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Abstract: The syntheses of novel methyl maltoside analogues containing sulfur in the nonreducing ring and either 
oxygen, sulfur, or selenium atoms in the interglycosidic linkage are described. The compounds are substrate analogues 
for glucosidases and are of interest as potential inhibitors of these enzymes. The syntheses rely on the use of the 
3,4,5,6-tetra-0-acetyl-5-thio-a-D-glucopyranosyl trichloroacetimidate 6 as a glycosyl donor and methyl 2,3,6-tri-O-
benzoyl-4-X-a-D-glucopyranoside (X = OH, SH, SeH) as glycosyl acceptors. The glycosylation reactions are catalyzed 
by triethylsilyl triflate. The 5'-thio-4-X-disaccharides are obtained as a:/? mixtures of 100:0 (X = 0 8), 36:1 (X = 
S 17, 18), and 4.5:1 (X = Se 23, 24), in yields of 85%, 55%, and 57%, respectively. The notable a-selectivity is 
attributed to the greater thermodynamic stability of the a-isomers. In accordance with this conclusion, rearrangement 
of the orthoester 12, formed as a side product in the reaction to give the 5'-thiomaltoside, under acid catalysis affords 
the a-disaccharide. A reaction employing 6 and methyl 2,3,6-tri-O-benzyl-a-D-glucopyranoside 13 leads to a loss 
of stereoselectivity and gives a 1:1.2 a:/3 mixture of the disaccharides 14 and 15. Deprotection of 8,17, and 23 by 
transesterification gives the pure methyl maltoside heteroanalogues 1, 2, and 3, respectively. Kinetic studies indicate 
that 1, 2, and 3 are competitive inhibitors of the binding of maltose by glucoamylase G2, with Ki values of 1.34, 
2.04, and 0.80 mM, respectively. The Xi values for the phenyl selenoglycosides of a-D-glucose 4 and a-D-5-thioglucose 
5 are 5.88 and 4.01 mM, respectively, and the Km values for the substrates maltose and 4-nitrophenyl 
a-D-glucopyranoside are 1.2 and 3.7 mM, respectively. 

Introduction 

Glycosidases may be grouped according to substrate specific
ity, but the key feature of the respective transition states, shape 
or charge, remains to be identified.1 Numerous transition-state 
mimics and potent carbohydrase inhibitors have been synthe
sized. Although few are used in therapy, most illustrate features 
of intermediates in enzyme mechanisms. In enzyme technology, 
there is a need for improvement of specificity and catalytic 

+ Simon Fraser University. 
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® Abstract published in Advance ACS Abstracts, September 1, 1995. 
(1) (a) Sinnott, M. L. Chem. Rev. 1990, 90, 1171. (b) McCarter, J. D.; 

Withers, S. G. Curr. Opin. Struct. Biol. 1994, 4, 885. 

efficiency. A preferred approach involves directed mutagenesis 
based on the crystal structure of enzyme-inhibitor complexes 
and the proposed mechanism.2 Novel inhibitors can assist the 
design of mutants by highlighting roles of individual side chains, 
as deduced from modeled enzyme-complexes and the inhibition 
kinetics.3-5 Access to a selection of glycosidases, with different 
acid-catalytic mechanisms for hydrolysis of glycosidic bonds 
and producing, for example, products with either inverted or 

(2) Johnson, L. N.; Cheetham, J.; McLaughlin, P. J.; Acharya, K. R.; 
Barford, D.; Philips, D. C. Curr. Topics Microbiol. Immunol. 1988, 139, 
81. 
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(4) Vyas, N. K. Current. Opin. Struct. Biol. 1991, 1, 732. 
(5) Svensson, B.; Sogaard, M. J. Biotechnol. 1993, 29, 1. 
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Table 1. Results of Glycosylation Reactions 

entry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

donor 

6 

6 

6 

6 

6 

6 

6 

6 

6 

acceptor 
7 33 

7 

7 

7 

7 

7 

1313 

1614 

21 

molar ratio" 

1:1:0.1 

1:0.7:0.1 

1:1:0.1 

1:1:0.2 

2:1:0.1 

1:2:0.1 

1:2:0.1 

1:2:0.25 

1:2:0.1 

reaction conditions6 

- 7 8 °C for 1 h, rtc for 45 min 

- 7 8 0C for 6 h 

- 7 8 ° C f o r l h , - 5 0 0C for 1.5 h 

- 7 8 0C for 1 h, it for 1 h 

- 7 8 0C for 1 h, it for 1 h 

- 7 8 0C for 1 h, rt for 1 h 

- 7 8 0C for 1 h, rt for 1 h 

- 7 8 0C to - 5 0 0C in 1 h 

- 7 8 0C for 10 min, rt for 1 h 

products 

8 
9 ,10,11 
7 
12 
8 
6,7 
(12:8 = 6:1) 
12 
8 
(12:8=15:1) 
8 
9,10,11 
7 
8 
9,10,11 
7 
8 
9,10 
11 
14 
15 
17 
18 
23 
24 

yield, % 

50 
30 

43 
7 

83 
5 

50 
40 

45 

85 
6 
4 

45 
45 
53 

1.5 
46 
11 

' Dononacceptontriethylsilyl triflate. b All reactions mixtures were cooled to - 7 8 0C prior to quenching with collidine. c Room temperature = 

retained anomeric configuration, together with a selection of 
glycosidase inhibitors will allow optimal progress in this field. 

As part of a program to develop carbohydrase inhibitors for 
therapy and a gain of insight of subtle events in the catalytic 
mechanism, we have recently communicated the synthesis of 
novel heteroanalogues of methyl a-D-maltoside containing 
heteroatoms in the nonreducing ring and/or the interglycosidic 
linkage.6 We now report full details of the syntheses together 
with the evaluation of these candidates and the phenyl sele-
noglycosides of glucose 4 and 5-thioglucose 5 as inhibitors of 
glucoamylase G2. Oligosaccharides with sulfur in the interg
lycosidic linkage have been reported to be resistant to hydrolysis 
by glycosidases.7 It is of interest in the present work to evaluate 
the role of a sulfur atom in the sugar ring as well as the role of 
different chalcogen atoms in the interglycosidic linkage. We 
note that the sulfur-in-the-ring analogue of a glycoside of 
N-acetyllactosamine has been reported to be 200 times more 
stable to hydrolysis by a galactosidase,8 and 5-thio-a-L-fucose 
has recently been reported to show excellent inhibitory activity 
(30 /xM) against a-L-fucosidase.9 

Results and Discussion 

Synthesis. The synthesis of methyl 5'-fhiomaltoside 1 
required a suitably blocked sugar with a free hydroxyl group at 
the C-4 position to function as the glycosyl acceptor. Earlier 
results10 had revealed that the removal of benzyl substituents 
on thioglucose derivatives was problematic. Therefore, a unit 
was desired that could be deprotected in a convenient manner 
and could be obtained with minimum protecting group manipu
lations. These requirements were met by the glycosyl acceptor 
7 which was obtained in one step, by the selective benzoylation 
of methyl a-D-glucopyranoside with benzoyl chloride at —60 

(6) Mehta, S.; Andrews, J. S.; Johnston, B. D.; Pinto, B. M. J. Am. Chem. 
Soc. 1994, 116, 1569. 

(7) For example: Steers, E.; Cuatrecasas, P.; Pollard, H. B. J. Biol. Chem. 
1971, 246, 196. Blanc-Muesser, M.; Defaye, J.; Driguez, H. J. Chem. Soc, 
Perkin Trans. 1 1984, 1885. 

(8) Yuasa, H.; Hindsgaul, O.; Palcic, M. J. Am. Chem. Soc. 1992, 114, 
5891. 

(9) Hashimoto, H.; Izumi, M. Tetrahedron Lett. 1993, 34, 4949. 
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0C. The glycosylation of the acceptor 7 with the trichloroace-
timidate 610 was attempted under varying conditions of promoter 
concentration, reactant concentration, and temperature. The 
results are shown in Table 1 and are briefly discussed below. 

Initial glycosylations employed 0.1 equiv of triethylsilyl 
triflate (TESOTf) as the catalyst which was added to a mixture 
of the reactants at -78 0C. Different reactions were quenched 
at different temperatures, and their outcomes were examined. 
When the temperature of the reaction mixture was allowed to 
rise to room temperature, a complex mixture of products was 
formed (Table 1, entry 1). Most significantly, the desired (1 — 
4) linked disaccharide 8 was obtained in exclusively an 
a-configuration and the corresponding /3-disaccharide was not 
detected. In addition, a mixture of the glucals 9 and 10 was 
obtained in 30% yield. Another elimination product 11 and 
the unreacted acceptor 7 were also isolated. In another reaction, 
the temperature was maintained below —70 0C (Table 1, entry 
2). In this case, the side products 9, 10, and 11 were avoided. 
However, the major product in this reaction was the orthoester 
12, and a mixture of 12 and the a-disaccharide 8 was obtained 
in a 6:1 ratio, in a combined yield of 50%. Isolation of 
unreacted donor and acceptor indicated that the reaction had 

(10) Mehta, S.; Jordan, K. L.; Weimar, T.; Kreis, U. C ; Batchelor, R. 
J.; Einstein, F. W. B.; Pinto, B. M. Tetrahedron Assymetry 1994, 5, 2367. 
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Scheme 1 

AcO 
AcO-

CO OR 

AcO X. ™. DnJ. 

AcO, 

AcO-

NH 

RO-X-^-A 
D n J . 

X R 
7. O OBj 

13. 0 OBzI 
16. S OBz 
21. Se OBz 

8. <x: 
14. a: 
1 5 . ? : 
17. a: 
I i . B: 
23. a: 

OBz 
OBzI 
OBzI 
OBz 
OBz 
OBz 

24. P: Se OBz 

not proceeded to completion. Therefore, in a subsequent 
experiment, the reaction was quenched at —50 0C. In this case 
a 15:1 mixture of the orthoester to disaccharide was isolated in 
a combined yield of 88%. Minor amounts of glycal and 
acceptor were detectable by TLC (Table 1, entry 3). These were 
the best experimental conditions for the formation of the 
orthoester. However, optimal reaction conditions for the 
synthesis of the disaccharide remained to be achieved. An 
increased concentration of the catalyst (0.2 equiv with respect 
to the donor) did not prove to be advantageous, and substantial 
amounts of the elimination side products were again isolated, 
in addition to the disaccharide (40%) (Table 1, entry 4). The 
use of 2 equiv of the glycosyl donor 6 with respect to the 
acceptor was contemplated (Table 1, entry 5). However, the 
yield of the disaccharide remained below 50%, and unreacted 
acceptor was again recovered. It is noteworthy that all these 
experiments were stereoselective for the formation of the 
a-disaccharide, and no /3-anomer was detected. 

Until this point we were of the opinion that inefficient 
reactions were a consequence of the low reactivity of the 
glycosyl donor 6. However, we hypothesized that a complex-
ation of the acceptor with the trichloroacetamide produced in 
the reaction or primary attack of the acceptor on the trichloro-
acetimidate to give a tetrahedral intermediate may have pre
vented complete reaction of the acceptor to give the disaccha
ride. Therefore, in the next experiment, a 2-fold excess of the 
acceptor was employed (Table 1, entry 6). The yield of the 
disaccharide 8 increased to 85%, with minor amounts of glucals 
9 and 10, compound 11, and unreacted acceptor 7 being isolated. 

The following conclusions can be drawn from the results 
presented in the foregoing sections. The glycosylations with 
the trichloroacetimidate 6 and an unreacted acceptor such as 7 
occur stereoselectively in favor of the a-product. The temper
ature at which this reaction is quenched is of great significance 
in controlling its outcome, the orthoester 12 being isolated at 
lower temperatures. Higher temperatures lead to the formation 
of the side products 9,10, and 11 as a result of elimination, as 
does the use of a higher concentration (0.2 equiv) of the catalyst. 
The optimum condition for this glycosylation reaction is realized 
with the use of an excess of the acceptor rather than the donor. 

In our opinion, the exceptional behavior of 5-thiohexopyra-
nosyl donors to afford preferentially the a-product, despite the 
presence of a participating acetate at the 2-position of the 
glycosyl donor, is due to the greater thermodynamic stability 
of the axially oriented aglycon in these compounds as compared 
to their 5-oxa-counterparts.10'1 

The formation of the orthoester 12 was confirmed by the use 
of 1H and 13C NMR spectroscopy. The singlet corresponding 
to the protons of the C-methyl was observed at a higher field 
than the signals attributed to the other acetoxy methyl groups 
and the 13C chemical shift of the C-methyl was separated and 
downfield as compared to the signals of the acetoxy methyls. 

(11) Mehta, S.; Pinto, B. M. Modern Methods in Carbohydrate Synthesis; 
Khan, S. H., O'neil, R. A., Rahman, A., Eds.; Harwood Academic Publish
ers: In press. 

This is usually an indication of orthoester formation.12 This 
was further confirmed in the 13C-1H chemical-shift correlated 
spectrum in which correlation was observed between the peak 
attributed to the protons and the carbon of the C-methyl group. 
A 13C signal in the region of 122 ppm (due to the orthoester 
carbon) was observed in the 13C spectrum of compound 12 
(122.4 ppm), and it did not correlate with any peak in the 1H 
spectrum. The configuration of the orthoester 12 was deter
mined by a NOESY experiment; an NOE contact between the 
C-methyl group and the H-3 of the nonreducing sugar residue 
indicated the presence of an exo- configuration. 

AcO 

A c O - T ^ — S . 

810OMe 

We speculated that the a-disaccharides might arise from the 
rearrangement of the orthoesters. To verify this postulate, the 
orthoester 12 that was isolated at below -50 0C was reintro
duced into the same initial reaction conditions, but the reaction 
mixtures were warmed to room temperature. The orthoester 
12 rearranged to afford only the a-disaccharide 8 in a 40% yield. 
Also isolated were the acceptor 7 and the glucals 9 and 10. 
Thus, the results of the rearrangement of these orthoesters is 
reflective of results obtained in reactions that were conducted 
without their isolation. We suggest that the preferential 
a-disaccharide formation is preceded by orthoester formation. 
We suggest further that the rearrangement of 12 to give the 
thioglucals 9 and 10 might be a general reaction with 5-thio 
sugars. 

In order to ascertain the effect of an increase in the reactivity 
of the reacting partners on the stereochemical outcome of the 
reaction, we examined the glycosylation of a more reactive, 
benzylated acceptor 13.13 In this case, a loss in stereoselectivity 
was observed, as expected with the more reactive acceptor, and 
a 1:1 mixture of the a and /3 disaccharide 14 and 15 was 
obtained (Table 1, entry 7). 

The synthesis of 4-thio-5'-thiomaltoside 2 was achieved by 
the glycosylation of methyl 2,3,6-tri-O-benzoyl-a-D-glucopy-
ranoside 1614 with 5-thioglucopyranosyl trichloroacetimidate 6 
in the presence of triethylsilyl triflate. As observed for the 
glycosylations of the 4-OH acceptor 7, the use of equimolar 
proportions of the donor 6 and the acceptor 16, in glycosylation 
reactions, led to the isolation of significant quantities of the 
glucal 9 and low yields of the disaccharides. However, the 
glycosylation of donor 6 with a 2-fold excess of the acceptor 
16 in the presence of 2.5 equiv of triethylsilyl triflate as catalyst 
afforded predominantly the a-disaccharide 17 in 53% yield and 
a minor amount of the corresponding /3-isomer 18 (1.5%, a//? 
= 36/1) (Table 1, entry 8). The stereochemical integrity of 
compounds 17 and 18 was confirmed by observation of the 
1JnVMT coupling constants (4.8 and 11.0 Hz, respectively) and 
the '/CI'.HI' coupling constants (158 and 155 Hz, respectively). 

The strategy for the synthesis of 4-seleno-5'-fhiomaltoside 3 
was similar to that of the A-O- and the 4-5'-5'-thiomaltopyra-
noside. It necessitated the synthesis of the selectively protected 
4-selenoglucopyranoside acceptor. The synthesis of this com
pound was performed by the initial displacement of the 4-0-
trifluoromethanesulfonate of methyl 2,3,6-tri-O-benzoyl-a-D-
galactopyranoside 19 by potassium selenocyanate14 to afford 

(12) Perlin, A. S. Can. J. Chem. 1963, 41, 399. 
(13) Garegg, P. J.; Hutberg, H.; Wallin, S. Carbohydr. Res. 1982, 108, 

97. 
(14) Reed, L. A.; Goodman, L. Carbohydr. Res. 1981, 94, 91. 
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the selenocyanate 20 (Scheme 2). This was reduced with 
sodium borohydride15 to provide the 4-selenol 21. Attempted 
column purification and/or crystallization resulted in the oxida
tion of the selenol to the diselenide 22. Although the selenol 
showed appreciable air stability, slow oxidation to the corre
sponding diselenide occurred over a period of days. The 
diselenide was crystallized and fully characterized. Thus, the 
crude selenol was used for subsequent glycosylation reactions 
immediately after its preparation. 

Scheme 2 

Table 2. Inhibition of Glucoamylase by Heteroanalogues of 
Methyl a-D-Maltoside and Phenyl a-D-Glucopyranoside 

TfO .OBz ^ U B Z 

L V - Q KSeCN. N C S e " - V ^ ^ ° \ 

"-O0Me 8 1 0 OV 

NaBH, 

JkO ̂  

19 

The acceptor 21 was glycosylated with the glycosyl donor 6 
in the presence of 0.2 equiv of TESOTf. At -78 0C no coupling 
of the above reactants was observed. When the temperature 
was allowed to rise to room temperature, a 4.5:1, a//3 mixture 
of the disaccharides 23 and 24 was obtained in a combined yield 
of 57% (Table 1, entry 9). When the effect of a reduced amount 
of catalyst was examined, the stereoselectivity of the reaction 
remained unchanged, but the yield of the reaction dropped to 
40%. 

Deprotection of the disaccharides 8,17, and 23 was performed 
under Zemplen conditions with a 0.2 M sodium methoxide 
solution in methanol, to afford the target disaccharides 1, 2, 
and 3 in yields of 74%, 89%, and 75%, respectively. Compound 
2 was crystallized from hot ethanol. 

Enzyme Inhibition. Glucoamylase from Aspergillus niger 
catalyzes the hydrolysis of maltose and related compounds with 
release of /3-D-glucose.16 The inhibitory action of the novel 
heteroanalogues containing sulfur and selenium of methyl 
a-maltoside 1—3 and of phenyl a-D-glucopyranoside 4 and 5 
has been tested. 

Methyl a-5'-thiomaltoside 1 was a very poor substrate with 
a tin of 28 h compared to 1.5 h for the substrate methyl /J-D-
maltoside under the same conditions. The lower rate of 
hydrolysis of the sulfur-in-the-ring compound is in accord with 
recent observations by Yuasa et al? who reported that the 
stability of a glycoside of 5'-thio-A!'-acetyllactosaniininide to 
hydrolysis by a /3-galactosidase was 200 times greater than that 
of its counterpart with oxygen in the ring. The results are also 
consistent with the analysis of Jagannadham et al}1 which shows 
that the thermodynamically more stable a-thia-stabilized car-
bocation (the presumptive intermediate in the glycoside hy
drolysis reaction) is nevertheless formed more slowly than its 
oxygen counterpart because of a higher intrinsic barrier. 

The compounds 1—5 were tested, therefore, as inhibitors of 
the hydrolysis of maltose. All of the heteroanalogues examined 
were competitive inhibitors with inhibition constants (Ki) of the 
same order of magnitude as the Km values for maltose and 
4-nitrophenyl a-D-glucopyranoside of 1.2 and 3.7 mM, respec
tively (Table 2). Methyl a-4-thiomaltoside (the analogue with 
O in the ring and S in the interglycosidic linkage) is also a 

(15) Pinto, B. M.; Sandoval-Ramirez, J.; Sharma, R. D. Synth. Commun. 
1986, 16, 553. 

(16) Weill, C. E.; Burch, R. J.; Van Dyck, J. W. Cereal Chem. 1954, 
31, 150. 

(17) Jagannadham, V.; Amyes, T. L.; Richard, J. P. J. Am. Chem. Soc. 
1993, 115, 8465. See, also: Richard, J. P. Tetrahedron 1995, 51, 1535. 

inhibitor K1 (mM) 

methyl a-5'-thiomaltoside (1) 
methyl a-4-S-5'-thiomaltoside (2) 
methyl a-4-5e-5'-thiomaltoside (3) 
phenylseleno a-D-glycopyranoside (4)18 

phenylseleno a-D-5-S-glucopyranoside (5)'° 

1.34 ±0.06° 
2.04 ± 0.42 
0.796 ± 0.03 
5.88 ±0 .35 
4.01 ± 1.5 

" Standard deviation. 

^ 1 
Y ^ X 

^ - px" 

^C^V*" 

^ ^ X v 

V Y X 

I 

Figure 1. Conformations of RXCH2YR' molecules and their relation
ships to the conformations of 2-substituted heterocyclohexanes. 

competitive inhibitor, with a K\ value of 0.35 ± 0.04 mM.19 

We assume, therefore, that the binding interactions of these 
heteroanalogues with the enzyme correspond to those seen for 
the two rings at the nonreducing end of acarbose and D-gluco-
dihydroacarbose in complexes with a very closely related 
glucoamylase.20,21 Indeed, a transferred NOE NMR study of 
methyl 4,5'-dithiomaltoside 2 bound to glucoamylase G222 

showed a similar orientation of the two rings as the A and B 
rings of D-g/wco-dihydroacarbose. 

It is tempting to speculate that the lower K value for the 
S/Se compound 3 than the S/S compound 2 might be a function 
of the greater tolerance for alternative conformations about the 
acetal center. The conformational preferences about the acetal 
center are dictated by the anomeric effect which refers to the 
torsional preferences about the C-X and C-Y bonds in 
RXCH2YR' molecules. In axially oriented compounds, the 
gauche.gauche 25 is favored over the gauche,anti conformation 
26, and in equatorially oriented compounds, the anti,gauche 27 
is favored over the anti,anti conformation 28 (Figure I).23 The 
conformational preferences and associated geometrical variations 
have been rationalized in terms of stabilizing orbital interactions 
between the p-type nonbonding orbitals on X and Y, nx and 
ny, with the acceptor orbitals, CT*C-Y and CT*C-X. respectively.23 

These hyperconjugative interactions account for the existence 
of the endo and exo anomeric effect when the RXCH2YR' 
moiety is incorporated into a heterocyclohexane (Figure I).23 

The gauche,gauche conformation is the global minimum when 
X and Y are first or second row elements. However, the 
stabilization of the gauche,anti conformation 26 becomes as 
significant or more significant with elements of the third and 
fourth row owing to the importance of other stabilizing orbital 
interactions.24 The population of this alternative conformation 
in 3 would thus still provide anomeric stabilization and would 

(18) Frenzel, H.; Nuhn, P.; Wagner, G. Arch. Pharm. 1969, 302, 62. 
(19)Driguez, H.; Frandsen, T. P.; Svensson, B. Unpublished data. 
(20) Aleshin, A. E.; Firsov, L. M.; Honzatko, J. Biol. Chem. 1994, 269, 

19291. 
(21) Stoffer, B.; Aleshin, A. E.; Firsov, L. M.; Svensson, B.; Honzatko, 

R. B. FEBS Lett. 1995, 358, 57. 
(22) Weimar, T.; Andrews, J. S.; Svensson, B.; Pinto, B. M. Manuscript 

in preparation. 
(23) For example: Pinto, B. M.; Leung, R. Y. N. In The Anomeric Effect 

and Associated Stereoelectronic Effects; Thatcher, G. R. J., Ed.; ACS 
Symposium Series 539; American Chemical Society: Washington, DC, 
1993; Chapter 8. 

(24) Kahn, S. L.; Leung, R. Y. N.; Korppi-Tommola, J.; Pinto, B. M. J. 
MoI. Struct. Theochem. 1994, 303, 163. Salzner, U.; Schleyer, P. v. R. /. 
Am. Chem. Soc. 1993, 115, 10231. 
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allow greater ligand flexibility for accommodating complemen
tary contact residues on the enzyme. It is noteworthy that a 
conformational study in solution by NOE spectroscopy has 
indicated greater flexibility in 3 than in 2 or I.25 

As a final point of interest, we comment on the thermody
namics of binding of the methyl a-4,5'-dithiomaltoside 2. 
Titration microcalorimetry26 has given a K& of 3.0 ± 1.6 x IfJ3 

M - ' ; at 300 K this K„ corresponds to a free energy of interaction 
of -20.0 ± 1.4 kJ mol - 1 . The enthalpy of interaction was 5.7 
± 1.7 kJ mol - 1 and the TAS term was 14.3 ± 2.2 kJ mol -1 . 
The binding is thus dominated by the entropic contribution. The 
positive entropic term must result from the efficient release of 
water molecules to bulk solvent from the interacting comple
mentary surfaces since a negative contribution would result from 
restrictions in translational, rotational, vibrational, and confor
mational degrees of freedom.26 It is worth noting that an NMR 
and molecular mechanics study of the conformations of the free 
ligand 225 together with a transferred NOE NMR study of the 
ligand bound to glucoamylase G222 indicate a restriction of 
conformations upon binding. 

General Experimental 

Synthesis. Melting points were determined on a Fisher-Johns 
melting-point apparatus and are uncorrected. Optical rotations were 
measured with a Rudolph Research Autopol II automatic polarimeter. 
1H NMR and 13C NMR spectra were recorded on a Broker AMX-400 
NMR spectrometer at 400.13 and 100.6 MHz, for proton and carbon, 
respectively, unless otherwise stated. The spectra were recorded in 
deuterochloroform or deuterium oxide. Chemical shifts are given in 
ppm downfield from TMS for those spectra measured in deuterochlo
roform and downfield from 2,2-dimethyl-2-silapentane-5-sulfonate 
(DSS) for those spectra measured in deuterium oxide. Chemical shifts 
and coupling constants were obtained from a first-order analysis of 
the spectra. All new compounds were characterized by either mi
croanalysis or electrospray mass spectrometry. 

All new compounds were also fully characterized by the use of 
routine 1H, 13C, 'H-homonuclear, and 1H-13C inverse-detected NMR 
spectra. The 'H-homonuclear chemical-shift correlated (COSY) spec
tra27 were acquired using a pulse sequence dl-90°-dO-45°-FID with 
quadrature detection in both dimensions. The initial data sets of 1024 
x 512 data points were zero-filled once in the Fi direction to give a 
final data set of 1024 x 1024 real data points. For the inverse detection 
experiments a four-pulse sequence was used for the 'H{13C}—13C 
correlation.28 The data sets of 2048 x 512 data points were zero-
filled once in the Fi direction, to give a final data set of 1024 x 1024 
real data points. 

Analytical thin-layer chromatography (TLC) was performed on 
aluminum plates precoated with Merck silica gel 60F-254 as the 
adsorbent. The developed plates were air-dried, exposed to UV light, 
and/or sprayed with 5% sulfuric acid in ethanol, and heated at 150 0C. 
All compounds were purified by medium-pressure column chroma
tography on Kieselgel 60 (230-400 mesh). 

Solvents were distilled before use and were dried, as necessary, by 
literature procedures. Solvents were evaporated under reduced pressure 
and below 40 0C. 

Reactions performed under nitrogen were also carried out in 
deoxygenated solvents. Transfers under nitrogen were effected by 
means of standard Schlenk-tube techniques. 

Enzyme Inhibition Assays. The initial rates of glucoamylase 

(25) Weimar, T.; Kreis, U. C; Pinto, B. M. 3rd International Satellite 
Symposium on the Conformational Analysis of Carbohydrates and Protein/ 
Carbohydrate Interactions, Abstr. No. 39, VaI Morin, Quebec, Canada, July 
1994. 

(26) Sigurskjold, B. W.; Berland, C. R.; Svensson, B. Biochemistry 1994, 
33, 10191. 

(27) Bax, A.; Freeman, R. J. Magn. Reson. 1981, 44, 542. 
(28) (a) Bax, A.; Griffey, R. H.; Hawkins, B. L. J. Magn. Reson. 1983, 

55, 301. (b) Bax, A.; Subramaniam, S. /. Magn. Reson. 1986, 67, 565. (c) 
Marion, D.; Wutrich, K. Biochem. Biophys. Res. Commun. 1983,117, 967. 

(Aspergillus niger glucoamylase) G229-catalyzed hydrolysis of maltose 
(up to 11 different substrate concentrations in the range 0.2-26 mM) 
were followed in the presence of the different inhibitors (five different 
concentrations in the range 0.3—8 mM) in 0.1 M sodium acetate pH 
4.5 at 45 0C and a final enzyme concentration in the range 15-90 nM. 
The glucose released was analyzed in aliquots removed at appropriate 
time intervals using a glucose oxidase assay adapted to microtiter plate 
reading and using a total reaction volume for the enzyme reaction 
mixtures of 150 or 300 ,uL.30-32 The inhibitors were all competitive, 
and the constant of inhibition was calculated from Km' = ATm(l + ([I]/ 
K1)), where Km' and Km are the Michaelis-Menten constants determined 
in the presence and the absence of inhibitor, using the software 
ENZFITTER,33 and [I] is the concentration of inhibitor. With 5-thio-
D-glucose, the glucose oxidase had <1% of the activity toward 
D-glucose and neither 5-thio-D-glucose or the glucoamylase inhibitors 
tested were inhibitors of the glucose oxidase. Using a reported 
technique for analysis of the progress of substrate hydrolysis by NMR 
spectroscopy,34-35 5.6 mM methyl a-5'-thiomaltoside was hydrolyzed 
by 26 ^M A. niger glucoamylase in 0.1 M CDsCOONa buffer, pD 4.5 
at 27 0C. 

Methyl 2,3,6-Tri-O-benzoyl-a-D-glucopyranoside (7).36 Methyl 
a-D-glucopyranoside (1.5 g, 7.7 mmol) was treated with pyridine (40 
mL), and the reaction mixture was cooled to —60 °C. Benzoyl chloride 
(5 mL, 43 mmol) was added dropwise. The reaction mixture was 
warmed up slightly when it stopped stirring and was subsequently 
recooled. After 3 h the starting material had completely reacted, as 
determined by TLC. The reaction mixture was quenched with excess 
methanol and warmed up to room temperature. The reaction mixture 
was washed successively with H2O, HCl (2 N), and NaHCOj. The 
organic extracts were dried over magnesium sulfate and concentrated. 
The resulting syrup was purified by column chromatography with 
toluene-ethyl acetate (8:1) as eluant [Rf 0.32] to afford the title 
compound (7) as a foam (2.5 g, 64%): [a]D

21 146.0° (c 1.0 in CH2-
Cl2), lit.

36 173° [a]D20 144.0° (c 1.0 in CHCl3);
 1H NMR (CDCl3) <5 

3.36 (IH, d, y4,0H = 4.8 Hz, OH), 3.45 (3H, s, OCW3), 3.87 (IH, dt, 
/3,4+4.5 = 19.0 Hz, AOH = 4.8 Hz, H-4), 5.14 (IH, d, J12 = 3.5 Hz, 
H-I), 5.27 (IH, dd, Ju = 3.5 Hz, J2i = 10.0 Hz, H-2), 5.78 (IH, dd, 
/2,3 = 10.0 Hz, /3,4 = 9.5 Hz, H-3), 7.20-8.20 (15H, m, Ar). 

Methyl 2^,6-Tri-0-benzoyl-4-0-(23,4,6-tetra-0-acetyl-5'-thio-a-
D-glucopyranosyl)-a-D-glucopyranoside (8). A mixture of 0-(2,3,4,6-
tetra-O-acetyl-5-thio-a-D-glucopyranosyl) trichloroacetimidate (6) (0.15 
g, 0.3 mmol), methyl 2,3,6-tri-O-benzoyl-a-D-glucopyranoside (7) (0.3 
g, 0.6 mmol), and dry 4A molecular sieves in anhydrous dichlo-
romethane (3 mL) was stirred under nitrogen for 1 h. The reaction 
mixture was cooled to —78 0C, and triethylsilyl triflate (0.007 mL, 
0.03 mmol) was added. The reaction mixture was stirred at —78 0C 
for 1 h. An aliquot of the reaction mixture was taken and quenched 
with triethylamine. A TLC of this aliquot indicated the presence of 
starting materials in addition to a product. The reaction mixture was 
then warmed to room temperature and stirred for 1 h. A TLC at this 
point indicated that the reaction was complete. The reaction mixture 
was again cooled to -78 °C and neutralized with collidine. The 
reaction mixture was then filtered and washed successively with 
hydrochloric acid (5%) and aqueous sodium hydrogen carbonate. The 
organic extracts were dried over magnesium sulfate and concentrated 
to give a foam that was chromatographed with hexane-ethyl acetate 
(1.5:1) as eluant |7?/0.32]. The title compound (8) was obtained as a 
white foam (0.21 g, 87%): [a]D

20 +218.7° (c 12.3 in CH2Cl2);
 13C 

NMR (CDCl3) 5 20.4, 20.5 (4COCH3), 37.5 (C-5'), 55.6 (OCH3), 60.7 

(29) Svensson, B.; Pederson, T. G.; Svendsen, I.; Sakai, T.; Ottesen, 
Carlsberg Res. Commun. 1982, 47, 55. 

(30) Fox, J. D.; Robyt, J. F. Anal. Biochem. 1991, 195, 93. 
(31)Palcic, M. M.; Skrydstrup, T.; Bock, K.; Le, N.; Lemieux, R. U. 

Carbohydr. Res. 1993, 250, 87. 
(32) Frandsen, T. P.; Dupont, C; Lehmbeck, J.; Staffer, B.; Sierks, M. 

R.; Honzatko, R. B.; Svensson, B. Biochemistry 1994, 33, 13808. 
(33) Leatherbarrow, R. J. Enzfitter, a non-linear regression data analysis 

program for IBM PC; Elsevier Science Publishers BV: Amsterdam, The 
Netherlands, 1987. 

(34) Bock, K.; Refn, S. Acta Chem. Scand. 1989, 43, 373. 
(35) Bock, K.; Sigurskjold, B. W. Eur. J. Biochem. 1989, 178, 711. 
(36) Pelyvar, I. F.; Lindhorst, T. K.; Streicher, H.; Thiem, J. Synthesis 

1991, 1015. 
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(C-6'), 63.2 (C-6), 67.9 (C-5), 70.3 (C-3'), 71.7 (C-4'), 72.4 (C-4, C-2), 
73.1 (C-3, C-2'), 80.1 (C-I'), 96.9 (C-I), 128.4-133.5 (Ar), 165.4, 
165.9, 166.3 (3COC6H5) 169.3, 169.5, 169.7 (4COCH3);

 1H NMR 
(CDCl3) 6 1.95, 1.99 (12H, 2s, 4COCH3), 3.36 (IH, dt, Jvs = 10.7 
Hz, J5',6'a = 2.6 Hz, Jy,n = 4.1 Hz, H-5'), 3.47 (3H, s, OCH3), 3.79 
(IH, dd, /5<,6'a = 2.6 Hz, 76<a,6'b = 12.2 Hz, H-6'a), 4.23-4.33 (2H, m, 
H-5, H-6'b), 4.40 (IH, t, 73,4+4,5 = 18.6 Hz, H-4), 4.60-4.68 (2H, m, 
H-6a, H-6b), 5.03 (IH, dd, 7r,2< = 3.3 Hz, J2\y = 10.4 Hz, H-2'), 5.12 
(IH, dd, 7 U = 3.4 Hz, 72,3 = 9.8 Hz, H-2), 5.14 (IH, d, 7,,2 = 3.4 Hz, 
H-I), 5.15 (IH, d, Jvx = 3.3 Hz, H-I'), 5.21 (IH, dd, Jy,* = 9.7 Hz, 
Jus = 10.7 Hz, H-4'), 5.39 (IH, t, 72-.3'+3',4' = 20.1 Hz, H-3'), 6.15 
(IH, dd, 72,3 = 9.8 Hz, 73,4 = 9.1 Hz, H-3), 7.3-8.2 (15H, Ar). Anal. 
Calcd for C42H44O17S: C, 59.15; H, 5.20. Found: C, 59.40; H, 5.25. 

Methyl 4-0-(5'-thio-a-D-glucopyranosyl)-a-D-glucopyranoside (1). 
A freshly prepared solution of sodium methoxide in methanol (0.2 N, 
2 mL) was added to disaccharide 8 (0.75 mg, 0.09 mmol), and the 
mixture was stirred under nitrogen for 3 h. The solution was acidified 
to a pH of 3 with Rexyn (H+) resin and filtered. The filtrate was 
neutralized with Amberlite basic ion exchange resin, filtered, and 
concentrated. The residue was purified by column chromatography 
with hexane-dichloromethane-methanol (1.2:1:1) as eluant [Rf 0.32]. 
The title compound 1 was obtained as a syrup (25 mg, 74%): [OJD20 

+ 102° (c 0.5 in CH3OH); 13C NMR (D2O) 6 46.5 (C-5'), 57.8 (OCH3), 
62.6, 62.8 (C-6, 6'), 74.0 (C-2), 72.8, 76.0, 76.5, 76.7, 78.1, 78.2 (C-
2', 3', 4', 3, 4, 5), 85.5 [7('3C1H) 163 Hz, (C-I')], 101.8 [7('3C1H) 
167 Hz, (C-I)]; 1H NMR (D2O) 6 2.98 (IH, ddd, 74<,5- = 10.0 Hz, /5'.6'. 
= 3.5 Hz, /5',6'b = 5.1 Hz, H-5'), 3.35 (3H, s, OCH3), 3.53 (IH, dd, 7i,2 

= 3.8 Hz, 72,3 = 9.8 Hz, H-2), 3.55-3.88 (9H, m, H-2', 3', 4', 6'a, 6T), 
4, 5, 6a, 6b), 3.89 (IH, t, 72,3 = 9.8, 73,4 = 8.3 Hz, H-3), 4.77 (IH, d, 
/1,2 = 3.8 Hz, H-I), 5.30 (IH, d, Jvx = 3.3 Hz, H-I'); ES-MS calcd 
for C3H24Oi0S M+ 372, found 395 (M + Na)+. 

Methyl 2,3,6-Tri-0-beiizoyl-4-0-(2,3,4,6-tetra-0-acetyl-5'-thio-a-
D-glucopvranosyD-a-D-glucopyranoside (8), Glucals (9 and 10), and 
(11). A mixture of 0-(2,3,4,6-tetra-0-acetyl-5-thio-a-r>glucopyranosyl) 
trichloroacetimidate (6) (0.25 g, 0.5 mmol), methyl 2,3,6-tri-O-benzoyl-
a-D-glucopyranoside (7) (0.13 g, 0.25 mmol), and dry 4A molecular 
sieves in anhydrous dichloromethane (5 mL) was stirred under nitrogen 
for 1 h. The reaction mixture was cooled to —78 0C, and triethylsilyl 
triflate (0.011 mL, 0.05 mmol) was added. The reaction mixture was 
stirred at -78 0C for 1 h. An aliquot of the reaction mixture was taken 
and quenched with triethylamine. A TLC of this aliquot indicated the 
presence of starting materials in addition to a product. The reaction 
mixture was then warmed to room temperature and stirred for 1 h. A 
TLC at this point indicated that the trichloroacetimidate donor 6 had 
been consumed. The reaction mixture was again cooled to —78 0C 
and neutralized with triethylamine. The reaction mixture was then 
filtered through Celite and concentrated to give a foam that was 
chromatographed with hexane—ethyl acetate (1.5:1) as eluant. The 
disaccharide 8 was isolated as a white foam (0.09 g, 45%). In addition, 
a mixture of glycals 9 and 10 and compound 11 were isolated (0.11 
g). Compounds 9 and 10 were separated from 11 by column 
chromatrography with hexane-ethyl acetate (2:1) as eluant [Rf 9 and 
10 = 0.32; 11 = 0.30], 9: 13C NMR (CDCl3) <5 20.66, 20.7, 20.73 
(4COCH3), 40.0 (C-5), 62.4 (C-6), 67.0 (C-3), 68.9 (C-4), 113.5 (C-
2), 136.2 (C-I), 169.8, 170.4 (4COCH3);

 1H NMR (CDCl3) d 2.05, 
2.08, 2.10, 2.12 (12H, 4s, 4COCH3), 3.36 (lH,bq, 74,5+5,6a+5,6b = 20.0 
Hz, H-5), 4.31 (IH, dd, 75>6a = 7.4 Hz, 76a,6b = 11.7 Hz, H-6a), 4.38 
(IH, dd, 75,6b = 7.2 Hz, 76a,6b = 11.7 Hz, H-6b), 5.41 (IH, dd, 73,4 = 
4.2 Hz, 74,5 = 4.2 Hz, 74,5 = 5.5 Hz, H-4), 5.50 (IH, d, 73l4 = 4.2 Hz, 
H-3), 6.10 (IH, s, H-I). 10: 13C NMR (CDCl3) <5 20.6-20.7 
(4COCH3), 37.2 (C-5), 61.6 (C-6), 66.3 (C-3), 69.7 (C-4), 114.8 (C-
2), 136.0 (C-I), 168.0-170.0 (4COCH3);

 1H NMR (CDCl3): d 2.01-
2.12 (12H, 4s, 4COCH3), 3.76 (IH, ddd, 74,5 = 11.0 Hz, 75l6a = 6.5 
Hz, 75,6b = 3.5 Hz, H-5), 4.30-4.38 (2H, m, H-6a, H-6b), 5.34 (IH, 
dd, 7>,4 = 3.5 Hz, 74,5 = 11.5 Hz, H-4), 5.69 (IH, d, 73,4 = 3.5 Hz, 
H-3), 6.14 (IH, s, H-2). Anal. Calcd for a mixture of 9 and 10 
C14Hi8O8S: C, 48.55; H, 5.24. Found: C, 48.72; H, 5.44. 11: mp 
196° C; '3C NMR (CDCl3) 6 20.5, 20.7, 20.8 (3COCH3), 37.0 (C-5'), 
55.5 (OCH3), 61.2 (C-6'), 63.2 (C-6), 68.3 (C-5), 68.9 (C-4'), 72.4 (C-
2), 73.1 (C-3), 73.4 (C-4), 77.3 (C-I'), 96.8 (C-I), 120.8 (C-2'), 128.4-
133.5 (Ar), 144.5 (C-3') 165.5, 165.9, 166.4 (3COC6H5) 168.6, 170.0, 
170.4 (3COCH3);

 1H NMR (CDCl3) <5 1.99, 2.04, 2.06 (9H, 3s, 

3COCH3), 3.41 (IH, ddd, 74<l5' = 10.5 Hz, 75<,6'a = 3.1 Hz, 75',6'b = 4.2 
Hz, H-5'), 3.44 (3H, s, OCH3), 4.14 (IH, dd, 75-,6-a = 3.1 Hz, 76a,61, = 
12.0 Hz, H-6'a), 4.17-4.24 (2H, m, H-5, H-4), 4.38 (IH, dd, Jy,^ = 
4.2 Hz, 76',,6i, = 12.0 Hz, H-6'b), 4.61-4.70 (2H, m, H-6a, H-6b), 
5.12 (IH, dd, 7i,2 = 3.4 Hz, 72,3 = 10.0 Hz, H-2), 5.14 (IH, s, H-I'), 
5.16 (IH, d, 7i,2 = 3.4 Hz, H-I), 5.52 (IH, dd, 7r,4< = 2.0 Hz, H-2'), 
5.56 (IH, ddd, 7r,„' = 0.9 Hz, 7r,4- = 2.0 Hz, 74,5< = 10.5 Hz, H-4'), 
6.13 (IH, dd, 72,3 = 10.0 Hz, 73,4 = 8.4 Hz, H-3), 7.2-8.2 (15H, Ar). 
Anal. Calcd for C40H40Oi5S: C, 60.60; H, 5.09. Found: C, 60.29; H, 
5.02. 

3,4,6-Tri-0-acetyl-l,2-(methyl 2,3,6-tri-0-benzoyl-a-D-glucopy-
ranos-4-yl)-a-D-5'-thioglucopyranose Orthoacetate (12). A mixture 
of 0-(2,3,4,6-tetra-0-acetyl-5-thio-a-D-glucopyranosyl) trichloroace
timidate (6) (0.10 g, 0.20 mmol), methyl 2,3,6-tri-O-benzoyl-a-D-
glucopyranoside (7) (0.09 g, 0.17 mmol), and dry 4A molecular sieves 
in anhydrous dichloromethane (2 mL) was stirred under nitrogen for 1 
h. The reaction mixture was cooled to —78 0C and triethylsilyl triflate 
(0.005 mL, 0.02 mmol) was added. The reaction mixture was stirred 
at -78 0C for 1 h, warmed to -50 0C, and stirred for another 1.5 h. 
An aliquot of the reaction mixture was taken and quenched with 
collidine at —78 0 C A TLC of this aliquot indicated that the reaction 
was complete. The reaction mixture was again cooled to -78 0C and 
neutralized with collidine. The mixture was filtered and washed 
successively and hydrochloric acid (5%) and aqueous sodium hydrogen 
carbonate. The organic extracts were dried over magnesium sulfate 
and concentrated to give a foam that was chromatographed with 
hexane-ethyl acetate (1.5:1) as eluant [Rf 0.32]. A mixture of the 
orthoester (12) and the disaccharide (8) was isolated in a combined 
yield of 88% (0.12 g, 12:8 = 15:1, 83% of 12, 5% of 8). 12: '3C 
NMR (CDCl3) 6 20.4, 20.5 (3COCH3), 24.4 (CCH3), 39.7 (C-5), 55.4 
(OCH3), 61.2 (C-6), 63.1 (C-6'), 68.6 (C-5'), 70.1 (C-4), 70.7 (C-4'), 
71.5 (C-3'), 71.8 (C-2'), 72.7 (C-3), 77.4 (C-I), 79.1 (C-2), 96.8 (C-
1'), 122.4 (CCH3), 128.3-133.3 (Ar), 165.5, 166.0, 166.3 (3COC6H5) 
169.3,169.4,170.3 (4COCH3); 'H NMR (CDCl3) 6 1.62 (3H, s, CCH3), 
1.75, 1.93, 2.02 (9H, 3s, 3COCH3), 3.23 (IH, ddd, 74',5- = 10.2 Hz, 
75',6'a = 3.2 Hz, 75<,6'b = 5.7 Hz, H-5'), 3.41 (3H, s, OCH3), 3.93 (IH, 
dd, 75',6<a = 3.2 Hz, 76-a,6'b = 12.1 Hz, H-6'a), 4.08-4.20 (3H, m, -6', 
-4, -5), 4.32 (IH, dd, 7r,2- = 5.5 Hz, 72-,y = 7.5 Hz, H-2'), 4.53 (IH, 
dd, 75,6 = 3.9 Hz, 76a,6b = 12.1 Hz, H-6a), 4.63 (IH, dd, 75,6b = 2.0 Hz, 
7<ia,6b = 12.1 Hz, H-6b), 4.88 (IH, dd, J2-,y = 7.5 Hz, Jy,v = 9.2 Hz, 
H-3'), 4.97 (IH, t, 73\4'+4',s' = 19.7 Hz, H-4'), 5.12 (IH, d, 7i,2 = 3.9 
Hz, H-I), 5.21 (IH, dd, 7,,2 = 3.9 Hz, 72.3 = 10.2 Hz, H-2), 5.36 (IH, 
d, Jyx = 5.4 Hz, H-I'), 5.93 (IH, dd, 72,3 = 10.2 Hz, 73l4 = 8.2 Hz, 
H-3), 7.3-8.2 (15H, Ar). Anal. Calcd for C42H44OnS: C, 59.15; H, 
5.20. Found: C, 59.28; H, 5.17. 

Methyl 2,3,6-Tri-0-benzyI-4-0-(2,3,4,6-tetra-0-acetyl-5'-thio-a/ 
/?-D-glucopyranosyl)-a-D-glucopyranoside (14 and 15). A mixture 
of 0-(2,3,4,6-tetra-0-acetyl-5-thio-a-D-glucopyranosyl) trichloroace
timidate (6) (0.08 g, 0.15 mmol), methyl 2,3,6-tri-O-benzyl-a-D-
glucopyranoside (13) (0.14 g, 0.30 mmol), and dry 4A molecular sieves 
in anhydrous dichloromethane (1.5 mL) was stirred under nitrogen for 
1 h. The reaction mixture was cooled to -78 °C, and triethylsilyl 
triflate (0.0034 mL, 0.015 mmol) was added. The reaction mixture 
was stirred at —78 0C for 1 h, then warmed to room temperature, and 
stirred for 1 h. A TLC at this point indicated that the reaction was 
complete. The reaction mixture was again cooled to —78 0C and 
neutralized with collidine. The reaction mixture was then filtered and 
washed successively with hydrochloric acid (5%) and sodium hydrogen 
carbonate. The organic extracts were dried over magnesium sulfate 
and concentrated to give a foam that was chromatographed with 
hexane-ethyl acetate (1.3:1) as eluant [fya-isomer 14 = 0.36; /3-isomer 
15 = 0.32]. The title compounds 14 and 15 were obtained as syrups 
(a: 51 mg, 43%, /?: 54 mg, 45%). a-Isomer 14: [a]D

20 +131.5° (c 
0.73 in CH2Cl2); '3C NMR (CDCl3) d 20.5 (4COCH3), 38.7 (C-5'), 
55.3 (OCH3), 61.0 (C-6'), 69.2 (C-5), 69.4 (C-6), 70.7 (C-3'), 72.1 (C-
4'), 72.4 (C-4), 73.2 (CH2C6H5), 73.5 (CH2C6H5), 74.0 (C-2'), 74.5 
(CH2C6H5), 79.2 (C-I'), 80.9 (C-2), 81.8 (C-3), 97.5 (C-I), 127.3-
138 (Ar), 169.3, 169.7, 170.4 (4COCH3); 'H NMR (CDCl3) 6 (1.97, 
1.99, 2.01, 2.02, 12H, 4s, 4COCH3), 3.24 (IH, dt, 7 « ' = 10.8 Hz, 
75',6'a+5',6-b = 6.8 Hz, H-5'), 3.40 (3H, s, OCH3), 3.59 (IH, dd, 7,,2 = 
3.5 Hz, 72,3 = 10.1 Hz, H-2), 3.62 (IH, dd, 75-,6a = 2.8 Hz, 76-a,6-b = 
12.0 Hz, H-6'a), 3.68 (IH, dd, 75,6a = 1.5 Hz, 76a,6b = 11.0 Hz, H-6a), 
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3.78 (IH, dd, 75,6b = 4.2 Hz, 76a,6b = 11.0 Hz, H-6b), 3.88 (IH, ddd, 
74,5 = 9.6 Hz, ./5,6a = 1.5 Hz, 75,6b = 4.2 Hz, H-5), 4.0 (IH, t, 72,3+3,4 

= 17.8 Hz, H-3), 4.05-4.15 (2H, m, H-4, H-6'b), 4.51 (IH, d, 7 = 
10.5 Hz, CHHC6H5), 4.54-5.42 (4H, m, 3CHHC6H5, H-I), 4.70 (IH, 
d = 11.7 Hz, CHHC6H5), 5.01 (IH, d, 7 = 10.5 Hz, CHHC6H5), 5.22 
(IH, t, 73',4'+4-.5' = 20.3 Hz, H-4'), 5.25 (IH, dd, Jv.r = 3.0 Hz, Jr,y = 
10.2 Hz, H-2'), 5.38 (IH, t, 72-.3'+3'.4' = 19.8 Hz, H-3'), 5.61 (IH, d, 
Jv.r = 3.0 Hz, H-I'), 7.1-7.4 (15H, m, Ar). Anal. Calcd for 
C42H50O14S: C, 62.20; H, 6.22. Found: C, 62.29; H, 6.39. /3-Isomer 
15: [a]D

20 +33° (c 0.84 in CH2Cl2);
 13C NMR (CDCl3) <5 20.6, 20.7 

(4COCH3), 40.6 (C-5'), 55.5 (OCH3), 61.4 (C-6'), 68.1 (C-6), 70.1 (C-
5), 71.9 (C-4'), 73.6, 73.9 (C-3', 2CH2C6H5), 75.2 (C-2'), 76.2 
(CH2C6H5), 76.9 (C-4), 79.86, 79.9 (C-2. C-3), 81.3 (C-I'), 98.5 (C-
1), 127.5-138.6(Ar), 169.0, 169.3, 169.8, 170.5 (4COCH3);

 1HNMR 
(CDCl3) 6 (1.96, 1.97, 1.99, 2.05, 12H,.4s, 4COCH3), 2.46 (IH, m, 
H-5'), 3.35 (3H, s, OCH3), 3.49 (IH, dd, 7,,2 = 3.7 Hz, 72,3 = 9.7 Hz, 
H-2), 3.57 (IH, m, H-5), 3.66 (IH, dd, 75,6a = 1.0 Hz, 76a,6b = 10.8 Hz, 
H-6a), 3.73 (IH, t, 72,3+3,4 = 18.7 Hz, H-3), 3.81 (IH, dd, 75,6b = 2.8 
Hz, 76a,6b = 10.8 Hz, H-6b), 3.84-3.92 (2H, m, H-6'a, H-4), 4.19 (IH, 
dd, ./5-,6T, = 4.0 Hz, . W b = 11.8 Hz, H-6'b), 4.43 (IH, d, 7 = 12.0 
Hz, CHHC6H5), 4.52 (IH, d, 7,,2 = 3.7 Hz, H-I), 4.51 (IH, d, 7 = 
12.2 Hz, CHHC6H5), 4.65 (IH, d, Jy.r = 9.3 Hz, H-I'), 4.74-4.87 
(5H, m, CHHC6H5, 3CHHC6H5, H-3'), 5.19 (IH, t, 73',4'+4',s' = 20.3 
Hz, H-4'), 5.29 (IH, t, 7r,2'+2<i3< = 19.0 Hz, H-2'), 7:1-7.5 (15H, m, 
Ar). Anal. Calcd for C42H50O14S: C, 62.20; H, 6.22. Found: C, 62.22; 
H, 6.27. 

Methyl 2,3,6-Tri-0-benzoyI-4-thio-(2',3',4',6',-tetra-0-acetyl-5'-
thio-a-D-glucopyranosyl)-<x-D-glucopyranoside (17). A mixture of 
O-(2,3,4,6-tetra-0-acetyl-5-thio-a-D-glucopyranosyl)trichloroacetim-
idate (6) (0.15 g, 0.29 mmol) and the thiol (16)'4 (0.31 g, 0.59 mmol) 
in dry CH2Cl2 (2 mL) containing 4A molecular sieves in a Schlenk 
tube under nitrogen. Triethylsilyl triflate (16.7 mL, 0.07 mmol) was 
added to the stirred solution at —50 0C. The reaction mixture was 
heated to -10 °C over 1 h at which time TLC indicated that the reaction 
was complete. The reaction mixture was heated to 20 0C for 10 min, 
then cooled to —78 0C, and quenched with collidine (60 mL). The 
reaction was filtered, excess collidine was removed by repeated 
codistillation with toluene, and the resulting syrup was purified by 
column chromatography with hexane—ethyl acetate (3:2) as eluant [Rf 
0.28) to yield the title compound 17 (0.14 g, 53%) and the /3-disac-
charide 18 (3.8 mg) (o7/S = 36/1). In addition, 0.02 g of the glucal 5 
and 0.2 g of unreacted thiol 2 were also isolated. a-Isomer 17: [afo2' 
+265.0° (c 0.6 in CH2Cl2);

 13C NMR(CDCl3) <5 20.0, 20.5 (4 COCH3), 
40.2 (C-5'), 46.8 (C-4), 51.9 (C-I', VC.H = 158 Hz), 55.6 (OCH3), 60.8 
(C-6'), 64.3 (C-6), 68.4 (C-5), 70.8, 71.8, 73.0, 73.3 (C-2, C-2', C-3', 
C-4'), 73.2 (C-3), 97.2 (C-I, lJc.u = 174 Hz), 128.3, 128.6, 129.0, 
129.6, 129.8, 129.9, 133.3, 133.5 (3 COC6H5), 165.3, 165.9, 166.2, 
169.0, 169.4, 170.3 (3 COCH3, 3 COC6H5);

 1H NMR(CDCl3) <5 1.65, 
1.91, 1.99, 2.02 (3H, s, COCH3), 3.39 (IH, dd, 73,4+4,5 = 22.0 Hz, H-4), 
3.45 (3H, s, OCH3), 3.61 (IH, ddd, 75,6'a = 2.9 Hz, 75-,6-b = 2.5 Hz, 
H-5'), 3.95 (IH, dd, 76-a,6i, = 12.5 Hz, H-6'a), 4.19 (IH, ddd, 75,6a = 
5.5 Hz, 75,6b = 2.5 Hz, H-5), 4.39 (IH, dd, 76'a,6'b = 12.5 Hz, H-6T)), 
4.60 (IH, d, Jy2 = 4.8 Hz, H-I'), 4.72 (IH, dd, 76a,6b = 12.0 Hz, H-6a), 
4.80 (IH, dd, 76a,6b = 12.0 Hz, H-6b), 5.08-5.23 (5H, complex m, 
H-I, H-2, H-2', H-3', H-4'), 6.16 (IH, dd, 72l3+3,4 = 20.5 Hz, H-3), 
7.14-8.12 (15H, complex m, 3 COC6H5). Anal. Calcd for C42H44-
O16S2: C, 58.06; H, 5.10. Found: C, 58.20; H, 5.12. /3-Isomer 18: 
[a]D

22 +132.4° (c 1.28 in CH2Cl2);
 13C NMR (CDCl3) d 43.1 (C-5'), 

46.6 (C-4), 47.3 (C-I', '7C,H = 155 Hz), 60.6 (C-6'), 63.8 (C-6), 68.5 
(C-3), 69.8 (C-5), 71.2 (C-4'), 73.0 (C-2), 73.2 (C-2'), 74.4 (C-3'), 97.0 
(C-I); 1H NMR (CDCl3) <5 1.87, 1.91, 1.95, 2.0 (3H, s, COCH3), 2.74 
(IH, ddd, 75<,6'a = 3.0 Hz, 7y,61, = 4.5 Hz, H-5'), 3.44 (3H, s, OCH3), 
3.44 (IH, dd, 73,4+4,5 = 22.5 Hz, H-4), 3.79 (IH, dd, J6%6t, = 12.0 Hz, 
H-6'a), 4.06 (IH, dd, J6%6t, = 12.0 Hz, H-6'b), 4.07 (IH, d, Jvx = 
11.0 Hz, H-I'), 4.31 (IH, ddd, 75l6a = 4.2 Hz, 75,6b = 1.8 Hz, H-5), 
4.71 (IH, dd, 76a,6b = 12.0 Hz, H-6a), 4.80 (IH, dd, 72',3< + 73-,4' = 18.8 
Hz, H-3'), 4.86 (IH, dd, 76a,6b = 12.0 Hz, H-6b), 4.98 (IH, dd, Jr,y = 
9.9 Hz, H-2'), 5.11 (IH, dd, 73-,4- + 74',5< = 20.5 Hz, H-4'), 5.18 (IH, 
d, 7,,2 = 3.5 Hz, H-I), 5.24 (IH, dd, 72,3 = 9.8 Hz, H-2), 5.88 (IH, dd, 
73.4 = 11.0 Hz, H-3), 7.35-8.15 (15H, m, 3 OC(O)C6H5). Anal. Calcd 
for C42H44O16S2: C, 58.06; H, 5.10. Found: C, 58.30; H, 5.21. ES-
MS calcd for C42H44Oi6S2 868, found 891 (M + Na)+. 
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Methyl 4-Thio-(5'-thio-a-D-glucopyranosyl)-a-D-glucopyranoside 
(2). The disaccharide (17) (0.091 g, 0.1051 mmol) was dissolved in 
0.2 M NaOMe in MeOH (4 mL) and stirred at room temperature under 
nitrogen. After 2.5 h TLC (EtOAc/MeOH/H20 6:2.5:1.0) indicated 
that the reaction was complete. The reaction mixture was diluted with 
methanol (20 mL) and neutralized with Rexyn (H+) resin, filtered, 
concentrated, and purified by column chromatography (silica gel) with 
EtOAc/MeOH7H20 6:2:0.9 as eluant. Further purification by Sephadex 
LH20 filtration yielded 0.036 g of the title compound 2 (89%) which 
was crystallized from hot methanol (mp 217-220 0C): [a]D

22 +361.5° 
(c 1.0 in MeOH). Anal. Calcd for C3H24O9S2: C, 40.20; H, 6.23. 
Found: C, 40.47; H, 6.21. ES-MS calcd for C13H24O9S2 388, found 
411 (M + Na)+; 13C NMR (D2O) <5 47.4 (C-5'), 51.1 (C-4), 56.0 (C-
1', '7C.H = 155 Hz), 57.8 (OCH3), 62.7 (C-6'), 64.5 (C-6), 73.5 (C-5), 
75.0 (C-2), 75.9 (C-3), 76.3 (C-4'), 77.3 (C-3'), 77.7 (C-2'), 102.1 (C-
1); 1H NMR (D2O) d 2.91 (IH, dd, 73,4+4l5 = 22.5 Hz, H-4), 3.22 (IH, 
ddd, 75-,6'a = 75',61, = 3.22 Hz, H-5'), 3.37 (3H, s, OCH3), 3.50 (IH, dd, 
/2\3'+3',4' = 19.0 Hz, H-3'), 3.54 (IH, dd, 72,3 = 9.6 Hz, H-2), 3.57 (IH, 
dd, 73',4<+4',5< = 20.0 Hz, H-4'), 3.77 (IH, ddd, 75,6a = 2.0 Hz, 75,6b = 
5.0 Hz, H-5), 3.85-3.92 (4H, m, 3.88, H-3; 3.89, H-6'a, H-6a; 3.90, 
H-6'b), 3.98 (IH, dd, 76a,6b = 12.0 Hz, H-6b), 4.01 (IH, dd, 72<,y = 9.5 
Hz, H-2'), 4.56 (IH, d, 7r,2< = 4.5 Hz, H-I'), 4.82 (IH, d, 7,,2 = 3.8 
Hz, H-I). 

Methyl 2J,6-Tri-0-benzoyl-4-selenocyanato-a-D-glucopyranoside 
(20). Methyl 2,3,6-tri-0-benzoyl-a-D-galactopyranoside14 (5.18 g, 10.0 
mmol) was dissolved in a mixture of dichloromethane (50 mL) and 
pyridine (2.0 mL, 25 mmol) and cooled to —30 0C. Triflic anhydride 
(2.5 mL, 15 mmol) was added dropwise over 10 min. The mixture 
was warmed to room temperature over 0.5 h and then recooled in an 
ice bath. Cold, saturated, aqueous sodium hydrogen carbonate (30 mL) 
was added, and the mixture was stirred for 10 min. The organic phase 
was separated, and the aqueous phase was extracted with dichlo
romethane (30 mL). The combined organic extracts were washed with 
cold, 5% aqueous HCl (30 mL), and sodium hydrogen carbonate (30 
mL), and dried over magnesium sulfate. Removal of the solvent 
afforded the methyl 2,3,6-tri-0-benzoyl-4-0-trifluoromethanesulfonyl-
a-D-galactopyranoside (19) (6.47 g) as a light yellow foam. The crude 
triflate was dissolved in Ar.N-dimethylformamide (55 mL) and treated 
with potassium selenocyanate (1.75 g, 12.1 mmol) at 50 0C and stirred 
for 3 h. The mixture was cooled, poured into ice water (850 mL) and 
stirred until a solid was formed. This was collected by filtration and 
washed with water. The crystals were dissolved in CH2Cl2 and dried 
over magnesium sulfate. Solvent removal afforded the title compound 
(20) as'a pale yellow solid. Recrystallization from chloroform/hexane 
gave the pure product (4.77 g, 80%): mp 198-199 0C (slight 
decomposition above 195 0C); [a]D

27 65.0° (c 2.0 in CHCl3);
 13C NMR 

(CDCI3) 6 45.8 (C-4), 56.0 (OCH3), 64.0 (C-6), 69.4 (C-5), 69.6 (C-
3), 72.9 (C-2), 97.4 (C-I), 98.1 (CN); 1H NMR (CDCl3) <5 3.48 (3H, 
s, OCH3), 3.59 (IH, t, 73,4+4.5 = 22 Hz, H-4), 3.47 (IH, ddd, 74,5 = 5.5 
Hz, 75,6a = 2.0 Hz, 75,6b = 1.3 Hz, H-5), 4.83 (IH, dd, 75,6a = 1.3 Hz, 
76a,6b = 6.5 Hz, H-6a), 4.88 (IH, dd, 75,6b = 2.0 Hz, 76a,6b = 6.5 Hz, 
H-6b), 5.23 (IH, d, 7,,2 = 1.8 Hz, H-I), 5.27 (IH, dd, 7 U = 1.8 Hz, 
72,3 = 6.8 Hz, H-2), 6.11 (IH, dd, 72,3 = 6.8 Hz, 73l4 = 5.5 Hz, H-3), 
7.33-8.13 (15H, m, Ar). Anal. Calcd for C29H25NO8Se: C, 58.59; 
H, 4.24; N, 2.36. Found: C, 58.67; H, 4.22; N, 2.23. 

Methyl 2,3,6-Tri-0-benzoyl-4-seleno-a-D-glucopyranoside (21). 
Methyl 2,3,6-tri-0-benzoyl-4-selenocyanato-a-D-glucopyranoside (20) 
(0.6 g, 1.0 mmol) was dissolved in THF:EtOH, 5:1 (24 mL) and cooled 
in an ice bath, while sodium borohydride (0.18 g, 4.8 mmol) was added 
in small portions over 15 min. The reaction mixture was warmed to 
room temperature and stirred for 40 min. After recooling in an ice 
bath, Et2O (100 mL) was added, and excess NaBH4 was hydrolyzed 
by the cautious addition of 5% aqueous HCl solution (10 mL). The 
mixture was stirred for 5 min. The ether phase was separated and 
washed with H2O (2 x 10 mL) and saturated aqueous NaCl solution 
(10 mL). The organic phase was dried over magnesium sulfate and 
concentrated to yield the title compound (21) (0.57g) as a colorless 
foam which solidified on cooling: 13C NMR (100 MHz, CDCl3) d 
36.2 (C-4), 55.6 (OCH3), 65.0 (C-6), 71.8 (C-5), 72.7 (C-3), 73.2 (C-
2), 97.5 (C-I); 1H NMR (400 MHz, CDCl3) d -0.07 (IH, d, '7Se,H = 
45.5 Hz, 37seH,4 = 7.9 Hz, SeH), 3.62 (IH, dt, 73,4+4.5 = 22.0 Hz, 37SeH,4 

= 7.9 Hz, H-4), 3.94 (3H, s, OCH3), 4.24 (IH, ddd, 74,5 = 11.0 Hz, 
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75,6a = 4.4 Hz, 75.6b = 2.7 Hz, H-5), 4.80 (IH, dd, /5l6a = 4.4 Hz, 76a.6b 
= 12.0 Hz, H-6a), 4.83 (IH, dd, /5,6b = 2.7 Hz, 76a.6b = 12.0 Hz, H-6b), 
5.18 (IH, dd, 7i,2 = 3.6 Hz, /2,3 = 9.8 Hz, H-2), 5.22 (IH, d, / u =3.6 
Hz, H-I), 5.89 (IH, dd, y2,3 = 9.8 Hz, /3,4 = 11.0 Hz, 7H,se = 5.0 Hz, 
H-3), 7.30-8.15 (15H, m, Ar). The air oxidation of methyl 2,3,6-tri-
O-benzoyl-4-seleno-a-D-glucopyranoside (21) afforded the correspond
ing diselenide 22 that was recrystallized from ethanol: mp 118—120 
0C; [a]D

24 59.2° (c 1.2 in CHCl3);
 13C NMR (100 MHz, CDCl3) <5 

44.8 (C-4), 55.6 (OCH3), 65.0 (C-6), 70.0 (C-5), 70.8 (C-3), 73.2 (C-
2), 97.3 (C-I). 1H NMR (400 MHz, CDCl3) <5 3.34 (3H, s, OCW3), 
3.48 (IH, t, 73,4+4,5 = 22.2 Hz, H-4), 4.28 (IH, ddd, 74,s = 11.8 Hz, 
/5,6a = 1-9 Hz, J5,6b = 6.1 Hz, H-5), 4.67 (IH, dd, J5M = 1.9 Hz, J6^ 
= 11.8 Hz, H-6a), 4.98 (IH, dd, /5.6b = 6.1 Hz, y6a,6b = 11.8 Hz, H-6b), 
5.13 (IH, d, 7,,2 = 3.4 Hz, H-I), 5.18 (IH, dd, 7,,2 = 3.4 Hz, 72,3 = 
10.0 Hz, H-2), 5.96 (IH, t, 72,3+3,4 = 20.5 Hz, H-3), 7.15-8.15 (15H, 
m, Ar). Anal. Calcd for C56H56Oi6Se2: C, 59.16; H, 4.43. Found: 
C, 59.12; H, 4.38. 

Methyl 2,3,6-Tri-O-benzoyl-4-seleno-(2,3,4,6-tetra-0-acetyl-5'-
thio-a//?-D-glucopyranosyl)-a-D-glucopyranoside (23 and 24). A 
mixture of 0-(2,3,4,6-tetra-0-acetyl-5-thio-a-D-glucopyranosyl) trichlo-
roacetimidate (6) (0.05 g, 0.1 mmol), methyl 2,3,6-tri-0-benzoyl-4-
seleno-a-D-glucopyranoside (21) (0.1 g, 0.18 mmol), and dry 4A 
molecular sieves in anhydrous dichloromefhane (1 mL) was stirred 
under nitrogen for 1 h. The reaction mixture was cooled to —78 °C, 
and triethylsilyl triflate (0.002 mL, 0.01 mmol) was added. The reaction 
mixture was stirred at -78 0C for 1 h. An aliquot of the reaction 
mixture was taken and quenched with Et3N at —78 0C. A TLC 
indicated that no reaction had occurred. The reaction mixture was then 
warmed to room temperature and stirred for another 1.5 h. A TLC 
indicated that the reaction was complete. The reaction mixture was 
again cooled to -78 °C and neutralized with collidine. The reaction 
mixture was then filtered and washed successively with hydrochloric 
acid (5%) and aqueous sodium hydrogen carbonate. The organic 
extracts were dried over magnesium sulfate and concentrated to give a 
foam that was chromatographed with hexane—ethyl acetate (1.3:1) as 
eluant [R/ a-isomer 23 = 0.33; /3-isomer 24 = 0.23]. The title 
compounds 23 and 24 were obtained as foams and were crystallized 
from ethanol (a:40 mg, 45%, /?:10 mg, 11%). a-Isomer 23: mp 184 
0C; [a]D

20 +292° (c 1.0 in CH2Cl2);
 13C NMR (CDCl3) 6 19.9, 20.3, 

20.4, 20.5 (4COCH3), 41.4 (C-5'), 42.8 (C-4), 44.9 [7(13C1H) 156 Hz, 
(C-I)], 55.6 (OCH3), 60.8 (C-6'), 65.0 (C-6), 68.7 (C-5), 71.6 (C-3'), 
71.7 (C-4), 72.1 (C-3), 73.4 (C-2), 73.9 (C-2'), 97.3 [7(13C1H) 173 
Hz, (C-I)], 128.3-133.4 (Ar), 165.2, 165.8, 166.2 (3COC6H5) 168.9, 
169.3, 169.35, 170.4 (4COCH3);

 1H NMR (CDCl3) <5 1.59, 1.91, 2.0, 
2.04 (12H, 4s, 4COCW3), 3.36 (IH, t, 73,4+4,5 = 22.6 Hz, H-4), 3.44 
(3H, s, OCH3), 3.61 (IH, ddd, J4;s' = 10.5 Hz, Jy^ = 4.6 Hz, J5^ = 
2.9 Hz, H-5'), 4.03 (IH, dd, /5',6'a = 2.9 Hz, W b = 12.3 Hz, H-6'a), 
4.28 (IH, ddd, /4,5 = 9.4 Hz, /5,6a = 2.2 Hz, /5,6b = 6.3 Hz, H-5), 4.43 
(IH, dd, y5Vb = 4.6 Hz, . W b = 12.3 Hz, H-6'b), 4.68 (IH, dd, 75,6a 
= 6.3 Hz, /6a,6b = 11.8 Hz, H-6a), 4.75 (IH, d, Jvx = 5.6 Hz, H-I'), 
4.90 (IH, dd, /5,6b = 2.2 Hz, /6a,6b = 11.8 Hz, H-6b), 5.01 (IH, dd, 
Jvx - 5.6 Hz, J2',3. = 10.0 Hz, H-2'), 5.12 (IH, t, Jr,y+yA- = 19.3 Hz, 

H-3'), 5.14 (IH, dd, 7,,2 = 3.5 Hz, 72,3 = 10.0 Hz, H-2), 5.21 (IH, d, 
J12 = 3.5 Hz, H-I), 5.22 (IH, dd, JyA- = 9.1 Hz, J4;s' = 10.5 Hz, 
H-4'), 6.20 (IH, dd, /2,3 = 10.0 Hz, hA = 10.8 Hz, H-3), 7.2-8.2 
(15H, Ar). Anal. Calcd for C42H44Oi6SSe: C, 55.08; H, 4.84. 
Found: C, 54.94; H, 4.86. /S-Isomer 24: mp 175 0C; 13CNMR (CDCl3) 
6 19.9, 20.3, 20.4, 20.5 (4COCH3), 39.3 (C-I'), 43.0 (C-4), 45.9 (C-
5'), 55.6 (OCH3), 60.8 (C-6'), 64.8 (C-6), 69.0 (C-3), 70.6 (C-5), 71.5 
(C-4'), 73.3 (C-2), 73.8 (C-2'), 74.5 (C-3'), 97.4 (C-I), 128.2-133.3 
(Ar), 165.2, 165.8, 166.2 (3COC6H5) 168.9, 169.3, 169.35, 170.4 
(4COCH3);

 1H NMR (CDCl3) 6 1.86, 1.92, 1.96, 2.02 (12H, 4s, 
4COCH3), 2.71 (IH, ddd, 74'.5' = 10.5 Hz, /r,6-a = 3.0 Hz, Jy,^ = 4.5 
Hz, H-5'), 3.44 (3H, s, OCW3), 3.55 (IH, t, 73,4+4,5 = 22.7 Hz, H-4), 
3.77 (IH, dd, y5',6'a = 3.0 Hz, W n , = 12.0 Hz, H-6'a), 4.08 (IH, dd, 
Jyjm, = 4.5 Hz, . W b = 12.0 Hz, H-6'b), 4.11 (IH, d, Jvx = 10.8 Hz, 
H-I'), 4.40 (IH, ddd, y4,s = 11.5 Hz, /5,6a = 3.3 Hz, /5,6b = 1.9 Hz, 
H-5), 4.75-4.83 (2H, m, H-3', H-6'), 4.86 (IH, dd, J5,6b = 1.9 Hz, 
Jba.6b = 12.5 Hz, H-6b), 4.97 (IH, dd, Jvx = 10.8, J2;y = 9.5 Hz, 
H-2'), 5.13 (IH, dd, Jy,* = 9.5 Hz, J*,y = 10.5 Hz, H-4'), 5.20 (IH, 
d, /1,2 = 3.4 Hz, H-I), 5.25 (IH, dd, J12 = 3.4 Hz, /2,3 = 9.9 Hz, H-2), 
5.92 (IH, dd, J2,i = 9.9 Hz, /3,4 = 11.2 Hz, H-3), 7.3-8.2 (15H, Ar). 
Anal. Calcd for C42H44Oi6SSe: C, 55.08; H, 4.84. Found: C, 54.84; 
H, 4.79. 

Methyl 4-Seleno-(5'-thio-a-D-glucopyranosyl)-a-D-glucopyrano-
side (3). A freshly prepared solution of sodium methoxide in methanol 
(0.2 N, 2.5 mL) was added to disaccharide (23) (95 mg, 0.1 mmol), 
and the mixture was stirred under nitrogen for 3 h. The solution was 
acidified to pH 3 with Rexyn (H+) resin and filtered. The filtrate was 
neutralized with Amberlite basic ion exchange resin, filtered, and 
concentrated. The residue was purified by column chromatography 
with hexane-dichloromethane—methanol (1.2:1:1) as eluant [fy-0.32]. 
The title compound (3) was obtained as a foam (35 mg, 81%): [afo20 

+51° (c 0.75 in CH3OH); 13C NMR (D2O) 6 47.6 (C-I'), 48.7 (C-4), 
49.9 (C-5'), 57.9 (OCH3), 62.8 (C-6), 65.3 (C-6'), 74.1 (C-5), 75.3 (C-
2), 75.6 (C-3), 76.3 (C-4'), 78.0 (C-2'), 78.4 (C-3'), 102.3 (C-I); 1H 
NMR (D2O) d 3.02 (IH, t, y3,4+4,5 = 22.0 Hz, H-4), 3.20 (IH, dt, /4'.s' 
= 10.4 Hz, 75',6'a+5',6'b = 9.2 Hz, H-5'), 3.44 (3H, s, OCW3), 3.47 (IH, 
t, Jry+VA- = 18.4 Hz, H-3'), 3.53 (IH, dd, /,,2 = 3.6 Hz, 72,3 = 9.5 
Hz, H-2), 3.58 (IH, dd, 73-,4. = 9.1 Hz, /4-,5' = 10.4 Hz, H-4'), 3.84-
3.96 (5H, m, H-5, 6'a, 6'b, 2, 6a), 3.93 (IH, t, 72,3+3.4 = 19.0 Hz, H-3), 
4.04 (IH, dd, 75,6b = 1.9 Hz, /6a,6b = 11.9 Hz, H-6b), 4.68 (IH, d, Jvx 
= 4.3 Hz, H-I'), 4.84 (IH, d, Ju2 = 3.6 Hz, H-I); ES-MS calcd for 
C13H24O9SSe M+ 436, found 459 (M + Na)+. 
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