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Abstract:  2-O-(B-D-Glucopyranosyl)glycerol and 2-0-(2',3',4',6-tetra-O-acetyl-B-D-gluco-
pyranosyl)glycerol have been submitted to lipase-catalyzed acetylation using Pseudomonas
cepacia (LPS) and Candida antarctica (LCA) lipases in organic solvent. The reactions involved
the glycerol moiety and were highly diastereosclective: LPS yielded the (2S)-1-O-acetyl-
derivative, while, more interestingly, LCA yielded the (2R)-1-O-acetyl-derivative; in this way the
natural compound lilioside A could be obtained. Conversely, lipase-catalyzed hydrolysis of the
fully acetylated 1,3-di-O-acetyl-2-0-(2',3',4',6"-tetra- O-acetyl-B-D-glucopyranosyl)glycerol using
LCA fumished the (2S)-1-O-acetyl-derivative showing the same steric preference as the reverse
reaction.

In recent years glyceroglycolipids have been found! in plants, animal tissues and many kind of bacteria.
Various functions have been assigned to these glycerol derivatives, e.g. mediation of the cell surface
recognition, but till now their role is not well understood Moreover, they are in general obtained from the
natural sources in very small quantities; the chemical synthesis could supply larger amounts for their use in
biological studies or as authentic standards in extraction and characterization procedures.

In particular, several glycerol glucosides, named liliosides and regalosides, have been isolated from
different plants, e.g. from bulbs of the genus Lilium? or, recently,3 from Sporobolus stapfianus, a typical
desiccation-tolerant plant. The glycosidic bond between glucose and glycerol may involve the 2-position of the
latter, such as in lilioside A (1) and lilioside B (2), whereas in other cases glucose is bound to a primary
hydroxyl group of glycerol, such as in lilioside C (3) and in liliosides D (4) and E (5).
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A major problem, in the synthesis of the monoacetylated liliosides like 1 or 5, is the regio- and
stercoselective introduction of an acetyl group on the suitable polihydroxylated substrate. This is a very difficult
task with conventional chemical tools, because it is necessary to differentiate among three (in the case of 1) or
two (in the case of §) primary hydroxyl functions. As a valuable alternative could be used the enzymatic
approach which, in the last years, has been shown more and more useful for the solution of such a kind of
problems.
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In fact, regioselective acylation of polihydroxylated substrates, and in particular of carbohydrates, has
greatly stridden forward with the introduction of procedures utilizing hydrolytic enzymes, such as lipases, in
organic solvents.?

In preceding papers we have studied the regioselectivity of the acylation of secondary hydroxyl groups of
various methyl &-D and L-glycopyranosides.5 The selectivity in the acylation of primary hydroxyl groups has
been less studied and liliosides are suitable substrates for this purpose. The proper choice of the experimental
conditions could allow to obtain the natural acetylated liliosides by direct acylation of unprotected substrates.

In general, enzymatic hydrolysis by lipases is widely used in the case of glyceroglycolipids for the location
of the acyl substituent linked to the glycerol moiety.® To the best of our knowledge, however, only once’
lipases have been utilized in the reverse reaction of direct acylation of glyceroglycosides as such.

Here we describe the enzymic transformation, via lipase-mediated reaction in organic solvent, of 2-O-(B-
D-glucopyranosyl)glycerol (2), easily synthesized by chemical means,8 and of some related compounds, the
tetraacetate 2-0-(2',3',4',6'-tetra- O-acetyl-B-D-glucopyranosyl)glycerol (6) and the hexaacetate 1,3-di-O-acetyl-
2-0-(2',3',4',6"-tetra- O-acetyl-B-D-glucopyranosyl)glycerol (7).
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RESULTS AND DISCUSSION

Prior to undertake the study of the acylation of compound 2 via lipase-catalyzed methods we investigated
the relative reactivity of the two diastereotopic hydroxymethyl groups of the glycerol moiety on a model in
which all the primary and secondary hydroxy! groups of the sugar moiety have been masked as acetates. This
model, 2-0-(2',3',4',6"-tetra- O-acetyl-B-D-glucopyranosyl)glycerol (6), was used as substrate for a screening of
the experimental conditions. Two enzymes, Pseudomonas cepacia (LPS) and Candida antarctica (LCA)
lipases, proved to carry out the reaction in good yiclds and high selectivity when used in THF at 45 °C with
vinyl acetate as acyl donor (Table 1). Interestingly, these two enzymes displayed an opposite
diastereoselectivity: while LPS preferentially acylates the pro-S hydroxymethyl group, LCA preferentially
acylates the pro-R one yielding, as the main products, compounds 8 and 9, respectively (for the determination
of the configuration at C-2 see below).

Table 1. Enzymic Transesterification of 6 and 2 by LPS and LCA.!

SUBSTRATE ENZYME TIME YIELD PRODUCTS R/S
(hours) (%) ratio
6 LPS 2 85 978 9:91
6 LCA 2 45 98 98:2
2 LPS 2 68 1710 10:90
2 LCA 2 43 110 82:18

No acylation took place in the absence of the enzyme.

The same experimental conditions were then applied to the acylation of 2, except for the fact that pyridine
was the solvent of choice owing to the insolubility of 2 in the other organic solvents suitable for a
transesterification reaction. Again the reaction proved to be highly regio- and diastereoselective; in fact, though
in the presence of another possible site of reaction, i.e. the primary hydroxy! group of the glucosyl moiety, the
results (Table 1) closely paralleled those already found for 6, but with slightly lower yields and
diastereoselectivity. The main products were, respectively, the monoacetate 10 with LPS and the natural
compound 1 with LCA, which exhibited at C-2 the same stereochemistry of the pentaacetates 8 and 9,
respectively, previously obtained with the same enzymes. It is worthy pointing out that only trace amounts of
the 6'-monoacetate were detected in the reaction mixtures.

To the monoacetate 10 was assigned the 28 configuration and to 1 was assigned the 2R one on the basis
of the chemical correlation with the corresponding penta-p-bromobenzoyl derivative already described in
literature.9 The configuration of the pentaacetates 8 and 9 was also assigned through chemical correlation with
10 and 1, respectively. To this aim, compound 8 was converted into its 3-O-trityl derivative 11, alternatively
obtainable from 10 through tritylation and isolation of the fraction corresponding to the monotrityl derivatives,
followed by treatment with acetic anhydride. Analogously compound 12 could be achieved from both 9 and 1.
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The regioselectivity of LPS and LCA in the reverse hydrolytic reaction was also investigated in order to
ascertain if the two enzymes maintain the same selectivity both in the forward and in the backward reactions.
So, the hexaacetate 7 was submitted to lipase catalyzed hydrolysis in several experimental conditions. Whereas
no transformation was observed with LPS (see Experimental), LCA suspended in THF-water saturated
diisopropyl ether preferentially hydrolyzed the pro-R acetyloxymethyl group of the glycerol moiety affording in
44% yicld the same pentaacetate 8 (in a 94:6 ratio with its isomer 9) obtained in the transesterification reaction
of 6 catalyzed by LPS.

In conclusion, this study shows that the selectivity of LPS and LCA in the enzymatic transesterification
reaction is independent from the fact that the glucose moiety has free or protected hydroxyl groups: LPS
always transfers the acetyl group to the pro-S hydroxymethyl group of the glycerol moicty, whereas LCA
transfers it to the pro-R one. The two enzymes have opposite selectivity, so it is possible to obtain the
diastereoisomeric liliosides 10 or 1 (and 8 or 9) simply by changing the enzyme. Moreover, LCA shows the
same diastereoselectivity either in the transesterification or in the hydrolysis reaction, so it is possible to obtain
the diastereoisomeric liliosides 8 or 9 only by changing the procedure of enzyme utilization on the proper
substrate.

Work is in progress to extend the described procedures to the synthesis of glyceroglycolipids widely
occurring as natural products.

EXPERIMENTAL

General procedures

1H NMR spectra were recorded with a Bruker AM-500 spectrometer, in deuteriochloroform solutions,
unless otherwise stated. Optical rotations were measured with a Perkin Elmer 241 polarimeter at 25 °C, as
chloroform solutions. Melting points were recorded on a Biichi 510 capillary melting point apparatus and were
uncorrected. Analytical thin layer chromatography (TLC) was carried out on Merck 60 Fpg4 silica gel plates
(0.25 mm thickness) and the spots were detected by spraying with 50% aqueous H,SO,4 and heating at 110 °C.
Flash chromatography was performed with Merck 60 silica gel (230-400 mesh). The elemental analyses of the
new products were consistent with the calculated ones.

Compounds 2, 6 and 7 were synthesized according to literature procedures.8

Pseudomonas cepacia lipase (lipase PS, LPS, specific activity 30.5 triacetin units/mg solid), a generous
gift from Amano Pharmacecutical Co (Mitsubishi Italia), was supported on celite according to Bovara et al.;10
Candida antarctica lipase SP 435 L, immobilized on a macroporous acrylic resin. (Novozym® 435, LCA,
specific activity 9.5 PL units/mg solid), was a generous gift from Novo Nordisk A/S.

LPS and LCA were kept under vacuum prior to use in order to lower the water content to 0.5%.
Tetrahydrofuran (THF) and pyridine were distilled just prior to use from, respectively, sodium/benzophenone
and calcium hydride. Vinyl acetate was dried over 3A molecular sieves. Evaporation under reduced pressure
was always effected with the bath temperature kept below 40 °C.
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LPS-catalyzed transesterification of 6

2-0-(2',3 4',6'-tetra-O-acetyl-B-D-glucopyranosylglycerol (6) (90 mg, 0.214 mmol) was dissolved in 2
mL of THF; vinyl acetate (0.2 mL, 2.14 mmol) and LPS (400 mg) were added in the order and the suspension
was stirred at 45 °C for 2 h. The reaction, monitored by TLC using methylene chloride-acetone 8:2, was
stopped by filtering-off the enzyme which was then washed with THF. The solvent was removed under reduced
pressure to yiekd a crude product (S/R ratio 91:9 by 'H NMR), which was purified by flash chromatography
(methylene chloride-acetone 8:2) affording (25)-1-0-acetyl-2-0-(2',3',4',6'-tetra- O-acetyl-8-D-glucopyranosyl)-
glycerol (8) (77 mg) followed by its diasterecisomer 9 (8 mg). Compound 8 was crystallized from ethanol, mp
75-76 °C, [a]p -2.1 (c 1.0); 'H NMR & 1.98, 2.00, 2.02, 2.04, 2.06 (5s, 15H, OCOCH3), 2.68 (dd, 1H,
Jou,3a = 9.0 Hz, Jou 3 = 5.0 Hz, OH). 3.60 (ddd, 1H, J3p, 3, = 12.0 Hz, J33, 9 = 6.5 Hz, H-3b), 3.64 (ddd, 1H,
J3a 9 = 3.0 Hz, H-3a), 3.74 (ddd, 1H, J5 4 = 9.5 Hz, Jg g, = 3.0 Hz, Jg gy, = 6.0 Hz, H-5"), 3.86 (dddd, IH,
Jo1a = 6.0 Hz, J5 1y, = 5.0 Hz, H-2), 4.06 (dd, 1H, Jyp 1, = 12.0 Hz, H-1b), 4.09 {dd, 1H, H-1a), 4.14 (dd, IH,
Jeb,6a = 120 Hz, H-6'b), 4.19 (dd, 1H, H-6'a), 4.60 (d, 1H, J: » = 8.0 Hz, H-1), 498 (dd, 1H, J3 3 = 9.5 Hz,
H-2Y, 502 (dd, 1H, J4 3 = 9.5 Hz, H-4), 5.20 (dd, 1H, H-3").

LCA-catalyzed transesterification of 6

2-0-(2',3' 4,6 -tetra-O-acetyl-B-D-glucopyranosyl)glycerol (6) (90 mg, 0.214 mmol), processed as above,
using LCA as enzyme, yielded a crude product (R/S ratio 98:2 by IH NMR), which, recovered and purified as
described, afforded 8 (1 mg) followed by (2R)-1-O-acetyl-2-0-(2',3',4',6'-tetra-O-acetyl-§-D-glucopyranosyl)-
glycerol (9) (44 mg). Compound 9 was crystallized from ethyl acetate, mp 122-124 °C, [@]p -5.5 (¢ 1.0); 'H
NMR 3 1.98, 2.00, 2.03, 2.04, 2.06 (5s, 15H, OCOCHj,), 2.12 (dd, 1H, JoH3a = 7.0 Hz, JoH,3b = 6.0 Hz,
OH), 3.60 (ddd, 1H, J3 34 = 12.0 Hz, J3p, 3 = 5.5 Hz, H-3b), 3.64 (ddd, 1H, J3, 3 = 5.0 Hz, H-3a), 3.70 (ddd,
IH, Js 4 = 10.0 Hz, J5 g4 = 5.5 Hz, J5 g, = 2.0 Hz, H-5, 3.90 (dddd, H, /51, = 5.0 Hz, Jo 3, = 6.0 Hz, H-
2), 4.11 (dd, 1H, Jop, 69 = 12.0 Hz, H-6'), 4.11 (dd, 1H, Jyp, 15 = 12.0 Hz, H-1b), 4.21 (dd, IH, H-6'a), 4.25
(dd, 1H, H-1a), 4.67 (d, IH, Jy. 3 = 8.0 Hz, H-1'), 498 (dd, 1H, J» 3 = 10.0 Hz, H-2'), 5.04 (dd, 1H, J4 3 =
10.0 Hz, H-4'), 5.19 (dd, 1H, H-3").

LPS-catalyzed transesterification of 2

2-0-(§-D-glucopyranesyl)glycerot (2) (80 mg, 0.314 mmol) was dissolved in 2 mL of pyridine; vinyl
acetate (0.29 mL, 3.14 mmol) and LPS (400 mg) were added in the order and the suspension was stirred at 45
°C for 2 h. The reaction, monitored by TLC using ethyl acetate-isopropanol-water 3:3:1, was stopped by
filtering-off the enzyme which was washed with pyridine. The solvent was removed under reduced pressure and
the crude product was purified by flash chromatography (methylene chloride-methanol from 10:1 to 7:3)
affording 63 mg of a mixture (S/R ratio 90:10 by 'H NMR) of (28)-1-O-acetyl-2-O-(f-D-glucopyranosyl)-
glycerol (10)9 and its diasterecisomer 1,9 which was submitted to the p-bromobenzoylation procedure as such,
1H NMR (C5DsN) of 10: 8 1.96 (s, 3H, OCOCH3), 3.95 (ddd, 1H, Js 4 =8.5 Hz, J5 g = 2.5 Hz, Jg 1, = 5.5
Hz, H-5, 3.99 (dd, 1H, Jp 3 = 8.0 Hz, Jo ' = 8.0 Hz, H-2), 4.07 (dd, 1H, J3p, 35 = 11.5 Hz, J3p, 7 = 5.0 Hz, H-
3b), 4.14 (dd, 1H, J35 7 = 5.5 Hz, H-3a), 4.19 {dd, 1H, Jg 3= 8.5 Hz, H-4), 4.22 (dd, IH, H-3), 4.32 (dd, 1H,
Jeb,6a= 11.5 Hz, H-6b), 4.44 (dddd, 1H, /5,15 = 6.5 Hz, J, 1 = 5.0 Hz, H-2), 4.52 (dd, 1H, H-6'3), 4.59 (dd,
1H, J1p,15 = 1 1.5 Hz, H-1b), 4.65 (dd, 1H, H-1a), 5.06 (d, 1H, H-1).
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LCA-catalyzed transesterification of 2

2-0-(B-D-glucopyranosyl)glycerol (2) (80 mg, 0.314 mmol), processed as above, using LCA as enzyme,
yielded a crude product which, recovered and purified as described, afforded 40 mg of a mixture (R/S ratio
82:18 by 'H NMR) of (2R)-1-O-acetyl-2-0-(B-D-glucopyranosyl)glycerol (1) and its diastereoisomer 10,9
which was submitted to the p-bromobenzoylation procedure as such. lH NMR (CsDgN) of 1: 8§ 1.96 (s, 3H,
OCOCH3), 3.92 (ddd, 1H, Jg 4 =9.0 Hz, Jg g = 2.0 Hz, Js 6y, = 5.0 Hz, H-5'), 4.03 (dd, 1H, J;. 3 = 9.0 Hz,
Jy 1+ = 8.0 Hz, H-2), 4.09 (dd, 1H, J3p35 = 12.0 Hz, J3p,2 = 5.0 Hz, H-3b), 4.10 (dd, 1H, J3, 2 = 5.0 Hz, H-
3a), 4.18-4.25 (m, 2H, H-3' and H-4'), 4.36 (dd, 1H, Jgyp 64 = 12.0 Hz, H-6'b), 4.46 (dddd, 1H, J; 1, = 5.5 Hz,
J2.1b = 5.0 Hz, H-2), 4.51 (dd, 1H, H-6"3), 4.57 (dd, LH, Jyp 14 = 11.5 Hz, H-1b), 4.63 (dd, 1H, H-1a), 5.12 (d,
1H, H-1").

LPS-catalyzed hydrolysis of 7

Several attempts to hydrolyze 1,3-di-O-acetyl-2-0-(2',3',4',6'-tetra-O-acetyl-B-D-glucopyranosyl)glycerol
(7) with LPS were unsuccessful. Compound 7 was recovered unchanged after treatment with the nucleophilic
acyl acceptor 1-pentanol!l in THF, diisopropy! ether,12 THF-diisopropyl cther 2:3 or THF-water saturated
diisopropyl ether.13

LCA-catalyzed hydrolysis of 7

1,3-di-O-acetyl-2-0-(2',3',4',6'"-tetra-O-acetyl-B-D-glucopyranosyl) glycerol (7) (90 mg, 0.178 mmol) was
dissolved in 9 mL of THF-water saturated diisopropyl ether!3 2:3, LCA (180 mg) was added and the
suspension was stirred at 45 °C for 24 h. The reaction, monitored by TLC using methylene chloride-acetone
8:2, was stopped by filtering-off the enzyme which was then washed with chloroform. The solvent was
removed under reduced pressure to yield a crude product (S/R ratio 94:6 by lH NMR), which was purified by
flash chromatography (methylene chloride-acetone 8:2 as eluant) affording (2S)-1-O-acetyl-2-0-(2',3',4,6'-
tetra-O-acetyl-B-D-glucopyranosyl)glycerol (8) (34 mg) followed by its diastereoisomer 9 (2 mg). 8 was
identical, by 1H NMR, mp, and [a]p, to the product obtained by transesterification of 6 with LPS.

No reaction occurred in the absence of the enzyme.

Assignment of the configuration of 1 and 10

a) The monoacetate 10 (in mixture with 10% of its diastercoisomer) (40 mg, 0.135 mmol), obtained from
LPS-catalyzed transesterification of 2, was dissolved in pyridine (6 mL), p-bromobenzoyl chloride (1.3 g, 5.936
mmol) was added and the mixture stirred at 95 °C for S h. After usual work-up, the resulting residue was
purified by preparative TLC (hexane-ethyl acetate 2:1) to separate the predominant penta-p-bromobenzoate
with the major Rg, which was identical to the (2R)-1-O-acetyl-3-O-p-bromobenzoyl-2-0-(2',3',4',6"-tetra-O-p-
bromobenzoyl-B-D-glucopyranosyl)glycerol described in the literature.?

b) The monoacetate 1 (in mixture with 18% of its diastereoisomer) (30 mg, 0.101 mmol), obtained from
LCA-catalyzed transcsterification of 2, was p-bromobenzoylated as described above. After usnal work-up, the
resulting residue was purified by preparative TLC to separate the predominant penta-p-bromobenzoate with the
minor Rg, which was identical to the (2S)-1-O-acetyl-3-O-p-bromobenzoyl-2-0-(2',3',4',6'-tetra-O-p-bromo-
benzoyl-B-D-glucopyranosyl)glycerol described in the literature.?
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Assignment of the configuration of 8 and 9

a) The pentaacetate 8 (40 mg, 0.084 mmol) was dissolved in pyridine (1 mL), trityl chloride (52 mg,
0.186 mmo!) was added and the mixture was stirred at 100 °C for 5 h. The solution was repeatedly evaporated
in vacuo with toluene and the resulting residue was purified by flash chromatography (ethyl acetate-petroleum
ether 4:6) affording solid amorphous (2S)-1-O-acetyl-3-O-trityl-2-0-(2',3',4',6'-tetra-O-acetyl-B-D-
glucopyrano-syl)glycerol (11) (54 mg), [a]p -2.7 (c 0.6), IH NMR & 1.96, 1.98, 1.99, 2.00, 2.01 (5s, 15H,
OCOCH;3), 3.18 (dd, 1H, Jap 35 = 10.0 Hz, J3, 5 = 6.5 Hz, H-3b), 3.31 (dd, 1H, J3, 5 = 5.5 Hz, H-3a), 3.60
(ddd, lH, Js-'4- =10.0 HZ, JS'.6'a = 50 HZ, JS'.G'h = 2.5 HZ, H-S'), 394 (dddd, lH, 12‘18 =35 HZ, Jl.lb =7.0
Hz, H-2), 3.98 (dd, 1H, Jgy, 6 = 12.0 Hz, H-6'D), 4.14 (dd, 1H, Jy, 34 = 12.0 Hz, H-1b), 4.17 (dd, 1H, H-6'a),
4.25 (dd, 1H, H-1a), 4.60 (d, 1H, Jy 2 = 8.5 Hz, H-1'), 494 (dd, 1H, J» 3 = 10.0 Hz, H-2)), 5.03 (dd, 1H,
Ja 3 = 10.0 Hz, H-4), 5.16 (dd, 1H, H-3"), 7.19-7.42 (m, 15H, Ph).

b) The pentaacetate 9 (30 mg, 0.063 mmol) was tritylated and purified as described above, to yield (2R)-
1-O-acetyl-3-O-trityl-2-0-(2',3',4',6'-tetra-O-acetyl-B-D-glucopyranosyl)glycerol (12) (45 mg), which was
crystallized from mehylene chloride-hexane, mp 146-148 °C, [a]p -21.0 (c 1.0), IH NMR 38 1.79, 1.94, 1.98,
2.01, 2.06 (5s, 15H, OCOCHy3), 3.18 (dd, 1H, J3p 34 = 10.0 Hz, J3; 5 = 4.5 Hz, H-3b), 3.23 (dd, 1H, J3,, =
6.0 Hz, H-3a), 3.60 (ddd, 1H, J5 4 = 10.0 Hz, J§ g3 = 5.0 Hz, J5 g1, = 2.0 Hz, H-5"), 3.94 (dddd, 1H, J 14 =
6.0 Hz, J, 1, = 5.5 Hz, H-2), 4.08 (dd, 1H, Jgy, g5 = 12.0 Hz, H-6'b), 4.13 (dd, 1H, Jyp, 1,4 = 11.5 Hz, H-1b),
4.16 (dd, 1H, H-1a), 4.21 (dd, 1H, H-6'a), 4.62 (d, 1H, J;: » = 8.0 Hz, H-1"), 5.00 (dd, 1H, Jy 3 = 10.0 Hz, H-
2, 5.05 (dd, 1H, J¢ 3 = 10.0 Hz, H-4)), 5.16 (dd, 1H, H-3"), 7.19-7.42 (m, 15H, Ph).

¢) The (2S)-monoacetate 10 (in mixture with 10% of its diastereoisomer) (20 mg, 0.067 mmol) was
tritylated as described for 8. Flash chromatography (mehylene chloride-methanol 8:2) afforded a mixture (8 mg)
of the 6'-O-trityl- and 3-O-trityl-1-O-acetyl derivatives, which was directly submitted to peracetylation. 1H
NMR analysis of the crude mixture showed the presence of 1,3-di-O-acetyl-2-0-(2',3'4'-tri-O-acetyl-6'-O-
trityl-B-D-glucopyranosyl)glycerol, of the (2S)-3-O-trityl-1,2',3',4',6-pentaacetate (11), and of the (2R)-3-0-
trityl-1,2',3',4',6'-pentaacetate (12) in a 69:26:5 ratio.

d) The (2R)-monoacectate 1 (in mixture with 18% of its diastercoisomer) (20 mg, 0.067 mmol) was
tritylated, purified (11 mg) and acetylated as described in c). 'H NMR analysis showed the presence of 1,3-di-
O-acetyl-2-0-(2',3' 4'"-tri-O-acetyl-6'-O-trityl-B-D-glucopyranosyl)glycerol, of the (2S)-3-O-trityl-1,2',3',4',6"-
pentaacetate (11), and of the (2R)-3-O-trityl-1,2',3'.4",6'-pentaacetate (12) in a 63:8:29 ratio.
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