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Abstract: As an alternative w0 pi:tkaioyi (Phth) group, 4,5-dichiorophthaloyl (DCPhth) group was
investigated s¢ an amino protecting groun to prove it to be useful for the synthesis of B-glycosides of
2mmdo-2-deoxy ;lacme (GH:NA&:) DCPhth was introduced onto the c2 nitrogen of glucosamme
0 give 2, which was further transformed into mono- and di- and trisaccharide derivatives which
constitute basic structural units of asparagine linked glycoprotein oligosaccharides. DCPhth group
proved to have sufficient stability under the standard conditions of protecting group manipulations (e.g.

deacetylation, benzylation, benzylidenation), and Lewis acid-, silver salt- and iodonium mn‘promcted
glvcoavlation. Removal of DCPhth group was smoothly nerfnrmed by using ethylenediamine in
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alcoholic solvent under substantially milder conditions requxred for depmtechon of Phth.
© 1998 Llsevier Science Ltd. All rights reserved.

INTRODUCTION

B-Glycosides of 2-acetamido-2-deoxy-sugars are widespread in naturally occurring glycoconjugates which

include Asn-linked and Ser/Thr-linked glycoproteins, glycolipids, proteoglycans, and plant derived glycans2.
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ycosiaes, pint th Oy1 \ruuu BIoup has been
extensively utilized as a protecting group of C-2 nitrogen3. This relie
nature of 2-NPhth carrying glycosyl donor which allows stereocontrolled synthesis of B-GlcNAc and B-
GalNAc containing structures in a highly predictable manner?. 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 deprotection 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 group3. 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
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es upon the strong 1,2-trans directing

ﬁ'om our recent mvcsnganons focussing on thc Compatlblllty of DCPhth with other protecting group strategies

ohgosaccnanac synthesis.
RESULTS AND DISCUSSION

Previously reported DCPhth carrying 25 was more conveniently prepared starting from acetyl protected
glucosamine hydrochloride 16 (Scheme 1). By this method, the installation of the DCPhth group could be
effected very reproducibly in ~100 g scale, to give 2 as a crystalline material without recourse of
chromatograhic purification. The anomeric position was then masked as a p- -methoxyphenyl” (MP) glycoside
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3. under TMSOTY catalvzed condinons, Deacetvlation of 3 was successfullvy nerformed under standard
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Z2mplen conditions with a catalytic amount of sodium methoxide, followed by acid-catalyzed benzylidenation
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controlied conditions with benzyl bromide and sodium hydride at 6°C to furnish the 3-OBn protecied 5,
which was then transformed into 6 in 55 % yield from 4. Levulinoylation under standard conditions8 gave 7
that was then subjected to oxidative cleavage of the anomeric MP group followed by transformation into
trichloroacetimidate 8. Coupling with 6, promoted by TMSOT( afforded fully protected chitobiose derivative
9. Delevulinoylation of 9 was performed by brief treatment with hydrazine hydrate8 to give 10 in nearly
quantitative yield.
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1) 4,5-Dichlorophthalic anhydride, EtzN/CI(CH,)Cl. 50-60°C; 2) Ac2O/Pyridine, r.t., 94%; 3) p-
Methoxyphenol, TMSOTE/CI(CH2)2Cl, 1.t., 87%; 4) NaOMe/McOH, 0°C; 5) PhCH(OMe), CSA/DMF,
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r.t., 14% over Z &eps, D) mngur, M.H,IUM.!‘ DVL. I) NaLNbH3, nu-cuoxane/lnr ..., 55% over 2
steng; R) (Lev)}2Q/CH,Clp- Pyridine, r.t., 95%; 9) CAN/Toluene-MeCN-H50, r.t.; 10) CCIaCN,
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DBU/CH2C12 r.t., 78% over 2 steps; 11) NHgNHz HzO/AcOH pyridine, 99%.

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

lahilitv, In order that DCPhth nrotection can be accented as a general tool in oligosaccharide sy vnthesis
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compatibility with standard deacylation conditions should be of particular significance. Although successful
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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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NaOMe10. For this particular position, either levulinoyl or chlaroacetyl may well be a better option. For
; e ation as well as removal of chloroscety 1 2 oronn Aracee .
instance, installation as well as removal of chloroaceiyl!! (ClAc) group proceeded without incident a

exemplified for compound 15.

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

of ethylenediamine and higher reaction semperature were applied for transformation of 9 into 20.

Scheme 2
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1) HBr-AcOH/CH,Cly, 1.t, 58%; 2) PhSH, BF3-OEt/CH,Cly, r.t., 52% (B:0=50:1);
3) NaOMe/MeOH, .., 58%; 4) Thiourea/CH2Clp-MeOH, r.t., 83%; 5) 12, AgOSOCF3/CH,Clip, -40°C,
67%; 6) 13, NIS, CF3SO3H/CH,Cl3, 0°C, 82%; 7) NaOMe/MeOH, 0°C, 74%.
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(‘mlt;nnhhm of DCPhth with onerations requir

with operal required for sial ntaining g
critical significance, w.:aéemg the application into wider range o
sialyl laciosamine component in a DCPhth protecied form was performed as depicted in Se
4.Sialylations were performed in acetonitrile-containing systems, and as sialic acid donors,
methylthioglycoside 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 stereoselectivity 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 o-
sclectivity previously reported by other authors in related systemsl!2a.132,14b_ siereoselectivity was only
marginal (a/B=1.7 to 2.5) in these particular combinations. Since reactions were performed in substantial
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1) HyN(CH2);NH/MeOH, r.., 71%; 2) Lil/Pyridine, reflux; 3) HoN(CH2)2NH/MeOH, 50°C;
4) Ac20/McOH, r.t., 46% over 3 steps.
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sialic acid amide 28. In order 0 avoid such a compiexity, methyl ester was first ¢
derivatized into Z7.

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 of 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 B-GlcNAc/GalNAc, with the base-lability order of TCP>DCPhth>Phth.

General methods: Melting points were determined with a Yanagimoto micro-melting point apparatus and are uncormrected.
Optical rotations were measured with a JASCO DIP 370 Polarimeter at 20£3°C. FAB-MS spectra were measured with a JEOL
JMS-Hx110 mass spectrometer with m-nitrobenzylalcohol as matrix if not stated otherwise. NMR spectra were recorded with
cither JEOL Ex-270 or Bruker AM-400 spectrometer using Me4Si as internal standard for CDCl3, dg-DMSO and CD3OD
solutions. TLC on silica gel 60 Fys4 (Merck, Darmstadt) was used to monitor the reactions and to ascertain the purity of the

products. Silica gel column chromatography was performad with Silica Gel 60 (Merck, 63-200 um) or Spherical Silica Gel 60N

(Kanto, 40-100 or 100-210 pm). N-Iodosuccinimide (NIS) was recrystallized from dioxan-carbon tetrachloride, AgOTf from
toluenc-hexane. All other reagents were used as received. CH,Cl; and THF were destilled from CaH and Na-benzophenone,
respectively. Other solvents were dried and stored over freshly activated molecular sieve 3 or 4 A which were activated by heating
10 180 °C in vacuo for 24 h prior to use.

1,3,4,6-Tetra-O-acetyl-2-deoxy-2-(4,5-dichlorophthalimido)-B-D-glucopyranose (2): To a suspension of
h\mhm 1ANAa N21 mal)in 1 ”._lﬁnhlnﬂmﬂlnnn (D) s\ triathulamina TN m] N € mal) wae addad A frar mactinnuica
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addition of 4,5-dichlorophthalic anhydride (50 g, 0.23 mol), the turbid solution was heated to 50-60°C for 2 h and then evaporated
to dryness. The residue was dissolved in pyridine (400 ml) and the solution was cooled to 0°C. Acetic anhydride (190 ml, 2 mol)
was added dropwise and the mixture was allowed to warm up gradually to r.t, and stirred for 24 h, The volatiles were removed in
vacuo and the residue was dissolved in dichloromethane (1 I), washed with water (2x300 ml), 2 N HCI (2x 200 ml) and satd.

NaHCO, solution (400 mi), successively, dried (N23504) and evaporated in vacuo to leave a syrup which was crystallized from

ethanol-diisopropyl ether o give 104 g (91 %) of 2 as colorless crystals. Purification of the mother liquor by sitica gel column

chromatooranhv (toluene.athul acatata §:1) and meln“nahnq from ethanol-diisonronyl ether gave an additional amount (3. 2
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%) of 2 (total yield 94%); m.p. 180.5-181.5 °C; [a}ZOD +70.9 (c 1.0, CHCl3); R 0.43 (toluene-ethyl acetate 5:1); 1H NMR
(270 MHz, CDCH3) & 1.88, 2.01, 2.05, 2.12 (4 8, 3 H each, 4 CH3CO), 4.01 (ddd, 1 H, 5-H), 4.14 (dd, 1 H, 6-H,), 4.36 (dd, 1
H, 6-Hyp), 4.43 (dd, 1 H, 2-H), 5.22 (dd, 1 H, 4-H), 5.82 (dd, 1 H, 3-H), 6.48 (d, 1 H, 1-H), 7.95 (s, 2 H, DCPhth); J1,2 8.9;
J23 10.6; J3 4 92; J4 5 10.0; J5 65 2.1, J5, 60 4.1; Jga b 12.3 Hz.

Anal. Calcd for C29H21CIhbNO1 (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-acetyl-2-deoxy-2-(4,5-dichlorophthalimido)-f-D-glucopyranoside (3):
Tetraacetate 2 (82 g, 0.15 mol) and 4-methoxyphenol (28 g, 0.225 mol) were dissolved in 1,2-dichloroethane (600 ml) and the
flask was flushed with N, TMSOTS (1 ml, 6 mmol) was added and the mixture was stirred for 42 h. After being quenched with
satd. NaHCO7 solution (200 ml), the mixture was washed with satd. NaCl/NaHCOs5 solution (1:1, 3x200 ml), dried (Na2804)
and evaporated in vacuo . Crystallization from ethanol-diisopropyi ether afforded 79.7 g (87 %) of 3 as yeiiow crystals; m.p. 98-
100 °C; {ﬁ]mD +63.5 {¢ 1.0, CHCl3); R 0.38 (CHCly-¢ihyl acetate 9:1); TH NMR {270 MHz, CDCl3) § 1.90, 2,05, 2.11 (3

s. 3 H each, 3 CH3CO0), 3.74 (s, 3 H, CH3OCsHy), 3.94 (ddd, 1 H, 5-H), 4.17 (dd, 1 H, 6-Hp), 4.35 (dd, 1 H, 6-Hy), 4.53 (dd,

s, Jrnneacn, 3 NoBAI Ty Fo TV \iFy o ARs SRR TE sl \(eRsnsy 1 A3y SUIE), Sed

1H, 2-H), 5.24 (dd, 1 H, 4-H), 5.78 (d4d, 1 H, 3-H), 5.81 (d, 1 H, 1-H); J1 2 8.5, /23 10.7; J3.4 9.2; J4 5 10.2; J5 64 2.5;
J5.6b 5.2; Jeap 12.4 Hz; 13C NMR (67.80 MHz, CDCl3) § 20.4, 20.6, 20.7 (3 CH3CO), 54.9 (C-2), 55.5 (CH30CgHL),
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61.9 (C-6), 68.6 (C-4), 70.7 (C-3), 72.0 (C-5), 97.3 (C-1), 114.4, 118.8 (CH30CsHy), 125.8 (DCPhth), 1304, 139.4

(DCPhith), 150.3, 155.8 (CH30CsH,). 1683, 170.2, 170.5 (3 CH3CO).
AnLClbdfanstClzNOu {610.40): C, 53.13; H, 4.13; N, 2.29; Cl, 11.62. Found: C, 52.92; H, 4.15; N, 2.24; Cl,

»-Methoxyphenyl 4,6-O-benzylidene-2-deoxy-2-(4,5-dichlorophthalimido)-B-D-glucopyranoside (4):

Compound 3 (27.9 g, 45.7 mmol) was dissolved in a mixture of methanol-CH2Cl (2:1, 300 ml) and treated at 0 *C with 28 %
NaOMe solution in methanol (1.5 ml, 7.5 mmol). After 2 h, additional NaOMe solution (1.0 ml, 5.0 mmol) was added, stirring
continped for another 2 h and the mixture acidified into ~pH § with Amberlyst 15-E resin. Filtration and evaporation of the
solvents gave 25 g of a yellow, crystalline mass, which was dissolved in DMF (150 ml) and stirred together with benzaldehyde

P Y W 1

dimethylacetal (13.5 mi, 50 mmol) and camphorsulphonic acid (2.0 g, 8.6 mmon) at room temperature for 24 h in vacuo (10-15
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continued for another 36 h. Diluting with CH2Cly (400 ml) and diethy] ether (100 ml), washing with satd, NaHCOj3 solution
(200 ml), filtration from insoluble material and further washing with water (2 % 100 ml) and satd. NaCl solution (100 ml),
drying (NapSO4) and removal of the solvents in vacuo gave a yellow syrup. Coevaporation with toluene-AcOEt (2:1, 3 x 100
ml), crystallisation from hot soluene, washing of the crystals with cold diethyl ether and drying under high vacuum at 50 *C
afforded 19.4 g (74 %) of 4 as colorless needles; m.p. 130-132 °C; [0]20p +22.7 (¢ 1.1, CHCl3); Rt 0.9 (CHCl3-methanol
8:1): 'H NMR {270 MHz, CDCl3) 6 2.62 (4, 1 H, 3-OH), 3.73 (s, 3 H, CH30CgHy), 3.65 - 3.81 (m, 3 H, 2-H, 4-H, 5-H),
3.87 (dd, 1 H, 6-Hyp), 4.41 (dd, 1 H, 6-Hyp), 4.47 (dd, 1 H, 2-H), 4.66 (ddd, 1 H, 3-H), 5.59 (s, 1 H, C¢H5CH), 5.75(d, 1 H, 1-
H); J12 84; 723 10.6; J3 4 8.4; J3, 01 3.4; J5 60 4.3; Jea b 10.6 Hz; 13C NMR (67.80 MHz, CDCl3) & 55.6 (CH30CgH4),
56.7 (C-2), 66.3 (C-5), 68.4 (C-3), 68.5 (C-6), 81.9 (C4), 97.9 (C-1), 102.0 (CgHsCH), 114.5, 118.5 (CH30CgHy), 125.7
(DCPhth), 126.5, 128.4, 1294, 130.6, 136.8, 139.2 (CsHsCH, DCPhth), 150.4, 155.7 (CH30CsHy), 169.3, 170.2, 170.5 (3
CH3C0); FAB-MS (positive) m/z 573 [M]*.

Aml Calkcd for CogH3C1oNOg (572.40): C, 58.75; H, 4.05; N, 2.45; Cl, 12.39. Found: C, 58.49; H, 4.20: N, 2.38; Cl,

ll

p-Methoxyphenyl  3,6-di-O-benzyl-2-deoxy-2-(4,5-dichlorophthalimido)-B-D-glucopyranoside (6): A
solution of 4 (9.00 g, 15.7 mmol) and benzyl bromide (19.0 ml, 159 mmol) in DMF (250 m)) was stirred for 30 min over
freshly activated molecular sieves 4 A (6.0 g) at 0 *C. Sodium hydride (1.9 g, 55 % oil dispersion, 48 mmol) was added and the
mixture was gradually warmed up to 6 *C and stirring was continued at this temperature for 28 h. The reaction was quenched at 0
*C by siowly adding methanoi (5 mi) and stirring for 30 min. Diluting with AcOEt (600 mi), washing successively with water-

haeima £1:1 D v W) onl) and heina /W) o Arvsimer AL2C .\ and —nmn-rn‘ Af tha anluanta 2o gava a anlaclaca aueies s
ORI 1.1, &« X LUvU fTa) @G OTHR (a7 nu}, Grying (MgoU4) ana removai O1 N SOIVents is Vacuo gave a COIONIESS SyT ip, which

was cocvaporated with toluene 10 afford crude §.

Crude 5 was dissolved in THF (200 ml) and was stirred for 30 min over freshly activated molecular sieves 4 A (12.0 g) at 0
*C. Sodium cyanoborohydride (10.6 g, 95 %, 159 mmol) and methyl orange (2 mg) were added and the solution acidified with 4
M HCldioxane solution. After 7 h, the mixture was poured on ice-water (400 ml), extracted with CHCl3 (2 x 250 ml) and the
organic phase stirred overnight with 2 N HC1 (200 ml). Layers were separated and the organic layer was washed successively with
2 N HC1 (200 mi), satd. NaHCO3 solution (2 x 200 m!) and water (200 ml). Drying (NapSO4) and evaporation of the solvents

lafs o allaw: surman wurhish was annliad ¢4 cilisa aal Aaliamn sheamataceranhs ftalizana AANEs 10 D1 ¢n affred € 1N ~ 186 0L
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of & as yellow foam; [a)205; +58.2 (¢ 1.1, CHClz); R 0.36 (toluene-AcOE: 5:1); 1H NMR (270 MHz, CDCl3) 5 3.02(d, 1

A3 A Va0

H, 4-OH), 3.70 (s, 3 H, CH30CgHy), 3.72 (m, 1 H, 5-H), 3.82 (m, 2 H, 6-H3), 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, C¢HsCH?), 5.60 (d, 1 H, 1-H); J1 2 8.2; J23 10.7: J34 84; J4 5
8.7, J4,0H 2.8; JcHy 11.7, 124 Hz; 13¢ NMR (67.80 MHz, CDCl3) 8 55.5 (CH30CgH4), 56.6 (C-2), 70.5 (C-6), 73.6 (C-

1"9." . , 138.7 u‘(,n5k,n DCPhth), 150.6, 155.4 (LH3UL,_6H4)
Annl Oalad fae CaclTn A NN F6A BAN D AL AN N 2111 INKT BrimA D A2 RN LT A 74- N D 24- M1
Adldl, LAt IUT CISOF]CAZINUER \UWT.0T) Uy Ud.40, KRy 9. 7U, 1N, Lol dy Wl 1VU T, CUULIU o,y UJ.JU, 11, 7,757, 1Y, &.07, LU,

10.00.

In a separate experiment, compound § was purified by silica gel column chromatography (toluene-AcOEt 50:1) and crystallized
from diisopropy ether into colorless needles; m.p. 111-115 °C; [a]20] +83.7 (¢ 1.1, CHCl3); R¢ 0.72 (toluene-AcOEt 5:1); 1H
NMR (270 MHz, CDCl3) § 3.71 (s, 3 H, CH30CgHy), ~3.71 (m, 1 H, 5-H), 3.89 (dd, 1 H, 4-H), ~3.90 (m, 1 H, 6-H,), 4.36 -
444 (m,3 H, 2-H, 3-H, 6-Hy), 449, 4.82 (2 d, 1 H each, C¢HsCHp), 5.65 (s, 1 H, CgH5CH), 5.67 (d, 1 H, 1-H); J1 2 1.9;
J34J45102; J5.64.9; JcHy 12.5 Hz: 13C NMR (67.80 MHz, CDCl3) § 55.6 (CH30CgH4), 56.0 (C-2), 66.2 (C-5), 68.6
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(C-6), 74.2 (CgHsCH?), 74.4 (C-3), 82.7 (C4), 97.8 (C-1), 101.4 (CcH5CH), 114.5, 118.5 (CH30CsHy), 125.4 (DCPhth),
126,0 - 128.2, 130.5, 137.1, 137.8, 138.8 (CgHsCH, DCPhth), 150.4, 155.6 (CH30CsH4). FAB-MS (positive) 663 [M]*.

Anal. Calcd for C3sHa9ClgNOg (662.52): C, 63.45; H, 4.41; N, 2.11; Cl, 10.70. Found: C, 63.43; H, 4.50; N, 1.93; Cl,
10.70.

p-Methoxyphenyl  3,6-di.O-benmayl-2-deoxy-2-(4,5-dicklore
glucopyranoside (7): To a solution of p-methoxypheayl glycoside 6 (3.
(30 mi) was added 1 Mbvnﬁn&mhydrﬂeaohmnmCHzClg@Sml 25 mmol)andmcwholewassnrred for24 hatroom
temperature. Resulting dark-brown solution was poured on ice-water (200 ml), stirred for 15 min and layers were separated. The
organic layer was washed successively with 2 N HCI (3 x 40 ml), satd. NaHQO3 solution (2 x 40 ml) and water (40 ml). After

e

drying (NazS0y), the mixture was cvwm in vacuo to furnish a syrup. Purification by silica gel column chromatography

(L. _A~Ne O-1 sasdhioth 2c cnla
SIS AR 7. l; EAVE SYTUpD) wPry l, Wiic Was u}munu from ulcul_yl eiher o uuutu 2. 7.) g \I 7 70) of 7 as colorless cxysuub,

mp, 113-114 °C; [ﬂ]mh +83.8 (¢ 0.9, CHCl3); evaporation of the mother liquor afforded additional 0.71 g (18 %) of colorless

Wely We2lN25) S el MR LRl QLIDIUGA QURLVRGL V.7 a B AU

material, which was homo;mws judging from TLC; Ry 0.56 (in CHCI3-AcOEt 9:1); 1H NMR (270 MHz, CDCI3) § 2.16 (s,
3 H, CH3pev), 2.50 (t, 2 H, CHy ov), 2.69 (t, 2 H, CHy ¢v), 3.63 (dd, 1 H, 6-Hy), 3.69 (dd, 1 H, 6-Hy,), 3.70 (s, 3 H,
CH2OCgHy), 3.86 (ddd, 1 H, 5-H), 4.30 (d, 1 H, CgH35CH3), 4.43 (m, 1 H, 2-H), 4.45 (m, 1 H, 3-H), 4.54 (s, 2 H,
CsHsCH3), 4.74 (d, 1 H, C¢HsCH2), 5.20 (m, 1 H,4-H) 5.59 (m, 1 H, 1-H); J1 2 8.3; /2,3 9.7; J3,4 8.8; J4,5 10.0; J5 64
6.3; J5 6b 3.3; Jga,b 10.7; JCHoL ov 6.8; JoHg 125 Hz; 3¢ NMR {67.80 MHz, CDCli3) 8 27.9 (CHjLev), 29.7 (CH3Lev),
37.6 (CH2Lev), 55.5 (CH30CgHy), 55.8 (C-2), 69.3 (C-6), 72.6 (C-4), 73.5 (CcHsCH»), 73.7 (C-5), 74.4 (CsHsCH3), 77.5
(C-3), 97.2 (C-1), 1143, 1184 (CH2OCgHy), 125.4 (DCPhth), 127.3 -138.7 (CsHsCH, DCPhth), 150.6, 155.4

R iagimirt g o | it =%

(CH30CsHy), 171.6 (CH2L00), 206.1 (CH3CO).
Anal. Calcd for C4oH37C12NO1g (762.64): C, 63.00; H, 4.89; N, 1.84; Cl, 9.30; Found: C, 63.07; H, 4.84: N, 2.00; Cl,
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added and the mixture was stirred vigorously for 4 h at room
temperature. Another pomon of CAN (4.90 g 8.94 mmol) was added and stirring continued for 1 h. The mixture was diluted
with AcOEt (150 mi) and washed with water (2 x 50 ml). The aq. layer was back-extracted with AcOEt (2 x 30 ml), and
combined organic layers were washed successively with satd. NaHCOj3 solution (50 ml) and satd. NaCl solution (50 ml), dried
(MgSOy4) and evaporated 1o dryness. Filtration through silica gel (toluene-AcOEt 5:1 — 0:1) afforded 2.39 g (82 %) of the

h‘a-u“mlumnn..n-m““‘.‘ meomar Do) 14 fim snlinsa AT €14 11T WD /M990 ML ATV V S 4 1€
ARAMIGAARL BB URENKL Ul FSMILI iiEa0, AT U.1% (M SORICTIO-ACUISL 001 ), "I INIVIRN \L/V IVIXZ, UIALIZ) 0 £.1D \s, J n, \-rﬂ3Levh

246 (t,2 H, CHyL ov), 2.68 (t, 2 H, CHypov), 3.14 (d, 1 H, 1-OH), ~3.60 (m, 2 H, 6-Hy), 3.80 (ddd, 1 H, 5-H), 4.11 (dd, 1 H,
2-H), 428 (d, 1 H, CgHsCHb), 4.44 (dd, 1 H, 3-H), 4.55 (s, 2 H, CsH5CH»), 4.71 (d, 1 H, CH5CH>), 5.15 (dd, 1 H, 4-H),
5.32(dd, 1 H, 1-H); J1,0H 7.3; /128.5: /2,3 10.8, J3 4 8.9; J4. 5 9.9; J5 68 5.3; J5,6b 3.6; JCHLev 6-5; JCH7 12.5 Hz.

A solution of the hemiacetal (2.39 g, 3.64 mmol) and trichloroacetonitrile (3.64 ml, 36.4 mmol) in CH3Cl3 (50 ml) was
stirred at room temperature for 30 min over freshly activated molecular sieves 4 A (4.00 g). 1,8-Diazabicyclo-[5.4.0]-7-undecen
(DBU, 190 pl, 1.22 mmol) was added and stirring continued for 1 h. Filtration through celite, evaporation and flash

rhanmatavonedhe: miine ollion mal fialiinma AW ot atcaliili;e 1 OO0 sl bt Y T2 B YN IO BN et LY et e
UVIHUHRIWEIENY UVGE 3UIA EUL (HRUCIK-AVUTL J. 1 oneaiuny 1 7o uwunyumult:} aloruca 2,47/ BL/0 )01 lnunoruMleluaw

8 as a slightly orange foam; [a]20; +93.4 (¢ 1.0, CHCl3); R 0.32 (in toluene-AcOEt 5:1); IH NMR (270 MHz, CDCl3) §

ARG A8 V2L 28

2.15 (s, 3 H, CHa ), 247 (dd.zn.CHzm) 2.67 (dd, 2 H, CHaj ov), 3.64 (dd, 1 H, 6-H,), 3.70 (dd, 1 H, 6-Hp), 3. 95 (ddd,
1H, 5-H), 430 (d, 1 KB, CgHsCH2), 4.49 (m, 2 H, 2-H, 3-H), 4.53, 4.58, 4.74 (3 d, 1 H each, C¢H5CH3), 5.27 (dd, 1 H, 4-H),
6.39 (d, 1 H, 1-H), 8.58 (s, 1 H, NH); J12 8.3; J3 4 8.2, J4 .5 10.1; J5 64 4.7; J5 6b 3.5; J6a,b 11.3; JCH2Lev 6.8, 12.9 ; JCH2
12.1, 12.4 Hz; 13C NMR (67.80 MHz, CDCh3) & 28.0 (CHaLev), 29.9 (CH3Lev), 37.8 (CHaLev). 55.0 (C-2), 68.9 (C-6),
72.3 (C-4), 73.6 (CgHsCH2), 74.6 (C-5, C¢HsCHy), 77.0 (C-3), 93.9 (C-1), 125.6 (DCPhth), 127.5 - 139.0 (CgHsCH,
DCPhich), 160.8 (DCPhith), 171.6 (CH2000), 206.4 (CH3CO).

Anal. Calcd for C35H31ClsN20y (800.90): C, 52.49; H, 3.90; N, 3.50. Found: C, 52.73; H, 3.93; N, 3.81.
The sampie contained ca. § % of a-anomer; Ry 0.46 (in toluene-AcOEt 5:1); 1H NMR (270 MHz, CDCl3) § 6.36 (d, 1 H, 1-
H), 8.5 (s, 1 H, NH); J1 2 3.6 Hz.

p-Methoxyphenyl  O-[3,6-di-O-benzyl-2-deoxy-2-(4,5-dichlorophthalimido)-4-O-levulinoyl-§-D-
;lucopyrnwyl]-(l—u) 3,6-di-O-benzyl-2-deoxy-2-(4,5-dichlorophthalimido)-B-D-glucopyranoside (9): A

onlitinm Af nnmmwnonnde @ 7 Mt o D T€ vonnl and £ 71 11 & | BT eneanl) LY (2 Y jne otiread andar arcan oom
Mﬂwl UL VARG @ \LodA Ky &0 7D BBV ) GBI W (1. 11 K, 1.U7 LIHIIUL) it LI OV Illl} Wwas Suiiea unaer Ak gk d LV S 1Y}
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temperature for 15 min in the presence of freshly activated molecular sicves 4 A (2.00 g) and then cooled © -70 °C.
Trimethyisilyl trifluoromethanesuiphonate (TMSOTY, 40 ul, 0.2 mmol) was added and stirring continued. After 1 h, additional
TMSOTY (10 pl, 0.05 mmol) was added and stirring continued for 2.5 h. The suspension was diluted with CH,Cly (100 mi),
filiered quickly ihrough celiie and the filiraic was washed successively with satd. NaHCO3 soiution (30 mi) and water (30 mi)
and dried (N22504), followed by evaporation in vacueo 10 famish a yellowish foam (3.05 g). Purification by silica gel column
chromatography (toluenc-AcOELt 20:1) afforded 1.58 g (73 %) of 9 as a foam, which was crystallized from ether-n-hexane to give
yellowish needles; m.p. 91 °C; [a12°_D +34.3 (¢ 1.1, CHCl); 1H NMR (270 MHz, CDCl3) 5 2.13 (s, 3 H, CH3Lev), 2.45 (m,
2 H, CHaL¢v), 2.63 (m, 2 H, CHzi oy), ~3.40 (m, 2 H, 5-H, 6-H,), ~3.50 (m, 2 H, 6-Hyp, 6'-H,), ~3.58 (ddd, 1 H, 5-H), ~3.58
(m, 1 H, 6-Hy), 3.66 (3. 3 H, CH30CgHy), 4.13 - 4.20 (m, 3 H, 2"-H, 3-H, 4-H), 4.26 (d, 1 H, CsH5CHy), 4.28 (dd, 1 H, 2-
H), 4.39 (dd, 1 H, 3'-H), ~4.40 (m, 2 H, C¢H5CH3), 4.42, 4.44, 4.53, 4.70, 4.84 (5 d, 1 H each, C¢HsCH>»), 5.17 (dd, 1 H, 4'-

£t 73 4 AT I TN\ L AN I3 1 Y

H), 531 (d, 1 H, 1-H), 539 (d, 1 H, 1-H); /1,2 8.1; /1" 2 8.3; J2 3 8.9, J3 4 9.1, Jg 5 94; J5' 6 3.6; -’CH2 ii9, 124,

128 H-- 13 num 167 90 uu.- CDCI YR Y10 (CHar Y M7 (CHas T K (LA SR & (OU.NM B Q I N
Nr BWAVASN W7 AN AVAR. \.w\.n:[ N dofoF (BB By deT I \\""‘JLEV" R \\all‘l‘v}' T NI \Joml. ST ("4,

56.6 (C-2), 67.9 (C-6), 69.1 (C-6), 72.9 (C-4', CsHsCH3), 73.3 (C-5), 73.5, 74.3 (CsHs5CHz), 74.8 (C-5, CsHsCHy), 76.2,
772 (C-3, C-4), 76.8 (C-37, 97.1 (C-19, 97.3 (C-1), 114.3, 118.4 (CH30CsHy), 125.3 (DCPhth), 126.9 - 138.5 (CsHsCH3,
DCPhth), 150.5, 155.4 (CH30CgHy), 171.5 (CH2C00), 206.0 (CH3CO).; FAB-MS (positive) m/z 1325.4 [M+Na]t,
(ncgative) m/z 1302.3 [M-H]".

Anal. Calcd for CggHgoCLgN201 6 (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-dichlorophthalimido)-B-D-glucopyranosyl]-
(1—4)-3,6-di-O-benzyl-2-deoxy-2-(4,5-dichlorophthalimido)-B-D-glucopyranoside (10): Protected chitobiose 9
(896 mg, 0.690 mmol) was dissolved in pyridinc-acetic acid (4:1, 25 ml) and treated with hydrazine monohydrate (344 pl, 6.90
mmol) at room temperature for 40 min. The mixture was diluted with AcOEt (120 ml) and washed successively with satd.
NaHCO3 solution (3 % 40 ml) and satd. NaCl solution (40 ml). The aq. phase was back-extracted with AcOEt (60 ml), and
combined organic layers were washed succesively with satd. NaHCO; solution (40 ml) and satd. NaCl solution (40 ml), dried

MA2CMN N\ and avanncatad fw usriin Tha saaidial cumen was sanavancentad woith saliana 1 5 1O e I\ e 3 OVEY Y V) Y L N
UVAED 4 GG CYAPDOTaMDG 38 WECHT . 10k TSRIGUR: SYTUp Was COTVapOTalea wiln iowuene (o X 1V miiy ana vnjuip \J x 10 i) o

afford 820 mg (99 %) of 10 as a beige, crispy foam; hﬂzon +0.84 (¢ 1.0, CHCI3); R¢ 0.31 (CHCl3-AcOFEt 9:1); g NMR
(270 MHz, CDCl3) 8 3.09 (d. 1 H, 4'-OH), 3.38 - 3.44 (m, 3 H, 5-H, 5"-H, 6-H,), 3.54 (br. d, 1 H, 6-Hp), 3.59 (dd, 1 H, 6'-
Hy), 3.66 (s, 3 H, CH3OCgHg), ~3.74 (dd, 1 H, 6'-Hy,), 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, C¢HsCH>2), 4.79, 4.80 (2 d, 1 H each, CsgH5CH>), 5.27 (d, 1 H, 1'-H),
539(d, 1 H, 1-H); J1 2 8.3; J23 10.7; Jga p 9.2 J1' 2 8.2; J2'3 10.7; J3 4 8.3; J4',5 8.3; J4' OH 2.3; /5,62 6.1; I5' 6'b
4.3; Je'ub 9.8, : JCHp 119, 125 Hz; 13¢ NMR (67.80 MHz, CDCl3) 8 55.5 (CH30CgH4), 55.9 (C-2), 56.5 (C-2), 68.0 (C-

& MNTIC LN 120 (O TN TANDACEN TYT AL (AO UAITSN TAQ (D K\ TIK D (M AN TR Q 760 7192 /.1 M A
NiJfy IUad (W™ Jy FdeeZ \NQPRAJYRENLFy T I (T Jy T Jedy 17700 (I XL L1 )y 10 \\"J )y T Jul o7 ), 1J.0, TU.T, 10.0 \\.~J, =1,

C-37, 96.9 (C-19, 97.3 (C-1), 114.3, 118. 5 (CH30CgH4), 125.3, 125.5 (DCPhth), 127.0 - 138.8 (CsHsCH3, DCPhth),

150.5, 155.4 (CH30CgHy), 165.7 (DCPhth).
Anal. Calcd for Cg3Hs4ClL4N2014 (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-acetyl-6-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 g, 8.58 mmol) and freshly activated molecular sieves 4 A (sticks, 4 g) in CH,Cl3 (80 ml)

wons etiread fre U) min and thoen pnnbll tnn 'f‘ N & HRe/AAN cnliutinn MU ml 28 2 mmal) wae addad Aranurica Avas & m
WAV TREIVAL AU 7 IIEANE G MAFVAE WORIRWAL » v Dl Al S5HUHON (L5 L, 6J.0 MOy Was aGGea Gropwist Over 5 min

and stirring was continued for 45 min. The orange solution was poured into ice-water (250 ml), diluted with CH3Cl (120 ml),

stirred vigorously for 10 min and separated. The org. phase was washed with satd. NaHCO3 solution (2 x 60 ml), 10 %
Na3S203 solution (60 mi) and dried (NapSQy). Afier evaporation, the crude product was filtered rapidly (10 min) through a short
bed of silica gel (toluenc-AcOEL-triethylamine 100:10:1) to afford 2.28 g (58 %) of 12 as a clear syrup; [0]20p) +162.6 (¢ 1.3,
CHCls); Ry 0.44 (toluene-AcOEt 5:1 containing 1 % triethylamine); 1H NMR (270 MHz, CDClz) § 2.00, 2.04,2.10 35, 3H

YT £ XT \ A "I 782 . TY £ ¥YY¥Y % ] ‘ﬁ 7.3 1 YT /N YY _ /RTT N\ 4 A& 2113 Y &= YW A = s3 . ¥Y

each, 3 CH3CO), 3.48 {dd, 1 H, 6-H,), 3.55 (dd, 1 H, 6-Hy), 442 (d, 1 H, CgHsCHy), 4.45 (ddd, 1 H, 5-H), 4.56 (4, i H,
CeHeCHAY S0 (dd 1 H 2.H) S40(dd 1 H 3.H) §58(dd 1H 4D 670(d. 1 H. 1-H): J1240: J32106: J2233: Ja ¢
0423 RAL)y »o+VWe \Widy & &ky WTAR), TV \ Wk & Ry TRy eV WMy L ALy TTLLSy U7V \My X X3y ATA3Jy V | 7 TV S L 5 AV Y J [ Jedy VR D

1.0; J5 6a 6.5; J5,6b 6.2; Jea b 9.7 Hz.
Anal. Calcd for C19H23BrOg (459.29): C, 49.49; H, 5.05. Found: C, 48.51; H, 4.91.

Phenyl 2,3,4-tri-O-acetyl-6-O-benzyl-1-thio-D-galactopyranoside (13): Tetraacetate 11 (o/B=1/1.2; 2.40 g,
5.47 mmol) and thiophenol (0.84 ml, 8.2 mmol) were dissolved in CH;Cly (30 ml) and stirred over freshly activated molecular
sieves 4 A (sticks, § g) for 30 min at room temperature. BF3-OEt) (2.1 ml, 16 mmol) was added and stirring continued for 20 h.

A Adirinnal thinnhonnl N 24 ml € 2 mmal) and R Nt M 1T ml 1A mmah woars addad and aftar haing otirrad far A b the
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solution was diluted with CH2Clg (70 ml), filiered and washed successively with satd. NaHCOj3 solution (2 X 25 ml) and water
(25 ml), dried (Na2SOy4) and evaporated in vacso. The residue was purified by silica gel chromatography (toluene-AcOEt 1:0 —»
10:1 — 5:1) gave 1.36 g (51 %) B-thiogalactoside 138 (R¢ 0.21) as well as 23 mg (1 %) of slightly impure a-thiogalactoside
(Rt 0.26 in wiuene-AcOE!L 10:1), .

13: [a]mp-29.3 (c 0.5, CHCh); IH NMR (270 MHz, CDCh) § 1.97, 2.04, 2.08 (3 8, 3 H each, 3 CH3CO), 3.50 (dd, 1
H, 6-H;), 3.61 (dd, 1 H, 6-Hy), 3.90 (ddd, 1 H, 5-H), 4.42,4.55 (2 d, 1 H each, CsHsCH), 4.74 (dd, 1 H, 1-H), 505 (dd, 1 H,
3-H), 5.24 (ad, 1 H, 2-H), 549 (d, 1 H, 4-H); J1 2 10.0; J2.3 10.0; J3 4 3.3; J4.5 0.9; J5 62 6.4 J5 ¢ 6.3; Jga b 9.8; JCH2
119 Hz.

Anal. Calcd for C2sH8038S (488.56): C, 61.46; H, 5.78. Found: C, 61.29; H, 5.80.

akoner 1H NMR (270 MHz, CDC13) § 2.01, 2.06, 2.11 (3 5, 3 H each, 3 CH3CO), 3.49 (d, 2 H, 6- Hz),4.39,4.49(2d,

: | L M YT _FINTY _\ ‘-‘IL A - YY & YW FAN 783 2 ¥Y a vr M T m mr s ew - vw a - a2 s e - ww  w weum
1 H each, CgHisCH?), 4.74 (br. 41, 1 H, 5-H), 5.28 (dd, 1 H, 3-H), 5.34 (dd, i H, 2-H), 5.56 (dd, 1 H, 4-H), 5.94 (d, 1 H, i-H),
T18-7.80(m 10 H CcHeCHa CcHaC) Jon S0 Jnn QA Jo o 30 Jo2 12 Jexc 62 Tnza 110 Lo
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p-Methoxyphenyl  3,6-di-O-benzyl-4-O-chloroacetyl-2-deoxy-2-(4,5-dichlorophthalimido)-$-D-
glucopyrancside (15): Compound 6 (100 mg, 0.15 mmol) was dissolved in a mixture of CH3Cl; (3 ml) and pyridine (1
ml) and chloroacety! chloride (60 yil, 0.75 mmol) was added at room temperature. The mixture was stirred for 1 h, poured on ice-
water (30 mi) and diluted with CH2Cl2 (40 ml). Layers were separated and the organic layer was washed successively with 2 N
1Cl (2 X 15 mi) and said. NaHCO3 soluiion (15 mi) and dried (NagSO4). Evaporation under reduced pressure ieft a yeliowish
syrup, which was purified by silica gel column chromatography (toluene-AcOEt 5:1) to afford 91 mg (82 %) of 15 as a yellow
foam; [a}m +78.0 (c 0.7, CHCh); R 0.63 (1oluene-AcOEz 5:1); !H NMR (270 MHz, CDCla) & 3.65 (d, 2 H, 6-Hp), 3.71
(s. 3 H, CH3OCgHy). 3.81 (d, 2 H, CICH2CO), 3.85 (ddd, 1 H, 5-H), 4.33 (d, 1 H, CgHs5CH2), 4.44 (m, 1 H, 2-H), 4.47 (m,
1 H, 3-H), 4.55 (s, 2 H, C¢HsCH3), 4.65 (4, 1 H, C¢HsCH2), 5.26 (m, 1 H, 4-H), 5.59 (m, 1 H, 1-H); J1 2 8.3; J2,.3 9.0;
J3,4 88;7459.9:J56 5.0; JcH 124 Hz.

Anal. Calcd for C37H32CI3NOg (741.03): C, 59.97; H, 4.35; N, 1.89. Found: C, 59.14; H, 4.25; N, 1.82.

IVEELES2 2Lyt LR Opasaiaiicie

glucopyranoside (14): A solution of 6 (100 mg, 0.15 mmol) in CH;Clg (3 ml) and pyridine (1 ml) was cooled to 0 °C.
Acetic anhydride (71 pl, 0.75 mmol) was added and the solution stirred for 20 h at room temperature, The mixture was poured on
ice-water (10 ml), diluted with CH2Cl; (30 ml) and layers separated. The organic layer was washed successively with 2 N HC1 (2
x 10 mi) and satd. NaHCO3 solution (10 ml), dried (NazSQ4) and evaporated in vacuo. The residue was purified by silica gel
column chromaiography (ioluene-AcOFEt 5:1) to afford 92 mg (87 %) of 14 as a colorless foam; [a‘zQD +88.3 (¢ 1.0, CHCi3);

Re 0 &N (tnluana A~ €11\ lumm MO CTYLAAS AN fe 2T O TE7A4 1L £ITY ALA /A3 1T £
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Hy), 3.70 (s, 3 H, CH30CgHy), 3.84 (ddd, 1 H, 5-H), 4.29 (d, 1 H, C¢HsCH>), 4.44 (m, 1 H, 2-H), 4.45 (m, 1 H, 3-H), 4.53
(s, 2 H, C¢HsCHy), 4.68 (d, 1 H, CgHsCHa), 5.18 (m, 1 H, 4-H), 5.58 (m, 1 H, 1-H); J1 2 8.3; /.3 9.4; J3 4 8.9 J4 5 9.9;
J5 60 5.5, J5 gb 4.1; Jga b 10.9; JCHj 12.5 Hz.

Anal. Calcd for C37H33C19NOg (706.575): C, 62.90; H, 4.71; N, 1.98. Found: C, 62.67; H, 4.66; N, 1.89.

p-Methax pl_l__ vl 4- ﬂ-nrol’vl 3,6-di-0O-henzyl.2. gpg y-2-(4,5-dichlorophthalimido)- R.n-

p-Methoxyphenyl  3,6-di-O-benzyl-2-deoxy-2-(4,5- dichlorophthalimido)-B-D-glucopyranoside (6)

DPram mannshinenasateta 1€: A anlntine af manmnhinennratarta 1€ 798 ma N 19 mmaly 3 (Sl 2 N PRY a4 1 9 )
KU DSV UGLTLEIE 2J: M RIAUHUE VI IHDWRAGRUIUGLLLALY 35 \OJ R, V.14 iy lll waZuiag-ivicun \1 1, & s00L)

was stirred with freshly activated molecular sieves 3 A for 20 min. Thiourea (11.5 mg, 0.15 mmol) 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 CH2Cl5 (30 ml), filtered through a pad of celite and evaporated. 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 mg, 0.057 mmol) was dissolved in CH2Cl2-MeOH(2 ml, 1:1) and cooled to 0 *°C.
NaOMe solution in MeOH (28 %, 6 pi, 0.03 mmol) was added and stirring continued for 22 h. Afier adding another NaOMe

enlutinn (£ 111 NN D& mmal) tha mivtira wag etirrad far 1) h at sanm tamnasatiea nantealizod with Amhaeluct 181 /ITH
RIS (o phly VeUdeos HILIUE) MV HIIARULG WED MLV IUL 1V 11 8t 2UULL u.,luy\dal.uu,, neuranzea witn AUNUALYOL 170 (11,

strongly acidic), filtered and evaporated to dryness to leave 36 mg (96 %) of crude 6 as a colorless foam, Purification by silica gel
column chromatography (toluene-AcQEt 5:1) gave 22 mg (58 %) of 6.

p-Methoxyphenyl  O-[2,3,4-tri-O-acetyl-6-O-benzyl-B-D-galactopyranosyl]-(1—4)-3,6-di-O-benzyl-2-
deoxy-2-(4,5-dichlorophthalimido)-p-D-glucopyranoside (16)
Method A (by AgOTf promoted glycosylation with 12): A suspension of silver triflate (1.57 g, 6.12 mmol),

comnoimd £ (2 02 o 2 DK mmaol) and frachlv acHvatad molacnlar sieves 4 L (2 o) in CHACla (18 mi) wae otirred undar aroon
COMPOUNG ¢ (+.V35 §, 240 MINOi1; &G IICSELY aCUValhd MO:0CU:al SICVES 5 A (D &) 1N Lna2ia2 (a2 My Was SUITCO UnGlr argon

1389
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with exclusion of light for 30 min and then cooled to 40 *C. Galactosyl bromide 12 (2.32 g, 5.05 mmol) was added as a
solution in CH2Ch (10 ml) and stirring continued for 4 h. The reaction mixture was quenched by addition of satd. NaHCOs
solution (10 ml), diluted with CHCl; (120 ml) and filtered theough a short pad of celite. Washing with satd. NaHCO3 solution
(2 % 30 mI), 10 % Na25203 solution (30 ml) and drying (Na2SO4) and removal of the solvent in vacuo afforded 3.65 g of a

eliohtly uallmew fanm Duasifiratine hy silica aal cnlnme shenmatnavanhy fitnlnana A~NEr 11 s K1) oava D 12 o (K7 G\ 1£ ae
Saigrauy yvamow iU4iN. X s oy SuKa i (O CaltnnalDeTapny (WOiChHC-AlVUEt 1Ull = Ull) BAVC L.i0 E(U7 'm) 4G &S

a colorless foam; [a}20p, +30.1 (c 1.1, CHCh); R¢ 0.07 (toluene-AcOEt 10:1); 1H NMR (270 MHz, CDCl3) § 1.97 (s, 6 H
each, 2 CH3CO), 2.01 (s, 3 B, CH3C0), 3.29 (dd, 1 H, 6'-H,), 3.43 (dd, 1 H, 6-Hy), 3.58 - 3.68 (m, 2 H, 5-H, 5-H), 3.71 (s,
3 H, CH3OCgHy), 3.76 (m, 2 H, 6-H3), 4.10 (dd, 1 H, 4-H), 4.26 (dd, 1 H, 3-H), 4.30 (d, 1 H, C¢H5CH>2), 4.36 (dd, 1 H, 2-
H), 442 (4, 1 H, CgHsCH>), 4.49 (d, 2 H, C¢HsCH3), 4.58 (d, 1 H, 1-H), 4.76, 4.82 (2 d, 1 H each, CgH5CH>), 4.88 (dd, 1
H,3-H),5.13(dd, 1 H, 2-H), 540 (dd, 1 H, 4-H),5.55(d, 1 H, i-H); .11'281 J23 10.9; J3481 Jas 99;J1r 2'79 Jo 3
10.3; J3 .4 3.5: Jg 5 < L J57,6' 7.6, J5' 6% 5.6; Jg'ab 9.2 JCH3 11.9, 12.2, 12.5 Hz; 13¢ NMR (67.80 MHz, CDCl3) 6
208 207 (CHACO) 858 (CHAOCHL 559 (C-D) ﬁ') 0 fl‘aﬁ’\ 673 (C-6) 67'4 (C_A'\ 697 (C2"N. 710 (C-3Y. 71 Q(C-5"
003

AT eTy AT NJRAINNT Sy WIS IR AT N PR RiYJs T s ey T gy Vs Ty Ty VT (TR gy TRV TV s TR TV )y
734, 73.6, 74.6 (C¢HsCH?2), 750 (C-5), 76.8 (C-3), 77.6 (C4), 974 (C-1), 1 (C-17, 114.3, 118.6 (CH30CgsH,), 125.2
(DCPhth), 129.0 - 138.6 (CsHsCH2), 150.6, 155.4 (CH30CsHy), 169.2, 169.9, 170.0 (CH3CO); FAB-MS (positive) m/z
1066. 3 [M+Na]*.

Anal. Calcd for Cs4Hs53C1aNOj6: C, 62.19; H, 5.12; N, 1.34; Cl, 6.80. Found: C, 62.16; H, 5.08; N, 1.36; Cl, 6.70.

Method B (by NIS/TTOH promoted giycosylation with 13): A solution of 6 (643 mg, 0.97 mmol) and 13 (612
mg, 1.25 mmeol) in CHCl3 (15 ml) was stirred under argon with freshly activated molecular sieves 4 Aas ) for 20 min and
coolad 10 0 °C. Then N-indosuccinimide (NIS. 543 mg, 242 mmnl\ was added qnmrw continued for another 20 min and

22263, Rty o LLLILE N} ey 22122 RACA2 1N SRR LY

triflucromethancsulfonic acid (TfOH, 43 ul, 0.48 mmol) added. After 1 h, the reaction was quenched with tricthylamine (0.25
mi). Dilution with CH2Cl; (120 ml), filtration through celite, and washing successively with satd. NaHCO3 solution (20 ml)
and 10 % NaS203 solution (2 x 20 ml) and drying (NapSO4) furnished, after removal of the solvent in vacuo, 1.2 gofa
brown foam. Purification by silica gel column chromatography (tolucne-AcOEt 20:1 — 10:1 — 6:1) gave 827 mg (82 %) of 16
as a slighily orange foam.

p-Methoxyphenyl O-[6-O-benzyl-f-D-galactopyranosyl]-(1—4)-3,6-di-O-benzyl-2-deoxy-2-(4,5-
dichlorophthalimido)-B-D-glucopyranoside (17): Compound 16 (2.13 g, 2.04 mmol) was dissolved in CH;Cl;-
MeOH(40 ml, 1:1) containing freshly activated molecular sieves 3 A (sticks, 6 g) stirred for 1h and and cooled to 0 °C. Sodium
methoxide (21 mg, 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 Amberlyst 15-E. Insoluble materials were filtered off and the filtrate was evaporated in vacuo to afford 1.82 g of crude
product. Separation by silica gel chromatography (CHCl3-MeOH 20:1) and collection of fractions with Rg 0.25 gave 730 mg
(310 %) 17 a

\7 Wy ar asa J VARV YT ABER ANNER. A & W BRSSO LR AvER TYALAR BIAIPAEALIVAS VY WA VARV AR (il Bl siatns Spdann Siala gla Lol

chromatography (CHCl3-AcOEt 50:1) 1o afford additional 645 mg (35 %) 17 (total yield 74%); [0120p +69 4 (c 1.0, CHCL3);
1H NMR (270 MHz, CDCl3, 5 dr. D20) & 3.45 (dd, 1 H, 3-H), 3.49 (dd, 1 H, 5-H), 3.63 (dd, 1 H, 6'-Hy), ~3.65 (m, 2 H, 5-H,
2-H), 3.71 (s, 3 H, CH3OCgHa), 3.29 (dd, 1 H, 6'-Hy), 3.83 (dd, 1 H, 6-Hy), 3.96 (d, 1 H, 4"-H), 4.05 (dd, 1 H, 6-Hy), 4.17
(m, 1 H, 4-H), 430 - 4.41 (m, 2 H, 2-H, 3-H), 4.42 - 4.51 (m, 2 H, C¢HsCH?2), 4.58 (d, 1 H, 1'-H), 4.59 (d, 1 H, CgH5CHa).
4.74 (d, 2 H, C¢HsCH2), 4.88 (d, 2 H, CgHsCH2), 5.53 (d. 1 H, 1-H); J1,2 8.3; J3,4 8.3; J4,5 9.9 J5,6a 1.8 J5 6b 3.5; J6a,b

1A IX_.

117 J1r2 76,723 94; J3 ¢ 3.5, Jg 5 < 1, 15 62 5.5 J§' gb 5.6, Jg'a b 10.1; JeHp 119, 12.2 Hz; C NMR (67.80
l‘mn\ﬁ 55.5 lm..m,u.\ £50 If‘ ‘J\ &0 I(‘_ﬂ\ 690 ((‘_A'\ 694 (("_E'\ 7 A 74 9 ((‘ ')' C-5), 73.3(C-5", 735

nlhullml. A s AL el fy T ed \ " )y

(CéHsCH2), 73.7 (C-3') 74 8 (C6H5CH2) 78.3 (C-3), 78.4 (C4), 97.4 (C-1), 103.5 (C-1, 114.3, 118.6 (CH30CsHa),
125.3 (DCPhth), 129.0 - 138.5 (CgHsCH3), 150.5, 155.4 (CH3OCgHg), 165.9 (DCPhth).

Anal, Caled for C4gH47C1,NO13 (916.80): C, 62.88; H, 5.17; N, 1.53; C1, 7.73. Found: C, 62.79; H, 5.10; N, 1.44; Cl
71.73.

vellowich foam Fractione contaminated with imnurities were collected and purified again hv silica oel colimn

p—
LN

P 1 P 'l\

<
yl) onate]l-(2-»3)-(2,4-di-O-acet I anosy >4
benvl-l-deoxv 2-(4,5-dichlorophthalimido)-8-D- lucopyranos:de (24) and corresponding B- isomer (25)
Metod A (via sialylation with methyl thioglycoside 21): A solution of compounds 17 (907 mg, 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 A (1.5 g) for 30
min and brought to -40 *C. After addition of N-iodosuccinimide (NIS, 850 mg, 3.46 mmol), stirring was continued for 30 min,

R e =

followed by the addition of mfmorommamsultomc acid (TfOH, 93 pl, 1.05 mmol). The mixture was kept at 40 °C for 22 h,

L B EYLE N e o T N W I r3 :z T4 Qg | Y £111 N rren AN and THNLT 721 01 N 26 samnal
then additional amounis of Siatyi donor 2 \ JJ mg, 0.30 mmol), NIS (11t ing, 0.50 MiMio1) aNad 11uUn (\J1 ju, U.J3J0 Minosy

were 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 CH2Cly (200 ml), filtration through celite, and washing successively with satd. NaHCO3 solution (3 x 30 mI) and 10 %
Na25203 solution (3 x 30 ml), drying (Na2SOy) and removal of the solvents in vacuo gave 2.17 g of crude mixture. The
mixture was subjected 0 size exclusion clwomatography on Biobeads SX-1 (3.5 x 60 cm, in 3 portions, toluenc) 1o remove
reagents and monosaccharide by-products afforded 1.27 g of an orange foam.

Thic material wos diconluvad in IIAl ™ (W) m) and nuridina /4 e\ fantainies 4 A:mgﬂ-ulnm.nn-“.— fevn FA MALAAD € . o
2 ARG SERENVLS MDA TV LD WM VWAL BN R A fNek] \TNF ml) SRR YRR, Y Rill] LUAIGLIIE FUuLUCUL Y iall uluyyuuulc \*-wviAr, 1o U1y,

0.61 mmol) followed by the addition of acetic anhydride (4 ml). After stirring for 21 h, the mixture was quenched with MeOH (5
mli) and stirred for 60 min. Removal of volatiles under reduced pressure and coevaporation with toluene (3 x 30 ml) gave a syrup,
which was separated by silica gel chromatography (toluene-EtOH 20:1) gave 738 mg (48%) of sialylated product 24 (Rg 0.30)

and 276 mg(l9 %) of 28 (R¢ 0.39), tosethu' with 105 mg (10 %) of acetylated lactosamine 16.

24: [a]""D+247(cl'l CHChy); ‘HNMR(!?()MH!,CDClg)Slu(dd 1 H, 3"-Hax)

g raz % I'I' nn b4 4

Lu..z..au;,anen:u,l\.muu;,;ayum.x n.q).:nma,ln, 6'-Hy), 341 (dd, 1 H
3692 3 H CHaOCH:) 370180 (m 2H SSH £H.) 382 (dd 1 H 5-H) 185(s T H C

P By J ARy wARIW DR RGSy \=iny dv Say SURZy WURERRJy UL \MUy & 2By o TXLJy U Oy

4.01 (dd, 1 H, 9"-H,), 4.06 (dd, 1 H, 4-H), 4.07 (ddd, 1 H, 5"-H), 4.31 (d, 1 H, CgH5CHp), 4.32 (dd. 2 H, 2-H, 3-H), 435 (dd, 1
H, 9"-Hp), 4.45 (d, 2 H, CgHsCH2), 4.58 (d, 1 H, CgH5CHy), 4.58 (dd, 1 H, 3-H), 4.68, 4.88 (d, 1 H each, CsgHsCHa), 4.90
(d. 1 H, 1“H), ~4.90 (m, 1 H, 4"-H), 5.01 (dd, 1 H, 4-H), 5.07 (dd, 1 H, 2-H), 5.10 (d, 1 H, 5"-NH), 5.39 (dd, 1 H, T"-H), 5.54
(m, 1 H, 1-H), 5.60 (ddd, 1 H, 8"-H); J1,2 8.2; J3 4 10.5; J4 5 10.5; Js.6b < 1.0; Jeap 9.5: J1'2* 1.7; J2 3 10.0; J3 4 3.1;
Ju5 <05, 75 60 7.0; J5'6b 5.7; Jga,b 98; J3veqax 12.6; J3"ax 4" 12.5; J3veqar 4.7; J4r 57 10.5; J5v ¢ 10.7; Jg+ 7" 2.6;
J77 8 9.0, Jg~ 9"a 5.9; Jg~ 97y 2.8; Joa b 12.4; JCHy 116, 122 Hz; 13C NMR (67.80 MHz, CDCl3) & 20.7, 21.0, 21.3,
23.1 (CH2CO), 375 ((’-1"\ 491 (C-5™M. 53.2 rr‘namm 58.5 I(‘Haﬂ(‘xl—h) 560 [(‘-’)\ 623 f(‘-O“\ 67.2 {(‘ ’l"\ 679 (C-

N~ ST gy o F el N Fea WU Jy FlE SuARZNVNIN )y JANS Vs 2 Ga PO Ty Ve 5 a7\

6', C-8"), 68.0 (C4", 68.4 (C-6), 69.4 (C4"), 71.0 (C-29, 71.8 (C-3', C-5"), 72.1 (C-6"), 73.1, 73.3, 74.8 (C¢gHsCH?), 75.5
(C-5), 77.6 (C-3), 78.1 (C4), 96.9 (C-2"), 97.2 (C-1), 100.5 (C-19, 114.3, 118.5 (CH30CgHy), 125.3 (DCPhth), 126.9 -
138.7 (CgHsCH2), 150.7, 155.3 (CH30CgH4), 165.6 (DCPhth), 167.8 (C-1"), 169.6, 169.7, 170.1, 170.3, 1704, 170.5,
170.9 (CH3LO); JC-1"-H-3"ax 6.1 Hz; FAB-MS (negative) m/z 14744 [M-H]".

2.00, 2.01, 2.08,
3

723 e ww

dd, 1 H, 6"-H),

N N
N

08 {4 1T £ 1)

D3I ), 5.50 (G, 1 1i, O=I1p),

am s man o r oA

Anal. Calcd for C7oH7ygClaN2027 (1474.31): C, 58.66; H, 5.33; N, 1.90. Found: C, 58.47; H, 5.30; N, 1.

QI r~120__*'m.4 1 £ ML, lnmmul\n\m Ty \Riﬂﬂl.-hl 11_7’} 10 & o
. I D 7«0 \l. j &+ N \«ll\,lj], I1 INIVERN (U IVIKLZ, \AJ\,A_H Lou (GG, 1 11, 5 -nay, 1. 7u, 1.7 S,

3Heach scn3(30),2 14 (s, 6 H, 2 CH3CO), 2.46 (dd, 1 H, 3"-Hcg), 3.36 (dd, 1 H, 6-H,), 3.47 (dd, 1 H, 6'-Hb),3 61 (ddd,
H, 5-H), 3.70 (s, 3 H, CH30CgHy), ~3.72 (dd, 1 H, 6-H,), ~3.83 (dd, 1 H, 6-Hp), 3.84 (s, 3 H, CH300C), 3.86 (dd, 1 H, 9"-
Hy), 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 (dd, 1 H, 2-H), 4.38, 4.46,
4,52, 4,61, 4.65 (5 d, 1 H each, CgHsCH2), 4.67 (d, 1 H, 1'-H), -4.68 (d, 1 H, 6"-H), 4.72 (dd, 1 H, 3-H), 4.85 (d, 1 H,
CgHsCHy), 5.04 (ddd, 1 H, 4"-H), 5.10 (dd, 1 H, 9"-Hy), 5.22 (dd, 1 H, 2"-H), 5.29 (ddd, 1 H, 8"-H), 5.38 (br.d, 2 H, 4-H, 7"-
H), 553 (d, 1 H, 1-H), 5.65 (d, 1 H, 5"-NH); J1,2 8.3; J2,3 10.7; J3,4 7.8, J4.,5 9.9; J5 64 4.8; J1'2' 8.2; J2 3 10.6; J3' 4
y

A Jivgo e N&e Torv oo BT Foo snn K &e Tor o« QR Jan 1212 Jau a0 11 7 Tan v A B Tawgn 1N 2 Tewavvy 1N,
T G D SNy I DR T DD ety SO RD T TS G AX LSdry V) axq 1%, l’iJeqq S0, 74 WD AVeDy 73U INH AV.T,

< L0; J7g» 2.9; Jg~ o~s 94; Jo"on 2.7; Jora v 12.2cHy 12.2, 12.7 Hz.

Anal, Calcd for C7oH73CIaN2027 (1474.31): C, 58.66; H, 5.33; N, 1.90. Found: C, 58.27; H, 5.28; N, 1.82.

Method B (via sialylation with phenyithio glycoside 22): A solution of lactosamine 17 (497 mg, 0.54 mmol)
and a-thioglycoside 22 (791 mg, 1.35 mmol) in CH3CN-CH;Cly (27.5 ml, 10:1) was stirred under argon with freshly activated
molecular sieves 3 A (500 mg) for 30 min and brought to 40 °C. After addition of N-iodosuccinimide (NIS, 760 mg, 3.39

e ARl A AN o PRI T 1 1A MINOANTT 1A .1 N 1o gA.Ai\ J

mmol), siirring was continued for 30 min and then wrifivoromethanesulfonic acid (TfOH, 14 jui, 0.163 mmol) was added. The
mixture was km at _m .r' fm ‘ ‘I -mnni at 1“ '(‘ ﬁ'-' 18 h and wac then anenched hy nﬂﬂvhnn of trnethvlaminea (0 28 mN

AU N —lu WD HivEE WUVIIVIIWVG U G Vil Vi sive l] MR SRR \Vedwod uu;.

Aguecous 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 sialylation with phosphite 23): Compounds 17 (572 mg, 0.62 mmol) and 23 (954 mg, 1.56
mmol) were dissolved in CH3CN (25 ml), that contained freshly activated molecular sieves 3 A (500 mg), and stirred under
argon for 30 min. The mixture was cooled to 40 *C, followed by the addition of trimethylsilyl mﬂuoromemanesulfonate
umuu. ii p.l, 62 p.lnul), and the sunmg was continued at the same emperaiure. After 2,5 h, the same amount
umol) of TMSOTY was added and the mixture was kept at -40 °C for 6 h and was guenched by the addition of trieth

PHEIFE] VA BAVEWNS AL TVGKT GV GMRM WAV JEAAAALMIA Y TV QD MUt me T Was (UOOLaLG Uy wiv atlal a0

ml). Dilution with CH2Cl (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.

b ]
y dae

Zn -
O,/

p-Methoxyphenyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy--D-glucopyranoside (18): Compound 3 (610
(N I Phy IF YRGS Sy g TPy gupipy S T Py gy puge e 1 RA_MNTY 1YY Afa__ "L oL _1___

mg, i0 mm) Was aaaed o a sured soinion of cmylcneumminc \0[U |.u. IU llllllUl) ln MICUIN (LU IL ) Alier £ n, tn¢ cicar

solution was evaporated to dryness at 30 “C, dissolved in CH,Cls (5 ml)-pyridine (5 ml) and cooled to 0 °C. Acetic anhydride (5
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mi) was added and the mixture allowed to stand for 18 h. Resulting mixture was pouring on ice-water (50 ml), diluted with
CH2C1; (100 ml), and washed successively with 2 N HC1 (30 ml) and satd. NaHCO3 solution (2 x 30 ml), drie (NapSOy) and
evaporated in vacuo to afford 427 mg of a colarless solid. Adsorptive filtration through silica gel (CHCl3-MeOH 20:1) fumished
325 mg (72 %) of 18 as a colorless solid; [G]mp -12.3 (1.1, CHCl3); Rf 0.22 (CHCl3-MeOH 20:1); 1H NMR (270 MHz,

CIMMAAS 107 304 INE 0 (4 0 1L aankh 4 CLL.ON) Q'I‘l- 21T MO0 Y ’191 /A43 1 LT € 1IN A NC rAA8
NRINLY] W R oT Py sl Py sy e\ T Y Oy F KR SRRy T VLR INAS ]y JTU Dy I 11, \,mu\,orlq} uuG, 1), 'O (UM,

ol i, J~ 4.V
2-H).4.15(dd. 1 H, 6-H,), 429 (dd, 1 H, 6-Hy), 5.13 (dd, 1 H,4-H), 5.15(d, 1 H, 1-H), 5.39 (dd, 1 H, 3-H), 5.69 (d, 1 H, 2-
NH); 71,2 8.4; /2.3 10.5; J3.4 9.4; J4.5 9.8; Js 60 2.4; J5 6b 5.3; Ja b 12.1 Hz.
Anal. Calcd for C21H27NO1g (453.44): C, 55.63; H, 6.00; N, 3.09. Found: C, 55.64; H, 5.98; N, 3.17.

11T
in,
2

|...’_

p-Methoxyphenyl  O-[2,3,4-tri-O-acetyl-6-O-benzyl-f-D-galactopyranosyl]-(1-+4)-2-acetamido-3,6-di-

O-benzyi-2Z-deoxy-p-D-giucopyranoside (15): A solution of 16 (137 mg, 130 umol) in MeOH (5 ml) was stirred with

sthulsnadiamine (176 111 7 £ mmnl) at snoam temneranimae fae 2N h Tha mivtirs wae avanneatad tn dmmace at 20 () and
VA IVERALMBSIAS Y \ X /N phiy dvoU IESSENV/A] G AWASRR BALHAG MUY LB LU 1L LIV HBAWIV WAD UYapulalidl W W YIS at OV L alid

coevaparated with tolucne (3 x 5 mi). Acetylation in pyridine (1.5 ml) by addition of acetic anhydride (1.5 ml) and 4-
dimethylaminopyridine (4-DMAP, 2 mg, 16.4 umol) for 2 h at room temperature, quench with MeOH (2 ml), stirring for 20
min and evaporation to dryness gave crude 19; adsorptive filtration through silica gel (CHCI3-AcOEt 15:1) gave 88 mg (77 %)
of 19 as a colorless foam; [a]mD -53.3 (¢ 1.0, CHCl3); Rg 0.03 (CHCI3-AcOEt 15:1); 1H NMR (270 MHz, CDCl3) & 1.98,

1.99, 2.02, 2.03 (4 s, 3 H each, 4 CH3CO), 3.40 (dd, 1 H, 6'-H,), 3.46 (dd, 1 H, 6'-Hy,), 3.68 (d, 1 H, 6-Hy), ~3.70 (m, 1 H, 5™

H), 3.76 (s, 3 H, CHaOCgHy), ~3.77 (ddd, 1 H, 5-H), 3.88 (dd, 1 H, 6-Hp), 3.98 (dd, 1 H, 3-H), 4.05 (dd, 1 H, 4-H), 4.14 (ddd,
1H,2-H),434,437(2d, 1 Heach, CsHsCH), 448 (d, 1 H, 1"H), ~4.49 453,470,475 (4 4, 1 H each, CsHsCH>), 4.96

a T2y &T2R), N ey 2 23 SAAeey (R A AAL/S SON\G, 2 55, 2 SRT, S.D0, Tl \T Wy 2 X3 Veelly WQAIDWARL)y eIV

(dd, 1 H, 3-H), 5.13 (dd, 1 H, 2"-H), 527 (d, 1 H, 1-H), 546 (d, 1 H, 4-H), 6.17 (d, 1 H,2-NH) ; J1 24.8; J23 5.1; JaNH 8.9;
J3,452,J4,55.0: 7564 4.8:J56b 5.5 Jea,b 9.6; J1',20 7.9; J2r 31 10.5; J3r 4 3.2, J4 5 < 1; J5 62 8.75 J5 6'b 6.1 Jg'a b
9.2; JcH, 11.7, 119, 12.2 Hz; 13CNMR(6780MHz CDCl3) & 20.5, 20.6, 20.8, 23.3 (CH3CO), 51.3 (C-2), 55.5
(CH30CgHy), 66.7 (C-67), 672 (C4"), 69.0 (C-6), 69.3 (C-2", 70.6 (C-39), 72.0 (C-5"), 72.7, 73.4 (C¢HsCH2), 73.4, 76.1 (C-

Sv AD r osee o a% A mm s oy s arm o rawww o TAn A s Py

3, C-4, C-5), 98.5 (C-1), 99.7 (C-19, 114.4, 117.8 (CH30CgHy,), 127.5 - 138.3 (CgHs5CHy), 151.1, 154.9 (CH30CsHy),

1£0Q 1NN 170 D HOLL M)
1UF.0, L TU, 1/V.e (LK),

Anal. Caled for C4gHs5NO15 (885.96): C, 65.07; H, 6.26; N, 1.58. Found: C, 64.59; H, 6.28; N, 1.58.

p-Methoxyphenyl O-(2-acetamido-4-0-acetyl-3,6-di-O-benzyl-2-deoxy-B-D-glucopyranosyl)-(1-»>4)-2-
acetamido-3,6-di-O-benzyl-2-deoxy-B-D-glucopyranoside (20): To a solution of 9(68 mg, 52 umol) in MeOH (1
ml) was added ethylenediamine (525 pl, 7.8 mmol) and the mixture stirred at 50 “C for 20 h. Removal of volatile components
under reduced pressure and coevaporation with toluene (5 ml) gave a yellow syrup, which was acetylated in CH3Cly (2 ml) and

muridine 11 € s\ hy tswatmant with anatic anhudemds M & MmN and A DNMAD /1 mao 221imal far 9N h A for haing mrransahad with
PYNGINR (V.0 [ oY SeaUniiR Wil SCOIK anayGnGd (v.) My anG 4=UMAY (1 g, 0.4 jN0i) 107 U 0. ALCT o€Ing qQueninca wiln

MeOH (0.5 ml), the mixture was stirred for 30 min and evaporated in vacuo to afford a crude product, which was purified by
elution from silica gel (CHCl3-MeOH 1:0 — 50:1) to afford 41 mg (84 %) 20 as a colorless, crystalline mass, Recrystallization
from hot methanol furnished colorless needles; m.p. 242-243 °C; [0]20) -36.0 (¢ 1.1, CHCl3); R¢ 0.55 in CHCl3-MeOH 20:1;
1H NMR (270 MHz, CDCl3) § 1,74, 1.93, 1.9 (3 5, 3 H each, 3 CH3CO), 3.35 - 3.54 (m, 3 H, 5'-H, 6'-Hp), 3.67 - 3.71 (m,
2 H, 6-H,, 3-H), 3.75 (s, 3 H, CH30CsHy), 3.76 - 3.85 (m, 3 H, 5-H, 6-Hp, 2-H), 3.89 (dd, 1 H, 3H) 4.04 (dd, 1 H, 4-H),

4 mo 2 2 ¥y LWLV IR A YT N YT MYV N A A s 4 A 4 s

428 (ddd, i H, 2-H), 4.36, 443 (2 d, 1 H each, CgH5CH2), 4.45 (5, 2 H, C6HsCH2), 4.46 (d, i H, 1"-H), 4.49, 4.60, 4.64,
A‘TQ[AA 1“3-;:-!\ r*.u.r‘u\ SEMR 4 1T H YNNI “Iﬂldd 1TH 4'. 1IN {‘IA(rl 1TH 1. £87/4 1 HH 9

478 (4 CgHsCHa), 5.08 (4, 1 H, 2-NH), 5. 1H,4%-H), 5.16 (4, 1 H, 1-H), 6.57 (d, 1 H, 2-NH); J1 2 4.8;
J23 4.8 JaNH 9.0: J3,4 4.5 J45 4.1; J1 2 4.6, J2 NH 7.6, J3.47.9; JcH2 11.6, 11.7 Hz; 13C NMR (67.80 MHz, CDCl3)
5209, 23.0, 23.4 (CH3C0), 50.5 (C-2), 55.0 (C-2", 55.6 (CH30CgHy), 69.3 (C-6", 69.8 (C-6), 71.1 (C-4"), 72.0, 72.3
(CeHsCHy), 72.9 (C-57, 73.2, 73.5 (CsHsCH3), 73.6 (C-4), 74.6 (C-5), 76.5 (C-3), 78.0 (C-37), 98.9 (C-1), 99.7 (C-1"),
114.4, 117.8 (CH30CgH4), 127.4 - 137.7 (CgHsCH2), 151.2, 155.0 (CH30CgH4), 169.8, 170.5, 170.8 (CH3CO).

Anal. Caked for Cs3HgoN2013 (933.06): C, 68.23; H, 6.48; N, 3.00. Found: C, 67.69; H, 6.39; N, 3.08.

D-galacto-non- 2 ulopyranosyl) onamide]- (2—}3) 2, 4 di-O-acetyl-6-O-benzyl-B-D-galactopyranosyl)-
(1—>4)-2-acetamido-3,6-di-O- benzyl~2-deoxy~B-D-glucopyranosnde (26): Tnsacchande 24 (60 mg, 40 umol) was
added to a solution of ethylenediamine (120 i, 1.8 mmol) in MeOH (1 ml) and stirred at room temperature for 3 d. The mixture
was freed from reagent and solvent by evaporation at 30 °C, acetylated in pyridine (0.5 ml) by addition of acetic anhydride (0.3
ml) and 4-DMAP (1.0 mg, 8.2 umol) and stirring for 20 h at room temperature. Quenching with MeOH (0.5 ml), stirring for 30
min and evaporation o dryness gave crude 23; eluiion from siiica gel (CHCiz-MeOH 20:1) gave 39 mg (71 %) of 25 asa
colorless film; [a]20 -31.9 (¢ 0.8, CHCl3); R¢ 0.11 in CHCI3-MeOH 20:1; 1H NMR (270 MHz, CDCl3) & 1.86 (dd, 1 H, 3"
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Hay), 1.91, 1.96, 1.98, 2.00 (4 s, 3 H each, 4 CH3CO), 2.03 (s, 9 H, 3 CH3C0), 2.10, 2.13 (2 5, 3 H each, 2 CH3CO), 2.37
(dd, 1 H, 3"-Heq), 3.30 - 3.50 (m, 6 H, NHCH2CHoNH, 2 ring protons), 3.68 - 3.78 (m, 2 H, ring protons), 3.75 (s, 3 H,

CH30CgHy), 3.92 - 4.10,4.25 (2 m, 7 and 1 H, ring peotons), 4.32 (dd, 1 H, 3-H), 4.34 (d, 1 H, C¢HsCHp), 4.38 (dd, 1 H,

9"-Hyp), 4.43 (s, 2 H, CgHsCH2), 4.53 (d, 1 H, C¢HsCH2), 4.63 (d, 1 H, 1'-H), 4.68, 4.77 (2 d, 1 H each, C¢H5CH3), 5.01 (dd
andm 2H2HA"H) S24(d 1H 1.} §200d4d 1H 7*H) §32(d 1 H 4" 1) 5§64 (ddd 1H & H) 587 d 1H

andm,2H,2-H,4"-H),524 (4, 1 H, 1-H), 529 (dd, 1 H, 7"-H), 5.32 (d, | H,4'-H), 5.64 (ddd, 1 H, 8"-H), 5.87 (br. 4, 1 H,
5"NH), 6.26 (d, 1 H, 2-NH), 643 (br. t, 1 H, NHCH,CHNH); J1 3 4.6: Jo i 8.9: Jy' 2 8.0; T35 105; J3: 4 2.8; Ty <
L.0; J3veq.ax 12.7; J3veq,4 4.6; J5" NH 9.2; J7 8" 6.6,/ 9" 5.6; J3~ 9"b 2.3; Jg"a,b 12.2; JCH2 11.6, 11.7 Hz.

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

p-Methoxyphenyl O-(5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-non- 2-uiopyranosyionic acid]-

(2-3)~(8-O-benzyl-p-D-galactopyranosyl)-(1— 4)-2-acetamido-3,6-di-O-benzyli-2-deoxy-B-D-
gluconyranogide (27): Trisaccharide 24 (107 mg, ne umol) was heated under reflux in the presence of lithium iodide (291

2 L e s W \ & Weas satAALTAS Ll AVAIWA 1i1 WIV pAVDwidve Wi Saliilsil avuies (S 2

mg, 2.18 mmol) in pyridine (15 ml) under argon for 6 h. The dark yellow solution was evaporated to dryness, coevaporated with
AcOEt (3 x 20 ml) and dissolved in AcOEt (60 ml). Washing of the org. phase with 2 N HCI (3 x 5 ml), satd. NaCl solution (2
x 5 ml), drying (MgSOy4) and concentration in vacuo afforded 98 mg (92 %) of the corresponding carboxylic acid as a bright
yellow film; Rf 0.26 in CHCl3-MecOH 8:1.

To the soiution of the free acid in MeOH (4 mi) was added ethyiencdiamine (224 pl, 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 (R;0.13 - 0.27 in
CHCla-MeOH 2:1), which was N-acetylated by stirring in MeOH (10 m) with acetic anhydride (600 u!) for 24 h at room

IANEEAITT £ 1) 10N & RS2 SR SR IO R I 2 &

temperature. The mixture was freed from the solvents in vacuo, dissolved in MeOH (5 ml) and treated with NaOMe (25 mg, 0.48
mmol) at 0 °C for 3 d. The solution was brought to pH 4-5 with Amberlyst 15-E, filtered and evaporated to give 83 mg of a
yellowish glass which was purified by silica gel column chromatography (CHCI3-EtOH-AcOH 4:1:0 — 3:1:0 - 2:1:0 —»
12:6:1). From the resulting solid (54.4 mg), 39.3 mg were further purified by snze exclusxon chromatography on Sephadex LH-20

ax_mwr Az o sam o man oaAan P e e AT - A R ]

wiih MeOH io give 25.8 mg (46 % from 24) of 30 as a coloriess powder; uxr-vD -0.4 (¢ 1.7, CH30H); R¢ 0.13 in CHCi3-
AMaMNLT ) 1 mmumuu r‘m.\xt'mhu 1T H T Y 170 100 M ¢ T H sarh 2 CHAONY D 78 (he drllus"
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Heg), 3.40j (m, 2 H, 6-Hy), ~3.54 (m, 1 H, 2" I-I), 3.62 (s, 3 H, CH3OCgHy), ~3.63 (m, 1 H, 3-H), ~3.95 (dd, 1 H, 2-H), 3.50
(m, 13 H, ring protons), 4.17, 4.31 (4, 1 H each, CHsCHo), 4.38 (d, 1 H, 1'-H), 4.44 (d, 1 H, C¢HsCHp), 4.51 (d, 2 H,
CgHsCHa), 4.84 (d, 1 H, 1-H), 4.95 (d, 1 H, C¢HsCHa2): /1,2 8.3; /1,2 7.8: J3"eq.ax 12.2; J3"eq.a" 3.9: J3"ax,a" 12.2: JCH
112, 11.7, 122 Hz; 13C NMR (100.40 MHz, CDCl3) § 22.7, 23.0 (CH3CO), 30.7 (C-3"), 54.2 (C-5"), 56.0 (CH30CgHg),
69.1, 69.6, 69.8, 70.7, 71.2, 72.9, 742, T4.4, 74.8, 75.0, 75.2, 76.4, 77.9, 78.2, 82.1 (ring C, C¢HsCHy), 101.8 (C-2", C-1),

104.6 (C-17, 115.5, 119.3 (CH30CgHs), 128.3 - 129.4, 139.6, 19.8, 140.6 (CgH5CH3), 153.0, 156.7 (CH30CgHg), 173 .4,
1756 (CHaCO): ESI-MS (positive) m/z 1073.3 [M+Nalt,
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