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Glucosamine was readily transformed into N-di- glycosyl donors β(1–4)- and β(1–3)-linked disaccharides 13
and 15a–c, respectively. From 18 as galactosyl donor and 14amethylmaleoyl (DMM) protected derivative 1 which

furnished trichloroacetimidate 4 as glycosyl donor. Reaction as acceptor β(1–3)-linked disaccharide 19 was obtained in
high yield, which is a versatile building block for thewith various acceptors (5a–g) in the presence of TMSOTf as

the catalyst afforded the corresponding β-glycosides 6a–g important Galβ(1–3)GlcNAc unit. 19 was transformed into
trichloroacetimidate 21; glycosylation with 5e as acceptorgenerally in high yields. Cleavage of the DMM group was

readily accomplished by treatment with aqueous NaOH and gave trisaccharide 22 which furnished on partial
deprotection Galβ(1–3)GlcNAcβ(1–4)Glc derivative 24. Thus,then with HCl (pH 5). Starting from 1 also DMM group

containing glycosyl acceptors 9 and 14a–c were synthesized. the wide applicability of DMM as amino protective group in
oligosaccharide synthesis is exhibited.They furnished with trichloroacetimidates 12 and 4 as

An important constituent of various glyconjugates is -glu- participation to enforce β linkage, stability to acid and non
nucleophilic bases and thus compatibility with an array ofcosamine which is mainly found as an N-acetyl derivative

in β-glycosidic linkage[1]. Glycoside bond formation with different functional groups and protective groups. Ad-
ditionally, the cyclic DMM group is symmetric, thus easingdonors derived from N-acetylglucosamine (GlcNAc) occurs

generally by neighboring group participation to give a 1,3- structural assignments by NMR also in the case of hindered
rotation of the DMM group. Our studies concentrated onoxazolinium intermediate[2], which exhibits only weak gly-

cosyl donor properties. Therefore, various alternatives have glucosamine, which was investigated as N-DMM-protected
glycosyl donor and glycosyl acceptor in situations typicallybeen investigated having, for instance, a phthalimido[1] [2], a

tetrachlorophthalimido[3] [4] a dithiasuccinylimido[5], an found in oligosaccharide synthesis [15].
N,N-diacetylamino[6], a trichloroacetylamino[7], or a tri-
chloroethoxycarbonylamino group[8] [9] in the 2-position,

N-DMM-Protected Glucosamine as Glycosyl Donorthus supporting formation of the β anomer. Due to strong
electron withdrawing character of the N substituents, these

Treatment of glucosamine hydrochloride first with baseglucosamine derivatives also exhibit increased glycosyl do-
and then with dimethylmaleic anhydride (DMMA)[16] lednor properties. Also the 2-azido group has gained wide use
to N-acylation; upon treatment with acetic anhydride inin this regard[1] [2] [10] [11] [12]. However, all these groups also
pyridine N-DMM-protected tetra-O-acetylglucosamine 1exhibit some disadvantages which have been recently dis-
(Scheme 1) was obtained as starting material for the follow-cussed in detail [3] [9]. Therefore, we investigated the dimeth-
ing investigations; only the β isomer was found.ylmaleoyl (DMM) group[13] which to the best of our knowl-

The 1-O-acetyl group could be readily removed by treat-edge has not been used for the protection of amino groups
ment with hydrazinium acetate to afford compound 2. Re-in sugars[14]. The reported ease of introduction and also
action with tert-butyldimethylsilyl chloride (TBDMS-Cl) inease of cleavage under weakly aqueous basic and then
the presence of imidazole gave exclusively β-1-O-TBDMSacidic conditions[13] made it an interesting protective group
protected compound 3. Reaction of 2 with trichloroaceton-for aminosugars because all the other beneficial properties
itrile in the presence of 1,8-diaza[5.4.0]bicycloundec-7-eneof electron-withdrawing protective groups should be also
(DBU) afforded β-trichloroacetimidate 4, which was usedfound: high glycosyl donor properties, neighboring group
as glycosyl donor with various acceptors (5a2g) [17]. Under
standard conditions, i.e. activation of 4 with 0.01 equiva-[°] Address: J. C. C.-P.: Laboratorio de Antigenos Sinteticos,
lents of trimethylsilyl trifluoromethanesulfonate (TMSOTf)Facultad de Quimica, Universidad de la Habana, Ciudad de

la Habana, 10400 Cuba. 2 E.-S. I. I.: Chemistry Department, as the catalyst, generally high yields of glycosides 6a2g
Faculty of Science, Suez Canal University, Ismailia, Egypt. 2 were obtained (Table 1); in all cases only the β productsE.-S. H. E.-A.: Chemistry Department, Faculty of Science,
Alexandria, Egypt. were found; even the low reactive 4-hydroxy group of glu-
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Scheme 1 could be carried out under the above described standard

conditions: treatment with sodium hydroxide and then with
hydrochloric acid at pH 5 5 and finally acetylation with
acetic anhydride in pyridine led to the desired products
(Table 1, Method A)[18] [19]. Only the yield for allyl glycoside
7b was low; this could be due to interaction of the neighb-
oring allyl group with the DMM cleavage process which is
outlined in Scheme 2[13]: hydroxide reaction leads to ring-
open intermediate A which in the presence of acid is in
equilibrium with butenolide B; protonation of the basic ni-
trogen atom of the amide acetal moiety (R C) leads to gen-
eration of DMMA and free amine hydrochloride D which
is then transformed into the N-acetyl derivative.

Scheme 2

cose derivative 5e and the axial 2-hydroxy group of man-
nose derivative 5f gave satisfactory yields. 3b,4b-O-Unpro-
tected lactose derivative 5g as acceptor led to particularly
high glycosylation yields and, unexpectedly, 4b attack was
preferentially observed [6g-(3b)/6g-(4b) 5 1:2].

Addition of acetyl chloride under Schotten-Baumann
conditions to A should shift the equilibrating reactions toTable 1. Results of the transformation of 4 and 5a2g into 6a2g

and 6a2g into 7a2g the desired products. This was investigated for 6a, 6e and
6g-(4b) (Method B) and at least for the 6aR7a and 6eR7e

5 6 7 transformation the yield could be increased. Also additionHOR Yield [%] Yield [%]
of amine should scavenge liberated DMMA (Method C)
and thus increase the DMM deprotection yield; this coulda 88[a] 40[c], 64[d]

b 85[a] 23[c] be shown for the 6eR7e transformation.
c 88[a] 71[c]

d 77[a] 65[c]

e 78[a] 65[c], 97[d], 89[e]

f 53[a] 68[c] N-DMM-Protected Glucosamine as Glycosyl Acceptor
g 94[b] (3b/4b, 1:2) 74[c], 74[d]

Compounds 3, 6b, and 6c could be readily transformed
[a] Reaction at room temp. 2 [b] 230°C. 2 [c] Method A. 2 [d]

into glycosyl acceptors. Treatment with NaOMe in MeOH
Method B. 2 [e] Method C.

gave 3,4,6-O-unprotected derivatives 8a, 8b, and 8c (Scheme
3a). Treatment of 8a with dibutyltin oxide and then withTransformation of the N-DMM protected compounds

6a2g into the corresponding N-acetyl derivatives 7a2g benzyl bromide in the presence of tetrabutylammonium
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Scheme 3biodide (TBAI)[20] furnished highly regioselectively 3,6-di-O-

benzyl derivative 9, which is a very useful glycosyl acceptor.
Reaction of 9 with acetic anhydride/pyridine afforded 4-O-
acetyl derivative 10; cleavage of the TBDMS group with
TBAF in the presence of acetic acid gave 1-O-unprotected
derivative 11, which on treatment with CCl3CN in the pres-
ence of DBU afforded trichloroacetimidate 12 (α/β 5 1:3)
a versatile glycosyl donor for β(124)connections with a glu-
cosamine residue. Thus, reaction of acceptor 9 with donor
12 in the presence of TMSOTf as catalyst afforded β(124)-
connected disaccharide 13 which was structurally assigned
by NMR (1H NMR: J1a,2a 5 8.2 Hz; J1b,2b 5 8.4 Hz).

Scheme 3a

Also the frequently occurring Galβ(123)GlcNAc disac-
charide moiety could be readily synthesized with the help
of known galactosyl donor 18 (Scheme 4)[22]; reaction with
14a as acceptor gave in the presence of TMSOTf as catalyst
the desired β(123)-linked disaccharide 19 in very good
yield (1H NMR: J1a,2a 5 8.1, J1b,2b 5 8.0 Hz). 1-O-Desilyl-
ation with TBAF in the presence of acetic acid led to 1-O-
unprotected compound 20, which on treatment with
CCl3CN/DBU furnished trichloroacetimidate 21 (α/β 5
1:4). Reaction of 21 with 4-O-unprotected glucose deriva-
tive 5e as acceptor in the presence of TMSOTf as catalyst
gave exclusively β(124)-linkage, affording trisaccharide 22
(1H NMR: J1a,2a 5 8.5; J1b,2b 5 7.7; J1c,2c 5 7.9 Hz). De-Reaction of 8a2c with benzaldehyde dimethylacetal in

the presence of p-toluenesulfonic acid (p-TsOH) as catalyst benzylidenation with p-TsOH as catalyst in the presence of
ethanethiol as nucleophile[21] gave 4b,6b-O-unprotected de-afforded regioselectively 4,6-O-benzylidene derivatives

14a2c as 3-O-unprotected glycosyl acceptors. Their reac- rivative 23; then the DMM group was replaced by the N-
acetyl group under standard conditions to afford trisacch-tion with glycosyl donor 4 furnished β(123)-linked disac-

charides 15a2c in very high yields. The benzylidene group aride 24 in good yield.
In conclusion, DMM-protected glucosamine could bein 15b,c was removed on treatment with p-TsOH in the

presence of ethanethiol as the nucleophile[21], thus affording transformed into various glycosyl donors and glycosyl ac-
ceptors, thus withstanding different acidic and basic con-4a,6a-O-unprotected derivatives 16b,c, which are again use-

ful glycosyl acceptors for the synthesis of branched oligo- ditions. Glycosylation reactions with DMM-protected do-
nors and acceptors furnished in the presence of TMSOTfsaccharides. Removal of the two DMM groups, for instance

in 16c, could be carried out under standard conditions af- as the catalyst the desired glycosidic bonds generally in high
yields. Also cleavage of the DMM group under standardfording after treatment with acetic anhydride/pyridine

GlcNAcβ(123)GlcNAc derivative 17c (1H NMR: J1a,2a 5 conditions worked reliably and in good yields. Hence, the
DMM group is a very useful alternative to the above men-8.1; J1b,2b 5 8.2 Hz).
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was added to a sodium ethoxide solution (1.0 , 13.92 ml, 13.92Scheme 4
mmol). After 10 min, the mixture was treated with dimethylmaleic
anhydride (0.88 g, 6.97 mmol) and stirred for 20 min. Triethylamine
(1.4 ml, 13.91 mmol) was added and the reaction mixture was again
treated with dimethylmaleic anhydride (0.88 g, 6.97 mmol). The
reaction mixture was warmed to 60°C with stirring for 1.5 h then
dried well in vacuo. The residue from the last step was treated with
pyridine (28 ml), acetic anhydride (14 ml) and stirred at room temp.
After 20 h the reaction mixture was evaporated and the residue
poured on ice, extracted with chloroform (3 3 100 ml), washed
with aqueous hydrochloric acid (3%, 100 ml), saturated sodium bi-
carbonate solution (100 ml), distilled water (3 3 100 ml), dried by
anhydrous sodium sulfate, and coevaporated with toluene in vacuo.
The residue was purified by flash chromatography (n-hexane/ethyl
acetate, 1:1) to yield 1 (3.64 g, 57%) as a white powder. 2 TLC (n-
hexane/ethyl acetate, 1:1): Rf 5 0.39; m.p. 1092110°C. 2 [α]D 5

140 (c 5 1.0, chloroform). 2 1H NMR (250 MHz , CDCl3): δ 5

2.10 , 2.05 , 2.03, 1.96, 1.92 (5 s, 18 H, 2 CH3, 4 COCH3), 3.95 (2
m, 1 H, 5-H), 4.11 (dd, Jgem 5 12.5, J5,6 5 2.5 Hz, 1 H, 6-H), 4.20
(dd, J1,2 5 8.9, J2,3 5 10.4 Hz,1 H, 2-H), 4.34 (dd, Jgem 5 12.5,
J5,69 5 4.4 Hz, 1 H, 69-H), 5.10 (dd, J3,4 5 9.2, J4,5 5 10.0 Hz, 1
H, 4-H), 5.70 (dd, J2,3 5 10.4, J3,4 5 9.2 Hz, 1 H, 3-H), 6.35 (d,
J1,2 5 8.9 Hz, 1 H, 1-H). 2 MALDI-MS (positive mode, DHB/
THF matrix); m/z: 478 [MNa1], 494 [MK1]. 2 C20H25NO11

(455.4): calcd. C 52.74, H 5.53, N, 3.07; found C 52.26, H 5.52,
N 2.86.

3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β- -gluco-
pyranose (2): A solution of 1 (3.2 g, 7 mmol) and hydrazinum ace-
tate (0.74 g, 8.0 mmol) in DMF (11 ml) was stirred at room temp.
After 1 h the reaction mixture was diluted with ethyl acetate (40 ml)
and washed with ice-cold saturated sodium bicarbonate solution (5
3 100 ml). The organic layer was separated, dried by anhydrous
magnesium sulfate, filtered and coevaporated with toluene in va-
cuo. The residue was purified by flash chromatography (n-hexane/
ethyl acetate, 1:1) to yield 2 (2.47 g, 85%) as white crystals. 2 TLC
(n-hexane/ethyl acetate, 1:1): Rf 5 0.2; m.p. 5 1402141°C. 2

[α]D 5 154.3 (c 5 1.0, chloroform). 2 1H NMR (250 MHz,
CDCl3): δ 5 2.08, 2.00, 1.93, 1.90 (4 s, 15 H, 2 CH3, 3 COCH3),tioned amino protective groups in oligosaccharide syn-
3.23 (d, J1,OH 5 7.4 Hz , 1 H, OH), 3.85 (2 m, 1 H, 5-H), 3.99 (dd,thesis.
J1,2 5 8.3, J2,3 5 10.7 Hz, 1 H, 2-H), 4.14 (dd, Jgem 5 12.3, J5,6 5

This work was supported by the European Community (grant No 2.3 Hz , 1 H, 6-H), 4.25 (dd, Jgem 5 12.3, J5,69 5 4.7 Hz, 1 H, 69-
ERB 4061 PL 9520372), the Deutsche Forschungsgemeinschaft and H), 5.09 (dd, J3,4 5 9.1, J4,5 5 10.1 Hz, 1 H, 4-H), 5.44 (dd, J1,2 5
the Fonds der Chemischen Industrie. M. R. E. A. is grateful for a 8.3, J1,OH 5 7.4 Hz, 1 H, 1-H), 5.66 (dd, J2,3 5 10.7, J3,4 5 9.1
stipend within the channel program of the Egyptian Government. Hz, 1 H, 3-H). 2 MALDI-MS (positive mode-DHB/Matrix); m/z:

436 [MNa1], 452 [MK1]. 2 C18H23NO10 (413.4): calcd. C 52.29,
H 5.60, N 3.38; found C 52.92, H 5.80, N 3.43.

Experimental Section
tert-Butyldimethylsilyl 3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylma-

Solvents were purified in the usual way. Melting points are un- leimido-β--glucopyranoside (3): To a solution of 2 (1.04 g, 3.38
corrected. 2 TLC was performed on plastic plates Silica Gel 60 mmol) and imidazole (0.46 g, 6.76 mmol) in dry dichloromethane
F254 (E. Merck, layer thickness 0.2 mm). The detection was (10 ml) was added tert-butylchlorodimethylsilane (0.61 g, 4.0
achieved by treatment with a solution of 20 g ammonium molyb- mmol). After stirring at room temp for 1 h the reaction mixture was
date and 0.4 g cerium(IV) sulfate in 400 ml 10% H2SO4 or with diluted with water (100 ml), then extracted with dichloromethane (3
15% H2SO4, and heating at 150°C. 2 Flash chromatography was 3 30 ml), dried with anhydrous magnesium sulfate, and evaporated
carried out on silica gel (Baker, 30260 µm). 2 Medium pressure in vacuo. The residue was purified by flash chromatography (n-
liquid chromatography (MPLC): LiChroprep Si 60 (Merck; [ hexane/ethyl acetate, 2:1) to yield 3 (1.18 g, 90%) as white crystals.
15225 µm), detection by differential refractometer. 2 Optical ro- 2 TLC (petroleum ether/ethyl acetate, 1:1): Rf 5 0.6; m.p.
tations were determined at room temp. with a Perkin-Elmer 241/ 1262127°C. 2 [α]D 5 19.6 (c 5 1.0, chloroform). 2 1H NMR
MC polarimeter (1 dm cell). 2 NMR spectra were recorded with (250 MHz, CDCl3 ): δ 5 20.02 (s, 3 H, SiCH3), 0.03 (s, 3 H,
Bruker AC 250 and 600 DRX instruments, using tetramethylsilane SiCH3), 0.74 [s, 9 H, SiC(CH3)3], 1.90, 1.91, 1.99, 2.05 (4 s, 15 H,
as internal standard. 2 MS spectra were recorded with MALDI- 2 CH3, 3 CH3CO), 3.78 (m, 1 H, 5-H), 3.98 (dd, J1,2 5 8.1, J2,3 5
Kompakt (Kratos), EI and FAB with Finnigen MAT 312/AMD. 10.8 Hz, 1 H, 2-H), 4.10 (dd, Jgem 5 12.1, J5,6 5 2.5 Hz, 1 H, 6-

H), 4.20 (dd, Jgem 5 12.1, J5,69 5 5.8 Hz, 1 H, 69-H), 5.03 (dd,1,3,4,6-Tetra-O-acetyl-2-deoxy-2-dimethylmaleimido-β- -glu-
copyranoside (1): -Glucosamine hydrochloride (3.0 g, 13.91 mmol) J3,4 5 9.0, J4,5 5 10.2 Hz, 1 H, 4-H), 5.35 (d, J1,2 5 8.1 Hz, 1 H,
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1-H), 5.64 (dd, J2,3 5 10.8, J3,4 5 9.0 Hz, 1 H, 3-H). 2 MALDI- 3.76, 3.80 (2 m, 1 H, 5-H), 4.0624.17 (m, 2 H, 2-H, 6-H), 4.29 (dd,

Jgem 5 10.3, J5,69 5 4.6 Hz, 1 H, 69-H), 4.49 (d, Jgem 5 12.2 Hz, 1MS (positive mode, DHB/THF matrix); m/z: 549 [MNa1], 566
[MK1]. 2 C24H37NO10Si (527.6): calcd. C 54.62, H 7.06, N 2.65; H, CHHPh), 4.83 (d, Jgem 5 12.2 Hz, 1 H, CHHPh), 5.10 (dd,

J3,4 5 J4,5 5 9.1 Hz, 1 H, 4-H), 5.20 (d, J1,2 5 8.5 Hz, 1 H, 1-H),found C 54.58, H 6.77, N 2.65.
5.59 (dd, J2,3 5 10.6, J3,4 5 9.1 Hz, 1 H, 3-H), 7.14, 7.22 (2 m, 5O-[3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β- -gluco-
H, Ph). 2 MALDI-MS (positive mode, DHB/THF matrix); m/z:pyranosyl] Trichloroacetimidate (4): A mixture of 2 (1.0 g, 2.4
526 [MNa1]. 2 C25H29NO10 (503.5): calcd. C 59.63, H 5.80, Nmmol), trichloroacetonitrile (1.48 ml, 14.5 mmol), and 1,8-diaza-
2.78; found C 58.96, H 5.91, N 2.62.bicyclo[5,4,0]undec-7-ene (0.05 ml, 0.3 mmol) in dry dichlorometh-

ane (7 ml) was stirred at room temp. for 5 h and then concentrated Methyl O-( 3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β--
in vacuo. The residue was purified by flash chromatography (n- glucopyranosyl)-(1R6)-2,3,4-tri-O-benzyl-α- -galactopyranoside
hexane/ethyl acetate, 1:1 1 1% triethylamine) to yield 4 (0.98 g, (6d): The residue was purified by flash chromatography (n-pentane/
75%) as a fluorescent foam. 2 TLC (n-hexane/ethyl acetate, 1:1): ethyl acetate, 2:1) to give 6d (0.137 g, 77%) as a colorless oil. 2
Rf 5 0.4. 2 [α]D 5 131.5 (c 5 1.0, chloroform). 2 1H NMR (250 TLC (petroleum ether/ethyl acetate, 2:1): Rf 5 0.37. 2 [α]D 5
MHz , CDCl3): δ 5 1.92, 1.94, 2.04, 2.11 (4 s, 15 H, 2 CH3, 3 110.8 (c 5 0.44, chloroform). 2 1H NMR (600 MHz, CDCl3):
COCH3), 4.00 (2 m, 1 H, 5-H), 4.17 (dd, Jgem 5 12.5, J5,6 5 2.2 δ 5 1.88, 1.98, 2.02 (3 s, 15 H, 2 CH3, 3 COCH3), 3.20 (s, 3 H, -
Hz, 1 H, 6-H), 4.4324.33 (m, 2 H, 2-H, 69-H), 5.22 (dd, J3,4 5 9.1, OCH3), 3.49 (dd, Jgem 5 8.9, J5,6 5 6.2 Hz, 1 H, 6a-H), 3.72 (m,
J4,5 5 10.1 Hz, 1 H, 4-H), 5.74 (dd, J2,3 5 10.1, J3,4 5 9.1 Hz, 1 1 H, 5a-H), 3.74 (m, 2 H, 4a-H, 69a-H), 3.75 (m, 1 H, 5b-H), 3.83
H, 3-H), 6.46 (d, J1,2 5 8.9 Hz, 1 H, 1-H), 8.67 (s, 1 H, NH). (dd, J2,3 5 10.0, J3,4 5 3.9 Hz, 1 H, 3a-H), 3.94 (dd, J1,2 5 3.9 Hz,
2 FAB-MS (positive mode, NBOH/NaI-matrix); m/z: 579/581/583 J2,3 5 10.0, 1 H, 2a-H), 4.02 (dd, J1,2 5 8.5, J2,3 5 10.6 Hz, 1 H,
[MNa1], 396 [556 2 OC(5NH)CCl3

1]. 2 C20H23Cl3N2O10 2b-H), 4.05 (dd, Jgem 5 12.3, J5,6 5 2.0 Hz, 1 H, 6b-H), 4.26 (dd,
(557.8): calcd. C 43.06, H 4.15, N 5.02; found C 42.59, H 4.20, Jgem 5 12.3, J5,69 5 4.3, 1 H, 69b-H), 4.53 (d, J1,2 5 3.9 Hz, 1 H,
N 4.88. 1a-H), 4.54, 4.88 (2 d, Jgem 5 11.2 Hz, 2 H, CH2Ph), 4.63, 4.78 (2

d, Jgem 5 11.2 Hz, 2 H, CH2Ph), 4.68, 4.86 (2 d, Jgem 5 11.8 Hz,General Procedure for the Synthesis of Compounds 6a2g: A solu-
2 H, CH2Ph), 5.07 (dd, J3,4 5 J4,5 5 9.2 Hz, 1 H, 4b-H), 5.13 (d,tion of 4 (0.15 g, 0.258 mmol) and 5a2g [17] (0.21 mmol) in dry
J1,2 5 8.5 Hz, 1 H, 1b-H), 5.59 (dd, J2,3 5 10.6, J3,4 5 9.2 Hz, 1dichloromethane (1 ml) was stirred under nitrogen for 10 min.
H, 3b-H), 7.2427.35 (m, 15 H, 3 Ph). 2 13C NMR (150.9 MHz,TMSOTf (0.01  in dichloromethane, 0.27 ml) was added dropwise.
CDCl3): δ 5 8.74 (2 CH3-C), 20.5, 20.61, 20.69 (3 CH3CO-C),After 3 h the reaction mixture was neutralized with triethylamine
54.50 (2b-C), 55.01 (-OCH3-C), 61.89 (6b-C), 68.81 (4b-C), 69.02and dried in vacuo.
(5a-C), 69.15 (6a-C), 70.75 (3b-C), 71.66 (5b-C), 73.29, 73.54, 74.65

n-Octyl 3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β--glu-
(3 CH2Ph-C), 75.22 (4a-C), 76.25( 2a-C), 78.89 (3a-C), 98.33 (1b-

copyranoside (6a): The residue was purified by flash chromatogra-
C), 98.65 (1a-C), 127.442138.67 (3 Ph-C), 169.48, 170.11, 170.67

phy (n-hexane/ethyl acetate, 2:1) to yield 6a (0.097 g, 88%) as white
(3 CH3CO-C). 2 MALDI-MS (positive mode, DHB/THF matrix);

and fine crystals. 2 TLC (n-hexane/ethyl acetate, 2:1): Rf 5 0.3,
m/z: 882 [MNa1], 898 [MK1]. 2 C46H53NO15 H2O (877.9): calcd.

m.p. 1372138°C. 2 [α]D 5 12.0 (c 5 1.0, chloroform). 2 1H
C 62.92, H 6.08, N 1.59; found C 62.87, H 5.97, N 1.58.

NMR (250 MHz, CDCl3): δ 5 0.88 (dd, J 5 6.5, J 5 7.0 Hz, 3
H, CH3), 1.1921.47 [m, 10 H, -(CH2)5-], 1.4321.50 (m, 2 H, CH2), Benzyl O-(3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β--
1.93, 1.96, 2.03, 2.10 (4 s, 15 H, 2 CH3, 3 COCH3), 3.43 (m, 1 H, glucopyranosyl)-(1R4)-2,3,6-tri-O-benzyl-β- -glucopyranoside
5-H), 3.7723.84 (m, 2 H, -OCH2-), 4.07 (dd, J1,2 5 8.5, J2,3 5 10.7 (6e): The residue was purified by flash chromatography (n-hexane/
Hz, 1 H, 2-H), 4.14 (dd, Jgem 5 12.3, J5,6 5 2.4 Hz, 1 H, 6-H), ethyl acetate, 2:1) to yield 6e (0.15 g, 78%) as an oil which crys-
4.31 (dd, Jgem 5 12.3, J5,69 5 4.6 Hz, 1 H, 69-H), 5.12 (dd, J3,4 5 tallizes on standing. 2 TLC (petroleum ether/ethyl acetate, 1:1):
J4,5 5 9.1 Hz, 1 H, 4-H), 5.2 (d, J1,2 5 8.5 Hz, 1 H, 1-H), 5.62 (dd, Rf 5 0.57, m.p. 90292°C. 2 [α]D 5 24.7 (c 5 1.0, chloroform).
J2,3 5 10.7, J3,4 5 9.1 Hz, 1 H, 3-H). 2 EI-MS (positive mode); 2 1H NMR (600 MHz, CDCl3): δ 5 1.86, 1.88, 1.94, 1.95 (4 s, 15
m/z: 525 [M1], 43 [CH3CO1]. 2 C26H39NO10 (525.6): calcd. C H, 2 CH3, 3 CH3CO), 3.2823.33 (m, 2 H, 5a-H, 5b-H), 3.4623.51
59.41, H 7.47, N 2.66; found C 59.54, H 7.58, N 2.97. (m, 2 H, 2a-H, 6a-H), 3.5823.61 (m, 2 H, 3a-H, 69a-H), 3.7523.77

(m, 1 H, 6b-H), 3.9524.02 (m, 3 H, 4a-H, 2b-H, 69b-H), 4.42 (d,Allyl 3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β--gluco-
J1,2 5 7.7 Hz, 1 H, 1a-H), 4.56, 4.57 (2 d, Jgem 5 12.0 Hz, 2 H,pyranoside (6b): The residue was purified by flash chromatography
CH2Ph), 4.62, 4.86 (2 d, Jgem 5 10.9 Hz, 2 H, CH2Ph), 4.61 (d,(petroleum ether/ethyl acetate, 1.5:1) to yield 6b (0.8 g, 85%) as a
Jgem 5 12.0 Hz, 1 H, CHHPh), 4.8624.93 (m, 3 H, 1.5 CH2Ph),white foam. 2 TLC (petroleum ether/ethyl acetate, 1.5:1): Rf 5
5.03 (dd, J3,4 5 J4,5 5 9.8 Hz, 1 H, 4b-H), 5.49 (d, J1,2 5 8.4 Hz,0.26. 2 [α]D 5 13.8 (c 5 0.65, chloroform). 2 1H NMR (250
1 H, 1b-H), 5.51 (dd, J2,3 5 10.3, J3,4 5 9.8 Hz, 1 H, 3b-H),MHz, CDCl3): δ 5 1.92, 1.95, 2.02, 2.10 (4 s, 15 H, 2 CH3, 3
7.2227.35 (m, 20 H, 4 Ph). 2 13C NMR (150.9 MHz, CDCl3): δ 5CH3CO), 3.79 (m, 1 H, 5-H), 4.0024.34 (m, 5 H, 2-H, 6-H, 69-H,
8.71 (2 CH3-C), 20.46, 20.57, 20.65 (3 CH3CO-C), 55.23 (2b-C),CH2CH5CH2), 5.0825.21 (m, 3 H, CH2CH5CH2, 4-H), 5.25 (d,
61.46 (6b-C), 68.30 (6a-C), 68.45 (4b-C), 70.87, 73.22, 74.38, 74.48J1,2 5 8.5 Hz, 1 H, 1-H), 5.62 (dd, J2,3 5 10.6, J3,4 5 9.1 Hz, 1 H,
(4 CH2Ph-C), 70.91 (3b-C), 71.52 (5a-C), 74.78 (5b-C), 75.71 (4a-3-H), 5.75 (m, 1 H, CH2CH5CH2). 2 MALDI-MS (positive
C), 81.96 (2a-C), 82.84 (3a-C), 97.31 (1b-C), 102.30 (1a-C),mode, DHB/THF matrix); m/z: 478 [MNa1], 494 [MK1]. 2
126.762139.16 (4 Ph-C), 169.39, 170.12, 170.65 (3 CH3CO-C). 2C21H27NO10 (453.4): calcd. C 55.62, H 6.00, N 3.08; found C 55.69,
MALDI-MS (positive mode, DHB/THF matrix); m/z: 957H 6.03, N 2.57.
[MNa1]. 2 C52H57NO15 (936.0): calcd. C 66.72, H 6.13, N 1.49;

Benzyl 3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β--gluc- found C 66.57, H 6.18, N 1.39.
opyranoside (6c): The residue was purified by flash chromatography
(petroleum ether/ethyl acetate, 3:1) to yield 6c (0.098 g, 88%) as a Allyl O-(3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β--

glucopyranosyl)-(1R2)-3,4,6-tri-O-benzyl-α- -mannopyranosidewhite foam. 2 TLC (petroleum ether/ethyl acetate, 3:1): Rf 5 0.1.
2 [α]D 5 244.6 (c 5 0.15, chloroform). 2 1H NMR (250 MHz, (6f): The residue was purified by flash chromatography (n-hexane/

ethyl acetate, 2:1) to yield 6f (0.1 g, 53%) as a white foam. 2 TLCCDCl3): δ 5 1.86, 1.88, 1.99, 2.09 (4 s, 15 H, 2 CH3, 3 CH3CO),
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(petroleum ether/ethyl acetate, 2:1): Rf 5 0.57. 2 [α]D 5 135.4 H), 3.91 (dd, J3,4 5 J4,5 5 9.2 Hz, 1 H, 4a-H), 4.03 (br.s, 1 H, 4b-

H), 4.1524.17 (m, 3 H, 2c-H, 6c-H, 69c-H), 4.30 (br.s, Jgem 5 12.2(c 5 0.5, chloroform). 2 1H NMR (600 MHz, CDCl3): δ 5 1.82,
1.91, 2.00, 2.02 (4 s, 15 H, 2 CH3, 3 CH3CO), 3.37 (dd, Jgem 5 10.8 Hz, 1 H, CHHPh), 4.33 (d, Jgem 5 12.0 Hz, 1 H, CHHPh), 4.37

(d, J1,2 5 7.6 Hz, 1 H, 1a-H), 4.40 (d, J1,2 5 7.1 Hz, 1 H, 1b-H),Hz, J5,6 5 6.5, 1 H, 6a-H), 3.56 (dd, J3,4 5 J4,5 5 9.5 Hz, 1 H, 4a-
H), 3.59 (dd, Jgem 5 10.8, J5,69 5 1.1 Hz, 1 H, 69a-H), 3.68 (m, 1 4.4424.94 (m, 10 H, 5 CH2Ph), 5.07 (dd, J3,4 5 J4,5 5 9.1 Hz, 1

H, 4c-H), 5.44 (d, J1,2 5 8.5 Hz, 1 H, 1c-H), 5.56 (dd, J2,3 5 10.6,H, 5a-H), 3.80 (m, 1 H, 5b-H), 3.87 (m, 2 H, CHHCH5CH2, 3a-
H), 4.0724.10 (m, 2 H, 2a-H, CHHCH5CH2)2], 4.16 (dd, Jgem 5 J3,4 5 9.1 Hz, 1 H, 3c-H), 7.0827.32 (m, 30 H, 6 Ph). 2 13C NMR

(150.9 MHz, CDCl3): δ 5 8.41 (2 CH3-C), 20.41, 20.58, 30.92 (312.2, J5,6 5 2.0 Hz, 1 H, 6b-H), 4.2024.25 (m, 2 H, 2b-H, 69b-H),
4.40, 4.81 (2 d, 2 H, Jgem 5 10.8 Hz, CH2Ph), 4.43 (m, 2 H, CH3CO-C), 54.41 (2c-C), 62.02 (6c-C), 67.28 (4b-C), 68.04 (6a-C),

68.39 (6b-C), 68.74 (4c-C), 70.70 (3c-C), 70.89 (CH2Ph-C), 71.96CH2Ph), 4.50, 4.75 (2 d, 2 H, Jgem 5 11.3 Hz, CH2Ph), 4.58 (d, 1
H, J1,2 5 1.2 Hz, 1a-H), 5.11 (dd, 1 H, J3,4 5 J4,5 5 9.6 Hz, 4b- (5c-C), 72.52 (5b-C), 73.11, 73.42 (3 CH2Ph-C), 74.85 (5a-C),

74.96, 75.36 (2 CH2Ph-C), 76.17 (4a-C), 77.90 (2b-C), 81.81 (2a-H), 5.17 (m, 2 H, CH2CH5CH2), 5.30 (d, 1 H, J1,2 5 8.5 Hz, 1b-
H), 5.64 (dd, 1 H, J2,3 5 10.6, J3,4 5 9.6 Hz, 3b-H), 5.84 (m, 1 H, C), 82.91 (3b-C), 84.43 (3a-C), 98.68 (1c-C), 101.99 (1b-C), 102.44

(1a-C), 128.082139.04 (6 Ph-C), 169.39, 170.06, 170.69 (3 CH3CO-CH2CH5CH2), 7.1327.35 (m, 15 H, 3Ph). 2 13C NMR (150.9
MHz, CDCl3): δ 5 8.65 (2 CH3-C), 20.57, 20.63, 20.72 (3 CH3CO- C). 2 MALDI-MS (positive mode, DHB/THF matrix); m/z: 1302

[MNa1]. 2 C72H79NO20 (1278.4): calcd. C 67.64, H 6.22, N 1.09;C), 54.29 (2b-C), 62.40 (6b-C), 68.04 (CH2CH5CH2-C), 69.06 (4b-
C), 69.86 (6a-C), 70.76 (3b-C), 71.11 (CH2Ph-C), 71.45 (5a-C), found C 67.75, H 6.50, N 1.07.
71.99 (5b-C), 72.87 (CH2Ph-C), 74.17 (2a-C), 74.53 (4a-C), 75.00 General Procedure for the Synthesis of Compounds 7a2g. 2
(CH2Ph-C), 78.10 (3a-C), 96.38 (1a-C), 97.07 (1b-C), 117.54 Method A: A mixture of 6a2g (0.1 mmol) and sodium hydroxide
(CH2CH5CH2-C), 127.462128.34 (3 Ph-C), 133.54 (CH2CH5 (0.1 g, 2.5 mmol) in a dioxane/water mixture (4:1, 5 ml) was stirred
CH2-C), 138.34 (3 Ph-C), 169.46, 170.21, 170.67 (3 CH3CO-C). 2 at room temp. After 24 h the pH was adjusted at 5 by  HCl and
MALDI-MS (positive mode, DHB/THF matrix); m/z: 909 the solution was stirred and monitored by TLC (ethyl acetate and
[MNa1]. 2 C48H55NO15 (885.9): calcd. C 65.07, H 6.25, N 1.58; different amounts of methanol); intermediate A did not migrate;
found C 64.32, H 6.46, N 1.56. acid addition led to a higher moving spot (B or C) which resulted

in lower moving D. After 24248 h the solution was neutralizedBenzyl 3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β- -
with potassium carbonate and dried well in vacuo. The residue wasglucopyranosyl-(1R4)-(2,6-di-O-benzyl-β- -galactopyranosyl)-
treated with pyridine (10 ml), acetic anhydride (5 ml), and stirred(1R4)-2,3,6-tri-O-benzyl-β- -glucopyranoside 6g-(4b) and Benzyl
at room temp. After 19 h the solution was coevaporated with tolu-3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β- -glucopyrano-
ene in vacuo. The residue was dissolved in chloroform (50 ml) andsyl-(1R3)-(2,6-di-O-benzyl-β- -galactopyranosyl)-(1R4)-2,3,6-
washed successively with hydrochloric acid (3%, 50 ml), water (100tri-O-benzyl-β--glucopyranoside 6g-(3b): The residue was purified
ml), saturated sodium bicarbonate solution (50 ml), water (100 ml),first by flash chromatography (petroleum ether/ethyl acetate, 4:3)
dried over MgSO4 (anhydrous), and coevaporated with toluene into yield 6g-(4b) (0.173 g, 63%) as a colorless oil. 2 TLC (petroleum
vacuo.ether/ethyl acetate, 4:3): Rf 5 0.18. 2 [α]D 5 11.6 (c 5 1.0, chloro-

form). 2 1H NMR (600 MHz, CDCl3): δ 5 1.84, 1.88, 1.99, 2.03 n-Octyl 2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-β--glucopyrano-
(4 s, 15 H, 2 CH3, 3 CH3CO), 3.10 (dd, J1,2 5 7.9, J2,3 5 9.5 Hz, side (7a) [19a]: Method A: The residue was purified by flash chroma-
1 H, 2b-H), 3.3523.45 (m, 6 H, 5a-H, 5b-H, 6a-H, 6b-H, 3b-H, tography (toluene/acetone, 2:1) to yield 7a (0.02 g, 40%) as a white
2a-H), 3.55 (dd, J2,3 5 J3,4 5 9.0 Hz, 1 H, 3a-H), 3.69 (m, 2 H, powder. 2 TLC (toluene/acetone, 2:1): Rf 5 0.52, m.p. 1102111°C.
69a-H, 69b-H), 3.74 (m, 1 H, 5c-H), 3.94 (dd, J3,4 5 J4,5 5 9.0 Hz, 2 [α]D 5 237.0 (c 5 0.1, chloroform). 2 1H NMR (250 MHz,
1 H, 4a-H), 4.00 (m, 2 H, 4b-H, 6c-H), 4.12 (dd, J1,2 5 8.4, J2,3 5 CDCl3): δ 5 0.88 (dd, J 5 6.4, J 5 6.8 Hz, 3 H, CH3), 1.29 [m,
10.5 Hz, 1 H, 2c-H), 4.27 (d, 2 H, 69c-H, CHHPh), 4.34 (d, J1,2 5 10 H, -(CH2) 5-], 1.55 (b, 2 H, -CH2-), 1.94, 2.03, 2,08 (3 s, 12 H ,
7.9 Hz, 1 H, 1b-H), 4.45 (d, J1,2 5 7.8 Hz, 1 H, 1a-H), 4.3025.00 4 COCH3), 3.47 (m, 1 H, 2-H), 3.67, 3.74 (2 m, 1 H, 5-H), 3.8123.9
(m, 11 H, 5.5 CH2Ph), 5.12 (dd, J3,4 5 J4,5 5 9.2 Hz, 1 H, 4c-H), (m, 2 H, -OCH2-), 4.0924.16 (dd, Jgem 5 12.2, J5,6 5 2.5 Hz, 1 H,
5.39 (d, J1,2 5 8.4 Hz, 1 H, 1c-H), 5.75 (dd, J2,3 5 10.5, J3,4 5 9.2 6-H), 4.2424.31(dd, Jgem 5 12.2 , J5,69 5 2.7 Hz, 1 H, 69H), 4.69
Hz, 1 H, 3c-H), 7.2227.31 (m, 30 H, 6 Ph). 2 13C NMR (150.9 (d, J1,2 5 8.3 Hz, 1 H, 1-H), 5.07 (dd, J3,4 5 J4,5 5 9.3 Hz, 1 H,
MHz, CDCl3): δ 5 8.73 (2 CH3-C), 20.57, 20.63, 20.66 (3 CH3CO- 4-H), 5.32 (dd, J2,3 5 10.5, J3,4 5 9.3 Hz, 1 H, 3-H), 5.52 (d,
C), 54.72 (2c-C), 61.85 (6c-C), 68.24, 68.59 ( 6a-C, 6b-C), 68.91 J2,NH 5 8.6 Hz, 1 H, NH). 2 MALDI-MS (positive mode-DHB/
(4c-C), 70.64 (3c-C), 70.91 (CH2Ph-C), 71.35 (5c-C), 73.14, 73.25 THF matrix); m/z: 483 [MNa1], 499 [MK1]. 2 C22H37NO9 (459.5):
(2 CH2Ph-C), 73.31 (3b-C), 73.45 (5b-C), 75.08, 75.16, 75.38, 75.64 calcd. C 57.49, H 8.12, N 3.04; found C 57.00, H 7.68, N 2.87.
(3 CH2Ph-C, 5a-C), 75.83 (4b-C), 76.57 (4a-C), 81.32 (2b-C), 81.70

Method B: Compound 6a (0.212 g, 0.4 mmol) was treated with(2a-C), 82.65 (3a-C), 99.25 (1c-C), 102.04 (1b-C), 102.49 (1a-C),
NaOH and HCl as described in Method A. The solution was co-127.112128.80, 137.542139.05 (6 Ph-C), 169.552170.55 (3
oled in an ice salt bath, made alkaline with a sodium hydroxideCH3CO-C). 2 MALDI-MS (positive mode, DHB/THF matrix);
solution (0.1 ), and treated with acetyl chloride (0.055 g, 0.7m/z: 1300 [MNa1]. 2 C72H79NO20 (1278.3): C 67.64, H 6.22, N
mmol, 0.5 ml); after 30 min the pH was adjusted to 5 with 1  HCl1.09; found C 67.03, H 6.20, N 0.99. The other fractions from the
and left for 1 d. Acetylation was performed as described before toprevious chromatography were dried in vacuo and separated by
yield 7a (0.12 g, 64%).MPLC (petroleum ether/ethyl acetate, 2:1) to yield 6g-(3b) (0.087

g, 31%) as a colorless oil. 2 TLC (petroleum ether/ethyl acetate, Allyl 2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-β--glucopyrano-
side (7b) [19b]. 2 Method A: The residue was purified by flash chro-2:1):Rf 5 0.38. 2 [α]D 5 18.45 (c 5 1.06, chloroform). 2 1H NMR

(600 MHz, CDCl3): δ 5 1.88, 2.02, 2.17, (3 s, 15 H, 2 CH3, 3 matography (toluene/acetone, 2:1) to yield 7b (0.009 g, 23%) as a
white powder. 2 TLC (toluene/acetone, 2:1): Rf 5 0.25; m.p.CH3CO), 2.67 (br.s, 1 H, OH), 3.11 (m, 1 H, 5a-H), 3.39 (m, 1 H,

5b-H), 3.41 (m, 1 H, 2a-H), 3.4623.47 (m, 5 H, 3b-H, 3a-H, 2b- 158°C. 2 [α]D 5 26.0 (c 5 0.55, chloroform). 2 1H NMR (250
MHz, CDCl3): δ 5 1.93, 2.0, 2.01, 2.07 (4 s, 12 H, 4 COCH3), 3.66H, 6a-H, 6b-H), 3.60 (dd, Jgem 5 11.0, J5,69 5 4.2 Hz, 1 H, 69a-H),

3.71 (dd, Jgem 5 9.7, J5,69 5 7.2 Hz, 1 H, 69b-H), 3.84 (m, 1 H, 5c- (m, 1 H, 5-H), 3.83 (ddd, J1,2 5 8.3, J2,3 5 10.6, J2,NH 5 8.8 Hz,

Eur. J. Org. Chem. 1998, 2305223162310



The Dimethylmaleoyl Group as Amino Protective Group FULL PAPER
1 H, 2-H), 4.0224.36 (m, 5 H, 4-H, 6-H, 69-H, CH2CH5CH2), 11.6 Hz, 2 H, CH2Ph), 4.55 (d, J1,2 5 8.4 Hz, 1 H, 1b-H), 4.82 (d,

J2,NH 5 1.9 Hz, 1 H, NH), 4.90 (m, 1 H, 3b-H), 4.95 (m, 1 H, 4b-4.69 (d, J1,2 5 8.3 Hz, 1 H, 1-H), 5.06 (dd, J2,3 5 J3,4 5 9.7 Hz, 1
H, 3-H), 5.24 (m, 2 H, CH2CH5CH2), 5.43 (br.d, 1 H, J2,NH 5 H), 7.1927.41 (m, 20 H, 4 Ph). 2 13C NMR (150.9 MHz, CDCl3):

δ 5 20.61, 23.14 (4 CH3CO-C), 54.58 (2b-C), 61.76 (6b-C), 68.068.8 Hz, NH), 5.85 (m, 1 H, CH2CH5CH2). 2 MALDI-MS (posi-
tive mode, DHB/THF matrix); m/z: 412 [MNa1]. 2 C17H25NO9 (6a-C), 68.3 (4b-C), 71.13, 73.88, 74.8, 74.9 (4 CH2Ph-C), 71.51

(5b-C), 72.94 (3b-C), 74.21 (5a-C), 77.47 (4a-C), 81.77 (2a-C),(387.4): calcd. C 52.70, H 6.50, N 3.61; found C 53.37, H 6.64,
N 3.46. 82.72 (3a-C), 100.51 (1b-C), 102.52 (1a-C), 127.012139.29 (4 Ph-

C), 169.83 (4 CH3CO-C). 2 FAB-MS (positive mode, NBOH/NaI
Benzyl 2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-β--glucopyrano- matrix); m/z: 870 [MH1], 892 [MNa1], 1002 [MCs1]. 2

side (7c) [19b]. 2 Method A: The residue was purified by flash chro- C48H55NO14 (869.9): C 66.26, H 6.37, N 1.61; found C 66.14; H
matography (toluene/acetone, 4:1) to yield 7c (0.0315 g, 71%) as a 6.71, N 1.53.
white powder. 2 TLC (toluene/acetone, 4:1). Rf 5 0.12; m.p.
154°C. 2 [α]D 5 236.6 (c 5 0.75, chloroform). 2 1H NMR (250 Method C: Compound 6e (0.119 g, 0.127 mmol) was treated with

sodium hydroxide as described in method A. After 24 h the reac-MHz, CDCl3): δ 5 1.89, 1.99, 2.09 (3 s, 12 H, 4 CH3CO), 3.64 (m,
1 H, 5-H), 3.95 (ddd, J1,2 5 8.3, J2,3 5 10.2, J2,NH 5 8.9 Hz, 1 H, tion mixture was treated with ethylamine (0.013 g, 0.3 mmol, 0.02

ml) and the pH was adjusted to 5 by N-hydrochloric acid. After 482-H), 4.14 (dd, Jgem 5 12.2, J5,6 5 2.5 Hz, 1 H, 6-H), 4.26 (dd,
Jgem 5 12.2, J5,69 5 4.7 Hz, 1 H, 69-H), 4.58 (d, Jgem 5 12.2 Hz, 1 h the reaction mixture was neutralized with ethanolamine and

dried well in vacuo. The residue was acetylated and purified asH, CHHPh), 4.6 (d, J1,2 5 8.3 Hz, 1 H, 1-H), 4.88 (d, Jgem 5 12.2
Hz, 1 H, CHHPh), 5.07 (dd, J3,4 5 J4,5 5 9.3 Hz, 1 H, 4-H), 5.18 described before in method A to yield 7e (0.098 g, 89%).
(dd, J2,3 5 10.2, J3,4 5 9.3 Hz, 1 H, 3-H), 5.32 (d, J2,NH 5 8.9 Hz,

Allyl O-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-β--glucopy-1 H, NH), 7.31 (m, 5 H, Ph). 2 MALDI-MS (positive mode, DHB/
ranosyl)-(1R2)-3,4,6-tri-O-benzyl-α--mannopyranoside (7f) [19d]:THF matrix); m/z: 460 [MNa1]. 2 C21H27NO9 (437.5): calcd. C
Method A: The residue was purified by flash chromatography (tolu-57.65, H 6.22, N 3.20; found C 58.24, H, 6.35, N 2.78.
ene/acetone, 2:1) to yield 7f (0.063 g, 68%) as a white powder. 2

TLC (toluene/acetone, 4:1): Rf 5 0.34; m.p. 1492150°C. 2 [α]D 5Methyl O-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-β--glucopy-
ranosyl)-(1R6)-2,3,4-tri-O-benzyl-α--galactopyranoside (7d): 124.5 (c 5 0.2, chloroform). 2 1H NMR (600 MHz, CDCl3): δ 5

1.74, 1.98, 1.99, 2.01 (4 s, 12 H, 4 CH3CO), 3.27 (m, 1 H, 2b-H),Method A: The residue was purified by flash chromatography (tolu-
ene/acetone, 2:1) to yield 7d (0.048 g, 57%) as a white powder. 2 3.64 (m, 1 H, 6a-H), 3.7 (m, 1 H, 5a-H), 3.73 (m, 1 H, 69a-H), 3.76

(m, 1 H, 5b-H), 3.91 (m, 1 H, CHHCH5CH2), 3.94 (m, 1 H, 3a-TLC (toluene/acetone, 2:1): Rf 5 0.32, m.p. 154°C. 2 [α]D 5 21.2
(c 5 1.0, chloroform). 2 1H NMR (600 MHz, CDCl3 1DMSO, 1 H), 3.95 (m, 1 H, 4a-H), 4.13 (m, 2 H, CHHCH5CH, 6b-H), 4.14

(m, 1 H, 2a-H), 4.24 (dd, Jgem 5 12.2, J5,69 5 4.8 Hz, 1 H, 69b-H),drop): δ 5 1.81, 1.94, 1.95 (3 s, 12 H, 4 CH3CO), 3.28 (s, 3 H,-
OCH3), 3.52 (dd, Jgem 5 9.5, J5,6 5 6.8 Hz, 1 H, 6a-H), 3.58 (m, 4.46, 4.52 (2 d, Jgem 5 12.2 Hz, 2 H, CH2Ph), 4.51, 4.89 (2 d,

Jgem 5 11.6 Hz, 2 H, CH2Ph), 4.57, 4.75 (2 d, Jgem 5 11.2 Hz, 21 H, 5b-H), 3.7423.79 (m, 3 H, 5a-H, 4a-H, 69a-H), 3.85 (dd,
J2,3 5 10.0, J3,4 5 2.3 Hz, 1 H, 3a-H), 3.9023.94 (m, 2 H, 2a-H, H, CH2Ph), 4.77 (br.s, 1 H, 1a-H), 4.98 (dd, J3,4 5 J4,5 5 9.8 Hz,

1 H, 4b-H), 5.1425.16 (d, 2 H, 1b-H, CH2CH5CHH), 5.21 (d,2b-H), 3.99 (dd, Jgem 5 12.3, J5,6 5 4.0 Hz, 1 H, 6b-H), 4.15 (dd,
Jgem 5 12.3, J5,69 5 4.1 Hz, 1 H, 69b-H), 4.47 (d, J1,2 5 8.3 Hz, 1 Jgem 5 13.5 Hz, 1 H, CH2CH5CHH), 5.51 (d, J2,NH 5 6.9 Hz, 1

H, NH), 5.72 (dd, J2,3 5 J3,4 5 9.8 Hz, 1 H, 3b-H), 5.84 (m, 1 H,H, 1b-H), 4.53, 4.86 (2 d, Jgem 5 11.2 Hz, 2 H, CH2Ph), 4.57 (d,
J1,2 5 3.5 Hz, 1 H, 1a-H), 4.61, 4.66 (2 d, Jgem 5 12.1 Hz, 2 H, CH2CH5CH2), 7.227.37 (m, 15 H, 3 Ph). 2 13C NMR (150.9

MHz, CDCl3): δ 5 20.66, 20.7, 23.23 (4 CH3CO-C), 56.35 (2b-C),CH2Ph), 4.75, 4.77 (2 d, Jgem 5 11.1 Hz, 2 H, CH2Ph), 4.98 (dd,
J3,4 5 J4,5 5 9.7, 1 H, 4b-H), 5.08 (dd, J2,3 5 10.1, J3,4 5 9.7 Hz, 62.47 (6b-C), 68.21 (CH2CH5CH2-C), 69.23 (6a-C, 4b-C), 71.05

(3b-C), 71.44 (CH2Ph-C), 71.67 (5a-C), 71.74 (5b-C), 73.231 H, 3b-H), 6.1 (d, J2,NH 5 8.9 Hz, 1 H, NH), 7.1927.3 (m, 15 H,
3 Ph). 2 13C NMR(150.9 MHz, CDCl3): δ 5 20.62, 20.71, 29.68 (CH2Ph-C), 73.54 (2a-C), 74.23 (4a-C), 75.16 (CH2Ph-C), 78.21

(3a-C), 96.67 (1a-C), 97.63 (1b-C), 117.34 (CH2CH5CH2-C),(4 CH3CO-C), 54.35 (2b-C), 55.27 (-OCH3-C), 61.97 (6b-C), 68.31
(4b-C), 69.47 (5a-C), 69.55 (6a-C), 71.86 (5b-C), 72.66 (3b-C), 127.542128.39 (3 Ph-C), 133.59 (CH2CH5CH2-C), 138.1, 138.35,

138.46 (3 Ph-C), 169.63, 170.12, 170.63, 171.32 (4 CH3CO-C). 273.43, 73.58, 74.69 (3 CH2Ph-C), 75.39 (4a-C), 76.28 (2a-C), 78.89
(3a-C), 98.76 (1a-C), 101.42 (1b-C), 127.532128.4 (3 Ph-C), MALDI-MS (positive mode, DHB/THF matrix); m/z: 840

[MNa1]. 2 C44H53NO14 (819.9): calcd. C 64.45, H 6.51, N 1.70;138.43, 138.48, 138.68 (3 Ph-C), 169.32, 170.68,171.1 (4 CH3CO-
C). 2 MALDI-MS (positive mode, DHB/THF matrix); m/z: 815 found C 64.21, H 6.12, N 1.24.
[MNa1], 831 [MK1]. 2 C42H51NO14 (793.8): calcd. C 63.54, H

Benzyl O-2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-β--glucopy-6.47, N 1.76; found C 63.55, H 6.37, N 1.64.
ranosyl-(1R4)-(2,6-di-O-benzyl-β- -galactopyranosyl)-(1R4)-
2,3,6-tri-O-benzyl-β--glucopyranoside 7g-(4b)[19e]: Method A, B:Benzyl O-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-β--glucopy-

ranosyl)-(1R4)-2,3,6-tri-O-benzyl-β--glucopyranoside (7e) [19c]: The residue was purified by flash chromatography (ethyl acetate/
petroleum ether, 1.5:1) to yield 7g-(4b) (0.092 g, 74%) as a colorlessMethod A: The residue was purified by flash chromatography (tolu-

ene/acetone, 2:1) to yield 7e (0.06 g, 65%) as a white foam. 2 oil. 2 TLC (ethyl acetate/petroleum ether, 1.5:1). Rf 5 0.25. 2

[α]D 5 19.58 (c 5 0.73, chloroform). 2 1H NMR (600 MHz,TLC(toluene/acetone, 4:1): Rf 5 0.29. 2 [α]D 5 253.0 (c 5 0.1,
chloroform). 2 1H NMR (600 MHz, CDCl3): δ 5 1.7, 1.89, 1.93, CDCl3): δ 5 1.79, 1.99, 2.01, 2.04, 2.1 (5 s, 15 H, 5 CH3CO), 3.35

(m, 1 H, 2c-H), 3.38 (m, 1 H, 5a-H), 3.4423.48 (m, 3 H, 6b-H, 5b-1.97 (4 s, 12 H, 4 CH3CO), 3.35(m, 1 H, 5a-H), 3.38 (m, 1 H, 5b-
H), 3.44 (dd, J1,2 5 7.7, J2,3 5 8.9 Hz, 1 H, 2a-H), 3.54 (dd, J2,3 5 H, 2a-H), 3.55 (dd, J1,2 5 8.0, J2,3 5 10.1 Hz, 1 H, 2b-H), 3.58

(dd, J2,3 5 J3,4 5 9.5 Hz, 1 H, 3a-H), 3.64 (m, 1 H, 5c-H), 3.67J3,4 5 8.9 Hz, 1 H, 3a-H), 3.65 (m, 2 H, 6a-H, 69a-H), 3.81 (dd,
Jgem 5 12.3, J5,6 5 2.0 Hz, 1 H, 6b-H), 3.85 (m, 1 H, 2b-H), 3.88 (dd, Jgem 5 8.6, J5,69 5 5.5 Hz, 1 H, 69b-H), 3.75 (m, 2 H, 6a-H,

69a-H), 3.99 (dd, Jgem 5 10.7, J5,6 5 1.6 Hz, 1 H, 6c-H), 4.02 (dd,(m, 1 H, 4a-H), 4.05 (dd, Jgem 5 12.3, J5,69 5 4.2 Hz, 1 H, 69b-H),
4.44 (d, J1,2 5 7.7 Hz, 1 H, 1a-H), 4.45, 4.81 (2 d, Jgem 5 12.2 Hz, J3,4 5 J4,5 5 9.5 Hz, 1 H, 4a-H), 4.12 (dd, J3,4 5 J4,5 5 2.7 Hz, 1

H, 4b-H), 4.22 (dd, Jgem 5 12.7, J5,69 5 4.6 Hz, 1 H, 69c-H), 4.312 H, CH2Ph), 4.63, 4.83 (2 d, Jgem 5 11.4 Hz, 2 H, CH2Ph), 4.63,
4.92 (2 d, Jgem 5 11.4 Hz, 2 H, CH2Ph), 4.74, 4.94 (2 d, Jgem 5 (d, Jgem 5 12.1 Hz, 1 H, CHHPh), 4.38 (d, Jgem 5 12.1 Hz, 1 H,
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CHHPh), 4.43 (d, Jgem 5 12.2 Hz, 1 H, CHHPh), 4.49 (d, J1,2 5 tert-Butyldimethylsilyl 3,6-Di-O-benzyl-2-deoxy-2-dimethylmalei-

mido-β--glucopyranoside (9): A suspension of 8a (1.79 g, 4.457.7 Hz, 1 H, 1a-H), 4.52 (d, J1,2 5 8.0 Hz, 1 H, 1b-H), 4.54 (d,
Jgem 5 11.8 Hz, 1 H, CHHPh), 4.58 (d, Jgem 5 12.2 Hz, 1 H, mmol) and dibutyltin oxide (2.44 g, 9.89 mmol) in toluene (40 ml)

was heated under reflux (dean-Stark apparatus). After 12.5 h tetra-CHHPh), 4.66 (d, Jgem 5 12.1 Hz, 1 H, CHHPh), 4.7324.76 (m,
3 H, 1.5 CH2Ph), 4.87 (dd, J2,3 5 10.1, J3,4 5 2.7 Hz, 1 H, 3b-H), butylammonium iodide (3.62 g, 9.8 mmol) and benzyl bromide

(1.677 g, 9.8 mmol, 1.16 ml) were added and the mixture was gently4.89 (d, Jgem 5 10.9 Hz, 1 H, CHHPh), 4.9324.95 (m, 2 H, 1c-H,
CHHPh), 5.01 (d, Jgem 5 10.3 Hz, 1 H, CHHPh), 5.05 (dd, J3,4 5 refluxed. After 3 h the reaction mixture was cooled, filtered and

evaporated in vacuo. The residue was dissolved in ethyl acetate,J4,5 5 9.8 Hz, 1 H, 4c-H), 5.33 (d, J2,NH 5 7.5 Hz, 1 H, NH), 5.58
(dd, J2,3 5 10.2, J3,4 5 9.8 Hz, 1 H, 3c-H), 7.2227.36 (m, 30 H, 6 filtered and evaporated in vacuo. The residue was purified by flash

chromatography and if necessary by MPLC (petroleum ether/ethylPh). 2 13C NMR (150.9 MHz, CDCl3): δ 5 22.02 , 22.38, 24.72
(5 CH3 CO-C), 57.9 (2c-C), 63.22 (6c-C), 69.51 (6a-C), 69.91 (6b- acetate, 4:1) to yield 9 (2.29 g, 88%) as white needles. 2 TLC

(petroleum ether/ethyl acetate, 4:1): Rf 5 0.2, m.p. 66269°C. 2C), 69.99 (4c-C), 72.28 (CH2Ph-C), 72.74 (3c-C), 72.89 (5c-C),
74.43 (CH2Ph-C), 74.59 (CH2Ph-C), 74.65 (5b-C), 75.2 (4b-C), [α]D 5 125.74 (c 5 1.29, chloroform). 2 1H NMR (250 MHz,

CDCl3 ): δ 5 20.08 (s, 3 H, SiCH3), 0.01 (s, 3 H, SiCH3), 0.72 [s,76.29 (3b-C, CH2Ph-C), 76.41 (5a-C), 76.49 (CH2Ph-C), 76.73
(CH2Ph-C), 77.67 (4a-C), 79.47 (2b-C), 83.05 (2a-C), 84.16 (3a-C), 9 H, SiC(CH3)3], 1.81 (br.s, 6 H, 2 CH3), 2.84 (br.s, 1 H, OH), 3.57

(m, 1 H, 5-H), 3.6823.78 (m, 3 H, 4-H, 6-H, 69-H), 3.85 (dd, J1,2 5101.18 (1c-C), 103.71 (1b-C), 103.85 (1a-C), 128.592140.48 (6 Ph-
C), 170.952171.89 (5 CH3CO-C). 2 FAB-MS (positive mode, 8.1, J2,3 5 10.8 Hz, 1 H, 2-H), 4.11 (dd, J2,3 5 10.8, J3,4 5 8.5

Hz,3-H), 4.4824.76 (m, 4 H, 2 CH2Ph), 5.15 (d, J1,2 5 8.1 Hz,NBOH/NaI matrix); m/z: 1277 [MNa1], 1293 [MK1], 1428
[MNaI]Na1. 2 C70H79NO20 (1254.3): calcd. C 67.02, H 6.34, N 1 H, 1-H), 7.1327.35 (m, 10 H, 2 Ph). 2 MALDI-MS (positive

mode,DHB/THF matrix); m/z: 604 [MNa1]. 2 C32H43NO7Si1.11; found C 66.90, H 6.15, N 0.91.
(581.7): calcd. C 66.06, H 7.44, N 2.40; found C 65.66, H 7.72,General Procedure for the Synthesis of Compounds 8a2c: A mix-
N 2.32.ture of 3, 6b, or 6c (1.94 mmol), dry methanol (19 ml) and sodium

tert-Butyldimethylsilyl 4-O-Acetyl-3,6-di-O-benzyl-2-deoxy-2-di-methoxide solution (0.169 , 1.15 ml) was stirred at room temp.
methylmaleimido-β--glucopyranoside (10): A mixture of 9 (1.11 g,After 75 min the solution was neutralized with Amberlite IR 120
1.9 mmol), pyridine (20 ml) and acetic anhydride (10 ml) was(H1) resin. The solution was filtered and dried in vacuo.
stirred at room temp. After 12 h the reaction mixture was worked

tert-Butyldimethylsilyl 2-Deoxy-2-dimethylmaleimido-β--gluco-
up as described for 7a2g. The residue was purified by flash chro-

pyranoside (8a): The residue was purified by flash chromatography
matography (petroleum ether/ethyl acetate, 6:1) to yield 10 (1.17 g,

(toluene/acetone, 5:3.5) to yield 8a (0.748 g, 96%) as white crystals.
98%) as a colorless oil. 2 TLC (n-hexane/ethyl acetate, 5:1): Rf 5

2 TLC (toluene/acetone, 5:3.5): Rf 5 0.3; m.p. 1642166°C. 2
0.3. 2 [α]D 5 145.1 (c 5 0.45, chloroform). 2 1H NMR (250

[α]D 5 220.4 (c 5 0.5, chloroform). 2 1H NMR (250 MHz,
MHz, CDCl3 ): δ 5 20.06 (s, 3 H, SiCH3), 0.04 (s, 3 H, SiCH3),

CDCl3): δ 5 20.03 (s, 3 H, SiCH3), 0.03 (s, 3 H, SiCH3), 0.75 [s,
0.72 [s, 9 H, SiC(CH3)3], 1.79 (br.s, 6 H, 2 CH3), 1.92 (s, 3 H,

9 H, SiC(CH3)3], 1.93 (s, 6 H, 2 CH3), 3.4324.26 (m, 6 H, 2-H, 3-
CH3CO), 3.55 (br.d, 2 H, 6-H, 69-H), 3.68 (m, 1 H, 5-H), 3.95 (dd,

H, 4-H, 5-H, 6-H, 69-H), 5.24 (d, J1,2 5 8.0 Hz, 1 H, 1-H). 2
J1,2 5 8.1, J2,3 5 10.9 Hz, 1 H, 2-H), 4.2524.35 (m, 2 H, 3-H,

MALDI-MS (positive mode, DHB/THF matrix); m/z: 424
CHHPh), 4.5124.61 (m, 3 H, 1.5 CH2Ph), 5.04 (dd, J3,4 5 9.1,

[MNa1], 439 [MK1]. 2 C18H31NO7Si (401.5): calcd. C 53.83, H
J4,5 5 9.8 Hz, 1 H, 4-H), 5.16 (d, J1,2 5 8.1 Hz, 1 H, 1-H),

7.78, N 3.48; found C 53.62, H 7.15, N 3.32.
7.0727.32 (m, 10 H, 2 Ph). 2 MALDI-MS (positive mode, DHB/

Allyl 2-Deoxy-2-dimethylmaleimido-β--glucopyranoside (8b): THF matrix); m/z: 646 [MNa1], 664 [MK1]. 2 C34H45NO8Si
The residue was purified by flash chromatography (toluene/ace- (623.8): calcd. C 65.46, H 7.27, N 2.24; found C 65.66, H 7.30,
tone, 1:1) to yield 8b (0.612 g, 96%) as a white foam. 2 TLC (tolu- N 2.32.
ene/acetone, 1:1): Rf 5 0.21. 2 [α]D 5 27.4 (c 5 1.05, chloroform). O-[4-O-Acetyl-3,6-di-O-benzyl-2-deoxy-2-dimethylmaleimido-
2 1H NMR (250 MHz, CDCl3): δ 5 1.93, (s, 6 H, 2 CH3), 3.20

α/β--glucopyranosyl] Trichloroacetimidate (12): To a solution of
(br.s, 3 H, 3 OH), 3.4 (m, 1 H, 5-H), 3.63 (dd, J3,4 5 J4,5 5 9.2 10 (0.28 g, 0.448 mmol) in dry THF (5 ml) in an ice-salt bath was
Hz, 1 H, 4-H), 3.84 (m, 3 H, 2-H, CH2CH5CH2), 3.99 (dd, Jgem 5 added glacial acetic acid (26.0 µl, 0.45 mmol) and TBAF (0.1 ,
12.9, J5,6 5 6.0 Hz, 1 H, 6-H), 4.11 (m, 1 H, 3-H), 4.23 (dd, Jgem 5 0.45 ml, 0.45 mmol) under stirring. After 1 h the solution was
12.9, J5,69 5 4.8 HZ, 1 H, 69-H), 5.06 (d, J1,2 5 8.4 Hz, 1 H, 1- treated with a saturated sodium chloride solution (5 ml) and ex-
H), 5.1 (m, 2 H, CH2CH5CH2), 5.72 (m, 1 H, CH2CH5CH2). 2 tracted with dichloromethane (3 3 10 ml). The organic layer was
MALDI-MS (positive mode, DHB/THF matrix); m/z: 349 separated, dried with anhydrous magnesium sulfate, and evapo-
[MNa1]. 2 C15H21NO70.25 H2O (331.8): calcd. C 54.28, H 6.53, rated in vacuo. The residue was purified by flash chromatography
N 4.22; found C 53.92, H 6.71, N 4.23. (petroleum ether/ethyl acetate, 1:1) to yield 11 (0.22 g, 96%) as a

white needles. 2 A mixture of 11 (0.913 g, 1.79 mmol), trichlo-Benzyl 2-Deoxy-2-dimethylmaleimido-β--glucopyranoside (8c):
The residue was purified by flash chromatography (toluene/ace- roacetonitrile (1.1 ml, 15.3 mmol), and 1,8-diazabicyclo[5,4,0]un-

dec-7-ene (0.04 ml, 0.24 mmol) in dry dichloromethane (5 ml) wastone, 1:1) to yield 8c (0.73 g, quantitative) as white crystals. 2 TLC
(toluene/acetone, 1:1): Rf 5 0.19, m.p. 129°C. 2 [α]D 5 226.0 (c 5 stirred at room temp. for 4 h and then concentrated in vacuo. The

residue was purified by flash chromatography (petroleum ether/0.65, chloroform). 2 1H NMR (250 MHz, CDCl3): δ 5 1.86 (s, 6
H, 2 CH3), 2.73 (br.s, 3 H, 3 OH), 3.42 (m, 1 H, 5-H), 3.61 (dd, ethyl acetate, 2:1 11% triethylamine) to yield 12 (0.969 g, 82%) as

a pale yellow foam in the ratio of a:b 5 1:3. 2 TLC (petroleumJ3,4 5 J4,5 5 9.2 Hz, 1 H, 4-H), 3.8023.93 (m, 3 H, 3-H, 6-H, 69-
H), 4.14 (dd, J1,2 5 8.4, J2,3 5 10.8 Hz, 1 H, 2-H), 4.49 (d, Jgem 5 ether/ethyl acetate, 2:1 1 1% triethylamine): Rf 5 0.5 (β-form) and

Rf 5 0.39 (α-form). 2 1H NMR (250 MHz, CDCl3): δ 5 1.79 (s,12.3 Hz, 1 H, CHHPh), 4.78 (d, Jgem 5 12.3 Hz, 1 H, CHHPh),
5.07 (d, J1,2 5 8.4 Hz, 1 H, 1-H), 7.1127.24 (m, 5 H, Ph). 2 6 H, 2 CH3), 1.93 (s, 3 H, COCH3), 3.5723.63 (m,, 2 H, 6-H, 69-

H), 3.88 (m, 1 H, 5-H), 4.2724.67 (m, 6 H, 2 CH2Ph, 2-H, 3-H),MALDI-MS (positive mode, DHB/THF matrix); m/z: 403
[MNa1]. 2 C19H23NO7 (377.4): calcd. C 60.46, H 6.14, N 3.71; 5.19 (dd, J3,4 5 J4,5 5 8.8 Hz, 1 H, 4-H), 6.26 (d, J1,2 5 8.5 Hz,

0.75 H, 1β-H), 6.25 (d, J1,2 5 3.5 Hz, 0.25 H, 1α-H), 7.0927.33 (m,found C 60.34, H 5.80, N 3.67.
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10 H, 2 Ph), 8.59 (s, 1 H, NH). 2 FAB-MS (positive mode, NBOH/ CH2CH5CH2), 7.36, 7.45 (2 m, 5 H, Ph). 2 MALDI-MS (positive

mode, DHB/THF matrix); m/z: 439 [MNa1]. 2 C22H25NO7NaI matrix); m/z: 675/677/679 [MNa1]. 2 C30H31N2O8Cl3 (653.9):
calcd. C 55.09, H 4.77, N 4.28; found C 54.67, H 4.85, N 4.30. (415.4): calcd. C 63.60, H 6.06, N 3.37; found C 63.39, H 6.10,

N 3.38.tert-Butyldimethylsilyl (4-O-Acetyl-3,6-di-O-benzyl-2-deoxy-2-di-
methylmaleimido-β--glucopyranosyl)-(1R4)-3,6-di-O-benzyl-2-de- Benzyl 4,6-O-Benzylidene-2-deoxy-2-dimethylmaleimido-β--glu-

copyranoside (14c): The residue was purified by flash chromatogra-oxy-2-dimethylmaleimido-β--glucopyranoside (13): A solution of
12 (0.2 g, 0.305 mmol) and 9 (0.14g, 0.24 mmol) in dry dichloro- phy (petroleum ether/ethyl actate, 3:1) to yield 14c (0.715 g, 84%)

as a white foam. 2 TLC (petroleum ether/ethyl acetate, 3:1): Rf 5methane (2 ml) was stirred under nitrogen at room temp. for 10
min. TMSOTf (0.01  in dichloromethane, 0.27 ml) was added 0.14. 2 [α]D 5 2110.5 (c 5 0.2, chloroform). 2 1H NMR (250

MHz, CDCl3): δ 5 1.88 (s, 6 H, 2 CH3), 2.28 (br.s, 1 H, OH),dropwise. After 3 h the reaction mixture was neutralized with tri-
ethylamine and dried in vacuo. The residue was purified by pre- 3.5423.59 (m, 2 H, 4-H, 5-H), 3.82 (m, 1 H, 6-H), 4.04 (dd, J1,2 5

8.5, J2,3 5 10.4 Hz, 1 H, 2-H), 3.3524.52 (m, 3 H, 3-H, 69-H,parative thin layer chromatography (petroleum ether/ethyl acetate,
3:1, 30 mg/plate) to yield 13 (0.121 g, 49%) as a white foam. 2 CHHPh), 4.84 (d, Jgem 5 12.4 Hz, 1 H, CHHPh), 5.11 (d, J1,2 5

8.5 Hz, 1 H, 1-H), 5.54 (s, 1 H, CHPh), 7.1227.48 (m, 10 H, 2TLC (petroleum ether/ethyl acetate, 3.5:1): Rf 5 0.37. 2 [α]D 5

129.6 (c 5 1, chloroform). 2 1H NMR (600 MHz, CDCl3): δ 5 Ph). 2 MALDI-MS (positive mode, DHB/THF matrix); m/z: 688
[MNa1]. 2 C26H27NO7 (465.5): calcd. C 67.08, H 5.84, N 3.00;20.15 (s, 3 H, SiCH3), 20.03 (s, 3 H, SiCH3), 0.69 [s, 9 H,

SiC(CH3)3], 1.7421.85 (m, 12 H, 4 CH3), 1.89 (s, 3 H, CH3CO), found C 66.92, H 5.67, N 2.89.
3.3123.33 (br.d, 2 H, 5a-H, 6a-H), 3.41 (dd, Jgem 5 10.7, J5,6 5 General Procedure for the Synthesis of 15a2c: A solution of 4
5.0 Hz, 1 H, 6b-H), 3.45 (bd, 1 H, 69a-H), 3.4823.55 (m, 2 H, 5b- (0.5 g, 0.89 mmol) and 14a2c (0.74 mmol) in dry dichloromethane
H, 69b-H), 3.82 (dd, J1,2 5 8.2, J2,3 5 10.2 Hz, 1 H, 2a-H), (2 ml) was stirred under nitrogen at 230°C for 10 min. TMSOTf
3.9824.06 (m, 3 H, 2b-H, 3a-H, 4a-H), 4.2824.32 (m, 3 H, CH2Ph, (0.01  in dichloromethane, 0.97 ml) was added dropwise. After 45
3b-H), 4.3924.83 (m, 6 H, 3 CH2Ph), 5.03 (d, J1,2 5 8.2 Hz, 1 H, min the reaction mixture was neutralized with triethylamine and
1a-H), 5.07 (dd, J3,4 5 J4,5 5 9.4 Hz, 1 H, 4b-H), 5.14 (d, J1,2 5 dried in vacuo.
8.4 Hz, 1 H, 1b-H), 7.0727.31 (m, 20 H, 4 Ph). 2 13C NMR (150.9

tert-Butyldimethylsilyl O-(3,4,6-Tri-O-acetyl-2-deoxy-2-dimeth-MHz, CDCl3): δ 5 25.64 (SiCH3-C), 24.28 (SiCH3-C), 8.45 (4
ylmaleimido-β- -glucopyranosyl)-(1R3)-4,6-O-benzylidene-2-CH3-C), 20.87 (CH3CO-C), 25.32 [SiC(CH3)3-C], 55.93 (2b-C),
deoxy-2-dimethylmaleimido-β--glucopyranoside (15a): The residue57.64 (2a-C), 68.02 (6a-C), 69.47 (6b-C), 72.51 (4b-C), 72.8274.18
was purified by flash chromatography (petroleum ether/ethyl acet-(4 CH2Ph-C, 5b-C), 74.6 (5a-C), 76.33 (4a-C), 76.79 (3a-C), 77.35
ate, 3:2) to yield 15a (0.65 g, quantitative) as a white foam. 2 TLC(3b-C), 93.27 (1a-C), 97.29 (1b-C), 126.872139.18 (4 Ph-C), 169.63
(petroleum ether/ethyl acetate, 3:2): Rf 5 0.26. 2 [α]D 5 229.3(CH3CO-C). 2 FAB-MS (positive mode, NBOH/NaI matrix); m/z:
(c 5 0.6, chloroform). 2 1H NMR (600 MHz, CDCl3): δ 5 20.111095 [MNa1]. 2 C60H72N2O14Si (1073.3): calcd. C 67.13, H 6.76,
(s, 3 H, SiCH3), 20.02 (s, 3 H, SiCH3), 0.71 [s, 9 H, SiC(CH3)3],N 2.61; found C 67.56 H 7.05 , N 2.67 .
1.81, 1.87, 1.92, 1.94, 1.98 (5 s, 21 H, 4 CH3, 3 CH3CO), 3.47 (m,

General Procedure for the Synthesis of Compounds 14a2c: To a 1 H, 5b-H), 3.51 (m, 1 H, 5a-H), 3.59 (dd, J3,4 5 J4,5 5 9.3 Hz, 1
solution of 8a2c (1.82 mmol) in dry acetonitrile (8 ml) was added H, 4a-H), 3.76 (dd, Jgem 5 J5,6 5 10.2 Hz, 1 H, 6a-H), 3.87 (dd,
benzaldehyde dimethylacetal (0.32 g, 2.1 mmol, 0.32 ml) p-TsOH J1,2 5 8.1, J2,3 5 10.4 Hz, 1 H, 2a-H), 3.92 (dd, Jgem 5 12.2, J5,6 5
(0.028g, 0.14 mmol) and the solution was stirred. After 17 h the 1.6 Hz, 1 H, 6b-H), 3.96 (dd, J1,2 5 8.4, J2,3 5 10.4 Hz, 1 H, 2b-
solution was neutralized with triethylamine and evaporated in va- H), 4.08 (dd, Jgem 5 12.2, J5,6 5 4.0 Hz, 1 H, 69b-H), 4.22 (dd,
cuo. Jgem 5 10.2, J5,6 5 4.8 Hz, 1 H, 69a-H), 4.71 (dd, J2,3 5 10.4, J3,4 5

9.3 Hz, 1 H, 3a-H), 5.02 (dd, J3,4 5 J4,5 5 9.3 Hz, 1 H, 4b-H),tert-Butyldimethylsilyl 4,6-O-Benzylidene-2-deoxy-2-dimethylma-
leimido-β--glucopyranoside (14a): The residue was purified by 5.05 (d, J1,2 5 8.1 Hz, 1 H, 1a-H), 5.17 (d, J1,2 5 8.4 Hz, 1 H, 1b-

H). 5.38 (dd, J2,3 5 10.4, J3,4 5 9.3 Hz, 1 H, 3b-H), 5.5 (s, 1 H,flash chromatography (n-hexane/ethyl acetate, 3:1) to yield 14a
(0.8g, 89%) as a white foam. 2 TLC (petroleum ether/ethyl acetate, CHPh), 7.23, 7.48 (m, 5 H, Ph). 2 13C NMR (150.9 MHz, CDCl3):

δ 5 25.74 (SiCH3-C), 24.2 (SiCH3-C), 8.82 (4 CH3-C), 17.463:1): Rf 5 0.34. 2 [α]D 5 -32.2 (c 5 0.45, chloroform). 2 1H NMR
( 250 MHz,CDCl3):δ 5 20.02 (s, 3 H, SiCH3), 0.05 (s, 3 H, SiCH3), [SiC(CH3)3-C], 20.41, 20.56, 20.74 (3 CH3CO-C), 25.23

[SiC(CH3)3-C], 54.53 (2b-C), 57.82 ( 2a-C), 61.68 ( 6b-C), 66.5 (5a-0.77 [s, 9 H, SiC(CH3)3], 1.95, (s, 6 H, 2 CH3), 3.5523.6 (m, 2 H,
4-H, 5-H), 3.81 (dd, Jgem 5 10.1 Hz, 1 H, 6-H), 3.96 (dd, J1,2 5 C), 68.58 (4b-C), 68.69 (6a-C), 70.93 (3b-C), 71.57 (5b-C), 73.68

(3a-C), 80.12 (4a-C), 93.98 (1a-C), 96.94 (1b-C), 101.24 (CHPh-C),8.0, J2,3 5 10.6 Hz, 1 H, 2-H), 4.31 (dd, Jgem 5 10.1 Hz, 1 H, 69-
H), 4.52 (dd, J2,3 5 10.6, J3,4 5 8.7 Hz, 1 H, 3-H), 5.3 (d, J1,2 5 126.172137.32 (Ph-C), 169.34, 170.16, 170.68 (3 CH3CO-C, 4 CO-

C). 2 FAB-MS (positive mode, NBOH/NaI matrix); m/z: 9078.0 Hz, 1 H, 1-H), 5.53 (s, 1 H, CHPh), 7.3527.5 (2 m, 5 H, Ph).
2 EI-MS (positive mode); m/z: 488 [M 2 11]. 2 C25H35NO7Si [MNa1]. 2 C43H56N2O16Si (885.0): calcd. C 58.35, H 6.37, N 3.16;

found C 58.68, H 6.13, N 3.08.(489.6): calcd. C 61.32, H 7.20, N 2.86; found C 61.45, H 7.10,
N 2.82. Allyl O-(3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β--

glucopyranosyl)-(1R3)-4,6-O-benzylidene-2-deoxy-2-dimethyl-Allyl 4,6-O-Benzylidene-2-deoxy-2-dimethylmaleimido-β--gluco-
pyranoside (14b): The residue was purified by flash chromatography maleimido-β--glucopyranoside (15b): The residue was purified by

flash chromatography (petroleum ether/ethyl acetate, 1:1) to yield(petroleum ether/ethyl actate, 2.5:1) to yield 14b (0.659 g, 87%) as
a colorless oil. 2 TLC (petroleum ether/ethyl acetate, 2.5:1): Rf 5 15b (0.89 g, 91%) as a white foam. 2 TLC (petroleum ether/ethyl

acetate, 1:1): Rf 5 0.23. 2 [α]D 5 2155.0 (c 5 0.06, chloroform).0.25. 2 [α]D 5 212.8 (c 5 1.35, chloroform). 2 1 H NMR (250
MHz, CDCl3): δ 5 1.95 (s, 6 H, 2 CH3), 3.4923.58 ( m, 2 H, 4-H, 2 1H NMR (600 MHz, CDCl3): δ 5 1.82, 1.88, 1.92, 1.96, 1.99 (5

s, 21 H, 4 CH3, 3 CH3CO), 3.45 (m, 1 H, 5b-H), 3.51 (m, 1 H, 5a-5-H), 3.7323.82 (m, 1 H, 6-H), 3.9724.09 (m, 2 H, 2-H,
CHHCH5CH2), 4.2224.31 (m, 1 H, CHHCH5CH2), 4.34 H), 3.61 (dd, J3,4 5 J4,5 5 9.4 Hz, 1 H, 4a-H), 3.77 (dd, Jgem 5

J5,6 5 10.4 Hz, 1 H, 6a-H), 3.9 (m, 1 H, CHHCH5CH2), 3.92 (m,(dd,Jgem 5 9.8, J5,69 5 3.9 Hz, 1 H, 69-H), 4.47 (dd, 1 H, 3-H), 5.15
(m, 3 H, 1-H, CH2CH5CH2), 5.53 (s, 1 H, CHPh), 5.75 (m, 1 H, 1 H, 6b-H), 3.97 (m, 2 H, 2a-H, 2b-H), 4.07 (dd, Jgem 5 12.6,
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J5,69 5 4.2 Hz, 1 H, 69b-H), 4.18 (dd, Jgem 5 13.2, Jvic 5 3.6 Hz, 1 13C NMR (150.9 MHz, CDCl3): δ 5 8.84 (4 CH3-C), 20.35, 20.53,

20.62 (3 CH3CO-C), 54.3 (2b-C), 54.9 (2a-C), 61.6 (6b-C), 62.9 (6a-H, CHHCH5CH2), 4.28 (dd, Jgem 5 10.4, J5,69 5 4.7 Hz, 1 H, 69a-
H), 4.71 (dd, J2,3 5 J3,4 5 9.4 Hz, 1 H, 3a-H), 4.86 (d, J1,2 5 8.4 C), 68.6 (4b-C), 69.8 (CH2CH5CH2 -C), 70.38 (3b-C), 70.5 (4a-

C), 71.96 (5b-C), 75.3 (5a-C), 79.96 (3a-C), 97.5 (1a-C), 97.73 (1b-Hz, 1 H, 1a-H), 5.02 (dd, J3,4 5 J4,5 5 9.5 Hz, 1 H, 4b-H), 5.08
(m, 2 H, CH2CH5CH2), 5.17 (d, J1,2 5 8.4 Hz, 1 H, 1b-H), 5.39 C), 117.12 (CH2CH5CH2-C), 133.512 (CH2CH5CH2-C), 137.32

(DMM-C), 169.27, 170.60 (3 CH3CO-C, 4 CO-C). 2 FAB-MS(dd, J2,3 5 10.0, J3,4 5 9.5 Hz, 1 H, 3b-H), 5.52 (s, 1 H, CHPh),
5.65 (m, 1 H, CH2CH5CH2), 7.34, 7.47 (2 m, 5 H, Ph). 2 13C (positive mode, NBOH/NaI matrix); m/z: 745 [MNa1], 895

[MNaI]Na1. 2 C33H42N2O16 (722.7): calcd. C 54.84, H 5.85, NNMR (150.9 MHz, CDCl3): δ 5 54.80 (2a-C, 2b-C), 61.40 (6b-C),
66.30 (5a-C), 68.50 (6a-C, 4b-C), 69.90 (CH2CH5CH2-C), 70.80 3.87; found C 54.92, H 6.04, N 3.74.
(3b-C), 71.50 (5b-C), 73.60 (3a-C), 79.90 (4a-C), 96.90 (1b-C),

Benzyl O-( 3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β--98.00 (1a-C), 101.40 (CHPh-C). 2 FAB-MS (positive mode,
glucopyranosyl)-(1R3)-2-deoxy-2-dimethylmaleimido-β- -gluco-NBOH/NaI matrix); m/z: 833 [MNa1], 983 [MNaI]Na1. 2
pyranoside (16c): The residue was purified by flash chromatographyC40H46N2O16 (810.8): calcd. C 59.25, H 5.71, N 3.45; found C
(ethyl acetate/petroleum ether, 1.5:1) to yield 16c (0.182 g, 80%) as59.48, H 5.56, N 2.88.
a colorless oil. 2 TLC (ethyl acetate/petroleum ether, 1.5:1): Rf 5

Benzyl O-(3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β-- 0.1. 2 [α]D 5 223.7 (c 5 0.4, chloroform). 2 1H NMR (600 MHz,
glucopyranosyl)-(1R3)-4,6-O-benzylidene-2-deoxy-2-dimethyl- CDCl3): δ 5 1.83, 1.86, 1.97, 2.08 (4 s, 21 H, 4 CH3, 3 CH3CO),
maleimido-β--glucopyranoside (15c): The residue was purified by 3.40 (m, 1 H, 5a-H), 3.47 (dd, J 5 8.4, J 5 9.5 Hz, 1 H, 4a-H),
flash chromatography (petroleum ether/ethyl acetate, 1.5:1) to yield 3.62 (br.s, 2 H, 2 OH), 3.76 (m, 2 H, 6a-H, 5b-H), 3.84 (dd, J1,2 5
15c (0.92 g, quantitative) as a white foam. 2 TLC (petroleum ether/ 8.5, J2,3 5 10.5 Hz, 1 H, 2a-H), 3.92 (dd, Jgem 5 11.8, J5,6 5 3.4
ethyl acetate, 1.5:1): Rf 5 0.12. 2 [α]D 5 -21.3 (c 5 0.65, chloro- Hz, 1 H, 69a-H), 3.99 (dd, J1,2 5 8.4, J2,3 5 10.6 Hz, 1 H, 2b-H),
form). 2 1H NMR (600 MHz, CDCl3): δ 5 1.81, 1.85, 1.86, 1.91, 4.15 (m, 1 H, 6b-H, 69b-H), 4.40 (m, 1 H, 3a-H), 4.41 (d, Jgem 5
1.97 (5 s, 21 H, 4 CH3, 3 CH3CO), 3.44 (m, 1 H, 5b-H), 3.51 (m, 12.4 Hz, 1 H, CHHPh), 4.70 (d, Jgem 5 12.4 Hz, 1 H, CHHPh),
1 H, 5a-H), 3.61 (dd, J3,4 5 J4,5 5 9.2 Hz, 1 H, 4a-H), 3.79 (dd, 4.78 (d, J1,2 5 8.5 Hz, 1 H, 1a-H), 5.00 (m, 1 H, 4b-H), 5.01 (d,
Jgem 5 J5,6 5 10.2 Hz, 1 H, 6a-H), 3.91(dd, Jgem 5 12.2, J5,6 5 1.9 J1,2 5 8.4 Hz, 1 H, 1b-H), 5.39 (dd, J2,3 5 10.6, J3,4 5 9.2 Hz, 1
Hz, 1 H, 6b-H), 3.9524.08 (m, 2 H, 2a-H, 2b-H), 4.08 (dd, Jgem 5 H, 3b-H), 7.06, 7.22 (2 m, 5 H, Ph). 2 13C NMR (150.9 MHz,
12.2, J5,69 5 4.1 Hz, 1 H, 69b-H), 4.32 (dd, Jgem 5 10.2, J5,69 5 4.8 CDCl3): δ 5 11.9 (4 CH3-C), 23.45, 23.62, 23.71 (3 CH3CO-C),
Hz, 1 H, 69a-H), 4.40 (d, Jgem 5 12.4 Hz, 1 H, CHHPh), 4.68 (dd, 57.33 (2b-C), 58.1 (2a-C), 64.71 (6b-C), 66.03 (6a-C), 71.67 (4b-C),
J2,3 5 10.0, J3,4 5 9.2 Hz, 1 H, 3a-H), 4.74 (d, Jgem 5 12.4 Hz, 1 73.44 (3b-C), 73.55 (4a-C), 74.15 (CH2Ph-C), 75.03 (5b-C), 78.41
H, CHHPh), 4.84 (d, J1,2 5 8.5 Hz, 1 H, 1a-H), 5.00 (dd, J3,4 5 (5a-C), 82.98 (3a-C), 100.55 (1a-C), 100.79 (1b-C), 130.892140.29
J4,5 5 9.2 Hz, 1 H, 4b-H), 5.11 (d, J1,2 5 8.4 Hz, 1 H, 1b-H), 5.37 (Ph-C), 172.362173.69 (3 CH3CO-C, 4 CO-C). 2 MALDI-MS
(dd, J2,3 5 10.4 , J3,4 5 9.2 Hz, 1 H, 3b-H), 5.52 (s, 1 H, CHPh), (positive mode, DHB/THF matrix); m/z: 796 [MNa1]. 2
7.06, 7.47 (4 m, 10 H, 2 Ph). 2 13C NMR (150.9 MHz, CDCl3): C37H43N2O16 (772.7): calcd. C 57.54, H 5.73, N 3.62; found C
δ 5 8.79 (4 CH3-C), 20.39, 20.54, 20.72 (3 CH3CO-C), 54.40 (2b- 57.40, H 5.58, N 3.56.
C), 55.60 (2a-C), 61.60 (6b-C), 66.20 (5a-C), 68.56 (6a-C), 68.62
(4b-C), 70.83 (3b-C), 71.01 (CH2Ph-C), 71.56 (5b-C), 73.68 (3a-C), Benzyl O-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-β--gluco-
79.82 (4a-C), 96.89 (1b-C), 97.89 (1a-C), 101.19 (CHPh-C), ranospyyl)-(1R3)-2-acetamido-2-deoxy-4,6-di-O-acetyl-β- -glu-
126.122137.23 (2 Ph-C), 169.32, 170.13, 170.76 (3 CH3CO-C, 4 copyranoside (17c): A mixture of 16c (0.09 g, 0.11 mmol), sodium
CO-C). 2 FAB-MS (positive mode, NBOH/NaI matrix); m/z: 883 hydroxide (0.2 g, 5.0 mmol) in a dioxan/water mixture (3:1, 8 ml)
[MNa1], 1033 [MNaI]Na1. 2 C44H48N2O16 (860.8): calcd. C was stirred at room temp. After 48 h the pH of the solution was
61.38, H 5.62, N 3.25; found C 61.09, H 5.58, N 3.27. adjusted at 5 by N HCl. After 48 h the solution was neutralized

with potassium carbonate and dried well in vacuo. The residue wasGeneral Procedure for the Synthesis of Compounds 16b2c: A
acetylated and worked up as descriebed for 7a2g. The residue wassolution of 15b,c (0.29 mmol) in dry dichloromethane (3 ml) was
purified by MPLC (toluene/acetone, 1:1) to yield 17c (0.057g, 67%)treated with ethanethiol (0.126 g, 2.02 mmol, 0.15 ml) and p-TsOH
as an amorphous mass. 2 TLC (toluene/acetone, 1:1): Rf 5 0.12.(0.012 g, 0.063 mmol) and stirred at room temp. After 16 h the
2 [α]D 5 29.5 (c 5 0.2, chloroform). 2 1H NMR (600 MHz,solution was neutralized with triethylamine and coevaporated with
CDCl3): δ 5 1.8822.09 (5 s, 21 H, 7 CH3CO), 3.2923.33 (m, 1 H,toluene in vacuo.
2a-H), 3.3923.43 (m, 1 H, 2b-H), 3.63 (m, 1 H, 5b-H), 3.71 (m, 1
H, 5a-H), 4.08 (dd, Jgem 5 12.2, J5,6 5 1.4 Hz, 1 H, 6b-H), 4.12Allyl O-(3,4,6-Tri-O-acetyl-2-deoxy-2-dimethylmaleimido-β--

glucopyranosyl)-(1R3)-2-deoxy-2-dimethylmaleimido-β--gluco- (dd, Jgem 5 12.1, J5,6 5 1.7 Hz, 1 H, 6a-H), 4.2524.30 (m, 2 H,
69b-H, 69a-H), 4.46 (dd, J2,3 5 J3,4 5 9.6 Hz, 1 H, 3a-H), 4.55 (d,pyranoside (16b): The residue was purified by flash chromatography

(ethyl acetate/petroleum ether, 2:1) to yield 16b (0.195 g, 93%) as a Jgem 5 11.7 Hz, 1 H, CHHPh), 4.84 (d, Jgem 5 11.7 Hz, 1 H,
CHHPh), 4.94 (dd, J3,4 5 J4,5 5 9.6 Hz, 1 H, 4a-H), 4.96 (dd,colorless oil. 2 TLC (ethyl acetate/petroleum ether, 2:1): Rf 5 0.24.

2 [α]D 5 231.6 (c 5 0.55, chloroform). 2 1H NMR (600 MHz, J3,4 5 J4,5 5 9.7 Hz, 1 H, 4b-H), 5.01 (d, J1,2 5 8.1 Hz, 1 H, 1b-
H), 5.10 (d, J1,2 5 8.1 Hz, 1 H, 1a-H), 5.40 (dd, J2,3 5 10.0 , J3,4 5CDCl3): δ 5 1.84, 1.88, 1.94, 1.98, 2.09 (5 s, 21 H, 4 CH3, 3

CH3CO), 3.42 (m, 1 H, 5a-H), 3.48 (dd, J3,4 5 8.3, J4,5 5 9.5 Hz, 9.7 Hz, 1 H, 3b-H), 5.72 (d, J2,NH 5 7.7 Hz, 1 H, 2b-NH), 5.83
(d, J2,NH 5 6.8 Hz, 1 H, 2a-NH). 2 13C NMR (150.9 MHz,1 H, 4a-H), 3.76 (dd, Jgem 5 11.8, J5,6 5 5.3 Hz, 1 H, 6a-H), 3.79

(m, 1 H, 5b-H), 3.83 (dd, J1,2 5 8.5, J2,3 5 10.5 Hz, 1 H, 2a-H), CDCl3): δ 5 20.62, 20.83, 23.37, 23.7 (7 CH3CO-C), 55.90 (2b-C),
57.69 (2a-C), 61.86 (6b-C), 62.38 (6a-C), 68.12 (4a-C), 68.68 (4b-3.91 (m, 2 H, 69a-H, CHHCH5CH2), 4.01 (dd, J1,2 5 8.3, J2,3 5

10.5 Hz, 1 H, 2b-H), 4.16 (m, 1 H, CHHCH5CH2), 4.18 (m, 2 H, C), 71.52 (5a-C), 71.52271.85 (3b-C, 5b-C, CH2Ph-C), 76.35 (3a-
C), 97.9 (1b-C), 98.69 (1a-C), 128.02136.87 (Ph-C), 169.542171.306b-H, 69b-H), 4.43 (dd, J2,3 5 10.5, J3,4 5 8.3 Hz, 1 H, 3a-H), 4.79

(d, J1,2 5 8.5 Hz, 1 H, 1a-H), 5.02 (m, 1 H, 4b-H), 5.05 (m, 2 H, (7 CH3CO-C). 2 FAB-MS (positive mode, NBOH/NaI matrix);
m/z: 747 [MNa1], 897 [MNaI]Na1. 2 C33H44N2O16 (724.7): calcd.CH2CH5CH2), 5.07 (d, J1,2 5 8.3 Hz, 1 H, 1b-H), 5.42 (dd, J2,3 5

10.5, J3,4 5 9.2 Hz, 1 H, 3b-H), 5.64 (m, 1 H, CH2CH5CH2). 2 C 54.68, H 6.11, N 3.86. found C 55.20, H 6.48, N 3.60.
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tert-Butyldimethylsilyl O-(2,3,4,6-Tetra-O-acetyl-β--galacto- 1H NMR (600 MHz, CDCl3): δ 5 1.84, 1.89, 1.91, 2.07 (4 s, 18 H,

2 CH3, 4 CH3CO), 3.21 (m, 1 H, 5b-H), 3.23 (m, 1 H, 5a-H), 3.39pyranosyl)-(1R3)-4,6-O-benzylidene-2-deoxy-2-
dimethylmaleimido-β--glucopyranoside (19): A solution of 14a (0.5 (dd, Jgem 5 10.4, J5,6 5 4.1 Hz, 1 H, 6a-H), 3.4123.45 (m, 3 H,

5c-H, 2a-H, 6b-H), 3.51 (dd, J2,3 5 J3,4 5 9.2 Hz, 1 H, 3a-H), 3.56g, 1.02 mmol) and 18 [22] (0.55 g, 1.1 mmol) in dry dichloromethane
(3 ml) was stirred under nitrogen at room temp. for 10 min while (dd, Jgem 5 10.4, J5,69< 1 Hz, 1 H, 69a-H), 3.63 (dd, J3,4 5 J4,5 5

9.1 Hz, 1 H, 4b-H), 3.83 (dd, Jgem 5 11.0, J5,6 5 5.5 Hz, 1 H, 6c-TMSOTf (0.01  in dichloromethane, 1.2 ml) was added dropwise.
After 45 min the reaction mixture was neutralized with triethyl- H), 3.93 (dd, J3,4 5 J4,5 5 9.2 Hz, 1 H, 4a-H), 3.9824.03 (m, 3 H,

69b-H, 2b-H, 69c-H) 4.39 (d, J1,2 5 7.7 Hz, 1 H, 1a-H), 4.48 (dd,amine and dried in vacuo. The residue was purified by flash chro-
matography (n-hexane/ethyl acetate, 2:1) to yield 19 (0.75 g, 89%) J2,3 5 10.1, J3,4 5 9.1 Hz, 1 H, 3b-H), 4.52 (d, J1,2 5 7.9 Hz, 1 H,

1c-H), 4.4924.65 (m, 4 H, 2 CH2Ph), 4.78 (dd, J2,3 5 10.3, J3,4 5as an oil which solidifies on standing. 2 TLC (petroleum ether/
ethyl acetate, 2:1): Rf 5 0.24, m.p. 1272129°C. 2 [α]D 5 -12.2 (c 5 2.8 Hz, 1 H, 3c-H), 4.8224.88 (m, 4 H, 2 CH2Ph), 4.96 (dd, J1,2 5

7.9, J2,3 5 10.3 Hz, 1 H, 2c-H), 5.19 (d, J3,4 5 2.8 Hz, 1 H, 4c-H),0.5, chloroform). 2 1H NMR (600 MHz, CDCl3): δ 5 20.07 (s, 3
H, SiCH3), 0.02 (s, 3 H, SiCH3), 0.73 [s, 9 H, SiC(CH3)3], 1.85, 5.21 (d, J1,2 5 8.5 Hz, 1 H, 1b-H), 5.40 (s, 1 H, CHPh),7.227.35

(m, 25 H, 5 Ph). 2 13C NMR (150.9 MHz, CDCl3): δ 5 8.81 (21.90, 1.91, 1.95, 2.07, 2.14 (6 s, 18 H, 2 CH3, 4 CH3CO), 3.51 (m,
1 H, 5b-H), 3.51 (m, 1 H, 5a-H), 3.73 (m, J3,4 5 J4,5 5 9.1 Hz, 1 CH3-C), 20.49, 20.56, 20.64 (4 CH3CO-C), 55.78 (2b-C), 60.83 (6c-

C), 65.84 (5b-C), 66.62 (4c-C), 68.23 (6a-C), 68.56 (6b-C), 69.39H, 4a-H), 3.80 (dd, Jgem 5 J5,6 5 10.3 Hz, 1 H, 6a-H), 3.84 (dd,
Jgem 5 11.0, J5,6 5 5.6 Hz, 1 H, 6b-H), 3.99 (dd, J1,2 5 8.1, J2,3 5 (2c-C), 70.22 (5c-C), 70.92 (CH2Ph-C), 71.02 (3c-C), 73.16

(CH2Ph-C), 74.65 (5a-C), 74.82 (CH2Ph-C), 74.95 (CH2Ph-C),10.5 Hz, 1 H, 2a-H), 4.03 (dd, Jgem 5 11.0, J5,6 5 8.2 Hz, 1 H,
69b-H), 4.27 (dd, Jgem 5 10.3, J5,69 5 4.8 Hz, 1 H, 69a-H), 4.52 (d, 75.38 (3b-C), 75.8 (4a-C), 80.97 (4b-C), 81.81 (2a-C), 82.76 (3a-

C), 97.79 (1b-C), 100.05 (1c-C), 101.38 (CHPh-C), 102.33 (1a-C),J1,2 5 8.0 Hz, 1 H, 1b-H). 4.57 (dd, J2,3 5 10.5, J3,4 5 9.1 Hz, 1
H, 3a-H), 4.82 (dd, J2,3 5 10.3, J3,4 5 3.4 Hz, 1 H, 3b-H), 5.02 126.032139.05 (5 Ph-C), 169.02170.29 (4 CH3CO-C). 2 FAB-MS

(positive mode, NBOH/NaI matrix); m/z: 1251 [MNa1], 1402(dd, J1,2 5 8.0, J2,3 5 10.3 Hz, 1 H, 2b-H), 5.17 (d, J1,2 5 8.1 Hz,
1 H, 1a-H), 5.21 (d, J3,4 5 3.4 Hz, 1 H, 4b-H), 5.52 (s, 1 H, CHPh), [MNaI] Na1. 2 C67H73NO21 (1228.3): calcd. C 65.51, H 5.99, N

1.14; found C 65.18, H 5.77, N 1.10.7.3427.46 (m, 5 H, Ph). 2 13C NMR (150.9 MHz, CDCl3): δ 5

25.64 (SiCH3-C), 24.24 (SiCH3-C), 8.68 (2 CH3-C), 20.5220.64 Benzyl O-[2,3,4,6-Tetra-O-acetyl-β--galactopyranosyl)-(1R3)-
(4 CH3CO-C), 25.26 [SiC(CH3)3-C], 57.39 (2b-C), 60.89 (6a-C), 2-deoxy-2-dimethylmaleimido-β--glucopyranosyl]-(1R4)-2,3,6-tri-
66.39 (5b-C), 66.71 (4a-C), 68.74 (6b-C), 69.36 ( 2a-C), 70.29 (5a- O-benzyl-β--glucopyranoside (23): A solution of 22 (0.174 g,
C), 71.05 (3a-C), 75.47 (3b-C), 81.05 (4b-C), 93.85 (1b-C), 100.38 0.141mmol) in dry dichloromethane (5 ml) was debenzylidenated
(1a-C), 101.37 (CHPh-C), 126.022129.21 (Ph-C), 137.13 ( Ph-C), and worked up as described for 16b,c. The residue was purified by
169.65, 169.07, 170.31 (4 CH3CO-C, 2 CO-C). 2 MALDI-MS flash chromatography (petroleum ether/ethyl acetate, 1:1) to yield
(positive mode, DHB/THF matrix); m/z: 842 [MNa1]. 2 23 (0.144 g, 89%) as a white foam. 2 TLC (petroleum ether/ethyl
C39H53NO16Si (819.9): calcd. C 57.12, H 6.51, N 1.70; found C acetate, 1:1): Rf 5 0.23. 2 [α]D 5 11.15 (c 5 0.26, chloroform).
56.74, H 6.69, N 1.71.

2 1H NMR (600 MHz, CDCl3): δ 5 1.85, 1.91, 1.94, 2.04, 2.14,
(5 s, 18 H, 2 CH3, 4 CH3CO), 3.2 (m, 1 H, 5b-H), 3.28 (m, 1 H,O-[(2,3,4,6-Tetra-O-acetyl-β--galactopyranosyl)-(1R3)-4,6-O-

benzylidene-2-deoxy-2-dimethylmaleimido-α/β- -glucopyranosyl] 5a-H), 3.36 (m, 2 H, 6b-H, 6a-H), 3.45 (m, 1 H, 4b-H), 3.46 (m, 1
H, 2a-H), 3.53 (dd, J2,3 5 J3,4 5 9.0 Hz, 1 H, 3a-H), 3.61 (dd,Trichloroacetimidate (21): A solution of 19 (0.554 g, 0.67 mmol) in

dry THF (3 ml) was desilylated and worked up as described for 11. Jgem 5 10.3 Hz, J5,6 < 1 Hz, 1 H, 69a-H), 3.67 (dd, Jgem 5 11.9,
J5,69 5 3.0 Hz, 1 H, 69b-H), 3.84 (br.s, 2 H, 2 OH), 3.88 (dd, J3,4 5The residue was purified by flash chromatography (petroleum

ether/ethyl acetate, 1:1) to yield 20 (0.396 g, 83%) as a colorless oil. J4,5 5 9.0 Hz, 1 H, 4a-H), 3.94 (m, 1 H, 2b-H), 3.95 (m,1 H, 5c-
H), 4.11 (m, 2 H, 6c-H, 69c-H), 4.29 (dd, J2,3 5 10.1 , J3,4 5 9.0A solution of the afore-mentioned oil (0.384 g, 0.54 mmol) in dry

dichloromethane (2 ml) was transformed into the trichloroacetim- Hz, 1 H, 3b-H), 4.34 (d, J1,2 5 8.0 Hz, 1 H, 1c-H), 4.42 (d, J1,2 5

7.7 Hz, 1 H, 1a-H), 4.5524.78 (m, 6 H, 3 CH2Ph), 4.8724.92 (m,idate as described for 4. The residue was purified by flash chroma-
tography (petroleum ether/ethyl acetate, 1:1 1 1% triethylamine) to 3 H, 3c-H, CH2Ph)), 5.04 (d, J1,2 5 8.4 Hz, 1 H, 1b-H), 5.14 (dd,

J1,2 5 8.0 , J2,3 5 10.4 Hz, 1 H, 2c-H), 5.32 (d, J3,4 5 5.4 Hz, 1yield 21 (0.368 g, 79%) as a pale yellow foam in the ratio of α/β 5

1:4. 2 TLC (petroleum ether/ethyl acetate, 1:1 1 1% triethylamine): H, 4c-H), 7.2527.36 (m, 20 H, 4 Ph). 2 FAB-MS (positive mode-
NBOH/NaI matrix); m/z: 1162 [MNa1], 1178 [MK1], 1314Rf 5 0.38. 2 1H NMR (600 MHz, CDCl3): δ 5 1.86, 1.90, 1.93,

1.95, 2.08, 2.09 (6 s, 18 H, 2 CH3, 4 CH3CO), 3.5425.57 (m, 14 [MNaI]Na1. 2 C60H69NO21 (1140.2): calcd. C 63.20, H 6.10, N
1.22; found C 63.00, H 6.10, N 1.13.H), 6.17 (d, J1,2 5 3.9 Hz, 0.2 H, 1aα-H), 6.26 (d, J1,2 5 8.9 Hz,

0.8 H, 1aβ-H), 7.3627.48 (m, 5 H, Ph), 8.35 (s, 0.2 H, NHα), 8.61 Benzyl 2,3,4,6-Tetra-O-acetyl-β--galactopyranosyl-(1R3)-(2-
(s, 0.8 H, NHβ). 2 FAB-MS (positive mode, NBOH/NaI matrix); acetamido-4,6-di-O-acetyl-2-deoxy-β- -glucopyranosyl)-(1R4)-
m/z: 873 [MNa1], 1023 [MNaI]Na1. 2 C35H39N2O16Cl3 (850.0): 2,3,6 -tri-O-benzyl-β--glucopyranoside (24): Compound 23 (0.122
calcd. C 49.45, H 4.62, N 3.29; found C 49.10, H 4.83, N 3.37. mg, 0.107 µmol) was deprotected and worked up as described for

7a2g by Method A. The residue was purified by MPLC (toluene/Benzyl O-[2,3,4,6-Tetra-O-acetyl-β--galactopyranosyl)-(1R3)-
4,6-O-benzylidene-2-deoxy-2-dimethylmaleimido-β- -glucopyrano- acetone, 3.5:1) to yield 24 (0.084 g, 68%) as a colorless oil. 2 TLC

(toluene/acetone, 3.5:1): Rf 5 0.24. 2 [α]D 5 -11.6 (c 5 0.5, chloro-syl]-(1R4)-2,3,6-tri-O-benzyl-β--glucopyranoside (22): A solution
of 21 (0.25 g, 0.29 mmol) and 5e (0.13 g, 0.24 mmol) in dry di- form). 2 1H NMR (600 MHz, CDCl3): δ 5 1.83, 1.91, 1.97, 2.00,

2.03, 2.08, 2.14 (7 s, 21 H, 7 CH3CO), 3.3523.48 (m, 4 H, 5a-H,chloromethane (2 ml) was stirred under nitrogen at room temp. for
10 min while TMSOTf (0.01  in dichloromethane, 0.26 ml) was 2b-H, 5b-H, 2a-H), 3.54 (dd, J1,2 5 J2,3 5 9.0 Hz, 1 H, 3a-H), 3.68

(br.s, 2 H, 6a-H, 69a-H), 3.87 (m, 1 H, 6b-H), 3.88 (m, 1 H, 5c-H),added dropwise. After 35 min the reaction mixture was neutralized
with triethylamine and dried in vacuo. The residue was purified 3.93 (dd, J3,4 5 J4,5 5 9.0 Hz, 1 H, 4a-H), 4.0524.11 (m, 3 H, 69b-

H, 3b-H, 6c-H), 4.16 (dd, Jgem 5 11.2, J5,69 5 6.5 Hz, 1 H, 69c-H),by flash chromatography (n-hexane/ethyl acetate, 3:2.5) to yield 22
(0.216 g, 73%) as a colorless oil. 2 TLC (petroleum ether/ethyl 4.4 (d, J1,2 5 7.7 Hz, 1 H, 1c-H), 4.47 (d, J1,2 5 7.7 Hz, 1 H, 1a-

H), 4.51 (d, Jgem 5 12.0 Hz, 1 H, CHHPh), 4.64 (d, Jgem 5 10.7acetate, 3:2.5): Rf 5 0.4. 2 [α]D 5 22.8 (c 5 1.0, chloroform). 2
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