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Systematic Synthesis of Sulfur-containing p-Nitrophenyl a-Maltopentaoside Derivatives
for a Differential Assay of Human a-Amylases

Kaori Ozawa, Yukako TAki, Hideharu ISHIDA, Yukari YAMAGATA,* Shinji SATOMURA,* Makoto

Kiso, and Akira HASEGAWA'

Department of Applied Bioorganic Chemistry, Gifu University, Gifu 501-11, Japan
*Osaka Research Laboratory, Wako Pure Chemical Industries Ltd., Takada-cho, Amagasaki, Hyogo 661, Japan

Received December 22, 1992

For use in a differential assay of human a-amylases, a variety of 6°-S-substituted p-nitrophenyl
a-maltopentaoside derivatives (6-54) were systematically synthesized via the key intermediate, p-nitrophenyl
0-(2,3-di-O-acetyl-6-S-acetyl-4-O-benzoyl-6-thio-a-D-glucopyranosyl)-(1 - 4)-tris[ O-(2,3,6-tri- O-acetyl-
a-D-glucopyranosyl)-(1-4)]-2,3,6-tri-O-acetyl-a-D-glucopyranoside (4), which was easily prepared from
p-nitrophenyl a-maltopentaoside (G5P) in four steps. The sulfoxide and sulfone derivatives were prepared
by oxidizing the corresponding sulfides with m-chloroperbenzoic acid.

An assay of the human pancreatic and salivary a-amylases
[a-1,4-glucan 4-glucanohydrolase, EC 3.2.1.1; HPA and
HSA] in human serum and urine is used for the diagnosis
of such diseases as acute pancreatitis and parotitis. Not only
a total assay of a-amylases but also a differential assay of
HPA and HSA activity have become important for more
accurate diagnosis. Some differential assay methods exist
using electrophoresis,!*? monoclonal antibodies,>* enzyme
inhibitors,> and synthetic substrates.® ~1? A kinetic method
utilizing the difference of substrate specificity between HPA

Table I. Structures of the 6°-S-Substituents

and HSA has particularly been noted because of its simple
and rapid application to an automatic assay system. We
report here the systematic synthesis of a variety of
6°-S-substituted p-nitrophenyl a-maltopentaoside deriva-
tives for use in the differential assay of human a-amylases.
p-Nitrophenyl «-maltopentaoside (G5P, 1) was treated
with benzaldehyde dimethylacetal in the presence of
p-toluenesulfonic acid monohydrate in N,N-dimethylform-
amide (DMF), and the resulting 4°,65-0O-benzylidene
derivative was successively acetylated to give the per-

Compound " Compound ,, Compound "
No. X No. X No. X
| 184,47, 5 CH,(CH,)s- CH,
6,37, 43, 49 @‘CHZ 20, 42, 48, 54 CH,(CH,)¢~ o CH;N‘CH’CHZ_
7 @CH on- | 2 e CH
2ty 22 CH3(CH,), 29 33N—CH2CH2CH2_
” CH_ . CH,
8 )-CHLCH,CH,- CH
30 0 N-CH,CH
_ _ H 2 2
9,38, 44, 50 CH, Qj}m2 2 CHs cprcn,
Me CH, 31 ( N-CH,CH
| 2 2=
10 Me-C- Hy- - CH,CH, »..
Me " CH,” 2 @I—CHZCHZCHZ—
3
b * CH /\
11, 12 CH- | 2 CHCH,CH,- | 33 HN_ N-CH,CH,CH,-
NO, CH, N
13 @—CH - CH.CH 34 ~ ) -CH,-
z 27 3~ "2 "N-CH,CH,~ 7/
14 CH,- CH,CH, =
15, 39, 45, 51 CH,CH,- 35 @“*2‘
16, 40, 46, 52 CH,3(CH,),~ =
17 CH,(CH,),~ 36 N )-CH
18 CH,(CH,),~
¢ See Fig.

b Diastereoisomeric pair.
¢ Diastereoisomeric mixture.

' To whom correspondence should be addressed.

Abbreviations: HPA, human pancreatic a-amylase; HSA, human salivary a-amylase; G5P, p-nitrophenyl a-maltopentaoside.
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R3 R1 R! R! R! Table IIL Selected Physical Data for the 6°-S-Aminoalkyl and
" 0 L 0 L ! 1 Q 1 Q -Aminoaralkyl Derivatives (28-36)
,ll_L:f\ o @ o L{_—f\ o @ o @ ‘o-<j>—wo2 -
S & Rt I8 X Com- yld  [a),  Molecular Found (caled.) % of

pound o formula
Compound R! R? R® No. ( A)) (MGOH) (MW) C H N
No. .
1 OH OH OH 28 51  +130° C,oHg 0N, 4623 638 271
s OAc -0 Bzd—0— (c042)  (103701)  (46.33) (6.22) (2.70)
29 22 +121° C,Hee0,,N,S 4698 628  2.67
3 OAc OBz Br (c042)  (1051.03)  (46.85) (6.33) (2.67)
4 OAc OBz  SAc 30 69  +125° C,HeO:5N,S 4699 623 256
5 OH OH  SNa (c0.72)  (1079.04)  (46.75) (6.17) (2.60)
63 OH OH SX : 31 63 +112° C,He0,,N,S 4814 644 249
42 oH  OH  SLOX (c0.55  (1077.07) (4795 (6.36) (2.50)

32 31 +126° CuHy0.N,S 4844 633 245
©037)  (1091.10) ~ (4844) (647) (2.57)
49~54 OH om  S0X 33 25 +138° CiHeO, NS 4704 639 3.65

Fie. F i . ivatives. (c 0.22) (1092.09) 4729) (6.37) (3.85)
ig. Fundamental Structure of the Modified G5P Derivatives 2 9 F111° CyHoy0,N,S 4747 553 250

Bzd, benzylidene; Bz, benzoyl; X, substituents shown in Table I. (c0.21) (1057.00) @1.73) (572 (2.65)

*2b Chiral sulfoxides.
35 71 +161° C,,H¢,0,,N,S  47.65 5.90 2.61

(c 0.21) (1057.00) @47.73) (5.72) (2.65)
Table II. Selected Physical Data for the 6°-S-Alkyl and -Aralkyl 36 87 +167° CyHeo0,N,S  47.92 5.56 251

b
43~48 OH OH S‘(=O)X

Derivatives (7-26) : €021) (1057000  (47.73) (572) (265
Com- Molecular-

Yield  [alp Found (caled.) % of
pound (%) (MeOH) formula Ie H N

No. (MW) ‘ acetylated 4°,6%-O-benzylidene derivative (2) in an 85%
7 65  +168° C,HO,NS 4949 620 133 yield. Treat'ment of 2 with N—brqm?f)uccmlmlde and barium
(c 0.21) (1070.03) 49.39) (5.93) (1.31) carbonate in carbon tetrachloride' ) under reflux afforded
8 81  #156° C,Hg0,,NS 4986 604 129  the 45-0-benzoyl-6°-bromo-6°-deoxy derivative (3, 95%).
(¢ 0.20) (1084-06)NS (ggz) (gzg) (}-;;) The .Sv2 replacement reaction in 3 with potassium
9 68 +193° C,H40 . . . ; : :
(¢ 0.20) 42 " 0% '0237) @939 (593 (13D thlpagetate was perforrped in a.cetone in the presence of
10 79 +182° C,H.O.NS 505 621 155 Drierite to give the key intermediate, p-nitrophenyl O-(2,3-
47869V 27 . g . . . .
(c 0.19) (1112.12) (50.76)  (6.25) (1.26) di-O-acetyl-6-S-acetyl-4-O-benzoyl-6-thio-a-D-glucopy-
1 13*  +116° C,He0,,NS 4932 614 157  ranosyl)-(1-4)-tris[ O-(2,3,6-tri-O-acetyl-a-D-glucopyrano-
(€021)  (1070.03) ~ (4939) (593) (131)  syl)-(1-4)]-2,3,6-tri-O-acetyl-o-D-glucopyranoside (4) in a
12 122 +21°  CuHe0pyNS - 4923 - 587 108 = 930, yield. Compound 4 was treated with sodium methoxide
(c0.22) (1070.03) (49.39) (5.93) (13D . 5 . . .
13 70 +148° Co,H,0,N,S 4690 549 254 1 methanol to form the 6°-SNa-G5P derivative (5) in situ,
(c 0.20) 42(1584.06) 46.66) (5.45) (2.83)  Which was then coupled with benzyl, alkyl, and aminoalkyl
14 85  +164° C;,H5,0,,NS 4535 586  1.43 halides to give a variety of 63-S-substituted G5P derivatives

(¢ 0.20° (979.91) 4s521) (6.03) (125  (6-36) in 22-87% yields as shown in the experimental sec-

15 79 +166° CygHgO0p,NS 4613 586 LS9 g ot I and TIL

16 65 (i?:;) ngl({gff(')gz 47)NS (22:3(2)) (zzgg) (}:g}‘) Treatment of compounds 6, 9, 15, 16, 19, and 20 with

(c039  (1007.96) @4647) (6.10) (1.39)  m-chloroperbenzoic acid (MCPBA) in acetic acid gave

17 46  +176° C,Hg0,,NS 4699 630 121 mixtures of corresponding chiral sulfoxides 3742 and 4348

(c0.39)  (1021.99) (:;-g;) (g'ié) (}'2.(7))' and sulfones 49-54, which were separated by high-

18 62 (:'3125) C‘E%g%%g)}]s ( A7 53) (6:32) (1235) perfqrmance liquid clsxromatqgraphy (HPLC). S.elec_:ted

19 74 +174 Cy,He,0,NS 4796 661 129 physical dgta for the 6°-sulfoxide agd -§ulfone derivatives

(¢ 0.50) (1050.04) 48.04) (643) (1.33)  are shown in Table IV. When the oxidation was performed

20 67  +183° C,3He0,,NS 4834 626 134 with excess MCPBA (more than three equivalents), the

(€021)  (106407) — (4854 (654 (1.32)  corresponding sulfones were obtained almost quantitatively.

A 0 +163° CyeHpsOpNS 5092 - 689 - 1.22 The structures of the synthetic compounds were con-
(c0.19)  (113421)  (50.83) (7.20) (1.23) . !

) 35 +139° CyHo0,NS 5324 764 104 firmed by their spectral data and elemental analysis. In the

(c 0.30) (1218.37) (5323) (7.53) (1155 'H-NMR data (see the experimental section and Tables

23 32 4179 C3Hg0,,NS 4666 594 125 V-X), the chemical shifts of H-6° and H-6'> were most

3l (i ?'749(? c (gmc')%) NS (:g"g? (g';g) (}'Zg) characteristic. For example, the H-6° and H-6' signals in

(c 0.40) 4(()106231.9297) (47:01) (5:21) (1:37) 3 (the 6°-Br derivative) were each observed at §3.43

25 37— CuHuOnNS 4706 602 152 (Jsses=5.THz, Jyn=13.3Hz, H-6°) and 63.52 (Jss,¢s=

— (1021.99) @101) (621) (137  3.3Hz, J,,=13.3Hz, H-6"%). By introducing the S-acetyl

26 45 +179° C4Hes0,,NS 4744 642 127 oroupind4, both the signals were shifted to a higher magnetic

(c046) (103602  (4753) (63D (139 = field, §3.13 (J5s5 65 = 5.7 Hz, Jpora = 13.3 Hz, H-6%) and §3.26

@ See Experimental section. (Jss,6s=3.3Hz, Jy.,=13.3Hz, H-6""), respectively. After

5 1,4-Dioxane-H,O solvent (5:1). - introducing a series of S-substituents, the signals appeared

¢ Diastereoisomeric mixture. in a higher magnetic field, 6 2.38-2.72 (H-6°) and 6 2.83-3.06
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Table IV. Selected Physical Data for the 63-Sulfoxide and -Sulfone Derivatives (38-42, 44-48, and 50-54)

Compound Yield [alp fr Molecular ' Found (calcd.) % of
No. (%) (MeOH) (min) formula (MW) C H N
38 33 +173° 16.0 Cy Hg30,5NS 48.62 6.10 1.50
(c0.21) (1086.03) (48.66) (5.85) (1.29)
44b 25 +174° 17.3 CuaHg30,4NS 48.87 5.85 1.01
(c 0.20) (1086.03) (48.66) (5.85) (1.29)
50 quant. +91° 17.7 C,4Hg30,0NS 48.15 5.99 1.25
(c 0.077) (1102.03) (47.96) (5.76) 127
39° 28 +250° 10.4 C;33Hs590,5NS 44.99 5.61 1.41
(c 0.040) (1009.93) (45.19) (5.89) (1.39)
45b 32 +150° 10.7 CisH550,5NS 4528 5.76 1.38
(c 0.080) (1009.93) (45.19) (5.89) (1.39)
51 quant. +200° 11.2 C33Hs00,6NS 44.50 591 1.26
(c 0.070) (1025.93) (44.49) (5.80) (1.37)
40° 33 +267° 11.8 C;3oHg;,0,5NS 45.90 6.11 1.37
(c 0.030) (1023.96) (45.75) (6.00) (1.37)
46 32 +200° 12.3 C;3oHg,0,5NS 45.65 6.16 1.38
(c 0.050) (1023.96) (45.75) (6.00) (1.37)
52 quant. +140° 12.9 C;3oHg;,0,4NS 45.17 5.86 1.25
(c 0.050) (1039.96) (45.04) (5.91) (1.35)
41° 25 +138° 17.1 C42Hg,0,5NS 47.56 6.40 1.27
(c 0.080) (1066.04) (47.32) (6.34) (1.31)
47 21 +150° 18.3 C,,Hg,0,4NS 47.53 6.22 1.49
(c 0.080) (1066.04) (47.32) (6.34) (1.31)
53 quant. +156° 18.7 C,,Hg,0,5NS 46.35 5.94 1.24
(¢ 0.077) (1082.04) (46.62) (6.24) (1.29)
42° 30 +173° 19.0 C43Hgo0,5NS 47.68 6.61 1.12
(c 0.043) (1080.07) (47.82) (6.44) (1.30)
48" 27 +163° 20.4 C,3Hgs0,5NS 47.79 6.14 1.22
(c 0.040) (1080.07) (47.82) (6.44) (1.30)
54 quant. +162° 20.7 C43Hgo0,0NS 46.87 6.31 1.57
(c 0.043) (1096.07) 47.12) 6.35) (1.28)
@b Chiral sulfoxide pair.
Table V. Selected *H-NMR (CD;0D) Data for the 65-S-Aralkyl Derivatives (7-13)
Compound No. Chemical Shift in ppm ,
(substituent) (coupling constants in Hz) H-6° H-6° H-4° H-1° H-1%14 H-1? H-1!
7 PhCH,CH - Ph 2.63 3.01 3.22 5.10 5.13,5.14 5.21 5.66
(Phenethyl) 2.83, broad s 7.12-7.28,m dd dd t d o2d d d
— — (7.7, 12.2) (2.1, 14.3) 9.2) 3.3 4.6, 4.0) 3.9 3.7
8 PhCH,CH,CH,~ PhCH,CH,CH,- 2.65 2.95 3.20 5.06 5.12,5.14 5.21 5.67
(3-Phenylpropyl) 1.87, p 2.57, 1 dd dd t d 2d d d
74 (7.2) (7.4, 13.5) (~0, 11.9) 9.3) 3.7 (37,39 3.7 3.7
PhCH,CH,CH,~ Ph
2.65, ~dd 7.10-7.26,m
(14, 13.5) —
9 Me Ph 2.51 2.83 3.19 5.11 5.13, 5.15 5.20 5.66
(p-Methylbenzyl) 2.28,s 7.05-7.19,m dd dd t d 2d d d
— — 7.9, 11.7) (3.9, 12.0) 9.3) (3.5) 4.0,4.0) (3.8) 3.7
10 Me,C Ph 2.51 2.86 3.18 5.09 5.13,5.14 5.19 5.65
{p-(+-Butyl)-benzyl} 1.29,s 7.20-7.39,m dd dd t d 2d d d
— — (8.0, 12.0) (2.0, 12.5) 9.3) 3.7 (3.5,3.8) 3.9 3.7
11 Me CH Ph 2.38 2.78 3.09 5.09 5.12,5.15 5.20 5.66
(a-methylbenzyl) 1.50, d 410,q 7.17-7.30, m dd dd t d 2d d d
7.1 7.1 — 8.2, 11.9) (23,119 9.4 3.5 37,37 @3.5) 3.3)
12 Me CH Ph 2.44 2.68 3.21 5.11 5.14,5.14 5.21 5.66
(a-Methylbenzyl?) 1.50, d 4.06,q 7.18-7.37,m dd dd t d 2d d d
(7.0) (7.0) — (7.0, 12.3) (2.4, 12.6) 9.2) 3.5 (3.9, 3.5 3.9 3.7
13 -CH,S- 4-Ph . 5-Ph 2.44 2.68 321 5.11 5.14,5.14 5.21 5.66
(2-Nitrobenzyl) 4.13,s 7.44, ~dt 7.58, dt dd dd t d 2d d d
6_h .2, ;.7) 1.5,7.7) (7.0, 12.3) (24, 12.6) 9.2) 3.5 (3.9, 3.5 (3.9 3.7
-P 3-P!

7.53, dd 7.93, dd
(1.8,7.7 (1.1, 8.0)

@b Diastereoisomeric pair.
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Table VI. Selected 'H-NMR (CD,0D) Data for the 6°-S-Alkyl Derivatives (14-22).

Compound No. - Chemical Shift in ppm - '

(substituent) (coupling constants in Hz) H-6° H-6° H-4° H-1? H-1°,14 H-1* H-1!

14° v Me ’ 2.61 2.93 3.23 5.12 5.14, 5.17 5.23 5.69
(Methyl) 2.14,s dd dd t d 2d d d

(7.8, 14.2) (2.2,14.1) 9.3) 3.7 4.0, 4.2) 3.9 3.7

15 Me MeCHz— 2.62 2.97 3.20 5.09 5.13,5.15 5.21 5.66
(Ethyl) 1.22,¢ 2.60, dd dd dd t d 2d d d

7.3) (7.3, 13.1) (8.0, 11.6) (2.6, 12.0) 9.3) 3.7 4.7, 4.0) 37 3.7

16 Me MeCH,CH,-  -CH,S- 2.59 2.94 3.20 5.09 5.13,5.15 5.21 5.67
(Propyl) 0.95, 1.58, dt 2.55,t dd dd t d 2d d d

(1.3 (7.3, 12.6) (7.3) (7.9, 13.6) (~0, 11.9) 9.2 3.7 (5.1,4.0 3.7 3.7

17 Me Me(CH,),CH,~ -CH,S- 2.58 2.94 320 5.09 5.13,5.14 5.21 5.66
(n-Butyl) 0.90, t 1.35-1.57, m 2.57,t dd ©dd t d 2d d d

(1.2 — 7.2 (8.0, 11.7) (~0, 11.7) 9.3) (3.8) (5.1, 4.0 3.9 37

18 - Me Me(CH,);CH,- -CH,S- 2.59 2.94 3.20 5.09 5.13,5.14 521 5.67
(n-Pentyl) 0.89, t 1.25-1.65, m 2.56,t - dd dd t d 2d d . d

(7.0) — 7.2 (8.1, 11.9) (~0, 11.5) 9.2 3.7 4.6,4.2) 3.7 3.7

19 Me Me(CH,), CH,- —CH,S- 2.59 2.94 3.20 5.09 5.12,5.14 5.20 5.66
(n-Hexyl) 0.89, t 1.28-1.58, m 2.57,t dd dd t d 2d d d

6.8) — 7.2 (8.1, 13.9) 2.2, 141) 9.3) 3.7 4.6, 4.0 (&X)) 3.7

20 Me Me(CH,)sCH,- -CH,S- 2.60 2.95 321 5.08 .5.12, 5.13 5.20 5.66
(n-Heptyl) 0.90, t 1.25-1.56, m 2.57,t dd dd t d 2d d d

6.6) — 7.2) (8.0, 12.5) (~0, 12.0) 9.4 3.7 4.2,4.2) 3.7 (3.5)

21 Me Me(CH,),,CH,~ -CH,S- 2.60 295 3.21 5.08 5.12,5.13 5.20 5.66
(Dodecyl) 0.94, t 1.24-1.60, m 2.57,t dd dd t d 2d d d

a7 — (7.2) (8.2, 12.5) (~0, 12.0) 9.2) 3.9 3.9,3.7 3.7 37

22 Me Me(CH,),sCH,- -CH,S- 2.60 295 3.21 5.09 5.12,5.14 5.20 5.66

(Octadecyl) 0.89, t 1.28-1.61, m 2.57,t dd dd t d 2d d d
(7.0) — (7.2) (1.9, 12.5) (2.0, 14.1) .3) 39 (3.8,4.2) 3.7 3.7

¢ CD;0D-D,0 solvent (5:1).

Table VII. Selected H-NMR (CD;0D) Data for the 6°-S-Alkyl and -Aminoalkyl Derivatives (23-26 and 28-30)

Compound No. Chemical Shift in ppm . 314
(substituent) (coupling constants in Hz) : H-6° H-6° H-4° H-1? H-11 H-1* H-1!
23 2Me -CH- 2.62 2.99 3.20 5.09 5.14, 5.15 5.22 5.67
(1-Methylethyl) 1.23,d 2.98-3.08, m dd dd t d 2d d d
(6.6) — (8.1, 11.8) (2.5, 12.0) 9.3) 3.7 44,44 3.7 3.7
24 2Me —CH- -CH,S$- 2.57 2.94 3.21 5.10 5.13, 5.15 521 5.66
(2-Methylpropyl) 0.96, d 1.70-1.84, m 2.46,d dd dd t d 2d d d
6.6) — 7.3) (79,11.6) (24, 13.9) 9.2) 3.9 (3.7, 4.0) 4.0) 3.7
25 MeCH,- -CH(Me)- 2.61 2.97 3.20,3.21 510 5.11, 5.15 522 5.67
(1-Methylpropyl) 0.95, 0.96, 2t 1.22,d dd dd 2t d 2d d d
(7.5,1.3) 7.0) (79,11.3) (1.8,13.8) (93,92) (3.9 3.5, 4.0) 3.7 3.7
-CH,CH- —CHS-
1.50, 1.59, 2m 2.76, 2.77, 2 sex
(13.9, 7.0) (6.7, 6.6)
26 2Me -CHCH,- -CHCH,- -CH,S- 2.59 2.95 321 5.09 5.13,5.15 521 5.66
(3-Methylbutyl)  0.88,d 1.35- 1.58- 2.58,t dd dd t d 2d d d
67 148, m 1.70,m a7 (8.0,12.8) (2.0, 13.8) 9.3) 4.0 3.7,4.0) 3.7 37
28 2Me -CH,S- -NCH,CH,- 2.67 3.06 322 5.15-5.16 522 5.67
(N,N-Dimethyl- 272, s 291, ~t 3.15, ~t dd dd t 3d d d
aminoethyl) — 7.1 (7.8) (8.0,12.3) (~0,123) (93) — (3.9 3.7
29 _ 2Me -CH,S- 2.66 2.98 322 5.10 5.14, 5.16 5.22 5.67
(N,N-Dimethyl- 2.76, s 2,67, ~t dd dd t d 2d d d
aminopropyl) — (7.1) (7.6, 12.1) (~0,12.3) (9.0 3.7 (3.9, 4.0 3.9 €M)
-NCH,CH,- -NCH,-
307, ~t 3.25, ~t
(8.0) 6.8)
30 O(CH,CH,),N~ -CH,CH,S- 2.67 2.99 322 5.09 5.12,5.14 5.20 5.66
{2-(Morpholino)ethyl} 2.46-2.50, m 2.55-277, m dd dd d 2d d d

t
— (66,123) (4,121) (00 (37 (39,38 @40 (3D
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(H-6'%). The chemical shifts of H-6° and H-6"° from
oxidation of the sulfur atom were to a significantly lower
magnetic field, which was observed at §2.88-2.96 (H-6°)
for sulfoxides 3742, and at 62.85-2.86 (H-6°) and
83.20-3.22 (H-6'%) for sulfoxides 43-48.

In conclusion, a variety of novel sulfur-containing p-
nitrophenyl a-maltopentaoside derivatives (6-54) were
synthesized by using key intermediate 4. These GSP
derivatives have been employed for a differential assay of
human a-amylases, and the results of this application will
be published in the near future.

Experimental

Specific rotation values were determined with a Union PM-201 po-
larimeter at 25°C, and IR spectra were recorded with a Jasco IRA-100
spectrophotometer. 'H-NMR spectra were recorded at 270 MHz with a
JEOL JNM-GX 270 spectrometer. Preparative chromatography was
performed on silica gel (Wako Pure Chemical Industries, 200 mesh) with
the solvent systems specified, concentration being conducted in vacuo.
High-performance liquid chromatography (HPLC) was performed with
Shimadzu Model LC-8A equipment. A column (20 x 250 mm) packed with
Wakosil 10C, ¢ (reversed phase) was equilibrated with 10% acetonitrile in
a 50mM ammonium acetate solution, and eluted with a linear gradient of
acetonitrile from 10 to 60%.

p-Nitrophenyl 0-~(2,3-di-O-acetyl-4,6-O-benzylidene-a-D-glucopyranosyl)-
(1-4)-tris[ 0-(2,3,6-tri-O-acetyl-a-D-glucopyranosyl)-(1-4)]-2,3,6-tri-O-

acetyl-a-D-glucopyranoside (2). To a solution of p-nitrophenyl «-mal-
topentaoside (1, 5.0g, 5.27 mmol) in dry DMF (75ml) were added benz-
aldehyde dimethylacetal (6ml, 40.0mmol) and p-toluenesulfonic acid
monohydrate (0.75g). The mixture was stirred overnight at 25°C, and
then neutralized with Amberlite IRA 410 (OH ™) resin, before the resin
was filtered out and washed with methanol. The filtrate and washings were
combined and concentrated to a syrup, which was acetylated with acetic
anhydride (50 ml) and pyridine (100 ml) for two days at room temperature.
After completing the reaction, methanol (30 ml) was added to the mixture
at 0°C, which was then concentrated and extracted with dichloromethane.
The extract was successively washed with 2 M HCl and water, dried (sodium
sulfate), and concentrated. Column chromatography (100:1 dichloro-
methane-methanol) of the product on silica gel gave 2 (7.28 g, 85%) as
an amorphous mass; [a], +165° (c 0.21, CHCL,); IR v,,, (film)em™*:
3050 (aromatic CH), 2950 (CH), 1750 and 1220 (ester), 1520 and 1360
(NO,), and 850 and 700 (phenyl); NMR (CDCl,): 6 1.97-2.20 (14s, 42H,
14Ac), 3.62 (t, 1H, Jys4s=Js5s=93Hz, H-4%), 372 (t, 1H,
Jss,65=Jgem=10.1Hz, H-6%), 3.81 (dd, 1H, Jss ¢s=4.0Hz, J;.,,=9.9Hz,
H-6'%), 3.89-4.08 (m, 8H, H-4%>"% and 5!7%), 4.10 (t, 1H, Jy a=
Ju.5:=9.9Hz, H-4"), 416-4.33 (m, 4H, H-6'"*), 4.46-4.60 (m, 4H,
H-6'1"%), 4.71, 4.72, 4.74 (3dd, 3H, J=4.0, 10.3, 4.2, 10.3, 3.8, 10.1Hz,
H-227%), 4.87 (dd, 1H, J,s,s=4.1Hz, J,53:=10.3Hz, H-2%), 4.95 (dd,
1H, J,1 5:=3.7Hz, J,1 33=10.1 Hz, H-2"), 5.27 (~d, 2H, J=3.9 Hz, H-1?,
14), 5.33 (d, 1H, J,s ,»=4.2Hz, H-1?), 5.37 (d, 1H, J;s ;s=4.2Hz, H-1%),
5.36, 5.38, 5.39 (3t, 3H, J=10.7, 9.8, 9.2Hz, H-32"%), 545 (t, 1H,
Js,3s=J3s 4s=10.0Hz, H-3%), 548 (s, 1H, PhCH), 573 (t, 1H,
Ja131=J3141=9.3Hz, H-31), 5.74 (d, 1H, J;1 51 =3.5Hz, H-1%), 7.33-7.45
(m, 5H, PhCH), 7.25 (2d, 2H, J=9.3Hz, p-OPhNO, o-Ph proton), 8.25
(2d, 2H, J=9.2 Hz, p-OPhNO, m-Ph proton).

Anal. Found: C, 52.45; H, 5.16; N, 1.14%. Calcd. for C,;Hg,04,N

Table VIII. Selected !H-NMR (CD,0D) Data for the 63-S-Aminoalkyl and -Aminoaralkyl Derivatives (31-36)

Compound No. Chemical Shift in ppm s " s 31415 2 f
(substituent) (coupling constants in Hz) H-6 H-6 H-4 H-IL1%1 H-1 H-1
31 CH,(CH,CH,),N- CH,(CH,CH,),N~- 272 3.03 — 5.14-5.17 52 567
{2-(Piperidino)ethyl} 1.62-1.69, m 1.78-1.87, m dd dd — 3d d d
—CH,S- CH,(CH,CH,),- (7.3,123) (18,125  — — (39 (37
2.93-3.00, m NCH,-
3.14-3.29, m
R CH,(CH,CH,),N- -NCH,CH,CH,~ 267 2.99 — 5.10, 5.12, 5.15 5.21 5.67
{3-(Piperidino)propyl} 1.67-1.93, m 2.01-2.07, m dd dd — 3d d d
-CH,S- CH,(CH,CH,),- (84,12.1) (~0,12.1) — (3.5,3.3,3.5) 4.0) 3.7
2.69, ~t NCH,-
6.7) 3.14-3.26, m
33 -CH,CH,S- HN(CH,CH,),N~ 2.59 298 — 5.15, 5.18, 5.19 5.25 5.71
{3-(Piperazino)propyl} 1.77-1.83, m 3.19-3.25, m dd dd — 3d d d
(78,136) (~0,123) — (37, 3.3, 3.8) G5 (.9
HN(CH,CH,),NCH,CH,CH —
2.61-2.69, m
34 5-Ph 3-Ph 2.60 292 3.21 5.09, 5.14, 5.15 5.21 5.66
{(2-Piridy)methyl} 7.25-7.27, m 7.48,d dd dd t 3d d d
— 7.9) (7.6,124) (25,141 (9.1 (3.7, 3.8, 3.9 (3.5) 3.7
4-Ph 6-Ph
7.78, dt 843, ~d
(1.8,7.7) 3.9
35 5-Ph 4-Ph 6-Ph 2.54 2.84 3.22 5.13, 5.14, 5.16 5.21 5.66
{(3-Piridyl)methyl} 7.34-7.39, m 7.84, ~d  8.38, ~d dd dd t 3d d d
— 7.9 4.4) (74,123) (22,123) (9.2) (3.7, 3.8, 4.0 4.0) 3.7
2-Ph
8.48, ~s
. 36 3-Ph 2-Ph 2.54 2.83 3.22 5.12, 5.14, 5.16 5.21 5.66
{(4-Piridyl)methyl} 742, ~d 843, ~d dd dd t 3d d d
(5.9) (¥ (7.1, 124) (~0,124) (9.3) (3.7,38,3.9) (3.9 (3.5)

% CD3;0D-D,O0 solvent (3:1).
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Table IX. Selected 'H-NMR (CD,0D) Data for the 63-Sulfoxide and -Sulfone Derivatives (38, 39, 44, 45, 50, and 51)

Compound No. Chemical Shift in ppm

65 65 45 &5 13 14 15 12 11
(substituent) (coupling constants in Hz) H-6 H-6 H-4 H-5 H-1%1 H H-l H-l
38 Me MePhCH,SO- 2.85 — 3.26 4.07 5.13, 5.14 5.23 5.20 5.66
{(p-Methylbenzyl)-  232,s  4.06,4.20, 2d dd — t m 2d d d d
sulfinyl®} — (13.0, 13.2) (7.3,13.7) — ©.7 — 4.0, 4.0) 3.7 (3.8) 3.7
Ph
7.15-7.25, m
44 Me MePhCH,SO- 2.82 3.20 3.13 4.05 5.10, 5.13 5.17 5.21 5.66
{(p-Methylbenzyl)- 2.32,s 3.98, 4.14, 2d dd dd t m 2d d d d
sulfinyl’} — - (132,132 (10.7,13.4)  (~0,13.0) (9.2) — (3.8,3.8) 3.7 39 3.7
‘ Ph
7.15-7.24, m
» 50 Me MePhCH,SO,— — — 3.11 414 5.13,5.15 537 5.21 5.66
{(p-Methylbenzyl)- 2.34,s 4.38, 4.50, 2d — — t dt 2d d d d
sulfonyl} — (14.3, 13.9) — — (93 (23,86) (3537 (33 (39 (37
Ph
7.31-7.39, m
39 Me MeCH,- 2.95 — — 404 5.13, 5.15 5.21 5.66
(Ethylsulfinyl®) 1.32,t 2.87, 2.94, 2dd dd — — dt 2d ~d d
(1.5)  (7.7,127,7.6,133) (7.3,129) — — (21,80) (40,40 (3.9) 3.7
45 Me MeCH,— 2.85 3.22 3.16 4.07 5.11, 5.14 5.18 5.20 5.66
(Ethylsulfiny!®) 1.32,t 2.75, 2.92, 2dd dd dd t m 2d d d d
(1.5 (72,112,76,11.2) (10.8,112) (~0,112)  (9.0) — (39,42 (3.7 3.7 3.7
) 51 Me MeCH,- — — 3.14 4.10 5.12,5.14 5.25 5.21 5.66
(Ethylsulfonyl) 1.33,t 321, dd — — t m 2d d d d
(7.4) (7.4, 12.9) — — 9.3) — (39,38 (37 (3.8) (3.7

a,b

Chiral sulfoxide pair.

(1626.44): C, 52.43; H, 5.39; N, 0.86%.

p-Nitrophenyl 0-(2,3-di-O-acetyl-4-0-benzoyl-6-bromo-6-deoxy-o-D-
glucopyranosyl)-(1-4)-tris[ 0-(2,3,6-tri-O-acetyl-a-D-glucopyranosyl)-
(I -4)]-2,3,6-tri-O-acetyl-o-b-glucopyranoside (3). To a solution of 2
(6.74g, 4.14mmol) in dry carbon tetrachloride (85ml) were added
N-bromosuccinimide (1.03 g, 5.79mmol) and barium carbonate (3.27g,
16.6 mmol). The suspension was heated under reflux while stirring for 3 h,
and then the precipitate was filtered out and washed with dichloromethane.

The filtrate and washings were combined and concentrated. Column

chromatography (100:1 dichloromethane—methanol) of the residue on
silica gel gave 3 (6.71g, 95%) as an amorphous mass; [«]p, +176° (¢ 0.20,
CHCL); IR v, (film)cm™!: 3100 (aromatic CH), 2950 (CH), 1750 and
1240 (ester), 1520 and 1380 (NO,), and 850 and 710 (phenyl); NMR:
(CDCly): 61.98-2.19 (14s, 42H, 14Ac), 342 (dd, 1H, Jss6s=>5.9Hz,
Joem=11.5Hz, H-6%), 3.50 (dd, 1H, J5s ¢:s=2.4Hz, J,.,,=11.4Hz, H-6"%),
3.85-4.18 (m, 9H, H-4!"* and 5' %), 4.21-4.33 (m, 4H, H-6!*%), 4.46-
4,58 (m, 4H, H-6'"%), 4.70-4.78 (3dd, 3H, H-22"%), 4.90 (dd, 1H,
Jis23=39Hz, J,s3s=104Hz, H-2%), 495 (dd, 1H, J;1,:=3.9Hz,
Jy1,3:=10.3Hz, H-2), 5.25 (t, 1H, J35 4s=J 5 5s=10.3Hz, H-4%), 5.28,
5.29 (2d, 2H, J=4.2, 4.5Hz, H-13, 1%), 5.33 (4, 1H, J}2 ,.=4.0Hz, H-1%),
5.38, 5.39, 5.40 (3t, 3H, J=9.0, 8.9, 9.1Hz, H-3*>"4), 548 (d, 1H,
Jys,2s=3.9Hz, H-1°), 5.55 (t, 1H, Jys 35=J3s 4s=10.0 Hz, H-3%), 5.73 (t,
1H, Jy1 3:=J31 4:=9.2Hz, H-3Y), 5.74 (d, 1H, J}: ,,=3.3Hz, H-1%), 7.25
(2d, 2H, J=9.3Hz, p-OPhNO, o-Ph proton), 7.46 (t, 2H, J=7.6Hz,
PhCO m-Ph proton), 7.61 (t, 1H, J=7.3 Hz, PhCO p-Ph proton), 8.00 (d,
2H, J=17.1 Hz, PhCO o-Ph proton), 8.24 (2d, 2H, J=9.1 Hz, p-OPhNO,
m-Ph proton).

Anal. Found: C, 50.00; H, 5.22; N, 0.62%. Calcd. for C,;Hgs0,,NBr
(1705.35): C, 50.01; H, 5.08; N, 0.82%.

p-Nitrophenyl 0-(2,3-di-O-acetyl-6-S-acetyl-4-0-benzoyl-6-thio-oa-pD-

glucopyranosyl)-(1—-4)-tris[ 0-(2,3,6-tri-O-acetyl-a-D-glucopyranosyl)-
(1-4)]-2,3,6-tri-O-acetyl-a-D-glucopyranoside (4). To a solution of 3
(5.97 g, 3.50mmol) in dry acetone (180 ml) were added Drierite (6 g) and
potassium thioacetate (2.40g, 21 mmol), and the mixture was stirred
overnight at 25°C. The Drierite was filtered out and washed with di-
chloromethane. The filtrate and washings were combined and concen-
trated, and column chromatography (1:1 ethyl acetate-hexane) of the
residue on silica gel gave 4 (5.54g, 93%) as an amorphous mass; [«]p
+171° (¢ 0.18, CHCl,); IR v,,, (film)cm™!: 3100 (aromatic CH), 2950
(CH), 1740 and 1220 (ester), 1700 (SAc), 1520 and 1380 (NO,), and 850
and 710 (phenyl); NMR (CDCl;): §1.89-2.20 (14s, 42H, 14Ac), 2.33 (s,
3H, SAc), 3.13 (dd, 1H, Jss ¢5=5.7Hz, J,.,=13.3Hz, H-6%), 3.26 (dd,
1H, Jss 6:s=3.3Hz, Jy.,,=13.6 Hz, H-6'%), 3.88-4.07 (m, 8H, H-4*"* and
517%),4.10(t, 1H, J31 41 =J 41 51 =9.5 Hz, H-4),4.24-4.33 (m, 4H, H-6" %),
4.45-4.53 (m, 4H, H-6'* %), 4.70-4.78 (3dd, 3H, H-227%), 4.87 (dd, 1H,
Jysps=38Hz, Jys35=103Hz, H-2%), 4.95 (dd, 1H, J;:,=3.7Hz,
Jy1,5:=10.3Hz, H-2Y), 5.18 (t, 1H, J3s 45=J,5 5s=9.9 Hz, H-4%), 5.28, 5.29
(2d, 2H, J=3.THz, 4.0Hz, H-13, 1%), 5.33 (d, 1H, J,» ,-=4.0Hz, H-1?),
5.36, 5.38, 5.40 (3t, 3H, J=10.3, 9.2, 9.3Hz, H-327%), 5.39 (d, 1H,
Jys,25=4.0Hz, H-1%), 5.50 (t, 1H, Jys 35=J3s 4s=10.1 Hz, H-3%), 5.73 (t,
1H, J31,31=J3141=9.2Hz, H-3"), 5.74 (d, 1H, J,: ,:=3.7Hz, H-1"), 7.26
(2d, 2H, J=9.2 Hz, p-OPhNO, 0-Ph proton), 7.46 (t, 2H, J=7.5 Hz, PhCO
m-Ph proton), 7.60 (t, 1H, J=7.5Hz, PhCO p-Ph proton), 8.01 (d, 2H,
J=17.3Hz, PhCO o0-Ph proton), 8.25 (2d, 2H, J=9.2 Hz, p-OPhNO, m-Ph
proton).

Anal. Found: C, 51.29; H, 5.49; N, 0.64%. Calcd. for C,3Hgo043NS
(1700.54): C, 51.56; H, 5.28; N, 0.82%.

p-Nitrophenyl ~ O-(6-S-benzyl-6-thio-a-D-glucopyranosyl)-(1—4)-tris[ O-
o-D-glucopyranosyl-(1—4)]-a-D-glucopyranoside (6). To a solution of 4
(500 mg, 0.294 mmol) in dry methanol (10ml) was added a solution of
sodium methoxide (0.294 mmol) in dry methanol (2ml), and the mixture
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Table X. Selected 'H-NMR (CD;0D) Data for the 6°-Sulfoxide and -Sulfone Derivatives (40-42, 46-48, and 52-54)

Compound No. ‘ Chemical Shift in ppm

(substituent) (coupling constants in Hz) H-6° H-6° H-4> H-5° H-13,14 H-1° H-1*> H-I!
Me -(CH,),CH,S- -CH,S-

40 1.08 1.74-1.83 2.81-2.89 2.96 — — 4.06 5.13,5.14 5.21 5.66
(Propylsulfinyl?) t m m dd — — m 2d ~d d

(7.4 — — (7.0, 12.3) — — — 4.4,4.4 3.9 (3.7

46 1.09 1.72-1.83 2.70-2.91 2.85 3.22 3.16 4.07 5.11, 5.13 5.19, 5.21 5.66
(Propylsulfinyl?) t m m dd dd t m 2d 2d d

(1.4) — — (LS, 12.1) (15 12,1) (93 — (40,39 (39,42 (37

52 1.06 1.78—1.89  3.15—3.21 — — 3.13 4.07 5.12, 5.14 5.26 5.21 5.66
(Propylsulfonyl) t m m — — t - m 2d d d d

(1.4) — — — — 02 — (37,400 GO (39 3D

41 0.90 1.28-1.77 2.87 2.96 — — 4.07 5.12, 5.14 5.20 5.66
{(n-Pentyl)sulfinyl’} t m t dd — — m 2d ~d d

7.1 — (7.5) (7.1, 11.9) — — — (3.9, 3.9 3.7 (3.5)

47 091 1.28-1.81 2.70-2.89 2.85 3.22 3.16 4.07 5.11, 5.13 5.19, 5.20 5.66
{(n-Pentyl)sulfinyl’} t m m dd dd t m 2d 2d d

(7.1) — — (108, 12.5) (~0,119) (93) —  (39,42) 40,400 (3.7

53 091 1.28-1.81 3.16-3.23 — — 3.13 4.07 5.12, 5.14 5.28 5.21 5.66
{(n-Pentyl)sulfonyl} t m m — — t m 2d d d d

6.6) — — — — 93 — - (31,35 (5 (38 (5

42 0.90 1.20-1.80 2.87 2.96 — — 4.07 5.12, 5.14 5.21 5.66
(Heptylsulfinyl®) t m t dd — — m 2d ~d d

(6.9) — 1.7 (7.3, 11.8) — — — (42,42) 2.9) (3.5)

48 0.90 1.28-1.78 2.72-2.89 2.86 3.22 3.16 4.07 5.11, 5.13 5.19, 5.20 5.66
(Heptylsulfinyl®) t m m dd dd t m 2d 2d d

(6.8) — — 109, 120) (10,117 (92) — (38,39 (38,40 (39

54 0.90 1.28-1.81 3.18-3.25 — -— 3.13 4.07 5.12, 5.13 5.26 5.21 5.66
(Heptylsulfonyl) t m m — — t m 2d d d d

6.7 — — — — (9.6) — 4.3, 4.3) 3an @317 369

@b Chiral sulfoxide pair.

was kept for 7h at 25°C. After all of the starting material had been
converted into 5 (detected by TLC, 4: 2: 1 buthanol-ethanol-water), benzyl
bromide (0.035ml, 0.294 mmol) was added, and the mixture was stirred
for 1.5h at 40°C under nitrogen and then concentrated. Column
chromatography (methanol) of the residue on Sephadex LH-20 gave 6
(145mg, 47%) as an amorphous mass; [a]p + 182° (¢ 0.19, MeOH); IR
Vmax (KBr)cm™!: 3400 (OH), 2900 (CH), 1510 and 1340 (NO,), and 850
and 700 (phenyl)y NMR (CD,OD): §2.52 (dd, 1H, Jss¢:=7.9Hz,
Joem=11.9Hz, H-6%), 2.85 (dd, 1H, Jss ¢:s=2.1Hz, J,. ., = 11.9 Hz, H-6"%),
3.20 (t, 1H, Jys 45=J4s 5s=8.9Hz, H-4%), 4.10 (t, 1H, J,1 31=J31 =
8.9Hz, H-3),5.12(d, 1H, J;s ,s=4.0Hz, H-15),5.13,5.15(2d, 2H, J=4.6,
42Hz, H-13, 1%), 521 (d, 1H, J;2,.=39Hz, H-1?), 5.66 (d, 1H,
Ji1,21=3.5Hz, H-11), 7.18-7.34 (m, 5H, PhCH,), 7.33 (2d, 2H, J=9.2Hz,
p-OPhNO, o-Ph proton), 8.21 (2d, 2H, J=9.2Hz, p-OPhNO, m-Ph
proton).

Anal. Found: C, 48.77; H, 5.99; N, 1.15%. Calcd. for C,3H4,0,,NS
(1056.01): C, 48.91; H, 5.82; N, 1.33%.

p-Nitrophenyl 0-[6-S-(a-methylbenzyl)-6-thio-o-D-glucopyranosyl]-
(1-4)-tris[ O-a-D-glucopyranosyl-(1 —4)]-a-D-glucopyranosides (11 and
12). To a solution of 4 (500 mg, 0.294 mmol) in dry methanol (10 ml) was
added a solution of sodium methoxide (0.294 mmol) in dry methanol
(2ml), the mixture then being processed as described for 6 to give a
diastereoisomeric mixture of 11 and 12 (190 mg, 60%). The product was
chromatographed by HPLC to give 11 (zz 19.0min, 40.6 mg, 13%) and
12 (tz 19.4min, 38.4mg, 12%) as amorphous mass. The physical and
!H-NMR data are shown in Tables II and V.

Other p-nitrophenyl O-(6-S-alkyl-6-thio-a-D-glucopyranosyl)-(1—4)-
tris[ O-a-D-glucopyranosyl-(1—4)]-a-D-glucopyranosides (7-10 and 13-26).
The title compounds were prepared according to the procedure described
for 6. The yields, physical and 'H-NMR data are shown in Tables II, V,
VI, and VII.

p-Nitrophenyl 0-[6-S-(N,N-diethylaminoethyl)-6-thio-a-D-glucopyrano-
syl]-(1—4)-tris{ O-a-D-glucopyranosyl-(1 —4)]-0-D-glucopyranoside  (27).
To a solution of 4 (300 mg, 0.176 mmol) in dry MeOH (10ml) was added a
solution of sodium methoxide (0.440 mmol) in dry methanol (3.8 ml), and
the mixture was kept for 1.5h at 25°C. After all of the starting material
had been converted into 5, 2-chlorotriethylamine hydrochloride (45 mg,
0.264 mmol) was added, and the mixture was stirred for 1 h at 40°C under
nitrogen, before being processed as described for 6 to give 27 (133 mg,
71%) as an amorphous mass; [a]p +127° (¢ 0.62, MeOH); IR v,
(KBr)cm™: 3400 (OH), 2920 (CH), 1400 (NCH,), 1520 and 1350 (NO,),
and 870 (phenyl)) NMR (CD,OD): 61.26 {t, 6H, Jey,cu,=7.2Hz,
(CH;CH,),NCH,CH,S}, 2.71 (dd, 1H, Jss6:=74Hz, Jo,=12.5Hz,
H-6%), 291 {m, 2H, (CH,CH,),NCH,CH,S}, 3.02 (dd, 1H, Jss¢s=
~0Hz, Jyor=12.5Hz, H-6'%), 3.12 {dd, 4H, Joy, cn,=7.2Hz, Jpen =12.6
Hz, (CH,CH,),NCH,CH,S}, 3.21-3.27 {m, 3H, (CH,CH,),NCH,CH,S,
and H-4%), 4.10 (t, 1H, J,1 31 =J3: .1=9.0 Hz, H-3Y), 5.13-5.15 (34, 3H,
H-137%), 5.20 (d, 1H, J;2,:=3.9Hz, H-1?), 5.66 (d, 1H, J,: ,,=3.7Hz,
H-11), 7.31 (24, 2H, J=9.4Hz, p-OPhNO, o-Ph proton), 8.22 (2d, 2H,
J=9.2Hz, p-OPhNO, m-Ph proton).

Anal. Found: C, 47.51; H, 6.55; N, 2.63%. Calcd. for C,,Hg;0,,N,S
(1065.06): C, 47.36; H, 6.44; N, 2.63%.
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Other p-nitrophenyl O-(6-S-aminoalkyl-6-thio-a-D-glucopyranosyl)-
(1 -4)-tris[O-a-D-glucopyranosyl-(1-4)1-a-D-glucopyranosides (28-36).
The title compounds were prepared according to the procedure described
for 27. The yields, physical and '"H-NMR data are shown in Tables III,
VII, and VIIL

p-Nitrophenyl  O-(6-benzylsulfinyl-6-deoxy-a-D-glucopyranosyl)-(1—4)-
tris[ O-a-D-glucopyranosyl-(1-4)]-a-D-glucopyranosides (37 and 43). To a
solution of 6 (60mg, 0.0568 mmol) in acetic acid (5ml) was added
m-chloroperbenzoic acid (9.8 mg, 0.0568 mmol) at 0°C in the dark. The
mixture was stirred for 1h at room temperature in the dark and then
extracted with water—dichloromethane. The aqueous layer was con-
centrated, and the residue was chromatographed by HPLC to give 37 (¢;
14.5min, 13.2mg, 22%), 43 (tx 15.3min, 12.1mg, 20%), and further-
oxidized sulfone 49 (¢; 15.9min, 6.7mg, 11%) as an amorphous mass.
Unreacted 6 (t; 18.1min, 9.9 mg, 17%) was recovered.

37: [a]p +188° (c 0.22, MeOH); IR v,,,,, (KBr)cm ™ 1: 3400 (OH), 2940
(CH), 1520 and 1340 (NO,), 1030 (SO), and 860 anid 700 (phenyl); NMR
(CD;0D): 62.88 (dd, 1H, Jss ss=7.3Hz, J,.,,=12.2Hz, H-6%), 4.08 (dt,
lH, J4s,5s=155’55=7.8HZ, 155,6'5=2.0HZ, H-Ss), 4.10 (t, IH, 121_31=
J31,4=8.1Hz, H-3"), 4.09, 4.25 (2d, 2H, J,.,,=13.2, 13.2Hz, PhCH,SO),
5.13,5.14 (2d, 2H, J=4.0, 4.8 Hz, H-13, 1%), 5.21 (d, 1H, J}2 ,.=3.8 Hz,
H-1%),5.24(d, 1H, J,2 ,.=3.5Hz,H-15),5.66 (d, IH, J,1 ,,=3.7Hz, H-1Y),
7.31 (2d, 2H, J=9.4Hz, p-OPhNO, o-Ph proton), 7.30-7.35 (m, SH,
PhCH,S0), 8.22 (2d, 2H, J=9.3Hz, p-OPhNO, m-Ph proton).

Anal. Found: C, 48.04; H, 5.91; N, 1.13%. Calcd. for C,3H4,0,5NS
(1072.01): C, 48.18; H, 5.74; N, 1.31%.

43: [a]p +167° (¢ 0.20, MeOH); IR v, (KBr)cm™!: 3400 (OH), 2940
(CH), 1520 and 1340 (NO,), 1050 (SO), and 860 and 700 (phenyl); NMR
(CD,0D): 62.86 (dd, 1H, J5s 6s=10.9Hz, J,,,=13.2Hz, H-6%), 3.13 (1,
1H, J3s 4s=Jys,55=9.4Hz, H-4°), 3.20 (dd, 1H, Jss 6s=1.7Hz, Jp =
13.2Hz, H-6"%), 4.02, 4.10 (2d, 2H, J,,,,=13.2, 13.2Hz, PhCH,S0), 4.06
dt, 1H, Jusss=Jss6s=11.5Hz, Jgss=1.7THz, H-5%, 4.10 (t, 1H,
Ja1,31=J31 ,1=9.2Hz, H-3%), 5.10, 5.13 (2d, 2H, J=3.7, 3.8 Hz, H-13, 1%),
5.18(d, IH, J,s ,s=3.8Hz, H-1%), 5.21 (d, 1H, J;2 ,-=3.7Hz, H-1?), 5.67
(d, 1H, J;: ,,=3.5Hz, H-1%), 7.32 (2d, 2H, J=9.4Hz, p-OPhNO, o-Ph
proton), 7.31-7.35 (m, SH, PhCH,SO0), 8.22 (2d, 2H, J=9.2 Hz, p-OPhNO,
m-Ph proton).

Anal. Found: C, 48.15; H, 5.44; N, 1.23%. Calcd. for C,3;Hg,0,,NS
(1072.01): C, 48.18; H, 5.74; N, 1.31%.

p-Nitrophenyl O-(6-S-benzylsulfonyl-6-deoxy-a-D-glucopyranosyl)-(1—4)-
tris[ O-0-D-glucopyranosyl-(1 - 4)}-0-D-glucopyranoside (49). To a solution
of 6 (30mg, 0.0284mmol) in acetic acid (2.5ml) was added m-
chloroperbenzoic acid (14.7mg, 0.085mmol) at 0°C in the dark. The
mixture was stirred for 1h at room temperature in the dark, and then

worked up as just described to give 49 (tx 15.9min, 30 mg, quant.) as an
amorphous mass; [«],, +169° (¢ 0.21, MeOH); IR v,,,,, (KBr)cm™!: 3400
(OH), 2940 (CH), 1520 and 1340 (NO,), 1300 and 1110 (SO,), and 850 and
700 (phenyl); NMR (CD;0D): 63.12 (t, 1H, J3s 45=J s ss=9.4 Hz, H-4°),
4.11 (t, 1H, Jyi 51=J3 4. =9.1Hz, H-3"), 4.15 (dt, 1H, J s ss=Jss 65=
9.1Hz, Jss 6s=2.0Hz, H-5%), 4.44, 4.55 (2d, 2H, J,.,=13.7, 14.1Hz,
PhCH,S0,), 5.14, 5.15 (2d, 2H, J,s 35 =J14 ,4=3.3Hz, H-13, 1%), 5.21 (d,
1H, J,2 ;.=3.7Hz, H-12), 5.39 (d, 1H, J,s ;5s=3.3Hz, H-15), 5.66 (d, 1H,
Ji1.21=3.9Hz, H-1%), 7.32 (2d, 2H, J=9.3Hz, p-OPhNO, 0-Ph proton),
7.35-7.46 (m, SH, PhCH,S0,), 8.21 (2d, 2H, J=9.3 Hz, p-OPhNO, m-Ph
proton).

Anal. Found: C, 47.22; H, 5.61; N, 1.58%. Calcd. for C,3H,0,,NS
(1088.00): C, 47.47; H, 5.65; N, 1.29%.

Other p-nitrophenyl O-(6-S-alkylsulfinyl-6-thio-a-D-glucopyranosyl)-(1—
4)-tris{ O-a-D-glucopyranosyl-(1—4)]-a-D-glucopyranosides (3842 and
44-48). The title compounds were prepared according to the procedure
described for 37 and 43. The yields, physical and 'H-NMR data are
shown in Tables IV, IX, and X.

Other p-nitrophenyl O-(6-S-alkylsulfonyl-6-deoxy-a-D-glucopyranosyl)-
(1-4)-tris[ O-0-D-glucopyranosyl-(1 —4)]-a-D-glucopyranosides (50-54).
The title compounds were prepared according to the procedure described
for 49. The yields, physical and *H-NMR data are shown in Tables IV,
IX, and X.
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