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Mild Stereoselective Syntheses of Thioglycosides Under PTC
Conditions and their Use as Active and Latent Glycosyl Donors
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Department of Chemistry, University of Ottawa, Ottawa, Ontario, CANADA K1N 6N5

Abstract: Mild and stereoselective arylthio glycoside syntheses were accomplished by inversion
of configuration of glycosyl halides under phase transfer catalyzed conditions. Under such
conditions, aryl a—thiosialosides having electron donating and withdrawing substituents were
evaluated as active and latent thioglycosyl donors. A sialyl-a-(2—6)-galactoside was prepared in
good yield using the above strategy.

Sialic acids constitute a family of about 30 derivatives of neuraminic acid, the most ubiquitous member
of which being a nine carbon amino sugar called N-acetylneuraminic acid.1 In most cases, sialic acids occupy
the penultimate non-reducing end of glycolipids and glycoproteins. Their involvement in a wide number of
biological phenomena and their receptor binding properties toward human influenza virus hemagglutinin (HA)
have been well documemed.2 Recent interests for the synthesis of multivalent influenza virus HA inhibitors,S'4
together with the rationale design of suitable a-stereoselective sialosyl donors in blockwise oligosaccharide
synthesis prompted widespread research activities toward this family of carbohydrate derivatives.5

Hasegawa and his co-workers have previously demonstrated the usefulness of anomeric mixtures of
peracetylated methyl and phenyl 2-thio-o/B-sialosides as stereoselective thioglycosyl donors in complex
sialyloligosaccharide syntheses.6 These observations and the fact that human influenza A and B viruses also
possess, beside their HA properties, a-sialidase (neuraminidase) activities,2 prompted us to prepare a number
of other o-thiosialoside derivatives. These compounds were initially synthesized to serve as powerful
glycosylating reagents and as potential sialidase inmbitors. Moreover, by a careful choice of the thiolated
aglycon moieties, it became possible to design a new glycosylation strategy in which the thioglycosides could be
used as “active and latent” thioglycosyl donors.

This paper describes further applications of stereoselective phase transfer catalyzed (PTC) syntheses of
glycosyl derivatives as applied to aryl thio-sialosides and galactosides. It will also illustrate an example of the
“active and latent” principle in which an active 4-methoxyphenylthio sialoside was used as an efficient glycosyl
donor while a latent (temporary inactive) 4-nitrophenylthio galactoside having a primary hydroxyl group was
used as glycosyl acceptor.
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RESULTS AND DISCUSSION

We have previously demonstrated that phase transfer catalysis (PTC) could be used as a general and
stereoselective entry into a wide range of glycosyl derivatives including 0-8 and S—aryl9 glycosides and
disaccharides, glycosyl azides,10 esners,l1 phosphates12 and xamhmc:s.13 In all the above transformations, the
phase transfer catalyzed nucleophilic displacements of glycosyl halides occurred with complete anomeric
inversion. Thus, 1,2-cis acylated glycosyl halides provided 1,2-zrans glycosyl derivatives. Hydrolysis and, in
few cases dehydrohalogenations accounted for the only minor by-products obtained. In the case of the sialic
acid family, the homologous B-glycosyl chloride (B-acetochloroneuraminic acid, 1),14 there is no substituents to
participate in any anchimeric fashion which might help to provide nucleophilic displacement with inversion of
configuration. In spite of this, previous applications of the PTC conditions to 1 have also afforded derivatives
with inverted at-anomeric conﬁgurations.x’m’l1’13

Therefore, treatment of freshly prepared B-acetochloroneuraminic acid (1) (Scheme 1) at room
temperature with tetra-n-butylammonium hydrogen sulfate (TBAHS, 1 equivalent) as catalyst in either
methylene chloride or ethyl acctate with arylthiols (1.5-3 ¢q.) and a 1M solution of NayCO3 afforded the -
thiosialosides in 62-84% yields after purification by silica gel column chromatography (Table 1). Again,
dehydrochlorination (11) and hydrolysis by-products were formed in minor quantities.

PTC
HSR.TBAHS AcO
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Scheme 1. Phase transfer catalyzed syntheses of thioglycosides

All the above reactions were essentially completed within <1 h. The reactions occurred with complete
anomeric inversions as judged by thin layer chromatography (TLC), 1H- and 13C-NMR spectra of the crude
reaction mixtures. The use of ethyl acetate had some advantages over methylene chloride since, in few control



Stereoselective syntheses of thioglycosides 2305

experiments, products resulting from nucleophilic displacements of one or two of the chloride anions from
methylene chloride resulted in the formation of chlorophenylthio- and bis(phenylthio)-methane (PhSCH>Cl and
(PhS)2CH>) as shown by lH-, 13C-NMR and mass spectrometry.

Some of the above a-sialosides are known compounds.15 However, they were obtained under more
drastic PTC conditions using refluxing chloroform and large excess of triethylbenzylammonium chloride used as
catalyst. For those compounds, physical data (Table 1) were in good agreement with reported values. The
fully assigned (HETCOR, COSY) 1H— and 13C-NMR spectroscopic data (Table 2 and 3) also confirmed their
anomeric configurations. Although these sialic acid derivatives lack anomeric protons, the anomeric
configurations were inferred on the basis of the characteristic downfield shifts of their H-3e signals relative to
those of the B-anomcrs.6 The H-3e signals in ¢.-sialoside anomers are usually observed ~0.5 ppm downficld to
those of the B-anomers. This assignment was also confirmed by the chemical shifts of H-4 which are shifted
upfield in the o-anomers. Moreover, the coupling constants of J7 ¢ (6.9-9.9 Hz) in a-sialosides are usually
larger than those in B-sialosides (~2.4t 0.3 Hz).

For the synthesis of NeuSAc-o—(2 —6)-B-D-Gal disaccharide in a form suitable for further conjugation
to macromolecules,3 the required “latent” thioglycosyl acceptor, 4-nitrophenyl 1-thio-B-D-galactopyranoside
(16), was prepared under the same mild PTC conditions described above. Thus, oi-acetobromogalactose (12)
was transformed into peracetylated 4-nitrophenyl 1-thio-B-D-galactopyranoside (13) in 92% yield (Scheme 1)
when EtOAc and IM NajCOj3 were used. The lH-NMR spectra of 13 showed the anomeric proton at 4.83
ppm with a characteristic 3J 12 of 9.8 Hz. Zemplén de-O-acetylation (NaOMe/MeOH) of 13 provided 14
quantitatively. Selective protection of the primary hydroxyl group in 14 was achieved with t-butyldimethylsilyl
chloride in pyridine followed by treatment with benzoyl chloride to afford 15 in 86% yield. Removal of the silyl
ether was accomplished with 3% methanolic HCl to provide 16 in 91% vyield after silica gel column

chromatography.
Ao 9 PAc TOMe &0 _oH
o SPh4-OMe o}
;‘W + &O&/SW-NOg
OAc OB
16

6
AcO co,Me
2
NIS, TfOH ACO Phc .
o
CHCHAON AcNH
-60°, 45 min SAc BO
52% o
17 B8O SPh-4-NO,
ORe
Scheme 2

The usefulness of some of the a-thiosialosides 2-16 to act as efficient glycosyl donors was previously
demonstrated.7 Interestingly, thio-pyridyl (9) and -N-methylimidazolyl (10) sialosides failed to react with any
glycosyl acceptors when either methyl iodide or N-bromosuccinimide were used as promotors. In the present
situation, when the “active” (reactive) arylthio sialosides 4 (SPh), § (SPh-4-Me) and 6 (SPh-4-OMe) were used
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as glycosyl donors and the “latent” (temporary inactive) 4-nittophenylthio galactoside (16) as acceptor using N-
iodosuccinimide (NIS) and triflic acid (TfOH) as promotors, the resulting disaccharide 17 was obtained in good
yield (52%) and a-stereoselectivity (Scheme 2). The “latent” 4-nitrophenylthio sialoside 7 failed to react with
16 under the same conditions.

To further demonstrate the “active” and “latent” thioglycoside strategy, the previously inert sialosyl
donor 7, having a para-nitropheny! electron withdrawing group in the aglycon moiety, was transformed into an
“active” donor 8, bearing a para-N-acetamidophenyl electron donating group. Thus, the nitro group in 7 was
reduced with tin (II) chloride in refluxing ethanol7 and the resulting para-aminophenylthio sialoside was
immediately N-acetylated (pyridine, acetic anhydride) to provide the new sialosyl donor 8 in 87% ovcrall yield.
Preliminary results with 8 indicated its usefulness in oligosaccharide synthesis.

Table 1. Results from the synthesis of o-Thiosialosides 2-10 from 8-acetochloroneuraminic acid 1 under PTC

conditions.
Combustion analyses
Calcd (%) Found (%)
Compd yield® mp (°C) [op’ Formula C H N S C H N S

2 62% 83-84 +314 CpHuNO,,S 4934 621 262 599 4954 6.19 257 593
3 84% 108.5-111 +38.9 CyHuNOpS 5045 6.07  2.56 - 50.65 5.97 238 -

4 80% 141-142 +209 CyH:NO;S 5351 570 240 549 5324 584 2.24 5.26
5 70% 114-115 +240 CyHsisNOS 5426 590 234 536 5443 6.02 240 5.14
6 81% 136-137 +20.7 CyH;NO@BS 5285 575 228 523 5273 575 219 5.37
7 81% 170-171 +18.2 GCpHpN,OuS 49.68 5.13 446 510 4966 538 4.46 5.24
9 69% 150-152 +29.0 CosHypN;OS 5136 5.52 479 548  51.55 5.69 4.59 5.29

10 68% 140-142 +17.7 CuHuN3OpS 49.06 5.66 7.15 546 4926 591 691 5.23

* Isolated, crystalline material.
* For ¢=1.0 in CHCl: at 23°C.
¢ Known compounds for which the reported values agreed with the literature.'®

EXPERIMENTAL

General procedures

Melting points were determined on a Gallenkamp apparatus and are uncorrected. 1. and 13C-NMR
spectra were recorded on a Bruker AMX 500 instrument. Optical rotations were measured on a Perkin Elmer
241 polarimeter and were run at 23°C for 1% solutions in chloroform unless stated otherwise. Elemental



Table2. 'HNMR (500 MHz) Chemical Shifts § and Coupling Constant Data J (Hz) of o-Thiosialosides 2-10.%

Compd H-3a H-3e H4 H-5 H6 H7 HS8 H% H% NH MeO NAc Aglycon H's
U3a,3e, 13a4) (J3ed) (as) Use) (e7) (7.8 (Jsoa) (saon) (Jgon) (JsNm) Ho _Hm _ Hp
2 1.96 270 484 403 381 530 536 429 409 513 378 186 L17(CH3) 2.76(CH2) Jyic7.5
(12.8,11.9) 4.7y (104) (10.7y 21 (83 @26 24 ¢“9 103
3 1.96 269 483 402 384 529 537 429 409 519 376 184 3.26,335° 5.73¢ 5.06, 5.18°
(12.7,11.7) (4.6) (04 (10.7) (22) 82) .7) (25 (4 (99 (SCH2) (CH=) (=CHp)

4 2.00 280 481 396 383 527 522 436 418 508 355 185 749 132 137
(129,11.7y 4.7y (0D (10.7y (1.6) (74 Q4 25 (G0 98

5 2.02 276 481 395 385 527 525 439 419 508 358 184 737 712 234(CHi)
(129,11.8) 4.6) (100) (10.7) (16) D @4 d2¢9 G (93

6 1.97 276 481 396 385 527 522 436 417 515 359 184 684 740 3.81(CH3)
(127,11.8) @7y (103) (108) (19 69 Q6 (24 (G4 (98

7 2.08 285 48 410 399 530 527 430 406 514 35 187 163 817
(12.8,11.9y 4.7y (9.9) 113} (- (-} (2D 25 (6 (95

9 2.18 286 488 4.03 410 529 521 427 409 515 365 186 7.18,7.54,7.66, 8.46
(128, 11.8) 4.7y (99 (0.7) (18 (79 28 25 G2y 96 Pyr. H-3/H-6

10 2.17 285 482 387 382 519 516 423 399 512 375 1.85 7.12(H-4) 7.10 (H-5) 3.82 (CHy)
(13.0,11.9) .7y (9.9 9.7y (15 (99 23 d23 (8 (98

SapISOOAISOIYI JO SOSOUIUAS QATIID[IS0DING

# Chemical shifts in ppm from external TMS; coupling constants in Hz. Spectra in CDCl3 at room temperature.
b H-ortho, meta and para respectively where applicable.

€ Jpem=13.8 Hz; }yic=6.3; Jyic=7.5

% Jis=10.0 Hz; Jigans=17.0

€ Jgem=13 Hz
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Table3.  '’C NMR Chemical Shifts (8) of o-Thiosialosides 2-10.°
Compd C-1 C2 C3 C4 C5 C6 C7 C8 C9 MeO NAc Aglycon C's
Ci Cp Cm __ Cof
2 1684 833 380 697 492 742 674 689 620 528 232 140(CHz) 492 (CHp
31683 829 378 695 493 741 673 686 622 528 231 316(SCHp)  1329(CHs)  118.0 (=CHy)
4 1678 875 381 €99 492 747 616 696 620 527 232 1289 1299 1385 1283
5 1681 874 319 701 491 747 676 696 619 526 229 1403 1250 1366 1297
6 1680 $7.5 387 702 492 748 677 698 620 528 232 1613 1191 1384 1144 554 (CHs)
7 1675 868 381 691 488 744 672 686 620 529 228 1483 1378 1351 1238
9 1683 861 382 692 49.1 745 673 692 618 529 229 1530 1202 1373 1228 1498 (C-6)
10 1677 880 378 693 490 744 670 683 622 529 229 1341(C2) 130.7(C-4) 1252(C-5) 34.2(CHy)

* Chemical shifts in ppm from external TMS in CDCl3.

b C-4 and C-8 chemical shifts may be interchanged.

€ C-ipso, ortho, meta and para respectively where applicable.

80€T
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analyses were performed by M-H-W Laboratories (Phoenix, AZ). Thin layer chromatography (TLC) were
performed on pre-coated silica gel 60 F254 plates and column or radial chromatography on silica gel 60 (231-
400 mesh, E. Merck No. 9385). All solvents and reagents were reagent grade and were used without further
purification.

Typical PTC reactions
Allyl (methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-2-thio-D-glycero-o-D-galacto-2-nonulo-
pyranosid) onate (3)

To a solution of B-acetochloroneuraminic acid 1 (118 mg, 0.232 mmol) and tetrabutylammonium
hydrogen sulfate (78.8 mg, 0.232 mmol) in ethyl acetate (1.2 mL) was added a solution of allyl mercaptan (75
pL, 0.928 mmol) in 1M sodium carbonate (1.2 mL). The reaction mixture was vigorously stirred at room
temperature until TLC indicated complete transformation of the starting material (1h). Ethyl acetate (18 mL)
was added to the reaction mixture and the organic phase was separated and washed three times with saturated
sodium hydrogen carbonate (20 mL each), twice with water (20 mL) and once with saturated sodium chloride
(10 mL). The organic extract was then dried using anhydrous sodium sulfate and evaporated near dryness.
The oily residue was purified by silica gel column chromatography using ethyl acetate/hexanes containing 0.5%
isopropanol as eluant, to obtain pure 3 (106.4 mg) in 84% yield; Rf (EtOAc) = 0.39, m.p. (Ether/Hexanes)
108.5-111.0 °C, [a]lp +38.9 (c 1.01, CHCI3), M.S. for Cy3H33NO32S (C.1. ether, m/z): 547.9 ([M+1]+,
68.4%), 487.9 (IM-CO;Me]", and/or [M-OAc]", 55.8%), 474.0 ((M-aglycon]”, 22.1%).

4-N-Acetamidophenyl (methyl S5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-2-thio-D-glycero-a.-D-
galacto-2-nonulopyranosid) onate (8)

Compound 7 (800 mg, 1.27 mmol) was dissolved in absolute ethanol (40 mL) to which was added tin
(I chloride dihydrate (SnCly-H,0O) (1.44 g, 6.37 mmol). The reaction mixture was stirred at 70°C for 3 h
after which time TLC in dichloromethane containing 4% ethanol indicated the transformation to be completed.
The reaction mixture was cooled and poured onto ice-water and the final pH of the solution adjusted to 7-8
with NaHCO3. The resulting mixture was extracted with EtOAc (120 mL) which was successively washed
with saturated NaHCO3 and water. The recovered organic phase was dried over MgSOy4 and evaporated under
reduced pressure. The resulting crude 4-aminophenylthio glycoside was immediately treated overnight with
pyridine (8 mL) and acetic anhydride (4 mL) at room temperature. The solution was thoroughly evaporated
under reduced pressure using toluene co-evaporations. The crude residue was purified by silica gel column
chromatography using first a mixture of CHyCly/MeOH (3%, v/v) then pure EtOAc. After pooling and
evaporating the desired fractions, compound 8 was obtained in 87% overall yield (705 mg); m.p. 97-98 °C
(EtOAC); [alp +33.9 (c=1.86, CHCL); M.S. (C.L ether, m/z): 641([M]", 87.5%), 581(IM-AcOH]", 100%),
521([M-2AcOH]", 3.1%), 476({M-HSPhNHAc]", 56.2%). LR.(thin film) (v cm™): 3302, 3099, 3015, 1741,
1667, 1590. 'H-NMR (CDCl3) d (ppm): 7.81 (br, 1H, NH), 7.49 (d, 2H, Jom 8.7 Hz, H-ortho), 7.39 (d, 2H,
H-meta), 543 (d, 1H, Jsng 9.3, NH), 5.27 (dd, 1H, I7g 7.3 Hz, H-7), 5.22 (ddd, 1H, Jg 95 2.7 Hz, H-8),
4.81 (ddd, 1H, J4,5 10.4 Hz, H-4), 4.36 (dd, 1H, Jo, 91, 12.5, H-9a), 4.16 (dd, 1H, Jg 9 5.4 Hz, H-9b), 3.95
(ddd, 1H, J5 ¢ 10.1 Hz, H-5), 3.84 (dd, 1H, Jg7 1.9 Hz, H-6), 3.57 (s, 3H, OCH3), 2.75 (dd, 1H, J3e 4 4.7
Hz, H-3e), 2.05 (dd, 1H, J354 11.8, J3,3¢ 12.8 Hz, H-3a), 2.14, 2.10, 2.03, 2.00 (4s, 12H, OAc), 1.98, 1.83
(2s, 6H, NAc). Be.NMR (CDCl3) & (ppm): 170.8, 170.7, 170.4, 170.2, 170.0, 169.0, 167.8 (C=0, C-1, NAc,
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0Ac), 140.0 (C-ipso), 137.3 (C-meta), 123.0 (C-para), 119.7 (C-ortho), 87.5 (C-2), 74.6 (C-6), 70.0 (C-8),
69.7 (C-4), 67.6 (C-7), 61.9 (C-9), 52.7 (CH30), 49.3 (C-5), 37.9 (C-3), 24.5, 23.0, 21.4, 20.8 (NAc, OAc).
Anal. Calcd. for C2gH36N2013S-H20: C, 51.06; H, 5.81; N, 4.25. Found: C, 51.41; H, 5.75; N, 4.29.

4-Nitrophenyl 2,3,4,6-tetra-O-acetyl-1-thio-B-D-galactopyranoside (13)

To a solution of a-acetobromogalactose (£2) (10.0 g, 24.3 mmol) and TBAHS (8.3 g, 24.3 mmol) in
EtOAc (100 mL) was added 1M NapCOj3 (100 mL) and p-nitrothiophenol (5.7 g, 36.8 mmol, 1.5 eq). The
two phase reaction mixture was vigorously stirred at room temperature and the progress of the reaction was
monitored by TLC using EtOAc/Hexanes (1:1 v/v) as eluent. The reaction was completed within 55 min after
which time, EtOAc was added and the organic phase was washed exhaustively with NaHCO3, water, and brine.
The organic extracts were then dried (Na»SQy), filtered and concentrated under reduced pressure. The crude
product was purified by silica gel column chromatography (EtOAc/Hex., 3:4 v/v) and the resulting residue was
crystallized from ethanol. Compound 13 was obtained as yellowish needles (10.9 g, 92.4 %); m.p. 168.7-169.0
°C; [odp -8.3 (¢ = 1.0, CHCl3), M.S. (C.L ether, m/z): 486 (IM+11%, 1.9%), 331(IM+1-SPhNO,]", 100%).
'H-NMR (CDCI3) 6 (ppm), 8.13 (d, 2H, Jiy o 9.0 Hz, H-meta), 7.57 (d, 2H, H-ortho), 5.44 (dd, 1H, J4 5 0.9
Hz, H-4), 5.27 (dd, 1H, J; 3 9.9 Hz, H-2), 5.06 (dd, 1H, J3 4 3.3 Hz, H-3), 4.83 (d, 1H, J; 3 9.8 Hz, H-1),
4.19 (dd, 1H, Jea 6b 11.3 Hz, H-6a), 4.10 (dd, J5 gy 5.4 Hz, H-6b), 4.10 (ddd, 1H, H5 ¢, 7.2 Hz, H-5), 2.13,
2.06, 2.05, 1.96 (4s, 12H, OAc). Be NMR (CDCl3) & (ppm), 170.2, 169.9, 169.8, 169.3 (C=0), 146.7 (C-
para), 142.4 (C-ipso), 130.3 (C-meta), 123.7 (C-ortho), 84.7 (C-1), 74.7 (C-5), 71.6 (C-3), 67.0 (C-4), 66.6
(C-2), 61.6 (C-6), 20.7, 20.6, 20.6, 20.5 (OAc).

Anal. Calcd. for CygHz3NO11S: C, 49.50; H, 4.77; N, 2.89; S, 6.60. Found: C, 49.59; H, 4.89, N, 29]; S,
6.53.

4-Nitrophenyl 1-thio-B-D-galactopyranoside (14)

To a suspension of 13 (10.0 g, 20.6 mmol) in 100 mL of methanol was added 1.5 mL of 1 M NaOMe
(pH = 9-10). The mixture was stirred at room temperature for 30 min after which time, TLC (MeOH/CHCl3,
1:10 v/v) indicated that complete de-O-acetylation occurred. The solution was neutralized with H' resin
(Dowex 50w-X8) and evaporated under reduced pressure o afford 14 in essentially quantitative yield (6.85 g);
m.p. 160.2-161.5 °C; [a]p -100.8 (c = 1.0, CH;,OH); M.S. (C.L ether, m/z): 318 ((M+1]", 1.1%), 163
([M+1-SPhN02]+, 38.3%). 1H-NMR (D,0) d {ppm), 8.17 (d, Jmo 9.1 Hz. H-meta), 7.63 (d, H-ortho), 5.02
(d, 1H, J1 2 9.7 Hz, H-1), 4.06 (dd, 1H, J34 2.0 Hz, H-4), 3.92-3.69 (m, 5H, H-2, H-3, H-5, H-6a, & H-6b).
BeNMR (D20) & (ppm), 148.2 (C-para), 146.5 (C-ipso), 130.9 (C-meta), 126.6 (C-ortho), 88.6 (C-1), 81.6
(C-5), 76.4 (C-3), 71.5 (C-4), 71.1 (C-2), 63.4 (C-6).

4-Nitrophenyl 2,3 ,4-tri-O-benzoyl-6-O-t-butyldimethylsilyl-1-thio-3-D-galactopyranoside (15)

To a solution of 4-nitropheny] 1-thio-f3-D-galactopyranoside (14) (2.0 g, 6.30 mmol) in 60 mL dried
pyridine was added t-butyldimethylsilyl chloride (1.07 g, 7.10 mmol) at 0°C. The reaction mixture was stirred
at room temperature during 3.5 h and then cooled to 0°C. Benzoyl chloride (2.7 mL) was added and the
solution was stirred for a further 5 h at room temperature after which time, TLC (ethyl acetate-hexanes, 3:5
v/v) indicated complete transformation. The reaction mixture was poured onto ice and extracted with
chloroform. The extracts were collected and successively washed with saturated NaHCO3 and saturated NaCl.
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The organic phase was then dried over sodium sulfate, filtered and evaporated under reduced pressure. The
crude product was crystallized from ethanol to afford 15 (4.03 g, 86 %) as yellowish crystal; m.p. 159-160 °C;
[olp +84.4 (c = 1.0, CHCl3); M.S. (C.L ether, m/z): 474 ((M+1]*, 7.1%), 589 ({M+1-SPhNO21", 49.0%).
'H-NMR (CDCl3) & (ppm), 8.20-7.18 (m, 19H, aryl), 5.98 (dd, 1H, J4 5 0.9 Hz, H-4), 5.76 (dd, 1H, 23 99
Hz, H-2), 5.63 (dd, 1H, J34 3.3 Hz, H-3), 5.23 (d, 1H, J; 2 9.8 Hz, H-1), 4.12 (ddd, 1H, Hsg, 6.8, Hs gp
6.2 Hz, H-5), 3.88 (dd, 1H, J6a,6n 10.2 Hz, H-6a), 3.77 (dd, 1H, H-6b), 0.84 (s, 9H, t-Butyl), -0.01, -0.05 (2s,
6H, Si(Me)). Be.NMR (CDCl3) 3 (ppm), 165.4, 165.2, 165.1 (C=0), 141.8-123.8 (aryl), 84.7 (C-1), 78.5
(C-5), 72.8 (C-3), 67.9 (C-2), 67.8 (C-4), 61.2 (C-6), 25.7 (3C, C(CH3)3), 18.2 (C(CH3)3), -5.5, -5.6
[Si(Me),l.

Anal. Calcd. for C3gH41NO1(SSi: C, 62.96; H, 5.56; N, 1.88; S, 4.31. Found: C, 63.20; H, 5.54; N, 1.91; S,
4.52.

4-Nitrophenyl 2,3,4-tri-O-benzoyl-1-thio-p-D-galactopyranoside (16)

Acetyl chloride (3 mL) was added dropwise to methanol (60 mL) and the hydrogen chioride solution
obtained was cooled to 20°C. A solution of 15 (3.7 g, 4.97 mmol) in diethyl ether (60 mL) was added and the
mixture was stirred at room temperature for 30 min. TLC (EtOAc/hexanes, 3:5 v/v) indicated complete
removal of the silyl protecting group. The reaction mixture was neutralized with Amberlite IR-45(OH),
concentrated under reduced pressure and the crude residue was purified by silica gel column chromatography
using ethyl acetate-hexanes (3:5 v/v) as eluent. Pure compound 16 (2.82g, 91%) was obtained as a white
powder; m.p. 106.5-107.7°C; {op +69.9 (c = 1.0, CHCl3); M.S. (C.L ether, m/z): 630 ([M]+, 8.5%), 612
(IM-H01", 4.1%), 504 (IM-PhCO,H]", 4.8%), 475 (IM-HSPhNO,]*, 100%). 'H-NMR (CDCl3) & (ppm),
8.17-7.18 (m, 19H, aryl), 5.87 (dd, 1H, J45< 1.0 Hz, H-4), 5.86 (dd, 1H, J2.3 9.9 Hz, H-2), 5.64 (dd, 1H,
J34 3.3 Hz, H-3),5.14 (4, IH, J1 5 9.9 Hz, H-1), 4.17(ddd, 1H, Hs5 ¢4 6.8, Hs g, 6.2 Hz, H-5), 3.88 (dd, 1H,
J6a,6b 12.0 Hz, H-6a), 3.65 (dd, 1H, H-6b), 2.05 (br, 1H, OH-6). Be.NMR (CDCl3) 8 (ppm), 166.5, 165.4,
165.1 (C=0), 147.1-123 .8 (aryl), 84.5 (C-1), 78.2 (C-5), 72.7 (C-3), 68.8 (C-2), 67.6 (C-4), 60.6 (C-6).

4-Nitrophenyl  O-(methyl S-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-oa-D-galacto-2-
nonulopyranosylonate)-(2—6)-2,3,4-tri-O-benzoyl-1-thio-B-D-galactopyranoside (17)

To a solution of 4-methoxyphenyl (methyl 5-acetamido-4,7,8,9-tetra-QO-acetyl-3,5-dideoxy-2-thio-D-
glycero-a-D-galacto-2-nonulopyranosid) onate (6) (58.5 mg, 95.4 umol) and 16 (50 mg, 79.5 umoal) in dry
propionitrile (4 mL) was added molecular sieves (4A, 100 mg). The mixture was stirred for 4 h at room
temperature and then cooled to -60°C. N-Iodosuccinimide (43 mg, 191 umol) and trifluoromethanesulfonic
acid (5.9 pL., 66.8 umol) were then added. The solution was stirred for 45 min at -60°C. The progress of the
reaction was monitored by TLC using a mixture of benzene/acetone (3:2 v/v) as eluent. The reaction mixture
was diluted with CH2Cl and filtered through a pad of celite. The filtrate was successively washed with 10%
aqueous sodium thiosulfate, saturated aqueous sodium bicarbonate and brine. The organic phase was dried
(NapSO4) and concentrated under reduced pressure. The crude residue was purified by silica gel column
chromatography using 3 % ethanol in dichloromethane as eluent. Compound 17 was obtained in 52% yield
(44.8 mg); m.p: 117.4-118.5 °C (CHCly); [a]p +45.2 (c = 1.1, CHCl3); M.S. (FAB*, m/z): 1086.2 ((M]",
0.3%), 948.3 ([M-SPhNOz]", 2.4%), 612.1 ((M-Neu5SAc]", 2.1%), 474.2 (IM-Gal]*, 11.9%); IR (thin film),
(v), 3330, 3067, 2946, 1738, 1674, 1590, 1519 em™. 'NMR (CDCl3) & (ppm): 8.16 (4, 2H, Jo iy 8.6 Hz, H-0
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NO3), 7.94 (d, 2H, H-m), 7.73-7.19 (m, 15H, aryl). 6.06 (dd. 1H, J4 5 < 1.0 Hz, H-4), 5.80 (dd, 1H, J3 4 3.2
Hz, H-3), 5.7 (dd, 1H, Jp 3 10.7 Hz, H-2), 5.55 (ddd, 1H, Jg ¢y 2.6 Hz, Jg 9 4.9 Hz, H-8'), 541 (d, 1H, J1 2
9.7 Hz, H-1), 5.25 (dd, 1H, J7 g 9.4 Hz, H-7'), 5.14 (d, 1H, JNu,5 9.7 Hz, NH). 4.80 (ddd, 1H, Jg 5+ 10.2
Hz, H-4"), 4.50 (ddd, 1H, J565 6.1, Jsep 8.4 Hz, H-5), 4.44 (dd, 1H, Jgugp 12.3 Hz, H-9'), 4.12 (dd, 1H,
Je¢,77 1.9 Hz, H-6"), 4.07 (ddd, 1H, J5 s 10.6 Hz, H-5", 4.04 (dd, 1H, H-9'b), 3.85 (dd, 1H, Jga 60 11.0 Hz,
H-6a), 3.68 (dd, 1H, H-6b), 3.57 (s, 3H, OMe), 2.46 (dd, 1H, J33 3¢ 12.9, J3e4 4.6 Hz, H-3'%), 1.96 (dd,
1H, J3u 40 11.0 Hz, H-3'3), 2.24, 2.17, 1.99, 1.91 (4s, 12H, OAc), 1.87 (s, 3H, NAc). 13'C-NMR (CDCl3) 8
(ppm): 171.0, 170.9, 170.8, 170.2, 170.1, 167.8, 165.3, 165.2, 165.1 (C=0), 146.6 (C-para), 142.6 (C-ipso),
133.5-123.8 (aryl), 99.5 (C-27), 83.9 (C-1). 75.8 (C-3), 72.8 (C-6"), 72.6 (C-3), 68.6 (C-4"), 67.9 (C-2, C-4),
67.8 (C-89, 67.3 (C-7"), 63.4 (C-9), 63.0 (C-6), 52.9 (OCH3), 49.3 (C-5). 37.8 (C-3", 23.2 (NAc), 21.2, 20.8
(OAC).

Anal Calcd. for C53H34N2021S: C, 58.56; H, 5.01; N, 2.58. Found: C, 58.15; H, 4.96; N, 2.42,
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