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ABSTRACT
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A practical synthesis of f-L-3'- and f-L-5'-O-levulinyl-2 '-deoxynucleosides has been described for the first time through enzymatic acylation
and/or hydrolysis processes. It is noteworthy that the different behavior exhibited by Pseudomonas cepacia lipase in the acylation of b- and
L-nucleosides allows the parallel kinetic resolution of p/L-nucleosides.

Modified nucleosides have attracted much attention as
antiviral and anticancer agerit€onsequently, extensive

changes have been made to both the heterocyclic base and NH, 1, X=$; R=H, -L-3TC, Lamivudine
the sugar moiety to reduce the toxicity and viral drug NZ l R 2, X=8; R=F, p-L-FTC, Emtricitabine
resistance associated with certain nucleoside analdgues. A 3. X= CHy; R=H, $-L-ddC, Zalcitabine

Unil " | leosid ina th | 0" N o JOH 4, X= CHp; R=F, p-L-FddC

ntil recently, only nucleosides possessing the namm < 5 X=O; R= H, f.L-0ddC, Troxacitabine
configuration have been studied as chemotherapeutic agents X
due to their easy access. However, the discovery of lami- NH, o
vudine (-2',3'-dideoxy-3'-thiacytidine, 3TCl, Figure 1), N R N
the first compound with the unnaturg@lL-configuration Py | Py |
07N OH 07 N OH
o] 0
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antiviral or antitumor agents.Some of the promising
candidates are the 5-fluorinated analogue of 3TC (emtricit-
abine,2),® f-L-ddC (zalcitabine3),® 5-L-Fd4C (§,” andf-L-
FddC (4)8

Favorable features afnucleosides include lower toxicity,
while maintaining an antiviral activity comparable to and
sometimes greater than theircounterparts, and higher
metabolic stability. For example, B-p-2-fluoro-2-deoxyara-
bino-furanosyl)-5-methyluracil (FMAU) showed promising
anti-HBV activity, but its development was interrupted in
phase | clinical trials due to severe neurological toxicity.
Whereas| -FMAU (clevudine,?) is reported to be nontoxic
and more activé.The dioxolane analogue-OddC (troxa-
citabine, 5)1° is the first L-nucleoside showing antitumor
activity, and unlike itsp-form, it is not metabolized by
cytidine deaminase, which can prolong its effect as a drug.
Furthermore3-L-2'-deoxynucleosides have been described
to inhibit the replication of HBV and woodchuck hepatitis
viruses (WHV)#*< In addition, theL-series of nucleosides
are also of interest as precursors to nuclease-stable
oligonucleotides! The tremendous therapeutic potential of
L-nucleosides has stimulated interest in their synthesis.
Formation of a mixture ob- andL-nucleosides is a common

which resulted in enzymatic kinetic resolution @f- and
L-configured dideoxynucleosidé3and (ii) the separation of
p/L-adenosine via deamination reaction using an unknown
cell culture PS-2643

Although enzymatic-catalyzed reactions are becoming
standard procedures for the preparation of enantiomerically
pure compounds, they have not been fully exploited as a
separation tool in the racemic mixture of nucleositfd3ue
to the increased therapeutic applicationsLafucleosides,
there is a need for a separation method that permits easy
isolation ofb-nucleosides from-nucleosides. Recently, we
have described the enzyme-catalyzed regioselective acyla-
tion®® of unprotected3-b-nucleosides and the hydrolysis of
acylateds-b-nucleosides. Herein, we report an extension of
our studies in this area demonstrating for the first time a
regioselective enzymatic acylation ofnucleosides and its
application in the resolution ob/L-mixtures. Enzymatic
hydrolysis of acylated-nucleosides is also reported.

For the acylation of-nucleosides, we chose the levulinyl
group due to its ease of cleavage under neutral conditions
and the potential use of these levulinyl protected nucleosides
in the solution-phase synthesis of oligonucleotitfeAc-
etonoxime levulinate was selected as the acylating agent since

occurrence during the synthesis of these compounds. Thisoxime esters have proven to be excellent reagents toward

results in a challenging separation of the racemic mixtures.
Surprisingly, the separation ofL-nucleosides remains an

the regioselective enzymatic acylation of nucleosiddhe
selective 50-acylation of_-2'-deoxynucleosideBa—d*” was

under-explored area of research. Two relevant examples inaccomplished using CAL-B at 30C (Scheme 1). Thus,
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a, B=T: b, B= CBZ ¢, B= ABZ d, B= GV Ibu= Isobutyryl

aSee Table 1 for details.
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Table 1. Enzymatic Acylation ofp-L-Nucleosides3?

entry  substrate lipase t(h) 8 (%)° 9 (%)be
1 8a CAL-B 05 nd >97 (91)
2 8b CAL-B 2 nd >97 (88)
3 8c CAL-B 1 nd 95 (89)d
4 8d CAL-B 5 nd >97 (91)
5 8a PSL-C 10 nd >97 (95)
6 8b PSL-C 2 nd >97 (88)
7 8c PSL-C 10.5 nd >97 (92)
8 8d PSL-C 6 >97
9 8d PSL-C 120 86 14

108 8d PSL-C 192 85 15

aPerformed with 3 equiv of acetonoxime levulinate; ratioSocEAL-B
was 1:1 (w/w); ratio of8:PSL-C was 1:3 (w/w); 0.1 M concentration.
b Based ortH NMR signal integration¢ Percentages of isolated yields are
given in parenthese8Also, 5% 3',5'-di-O-levulinyl-d&Z was isolated as
a derivative ® Reaction run at 60C; nd = not detected.

in which traces of corresponding dilevulinyl compound were
also observed. Attempted efforts to avoid the formation of
minor bis-acylated product by lowering the reaction tem-
perature (20°C) or reducing the amount of lipase were
unsuccessful. Gratifyingly, changing the reaction conditions
did not have significant impact on the regioselectivity, and
the reaction was completed in 8:5 h with excellent yields
(88—91%).

Surprisingly, PSL-C showed the same behavior as CAL-B
by catalyzing the acylation at the primaris/droxyl group
of T (8a), dC? (8b), and dA&? (8c) (entries 5—7, Table 1)
in excellent yield. In general, the rate of acylation was slower
with no detectable’d NMR) amounts of 35'-di-O-Lev-
dABZin the crude reaction. On the other hand, the acylation
reaction catalyzed by PSL-C on #8d) led to the recovery

of the starting material (entry 8, Table 1). We also tested b
this lipase at higher temperatures and longer reaction times *
(entries 9 and 10, Table 1), but the reaction stalled after 15% .,o_wJ“—

conversion. This limitation was circumvented when CAL-B
afforded the desired derivative in 91% vyield (entry 4, Table
1).

With a better understanding of the lipase-mediated acy-

lation of L-nucleosides, the possibility of separation of a
mixture of b/L-nucleosides was studied next (Scheme 2).

Scheme 2
T OH T Olev
0 o} )
PSL-C 90% yield
OH OH >99% ee
8a THF, 30 °C 9a
+ (1) +
_N
HO T LevO j/ HO T
0 o)
92% yield
HO LevO >99% ee
10 1

Treatment of an equimolecular mixture mf-thymidine
with acetonoxime levulinate afforded aft® h amixture of
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pB-L-5'-O-levulinylthymidine Qa) and 3-p-3'-O-levulinyl-
thymidine (11}°¢ in good yields. TheL-isomer 8 was
regioselectively acylated at théBydroxyl group with PSL-

C. The same lipase exhibited an opposite selectivity for the
D-isomer, catalyzing the acylation of thel3/droxyl group.
This example constitutes a parallel kinetic resolution of
nucleosides, since the different behaviorodf-thymidine
resulted in the formation of two different produétsThe
two acylated products have differeR values and are
separated easily from the reaction crude mixture by flash
chromatography to giv®a and 11 in 90 and 92% yields
(based on the amount aob and L starting material),
respectively, and are enantiomerically pure. The purity of
the products was further corroborated with chiral HPLC data
(Figure 2).

Abs
sl A %4 B
320 880 4
270 580 -
220 ° 480 -
170 ¢ 380 3
120 3 280
70 < 180
20 80
20 T T T
<0 5 10 15 20 25 0 5 10 15 2
min min
Abs Ave
580
c )
480 4
280 -
380 4
280 180

0 10 min

Figure 2. Chiral HPLC chromatogramdA: 3'-O-Lev-(-D/L-T.
B: 3'-O-Lev-5d-T from the enzymatic reactiolC: 5'-O-Lev-j-
p/L-T. D: 5'-O-Lev-4-T from the enzymatic reaction. Condi-
tions: Chiralcel OJ (256 46 mm), 0.78 mL/min, 10C, hexane/
EtOH (1:1).

Having established a route for the synthesigaf5'-O-
levulinyl-protected nucleosides, we embarked on the syn-
thesis off3-L-3-O-levulinyl-protected nucleosides next (Scheme
3). The latter compounds are very useful building blocks
for the solution-phase synthesis iofligonucleotides. On
the basis of our previous work, we envisioned a two-step
protocol that involves acylation followed by regioselective
hydrolysis on the 5'-grouf.

Therefore, theg-L-3',5-di-O-levulinyl derivatives of thy-
midine and 2'deoxycytidine were conveniently prepared by
the reaction of 2'-deoxynucleosides with levulinic acid and
DCC in the presence of DMAP. Screening with a variety of

(18) For a review of the parallel kinetic resolution of racemic mixtures,
see: Dehli, J. R.; Gotor, \Chem. Soc. Re2002,31, 365—370.
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(12b), both CAL-B and PSL-C showed moderate selectivity,

Scheme 3 whereas hydrolysis of base-unprotected derivatiZetook

place exclusively at the'fposition (entries 4 and 5 vs entry
LevOH, DCC WOLW Lipase @OH 7, Table 2). Nevertheles§€hromobacteriumiscosunipase
EtsN, DMAP 0.15 M KPi (pH 7) (CVL) was found to hydrolyze the' 8-levulinyl ester with
14-dioxane Olev 1,4-dioxane Olev high selectivity furnishing the'8D-acyl derivativel3b in

12a,b,e 13a,b,e 80% yield (entry 6, Table 2).

a B=T b, B=CB% e B=C In summary, we have demonstrated that theadd 5-

O-levulinyl-protected derivatives ¢@f-L-2'-deoxynucleosides

2 See Table 2 for details. can be prepared through selective acylation and/or deacy-

lation processes catalyzed by enzymes. Furthermore, utilizing
this approach, we have accomplished a parallel kinetic
resolution of a 1:1 mixture af/L-nucleosides via an acylation
reaction to furnish easily separable compounds. We envision
that this separation methodology would have a huge potential
for the isolation of pure isomers from a racemic mixture of
nucleosides. Thus, enzymes continue to play an important
_ role in expanding our understanding and knowledge of
Table 2. Enzymatic Hydrolysis of3-L-Di-O-Lev-dB 122 substrate specificity. The high efficiency, safety, and “green”
nature of these processes makes them an attractive alternative
to existing chemistry-based methods.

lipases indicated that CAL-B had an excellent selectivity
toward the hydrolysis of the' 8evulinyl ester of 3',5'-di-O-
Lev-T (12a) furnishing 3'-O-Lev-T (13a) in 90% isolated
yield (entry 1, Table 2).

entry diester lipase T (°C) t(h) 8 (%)? 12 (%)° 13 (%)b°

1 12a CAL-B 30 285 7 93 (90)
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aRatio 0of 12:CAL-B was 1:1 (w/w); ratio ofLl2:PSL-C was 1:3 (w/w); Ship.

ratio 12:CVL was 1:0.3 (w/w); 0.1 M conpentratiohB_ased_ on HPLC signal

integration.c Percentages of isolated yields are given in parentheses. Supporting Information Available: Experimental pro-
cedures and completdd and 13C NMR spectral data in

d addition to mp, IR, optical rotation, microanalysis, and MS

Similarly, PSL-C also exhibited total selectivity towar data for the new compounds; the level of purity is indicated
the 5-acyl , although | i hieved | ) . ’ .
© S-acyl group, atinough /oW cONversion was achieved -, included copies ofH and *C NMR spectra. This

even after the extended reaction time. Increasing the reaction L : .
temperature to 60C improved the conversion, but the material is available free of charge via the Internet at
selectivity was compromised (entries 2 and 3, Table 2). When hitp://pubs.acs.org.

the same process was carried out witfs'3di-O-Lev-dC? 0L048502V
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