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C(6a)H), 3.89-3.64 (m, 2 H, C(3)H,), 3.82 (s, 3 H, OCH,), 2.53-1.71
(m, 6 H, C(1")H,, C(4)~-C(5)H,), 2.00 (br s, 1 H, OH), 1.42 and
1.18 (2Xxs, 6 H, 2xCHj).

Compound 30: R;0.43 (EtOAc); UV (MeOH) A, 217, 236,
272, 285 (sh), 304 (shs, 317 (sh), 335, 354 nm; EIMS (70 eV) m/z
(relative intensity) 393 (M*, 18), 262 (100), 222 (86); :H NMR
58.38 (s, 1 H, C(14)H), 7.93 (d, 1 H, C(13)H), 6.96 (s, 1 H, C(10)H),
6.90 (d, 1 H, C(12)H), 4.13 (m, 1 H, C(5a)H), 3.98-3.71 (m, 2 H,
C(3)H,), 3.86 (s, 3 H, OCH,), 3.57 and 3.18 (AB spectrum, 2 H,
3J = 14.5 Hz, C(15)H,), 2.23-1.75 (m, 4 H, C(4)H,~C(5)H,), 1.61
and 1.24 (2Xs, 6 H, 2xCHj3).

(=)-Verrucculogen TR-2 (2). To a stirred and cooled (0 °C)
solution of the dehydro compound 6 (5 mg, 0.0127 mmol) in dry
pyridine (0.5 mL) was added a solution of osmium tetroxide (100
uL, 0.0195 M in pyridine, 0.0195 mmol). The resulting orange-
colored solution was stirred at 0 °C for 2 h and was then treated
with saturated aqueous NaHSO; (0.5 mL). This reaction mixture
was stirred at room temperature for 30 min, after which the
aqueous layer was separated. The mixture was extracted with
chloroform. The organic layer was washed with brine and sub-
sequently dried (Na,SO,) and concentrated to dryness. The
residue was subjected to columm chromatography (CHCl;/MeOH
(97/3), v/v) to give 1.2 mg (22%) of 2: oil; R;0.39 (CHCl,/MeOH

93/7), v/v); [a]p ~45° (c = 0.55, CH,Cly); EIMS (70 eV) 429, (M*,
4), 411 (8), 335 (45), 278 (47), 219 (100); exact mass for CooHy N304
caled 429.1912, found 429.1910; UV (methanol) A, 224, 267, 295
nm; ‘H NMR (200 MHz, CDCl;) 4 9.04 (br s, 1 H, NH), 7.82 (d,
1 H, C(13)H), 6.86-6.77 (m, 2 H, C(10)H and C(12)H), 5.72 (d,
1H, J =29 Hz, C(14)H), 5.46 (dd 1H, Jix + Jpx = 11.2 Hz,
C(8)H 460 (d,1 H,J = 29 Hz, C(14)0H 4.45 (m, 1 H, C(5a)H),
4.02(s,1 H, C(14a)OH), 3.85 (s, 3 H, OCHj), 3.70-3.61 (m, 2 H,
C(3)H,), 2.51 and 2.12-1.65 (m, 7 H, C(1)H,, C(4)-C(5)H,), 1.25
(s, 3 H, CHy), 1.18 (s, 3 H, CHy); (90 MHz, DMSO-d,) 6 10.55 (br
s, 1 H, NH), 7.60 (d, 1 H, J = 9 Hz, C(13)H), 6.83 (s, 1 H, C(10)H),
6.58 (d, 1 H, J = 9 Hz, C(12)H), 6.13 (br s, 1 H, OH), 548 (d, 1
H, C(14)H), 5.32 (m, 1 H, C(8)H, 5.16 (d, 1 H, C(14)0OH), 4.33
(m, 1 H, C(5a)H), 4.17 (br s, 1 H, OH), 3.70 (s, 3 H, OCHj), 3.55
(m, 2 H, C(3)H,), 2.36-1.60 (m, 6 H, C(1")H,, C(4)-C(5)H,), 1.09
and 0.94 (2xs, 6 H, 2x CHjy).

Supplementary Material Available: Spectroscopic data (*H
NMR, MS) for compounds 2, 6, and 26-30 (14 pages). This
material is contained in many libraries on microfiche, immediately
follows this article in the microfilm version of the journal, and
can be ordered from the ACS; see any current masthead page for
ordering information.
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A general total synthetic method for the stereocontrolled synthesis of 2/,3’-dideoxy- as well as 2/,3’-di-
dehydro-2/,3'-dideoxynucleosides is presented. Introduction of an a-phenylselenenyl group at the 2-position of
2,3-dideoxyribosyl acetate directs the glycosyl bond formation to give 295% S-isomer. This 2’-phenylselenenyl
nucleoside may be converted to either the 2/,3’-dideoxynucleoside by treatment with n-BusSnH and Et;B at room
temperature or to the unsaturated derivative by treatment with H,O,/cat. pyridine. The application of this method
to the syntheses of pyrimidines (ddU, ddT, ddC), 6-substituted purines (ddA, ddl, 6-chloro-ddP, N¢-Me-ddA),
and 2,6-disubstituted purines (2-F-ddA, 6-chloro-2-amino-ddP) as well as selected 2/,3’-didehydro-2’,3’-dideoxy

derivatives is reported.

Since the discovery of 2/,3'-dideoxy- and 2,3’-di-
dehydro-2/,3’-dideoxynucleosides such as 2/,3'-dideoxy-
cytidine (ddC),? 2,3’-dideoxyadenosine (ddA),2 2/,3'-di-
deoxyinosine (ddI),? and 8'-deoxy-2’,3'-didehydrothymidine
(d4T)**® as anti-HIV agents, a number of laboratories,
including ours, have been interested in developing efficient
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1987, 36, 2713.
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syntheses of these nucleosides. The simplest synthetic
method for these nucleosides is the deoxygenation of the
3’-hydroxyl group of 5'-protected 2’-deoxynucleosides.’
However, this method may not be economically feasible
due to the limited availability as well as expense of the
starting material, 2’-deoxynucleosides. As part of our effort
to develop practical methods for anti-HIV nucleosides, we
have reported a general synthetic method for the 2,3’-
dideoxy- and 2’,3’-didehydro-2,3’-dideoxynucleosides from

(7) Prisbe, E. J.; Martin, J. C. Synth. Commun. 1988, 15, 401.
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the corresponding ribonucleosides.® Although several total
synthetic methods for these nucleosides have been reported
in the literature, they have drawbacks, primary of which
is the production of varying ratios of an a,8-mixture®!
requiring tedious and expensive chromatographic separa-
tion. Furthermore, these methods may not be applicable
to large commercial-scale production to meet the demands
for clinical trials and beyond, due to the need for column
separation. Thus, we have been interested in developing
an efficient and practical synthesis of the aforementioned
anti-HIV nucleosides by a total synthetic approach. As
indicated, the major drawback of previous total synthetic
approaches is the formation of anomeric mixtures due to
the lack of stereoselectivity during the condensation be-
tween the 2,3-dideoxysugar and heterocycles. In order to
improve the condensation ratio in favor of the g-isomer
we initially envisioned a bulky substituent at the Csa
position.’® It was hoped that the bulky group would tend
to block the a-face and thus improve the formation of the
B-isomer. However, the condensation of Csa phenyl-
sulfenyl 1-acetate derivative gave a disappointing a/8 (1:1)
ratio.l In order to overcome the poor stereoselectivity,
our attention turned to introducing a group “Y” at the
2-position,!2 which could result in the desired 3 stereose-
lectivity during the condensation of the carbohydrate 1 and
heterocycle by providing bulkiness as well as a neighboring
group effect, which prevents approach from the a-face
(Scheme I).

Furthermore, the “Y” moiety should be readily remov-
able by mild chemical reactions to obtain the desired nu-
cleosides 8 and 4. For this purpose a phenylselenenyl
group seemed to be an ideal choice due to its facile oxi-
dative elimination (H,0,/cat. pyridine)'3 as well as re-
ductive removal (n-Bu;SnH/Et3B)™ under mild conditions.

(8) Chu, C. K.; Bhadti, V. S.; Doboszewski, B.; Gu, Z. P.; Kosugi, Y.;
Pullaiah, K. C.; Van Roey, P. J. Org. Chem. 1989, 54, 2217.
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Lett. 1988, 29, 5349.
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Y.; Itoh, K.; Chem. Letter 1990, 1459. (b) Wilson, L. J.; Liotta, D. Tet-
rahedron Lett. 1990, 31, 1815.

(13) Jones, D. N.; Mundy, D.; Whitehouse, R. D. J. Chem. Soc., Chem.
Commun. 1970, 86.
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In our previous paper we reported the syntheses of 3'-
deoxythymidine and 8’-deoxy-2’,3’-didehydrothymidine
(d4T) using this methodology.! We now wish to report the
details of the synthesis as well as the use of the method
to demonstrate its general utility for the synthesis of other
anti-HIV nucleosides such as ddC, ddI, ddA, and N°®-
Me-ddA.

Our initial attempts to introduce the phenylselenenyl
group at the C2-position of lithium enolate of lactone 6
(Scheme II) gave a poor «/g ratio as well as a low overall
yield of the phenylselenenyl lactones 7 and 8. In order to
overcome this difficulty we turned to the use of a silyl enol
ether to react with the phenylselenenyl bromide. The enol
ether was prepared in situ by first treating the lactone at
-78 °C with lithium hexamethyldisilazide (LiHMDS)
followed by addition of chlorotrimethylsilane'® and allow-
ing the reaction mixture to reach room temperature. The
reaction mixture was again cooled to —78 °C, and phe-
nylselenenyl bromide was rapidly added. Chromatographic
separation of the reaction mixture gave the C,a-isomer 7
in 65% yield and the C,8-isomer 8 in 30% yield (overall
yield 95%). It is interesting to note that the C,8-isomer
8 could be equilibrated by treatment with bases such as
DBU or diethylamine to a mixture of the «- and S-isomer
(a:8 = 61:39) which could be readily separated to give the
C,a isomer 7 in 83% overall yield after one equilibration.
Reduction of the desired lactone 7 with DIBAL-H at -78
°C followed by acetylation with Ac,0/pyridine/DMAP in
CH,Cl, at 0 °C gave the key intermediate 9. The acetate
9 was found to be unstable to silica gel chromatography,
which caused deacetylation. The lactol from the DIBAL-H
reduction of 7 was found to partially undergo isomerization
to the lactol of 8 on silica gel. Due to these problems the
lactol of 7 and acetate 9 could not be purified. However,
this step was found to be unnecessary for the condensation
reaction of 9 with heterocycles.

In the condensation of the acetate 9 with various het-
erocyclic bases it was found that, in general, for pyrimidine
bases the anomeric selectivity was high (99%) without
paying special attention to temperature or time of reaction.
In contrast, for purine bases, especially 6-chloropurine,
both temperature and time of reaction played a critical role
in the anomeric selectivity and gave slightly lower selec-
tivity (95%) (Schemes III and IV). The condensation was
usually carried out in 1,2-dichloroethane, initially cooling
to 0 °C for pyrimidines and —20 °C for purines in the
presence of trimethylsilyl triflate (TMSOTY). The small
amounts of a-anomer produced were not fully character-
ized. Assignment of the anomeric configuration was based
on the chemical shift of the 8-anomeric protons in the
NMR spectra, which were upfield relative to the a-anom-
eric signals. Furthermore, the 4’-proton of the S-anomers
appeared upfield from that observed for the a-anomer and
the 5’-protons of the 8-anomer appeared downfield from
those observed for the « anomers.?#® The ultimate proof
of these assignments was the agreement of the physical
data for the final compounds with the published data or
comparison with authentic samples.

Reaction of the acetate 9 with silylated thymine, uracil,
or N-acetylcytosine (Scheme III) in 1,2-dichloroethane or
CH,C], in the presence of TMSOTY gave 70-80% yield of
the respective 2’-phenylselenenyl-substituted nucleosides
in high stereoselectivity. The phenylselenenyl group at
the 2’ position could be removed under mild conditions
(n-Bu,SnH/Et3B, rt) followed by deprotection to give the

(15) Rasmussen, J. K.; Hassner, A. J. Org. Chem. 1974, 39, 2558.
(16) Chuy, C. K.; Ullas, G. V.; Jeong, L. S.; Ahn, S. K.; Doboszewski,
B.; Lin, Z. X.; Beach, J. W.; Schinazi, R. F. J. Med. Chem. 1990, 33, 1553,
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2/,3'-dideoxynucleoside in good yield. Furthermore,
2/,3’-didehydro-2/,3’-dideoxynucleosides could also be
prepared under mild oxidation conditions (H,0,, cat.
pyridine, rt).

As mentioned previously condensation of the acetate 9
with silylated 6-chloropurine in 1,2-dichloroethane in the
presence of TMSOTY gave the desired 3-6-chloropurine
selenenyl nucleoside 26 (Scheme IV) as a crystalline solid

after chromatography in 90% yield. This material was
used as the common precursor of ddI 35, ddA 36, and
Nt-Me-ddA 37 as well as 6-chloropurine nucleoside 34.

Treatment of the 8-6-chloropurine selenenyl nucleoside
26 with 2-mercaptoethanol and sodium methoxide under
reflux in MeOH cleanly converted the 6-chloropurine‘to
inosine derivative 27. In a similar manner, ddA 28 and
Nt-Me-ddA 29 derivatives were prepared by treatment of
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the 6-chloro derivative 26 with NH; or CH;NH,, respec-
tively, in MeOH in a bomb at 80-100 °C. The phenyl-
selenenyl group could be readily removed from all of the
above compounds by treatment with Bu,;SnH/Et;B in
benzene at room temperature followed by silyl deprotection
to give 6-Cl-ddP 34, ddI 35, ddA 36, and N°-Me-ddA 37.
The ddA 28 and N°-Me ddA 29 derivatives on treatment
with H,C,/cat. pyridine followed by silyl deprotection gave
d4A 40 and d4N®-Me-A 41.

In a similar fashion silylated 6-chloro-2-fluoropurine was
condensed with acetate 9 to give the silylated 6-chloro-2-
fluoropurine nucleoside 43 in ~75% yield (Scheme IV).
This compound on treatment with NH; in DME gave the
2-amino-6-chloro derivative 44 and the 6-amino-2-fluoro
derivative 45 in 52% and 28% yields,!” respectively. Both
compounds could be converted to the dideoxynucleoside
by the treatment with n-Bu;SnH/Et,B in benzene at room
temperature followed by deprotection to give 48 and 49.
Compounds 44 and 45 were converted to their unsaturated
derivatives by treatment with H,0,/pyridine followed by
deprotection to give compounds 52 and 53.

In summary, we have developed a highly stereocont-
rolled glycosylation reaction for the synthesis of 2/,3'-di-
deoxy- and 2/,3’-didehydro-2’,3’-dideoxynucleosides by a
total synthetic method and demonstrated its general utility
by synthesizing various anti-HIV nucleosides.

Experimental Section

Melting points were determined on a Mel-temp II and are
uncorrected. 'H NMR spectra were recorded on a JEOL FX 90Q
fourier transform spectrometer for 90-MHz 'H NMR spectra or
a Bruker 250AM for 250-MHz with Me,Si as internal standard:
chemical shifts are reported in parts per million (8), and signals
are quoted as s (singlet), d (doublet), t (triplet), q (quartet) or
m (multiplet). Spectra were acquired on the 90-MHz instrument
unless otherwise indicated. UV spectra were obtained on a
Beckman DU-7 spectrophotometer. Optical rotations were
measured on a Jasco DIP-370 Digital Polarimeter. TLC was
performed on Uniplates (silica gel) purchased from Analtech Co.
Column chromatography was performed using either silica gel
60 (220-440 mesh) for flash chromatography or silica gel G (TLC
grade >440 mesh) for vacuum flash chromatography. Elemental
analyses were performed by Atlantic Microlab Inc., Norcross, GA,
or Galbraith Laboratories, Inc.,, Knoxville, TN. Dry 1,2-di-
chloroethane and methylene chloride were distilled from CaH,.
Dry tetrahydrofuran was distilled from Na/benzophenone.

§-0-(tert-Butyldiphenylsilyl)-2,3-dideoxy-D-glycero-
pentonic Acid y-Lactone (6). To a stirred solution of the lactone
5! (10.51 g, 90.6 mmol) in dry DMF (100 mL) under argon was
added imidazole (13.87 g, 203.7 mmol) followed by slow addition
of tert-butyldiphenylsilyl chloride (27.39 g, 99.6 mmol). The
reaction mixture was stirred for 1 h at room temperature, and
then the DMF was removed under reduced pressure. The residue
was dissolved in CHCl; (150 mL), washed with water and brine,
dried (Na,SO)), filtered, and concentrated to give the crude silyl
derivative (31 g) as an oil. Crystallization from hot n-hexane gave
6 as a white solid (29.97 g, 98%).

§-0-(tert-Butyldiphenylsilyl)-3-deoxy-2-Se-phenyl-2-
seleno-D-erythro-pentonic Acid v-Lactone (7) and 5-O-
(tert-Butyldiphenylsilyl)-3-deoxy-2-Se-phenyl-2-seleno-D-
threo-pentonic Acid v-Lactone (8). To a solution of 6 (20.0
g, 56.5 mmol) in dry THF (200 mL) stirred at —~78 °C under argon
was added lithium hexamethyldisilazide (LiHMDS, 1 M in THF)
(63.2 mL, 63.2 mmol) over a period of 10 min. After the reaction
mixture had stirred for 1 h at 78 °C, chlorotrimethylsilane (7.67

(17) Montgomery, J. A.; Hewson, K. J. Am. Chem. Soc. 1960, 82, 463.

(18) (a) Taniguchi, M.; Koga, K.; Yamada, S. Tetrahedron 1974, 30,
3547. (b) Ravid, U,; Silverstein, R. M.; Smith, L. R. Tetrahedron 1978,
34, 1449. (c) Takano, S.; Goto, E.; Hirama, M.; Ogasawara, K. Hetero-
cycles 1981, 16, 951. (d) Camps, P.; Cardellach, J.; Font, J.; Ortuno, R.
M.; Ponsati, O. Tetrahedron 1982, 38, 2395. (e) Lundt, I.; Pedersen, C.
Synthesis 1986, 1062.
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g, 70.6 mmol) was added dropwise, and the reaction mixture was
allowed to reach room temperature and stirred for 30 min at this
temperature. The reaction mixture was against cooled to —78 °C,
and a solution of phenylselenenyl bromide (19.99 g, 84.7 mmol)
in dry THF (100 mL) was rapidly added. The dark brown color
of the phenylselenenyl bromide disappeared as it was added and
finally persisted at the end. The reaction mixture was diluted
with diethyl ether (200 mL), washed with water until the ether
layer was light yellow in color, dried (Na,SO,), filtered, and
concentrated. The resulting oily residue was purified by chro-
matography over silica gel. Elution with EtOAc (0-7%) in hexanes
gave the desired C,x isomer 7 (18.70 g, 65%): 'H NMR (CDCl,,
250 MHz) 6 1.02 (s, 9 H, t-Bu), 2.23-2.34 (m, 1 H, 3-H,), 2.64-2.75
(m, 1 H, 3-Hb), 3.75 (dd, J 5, = 3.2 Hz, J5, 5, = 11.6 Hz, 1 H, 5-Ha),
3.83 (dd, J 5, = 3.2 Hz, J, 5, = 11.6 Hz, 1 H, 5-Hb), 4.09 (dd, J
= 9.2 and 4.4 Hz, 1 H, 2-H), 4.31-4.39 (m, 1 H, 4-H), 7.20-7.70
(m, 15 H, 3 X CgHy); IR (film) 1765 cm™. Anal. Caled for
CyHx058eSi: C,63.64; H, 5.93. Found: C, 63.75; H, 5.95. Elution
with 10% EtOAc in hexanes gave the C,8 isomer 8 (8.60 g, 30%):
'H NMR (CDCl,, 250 MHz) & 1.04 (s, 9 H, ¢-Bu), 2.17-2.19 (m,
1 H, 3-Ha), 2.58-2.70 (m, 1 H, 3-Hb), 3.65 (m, 2 H, 5-H), 4.03 (t,
J = 9.5 Hz, 1 H, 2-H), 4.45-4.57 (m, 1 H, 4-H), 7.20-7.50 (m, 10
H, 2 X CgHy), 7.60-7.70 (m, 5 H, C;H;): IR (film) 1770 cm™. Anal.
Caled for CyHg,048eSi: C, 63.64; H, 5.93. Found: C, 63.45; H,
5.96.
1-O-Acetyl-5-O-(tert-butyldiphenylsilyl)-3-deoxy-2-Se-
phenyl-2-seleno-a- and -8-p-erythro-pentofuranose (9). To
a stirred solution of 7 (14.92 g, 29.31 mmol) in dry toluene (150
mL) at ~78 °C under argon was added a 1 M solution of DIBAL-H
in toluene (46.75 mL, 46.75 mmol, 1.6 equiv) over a 15-min period.
After being stirred for 2 h at —78 °C the reaction mixture was
quenched with MeOH (10 mL), allowed to warm to —20 °C, and
stirred at this temperature for 30 min. The reaction mixture was
then diluted with EtOAc (100 mL), washed with saturated sodium
tartrate solution, water, and brine, dried (Na,8O,), filtered, and
concentrated. The resulting crude lactol (14.34 g, 95.79%) without
further purification was acetylated by treatment with acetic an-
hydride (7.17 g, 70.29 mmol), pyridine (13.89 g, 175.84 mmol),
and DMAP (5 mg, cat. amount) in CH,Cl, (75 mL) at 0 °C for
2 h. After removal of the solvent under reduced pressure, com-
pound 9 (14.35 g, 96%) was obtained as a clear yellow liquid
(mixture of a- and S-anomers): 'H NMR (CDCly) 5 0.97 and 1.05
(s, 9 H, t-Bu), 2.10 (s, 3 H, Ac), 1.90-2.70 (m, 2 H, 3-H), 3.50-4.00
(m, 3 H, 2- and 5-H), 4.40 (m, 1 H, 4-H), 6.28 (s, 0.33 H, 1-H),
6.46 (d, 0.66 H, 1-H), 7.20-7.80 (m, 15 H, 3 x C.H,).
1-[5-O-(tert-Butyldiphenylsilyl)-3-deoxy-2-Se-phenyl-2-
seleno-§-p-erythro-pentofuranosyljthymine (12). A sus-
pension of thymine (0.454 g, 3.6 mmol) and ammonium sulfate
(0.01 g) in hexamethyldisilazane (HMDS, 20 mL) was heated at
reflux until a clear solution was obtained (2 h). The reaction
mixture was cooled to room temperature, and the HMDS was
removed under reduced pressure and anhydrous conditions. To

‘the residue under nitrogen was added the acetate 9 (0.99 g, 1.8

mmol) in dry 1,2-dichloroethane. The reaction mixture was cooled
to 5 °C, treated with TMSOTY (0.3 mL, 1.55 mmol), and allowed
to stir at 5 °C for 10 min and then 10 min at room temperature
at which time it was complete by TLC. The reaction mixture was
poured into EtOAc and saturated NaHCO; with stirring. The
layers were separated, and the organic layer washed once with
saturated NaHCO, solution, water, and brine, dried (MgSO,),
filtered, and concentrated. The residue was chromatographed
over silica gel eluting with hexanes and hexanes/EtOAc (6:1 to
4:1) to give 12 (0.86 g, 78%) as a foam: UV (MeOH) A,,, 266.0
nm; 'H NMR (CDC};) § 1.11 (s, 9 H, ¢t-Bu), 1.45 (s, 3 H, 5-CH,),
1.95-2.70 (m, 2 H, 3’-H), 3.60-4.30 (m, 4 H, 2, 4-, and 5'-H), 6.16
(d, Jy_gl =81 HZ, 1 H, 1'-H), 7.15-7.70 (m, 16 H, 3x CGH5 and
S'H), 8.31 (br 8,1 H, NH)- Anal, Calcd for CaszNg()‘SeSi: C,
62.02; H, 5.86; N, 4.52. Found: C, 61.94; H, 5.89; N, 4.49.
1-[5-O-(tert-Butyldiphenylsilyl)-3-deoxy-2-Se-phenyl-2-
seleno-8-D-erythro-pentofuranosyl]uracil (13). A suspension
of uracil (0.41 g, 3.62 mmol) and ammonium sulfate (0.01 g) in
hexamethyldisilazane (HMDS, 20 mL) was heated at reflux until
a clear solution was obtained (2 h). The reaction mixture was
cooled to room temperature, and the HMDS was removed under
reduced pressure under anhydrous conditions. To the residue
under nitrogen was added the acetate 9 (1.0 g, 1.81 mmol) in dry
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1,2-dichloroethane. The reaction mixture was cooled to 5 °C,
treated with TMSOTY (0.3 mL, 1.55 mmol), and allowed to stir
at 5 °C for 10 min and then 10 min at room temperature at which
time it was complete by TLC. The reaction mixture was poured
into CH,Cl, and saturated NaHCO,, dried (MgSO0,), filtered, and
concentrated. The residue was chromatographed over silica using
hexanes/EtOAc (1:1) as eluant to give 13 (0.730 g, 67%) as a
hygroscopic foam: UV (MeOH) A, 264 nm; 'H NMR (CDCl,)
4 1.08 (s, 9 H, t-Bu), 2.15 (d, pseudo t, J = 7.7 and 12.9 Hz, 1 H,
3'-Ha), 2.5 (ddd, J = 5.2, 7.7 and 12.9 Hz, 1 H, 3’-Hb), 3.7 (m,
2 H, 5-H), 4.1 (dd, J = 2.57 and 11.57 Hz, 1 H, 4’-H), 4.25 (m,
1 H, 2’H), 5.28 (d, J = 7.7 Hz, 1 H, 5-H), 6.15 (d, J = 5.2 Hz,
1 H, 1-H), 7.20-7.90 (complex multiplet, 16 H, 3 X C¢H; and 6-H),
8.55 (br 51 H, NH). Anal. Caled for C31H34N204SeSi: C, 61.02;
H, 5.70; N, 4.59. Found: C, 60.91; H, 5.73; N, 4.47.

Nt.Acetyl-1-[5-O-(tert-butyldiphenylsilyl)-3-deoxy-2-
Se-phenyl-2-seleno-8-D-erythro-pentofuranosyl]eytosine
(14). For the silylation of N*-acetylcytosine, a mixture of N*-
acetylcytosine (0.294 g, 1.93 mmol), hexamethyldisilazane (20 mL),
and ammonium sulfate (0.01 g, cat. amount) was refluxed for 3
h under nitrogen. After evaporation of HMDS with exclusion
of moisture, the residue was dissolved in dry 1,2-dichloroethane
(8 mL) and the acetate 9 (0.535 g, 0.97 mmol) was added in dry
1,2-dichloroethane (10 mL) to this solution under nitrogen.
TMSOTS (0.37 mL, 1.93 mmol) was added, and the reaction
mixture was stirred for 35 min at room temperature. The reaction
mixture was quenched by the addition of aqueous NaHCO, (1
mL) and stirred for 30 min, and the solid was removed by filtration
through Celite. The Celite pad was washed with CHCl; (50 mL),
and the filtrate was dried (MgSO,), filtered, and concentrated.
The crude product was purified by silica gel column chroma-
tography (hexanes/EtOAc (1:1)) to yield 14 (0.453 g, 72.48%) as
a white foam: UV (MeOH) A, 299.0 nm; 'H NMR (CDCl,) 6
1.09 (s, 9 H, t-Bu), 2.23 (s, 3 H, COCH,), 1.99-2.52 (m, 2 H, 3’-H),
3.70 (dd, Jg 5a = 2.6 HZ, J5r.,5'b =120Hz, 1 H, 5I'H|)’ 3.85 (dd,
Jogp = 6.4 Hz, Jy, 50, = 12.0 Hz, 1 H, 5Hy), 4.15 (m, 1 H, 4-H),
443 (m,1H, 2-H),6.16 (d,J = 3.3 Hz,1 H, 1’-H), 7.12 (d, J =
7.6 Hz, 1 H, 5-H), 7.19-7.76 (m, 15 H, 3 X C¢H;), 8.27 (d,J = 7.6
Hz, 1 H, 6-H), 944 (br 5, 1 H, NH). Anal. Calcd for
CyHyN;0,SeSi: C, 61.29; H, 5.77; N, 6.50. Found: C, 61.19; H,
5.77; N, 6.41.

1-[5-O -(tert -Butyldiphenylsilyl)-2,3-dideoxy-S8-D-
glycero-pentofuranosyl]thymine (15). To a solution of 12
(0.282 g, 0.45 mmol) in dry benzene was added Et,B 1 M in hexane
(0.5 mL, 0.5 mmol) and n-BugSnH (0.18 mL, 0.67 mmol) and the
reaction mixture stirred for 4 h at room temperature. The solvent
was evaporated and the residue dissolved in acetonitrile and
washed with hexanes (3%). The acetonitrile layer was evaporated
and the residue chromatographed over silica using CH,Cl, followed
by CH,Cl,/MeOH (97:3) as eluant to give 15 (0.186 g, 89%) as
a foam: UV (MeOH) A\, 266.0 nm; 'H NMR (CDCly) 6 1.10 (s,
9 H, ¢t-Bu), 1.65 (d, J = 1.1 Hz, 3 H, 5-CHjy), 1.90-2.40 (m, 4 H,
2’- and 3'-H), 3.70-4.30 (m, 3 H, 4’- and 5’-H), 6.11 (pseudo t, J
=4,0Hz 1 H,1'-H), 7.26 (s, 1 H, 6-H), 7.40-7.90 (m, 10 H, 2 X
C¢Hjs), 8.32 (br s, 1 H, NH). Anal. Caled for CosHg,N,0,Si: C,
67.21; H, 6.94; N, 6.03. Found: C, 67.09; H, 6.96; N, 6.01.

1-[5-0-(tert -Butyldiphenylsilyl)-2,3-dideoxy-8-D-
glycero-pentofuranosyl]uracil (16). Using a procedure similar
to that used for 15, 13 (0.24 g, 0.4 mmol)) was converted to 16
(0.146 g, 81.1%) crystallized from CH,Cl;/hexanes: mp 144-146
°C; UV (MeOH) A, 262 nm; 'H NMR (CDCly) 8 1.09 (s, 9 H,
t-Bu), 2.00-2.50 (complex multiplet, 4 H, 2’- and 3’-H), 3.73 (dd,
Jy'y. = 3.2, Jy =120 HZ, 1 H, 5’1‘1,), 4.08 (dd, J4f = 2.3, JE'aﬁ’b
= 12.0 Hz, 1 H, §-Hy), 4.10 (m, 1 H, 4’-H), 5.42 (E?J = 8.2 Hz,
1 H, 5-H), 6.2 (dd, J = 3.4 and 6.2 Hz, 1 H, 1"-H), 7.30-7.80
(complex multiplet, 10 H, 2 x C;H;), 7.94 (d, J = 8.2 Hz, 6-H),
9.4 (brs, 1 H, NH). Anal. Calcd for CoHyoN,0,Si: C, 66.64; H,
6.71; N, 6.22. Found: C, 66.58; H, 6.76; N, 6.23.

Nt.Acetyl-1-[5-O-(tert-butyldiphenylsilyl)-2,3-dideoxy-
8-D-glycero-pentofuranosyljcytosine (17). Conversion of 14
(0.4 g, 0.62 mmol) to 17 (0.288 g, 94.74%) was accomplished using
a procedure similar to that described for 15. Crude 17 was purified
by silica gel column chromatography (hexanes:EtOAc = 1:3) to
give 17 as a white foam: UV (MeOH) A_,. 299 nm; 'H NMR
(CDCly) 6 1.11 (s, 9 H, t-Bu), 2.24 (s, 3 H, COCHy), 1.78~2.55 (m,
4 H, 2 and 3-H), 3.74 (dd, J 5, = 3.5 Hz, Jy, 50, = 120 Hz, 1
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H, 5-H,), 4.27-4.00 (m, 2 H, 4- and 5’-H), 6.09 (dd, J = 2.1 and
6.3 Hz, 1 H, 1”-H), 7.21 (d, J = 8.2 Hz, 1 H, 5-H), 7.32-7.73 (m,
10 H, 2 X C¢H,), 8.39 (d, J = 8.2 Hz, 1 H, 6-H), 9.33 (br s, L H,
NH). Anal. Caled for C;;H;3N30,8i-0.4 CH,CO,C,Hy: C, 65.20;
H, 6.93; N, 7.98. Found: C, 65.17; H, 6.86; N, 8.28.

1-(2,3-Dideoxy-8-D-glycero-pentofuranosyl)thymine (18).
To a solution of 15 (0.162 g, 0.35 mmol) in THF (3 mL) was added
a 1 M solution of TBAF in THF (0.35 mL, 0.35 mmol), and the
reaction mixture was stirred at room temperature for 3 h. When
the TLC showed complete disappearance of the starting material,
the solvent was removed under reduced pressure. Silica gel column
chromatography eluted with MeOH in CHC); (0-6%) gave 18
(0.063 g, 80%) as a white crystalline solid from EtOAc: mp
151-152 °C (lit.’® mp 149-159 °C); 'H NMR (DMSO-dg), 6 1.77
(s, 3 H, 5-CHj,), 1.70~2.30 (m, 4 H, 2'- and 3’-H), 3.60 (m, 2 H,
5’-H), 4.00 (m, 1 H, 4’-H), 5.01 (t, J = 5.4 Hz, 1 H, 5’-OH), 5.95
(dd, J = 5.5 and 6.5 Hz, 1 H, 1’-H), 7.79 (s, 1 H, 6-H), 11.20 (br
s, 1 H, NH); [«])%p, 18.3° (¢ 0.999, MeOH).

1-(2,3-Dideoxy-8-D-glycero-pentofuranosyl)uracil (19).
Reaction of 16 (0.09 g, 0.2 mmol) using conditions as described
for 18 gave 19 (0.036 g, 84.8%): mp 121-122 °C (lit.!* mp
117.5-118.5 °C); UV (MeOH) M, 263.5 nm (¢ 9503), (pH 11) 262
nm (e 7057); 'H NMR (DMSO-dp) § 1.70~2.40 (complex multiplet,
4 H, 2'- and 3’-H), 3.60 (dd, J = 6.3 and 8.8 Hz, 2H, 5-H), 4.00
(m,1H, 4-H), 5.00 (t,J =53 Hz,1H, 5-0H),550(d,J =79
Hz, 1 H, 5-H), 5.95 (dd, J = 3.5 and 6.9 Hz, 1 H, 1’-H), 7.95 (d,
J =179 Hz, 1H,6-H),11.22 (brs, 1 H, NH); [«]®p +32.4° (¢ 1.03,
H,0) [lit.!® [a]%p, +31° (c 0.43, H,0)). Anal. Caled for CoH,,N,O,
C, 50.94; H, 5.70; N, 13.23. Found: C, 51.04; H, 5.72; N, 13.14.

N4-Acetyl-1-(2,3-dideoxy-8-D-glycero-pentofuranosyl)cy-
tosine (20). Using a procedure similar to that used for 18, 17
(0.238 g, 0.48 mmol) was converted to 20 (0.122 g, 99.5%) obtained
as a white solid after purification by silica gel column chroma-
tography (CHCl,-MeOH (20:1)): mp 138-139 °C (lit.® mp 143-145
°C); UV (MeOH) A, 299 nm; 'H NMR (CDCly) & 1.74~2.80 (m,
2 H, 2'- and 3’-H), 2.25 (s, 3 H, COCHj), 3.39 (t,J = 6.7 Hz, 1
H, 5-OH), 3.75 (dd, J = 3.5 and 8.1 Hz, 1 H, 4"-H), 4.00~4.34 (m,
2H,5-H),6.07(dd,J =29and 6.7 Hz, 1 H,1"-H), 741 (d, J =
7.3Hz 1H,5H),842(d,J =7.3Hz,1H,6-H),9.28 (brs, 1 H,
NH). Anal. Calcd for CuH]_stO(O.'] Hgol C, 49.69; H, 5.95;
N, 15.80. Found: C, 49.72; H, 6.19; N, 15.98.

1-(2,3-Dideoxy-8-D-glycero-pentofuranosyl)cytosine, ddC
(21). A mixture of 20 (0.1 g, 0.39 mmol) and sodium methoxide
(1 mg of Na in 0.5 mL MeOH, 0.039 mmol) in MeOH (10 mL)
was stirred for 1 h at room temperature. After evaporation of
solvent, the residue was purified by silica gel column chroma-
tography (CHCl;:MeOH = 10:1) to yield 21 (0.074 g, 88.73%) as
a white solid which was crystallized from EtOH-benzene: mp
212-214 °C (lit.* mp 209-210 °C, lit.®. mp 207-209 °C, lit.%* mp
214-217 °C); UV (MeOH) A, 271 nm; 'H NMR (DMSO-d,) &
1.76 (m, 1 H, 2’-H,), 1.84 (m, 1 H, 2"-H,), 2.22 (m, 2 H, 8'-H), 3.55
(m, 1 H, 5-H,) 3.66 (m, 1 H, 5"-Hy), 4.01 (m, 1 H, 4¢-H), 4.97 (t,
J=54Hz 1H,5-0H), 5.71 (d, J = 7.3 Hz, 1 H, 5-H), 5.92 (dd,
J =3.1and 6.5 Hz, 1 H, 1"-H), 7.01 (brs, 1 H, NH), 790 d, J
= 7.3 Hz, 1 H, 6-H).

1-[5-O -(tert -Butyldiphenylsilyl)-2,3-dideoxy-8-D-
glycero-pent-2-enofuranosyljthymine (22). Compound 12
(0.496 g, 0.8 mmol) was dissolved in CH,Cl, (5 mL) containing
a catalytic amount of pyridine (1 drop), and the solution was
cooled in an ice-water bath. A 30% solution of hydrogen peroxide
(0.5 mL, 4.4 mmol) was diluted with water (1 mL) and was added
dropwise to the above solution over a period of 20 min with
stirring. The reaction was monitored by TLC (CH,Cl,/MeOH
(9.5:0.5)). Meanwhile, the temperature of the reaction mixture
was allowed to come to 20 °C slowly, and the mixture was stirred
at room temperature further for 0.5 h. The reaction mixture was
diluted with CH,Cl;, washed with water, saturated NaHCO,
solution, and finally with water. After the reaction mixture was
dried over anhydrous Na,SO,, the solvent was removed and the
residue was chromatographed over a column of silica gel (230400
mesh) eluting first with CH;Cl, and then with 2-3% MeOH/
CH,Cl, to give 22 (0.283 g, 76%) as a thick syrup: 'H NMR
(CDCl;) 6 1.08 (s, 9 H, t-Bu), 1.49 (d, J = 1.3 Hz, 3 H, 5-CHj,),

(19) Horwitz, J. P.; Chua, J.; Da Rooge, M. A.; Noel, M.; Klundt, I. L.
J. Org. Chem. 1966, 31, 205.
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3.90 (d, J = 4.2 Hz, 2 H, 5’-H), 4.92 (m, 1 H, 4-H), 5.89 (m, 1 H,
2’-H), 6.35 (m, 1 H, 8’-H), 7.00 (m, 1 H, ’-H), 7.14 (d, J = 1.3
Hz, 1 H, 6-H), 7.25-7.17 (m, 10 H, 2 X C;Hj), 9.00 (br s, 1 H, NH).
Anal. Caled for CoeH3oN,0,Si: C, 67.50; H, 6.54; N, 6.06. Found:
C, 67.03; H, 6.98; N, 5.35.
1-[5-O-(tert-Butyldiphenylsilyl)-2,3-dideoxy-8-D-
glycero-pent-2-enofuranosyl]uracil (23). Conversion of 13
(0.180 g, 0.3 mmol) to 23 (0.096 g, 71%) was accomplished using
a procedure similar to that described for 22. Crude 23 was
chromatographed over silica using hexanes/EtOAc (1:1) to give
23 as a white foam: UV (MeOH) A, 260 nm; ‘H NMR (CDCl,)
6 1.07 (8, 9 H, t-Bu), 3.80 (dd, J4¢,5/‘ =3.3 HZ, J5'l.5’b =11.6 HZ,
1H, 5-H,), 4.05 (dd, Jy 51, = 3.0 Hz, Jy, 41, = 11.6 Hz, 1 H, 5-H,),
4.9 (br m, 1 H, 4’-H), 5.20 (d, J = 8.1 Hz, 1 H, 5-H), 5.85 (br d,
J =59 Hz, 1 H, 2-H), 6.29 (br d, J = 5.9 Hz, 1 H, 3'-H), 7.00
(m, 1 H, 1’-H), 7.20~7.80 (complex multiplet, 11 H, 2 X CgH; and
6-H), 8.70 (br s, 1 H, NH). Anal. Caled for C;sH,sN,0,Si: C,
66.92; H, 6.3; N, 6.25. Found: C, 66.74; H, 6.23; N, 6.19.
1-(2,3-Dideoxy-8-D-glycero-pent-2-enofuranosyl)thymine,
d4T (24). Using a procedure similar to that used for 18, 22 (0.18
g, 0.39 mmol) was converted to 24 (0.068 g, 78%) crystallized from
a mixture of ethanol-ether: mp 174 °C (lit.!®* mp 165-165 °C);
UV (H,0) Ap.; 266.0 nm (¢ 10149); 'H NMR (DMSO-dg) 6 1.73
(s, 3 H, 5-CHy), 3.61 (m, 2 H, 5"-H), 4.99 (¢, 1 H, 5-0H), 5.91 (m,
1H, 2’-H), 6.38 (m, 1 H, 3’-H), 6.82 (m, 1 H, 1’-H), 7.64 (s, 1 H,
8-H); [«]%p -39.4° (c 0.701, H,0) {lit."® [«])®p —42° (¢ 0.69, H,0)].
1-(2,3-Dideoxy-3-D-glycero-pent-2-enofuranosyl)uracil,
d4U (25). Reaction of 23 (0.200 g, 0.45 mmol) using conditions
as described for 18 gave 25 (0.084 g, 90%) after chromatography
over silica gel using CHCl;/MeOH (10:1) as eluant and crystal-
lization from MeOH: mp 150.5 °C (MeOH), (lit.!® mp 153-154
°C, lit.? mp 154.5-155.5 °C); UV (MeOH) Ay, 259.4 nm (e 9322),
(pH 11) 259.5 nm (e 7090); 'H NMR (DMSO-d,) § 3.57 (d, J =
3.2 Hz, 2 H, 5-H), 4.75 (m, 1 H, 4’-H), 4.95 (br, 1 H, §-OH), 5.56
(d,J = 8.2 Hz, 1 H, 5-H), 5.98 (dt, J = 1.7 and 6.2 Hz, 1 H, 2"-H),
6.39 (dt, J = 1.7 and 6.2 Hz, 1 H, 3'-H), 6.80 (m, 1 H, 1’-H), 7.84
(d, J = 8.2 Hz, 1 H, 6-H), 12.70 (br 5, 1 H, NH); [«]®p -15.6° (¢
0.22, MeOH) [lit.2! [a]?®} -15.4° (c 0.2, MeOH)].
6-Chloro-9-[5-O-(tert-butyldiphenylsilyl)-3-deoxy-2-Se-
phenyl-2-seleno-8-D-erythro-pentofuranosyl}-9H-purine (26).
A suspension of 6-chloropurine (0.40 g, 2.59 mmol) and (NH,),SO,
(0.01 g) in hexamethyldisilazane (HMDS, 25 mL) was refluxed
under argon until a complete solution was obtained (1 h). The
reaction mixture was allowed to cool and the HMDS removed
under vacuum and anhydrous conditions. To the solid obtained
under argon was added 1,2-dichloroethane (10 mL) followed by
the acetate 9 (1 g, 1.8 mmol) in 1,2-dichloroethane (10 mL), the
reaction mixture was cooled to -22 °C, and TMSOTY (0.52 mL,
2.7 mmol) was added slowly over several minutes. When addition
was complete the reaction mixture was allowed to stir at -22 °C
for 15 min and then warm to room temperature. After 0.5 h TLC
indicated completion of reaction. The reaction mixture was
poured into ice-cold EtOAc (100 mL) and saturated NaHCO; (20
mL) and stirred for 30 min, the layers were separated, and the
organic layer was washed twice with saturated NaHCOj;, dried,
filtered, and concentrated. The residue was separated by chro-
matography over silica using 15% EtOAc in hexanes as eluant
to give 26 (1.05 g, 89%) as a crystalline solid from hexanes/CH,Cl,:
mp 113-114 °C; UV (MeOH) A, 265.5 nm; 'H NMR (CDCl,,
250 mHz) & 1.08 (s, 9 H, ¢-Bu), 2.20 (ddd, J = 7.6, 7.6, and 13.3
Hz, 1H, 3-H,), 2.69 (ddd, J = 5.9, 7.5, and 13.3 Hz, 1 H, 3’-H,),
3.77 (dd, J‘/5/. = 3.7 HZ, J5'1‘5rb =113 HZ, 1 H, 5"Hn)! 3.99 (dd,
Jygp = 8.6 Hz, Jy, 51, = 11.3 Hz, 1 H, 5-Hy), 4.35 (d, pseudo t,
Jye = 5.8 Hz, Jy g = 7.5,1 H, 2”-H), 4.43 (m, 1 H, 4-H), 6.24
(d, Jy» = 5.8 Hz, 1 H, 1’-H), 7.00-7.52 (m, 15 H, 3 X C¢H,), 8.19
(s, 1 H, 8H), 861 (s, 1 H, 2-H). Anal. Caled for
C3H33NO,SiClSe: C, 59.31; H, 5.10; N, 8.65. Found: C, 59.37;
H, 5.11; N, 8.64.
9-[5-0-(tert-Butyldiphenylsilyl)-3-deoxy-2-Se-phenyl-2-
seleno-8-D-erythro-pentofuranosylJhypoxanthine (27). To

(20) Anzai, K.; Matsui, M. Agric. Biol. Chem. 1973, 37, 345.

(21) Jain, T. C.; Jenkins, 1. D.; Russel, A. F.; Verheyden, J. P. H;
Moffatt, J. G. J. Org. Chem. 1974, 39, 30.

(22) Classon, B.; Garegg, P. J.; Samuelson, B. Acta Chem. Scand. Ser
B 1982, 36, 251.
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a solution of 26 (0.310 g, 0.48 mmol) in MeOH (25 mL) was added
mercaptoethanol (0.12 mL, 1.9 mmol) and 1 N NaOMe (1.8 mL,
1.8 mmol) and the reaction heated at reflux for 4 h. The reaction
mixture was cooled, acidified with acetic acid, diluted with water
(100 mL), and extracted with EtOAc (100 mL). The organic layer
was washed with water (50 mL) and saturated NaHCOj solution
(50 mL), dried (MgS0,), filtered, and concentrated. The residue
was chromatographed over silica using EtOAc/hexanes (7:3) as
eluant to give 27 (0.271 g, 90%) as a solid from hexanes: mp 95
°C softens 145 °C dec; UV (MeOH) A,,, 245 nm, 264 (sh) nm,
270 (sh) nm, (pH 11) 257.5 nm; 'H NMR (CDCl,) 4 1.08 (s, 9 H,
t-Bu), 2.20 (m, 1 H, 3’-H,), 2.65 (m, 1 H, 3’-H,), 3.75 (dd, J4 5
= 4.0 Hz, Jg,5p, = 11.2 Hz, 1 H, 5-H,), 4.00 (dd, Jy 5, = 3.7 Hz,
Jresp = 11.2 Hz, 1 H, 5-H,), 4.40 (m, 2 H, 2’- and 4-H), 6.16 (d,
Jy g = 5.3 Hz, 1 H, 1’-H), 7.00-7.80 (complex multiplet, 15 H, 3
X C¢Hy), 7.93 (s, 1 H, 8-H), 7.99 (s, 1 H, 2-H). Anal. Calcd for
C4Hg N,OsSiSe: C, 61.05; H, 5.41; N, 8.90. Found: C, 61.22; H,
5.49; N, 8.88.

9-[6-O-(tert-Butyldiphenylsilyl)-3-deoxy-2-Se-phenyl-2-
seleno-8-D-erythro-pentofuranosyl]adenine (28). To a so-
lution of 26 (1.3 g, 2.01 mmol) in MeOH (5 mL) was added
saturated MeOH/NHj; (40 mL), and the reaction mixture was
heated at 80 °C in a steel bomb for 16 h. After the reaction
mixture was cooled, the solvent was removed by distillation under
vacuum. The residue was purified by silica gel column chro-
matography (hexanes: EtOAc = 1:1) to give 28 (0.75 g, 59%) as
a syrup which was crystallized from diethyl ether: mp 122-123
°C; UV (MeOH) Ay, 260 nm; tH NMR (CDCl,) 6 1.07 (s, 9 H,
t-Bu), 2.24 (m, 1 H, 3-H,), 2.64 (m, 1 H, 3'-Hy), 3.78 (dd, Jy s,
= 4.0 Hz, Jy, 5, = 11.3 Hz, 1 H, 5-H,), 3.97 (dd, Jy 5, = 4.0 Hz,
Jsasy = 113 Hz, 1 H, 5-H,), 4.16-4.47 (m, 2 H, 2- and 4-H),
5.17 (br s, 2 H, NH,), 6.19 (d, J = 5.49 Hz, 1 H, 1"-H), 7.11-7.71
(m, 15 H, 3 X CzHy), 7.85 (s, 1 H, 8-H), 8.26 (s, 1 H, 2-H). Anal.
Caled for C4H35N;0,SiSe: C, 61.13; H, 5.61; N, 11.14. Found:
C, 61.21; H, 5.65; N, 11.19.

NS-Methyl-9-[5-O-(tert -butyldiphenylsilyl)-3-deoxy-2-
Se-phenyl-2-seleno-8-D-erythro-pentofuranosyl]adenine (29).
A mixture of 26 (0.800 g, 1.24 mmol), MeOH (50 mL), and 40%
methylamine in water (6.24 mL, 80.5 mmol) was heated at 85 °C
in a steel bomb for 18 h. After the solvent was evaporated, the
residue was dissolved in CHCl; (200 mL) and the organic layer
was washed with water and brine, dried over MgSO,, and evap-
orated to dryness. The residue was purified by silica gel column
chromatography (hexanes/EtOAc (2:1)) to give 29 (0.678 g, 85.5%):
UV (MeOH) A, 266 nm, (pH 2) 259 nm; FTIR (KBr) 3400 cm™!
(-NH); '"H NMR (CDCl,) 4 1.20 (s, 9 H, t-Bu), 2.40 (m, 2 H, 3-H),
317 (d, J = 5.0 Hz, 3 H, NHCH,), 3.73 (dd, Jy 5, = 4.0 Hz, Jyu 5
= 11.2 Hz, 1 H, 5-H,), 3.97 (dd, Jy 5y, = 4.2 Hz, Jy, 5 = 112 Hz,
1H, 5-Hy), 4.35 (m, 2 H, 2’- and 4’-H), 5.79 (br d, 1 H, NH), 6.17
(d, J = 5.5 Hz, 1 H, 1’-H), 7.40 (m, 5 H, SePh), 7.30-7.60 (m, 10
H, 2 X CgH;), 7.79 (s, 1 H, 8-H), 8.32 (s, 1 H, 2-H). Anal. Caled
for C33sHy;N:0,SiSe: C, 61.67; H, 5.80; N, 10.90. Found: C, 61.63;
H, 5.84; N, 10.96.

6-Chloro-9-[5-O-(tert-butyldiphenylsilyl)-2,3-dideoxy-3-
D-glycero-pentofuranosyl]-9H-purine (30). Using a procedure
similar to that used for 15, 26 (2.76 g, 4.25 mmol) was converted
to 30 (1.871 g, 93%): UV (MeOH) A, 264 nm, (pH 2) 263 nm;
H NMR (CDCl;) 6 1.06 (s, 9 H, ¢-Bu), 2.09 (m, 2 H, 3’-H), 2.52
(m, 2 H, 2/-H), 3.71 (dd, Jg 5a — 3.4 Hz, J5’l,5’b =116 Hz, 1 H,
5-H,), 3.93 (dd, Jy s = 2.9 Hz, Iy, 50, = 11.3 Hz, 1 H, 5-Hy), 4.28
(m, 1 H, 4-H), 6.36 (t, 1 H, J = 4.7 Hz, 1’-H), 7.25-7.70 (m, 10
H, 2 X CgHy) 8.4 (5, 1 H, 8-H), 8.69 (s 1 H, 2-H). Anal. Caled
for CosHyNSiCl: C, 63.33; H, 5.92; N, 11.36. Found: C, 63.09;
H, 5.94; N, 11.33.

9-[5-O-(tert-Butyldiphenylsilyl)-2,3-dideoxy-3-D-
glycero-pentofuranosyl]hypoxanthine (31). Conversion of
27 (0.25 g, 0.397 mmol) to 31 (0.170 g, 90%) was accomplished
using a procedure similar to that described for 15. Crude 31 was
chromatographed over silica using 5% MeOH in EtOAc to give
31: mp 159161 °C (hexane/CH,Cl,); UV (MeOH) Ap,, 250 nm,
(pH 11), 256 nm; 'H NMR (CDCl,) 6 1.08 (s, 9 H, ¢-Bu), 2.15 (m,
2 H, 8’-H), 2.48 (m, 2 H, 2-H), 3.72 (dd, J 5, = 4.5 Hz, Jy, 51
= 11.3 Hz, 1 H, 5-H,), 4.08 (dd, J, 51, = 3.8 Hz, Jy, 51 = 11.3 Hz,
1 H, 5-H,), 4.28 (m, 1 H, 4"-H), 6.29 (pseudo t, J;.o» = 5.1 and
5.5 Hz, 1 H, 1’-H), 7.2-7.8 (complex multiplet, 10 H 2x CgHy),
8.13 (s, 1 H, 8-H), 8.16 (s, 1 H, 2-H). Anal. Caled for CygHgy
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N,048i+0.5 H;0: C, 64.59; H, 6.41; N, 11.59. Found: C, 64.53;
H, 6.44; N, 11.55.

9-[5-0 -(tert-Butyldiphenylsilyl)-2,3-dideoxy-8-D-
glycero-pentofuranosyl]ladenine (32). Reaction of 28 (0.6 g,
0.954 mmol) using conditions as described for 15 gave crude 32
which was purified by silica gel column chromatography (hex-
anes/EtOAc (1:1)) to yield 32 (0.41 g, 90.9%) as a white foam:
UV (MeOH) A, 260 nm; *H NMR (CDCly) 4 1.08 (s, 9 H, t-Bu),
2.00-2.55 (m, 2 H, 2'- and 3'-H), 3.76 (dd, Jy 5, = 4.18 Hz, Iy 5,
= 11.5 Hz, 1 H, 5-H,), 3.87 (dd, J; 51, = 4.18 Hz, Jy, 5, = 1L.5
Hz, 1 H, 5-Hy), 4.27 (m, 1 H, ¢-H), 5.89 (br s, 2 H, NH,), 6.32
(t,J = 4.4 Hz, 1 H, 1-H), 7.28-7.73 (m, 10 H, 2 X C¢Hj;), 8.14 (s,
1 H, 8-H), 8.33 (s, 1 H, 2-H). Anal. Calcd for CyHgN;0,Si-
0.2H,0: C, 65.43; H, 6.63; N, 14.67. Found: C, 65.15; H, 6.69;
N, 14.42.

Nt.Methyl-9-[5-O-(tert-butyldiphenylsilyl)-2,3-dideoxy-
B8-D-glycero-pentofuranosyl]adenine (33). Using a procedure
similar to that used for 15, 29 (0.25 g, 0.39 mmol) was converted
to 33 (0.18 g, 95%): UV (MeOH) A, 265.3 nm; 'H NMR (CDCl;)
$1.10 (s, 9 H, t-Bu), 2.10 (m, 2 H, 3'-H), 2.50 (m, 2 H, 2"-H), 3.17
(d, J = 5.1 Hz, 3 H, NHCH}), 3.75 (dd, J 5, = 4.0 Hz, Jy, 51 =
11.1 HZ, 1 H, sl'H.), 3.95 (dd, J",ﬁ’b =44 HZ, J5'A5’b =111 HZ,
1 H, 5'-H,), 4.25 (m, 1 H, 4-H), 6.08 (br d, 1 H, NH), 6.31 (t, J
= 4.7 Hz, 1 H, 1"-H), 7.40-7.65 (m, 10 H, 2 X CgH;), 8.06 (s, 1 H,
8-H), 8.38 (s, 1 H, 2-H). Anal. Calcd for C»;H;3N;0,Si-:CH,OH:
C, 64.75; H, 7.12; N, 13.48. Found: C, 64.37; H, 6.80; N, 13.40.

6-Chloro-9-(2,3-dideoxy-38-D-glycero-pentofuranosyl)-9H-
purine (34). Conversion of 30 (1.85 g, 3.91 mmol) to 34 (0.826
g 83%) was accomplished using a procedure similar to that
described for 18: mp 96-99 °C (lit.1¢ mp 97-99 °C); UV (MeOH)
Amax 265 nm, (pH 2 and 11) 264 nm; 'H NMR (DMSO-d) é 2.10
(m, 2 H, 3'-H), 2.51 (m, 2 H, 2'-H), 3.54 (m, 2 H, 5'-H); 4.21 (m,
1H,4-H), 6.32 (t,J = 58 Hz, 1 H, 1’-H), 8.78 (s, 1 H, 8-H), 8.84
(s, 1 H, 2-H); [«]®p -8.30° (¢ 1, MeOH) {lit.!6 [«])%*p -8.35° (¢ 1.172,
MeOH)]. Anal. Caled for C,oH;;NO,Cl: C, 47.15; H, 4.35; N,
22.00. Found: C, 47.09; H, 4.35; N, 21.91.

9-(2,3-Dideoxy-£-D-glycero-pentofuranosyl) hypoxanthine,
ddl (35). Reaction of 31 (0.105 g, 0.22 mmol) using conditions
as described for 18 gave 35 (0.039 g, 79%) as a solid from
CH,Cl,/acetone: mp® 145 °C softens, >200 °C dec; UV (MeOH)
Amax 249.5 nm, (pH 11) 254.5 nm; 'H NMR (DMSO-dg) é 2.08 (m,
2 H, 3’-H), 2.39 (m, 2 H, 2'-H), 3.57 (m, 2 H, 5-H), 4.05 (m, 1 H,
4-H), 6.2 (dd, Jy» = 4.1 and 5.7 Hz, 1 H, 1"-H), 8.03 (s, 1 H, 8-H),
8.3 (8, 1 H, 2-H); [a1%p -25.2° {c 0.34, H,0) [ddI* [a]®[ -25.5°
(c 0.82, H,0)].

9-(2,3-Dideoxy-§-D-glycero-pentofuranosyl)adenine, ddA
(36). Using a procedure similar to that used for 18, 32 (0.35 g,
0.74 mmol) was converted to 36 (0.136 g, 82.4%). Crude 36 was
purified by silica gel column chromatography (CHCl;:MeOH =
10:1) to give 36 as a white solid: mp 185186 °C (1it.> mp 184~186
°C, lit.2! mp 185-187 °C); UV (MeOH) A,,, 260 nm; :H NMR
(DMSO0-dg) § 2.17 (m, 1 H, 2”-H), 2.38 (m, 1 H, 3’-H), 3.57 (m,
2 H, 5-H), 4.15 (m, 1 H, 4’-H), 5.04 (t, J = 5.05 Hz, 1 H, 5-OH),
6.22 (t,J = 5.06 Hz, 1 H, 1’-H), 7.22 (br s, 2 H, NH,), 8.14 (s, 1
H, 8-H), 8.34 (s, 1 H, 2-H).

N¢-Methyl-9-(2,3-dideoxy-8-D-glycero-pentofuranosyl)-
adenine (37). Conversion of 33 (0.170 g, 0.35 mmol) to 37 (0.082
g, 94%) was accomplished using a procedure similar to that
described for 18: UV (MeOH) Ay, 265.3 nm; 'H NMR (CDCl,)
52.4 (m, 4 H, 2-H and 3'-H), 3.17 (d, J = 5.0 Hz, 3 H, NHCH,),
3.85 (m, 2 H, 5-H), 4.35 (m, 1 H, 4-H), 6.2 (pseudo t, J = 5.4 and

(23) DDI has been reported to have widely differing melting points;
see ref 8 (mp softens at 184-186 °C but does not melt up to 300 °C
(EtOH-H,0)) in: Webb, R. R., II; Wos, J. A.; Martin, J. C.; Brodfuehrer,
P. R. Nucleoside Nucleotides 1988, 7, 147 (mp 160-160 °C). Comparison
of the material obtained in this paper with that obtained from NCI
showed no great difference in melting point characteristics. When the
melting point determination was carried out in a capillary tube, both
materials soften at approximately 145 °C and then slowly decompose at
>200 °C. When a hot stage microscope apparatus was employed, both
compounds were observed to melt and then resolidify at 140 °C and
slowly decompose as the temperature was increased.

(24) Dideoxyinosine (NSC 612049) was obtained from the National
Cancer Institute.

(25) Murakami, K.; Shirasaka, T.; Yoshioka, H.; Kojima, E.; Aoki, S.;
g‘:rd, 18-1 Jr.; Driscol, J. S.; Kelley, J. A.; Mitsuya, H. J. Med. Chem. 1991,

, 778,
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4,0 Hz, 1 H, 1’-H), 6.4 (br d, 1 H, NH), 8.02 (s, 1 H, 8-H), 8.35
{s, 1 H, 2-H); [«]®p -11.98° (¢ 1, MeOH) [lit.!® [a])?p -11.5° (c
1, MeOH)].

9-[5-O-(tert-butyldiphenylsily})-2,3-dideoxy-3-D-glycero-
pent-2-enofuranosylladenine (38). Using a procedure similar
to that used for 22, 28 (0.3 g, 0.913 mmol) was converted to 38
(0.15 g, 66.8%). Crude 88 was purified by silica gel column
chromatography (CHCl;/MeOH (20:1)) to give 38 as a white solid:
mp 156-157 °C; UV (MeOH) A,x 260 nm; 'H NMR (CDCl,) §
1.06 (s, 9 H, t-Bu), 3.81 (d, J = 4.84 Hz, 2 H, §-H), 5.02 (m, 1
H, 4-H), 5.91 (br s, 2 H, NH,), 6.09 (dt, J = 1.6 and 6.3 Hz, 1
H, 2’-H), 6.46 (dt, J = 1.6 and 6.3 Hz, 1 H, 3’-H), 7.10 (m, 1 H,
1’-H), 7.23-7.66 (m, 10 H, 2 X C¢H,), 7.87 (s, 1 H, 8-H), 8.36 (s,
1H, 2-H). Anal. Caled for CgHNsOq: C, 66.21; H, 6.20; N, 14.85.
Found: C, 66.31; H, 6.24; N, 14.41.

N%.Methyl-9-[5-O-(tert-butyldiphenylsilyl)-2,3-dideoxy-
B8-D-glycero-pent-2-enofuranosylladenine (39). Reaction of
29 (0.100 g, 0.15 mmol) using conditions as described for 22 gave
39 (0.073 g, 96.5%) after purification by silica gel column chro-
matography (hexanes/EtOAc (1:10)): UV (MeOH) Ay, 262.3 nm;
IH NMR (CDCl,) 6 1.05 (s, 9 H, ¢-Bu), 3.17 (d, J = 5.1 Hz, 3 H,
NHCHj,), 3.80 (m, 2 H, 5'-H), 5.00 (m, 1 H, 4’-H), 6.08 (m, 1 H,
2’-H), 6.43 (dt, J = 1.6 and 6.0 Hz, 1 H, 3’-H), 7.07 (quintet, J
= 1.6 Hz, 1 H, 1-H), 7.35-7.60 (m, 10 H, 2 X CzH;), 7.80 (s, 1 H,
8-H), 8.42 (s, 1 H, 2-H). Anal. Calcd for Cy;H;,0,N;Si-0.6H,0:
C, 65.32; H, 6.54; N, 14.10. Found: C, 65.26; H, 6.42; N, 13.77.

9.(2,3-Dideoxy-8-D-glycero-pent-2-enofuranosyl)adenine,
d4A (40). Conversion of 38 (0.12 g, 0.255 mmol) to 40 was ac-
complished using a procedure similar to that described for 18.
Crude 40 was purified by silica gel column chromatography
(CHCl3zMeOH = 10:1) to give 40 (0.058 g, 97.8%) as a white solid:
mp 188-190 °C (lit.2 mp 185-187 °C); UV (MeOH) A, 260 nm;
H NMR (DMSO-d,) 6 3.58 (t, J = 4.61 Hz, 2 H, 5-H), 4.94 (m,
1 H, 4-H), 5.08 (t, J = 5.5 Hz, 1 H, 5-OH), 6.14 (ddd, J = L.5,
1.8, and 5.9 Hz, 1 H, 2-H), 6.47 (ddd, J = 1.5, 1.8 and 5.9 Hz,
1 H, 3-H), 6.94 (m, 1 H, 1-H), 7.24 (br s, 2 H, NH,), 8.15 (s, 1
H, 8-H), 8.16 (s, 1 H, 2-H).

N8 Methyl-9-(2,3-dideoxy-8-D-glycero -pent-2-eno-
furanosyl)adenine (41). Reaction of 39 (0.060 g, 0.12 mmol)
using conditions as described for 18 gave 41 (0.027 g, 90%): mp
136-140 °C (lit.’® mp 139-145 °C); 'H NMR (CDCl,) 4 3.14 (d,
J = 4.5 Hz, 3 H, NHCH,), 3.9 (m, 3 H, 4’- and 5'-H), 5.07 (br s,
1 H, 5-0OH), 6.0 (m, 1 H, 2’-H), 6.50 (dt, J = 1.6 and 5.9 Hz, 1
H, 3’-H), 7.00 (quintet, J = 1.6 Hz, 1 H, 1’-H), 7.95 (s, 1 H, 8-H),
8.30 (s, 1 H, 2-H); [«])®p 27.14° (¢ 1, MeOH).

6-Chloro-2-fluoropurine!’ (42). To a stirred suspension of
2-amino-6-chloropurine (10.0 g, 58.96 mmol) in fluoroboric acid
(48%, 160 mL) maintained at —15 °C was added a saturated
aqueous solution of sodium nitrite (6.51 g, 94.36 mmol) over a
period of 20 min. After complete addition, the reaction mixture
was stirred for 30 min at —-10 to 0 °C and then neutralized (<0
°C) to pH 7 with 50% NaOH solution. The neutral slurry ob-
tained was evaporated to dryness under reduced pressure, and
the powdered residue was extracted with ether in a Soxhlet ex-
tractor to give 38 (9.0 g, 89%).

6-Chloro-2-fluoro-9-[5-O-(tert -butyldiphenylsilyl)-3-
deoxy-2-Se-phenyl-2-seleno-3-D-erythro-pentofuranosyl}-
9H-purine (43). A suspension of 6-chloro-2-fluoropurine 42 (8.43
g, 48.90 mmol) and ammonium sulfate (10 mg, cat. amount) in
hexamethyldisilazane (120 mL) was refluxed until a clear solution
was obtained (3 h). The reaction mixture was concentrated under
reduced pressure to give a pale yellow solid to which a solution
of the acetate 9 (12 g, 21.69 mmol) in anhydrous 1,2-dichloroethane
(120 mL) was added. The reaction mixture was cooled to -25 °C,
treated dropwise with TMSOTY (6.95 mL, 34.78 mmol), and stirred
for 30 min. The reaction mixture was poured into an ice-cold
mixture of CH,Cl, and saturated NaHCO; solution (2:1, 450 mL)
and stirred for 15 min, and the layers were separated. The organic
layer was washed with water (2 X 150 mL) and brine (200 mL),
dried (Na,S0O,), filtered, and concentrated. The residue was
chromatographed over silica gel using EtOAc (10-30%) in hexanes
to give a 8/« mixture (24:1) (10.83 g, 75%). Crystallization from
MeOH gave the pure 8 isomer 43: mp 60 °C; UV (MeOH) A,
269 nm; 'H NMR (CDCl;) 5 1.08 (s, 9 H, t-Bu), 2.25 (m, 1 H, 3-H,),
2.66 (m, 1 H, 3/'Hb), 3.75 (dd, J4’,5’a =38 Hz, J5/!.5fb =115 Hz,
1H, 5-H,), 3.95 (dd, J¢ 5, = 3.8 Hz, Jya 5, = 11.5 Hz, 1 H, 5-Hy),
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4.30 (m, 2 H, 2- and 4-H), 6.13 (d, J = 5.7 Hz, 1 H, 1"-H), 7.04-7.70
(complex multiplet, 15 H, 3 X C¢H;), 8.17 (s, 1 H, 8-H). Anal.
Caled for C5,H;,N,O,FCiSiSe: C, 57.69; H, 4.84; N, 8.41; F, 2.85;
Cl, 5.32. Found: C, 57.79; H, 4.82; N, 8.25; F, 2.68; Cl, 5.62.
2-Amino-6-chloro-9-[5-0-(tert-butyldiphenylsilyl)-3-
deoxy-2-Se-phenyl-2-seleno-8-D-erythro-pentofuranosyl]-
9H-purine (44) and 2-Fluoro-9-[5-O-(tert-butyldiphenyl-
silyl)-3-deoxy-2-Se-phenyl-2-seleno-8-p-erythro -pento-
furanosyl}-9H-adenine (45). Dry ammonia gas was bubbled
into a stirred solution of 43 (2.0 g, 3.0 mmol) in DME for 18 h.
The solvent was removed under reduced pressure, and the residue
was chromatographed over silica gel. Elution with 30% EtOAc
in hexanes gave 44 (1.04 g, 52%) as a crystalline solid: mp 65
°C (MeOH); UV (MeOH) A, 311 nm; 'H NMR (CDCly) 5 1.07
(8,9 H, t-Bu), 2.17 (m, 1 H, 3-H,), 2.60 (m, 1 H, 3"-Hy), 3.75 (dd,
J‘rﬂ. =338 HZ, JB’.M =115 HZ, 1 H, 5"H‘), 3.97 (dd, J4’,,5’b =38
Hz, Jy, 5 = 11.5 Hz, 1 H, §-Hy), 6.03 (d, Jy2 = 5.5 Hz, 1 H, 1"-H),
7.08-7.70 (complex multiplet, 15 H, 3 X CgHp), 7.79 (s, 1 H, 8-H).
Anal. Caled for C4,HyN;O,ClSiSe: C, 57.95; H, 5.16; N, 10.56.
Found: C, 57.86; H, 5.21; N, 10.48. Elution with 50% EtOAc in
hexanes gave 45 (0.54 g, 28%) as white needles: mp 178-179 °C;
UV (MeOH) A, 262 nm, 270 (sh) nm; 'H NMR (CDCl;) 6 1.07
(s, 9 H, t-Bu), 2.15 (m, 1 H, 3'-H,), 2.65 (m, 1 H, 3"-Hy), 3.73 (dd,
J4l,5/‘ =38 HZ, J5' D = 1156 Hz, 1 H, 5"H.), 3.98 (dd, J('yb =3.7
Hz, Jyeze = 115 Hz, 1 H, 5-Hy), 4.30 (m, 2 H, 2- and 4-H), 593
(br s, 2 H, NH,), 6.05 (d, J = 5.49 Hz, 1 H, 1"-H), 7.12-7.70
(complex multiplet, 15 H, 3 X C¢Hy), 7.82 (s, 1 H, 8-H), Anal.
Caled for CszHuN502FSise: C, 59.43; H, 5.29; N, 10.83; F, 2.93.
Found: C, 59.28; H, 5.29; N, 10.85; F, 2.74.
2-Amino-5-chloro-9-[5-O-(tert-butyldiphenylsilyl)-2,3-
dideoxy-8-D-glycero-pentofuranosyl]-9H-purine (46). Using
a procedure similar to that used for 18, 44 (0.70 g, 1.06 mmol)
was converted to 46 (0.508 g, 94.7%): mp 150-152 °C; UV (MeOH)
Amez 310 nm; *H NMR (CDCly) § 1.06 (s, 9 H, ¢-Bu), 2.06-2.50
(complex multiplet, 4 H, 2’- and 3’-H), 3.87 (t,J = 4.6 Hz, 2 H,
5-H), 4.24 (m, 1 H, 4-H), 5.09 (br 5, 2 H, NH,), 6.15 (pseudo, t,
J = 4.8 and 5.1 Hz, 1 H, 1’-H), 7.25~7.70 (complex multiplet, 10
H, 2 x C¢H;), 8.02 (s, 1 H, 8-H).
2-Fluoro-9-[5-O-(tert-butyldiphenylsilyl)-2,3-dideoxy-8-
p-glycero-pentofuranosylladenine (47). Reaction of 45 (0.537
g, 0.83 mmol) using conditions as described for 15 gave 47 (0.37
g 91%) as a crystalline solid: mp 170-172 °C; UV (MeOH) Ap,,
262 nm; 'H NMR (CDCly) 6 1.09 (s, 9 H, t-Bu), 1.98-2.56 (complex
multiplet, 4 H, 2'- and 3"H), 3.76 (dd, J4r’5l. =38 HZ, J5I.'5'b =
11.5 Hz, 1 H, 5"H.), 3.99 (dd, J",5’b = 3.8 HZ, J5"‘5fb =115 HZ,
1H, 5-Hy), 4.25 (m, 1 H, 4-H), 6.17 (br s, 2 H, NH,), 6.21 (pseudo
t,J = 3.8 and 5.1 Hz, 1 H, 1-H), 7.31-7.76 (m, 10 H, 2 X C;Hj),
8.10 (s, 1 H, 8-H).
2-Amino-6-chloro-9-(2,3-dideoxy-8-p-glycero -pento-
furanosyl)-9H-purine (48). Conversion of 46 (0.30 g, 0.59 mmol)
to 48 was accomplished using a procedure similar to that described
for 18. Crude 48 was chromatographed over silica gel (6%
MeOH/CHCY,) to yield 48 (0.135 g, 85%) as a crystalline solid:
mp 129-133 °C (MeOH) [lit.2® mp 138-140 °C (H,0)]; UV
(MeOH) A, 310 nm; 'H NMR (DMSO0-dg) & 1.88-2.52 (complex
multiplet, 4 H, 2’- and 3’-H), 3.55 (m, 2 H, 5’-H), 4.10 (m, 1 H,
4'-H), 4.92 (pseudo t, J = 5.3 and 5.5 Hz, 1 H, 5-OH), 6.11 (pseudo
t, J = 3.4 and 5.3 Hz, 1 H, 1’-H), 6.90 (br s, 2 H, NH,), 8.36 (s,
1 H, 8-H); [«]®p 13.50° (¢ 1.06, MeOH). Anal. Caled for
CyoH1oN;O,Cl: C, 44.53; H, 4.49; N, 25.97; Cl, 13.14. Found: C,
44.61; H, 4.47; N, 25.93; C], 13.11.
2-Fluoro-9-(2,3-dideoxy-8-D-glycero -pentofuranosyl)-
adenine (49). Using a procedure similar to that used for 18, 47
(0.37 g, 0.75 mmol) was converted to 49 (0.15 g, 79%) obtained
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after silica gel chromatography (156% MeOH/CHC,) as a crys-
talline solid: mp 200-202 °C (MeOH); UV (MeOH) Ay, 261 nm
(e 23700), 269 (sh) nm, {pH 2) 262 nm (¢ 22900), (pH 11) 261 nm
(e 23900); 'H NMR (DMSO0-dg) 5 1.98~2.41 (complex multiplet,
4 H, 2’- and 8’-H), 3.55 (m, 2 H, 5-H), 4.12 (m, 1 H, 4-H), 491
(pseudo t, J = 3.8 and 5.1 Hz, 1 H, 5"-OH), 6.12 (pseudo t, J =
3.8 and 5.1 Hz, 1 H, I’-H), 7.76 (br s, 2 H, NH,), 8.32 (s, 1 H, 8H);
[a]%D -13.24° (¢ 1.02, MeOH). Anal. Caled for CmHuNgOgF:
C,47.42; H, 4.78; N, 27.66; F, 7.50. Found: C, 47.62; H, 4.84; N,
28.09; F, 7.34.
2-Amino-6-chloro-9-{5-0-(tert-butyldiphenylsilyl)-2,3-
dideoxy-8-D-glycero-pent-2-enofuranosyl}-9H-purine (50).
Conversion of 44 (0.400 g, 0.60 mmol) to 50 was accomplished using
a procedure similar to that described for 22. Crude 50 was purified
by silica gel column chromatography (EtOAc/hexanes (1:1)) to
give compound 50 (0.255 g, 83%) as a white solid: mp 66-68 °C;
UV (MeOH) A, 308 nm; 'H NMR (CDCly) 6 1.05 (s, 9 H, ¢-Bu),
3.78 (dd, J = 1.5 and 5.1 Hz, 2 H, 5’-H), 5.03 (m, 1 H, 4"-H), 5.13
(br s, 2 H, NH,), 6.01 (m, 1 H, 2'-H), 6.46 (m, 1 H, 3"-H), 6.93 (m,
1 H, 1’-H), 7.30-7.65 (complex muitiplet, 10 H, 2 X CgHy), 7.77
(s, 1 H, 8-H).
2-Fluoro-9-[5-O-(tert-butyldiphenylsilyl)-2,3-dideoxy-S-
D-glycero-pent-2-enofuranosyl]adenine (51). Reaction of 45
{0.760 g, 1.18 mmol) using conditions as described for 22 gave 51
(0.329 g, 57%) as a white solid after purification by silica gel
chromatography (EtOAc/hexanes (60:40)): UV (MeOH) ), 265
nm 270 (sh) nm; *H NMR (CDCl,) 4 1.06 (s, 9 H, t-Bu), 3.81 (d,
J = 4.6 Hz, 2 H, 5'-H), 5.00 (m, 1 H, 4’-H), 5.85 (br s, 2 H, NH,)
6.00 (d, J = 6.9 Hz, 1 H, 2”-H), 6.41 (d, J = 6.2 Hz, 1 H, 3-H),
6.98 tbrs, 1 H, 1'-H), 7.29-7.64 (complex multiplet, 10 H, 2 X C¢Hp)
7.86 (s, 1 H, 8 H).
2-Amino-6-chloro-9-(2,3-dideoxy-8-D-glycero-pent-2-eno-
furanosyl)-9H-purine (52). Conversion of 50 (0.235 g, 0.46
mmol) to 52 was accomplished using a procedure similar to that
described for 18. Crude 52 was purified by preparative TLC
(CHC);/MeOH (95:5)) to yield compound 52 (0.120 g, 96%) as
a white solid: mp 167 °C; UV (MeOH) A, (pH 7) 308 nm (¢
5432), (pH 2) 311 nm (¢ 5000), (pH 11 308 nm (¢ 5494); 'H NMR
(DMSO-dg) 8 3.15 (m, 1 H, 4-H), 3.56 (br s, 2 H, 5-H), 4.90 (br
s, 1 H, OH), 6.12 (4, J = 5.9 Hz, 1 H, 2-H), 6.47 (d, J = 5.9 Hz,
1H, 3-H), 6.81 (s, 1 H, 1’-H), 6.94 (br s, 2 H, NH,), 8.12 (s L H,
8-H); [a]®p 89.05° (c 2.0, MeOH). Anal. Caled for C,oH,;,N;0,Cl:
C, 44.86; H, 3.76; N, 26.16; Cl, 13.24. Found: C, 44.82; H, 3.80;
N, 25.92; Cl, 13.35.
2-Fluoro-9-(2,3-dideoxy-8-D-glycero -pent-2-eno-
furanosyl)adenine (53). Using a procedure similar to that used
for 18, 51 (0.325 g, 0.66 mmol) was converted to 53 (0.142 g, 85%)
obtained as a white solid after purification by silica gel column
chromatography (CHClgMeOH = 9:1): mp >350 °C; UV (MeOH)
Amax (PH 7) 261 nm (e 14040), 268 (sh) nm (e 11217), (pH 2) 264
nm (e 11515), (pH 11) 260 nm (¢ 14 343), 268 (sh) nm (¢ 11616);
'H NMR (DMSO-dg) & 3.15 (m, 1 H, 4-H), 3.48-3.59 (m, 2 H,
5’-H), 4.90 (br t, 1 H, 5-OH), 6.12 (d, J = 6.12 Hz, 1 H, 2’-H),
6.48 (d, J = 6.15 Hz, 1 H, 3’-H), 6.83 (br s, 1 H, 1-H), 7.75 (br
8,2 H, NH,), 8.15 (s, 1 H, 8-H); [a]p 18.30 (¢ 1.26, MeOH). Anal.
Caled for CyoH,oN;O,F: C, 47.80; H, 4.01; N, 27.87; F, 7.56. Found:
C, 47.86; H, 4.20; N, 27.77; F, 7.27.
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