(4,5-dichlorophthalimido)-[~-D-glucopyranoside (6) 
From moaochloroacetate I$: A solution of monochloroacetate 15 (85 mg, 0.12 mmol) in CH2CI2-MeOH (I:I, 2 ml) 

was stirred with freshly activated molecular sieves 3 A for 20 rain. Thiourea (I 1.5 rag, 0.15 retool) was added and stirring 
continued for 3 d at room temperature. Additional portion of thiourea (11.5 mg, 0.15 mmol) was added and, after stirring for 4 d, 
the mixture was diluted with CH2CI2 (30 ml), filtered through a pad of celite and evaporate~ The residual orange solid was 
subjected to silica gel column chromatography (toluene-AcOEt) to afford 64 mg (83 %) of 6 as colorless foam. 

From acetate 14: Compound 14 (40 rag, 0.057 mmol) was dissolved in CH2CI2-MeOH(2 ml, l:l) and cooled to 0 'C. 
NaOMe solution in MeOH (28 %, 6 ~I, 0.03 mmol) was added and stirring continued for 22 h. After adding another NaOMe 
solution (5 Ixl, 0.025 mmol) the mixture was stirred for 10 h at room tempevatme, neutralized with Amberlyst 15-E (H +, 
strongly acidic), filtered and evaporated to dryness to leave 36 mg (96 %) of crude 6 as a colorless foam. Purification by silica gel 
column chnmmmgraphy (tolnene-AcOEt 5:1) gave 22 mg (58 %) of 6. 

p-Methoxyphenyl O-[2,3,4-tri-O-acetyl-6-O-benzyi-~-D-galactopyranosyl]-(1-~ 4)-3,6-di-O-benzyl-2- 
deoxy-2-(4,$-dlchiorophthalimido)-[~-D-glucopyranoside (16) 

Method A (by &gOTf promoted glycosyintion with 12): A suspension of silver triflate (1.57 g, 6.12 mmol), 
compound 6 (2.03 g, 3.06 retool) and freshly activated molecular sieves 4 ~ (3 g) in CH2CI 2 (15 ml) was stirred under argon 
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with exchuioa of li |ht foe 30 rain and then cooled to -40 "C. Galact~yl bromide 12 (232 g, 5.05 mmoi) wm __s,~_ __ M n 
solution in CH2C12 (10 nil) and stirring continued for 4 h. The reaction mixture was quenched by addition of satd. NaHCO3 
solution (10 ml), diluted with CH2C! 2 (120 ml) and fdtered through n s h ~  pad of celite. Washing with satd. NaHCO3 solution 
(2 × 30 mi), I0 % Na2S203 solution (30 ml) and (trying (Na2SO4) and removal of the solvent/n mcuo afforded 3.65 8 of a 
slighdy yellow foam. Purification by silica gel column chromatography (toluene-AcOEt 10:1 --~ 6:1) gave 2.13 g (67 %) 16 as 
a colodeas foam; In]20 D +30.1 (c 1.1, CHCi3); Rf 0.07 (toluene-AcOEt 10:1); 1H N-MR (270 MHz, CIX~I3) 8 1.97 (s, 6 H 
each, 2 CH3CO), 2.01 (s, 3 H, CH3CO), 3=29 (dd, 1 H, 6'-Ht), 3.43 (dd, 1 H, 6'-Hb), 3.58 - 3.68 (m, 2 H, 5-H, 5'-I-1), 3.71 (s, 
3 H. C~OC6H4), 3.76 (m, 2 H, 6-H2), 4.10 (dd, 1 H, 4-H), 4=26 (dd, 1 H, 3-H), 4.30 (d, 1 H, C6HsCJ~), 4.36 (dd, 1 H, 2- 
H), 4.42 (d, 1 H, C6I-I5C'd2), 4.49 (d. 2 H, C6H5C]:[2), 4.58 (d, 1 H, r-H), 4.76, 4.82 (2 d, 1 H each, C6H5C/~2), 4.88 (dd, 1 
H, 3'-H), 5.13 (dd, 1 H, 2'-H), 5.40 (dd, 1 H, 4'-H), 5.55 (d, 1 H, I-H); J1,2 8.1; J2.3 10.9; J3,4 8.1; ./4,5 9.9; Jr,2' 7.9; J2',3' 
10.3; J3',4' 3.5; J4'3' < 1; Js',6'a 7.6; JS',6"e 5.6; J6'a.b 9=2; JCH2 11.9, 12.2. 12.5 Hz; 13C NMR (67.80 MHz, CDCI3) 8 
20.5, 20.7 (~H3CO), 553 (~H3OC6I'I4), 55.9 (C-2), 67.0 (C-63, 67.3 (C-6), 67.4 (C43, 69.7 (C-2~, 71.0 (C-33, 71.9 (C-53, 
73.4, 73.6, 74.6 (C6HsC, j'I2), 75.0 (C-5), 76.8 (C-3), 77.6 (C4), 97.4 (C-l), 100.3 (C-13, 114.3, 118.6 (CH30£6H4), 125.2 
(DC~th), 129.0 - 138.6 (.C,6HsCH2), 150.6, 155.4 (CH30~I-I4), 169=2, 169.9, 170.0 (CH3CO); FAB-MS (positive) m/: 
1066. 3 [M+Na] +. 

Anal. Calcd for C541-153C!2NO16: C, 62.19; H, 5.12; N, 1.34; CI, 6.80. Found: C, 62.16; H, 5.08; N, 1.36; CI, 6.70. 
Method B (by NIS/TfOH promoted 81ycosylation with 13): A solution of 6 (643 rag, 0.97 mmol) and 13 (612 

rag, 1.25 retool) in CH2CI 2 (15 mi) was stirred under argon with freshly activated molecular sieves 4 ,~ (1.5 g) for 20 rain and 
cooled to 0 "C. Then, N-iodosuccinimide (NIS, 543 rag, 2.42 mmol) was added, stirring continued for another 20 rain and 
u i f l ~ n i c  acid (TfOH, 43 ~,  0.48 retool) added. Aft~ 1 h, the reaction was quenched with triethylamine (0=25 
ml). Dilution with CH2CI 2 (120 ml), filtration through celite, and washing successively with satd. NaHCO 3 solution (20 ml) 
and 10 % Na2S203 solution (2 × 20 ml) and drying (Na2SO4) furnished, after removal of the solvent in vactw, 1.2 g of a 
brown foam. Purification by silica gel column chromatography (toluene-AcOEt 20:1 --~ 10:1 --~ 6:1) gave 827 mg (82 %) of 16 
as a slightly orange foam. 

p.Methoxyphenyl O.[6-O-benzyl.[~.D-galactopyranosyl]-(1--~4)-3,6-di-O-benzyi-2-deoxy-2-(4,$- 
diehlorophthalimido).[~-D.glucopyranoside (17): Compound 16 (2.13 g, 2.64 retool) was dissolved in CH2CI 2- 
MeOH(40 ml, 1:1) containing freshly activated molecular sieves 3 ~, (sticks, 6 g) stirred for lh and and cooled to 0 "C. Sodium 
methoxide (21 rag, 0.39 mmol) was added, the mixture was allowed to stand for 24 h at 0 "C and was then brought to pH 5 by 
addition of Ambedyst 15-E. insoluble materials were rdtered off and the f'dtrate was evaporated m vacuo to afford 1.82 g of crude 
product. Separation by silica gel chromatography (CHCI3-MeOH 20:1) and collection of fractions with Rf 0.25 gave 730 mg 
(39 %) 17 as a yellowish foam. Fractions contaminated with impurities were collected and purified again by silica gel column 
chromatography (CHCI3-AcOEt 50:1) to afford additional 645 m 8 (35 %) 17 (total yield 74%); [a]20 D +69.4 (c 1.0, CHCI3); 
1H N'MR (270 MI-Iz, CDC13, 5 dr. I)20) 8 3.45 (dd, 1 H, 3'-H), 3.49 (dd, 1 H, 5'-H), 3.63 (dd, 1 H, 6'-I-In), -3.65 (m, 2 H, 5-H, 
2'-H), 3.71 (s, 3 H, C'd3OC6H4), 3.29 (dd, 1 H, 6'-I-Ib), 3.83 (dd, 1 H, 6-Ha), 3.96 (d. 1 H, 4'-H), 4.05 (dd, 1 H, 6-Hb), 4.17 
(m, 1 H, 4-H), 4.30 - 4.41 (m, 2 I-I, 2-H, 3-1-I), 4.42 - 4.51 (m, 2 H, C6HsCJ:[2), 4.58 (d, 1 H, I'-H), 4.59 (d, 1 H, C6I-I5CJ:[2), 
4.74 (d, 2 H, C6HsCJ~[2), 4.88 (d, 2 H, C6HsCJ~[2), 5.53 (d, 1 H, I-H); J1,2 8.3; ./3.4 8.3; J4,5 9.9;/5,6a 1.8;/5,6b 3.5;/6a.b 
11.7; ]1',2' 7.6; `/2',Y 9.4; ./3',4' 3.5; `/4',5' < 1; ̀ /5',6'a 5.5; ./5',61) 5.6;/6't,b 10.1; JCH2 11.9, 12.2 Hz; 13C NMR (67.80 
MHz, CIY~3) 8 55.5 (.~I'I3OC6I'I4), 55.9 (C-2), 68.0 (C-6), 69.0 (C-43, 69.4 (C-6~, 72.4, 74.9 (C-2', C-5), 73.3 ((2-5'), 73.5 
(C6I'15.CH2), 73.7 ((2-3'), 74.8 (C6Hs.C, H2), 78.3 (C-3), 78.4 (C-4), 97.4 (C-I), 103.5 (C-13, 114.3, 118.6 (CH30~I'I4), 
125.3 (l:X3Phth), 129.0 - 138.5 (~HsCH2), 150.5, 155.4 (CH3OC~H4), 165.9 (DCPhth). 

Anal. Calcd for C48I-I47C12NO13 (916.80): C, 62.88; H, 5.17; N, 1.53; CI, 7.73. Found: C, 62.79; H, 5.10; N, 1.44; CI 
7.73. 

p-Methoxyphemyl O-[methyl (S-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dldeoxy-D-glycero-a-D-galacto- 
nou-2-ulopyranosyl) onate]-(2--+ 3)-(2,4-di-O-acetyl-6-O-benzyl-[3-D-galactopyranosyl)-(1--+ 4)-3,6-di-O- 
benzyi-2-deoxy-2-(4,$-dichlorophthalimido)-[3*D-glucopyranoside (24) and corresponding ~-isomer (25) 

Meted A (via alalylation with methyl thioglycoside 21): A solution of compounds 17 (907 rag, 0.99 mmol) and 
21 (1.29 g, 2.47 mmol) in CH3CN (50 ml) was stirred under argon with freshly activated molecular sieves 3 ~ (1.5 g) for 30 
mill and beought to -40 "(2. ~ sd~Jition of N-iodosuccinimide (NIS, 850 rag, 3.46 mmol), stirring was continued for 30 rain, 
followed by the addition of lrifluoromethunesulfonic acid (TfOH, 93 tti, 1.05 mmol). The mixture was kept at -40 "C for 22 li, 
then ~ amounts of sialyl donor 21 (155 rag, 0.30 mmol), NIS (111 mg. 0.50 retool) and TfOH (31 ~ ,  0.35 retool) 
weze added. After being stirred for additional 4 h, the reaction was quenched by the addition of triethylamine (0.4 ml). Dilution 
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with CH2CI 2 (200 ml), filtration through celite, and washing successively with saul. NaI-ICO3 solution (3 x 30 ml) and 10 % 
Na2S203 aolufion (3 x 30 nil), tkyin 8 (Na2SO4) and removal of the solvents/n vacuo gave 2.17 g of crude mixtme. The 
mixture wm ~bjected to ~ exclusion chttm~agIaphy on Biobeads SX-I (3.5 x 60 cm, in 3 IX~ioas, toluene) to remove 
reasenls anti moanml~hmide b y ~  afi'txded 1~.7 g of an orange foam. 

This material was dissolved in CH2Ci2 (30 ml) and pyridine (4 ml) containing 4-dimethylaminopyridine (4-DMAP, 75 mg, 
0.61 retool) followed by the addition of a t t ic  anhydride (4 ml). After stirring for 21 h, the mixture was quenched with MeOH (5 
ml) and stirred for 60 min. Removal of volatiles under reduced pressure and coevaporafion with toluene O × 30 ml) gave a syrup, 
which was ~amated by silica gel chromatography (tolnene-EtOH 20:1) gave 738 mg (48%) of sialylated product 24 (Rf 0.30) 
and 276 m8(19 %) of 25 (Rf 0.39), together with 105 mg (10 %) of ncetylated lactosamine 16. 

24:[a]20 D +24.7 (c 1.7, CHCI3); 1H NMR (270 MHz, CDCI3) 8 1.74 (dd, I H, 3"-Hax), 1.86, 1.98, 2.00, 2.01, 2.08, 
2.12, 2.24 (7 s, 3 H each, 7 CH3CO), 2.59 (dd, 1 H, 3"-I-leq), 3.31 (dd, 1 H, 6'-Ha), 3.41 (dd, 1 H, 6'-Hb), 3.65 (dd, 1 H, 6"-H), 
3.69 (s, 3 H, Clt3OC6I-I4), 3.70 - 3.80 (m, 2 H, 5-H, 6-Ha), 3.82 (dd, 1 H, 5'-H), 3.85 (s, 3 H, CH3OOC), 3.96 (d, 1 H, 6-Hb), 
4.01 (rid, 1 H. 9"-I-Ia), 4.06 (rid, 1 H, 4-1-I), 4.07 (ddd, 1 B, 5"-H), 4.31 (d, 1 H, C61-15C]t2), 4.32 (rid, 2 H, 2-H. 3-H), 4.35 (rid, 1 
H, 9"-Hb), 4.45 (d, 2 H, C 6 H 5 ~ ,  4.58 (d, 1 H, C6H5C[t2), 4.58 (rid, 1 H, 3'-H), 4.68, 4.88 (d, 1 H each, C6HsClt2), 4.90 
(d, 1 H, I'-H), -4.90 (in, 1 H, 4"-H), 5.01 (dd, 1 H, 4'-H), 5.07 (dd, I H, 2'-H), 5.10 (d. 1 H, 5".NH), 5.39 (dd, 1 H, T-H), 5.54 
(m, 1 H, l-H), 5.60 (ddd, 1 H, 8"-H); J1.2 8.2; J3.4 10.5; ./4.5 10.5; J5,6b < 1.0; J6a.b 9.5; Jl',2' 7.7; J2',Y 10.0; J3',4' 3.1; 
J4',5' < 0.5; J5',6'a 7 0; Js'.6'b 5 7; J6'a.b 9.8; J3"eq.ax 12.6; J3"ax.4" 12.5; J3"eq,4" 4.7; J4",5" 10.5; J5",6" 10.7; J6".7" 2.6; 
J7".$" 9.0; Js".9"a 5.9; J8".9"b 2.8; J9"a.b 12.4; JCH2 11.6, 12.2 Hz; 13C NMR (67.80 MHz, CDCI3) 5 20.7, 21.0, 21.3, 
23.1 (.~H3CO), 37.5 (C-3'~, 49.1 (C-5'~, 53.2 (.CH3OOC), 55.5 (.~H3OC6I'14), 56.0 (C-2), 62.3 (C-9"), 67.2 (C-7"), 67.9 (C- 
6', C-8'3, 68.0 (C-4~, 68A ((2-6), 69.4 ((2-4"), 71.0 (C-2~, 71.8 (C-3', C-Y), 72.1 ((2-6"), 73.1, 73.3, 74.8 (C6H5CH2), 75.5 
(C-5), 77.6 (C-3), 78.1 (C-4), 96.9 (C-2'9, 97.2 (C-l), 100.5 (C-19, 114.3, 118.5 (CH30~,6I-I4), 125.3 (DCPhth), 126.9 - 
138.7 CC,6HsCH2), 150.7, 155.3 (CH30~I-I4), 165.6 (DCPhth), 167.8 (C-I'~, 169.6, 169.7, 170.1, 170.3, 170.4, 170.5, 
170.9 (CH3.CO); Jc-l'-H-3"ax 6.1 Hz; FAB-MS (negative) m/z 1474.4 [M-HI-. 

Anal. C.alcd for C72H78CI2N2027 (1474,31): C, 58.66; H, 5.33; N, 1.90. Found: C, 58.47; H, 5.30; N, 1.86. 
25:[tx]20 D +28.4 (c 1.6, CHCI3); 1H NMR (400 MHz, CDCi3) 8 1.80 (dd, 1 H, 3"-Hax), 1.90, 1.91, 1.99, 2.00, 2.11 (5 s, 

3 H each, 5 CH3CO ), 2.14 (s, 6 H, 2 CH3CO), 2.46 (dd, 1 H, 3"-Heq), 3.36 (dd, 1 H, 6'-Ha), 3.47 (dd, 1 H, 6'-Hb), 3.61 (ddd, 1 
H, 5-H), 3.70 (s, 3 H, C~OC6I-I4), -3.72 (dd, 1 H, 6-Ha), -3.83 (rid, 1 H, 6-Hb), 3.84 (s, 3 H, CH3OOC), 3.86 (dd, 1 H, 9"- 
Ha), 3.98 (ddd, 1 H, 5'-H), -4.02 (ddd, 1 H, 5"-H), 4.04 (dd, 1 H, 4-H), 4.26 (dd, 1 H, 3-H), 4.33 (rid, 1 H, 2-H), 4.38, 4.46, 
4.52, 4.61, 4.65 (5 d, 1 H each, C6H5C]~, 4.67 (d, I H, r-H), -4.68 (d, 1 H, 6"-H), 4.72 (rid, 1 H, 3'-H), 4.85 (d, 1 H, 
C6I-I5C[t2), 5.04 (ddd, 1 H, 4"-H), 5.10 (dd, 1 H, 9"-Hb), 5.22 (dd, 1 H, 2'-H), 5.29 (ddd, 1 H, 8"-H), 5.38 (br.d, 2 H, 4'-H, 7"- 
H), 5.53 (d, 1 H, l-H). 5.65 (d, 1 H, 5"-1~I); J1,2 8.3; J2,3 10.7; J3,4 7.8; -/4,5 9.9; J5,6a 4.8; Jl',2' 8.2; J2',3' 10.6; J3',4' 
3.4; J,v.5' < 0.5; JS',6'a 6.7; J5',6"o 6.5; J6'a.b 9.8; J3"eq.ax 13.2; J3"ax.4" 11.7; J3"eq.4" 4.6; J4",5" 10.3; J5".NH 10.3; J6",7" 
< 1.0; -/7",8" 2.9; JS".9"a 9A; J8".9"0 2.7; Jg"Lb 12.2;JcH2 12.2, 12.7 Hz. 

AnaL Caled for C72HTgCI2N2027 (1474.31): C, 58.66; H. 5.33; N, 1.90. Found: C, 58.27; H. 5.28; N, 1.82. 
Method B (via sialyintion with pbenylthio glycoside 22): A solution of lactosamine 17 (497 rag, 0.54 retool) 

and cx-thioglycoside 22 (791 rag, 1.35 retool) in CH3CN-CH2CI 2 (27.5 ml, 10:1) was stirred under argon with freshly activated 
molecular sieves 3 ~, (500 rag) for 30 rain and brought to -40 "C. After addition of N-iodosuccinimide (NIS, 760 rag, 3.39 
mmol), stirring was continued for 30 rain and then ¢ifluoromethanesulfonic acid (TfOH, 14 ~,  0.163 mmol) was added. The 
mixture was kept at -40 "C fox 6 h, slY-red at -10 'C for 18 h and was then quenched by addition of o'iethylamine (0.25 mi). 
Aqueous work-up, the mixture was processed as described in Method A to afford 305 mg (42 %) of 24, 166 mg (23 %) of 25, 
and 65 mg (13 %) of 16,. 

Method C (via alalyiation with pho6phite 23): Compounds 17 (572 rag, 0.62 retool) and 23 (954 rag, 1.56 
retool) were dissolved in CH3CN (25 ml), that contained freshly activated molecular sieves 3 A (500 rag), and stirred nnder 
argon for 30 rain. The mixture was cooled to -40 "C, followed by the addition of lximethylsilyl trifluoromethanesulfonate 
(TMSOTf, 11 j.tl, 62 wnol), and the stirring was continued at the same temperature. After 2.5 h, the same amount (11 I~l, 62 
Ilmol) of TMSOTf was ~___d0ed_ and the mixture was kept at -40 "C for 6 h and was quenched by the addition of triethylamine (0.5 
mi). Dilution with CH2CI 2 (100 ml), filtration through a bed of celite and removal of the solvents in vacuo gave 1.59 of a pale 
yellow foam, which was processed as described in Method A to give 291 mg (32 %) of 24, 177 mg (19 %) of 25, and 139 mg 
(21 ~) of 16. 

p-Methoxyphenyl 2-aeetamido-3,4,6-tri.O.acetyl-2-deoxy.[3-D-glueopyranoside (18): Compound 3 (610 
rag, 1.0 tool) was ~ to a stirred solution of ethyienediamine (670 Ixl, 10 mmol) in MeOH (20 ml). After 2 h, the clear 
solution was evaporated to dryness at 30 "C, dissolved in CH2C12 (5 ml)-pyridine (5 ml) and cooled to 0 "C. Acetic anhydride (5 
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ml) was add'~d ind the mixtm~ allowed to stand f~r 18 h. Resdfing mixture was pouring on ice-water (50 mi), diluted with 
CH2CI 2 (100 ml), and washed successively with 2 N HCI (30 ml) and saul. NaI-ICO3 solution (2 × 30 ml), drie (Na2SO4) and 
evapmated/n vacuo to afford 427 mg of a colorless sofid. Adeoq~ve fillrafion through silica gel (CHCi3-MeOH 20:1) furnished 
325 mg (72 %) o( lg as a colorless solid; [a]20 D -12.3 (1.1, CHCI3); Rf 0.22 (CHCI3-MeOH 20:. 1); IH NMR (270 MHz, 
CDCI3) 8 1.97, 2.04, 2.06, 2.08 (4 s, 3 H each, 4 CH3CO), 3.76 (s, 3 H, CJ:[3OC6I-I4), 3.81 (ddd, 1 H, 5-H), 4.08 (ddd, 1 H, 
2-H), 4.15 (dd, 1 H, 6-Hs), 4.29 (dd, 1 H, 6-I-lb), 5.13 (dd, 1 H, 4-H), 5.15 (d, 1 H, I-H), 5.39 (dd, 1 H, 3-H), 5.69 (d, 1 H,2- 
NH); J1.2 8.4; J2,3 10.5; J3.4 9.4; -/4,5 9.8; JS,6a 2.4; J5,6b 5.3; J6s, b 12.1 Hz. 

Anal. Calc, d for C21H27NO10 (453.44): C, 55.63; H, 6.00; N, 3.09. Found: C, 55.64; H, 5.98; N, 3.17. 

p-Methoxyphenyl ~[2~3~4~trl~ety~6~benzy~D~ga~act~pyran~sy~]-(~-~4)-2-a~etam~d~-3~6-di-  
O-benzyl-2-deoxy-[3-D-Eluonpyranoside (19): A solution of 16 (137 mg, 130 lanol) in MeOH (5 ml) was stirred with 
ethylenediamine (176 Id, 2.63 mmol) at room tempe~alnre for 20 h. The mixture was evaporated to dryness at 30 "C and 
coevaporated with toktene (3 × 5 ml). Acatylmion in pyridine (1.5 ml) by addition of acetic anhydride (1.5 ml) and 4- 
dimethylaminopyridiue (4-DMAP, 2 nag, 16.4 I~mol) for 2 h at room temperature, quench with MeOH (2 ml), stirring for 20 
rain and evaporation to dryness gave crude 19; adsorptive fdlration through silica gel (CHCI3-AcOEt 15:1) gave 88 mg (77 %) 
of 19 as a colorless foam; [a]20 D -53.3 (c 1.0, CHCI3); Rf 0.03 (CHCI3-AcOEt 15:1); IH NMR (270 MHz, CDCI3) 8 1.98, 
1.99, 2.02, 2.03 (4 s, 3 H each, 4 C'~[3CO), 3.40 (dd, 1 H, 6'-Ha), 3.46 (dd, 1 H, 6'-Hb), 3.68 (d, 1 H, 6-Ha), -3.70 (m, 1 H, 5'- 
H), 3.76 (s, 3 H, C~OC61-14), -3.77 (ddd, 1 H, 5-I"I), 3.88 (dd, 1 H, 6-Hb), 3.98 (dd, 1 H, 3-H), 4.05 (dd, 1 H, 4-H), 4.14 (ddd, 
1 H, 2-1-I), 4.34, 4.37 (2 d, 1 H each, C6I-I5C]t2), 4.48 (d, 1 H, I'-H), --4.49, 4.53, 4.70, 4.75 (4 d, 1 H each, C6H5C]:[2) , 4.96 
(dd, 1 H, 3'-H), 5.13 (dd, 1 I4, 2'-H), 5.27 (d, 1 H, I-H), 5.46 (d, 1 H, 4'-H), 6.17 (d, 1 H, 2-NH) ; J1,2 4.8; J2,3 5.1; J2,NH 8.9; 
./3,4 5.2; J4,5 5.0; JS,6a 4.8; Js,6b 5.5; J6a,b 9.6; fl',2' 7.9; J2' 3' 10.5; J3',4' 3.2; J4',5' < 1; J5',6'a 8.7; J5',6'b 6.1; J6'a,b 
9.2; JCH2 11.7, 11.9, 12.2 I-Iz; 13C NMR (67.80 MHz, CDCI3i 8 20.5, 20.6, 20.8, 23.3 CCH3CO), 51.3 (C-2), 55.5 
(.~H3OC6I-I4), 66.7 (C-63, 67.2 (C-4'), 69.0 (C-6), 69.3 (C-23, 70.6 (C-33, 72.0 (C-53, 72.7, 73.4 (C6HsCH2), 73.4, 76.1 (C- 
3, C-4, C-5), 98.5 (C-l), 99.7 (C-13, 114.4, 117.8 (CH30~I-I4), 127.5 - 138.3 (.C.,6HsCH2), 151.1, 154.9 (CH30.C,6H4) , 
169.8, 170.0, 170.2 (CH3.CO). 

Anal. Calcd for C48H55NO15 (885.96): C, 65.07; H, 6.26; N, 1.58. Found: C, 64.59; H, 6.28; N, 1.58. 

p-Methoxyphenyl ~(2~a~etamid~4~acety~3~6~di.~benzy~2~de~xy~[3~D~uc~pyran~sy~)~(~-~4)~2~ 
acetamido-3,6-di-O-benzyl-2-deoxy-~-D-glucopyranoside (20): To a solution of 9(68 rag, 52 ~mol) in MeOH (1 
ml) was ~ ethyleuediamiue (525 ~i, 7.8 mmol) and the mixture stirred at 50 "C for 20 h. Removal of volatile components 
under _r~,wed pressure and c c e ~ o n  with toluene (5 ml) gave a yellow syrup, which was acetylated in CH2CI 2 (2 ml) and 
pyridine (0.5 mi) by treatment with acetic anhydride (0.5 ml) and 4-DMAP (1 rag, 8.2 ~nol) for 20 h. After being quenched with 
MeOH (0.5 mi), the mixttwe was stirred for 30 rain and evaporated/n vacuo to afford a crude product, which was purified by 
alution from silica gel (CHCI3-MeOH 1:0 -~ 50:1) to afford 41 mg (84 %) 20 as a colorless, crystalline mass. Recrystallization 
from hot methanol hnisited colorless needles; m.p. 242-243 °C; [a]20 D -36.0 (c 1.1, CHCI3); Rf 0.55 in CHCI3-MeOH 20:1; 
IH NMR (270 MHz, CDC13) 6 1.74, 1.93, 1.99 (3 s, 3 H each, 3 CJt3CO), 3.35 - 3.54 (m, 3 H, 5'-H, 6'-H2), 3.67 - 3.71 (m, 
2 H, 6-Ha, 3'-H), 3.75 (s, 3 H, C~OC6I-I4), 3.76 - 3.85 (m, 3 H, 5-H, 6-Hb, 2'-H), 3.89 (dd, 1 H, 3-H), 4.04 (dd, 1 H, 4-H), 
4.28 (ddd, 1 H, 2-H), 4.36, 4.43 (2 d, 1 H each, C6H5C]t2), 4.45 (s, 2 H, C6HsCH2), 4.46 (d, 1 H, I'-H), 4.49, 4.60, 4.64, 
4.78 (4 d, 1 H each, C 6 H ~ ,  5.08 (d, 1 H, 2'-NH), 5.10 (dd, 1 H, 4'-H), 5.16 (d, 1 H, l-H), 6.57 (d, 1 H, 2-NH); ,/1.2 4.8; 
J2,3 4.8; J2,NH 9.0, -/3,4 4.5; J4,5 4.1; Jl',2' 4.6; J2',NH 7.6;/3',4' 7.9; JCH2 11.6, 11.7 Hz; 13C NMR (67.80 MHz, CDCI3) 
8 20.9, 23.0, 23.4 (.C, H3CO), 50.5 (C-2), 55.0 (C-23, 55.6 CCH3OC6I-I4), 69.3 (C-6'), 69.8 (C-6), 71.1 (C-43, 72.0, 72.3 
(C6H5~I-I2), 72.9 (C-53, 73.2, 73.5 (C6H5.~H2), 73.6 (C-4), 74.6 (C-5), 76.5 (C-3), 78.0 (C-3'), 98.9 (C-l), 99.7 (C-I~, 
114.4, 117.8 (CH30~6H4), 127.4 - 137.7 (.C,6HsCH2), 151.2, 155.0 (CH30~H4), 169.8, 170.5, 170.8 (CH3CO). 

Anal. Calcd for C53H60N2013 (933.06): C, 68.23; H, 6.48; N, 3.00. Found: C, 67.69; H, 6.39; N, 3.08. 

p-Methoxyphenyl O-[2'-acetamidoethyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3,5.dldeoxy.D .glycero.a. 
D-galacto-non-2-ulopyranosyl) onamide]-(2--~ 3)-(2,4-di-O-acetyl-6.O-benzyl-~.D.galactopyranosyl). 
(l--~4)-2-acetamido-3,6-dl-O-benzyI-2-deoxy.~-D-glucopyranoside (26): Trisaccharide 24 (60 rag, 40 Iamol) was 
added to a solution of ethylenediamine (120 ~1, 1.8 mmol) in MeOH (1 ml) and stirred at room temperature for 3 d. The mixture 
was freed fxom reagent a~l solvent by evatx3t'ation at 30 "C, acetylated in pyridine (0.5 mi) by addition of acetic anhychide (0,3 
ml) and 4-DMAP (1.0 rag, 8.2 lanol) and stirring for 20 h at room temperature. Quenching with MeOH (0.5 ml), stirring for 30 
rain and evaporation to dryness gave crude 29; elution from silica gel (CHCI3-MeOH 20:1) gave 39 mg (71%) of 29 as a 
colorless film; [a]20 D -31.9 (c 0.8, CHCI3);Rf 0.11 in CHCI3-MeOH 20:1; IH NMR (270 MHz, CDCI3) 8 1.86 (dd, 1 H, 3"- 



M. Lergenmiiller et al. /Tetrahedron 54 (1998) 1381-1394 1393 

HLQ, 1.91, 1.96, 1.98, 2.00 (4 s, 3 H each, 4 CH3CO), 2.03 (s, 9 I4, 3 CH3CO), 2.10, 2.13 (2 s, 3 H each, 2 CH3CO), 2.37 
(dd, 1 H, 3"-Heq), 3.30 - 3.50 (In, 6 H, NI-ICII2CHoNH, 2 ring protons), 3.68 - 3.78 (m, 2 H, ring protons), 3.75 (s, 3 H, 
CH3OC6I-b,), 3.92 - 4.10, 4.25 (2 m, 7 end 1 H, ring immms), 4.32 (dd, 1 H, 3'-H), 4.34 (d, 1 H, C6I-IsCIt2), 4.38 (dd, 1 H, 
9"-Hb), 4.43 (s, 2 H, C6H5C~[2), 4.53 (d, 1 H, C6I-I5CH2), 4.63 (d, 1 H, r-H), 4.68, 4.77 (2 d, 1 H each, C6I-IsCIt2), 5.01 (dd 
and m ,  2 H, 2'-I-I, 4"-I4), 5.24 (d, 1 H, 1-tO, 5.29 (dd, 1 I-L 7"-I4), 5.32 (d, 1 H, 4'-H), 5.64 (ddd, 1 H, 8"-H), 5.87 (br. d, 1 H, 
5"-NH), 6.26 (d, 1 H, 2-NI-I), 6.43 (br. t, 1 H, NIICH2CH2NtD; ./1,2 4.6; ./2,NH 8.9; ./1',2' 8.0; J2',3' 10.5; ./3',4' 2.8; ./4',5' < 
1.0; ./3"eq, sx 12.7; J3"eq,4" 4.6; ./5",NH 9.2;/7",8" 6.6;./8".9"a 5.6; ./8".9"0 2.3;/9"a,b 12.2; ./CH2 11.6, 11.7 Hz. 

Anal. Calcd for C69HgoN,tO26 (1387.45): C, 59.73; H, 6.25; N, 4.04. Found: C, 59.31; H, 6.22; N, 4.08. 

p-Methoxyphenyl O-($-acctamido.3,$-dideoxy-D-glycero-a-D,galacto.non-2-ulopyranosylonic acid]- 
(2--* 3)-(6-O-benzyl-[~-D-galactopyranosyi)-(l--, 4)-2-acetamido-3,6-di-O-benzyl.2-deoxy-~.D- 
glueopyranoskle (27): Trisaccharide 24 (107 rag, 72.6 lanol) was heated under reflux in the presence of lithium iodide (291 
mg, 2.18 mmoi) in pyridine (15 ml) under argon for 6 h. The dark yellow solution was evaporated to ¢h'yness, coevaporated with 
AcOEt (3 × 20 ml) and dissolved in AcOEt (60 ml). Washing of the org. phase with 2 N HCI (3 × 5 ml), satd. NaCI solution (2 
× 5 ml), drying (MgSO4) and concenlration/n vacw afforded 98 mg (92 %) of the corresponding carboxyfic acid as a bright 
yellow film; Rf 0.26 in CI-ICI3-MeOH 8:1. 

To the solution of the free acid in MeOH (4 ml) was added ethylencdiamine (224 p.i, 3.34 mmol) and the mixture warmed to 
50 'C for 8 h. Evaporation of the volatile components under reduced pressure gave 118 mg of free amine (Rf 0.13 - 0.27 in 
CHCI3-MeOH 2:1), which was N-acetylated by stirring in MeOH (10 ml) with acetic anhydride (600 tel) for 24 h at room 
temperature. The mixture was freed from the solvents in vacuo, dissolved in MeOH (5 ml) and treated with NaOMe (25 rag, 0.48 
retool) at 0 "C for 3 d. The solution was brought to pH 4-5 with Ambeflyst 15-E, filtered and evaporated to give 83 mg of a 
yellowish glass which was porifw, d by silica gel column chromatography (CHCI3-EtOH-AcOH 4:1:0 --~ 3:1:0 --* 2:1:0 --~ 
12:6:1). From the resulting sofid (54.4 mg), 39.3 mg were further purified by size exclusion chromatography on Sephadex LH-20 
with MeOH to give 25.8 mg (46 % from 24) of 30 as a colorless powder, [ct]20 D -0.4 (c 1.7, CH3OH); Rf 0.13 in CHCI 3- 
MeOH 2:1; 1H NMR (400 MHz, CDCI3) 8 1.72 (dd, 1 H, 3"-H,x), 1.79, 1.90 (2 s, 3 H each, 2 CH3CO), 2.75 ('or. dd, 1 H, 3"- 
Heq), 3.40j (m, 2 H, 6'-H2), -3.54 (m, 1 H, 2'-H), 3.62 (s, 3 H, CJ~L3OC6H4), -3.63 (m, 1 H, 3-I-/), -3.95 (dd, I H, 2-H), 3.50 
(m, 13 H, ring protons), 4.17, 4.31 (d, I H each, C6HsCH2), 4.38 (d, 1 H, I'-H), 4.44 (d, 1 H, C6HsCJ;I2), 4.51 (d, 2 H, 
C6HsCJ~[2), 4.84 (d, I H, l-H), 4.95 (d, I H, C6H5CH2); JI,2 8.3; Jl',2' 7.8" ./3"eq, ax 12.2; J3"eq.4" 3.9; Y3"ax,4" 12.2; JCH2 
11.2, 11.7, 12.2 I'Iz; 13C NMR (100.40 MI-Iz, CDCI3) ~ 22.7, 23.0 CCH3CO), 30.7 (C-3'9, 54.2 (C-5'3, 56.0 (.CH3OC61-14), 
69.1, 69.6, 69.8, 70.7, 71.2, 72.9, 74.2, 74.4, 74.8, 75.0, 75.2, 76.4, 77.9, 78.2, 82,1 (ring C, C6HsCH2), 101.8 (C-2". C-l), 
104.6 (C-13, 115.5, 119.3 (CH30.C,6H4), 128.3 - 129.4, 139.6, 19.8, 140.6 (.C,,6HsCH2), 153.0, 156.7 (CH30~,6H4), 173.4, 
175.6 (CH3~O); ESI-MS (positive) m/z 1073.3 [M+Na] +. 
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