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ABSTRACT

Octa-0-acetylsucrose (1) was regloselectlvely hydrolyzed by
the lipase AK from Pseudomonas sp. in agqueous buffer and two
hepta-0-acetylsucroses and two hexa-~O-acetylsucroses were
obtained by column purification. After ana1y51s by NMR methods,
four products were shown to be 3,4,6,1',3',4',6'-hepta-0-acetyl-
sucrose (2), 2,3,4,6,1',3'", 6 hepta—o acetylsucrose (3),
3,4,6,1',3'6’ -hexa- 0 acetylsucrose (4) and 2,3,4,6,3',6"'-hexa-
0- acetylsucrose (5).

INTRODUCTION

Synthetic sucrose esters have a lot of potential
applications in cosmetics, plasticizers and food preservatives.1
On the other hand, naturally occurring sucrose esters secreted
from glandular trichomes that cover the foliage of many wild
potato species {(Solanum sp) have special biological functions for
entrapping arthropod pests and might play an important role in
the development of the insect-resistant plants.’”™® Because of

their importance, the preparation of sucrose esters has been
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Scheme I : Sucrose esters (1) to (6)

widely investigated by chemical methods.® However, it is still
tedious and difficult to obtain sucrose derivatives where the
hydroxyl groups of glucose moiety are esterified. Lipases
(triacylglycerol ester hydrolases, E. C. 3.1.1.3), because of
their high enantioselectivity,® !® have been widely used in the
preparation of chiral synthons and optically active compounds.
Having a broad substrate specificity and being active in
interfacial oil-water microemulsions or nonpolar solvents,
lipases were also used in the regioselective hydrolysis of
acylated glycosides and the regioselective esterification of
sugars in organic solvents.''™?® 1In this article, the
regioselective hydrolysis of 1lipase AK toward octa-0-
acetylsucrose (1) as a model substrate.was examined.

RESULTS AND DISCUSSION

The treatment of octa-0O-acetylsucrose (1) with the lipase
AKX from Pseudomonas sp. was carefully studied and four products
were isolated by silica gel column chromatogragh (purification
conditions were described in the Experimental). Their structures
are 3,4,6,1',3',4',6'-hepta-p-acetylsucrose (2) (8 % of the
yield), 2,3,4,6,1',3',6'-hepta-0-acetylsucrose (3) (20 &),
3,4,6,1',3',6"'-hexa-0-acetylsucrose (4) (14 %) and 2,3,4,6,3',6"'-
hexa-0-acetylsucrose (5) (41 %)(Scheme I and II).

The structures of four products were determined from their
'H NMR spectra using decoupling techniques and by comparison of
their 2D 'H-'H COSY spectra with that of 1 and published spectra
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Scheme II : Hydrolysis of Octa-0O-acetylsucrose by Lipase AK

of partially acetylated sucrose derivatives. The complete
assignment of 'H-NMR signals of octa-0-acetylsucrose have been
reported21 and on the basis of chemical shift data, the signals
of the a-proton in primary (CH;OAc) and secondary (CH'OAc) esters
and the B-proton (CH'-CHOAc) shift upfield about 1.15, 0.65 and
0.25 ppm, respectively, after deacylation. The results of NMR
measurements are listed in Tables I and II. In the case of
compound 2, the H-2 signal shifted upfield from 4.90 where it
usually occurs in 1 to around 3.70 ppm and its assignment was

also confirmed by a decoupling technique (Fig 1).
The chemical shifts of 3 are in accordance with the NMR data

of 2,3,4,6,1',3',6'-hepta-0-acetylsucrose, which was the main
product of hydrolysis of 1 by the 1lipase from Candida
cylindracea.!® The H-4' signal of 3 shifted from 5.43 to the
crowded 4.3 - 4.4 ppm region and the H-3' signal of 3 shifted
upfield from 5.45 in 1 to 5.21 ppm due to the effect of
deacylation at the 4'-position (Fig. 2A). Based on the
assignments in the NMR spectra of 2 and 3 and the 2D 'H-'H COSY
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TABLE 1. 'H-NMR data for Compound 1 - 5

AND WANG

Compound i 2 3 4 2
H-1 5.69 5.52 5.65 5.54 5.63
H-2 4.87 3.70 4.87 3.66 4.88
H-3 5.44 5.13 5.41 5.16 5.41
H-4 5.08 5.01 5.00 4.95 5.01
H-5 4.28 4.20 4.20 4.15-4.30 4.05-4.25
H-6a 4.14 4.10-4.30 4.20-4.35 4.10-4.40 4.05-4.30
H-6f3 4.28 4.10-4.30 4.20-4.35 4.10-4.40 4,05-4.30
H-1'a 4.17 4.20-4.40 4.30-4.40 4.15-4.30 3.54
H-1'8 4.17 4.20-4.40 4.30-4.40 4.15-4.30 3.63
H-3' 5.47 5.35-5.40 5.21 5.18 5.18
H-4' 5.36 5.35-5.40 4.25 4.30-4.40 4.35-4.40
H-5' 4.21 4.20 4.00-4.25 3.95-4.05 4.00-4.05
H-6'a 4.29 4.30-4.45 4.30-4.40 4.20-4.40 4,10-4.40
H-6'PB 4.35 4.30-4.45 4.30-4.40 4.20-4.40 4.10-4.40
Jy ., 3.7 3.7 3.8 3.7
Jz.3 10.3 10.3 10.1 10.3

3.4 9.7 9.7 9.8 9.7

a,s 9.7 9.7 9.8 9.7

l'd,l'ﬂ - - - 12.3

3, s - 7.8 8.4 7.2
J4'_5' 7.7 - - -
a. measured in CDCl,
b. chemical shifts in ppm; coupling constants in Hz.

TABLE 2. 'C NMR Chemical shifts (ppm) for
Compounds 1, 2, 3 and 5.

Compound 1 2 3 5
Cc-1 89.93 92.48 88.89 89.02
Cc-2 70.26 70.50 70.03 70.20
Cc-3 69.61 73.09 69.69 69.87
C-4 68.17 67.70 68.24 68.22
C-5 68.50 68.95 68.53 68.61
C-6 61.75 61.73 62.12 62.15
c-1 62.85 63.11 63.41 64.25
c-2! 104.02 103.92 102.71 104.30
c-3' 75.68 76.46 78.33 78.86
c-4' 74.98 74.82 73.00 73.18
c-5' 79.14 79.15 80.30 80.37
c-6' 63.63 63.36 63.98 63.53

a. measured in CDCl,.

b. the assignment of '3C NMR spectra were based on the 'H-'’C

2D-COSY spectra (Fig 4.)
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FIG. 1. 'H-NMR spectrum of compound 2 (B) and partially
decoupled spectrum of 2 (A).

spectra of 4 (Fig.3), the structure of 4 was determined to be
3,4,6,1',3',6'-hexa-0-acetylsucrose. As shown in 'H-NMR spectrum
of 4 (Fig. 2B), the signals of H-3 and H-3' shifted upfield from
5.45 to 5.18 ppm because of the deacylation of the 2 and 4'
positions. As for compound 5, the two doublet signals shifted
out of the crowded (4.04 - 4.40) to 3.54 - 3.63 ppm region and
the H-3' signal shifted upfield from 5.45 (in 1) to 5.21 ppm,
apparently indicating deacylation of the 1' and 4' positions
(Fig. 2C). Comparing the 'H-NMR data of 2,3,4,6,3'-penta-O-
acetyl-sucrose (6)'° with that of 5 and considering this
structure determination seems quite reasonable.

The trityl ethers and acetals of sucrose have generally been
used as precursors for the synthesis of partially acylated
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FIG. 2. 'H-NMR spectra of compound 3 (A)
compound 4 (B) and compound 5 (C).

derivatives of sucrose. However, these methods were inefficient
and tedious in the processes of selective tritylation, full
acetylation and then detritylation.5 Alternatively, several
hepta-QO-acetylsucroses such as 2, 2,3,4,6,1',3',4'~-hepta-0-
acetylsucrose, 2,3,6,1',3',4',6'-hepta-O-acetylsucrose and a
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FIG. 3. 300 MHz Two-dimensional 'H-'H-NMR
COSY spectrum of compound 4.

mixture of 2,3,4,6,4',6'-hexa-0-acetylsucrose and 2,3,4,6,1',6'-
hexa-0-acetylsucrose have been prepared by the selective
deacylation of 1 on an aluminum oxide column.Z??72°

More recently, the hydrolysis of octa-O-acetylsucrose by
the lipases from Candida cylindracea and wheat germ has been

studied, and 3, 6 and 2,3,4,6,1',3'-hexa-0-acetylsucrose were

o
hi}
x
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the major products.!® Judging from the selective deacylation by
the aluminum oxide column and lipase-catalyzed hydrolysis, the
secondary acetyl ester at C-4' and primary acetyl esters at C-
1' and 6' in the fructose moiety of 1 are the most reactive.
Surprisingly, both new compounds 2 and 4, which were never
prepared by chemical and enzymatic methods before, could be
obtained by hydrolysis with lipase AK, even though it is believed
that the 2-acetyl ester in 1 is buried inside the molecule.® It
was speculated that primary acetyl groups in 1 were more easily
removed and compound 3 was probably formed by acetyl migration

PPR
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from C-4' to C-1' or 6'. However, sucrose hepta-O-acetate which
was deacylated in C-1, or 6 or 1' was not found in the lipase AK-
hydrolyzed reaction mixture. Therefore, compounds 2 and 3 might
be formed by direct enzymatic hydrolysis, not by acyl migration.
The question of acyl migration during reaction and the process
of product purification is still under investigation. According
to the results, lipases are versatile and can become potential
catalysts for the preparation of sucrose esters which have been
recognized as useful compounds for a variety of commercial

applications.?™®

EXPERIMENTAL

Lipase AK (Pseudomonas sp.) was purchased from Amano Pharm.
Co., Ltd, Japan and was used for hydrolytic reactions without
further purification. TLC was performed on silica gel G.60 (E.
Merck, FRG) precoated on glass plates with MeOH/ether (1:100) as
the developing system. Optical rotations were measured on a
Polartronic Universal Polarimeter (Schmidt & Haensch, FRG). 'H-
NMR and !3C-NMR spectra were recorded with a 300 MHz Briiker
instrument. All chemical shifts are reported in ppm using
tetramethylsilane as internal standard. Organic solvents were
reagent grade. The substrate, octa-0-acetylsucrose (1), was
synthesized by an established method?’ and its 'H and ’C-NMR
spectra agreed with those published.

Enzymatic Hydrolysis of Sucrose Octaacetate : To a solution

of 1 gof 1l (2.9 mmol) in the 100 mL of phosphate buffer (pH 7.5,
0.1 M, containing 0.2 M NaCl and 3 mM CaCl,) was added 3 g of
lipase AK (purchased from Amano, Japan).?® The mixture was
stirred at 30 °C. The progressing of the reaction was monitored
by TLC with MeOH/ether (1 : 100) as the developing system and
kept under 110 °C for 10 min after spraying with S5 % H,S0, in
ethanol. After 84 h, the reaction mixture was stopped by
extracting the products with ether or ethyl acetate.?® The
extract was concentrated under reduced pressure and four products
were obtained in 77 % of conversion, after purification by a

silica gel column eluted with MeOH/ether (1 :100).
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3,4,6,1',3',4"',6"'-hepta-0O-acetylsucrose (2) (62 mg, white
crystal from ether, 8 %), mp 110-114 °c, [al?® +46.7° (ci,
CHC1,).

2,3,4,6,1',3',6"'-hepta-0-acetylsucrose (3) (150 mg, syrup,
20 %), [al?® +52.3° (g2, cHCl,); 1lit'?'?® [a]?® +53.8° (c0.5,
CHC1,); [al?® +54.3° (c0.4, CHCl,).

3,4,6,1',3',6"'-hexa-0-acetylsucrose (4) (93 mg, white
crystal from ether, 14 %) mp 128-131 °c; [a]?® +46.0° (c1,
CHCl1,).

2,3,4,6,3',6"'-hexa-0-acetylsucrose (5) (280 mg, syrup, 41
%). [al3® +26.4° (cl, CHCL,).
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