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Partially protected monosaccharides with free anomeric hydroxyl groups are useful in the 
synthesis of oligosaccharides [ l-31. A number of chemical methods are reported to remove 
the anomeric acyl group of peracylated carbohydrates [ 4-61, providing a useful route to 
partially protected saccharides [ 7,8]. Enzymatic reactions have also been used for this 
purpose [ 9-231. According to previous reports, primary acetyl esters in peracetylated 
sucrose are the most reactive sites for enzymatic hydrolysis [ 19-221, whereas the anomeric 
position in peracylated monosaccharides, including furanoses and pyranoses, is the most 
reactive site [ 231. Fink and Hay reported that maltose and cellobiose octaacetates ( 1 and 
2) were hydrolyzed by wheat germ lipase with low regioselectivity and a mixture of products 
was obtained [ 91. In our work, compounds 1 and 2 were hydrolyzed by various hydrolytic 
enzymes exclusively at the anomeric position. 

More than ten enzymes were examined for the hydrolysis of 1 and 2; the results are listed 
in Tables 1 and 2. All enzymes tested preferentially cleaved the anomeric esters (Scheme 
1). Among the enzymes, lipase AP-6 had the greatest rate of hydrolysis toward both 
substrates; protease II, protease N, and lipase N had moderate rates; lipase P, lipase AK, 
lipase GC, and lipase CE showed only a small rate. Lipase OF, lipase FAP-15, and alcalase 
had a moderate rate toward 1, but a small rate toward 2. 
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Table 1 
Hydrolysis of maltose octaacetate by various enzymes 

Enzymes Reaction solution Reaction time (h) Yield (%) 

Lipase AP-6 

Lipase OF 
Lipase MY 
Lipase P 
Lipase N 
Lipase AK 
Protease II 
Akalase 
Protease N 
Lipase FAP-15 
Lipase AY 30 
Lipase CE 
Lipase CC 
PPL 

phosphate buffer 1.5 
4: 1 phosphate buffer-EtOH 1.5 
phosphate buffer 96 
phosphate buffer 168 
phosphate buffer 168 
phosphate buffer 24 
phosphate buffer 168 
4: 1 phosphate buffer-DMF 8 
phosphate buffer 48 
4: 1 phosphate buffer-DMF 24 
phosphate buffer 120 
phosphate buffer 168 
phosphate buffer 168 
phosphate buffer 168 
phosphate buffer 120 

98 
98 
90 

<20 
<20 

96 
<20 

90 
70 
85 
80 

<20 
<20 
<20 
<20 

The products obtained from hydrolysis of 1 by various enzymes showed two peaks in 
HPLC. After NMR analysis, two products were identified as the cy and 6 forms of 
2,3,6,2’,3’,4’,6’-hepta-O-acetyl-maltose (3cu and 3/?) that interconverted through mutaro- 
tation. In order to demonstrate further the enzymatic cleavage at C- 1, we reacted the mixture 
of products (34~ and 3j3) with tert-butyldimethylsilyl chloride in pyridine, resulting in tert- 
butyldimethylsilyl 2,3,6,2’,3’,4’,6’-hepta-O-acetyl-P_maltoside (5) (Scheme la). This 
selectivity for the formation of the /3 anomer is unexpected and may be ascribed to a steric 
effect. 

Table 2 
Hydrolysis of cellobiose octaacetate by various enzymes 

Enzymes 

Lipase AP-6 

Lipase OF 
Lipase MY 
Lipase P 
Lipase N 
Lipase AK 
Protease II 
AIcalase 
Protease N 
Lipase FAP- 15 
Lipase AY 30 
Lipase CE 
Lipase GC 
PPL 

Reaction solution 

phosphate buffer 
4:l phosphate buffer-EtOH 
phosphate buffer 
phosphate buffer 
phosphate buffer 
phosphate buffer 
phosphate buffer 
4:l phosphate buffer-DMF 
phosphate buffer 
4:l phosphate buffer-DMF 
phosphate buffer 
phosphate buffer 
phosphate buffer 
phosphate buffer 
phosphate buffer 

Reaction time (h) Yield (%) 

2.5 98 
2.5 98 

168 <20 
168 <20 
168 <20 
168 90 
168 <20 

24 90 
168 <20 

72 90 
168 <20 
168 <20 
168 <20 
168 <20 
168 <20 
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Table 3 
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‘H NMR chemical shifts of 1,3q 3/S, and 5 

H-l 
H-2 
H-3 
H-4 
H-5 
H&a 
H-6b 

H-l’ 
H-2’ 
H-3’ 
H-4’ 
H-5’ 
H-6’a 
H-6’b 

1 3a 3P 5 

5.67( t, J1,2 8.0) 
4.89( dd, J2,9 8.6) 
5.22( t, J3,+ 8.7) 
3.96-3.99 
3.75-3.78(m) 
4.38( dd, .Is,a. 2.3) 
4.16( dd, J5,6b 5.4, 
.I 6a,6b 12.3 I 
5.33(d, I,,,,, 4.0) 
4.78( dd, J2,,3, 10.5) 

5.27(t, Jsr,c,r 9.7) 
4.97(t, J&,5, 9.9) 
3.85-3.X8(m) 
4.14-4.18 
3.9fF3.99 

5.27-5.35 4.6W.75 
4.72(dd, J2,3 9.7) 4.66-4.75 
5.52( t, .73,4 9.4) 5.22( t, J3,,, 9.0) 
3.94( t, J4,5 9.9) 3.94(t, J4,5 9.9) 
4.14-4.21(m) 3.67-3.71 (m) 
4,43(dd,J6s,6b 11.3) 4.43(dd, Ja.,6,, 11.3) 
4.14-4.21 4.14-4.21 

=7(d,Jwr 3.6) 5.37(d, JI,,z, 3.9) 
4.72( dd, J2,,3, 10.5) 4.80(dd, J2,.3, 10.5) 
5.27-5.35 5.27-5.35 

5.OO(L Jzwr 9.8) 4.99(t, Jwr 9.8) 
3.90-3.97(m) 3.9&3.97(m) 
4.14-4.21 4.144.21 
4.02-4.04 4.02-4.04 

COOCH, 1.92-2.06(m) 
SiC(CH,), 
WCHS), 

1.94-2.11(m) 1.94-2.11(m) 

4.72-4.76 
4.72-4.76 
5.21 (t, J3,4 9.0) 
3.94( t, J4,5 9.2) 
3.64-3.70(m) 
4.43 (dd, J5,6a 2.6) 
4.17(dd, JS,6b 5.3, 
J 6a,6h 11.9) 
5.38(d, J,,,z, 4.0) 
4.81 (dd, J2,,3, 10.5) 
5.32(t, J3,,+ 10.1) 

5.01 (t, Jw, 9.9) 
3.91-3.97(m) 

4.23(dd, Jm,a 4.0) 
4.02(dd, J~I, 1.9, 
J 6ra,6rb i 2.5 1 

1.98-2.10(m) 
0.84-0.88(m) 
0.07WXOS(m) 

Two products were also obtained from hydrolysis of 2 with various enzymes. Using the 
same methods as described above, we identified them as the cx and p forms of 
2,3,6,2’,3’,4’,6’-hepta-O-acetyl-cellobiose (4cu and 4/3); tert-butyldimethylsilyl 
2,3,6,2’,3’,4’,6’-hepta-O-acetyl-/3-cellobioside (6) was formed by reaction with 
terf-butylchlorodimethylsilane (Scheme lb). 

The structures of 3cr and 3p were determined mainly by ‘H-lH COSY and ‘H-13C 
HMQC (Heteronuclear Multiple Quantum Correlation) spectra. The chemical shifts of 1, 
3q 3/j, and 5 are listed in Tables 3 and 4. The chemical shift of H-l in 1, assigned at 5.67 
ppm, shifted upfield to 5.27-5.35 ppm in 3a and to 4.66-4.75 ppm in3P after deacetylation. 
These results indicate that the deacylation occurred at the anomeric site. The signals of H- 
3 and H-5 in 3p assigned at 5.22 and 3.67-3.71 ppm are the same as those of 1; while the 
signals of the same two protons in 3cw were shifted downfield to 5.52 and 4.14-4.21 ppm. 
The 13C chemical shifts of C-l, C-2, C-3, and C-5 in 3p were found more downfield than 
those of 3ru. According to the intensity of ‘H NMR signals and the area of the HPLC profile, 
the ratio of 3rw to 3p was estimated to be 2.5:l. NMR data of 5 showed similar chemical 
shifts to those of 3p and the structure of 5 was identified to be tert-butyldimethylsilyl 
2,3,6,2’,3’,4’,6’-hepta-O-acetyl-P-maltoside. 

The structures of 4rw, 4p, and 6 were determined and the interpretation and assignments 
of the spectra were similar to those of the maltose derivatives described above (Tables 5 
and 6). 

These results indicate that anomeric esters of 1 and 2 are the most reactive in the enzymatic 
reaction regardless of an a or fi glycosidic linkage between two glucosyl moieties. Enzy- 
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Table 4 
13C NMR chemical shifts of 1,3cu, 3p, and 5 

1 3lr 3P 5 

C-l 91.15 89.76 94.66 95.23 
c-2 70.83 71.53 73.56 74.01 
c-3 75.10 72.23 74.87 75.42 
c-4 72.36 72.52 72.52 73.09 
c-5 72.88 67.46 72.52 72.12 
C-6 62.42 62.74 62.74 63.02 
C-l’ 95.61 95.36 95.36 95.49 
C-2’ 69.91 69.90 69.90 69.97 
C-3’ 69.19 69.25 69.25 69.35 
C-4’ 67.87 67.88 67.88 68.04 
c-5 ( 68.47 68.25 68.25 68.51 
C-6’ 61.35 61.30 61.30 61.60 
C-COCH, 168.66170.43 169.44-170.61 169.44-170.61 169.44-170.53 
c-COG& 20.41-2073 20.48-20.74 20.48-20.74 20.60-20.94 
Si-C( CH3) 3 17.84 
Si-C(CH3)3 25.40 
Si-tcH3h - 4.36 

- 5.47 

matic deacetylation then provides an efficient way to prepare 2,3,6,2’,3’,4’,6’-hepta-U- 
acetyl-maltose/cellobiose in high yield on a scale of up to 10 g. 

Table 5 
‘H NMR chemical shifts of 2,4a, 48 and 6 

2 4Lx 4P 6 

H-l 
H-2 
H-3 
H-4 
H-5 
H-6a 
H-6b 

H-l’ 
H-2’ 
H-3’ 
H-4’ 
H-5’ 
H-6’a 
H-6’b 

COOCH, 
SiC(CH3)3 
Si(CH,), 

5.61(d,JI,z 8.3) 
4.98( dd, Jz,j 9.4) 
5.17(t, 53.4 9.1) 
4.76( t, J,,s 9.2) 
3.67-3.72(m) 
4.42(dd, J5,6a 1.6) 
4.06(dd, J5,6b 4.7, 
J ba.& 12.1) 
4.60(d,J,,, 7.9) 
4.86(t, Jz,,~, 8.5) 
5.Ow JJ,,+ 9.21 
5.01 (t, J4,,5,9.5) 
3.58-3.64(m) 
3.99( dd, Js,ea 2.2) 
4.31 (dd, Jsr,m, 4.5, 
J 6,a,6& 12.5) 
1.92-2.07(m) 

5.34(d,J1,2 3.6) 4.72( d, J,,z 5.8) 4.65(d, -I,,, 7.6) 
4.77-4.82 4.77-4.82 4.81 (dd, Jz,3 9.7) 
5.4X( t, J3,4 9.7) 5.20( t, .J3,_$ 9.0) 5.12( t, J3.4 9.7) 
3.72( t, J4,5 9.3) 3.77( t, J4.5 9.8) 3.68( t, J4,5 9.3) 
4.10-4.20(m) 3.60-3.67(m) 3.53-3.66(m) 
4.47-4.5 1 4.47-4.51 4.4111.43 
3.9Ekt.20 3.98-4.20 4.04( dd, J5,6b 6.0) 

4.52-4.53 4.52-4.53 
4.94(t, Jz,,a, 8.6) 4.94(t, J,,,,, 8.6) 
5.w J3,+, 9.2) 5.17(t, Jw, 9.2) 
5.04(t, JA,,s 9.3) S.Wt, Jdrs, 9.3) 
3.6&3.67(m) 3.6&3.67(m) 
3.9G4.20 3.98-4.20 
4.35(dd, J~,,~,~ 4.2, 4.35(dd, Jsrxirb 
J 6ra,~,b 12.5) 4.2,J6,.+ 12.5 I 
1.95-2.10(m) 1.95-2.10(m) 

4.71 
4.88( t, Jz,,xr 8.5 1 
5.2wt, J3,,4,9.3) 

5.010, J4r,5, 9.2) 
3.53-3.66(m) 
3.99(dd,J5r,c,a 1.8) 
4.32( dd,J5,,6,b 4.5 
J 6ra,6rb 12.4) 
1.94-2.06(m) 
0.81-0.82(m) 
0.04-0.05(m) 
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Table 6 
13C NMR chemical shifts of 2,44 4/?, and 6 

C-l 
c-2 
c-3 
c-4 
c-5 
C-6 
C-l’ 
C-2’ 
C-3’ 
C-4’ 
C-5’ 
C-6’ 
C-COCH, 
c-COCH, 
Si-C( CH,), 
Si-C(CH,), 
WC%), 

2 4a 48 
91.54 89.91 95.12 
70.38 71.24 73.18 
72.31 69.30 71.95 
75.79 76.45 76.45 
73.48 68.07 72.86 
61.57 61.75 61.75 

100.55 100.58 100.71 
71.50 71.57 71.57 
72.82 72.92 72.92 
47.81 67.78 47.78 
71.94 71.83 71.83 
61.57 61.53 61.53 

168.72-170.37 169.05-170.59 169.05-170.59 
20.40-20.68 20.49-20.85 20.4%20.85 

6 
95.49 
73.36 
72.35 
77.62 
72.69 
62.04 

100.74 
71.53 
72.84 
67.72 
71.89 
61.52 

169.28-170.46 
20.49-20.72 
17.80 
25.37 

- 4.45 
-5.52 

1. Experimental 

Lipase AP6 (Aspergillus niger), lipase P (Pseudomonas sp.), lipase N (Rhizopus 

niueus), lipase FAP-15 (Rhizopus oryzae), lipase AY-30 ( Candida cylindmcea) , lipase 
CE (Hww?& sp.), lipase GC ( Geotrichum candidurn), lipase AK (Pseudomonas sp.), 

and Protease N ( BaciEEus sp. ) (Arnano Pharmaceutical. Co. Ltd, Japan), lipase OF (Can- 
dida cylindracea) and lipase MY ( Cundidu cylindracea) (Meito-Sangyo Co. Ltd, Japan), 
alcalase (subtilisin Carlsberg) (Novo, Denmark), protease II (Aspergillus oryzae) , and 
porcine pancreas lipase (PPL) (Sigma, USA) were purchased as indicated. These crude 
enzymes were used for hydrolytic reactions without further purification. TLC was performed 
on Silica Gel GBO, (E. Merck, Germany) precoated on aluminum sheets with 1:50 MeOH- 
diethyl ether as the developing solvent. An HPLC system (Gilson, Inc, France) used for 
analytical separations consisted of one 302 pump, one 305 pump, an 811B dynamic mixer, 
an 805 manometric module, and a model 7125 syringe-loading sample injector (Rheodyne 
Inc, USA), coupled to a 115 variable-wavelength UV spectrophotometer and a microcom- 
puter with HPLC method manager software (Dynamax, version 1.2) as an integrator. The 
two anomers were separated by using a Cl8 column (10 pm particle size, 250 X 4.6 mm) 
eluted with 4:l H,O-MeCN at a flow rate of 1.0 mL/min and UV 214 nm detection. Optical 
rotations were measured with a Polartronic universal polarimeter (Schmidt and Haensch, 
Germany). Melting point (Biichi 510, apparatus) are uncorrected. The ‘H and 13C NMR 
spectra of samples in CDCl, were recorded with AM300 and AMX500 MHz instruments 
(Briiker, Germany). All chemical shifts are reported in ppm relative to tetramethylsilane. 

2,3,6,2’,3’,4’,6’-Hta_O-~ce~Z-~,~-~u~t~~e (30 and 3@)_--To a solution of 1 (10 g, 
15 mmol) in either phosphate buffer (0.1 M, 20 mL, pH 7 containing 0.2 M NaCl and 3 
mM CaCl,) or the same buffer (480 mL) containing organic solvent (120 mL, shown in 
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Table 1) was added the desired enzyme (30 g). The mixture was stirred at 37°C and 
monitored by TLC. The reaction was stopped by extracting the products with CHCI, and 
then evaporating under reduced pressure_ The products, purified on a silica gel (70-230 
mesh) column with 4:l hexane-diethyl ether as the eluent, showed two peaks in HPLC. 
From NMR identification, the major component was 2,3,6,2’,3’,4’,6’-hepta-O-acetyl-cx- 
maltose and the minor one was 2,3,6,2’,3’,4’,6’-hepta-0acetyl-P-maltose; mp 176-179°C; 
[ a]$ + 98.0” (c 1.0, CHCl,); lit [24] mp 179-180°C [a]:: + 86.0” (c 1.04, CHCl,). 
The yields and NMR data are listed in Tables 1,3, and 4. EIMS (70 eV) : m/z ( %) 43( lOO), 
81( lo), 169(41), 211(2), 229(27), 271(l), 289(4), 331(U). 

tert-Butyldimethylsilyl-2,3,6,2’,3’,#’,6’-hepta-O-ace~l-~-ma~toside(5) _-To a solution 
of pyridine (2 mL) , the mixture of 3c~ and 3@ (22 mg) was added. After stirring for 5 min, 
tert-butyldimethylsilyl chloride was added. The mixture was stirred continuously for 50 h, 
then poured into water (20 mL) and extracted with EtOAc (3 X 15 mL) . The organic 
extracts were evaporated and applied to an aluminum oxide column with 2: 1 hexanediethyl 
ether as eluent to give 5 (23.4 mg, 90%); mp 101-103°C; [ CX]~ +43.0” (c 1.0, CHCl,); 
NMR data in Tables 3 and 4. EIMS (70 eV): m/z (%) 169( loo), 211( 6), 229( 14), 
271(5), 289(2), 331( 19), 403(29), 517(25). Anal. Calcd for C32H50018Si: C, 51.19; H, 
6.67. Found: C, 51.19; H, 6.80. 

2,3,6,2’,3’,4’,6’-Hepta-0-acetyl-a$-celse (4a! and 4p) .-A solution of 2 [ 24 ] 
( 10 g, 15 mmol) was treated as described for the preparation of 3a! and 3p; mp 192-198°C; 
[ aIf: + 27.0” (c 1.0, CHC13) ; lit [24] mp 170-19O”C, [ (.Y]&~ + 27.0” (c 1.15, CHC13). 
The yield and NMR data are in Tables 2, 5, and 6. EIMS (70 eV): m/z (%) 43( loo), 
81(10), 169(36),211(l), 229(3),271(l), 289(7),331(14). 

tert-ButyldimethylsilyZ-2,3,6,2’,3’,#’,6’-hepta-O-ace~l-~-celZobioside (6).-The prep- 
aration of 6 from the mixture of 40 and 4p (40 mg) proceeded as described for 5 yielding 
6 (35 mg,75%); mp 141-143°C; [ CX]$ - 16.7” (c 2.4, CHCl,); NMR data in Tables 5 and 
6. EIMS (70 eV): m/z (%) 43(100), 169(84), 211(5), 229(18), 271(5), 289(3), 
331(29), 403(g), 517(2). Anal. Calcd for C3,H,,01sSi: C, 51.19; H, 6.67. Found: C, 
51.26; H, 6.87. 
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