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Various 3’-deoxy-3’-C-(hydroxymethyl)-, 3’-deoxy-3’-C-(fluoromethyl)-, 3‘-deoxy-3’-C-(azidome- 
thy1)-, and 3’-deoxy-3’-C-(aminomethyl)-substituted nucleosides (total 12 compounds) have been 
synthesized and evaluated against L1210, P388, S-180, and CCRF-CEM cells and HSV-1, HSV-2, 
and HIV-1 in culture. Only 3’-deoxy-3’-C-(hydroxymethyl)thymidine (36) was found to show 
significant anticancer activity against L1210, P388,S-180, and CCRF-CEM cells with ED50 values 
of 50,5,10, and 1 NM, respectively. None of these compounds demonstrated significant antiviral 
activity against HSV-1, HSV-2, or HIV-1. These compounds were also evaluated against thymidine 
kinases derived from HSV-I (strain KOS), HSV-2 (strain 333), and mammalian (K562) cells. The 
thymidine kinase (HSV-1 strain KOS) was inhibited significantly by both 3’-deoxy-3’-C- 
(hydroxymethy1)- and 3’-deoxy-3’-C-(fluoromethyl)thymidine. 

Branched-chain sugar nucleosides, such as 9- [ 3-deoxy- 
3-C-(2-hydroxyethyl)-~-~-ribofuranosyll adenine and re- 
lated compounds, were first synthesized by Rosenthal et 
al.1*2 Later, Acton et aL3 reported the synthesis of 3’4- 
(hydroxymethyl)-2’,3’-dideoxythioguanosine and ita a-i- 
somer. Both the a- and j3-nucleosides were equally 
inhibitory to the growth of WI-L2 human lymphoblastoid 
cells. Recently, Pudlo and Townsend4 described a novel 
approach toward the synthesis of 3‘-deoxy- and 2‘,3‘- 
dideoxy-3’-hydroxymethyl ribofuranosides. Subsequent- 
ly, Bamford et a l . 5 3 6  reported the syntheses and antiviral 
evaluation of a series of 3’-deoxy-3’-C-(fluoromethyl)-, 3’- 
deoxy-3’- C- (difluoromethy1)-, and 3’-deoxy-3’-C-(hydroxym- 
ethyl)-arabino-pentofuranosyl nucleosides and other re- 
lated compounds. Sterzycki et al.’ described the synthesis 
and antiviral evaluation of various 3’-branched nucleoside 
analogues; and Svansson et al.* reported the synthesis of 
2’,3‘-dideoxy-3’-C-(hydroxymethyl) nucleosides as poten- 
tial inhibitors of HIV. Tseng et aL9 also described the 
synthesis of 3’-C-(hydroxymethyl)-2‘,3‘-dideoxyadenosine, 
which possessed an activity profile similar to oxetanocin 
A against HIV in ATH 8 cells. 

This report describes the syntheses and biological 
evaluation of the 3’-deoxy-3’-C-(azidomethyl) and 3’- 
deoxy-3’-C- (fluoromethyl) homologues of 3’-azido-3’-deox- 
ythymidine (AZT) and 3’-fluoro-3’-deoxythymidine (3’- 
FddT), which are among the most potent anti-human 
immunodeficiency virus type 1 (HIV-1) and 
other related compounds. 

Chemistry 
Various 3’-deoxy-3‘-C-branched-chain-substituted nu- 

cleoside analogues have been synthesized by coupling the 
silylated base with the appropriate 3-deoxy-3-branched- 
chain-substituted sugar derivatives. The syntheses of the 
key intermediates, 3-deoxy-3-(fluoromethyl)-, 3-deoxy-3- 
(azidomethyb, and 3-deoxy-3-(hydroxymethyl)ribofura- 
nosy1 acetates and their related nucleoside analogues are 
described as follows. 

The 3-deoxy-3-fluoromethyl sugar derivative 7 was 
synthesized as depicted in Scheme I. The 3-deoxy-3- 
hydroxymethyl derivative 1 was reacted with (diethyla- 
mido)sulfur trifluoride (DAST)13 to yield 3-deoxy-3- 
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(fluoromethyl)-l,2:5,6-di-0-isopropylidene-a-~-allo- 
furanose (2). ‘H NMR spectrum of compound 2 showed 
that the resonances of 3-CHz-F methylene protons were 
at 6 4.61-4.74 (J H*,F = 47 Hz) and 6 4.75-4.87 (J H ~ , F  = 
47 Hz). Selective hydrolysis of compound 2 with HzS04/ 
MeOH14 afforded 3-deoxy-3-(fluoromethyl)-l,2-O-isopro- 
pylidene-a-D-allofuranose (3), which was used directly for 
the next reaction without further purification. Periodate 
oxidation of compound 3 produced the aldehyde which 
was immediately reduced with sodium borohydride213 to 
give 3-deoxy-3-(fluoromethyl)-1,2-O-isopropylidene-a-~- 
ribofuranose (4). Benzylation3 of compound 4 gave the 
5-0-benzyl derivative 5 which was then hydrolyzed with 
80 % trifluoroacetic acid, followed by acetylation with 
acetic anhydride in pyridine to afford the acetate 7. 

The 3-deoxy-3-azidomethyl sugar derivative 16 was 
synthesized as shown in Scheme 11. Treatment of 1,2- 
0-isopropylidene-a-Dxylofuranose (8) with tert-butyldim- 
ethylsilyl chloride in pyridine15 produced the 5-O-(tert- 
butyldimethylsilyl) derivative 9. Oxidationl6 of com- 
pound 9 with chromium trioxidelpyridinelacetic anhydride 
complex (1:2:1, molar ratio) in methylene chloride yielded 
the 3-keto derivative 10, which was then converted to the 
3-methylene analogue 11 by a Wittig reaction17Js with 
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Scheme I1 
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methylenetriphenylphosphorane in anhydrous DMSO 
under nitrogen. Hydroborati~n-oxidation~ of compound 
11 afforded the 3-deoxy-3-hydroxymethyl derivative 12. 
Treatment of compound 12 with methanesulfonyl chloride 
in pyridine gave the methanesulfonate 13, which was 
reacted with lithium azide in DMFl9 to yield the azido 
analogue 14. DeblockingZ0 compound 14 with 50% acetic 
acid at 100 "C for 1 h produced compound 15. Acetylation 
of compound 15 with acetic anhydride/pyridine gave a 
mixture of a and B anomer8 of 1,2,5-tri-O-acetyl-3-(azido- 
methyl)-3-deoxy-~-ribofuranose (1 6). 

The 3-deoxy-3-hydroxymethyl sugar derivative, 1,2-0- 
diacetyl-5-0-benzyl-3- [ (benzy1oxy)methyll -3-deoxy-~-ri- 
bofuranose (17), was synthesized by hydrolysis of 5-0- 
benzyl-3- [ (benzyloxy)methyll-3-deoxy-l,2-O-iso- 
propylidene-a-~-ribofuranose~.~~ with 80 % trifluoroacetic 
acid, followed by acetylation with acetic anhydride in 
pyridine.' 

The syntheses of the 3'-deoxy-3'-C-fluoromethyl and 
3'-deoxy-3'-C-hydroxymethyl homologues of 1-8-D-ara- 
binofuranosylthymine (ara-T),l-8-D-ribofuranosylthym- 
ine, and 3'-deoxy-3'-fluorothymidine (3'-FddT) are de- 
picted in Scheme 111. Coupling of the 3-deoxy-3- 
fluoromethyl and 3-deoxy-3-hydroxymethyl sugar deriv- 
atives, compounds 7 and 17, and thymine in the presence 
of hexamethyldisilazane (HMDS), trimethylchlorosilane 
(TCS), and potassium nonafluoro-1-butanesulfonate (C4- 
F&03K) by the methodology of Vorbriiggen and Bennua22 
yielded the respective nucleosides, compound 18 (84 % 
yield), and compound 19 (87% yield) and ita a-isomer 20 
(6% yield). In the first case, no a-isomer of 18 was isolated. 
The 'H NMR spectrum showed that the anomeric 1'-H 
resonance in compound 18 appeared at 6 5.98 as a doublet 
(51',2' = 3.5 Hz). The 1'-H resonance in compound 19 
appeared at 6 6.02 as a doublet (J~',Z! = 3.2 Hz) and the 
1'-H resonance in compound 20 appeared at 6 6.80 also as 
a doublet but with a much larger coupling constant ( J ~ J , z #  
= 9.4 Hz). Treatment of compounds 18 and 19 with 
methanolic ammonia gave the 2'-deblocked nucleosides 
21 and 22. Mesylation22 of compounds 21 and 22 afforded 
the corresponding sulfonates 23 and 24, which were 

refluxed with 1 N NaOH/EtOH for 2 hZ3 to yield 
compounds 27 and 28 via the 2,2'-anhydro intermediates 
25 and 26, respectively. Catalytic hydrogenation of 
compounds 27 and 28 with 10% Pd/C produced the 
corresponding 3'-deoxy-3'-C- (fluoromethyl) and 3'-deoxy- 
3'-C-(hydroxymethyl) arabinonucleosidea 29 and 30. Treab 
menta of compounds 21 and 22 with phenyl chlorothion- 
ocarbonate and 4-(dimethy1amino)pyridine in acetonitrile 
under nitrogen at room temperature gave the 2'-0- 
phenoxythiocarbonyl derivatives 31 and 32. Reduction24 
of compounds 31 and 32 with tri-n-butyltin hydride and 
2,2'-azobis(2-methylpropionitrile) (AIBN) in toluene at 
reflux temperature produced the 2'-deoxynucleosides 33 
and 34, which were then debenzylated by catalytic 
hydrogenation with 10 % Pd/C to afford the corresponding 
2',3'-dideoxy-3'-C-(fluoromethyl) and 2',3'-dideoxy-3'-C- 
(hydroxymethyl) nucleoside analogues 35 and 36. Cat- 
alytic hydrogenation (10% Pd/C) of compounds 21 and 
22 yielded the 3'-deoxy-3'-C-(fluoromethyl) and 3'-deoxy- 
3'-C-(hydroxymethyl) ribonucleoside derivatives 37 and 
38, respectively. 

The syntheses of the 3'-deoxy-3'-C-(azidomethyl) and 
3'-deoxy3'-C-(aminomethyl) nucleoside homologues of 
1-8-arabinofuranosylthymine (ara-T), 1-8-D-ribofurano- 
sylthymine, and 3'-deoxy-3'-azidothyidine (AZT) are 
described in Scheme IV. Condensation22 of the 3-deoxy- 
3-azidomethyl sugar derivative 16 and thymine in the 
presence of hexamethyldisilazane (HMDS), trimethyl- 
chlorosilane (TCS) and potassium nonafluoro-l-butane- 
sulfonate (C4FgS03K) afforded 1-[2,5-0-diacetyl-3-C- 
(azidomethyl)-3-deoxy-8-~-erythro-pento- 
furanosy1)thymine (39,41% yield) and ita a-isomer (40, 
27 % yield). The 1'-H resonance of compounds 39 and 40 
were a doublet at 6 5.66 (J1:z. = 2.7 Hz) and 6 6.89 (&,r 
= 9.6 Hz), respectively. Deacetylation of compound 39 
with methanolic ammonia gave the 3'-deoxy-3'-C-(azi- 
domethyl) riboside 41. Treatment15.z6 of compound 41 
with tert-butyldimethylsilyl chloride/silver nitrate/pyri- 
dine yielded the 5'-O-tert-butyldimethylailyl-protectad 
nucleoside 44, which was then converted to the 2'-arabino 
analogue 47 via 45 and 46, and the 2'-deoxy ana- 
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logue 50 via 49, respectively, by the similar methodology 
as previously described. Reaction15 of compound SO with 
tetra-n-butylammonium fluoride (n-B@F)/THF afford- 
ed the 5'-deprotected nucleoside 51. Treatment26127 of 
compounds 41, 47, and 51 with triphenylphoephine in 
pyridine at room temperature, followed by hydrolysis with 
concentrated ammonium hydroxide produced the 3'- 
deoxy-3'-C-(aminomethyl) nucleoside analogues 42,48, and 
52, respectively. Compounds 42 and 52 were converted to 
their corresponding hydrochloride salts and compounds 
43 and 53 were isolated as solid products. 

Biological Evaluation 

The synthesized compounds were evaluated in culture 
for their anticancer activity by growth inhibition studies 
using three murine cell lines; leukemia L1210, leukemia 

P388, Sarcoma 180, as well as human CCRF-CEM lym- 
phoblastic leukemia cells. Only the 3'-deoxy3'-C-(hy- 
droxymethy1)thymidine (36) showed significant activity 
against L1210, P388, 5-180, and CCRF-CEM cells with 
the respective EDM values of 50, 5, 10, and 1 pM. The 
other compounds were not active against these cell lines 
at concentrations up to 100 pM. The results are sum- 
marized in Table I. 
Among these 3'-deoxy-3'-branched chain nucleoside 

analogueg, 1-[2,3-dideoxy-3-C-(fluoromethyl)-19-~erythro- 
pentofuranosyll thymine (35) and 1-[2,3-dideoxy-3-C- 
(hydroxymethyl)-8-~-erythro-pentofuranoe (381, 
were found to demonstrate significant inhibitory effecte 
against thymidine kinase (TK) derived from herpee 
simplex type 1 (KOS strain) infected HeLa (Bu-26-TK-) 
cells,28129 yielding the corresponding 85.2 9% and 69.1 9% 
inhibition at 500 pM concentration. Whereas,at the same 
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Scheme IV 
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concentration, l - B D - a r a b i n o f u r a i n e  (am-T) and 
3'-deoxy3'-fluorothymidine (3'-FddT), which are known 
potent inhibitors of thymidine kinase,3O produced 55.1 % 
and 62.4% inhibition of the enzyme, respectively. The 
findings are summarized in Table 11. 

None of the compounds showed antiviral activity against 
HSV-1 and HSV-2 in culture at a concentration of 100 
pM. In addition, the 3'-deoxy-3'-C-(fluoromethyl) deriv- 

Lin et al. 

atives 29,35, and 37 and the 3'-deoxy-3'-C-(azidomethyl) 
derivatives41,47, and51 werealsoevaluatedagainat HIV-1 
(HTLV-I11 B) in MT-2 cells and were not active at a 
concentration up to 100 pM. In cornpariaon to 3'-deoxy- 
3'-fluorothymidine (3'-FddT) and 3'-azido-3'-deoxythy- 
midine (AZT), the insertion of a methylene group between 
the 3'-carbon and the fluoro or the azido moiety in 
compounds 35 and 51, respectively, resulted in the total 
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Table I. Comparison of the EDw Values of Various 
3'-Deoxy-3'-C-Branched-Chain-Substituted Nucleoside 
Analogues on the Replication of L1210, P388, S-180, and 
CCRF-CEM Cells in Vitro 

0 

H N y H 3  

OAN 

EDm,O LIM, against cell lines 
compd X Y R L1210 P388 S-180 CCRF-CEM 

29 OH H 
30 OH H 
35 H H 
36 H H 
37 H OH 
38 H OH 
41 H OH 
43 H OH 
47 OH H 
48 OH H 
61 H H 
63 H H 

F 
OH 
F 

>lo0 
>lo0 
> 100 

50 
> 100 
> 100 
>lo0 
>lo0 

10 
> 100 
> 100 
>lo0 

> 100 
> 100 
> 100 

5 
>lo0 
>lo0 
> 100 
> 100 
> 100 
> 100 
>loo 
> 100 

>lo0 
> 100 
>lo0 

10 
>lo0 
> 100 
> 100 
>lo0 
> 100 
>lo0 
>lo0 
>lo0 

>lG 
>lo0 
>lo0 

1 
>lo0 
>lo0 
> 100 
> 100 
> 100 
> 100 
>lo0 
>lo0 

OThe EDw values were estimated from doseresponse curves 
compiled from at least two independent experiments and represent 
the drug concentration &M) required to inhibit replication of the 
respective L1210, P388, S-180, and CCRF-CEM cell lines by 50% 
after 72-h incubation. 

Table 11. Effects of 3'-Deoxy-3'-Branched-Chain Nucleoside 
Analogues on the Activity of Thymidine Kinases Isolated from 
Herpes Simplex Type 1 (KOS Strain) and Herpes Simplex Type 
2 (333 Strain) Infected HeLa (Bu-25-TK-) Cells, hpectively; 
and K562 Mammalian Ceb  

activity, % inhibition.0 on thymidine kinaseb 
conc, HSV-1 HSV-2 mammalian 

compd pM (KOS) (333) (K562) 
29 
30 
35 
36 
37 
38 
ara-T 
3'-FddT 

500 13.8 
500 11.7 
500 85.2 
500 59.1 
500 7.0 
500 2.6 
500 55.1 
500 62.4 

10.9 
6.9 
4.0 
0 
4.9 
0 

22.0 
0 

7.1 
0.7 
5.4 
3.0 
2.5 
3.0 
5.0 

60.3 
The enzymatic activity is 100% in the absence of the tested 

analogues. Standard mix contains -90 rM thymidine and 1.1,0.9, 
or 1.5 units of KOS, 333, or K562 enzyme, respectively. The volume 
of the reation mixture was 0.1 mL. 

loss of anti-HIV activity. Compounds 35 and 51 are 
probably not the substrates for the relevant kinase. 

Experimental Section 
Melting points were determined with a Thomas-Hoover 

Unimelt apparatus and are uncorrected. lH NMR spectra were 
recorded on a Varian EM-390 (90 MHz) NMR spectrometer or 
a Bruker WM-500 (500 MHz) spectrometer (for the fiial products 
29,30,35,36,37,38,41,43,47,48,51, and 53) with MedSi as the 
internal reference. Chemical ionization (CI-MS) mass spectra 
were determined with a Kratos MS80 RFA high-resolution 
instrument. IR spectra were obtained with a Perkin-Elmer 1420 
spectrophotometer. The UV spectra were recorded on a Beck- 
man-25 spectrophotometer. TLC was performed on EM pre- 
coated silica gel sheets containing a fluorescent indicator. 
Elemental analyses were carried out by the Baron Consulting 
Co., Orange, CT. Where analyses are indicated only by symbols 
of the elements, the analytical results for those elements were 
within &0.4% of the theoretical value. 
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3-Deoxy-3-( fluoromethyl)-lf:6,6-di-O-ieopropylidene-a- 
allofuranome (2). (Diethy1amido)sulfur trifluoride (DAST, 10.3 
g, 64.2 mmol) was dissolved in methylene chloride (150 mL) and 
pyridine (11 mL) at  0 OC under nitrogen. Compound 1 (11.0 g, 
40.1 mmol) was added slowly, and the solution was warmed to 
room temperature. After 4 h, the solvent was removed under 
vacuum to dryness to give a syrup, which was purified by silica 
gel column chromatography (eluting with hexane/EtOAc, 101, 
v/v) to yield 4.2 g (40%) of product as a colorless syrup: lH NMR 

(m, 1 H, 3-H), 3.72-3.76 (m, 1 H, 4-H), 3.92 (dd, 1 H,  HA,), 4.10 
(dd, 1 HI ~-HB) ,  4.00-4.04 (m, 1 H, 
F, J H*P 47 Hz), 4.75-4.87 (m, 1 HI ~-CHB-F, J H ~ , F  47 Hz), 
4.78 (t, 1 H, 2-H), 5.82 (d, 1 H, 1-HI. Anal. (CisH21FOa) C, H, 
F. 
3-Deoxy-3-(fluoromethyl)-lf-O-isopropylidenaa-~ribo- 

furanose (4). To a solution of compound 2 (4.9 g, 17.7 mmol) 
in MeOH (150 mL) was added 2 N sulfuric acid (27 mL). After 
the mixture was stirred at room temperature for 8 h, the reaction 
mixture was neutralized with solid sodium hydrogen carbonate 
and extracted with chloroform (3 X 60 mL). The combined 
chloroform extracts were dried over MgSO4, filtered, and 
evaporated under diminished pressure to afford a syrup (3). 
To a solution of syrup 3 in ethanol (150 mL) was added a 

saturated solution of NaHCO3 (7 mL) followed by sodium 
metaperiodate solution (4.54 g, 21.2 mmol, in 150 mL of water). 
After the reaction mixture stirred at  room temperature for 4 h, 
the excess sodium metaperiodate was destroyed by the addition 
of methylene glycol (7 mL). The resulting aldehyde was 
immediately reduced with sodium borohydride (1.64 g, 42.4 
mmol), and the solution was stirred at  room temperature for 18 
h. Acetone (4 mL) was added, and the mixture was stirred for 
an additional 0.5 h. After the solid material was removed by 
filtration, the filtrate was evaporated to dryness and the residue 
was chromatographed on a silica gel column (hexane/EtOAc, 1 0  
1, v/v) to afford 3.2 g (87%) of product as a syrup: lH NMR 
(CDCl3) 6 1.33,1.50 (2 s,6 H, 2 X CH3), 2.10 (br, 1 H, &OH, D10 
exchangeable), 2.25-2.70 (m, 1 H, 3-H), 3.45-4.25 (m, 3 H, 4-H, 
5-H), 4.30-4.60 (m, 1 H, CHAF, J H*,F = 45 Hz), 4.80-5.15 (m, 1 
H, C H g ,  J H ~ , F  = 45 Hz), 4.70 (t, 1 H, 2-H), 5.70 (d, 1 H, 1-H). 
Anal. (C&$O4) C, H, F. 

bOBenzyl-b-deoxy-b(fluorom~hyl)-lf-~~p~pylidene- 
a-D-ribofuranose (5). A suspension of 80% sodium hydride/ 
mineral oil dispersion (0.76 g, 25.2 mmol) in DMF (100 mL) was 
stirred at 0-5 OC under Nz and treated with a solution of 
compound 4 (3.47 g, 16.8 mmol) in DMF (10 mL), added in small 
portions over a period of 10 min. After 30 min at  0-5 OC, benzyl 
chloride 42.0 mmol) was added and the solution was stirred 
overnight at room temperature. The mixture was treated with 
water (35 mL) in portions, with cooling. After 20 min of stirring, 
the mixture was extracted with EtOAc (3 X 50 mL). The 
combined organic layers were dried over MgSOl and evaporated 
(<65 OC) to give a syrup, which was used in the next step without 
further purification. The crude product (450 mg) was purified 
by column chromatography on silica gel with CH2CldCHsCOCHs 
(301, v/v) to yield 370 mg (66% ) of product as a syrup: lH NMR 
(CDCb) 6 1.30 and 1.50 (2 s , 6  H, 2 X CHd, 2.23-2.67 (m, 1 H, 
3-H), 3.36-3.77 (m, 2 H, 5-H), 3.90-4.15 (m, 1 H, 4-H), 4.23-4.50 
(m, 1 H, CHAF, J HQ = 45 Hz), 4.72-5.00 (m, 1 H, CHBF, J H ~ P  

1-HI, 7.25 (8, 5 H, ArH). Anal. (ClaHzlFO4) C, H, F. 
13-ODiacetyl-6- Obenzyl-ddeoxy-b(fluoromethyl)-~ri- 

bofuranose (7). Compound 6 (4.52 g, 16.8 mmol) was allowed 
to react with an 80% solution of trifluoroacetic acid (30 mL) in 
an ice bath for 2 h, followed by neutralization with solid NaHC03. 
The resulting mixture was extracted with CHZCL. Upon drying 
over anhydrous MgSO4, the combined methylene chloride extract 
was evaporated in vacuo to give a syrup (compound 6). Compound 
6 was then dissolved in acetic anhydride (13.4 mL) and pyridine 
(13.4 mL) with stirring for 2 hat  room temperature. The solvent 
was removed under vacuum to dryness, and the residue was 
purified by chromatography on a silica gel column (hexanel 
EtOAc, 101, v/v) to yield 2.9 g (51 %) of product as a syrup: lH 

3.10 (m, 1 H, 3-H), 3.33-3.68 (m, 2 HI 5-H), 4.00-4.38, and 4.70- 
4.82 (m, 3 H, 4-H, CHzF, J F,H = 45 Hz), 4.52 (8, 2 H, CHzPh), 

(CDCb) 6 1.34,1.35,1.38, and 1.53 (4 ~ , 1 2  H, 4 X CHs), 2.36-2.42 

4.61-4.74 (m, 1 H, 

45 Hz), 4.50 (8,  2 H, CHzPh), 4.63 (t, 1 H, 2-H), 5.76 (d, 1 HI 

NMR (CDC13) 6 1.90,2.03, and 2.06 (3 s,6 H, 2 X COCHs), 2.53- 
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5.1~5.40(m,1H,2-H),6.00(s,0.5H,1-H~),6.35(d,0.5H,l-H,), 
7.25 (8 ,  5 H, ArH). Anal. (CI~HZIFO~) C, H, F. 

3-Deoxy-3-methylene-5- 0-[ (tert-butyldimethyl)silyl]- 12- 
0-isopropylidene-a-D-ribofuranose (1 1). To a stirred sus- 
pension of CrOs (6.8g, 67.3 mmol), pyridine (11.4 mL), and acetic 
anhydride (7 mL) in CHzCl2 (60 mL) was added compound 9 (5.0 
g, 16.4 mmol) in CHzClz (20 mL). The reaction mixture was 
stirred at room temperature for 4 h. The dark brown solution 
was poured into EtOAc (500 mL), and the resulting mixture was 
filtered through a 2-cm layer of silica gel in a sinter-glass filter. 
The precipitated solid and silica gel were washed with EtOAc 
(200 mL), and the combined filtrates were evaporated in vacuo 
(<30 OC) to dryness. The residue was coevaporated with toluene 
(50 mL), followed by chloroform (2 X 25 mL), to yield the ketone 
10 as a syrup, which was used immediately for the next reaction 
without further purification. 

A suspension of NaH (1.74 g, 57.9 mmol, 80% dispersion in 
mineral oil) in MezSO (75 mL) was heated at 65 "C under nitrogen 
until all the sodium hydride had dissolved. The solution was 
cooled to room temperature, and methyltriphenylphosphonium 
bromide (22.8 g, 63.7 mmol) was added with stirring. After 1.5 
h, compound 10 in MezSO (25 mL) was added and the mixture 
was stirred for 2.5 h in an ice-bath. The mixture was poured into 
ice-water (600 mL) and extracted with petroleum ether (4 X 100 
mL). The organic layer was dried over MgSO4, filtered, and 
evaporated to give a syrup, which was then chromatographed on 
asilica gel column (hexane/EtOAc, 15/1, v/v) to afford 3.5 g (73% ) 
of product as a foam: lH NMR (CDC13) 6 0.08 (8,  6 H, SiMed, 
0.90 (8, 9 H, SiCMea), 1.40 and 1.50 (2 s ,6  H, CMez), 3.70 (d, 2 
H, 5-H), 4.58-4.85 (m, 2 H, 4-H and 2-H), 5.24 (d, 2 H, methylene), 
5.83 (d, 1 H, 1-H). Anal. (ClsHmO4Si) C, H. 

3-Deoxy-3-( hydroxymethy1)-S-O-[ (tert-butyldimethy1)s- 
ilyll-12-0-isopropylidene-a-D-ribofuranose (12). An anhy- 
drous tetrahydrofuran (THF) solution of 1 M borane/THF 
complex (66.6 mL, 66.6 mmol) was stirred at 0-5 "C under a 
nitrogen atmosphere and was treated dropwise with compound 
11 (8.51 g, 28.3 mmol) in THF (60 mL). The solution was stirred 
at room temperature for 3 h. After cooling, the mixture was 
subsequently treated with THF/H20 (44.3 mL, 1:1, v/v), 2 N 
NaOH (53.2 mL), and 30% H202 (44.3 mL). The turbid mixture 
was stirred at room temperature for 2 h. Ether (300 mL) was 
added to the reaction mixture, which was then washed twice 
with ice-water (50 mL) and saturated NaCl solution (50 mL). 
After drying over anhydrous MgSO4, the solvents were evaporated 
and the residue was purified by chromatography on a silica gel 
column (CH&ldEtOAc, 201, v/v) to give 6.7 g (75%) of product 
as a foam: lH NMR (CDC13) 6 0.14 (s,6 H, SiMez), 0.95 (s,9 H, 
SiCMes), 1.35 and 1.58 (2 s,6 H, CMed, 2.00-2.30 ( 9 , l  H, 3-H), 
3.10 (t, 1 H, OH, DzO exchangeable), 3.64-4.20 (m, 5 H, 3-CH2, 
5-H and 4-H), 4.75 (t, 1 H, 2-H), 5.80 (d, 1 H, 1-HI. Anal. (CISHI- 
05Si) C, H. 
3-(Azidomethyl)-3-deoxy-5 0-[ (tert-butyldimethyl)silyl]- 

1,2- 0-isopropylidene-a-~-ribofuranose (14). Methanesulfo- 
nyl chloride (4.02 g, 35.1 mmol) was added to a solution of 
compound 12 (4.3 g, 13.5 mmol) in pyridine (50 mL) at 0 "C. The 
reaction mixture was stirred at 0 OC for 20 h, and then the solvent 
was evaporated to dryness under reduced pressure. The residue 
was dissolved in CH2Cl2 (150mL), washed with NaHC03 solution 
and HzO, and dried over anhydrous MgSOd. The solvent was 
removed under diminished pressure to give a syrup (13) which 
was used in the following reaction without further purification. 

A solution of compound 13 and lithium azide (6.6 g, 135 mmol) 
in DMF (250 mL) was heated with stirring at 95 "C for 1.5 h. The 
reaction mixture was evaporated to dryness in vacuo and the 
residue was dissolved in CHzClz (150 mL). The organic layer 
was washed with water (3 X 30 mL), dried over anhydrous MgSO4, 
and evaporated to give a syrup, which was purified by silica gel 
column (CHZClz/EtOAc, 501, v/v) to yield 4.1 g (88%) of product 
as a syrup: IR (KBr) urn.. 2100 cm-l (azido); 'H NMR (CDCls) 
6 0.08 (e, 6 H, SiMez), 0.95 (8,  9 H, SiCMea), 1.35 and 1.52 (2 8, 

6 H, CMez), 2.15-2.50 (m, 1 H, 3-H), 3.23-3.55 (m, 2 H, 3-C&), 
3.57-4.00 (m, 3 H, 5-H and 4-H), 4.67 (t, 1 H, 2-H), 5.80 (d, 1 H, 
1-H). Anal. (C15H=N30&3) C, H, N. 

1,2,5-Tri- O-acetyl-3-(azidomethyl)-3-deoxy-~-ribofura- 
nose (16). A solution of 14 (5.0 g, 14.6 mmol) in 50% HOAc (100 
mL) was heated at 100 "C for 1 h. The reaction mixture was 

allowed to cool, water was added (100 mL), and the aqueous 
solution was extracted with CHzClz (3 X 50 mL). The water 
layer was evaporated under vacuum to get a syrup (compound 
15), to which was added pyridine (10 mL) and acetic anhydrite 
(10 mL). The solution was stirred at room temperature for 2 h. 
The solvent was removed under vacuum, and the resulting residue 
was purified by silica gel column (CHC12/EtOAc, 25:l v/v) to 
yield 4.1 g (90%) of syrup: IR (KBr) Y- 2120 cm-I (azido); 'H 

(m, 1 H, 3-H), 3.32-3.60 (m, 2 H, 3-CHz), 4.00-4.33 (m, 3 H, 4-H 
and 5-H), 5.20 (d, 1 H, 2-H), 6.30 (m, 1 H, 1-H). Anal. (C12H17' 
Ns0d C, H, N. 

lf-ODiacetyl-S-Obenzyl-3-[ (benzyloxy)methyl]-3-deoxy- 
D-ribofUrmWW (17). This compound was synthesized from 5-0- 
benzyl-3- [ (benzyloxy)methyl] -3-deoxy-l,2-0-isopropylidene-cu- 
D-ribofur8n08e~*~~ by the same methodology as described for the 
synthesis of 7: yield 1.2 g (58%); 'H NMR (CDCW 6 1.95,2.00, 
and 2.05 (3 s,6 H, 2 X COCH,), 2.67-2.95 (m, 1 H, 3-H), 3.40-3.80 
(m, 4 H, 5-H and 3-CHz), 4.10-4.40 (m, 1 H, 4-W), 4.50 and 4.60 

NMR (CDCls) 6 2.10,2.13, and 2.16 (3 8,9 H, COCHa), 2.37-2.70 

(2 ~ , 4  H, 2 X CH2Ph), 5.32 (d, 1 H, 2-H), 6.03 (8, 0.5 H, ~-HB),  
6.32 (d, 0.5 H, 1-Ha), 7.35 (8, 10 H, ArH). Anal. ( c d m 0 7 )  C, 
H. 
This compound was obtained as a 1:l mixture of a and @ 

anomers. The assignment of the anomeric configuration was 
based on ita NMR spectrum. The resonance for C-1 proton of 
@-anomer appeared as a singlet at 6 6.03, whereas the a-anomer 
appeared as a doublet at 6 6.32. The ratio of the a and @ anomers 
was determined by the ratio of the integration of the respective 
C-1 proton in the mixture. 

1-[ 2- O-Acetyl-S-O-benzyl-3-deoxy3-C( fluoromethyl)-& 
~-erythpentofuranoeyl]thymine (18). To a suspension of 
thymine (1.28g, 10.1 mmol), compound 7 (2.86 g, 8.45 mmol) and 
C,F&03K (6.86 g, 20.3 mmol) in acetonitrile (100 mL) was added 
HMDS (1.4 mL), and TCS (3.8 mL). After 24 h of refluxing, the 
reaction mixture was filtered. The fdtrate was evaporated in 
vacuo, and the residue was dissolved in CHrCl2 (100 mL). The 
solution was extracted with saturated NaHCOs solution (3 x 25 
mL). After reextracting the aqueous phase with CH2Ch (2 X 10 
mL). The combined organic phase was washed with aqueous 
saturated NaCl solution (3 X 25 mL), dried over anhydrous 
MgSO,, and filtered. The filtrate wasevaporated,and the reaidue 
was purified by column chromatography with CHaCldCHsOH 
(20:1,v/v)toyield2.9g (84%)ofproductasafoam: UV(Me0H) 

nm (e 10 820), A,, 232 nm; UV (0.01 N NaOH) A- 268 nm (c 

(8,  3 H, COCH,), 2.94-3.02 (m, 1 H, 3'-H), 3.63-3.66 and 3.95- 
3.97 (2 dd, 2 H, 5'-H), 4.35-4.38 (m, 1 H, 4'-H), 4.47-4.67 (m, 4 
H, CH2Ph and CHzF, J HB = 50 Hz), 5.47-5.49 (m, 1 H, 2'-H), 
5.98 (d, 1 H, l'-H, Jltp = 3.5 Hz), 7.31-7.39 (m, 5 H, ArH), 7.60 
(8, 1 H, 6-H), 8.44 (8, 1 H, 3-", DzO exchangeable). Anal. (C&B- 

1-[2-0-Acetyl-5-O-benzyl-3-C-[ (benzyloxy)methyl]-3- 
deoxy-~-~-er~~~~pentofuranosyl]thy~ne (19) and Its 
a-Anomer (20). These compounds were synthesized from 17 
(5.5 g, 12.8 mmol) by the same methodology as described for the 
synthesis of 18. Compound 19, the @-anomer (5.5 g, 87%): UV 
(MeOH) A- 263 nm (e 9 190), Ami. 232 nm; UV (0.01 N HCl) A- 
266 gm (c 7 610), A,, 235 nm; UV (0.01 N NaOH) X- 268 nm 
(c 7 7001, A& 238 nm; 'H NMR 6 1.56 (e, 3 H, SCHs), 2.03 (8, 
3H,COCHs),2.87-2.92(m,lH,3'-H),3.4&3.96(m,4H,3'-CH1 
and 5'-H), 4.28-4.30 (m, 1 H, 4'-H), 4.49-4.60 (m, 4 H, 2 X CHr 

J1:r = 3.2 Hz), 7.28-7.36 (m, 10 H, ArH), 7.66 (d, 1 H, 6-H), 8.38 
(8, 1 H, 3-NH, D20 exchangeable). Anal. (CnHsoN207) C, H, N. 

Compound 20, the a-anomer (0.4 g, 6%): UV (MeOH) A- 
265 nm (c 8 090). A,, 237 nm; UV (0.01 N HCl) A- 264 nm (e 
8 540), A- 234 nm; UV (0.01 N NaOH) A, 265 nm (c 8 450), 

2.62-2.65 (m, 1 H, 3'-H), 3.61-4.02 (m, 4 H, 3'-CHa and 5'-H), 
4.28-4.49 (m, 1 H, 4'-H), 4.51-4.61 (m, 4 H, 2 X -CH&'h), 5.79 
(dd, 1 H, 2'-H), 6.80 (d, 1 H, l'-H, JI!,ZJ = 9.4 Hz), 7.27-7.37 (m, 
10 H, ArH), 7.93 (d, 1 H, 6-H), 9.65 (8, 1 H, 3-NH, Da0 
exchangeable). Anal. (CnHdzO7) C, H, N. 

1-[ 5- QBenzyl-3-C (fluorornethyl)-3-deoxy~-~-erytlrro- 
pentofuranosyl]thymine (21). Compound 18 (2.6g, 6.5mmol) 

A,, 265 11111 (e 10 450), A- 232 m; UV (0.01 N HCl) A- 264 

9 960), A- 236 nm; 'H NMR (CHCls) 6 1.61 (8,3 H, 5-CH3), 2.13 

FN206) C, H, F, N. 

Ph), 5.44-5.46 (dd, 1 H, 2'-H, J1:r = 3.2 Hz), 6.02 (d, 1 H, l'-H, 

A- 238 11111; 'H NMR 6 1.50 (8, 3 H, 5-CHs), 1.87 (d, 3 H, COCHs), 
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was dissolved in methanolic ammonia solution (75 mL), and the 
solution was stirred at room temperature for 24 h. After 
evaporation of the methanoiic ammonia, the residue was crys- 
tallized from ethanol to give 2.0 g (85%) of product as a white 
crystals: mp 158-159 “C; UV (MeOH) A, 267 nm (e 7 8001, Amin 
235 nm; W (0.01 N HCl) A, 265 nm (e 8 980), Ami. 232 nm; UV 
(0.01 N NaOH) A, 266 nm (e 8 7801, A- 234 nm; ‘H NMR 
(CDCb) 6 1.49 (8,  3 H, 5-CH3), 2.77-2.78 (m, 1 H, 3’-H), 3.68 (dd, 
1 H,  HA), 4.10 (dd, 1 H, ~’-HB), 4.42-4.93 [m, 6 H, 2’-H, 4’-H, 

exchangeable), 5.78 (8, 1 H, l’-H), 7.30-7.36 (m, 5 H, ArH), 8.01 
(d, 1 H, 6-H), 10.4 (8, 1 H, 3-NH, DzO exchangeable). Anal. 

1-[ COBenzyl-tC[ ( b e n z y l o x y ) m e t h y l ] - 3 x ~ ~ - ~ - e ~ ~ -  
ro-pentofuranosyl]thymine (22). This compound was syn- 
thesized from 19 (5.32 g, 10.6 mmol) by the same methodology 
as described for the synthesis of 21: yield 4.75 g (95%) of white 
crystals; mp 148-150 “C; UV (MeOH) A, 267 nm (e 11 720), A- 
234 nm; UV (0.01 N HCl) A, 268 nm (c 6 370), A h  236 nm; UV 
(0.01 N NaOH) A, 270 nm (e 6 820), Ami, 240 nm; ‘H NMR 
(CDCb) 6 1.49 (e, 3 H, 5-CH3), 2.62-2.67 (m, 1 H, 3’-H), 3.61-4.03 
(m, 4 H, 3’-CHz and 5’-H), 4.35-4.37 (m, 2 H, 4’-H and 2’-H), 
4.48-4.61 (m, 4 H, 2 X CHzPh), 4.95 (8, 1 H, 2’-OH, D2O 
exchangeable), 5.77 (a, 1 H, 1’-HI, 7.26-7.34 (m, 10 H, ArH), 7.96 
(d, 1 H, 6-H), 10.08 (8, 1 H, 3-NH, D2O exchangeable). Anal. 

1-[5-OBenzyl-3-deoxy-3-C( fluoromethyl)-2-O(methyl- 
sulfonyl)-~-~-e~thrt~pentofuranosyl]thymine (23). Com- 
pound 21 (0.40 g, 1.1 mmol) was dissolved in pyridine (20 mL) 
at room temperature. The solution was cooled in an ice bath and 
methanesulfonyl chloride (0.22 mL, 0.33 g, 2.85 mmol) was added. 
The resulting solution was allowed to stir at 0 “C for 5 h. To the 
solution was added MeOH (1 mL) and then stirred for 0.5 h. The 
reaction solution was evaporated to dryness under reduced 
pressure. The residue was dissolved in CHzCl2 (50 mL). The 
organic layer was washed with NaHCO3 solution and water and 
then dried over anhydrous MgSO4. The solvent was removed 
under diminished pressure to give a syrup, which was purified 
by silica gel column chromatography (CH2CldMeOH, 201, vlv), 
to afford 0.41 g (84%) of product as a foam: UV (MeOH) A, 
260 nm (e 8 460), A- 230 nm; UV (0.01 N HC1) A, 260 nm (e 
8 080), A- 232 nm; UV (0.01 N NaOH) A, 258 nm ( c  7 310), 
Ami, 235 nm; ‘H NMR (CDCl3) 6 1.47 (8, 3 H, 5-CH3), 2.60-3.30 
(m, 1 H, 3’-H), 3.25 (8,  3 H, SOzCH,), 3.60 and 4.33 (2 dd, 2 H, 
5’-H), 4.14-5.10 (m, 5 H, 4’-H, CHzPh and CHzF), 5.18 (d, 1 H, 

10.22 (8, 1 H, 3-NH, D2O exchangeable). 
1-[5-OBenzyl-3-deoxy-bC(fluoromethyl)-~-~~pen~ 

furanosyllthymine (27). Compound 23 (0.35 g, 0.79 mmol) in 
ethanol (90%, 30 mL) and 1 N NaOH (1.8 mL) was refluxed for 
15 min. Additional 1 N NaOH (3.3 mL) was added, and the 
solution was refluxed for 2 more hours. The pH of solution was 
then adjusted to 7 with HOAc, and to the reaction solution water 
(60 mL) was added. The precipitate was collected by filtration 
and washed with water. The crude product was crystallized from 
ethanol to give 0.26 g (92%) of product as white crystals: mp 
179-180 “C; UV (MeOH) A, 268 nm (e 8 420), A- 236 nm; UV 
(0.01 N HCl) A, 264 nm (e 10 560), A- 232 nm; UV (0.01 N 
NaOH) A, 269 nm (e 8 850), Ami. 237 nm; ‘H NMR (CDC13) 6 
1.53 (8, 3 H, 5-CH3), 2.37-2.48 (m, 1 H, 3’-H), 3.65 and 3.77 (2 
dd, 2 H, 5’-H), 3.92-3.95 (m, 1 H, 4’-H), 4.23-4.26 (m, 1 H, 2’-H), 

Hz), 5.41 (d, 1 H, 2’-OH, D2O exchangeable), 5.95 (d, 1 H, 1’-H, 

H, 3-NH, D20 exchangeable). Anal. (ClsHzlFNz06) C, H, F, N. 
l-[S-OBenzyl-3-C[ (benzylory)methyl ] - tdeory-~-~t~  

pentofuranosyl]thymine (28). Compound 22 (1.73 g, 4.07 
mmol) was dissolved in pyridine (25 mL) at room temperature. 
The solution was cooled in an ice bath and methanesulfonyl 
chloride (0.82 mL, 1.21 g, 10.6 mmol) was added. The resulting 
solution was allowed to stir at 0 “C for 4 h, after which was added 
MeOH (5 mL). The reaction solution was evaporated to dryness 
under reduced pressure. The residue was dissolved in CH2C12 
(50 mL), and the organic layer was washed with NaHC03 solution 
and water and then dried over anhydrous MgSO4. The solvent 
was removed under diminished pressure to give a syrup (24), 

-CHzF, (J ~p = 47.6 Hz) and CHzPhl, 5.26 ( ~ , l  H, 2’-OH, Dz0 

(CI~HZ~FN~OS) C, H, F, 

(CdzsN~Oe) C, H, N. 

2’-H), 5.80 (8, 1 H, l’-H), 7.28 ( ~ , 5  H, ArH), 7.71 (d, 1 H, 6-H), 

4.53 (d, 2 H, CHzPh), 4.45 and 4.54 (2 dd, 2 H, CHzF, JH,F = 47.3 

J1,,r = 5.7 Hz), 7.26 (d, 5 H, ArH), 7.45 (d, 1 H, 6-H), 10.9 (8,  1 
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which was used in the next step reaction without further 
purification: 1H NMR (CDCl3) 6 1.57 (s,3 H, 5-CH3), 2.80-3.10 
(m, 1 H, 3’-H), 3.33 (s,3 H, SOzCH,), 3.60-4.40 (m, 5 H, 3’-CHz, 
5’-H, and 4’-H), 4.43-4.67 (m, 4 H, 2 X CH,Ph), 5.25 (d, 1 H, 

9.33 (br, 1 H, 3-NH, DzO exchangeable). 
Compound 24 in ethanol (go%, 87 mL) and 1 N NaOH (5.2 

mL) was refluxed for 15 min. Additional 1 N NaOH (10 mL) was 
added, and the solution was refluxed for 2 h. The pH of solution 
was then brought to 7 with HOAc, and to the reaction solution 
was added water (100 mL). The precipitate was collected by 
filtration and washed with water. The crude product was 
crystallized from ethanol to afford 1.6 g (90% ) of white crystals: 
mp 145-146 “C; UV (MeOH) Am, 268 nm (e 8 900), Ami, 235 nm; 
UV (0.01 N HC1) A, 266 nm ( c  8 900), Ami, 234 nm; UV (0.01 
N NaOH) A, 269 nm (a 8 2401, Ami, 238 nm; ‘H NMR 6 1.62 (8,  
3 H,5-CH3),2.53-2.57 (m, 1 H, 3’-H),3.55-3.63 (m,3 H,3’-CHz 
and 5’-&), 3.91-3.93 (m, 2 H, 5’-& and 2’-OH, D20 exchange- 
able), 4.13-4.15 (m, 1 H, 4‘-H), 4.31-4.35 (m, 1 H, 2’-H), 4.49- 
4.64 (m, 4 H, 2 X CHZPh), 6.04 (d, 1 H, 1’-H, J1’,2! = 4.7 Hz), 
7.25-7.37 (m, 10 H, ArH), 7.67 (d, 1 H, 6-H), 8.93 (8 ,  1 H, 3-NH, 
DzO exchangeable). Anal. (csH~&Oe) C, H, N. 

l-[3-C(Fluoromethyl)-3-deo~-B-~-thpentofuranosyl]- 
thymine (29).5 Compound 27 (0.25 g, 0.64 mmol) in methanol 
(40 mL) was hydrogenated over 10% palladium (120 mg) on 
charcoal at 50 psi hydrogen pressure at room temperature for 4 
h. The catalyst was removed by filtration, and the solvent was 
evaporated in vacuo. The residue was crystallized from ethanol 
togiveO.llg(57%)ofwhitecrystals: mp205-206°C;UV(MeOH) 
A, 264 nm (e 8 990), A- 231 nm; UV (0.01 N HC1) A, 268 nm 
(e 9 850), Ami. 234 nm; UV (0.01 N NaOH) Am, 266 nm (e 9 500), 
A- 235 nm; lH NMR (DMSO-de) 6 1.75 (s,3 H, 5-CH3), 2.31- 
2.44 (m, 1 H, 3’-H), 3.57-3.62 (m, 1 H,  HA), 3.69-3.72 (m, 1 H, 
5’-He), 3.76-3.79 (m, 1 H, 4’-H), 4.22 (dd, 1 H, 2’-H), 4.57 (dd, 
~ H , C H ~ F , J H J  =47.3Hz),5.13(t, 1 H,5’-OH,D2Oexchangeable), 
5.57 (d, 1 H, 2’-OH, D20 exchangeable), 5.57 (d, 1 H, 2’-OH, DzO 
exchangeable), 5.92 (d, 1 H, 1’-H, JV,Z = 5.7 Hz), 7.70 (d, 1 H, 
6-H), 11.2 (8,  1 H, 3-NH, D2O exchangeable); MS mlz 275 (M+ 
+ l), 126 (thymine), 149 (CsHloFO3, sugar residue). Anal. (CllH15- 
FN20s) C, H, F, N. 

1-[3-Deoxy-3-G( hydroxymethyl)-8-~- tbrewwntofurano- 
syllthymine (30).s This compound was synthesized from 28 
(1.0 g, 2.2 mmol) by the same methodology as described for the 
synthesis of 2 9  yield 0.34 g (56% ) as white crystals; mp 176-177 
“C; UV (MeOH) A, 266 nm ( c  6 6301, Ami, 232 nm; UV (0.01 N 
HC1) A, 266 nm (e 6 650), A- 232 nm; UV (0.01 N NaOH) A, 
265 nm (e 7 020), Ami, 234 nm; lH NMR (DMSO-de) 6 1.75 (s,3 
H, 5-CH3), 2.05-2.09 (m, 1 H, 3’-H), 3.31-3.69 (m, 4 H, 3’-CHz 
and 5’-H), 3.75-3.77 (m, 1 H, 4’-H), 4.16 (d, 1 H, 2’-H), 4.80 (t, 
1 H, 5’-OH, D20 exchangeable), 5.07 (8,  1 H, 3’-OH, DzO 
exchangeable), 5.35 (d, 1 H, 2’-OH, DzO exchangeable), 5.88 (dd, 

DzO exchangeable); MS mlz 273 (M+ + l), 126 (thymine), 147 

1-[6-OBenzyl-3-C-(fluoromethyl)-2,3-d~deoxy-~-~-erytB- 
rt~pentofuranosyl]thymine (33). To a solution of compound 
21 (1.40 g, 3.84 mmol) and (dimethy1amino)pyridine (0.94 g, 7.68 
mmol) in CHaCN (80 mL) was added gradually phenyl chlo- 
rothionocarbonate (0.90 g, 5.19 mmol) in an ice bath. The mixture 
was stirred at 0 “C for 4 h and then at room temperature for 12 
h. The solvent was removed in vacuo, and the residue was 
dissolved in EtOAc (100 mL). The solution was washed with 
water (3 x 20 mL), dried over anhydrous MgSO4, filtered, and 
evaporated in vacuo togive a syrup (31). The syrup was dissolved 
in toluene (80 mL) to which was added 2,2’-azobis(2-methyl- 
propionitrile) (AIBN, 1.62 g, 9.88 mmol) and tri-n-butyltin 
hydride (2.2 g, 7.6 mmol) at 50-60 ‘C under Nz. The reaction 
mixture was stirred at 95-100 “C for 5 h. The solvent was removed 
in vacuo, and the residue was purified by silica gel column 
chromatography (hexane/EtOAc, 2:1, v/v) to produce a syrup, 
which was then crystallized from MeOH to afford 1.1 g (85%) 
of white crystals: mp 110-111 “C; UV (MeOH) A, 264 nm (e 
6 850), Ami, 232 nm; UV (0.01 N HC1) Am, 268 nm (e 9 430), Ami. 
236 nm; UV (0.01 N NaOH) A,, 265 nm (a 9 910), A- 234 nm; 
1H NMR (CDC13) 6 1.60 (s,3 H, 5-CH3), 2.10-2.30 (m, 2 H, 2’-H), 
2.50-3.00 (m, 1 H, 3’-H), 3.50-4.10 (m, 3 H, 5’-H and 4’-H), 4.17 

2’-H), 5.93 (8, 1 H, l‘-H), 7.33 (8, 10 H, ArH), 7.85 (8 , l  H, 6-H), 

1 H, 1’-H, J1!,2! = 5.4 Hz), 7.70 (8,  1 H, 6-H) 11.2 (8, 1 H, 3-NH, 

(CeH1104 Sugar residue). And. (CiiHisNzOe) C, H, N. 
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and 4.66 (dd, 2 H, CHzF, JHJ = 46.5 Hz), 4.50 (8,2 H, CHzPh), 
6.02 (t, 1 H, l’-H), 7.25 (s,5 H, ArH), 7.56 (e, 1 H, 6-H), 8.95 (br, 
1 H, 3-NH, D20 exchangeable). Anal. (CleHzlFN204) C, H, F, 
N. 

1-[5-OBenzyl-3-C[ (benzyloxy)methyl]-2,3-dideoxy-B-~- 
erythrepentofuranosyl]thymine (34). This compound was 
synthesized from 22 (2.2 g, 4.86 mmol) by the same methodology 
as described for synthesis of compound 33: yield 0.99 g (47%) 
as white crystals; mp 104-110 “C; UV (MeOH) A, 276 nm (e 
7 880), A- 234 nm; UV (0.01 N HCl) A, 266 nm (e 8 3901, Ami, 
234 nm; UV (0.01 N NaOH) A, 264 nm (e 7 720), A- 234 nm; 
1H NMR (CDCh) 6 1.65 (8, 3 H, 5-CH3), 2.00-2.30 (m, 2 H, 2’-H), 
2.45-2.85 (m, 1 H, 3’-H), 3.40-4.20 (m, 5 H, 3’-CHz, 5‘-H, and 

H, ArH), 7.70 (8,  1 H, 6-H), 8.70 (8, 1 H, 3-NH, DzO exchangeable). 
Anal. (C&I=N205) C, H, N. 

Compounds 35-38 were synthesized by the same methodology 
as described for the synthesis of compound 29. 

1-[2,3-Mdeoxy-3-C( fluoromethyl)-B-De@hpen~f~- 
noeyl]thymine (35):’b yield 0.26 g (64%); mp 106-107 O C ;  UV 
(MeOH) A, 263 nm (e 8 430), Ami, 230 nm; UV (0.01 N HC1) A, 
269 nm (e 9 900), Amin 236 nm; UV (0.01 N NaOH) A, 266 nm 
(e 9 310), Ami, 234 nm; ‘H NMR (DMSO-de) 6 1.77 (a, 3 H, 5-CH3), 
2.10-2.17 (m, 2 H, 2’-H), 2.60-2.65 (m, 1 H, 3’-H), 3.53-3.71 (m, 
2 H, 5’-H), 3.80-3.83 (m, 1 H, 4’-H), 4.54 (dd, 2 H, 3’-CHrF, J 
HJ = 47 Hz), 5.08 (t, 1 H, 5’-OH, Dz0 exchangeable), 6.00 (dd, 

exchangeable); MS m/z 259 (M+ + l),  126 (thymine), 133 (CeHlo- 
FO2, sugar residue). Anal. (C11HlaFN204) C, H, F, N. 

1-[ 2,3-Dideoxy-3-C( hydroxymethy1)-B-D-erythro-pento- 
furanosyl]thymine (36):”yield 0.26 g (50%) as white crystals; 
mp 130-131 O C ;  UV (MeOH) A, 269 nm (e 9 420), A,, 235 nm, 
UV (0.01 N HCl) A, 269 nm (e 9 640), A- 236 nm; UV (0.01 
N NaOH) A,, 269 nm (e 9 9701, Ami, 238 nm; ‘H NMR (Mer 
SO-de) 6 1.75 (s,3 H, 5-CH3), 1.96-2.14 (m, 2 H, 2’-H, J1,,2f = 4.6 
Hz), 2.32-2.37 (m, 1 H, 3’-H), 3.41-3.43 (m, 2 H, 3’-C&), 3.52- 
3.70 (m, 2 H, 5’-H), 3.74-3.77 (m, 1 H, 4‘-H), 4.76 and 5.03 (2 t, 
2 H, 2 X OH, D20 exchangeable), 5.96 (dd, 1 H, 1’-H, J1,,y = 4.6 
Hz), 7.83 (d, 1 H, 6-H), 11.2 (8 ,  1 H, 3-NH, DzO exchangeable); 
MS m/z 257 (M+ + l),  126 (thymine), 131 (CeH1103, sugar residue). 

1-[3-G(Fluoromethyl)-3-deoxy-~-~-erythrepentofurano- 
syllthymine (37): yield 0.1 g (68% 1; mp 91-92 O C ;  UV (MeOH) 
A, 269 nm (e 9 230), Ami, 236 nm; UV (0.01 N HCl) A, 268 nm 
(e 8 650), A- 236 nm; UV (0.01 N NaOH) A, 265 nm (e 7 440), 
Ami, 234 nm; lH NMR (CDC13) 6 1.74 (8,  3 H, 5-CH3), 2.57-2.48 
(m, 1 H, 3’-H), 3.52-3.56 (m, 1 H,  HA), 3.74-3.78 (m, 1 H, 
5’-He), 4.02 (t, 1 H, 4’-H), 4.22-4.25 (m, 1 H, 2’-H), 4.48 and 5.58 
(2 dd, 1 H, CHAF = 47.0 Hz), 4.61 and 4.70 (2 dd, 1 H, C H S ,  
J H ~ , F  = 47.0 Hz), 5.18 (t, 1 H, 5’-OH, DzO exchangeable), 5.66 
(d, 1 H, 1’-H, J1,,2* = 2.3 Hz), 5.80 (d, 1 H, 2’-OH, D20, 
exchangeable), 7.90 (8, 1 H, 6-H), 11.3 (8,  1 H, 3-NH, D20 
exchangeable); MS m/z 275 (M+ + 11,126 (thymine), 149 (C6H11- 
FO3, sugar residue). Anal. (CllH15FN205) C, H, F, N. 

1-[ 3-Deoxy-3-C( hydroxymethy1)-B-~-erythrepentofura- 
nosyl]thymine (38): yield 0.21 g (71%); mp 185.0-186.5 O C ;  

UV (MeOH) A,. 268 nm (e 8 820), Ami, 234 nm; UV (0.01 N HCI) 
A,, 268 nm (e 9 170), Ami, 234 nm; UV (0.01 N NaOH) A, 268 
nm (e 8 MO), A,& 236 nm; ‘H NMR (DMSO-de) 6 1.75 (8, 3 H, 
5-CH3), 2.19-2.24 (m, 1 H, 3’-H), 3.44-3.79 (m,4 H, 3‘-CH2 and 
5’-H), 3.93-3.96 (m, 1 H, 4’-H), 4.15 (dd, 1 H, 2’-H), 4.50 and 5.16 
(2 t, 2 H, 5’- and 3’-OH, D2O exchangeable) 5.55 (d, 1 H, 2’-OH, 
DzO exchangeable), 5.65 (d, 1 H, 1’-H, J1e.r = 2 Hz), 7.99 (d, 1 
H, 6-H), 11.3 (8,  1 H, 3-NH, D20 exchangeable); MS m/z 273 (M+ 
+ l),  126 (thymine), 147 ( C ~ H I I O ~  sugar residue). Anal. 
(CiiHieNzOs) c, H, N. 
1-[2,5-ODiacetyl-3-G(azidomethyl)-3-deoxy-~-~-eryth 

pentofuranosyl]thymine (39) and Its a-Anomer (40). These 
compounds were synthesized from 16 (6.4 g, 20.3 mmol) by the 
same methodology as described for synthesis of 18. Compound 
39, the &anomer (3.1 g, 41 %),was obtained as a foam: UV (CH3- 
OH) A, 266 nm (c 9 390), Ami, 235 nm; UV (0.01 N HCl) A, 
260 nm (e 11 400), A ~ , ,  230 nm; UV (0.01 N NaOH) A, 267 nm 
(e 10 200), Amin 237 nm; IR (KBr) v, 2140 cm-I (azido); ‘H NMR 

2.72-2.78 (m, 1 H, 3’-H), 3.43 and 3.62 (2 dd, 2 H, 3’-CH2), 4.22- 

4’-H), 4.53 (d, 4 H, 2 X CHzPh), 6.10 (t, 1 H, l’-H), 7.30 (8, 10 

1 H, 1’-H), 7.80 (d, 1 H, 6-H), 11.2 (8, 1 H, 3-NH, D2O 

Anal. (CIlHld205) C, H, N. 

(CDCld 6 1.94 (8,  3 H, 5-CH3), 2.14 and 2.17 (2 8, 6 H, COCHa), 

4.25 (m, 1 H, 4’-H), 4.32 and 4.44 (2 dd, 2 H, 5’-H), 5.48 (dd, 1 

8.56 (8,  1 H, 3-NH, D2O exchangeable). Anal. (C~dileN~Od C, 
H, N. 

Compound 40, the a-anomer (2.1 g, 27%), was isolated as 
crystals: mp 145-147 “C; UV (CHIOH) A, 263 nm (e 7 OM)), 
Arne 233 nm; UV (0.01 N HC1) A,. 260 nm (e 8 860), A h  230 nm; 
UV (0.01 N NaOH) A, 265 nm (e 7 770), Amin 237 nm; IR (KBr) 
v, 2120 cm-’ (azido); ‘H NMR (CDCls) 6 1.94 (8, 3 H, SCHa), 
2.08 and 2.15 (2 s,6 H, COCHa), 2.82-2.86 (m, 1 H, 3’-H), 2.67- 
3.75 (m, 2 H, 3’-CHz), 3.80-3.83 (dd, 1 H, 2’-H), 4.02-4.08 (m, 1 
H, 4’-H), 5.15-5.20 (m, 2 H, 5’-H), 5.89 (d, 1 H, 1‘-H, J1:2 = 9.6 
Hz), 7.11 (d, 1 H, 6-H), 8.41 (8,  1 H, 3-NH, D20 exchangeable). 
And. (CidiieNsOv) C, H, N. 

1 - [ 3 - C ( A z i d o m e t h y l ) - 3 - d e o x ~ ~ - ~ e ~ ~ p e n t o f ~ o -  
syllthymine (41). This compound was synthesized from 39 (3.38 
g, 8.86 mmol) by the same methodology as described for the 
synthesis of 21: yield 2.5 g (96%) as white crystals; mp 127-129 
OC; UV (MeOH) A, 268 nm (e 9 2501, A- 236 nm; UV (0.01 N 
HC1) A, 265 nm (e 10 130), A- 232 nm; UV (0.01 N NaOH) A, 
268 nm (e 9 580), A- 236 nm; IR (KBr) Y- 2140 cm-I (azido); 
lH NMR (MezSo-d6) 6 1.75 (e, 3 H, 5-CH3), 2.33-2.39 (m, 1 H, 
3’-H), 3.34-3.37 (m, 1 H, 4’-H), 3.54-3.60 (m, 2 H, 5’-H), 3.74- 
3.78 (m, 1 H, 2’-H), 3.88-4.20 (m, 2 H, 3’-CHz), 5.16 (t, 1 H, 
5’-OH, D2O exchangeable), 5.65 (d, 1 H, 1’-H, Jl3p = 2.0 Hz), 5.86 
(d, 1 H, 2’-OH, D2O exchangeable), 7.92 (d, 1 H, GH), 11.2 (8, 1 
H, 3-NH, D20 exchangeable); MS m/z 298 (M+ + 11, 126 
(thymine). Anal. (CllH16N505) C, H, N. 

1-[3-C(Aminomet h y l ) - 3 - d e o x y - 8 - ~ - e ~ ~ ~ n ~ f ~ o -  
syllthymine (42)andIteHydrochlorideSalt (43). Compound 
41 (750mg, 2.5mmol) andtriphenylphoephine (1.05g,4.01mmol) 
were dissolved in pyridine (30 mL) and stirred at room tem- 
perature. After 1 h, concentrated ammonium hydroxide (25 mL) 
was added and the solution was allowed to stir for an additional 
2 h. Pyridine was removed at reduced pressure, water (50 mL) 
was added, and the unreacted triphenylphosphine and triphe- 
nylphosphine oxide was removed by filtration. The filtrate was 
extracted with benzene and then water and concentrated to 
dryness to give a syrup (42): ‘H NMR (DMSO-de) 6 1.77 (8,3 H, 
5-CH3), 1.90-3.00 (m, 3 H, 3’-H and 3’-CH2), 3.30-3.75 (m, 2 H, 
5’-H), 3.75-3.96 (m, 1 H, 4’-H), 4.00-4.20 (m, 1 H, 2’-H) 4.70 (br, 
4 H, NH2, 2’-OH, and 5’-OH, DzO exchangeable), 5.55 (8, 1 H, 

Compound 42 was converted to ita hydrochloride salt by 
treatment with acetyl chloride (0.40 g, 5 mmol) in MeOH (10 
mL), followed by evaporation in vacuo to dryness and crystal- 
lization from ethanol, to afford 0.23 g (30 %) of product as white 
crystals: mp 216-217 O C  dec; UV (MeOH) A, 267 nm (e 9 030), 
A- 233 nm; UV (0.01 N HC1) A, 269 nm (e 9 170), A d  236 nm; 
UV (0.01 N NaOH), A, 268 nm (e 9 6001, A- 235 nm; lH NMR 
(DMSO-&) 6 1.74 (s,3 H, 5-CH3), 2.41-2.45 (m, 1 H, 3’-H), 2.82- 
2.85 and 2.98-3.03 (2 m, 2 H, 3‘-CHd, 3.60 and 3.76 (2 dd, 2 H, 
5’-H), 3.8+3.92 (m, 1 H, 4’-H), 4.26-4.27 (m, 1 H, 2’-H), 5.65 (d, 
1 H, 1’-H, Jl,,y = 1.6 Hz), 7.91 (d, 1 H, 6-H); MS m/z 272 (M+ 
+ l), 126 (thymine), 146 (CBHIZNO~, sugar, residue). Anal. 
(CiiHisClN305) C, H, N. 

1 - [ 3- C ( Azidomet h yl) -3-deo.y-5-0-( tert-but y ldimet hyls- 
ilyl)-B-D-e@hpentofuranosyl)thymine (44). To a mixture 
of compound 41 (2.2 g, 7.4 mmol) and pyridine (3.6 mL, 44.4 
mmol) in THF (120 mL) was added silver nitrate (1.87 g, 11.0 
mmol) and tert-butyldimethylsilyl chloride (1.56 g, 10.4 -01). 
The mixture was stirred at room temperature for 20 h, after 
which the reaction solution was filtered and the filtrate was 
evaporated under reduced pressure. The residue was dissolved 
in CHZCl2 (100 mL), and the organic layer was washed twice with 
aqueous sodium bicarbonate solution (5%, 2 X 20 mL), dried 
over anhydrous MgSO4, and evaporated to dryness to produce 
a residue, which was then purified by silica gel column chro- 
matography (CHzCldMeOH, 251, v/v) to yield 2.8 g (92%) of 
foam: UV (MeOH) A, 269 nm (e 9 910). Ami, 236 nm; UV (0.01 
N HC1) A, 265 nm (e 7 OlO), Ami, 232 nm; UV (0.01 N NaOH) 
A, 267 nm (e 4 570), A- 236 nm; IR (KBr) v m u  2100 cm-l (azido); 
lH NMR (Me&O-de) 6 0.07 (2s,6 H, SiMez), 0.88 (s,9 H, SiCMea), 
1.77 (8, 3 H, S-CHs), 2.34-2.40 (m, 1 H, 3’-H), 3.34-3.37 (m, 1 H, 
4’-H), 3.63and 3.73 (2 dd, 2 H, 3’-CH2), 3.89-3.94 (m, 2 H, 6’-H), 
4.23-4.26 (m, 1 H, 2’-H), 5.68 (d, 1 H, 1’-H, JV,Y = 2.78Hz), 5.84 

H, 2’-H), 5.66 (d, 1 H, l’-H, Ji,,r 2.7 Hz), 7.15 (d, 1 H, 6-H), 

1’-H), 7.82 (8, 1 H, 6-H). 
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(d, 1 H, 2’-OH, DzO exchangeable), 7.45 (d, 1 H, 6-H), 11.3 (e, 1 
H, 3-NH, DzO exchangeable). Anal. (C17HzsNsO~Si) C, H, N. 
1-[3-C-(Azidomethyl)-5-0-( tert-butyldimethylsilyl)-3- 

deaxy-2-O-met hylsulfonyl-~-~-erytb~pentofuranosyl]t h- 
ymine (45). This compound was synthesized from 44 (1.2 g, 2.9 
mmol) by the same methodology as described for the Synthesis 
of 23: yield 0.92 g (64%) as a foam; lH NMR (CDCl3) 6 0.15 (8,  
6 H, SiMez), 0.95 (s,9 H, SiCMe,), 1.90 (s,3 H, 5-CH3), 2.50-2.82 
(m, 1 H, 3’-H), 3.30 (8, 3 H, SO~CHI), 3.40-4.20 (m, 5 H, 4’-H, 

1 H, 6-H) 9.90 (8, 1 H, 3-NH, DzO exchangeable). 
1-[ 3-C(Azidomethyl)-3-deoxy-B-D tlueo-pentofuranosyl]- 

thymine (47). This compound was synthesized from 45 (0.72 
g, 1.47 mmol) by the same methodology as described for the 
synthesis of 27: yield 0.30 g (68%) as white crystale; mp 127-129 
OC; UV (MeOH) A, 268 nm (e 9 540), A- 235 nm; UV (0.01 N 
HCl) A, 265 nm (e 9 980), A- 232 nm; UV (0.01 N NaOH) Amex 

266 nm (e 10 W), A,, 234 nm; IR (KBr) Y, 2120 cm-l (azido); 
‘H NMR (MezSO-ds) 6 1.75 (8, 3 H, 5-CH3), 2.21-2.24 (m, 1 H, 
3’-H), 3.51-3.71 (m, 5 H, 3’-CHz, 5’-H, and 4’-H), 4.14-4.17 (m, 
1 H, 2’-H), 5.09 (d, 1 H, 5’-OH, D20 exchangeable), 5.53 (d, 1 H, 
2’-OH, D20 exchangeable), 5.92 (d, 1 H, l’-H,&,Y = 5.8 Hz), 7.67 
(d, 1 H, 6-H), 11.2 (8, 1 H, 3-NH, D2O exchangeable); MS m/z 
298 (M+ + l), 126 (thymine). Anal. (C11H~N505) C, H, N. 
1-[3-C(Aminomethyl)-3-deoxy-8-D t ~ p e n t o f u r a n o s y l ] -  

thymine (48). This compound was synthesized from 47 (0.40 
g, 1.33 mmol) by the same methodology as described for the 
synthesis of 4 2  yield 0.16 g (44%) as white crystals; mp 178-180 
OC; UV (MeOH) A, 266 nm (e 7 930), A- 233 nm; UV (0.01 N 
HCl) A, 270 nm (e 9 430), A- 237 nm; UV (0.01 N NaOH) A, 
266 nm (e 9 090), A,, 233 nm; lH NMR (DMSO-ds) 6 1.75 (s,3 
H, 5-CHs), 1.93-1.97 (m, 1 H, 3’-H), 2.56 and 2.79 (2 dd, 2 H, 
3’-CHz),3.5&3.67 (m, 3H,4’-Hand5’-H),4.13 (t, 1 H,2’-H),5.90 

br, 4 H, 3’-NHz, 2’-OH, and 5’-OH, DzO exchangeable); MS m/z 
272 (M+ + l) ,  126 (thymine), 146 (C&2N03 sugarresidue). Anal. 
(CIIHI~NIOE.) C, H, N. 
1-[3-C(Azidomethy1)-5-0-( tert-butyldimethylsilyl)-2,3- 

dideoxy-~-~-erytbr~pntofuranosyl]thydne (50). This 
compound was synthesized from 44 (1.25 g, 3.04 mmol) by the 
same methodology as described for synthesis of compound 33 
yield 0.51 g (43%); mp 109-111 OC; UV (MeOH) A, 264 nm (e 
11 120), Ami. 231 nm; UV (0.01 N HCl) A, 266 nm (e 11 1901, 
Ami. 233 nm; UV (0.01 N NaOH) A, 270 nm (e 8 880), Ami. 238 
nm; IR (KBr) Y, 2140 cm-l (azido); ‘H NMR (CDCl3) 6 0.13 (8,  
6 H, SiMez), 0.95 (s,9 H, SiCMes), 1.90 (e, 3 H, 5-CH3), 2.05-2.23 
(m, 2 H, 2’-H), 2.33-2.70 (m, 1 H, 3’-H), 3.41 (d, 2 H, 5’-H), 
3.60-4.06 (m, 3 H, 3’-CHz and 4’-H), 6.10 (t, 1 H, 1’-H), 7.46 (8,  
1 H, 6-H), 9.23 (8,l H, 3-NH, DzO exchangeable). Anal. (C17H29- 
N604Si) C, H, N. 

l-[bC(Azidomet hyl)-2,3-dideoxyy-8-~erytb~pentofura- 
nosyllthymine (51).7b Compound50 (0.66g, 1.76mmol) inTHF 
(25 mL) was stirred with n-BmNF (8.5 mL, 8.5 mmol, 1.0 M in 
THF) at room temperature for 1 h. The solution was then 
evaporated in vacuo to give a syrup, which was purified by silica 
gel column chromatography (EtOAc/MeOH, 25:1, v/v) to yield 
0.38 g (81 %) of product as a syrup: UV (MeOH) A, 266 nm (e 
9 230), A- 234 nm; UV (0.01 N HC1) A, 268 nm (e 9 390), Ami. 
235 nm; UV (0.01 N NaOH) A,, 269 nm (e 9 2801, Ami. 238 nm; 
IR (KBr) Y, 2100 cm-l (azido); lH NMR (DMSO-ds) 6 1.76 (8 ,  
3 H, 5-CH3), 2.10-2.13 (m, 2 H, 2’-H), 2.48-2.52 (m, 1 H, 3’-H), 
3.50 (d, 2 H, 5’-H), 3.54-3.57 (m, 1 H, 4’-H), 3.67-3.72 (m, 2 H, 
3’-CHz), 5.10 (t, 1 H, 5’-OH, DzO exchangeable), 5.99 (t, 1 H, 
l’-H), 7.80 (d, 1 H, 6-H), 11.2 (8, 1 H, 3-NH, DzO exchangeable); 
MS m/z 282 (M+ + 11, 126 (thymine), 166 (C6H10N302, sugar 
residue). Anal. (CIIHISNSO~ C, H, N. 

1-[ 3-C( A m i n o m e t h y l ) - 2 , 3 - d i d e y - 8 - ~ - e ~ ~ ~ n t o f u r a -  
nosyl]thymine (52) and Its Hydrochloride Salt (53). Com- 
pounds 52 and 53 were synthesized from 51 (0.30 g, 1.07 mmol) 
by the same methodology as described for the syntheses of 42 
and 43. 

Compound 52 (0.26 g, 95 % ) was obtained as a syrup: lH NMR 
(DMSO-de) 6 1.78 (8, 3 H, 5-CH3), 1.85-2.35 (m, 3 H, 2’-H and 
3’-H), 2.40-2.65 (m, 2 H, 3’-CHz), 3.48-3.78 (m, 3 H, 5’-H and 
4’-H), 4.33 (br, 3 H, NHz and 5’-OH, DzO exchangeable), 5.90 (t, 

3’-CH2, and 5’-H), 5.20 (d, 1 H, 2‘-H), 5.70 (8 , l  H, 1’-H), 7.50 (8,  

(d, 1 H, 1’-H, J l t , z t  = 5.8 Hz), 7.61 (8, 1 H, 6-H), 3.32 and 5.70 (2 

1 H, l’-H), 7.72 (8,  1 H, 6-H). 
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Compound 53 was isolated as white crystale: yield 0.25 g (81 7%); 
mp 199-201 “C; UV (MeOH) A, 269 nm (c 6 9501, A- 236 nm; 
UV (0.01 N HC1) A, 267 nm (e 8 190), A- 234 nm; W (0.01 
N NaOH) A, 267 nm (e 7 6301, A- 235 nm; lH NMR (DMSO- 
de) 6 1.76 (e, 3 H, 5-CH3), 2.19-2.26 (m, 2 H, 2’-H), 2.56-2.79 (m, 
1 H, 3’-H), 2.82-2.94 (m, 1 H, 4’-H), 3.63-3.80 (m, 4 H, 3’-CH2 
and 5’-H), 5.29 (br, 1 H, 5’-OH, DzO exchangeable), 5.97-6.02 (m, 
1 H, l’-H), 7.87 (dd, 1 H, 6-H), 8.12 (br, 2 H, NHz), 11.3 (8, 1 H, 
3-NH); MS mlz 256 (M+ + l), 126 (thymine), 130 (CsH12N02, 
sugar residue). Anal. (C11HleClNsOd C, H, N. 

Anticancer Assays. The synthesized compounds were 
evaluated in culture for their anticancer activity by growth 
inhibition studies using murine L1210 leukemia, P388, Sarcoma 
180, and human CCRF-CEM lymphoblastic leukemia cella as 
described as follows: Murine L1210, P388, and S-180 cells were 
maintained as suspension cultures in Fisher’s medium and CCRF- 
CEM cells were maintained as a suspension culture in Roswell 
Park Memorial Institute 1640 medium, both media supplemented 
with 10% horse serum and all cells maintained at 37 OC in a 
humidified atmosphere of 5% C02/95% air. Under these 
conditions, the generation time for L1210, P388, S-180, and 
CCRF-CEM cella is approximately 12,12,18, and 20 h, respec- 
tively. Each compound was added at various concentrations to 
L1210, P388, S-180, and CCRF-CEM cells (2 X l(r cells/mL) in 
their exponential phase of growth. The cell number of the drug- 
free cultures (control), as well as that of the cultures containing 
with the compounds, were determined after 24,48, and 72 h of 
growth. 

Antiviral Assays. In a modification of a procedure by Larder 
et al.,9l the compounds were tested in drug susceptibility assays 
using MT-2 cells. Triplicate wella in a 96-well tissue culture 
plate containing 1 X l(r cells infected with HIV-1 (HTLV-111) 
virus at a multiplicity of infection of 0.5 TCIDw/cell were treated 
with serial dilutions of drugs. After 7 days, MTT dye was added 
and the antiviral effect was determined by comparing the A570 
of infected cells with the A670 of uninfected cells without 
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