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ABSTRACT 

The regioselectivity of a pig liver esterase (PLE) catalyzed hydrolysis of methyl 
2,3-di-0-acetyl-5-deoxy-a-~-arabinohranoside (1) and methyl 2,3-di-O-acety1-5-deoxy- 
13-D-arabinofhranoside (2) was established by GLC. Diacetate 1 gave exclusively methyl 
3 -0-acetyl-5-deoxy-a-D-arabinofuranoside while diacetate 2 produced both methyl 2-0- 
acetyl-5-deoxy-p-D-arabinofuranoside and methyl 3-0-acetyl-5-deoxy-P-~-arabinofhran- 
oside which were resistant to subsequent hydrolysis The Michaelis constants and 
maximal velocities were determined for 1 and 2 The first-order rate constants were 
computed for 1, 2,  and all corresponding monoacetates. The results were evaluated on 
the basis of a Jones's active-site model for PLE and the additional criteria valid for acetvl 
esters of pentohranosides were proposed 

INTRODUCTION 

In the chemistry of carbohydrates. the introduction or removal of protecting 

groups is one of the most fiequent synthetic transformations. A given hydroxyl group has 
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1192 MORAVCOVA ET AL. 

to be protected or unprotected under mild conditions and with a high yield. The use of an 

acyl group, namely the acetyl group, has been widely accepted in this regard. For the 

manipulations of ester protecting groups, several enzymic methods have been utilized 

according to their chemoselectivity, regioselectivity or stereoselectivity. ' Pig liver 

esterase (PLE, E. C. 3.1.1.1 .), a serine hydrolase, seems to be an enzyme of the first 

choice because the stereochemistry of its active site as well as the rules controlling the 

selectivity have been well-documented by a Jones's active-site model.2 

In a recent paper,3 we reported the kinetic evaluation of a PLE catalyzed 

hydrolysis of methyl 2,3-di-O-acetyl-5-deoxy-a and P-D-xylofuranosides involving the 

corresponding mono-0-acetyl derivatives. The regioselectivity observed3 was in hll 

agreement with that published previously for the hydrolysis of (+trans-cyclopentan- 1,2- 

diol diacetates4 and methyl 2,3-di-O-acetyl-a- and P-~-threofbranosides.~ The results 

were interpreted by the Jones's active-site model originally proposed2 for the prochiral or 

racemic methyl diesters. Some attempts were made to define the regularities governing 

the regioselectivity of the hydrolysis of acetate esters derived from cyclic chiral diols.' 

At present, we decided to extend our study to another model substrate having 

also two trans-oriented vicinal 0-acetyl groups bound to a flexible hranose ring. 

RESULTS AND DISCUSSION 

Methyl 2,3-di-O-acetyl-5-deoxy-a-~-arabinofuranoside and methyl 2,3-di-0- 

acetyl-5-deoxy-~-D-arabinohranoside (q4 and the corresponding monoacetates 3 - 6 

were isolated from an acetylation mixture of diols 7 and 8,6 respectively. Acetylation was 

performed with a 7-fold molar excess of acetic anhydride in pvridine under kinetic 

control. An optimized reaction time giving the highest yield of monoacetates was 

established by GLC. M e r  60 min, the monoacetates 3 - 6 were obtained in moderate 

yields ranging from 15 to 30 %. The all new compounds 3 - 6 were identified in the 

usual manner (optical rotation, MS, 'H and 13C NMR, see Experimental). 
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PLE CATALYZED HYDROLYSIS 1193 

The kinetic scheme of PLE catalyzed 

hydrolysis of the title compounds 1 and 2 

consists of four reactions, each of which is 

characterized by a rate constant as outlined in 

the Scheme. The magnitude of the individual 

rate constants can be influenced by the stability 

of an appropriate enzyme-substrate (ES) 

complex and the regioselectivity is determined 

by the ratio of corresponding rate constants, 

e.g., kdk;, k3’/kz, and k2’/k3. The kinetics of PLE hydrolysis of both 1 and 2 were 

checked by GLC (Figures 1 and 2 )  and the individual first-order rate constants were 

calculated (Table 1). In the case of the a-diacetate 1, the ester group at position 2 is 

hydrolyzed exclusively to give 3-0-acetate 4 in almost quantitative yield. The 

regioselectivity of the PLE hydrolysis of 1 is clearly controlled by the rate constants k2>> 

kz, k3’<<k2, and kz’>>k3 (Table 1). In contrast, the PLE hydrolysis of P-diacetate 2 

produces both monoacetates 5 and 6 (k2-k3) which are accumulated during the reaction 

because the rate of their subsequent hydrolysis substantially decreases (k3’<<k2, k2’<<k3). 

This is precisely the regioselectivity found for methyl 2,3-di-O-acetyl-5-deoxy-a- and 8- 
D-xylohran~sides~ as well as for methyl 2,3-di-O-acetyl-a- and a-D-threofuranosides5 if 

the glycosides with the same relative configuration at C-1 and C-2 are compared. 

3(5) / k2 
A3 

1(2) 7(8)  

4(6) 

Scheme 

In addition, a Lineweaver-Burk plot was used to calculate both Michaelis 

constant (KM, moldm”) and maximal velocity (V,,,, m~ldm”s-~)  for the PLE hydrolysis 

of the starting diacetates 1 and 2 (Figure 3): 1, KM = 1.43 x lo-’, V,,, = 7.03 x lo5; 2, 

K h j  = 2.02 x In comparison with the K M  found3 for methyl 3,3- 

di-0-acetyl-5-deoxy-a- and P-D-xylofuranosides, these lower KM values suggest a 

V,,, = 1.10 x 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
4
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



1194 

0 1  
13 
0 4  
0 7  

1 
J 

0 80 160 240 320 
Time (mh) 

MORAVCOVA ET AL. 

Figure 1. Enzymic hydrolysis of 1 
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Figure 2. Enzymic hydrolysis of 2 
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PLE CATALYZED HYDROLYSIS 1195 

Table 1. The first-order rate constants for the PLE hydrolysis of acetates 1 and 2 

lo4 k (s-') 
Substrate (Correlation coefficient) 

k2 + k3 kza k c  k2) k3' 

1 15.53 15.30 0.23 >20b 0.015 

(0.98 5 9) (-> (-) (-) (0.9717) 

2 1.98 0.77 1.21 0.02 0.03 

(0.9977) (-1 (-1 (0.9784) (0.93 19) 

a. according to the initial velocities of the formation of individual monoacetates 
b. hydrolysis carried out with a half time about 5 min 

stronger binding of 1 or 2 into ES complex. Thus, the acetates of 5-deoxy-~- 

pentofbranosides with the arubino configuration represent better substrates for PLE than 

15 
those having the xylo 

0 1  
3 - \  

1 o4 1 No configuration. 
(rnol-ldm SJ 4 0 2  

1 
When considering 

R'= 0.981 1 I possible effects influencing the 

stability of the ES complexes, 

it is usefbl to evaluate the 4 / R' = 0.9829 ' acetates investigated thus far 
n 

(Table 2) using a generally 

applicable active site model' 

for PLE. Thus, both ester 

" 

0 100 200 300 

l/[S], (mor'dm3) 

Figure 3. The double-reciprocal plot for groups of the P-arabzno ( 2 )  

and the a-arubino (1) 

diacetates are hydrolyzed faster then those of a-xylo and p-xylo diacetates, respectively 

(k3wobmJk3q/o ,  k2arablndk~q1o,  Table 2). 

According to the rules,237 the corresponding ES complexes for the hydrolysis of 1 and 2 

are characterized by location of the unhydrolyzed acetyl group in the PF binding site 

the hydrolysis of 1 and 2 
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1196 MORAVCOVA ET AL. 

Table 2. Ratios of the rate constants of the PLE hydrolyses of methyl 2,3-di-O-acetyl-5- 

deoxy-r>-pentofUranosides. 

Configuration Ratio 

of diacetates 

k3arabm&3xylo k2arubmolk2xy1o kJk2 k3 'Ikz k2'1k3 

p-urubino (2) 1.8 0.5 4.7 

a-vio3 1.6 0 04 0.01 

a-urubino (1) <0.@1 0 03 97 

2.2 2.6 

25 11 
P-XVZO' <0.01 0.001 67 

(Figure 4). Evidently, this orientation of the vicinal 0-acetyl groups is energetically 

favored over that of xylu diacetates in which the unhydrolyzed ester group is placed in 

the PB zone.' Furthermore, this conclusion reveals a lower reaction rate for PLE 

hydrolysis of methyl 2,3-di-0-acetyl-5-deoxy-~-xylofUranosides in comparison with 

methyl 2,3-di-O-acetyl-~-threofUranosides, which has been previously attributed to an 

effect of the C-4 methyl group.' For the substrates displaying a cis-relationship between 

C-1 and C-2 atoms (P-urubino, a-xylo, Table 2), two essentially equivalent binding 

modes may be possible. The ES complex of the hydrolysis of 2-0-acetyl moiety in 2 

(Figure 4c) is stabilized by a hydrclgen bond between the methoxyl group and the PB site 

and similarly the ES complex for the reaction of 3-0-acetyl group (Figure 4d) reflects a 

hydrophobic interaction into HL pocket. In contrast, the ES complexes of diacetates with 

trans configuration of C-1 and C-2 (a-urubino, p-xylo, Table 2) leading to the hydrolysis 

of 3-0-acetyl group are precluded since no additional hydrophobic or polar interaction is 

involved (Figure 4b). 

The important difference between the corresponding monoacetates with xylo and 

arnbino configurations is the resistance of 5 and 6 to fbnher hydrolysis, which results in 

their accumulation in a reaction mixture (Figure 2, Table 2). This corresponds to the 
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PLE CATALYZED HYDROLYSIS 1197 

PR 

Figure 4. The ES complexes for the hydrolysis of 1 at positions 2 (a) and 3 (0). The ES 
complexes for the hydrolysis of 2 at positions 2 (c) and 3 (d). 

limitation, noted previously,3 of the inability of the PF zone to accept a polar hydroxyl 

group if no additional interaction stabilizes an ES complex. 

Finally, the proposed ES complex for the PLE hydrolysis of 2-0-acetate 3 

illustrates well the additive character of the antagonistic interactions (Figure 5) .  In this 

case, the rate of the PLE hydrolysis is high (Table 

1) although the binding mode requires the pL3 
disfavored orientation of the hydroxyl group into 

the PF pocket. A strong hydrogen bond between 

the methoxyl group and the PB site in the 3-PLE 

complex plays a decisive role and thus the 

hvdrolvsis of 3 is accelerated in contrast to the < <  

monoacetates 5 and 6. 
Figure 5. The ES complex for the 

hydrolysis of 3 
The PLE catalyzed hydrolysis of the title 

compounds 1 and 2 can be very usefbl on a preparative scale, the yields of monoacetates 

5, 6 and mainly 4 being substantially higher then those attained through partial 

acetylation. 
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1198 MORAVCOVA ET AL. 

CONCLUSIONS 

The results of the PLE catalyzed hydrolyses of diacetates of trans- 

cyclopentanediols,' methyl threofirran~sides,~ methyl 5-deoxyxylofUranoside~,~ and 

methyl 5-deoxyarabinofirranosides (this work) can extent the applicability of a Jones's 

active site model of PLE.' Moreover, they imply other important guidelines: 

a) The orientation of an unhydrolyzed acetyl group into the PB site is allowed but 

its location in the PF binding site is still energetically favored. 

b) The orientations themselves, while allowed according to a), are not sufficient 

for the hydrolysis. Other interactions with hydrophobic or polar binding site of the 

enzyme seem to be essential. 

c) The most important requirement is the binding of a hydrophobic portion of the 

substrate into the HL pocket. Interestingly, the relatively polar methoxyl group can be 

accommodated in the HL site as well. 

d) The formation of a hydrogen bond with the Pg site stabilizes the ES complex 

as originally proposed.* In this respect, the methoxyl group is preferred over a hydroxyl 

group 

EXPERIMENTAL 

General procedures. Optical rotations were measured on a JASCO Model DIP- 

370 polarimeter. Melting points were determined with a Kofler hot block and are 

uncorrected. NMR data were extracted from spectra measured in CDCL solutions 

(Mer% as an internal standard) at 25 "C with a BRUKER AM 400 spectrometer ('H, 400 

MHz; I3C, 100.62 MHz). I3C assignments were made using a HETCOR experiment and 

H NMR shifts were obtained by first order analysis of spectra using a COSY experiment 

and from selective homodecoupling. Mass spectra were recorded on a JEOL DX 303 

instrument using an EI technique at 70 eV. The enzyme catalyzed hydrolyses were 

carried out under nitrogen in a pH-stat RTS 822 (Radiometer, Denmark) using 

thermostated vessels with a magnetic stirrer. Porcine live esterase (PLE, 31.4 U/mg of 

1 
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PLE CATALYZED HYDROLYSIS 1199 

protein, based on ethyl acetate as a substrate) was purchased from Sigma (USA) as a 

suspension in 3.2 M (NH4)2S04, containing 8 mg of protein per mL. Column 

chromatography was performed on Silica Gel Lachema (1 00- 160 pm, Czech Republic), 

and TLC on Silica Gel according to Stahl (10-40 pm, Merck, Germany): system A, 

benzene-acetone 8: 1; system B, benzene-acetone 1 : 1. The spots on TLC were detected 

by spraying with 1% Ce(SO& in 10% H2S04 and subsequent mineralization. Solutions 

were concentrated under reduced pressure with a bath temperature below 40 "C. 

GLC. Analyses were performed with a Hewlett-Packard 5890 A instrument 

equipped with a flame-ionization detector. A fused silica capillary column (50m x 

0.3 lmm 1.D ) with chemically bonded phenyl methyl silicone (5 %, film thickness 0.5 p 

m) was used with nitrogen as a carrier gas at a flow rate 1.8 mL/min (split 1:50). 

Temperature: 100 "C (5 min), 4 "C/min up to 152 "C, 60 "C/min up to 180 "C, 180 "C (2 

min); detector, 230 "C; injector, 200 "C. The following retention times (in min) were 

obtained: 1, 15.24; 2, 15.67; 3, 10.26; 4, 10.87; 5, 11.97; 6,  11.56; 7, 8.32; 8, 6.80. 

The Kinetics of the Enzyme Catalyzed Reaction. To a 0.035 M solution (2 

mL) of each substrate 1 - 6 in 0.5 M KCl at 25 "C, after adjustment of the pH to 8.0 and 

stirring for 10 min, PLE (10 pL of original concentrate) was added. By titration with 

0.101 M NaOH the pH of solution was kept at 8.0 and aliquots of the reaction mixture 

(100 pL) were withdrawn during several hours. The reaction was stopped by addition of 

toluene (100 pL), the mixture was concentrated to dryness, and then diluted with 

methanol (100 pL). The supernatant was directly analyzed by GLC. The first-order rate 

constant was computed as a slope of a linear dependence between the logarithm of the 

molar concentration of the starting compound and reaction time. The reported value of 

each rate constant is an average of two determinations. 

The Determination of KM and V,,,. To a solution of each substrate 1 and 2 

(0.004 - 0 08 mmol) in 0.5 M KCI (2 mL) at 25 "C and pH 8.0 was added a suspension 

of PLE (10 pL of original concentrate). An initial time-dependence of consumption of 

0.101 M NaOH necessary to maintain pH 8.0 was measured during 10 min. The initial 

velocity was then calculated as a slope of linear dependence of molar concentration of 

originating CHKOOH and reaction time during first minute of reaction. 
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1200 MORAVCOVA ET AL. 

Table 3. 'H and I3C Nh4R data for the compounds 3 - 6 

Compound 

Chemical shift: 6 (ppm) 
H- 1 4.92 bs 4.86 s 4.98 d 4.86 d 
H-2 4.79 dd 4.08 dd 4.82 dd 4.88 dd 
H-3 3.67 dd 4.33 dd 4.15 dd 4.23 dd 
H-4 4.14-4.07m 4.22-4.16m 4.04-3.97m 4.03 - 3.98 m 
H-5 1.36 d 1.40 d 1.40 d 1.41 d 
H-0 3.32 bs 3.20 bs 2.90 bs 2.85 bs 

CH3CO 2.12 s 2.13 s 2.17 s 2.11 s 
CH3 3.39 s 3.38 s 3.40 s 3.47 s 
c- 1 106.03 108.46 101.64 102.76 
c-2 86.39 87.06 81.64 84.67 
c-3 8 1.92 82.53 79.82 77.61 
c-4 79.37 75.83 79.23 78.69 
c-5 18.41 18.3 1 21.84 22.11 

CH3CO 20.81 20.77 2 1.49 21.52 
co 171.58 172.47 172.46 171.76 

CH30 54.84 54.91 55.74 55.69 
Coupling constants: J H , ~  (Hz) 

1,2 1 .O 0.9 4.5 4.6 
2,3 3.1 3.3 7.4 6.2 
3,4 6.3 7.6 6.2 4.9 
4,5 6.3 6.2 6.4 6.6 

3 4 5 6 

Methyl 2-O-acetyl-5-deoxy-a-~arabinofuranoside (3). Methyl 3-0-acetyl-5- 

deoxp-a-D-arabinofuranoside (4). Diol 7 (3 1 1 mg, 2.1 mmol) was acetylated with 

acetic anhydride (1.4 mL, 15.2 mmol) in pyridine (12 mL) at room temperature for 60 

min. The excess of acetic anhydride was decomposed by water (2 mL) and the reaction 

mixture was concentrated to dryness. The residue (360 mg) was separated on silica gel 

(1  50 g, system A) to give the diacetate 1 (83 mg, 17 YO, RF 0.61, system A), followed by 

a monoacetate with RF 0.31 (system A) which was identified as 2-0-acetate 3 (120 mg, 

30 YO), syrup, [a]~*' +121 (c 1, CHC13). MS and NMR data are given in Tables 3 and 4; 

respectively. 

Anal. Calcd for C8HI405: C, 50.53; H, 7.37. Found: C, 50.60; H, 7.41 
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PLE CATALYZED HYDROLYSIS 1201 

Table 4. MS spectra data of compounds 3 - 6 

Relative abundance 

m'r 3 4 5 6 

159 

130 

118 

115 

103 

100 

99 

98 

88 

87 

86 

85 

75 

74 

73 

72 

2.5 

0.8 

1.3 

7.5 

1.4 

5.4 

40.1 

17.9 

8.9 

2.1 

3.9 

6.6 

1.5 

0.9 

1.3 

0.6 

3.1 

0.4 

3.3 

10.5 

4.1 

5.8 

3.9 

2.6 

5.0 

1.7 

2.1 

1.3 

I .3 

0.6 

0.3 

6.1 

0.5 

5.4 

20.7 

5.6 

4.1 

1 .o 
2.1 

5.8 

1 .o 

1.7 

3.4 

0.8 

0.8 

6.3 

7.6 

18.6 

3.8 

2.0 

5.9 

4.2 

11.0 

3.4 

miz 3 4 5 6 

71 

70 

69 

68 

62 

61 

60 

59 

58 

57 

56 

5.5 

54 

53 

45 

43 

12.3 

25.6 

7.3 

5.2 

23.2 

2.5 

7.7 

25.2 

19.5 

1.8 

3.9 

2.7 

1.4 

7.3 

100 

20.3 

41.3 

10.3 

2.4 

0.9 

35.4 

4.1 

6.8 

6.5 

6.5 

0.4 

2.6 

1.1 

2.4 

5.9 

100 

10.1 

36.5 

6.4 

2.0 

0.8 

27.1 

2.0 

6.7 

8.2 

10.4 

1 .o 
2.9 

1.3 

1.2 

4.9 

1 00 

45.7 

94.7 

22.8 

2.5 

2.1 

93.0 

7.6 

14.4 

7 6  

10.6 

5.1 

1.7 

5.1 

11.0 

100 

Further elution afforded 3-0-acetate 4 (60 mg, 15 %, RF 0.25, system A), syrup, 

[ o l ] ~ ~ ~  +I04 (c 0.5, CHCL). MS and NMR data are given in Tables 3 and 4, respectively. 

Anal. Calcd for CsH1405: C, 50.53; H, 7.37. Found: C, 50.63; H, 7.48. 

The unreacted diol 7 (90 mg, RF 0.06, system A) was eluted with system B. 

Methyl 2-0-acetyl-5-deoxy-P-~-arabinofuranoside (5). Methyl 3-0-acetyl-5- 

deoxy-p-D-arabinofuranoside (6). Diol 8 (400 mg, 2.7 mmol) was acetylated with 

acetic anhydride (1.8 I&, 2G.O mmol) in pyridine (16 mL) at room temperature for 60 

min The mixture was then decomposed by water (3 mL), concentrated to dryness and 

the residue (600 mg) was separated on silica gel (200 g, system A). Diacetate 2 (1 60 mg, 
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1202 MORAVCOVA ET AL. 

26 %, RF 0.67, system A) was obtained first, followed by 3-0-acetate 6 (143 mg, 28 %, 

RF 0.48, system &4), whte solid, mp 73 - 74 “C (diethyl ether - petroleum ether), [a]DZo 

-109 (c 0.5, CHCl3). MS and NMR data are given in Tables 3 and 4, respectively. 

Anal. Calcd for C*Hl4O5: C, 50.53; H, 7.37. Found: C ,  50.65; H, 7.42. 

Further elution gave 2-0-acetate 5 (120 mg, 20 %, RF 0.38, system A) as a 

syrup, [a]D” -209 (c  0.5, CHCb). MS and NMR data are given in Tables 3 and 4, 

respectively. 

Anal. Calcd for CRHI~OS: C, 50.53; H, 7.37. Found: C, 50.61; H, 7.48. 

The unreacted diol8 (1 70 mg) was recovered by elution with system B. 
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