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Regioselective Lipase-catalysed acylation of 4,6-0-benzylidene-o- and -3-D-
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Abstract : The application of Lipase enzymes to effect regioselective C-3-O-acylation of 4,6-0-
benzylidene-B-D-gluco- and -galactopyranosides displaying a range of anomeric substituents, and C-2-O-
acylation of phenyi 4,6-O-benzyiidene-a-D-giucopyranoside and ethyi 4,6-O-benzyiidene-i-thio-a-D-
glucopyranoside is reported. In particular this method has allowed introduction of a variety of acyl
protecting groups at the C-3 hydroxyl group of ethyl 4,6-O-benzylidene- 1-thio-p-D-glucopyranoside 11.© 1998
Elsevier Science Ltd. All rights reserved.

INTRODUCTION

It is now accepted that the total synthesis of oligosaccharides,! as well as their analogues,? is crucial i
full understanding of their biological roles is to be obtained.3 Although traditional oligosaccharide syntheses

are generally complex, multi-step procedures, in recent years, elegance and imagination have been introduced

into new synthetic strategies and this has allowed for far superior methods of oligosaccharide assembly.4
indeed, a whole range of novel giycosyl donors, which can be activated by orthogonal reagents,

available for oligosaccharide synthesis.’

selective procedures which are effective for all monosaccharides is still a major challenge to the synthetic
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chemist. For example, glucopyranosides which possess two pairs of trans-diequatorial hydroxyl groups are

particularly difficult to differentiate (Figure 1). Thus, despite the ubiquitous nature of glucopyranoside units

challenge which still merits attention. This is in contrast to results obtained with isomeric monosaccharide

counterparts, for which largely successful strategies have now been established.®
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ENZYME MEDIATED ACYLATION REACTIONS

In recent years some interesting investigations have highlighted the potential of using commercially

available enzymes to effect regioselective and regiospecific acylation of particular hydroxy! groups decorating
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enzyme class on the efficiency of these transformations. For example, comprehensive accounts are available

secondary hydroxyl groups of a range of pyranoside and furanoside derivatives.” Indeed, at the outset of this
work, the regioselective mono-O-acylation of methyl 4
either Pseudomonas fluorescens lipase (PFL),8 or Pseudomonas cepacia lipase (Lipase P),® had been reported
to proceed in a highly regioselective manner. Interestingly, whilst the o-anomer allowed access to the mono-
O-acylated C-2 derivative, the B-anomer allowed entry to the isomeric mono-QO-acylated C-3 derivative.
However, the application of this procedure to more synthetically useful derivatives containing a wider range of
anomeric heteroatom substituents had received only little attention.!0 Limited results involving non-alkyl
substituted derivatives had also been described, for example, a range of aryl rhamnosides have been shown to
act as excellent substrates for PFL resulting in regiospecific entry to the corresponding C-4 acetylated

derivatives.” Such studies have neatly demonstrated that lipase mediated acylation may be incorporated as a



key step at a late stage of a synthetic pathway. Indeed, preliminary resulis using disaccharides as sub

have indicated that regioselective acylation of the C-6" hydroxyl group can be achieved under carefully

RESULTS AND DISCUSSION

Considering these interesting developments, we decided to commence a research programme to establish

the suitability of a range of heteroatom containing gluco- and galactopyranoside monomers for enzyme

mediated acylation reactions. If this strategy could be selectively developed, efficient entry to a range of
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describe in full our recent results in this area.'?

The benzylidene protected monomer building blocks required for our study were easily prepared in

1. a0e? 3 1 1 e P . . J1e s~ 1 1 - P . o « 13
multi-gram quantities using the synthetic strategies outlined for the glucopyranoside substrates in Scheme 1."
Thus access to a preponderance of the B-anomer of each benzylidene protected substrate was achieved in

excellent yield using this three step protocol.

_OAc
ncn;)\é:&/ OAc .\
A ~ 1 P
1 UAC \ UAc OH
Ao o iii) /é/ o iv) Ph/\a o] o
Acoévs R —HO\~—"~ o —— HOl\;yA _R
/OAC IIV ‘OAC s \g;{’ ) ‘OH
a7
N 7 R'=SEt = 0
S e e R pRsm e

SLED>

6 R'=0Ph, 54%
i) For entry to 3, 4 and 6, R’H, BF;.0OEt,, DCM, 0°C to room temp.; ii) For entry to 5, PhSeSePh, NaBH,, DCM, EtOH, 0°C to
room temp.; iii) NaOMe, MeOH; iv) PhCH(OMe),, CSA. DMF

Scheme 1 : Preparation of benzylidene protected starting materials 11-14.



pentaacetate. The overall yield of preparation of benzylidene 15 was lower than that for the corresponding
glucopyranoside substrate 11, due to the formation of small quantities of both the 3,4-benzylidene and 2,3-
benzylidene protected regioisomers. These undesired regioisomers were readily removed by flash column
chromatography on silica gel.

The suitability of the five derivatives 11, 12, 13, 14 and 15 to act as substrates for a range of

commercially available enzymes, to allow regioselective synthesis of orthogonally protected acceptors, was

next investigated (Scheme 2). The results obtained to date using these five derivatives with three different
cnzymes are shown in Table 1
For small scale reactions (approximately 100 mg of starting material), weights of enzyme equal to the

weight of the substrates were typically required for the reaction to reach completion. In all cases the progress

of the reaction was monitored by tlc and for certain substrates, small volumes of THF were required to

When mixtures of the C-2- and C-3-O-acylated regioisomers resulted, complete separation of the
reoioisomers bv flash column chromatooranhv was not alwavs nossible. The ratio of regiocisomers resulting
€210150 S by Ilash column chromatography was not always possible. 1he ratio ol regioisomers resulting

from such transformations was therefore determined by close examination of the 1H nmr spectrum of the
mixture of regioisomers. As expected, for the C-3-O-acylated regioisomer, the C-3 proton occurred at lower

e AT

ieid than the C-2 proton. Further assignment of the 'H nmr spectra of the regioisomers was possibie from 2D

experiments.
8} e highlightad Tahl 1 3 1 11
Our results highlighted in Table 1 illustrate that it was possible to attain some level of regioselectivity

with all of the derivatives examined in this research programme. For example, although the selenium containing
derivative 13 proved a poor substrate for PFL, better regioselectivities were obtained with Lipase P and
candida cylindracea Lipase (CCL). Excellent resuits were obtained for the suifur-containing derivatives 11 and

12, with derivative 11 proving an excellent substrate for both PFL. and Lipase P. Moreover, for substrate 11,

the analogous CCL catalysed reaction of the corresponding methyl pyranoside derivative,82 but in contrast to

results obtained with substrates 12 and 13. Although the rate of reaction of the isomeric galactose substrate 15
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was poor with all three enzymes studied, the regioselectivities of the reactions were notably high, in parallel
with the corresponding methyl pyranoside substrate.8b
T T T e ) - T~y
N Q SeeTablel '" ‘o-— ‘ Ph \OO/\A" 0
HOL e R RON = \ R + HO _\ R
OH OH

11 R'=SEt 18 R'=SEt 23 R=SEt N

12 R'=SPh 19 R'=SPh 23 R=SPh

13 R'=SePh 20 R'=SePh 24 R'=SePh

14 R'=OPh 21 R'=0OPh 25 R'=0OPh

Ph—"X"Q Ph—X~0 Ph—X~0
See Table 1 ?L + ? L
Q [0}
HOM - SEL ———  po\l— sm: Hoi’\AV SEt
OH ol
15 26 27
Substrate Acylating agent : THF Enzyme? Reaction Conversion RatioP¢
(v:iv) conditions (%)
11 Vinyl acetate (100 : 0) PFL 45°C,7.5h 86 18a:22a>99: <19
11 Vinyl acetate (100 : 0) Lipase P 45°C, 7h 94 18a:22a>99:<1¢
11 Vinyl acetate (100 : 0) CCL 45°C, 53 h 89 18a : 22a 36 : 64
12 Vinyl acetate (60: 40) PFL 45°C, 42k 79 19a:23a86: 14
12 Vinyl acetate (60 : 40) Lipase P 45°C,65h 87 i%9a:23a82:18
12 Vinyl acetate (60 : 40) CCL 45°C,48 h 17 19a:23a82: 18
13 Vinyl acetate (100 : 0) PFL 55°C, 50 h 78 20a : 24a 53 : 47
13 Vinyl acetate (100 : 0) Lipase P 55°C, 64 h 98 20a : 24a 65 : 35
13 Vinyl acetate (100 : 0) CCL 55°C, 47 h 25 20a : 24a 66 : 33
14 Vinyl acetate (60 : 40) PFL 45°C, 72 h 71 21a:25a 73 : 27
14 Vinyl acetate (60 : 40) Lipase P 45°C, 72 h 79 21a:25a70:30
14 Vinyl acetate (60 : 40) CCL 45°C, 72 h 0 -
15 Viny! acetate (60 : 40) PFL 45°C,475h 10 26a:272>99:<1°
15 Vinyl acetate (60 : 40) Lipase P 45°C, 62h 3 26a:27a > 99: < 1¢
15 Vinyl acetate (60 : 40) CCL 45°C, 62 h 0 -
®. CCL = Candida cylindracea Lipase;

& PFL = Pseudomonas Fluorescens Lipase; Lipase P is supplied adsorbed into Celite

b
Ratios determined Dy

Iy

H nmr analysm of crude leIuTGS, Dy ln[CE]'d[lOl’l of well defined

a,b,c,d used in Tables 1, 2 and 3 are to distinguish denvatlves displaying different acyl (R
'H nmr analysis.
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groups;

1 : Initial enzyme investigations.
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e PhCH proton;
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No other isomer detected by
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hydroxyl group of good substrates identified in these preliminary investigations was next examined, using PF

atad in Tahla 2 In enm
A% LT 3 &

and aca D
I i 1 auviv

and Lipase
previously investigated, greater quantities of enzyme were required. For example, when attempting the PFL
mediated regioselective protection of glucopyranoside 11 with vinyl pivaloate on a 4.5 g scale, up to six mass
equivalents of the enzyme were required, despite the enzyme being added in smalil portions throughout the

reaction to minimise the effect of enzyme denaturing. Attempts to buffer the enzyme with phosphate buffer

(pH 7.2) led to partial improvements in the method but did not lead to reproducibly improved results.

Substrate Acylating agent : THF Enzyme Reaction Conversion Ratio®b
(v:v) conditions (%)

11 Vinyl formate (60 : 40) PFL 45°C,48 h 97 18b : 22b 90 : 10
ii Vinyi methacroiate (40 : 60) PFL 45-55°C, 156 h 89 i8¢ :22¢90: 10
11 Vinyl pivaloate (60 : 40) PFL 60°C, 144 h 100 18d: 22d > 99 : < I€
11 Vinyl pivaloate (60 : 40) Lipase P 60°C, 144 h 82 18d: 22d > 99 : < 1€
12 Vinyl formate (60 : 40) PFL 45°C,27h 83 19b : 23b 53 : 47
12 Vinyl pivaloate (60 : 40) PFL 60°C, 23 h 0 -

14 Vinyl pivaloate (60 : 40) PFL 60°C, 192 h 0 -

14 Vinyl pivaloate (60 : 40) Lipase P 60°C, 192 h 0 -

? Ratios determined by "H nmr analysis of crude mixtures, by integration of well defined benzylidene PhCH proton; ® The terms
a,b,e¢,d used in Tables 1, 2 and 3 are to distinguish derive}tives displaying different acyl (R) groups ; ° No other isomer detected by
"H nmr analysis.

Table 2 : Further enzyme investigations.

These results confirm that PFL is an excellent enzyme for the regioselective incorporation of a range of

acyl groups to the C-3 hydroxyl group of glucopyranoside derivative 11. Although initial results with
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nvoctioation of reoinselectivity of enzvme reactions ucino 4 6-O-henzvlidene-oy-D-nvranoside derivatives
investigalion of regroselechivily of enzyme reactions using 4,0-Q-oenzylidene-Q-D-pyrangside dermwvalives

regioselectivity of the reaction. These substrates were prepared in the same manner as outlined above, using
the small amounts of the a-anomer by-products 28 and 29 obtained from the initial Lewis acid catalysed

reactions, as starting materials (Scheme 3).

reaction conditions investigated. It is already well established that benzylidene protected methyl pyranosides
exhibit different selectivities in their enzyme mediated reactions, depending upon the configuration of the

£ ™

anomeric position.” This was further verified by the results obtained from these investigations.

Ph/vﬁs_“v o
RO
OAc on 34R=SEt HOp
. . 35 R'=0Ph
AcO Q D H""S/O ii) Ph/‘lﬁ'm\/o See Table 3 ¥
AcO - o —_— HO\/ﬂ ——
AcOé, HOI m“)}'z
R' Ph—X-0"\
28 R'-SEL 30 R'=SFt 32 R'=SEt, 78% over 2 steps S iy
29 R'=QPh 31 R'=OPh 33 R'=OPh, 83% over 2 steps
36 R'=SEt ROR.
37 R'=0OPh
i) NaOMe, MeOH; ii) PhCH(OMe),, CSA, DMF.
Substrate Acylating agent : THF Enzyme Reaction Conversion Ratio®?
v:iv) conditions (%)
32 Vinyl acetate (50 : 50) PFL 50°C, 15 h 26° 36a : 342> 99 : < 19
32 Vinyl pivaloate (50 : 50) PFL 60°C, 50 h 73 36b : 34b > 99 : < 19
33 Vinyl acetate (60 : 40) PFL 45°C, 144 h 68 37a: 353> 99 : < 19
33 Vinyl acetate (60 : 40) Lipase P 45°C, 144 h 65 37a: 35a>99: < |9
33 Vinyl pivaloate (60 : 40) PFL 60°C, 192 h 76 37b:35b>99: < 14
33 Vinyl pivaloate (60 : 40) Lipase P 60°C, 192 h 46° 37b : 35b > 99 : < 19

# Ratios determined by 'H nmr analysis of crude mixtures, by integration of well defined benzylidene PhCH proton; ® The terms
a,b,c,d used in Tables i, 2 and 3 are to distinguish derivatives dispiaying different acyi (R) groups; ° Aithough 'H nmr analysis of
the crude reaction mixtures indicaied the reactions to have neared completion, yieids of isolated products were as indicated; d No
other isomer detected by 'H nmr analysis.

Scheme 3, Table 3 : Further enzyme investigations with o-anomers.



mixtures. Moreover, the results obtained with diol 32 were particularly striking. The corresponding B-

phenylpyranoside 14 had afforded only modest levels of regioselectivity in the PFL or Lipase P mediated

reaction with vinyl acetate, and had remained unchanged upon treatment with vinyl pivaloate. However, the

corresponding o-anomer 33 allowed regiospecific entry to the C-2 acylated derivatives 36a and 36b in good
yields. Recent discussions on the active site of PFL may explain these results.'*
CONCLUSION
Various levels of regioselective acylation have been attained for the enzyme mediated reactions of - and

B-D-pyranoside derivatives displaying different heteroatomic anomeric groups. Excellent results were obtained
with the sulfur-containing derivatives 11, 12 and 32 and with a-phenylpyranoside 33. Following recent
reports'® which have also illustrated that solvents may greatly effect the regioselectivity of enzymatic

acylation reactions, the scope for synthesising a range of differentially protected acceptors for incorporation

into oligosaccharide synthesis strategies is immense.

We are grateful to the BBSRC and Dextra Laboratories for a CASE award (to J.J.G.). Financial

support from the Royal Society is aiso gratefully acknowledged.
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General Methods.

All reactions were monitored by thin layer chromatography (TLC) on Merck Kieselgel 60 F,sq 0.2
mm aluminum-backed plates. Visulization of the TLC plates was achieved using 254 nm UV light and by
spray-head development using an ethanol-sulfuric acid reagent (25 : 1 EitOH : H,SO,). Flash column
chromatography was performed using Merck silica gel 60 (70-230 mesh). Anhydrous solvents were purified
and dried as follows: dichloromethane was distilled from calcium hydride; ethanol was distilled from iodine and

magnesium filings; dimethylformamide was dried over 4 A molecular sieves for 24 hours. When necessary,

reactions were carried out under an inert atmosphere of argon or nitrogen.

Melting point analyses were carried out using an Electrothermal digital melting point apparatus and

internal standard unless otherwise stated. Mass spectral analyses were obtained in the chemical ionisation

mode using a Fisons VG Autospec. Infra red spectra were recorded using a Perkin-Elmer Paragon 1000 FTIR

P and CCL were kindly donated by Dextra Laboratories.

General method for deacetylation of derivatives 3, 4, 5, 6, 16, 28 and 29.

To a solution of fetfraacetate in the minimum amount of anhydrous dichloromethane was added
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uspension of Amberlite IR 120 (H")

wn

stirring, the suspension was filtered and the solvent removed in vacuo to afford the deacetylated products as

yellow gums/foams.
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General method for the formation of benzylidene protected products 11, 12, 13, 14, 15, 32 and 33

cm’) and then sodium methoxide (1.2 cm?, 0.6 mmol, 0.5 M). Quenching of the reaction mixture and work-up
w and 1392 w and 1359 w (C-H), 1038 s (C-O), 741 w and 692 w (Ar); 8y (400 MHz; CD;0D) 3.23-3.38

57 %), 313 (47),233 (18), 180 (53), 157 (72), 78 (100). (Found [M+NH,] 338.0558. C,;;H;,NOsSe requires
338.0506).
tetraacetate 29 (1.192 g, 2.81 mmol) in anhydrous dichloromethane (10 cm®) was treated with methanol (20

1229 s (C-H), 1109 vs (C-0), 1035 vs (C-0), 1012 s (C-0), 756 s and 691 s (Ar); 8y (400 MHz; CD;0D)
t,J9.0,95, H-3), 5.53 (1H, d , J 2.5, H-1), 7.04-7.35 (§H, m, ArH); 8¢ (100 MHz; CD;0D), 62.53 (C-6),

H-1), 7.26-7.68 (5H, m, ArH); &¢c (100 MHz; CD;0D) 62.82 (C-6), 71.25, 74.40, 79.50, 83.10 (C-2, C-3, C-4,
as outlined above afforded tetraol 31 (0.691 g, 96 %) as a yellow solid. Vpa/ cm™ 3473 br (O-H), 3421 br (O-
3.49 (1H, app. t,J 9.5, 9.0, H-4), 3.63 (1H, dd, J 2.0, 9.5, H-2), 3.71-3.81 (3H, m, H-5, H-6,,), 3.92 (1H, app.
(Ar{C-3, C-5), 158.87 (Ar{C-1}); m/z (CI) 274 (M+NHy, 8 %), 180 (15), 145 (7), 127 (4), 94 (100), 66 (R),

tetraacetate 5 (8.47 g, 17.37 mmol) in anhydrous dichloromethane (30 cm®) was treated with methanol (200
as outlined above afforded fetraol 9 (5.53 g, 100 %) as a viscose 0il. Vmax / cm™ 3416 vs (O-H), 3066 s and

PR

cm’) was added (+/-)-10-camphor sulfonic acid

F (80

s DM

To a solution of the tetraol in anhydrou

1

1

en tic analysis showed the reaction to be compiete,

1

1

'h

X

(0.2 equiv) and benzaldehyde dimethyl acetal (1.1 to 1.2 equiv) and the resultant mixture was placed on a

rotary evaporator
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triethylamine (TEA, 1 equiv) was added and the solution was concentrated in vacuwo usin
azeotropically remove residual DMF. The resultant brown oil was dissolved in the minimum quantity of a 1

nreadenr
WA

"o
TOme ulll.ll\t, pPrvau (%%

equiv). The reaction mixture was quenched and worked up as outlined above and the residue submitted to

flash column chromatography (8 : 1 toluene : ethyl acetate then ethyl acetate with 1 % TEA as co-solvent).

Concentration of the pure fractions in vacuo afforded diol 13 (6.13 g, 89 %) as an orange solid. m.p. 162.0-
inD

164.0 °C, [Lit.'® (propan-2-0l) 150-151 °C]; [a]*®p -44.9 (c 0.74 CM), [Lit."7 [@]*'p -43.3 (c 0.6

DCM)]; Umax/ cm™ 3456 br and 3269 br (O-H), 3071 s and 3028 s (C-H), 2970 vs and 2946 s (C-H), 2877 vs
and 2845 s (C-H), 1463 s and 1455 s and 1440 w (C=C), 1377 s (C-H), 1107 s and 1085 s and 1058 s (O-H),
1040 w and 1006 s (C-O) 741 w and 691 w (Ar); 8y (400 MHz; CD;0D) 3.29-3.48 (3H, m, H-2, H-4, H-5),

3.62 (1H, app. t, J 9.0, 8.5, H-3), 3.72 (1H, t, J 10.0, H-6,), 4.24 (1H, dd, J 4.5, 10.0, H-6,), 4.89 (1H, d, J

73 At

, H-1), 5.54 (1H, s, Ph-CH), 7.28-7.66 (10H, m, ArH); &¢ (100 MHz; CD;0D) 69.77 (C-6), 76.32 (C-3),
.19,

53); m/z (CI) 409 (M+H, 6 %), 303 (5), 251 (100), 235

136.23, 139.28 (ArSe, Ar{C-1, C-2, C-3, C-4, C-5, C-

O

(35), 129 (37), 105 (53), 78 (30). (Found [M+H] 409.0537. CoH,,05Se requires 409.0554).

Phenyl 4,6-O-benzylidene-1-O-B-D-glucopyranoside 14. By following the general procedure
outlined above, tetraol 10 (4.00 g, 15.63 mmol) in anhydrous DMF (45 cm?®) was treated with (+/-)-10-

camphor suifonic acid (0.73 g, 3.10 mmol, 0.2 equiv) and benzaldehyde dimethyl acetal (2.85 cm’, 18.98 mmol,

1.2 equiv). The reaction mixture was quenched and worked up as outlined above and the residue recrystallized

uuuuuu | m.-.4- annl and Ball vns bl tn e T T 1AM 1 4 AT OLN an o Tiitn ~wmrotalli;a o151 Tha
\})lUpdll‘ HICLANVL aliu uluuwlumcuxa.uc:) W aliVilU Givl 191\ 401 E, 97 70) dd A WIILC V1Y ST SULIU 11<
remaining crude material was dissolved in the minimum amount of 1 % TEA solution in warm acetone,



ation of the pure fractions in vacuo afforded diol 14
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(1.94 g, 36 %) as a white solid (total yield of diol 14 4.45 g, 83 %). m.p. 179-181 °C, [Lit.'® (ethanol) 194.5-

195 °CJ; [o]*" -36.8 (¢ 0.25 in acetor

(O-H), 3070 w and 3040 w (C-H), 2929 s and 2867 vs (C-H), 1599 s (C=C), 1493 vs (C=C), 1452 s (C-H),
1389 s and 1372 s (C-H), 1227 vs (C-O), 1084 br (C-0), 1030 s and 1016 s (C-O), 751 s and 697 s (Ar); dy

(400 MHz; CD;0D) 3.59-3.68 (3H, m, H-2, H-5, H-4), 3

S06(1H. 4. J75. H- Y. 5.62(1H <8~ (100 MH=z: CD-OD)Y 67.37 (C-5)
5.06 (1H,d,J 7.5, H-1), 5.62 (1H, s, Ph-CH), H, m, ArH); 8¢ (100 MHz; CD;0D) 67.37 (C-5),
69.48 (C-6), 74.14 (C-3), 75.33 (C-4), 81.62 (C-2), 102.54, 102.76 (C-1, PhCH), 11 123.67, 127.21
128.95, 129.90, 130.29, (Ar, PhO{C-1, C-2, C-3, C-4, C-5, C-6}), 138.28 (Ar{C-1}), 158.32 (PhO{C-1});

m/z (CI) 345 (M+H, 34 %), 251 (M-OPh, 46), 183 (7), 179 (6), 149 (12), 127 (11), 105 (77), 94 (100), 91
(19), 77 (29), 66 (18), 65 (16), 55 (17), 39 (17). (Found [M+H] 345.1335. C,gHy O requires 345.1338).

Ethyl 4,6-0-benzylidene-1-thio-B-D-galactopyranoside 15. By following the general procedure

outlined above, fefraol 17 (2.58 g, 11.5 mmol) in anhydrous DMF (35 cm®) was treated with (+/-)-10-camphor

sulfonic acid (0.54 g, 2.30 mmol, 0.2 equiv) and benzaldehyde dimethyl acetal (1.90 cm?®, 12.6 mmol, 1.1
equiv). The reaction mixture was quenched and worked up as outlined above and the residue submitted to

matography using gradient elution (2 : 1 toluene : ethyl acetate then ethyl acetate with 1 %

TEA as co-solvent). Combining the pure fractions and concentration in vacuo afforded diol 15 (1.04 g, 29 %)

vs (C-I), 1496 w (C=C), 1450 s (C-H), 1404 s (C-H), 1365 s (C-H), 1248 s (C-0), 1169 s (C-0), 1100 s,
1075 s, 1058 s, 1027 s and 1000 s (C-O), 733 s and 697 s (Ar), 650 w (C-S); 6, (400 MHz; CDCl;) 1.34 (3H,
t,J 7.5, SCH,CH;), 2.76-2.87 (2H, m, SCH,CHj), 3.52 (1H, m, H-5), 3.70 (1H, dd, J 3.5, 9.0, H-3), 3.80 (1H,
t,.J 9.0, H-2), 4.04 (1H, dd, J 2.0, 12.5, H-6,), 4.25 (1H, d, J 2.5, H-4), 4.36-4.32 (2H, m, H-1, H-6), 5.54

(1H, s, Ph-CH), 7.36-7.49 (5H, m, ArH); 6¢ (100 MHz; CDCl;) 15.20 (SCH,CH,), 23.38 (SCH,CHj3), 69.24

(C-6), 69.61 (C-2), 70.01 (C-5), 73.80 (C-3), 75.59 (C-4), 85.24 (C-1), 101.36 (PhCH), 12637, 128.22,
(Ar{C-2, C-6, C-3, C-5}), 129.21 (Ar{C-4}), 137.58 (Ar{C-1}); m/z (CI) 313 (M+H, 26 %), 295 (7), 251
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Phenvl 4 6-0-henzvlidene.1-0.-gy-D.alucanvranaeide 33 Rv following the oeneral nrocedure
Phenyl 4,6-0-henzylidene-1-0-0-D-glucopyranceide 33, By following the general procedure
outlined above, tetraol 31 (0.619 g, 2.39 mmol) in anhydrous DMF (15 cm®) was treated with (+/-)-10-

1.2 equiv). The reaction mixture was quenched and worked up as outlined above and the residue submitted to
flash column chromatography (1 : 1 : 1 hexane : dichloromethane : ethyl acetate with 1% TEA as co-solvent).
Combining the pure fractions and concentration in vacuo afforded diol 33 (0.70 g, 83 %) as a yellow solid.
m.p. 194-196 °C, [Lit.2° (Ethanol-KOH) 206 °C]; [a.]*"p +202.7 (¢ 0.23 in acetone), [Lit.% [a]'*p +174.2 (¢ 1
in acetone)]; Vmax / cm! 3379 br (0O-H), 3065 w (C-H), 2936 s (C-H), 2866 w (C-H), 1598 s (C=C), 1495 s
(C=C), 1451 w (C-H), 1371 s (C-H), 1231 s (C-O), 1085 vs and 1074 vs and 1031 s (C-0), 747 s and 694 s
(Ar); 8y (400 MHz; C3D40) 3.57 (1H, app. t, J 9.5, 9.0, H-4), 3.69-3.73 (1H, m, H-2), 3.76 (iH, t, J 10.5, H-
6.), 3.86-3.92 (1H, m, H-5), 4.04-4.15 (2H, m, H-3, H-6,) 4.31 (1H, d, ./ 8.0, C-2-OH), 4.60 (1H, d, J 4.0, C-
3-0OH), 5.59 (iH, d, J 4.0, H-1), 5.62 (1H, s, Ph-CH), 7.02-7.51 (10H, m, ArH); 8¢ (100 MHz; C3D40); 64.92

(C-5), 69.35 (C-6), 71.69 (C-3), 73.78 (C-2), 82.48 (C-4), 99.27 (C-1), 102.29 (PhCH), 117.80, (PhO{ C-2, C-
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General Method for Enzyme Acetylation Reactions.

To a solution of the diol in vinyl acetate at 45 °C was added small portions of enzyme and the

through Celite® and the residue washed with ethyl acetate. The filtrate was washed with distilled water then
extracted with ethyl acetate (3 x 20 cm®), dried with MgSO,, filtered and the solvent removed in vacuo to
afford a crude reaction mixture which was anaiysed by 'H nmr spectroscopy to obtain isomeric ratios of

products present in the crude mixture. When possible, separation of the regioisomers was obtained by column

ASF270
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ollowing the procedure outlined above. T
chromatography on silica gel (4 : 1 toluene : ethyl acetate with 1% TEA as co-solvent) afforded acetare 18a
(497 mg, 86 %) as a white solid. m.p. 117.3-118.8 °C, [Lit.!® m.p 118-120°C]; [a]**p -69.3 (¢ 1.0 in CHCl3),

[Lit.!9 [a]**p -67.30 (¢ 1.03 in CHCL]; U / cm™ 3372 br (O-H), 2984 s (C-H), 2826 s (C-H), 1714 vs

(C-2), 74.74 (C-3), 78.32 (C-4), 87.12 (C-1), 101.42 (PhCH), 126.11, 128.21, 129.07, 136.86 (Ar{C-1, C-2,
4 1 (CH3CO0,); m/z (CT) 355 (M+H, 24 %), 293 (23), 249 (39), 187 (32), 105 (100),

L' 1/'\11-

ral X £ s e s ﬂl' N
. Cy7H»30¢ requires 3 215).

Phenyl 3-0O-acetyl-4,6-0-benzylidene-1-thio--D-glucopyranoside  19a. Pseudomonas

thio-B-D-glucopyranoside 19a and phenyl 2-O-acetyl-4,6-O-benzylidene-1-thio-f-D-glucopyranoside 23a in a

ratinnf 12 - 76 - 12 Far acstate 10a & (AN MUz CNYOLYI 0D AW ¢ O 0OMNY 2 A1.2 82 (21T o S I
1AQLIV Ui 1 4 T . T4y L UL ULELIE R 7@ UH (TUV ULVLLLG, VLAY ] L VL \JEL, D, bwbuu}, SSTLITI. 00 (U1, 1, 1170, 11
4, H-2), 3.68 (1H, app. t, J 9.5, 10.5, H-6,), 4.29 (1H, dd, J 5.0, 10.5, H-6), 4.58 (1H, d, J 9.5, H-1), 5.15

(1H,t,J9.0, H-3) 5.40 (1H, s, Ph-CH), 7.24-7.47 (SH, m, ArH).

Phenyl 3-O-acetyl-4,6-O-benzylidene-1-seleno--D-glucopyranoside 20a. Pseudomonas

n 4 /1r r

9 mg, 0.365 mmol) in vinyl acetate (15 cm OF:

o
-
U"l

°C over 50 hours following the general procedure outlined above. The crude mixture was submitted to flash

column chromatography on silica gel using gradient elution (6 : 1 hexane : ethyl acetate then ethyl acetate with



1% TEA
plus a mixture (50:50) of regioisomeric acetates 20a and 24a (122 mg, 74%). For the mixture of regioisomers
Umax / cm! 3372 br (O-H), 2962 w (C-H), 2935 w (C-H), 2874 w (C-H), 1714 s (C=0), 1438 w (C-H), 1366

w (C-0), 1262 s (C-O), 1089 s and 1020 s (C-O), 744 w and 695 w (Ar); for acetate 20a, [0*p -18.7 (c 0.15

1 AV A . . 11 /211 T OMNMN 281 280 MET wnn IT D IT A LT &Y 2 7L F1TLY  fanas
in CI IC13), 51{ (490 PAHZ, CDClg) 2.11 (o, 8, L 00) 5.51-5.006 (o6, m, 11-4, -4, 1-J), 3.76 (1N, app. t,

acctate with 1 % TEA as co-solvent). Combining the pure fractions and removal of the solvent in vacuo
afforded acetates 21a and 25b (21a : 252 2.7 : 1, 84 mg, 71 %) as a mixture of inseparable regioisomers. For the
mixture of regioisomers. Vg / cm™' 3424 br (O-H), 3057 w, 3042 w, 2930 w and 2880 s (C-H), 1745 vs

(C=0), 1600 s (C=C), 1590 w (C=C), 1497 5 (C=C), 1451 w (C-H), 1391 s and 1373 s (C-H), 1233 vs (C-0),
1099 vs and 1081 vs (C-0), 1032 s and 1012 s (C-0), 754 s and 697 s (Ar). For 21a 8y (400 MHz; CDCl;)
2.16 (3H, s, CH;COO0), 3.55-3.91 (4H, m, H-2, H-5, H-4, H-6,), 4.36-4.43 (1H, m, H-6,), 5.11 (1H, d, J 7.5,
H-1),5.31 (1H, 1, 9.5, H-3), 5.52 (1H, s, Ph-CH), 6.99-7.51 (10H, m, ArH). For 25a 8y (400 MHz; CDCl;)
2.14 (3H, s, CH;COO0), 3.55-3.91 (4H, m, H-5, H-4, H-3, H-6,), 4.36-4.43 (1H, m, H-6,), 5.13 (1H, d, J 8.0,

149 (38), 127 (25), 105 (23), 94 (28), 92 (68), 91 (81), 77 (19),

87.1444., CyH» O requires 387.1443).
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y et al
Ethyl  3-O-acetyl-4,6-0-benzylidene-1-thio-3-D-galactopyranoside 26a Pseudomonas

fluorescens lipase (PFL) (204 mg) was added to diol 15 (101 mg, 0.32 mmol) in tetrahydrofuran : vinyl acetate
8 cm®) at 45 °C over 47.5 hours followi
dissolved in minimum 1 % TEA solution in dichloromethane, preadsorbed onto silica gel and submitted to
flash column chromatography on silica gel using gradient elution (3 : 1 toluene : ethyl acetate then 1 : 1 toluene
: ethyl acetate with 1 % TEA as co-solvent). Combining the pure fractions and removal of the solvent in
vacuo afforded acetate 26a (11 mg, 10 %) as a white solid. [®]*’p -6.0 (¢ 0.05 in CHCly); Vs / cm™ 3443 br
(O-H), 2924 s (C-H), 2853 s (C-H), 1735 w (C=0), 1459 w (C-H), 1375 w (C-0), 1263 w (C-0), 1168 w (C-
H), 1089 w, 1044 w and 1023 w (C-0), 737 w and 694 w (Ar), 668 w (C-S); &y (400 MHz; CDCl;) 1.27 (3H,
77 (2H, m, SCH,CH3), 3.49 (1H, s, H-5), 3.93-4.00 (2H,
4.34 (2H, m, H-1, H-6,), 4.80 (1H, dd, J 3.5, 10.0, H-3),

t.J 7.5, SCH,CH;), 2.07 (3H, s, CH;C0O0), 2.70-
J12.5 3

2.
m, H-2, H-6), 4.24 (1H, app. d, J 12.5, H-4), 4.36-
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; m/z (CI) 355 (M+H, 9 %), 293

).
(100), 249 (16), 203 (16), 187 (44), 149 (59), 127 (25), 105 (43), 81 (19), 43 (63). (Found [M+H] 355.1212.

Ethyl 2-0-acetyl-4,6-O-benzylidene-1-thio-o-D-glucopyranoside 36a. Pseudomonas fluorescens
lipase (PFL) (190 mg) was added to diol 32 (150 mg, 0.48 mmol) in tetrahydrofuran : vinyl acetate (1 : 1, 3

Q

m’) at 50 °C over 15 hr following ihe procedure outlined above. Crude 'H nmr showed oniy 36a (45 mg, 26
%) as a white solid. m.p.117.8-118.8 °C, [a}*, +153.8 (¢ 0.55 in CHCL3); Vpae/ cm™ 3437 br (O-H), 3064 w,
3034 w, 2958 w, 2927 s, 2904 w, and 2857 w (C-H), 1751 vs (C=0), 1449 w (C-H), 1451 w (C-H), 1375 s
(C-H), 1256 vs (C-0), 1102 s, 1073 vs and 1029 s (C-0O), 749 w and 695 s (Ar), 651 w (C-S); 8y (400 MHz;
CDCl) 1.18 (3H, t, J 7.5, SCH,CH3), 2.06 (3H, s, CH;COO0), 2.43-2.58 (3H, m, SCH,CH,, C-3-0OH), 3.49
(1H, t,J H-4), 3.70 (1H, m, H-6,), 4.00 (1H, t, J 9.5, H-3), 4.15-4.22 (2H, m, H-5, H-6,), 4.83 (1H, app.
dd, J5.5,10.0, 6.0, 10.0, H-2), 5.47 (1H, s, Ph-CH), 5.60 (1H, d, J 6.0, H-1) 7.29-7.44 (5H, m, ArH); 8¢ (100
MHz; CDCls) 14.83 (SCH,CHy), 20.92 (CH3COO0), 24.40 (SCH,CHs), 62.40 (C-5), 68.64 (C-6), 69.08 (C-3),
73.50 (C-2), 81.22 (C-4), 82.50 (C-1), 102.03 (PhCH), 126.30, 128.33, (Ar{C-2, C-3, C-5, C-6}), 129.32 (Ar

{C-4}), 136.89 (Ar{C-1}), 170.36 (CH;CO,); m/z (CI) 355 (M+H, 15 %), 293 (75), 275 (15), 249 (18), 233



1492514946 14941

(37), 187 (40), 169 (33), 149 (100), 127 (30), 105 (63), 91 (33), 77 (20), 43 (88). (Found [M+I1] 355.1226.

-~z ~

C17H2305 require 355.121 ’)

Phenyl 2-0-acetyl-4,6-0-benzylidene-1-0-o-D-glucopyranoside 37a. Pseudomonas fluorescens
lipase (PFL) (497 mg) was added to diol 33 (98 mg, 0.28 mmol) in tetrahydrofuran : vinyl acetate (2 : 3, 5 ecm?®)

at 45 °C over 144 hours following the general procedure outlined above. The crude mixture was dissolved in

chromatography (1 : 2 hexane : diethyl ether with 1 % TEA as co-solvent). Concentration of the pure

fractions afforded acerate 37a (74 mg, 68 %) as a yellow solid. m.p. 151-152 °C;

CHCI3); Umax/ cm™ 3515 br and 3427 br (0-H), 3062 w and 3029 w (C-H), 2941 w, 2925 w and 2870 w (C-

), 1752 vs and 1726 v.

< Q
i1y, Y3 dix JF VS

(C-0), 1116 vs (C-H), 1072 vs, 1028 vs, 1007 s (C-0), 755 s and 696 vs (Ar); 3y (400 MHz; CDCl;) 2.07

(3H, s, CH;C0O0), 3.59 (1H, t, J 9.5, H-4), 3.69 (1H, app. t, J 10.5, 10.0, H-6,), 3.93-3.99 (1H, m, H-5), 4.15
(1H, dd, J 5.0, 10.5, H-6y), 4.35 (1H, t, J 9.5, H-3), 4.86 (1H, dd, J 3.5, 9.5, H-2), 5.50 (1H, s, Ph-CH), 5.69

(1H, s, J 3.5, H-1), 6.97-7.43 (10H, m, ArH): 8. (100 MHz: CDCl

s -
- Dy o sl 12712 23/ 2 Vailid, oS 3

) 20.23 (CH;COO0), 63.94 (C-5), 68.47

-3), 68.65 (C-6), 73.83 (C-2), 81.79 (C-4), 96.04 (C-1), 101.95 (PhCH), 117.49, 123.16, 126.84, 128.3

129.15, 130.00, (Ar PhO{C-2, C-3, C4, C-5, C-6}) 157.25 (PhO{C-1}), 170.42

5 M S Sl VAR

(CH3CO0); m/z (CI) 387 (M+H, 71 %), 293 (M-OPh, 100), 281 (15), 275 (17), 233 (13), 187 (45), 149 (41),
127 (13), 105 (46), 94 (21), 91 (12), 77 (11), 43 (13), 39 (10). (Found [M+H]| 387.1438. C;H,,0; requires
387.1443).
General Method for Enzyme Acylation Reactions.
To a solution of the dio/ in a mixture of the acylating agent and THF (3 : 2) at the temperature stated
in each method was added small portions of enzyme and the reaction was monitored to completion by tlc
analysis. After this time the enzyme was removed by filtering through Celite® and the residue washed with

ethyl acetate. The filtrate was washed with distilled water then extracted with ethyl acetate (3 x 20 cm?®), dried
with MgSQy, filtered and the solvent removed in vacuo to afford a crude reaction mixture which was analysed
by 'H nmr spectroscopy to obtain isomeric ratios of products present in the crude mixture. When possible,

separation of the regioisomers was achieved by column chromatography on silica gel.
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-benzylidene-1-thio-f8-D-glucopyranoside ~ 18b.  Pseudomonas

100 mg) was added to dio/ 11 (101 mg, 0.32 mmol) in tetrahydrofuran : vinyl

crude reaction mixture demonstrated it to contain 90 % 3-O-formate 18b and 10 % 2-O-formate 22b and < 1%

di-O-formate. For 18b, 8y (400 MHz; CDCl;) 1.34 (3H, t, J 7.5, SCH,CH;), 2.75-2.79 (2H, m, SCH,CH3),

3.59-3.72 (3H, m, H-4, H-2, H-5), 3.78 (1H, app. t, J 10.0, 10.5, H-6,), 4.36 (1H, dd, J 5.0, 10.5, H-6}), 4.51
f1IET A 7100 H_ 1Y §22/(1H + OO H. N S 81 (11T ¢ PhO'EN 7 WU 740817 m A»HY 21 (1H ¢ HOON
VLT, Uy o LV, D051 Jy Jo LT \LX0y Ly & 70Uy X155 )y JoJ L (111, Oy UINdd )y 7.37%7. 37 \I11, Klly /XK ), O.4L1 {111, 3y JINAJ)

Ethyl 3-O-methacryl-4,6-O-benzylidene-1-thio-B-D-glucopyranoside 18c.  Pseudomonas
fluorescens lipase (PFL) (100 mg) was added to dio/ 11 (100 mg 0.32 mmol) in tetrahydrofuran : vinyl
methacrolate (3 : 2, 5 cm?®) at 45-55 °C over 6.5 days following the general procedure outlined above. 'H nmr

analysis of the crude reaction mixture demonstrated it to contain a mixture of regioisomers (109 mg, 89 %)

(>90 % 3-O-methacrylate 18¢ and <10 % 2-O-methacrylate 22¢) which decomposed within days at room

nnnnnnnn

D A
4 3CUQUIIIUrILD

fluorescens lipase (PFL) (250 mg) was added to diol 11 (100 mg, 0.32 mmol) in tetrahydrofuran : vinyl

the crude mixture by column chromatography (10 : 1 toluene : ethyl acetate with 1 % TEA as co-solvent) on

Umax/ cm’! 3492 br (0-H), 3067 w and 3037 w (C-H), 2981 s (C-H), 1737 vs and 1715 vs (C=0), 1481 s and
1397 s (C-H), 1282 s and 1079 s and 1019 s (C-0), 751 s and 698 s (Ar), 653 w (S-C); dy (400 MHz; CDCls)
1.16 (9H, s, (CH;3);CO), 1.25 (3H, t, J 7.5, SCH,CH}), 2.68-2.71 (2H, m, SCH,CH,3), 2.73 (1H, d, J 2.0, OH),
3.45-353 (2H, m, H-2, H-5), 3.61 (1H, t, J 9.5, H-4), 3.70 (1H, t, J 10.5, H-6,), 4.29 (1H, dd, J 5.0, 10.5, H-
6y), 4.44 (1H, d, J 10.0, H-1), 5.12 (1H, t, J 9.0, H-3) 5.45 (1H, s, Ph-CH), 7.26-7.35 (5H, m, ArH); & (100
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Phenyl  3-O-formyi-4,6-0-benzylidene-1-thio-f-D-glucopyranoside = 19b.  Pseudomonas
fluorescens lipase (PFL) (255 mg) was added to diol 12 (155 mg, 0.43 mmol) in tetrahydrofuran : vinyl
formate (2 : 3, 8 cm’) at 45 °C over 27 hours following the general procedure outlined above. 'H nmr analysis
of the crude mixture demonstrated it to contain a mixture of phenyl 3-O-formyl-4,6-O-benzylidene-1-thio-[-D-

glucopyranoside 19b : phenyl 2-O-formyl-4,6-O-benzylidene- 1-thio-B-D-glucopyranoside 23b : phenyl 4,6-O-

Q5 -1y 5§10 (1 t 70N AN8547 (1 q O 7. 7854(SH m AN Q1S7TH ¢ HOON
S ety AR l}’ -~ ek 7 \AAL, I.,'.I I-U, AR J} e v ‘l.l,l, d’ 111 \JJ_[-J’ 1o JLTT.J7T \Jll, lll’ nlll}’ O. 17 \111, D, il_\;u/.
Ethyl 2-O-pivaloyl-4,6-O-benzylidene-1-thio-o-D-glucopyranoside 37a. Pseudomonas

g

fluorescens lipase (PFL) (600 mg) was added to dio/ 32 (200 mg, 0.64 mmol) in tetrahydrofuran : vinyl
pivaloate (1 : 1, 3 cm’) at 60 °C over 50 hours following the general procedure outlined above, with the
pH 7.2 phosphate buffer. Purification of the crude mixture by column
chromatography (dichloromethane then dichloromethane : ethyl acetate 20 : 1 with 1 % TEA as co-solvent) on
silica gel afforded pivaloate 37a (186 mg, 73 %) as an oil which partially crystallizes with time. m.p. 110.7-

111.3 °C; [at]?p +192.2 (¢ 0.5 in CHCL3); Vpmax/ cm™ 3470 vs (0-H), 3041 w and 3034 w (C-H), 2971 s, 2932

s,2904 s and 2869 s (C-H), 1727 vs (C=0), 1481 s, 1464 5, 1396 s and 1373 s (C-H), 1277 s, 1151 s, 1099 s

(C-0), 754 s and 699 s (Ar), 652 w (S-C); &, (400 MHz; CDCly) 1.13-1.16 (12H, m, (CH;);CO and

CCH.CHN 22272829 m QSCH.CHN Q4K (1 t JTaQn A4y 2 AR (1 m 6. 207 (1H t JQS -

INAMIDNA L3 Jy &od (T DL \ L dy MMy SNLINNATfy JTU LTE, Ly U 70U,y £177 ), J.UOG (11h, Ly T1SUR), J.7 7 (115, Ly o/ 7.2, 11

3), 4.13-4.20 (2H, m, H-6,, H-5), 4.81 (1H, dd, J 6.0, 10.0, H-2), 5.44 (1H, s, Ph-CH), 5.56 (1H, d, J 6.0, H-1)

7.28-7.43 (5H, m, ArH); §: (100 MHz; CDCl;); 14.85 (SCH,CH3), 24.11 (SCH,CH3), 26.92 (CH;);C) 38.66
A s 123 s YO\ » 37 AN PALEX YA PR 2 3/ \ZA P33
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ELIUY v 9

126.25, 128.22, 129.15, 136.94 (Ar{C
. - - - \ ‘\1

2 E 2

(M+H, 22 %), 335 (100), 294 (88), 291 (26), 234 (12), 229 (22), 211 (16), 149 (70), 127 (9), 105 (54), 91
(25). 85 (75), 57 (89), 41 (23). (Found [M+H] 397.1688. CaHSO requires 397.1684).

Phenyl  2-O-pivaloyl-4,6-O-benzylidene-1-0-0-D-glucopyranoside  37b.  Pseudomonas

fluorescens lipase (PFL) (302 mg) was added to dio/ 33 (52 mg, 0.15 mmol) in tetrahydrofuran : vinyl

(C=C), 1450 s (C-H), 1398 w and 1375 s (C-H), 1281 s and 1219 vs (C-0), 1145 vs and 1105 vs (C-H), 1053
s, 1032 vs, 992 vs (C-0), 749 s and 700 s (Ar); &;; (400 MHz; CDCl;) 1.14 (9H, s, (CH;);CCOO), 3.58 (1H,
app. t,./ 9.0, 9.5, H-4), 3.69 (1H, t, J 10.5, H-6,), 3.94-4.00 (1H, m, H-5), 4.15-4.19 (1H, app. dd, J 4.5, 9.5,
H-6y), 4.34 (1H, t, J 9.5, H-3), 4.80-4.83 (1H, app. dd, J 3.0, 9.5, H-2), 5.50 (1H, s, Ph-CH), 5.64 (1H, s, J
3.0, H-1), 6.95-7.42 (10H, m, ArH); &¢ (100 MHz; C3D40) 27.29 ((CH;);CCOO), 39.31 ((CH;);CCOO0),
64.40 (C-5), 69.00, (C-3), 69.06 (C-6), 74.18 (C-2), 82. 19 (C-4), 96.69 (C-1), 102.36 PhCH) 117.83, 123.59,

127.29, 128.75, 129.59, 130.47 (Ar, PhO{C-2, C-3, C-4, C-5, C-6}), 138.92 (Ar{C-1}), 157.90 (PhO{C-1});
429

m/z (CI) 429 (M+H, 37 %), 335 (M-OPh, 100), 327 (17), 317 (7), 229 (21), 211 (11), 162 (7), 149 (28), 129
(9), 105 (37), 94 (20), 91 (12), 77 (8), 66 (8), 65 (8), 57 (27), 43 (8), 39 (6). (Found [M+H] 429.1924
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