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Abstract 

One-pot acetylation and subsequent partial acetolysis of (Y-, p- and y-cyclodextrins 
resulted in crystalline peracetylated malto-hexaose, -heptaose, and -octaose, respectively. 
Prolonged acetolysis of P-cyclodextrin gave a mixture of acetylated maltooligosaccharides, 
from which peracetylated malto-triose, -tetraose, and -pentaose were isolated. The acetylated 
oligosaccharides were converted into cw-acetobromo derivatives, and then transformed into 
4-nitrophenyl and 2-chloro-4-nitrophenyl P-glycosides. From the 4-nitrophenyl glycosides 
4,60benzylidene derivatives were prepared, which were used together with the free glyco- 
sides as substrates of porcine pancreatic a-amylase. 0 1997 Elsevier Science Ltd. 

Kepwds: Acetolysis; Cyclodextrins; Maltooligosaccharide derivatives; cu-Amylase substrate 

1. Introduction 

Higher maltooligosaccharides are valuable syn- 
thetic intermediates and often used as substrates of 
different cw-amylases [ 1 - 121. However, their chemi- 
cal synthesis is rather tedious and cannot be used for 
preparative purposes. (Y-, p-, and y-cyclodextrins 
(CD’s), prepared on industrial scale, contain six, 
seven and eight a-(1 + 4)-bonded glucopyranosyl 
units, respectively. Although the conversion of these 
cyclic oligosaccharides into linear maltooligosaccha- 
rides either by enzymatic or acid hydrolysis [13-201 
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seems to be obvious, all of these efforts have failed, 
because under the conditions used the linear dextrins 
are more sensitive than their cyclic counterparts, i.e. 
the rate-determining step of these hydrolytic proce- 
dures is the opening of the cyclodextrin rings [21]. 
However, a Japanese patent reported the maleic 
acid-catalysed hydrolysis of P-cyclodextrin in a yield 
of 60% [22]. 

The HZ SO,-catalysed acetolysis of peracetylated 
(Y-, p- and y-cyclodextrins was patented and reported 
in 1988 by us [23] and in 1995 by N. Sakairi and 
coworkers [24,25]. Under the applied conditions about 
80% of the peracetylated cyclodextrins were con- 
verted into acetylated maltohexaose, -heptaose, and 
-octaose. In the case of P-cyclodextrin, the un- 
changed acetylated starting compound could be re- 
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moved selectively by crystallization in form of its 
toluene complex. The overall yield of the acetylated 
maltooligomers was about 70%, and all of the three 
linear dextrins were isolated in a-anomeric form. 

2. Results and discussion 

The aim of our research was the preparation of 
suitable substrates for the measurement of the activity 
of human pancreatic cY-amylase in biological fluids. 
Instead of the generally used methods for the prepara- 
tion of acetylated cyclodextrins, the cyclodextrins 
were acetylated in acetic anhydride in the presence of 
various acids (H,SO,, HCl, HClO,) and Lewis acids 
(ZnCl,, AlCl,, FeCl,). FeCl,. 6H,O turned out to 
be the most suitable catalyst. P-Cyclodextrin 2 was 
suspended in acetic anhydride, and 0.25 equivalent of 
FeC1,.6H,O was added to the suspension with cool- 
ing. The suspension became a homogenous solution 
on stirring, and after 2.5 h at 35-40 “C the acetyla- 
tion was complete. The temperature of the reaction 
mixture was raised to 70 “C for 3.5 h. During this 
time the acetolysis was nearly complete; the amount 
of the peracetylated /3-cyclodextrin was below 15%; 
the amount of the acetylated matoheptaose reached 
45-50%, but all of the other hydrolysis products 
were also present. The syrupy product, obtained after 
usual workup, was crystallized from EtOH to give 5 
with a 95% purity (the ratio of the (Y and p anomers 
was 4.3:1), and after an additional two recrystalliza- 
tions the purity of the compound 5 was 99.0% (the 
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Fig. 1. Cyclodextrins (CD’s): 1: n = 1, a-CD; 2: n = 2, 
P-CD; 3: n = 3, y-CD. 
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Fig. 2. Separation of peracetylated maltooligosaccharides 
(DP l-8) and peracetylated P-CD on TLC, 86:14 
hexane-ethyl-acetate. Three samples from the acetolysis 
mixture in different concentration after 5 h reaction time. 

ratio of the (Y and p anomers was 9:l) and the 
overall yield was 22%. The same procedure was 
applied for the acetolysis of a-1 and y-cyclodextrin 3 
to give the crystalline peracetylated maltohexaose 4 
and the peracetylated maltooctaose 6, respectively 
(Fig. 1). 

In order to prepare lower maltooligomers (malto- 
triose, -tetraose, and -pentaose) the time of the acetol- 
ysis of the cheap /3-cyclodextrin peracetate was ex- 
tended to 5 h. For following the product-composition 
of the acetolysis a suitable TLC (Fig. 2) and an 
HPLC technique (Hewlett Packard, diol column, see 
Fig. 3) were elaborated. The desired peracetylated 
malto-triose 7, -tetraose 8, and -pentaose 9 were 
separated by column chromatography. The degree of 
polymerization of the complete series of the peracety- 
lated maltooligomers was determined by counting the 
methyl signals of the acetyl region (1.8-2.3 ppm) in 
the ’ H NMR spectra 1261 (Fig. 4). 

Compounds 4-9 were treated with HBr- 
CH,COOH in dry dichloromethane and the cr- 
acetobromo sugars lo-15 were isolated in crystalline 
form, and their anomeric purity was verified by 
measuring the J,., values. The bromosugars lo-15 
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1”“1”“1”“1”“1”“1”“1”“1”“1”“1”“1 
Pm 6.0 5.5 5.0 4.5 40 3.5 3.0 2.5 2.0 

Fig. 4. ‘H NMR spectrum and expanded region of the acetyl-methyl signals of tricosa-O-acetyl-a-maltoheptaose, (‘H 
NMR, 500 MHz, CDCl,). 

and dried Ag,CO, ( 1.16 mmol). The reaction mix- 
ture was stirred vigorously in the dark for 2-3 h at rt 
and then concentrated to dryness. The solid residue 
was diluted with CH,Cl, and filtered. The filtrate 
was washed with aq 5% NaOH, water, dried, concen- 
trated and purified by column chromatography to 
obtain 16-27 in 50-65% yields. 

Preparation of 4 - nitrophenyl p - maltooligomer 
glycosides (28 - 33) and 2 - chloro - 4 - nitrophenyl l3 - 
maltooligomer glycosides (34-39).-To a solution of 
the peracetylated maltooligomers 16-27 (1 g) in 

MeOH (30 rnL) was added a catalytic amount of 
NaOCH, (pH G S), and the mixture was stirred for 
24 h at r-t. After neutralization with Amberlite IR 120 
(H+) resin the mixture was filtered and evaporated. 
The resulting foam was dissolved in a small amount 
of water, after treatment with decolorizing carbon it 
was filtered through the SM-113, 0.1 pm membrane 
filter and than it was lyophilised to obtain 28-39 in 
SO-90% yield. 

Preparation of 4-nitrophenyl4,6-0-benzylidene-p- 
maltooligomers (40-45).-To a solution of each of 
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“C; [a],, + 112.6” (c 0.57, CHCl,); ‘H NMR (200 
MHz, CDCl,): 6 6.25 (d, 1 H, .I,,, 4 Hz, H-l), 
1.90-2.30 (cluster of s, 11 OAc). Anal. Calcd for 
C,,H,,O,,: C, 49.69; H, 5.63. Found: C, 49.50; H, 
5.58. 

Tetradeca - 0 - ace@- (Y - maltotetraose (8).-mp 
102-106 “C; [a], + 119.3” (c 0.39, CHCl,); ‘H 
NMR (200 MHz, CDCl,): 6 6.25 (d, 1 H, J,,, 4 Hz, 
H-l), 1.90-2.30 (cluster of s, 14 OAc). Anal. Calcd 
for C,,H,,O,,: C, 49.76; H, 5.62. Found: C, 49.92; 
H, 5.67. 

Heptadeca - 0 - ace@- a - maltopentaose (9).-mp 
118-120 “C; [(~]n +118.3” (c 0.31, CHCl,); ‘H 
NMR (200 MHz, CDCl,): 6 6.25 (d, 1 H, I,,, 4 Hz, 
H-l), 1.90-2.30 (cluster of s, 17 OAc). Anal. Calcd 
for C,,H,,O,,: C, 49.81; H, 5.62. Found: C, 49.60; 
H, 5.56. 

Nonadeca-0-ace@-a-maltohexaosyl bromide (10). 
-mp 98-100 “C; [(~]n + 146.8” (c 0.92, CHCl,); 
‘H NMR (200 MHz, CDCl,): 6 6.50 (d, 1 H, J, 2 4 
Hz, H-l), 1.90-2.30 (cluster of s, 19 OAc). AAal. 
Calcd for C,,H,,BrO,,: C, 47.98; H, 5.39; Br, 4.31. 
Found: C, 47.78; H, 5.32. 

Docosa-0-ace@-a-maltoheptaosyl bromide (11). 
-mp 95-97 “C; [(Y], + 160.8” (c 0.95, CHCl,); ‘H 
NMR (200 MHz, CDCl,): 6 6.50 (d, 1 H, J,,, 4 Hz, 
H-l), 1.90-2.30 (cluster of s, 22 OAc). Anal. Calcd 
for C,,H,,,BrO,,: C, 48.25; H, 5.41; Br, 3.73. Found: 
C, 48.04; H, 5.35. 

Pentacosa-0-acetyl-a-maltooctaosyl bromide (12). 
-mp 102-104 “C; [(Y]~ + 142.6” (c 0.21, CHCI,); 
‘H NMR (200 MHz, CDCl,): 6 6.50 (d, 1 H, .I, 2 4 
Hz, H-l), 1.90-2.30 (cluster of s, 25 OAc). Aial. 
Calcd for C,,H,,,Br06,: C, 48.46; H, 5.44; Br, 3.29. 
Found: C, 48.63; H, 5.38. 

Deca-0-ace@-a-maltotriosyl bromide (13).-mp 
80-82 “C; [a], + 135.2” (c 0.92, CHCl,); ‘H NMR 
(200 MHz, CDCl,): 6 6.50 (d, 1 H, J,,, 4 Hz, H-l), 
1.90-2.30 (cluster of s, 10 OAc). Anal. Calcd for 
C,,H,,BrO,,: C, 46.21; H, 5.20; Br, 8.09. Found: C, 
46.02; H, 5.25. 

Trideca-0-ace@-a-maltotetraosyl bromide (14).- 
mp 88-90 “C; [cx]~ + 143.8” (c 0.96, CHCl,); ‘H 
NMR (200 MHz, CDCl,): S 6.50 (d, 1 H, J, 2 4 Hz, 
H-l), 1.90-2.30 (cluster of s, 13 OAc). Anal. Calcd 
for C,,H,,BrO,,: C, 47.07; H, 5.29; Br, 6.26. Found: 
C, 46.85; H, 5.22. 

Hexadeca-0-acetyl-wmaltopentaosyl bromide (15). 
-mp 92-94 “C; [al, + 145.4” (c 0.91, CHCl,); ‘H 
NMR (200 MHz, CDCl,): 6 6.50 (d, 1 H, J, 2 4 Hz, 
H-l), 1.90-2.30 (cluster of s, 16 OAc). Anal. Calcd 
for C,,H,,BrO,,: C, 47.61; H, 5.35; Br, 5.11. Found: 
C, 47.40; H, 5.28. 

p - Nitrophenyl 0 - (2,3,4,6 - tetra - 0 - acetyl - (Y - D - 
glucopyranosyl) - (I + 4) - tetrakis - LO - f2,3,6 - tri - O- 
acetyl-a-D-glucopyranosylM1 + 4)/-2,3,6-tri-o-ace- 
tyl - p - D - glucopyranoside (16).-mp 126-128 “C; 
[ aID + 104.6” (c 0.93, CHCl,); ‘H NMR (200 MHz, 
CDCl,): 6 8.25 (d, 2 H, Ph), 7.10 (d, 2 H, Ph), 
2.20-1.80 (cluster of s, 19 OAc). Anal. Calcd for 
C,,H,03N052: C, 50.29; H, 5.43; N, 0.73. Found: C, 
50.10; H, 5.38. 

p - Nitrophenyl 0 - (2,3,4,6 - tetra - 0 - acetyl- (Y - D - 
glucopyranosyl) - (1 + 4) -pentakis - LO - (2,3,6 - tri - O- 
acetyl-cY-D-glucopyranosylM1 + 4)/-2,3,6-tri-o-ace- 
tyl- p - D - glucopyranoside (17).-mp 132-134 “C; 
[c& + 110.3” (c 0.91, CHCl,); ‘H NMR (200 MHz, 
CDCI,): 6 8.25 (d, 2 H, Ph), 7.10 (d, 2 H, Ph), 
2.20-l .80 (cluster of s, 22 OAc). Anal. Calcd for 
C,,H,,,NO,O: C, 50.25; H, 5.45; N, 0.64. Found: C, 
50.06; H, 5.40. 

p - Nitrophenyl 0 - (2,3,4,6 - tetra - 0 - acetyl- a - D - 
glucopyranosyl) - (1 + 4) - hexakis - LO - (2,3,6 - tri - O- 
acetyl-cr-D-glucopyranosyl)-(I + 4)l-2,3,6-tri-o-ace- 
tyl- j3 - D - glucopyranoside (18).-mp 136-138 “C; 
[c& + 120.1” (c 0.73, CHCl,); ‘H NMR (200 MHz, 
CDCl,): 6 8.25 (d, 2 H, Ph), 7.10 (d, 2 H, Ph), 
2.20-1.80 (cluster of s, 25 OAc). Anal. Calcd for 
C,,,H,35N068: C, 50.22; H, 5.47; N, 0.56. Found: C, 
50.00; H, 5.42. 

p - Nitrophenyl 0 - (2,3,4,6 - tetra - 0 - acetyl - a - D - 
glucopyranosyl) - t I + 4)-0-(2,3,6-tri-0-ace@-o-D- 
glucopyranosyl) - f 1 +4)-2,3,6-tri-0-acetyl-P-D- 
glucopyranoside (19).-mp 122-124 “C; [ alD 
+61.3” (c 0.92, CHCl,); ‘H NMR (200 MHz, 
CDCl,): 6 8.35 (d, 2 H, Ph), 7.05 (d, 2 H, Ph), 
2.20-1.90 (cluster of s, 10 OAc). Anal. Calcd for 
C,,H,,NO,,: C, 50.53; H, 5.30; N, 1.34. Found: C, 
50.75; H, 5.35. 

p - Nitrophenyl 0 - (2,3,4,6 - tetra - 0 - ace@- CY - D - 
glucopyranosyl)-(I + 4)-bis-LO-(2,3,6-tri-O-acetyl-a- 
D-ghCOpyranOSy$(1 --+ 4)/-2,3,6-tri-0-acetyl-/3- D- 

glucopyranoside (20).-mp 118-120 “C; [a~]~ 
+76.9” (c 1.12, CHCl,); ‘H NMR (200 MHz, 
CDCl,): 6 8.25 (d, 2 H, Ph), 7.10 (d, 2 H, Ph), 
2.20-1.90 (cluster of s, 13 OAc). Anal. Calcd for 
C,,H,,NO,,: C, 50.41; H, 5.36; N, 1.05. Found: C, 
50.20; H, 5.40. 

p - Nitrophenyl 0 - (2,3,4,6 - tetra - 0 - ace@- (Y - D - 
glucopyranosyM1 -+ 4)-tris-LO-(2,3,6-tri-O-acetyl-a- 
D-ghCOpyranOSyl)-(1 --j 4)1-i?, 3,6-tri-0-acetyl-P-D- 

glucopyranoside (21).-mp 120-123 “C; [a],, 
+ 95.6” (c 1.1, CHCl,); ‘H NMR (200 MHz, CDCl,): 
6 8.25 (d, 2 H, Ph), 7.10 (d, 2 H, Ph), 2.20-1.80 
(cluster of s, 16 OAc). Anal. Calcd for C,,H,,NO,,: 
C, 50.34; H, 5.40; N, 0.86. Found: C, 50.10; H, 5.47. 
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2-Chloro-4-nitrophenyl O-(2,3,4,6-tetra-O-acetyl-o- 
D-ghCOpyrU?ZOSy~~-(1 + 4)-tetrakis-LO-(2,3,6-tri-O- 
acetyl-a-D-glucopyranosyl)-(I + 4)1-2,3,6-tri-o-ace- 
tyl - p - D - glucopyranoside (22).-mp 126- 128 “C; 
[LY]~ +81.5” (c 0.36, CHCl,); ‘H NMR (200 MHz, 
CDCl,): 6 8.30 (s, 1 H, Ph), 8.15 (d, 1 H, Ph), 7.30 
(d, 1 H, Ph), 2.30-1.90 (cluster of s, 19 OAc). Anal. 
Calcd for C,,H,,,ClNO,,: C, 49.40; H, 5.29; Cl, 
1.82; N, 0.72. Found: C, 49.18; H, 5.34. 

2-Chloro-4-nitrophenyl O-(2,3,4,6-tetra-O-acetyl-a- 
D-glucopyranosyl)-(I + 4)-pentakis-[O-(2,3,6-tri-O- 
UCetyl-cu-D-glUCOpyrUnOSyl)-(1 -+ 4)1-2,3,6-tri-o-ace- 
tyl - p - D - glucopyranoside (23).-mp 140-142 “C; 
[a], + 105.1” (c 0.15, CHCl,); ‘H NMR (200 MHz, 
CDCI,): 6 8.30 (s, 1 H, Ph), 8.15 (d, 1 H, Ph), 7.30 
(d, 1 H, Ph), 2.30- 1.90 (cluster of s, 22 OAc). Anal. 
Calcd for C,,H,,,ClNO,,,: C, 49.48; H, 5.33; Cl, 
1.59; N, 0.63. Found: C, 49.70; H, 5.27. 

2-Chloro-Cnitrophenyl O-(2,3,4,6-tetra-O-acetyl-a- 
D-glucopyranosyl)-(1 + 4)-hexakis-LO-(2,3,6-tri-O- 
acetyl-a-D-glucopyranosyl)-(1 + 4)/-2,3,6-tri-o-ace- 
tyl - p - D - glucopyranoside (24). -mp 14 1 - 143 “C; 
[a]‘, + 107.6” (c 0.99, CHCI,); ‘H NMR (200 MHz, 
CDCl,): 6 8.30 (s, 1 H, Ph), 8.15 (d, 1 H, Ph), 7.30 
(d, 1 H, Ph), 2.30-1.90 (cluster of s, 25 OAc). Anal. 
Calcd for C,,H,,,ClNO,,: C, 49.54; H, 5.36; Cl, 
1.41; N, 0.56. Found: C, 49.31; H, 5.42. 

2-Chloro-4-nitrophenyl O-(2,3,4,6-tetra-O-acetyl-a- 
D-glucopyranosyl)- t i -+ 4)-O-f2,3,6-tri-O-acetyl-c-u-D- 
glucopyranosyl) - (I + 4)-2,3,6-tri-O-ace@-P-D- 
glucopyranoside (25).-mp 104-106 “C; [ alD 
+47.6” (c 1.05, CHCl,); ‘H NMR (200 MHz, 
CDCl,): 6 8.30 (s, 1 H, Ph), 8.15 (d, 1 H, Ph), 7.25 
(d, 1 H, Ph), 2.30-1.90 (cluster of s, 10 OAc). Anal. 
Calcd for C,,H,,C1N02,: C, 48.92; H, 5.04; Cl, 
3.28; N, 1.30. Found: C, 48.70; H, 5.11. 

2-Chloro-4-nitrophenyl O-f2,3,4,6-tetra-O-acetyl-o- 
D-glucopyranosyl)-(1 + 4)-his-LO-(2,3,6-tri-O-acetyl- 
cu-D-glucopyranosyl)-(1 + 4)1-2,3,6-tri-O-acetyl-p- D- 

glucopyranoside (26).-mp 112- 115 “C; [a ID 
+ 73.2” (<‘ 1.07, CHCl,); ‘H NMR (200 MHz, 
CDCl,): 6 8.30 (s, 1 H, Ph), 8.15 (d, 1 H, Ph), 7.25 
(d, 1 H, Ph), 2.30- 1.90 (cluster of s, 13 OAc). Anal. 
Calcd for Cs6H7’, ClNO,,: C, 49.15; H, 5.16; Cl, 
2.59; N, 1.02. Found: C, 49.30; H, 5.10. 

2-Chloro-4-nitrophenyl O-(2,3,4,6-tetra-O-acetyl-cr- 
D-glucopyranosyl)-(1 + 4)-tris-LO-(2,3,6-tri-O-acetyl- 
cr-D-glucopyranosyl)-fl -+ 4)1-2,3,6-tri-O-ace@-D-D- 
glucopyranoside (27).-mp 113- 116 “C; [ a I, 
+77.9” (c 1.06, CHCl,); ‘H NMR (200 MHz, 
CDCl,): 6 8.30 (s, 1 H, Ph), 8.15 (d, 1 H, Ph), 7.30 
(d, 1 H. Ph), 2.30-1.90 (cluster of s, 16 OAc). Anal. 

Calcd for C,,H,,ClNO,: C, 49.29; H, 5.23; Cl, 
2.14; N, 0.85. Found: C, 49.06; H, 5.29. 

p - Nitrophenyl 0 - (a-D - glucopyranosyl) - (I + 4) - 
tetrakis - LO - (Y - D - glucopyranosyl - (1 + 4)1- p - D - 

glucopyranoside (28).-_[ a], + 92.7” (c 1.1, H,O); 
‘H NMR (200 MHz, D,O): 6 8.30 (d, 2 H, Ph), 7.20 
(d, 2 H, Ph), 5.30 (d, 1 H, J,,? 8.5 Hz, H-l), “C 
NMR (50.3 MHz, D,O): 6 162.53, 143.18 
(aromatic,), 126.84, 117.28 (aromatic), 100.56, 
100.13, (anomeric carbons), 61.22 (C-6 carbons). 
Anal. Calcd for C,,H,,NO,,: C, 45.37; H, 5.89; N, 
1.26. Found: C, 45.15; H, 5.84. 

p - Nitrophenyl 0 - (a - D -glucopyranosyl) - (I -+ 4) - 
pentakis - (0 - (Y - D - glucopyranosyl - (1 + 4)1- p - D - 

glucopyranoside (29).-[ (~1~ + 112.1” (c 0.6, H ,O); 
‘H NMR (200 MHz, D,O): 6 8.30 (d, 2 H, Ph), 7.20 
(d, 2 H, Ph), 5.28 (d, 1 H, .I’,2 8.5 Hz, H-l), “C 
NMR (50.3 MHz, D?O): 6 162.62. 143.21 
(aromatic, ), 126.89, 117.35 (aromatic), 100.62, 
100.20, (anomeric carbons), 6 1.20 (C-6 carbons). 
Anal. Calcd for C,,H,,NO,,: C, 45.25; H, 5.93; N. 
1.10. Found: C, 45.02; H, 6.01. 

p - Nitrophenyl 0 - ((Y-D - glucopyranosyl) - (I -+ 4) - 
hexakis - (0 - LY - D - glucopyranosyl - (1 -+ 4)1- p - D - 

glucopyranoside (30).-_[ a], + 116.7” (c 0.14, 
H,O); ‘H NMR (200 MHz, D,O): 6 8.30 (d, 2 H, 
Ph), 7.20 (d, 2 H, Ph), 5.30 (d, 1 H, J,,, 8.5 Hz, 
H-l). Anal. Calcd for C,,H,,NO,,: C, 45.16; H, 
5.97; N, 0.98. Found: C, 44.94; H, 5.90. 

p-Nitrophenyl O-(a-D-glUCOp~rUnOS~l~-~~ + 4)-o- 

ff - D - glucopyranosyl- (1 + 4) - p - D - glucopyranoside 
(31).-[ c& +50.6” (c 1.01, H,O); ‘H NMR (200 
MHz, D,O): 6 8.25 (d, 2 H, Ph), 7.20 (d, 2 H, Ph), 
5.30 (d, 1 H, J,., 8.5 Hz, H-l), ‘k NMR (50.3 
MHz, D,O): 6 162.47, 143.21 (aromatic,), 126.85, 
117.23 (aromatic), 100.62, 100.39, 100.09 (anomeric 
carbons), 77.74, 77.53 (C-4 carbons, except for the 
non-reducing end), 61.25 (C-6 carbons). Anal. Calcd 
for C,,H,, NO,,: C, 46.08; H, 5.64; N, 2.24. Found: 
C, 46.30; H, 5.57. 

p-Nitrophenyl O-(a-D-glucopyranosyl)-(1 + 4)&s- 
LO-a-D-glucopyranosyl-(I -+ 4)]-P-D-glucopyranoside 
(32).-[ a],, +67.16” (c 1.0, H,O); ‘H NMR (200 
MHz, D,O): 6 8.25 (d, 2 H, Ph), 7.20 (d, 2 H, Ph), 
5.30 (d, 1 H, .I’,, 8.5 Hz, H-l), ‘k NMR (50.3 
MHz, D,O): 6 162.58, 143.14 (aromatic,), 126.84, 
117.3 1 (aromatic), 100.72, 100.2 1, (anomeric car- 
bons), 78.24, 77.95, 77.71 (C-4 carbons, except for 
the non-reducing end), 61.29 (C-6 carbons). Anal. 
Calcd for C,,H,,NO,,: C, 45.75; H, 5.76; N, 1.78. 
Found: C, 45.55; H, 5.83. 

p-Nitrophenvl O-(a-D-glucopyranosyI)-(I + 4)-tris- 
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[O-a-D-gzucopyrunosyz-(1 + #)I-P-D-glucopyranoside 
(33).-_[a], +79.6” (c 0.9, H,O); ‘H NMR (200 
MHz, D,O): 6 8.30 (d, 2 H, Ph), 7.20 (d, 2 I-L Ph), 
5.30 (d, 1 H, Jr,, 8.5 Hz, H-l), 13C NMR (50.3 
MHz, D,O): S 162.61, 143.22 (aromatic,), 126.88, 
117.35 (aromatic), 100.71, 100.22, (anomeric car- 
bons), 61.27 (C-6 carbons). Anal. Calcd for 
C,,H,,NO,,: C, 45.52; H, 5.84; N, 1.47. Found: C, 
45.30; H, 5.92. 

2-Chloro-4-nitrophenyl O-(a-D-glucopyranosyl)- 
(I + 4)-tetrakis-JO-a-D-gJucopyranosyJ-(J --+ 4)1-p-D- 
glucopyranoside (34).-_[ (Y 1, + 100.5” (c 0.6, H,Ok 
‘H NMR (200 MHz, D,O): S 8.40 (s, 1 H, Ph), 8.20 
(d, 1 H, Ph), 7.35 (d, 1 H, Ph), 5.30-5.50 (bs, 6 H, 
anomeric protons). Anal. Calcd for C 42 H,,ClNO,,: 
C, 44.00; H, 5.63; Cl, 3.09; N, 1.22. Found: C, 44.21; 
H, 5.55. 

2-Chloro-4-nitrophenyl O-(a-D-glucopyranosyI)- 
(1 -+ 4)-pentakis-JO-a-D-gJucopyranosyJ-(J -+ 4)1-p-D 
-gZucopyranoside (35).-[ olD + 105.7” (c 0.6, H,O); 
‘H NMR (200 MHz, D,O): 6 8.40 (s, 1 H, Ph), 8.20 
(d, 1 H, Ph), 7.40 (d, 1 H, Ph), 5.30-5.50 (bs, 7 H, 
anomeric protons). Anal. Calcd for C 48H 74C1N038 : 
C, 44.06; H, 5.70; Cl, 2.71; N, 1.07. Found: C, 44.25; 
H, 5.76. 

2-Chloro-4-nitrophenyl O-(a-D-glucopyranosyI)- 
(1 -+ 4)-hexakis-JO-o-D-glucopyranosyl-(1 -+ 4)1-p-D- 
glucopyranoside (36).-[ (~1~ + 117.5” (c 0.6, H,O); 
‘H NMR (200 MHz, D,O): 6 8.40 (s, 1 H, Ph), 8.20 
(d, 1 H, Ph), 7.40 (d, 1 H, Ph), 5.30-5.50 (bs, 8 H, 
anomeric protons). Anal. Calcd for C,,H,,C1N0,3: 
C, 44.10; H, 5.76; Cl, 2.41; N, 0.95. Found: C, 43.88; 
H, 5.83. 

2-Chloro-4-nitrophenyl 0-(a-D-glucopyranosyl)- 
(I + 4) - 0 - (Y - D - glucopyranosyl - (1 + 4) - p - D - 

glucopyranoside (37).-[ (r]D + 49.5” (c 0.5, H,O); 
‘H NMR (200 MHz, D,O): S 8.40 (s, 1 H, Ph), 8.20 
(d, 1 H, Ph), 7.35 (d, 1 H, Ph), 5.40-5.50 (2 d, 2 H, 
anomeric protons), 5.35 (d, 1 H, Jr,, 9 Hz, H-l). 
Anal. Calcd for C,,H,,ClNO,s: C, 43.68; H, 5.19; 
Cl, 5.37; N, 2.12. Found: C, 43.95; H, 5.13. 

2-Chloro-4-nitrophenyl 0-(c~-D-gluCOpyranOS~yl)- 

(I + 4)-bis-JO-a-D-glucopyranosyl-fJ +4)1-p-D- 
glucopyranoside (38).-[ aID + 70.5” (c 0.36, H,O); 
‘H NMR (200 MHz, D,O): 6 8.40 (s, 1 H, Ph), 8.20 
(d, 1 H, Ph), 7.35 (d, 1 H, Ph), 5.35-5.50 (bs, 4 H, 
anomeric protons). Anal. Calcd for C,,H,ClNO,,: 
C, 43.83; H, 5.39; Cl, 4.31; N, 1.70. Found: C, 44.06; 
H, 5.39. 

2-Chloro-4-nitrophenyl O-(o-D-gJUCOpyrUnOsyl)- 
(J + 4)-tris-JO-a-D-gJucopyranosyJ-(J + 4)1-p-D- 

glucopyranoside (39).-L (Y ID + 81 .O” (C 0.43, H ,O>; 
‘H NMR (200 MHz, D,O): S 8.40 (s, 1 H, Ph), 8.20 
(d, 1 H, Ph), 7.35 (d, 1 H, Ph), 5.30-5.50 (bs, 5 H, 
anomeric protons). Anal. Calcd for C,,H,,ClNO,,: 
C, 43.93; H, 5.53; Cl, 3.60; N, 1.42. Found: C, 43.68; 
H, 5.59. 

p - Nitrophenyl 0 - (4, 6 - 0 - benzylidene - (Y - D - 

glucopyranosyl)-(1 + 4)-tetrakis-[O-a-D-gJuCOpyra- 
nosyl - (1 -+ 4)I - p - D - glucopyranoside (40).-_[ (Y ID 
+ 64.4” (c 0.54, H,O); ‘H NMR (200 MHz, D,O): 6 
8.25 (d, 2 H, Ph), 7.60-7.30 (m, 5 H, Ph), 7.20 (d, 2 
H, Ph), 5.70 (s, 1 H, PhCH). Anal. Calcd for C,,H,, 
NO,,: C, 49.04; H, 5.80; N, 1.17. Found: C, 49.26; 
H, 5.70. 

p - Nitrophenyl 0 - (4, 6 - 0 - benzylidene - (Y - D - 

glucopyranosyl)-(1 --) 4)-pentakis-JO-a-D-gJucopyra- 
nosyl- (1 + 4)I- p - D - glucopyrunoside (41).-_[ cx I,, 
+ 86.3” (c 0.96, H,O); ‘H NMR (200 MHz, D,O): 6 
8.25 (d, 2 H, Ph), 7.50-7.30 (m, 5 H, Ph), 7.25 (d, 2 
H, Ph), 5.60 (s, 1 H, PhCH). Anal. Calcd for C,,H,, 
NO,,: C, 48.49; H, 5.85; N, 1.03. Found: C, 48.27; 
H, 5.93. 

p - Nitrophenyl 0 - (4, 6 - 0 - benzylidene - a - D - 

glucopyranosyl)-( J --j 4)-hexakis-[O-a-D-gJucopyra- 
nosyl - f J -+ 4)I - J3 - D - glucopyranoside (42).--_[ (Y ID 
+ 89.5” (c 0.9, H,O); ‘H NMR (200 MHz, D,O): 6 
8.30 (d, 2 H, Ph), 7.60-7.40 (m, 5 H, Ph), 7.25 (d, 2 
H, Ph), 5.75 (s, 1 H, PhCH), 5.30 (d, 1 H, J,,, 9 Hz, 
H-l). Anal. Calcd for C,,H,,NO,,: C, 48.06; H, 
5.88; N, 0.92. Found: C, 48.29; H, 5.80. 

p - Nitrophenyl 0 - (4, 6 - 0 - benzylidene - a - D - 

glucopyranosyl) - (1 -+ 4) - 0 - a - D - glucopyrunosyl- 
(1 + 4)-/3-D-glucopyranoside (43).-_[ a]D +43.5” (c 
0.7, acetone); ‘H NMR (200 MHz, CD,OD): 6 8.25 
(d, 2 H, Ph), 7.60-7.30 (m, 5 H, Ph), 7.25 (d, 2 H, 
Ph), 5.60 (s, 1 H, PhCH). Anal. Calcd for 
C,,H,,NO,,: C, 52.16; H, 5.51; N, 1.96. Found: C, 
52.36; H, 5.57. 

p - Nitrophenyl 0 - (4, 6 - 0 - benzylidene - (Y - D - 

glucopyranosyl)-f J -+ 4)-bis-JO-a-D-gJucopyranosyJ- 
(1 -+ 4)J-p-D-glucopyranoside (44).-[c-w], +37.6” 
(c 0.15, H,O)); ‘H NMR (200 MHz, CD,OD, D,O): 
6 8.20 (d, 2 H, Ph), 7.50-7.30 (m, 5 H, Ph), 7.25 (d, 
2 H, Ph), 5.60 (s, 1 H, PhC H). Anal. Calcd for 
C,,H,,NO,,: C, 50.74; H, 5.64; N, 1.60. Found: C, 
50.53; H, 5.70. 

p - Nitrophenyl 0 - (4, 6 - 0 - benzylidene - a - D - 

glucopyranosyl)-f 1 + 4)-tris-JO-a-D-gZucopyranosyl- 
(I + 4)/-P-D-glucopyranoside (45).-_[ aID +41.3” 
(c 0.9, H,O); ‘H NMR (200 MHz, D,O): 6 8.20 (d, 
2 H, Ph), 7.60-7.30 (m, 5 H, Ph), 7.10 (d, 2 H, Ph), 



E. Farkas et al. / Carbohydrate Research 303 (1997) 407-41.5 415 

5.75 (s, 1 H, PhCH), 5.10 (d, I H, J,,, 9.0 Hz, H-l). 
Anal. Calcd for C,,H,,NO,,: C, 49.76; H, 5.73; N, 
1.35. Found: C, 49.99; H, 5.65. 
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