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Abstract 

A new strategy tbr synthesis of 5-thioaldopyranosides was developed. This included the ring 
opening of D-aldopyranosides with dimelhylboron bromide and thioacetic acid. giving the acyclic 
monothioacetals, Ibllowed by the intramolecula,' cyclization between C-5 and I-S, Cyclization 
with inversion of configuration ill C°5 wits achieved by simultaneous S°deacetyhttion and 
inll'anlolecular nueleophilic substitulio|t of the 5-1nethanesultbnyhkled monothio.'lcelal to give 
5othio-l,~aldopyrauosides, The 5-hydroxymonothioacetal tmderwen! cyclization with the Mit- 
su|tobu reagents to give Ihe same 5-tl)iool.-aldopyranosides. Syntheses of 5othiool)oglucopyrano- 
sides were achieved by double inversion of C-5. The glycos-5-ulose derivatives of the monoth- 
ioacetals spontaneously cyclized on S-deacetylation to give 5.C-hydmxyl-5-thio-D-ghlcopyrano- 
sides, which were deoxygenated at C-5 to give 5-thio-D-glucopyranosides. with net retention of 
configuration at C°5 from the monothioacetal, Stereoselective reduction of the glycos-5-ulo~e 
fi)llowed by intramolecular cyclization with the Mitsunobu reagents also gave 5-thio-D.gluco- 
pyranosides, The strategy tbr L enantiomers was applied to the synthesis of 5-thio-L-galactose, The 
inhibitory effect of 5-thio-k-galactose toward a-L-fucosidase (K i 960 /xM) is also reported, 

Keywords: Thio sugar; 5.Thio.t~glucose: 5-ThioiL-klose; 5-Thio-t.-galactose; Fucosklase inhibitor 

I. In t roduct ion 

In both chemical and biochemical conversions of carbohydrates, cleavage and 
lbrmation of carbon-oxygen bonds at the anomeric center are the most important 
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Scheme 1. 

reactions, and the ring oxygen in the furanose or pyranose structure plays a decisive 
role. In this sense "'pseudo sugars" which have atoms in the ring other than oxygen 
have attracted attention, and a number of nitrogen (imino sugar) [I], sulfur (thio sugar) 
[2-12], phosphorus [13] as well as carbon (carba sugar) [14] analogs have been 
synthesized, it is well known that protonated "imino sugars" can interact with catalytic 
site of glycosidases and inhibit enzyme activities so strongly that, in some cases, slight 
modification of the structure leaves the activity intact [I]. The number of synthetic 
reports on "imino sugars" has increased enormously during the past ten years. On the 
other hand, the synthesis of "thio sugars" has a longer history, and examples have been 
reported over a longer time-interval. The D-xylose analog was first reported in 1961 [2], 
followed by analogs of o-glucose [3] and o-ribose [4] in the 1960s. Those of t.-arabinose 
[5]. I)ofructose [6], L-rhamnose [71. N-acetylglucosamine [8], and o-galactose [9] were 
described in the 1970s. and that of N-acetylneuraminic acid [10] in 1987. Recently, 
o°mannose [11] and t,°fucose [I 2] analogs were added to the list by us. In addition, these 
two analogs showed new aspects of the chemistry of "thio sugars", that is, the fom~er is 
the first naturally occurring thio sugar [15]. and the latter was Ibund to be a potent 
inhibitor o1' bovine (~=L-i'ucosidase. However. synthesis of these analogs ='equires quite a 
tedious and long synthetic route; namely, conversion of the pyranose ,,,tructure into a 
furanose in order to introduce sulfur at C-5. We therefore determined to establish a 
facile synthetic strategy for 5°thiopyranosides. 

Guindon and Anderson have recently reported an attractive method for ring opening 
of pyranosides with dimethylboron bromide (Me,.BBr) [16]. This method involves 
introduction of a sulfur function at C-I and simultaneous differentiation of the 5-hy- 
droxy group. Subsequent carbon=sulfur bond tbrmation between these two functional 
groups may thus provide a novel and effective synthetic method lbr 5-thiopymnoses. 
namely, by conversion of pyranoside I into 5-thiopyranoside 3 via monothioacetal 2 
[17], as shown in Scheme I. 

2. Results and discussLion 

S-Benzyl and S+ethyl acyclic monothioacetals 2 (R ~ =, PhCH +, CHiCHi)  could not 
be converted into 5-thiopyranoside 3 by the method used for the synthesis of 5-thiopen- 
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topyranosides employing triphenylphosphine and triiodoimidazole, instead tile undesired 
2,5-anhydro derivative 4 was obtained, probably through the mec|:anism shown in 
Scheme l. On the other hand, the S-acetyl derivative 2 (R "~ = Ac) pr~,:ed useful as an 
intermediate for the preparation of 3, as described below. 

Cont'ersion of methyl o-glucopyranoside illlO methyl 5-thio-L-idopyranoside.~Treat- 
ment of per-O-benzylated methyl /3-D-glucopyranoside (5) with Me,BBr and then 
AcSH-iPr2NEt gave the S-acetyl O-methyl monothioacetal 6 as a diastereomeric 
mixture with a 1.2-1:l ratio of the S-isomer (6S) and the R-isomer (6R), the ratio 
depending on the reaction temperature of the second step. Each isomer, as well as a I' ! 
diastereomeric mixture, was methylsultbnylated and treated with sodium methoxide in 
methanol to give the desired 5-thio-L-idopyranoside (8) as shown in Scheme 2 and Table 
I (Method A). Because this cyclization should proceed with inversion and retention of 
configuration at C-5 and C-I, respectively, the conl'iguration at C-I in monothioacetal 2 
can be confirmed by the anomeric configuration in 5-thiopyranoside 3. As shown in 
Table I, however, parlial isomerization at C-I occurred, probably through the thioalde- 
hyde (7A in Scheme 3). 

The second and more elTicient method (B) was found during ireatmen! of 6 with 
triphenylphosphine and diethyl a:,odicarhoxylate (DEAD) in the presence oi' benzoic 
acid with the intention ol' inverting the configunltion at C-5. Instead of the desired 
5-benzoate, the 5-thio-L-idopyranoside was obtained without any epimerization at C-I, 

Table I 
Cyclizalion of monothioacetal to 5-thiopyranoside 

Melhod '~ Monothioacetal 5-Thiopyranoside 

Compound S / R 8/J / 8  t~ Yield (~)  

A 7 I:1 I:1 59 
A 7 I:0 7:3 69 
A 7 0:1 1:4 73 
B 6 3:4 4:3 64 
B 6 I:0 I:0 5(, 
B 6 0:1 0:1 64 

" A: MeONa/McOH: B: PPh~. DEAD. 
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as shown in Table !. Since the corresponding S-benzyl monothioacetal did not react at 
all under the same conditions, the mechanism of this reaction is presumably the one 
depicted in Fig. !. The conformation of 5-thio-L-idopyranosides 8/3 and 8oz was 
confirmed to be "~C~ from the coupling constants of their ring protons, as shown in Table 
2, where the dihedral angles were calculated from the modified Karplus equation [18]. 
This result stands in sharp contrast to the ring oxygen analogs, which have the ~C.~ 
cont'ormation [19], Recently Hughes reported the same results for per-O-acetylated 
methyl 5-thio-L-idopyranoside and attributed it to the "hockey stick" effect of the ring 
sulfur atom [20]. 

Conrersion of a D-glucopyram~side into a 5-thio-D-glucopytzmoside.~If the configu- 
ration of C-5 in monothioacetal 6 could be inverted, the same methods as just described 
might provide thio sugars having the D-ghtt 'o configuration. However, attempts at 
conventional substitution reactions ended in formation o1' the 2,5-anhydro derivative 4 
Thus. two method~ via glycosoS-ulose derivatives (9), which were obtained by Swern 
oxidation of 6, were developed. On S~deacetylation of' tile glycos-5-ulose 9S witl~ 

o . o ~  I -J 
BnO -~-- OMe 

Fig. I. Po,~ihl~ u~echani,~m o1" the cyclit, atioa of 6 with the Mil,,,un~hu system. 

Table 2 

l)ih~:dral angle.,, bctx~,een riag protons of II(~ and II/3 calculated ITom the coupling constants using the modified 
Kin'phil, equation ~ 

HI-H2 H2-H3 H3-H4 1-14-H5 

8~  J (H~) ~,4 8,2 5,6 5,2 
('~) I ~  I ~  167 - 4 8  

8~  J (l~lt) 3.2 ~,3 9,5 ~,3 
(°) 53 190 175 -53 

• ' R ~ f  { 18 ] ,  
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2-arninoethanethiol, cyclization occurs spontaneously by nucleophilic attack of sulfur to 
give the thermodynamically stable D-gluco isomer 10a. Treatment of 10or with 
triethylsilane (Et3SiH) in the presence of boron trifluoride etherate (BF 3 . OEt 2) gave the 
corresponding 5-thio-a-D-glucopyranoside 11 c~ in 66% yield. In the same manner, the 
epimer 6R was convened into the 5-thio-/i-D-glucopyranoside 11 B, as shown in Scheme 
4. 

The deoxygenation reaction of 10 with Et~SiH proved to be rather sensitive to the 
conditions used, especially ',he amount of acid. BF~.OEt~ gave better results than 
trilhmron'Detl'mnesullkmic acid, as shown in Table 3. While the less-reactive a anomer 
Ilh~ requires 4 equiv of BF~. OEt2 for tile best yield (entry 6), only 1.2 equiv, even at a 
lower temperature, is enough Ibr the B anomcr IIIfJ (entry 8). As shown in entry 7. the 
higher equivalent of acid gave demethoxylated (12) and anomerized (111 ce) products, 

Table 3 
Reduction of Ill with EI.~SiH in the presence of acid 

Entry Substrate Reagent Condition Yield (c/;,) of prodttct 

Et.xSiH Acid " Solvent Temp Time I 1 t.e I !/3 12 SM 
(cquiv) (°C) (h) 

I Ith~ 2 A (3) CH 3CN rt 24 15 
2 10c~ 2 A ( I ) CH ~CN rt 24 40 
3 I l ia  2 A (0.3) CH ~CN rt 24 0 
4 lt)a I B (2) CH ~CN - 40 to 0 3.3 23 
5 I l ia  4 B (1.5) CH,CI 2 - 10 1.2 52 
6 Iil(l 6 B (4) CH:CI~ - 10 I 66 
7 10/3 6 B (4) C1-12CI: - 10 I I I 16 
8 10/3 1.2 B (I.2) CH2CI~ - 4 5  to - 15 2 trace 62 

8.5 
25 
trace 

3O 
8 

" A: CFaCO, H (M); B: BF~.OEt: (equiv.). 
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Fig. 2. Difference between t~ and /3 anomers in stabilization of the C-5 carbenium ion by the ring sulfur atom 
in the dct)xygenation reaction of 10. 

together with the desired prt~duct 11/3. Thus this deoxygenation seems to require 
optimization of conditions according to the substrate. 

The reactivity difference between the a and /3 anomers is explainable by the 
anorneric effect as follows (Fig. 2). The driving force of the reaction obviously is the 
stabilization of the carbenium or radical intermediate by lone-pair participation from the 
ring sulfur atom. It is well documented that the ring sulfur atom of a~-glycosides is less 
,~uc[e,,philic than that of /3-glycosides because the orbital energy of the lone pair is 
lowered by back donation to ~he glycosidic bond (n-trc~)) in the case of the oe-glyco- 
sides [21]. This nucleopbilicity difference may be reflected by the participation ability of 
the ri,g sulfur atom to th,: carbenium ion or radical center at Co5, thereby lowering the 
stability of the carbenium or radical intermediate tbr the ~ anomer. This could be a new 
example that shows a reactivity difference attributarde to all anonleric effect in a 
p~)~ition other thin1 the anomeric center (22]. 

As tm alternative method of inversion, reduction of the glycosulose 9 wilh lithium 
lri t~,t'tobutoxyalun~inun~ hydride was found to be highly stereoselective, giving the I,.ido 
derivative 13 preferentially with diastereomeric ratios of 94:6 and 95:5 Ibr the S- and 
Roisomers, respectively. Cyclization of 138 and 13R with the Mitsunobu reagents us 
already described gave 5othio-o~-t~-glucopyranoside I I oe and its/3 anomer I 1/3. respec- 
tively, as shown in Scheme 5. 

Synthesis of 5~thh~,L-gahl(:n~se.~5-Thio-L-fucose is a potent inhibitor of ¢¢-t.- 
fucosidase from the bovine kidney (K, 84 #M) [12]. To understand the reason tbr such 

135 (07 %) 11~ (66 %) 

9FI ~ 131t (9t %) ~ 116 (65 %) 

Schcr.e 5, 
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a high affinity, it is desirable to synthesize a number of derivatives and compare their 
inhibitory activities. 5-Thio-L-galactose (19) is a 6-hydroxy derivative of 5-thio-L-fucose 
and may provide info~'mation about the recognition mechanism. Thus the already 
described method, with inversion of configuration at C-5 of a D-altropyranoside, was 
applied to the synthesis of 19 (Scheme 6). Treatment of per-O-benzylated methyl 
a-D-altropyranoside (14), prepared from methyl 4,6-O-benzylidene-a-D-altropyranoside 
[23], with Me., BBr and then AcSH-iPr~ NEt, gave the S-acetyi O-methyl monothioacetal 
(15) as a diastereomeric mixture in I:1 ratio. The monothioacetal 15 was cyclized by 
Method A, as shown in Scheme 2, to give 5-thio-L-galactopyranoside 16 (a:/3 = 1 I) in 
48% yield, Birch reduction of 16 Ibllowed by acetylation gave a mixture of pen, cety- 
lated methyl 5-thio-a-L- and /3-t.-galactopyranosides (17a and 17/3), whose physical 
and spectral data coincide with those of the corresponding D enantiomers [9] except for 
the sign o1' their optical rotations ([(e]l~ = -242° and -5 .8  ° Ibr lTtv and 17fl, and 

30 

20 

!1o 
0 
-10 -5 0 5 10 

1/~5] O/raM) 

Fig. 3. Lineweaver-Burk plo! showing inhibition o1" a-L-fucosidase from the bovine kidney with 5-thio-t.° 
galactose (19): [I] (raM): 0 O0 x 1.5, • 3.0, 0 4.5, + 6.0, A 7.5. 
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+225.5 ° and +9.5 ° for the corresponding o enantiomers). Hydrolysis of 17 and 
subsequent acetylation afforded per-O-acetylated 5-thio-t:galactose (18), deacetylation 
of which gave 5-thio-L-galactose (19). We confirmed that 19 could be converted into the 
known per-O-acetylated 5-thio-L-fucopyranose [12] in 4 steps through deoxygenation of 
the 1,2;3,4-di-O-isopropylidene-6-O-tosyl derivative. 

bzhibitor3., effect of 5-thio-L-gatactose (19) reward a-L-fucosidase.~As shown in the 
Lineweaver-Burk plot (Fig. 3), 19 showed competitive inhibition toward a-L-fucosidase 
from the bovine kidney and K. was determined ~o be 960 /zM from the second plot. 
This result indicates that the a-L-fucosidase strictly recognizes the methyl residues of 
L-fucose and 5-thio-L-fucose, and the presence of the hydroxyl group at C-6 disturbs the 
recognition. The free energy of the disturbance is estimated to be 1.5 kcal/mol from the 
difference in K~ between 5-thio-L-fucose and 5-thio-L-galactose. This value may 
originate from the absence of the hydrophobic effect of methyl group and repulsion 
between the recognition site and 6-OH. 

3. Experimental 

Melting points were measured with a Yanagimoto micro melting-point apparatus and 
are uncorrected. Optical rotations were determined with a Jasco DIP-4 polarimeter. 
Column chromatography was performed on Merck Kieselgel 60 (Art 7734) or Wako gel 
Co300 with the solvent systems specified. ~H NMR spectra were recorded with a JEOL 
JNM-FX*90Q, JNM-PS°IO0, JNM-EX-270, or JNM-GX-500 spectrometer. ~'~C NMR 
spectra were recorded with a JEOL JNM-FX-90Q or JNM-EX-270 spectrometer. 
Chemical shills were recorded as i5 values in parts per million (ppm) from tetramethyl- 
silane as an internal standard in CDCI~. In D:O, acetone (8 ' .  ~2.23 ppm and 
8"(, ~ 30.6 ppm) was used as an internal standard. 

f iSh and ( IR b2.d.4.6oTeo'a°Oobes~zyI-D°ghwo.~'e S~acetyl O.methvl m,mothioacetal 
(6S aml 6R) ,~To a stirred solution of $ (3.00 g, 5.4 retool) in CH:CI z (60 mL) was 
added a !.0 M solution of Me,BBr in CH~CI~ (10.8 mL) at ~78 °C under At. After 30 
rain, iPr:NEt (2,37 mL, 13,6 retool) and then AcSH (I.14 mL, 16.1 mmol) were added. 
The temperature was gradually increased to room temperature during 90 min. Ice-water 
was added and the mixture was extracted with CH:CI: ,  which was then successively 
washed with aq NaHCO~, 5% HCI, and H ~O. The organic layer was dried over MgSO 4, 
evaporated, and chromatographed on a silica gel (10: I -5: i  hexane-EtOAc) to give 6S 
(!,49 g, 44%) and 611 (I.24 g, 36%), respectively, as a syrup. 

6S: [o~]o ~ + 24,3 ° (c 2.3, CHCI0: t H NMR (CDCI,~): ~ 7.4-7.2 (m, 20 H, Ar), 5.49 
(d, I H, Jr,., 2.5 Hz, H-I), 4.95-3.58 (m, 14 H, H-2,3,4,5,6, PhCH:), 3.25 (s, 3 H, 
OMe), 2.96 (bs, I H, OH), 2.33 is, 3 H, SAc): t'~C NMR (CDCI~): ~ 195.8 (SC=O),  
138,6, 138,3, i 38. i, 128,4, 128.2. 128. I, 127,9, ! 27.7, ! 27.5 CAr), 88.8 (C- I), 82.3, 
79,7, 77.9, 75.1, 74.9, 73,4, 73,1, 71.4, 70.5 (C-2,3,4,5,6, PHCH~), 56.4 (OMe), 31.1 
(SAc), Anal, Calcd Ibr C37H~aOTS: C, 70.45; H, 6.71: S, 5.08. Found: C, 70.10: H, 
6,77; S, 4.85. 

6R: [a]~ s - 15,3 ° (c 2.3, CHCI3): IH NMR (CDCI~): 6 7.4-7.2 (m, 20 H, Ar), 5.62 
(d, ! H, Jl,: 2,5 Hz, H-I), 4.93-3.60 (m, 14 H, H-2,3,4,5,6, PhCH~), 3.30 (s, 3 H, 
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OMe), 2.96 (bs, ! H, OH), 2.37 (s, 3 H, SAc); 13C NMR (CDCi3): /~ 196.2 (SC=O), 
138.1, 138.0, i 28.4, 128. I, 127.9, 127.7 (At), 86.9 (C- 1), 81.5, 79.1, 77.6, 75.4, 74.8, 
73.4, 73.2, 71.3, 70.9 (C-2,3,4,5,6, PhCH2), 56.7 (OMe), 31.1 (SAc). Anal. Calcd for 
C37H4207S: C, 70.45; H, 6.71; S, 5.08. Found: C, 70.34; H, 6.73; S, 4.55. 

( IS )-2,3,4.6-Tetra-O-benzyi-5-O-methanesulfonyI-D-glucose S-acetyi O-methyl 
monothioacetal (7S).--To a stirred solution of 6S (155 mg, 0.246 mmol) in pyridine (3 
mL) was dropped methanesulfonyl chloride (29/~L, 0.38 mmol) at 0 °C. After 12 h at 
room temperature, the mixture was evaporated and partitioned between CH2C! , and 
H20. The organic layer was dried over MgSO 4, evaporated, and chromatographed on a 
silica gel (5:1 hexane-EtOAc) to give 7S (148 mg, 85%) as a syrup: [a]~ ~ +41.3 ° (c 
3.3, CHCI3); IH NMR (CDCI3): ~$ 7.4-7.2 (m, 20 H, At), 5.40 (d, 1 H, Jj,~ 2.9 Hz, 
H-I), 4.96-3.67 (m, 14 H, H-2,3,4,5,6, PhCH,), 3.25 (s, 3 H, OMe), 2.91 (s, 3 H, 
OMs), 2.39 (s, 3 H, SAc); I~C NMR (CDCIa): ~ 195.8 (SC=O), 138.5, 138.0, 137.8, 
128.6, 128.4, 128.3, 128.1, 127.8, 127.7, 127.5 (Ar), 88.0 (C-l), 83.9, 82.2, 80.4, 80.1, 
75.5, 74.8, 74.6, 73.3, 69.3 (C-2,3,4,5,6, PhCH2), 56.3 (OMe), 38.2 (OMs), 31.1 (SAc). 
Anal. Caicd for C38H44OgS2: C, 64.38; H, 6.26; S, 9.05. Found: C, 64.33; H, 6.37; S, 
9.57. 

( IR )-2,3,4,6.Tetra-O-benzyl-5.0-methanesuljbnyl.o-ghwose S-acetyi O-methyl 
monothioacetal (7R).--Compound 6R (96 mg, 0.153 mmol) was treated with methane- 
sullbnyl chloride (18 /.tL, 0.23 mmol) as just described for 6S to give 7R (106 nag, 
98%) as a syrup: [ot]~ I -9 .2  ° (c 1.1, CHCI3); IH NMR (CDCI3): 8 7.4-7.2 (m, 20 H, 
Ar), 5.53 (d, ! H, Ji.2 2.6 Hz, H-I), 4.92 (m, 1 H, H-5), 4.8-4.4 (m, 8 H, PhCH2), 
4. I-3.7 (m, 5 H, H-2,3,4,6), 3.35 (s, 3 H, OMe), 2.90 (s, 3 H, OMs), 2.36 (s, 3 H, SAc); 
~'~C NMR (CDCI3): 6 195.9 (SC=O), 138.0, 137.9, 137.7, 128.3, 128.2, 127.7 (At), 
86.3 (C-I), 83.2, 81.1, 80.3, 79.1, 75.3, 74.9, 74.8, 73.3, 69.2 (C-2,3,4,5,6, PhCH,), 
56.9 (OMe), 38.3 (OMs), 31.1 (SAc). Anal. Calcd for C~8H440,)S,: C, 64.38; H, 6.26; 
S, 9.05. Found: C, 64.01; H, 6.35; S, 8.94. 

Methyl 2,3.4,6°7~,tra-O-benzyl-5-thio-t~- and floLoidopyranosi&. (8a and 8b) .~  
Method A. To a stirred solution of 78 (148 rag, 0.208 mmol) in McOH (3 mL) was 
dropped 0.36 M NaOMe (I.16 mL, 0.42 retool). After being stirred tbr 10 h at room 
temperature, the mixture was neutralized with Dowex 50 (H +) ionoexchange resin. After 
removal of the insoluble material, the filtrate was evaporated and chromatographed on 
silica gel (10:1 hexane-EtOAc) to give 84 (18 mg, 15%) and 8/3 (68 mg, 58%), 
respectively, as syrups. 

Method B. To a stirred solution of 6S (78 mg, 0.124 mmol) and PPh.~ ( 130 nag, 0.496 
mmol) in benzene (5 mL) was dropped DEAD (75/xL, 0.50 retool) at 0 °C. After being 
stirred for 15 h at room temperature, the reaction mixture was evaporated and chro- 
matographed on a silica gel (10:1-8:1 hexane-EtOAc) to give 8b (40 rag, 56%) as a 
syrup. 

84" [a]~ s -67.2 ° (c 1.5, CHCI3); IH NMR (CDCi3): ($ 7.4-7.2 (m, 20 H, Ar), 4.86 
(d, i H, Jr.*. 8.4 Hz, H-i), 4.84, 4.73 (each d, each 1 H, J II.0 Hz, PhC H 2), 4.73 (s, 2 
H, PhCH2), 4.67, 4.60 (each d, each 1 H, J 11.6 Hz, PhCHz), 4.59 (s, 2 H, PhCH,), 
3.93 (dd, I H, J3.4 8.6, J4.5 5.2 az, H-4), 3.86 (dd, 1 H, Js.(,,, 5.5, J~,.6b 9.5 Hz, H-6a), 
3.76 (dd, i H, J2.3 8.2 Hz, H-3), 3.73 (dd, I H, Js.6b 4.0 Hz, H-6b), 3.68 (t, i H, H-2), 
3.50 (s, 3 H, OMe), 3.13 (dd, I H, H-5); L~C NMR (CDCI3): t$ 138.9, 138.3, 128.0, 



216 H. Hashimom et al. / Ct~rbohydrate Research 282 (1996~ 207-221 

127.9, 127.7, 127.6 (Ar), 85.6, 84.7, 81,9, 81.7 (C-!,2,3,4), 73.1 (PhCHs), 69.5 (C-6), 
58.7 (OMe), 40.9 (C-5). Anal. Calcd for C35H3805S: C, 73,65; H, 6.71; S, 5,62. Found: 
C, 73.32: H, 6.93; S, 5.37. 

8fl: [a]~ 5 -23.2  ° (c 0,7, CHCI3); IH NMR (CDCi3): ~ 7.4-7.2 (m, 20 H, Ar), 
4.86, 4.80 (each d, each i H, J 10.2 Hz, PhCH:), 4.78, 4.65 (each d, each 1 H, J 11.9 
Hz, PhC H:), 4.68, 4.64 (each d, each 1 H, J i 1.4 Hz, PhC H 2), 4.55 (s, 2 H, PhC H 2), 
4.36 (d, 1 H, J].2 3.2 Hz, H-I), 4.0t (dd, 1 H, J3,4 9.5, J4,5 4.3 Hz, H-4), 3.92 (dd, i H, 
Js.6a 5.2, J~,~. 6h 9.5 Hz, H-6a), 3.84 (t, I H, J2,3 9.4 Hz, H-3), 3.83 (t, 1 H, Js,6b 9.6 Hz, 
H-6b), 3.77 (dd, I H, H-2), 3.38 (s, 3 H, OlVle), 3.21 (m, 1 H, H-5); ~3C NMR (CDCI3): 

139.0, 138.4, 128.5, 128.3, 128.1,128.0, 127.6 (Ar), 84.1, 83.7, 83.0, 78.9 (C-1,2,3,4), 
73.4, 73.3 (PhCH,), 69.8 (C-6), 56.3 (OMe), 43.2 (C-5). Anal. Calcd for C35H3sOsS: 
C, 73.65; H, 6.71; S, 5.62. Found: C, 73.56; H, 7.01; S, 6.10. 

( IS)-2,3,4,6-Tetra-O-benzyl-o-xylo-hexos-5-uh~se S-ace~.,I O-methyl monothioacetal 
(gs).--To a stirred solution of oxalyi chloride (84/,tL, 0.99 mmol) in CHzCI, " (2 mL) 
was slowly added MesSO (140 /.tL, 1.97 mmol) in CHsCI~ " (4 mL) at - 7 8  °C. After 
the mixture had been stirred lbr 10 rain, a solution of 6S (415 mg, 0.657 mmol) in 
CHsCI: (2 mL) was slowly added and the mixture was stirred for further 1 h. 
Triethylamine (273 #L, !.97 retool) was added and the mixture was stirred for 30 min. 
After checking completion of the reaction by TLC the temperature was gradually 
increased to room temperature. The mixture was diluted with CH_,CI.,, washed succes- 
sively with 5% HCI, satd NaHCO.~, and H,O, dried (MgSO4), evaporated, and 
chromatographed on silica gel (10:1 hexane-ethyl acetate) to give 9S (391 mg, 95%) as 
a syrup: [or] ~ i~ + 12.0° (c 2.7, CHCI~); IH NMR (CDCI,~): 8 7.4--.7.1 (m, 20 H, Ar), 
5,35 (d, I H, ,It.: 3.2 Hz, H-I), 4.9-4.0 (m, 13 H, H-2,3,4,6, PhCH,), 3,21 (s, 3 H, 
OMe), 2,33 (s, 3 H, SAc); ~C NMR (CDCI0:8  206.9 (Co5), 195.9 (SC~=O), 138.5, 
137.8, 137.4, 137,1, 128.6, 128.4, 128.3, 128.2, 128,0, 127.8, 127.5 (Ar), 88.3 (C-I). 
82,9, 81.8, 80.5, 75.4, 75.2, 74,5, 73,9, 73,3 (C°2,3,4,6, PHCH,), 56.3 (OMe), 31.2 
(SAc), Anal, Calcd lbr C~7H~O7S: C, 70,68; H, 6,41: S, 5.10.~Found: C, 70.76; H, 
6,59; S, 5,11. 

( IR }.2,3, 4.6, TetraoO,benzyl°o,x ylo-hexos,5,uh~se S.ace~'l O-methyl monothioacetal 
(9R),~Compound 6R (154 rag, 0.243 retool) was treated with oxalyl chloride (31 o,L, 
0.37 retool), Me:SO (78 /xL, I,i mmol), and Et3N (101 btL, 0.73 mmol) as already 
described for the synthesis of 9S to give 9R (141 rag, 92%) as a syrup: [a]~ ~ -45 ,9  ° (c 
2,8, CHCI~); )H NMR (CDCI,~): 8 7,4=7,1 (m, 20 H, Ar), 5.52 (d, I H, Jt,2 3.3 Hz, 
H-I), 4,9=3,9 (m, 13 H, H-2,3,4,6, PhCH,), 3.28 (s, 3 H, OMe), 2.37 (s, 3 H, SAC); 
t'~C NMR (CDCl~): 8 206.7 (C-5), 195.8 (SC=O), 137.8, 137.0, 128.4. 128.3, 128.1, 
127,8 (Ar), 86,4 (C-I), 82.0, 80,0, 75,1, 75.0, 74.5, 73.8, 73.3 (C-2,3,4,6, PhCH,), 56.8 
(OMe), 31.1 (SAc), Anal. Calcd fi)r C~7H~()O7S: C, 70.68: H, 6.41; S, 5.10. Found: C, 
70.33; H, 6.30; S, 5,21, 

Methyl 2,3, 4,6.tetra,O~benzyl.5.C-hydro,~3,,5,thio,ee,D,ghwopyranoside (10ot).--To 
a s t i e d  solution of 9S (195 rag, 0,309 retool) in CH~CN (10 mL) was added 
2-aminoethanethiol (29 rag, 0,371 retool) at 65 °C under Ar. After 2 h, the mixture was 
evaporated and chromatographed on silica gel (6:1 hexane-EtOAc) to give 10a (161 
rag, 89%) as a syrup: [ - il, o~lo +28 ~ (c 0,7, CHCI~); IH NMR (CDCI3): t~ 7,4-7.2 (m, 20 
H, Ar), 4,98, 4,86 (each d, each I H, J 10.5 Hz, PhCH.,), 4.91, 4.62 (each d, each I H, 
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J I 1.2 Hz, PhC H 2), 4.84, 4.68 (each d, each 1 H, J I 1.9 Hz, PhC H 2), 4.5-4.4 (m, 3 H. 
PhCH 2, H-I), 4.24 (t, I H, Jz.3 = J.~,4 = 9,8 Hz, H-3), 4.23 (s, I H, OH), 4.00 (d, 1 H, 
H-4), 3.89 (dd, I H, JI.2 3.1 Hz, H-2), 3.68 (d, I H, J6~,6b 9.8 Hz, H-6a), 3.49 (s, 3 H, 
OMe), 3.45 (d, 1 H, H-6b); )3C NMR (CDCI3): ~ 138.9, 138.4, 138.1, 137.6, 128.6, 
128.3, 128.2, 128.0, 127.8, 127.6 (Ar), 83.6 (C-5), 86.3, 86.2, 85.1, 84.1, 80.1, 76.4, 
73.6, 73.4, 72.4 (C-1,2,3,4,6, PhCH2), 57.4 (OMe). Anal. Calcd for C35H3806S: C, 
71.65; H, 6.53; S, 5.47. Found: C, 71.57; H, 6.67; S, 5.41. 

Methyl 2,3.4,6-tetra-O-benzyi-5-C-hydroxy-5-thio-/3-D-ghwopyranoside (10 /3 ) . -  
Compound 9R (51 mg, 0.081 mmol) was treated with 2-aminoethanethiol (9 mg, 0.12 
mmol) as already described for the synthesis of 10ot to give 10/3 (45 mg, 95%) as a 
syrup: [ot]~j~ -115 ° (c 3.0, CHCI3); )H NMR (CDCI3): 6 7.4-7.2 (m, 20 H, Ar), 
4.93-4.74 (m, 6 H, PhC H 2), 4.55-4.50 (m, 4 H, PhC H~, OH, H- I), 3.98-3.84 (m, 3 H, 
H-2,3,4), 3.56 (d, 1 H, J6~.6b 9.6 Hz, H-6a), 3.53 (s, 3 H, OMe), 3.36 (d, I H,. Ii-6b); 
13C NMR (CDCI3): 8 138.6, 138.5, 137.8, 137.3, 128.5, 128.4, 128.2. 128.0, 127.9, 
127.7, 127.6 (Ar), 83.4 (C-5), 86.1, 84.2, 83.0, 82.4, 76.2, 75.7, 75.6, 73.7, 73.1 
(C-!,2,3,4,6, PhCH2), 58.9 COMe). Anal. Calcd lbr C35H3sOt~S: C, 71.65; H, 6.53; S, 
5.47. Found: C, 71.40; H, 6.36; S, 5.34. 

Methyl 2.3,4,6-tetra-O-benzyl-5-thio-ot-D-g!~,copyram~side (11 ot ) .~(! )  To a stirred 
solution of 10ot (i 12 mg, 0.190 mmol) in CH2CI 2 (5 mL) was added Et3SiH (182 /zL, 
1.14 mmol) tbllowed by BF 3 • OEt, (96 p,L, 0.76 mmol) at - 10 °C under Ar. After I h, 
the mixture was diluted with CH2CI~ .. washed with H,~O, evaporated, and chro- 
matographed on slilca gel (7:1-4:1 hexane-EtOAc) to give l lot  (72 rag, 66%) and 
1,5-anhydro-2,3,4,6-tetra-O-benzyl-l-deoxy-5-thio-D-glucitol 12 (9 mg, 8.5%), respec° 
tively as a syrup. 

(2) Compound 13S (37 rag, 0.059 retool) was treated with PPh~ (31 rag, 0.118 
retool) and DEAD (18 /zL, 0.12 retool) as already described Ibr the synthesis ot '8 
(Method B) to give Ilot (22 .rig, 66%) as a syrup. 

I I a:  NMR spectra were in accordance with the literature [24]. 
12: IH NMR (CDCI.a): 8 7.4-7.1 (m, 20 H, At), 5.0-4.5 (m, 8 H, PhCH~), 3.9-3.3 

(m, 5 H, H-2,3,4,6), 2.94 (ddd, I H, J4..~ 10.2, Js.f,,, 3.0, J~,c)h 5.3 Hz, H-5), 2.79 (dd, I 
H, JJ~,.i,, 13.2, Jl~,.2 4.5 Hz, H-le), 2.55 (dd, 1 H, Ji,.., 10.9 Hz, H°la); t aC NMR 
(CDCla): 8 139.0, 138.4, 137.9, 128.4, 128.1, 127.9, 127.7 (Ar), 87.8, 82.5, 82.2 
(C-2,3,4), 76.1, 73.3, 72.8 (PhCHz), 68.5 (C-6), 47.4 (C-5), 30.5 (C-I). 

Mehtyl 2.3,4,6-tetra-O-benzy.t-5-thio-/3-D-ghwopyranoside (11/3 ) . ~ ( / )  Compound 
10/3 (57 mg, 0.098 mmol) was treated with Et.~SiH (19/zL, 0.12 mmol) and BF~. OEt, 
(22 /xL, 0.18 mmol) as already described t'or the synthesis of II ot to give I113 (35 rag, 
62%) as crystals. 

(2) Compound 13R (92 mg, 0.145 mmol) was treated with PPh :~ (76 rag, 0.29 mmol) 
and DEAD (44/xL, 0.29 mmol) as already described for the synthesis of 8 (Method B) 
to give 11/3 (54 mg, 650h) as crystals. 

l l /3:  mp 73-75 °C; [ot]~ + 13.9 ° (c 1.6, CttCI3); ~H NMR (~ I)CI3): ~ 7.4-7.1 (m. 
20 H, Ar), 4.93-4.73 (m, 6 H, PhCH2), 4.52 (s, 2 H, PhCH,), 4.46 (d, I H, '/I,2 8.6 
Hz, H-I), 3.81-3.73 (m, 4 H, H-2,3,4,6a), 3.6-3.4 (m, ! H, H-6b), 3.55 is, 3 H, OMe), 
2.90 (ddd, I H, J,~.5 10.1, J.~.t,,~ 3.9, J.s~,b 5.2 Hz, H-5); I~C NMR (CDCI3): (5 138.9, 
138.7, 138.3, 138.0, 128.4, 128.2, 128.1, 127.7, 127.5 (Ar), 86.4, 86.3, 86.0, 81.9 
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(C-1,2,3,4), 76.1, 75.4, 73,4 (PhCH2), 68,9 (C-6), 58.7 (OMe), 43.8 (C-5). Anal. Calcd 
for C35H38055: C, 73.65; H, 6.71; S, 5.62. Found: C, 73.98; H, 6.84; S, 5.59. 

(IS)- and (IR)-2.3.4,6-Tetra-O-benzyi-L-idose S-acet3,1 O-methyl monothioacetal 
(13R and 13S).n(1)  To a stirred solution of I IS (98 mg, 0,156 mmol) in Et20 (3 mL) 
was added Li(tBuO)3AIH (79 mg, 0,312 mmol) at - !0 °C under Ar. After ! h, I M 
HCI was added and the mixture was extracted with Et,O. The organic layer was washed 
with aq NaCI, dried over MgSO 4. evaporated, and chromatographed on silica gel 
(6:4:1-4:4:1 hexane-benzene-EtOAc) to give 13S (86 mg, 87%) and 13R (6 mg, 6%), 
respectively, as a syrup. 

(2) I1R (175 mg, 0.278 mmol) was treated with Li(tBuO)3AIH (142 mg, 0.557 
mmol) as described in (1) to give 13S (8.5 rag, 5%) and 13R (161 mg, 91%), 
respectively as a syrup. 

135: [ - 11,~ +24.4 ° (c !.8, CHCI~); 1H NMR (CDCI~): 6 7.4-7.2 (m, 20 H, Ar), ~ t  I D  . . 

5.66 (d, I H, Jr.,, 4.0 Hz, H-I), 4.85-4.34 (m, 8 H, PhCH,), 4.07-3.23 (m, 6 H, 
H-2.3,4,5.6), 3.25 (s. 3 H, OMe), 2.55 (bs, I H, OH), 2.30 (s, 3 H, SAc); I~C NMR 
(CDCI~): ,~ 195.6 (SC=O), 138.4, 138.3, 138.0, 128.3, 128.2, 128.0, 127.9, 127.8, 
127.7. 127.5 CAr), 88.0 (C-I), 81.0, 79,3, 77.9, 74.9, 74.34, 74.27, 73.2, 71.3, 69.7 
(C-2,3.4,5,6, PhCH:), 56.3 (OMe), 31.1 (SAc). Anal. Calcd for C37H42075: C, 70.45; 
H, 6.71; S. 5.08. Found: C, 70.90; H, 6.60; S, 4.95. 

13R: [t~]l~' - 19.6 ° (c 2.9, CHCI~); tH NMR (CDCi,~): 6 7.4-7.2 (m, 20 H, Ar), 
5.80 (d, 1 H. J1,2 3.3 Hz, H-I), 4,75-4.35 (m, 8 H, PhCH2), 4.14-3.25 (m, 6 H, 
H-2,3,4,5.6). 3.29 (s, 3 H, OMe), 2.46 (bs, I H, OH), 2.37 (s, 3 H, SAc); I'aC NMR 
(CDCI~): 6 196.5 (SC=O). 138.2, 138.1, 137.9, 137.8, 128.5, 128.3, 128.2, 127.8, 
127,7, 127,6 (Ar), 86.4 (C- I ), 81.0, 78, !, 74.8, 74.6, 73.9, 73. !, 71.4, 68,9 (C-2,3,4,5,6, 
PhCH~), 56.5 (OMe), 31,1 (SAc). Anal. Calcd ibr C~TH ~O7S: C, 7(I.45; H, 6.71; S, 
5.08. Found: C, 70,11: I t ,  6,62; S, 5.28. 

Methyl 2.3.4,6otetru~Oohenzylotrol~oaltropyram,side (14),~.To a stirred suspension of 
methyl 4,6oOobenzylideneot~°l)oaltropyranoside [23] (16.3 g, 57.6 retool) in H~O was 
added 0, I M H ,SO a (30 tnL) m 60 '~C. After 4 h, the mixture was neutralized with BaO 
(460 rag). The insoluble material was removed by Celite filtration and the filtrate was 
evaporated. The residue was dissolved in DMF (200 mL) and 55% Nail (20. I g, 460 
retool) was added carefully. After the mixture had been stirred for 2 h at room 
temperature, benzyl bromide (34.2 mL, 276 retool) was slowly dropped in at 0 °C. The 
temperature was gradually increased to room temperature and the mixture was stirred tbr 
further I h. Ice=water was carelhlly added and the mixture was extracted with Et,O. 
The organic layer was dried over MgSO~, evaporated, and chromatographed on sii'ica 
gel (20:1=7:! hexane-EtOAc) to give 14 (28.79 g, 90%) as a syrup: [al~', m +51.4° (c 
2.0. CHCI~); ~H NMR (CDCI~): 6 7., ~ ".2 (m, 20 H, At), 4,7-4.4 (m, 9 H, H-i, 
PhC H: ), 4.24 (dt, I H, Ja,~ 8.9, Jss,,, -- J~,~,, -~ 3,6 Hz, H-5), 3.85 (dd, I H, J.~.4 3.3 Hz, 
H~4), 3.76 (t, I H, ,f~, 4,3 Hz, H-3), 3.71-3,69 (m. 3 H, H-2,6), 3.40 (s, 3 H, OMe); 
L~C NMR(CDCI~): 15 138,6, 138.5, 138,1, 128,4, 128,3, 127.9, 127.7, 127.5 (Ar), 100.8 
(C-I), 76,2, 73,8, 73.4, 73,0, 72,6, 72,2, 71.7, 69,8, 68.2 (C-I,2,3,4,5,6, PhCH,),  55.4 
(OMe), Anal, Calcd Ibr C~sH ~sQ,: c ,  75,79: H, 6,91. Found: C, 75.56; H, 6.7t~. 

2,3,4,6-Tetra°O-be¢~zyI,D,altrose S-acetvl O-methyl mtmothioaceetal (I5).--Com- 
pound 14 (578 rag, 1,04 retool) was treated with 1,0 M solution of Me~ BBr in CH.~CI 2 
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(2.08 mL), iPr 2 NEt (0.45 mL, 2.6 mmol), and AcSH (0.22 mL, 3.12 mmol), as ah'eady 
described for the synthesis of 6, to give 15 (438 mg, 67%) as a I:1 mixture of 
diastereomer after silica gel chromatography (8:1 hexane-EtOAc): ~H NMR (CDCI 3): (5 
7.4-7.2 (m, 20 H, Ar), 5.61 (each d, 1 H, Ji.2 2.3 Hz, 3.2, respectively, H-I), 4.82-3.60 
(m, 14 H, H-2,3,4,5,6, PhCH,), 3.33 (s, 3 H, OMe), 2.74 (bs, 1 H, OH), 2.37, 2.35 
(each s, 3 H, SAc); ~SC NMI~ (CDCI3): 8 138.8, 138.2, 128.4, 128.2, 128.0, 127.8, 
127.7, 127.5 (Ar), 88.9, 87.3 (C-I), 82.6, 82.4, 81.2, 80.4, 80.0, 79.7, 75.2, 75.0, 74.9, 
73.4, 72.7, 72.4, 71.6, 71.5, 70.0 (C-2,3,4,5,6, PhCH2), 56.5 (OMe), 31.2 (SAc). Anal. 
Calcd for C37H4207S: C, 70.45; H, 6.71; S, 5.08. Found: C, 70.1 I; H, 6.72; S, 5.06. 

Methyl 2,3,4,6-tetra-O-benzyi-5-thio-L-galactopyra~oside (16).--To a stirred solu- 
tion of 15 (27.93 g, 44.8 mmol) in pyridine (200 mL) was added methanesulfonyl 
chloride and 4-dimethylaminopyridine (100 mg) at 0 °C. After 8 I1, the mixture was 
evaporated. The residue was partitioned between CH2CI 2 and H.O. The organic layer 
was washed successively with satd NaHCO 3. 5% HCI, and H20, dried over MgSO 4, 
and evaporated. The residue was dissolved in CH,CI 2 (40 mL) and diluted with MeOH 
(400 mL). To this solution was added 0.89 M NaOMe (150 mL, 133 mmol). After 16 h, 
the mixture was neutralized with AcOH and evaporated. The residue was dissolved in 
CH.,CI, and washed with satd NaHCO~. The organic layer was dried over MgSO 4, 
evaporated, and the residue was chromatographed on silica gel (15:1-10:1 hexane- 
EtOAc) to give 16 (a:/3 = I:1, 12.2 g, 48%) as a syrup: IH NMR (CDCi3): 8 7.4-7.2 
(m, 20 H, Ar), 5.1-4.6 (m, 6 H, PhCH2), 4,49 (d, 0.5 H, Ji.2 7.9 Hz, H-I/3), 4.45 (d, 
0.5 H, JL', 3.1 Hz, H-I a) ,  4.38 (s, I H, PCH 2/3), 4.34 (s, I H, PhCH2a),  4.3-4.2 (m, 
! H, H-2a,4ot), 4.17 it, 0.5 H, J3,4 ='/4,5 =2.3 Hz, H-4/3), 4.10 (t, 0.5 H, ,/,.s 8.1 Hz, 
H-213), 3.88 (dd, 0.5 H, '1-~.3 10.1, ,la.4 2.5 Hz, H-3ct), 3.59 (t, 0.5 H, Js,t,, = ,1~,,.~,, = 9.3 
Hz, H-6a/3), 3.54 (dd, 0.5 H, ,ls.~,t, 6.4 Hz, H-6b/3), 3.50 (s, 1.5 H, OMe/3), 3.,I.9 (t, 0.5 
H, ,15,,~ , = ,1~.~, h = 8.6 Hz, H°6aa), 3.42 (s, 1.5 H, OMetr), 3.39 (dd, 0.5 H, H~3t3), 3.37 
(dtl, 0.5 H, ,Is.t, h 5.2 Hz, I-t-6b¢~), 3.34 (ddd, 0.5 H, ,l.t..~ 1.2 Hz, H-5a), 3.05 (dt, 0.5 H. 
H-5O); J~C NMR (CDCI~): ~5 139.1, 138.9, 128.3, 128.2, 128.1, 127.9, 127.7, 127.6, 
127.4 (At'), 85,7, 83.2, 82.6, 80.2, 75.5, 75.3, 74.7, 74.1, 73.7, 73.4, 73.2 (C-i,2,3,4, 
PhCH~), 69.2, 68.4 (C-6), 58.3, 56.7 (OMe), 43.2, 41.1 (C-5). Anal. Calcd tbr 
C35H ~sOsS: C, 73.651 H, 6.71; S, 5.62. Fotmd: C, 73.53; H, 6.61; S, 5.53. 

Methyl 2,3,4,6.tetra.O-acetyl-5-thio-a aml /3.L.galactopyramlside (17a and 17/3 ). 
~ l n t o  a stirred solution of 16 (I.94 g, 3,40 retool) in THF (100 mL) was liquefied NH :~ 
(100 mL) at - 7 8  °C. Sodium (1.79 g, 77 mrnol) was slowly added during 30 rain until 
the blue color of the solution was maintained over l h. Then NHzC! (8.6 g, 160 retool) 
was carefully added and the temperature was gradually raised to room temperature. The 
mixture was evaporated and the residue was subjected to conventional acetylation with 
pyridine (50 mL) and Ac~O (50 mL). The crude p,'oducts was chromatographed on 
silica gel (6:1-4:1 hexane-EtOAc) to give 17t~ (423 rag, 33%), 17/3 (339 nag, 26%), 
and a mixture of 171 and 17/3 (a:/3--- !:2, 451 nag, 35%), respectively as a syrup. ~H 
NMR spectra tbr 171 and 17/3 were in accord with those ford enanfiomers [9]. 

17t~: mp 101-102 °C (from EtOH); [a][~ -242  ° (c 1.3, CHCi3); lit. for the D 
enantionaer [9] 96-98 °C (from EtOAc-hexane); [ a ]t~ + 225.5° (c 1.4, CHCI.~). 

17/3: nap 107=108 °C (from EtOH); [or]l) ~ -~5.8 ° (c 4.9, CHCI.~): lit. for the D 
enantiomer [9] 102-103 ° (from MeOH); [ a ]  o +9.5 ° (c 4.2, CHCI3). 
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1,2,3,4.6-Penta-O-acet3,1-5-thio-t-galactopyranose (18).wTo a stirred solution of 17 
(c~:fl = I:1, 2.17 g, 5.73 retool) in MeOH (90 mL) was added 0.6 M NaOMe (I mL). 
After 20 h, the mixture was neutralized with acetic acid and evaporated. The residue was 
dissolved into H,O (150 mL) and 6 M H2SO 4 was added. The mixture was heated for 4 
h at 90 °C and neutralized with BaO (1.1 g). The insoluble material was removed by 
Celite filtration and the filtrate was evaporated. The residue was subjected to standard 
acetylation with pyridine (90 mL) and Ac20 (90 mL) and purification by silica gel 
chromatography (3:1 hexane-EtGAc) to give 18 (a: /3=7:1,  1.42 g, 61%) as an 
amorphous: [ a ]~  - 199 ° (c !.0, CHCI~); IH NMR (CDCI.~): t$ 6.15 (d, 0.9 H, Ji.2 2.7 
Hz, H- I or), 5.84 (d, O. ! H, Ji.2 7.0 Hz, H- I/3), 5.70 (dd, 0.9 H, J.~.4 2.6, J4.5 1.6 Hz, 
H-4ot), 5.61 (t, 0.1 H, J3,4 =']4.5 - -  3.0 Hz, H-4/3), 5.39 (dd, I H, J2,3 10.6 Hz, H-2ot), 
5.29 (dd, i It, H-3a), 5.02 (dd, 0.1 H, J.,~ 7.6 Hz, H-3/3), 4.4-3,8 (m, 3 H, H-5,6), 
2.2-2.0 (m. 15 H. OAc); 13C NMR (CDCI 3, only signals for the a anomer were 
shown): ~5 170.1. 169.9, 169.8, 169.0 (OC=O),  71.3, 69.4, 68.7, 68.1 (C-I,2,3,4), 61.1 
(C-6), 39.6 (C-5), 20.9. 20.6 (OAc). Anal. Calcd for CI6H,_,OIoS: C, 47.29; H, 5.46; S, 
7.89. Found: C. 47.47; H, 5.63: S, 8.14. 

5-Thio-L-galacmse (19).--To a stirred suspension of 18 (242 rag, 0.595 mmol) in 
MeOH (8 mL) was added 0.5 M NaOMe (0.1 mL). After 2 h, the mixture was 
neutralized with Dowex 50 (H +) ion-exchange resin. The resin was removed by 
filtration and the filtrate was evaporated to give a solid, which was recrystallized from 
EtOH to give 19 (108 rag, 92%7 as crystals. Anomeric equilibrium was reached 3 days 
after th~ compound had been dissolved in D,O (a:/3 = 83:17, measured by ~H NMR): 
nip 178~180 °C (from EtOH): IH NMR (D:O): 6 5.10 (d, 0.8 H, JI.2 3.3 Hz, H-lot), 
4. t) (m, I H, Hol/3), 4.35 (dd, 0,8 H, J~., 2.8, J~.s 1.3 Hz, H-4a), 4.25 (dd, 0.2 H, J.~,4 
3.0, ,i~.~ i.4 Hz, Ho4/3), 4,09 (dd, 0.8 H, J:.~ 10.2 Hz, Ho2c¢), 3.95~3.85 (m, 2.0 H, 
Ho3a,t~at~,2~,6aB), 3.74 (dO, 0.8 H, ,t~,~, 7.3, Jf,,,~,~, 11.3 Hz, H-6bt~), 3.72 (dd, 0.2 
H, J~.,, 7.6, ,I¢,,~f,1~ II .6 H~, Ho6b/3 ), 3,62 (dt, (1.8 H, Js,~,,, 7.3 Hz, H-5a), 3.55 (dd, 0.2 
H. ,I:~ 9.5 He, Ho3/3), 3,39 (ddd, 0.2 H, ,1~,~,,, 6.8 Hz, HoSB); I~C NMR (D,O, only 
signals tbr the ~ anomer were seen): # 73.8, 71.6, 70.9, 70.5 (C-I,2,3,4), 61.5 (C-6), 
43.8 (C°5). Anal. Calcd Ibr C~,H~,O~S: C, 36.73; H, 6,16; S, 16.34. Found: C, 36.80; H, 
6,24; S, 15.86. 

Gem, ral /,wcedure .li," enzyme assay.--oz-L-Fucosidase (bovine kidney) was pur- 
chased from Sigma. p-Nitrophenyl a-t.-fucopyranoside was purchased l'rom Seikagaku 
Kogyo Inc. The enzyme assay was perlbnned by essentially the same method as 
previously reported [12], The t~action was started by adding the enzyme solution (80 pg) 
to the mixture of ponitrophenyl c~-to-fucopyranoside and 5-thio-L-galactose in citrate 
buffer (final: 20 raM. pit 5.5, 300 /.tL) at 25 °C. Alter 30 rain, the reaction was 
quenched by adding 50 mM glycine buffer (pH 10.0. 500 p,L). The amount of liberated 
p*nitrophenol was monitored at 400 nm. 
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