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Abstract: (2'S)-2'-deoxy-2'-C-methyl-5-halogenopyrimidine nucleosides were designed and synthesized as
anti-herpes virus agents. Of these compounds, (2'S)-2'-deoxy-2'-C-methyl-5-iodouridine (SMIU, 9e) showed
the greatest anti-HSV-1 activity in virro while showing no cytotoxicity. SMIU is a candidate drug for clinical
treatment of herpes virus infection disease.

In the last decade, several efficient antiviral agents have been developed for the clinical treatment of
infection diseases caused by herpes viruses.2 However, these are not always sufficient in herpes virus
chemotherapy. For instance, herpes viruses often develop resistance to the drugs and the antiviral spectra of
drugs are not broad enough.2 Therefore, much attention has been focused on developing more efficient anti-
herpes virus agents.

In recent years, we have engaged in the synthesis of 2'-modified nucleoside analogs as potential
antitumor or antiviral agents.3 Throughout these studies, we have disclosed that (2'S)-2'-deoxy-2'-C-
methylcytidine (SMDC, 1) had potent antineoplastic activities against tumor cells in vitro.32 On the other
hand, it has been recognized that simultaneous introduction of a substituent at both 5-and 2'-B-position of
pyrimidine nucleosides often have brought notable anti-herpes virus activity (e.g. 5-
bromovinylarabinosyluridine, BVAU;4 (2'S)-2"-deoxy-2'-fluoro-5-iodocytidine, FIAC, 3;5 (2'S)-2'-deoxy-2'-
fluoro-5-iodouridine, FIAU, 46). Thus, we have planned synthesizing 5-halogeno derivatives of SMDC as
well as the corresponding uracil congener SMDU (2), and evaluating their anti-herpes virus activities.

3',5"-0-Protected 2'-ketouridine derivative 5a, prepared readily from uridine,3h was treated with methyl
magnesium bromide in diethyl ether to give (2'S)-2'-C-methyluridine derivative 6a exclusively in 81% yield.7
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SCHEME 1

a) MeMgBr, Et20, -18°C;  b) (i) MeO2CCOCI, DMAP, CHoClo, 1t, (i) nBuzSnH, AIBN,
toluene, reflux; ¢) NXS (X =Cl, Br, 1), AcOH, 80°C; d) (i) TPSCI, DMAP, EtgN, MeCN ,
it, then 28%NH4OH; &) nBugNF, THF, 1.

Compound 6a was treated by the stereoselective radical deoxygenation reaction of the 2'-tertiary
hydroxyl of 2'-branched-chain sugar nucleosides that has been recently developed by us.2a.d.¢h This was
treatment of 6a with methoxalyl chloride and DMAP in CH»Cl; to give 2'-O-methoxalylate, which was
immediately reacted under reflux in toluene with tributyltin hydride and AIBN. This afforded the desired
(2'5)-2"-deoxy-2'-C-methyl nucleoside 7a in 73 % yield.8 The corresponding 2'-diastereoisomer was not
isolated from this reaction. Halogenation at the 5-position of the uracil moiety of 7a was done with N-
halogenosuccinimides as electrophilic reagents. Compound 7a was heated with NCS in acetic acid at 80°C
for 6 h to give 5-chloro derivative 7¢ in 82% yield. In similar way the 5-bromo and 5-iodo derivatives (7d
and 7e) were obtained in 64% and 68% yields, respectively. The corresponding 5-fluoro derivative 7b was
synthesized starting from commercially available 5-fluorouridine in 16% over-all yield, by the same route for
synthesizing 7a from uridine as outlined in Scheme 1. Conversions of uracil nucleosides 7 to the
corresponding cytosine congeners 8 were done by a known procedure: treatment of 7b-e with
triisopropylbenzenesulfonyl chloride (TPSCI) in the presence of DMAP and Et3N in CH3CN followed by
ammonolysis afforded cytidine derivative 8b-e in good yields (8b, 76%; 8¢, 83%; 8d, 85%, 8e, 56%,
respectively). The silyl protecting group of 7 and 8 was removed by a standard method to furnish the target
(2'S)-2"-deoxy-2-C-methyl-5-halogenopyrimidine nucleosides 9b-¢ and 10b-¢ in excellent yields.

All the free nucleosides newly synthesized, together with some known potent antiviral agents, were
evaluated for anti-HSV-1 activity in vitro,'0 and the results are summarized in Table 1. Of these compounds,
5-iodo uracil derivative 9¢ (SMIU) had an ECsg value of 0.14 pg/mL while not being toxic to the host cells at
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concentration up to 100 pg/mL, which was comparable with the potency of acyclovir, the most useful anti-

herpes virus drug in clinical use. Although FIAU (4), having a fluoro atom instead of the methyl group at the

2'-B-position of SIAU, also showed a significant
ECs5p value (0.06 pug/mL), it was cytotoxic against
host cells as reported previously.5 S-lodocytosine

Table 1. Inhibitory Effects on Replication of HSV-
1 (KOS strain) in NC-37 cells2

derivative 10e showed only a moderate activity,!! compound ECsob CCso°
in spite of its considerable structural similarity to (ug/mL) (ug/mL)
. n . 5b >100 =100
FIAC (3),.a well-known potent anti-herpes virus % 2100 2100
agent, which had a notable EDsg value of 0.10 9d 11 >100
/mL in this evaluation system. It has been 9e 0.14 >100
neim- ysten , 10b 022 0.22
recognized that FIAC was deaminated easily by 10c >100 >100
cytidine deaminase to yield cytotoxic FIAU in llg(el >102 8 ;:%
vivol2 as well as in vitro,13 though it had a FIAC (3) 0.10 63
n . ; itro. FIAU (4) 0.06 6.7
excellent chemotherapeut}c ‘mdex in vitro DU > 80 80
Compound 10b also had a significant EDsg value Acyclovir 0.17 >100

(0.22 pg/mL), but was quite toxic to the host cells.
All other compounds tested, including 5-iodo-2'-
deoxyuridine (IDU) which is a prototype for
designing FIAU or SMIU, had only insignificant
effects in this evaluation system.l4 These results
indicated the 5-iodouracil base would be essential

2Antiviral assay was done by previously reported
method (Ref. 10).
reduce virus-induced cytopathogenicity by 50%.

bConcentration required to

€Concentration required to inhibit cell-growth by
50%.

for the efficient anti-HSV-1 activity in the (2'S)-2'-deoxy-2'-C-methyl pyrimidine nucleoside derivatives.

In conclusion, SMIU showed a significant anti-HSV-1 effect in vitro, especially in terms of selective

toxicity. SMIU should be further pursued for its therapeutic potential as an antiviral agent.
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3a).
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IDU did not show any anti-HSV-1 activity up to 80 pg/mL in this evaluation system using a B-
lymphoblastoid cell line, NC-37, as host cells (Ref. 10).
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