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Abstract

Diacetoxy SO,-uracil analog diacyclonucleosides have been deprotected via lipase-mediated alcoholysis. The reactivity
and regioselectivity of the reaction are dependent on the steric hindrance of distant 5-substituents, even if they are as small
as a methyl or a 4,5-trimethylene chain, and, in a lesser extent, the electronic or hydrogen bond interactions of 3-carbonyl
and hydroxyl-chain groups. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Acyclonucleosides may be described as nu-
cleoside analogues in genera in which the ri-
bose moiety has been replaced by a (poly)hy-
droxylic chain [1]. A research line of our group
isaimed at studying the synthesis and biological
properties of SO,-uracil (1,1-dioxide-1,2,6-
thiadiazine) analog acyclonucleosides [2]. These
compounds can be readily obtained as acetoxy
derivatives, followed by the deprotection of the
hydroxy groups. This deprotection was success-
ful when the acetoxy sugar [3] and monoacyclo
[4] moieties of 4-quinolone nucleoside analogs
were treated with ammonia-saturated methanol
but, except with a few monoacyclic derivatives
[2], the system afforded useless decomposition
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mixtures when it was applied to SO,-uracil
analogs.

Nowadays, enzymes are increasingly used in
processes in which mild experimental condi-
tions (unstable starting or fina products) and /or
some selectivity (enantio, regio, etc.) are
searched. Because of some favourable features
such as availability and activity in organic sol-
vents, lipases are the most widely used enzymes
in organic synthesis [5] and they were the se-
lected reagents in our attempt to obtain the
fully deprotected diacyclonucleoside and the two
intermediate monoacetoxy derivatives to test
them later as antiviral agents.

We have recently focused our attention on
three SO,-uracil sets (Fig. 1): unsubstituted la—
d, 5-methyl 2a—d and 4,5-trimethylene (tetrahy-
drocyclopentd clthiadiazine) 3a—d.

In a previous paper [2], we described a gen-
eral method to cleave the acetoxy group of
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R \_IRI \_F|‘1 These results suggested that the regiosel ectiv-
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Lng N4 /—r:l L '{j:> the C-5 substituent. In this paper we reported

Ro OQS‘),js Ro—S Sb\ R, —225 our studies with the new diacyclonucleoside 3a
“LoJ® —LO\I Lod in order to confirm that the reactivity and re-
la-d 2a-d Ja-d gioselectivity of the PSL-catalyzed alcoholysis

Fig. 1 a: R; =R, = AcO; b: R; = OH, R, = AcO; ¢: R; = AcO, of the diacyclonucleosides 1a—3a depends on

=OH d: R; =R, = OH.

thiadiazine diacyclonucleosides under very mild
conditions and affording nearly quantitative
yields of fully deacylated compounds by Can-
dida antarctica lipase (CAL from hereon) cat-
alyzed hydrolysis. This reaction was not selec-
tive in case of diacyclonucleosides 1a and 2a,
but al 1b—d and 2b—d were obtained when the
CAL-mediated hydrolysis of la and 2a was
combined with the alcoholysis of 1a and 2a and
the acylation of 1d and 2d, both regioselective
reactions catalyzed by the lipase of Pseu-
domonas cepacia (PSL from now on). The alco-
holysis of 2a and the acylation of 2d displayed
a high regiosdectivity and afforded 95:5 and
5:95 2b:2c mixtures, respectively [6]. This situa
tion changed with the unsubstituted derivative
la. In this case, about 1:1 mixtures 1b:1c were
obtained by both alcoholysis of 1a and acylation

the 5- or 4,5-small ring substituents located at a
7-9 atoms distance of the side chains cleaving
bonds.

2. Results and discussion

2.1. Synthesis and structural elucidation of new
compounds

Following our research on potential antiviral
compounds, we synthesized the 4,5-trimethyl-
ene thiadiazine derivative 3 by condensation of
the corresponding B-enaminoester and sul-
famoyl chloride in basic medium. The diacy-
clonucleoside 3a was obtained in good yield
following the silylation procedure [7] and then
3b—d using enzymatic catalyzed reactions
(Scheme 1).

The structures of compounds 3 and 3a—d

of 1d [2]. were established according to their analytical
AcO
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Scheme 1. Synthesis of diacyclonucleosides of 4,5-trimethylenethiadiazine derivatives 3a—c.



Table 1

'H and *C NMR chemical shifts of compound 3a—d in CDCl,

VP
D
1
025 A
RO— ~ N
SN
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Compound H-6 H-7 H-8 H-a H-b H-c H-d H-b' H-¢ CH;CO
R=R =Ac3a 274 (1) 2.08 (m) 2.87 (1) 3.74 (m) 4.19 (m) 5.12(s) 3.81(m) 4.19 (m) 5.34(s) 2.04, 2.05
R=Ac,R=0H3b 273 (1) 2.09 (m) 2.89 (1) 3.74 (m) 4.18 (m) 5.15(s) 3.74 (m) 3.74 (m) 5.38(s) 2.06 (s)
R=0H,R =Ac3c 275 () 2.06 (m) 2.88 (1) 3.68 (M) 3.68 (M) 5.14 (s) 3.81(m) 4.20 (m) 5.34(s) 2.04(s)
R=R =0H3d 2.70 (m) 2.06 (m) 2.87 (m) 3.69 (m) 3.69 (m) 5.14 (s) 3.69 (m) 3.69 (m) 5.36 () -
C-3 C-4 C-5 C-6 C-7 C-8 C-a C-b C-c Cc-d C-b' C-¢
R=R =Ac3a® 160.35 11618 15259 2851 20.26 32.33 67.44 62.70 76.43 67.12 6300 7229
R=Ac, R =0OH 3b° 160.48 116.40 152.69 28.52 20.25 32.22 71.30 62.91 76.92 67.32 61.81 7251
R=0OH, R = Ac 3c°® 160.38 116.29 152.55 28.59 20.62 32.50 70.83 63.05 77.11 67.55 61.48 72.30
R=R =O0H 3d 160.37 116.43 152.57 28.53 20.73 32.39 7115 6151 76.99 70.80 61.22 72.14

3170.90, 170.69 (COCH ); 20.79, 20.71 (COCH ).
P170.93 (COCH ,); 20.32 (COCH ).
€170.91 (COCH 3); 20.32 (COCHj).
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Table 2

AABB’ system chemical shifts difference of compounds 3a—c
Compound A8 N2 A8 N(6)

3a 0.39 0.46

3b - 0.44

3c 0.39 -

AS=258,— 5, (5 inppm).

Table 3

Alcoholysis® of 1-3a

Derivative a b c d

1 20 15 17 24

2¢ 22 60 3 9

3¢ 82 18 n.d. n.d.
Results after 1 h.

#1-3a (10 mM), n-BuOH (60 mM) and PSL (10 mg/ml) in
i-Pr,0 at 45°C.

®Preparative scale, isolated product (%).
‘Analytical scale, HPLC data (%).
n.d., not detected.

and spectroscopic data which are gathered in
Table 1 and in the experimental part. For the
unequivocal assignment of al chemical shifts,
bidimensionah NMR experiments (NOESY,
HMQC [8] and HMBC [9]) were performed. As
in previous diacyclonucleosides, it can be ob-
served that substitution at N(2) produced a
deshielding of the CH,, protons directly linked,
probably due to the anisotropy of the adjacent

100 9
Conv. i —oO— 3a

(%)

Time (h)

Fig. 2. Alcoholysis of 3a. General experimental conditions.

C=0 group, and, what is more important, re-
duced the difference in the chemical shifts split
pattern of the AA'BB’ system of the ace
toxymethoxy chain (Table 2). This chemical
shifts difference rule is crucial for the unequivo-
cal assignment of monodeprotected diacyclonu-
cleosides 3b and 3c.

2.2. Enzymatic reactions

2.2.1. Alcoholysis of 3a

The acoholysis rate of 3a was lower than
that of 1a and 2a (Table 3) but it took placein a
more regioselective manner (Scheme 2). The

1-3¢
Scheme 2. The general scheme of PSL-catalyzed alcoholysis.
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route B was not significant and 3d was mainly
formed via A: no 3c was detected and the
increasing slope in the formation curve of 3d is
only dlightly higher than the decreasing one of
3b (Fig. 2). These data point out a high influ-
ence of the 5-(or 4,5-)substituents, even when
they are as small as a methyl or a trimethylene
chain, on the rate and regioselectivity of the
reaction.

2.2.2. Alcoholysis of 3b and 3c

In order to check possible differences be-
tween the two regioisomers 3b and 3c, they
were separately subjected to alcoholysis. The
two reactions took place at a slower rate than
with 1 and 2 substrates (Table 4) and both 3b
and 3c were exclusively converted into dihy-
droxy 3d. Moreover, their same-order reactivity
confirmed that the regioselective reaction is the
alcoholysis of 3a into 3b while 3c is not appre-
ciably formed. The presence of a hydroxy group
at the end of the 2-chain facilitates a conforma-
tion that allows the alcoholysis of the 6-chain
acetoxy group.

2.2.3. Alcoholysis of 1b and 1c

The structural difference between the 2- and
6-side chains in 1a lies on their relative position
to the 3-carbonyl group, so, we wanted to check
its possible role in the regioselectivity of the
reaction. Unsubstituted intermediates 1b and 1c
were chromatographically separated [2] and sub-
jected to alcoholysis with n-BuOH at the same
experimental conditions. The progress curves of
both reactions are shown in the Figs. 3 and 4.

In both cases, we found the surprising result
that a pure monoacetoxy regioisomer was con-

Table 4
3d formed?® by alcoholysis® of 3b and 3c

Substrate  1h 3h 5h 7h 20h  45h

3b 66 160 191 237 390 502
3c 105 246 299 364 582 785

#Conversion (%), analytical scale, HPLC data.
®General experimental conditions.

100 9
Conv. ] °o— 1d

(%)

Time (h)

Fig. 3. Alcoholysis of 1b. General experimental conditions.

verted, in addition to the final dihydroxy 1d,
into the other regicisomer and even into the
initial diacetoxy la. The conversion of one re-
gioisomer into the other (routes C) can take
place when a unigue molecule of the monoace-
toxy substrate undergoes the two steps [in short:
(1) alcoholysis of the ester group by the enzyme
PSL-Ser-OH and (2) nucleophilic attack to the
PSL-Ser-OAc formed)] of the enzymatic alcohol-
ysis in two different sites. For example, when
the PSL-Ser-O-Ac entity formed from the 6-
chain acetoxy group of 1b is subjected to a
nucleophilic attack by the 2-chain hydroxy group
from the same molecule (in fact a newly formed

100 &
Conv.
(%)

==

2 —
0 15 30 45

Time (h)

Fig. 4. Alcoholysis of 1c. General experimental conditions.
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dihydroxy 1d). Original diacetoxy 1a would be
formed when the nucleophilic attack on PSL-
Ser-OAc is carried out by a molecule of mono-
hydroxy 1b or 1c (routes A’ and B').

These reactions require a definite conforma-
tion which is apparently possible only in the
absence of a 5-substituent. The progress curves
plotted in the Figs. 3 and 4 are rather different:
they point out that the 3-carbonyl group inter-
acts with some point of the enzyme (polar
residue or hydrogen bond network) and leads to
an enzyme—substrate complex preferred confor-
mation. As aresult, the formation of one regioi-
somer from the other is more favoured in the
alcoholysis of 1b, where at equilibrium the ratio
1b:1c is about 1:1 while in the case of 1c is
roughly 1:4. Significant amounts of diacetoxy
1la were produced in both reactions.

3. Conclusions

These results point out that the sterical hin-
drance displayed by the 5-(or 4,5-)substituents
influences the substrate conformation inside the
active site, although they arg as far as 7-9
atoms and nearly 6 and 10 A [10] from the
cleaving bonds of both side chains. Conse-
guently, the rate and regioselectivity of the reac-
tion are affected by them. In absence of these
substituents, the electronic interactions of the
3-carbonyl group aso have an important effect.
Our results are in agreement with two recently
published simultaneous articles describing the
X-ray structure of crystallized Amano lipase PS
[11] and a comparison of three crystal structure
[12] obtained by three independent groups from
Genzyme and Amano P. cepacia lipases. Ac-
cording to them, the serine of the triad lies at
the bottom of an ovoid hole 10 A X 25 A and
about 15 A deep: although the distance between
the 5-substituent and the cleaving bond of the
2-side chain is nearly 10 A, the active site
pocket is deep enough to enclose the whole
molecule and the 5-hydrocarbon substituent can
interact with the hydrophobic residues surround-

ing the active site and induce a preferred con-
formation. At the same time, the presence of the
5-substituent avoids the conformational changes
needed to convert one regioisomer into the other.

4. Experimental
4.1. Synthesis of substrates

4.1.1. Chemical synthesis

Column chromatography was performed on
Merck silicagel 60 (70-230 mesh). *H NMR
spectra were obtained on Varian XL-300 and
Gemini-200 spectrometers operating at 300 and
200 MHz, respectively. Typica spectral param-
eters were: spectral width 10 ppm, pulse width
9 us (57°), data size 32 K. NOE difference
spectra were measured under the same condi-
tions, using a presaturation time of 3 s. **C
NMR experiments were carried out on the Var-
ian Gemini-200 spectrometer operating at 50
Mhz. The acquisition parameters were: spectral
width 16 kHz, acquisition time 0.99 s, pulse
width 9 us (57°) and data size 32 K.

4.1.1.1. 1,5,6,7-Tetrahydrocyclopentalc]-
[1,2,6]thiadiazin-4(3h)-one 2,2-dioxide (3). To
a cooled solution (5°C) of ethyl 2-amino-1-
cyclopentylcarboxylate [13] (2.86 g, 0.02 mol)
in benzene (40 ml), freshly sulfamoyl chloride
[14] (3 g, 0.03 mol) dissolved in benzene (10
ml) was added. The mixture was stirring for 1 h
at room temperature. Then, a solution of sodium
hydroxide 7 N (40 ml) was added, and vigorous
stirring was continued for 24 h more. The aque-
ous phase was separated, acidified with hydro-
gen chloride 12 N until pH =1 and extracted
with dichloromethane (3 x 40 ml). The organic
phase was dried over sodium sulphate, and
evaporated under reduced pressure. The residue
was chromatographed on silica gel column elut-
ing with CH,Cl ,:-MeOH (15:1) to give 3(1.9 g,
51%) as a white solid, m.p.: 178-179°C. *H
NMR (DMSO-dg, 200 MHz) §: 2.63 (t, 2H,
Jon, cn, = 6.7 Hz, H-7), 248 (t, 2H, Jopy o, =



S. Conde et al. / Journal of Molecular Catalysis B: Enzymatic 4 (1998) 295-302 301

6.7 Hz, H-5), 2.33 (M, 2H, gy, oy, = 6.7 Hz,
H-6). °C NMR (DMSO-d, 50 MHZ) : 165.21
(C-4), 159.93 (C-7a), 101.54 (C-4a), 32,51 (C-
7), 26.79 (C-6), 20.47 (C-5). Anal. Cdlc. for
CeHgN,O,S: C, 38.25; H, 4.25; N, 14.88; S,
17.00. Found: C, 38.23; H, 4.26; N, 14.89; S,
17.02.

4.1.1.2. 1,3-Di[(2-acetoxyethoxy)methyl]-5,6,7-
trihydrocyclopental c] [ 1,2,6] thiadiazin-4-one
2,2-dioxide (3a). To a solution in
dichloromethane (25 ml) of the silyl derivative
of 3 prepared by refluxing the base (0.56 g,
0.003 mol) in hexamethyldisilazane (9 ml) and
ammonium sulphate (catalytic amounts) under
nitrogen, the 2-acetoxyethyl acetoxymethyl ether
[15] (0.42 g, 0.003 mol) dissolved in
dichloromethane (25 ml) was added. The mix-
ture was cooled, and BF; - Et,O (0.58 ml, 0.004
mol) was added with vigorous stirring and ex-
clusion of moisture. The resulting mixture was
gtirred for 3 h at room temperature, and was
then shaken with saturated sodium hydrogen
carbonate solution (50 ml). The organic phase
was separated, dried over sodium sulphate, and
evaporated under reduced pressure. The residue
was chromatographed on silica gel column elut-
ing with ethyl acetate: hexane (1:1) to give 3a
(0.55 g, 45%) as a colorless syrup. Anal. Calc.
for C,gH,,N,0,S: C, 45.71; H, 5.75; N, 6.66;
S, 7.63. Found: C, 45.68; H, 5.49; N, 6.81; S,
7.84.

4.1.2. Enzymatic synthesis

4.1.2.1. 1-[(2-Acetoxyethoxy)methyl]-3-[ (2-hy-
droxyethoxy) methyl] -5,6,7- trihydrocycl openta-
[c]-[1,2,6] thiadiazin-4-one 2,2-dioxide (3b). Li-
pase PS (254 mg) was added to a solution of 3a
(100 mg, 23.6 mmol) and n-BuOH (140 ml,
1.523 mmoal) in i-Pr,0 (25.4 ml). The mixture
was incubated (45°C, 250 rpm) for 2 h. Then,
the enzyme was removed by filtration, washed
with acetone and the combined filtrates evapo-
rated to dryness. The residue was purified by

CCTLC (EtAcO/hexane 1:1) isolated the
monoacylated derivative 3b (45 mg, 60%). Anal.
Cdc. for C;,H,,N,O4S: C, 44.39; H, 5.81; N,
7.39; S, 8.45. Found: C, 44.56; H, 5.90; N,
7.73; S, 8.19.

4.1.2.2. 3-[(2-Acetoxyethoxy)methyl] -1-[ (2-hy-
droxyethoxy) methyl] -5,6,7- trihydrocycl openta-
[c]-[1,2,6] thiadiazin-4-one 2,2-dioxide (3c). Li-
pase PS (30 mg) was added to a solution of the
dihydroxy compound 3d (10 mg, 0.03 mmol) in
EtAcO (3 ml). The reaction mixture was shaken
(45°C, 250 rpm) for 24 h. Then, the enzyme
was filtered off, washed with EtAcO and the
combined filtrates evaporated to dryness under
reduced pressure. Purification by CCTLC using
EtAcO,/MeOH (40:1) as eluent gave compound
3c (3.5 mg, 31%) as a colorless syrup. Anal.
Calc. for C,,H,,N,0,S: C, 44.39; H, 5.81; N,
7.39; S, 8.45. Found: C, 44.25; H, 5.65; N,
7.57; S, 8.25.

4.1.2.3. 1,3-di[(2-hydroxyethoxy)methyl] -5,6,7-
trihydrocyclopental c][ 1,2,6] thiadiazin-4-one
2,2-dioxide (3d). CAL (254 mg) was added to a
solution of 3a (33 mg, 7.8 mmol) in a mixture
of t-BUOH /citrate—phosphate buffer pH:7.0
(9:1) (25.4 ml) and stirred in a thermostatized
orbital shaker (45°C, 250 rpm) for 4 h. Then the
enzyme was filtered off, washed with acetone
and the combined filtrates evaporated to dryness
under reduced pressure, to give compound 3d
(24 mg, 91%) as a colorless syrup. Anal. Calc.
for C,,H,,N,0O,S: C, 42.85; H, 5.99; N, 8.33;
S, 9.53. Found: C, 42.65; H, 6.01; N, 8.22; S,
9.76.

4.2. Enzymatic reactions

Analytical HPLC was performed on a Beck-
man chromatograph using a Waters Delta Pak
C-18 column (3.9 X 150 mm), eluted with dif-
ferent proportions of acetonitrile and a 0.05%
trifluoroacetic acid agueous solution at a flow
rate of 1 ml/min and UV detector at A: 264
nm. Diisopropylether was refluxed on sodium
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wire, distilled and stored on molecular sieves 4
A powder before using. Commercia lipase PS
(Amano) from P. cepacia was used without any
purification.

4.2.1. General procedure

The reactions were carried out at an analyti-
cal scalein sealed screw-cap 2-ml vials contain-
ing 1.5 ml of the reaction mixture. Lipase PS
(10 mg/ml) was added to a solution of the
diacyclonucleoside derivative (10 mM) and n-
BUuOH (60 mM) in anhydrous diisopropylether.
Aliquots were periodically withdrawn and ana-
lyzed by HPLC by comparing with authentic
samples.

Acknowledgements

Generous gift of Novozym 435 is gratefully
acknowledged to Novo Bioindustrial. We aso
thank to C.I.C.Y.T. (project SAF-96-0107) for
financial support.

References

[1] C.K. Chu, SJ. Cutler, J. Heterocycl. Chem. 23 (1986) 289.

[2] A.l. Esteban, O. Juanes, S. Conde, P. Goya, E. de Clercg, A.
Martinez, Bioorg. Med. Chem. 3 (1995) 1527.

[3] A. delaCruz, J. Elguero, P. Goya, A. Martinez, E. de Clerq,
J. Chem. Soc. Perkin Trans. 1 (1993) 845.

[4] A. delaCruz, J. Elguero, P. Goya, A. Martinez, V. Gotor, F.
Moris, E. de Clerg, J. Chem. Res. (S), (1992) 216.

[5] M.C. de Zoete, F. van Rantwijk, R.A. Sheldon, Catal. Today
22 (1994) 563.

[6] A.l. Esteban, O. Juanes, A. Martinez, S. Conde, Tetrahedron
50 (1994) 13865.

[7] H. Vorbriiggen, U. Niedballa, J. Org. Chem. 39 (1974) 3654.

[8] A. Bax, S. Subramanian, J. Magn. Reson, (1986) p. 565.

[9] A. Bax, M.F. Summers, J. Am. Chem. Soc. 108 (1986) 569.

[10] Caculated by using SYBIL 6.3 Molecular Modelling Soft-
ware. Tripos Associates, 1699 South Hanley Rd., St. Louis,
MO 63144.

[11] K.K. Kim, H.K. Song, D.H. Shin, K.Y. Hwang, SW. Suh,
Structure 5 (1997) 173.

[12] J.D. Schrag, Y. Li, M. Cygler, D. Lang, T. Burgdorf, H.-J.
Hecht, R. Schmid, D. Schomburg, T.J. Rydel, J.D. Oliver,
L.C. Strickland, C.M. Dunaway, S.B. Larson, J. Day, A.
McPerson, Structure 5 (1997) 187.

[13] JA. Kloek, K.L. Leschinsky, J. Org. Chem. 43 (1978) 3824.

[14] A. Rosowsky, SH. Kim, M. Wick, J. Med. Chem. 24 (1984)
1177.

[15] .



