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Abstracts: Sulfur-linked disacchatide analogs of three a-Ltitc9pyranceyl2-scetsmid~+2deoxy-&J% 
glucopyranosi&.s and one a-Lfiraqymnctsyl ~Dgalactopymnkde WQC synthesized by suWtutiun 
reactiolls of snlfonates aad rhl&rqaning reacttats of azilidine as well as eximnc &rivatives IlsinS l-thio- 
a-Lfitcopymaoseasnnckq&. Fncus&zsfrembovinckidneyaadq~ymiswereinhihitedbyaUd 
tksedisacchstide.sna@Jssndth&Kivsk3rsqcfmm0.65to4.9mM. 

INTRODUCTION 

Oligosaccharides containing thioglycosidic linkages are well-known and easily available chemical tools for 

studying behaviours of carbohydrate hydtolases such as exoglycosidases 1 and endoglycosidases,12 becsuse the 

linkages are not affected enzymatically and the unnatural oligosaccharides behave as inhibitors. U-L- 

Fucopyranosyl residue is involved in many biologically important oligosaccharides,3 and a-L-fucosidase 

(EC3.2.1.15) hydrolyzes the terminal a-L-fucosyl linkage. Gamete recognition between fucose-containing 

glycoconjugates and a-L-fucosidase was suggested for as&an4 and mammal5 The most abundant linkages of 

L-fucose in glycoproteins and glycolipids am a(l-+3), a(l+4), and a(l-6) to 2-acetamido-2-deoxy-D 

glucose @-GlcNAc) and a( 1+2) to Dgalactose (~-Gal). The substrate specificity of a-L-fucosidase differs 

with its source and has scarcely been reported for the above described a-L-fucosyl GlcNAc and Gal 

disaccharides except in the case of a-L-fucosidase from human serum6 In order to examine the linkage 

specificity of a-L-fucosidase, four kinds of sulfur-linked disaccharides 1 - 4 were synthesized and a significant 

difference in their inhibitory activities was observed. 

1 2 3 4 

Fuc = aUucopyrauosy1 
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RESULTS AND DISCUSSION 

General and effective 0-glycosylation methods7 proceed by nucleophilic attack of the hydroxyl group of 

the acceptor sugar on the electrophilic anomeric carbon of the donor sugan The formation of the glycosidic 

linkage by coupling of the donor glycosyloxy anion as nucleophile is limited7h and unpractical. Gn the contrary, 

thioglycosidic linkage has been formed effectively by the same coupling, i.e., glycosyltbio anion as nucleophile, 

due to higher nucleophilicity of the sulfur atom compared to the oxygen atom. The strategy selected for 

synthesis of the S-linked disaccharides 1 - 4 is shown in Scheme 1, where tbe acceptor sugars were designed 

considering theirmactivities as electrophile. 

L rleaving groups: 6-018, bOTf, NTa(2,3-a&dine), 0 (2,3-oxirane) 

Scheme 1. Synthetic strategy of S-linked a&fucopyranosyl disaccharides. 

In this strategy the anomeric configuration is maintained during the coupling, because the anomerixation of 
the glycosyltbio anion is very slow. In order to utilixe this benefit an efficient preparative method of l-t&-u-L- 

fucopyranose triacetate (7) is necessary. Matta et al. mported8 conversion of L-fkose to the @namer of6 via 

2-S-B-L-fucosyl-2-thiopseudourea and anomerixation of the p-anomer of 6 to 7, which, however, was not 

isolated After unsuccessful trials of p-L-ticopyranosyl chloride preparation9 and addition of t&acetic acid in 

the presence of arrr-Bt100H~~ to 2-hydroxy-L-fucal triacetate, the following facile method was found. 

Condensation of Hucose (5) with thioacetic acid in the presence of hydrogen chloride at Toom temperature for 4 

h, followed by acetylation, gave 1-tbio-a-L-fucopyranose tetraacetate (6) in 3 1% yield. The corresponding p- 

pyranose and a, B-furanose isomers were also formed. Selective S-deacetylation of 6 with 2aminoethsnethiol 

in the presence of DL-1,4dithiothreitol gave l-t&017 in 89% yield Both 6 and 7 could be used as nucleophilts 

for S-linked disaccharide synthesis. 

Scheme 2. Preparation of I-thio-a&fucopyranose tetraacetate. 
Reagents and ceMiticns: (a) A&I. HCI; (b) AqO, pyridine. DMAP. 31%; (c) 0.5 eq. l,4dithiothre.itol 
1.1 cq. I&NCHzCH#H / CX-13CN,56T. 89%. 

The a(l-6) thiofucosyl linkage was formed as planned highly efficiently by the substitution tea&on of a 

6-0-tosyl derivative (10) of GlcNAc in DMF with the thiolate nucleophile, formed by treatment of 6 with 

sodium hydride, to give 11 in 99% yield The Ctosylate 10 was prepared from ally1 2-acetamido2deoxy-~-~ 
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ghtcopyranoside 8 in 35% total yield via 6-rerr-butyidimetbykiIy1 (IBDMS) ether 9. 0DeacetyIation of the 

disaccharide11gavethea(1~6)linLedisamer1in31%overallyieldfran8. 

a( 
8 R’rR*rH 
8 R’ =TBDMB, R*rAc 

bit0 R’ rTs,R*=Ac d< 
11 R=Ac ~k&&oAff 

1 R=H NHAc 

kheme 3. Synthesis of a( 14) Iinked disaccharide. 
~cagmts and conditionx (a) 1) TBDMSCl, imiile / DMFt 2) AC@. DMAe I pyridinc, 
61% (2 steps). (b) 1) 60% AcOR, 7ooc; 2) TsCf /pyridioe. 60% (2 steps). (c) l)7, Naf.f 1 
DMF; 2)AczO/pyridine,DMAP,9996;3)NaOMe/Md)H,91%. 

For the construction of a(144) linkage sIIyl2-axk&2deoxy-~-~gaIactopyranosi& (12) was selected as 

a precursor of GlcNAc moiety. Its 4-niflate 14 was prepared via the corresponding 3.6bis-o-TBDMs 

derivative 13, which was deduced to be more reactive than 3,~di-O-pivaIoy1 anaIog, which was previously” 

used for preparation of a Cthio derivative of GlcNAc. The same nucleophik substitution of 14 with 7 gave the 

S-Ii&d disaccharide 15 in 68% yield including the CO-triflyhttion step. U-DesiIyIation of 15, followed 

reduction of the axido group with hydrogen suh’ide, purification as the peracetate 17 and O-deacetyhition, gave 

thecz(1+4)Iinkedisomer2 in57% total yield. 

OR fI:&L 
TfO OTBDMB 

0 b 0 
OAII - E& TBDYSO OAII L 

NS 

a( 
12 R=H 

Na 

13RzTBDMS 14 

AcO RO 

e 

R I TBDMS fh 
RrH 

OAII 

4 
17 R=Ae NHAc 

2 R=H 

Scheme 4. Synthesis of a( 1+4) Iinked disaccharide. 
Rcagaits md ccnditton~ (a) TRDMSCt. imidazk / DhW, 60°C. 5a%. @)lQO, pyrhhnc. DMAP 
I CI-&Cts. (c) 1) 7,NewDkIF. 2) kCp / wridine. DMAP. 68% (3 steps). (a) l)lhsIJF /‘l-HE 

2) AM. Dm/wridinc. 91% 0 -I-@. (a) l)&S. pyridim. /&0;2) ACZO. Dw!wridine. 
97% (2 steps); 3) NaOMe / Me-OR, 63%. 

It is rather weII known12 that nucleophilic substitutions at C-3 of GlcNAc derivatives give often 

cumbersome rest&s. Gn the other hand, an introduction of benxylthio group at C-3 position via 2.3-epMno 

derivative was mpmted to be highIy regioseleetive. l2 4,6-0-BenayIidene-2,3-epimi~~-~aII~yranoside (19) 
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was prepared in 52% yield (2 steps) via the 3-mesylate 18 in the same manner as reported by Meyer zu 

Reckendorf and Lenxen 1 3 for the corresponding methyl glycoside. In order to elevate the reactivity of the 

axiridine ring tosyl group was introduced at the nitrogen (2 0) and Odebenxylidenated to give a coupling partner 

2 1 quantitatively. 

The ring opening reaction of 2 1 with 6 in the presence of sodium methoxide in methanol at reflux. 

followed by acetylation, gave a mixture of the desired disaccharide 2 2 and its ~-u&m isomer 2 3 with a ratio of 2 

: 1 in 92% yield, which were separated on a column of silica gel with toluene-ethyl acetate. N-Detosylation 

under several reported methods. l4 where @ally1 group can survive, was unsuccessful. Then. after conversion 

of the aglycon moiety f&m ally1 to propyl by catalytic hydrogenation, thus obtained a( l-3) linked disaccharide 

2 4 was subjected to Birch reduction, followed by acetylation for purification and 0-deacetylation, to obtain 3 in 

8 1% total yield. 

a 

NHAc 

18 

d 

4 

24 R=Ac 
25 R-H 

NHT8 
23 

Scheme 5. Synthesis of a(1+3) linked disaccharide. 
ueaaenu and m~~ditions: (a) MsCl / pyridii, 71%. (b) 1) i-PrONa /i-ROH-dioxane, reflux, 73% 2) T&l/ 

pyridine. 98%. (c) H%esin / 80% MeOH; 40%. quant (d) 1) 7, NaOMe / MeOH, rsfhx; 2) Ac20 / pyridk. 
DMAP, 22: 63%. 23~ 29% (3 steps). (e) 1) W, Hz / MeOH, quant.; 2) NaOMe / MeOEk 90%. (f) 1) Na 

I NH3. THF, -7VC; 2) Ac20, DMAP /pyridhe, 85%. (8) NaOMe / MeOH, 94%. 

2-Thio-~galatopyranoside derivative was prepared in a moderate yield by memaptonitmtion15 of ~-gala& 

triacetate with potassium thiobenxoate in the presence of ceric ammonium nitrate. Although introduction of 

sulfur atom at C-2 by substitution of triflate or ring-opening reaction of epoxide was reported, no examples of D 

rufo isomer which gives Dgalactose derivative was found. Thus the latter possibility was examined using 6 as 

nucleophile. The coupling of 1,6:2,3-dianhydrol~alopyranose (2 7) with 6 in highly concentrated solution 

(2.6 M for 6) in methanol in the presence of sodium methoxide gave a desired C2-thiofucosylated D-g&c& 

isomer 2 8 and its C3-linked ~-a& isomer 2 9 in 87% and 7% yields, respectively. The ring-opening reaction in 

a diluted solution (0.9 M) resulted in a prolonged reaction time and a reduced yield of 28 due to the 
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eon of I-thio-~fttcose. Here the ring-opening reaction seems to proceed under the control of FUrst- 

Plattner rule.16 However, it is noteworthy that a distinct nverse regioselectivity in the ring-opening reaction of 

thecorresponding Dmanno isomer (C-4 epimer) of 2 7 with benzyl mercaptan was reported l7 Considering the 

anomeric configuration of Dgalactose in natural glycoconjugates the a(1+2) linked disaccharide 28 was 

converted to the p-glycoside 32 via l-acetate (3 0) and 1-Otrichloroacetimidate (3 1). The glycosidation 

reaction with ally1 alcohol in the presence of boron trifluoride etherate gave the j3-glycoside 3 2 predominately in 

90% yield. 0-Deacetylation of 3 2 gave the disaccharide 4 quantitatively. Here &scribed synthetic methods, 

especially by the ring-opening reactions of epimino and oxirane derivatives, proved to be effective for the 

construction of thioglycosidic oligosaccharides. 

28 

a 

MC 4 ‘0 
AC0 b i - 
Me 0 M &OOAe OAe 

+ 0 -a 0 
AC0 OAC ci 30 RIOAC 

i 
32 RIAC 

31 R = OC(=NH)C& (a) e 4 RrH 

28 s 
27 

OAC 

Scheme 6. Synthesis of a( 1+2) linked disaccharide. 
Reagents and cmditionsz (a) 1) 6, NaOMe / MeOH, refhx: 2) AQO / pyridine. DMAP. 28: 87%. 29: 7%. 
(b) AezO / AeOH, HzSO+ quanr. (a:jS=88:12). (c) 1) HmAcOH. DMF, SOT. 2)CCl&N, DBU 

/ CH&!l2 (2 steps, 78%). (d) AUOH, MS4A. BF30Et2 / CH&&, 45’C, 98%. (e) N&We / MeOH, qunt. 

The struchnes of the above described disaccharide derivatives were confmned by ‘H- and 13C-NMR data. 

The position where the 1-thioa-L-fucopymnosyl residue is introduced is clearly indicated by the higher chemical 

shift (from 2.8 to 3.4 ppm depending on the position and orientation). The coupling constants of the ring 

protons, i.e. J2,3 = 10.3 and J3,4 = 10.1 HZ for 22, J23 = 5.6 and J3.4 = 4.3 Hz for 23. J3.4 = 5.0 HZ for 28 

and J3,4 = 10.1 Hz for 2 9, also support the configuration especially for the ring-opening products. 

a-L-Fucosidase are important enzymes in the metabolism of L-fucose-comaining biological substances and 

have been investigated extensively. L8 Human serum a-L-fucosida& is one of the well-characterized 

glycosidase and was demonstrated to hydrolyze the a(l+2) linkage effectively. On the other hand, 

commercially available a-L-fucosidases from bovine kidney and epididymis l9 am known to be able to hydrolyze 

all the four kinds of a-L-fucopyranosyl linkages as well as p-nitrophenyl a-L-fucopyranoside, but 

enzymological kinetic data have not been reported. Thus our synthesized S-linked oligosaccharides were 

examined at fit toward these. a-L-fucosidases. Inhibitory activities of the S-linked oligosaccharides 1 - 4 were 

examined using p-nitrophenyl a-L-fucopyranoside as the substrate, and expressed in the term of Ki values, 

which were estimated based on the Lineweaver-Burk plot as summarized in Table 1. The most remarkable 

inhibition was observed for the a( 14 3) linked disaccharide 3 with a mode of competitive inhibition. Other S- 

linked disaccharides 1, 2 and 4 showed mixed inhibition. As preliminary reporttd”, 5-thio-a-L-fucopyranosyl 
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analog uf 4 shows a potent axnpctitivc inidbition (Ki = 30 ISM) s? a-L-fucoroidase from bovint cpididymis. 

the~m~~inhibitionaf4is~tobea~bu~totheeffactofits:rathahigh conaWuaIionfKi= 
1.1 m&Q. IEen obseived difference in the inhibitory activities of four S-linked u-L-f~ yl~~s 

indicates a usefulness of these disaccharide analogs for characterization of exoglycosidases. 

Tabk 1. cubit acrivith of s~-~ d&aa%ui& analogs 1 - 4 toward a-xAiwSidSSes 

DiS&CCiIaIid Ki values (mM) and inhibition mode* 

wg bavinekidfIey bovine epididymis 

1 4.5 (mWb cL = 9) 4.7 (mixedp a=7) 
2 4.9 (mixeSb a = 2) 3.5 (mixed.b a=41 
3 0.65 (cumpetitive) 0.66 (competitive) 
4 0.88 (mixedp a = 0.5) 1.1 fmixedp a = 0.5) 

’ The inhibition modes wem indicati by Liicweavcr-Burk plots and replots of 
the slope as well as intercept versus the inhibitor concemration. 

b Linear mixed-type inhibition2’ which may be considered as a mixture of partial 
competitive ~bition and pm& n~~~titive i~ibition. 

General method. Melting points were determined with a Mel-‘Ibmp. apparatus and are not cormcted Optical 
mtations wen: measured using a 0.5 dm tube and a JASCO DIP-4 Polarhneter. . NMR spectra wem recorded at 
270 MHz with a JEOL MM-EX-270 in CDC13 with ~~e~yi~e as a internal standa&. unless stated 
otherwise. Column catchy was pe&mned on W&kogel C-300 (W..o Pme Chemical Industries, Ltd.) 

2,3,4-Tri-O~acetyl-lS-neetyl-l-thio~-L-fucopyranose (6). Into thioacetic acid (100 mL) was 
introduced hydrogen chkxids at OOC. m the saturated solution was added 5 (9.84 g, 60 mmol) with stirring at 
0°C and this temperature was maintained for 10 min. Then the mixturn ~8s kept at room temperatun for 4 h. 
After evaporadon in vac~, the resulting syrup was acetylated with A%0 (SO mL), pyridine (50 mL)> and 
DMAP (catalytic amount) to give 6 (6.56 g, 31%) after workup and c~rna~~phy with 10 : 1 hexane-EtOAc. 
~rn~d 6 had mp 11P12ooc; [u]~~O -156 (c 0.52, CHCQ}; *H NMR da& 8 6.23 (d, 1 H. J12 = 5.3 Hz, 
H-l), 5.48 (dd, 1 H, J2,3 = 10.9 Hz, H-2), 5.29 (dd, 1 H, J,,4 = 3.2 Hz., J4,5 = 1.3 Hz, H-4), 5.03 (dd, 1 H, 

H-3). 4.06 (q, 1 H, Js,6 = 6.4 Hz, H-S), 2.41 (s, 3 H, SAC), 2.18, 2.01, 2.00 (3 s, 9 H, 3 OAc); 13CNMR 
dataz 6 192.2, 170.5, 169.9, 169.6, 81.2, 70.4, 69.3, 69.1, 66.3, 31.5, 20.7, 20.6, 16.1; Anal. Catcd for 
C,&&S: C, 48.27; H, 5.79. Foundz C, 48.12: H, 5.90. 

2,3,4-‘IWO-acetyl-1-thio-a-L-fucopyranose (7). To a solution 6 (220 mg, 0.632 mmol) and DL- 
~~ot~tol (44 mg, 0.29 mmol) in acetonitrile (5 mL) was added cysteamine (52 mg, 0.67 mmol) and the 
solution was kept for 25 min at !WC. CWoroform was added and the mixture was washed with ice wa&r, d&d 
(MgSOd and evaporated in v(~cuo. The residue was chromatogmphed with 1: 2 hexane-ElUAc to give 7 (172 
mg, 89%). Compound 7 had [al,20 -162 (c 1.00, CHC& ‘H NMR data: 6 5.99-5.96 (m, 1 H, H-l), S-31- 
5.21 (m, 3 H, H-2, 3,4), 4.53 (q, 1 f-I, Js,6 = 6.6 Hz, H-5),2.17, 2.09, 201 (3 s, 9 H, 3 AC), 1.80 (d, 1 H, 
J = 5.3 Hz, SX), 1.16 (d, 1 H, H-6); 13C NMR data: 6 170.6, 170.1, 77.7, 70.9, 68.1, 67.6, 65.5, 20.9, 
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20.8.20.7, 16.0; Anal. C&d for C&t&8: C!, 47.05; H, 5.92. Found: C, 47.32; H. 6.03. 

Ally1 2-acetamido-3,4-di-O-acetyl-6-O-fert-butyldimethyIsilyl-2-deoxya-D-glucopyran~ide 
( 9). lb a mixture of 8” (3.66 g, 14.0 mmol) and hnidaxole (2.48 g, 36.4 mmol) in DMF (11 mL) was added 
a solution of tat-butylchlcmxiimethylsilane (2.74 g, 18.2 mmol) in DMF (5 mL) at OOC and the solution was kept 

at this temperature for 30 min. The mixture was tteated with AC20 (10 mL). pyridine (15 mL), and DMAP to 

give 9 (3.93 g, 61%) after workup. Compound 9 hadmp 212-213°C; [cz]~~ -3.2 (c 1.34. CHC$); ‘H NMB 

data: 8 5.93-5.79 (m, 1 H, 0C!H2CW=C!Hg), 5.62 (d, 1 H. JzW = 8.6 Hz, NH), 5.3e5.17 (m. 3 H, H-3, 

OCHgCH=C&), 4.99 (t, 1 H, J3,4 = 9.2 Hz, Jdv5 = 9.9 Hz, H-4). 4.63 (d, 1 H. J12 = 8.6 Hz, H-l), 4.37- 

4.30 (m, 1 H, OC&C!H=CH& 4.12-4.05 (m, 1 H, OCH$XI=~). 3.91(dt, 1 H, Jzs = 10.7 Hz, H-2). 

3.70 (d, 2 H. Js6 = 4.2 Hz, H-6). 3.53 (dt, 1H. H-5). 2.03. 2.02, 1.95 (3 s, 9 H, 3 AC), 0.89 (s, 9 H, t-Bu), 

0.06. 0.05 (2 s, 6 H, 2 Me); 13CNMBdata: 8 171.1, 170.1, 169.3. 133.7, 117.6, 99.5, 74.7, 72.9, 69.4, 

69.2, 62.6, 54.5, 25.8, 23.3, 20.7, 18.3, -5.4; Anal. Calcd for ~tH37N08Si: C, 54.88; H. 8.11; N. 3.05. 

Found: C, 54.60; H, 8.28; N, 2.97. 

Ally1 2-acetamido-3,4-di-O-acetyl-2-deoxy-6~-p-toluenesutfonyl-~-D-gIucopyranoside (10). 
lb 70% acetic acid (15 mL) wss added 9 (1.40 g, 3.05 mmol), the mixture was kept for 1.5 h at 70°C and 

evapomted in vucrw. To a solution of the residue in pyridine ( 5 mL) was added ptoluenesulfonyl chloride (0.70 

g. 3.7 mmol) with stirring. The mixture was kept at room temperatute for 3 h and poured into methanol. The 

precipitate was filtered and mcrystallizd from EtOH-hexane to give 10 (0.91 g. 60%). Compound 10 had mp 

177-179°C (decomp.); [cc]~~ -1.8 (c 1.30, CHCl$ ‘H NMB datz 8 7.76.7.36 (each d, each 2 H, J = 8.3 Hz. 

ammaticinTs). 5.89-5.75 (m, 1 H, OCHzCYJ=CHg), 5.60 (d, 1 H. Jzm= 8.9 Hz, NH), 5.30-5.17 (m, 3 H. 

CCH&H=Wg, H-3). 4.90 (t. 1 H, J3,4 = Jd5 = 9.6 Hz, H-4), 4.65 (d, 1 H, Jlz = 8.5 Hz, H-l), 4.29-4.22 

(m, 1 H, 0tX&H=CH2). 4.15-3.98 (m, 3 H, H-6a. 6b, 0CH&H=CH2), 3.82 (dt, 1 H, J2,3 = 10.6 Hz, H- 

2). 3.79-3.72 (m. 1 H, H-5), 2.46 (s, 3 H, Me in Ts), 2.02, 2.00. 1.94 (3 s. 9 H, 3 AC); 13C NMB data: 8 

170.8. 170.2, 169.5, 145.1, 133.3. 132.4. 129.9, 128.0, 117.8. 99.4, 72.0, 71.6. 69.8. 68.9, 68.1. 54.5, 

23.3,21.6,20.6,20.5; Anal. Calcd for &H2#JOtu8: C, 52.90; H, 5.85; N, 2.80. Found: C, 52.82; H. 5.74; 

N. 2.59. 

Ally1 2-acetamido-3,4-di-O-acetyl-6-S-(2,3,4-tri~-acetyl~-~-fucopyranosyi)-2-deoxy-6- 
thio-g-D-glucopyranoside (11). To a solution of 7 (408 mg. 1.33 mmol) in DMF (1 mL) was added 

sodium hydride (55%. 65 mg, 1.5 mmol) at 04C. After 2 min, 10 (443 mg, 0.887 mmol) was added to the 

mixtumandkeptfor1hatmomtempemture. ThemixturewasueatedwithAcZO(1mL),pyridine(1mL),and 

DMAP to give ll(55 mg, 99%) after workup and chromatography in 1: 4 hexane-EtOAc. Compound 11 hsd 
[aID% -127 (c 1.50, CHCl,); ‘H NMB data: 6 6.03 (d, 1 H, Jzm = 8.5 H, NH), 5.96-5.81 (m, 1 H, 

~C!I-I=CH& 5.74 (d, 1 H, J,.z = 5.3 Hz, H-l), 5.34-5.19 (m. 6 H. H-3, H-2’,3’,4’, OCH&!H=Uf~), 

4.92 (t, 1 H, J3,4 = Jqs5 = 9.4 Hz, H-4). 4.72 (d, 1 H, J12= 8.5 Hz, H-l), 4.43 (q. J5.# = 6.6 Hz, H-5’), 

4.38-4.31 (m, 1 H. 0CH2CH=CH& 4.11-4.04 (m. 1 H, OC&CH=CH& 3.86 (dt, 1 H, J2,3 = 10.6 Hz. H- 

2). 3.62(dt. 1 H, Jsa = 8.4 Hz, Js,ab = 3.0 Hz, H-5), 2.76 (dd, 1 H, Jka = 13.9 Hz, H-6a). 2.64 (dd, 1 H. 

H-6b), 2.17. 2.07, 2.04, 2.03, 1.99, 1.94 (6 s. 18 H, 6 AC). 1.17 (d, 3 H, H-6’); 13C NMB data: 8 170.6, 

170.4. 170.2, 169.9, 169.8, 169.5, 133.5, 117.4, 99.4, 82.8, 74.5, 72.1. 71.9, 70.6. 69.6, 68.3, 67.7, 64.6, 

54.6, 30.8, 23.1, 20.7, 20.6, 20.5, 20.4, 15.8; Anal. Calcd for C2,H3~O14S: C, 51.18; H, 6.20; N. 2.21. 
Found: C, 51.01; H,6.14; N, 2.25. 
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Ally1 2-acetamido-2-deoxy-6-S-(u-L-fucopyranosyl)-6~thio-~-D-glucoppranoside (1). A 

solution of 11 (452 mg, 0.713 mmol) and a 1.0 M solution of MeONa in MeOH (0.3 mL) were mixed, and 

stirred for 20 min at room temperature. The mixture was neutralized with Dowex 50 W-X2 <H+> resin and 

filtered. TIte filtrate was concentrated in vac~ to give 1 (274 mg, 91%). Compound 1 hadmp 169-17PC; 

[aIDa -132 (c 0.75. ho); ‘HNMR &O): 6 5.94-5.92 (m. 1 Ii, OCH$X=CH$, 5.52 (d, 1 H, JItgT = 5.6 

Hz, I-I-l’), 5.36-5.26 (m, 2 H, OCH$H=~$, 4.57 (d, 1 H, Jr=2 = 8.6 Hz, H-l), 4.39-4.31 (m, 2 H, H-5, 

OCX&H=CH& 4.22-4.15 (m, 1 H. OC&CH~), 4.08 (dd, 1 H, .+ = 10.2 Hz, H-2’). 3.83 (d, 1 H, 

Je,F = 3.0 Hz, H-4’). 3.77-3.69 (m, 2 H, H-2, 3’), 3.56-3.35 (m, 3 H, H-3, 4, 5). 3.12 (d, 1 H, fsena = 14.2 

Hz, H-db). 2.83 (dd, 1 H, +, = 8.9 Hz, H-6b), 2.04 (s, 3 H. AC), 1.25 (d, 3 H, H-6’). 13C NhtR (DzO): 6 

174.9, 133.7, 118.6, 100.5, 87.5, 76.4, 74.0, 73.5, 72.0, 70.9, 70.6, 68.1, 67.6, 56.0, 32.3, 22.5, 45.8; 

Anal. CakdforC1,H@O& C, 48.22; H, 6.90; N, 3.31. Found: C, 48.00; H, 7.09, N, 3.06. 

Ally1 2-azido-3,6-di-0-tcrt-butyldimethylsilyl-2-deoxy-~-D-galactopyranoside (13). To a 

mixture of 1 Zrt (584 mg, 2.38 mmol) and imidaxole (0.65 g. 9,5 mmol) in DMF (2 mL) was added a solution 

of ten-butylchlorodimethylsilaue (0.90 g, 6.0 mmol) in DME (2 mL). The mixture was stirred for 20 h at 65”C, 

and diluted with benzene. Tha organic layer was washed with b&c, dried (MgS04) and evaporated in vucmr. 

The residue was chromatographed with 20 : 1 hcxane-EtOAc to give 13 (655 mg, 58%). Compound 12 had 

Ial,% +4-O (c 1.91, CHC13); ‘H NMR da@ 8 6.01-5.86 (m, 1 H, OCH&X=CH$, 5.36-5.18 (m, 2H, 

OC!H$H=tX& 4.42-4.36 (m, 1 H, OCH$H=C~), 4.26 (d, 1 H, J13= 7.6 Hz, H-l), 4.17-4.09 (m, 1 H, 

CCjY$H=C!H$, 3.91 (dd, 1 H, J5,68 = 6.8 Hz, Jeaa = 10.1 Hz, H-6a), 3.82 (dd, 1 Xi, J,gh = 5.9 Hz, H- 

6b), 3.79-3.77 (m, 1 H, H-4), 3.54-3.39 (m. 3 H, H-2, 3, 5), 2.48 (s, 1 H, OH), 0.93, 0.89 (2 s, 18 H, 2 t- 

Bu), 0.18,0.13,0.08 (3 s, 12 H, 4 Me); 13CNMRdatazS 133.6, 117.5, 100.8, 74.5, 73.6, 69.8, 68.2, 64.6, 

61.8, 25.8, 25.7, 18.2, 18.0, -4.7, -4.9, -5.4, -5.5; Anal. Calcd for C21H,t3N305Si2: C, 53.24, H, 9.15; N, 

8.87. Found: C, 52.99; H, 8.68, N, 8.54. 

Ally1 2-azido-3,6-di-0-tcr~-butyId~methylsilyl-4-~-(2,3,4-tri-O-acetyl-a-l-fucopyranosyl)-2~ 
deoxy-4-thio-P-D-glucopyranoside (15). To a solution of pyridine (0.7 mL, 8.7 mmol) andDMAP (18 

mg, 0.15 mmol) in CH&lz (3 mL), was added a solution of trifluotomethanesulfonic anhydride (0.50 mL, 3.0 

mmol) in CH$Z$ (2 mL) at 0% and after stirred for 30 mitt at this temperature then 13 (700 mg, 1.48 mmol). 

The mixture was stirred for 1 it at room temperature, and then diluted with CH$&. The organic layer was 

washed with M hydrochloric acid, aq sodium hydrogencarbonate (saturated), dried (MgSO4), and evaporated in 

vacua to give a syrup of triflatc 14. To a solution of 7 (473 mg, 1.43 mmol) in DMF (0.5 mL) was added 

sodium hydride (55%,68 mg, 1.6 mmol) at O°C under argon. After 2 min, a solutiott of 14 in DMF (1.5 mL) 

was added to the mixture and kept for 40 min at room temperatute. The mixture was treated with AczO (0.3 

mL), pyridine (0.3 mL), and DMAP to give 15 (734 mg. 6g%) afw workup and c~rna~~hy with 4 : 1 

hexane-EtOAc. Compound 14 had [c+, 23 -123 (c 1.02, CHCi3); ‘H NMR data: S 6.02-5.87 (m, l H, 

OCH$X=CH& 5.85 (d. 1 H, Jtee2. = 4.9 Hz, H-l’), 5.36-5.19 (m, 5 H, H-2’. 3’. 4’. CMZH$H=~z), 4.53 

(q, 1 H, .Jst,@ = 6.3 Hx, H-S), 4.40-4.35 (m, 1 H, OC&CH=CH$, 4.32 (d, 1 H, Jt$ = 7.3 Hz, H-1),4.16- 

4.09 (m. 1 H, OCZ&CH=CHz). 3.92 (dd, 1 H, JS,ae = 2.0 Hz, JtiR, = 11.5 Hz, H-6a), 3.82 (dd, 1 H, Js,& = 

4.5 Hz, H-6b), 3.29-3.16 (m, 3 H, H-2, 3. J), 2.81 (t, 1 H, J3,4 =J4,s = 10.4 Hz, H-4), 2.16, 2.05, 1.98 (3 

s, 9 H. 3 AC), 1.10 (d, 3 H, H-6’), 0.94.0.90 (2 s, 18 H, 2 t-B@, 0.26, 0.19, 0.08 (3 s, 12 H, 4 Me); 13C 

NMRdam 6 170.5, 170.0, 169.9, 133.6, 117.5, 101.0, 79.9, 78.2, 72.9, 70.9, 69.8, 68.9, 68.4, 68.3, 65.2, 

63.1, 44.4, 26.0, 25.8, 20.8, 20.6, 18.4, 18.2. 15.9, -3.1, -4.4, -5.1, -5.5; Anal. Calcd for 

C!33H,N,0,,SSi2: C, 52.01; H, 7.80; N, 5.51. Found: C, 52.39; H, 7.63; N. 5.34. 
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Ally1 2-azido-3,6-di-0-acetyl-4S-(2,3,4-tri-O-acetyl-a-L-fucopyranosyl)-2-deory-4-thio-~- 
D-glucopyranoside (16). A mixtmz of 13 (693 mg. 0,909 mmol) and M Bu#JF solution in THF (7 mL) 

was stirred for 2 h at room tern-, and concentrated in vucuo. The residue was mated with Ac20 (3 mL). 

pyridine (3 mL), and DMAP to give 16 (513 mg, 91%) after workup and chromatography with 2 : 1 hexane- 

EtOAc. Compound 16 had [a]DZ -143 (c 1.89, CHCl,); ‘H NMR data: 6 6.00-5.86 (m, lH, 

CKH@f=CH2), 5.65 (d, 1 H. JIB2 = 5.9 Hz, H-l’), 5.37-5.23 (m, 4 H, H-2’. 4’. OCH$H=Uf~), 5.07 

(dd, 1 H, Jr3 = 11.1 Hz, J3.,4e = 3.1 Hz, H-3’). 4.91 (dd, 1 H, J2,3 = 9.9 Hz, J3,4 = 11.2 Hz, H-3). 4.54 (dd, 

1 H, J5& = 2.0 Hz, Jw = 11.9 Hz, H-6a), 4.39 (d, 1 H, J12 = 8.3 Hz, H-l), 4.36-4.33 (m, 2 H, H-5’, 

OU$CH=CH& 4.22 (dd, 1 H, J5,6a = 5.0 Hz, H-6b), 4.18-4.11 (m. 1 H, OCH+GCH$, 3.65 (ddd, 1 H, 

Jss = 10.9 Hz, H-5), 3.42 (dd, 1 H. J2,3 = 9.9 Hz, H-2). 2.92 (t, 1 H, H-4), 2.17, 2.16. 2.12, 2.06, 1.98 (5 

s. 15 H, 5 AC), 1.17 (d, 3 H, Jys = 6.6 Hz, H-6’); 13C NMRdata: 6 170.5. 170.4. 170.0, 169.8, 169.4, 

133.0. 118.3. 100.4, 82.5. 74.2, 71.1, 70.5, 70.4. 68.2. 67.2, 65.9, 65.3, 63.3, 45.4, 20.9, 20.8. 20.7. 

20.6. 15.9; Anal. Calcdfor~H3~N3013S: C, 48.62; H, 5.71; N, 6.80. Found: C, 49.01; H, 6.23; N, 6.32. 

Ally1 2-acetamido-3,6-di-O-acetyl-4-S-(2,3,4-tri~-acetyl~-L-fucopyrano~yl)-2-deoxy-4- 
thio-P-D-glucopyranoside (17). lb a solution of 16 (433 mg, 0.701 mmol) in zq 50% pyridine (30 mL) 
hydrogen sulfide was bubbled for 9 h at room temperature, then the mixture was concentrated in vucuo. The 

n~idue was treated with A90 (5 mL), pykline (5 mL), and DMAP to give 17 (432 mg, 97%) after workup znd 
chromatography with EtOAc. 24 Compound 17 had [a]D -150 (c 2.09, CHCl,); ‘H NMR data: 6 5.92-5.78 

(m, 1 H, 0CH.$.ff=CH2), 5.82 (d, 1 H, Jzm = 9.2 Hz, NH), 5.68 (d, 1 H. Jlqz’ = 5.6 Hz, H-l’), 5.29-5.16 

(m, 4 H, H-2’. 4’, OCH$H=C&), 5.09 (dd, 1 H, Jz:3n = 11.0 Hz, J3’,# = 3.1 Hz, H-3’), 5.04 (t, 1 H, Jz3 = 

J3,‘, = 10.7 Hz, H-3). 4.58 (dd. 1 H, J5,ti = 1.6 Hz, JNa = 11.9 Hz, H-6a), 4.49 (d, 1 H, J12 = 8.6 Hz, H- 

1). 4.40 (q. 1 H. Jsec = 4.3 Hz, H-S), 4.34-4.27 (m, 1 H, 0CH$H=CH2), 4.21 (dd, 1 H, J5,& = 4.3 Hz, 
H-6b), 4.09 (m, 2 H, H-2, Of&CH=CHz), 3.70-3.65 (m, 1 H, H-5), 3.03 (t, 1 H. J4,5 = 10.7 Hz., H-4), 

2.17, 2.12, 2.10, 2.06, 1.99. 1.95 (6 s, 18 H, 6 AC), 1.17 (d, 3 H. H-6’); 13C NMR data: 6 170.7, 170.4, 

170.3, 170.1, 170.0. 169.8, 133.5, 117.5. 99.6, 82.4, 74.1. 72.2, 70.5, 69.4, 68.1. 67.5, 65.7, 63.2, 55.3, 

45.1, 23.1, 20.8, 20.7, 20.6. 20.5, 20.4. 15.7; Anal. Calcd for C27H39N014S: C. 51.18; H. 6.20; N, 2.21. 

Found: C, 50.95; H. 6.23; N, 2.25. 

Ally1 2-acetamido-2-deoxy-4-S-(a-L-fucopyranosyl)-4-thio-P_D-glucopyrnoside (2). A 
solution of 17 (879 mg, 1.39 mmol) in MeOH (4 mL) and a 0.5 M solution of MeONa in MeOH (0.3 mL) were 

mixed, and sthred for 3 h at room temperature. The mixture was neutraliid with Dowex 5OWX2 @I+) resin, 

and filtered. The filtrate was concentrate in vocuo to give 2 (381 mg, 65%). Compound 2 had mp 259-261T 

(decomp.); [al,% -219 (c 1.08.30); ‘H NMR &O): 6 5.99-5.84 (m, 1 H. OCH&ff=~), 5.47 (d, 1 H, 

J,:,= 5.6 Hz, H-l’), 5.34-5.25 (m. 2 H, OC~CH=CX& 4.55 (d, 1 H, J12= 8.6 Hz, H-l), 4.48(q, 1 H, 

Jy.6. = 6.6 Hz, H-S), 4.38-4.31 (m, 1 H, OC&.CH=CIEL). 4.20-4.06 (m. 3 H. H-da. 2’. OCYf&H=CHz). 

3.93 (dd, 1 H, Js,& = 5.3 Hz, J&a = 12.2 Hz, H-6b), 3.83 (d, 1 H, J3,,& = 2.6 Hz, H-4’). 3.76-3.57 (m, 4 

H, H-2, 3, 5, 3’), 2.77 (t, 1 H. J3r = Jss = 10.6 Hz, H-4), 2.04 (s, 3 H, AC), 1.21 (d, 3 H, H-6’); 13C NMR 

QO): 6 174.9. 133.7, 118.5, 100.3, 85.8, 77.0, 72.0, 71.6, 70.7, 70.5, 68.1. 68.0. 61.8, 57.1. 48.0, 22.5, 

15.6; Anal. CalcdforC17H2~O@ C, 48.22; H, 6.90; N, 3.31. Found: C. 48.19; H, 6.94; N, 3.28. 

Ally1 2-acetamido-4,6-O-benzylidene-2-deoxy-3-O-methanesulfonyl-~-D-glucopyranoside 
( 18). ‘RI a solution of ally1 2-acetamido-4,6-0-benzylidene-2-deoxy-B- (6.5 1 mg, 18.6 



2360 H. HASIUMOTO et al. 

mmol) in pyridine (65 mL) was added methanesulfonyl chloride (2.9 mL, 37.5 mmol) with stirring at O°C. 
AtIer 2 h at mom tcmpcrature, the mixtun was poured into ice-w- The precipitate was Ntcred and washed 
with water to give 18 (2.93 g, 73%). Compound 18 had mp 2OO-202°C (decomp.); [alDao -44 (c 0.78, 

C!HC$); lH NMR data: 6 7.44-7.35 (m, 5 H, Ph). 5.95-5.81 (m, 2 H, ocH2cH_cH2, NH). 5.54 (I, 1 H, 

CHPh), 5.33-5.20 (m, 3 H, H-3, mCH==U#z ), 5.17 (d, 1 H, J1,2 = 8.0 Hz, H-l). 4.39 (dd, 1 H, J3,4 = 

10.6 Hz, J45 = 4.9 Hz, H-4). 4.35-4.31 (m, 1 H, OCH$H=CH& 4.15-4.08 (m. 1 H. OC.&CH~), 
3.80 (t, 1 H, JJti = 9.7 Hz, Jsea = 9.7 Hz, H-6a), 3.73 (t, 1 H, J5,& = 9.7 Hz, H-6h). 3.59 (dt, 1 H. H-5), 

3.47 (dt, 1 H, J2,3 = 9.8 Hz, Jzm = 8.0 Hz, H-2). 2.93 (s. 3 H, MS). 2.03 (8, 3 H, OAc); 13CNMRdata: 6 

171.4, 136.6. 133.4, 129.4, 128.4, 126.0, 118.0, 101.8, 99.5, 79.0, 78.6, 70.7, 68.6, 65.5, 57.1, 38.5, 

23.5; Anal. CalcdforC1flzsN08S: C, 53.39; H. 5.89; N, 3.28. Found: C, 53.18; H, 5.98; N, 3.19. 

Ally1 4,6-0-benzylidene-2,3-dideoxy-2,3-epimino-~-D-allopyranoside (19). The Zmcsylatc 18 
(5.92 g, 13.8 mmol) was added to a mixed solution of i-PrOH (60 mL) and dioxane (150 mL) containing 
metallic sodium (1.4 g, 61 mmol) dissolved under reflux. The mixture was boiled for 30 min. poured into ice 

water, and the product was extracted with CHC13. The organic layer was dried (MgS04) and evaporated in 

vacua. The residue was chromatographed with 2 : 1 hexanGtOAc to give 19 (2.93 g, 73%). Compound 19 

had mp 84-85’C, [a],-,= -5.0 (c 1.01, CHC13); ‘H NMR (CDClp D20): 6 7.52-7.30 (m. 5 9 Ph), 6.02-5.88 

(m, 1 H, OC!H.#=C~), 5.58 (s, 1 H, CHPh). 5.37-5.20 (m, 2 H, OCHzCH=C&), 4.95 (8. 1 H, H-l), 

4.38-4.30 (m, 1 H, OCH#ZH=CHz), 4.25-4.20 (m, 2 H, H-4, OC&CH=C~. 3.79-3.64 (m, 2 H, H-6a, 

6b), 2.73 (dd, 1 H, J2,3 = 6.6 Hz, J3,4 = 2.3 Hz, H-3). 2.58 (d, 1 H, H-2); t3C NMR data: 6 137.4, 133.8, 

129.1. 128.2. 126.3. 117.6. 102.5. 98.1. 69.9, 69.3, 60.6, 34.8. 30.5; Anal. Calcd for C1&f104: C. 

66.42; H, 6.62; N, 4.84. Found: C, 66.29; H, 6.60; N, 4.89. 

Ally1 4,6~-benzylidene-2,3-dideoxy-2,3-(N-p-toluenesulfonylepimino)-~-D-allopyranoside 
(20). lb a solution of 19 (2.27 g, 7.85 mmol) in pyridine (30 mL) was added nCl(2.99 g, 15.7 mmol) with 

stirring at OOC. The mixhue was kept for 2 h at this tempera- and the poured into ice water. The precipitate 

was filtered and washed with water to give 2 0 (3.40 g, 98%). Compound 20 hadmp 154-155’C; [aID= -12.3 

(c 0.43, CHC13); ‘H NMR data: 6 7.87 (d, 2 H, J = 8.3 Hz, aromatic in Ts), 7.37-7.17 (m, 7 H, aromatic), 

5.99-5.85 (m, 1 H, OCH+I=CH& 5.47 (s, 1 H, CH-Ph), 5.35-5.22 (m, 2 H, OCH&H=CII$, 5.04 (s, 1 

H. H-l), 4.36-4.29 (m. 1 H, 0C!EI&H=CH2). 4.17-4.05 (m, 2 H, H-5, OCEI&H=CH~. 3.96-3.92 (m, 1 9 
H-4), 3.70-3.57 (m, 2 H, H-64 6b), 3.46 (d, 1 H. J2,3 r7.3 Hz, H-2). 3.27 (dd, 1 H, J3,4 = 2.3 Hz, H-3). 

2.44 (s, 3 H, Me in ‘I?Q; 13C NMR data: 6 144.7, 136.9, 134.6. 133.2, 129.6, 129.1, 128.0, 128.9, 126.1, 

118.1, 101.9, 96.5, 74.3, 70.3, 68.9, 61.6, 42.2, 40.3, 21.7; Anal. Calcd for t&GNO& C, 62.29; H, 

5.68; N, 3.16. Found: C, 62.53; H, 5.79; N, 3.11. 

Ally1 2,3-dideoxy-2,3-(N-p-toluenesulfonylepimino)-~-D-allopyranoside (21). A mixane of 20 

(2.52 g, 1.69 mmol), Dowex 5OW-X2 (H+) resin (9 g), and 80% MeOH (100 mL) was stir& for 2 h at 6OV. 

After filtration of undissolved material the filtrate was evaporated in vucuo. The residue was chmmatographed 

with 1 : 2 hexane-EtOAc to give 2 l(2.10 g, quantitative). Compound 2 1 had [aID= -10.7 (c 3.00, CHCl,); 
‘H NMR (CDC13, D,O): 6 7.84, 7.37 (each d, each 2 H, J = 8.4 Hz, aromatic in Ts), 5.94-5.79 (m. 1 H, 

OCH+I=C$), 5.29-5.16 (m. 2H, OCH&H=~$. 4.77 (s, 1 H, H-l), 4.33-4.25 (m. 1 H. 

OCJI$H=CH& 4.10-4.02 (m. 1 H. 0C&CH=CH2). 3.98 (m. 1 H, J3,4 = 3.5 Hz, JdJ = 8.6 Hz, H-4), 3.77 
(m, lH, J5& = 3.5 Hz, Jam = 12.0 Hz, H-6a). 3.66 (m, lH, Js,6b= 4.8 Hz, H-6b), 3.36 (dd, lH, Jz3 = 

7.2 Hz, H-3), 3.31 (ddd, 1 H. H-5). 3.26 (d, 1 H, H-2). 2.46 (s, 3 H, Me in Ts); 13C NMR data: 6 145.2, 
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133.6. 133.2, 129.9, 128.1, 117.9, 95.8, 72.5, 70.0, 62.6, 62.5, 44.8, 42.8, 21.7; Anal. Calcd for 

Ct&tNOeS: C!, 54.07; H. 5.96; N. 3.94. Found: C. 54.07; H, 6.21; N, 3.67. 

Ally1 4,6-dil)-ac+tyl-3S-(2,3,4-tri-O-acetyla-L-fucopyranosyl)-2-deoxy-3-thio-2-~-tolu- 
enesulfonamido-B-D-glucopyranoside (22) and 4,6-di-0-acetyl-2S-(2,3,4-tri-O-acetyla-L- 
fucopyranosyl)-3-deoxy-2-tbio-3-p-toluenesulfoaamido-~-D-altropyran~ide (23). A mixture 

of 2 1 (604 mg, 1.69 mmol), 6 (646 mg, 1.85 mmol), and M solution of MeONa in MeOH (1.74 mL) was 

boiled under argon fop 45 min. and then concentrated in vucrw. The residue was treated with AcZO (3 mL). 
pyridine (3 mL), DMAP to give 2 2 (794 mg, 63%) and 2 3 (362 mg, 29%) after workup and chromatographed 

with 3 : 1 - 1: 1 hexane-EtOAc. 27 Compound 2 2 had [a], -100 (c 3.22, CHC$); ‘H NMR daea: 6 7.75, 7.29 

(each d, each 2 H, J = 7.8 Hz, aromatic in Ts). 5.78 (d, 1 H, J1q,Z = 5.7 Hz, H-l’), 5.49-5.37 (m. 1 H, 

OC!H~W=CHz), 5.40 (+ 1 H, JZzm = 10.9 Hz), 5.26 (d, 1 H, J3u,4 = 3.3 Hz, H-4’), 5.11-5.02 (m, 4 H, H- 

3’. NH, OCH$H=W~), 4.94 (t, 1 H, J3,4 = 10.1 Hz, J4$ = 8.9 Hz, H-4), 4.40-4.34 (m, 2 H, H-l, H-5’), 

4.20 (dd, 1 H, J5h = 5.1 Hz, Jha = 12.2 Hz, H&t), 4.07 (dd, 1 H. Jseab = 2.6 Hz, H-6b). 3.98-3.91 (m. 1 

H, 0W2CH=CH$, 3.70-3.60 (m, 2 H, H-5, 0CH2CH=CXL$ 3.46 (dt, 1 H, Jig = Jzw= 7.6 Hz, J2,3 = 

10.3 Hz, H-2), 3.11 (t, 1 H, H-3), 2.43 (s, 3 H, Me in Ts). 2.16, 2.13, 2.09, 2.06, 1.98 (5 s, 15 H, 5 AC), 

1.15 (d. 3 H, Jys = 6.6 Hz, H-6), ’ * 13C NMR data: 6 170.6, 170.4, 170.2, 169.8, 169.0, 143.3, 138.5, 

133.2, 129.3, 127.2. 118.1, 100.5, 83.2, 74.1, 70.6, 69.8, 68.4, 68.3, 66.7, 65.7, 62.6, 59.6, 48.7, 21.4, 

20.8. 20.7, 20.5. 15.9; Anal. Calcd for C32H43NOt5S2: C, 51.53; H, 5.81; N, 1.88. Found: C, 51.90; H, 

6.29; N, 1.75. 

Compound 23 had [al,% -87 (c 3.18, CHC13); ‘H NMR data: 6 7.75,7.35 (each d, each 2 H. J = 8.3 Hz, 

tucnnatic in Ts), 5.92-5.80 (m. 1 H, OCH$Jf=CH$, 5.76 (d, 1 H, Jlqz = 5.6 Hz, H-l’), 5.30-5.10 (m, 6 H, 

H-2, 3’. 4, NH, OU-L$H=UfZ). 5.01 (dd. 1 H, J3,4 = 4.3 Hz, J4,5 = 7.9 Hz, H-4), 4.97 (d. 1 H. J12 = 

2.0 Hz, H-l), 4.42 (q. 1 H, Jy,@ = 6.6 Hz, H-S), 4.32-4.26 (m, 1 H. 0W2CH=CH$, 4.19 (dd, 1 H, J5,& = 

5.3 Hz, Ju = 12.1 Hz, H-6a), 4.13 (dd, 1 H. Js,6,., = 4.1 Hz, H-6b), 4.04-3.84 (m. 3 H, H-3, 5, 

OCjJ2a=CH$, 3.40 (dd, 1 H. J2.3 = 5.6 Hz, H-2). 2.45 (s, 3 H, CH3-C6H4), 2.18, 2.07, 2.06, 2.00, 1.80 

(5 s, 15 H, 5 AC), 1.17 (d, 3 H, H-6’); 13CNMRdata: 6 170.6, 170.5, 170.1. 169.8, 168.6, 144.2, 136.4, 

133.3, 129.9, 127.1, 117.7, 97.5, 84.3, 71.2, 70.9, 69.8, 68.3, 67.7, 66.2, 65.7, 62.9, 53.5, 49.3, 21.5, 

20.8, 20.7, 20.6, 20.4, 15.8; Anal. Calcd for C3,H4,NOt5S2: C, 51.53; H, 5.81; N, 1.88. Found: C, 51.65; 

H, 6.01; N, 1.75. 

n-Propyl 4,6-di-O-acetyl-3-S-(2,3,4-tri-O-acetyl-a-L-fucopyranosyl)-2-deoxy-3-thio-2-p-to~- 

uenesulfonamido-P-D-glucopyranoside (24). A mixture of 2 2 (470 mg, 0.630 mmol) and 10% W-C 

(100 mg) in MeOH (5 mL) was stirmd under% for 24 h at mom temperature, then filtered thmugh Celite. The 

filtrate was concentrated in vucuo . The residue was chmmatographed 1 : 2 hexane-EtOAc to give 2 4 (486 mg, 

quantitative). Compound 24 had [alDZL’ -98 (c 1.90, CHCl,); ‘H NMR data: 6 7.76,7.30 (each d, each 2 H, 

J = 8.4 Hz, aromatic in Ts), 5.76 (d, 1 H. Jlt2’ = 5.6 HZ, H-l’), 5.39 (dd. 1 H. J2,,3’ = 11.0 HZ, H-2’). 5.24 

(d, 1 H, J3~,J = 3.5 Hz, H-4’), 5.07 (dd, 1 H, H-3’). 4.99 (a, 1 H, JzJIJH = 7.3 Hz, NH), 4.94 (t, 1 H, J3,4 = 

10.2 Hz, J4,5 = 8.7 Hz, H-4), 4.40 (d, 1 H. Jt3 = 7.3 Hz, H-l), 4.36 (q. 1 H, Jy,c = 6.3 Hz, H-5’). 4.22 

(dd, 1 H, J5& = 5.1 Hz, Jaa = 12.0 Hz, H&t), 4.07 (dd, 1 H, J5,& = 3.1 Hz, H-6b), 3.62 (ddd, 1 H. H- 

5). 3.50 (dt. 1 Hw Jd= 9.3 Hz, Jt = 7.1 Hz, OW$XI$H3), 3.40 (dt, 1 H, J2,3 = 10.6 Hz, H-2). 3.17 (t, 1 H, 

H-3), 3.00 (dt. 1H, Jt = 6.9 Hz, OCH$X$H3,2.43 (s, 3 H, Me in Ts), 2.16, 2.12, 2.09, 2.06, 1.98 (5 s, 

15 H, 5 OAC), 1.30-1.18 (m. 2 H, OCH~cH$H3), 1.14 (d, 3 H, H-6’). 0.70 (t, 3 H, J = 7.4 Hz, 

C=f2CH2Cffj); 13CNMR data: 6 170.6, 170.4. 170.2, 169.8, 169.0, 143.4, 138.6, 129.3, 127.2, 101.6, 
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83.1, 74.1, 71.3, 70.6, 68.5, 68.3, 66.8, 65.8, 62.7, 59.6, 48+7+ 22+3, 21-4, 20.9, 20.8, 20+7, 20.5, 15.9, 
10,2: Anal. C.&A far C3$14sN015S2: C, 51.40; H, 6.07; N, 1.87. Found: C, 51.27; It, 6.u); N, 1.73. 

~Pr~pyl 2-dco,rp-3-$- (ar-L-fucopyra~~,syl)~3=tbio~2-~-toIuenesulfun~midol&Dlglucopprno= 

side (25). A solutb~ of 2 4 (433 mg, 0.579 mm&) in MeOH and a 0.5 M solution c$ Me0Na h MeoH (0.5 
mL) was mixed and stir& for #3 min at mom temperature. The mixtu~ was ncum&zd with lhwex 5OW-X2 

(H+)resinandfiltered Thefikatewasconcentratedinvucc40 togive25(281mg,~).~~25had 

mp 195-198*C, [aID 24 -145 (c 1.06, M&H); lH NMR (CD#XD): ii 7.76.7.32 (each d, each 2 H, J= 8.3 Hz, 

amma& in Ts). 5.56 (d, 1 H, J1lz = 5.4 Hz, H-l’), 4.39 (q, 1 H, Jsa = 6.6 Hz, H-Y), 4.20 (d, 1 H, JI,2 = 

7.9 Hz, H-l), 4.07 (dd, 1 H, Jz1,3+ = 9.6 Hz, H-Z), 3.85-3.30 (m, 8 H, H-2, 4, 5, ba, db, 3’, 4’, 

ocH,CH&H$, 3.05-2.86 (m, I H, 0C?$CH$H3), 2.75 (dd, 1 H, J = 9.9 Hz, J = 11.6 Hz, H-3), 1.28- 

1.10 (m, 2 H, 0CH,cW,CH~), 1.23 (d, 3 W, H-6’), 0.69 (t, 3 H, J = 7-4 Hz. ocH~CEQCEf+ 13C NMR 

(CD@): 6 143.8, 141.6, 130.1, 128.0, 104.0, 88.2, 80.1, 73.3, 72.2, 72.1, 70.5, 69.8, 69.1, 62.9, 61.0, 

55.2, 23.4, 21.4, 16.6, 10.6 AWL CaM fa C&#JO1&: C. 49.15; H. 6.56; N, 2.61, Found: C, 48.87: 

H, 6.42; N, 2.40. 

R-Propyl 2-~c~t4mido-l,6~di~Oelcety1-3-S-(2,3,4~tril)~aeetyl~~L-fuc~pyrauosyl)-2-deo~y~~~ 

D~glucopyranosidc (26). ‘RI a solution of 2 5 (310 mg, 0.5’76 mmol) in liquid ammonia (80 I&) and THF 

(50 II&), ccxhd al -78, was added metallic sodium (300 mg). The mixtue was stirred fw 45 min at this 
temperature. Mtcr addition of NH&l until discharge of the blue color, liquid ammonia was distilled off, then 

con~entratedi?~ vucaw. The residue was mated with AC@, pyridine, tlIld DMAP to give 26 (314 mg, 86%) 
after wwrkup and chromatography with I : 3 hexant-EtOAc. Compund 26 had mp l76-178% [alD2* -119 (c 

1.0, cHCl$; 5,80 (cI, 1 H, JzM = 7-6 Hz, NH), 5.74 (d, 1 H, Jl.,z = 5.5 Hz, H-l’), 5+28 (d, 1 H, J3tirti = 
3.3 Hz, H-4’), 5.20 (dd, 1 H, JrVY = 11.1 Hz, H-2’), 5.09 (dd, 1 H, H-3’), 4,99 (d, 1 H, Jr,2 = 7.9 Hz, H-l), 

4-88 (dd, 1 w, & = 11+5 Hz, Ja> = 919 Hz, H-41, 4.40 (q, 1 H, JY,@ = 6.6 Hz, H-5’), 4.23 (i&l, 1 H, J5,6 = 

5.0 Hz, Jtia = 11.4 Hz, H-k), 4.06 (dd, 1 H, J5,6,, = 2.6 Hz, H-6b), 3.81 (dt, 1 H, J*= 9.6 Hz, Jt = 6.6 

Hz, 0CH+$.X3), 3.76 (c, 1 H. Jz,3 = 1 l-4 Hz H-3). 3.74-3.68 (m, 1 H. H-5), 3.44 (dt. 1 H, Jt = 6.X Hz, 

0C&CH&H~), 3.26 (dt, 1 H, H-21, 2.16, 2+08, 2.07, 2.03, 1.99 (5 s, 1X H, 6 AC), 1.62-1.52 (m, 2 H, 

~CEI$H,), 1.13 (d, 3 H, H-6’). 0.90 (t, 3 H, J = 7.3 Hz, OCJ+CH+Y$ 13C NMR data: 6 170.8, 

170.7, 170.4, 170.3, 169.8, 169.2, 100.1. 82.0, 74.2, 71.4, 70.5, 63-3, 68.2, 67.7, 45.2, 62.6, 58.6, 45.9, 

23.5, 22,6, 20,8, 20+7, 20.6, 20-5, ItLO, 10.3; Anal. Cakd for CnH4,NOL4S: C, 51.02; H, 6.50; N, 2.20. 

Foumk C, 50.97; H, 6.52; N, 2.20. 

rr=Propyl 2-rotamido121deoxy13~S- (cx~Llfucopyranosyl)-BcD-gluc~pyr8~~~id~ (3). A soluticin 

of 2 6 (326 xng, 0.513 mmol) in MCOH (1 mL) and a 0.5 M sdution of Me0Na in MeOH (1 mL) were mixed 

and at&d far 1 h at r00rn temperature wan concentrated in vculc10 to give 27 (206 mg, 94%). Compound 3 had 

mp 247~24SQC, 24 [ulD -220 (c 0.45, H&B); ‘H NMR @$I): 6 5.38 (d, 1 H, + = 5.6 Hz, H-l), 4.53 (d, 1 

H, Jr,2= 8-3 Hz, H-l), 4.68 (q, 1 H, Js,6’ = 6.3 Hz, H-5’), 4.04 (dd. 1 H, J,.,. = 10.6 Hz. H-2’), 3.94 (a 
1 H, Js,- = 1.7 Hz, Jtisb = 12.3 Hz, H-6@, 3.92-3.Sl (m, 3 H, H-2, 4’, CKX&%CHj), 3.76 (dd, 1 H, 

Js,@ = 4.6 Hz, I-Mb), 3.71 (dd, 1 H, Jypa = 3.5 Hz, H-3’), 3.61-3.51 (m, 2 H, H-5, 0CH$TH$H~), 3+45 

0, 1 H, J3,4 = 34,5 = 9.6 Hz, H-4), 2.80 (t, 1 H, H-3). 2.05 (s, 3 H, AC), 1.6s1.52 (m, 2 H, 0CH+XzCH3), 

I.21 (d, 3 H, H-6’), 0.87 (t. 3 EL J- 7.4 Hz, 0CH$H&k?$ 13C NMR @II): 6 174.5, 102.5, 37.5, 78.7, 

72.5, 72-0, 70.5, 63.1, 67.8, 61.5, 55.8, 52.8, 22.4, 15.7, 10.0; Anal. Calcd for C1,H31N09S: C, 47,99; H, 

7A34; N. 3.29, Found: C, 47.51; H, 7.45; N. 3.08. 
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3,4-Di-O-acetgl-2-S-(2,3,4-tri-O-acetyf-a-L-fuueopyr~nosyI)-1,6-anhydro-2-tLio-~-D- 
~alactopyranose (2%) and 2,4-diC)-acetyI-3-S-(2,3,4-tril)-acetyI~-L-fucopyranosyl~-~,6- 
anhydro3-thio-&D-idopyranose (29). A mixture of 6 (383 mg, 1.10 mmoI), 2725 (144 mg, 1.00 
mmol), and a 2.9 M solution of MeONa in l&OH (0.38 mL) was stir& for 2 h at 9Y’C under argon. The 

rmxrurt was treated with Ac-20 (2 mL), pyridine (2 mL), and DIvlAD to give 2 g (465 mg, 87%) and 2 9 (39 mg, 
7%) after workup and chromatography with 2 : 1 - 1 : 1 hexane-EtOAc. Compound 28 had mp 173-174 OC, 

blD2” -187 (c 1.46, CHC13); ‘H NMR data: 8 5.95 (d, 1 H, JI.z = 5.3 Hz. H-l‘), 5.48 (s, 1 H, H-l). 5.34 

(t, 1 H, X3,4 = 5.0 Hz, & = 4.3 Hz, H-4), 5.31 (da, 1 H, _&. = 11.0 Hz, H-2’), 5.29 (d, 1 H, JY,# = 3.3 

Hz, H-4’). 5.21 (dd, f H, & - 1.0 Hz, H-3). 5.14 (dd, 1 H, H-3’). 4.49-4.45 (m, 2 H, H-5, S), 4.41 (d, 1 

H, J- = 7.3 Hz, H-6a), 3.74 (dd, 1 H, Jsti = 5.6 Hz, H-6b), 3.13 (s, 1 H, H-2), 2.16, 2.11, 2.10, 2.06, 

1.99 (5 s. 15 H, 5 AC), 1.16 (d, 3 H, JY,# = 6.6 Hz, H-6’); 13C NMR data: 6 170.4, 170.0, 169.9, 169.8, 

169.2, 101.9, 82.4, 72.5, 70.8,70.7, 68.4, 67.4, 65.5, 64.9, 64.8,46.9, 2Q.9. 20.7, 20.6, 20.5, 15.9; Anal. 

~f~~H~3S: C, 49.43; H, 5.66. Found: C, 49.32; H, 5.66. 

Compound 29 had mp 159-160% [aIDB -203 (c 0.76, CHU3); IH NMR data: S 5.93 (d, 1 H, JI.a. = 5.0 

Hz, H-l’), 5.45 (d, 1 H, Jls = 1.5 Hz, H-l), 5.30 (d, 1 H, Jy,dt = 2.0 Hz, H-4’). 5.20-5.13 (m, 2 H, H- 

2’,3’), 5.08 (dd, 1 H. J3,4 = 10.1 Hz, JdJ = 3.5 Hz, H-4), 4.67 (dd, 1 H, J2 3 = 10.5 Hz, H-2). 4.56 (t, 1 H, 
J ~,a = 5.0 Hz, H-5), 4.47 (q. JYs = 6.6 Hz, H-5’). 4.10 (d, 1 H. &,& = 7.9 Hz, H&Q, 3.76 (dd, 1 H, H- 
6h), 3.19 (t. 1 H, H-3), 2.17, 2.13, 2.04, 2.00 (4 s, 15 H, 5 AC), 1.21 (d, 3 H, H-6’); t3C NhfR data: 6 

170.4, 170.3. 169.9, 1699.8, 169.7, 99.1, 82.4, 73.9, 73.0. 72.9, 70.6, 68.2, 68.0, 65.4, 64.9, 41.4, 20.8, 

20.7,20.6.20.5, 15.8; Anal. C&d for t&H30013S: C, 49.43; H, 5.66. Found: C, 49.15; H, 5.44. 

1,3,4,6-Tetra-O-acetyl-2-S-(2,3,4-tri-0-acetyI-a-L-fucopyranosyl)-2-thio-D-galactopy~nose 
(30). A solution of 28 (1.26 g, 2.36 mmol) in AC@-AcOH-H$Q (7 : 3 : 0.07 vk 3 mL) was stirred at 

mom tempcratum for 1 h. Sodium acetate (500 mg) was then addfzd sod the solution was concentrated in vacua. 

The residue was dissolved in EtOAc and the solution was washed with brine dried (MgSO4), and evaporated in 

vacua. The nsidue was chromatographed with 1: 1 hexaneEtOAc to give 3 0 (1.56 g, quantitative) as a 88 : 12 

mixture of a and B anomers. Compound 3 0 had mp 219~221’C; [a&,= -119 (c 1.13, CHC13); ‘H NMR data: 
66.21 (d, 1 H, J13= 3.6 Hz, H-l), 5.88 (d, 1 H, J,t2’ = 4.6 Hz, H-l’), 5.39 (d, 1 H, J3.4 = 3.6 Hz, H-4), 
5.28-5.27 (m. 1 H, H-4’). 5.27 (dd, 1 H, f2,3 = 11.5 Hz, H-3), 5.19-5.09 (m, 2 H. H-2, 3’). 4.43 (q, 1 H, 

JYs = 6.6 Hz, H-S), 4.27 (t. 1 H, Js,6 = 6.9 Hz, H-5). 4.08(d, 2 H, H-6). 3.35(dd, 1 H, H-2), 2.19, 2.16, 
2.15, 2.03, 2.02, 1.99 (6 s, 21 H, 7 AC), 1.20 (d, 3 H, H-6‘); 13C NMR data: 6 170.4, 170.3, 170.1, 170.4 

169.8, 168.8, 92.7, 83.4, 70.7, 70.3, 68.6, 68.1, 68.0, 66.7, 65.1, 61.2, 42.0, 20.8, 20.6, 20.5, 20.4, 15.9; 

Anal. Calcd for C&H36016S: C, 49.05; H, 5.70. Found: C, 48.86; H, 5.81. 

O-C3,4,6-Tetra-O-acetyI-2-S-(2,3,4-tri-O-acetyI-a-L-fucopyranosyl)-2-thio-a-D- 
gaIactopyranosyI}tricbIoroacetim~date (31). A mixture of 30 (617 mg, 0.812 mmol) and 
NHzNHz- AcOH (152 mg. 1.65 mmol) in DMF was stirred for 20 min at 50°C, and diluted with EtOAc. The 
mixture was washed with brine, dried (MgSO4). and evaporated in WCUO. The residue was chromatographed 
with 3 : 5 hexane-EtOAc to give the corresponding hemiacetal(372 mg, 65%). A solution of this hemiacetal 
(543 mg, 0.913 tnmol) in CH&I2 (1 ti), stirred under argon, was msated successively with C!U,CN (0.90 

mL, 9.0 mmol) and DBU (50 &L) at OOC. After being stir& for 1 h at O°C, the mixtum was directly 
chromatographed with 4 : I- 1 : 1 hexane -EtOAc to give 3 l(598 mg, 89%). Compound 3 1 had mp 181-182 

“c; [al, -84 (c 1.07, U-Xl,); ‘H NMR data: 6 8.78 (s, 1 H, NH), 6.41 (d, 1 H, JIs2 = 3.3 Hz, H-l), 5.91 (d, 
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1 H, JLa,r = 4.5 Hz. H-l’), 5.45 (d, 1 H, J8.4 = 3.1 Hz, H-4), 5.33 (dd, 1 H, J2.8 = 11.7 Hz, H-3). 5.31 (m, 1 

H, H-4). 5.19 (dd, 1 H, JTs = 10.8 Hz, H-2’). 5.12 (dd. 1 I-I, J3,4 = 2.8 Hz, H-3’). 4.49 (q. 1 H, Js*@ = 6.3 

Hz, H-S), 4.42 (t. 1 H, J5,ti = 6.3 Hz. J5.& = 7.3 Hz, H-5). 4.14 (dd, 1 H, JU = 11.5 Ha, H-&I). 4.07 

(dd. 1 H, H-6b), 3.43 (dd, 1 H. H-2), 2.17, 2.16. 2.04, 2.03, 2.01, 1.99 (6 s. 18 H. 6 AC), 1.21 (d, 3 H, H- 

6’); 13C NMK data: 8 170.4, 170.3, 170.2, 170.0, 169.9, 169.8. 160.6, 96.8, 83.4, 70.6, 70.4, 69.2, 68.2, 

68.1, 66.8, 65.0, 61.4, 42.4, 20.7. 20.6, 20.5. 20.4. 15.9; Anal. Calcd for C26H84C,3N015S: C, 42.26; H, 

4.64; N. 1.90. Found C. 42.25; H. 4.76; N, 1.80. 

Ally1 3,4,6-tri-O-acetyl-2-S-(2,3,4-tri-0-acetylsr-L-fucopyranosyl)-2-thio-~-D-galactopy- 

ranoside (32) and a-anomer. lb a mixture of 3 1 (816 mg, 1.10 mmol), ally1 alcohol (0.45 mL, 6.6 

mmol). and MS 4A (2 g). stirred under argon at -45T. was added a solution of BF3.0Et2 (34 mL, 0.28 mmol) 

in CH2Clg (0.3 mL) and filtered through Celite. The filtrate was evaporated in VCZCIW. The residue was 

chromatographed with 1 : 1 - 1 : 2 hexane-EtOAc to give 32 (634 mg, 90%) and its a-snomer (56 mg, 8%). 

Compound 33a had [alDZ1 -189 (c 1.15. CHC13); tH NMK data: 6 6.03-5.92 (m. I H, 0CH2CYf=CH2), 5.90 

(d, 1 H, J,n3 = 5.1 Hz, H-l’), 5.38-5.19 (m. 5 H. H-4, 3’. 4’. 0CH2CH=CYIz), 5.14 (dd. 1 H, JT,y = 10.7 

Hz, H-2’). 4.99 (dd. 1 H, J2.3 = 11.8 Hz, J3.4 = 3.3 HZ, H-3), 4.60 (q, 1 H, Jy.6 = 6.6 HZ, H-5’). 4.41 (d 1 

H, J,,,=9.1 Hz,H-1),4.41-4.36(m, 1 H, 0CIf2CH=CH2),4.19(dd, 1 H, J,,ti=6.6Hz. Jha= ll.OHx, 

H&). 4.14-4.11 (m. 1 H, OCH2CH=CH2), 4.12 (dd, 1 H. J5,6b = 6.9 Hz, H-6b). 3.85 (t, 1 H, H-5), 3.09 

(dd, 1 H. H-2). 2.16, 2.13, 2.05, 2.03, 2.01, 2.00 (6 s, 18 H, 6 AC), 1.16 (H-6’); 13CNMKdata:6 170.4, 

170.3, 170.2, 170.1, 170.0. 169.9, 133.3, 118.6, 100.5, 82.4, 73.7, 70.9, 70.8, 70.4, 68.4, 68.2, 66.1, 

65.1, 61.4, 44.1, 20.6, 20.5, 20.3, 15.7; Anal. Calcd for C2,H38015S: C, 51.10; H, 6.04. Found: C, 51.20; 

H, 6.40. 

Compound 33b hadmp 162-163’C; [a]B 21 -107 (c 0.58, CHC13); 5.99 (m, 2 H, H-l’, OCH&ff=CH2). 5.38- 

5.17 (m, 7 H, H-3, 4, 2, 3’. 4’. 0CH2CH=CJfg), 4.93 (d, 1 H. J1,2 = 3.4 Hz, H-l), 4.47 (q. 1 H, Jys = 6.6 

HZ, H-5’), 4.26-4.00 (m, 5 H. H-5, 6a, 6b, OCH$H=CH2). 3.30 (dd, 1 H, J2.3 = 11.2 HZ. H-2). 2.16. 

2.12, 2.05, 2.02, 2.01, 2.00 (6 s, 18 H, 6 AC), 1.19 (d. 3 H, Jy,@ = 6.6 Hz, H-6’); 13C NMRdatx 6 170.4, 

170.2, 170.1, 169.9. 133.0, 118.3, 71.5, 70.7, 69.0, 68.1, 67.4, 66.8, 64.7, 61.9. 42.0, 20.6. 20.5, 20.4. 

15.9, Anal. Calcd for C27H3gO15S: C. 51.10; H. 6.04. Found: C, 51.00; H. 6.04. 

Ally1 2-S- (a-L-fucopyranosyI)-2-thio-P-D-galactopyranoside (4). A solution of 32 (596 mg. 

0.939 mmol) in MeOH (2 mL) and a 0.5 M solution of MeONa in MeOH (0.3 mL) were mixed and stirred for 2 

h at mom temperauue. The mixture was neunahxed with Dowex 5OW-X2 @) resin and Bltemd. Tbe fibrate 

was concentrated in vucuo to give 4 (37 1 mg. qusntitative). Compound 3 4 had mp 171-172OC; [alDzl -177 (c 

0.66, H20); ‘HNMKdata: 66.08-5.98 (m, 1 H, 0CH2CIf=CH2). 5.59 (d, 1 H, JI. 2’ = 5.5 Hz, H-l’), 5.43- 

5.27 (m. 2 H, 0CH2CH=W~), 4.56 (d, 1 H, Jig = 8.9 Hz, H-l), 4.46 (q, Js.,@ = ‘5.6 Hz, H-5’). 4.39-4.37 

(m. 1 H. 0CH2CH=CH2). 4.30-4.23 (m. 1 H, OCH;?CH=CH& 4.08 (dd, 1 H, JTsr = 10.2 Ha, H-2’), 3.90- 

3.66 (m. 7 H. H-3, 4, 5, 6a, 6b, 3, 4’). 2.83 (t. 1 H. J2,3 = 10.9 Hz. H-2). 1.22 (d. 3 H. H-6’); 13CNMR 

data:6 134.0. 118.9 (OCH2CH=CH2). 101.4. 86.9, 75.3, 73.8, 72.1, 71.1, 70.7, 68.4, 68.2, 68.0. 61.4, 

49.0, 15.9 Anal. C&d for C15H&S: C, 47.11; H, 6.85. Found: C. 47.11; H, 7.14. 

Measurement of inhibition activity. a-L-Fucosidases from bovine kidney and bovine epididymis were 

purchased from Sigma Chemical Co. and p-nitrophenyl a-L-fucopyranoside from Seikagaku Kogyo Co. 

Enzyme assay was performed by essentially the same method as that of Evans et aI.% Inbibition assay was 

performed at 25°C for 3040 min in 20 mM citrate buffer (pH 5.5 for bovine kidney and pH 5.8 for bovine 
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epididymis, 300 pL), which contained the following assay components: p-nirrophenyl a-L-fuoopyrancwidc 
(0.07-0.33 mM), the S-linked disaccharide 1,2,3 (each Cb6.7 mM, two intermediate points) or 4 (O-l mM, two 
intermediate points), a-L-fbcosidase (0.8-1.1 unita/mL for bovine kidney and 1.4 units/ml for bovine 

epididymis). After addition of 50 mL glycine buffer (PH 10.0, 500 pL). UV absorption at 400 nm was 

measured. The data expressed by Lineweaver-Burk plot and replots of the slope versus the inhibitor 

concentration and the intercept versus the inhibitor concentration indicate the modes of inhibition and give the Ki 

values as well as the coefficient a. 
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