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Abstract

The 5-[1-hydroxy (or methoxy)-2,2-dihaloethyl]-2’-deoxyuridines (3-12, Cl, Br and/or I} were
synthesized by the addition of HOX or CH;0X (X =Cl, Br, I) to the vinyl substituent of the
respective (F)-5-(2-halovinyl)-2’-deoxyuridines (la—c). In vitro antiviral (HSV-1, HSV-2,
HCMV, VZV, EBV) and cytotoxic (L1210) activities were determined. The 5-(1-hydroxy-2,2-
dihaloethyl) series were generally more active than the 5-(1-methoxy-2,2-dihaloethyl) series
against HSV-1, HSV-2, VZV and EBV. Anti-HSV-1 activity was dependent upon the steric
orientation and/or hydrophobic properties of the halogen atom(s), with -CH(OH)CHBr(I)
and -CH(OH)CHBr, C-5 substituents providing the most potent activity. 5-(1-Hydroxy-2-
bromo-2-iodoethyl)-2"-deoxyuridine (6), which exhibited the most potent anti-HSV-1 activity,
was 12-fold less active than acyclovir. In contrast, the halogen atom(s) were not determinants
of anti-VZV activity, where the approximately equipotent 5-(1-hydroxy-2,2-dihaloethyl)
compounds (3, 4, 5, 6) exhibited anti-VZV activity comparable to that of acyclovir. All of the
5-(1-hydroxy (or methoxy)-2,2-dihaloethyl) analogs (3-12) were inactive against HCMYV. The
5-(1-hydroxy-2-chloro-2-iodoethyl) compound (4) was an active cytotoxic agent as determined
in the in vitro L1210 screen. The compounds 3-12 were non-toxic to uninfected host cells. The
inhibitory effect on cell proliferation diminished upon replacement of the 5-(1-hydroxy-2,2-
dihaloethyl) substituents of 3-6 with the corresponding 5-(1-methoxy-2,2-dihaloethyl)
substituents (7-12).
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1. Introduction

(E)-5-(2-Bromovinyl)- (1b, BVDU) (De Clercq et al., 1979), (E)-5-(2-iodovinyl)-
(1c, IVDU) (Perlman et al., 1985) and 5-(2-chloroethyl)-2'-deoxyuridine (1e, CEDU)
(Griengl et al., 1985) are among the most potent and selective agents against herpes
simplex virus type 1 (HSV-1), of the many 5-substituted pyrimidine nucleosides that
have been investigated. BVDU (1b) and CEDU (1e) also effectively inhibit varicella-
zoster virus (VZV) replication in vitro (De Clercq et al., 1979; Perlman et al., 1985;
De Clercq et al., 1982; De Clercq and Rosenwirth, 1985; Rosenwirth et al., 1985). 5-
(2-Fluoroethyl)-2'-deoxyuridine (1h, FEDU) showed activity against HSV-1 replica-
tion (Griengl et al., 1987) whereas the bromo (1f) and iodo (1g) analogs of CEDU
were 30-100-fold less active (Griengl et al., 1985). In contrast, (E)-5-(2-fluorovinyl)-
2’-deoxyuridine (1d, FVDU) was inactive (Reefschlager et al.,, 1984). Within the
dihalovinyl class of compounds, 5-(2,2-difluorovinyl)-2’-deoxyuridine (1i, DFVDU)
was active against HSV-1 (Bobek et al., 1987), whereas the dibromovinyl analog (1j,
DBVDU) was virtually inactive (De Clercq and Walker, 1984; De Clercq, 1985).

In earlier in vitro studies, we reported the synthesis, antiviral (HSV-1) and cyto-
toxic (L1210 and P388 cells) activities of halohydrin and halomethoxy derivatives of
5-vinyl-2'-deoxyuridine (1k, VDU) (Kumar et al., 1989; 1990). 5-(1-Methoxy-2-io-
doethyl-2'-deoxyuridine (2a, ECso=0.1 ug/ml) (Kumar et al., 1990) exhibited appre-
ciable in vitro antiviral activity (HSV-1), relative to acyclovir (ECso=0.01 ug/ml) or
IVDU (ECsp= <0.1 pg/ml). 5-(1-Hydroxy-2,2-diiodoethyl)-2'-deoxyuridine (2d,
ECso 0.77 ug/ml) (Kumar et al., 1990) exhibited significant in vitro cytotoxic
(L1210 cells) activity, relative to the reference drug melphalan (ECso=0.15 ug/ml).
In the 5-(1-methoxy-2-haloethyl)-2’-deoxyuridine class of compounds (2a—c), the 5-
(1-methoxy-2-iodoethyl) (2a, EC5,=0.7 ug/ml) and 5-(1-methoxy-2-bromoethyl)
(2b, ECso=0.19 ug/ml) analogs were recently found to exhibit potent in vitro activ-
ity against Epstein-Barr virus (EBV) (Kumar, Knaus and Wiebe, unpublished re-
sults) relative to the reference compound acyclovir (ECso=7.4 ug/ml). The 5-(1-
methoxy-2-chloroethyl) analog (2¢) was equipotent (EBV) to acyclovir. The selectiv-
ity indices IC5o/ECsg) of 2a and 2b were > 143 and > 526, respectively. Compounds
2a (ECsp=4.1 pug/ml) and 2b (ECsy= 5.4 pg/ml) also effectively inhibited VZV repli-
cation in vitro (Kumar, Knaus and Wiebe, unpublished results) at concentrations
comparable to acyclovir (ECsg=2.0 ug/ml). These structure-activity correlations for
5-(1-hydroxy (or methoxy)-2-haloethyl)-2’-deoxyuridines indicate that a halogen
substituent is an important determinant of antiviral and cytotoxic activities (Ku-
mar et al., 1989; 1990; Kumar, Knaus and Wiebe, unpublished results). It was there-
fore of interest to extend these studies so as to acquire structure-activity correlations
for the structurally related 5-(1-hydroxy (or methoxy)-2,2-dihaloethyl)-2’-deoxyuri-
dines (3-12). We now report the synthesis, antiviral and cytotoxic (L1210) activities
of the novel 5-[1-hydroxy (or methoxy)-2,2-dihaloethyl]-2'-deoxyuridines (3-12).
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1a;R=(E)-CH=CH-CI
o 1b;R=(E)-CH=CH-Br
R 1c;R=(E)-CH=CH-I
TKNH 1d;R=(E)-CH=CH-F
N 1e;R=CH,CH,Cl
1f;R=CHCHjBr
o 1g;R=CH,CHj>I
1h;R=CHCH,F
1i;R=CH=CF,
OH 1j;R=CH=CBr)
1k;R=CH=CHj
11;R =CH(C1)CH(OH)Cl

2a;R =CH(OMe)CH»I
2b;R=CH(OMe)CH)Br
2¢;R=CH(OMe)CH,ClI
2d;R=CH(OH)CHI
2¢;R=CH(OH)CH;3I
2f;R=CH(OH)CHBr

HO
2g;:R=CH(OH)CH;Cl

2. Results and discussion

2.1. Chemistry

The target 5-(1-hydroxy (or methoxy)-2,2-dihaloethyl)-2’-deoxyuridines (3-12)
were synthesized by the regio-specific reaction of (E)-5-(2-halovinyl)-2'-deoxyuri-
dines (la—c) with an electrophilic halogen in aqueous dioxane or methanol, in 32—
90% yields (see Scheme 1). For example, the '*C-NMR spectrum of 3 supported a
regio-specific addition of HOCI to the 5-vinyl substituent of 1a, which showed
methine resonances at 675.84 and 75.98 (CHCI,) and 65 73.08 and 73.44 (CHOH).
Compounds 3—-12 are a mixture of two diastereomers which differ in configuration
(R and §) at the 1-carbon atom of the 5-(1-hydroxy (or methoxy)-2,2-dihaloethyl)

_ N _
0 1
X-CH=CH NH H\C/ o 0 R 2
| A X NH NH
HO O _i, N Yo —_— N Yo
o)
HO o HO 0
OH
L OH OH
1a, X=Cl -
1b, X= Br _
le, X=1 3-12

8, R = CHOMeCHBICl

= CHCl
, R = CHOH! 2 9, R = CHOMeCHCII

3
4, R = CHOHCHICI

8, R = CHOHCHBr,
6, R = CHOHCHBr
7, R = CHOMeCHCl,

10, R = CHOMeCHBr,
11, R = CHOMeCHB
12, R = CHOMeCHI,

Scheme 1. Reagents: i, N-Chlorosuccinimide (3,4) or N-bromosuccinimide (5), dioxane/water (3:7, v/v),
acetic acid, 25°C; 12, K10;, dioxane/water (3:7, v/v), acetic acid, 25°C (6); N-chlorosuccinimide, MeOH,
acetic acid (7,8); IC], MeOH (9,11,12); Bromine, MeOH (10).
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substituent, that could not be separated by flash silica-gel column chromatography,
or multiple development TLC chromatography.

2.2. Antiviral activity

The antiviral activities of 5-(1-hydroxy-2,2-dihaloethyl) (3—6) and structurally
related 5-(1-methoxy-2,2-dihaloethyl)-2'-deoxyuridines (7-12) against HSV-1, HSV-
2, HCMV, VZV and EBV were measured in order to establish the effect of dihalo-
geno (Cl, Br and/or I) substituents at the 2-position of a 5-(1-hydroxyethyl) or 5-(1-
methoxyethyl) moiety. Antiviral and cytotoxicity tests were performed by the Na-
tional Institutes of Health, MD, USA, according to their established methods. These
procedures are briefly explained as footnotes to Table 1. The results are summarized
in Table 1. The 5-(1-hydroxy-2,2-dihaloethyl) series of compounds were generally
more active than the 5-(1-methoxy-2,2-dihaloethyl) series against HSV-1, HSV-2,
VZV and EBV. Exceptions to this generalization were observed in the following
antiviral assays: [HSV-1; CH(OMe)CHCIl, (7)>CH(OH)CHCI, (3); CH(OMe)-
CHBr(Cl) (8)>(CH(OMe)CHBr(I) (11) > CH(OH)CHBIr(I) (6)]. The relative anti-
HSV-1 and anti-HSV-2 orders of potency for the 5-(1-hydroxy-2,2-dihaloethyl)
compounds (3—6) were similar. These test results show that anti-HSV-1 activity is
dependent upon the steric and/or hydrophobic properties of the halogen atom(s),
where -CH(OH)CHBr(I) and CH(OH)CHBr, C-5 substituents provided the most
potent activity; specifically CH(OH)CHBr2 (5)>CH(OH)CHCl, (3) and
CH(OH)CHI, (2d) (Kumar et al., 1990); CH(OH)CHBr(I) (6)> CH(OH)CHB12
(5)>CH(OH)CHCI(}) (4)>CH(OH)CHC}, (3) and CH(OH)CHI, (2d) (Kumar et
al., 1990). 5-(1-Hydroxy-2,2-dibromoethyl)-2'-deoxyuridine (5, ECs5y=3.90 uM) ex-
hibits superior anti-HSV-1 activity relative to 5-(2,2-dibromovinyl)-2’-deoxyuridine
(ECso=48.5 uM) (Bobek et al., 1987). The most potent compound in this series was
the 5-(1-hydroxy-2-bromo-2-iodoethyl) analog (6) which was about 12-fold less ac-
tive than acyclovir. In contrast, the type of halogen atom(s) (e.g., Cl, Br, I) do not
appear to be determinants of anti-VZV activity since the 5-(1-hydroxy-2,2-diha-
loethyl) compounds (3,4,5,6), which were approximately equipotent (ECsy= 6.0~
20.7 uM range), exhibited activity comparable to acyclovir (ECsq=7.4 uM). All of
the 5-[1-hydroxy (or methoxy)-2,2-dihaloethyl]-2’-deoxyuridines (3—-12) were inactive
against HCMV (ECso> 200 uM). The 5-(1-methoxy-2-bromo-2-iodoethyl) (11) deri-
vative exhibited significant activity against EBV (ECso=3 uM).

Compounds in which the two halogen atoms are the same possess a single chiral
center at C-1 in the 5-[1-hydroxy (or methoxy)-2,2-dihaloethyl] substituent and exist
as a 1:1 mixture of two diastereomers (3,5,7,10,12), whereas compounds 4,6,8 and 9
in which the halogen atoms are different also possess a second chiral center at C-2.
Although the latter group of compounds possess two adjacent chiral centers, the
13C-NMR spectra exhibited dual chemical shifts for these carbons suggesting the
presence of two different diastereomers. The effect of chirality upon antiviral activ-
ity is not known since attempts to separate the two diastereomers by flash column
chromatography or multiple development TLC in quantities sufficient for testing
were unsuccessful and because the configuration at the C-1 and/or C-2 positions of



320 R. Kumar et al.[Antiviral Research 24 (1994) 315-325

the 5-[1-hydroxy (or methoxy)-2,2-dihaloethyl] substituent were not established. In
an earlier study, we reported that 5-{(1R)-2,2-dichlorocyclopropyl]-2’-deoxyuridine
was weakly active against HSV-1, whereas the (1.5)-diastereomer was inactive (Tan-
don et al., 1991). Methodology to separate the diastereomers (3—12) must be devel-
oped before any in vivo studies are initiated.

Among the new compounds tested, 3 (VZV), and 6 (HSV-1) showed the greatest
antiviral activity. The concentrations required to impair the viability of human fore-
skin fibroblasts monolayers (uninfected host cells) generally exceeded the effective
antiviral concentrations by at least 50-fold; as expected, proliferating cells were more
sensitive to inhibition.

It is interesting to note that when the C-1 hydroxy substituent in the 5-substituted
side chain of compounds 4,5 and 6, which are active against HSV-1, HSV-2 and
VZV, is replaced by the methoxy substituent (9,10,11), the anti-HSV- 1, -HSV-2
and -VZV activity decreases; however, the inhibitory effect on proliferating cells
also decreases.

The cytotoxic activities for these two series of compounds (3—6 and 7-12) were
determined by an in vitro L1210 assay (Table 1). 5-(1-Hydroxy-2,2-dihaloethyl)
analogs (3—6) were more potent than the corresponding (inactive) methoxy deriva-
tives (7-12). The 5-(1-hydroxy-2-chloro-2-iodoethyl) 4 (ECso=3.5 uM) is the most
active cytotoxic agent, relative to the reference drug melphalan (ECsq=0.49 uM).

Finally, these nucleosides are stable for 48 hours in aqueous solution. It is there-
fore reasonable to suggest that the observed biological activities are due to the
described compounds and not to elimination products, although their biotransfor-
mation was not studied under in vitro assay conditions.

3. Materials and methods
3.1. Chemistry

Melting points were determined using a Biichi capillary apparatus and are uncor-
rected. Nuclear magnetic resonance spectra (‘H-NMR, ?C-NMR) were determined
for solutions in Me,SO-dg, D,O or CD;0D with Me,Si as internal standard ('H-
NMR) with a Bruker AM-300 spectrometer. The assignments of all exchangable
protons were confirmed by addition of deuterium oxide. *C-NMR (J modulated
spin echo) spectra, where methyl and methine carbon resonances appear as positive
peaks, and methylene and quaternary carbon resonances appear as negative peaks,
were recorded for all compounds. The complete 'H-NMR and '*C-NMR descrip-
tion has been given for compound 3 as a representative; for other compounds only
the relevant signals have been described. Silica-gel column chromatography was
carried out using Merck 7734 (60-200 mesh) silica-gel. (E)-5-(2-chlorovinyl) (1a),
(E)-5-(2-bromovinyl (1b) and (E)-5-(2-iodovinyl)-2’-deoxyuridine (1¢) (Jones et al.,
1979) were prepared according to the literature procedures.
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S-(1-Hydroxy-2,2-dichloroethyl )-2'-deoxyuridine (3)

N-Chlorosuccinimide (30 mg, 0.224 mmol) was added slowly with stirring to a
solution of 1a (60 mg, 0.208 mmol) in dioxane/water (3:7, v/v, 4 ml) and glacial
acetic acid (25 ul). The reaction was allowed to proceed for 24 h at 25°C. Addi-
tional aliquots of N-chlorosuccinimide (45 mg, 0.337 mmol) and glacial acetic acid
(15 ul) were added to the reaction mixture and stirring was continued for another 24
h prior to neutralization with aqueous sodium hydroxide. Removal of the solvent in
vacuo, dissolution of the residue in methanol (5 ml), adsorption on to silica-gel (2 g),
removal of solvent in vacuo, and application of this material to the top of a silica-gel
column followed by elution with chloroform/methanol (90:10, v/v) yielded 3 as a
viscous oil (42 mg, 59%): 'H-NMR (CD3;0D) 6§ 2.20 and 2.32 (two m, 1H each, H-
2, 3.77 (m, 2H, H-5), 3.97 (m, 1H, H-4), 440 (m, 1H, H-3"), 490 (m, 1H,
CHCHCL,), 6.20 and 6.22 (two d, J=3.5 Hz, 1H total, CHCHCl,), 6.30 (t, J=6
Hz, 1H, H-1), 8.10 (s, 1H, H-6); 3C-NMR (CD;0D) § 41.33 and 41.50 (C-2'),
62.99 (C-5'), 72.27 and 72.36 (C-3'), 73.08 and 73.44 (CHCHC,), 75.84 and 75.98
(CHCl,), 86.86 and 86.91 (C-1"), 89.02 (C-4"), 113.63 (C-5), 141.14 (C-6), 151.82 (C-
2), 164.87 (C-4). Anal. Calcd. for C;1H4CI,N,06:C, 38.72; H, 4.13; N, 8.21. Found:
C, 38.48; H, 4.0; N, 8.38.

5-(1-Hydroxy-2-chloro-2-iodoethyl )-2'-deoxyuridine (4)

A mixture of 1a (28.8 mg, 0.1 mmol), iodine (15 mg, 0.11 mmol), potassium
iodate (18 mg, 0.084 mmol), dioxane/water (3:7, v/v, 4 ml), and glacial acetic acid
(15 ul) were stirred for 24 h at 25°C. This compound was obtained in a 46% yield as
a syrup after purification; '"H-NMR (CD;0D) 6 4.96 (m, 1H CHCHCII), 6.18-6.30
(complex m, 2H total, H-1', CHCHCII); >*C-NMR (CD;0D) § 34.41 and 34.56
(CHICI), 74.31 and 74.92 (CHCHICI). Anal. Calcd. for C;;H4CIIN,O¢- 1H,0: C,
29.31; H, 3.57; N, 6.21. Found: C, 29.43; H, 3.47; N, 5.87.

5-(1-Hydroxy-2,2-dibromoeethyl)-2'-deoxyuridine (5)

N-Bromosuccinimide (27 mg, 0. 151 mmol) was added slowly with stirring to a
solution of 1b (47 mg, 0.141 mmol) in dioxane/water (3:7, v/v, 2 ml) and glacial
acetic acid (5 ul) during a period of 5 min. The reaction was allowed to proceed for
3 h at 25°C with stirring, after which the solvent was removed in vacuo. The product
was purified by elution from a silica-gel column using chloroform/methanol (95:5, v/
v) as eluent to yield 5 (49 mg, 80%) after trituration with hexanes: mp 128-131°C
dec; '"H-NMR (D,0) 8 4.92 (m, 1H, CHCHBr2), 6.02 and 6.05 (two d, J =3.28 Hz,
1H total, CHCHBr,); '*C-NMR (CD;0D), 6 51.18 and 51.54 (CHBr,), 73.19 and
73.63 (CHCHBr,). Anal. Caled. for C;1H4BruN,O¢.1H,0: C, 29.48; H, 3.59; N,
6.25. Found: C, 29.40; H, 3.17; N, 5.89.
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3-(1-Hydroxy-2-bromo-2-iodoethyl )-2'-deoxyuridine (6)

A mixture of 1b (65 mg, 0. 195 mmol), iodine (26 mg, 0.204 mmol), potassium
iodate (18 mg, 0.084 mmol), dioxane/water (3:7, v/v, 5 ml) and glacial acetic acid (30
ul) were stirred for 12 h at 25°C. Removal of the solvent in vacuo gave a residue
which was purified by silica-gel column chromatography using chloroform/metha-
nol (94:6, v/v) to yield 6 (35 mg, 37%) as a foam: mp 129-132°C dec; 'H-NMR
(CD;0OD) & 494 (m, 'H, CHCHBrI), 6.0 and 6.05 (two d, J=3.37 Hz, 1H,
CHCHBrlI); *C-NMR (CD;OD) 8 18.95 and 19.25 (CHBrI), 74.13 and 74.70
(CHCHBrI). Anal. Caled. for Cy H4BrIN,Og: C, 27.69; H, 2.95; N, 5.87. Found:
C, 27.61; H, 3.0; N, 5.76.

5-(1-Methoxy-2,2-dichloroethyl )-2'-deoxyuridine (7)

N-Chlorosuccinimide (32 mg, 0.239 mmol) was added with stirring to a solution
of 1a (50 mg, 0. 173 mmol) in MeOH (5 ml) and glacial acetic acid (10 ul). The
reaction was allowed to proceed for 15 h at 25°C. Additional aliquots of N-chloro-
succinimide (25 mg, 0.187 mmol) and glacial acetic (10 ul) were added to the reac-
tion mixture and stirring was continued for another 78 h. The product was purified,
as described for the preparation of 3, to yield 7 as a foam (20 mg, 32%): mp 160
165°C dec; 'H-NMR (CD;0D) § 3.40 (s, 3H, OMe), 4.48 and 4.50 (two d, J=4.08
Hz, 1H total, CHCHCI,), 6.12 and 6.15 (two d, J=4.08 Hz, 1H total, CHCHCl,),
BC-NMR (CD;OD) d 58.97 (OCH,), 73.91 and 74.03 (CHCl,), 82.41 and 82.75
(CHCHC]l,). Anal. Calcd. for C,H cCI,N,O6:C, 40.57; H, 4.50; N, 7.88. Found:
C, 40.87; H, 4.83; N, 7.42.

5-( 1-Methoxy-2-bromo-2-chloroethyl)-2'-deoxyuridine (8)

A solution of 1b (55 mg, 0. 165 mmol), N-chlorosuccinimide (30 mg, 0.224
mmol), and glacial acetic acid (10 ul) in methanol (5 ml) was stirred at 25°C for 45
h. The product was purified as described for preparation of 6, to yield 8 (25 mg,
38%): mp 150-155°C dec; 'H-NMR (CD;OD) 6 3.40 (s, 3H, OMe), 4.53 and 4.55
(two d, J=3.75 Hz, 1H total, CHCHBrCl), 6.12 and 6.14 (two d, J=13.75 Hz, 1H
total, CHCHBIrCl); > C-NMR (CD;0D) é 58.95 and 59.04 (OCH,), 61.14 and 61.31
(CHBrCI), 82.39 and 82.84 (CHCHBrCl). Anal. Calcd. for C;H;(BrCIN,Oq: C,
36.06; H, 4.03; N, 6.74. Found: C, 35.83; H, 4.07; N, 7.01.

5-(1-Methoxy-2-chloro-2-iodoethyl)-2'-deoxyuridine (9)

A solution of 1a (31.7 mg, 0.11 mmol) and ICI (20 mg, 0.123 mmol) in methanol
(3 ml) was stirred at 50°C for 30 min, at which time TLC indicated the reaction was
completed. Removal of the solvent in vacuo gave a residue which was purified by
silica-gel column chromatography. Elution with chloroform/methanol (92:2, v/v)
afforded 9 (45 mg, 90%): mp 135-140°C dec; '"H-NMR (CD;0D) § 3.45 (s, 3H,
OMe), 4.56 and 4.57 (two d, J=3.75 Hz, 1H total, CHCHCII), 6.12 and 6.14 (two
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d, J=3.75 Hz, 1H total, CHCHCII); 3*C-NMR (CD;OD) é 30.78 and 31.02
(CHCII), 59.03 and 59.09 (OCH3), 83.26 and 83.89 (CHCHCII). Anal. Calcd. for
C1,H,CIIN,Oq: C, 32.30; H, 3.61; N, 6.28. Found: C, 31.99; H, 3.95; N, 6.25.

5-(1-Methoxy-2,2-dibromoethyl)-2'-deoxyuridine (10)

A solution of Br2 (0.5 ml) in methanol (2 ml) was added dropwise to an ice cold
solution of 1b (70 mg, 0.21 mmol) in methanol (10 ml). The reaction was vigrously
stirred until TLC indicated that no starting material remained. The solvent was
removed in vacuo and the product was purified by silica-gel column chromatogra-
phy using chloroform/methanol (90:10, v/v) as eluent to afford 10 (55 mg, 58%): mp
158-160°C dec; "H-NMR (CD;0D) § 3.45 (s, 3H, OMe), 4.51 and 4.53 (two d,
J=3.5 Hz, 1H total, CHCHBr,), 6.02 and 6.05 (two d, J=3.5 Hz, 1H total,
CHCHBr,); *C-NMR (CD;0D) & 47.47 and 47.80 (CHBr,), 59.03 (OCHs), 82.44
and 82.87 (CHCHBr;). Anal. Caled. for C;H4Br;N,Og:C, 32.45; H, 3.63; N, 6.30.
Found: C, 32.22; H, 3.54; N, 6.21.

5-(1-Methoxy-2-bromo-2-iodoethyl )-2'-deoxyuridine (11)

A solution of ICI (40.5 mg, 0.25 mmol) in methanol (0.5 ml) was added to a
solution of 1b (60.1 mg, 0.18 mmol) in methanol (3 ml) and the mixture was al-
lowed to react at 50°C for 1 h, with stirring. Removal of the solvent in vacuo and
elution of the product from a silica-gel column using chloroform/methanol (19:1, v/
v) as eluent gave 11 (70 mg, 78%) as a colorless foam: mp 145-148°C; 'H-NMR
(Me;S0O-dg) 6 3.34 and 3.36 (two s, 3H total, OMe), 4.46 and 4.48 (two d, J =3.8 Hz,
1H total, CHCHBrI), 5.83 and 5.85 (two d, J=3.8 Hz, 1H total, CHCHBrI); '*C-
NMR (Me,S0-dg) 6 15.53 and 15.78 (CHBrl), 57.92 and 57.94 (OCH3), 84.69 and
85.03 (CHCHBrI). Anal. Calcd. for C,H(BrIN,O¢: C, 29.34; H, 3.28; N, 5.70.
Found: C, 29.72; H,3.42; N, 5.70.

5-(1-Methoxy-2,2-diiodoethyl )-2'-deoxyuridine (12)

A solution of IC] (97.2 mg, 0.6 mmol) in methanol (3 ml) was added to a solution
of 1¢ (100 mg, 0.29 mmol) in methanol (3 ml) and the mixture was stirred at 25°C
for 1 h. Removal of the solvent in vacuo, and elution of the product from a silica-gel
column using chloroform/methanol (97:3, v/v) as eluent, yielded 12 (100 mg, 63%)
as a white solid: mp 153-156°C dec; 'H-NMR (Me,SO-dg) 5 3.35 and 3.37 (two s,
3H total, OMe), 4.02 and 4.06 (two d, J=3.9 Hz, 1H total, CHCHI,), 4.28 (m, 1H,
H-3"), 5.35 and 5.37 (two d, J=3.9 Hz, 1H total, CHCHI,); ">*C-NMR (Me,SO-dg)
0-16.85 and -17.48 (CHI,), 57.51 (OCHa,), 84.25 and 84.79 (CHCHI,). Anal. Calcd.
for C;HigI,N»Og:C, 26.78; H, 2.99; N, 5.20. Found: C, 27.25; H, 3.11; N, 4.94,

3.2. Antiviral and antiproliferative assay

Antiviral activities were determined by the US National Institutes of Health
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Antiviral Testing Program, using the in vitro procedures described previously (Nor-
beck et al., 1990).

Antiproliferative studies were conducted on L1210 cells using previously reported
in vitro methodology (Kumar et al., 1990).
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