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SYNTHESES OF 2',3'-DIDEOXY-L-GLYCERO-
PENTOFURANOSYL C-NUCLEOSIDES

Chang Soo Lee, Jinfa Du and Chung K. Chu*

Department of Medicinal Chemistry
College of Pharmacy, The University of Georgia, Athens, Georgia 30602

Abstract: 2°,3’-Dideoxy-L-C-nucleosides, 4-amino-8-(2,3-dideoxy-L-glyceropento-
furanosyl)pyrazolo[1,5-a]-1,3,5-triazines (9 and 10), 4-amino-7-(2,3-dideoxy-L-glycero-
pentofuranosyl)-3H,5H-pyrrolo[3,2-d]pyrimidines (17 and 18), 7-(2,3-dideoxy-L-
glyceropentofuranosyl)-4-0xo0-3H,5H-pyrrolo[3,2-d]pyrimidines (23 and 2 4) and 2,4-
diamino-5-(2,3-dideoxy-L-glyceropentofuranosyl)pyrimidines (2 8 and 2 9) have been
synthesized from L-gulonic y-lactone 1.

Since the identification of human immunodeficiency virus (HIV) as the etiological agent
of acquired immunodeficiency syndrome (AIDS), a significant amount of effort has been
directed towards the discovery of synthetic as well as natural compounds which inhibit the
replication of the virus.] Despite these intense efforts, for the most part only dideoxy
nucleosides such as AZT, ddI, ddC and d4T are found to be clinically effective for the
treatment of HIV infections.2.3 Recently, a number of L-2°,3’-dideoxy nucleosides,
including 3’-modified nucleosides, have been synthesized as antiviral agents. Among these
nucleosides, (-)-(2'R,5'S)-1-(2-hydroxymethyl-oxathiolan-5-yl)cytosine (3TC),4 (-)-5-L-
2',3"-dideoxy-5-fluoro-3'-thiacytidine (FTC),5 B-L-2',3'-dideoxy-5-fluorocytidine (L-
FddC)6.7 and B-L-2'-fluoro-5-methylarabinofuranosyluracil (L-FMAU)? are the most
interesting and promising L-nucleosides, that are currently undergoing preclinical and
clinical trials as anti-HIV and anti-HBV agents.

C-Nucleosides are a unique class of compounds which contain a carbon-carbon bond
between the carbohydrate and heterocyclic moieties instead of the carbon-nitrogen bond as
in N-nucleosides. This isosteric replacement of the nitrogen with a carbon stabilizes the
glycosyl bond, which may alter the biological profile including catabolism. Some of the C-
nucleosides have shown very interesting antiviral and anticancer activities.? These include
tiazofurin,10-13 pyrazomycinl4.15 and pseudoisocytidine.16 2’,3’-Dideoxy C-nucleosides,
such as 2°,3’-dideoxy-9-deazaadenosinel 7 and 2°,3’-dideoxy pseudoisocytidinel 8, have
already been synthesized. However, the reported procedures requiring the corresponding
C-nucleosides as the starting material is not applicable for the synthesis of other 2°,3’-
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dideoxy C-nucleosides. Therefore, it was of interest to develop a versatile method that
allows us to access various types of L-2',3'-dideoxy C-nucleosides. In this paper, we wish
to report the syntheses of pyrimidine and purine 2°,3’-dideoxy-L-C-nucleosides from L-
gulonic y-lactone 1.

RESULTS AND DISCUSSION

The pyrazolo[1,5-a]-1,3,5-triazine C-nucleosides 9 and 10 have been synthesized
from an acetonitrile derivative § (Scheme 1). y-Lactone 2, prepared from L-gulonic
y-lactone (1) in 5 steps,19.20 was treated with trityl chloride in pyridine to give compound
3 in 95% yield. Reduction of 3 with DIBAL-H in CH,Cl, gave y-lactol 4 which was
reacted with diethyl cyanomethyl phosphonate in 1,2-dimethoxyethane in the presence of
NaH to yield the acetonitrile derivative § in 78% yield.21 Compound 6, prepared by the
reaction of § with bis(dimethylamino)-#-butoxymethane in DMF, was cyclized with
hydrazine to give the 3-aminopyrazole derivative 7 as an inseparable mixture of ar- and -
isomers.22 The aminopyrazole derivative 7 was condensed with methyl N -cyano-
methanimidate in refluxing benzene to give an inseparable a- and - mixture 8.22 The final
nucleosides 9 (8) and 10 (a) were obtained in good yield by the removal of the trityl
group in 8 with methanolic HCI followed by flash silica gel column chromatography. The
structures of 9 and 1 0 were determined by 1H NMR in which the upfield chemical shift of
4’-H (3.94 ppm) in 9 () was observed in comparison to that (4.10 ppm) in 10 (@) .6

Pyrrolo[3,2-d]pyrimidine C-nucleosides (17 and 18) were synthesized as shown in
Scheme 2.23 Enamine 12 was obtained in 64% yield by hydrolysis of 6 with aqueous
trifluoroacetic acid followed by the reaction with aminoacetonitrile hydrochloride in the
presence of sodium acetate. N-Protection of the compound 1 2 with ethyl chloroformate
followed by cyclization catalyzed by DBN gave the N-ethoxycarbonyl pyrrole derivative
14 in 98% yield. Compound 16 was obtained by the hydrolysis of ethoxycarbonyl group
of 14 with sodium carbonate in methanol followed by the condensation with formamidine
in boiling ethanol. The detritylation of 16 as described for 8 followed by flash column
chromatography gave C-nucleosides 17 (8) and 18 (&). The structures were assigned
based on the comparison of the 1H NMR data with those of 9 and 10, in which H-4" of the
17 (B) showed an upfield chemical shift (4.02 ppm) in comparison to that of the 18 (e,
4.11 ppm).

Hypoxanthine analogs 23 and 24 were also synthesized from intermediate 1 1 (Scheme
3).24 Intermediate 2 0 was obtained by the reaction of 11 with ethyl glycinate
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EtOH; " (d) HN=CHNH,-CH;CO,H, EIOH; (e) 129%HCI, McOH

Scheme 3

hydrochloride in aqueous methanol in the presence of sodium acetate followed by the N-
protection with ethyl chloroformate and DBN in CH,Cly. Cyclization of 20 catalyzed by
sodium ethoxide in ethanol followed by the condensation with formamidine in boiling
ethanol gave the pyrrolo[3,2-d]pyrimidine derivative 22 as an «- and - mixture. The final
products 23 (8) and 24 («) were obtained by detritylation of 22 followed by preparative
TL.C separation. The anomeric configurations of 2 3 and 2 4 were assigned based on the
method as previously described above.

For the synthesis of 2,4-diamino-5-(2,3-dideoxy-L-glyceropentofuranosyl)pyrimidines
(28 and 29), the intermediate 5 was formylated with ethyl formate in the presence of NaH
followed by the treatment with methyl iodide in DMF to give 2 6 as an o~ and 3- mixture
(Scheme 4).21 The compound 2 6 was condensed with guanidine hydrochloride to give
2 ,4-diamino pyrimidine derivative 27. The pyrimidinc 2°,3’-dideoxy-L-nuclcosides 2 8
() and 29 (&) were obtained by the detritylation of 27 followed by preparative TLC
separation. The anomeric configurations were also confirmed as described above (Table
D).

The results of 2D ROESY experiments supported the above stereochemical assignments
for the nucleosides listed in Table 1. In 2D ROESY spectra, compound 9 (f3) exhibited a
strong correlation between signals of 1°-H (5.02 ppm) and 4’-H (3.94 ppm) while no
correlation was observed between signals of 1’-H (5.12 ppm) and 4’-H (4.10 ppm) of 10
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Scheme 4

Table 1 Characteristic t H NMR Data of 4’-H

Compound ) Compound )
9 3.94 10 4.10
17 4.02 18 4.11
23 3.95 24 4.09
28 3.93 29 4.08

(). However, a correlation between signals of 2-H (8.13 ppm) and 4’-H (4.10 ppm) of
10 (o) was observed.

H, no corelation

2\ — H
IT\ N A OH
N N - H \_/
9 H H x-N~N" corelation
N e
corelation NHy 10

Results of ROESY experiments

In summary, 2’,3’-dideoxy-L-C-nucleosides of pyrazolo[1,5-a]-1,3,5-triazine,
pyrrolo[3.2-d]pyrimidine, and pyrimidine have been synthesized from the common starting
material L-y-lactone 2. The antiviral evaluation of the synthesized nucleosides is in
progress.
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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 or a Bruker
250 AM for 250 MHz, 300 AC for 300 MHz or 400 AMX spectrometer for 400 MHz,
with Me4Si as internal standard. Chemical shifts (&) are reported in parts per million
(ppm), and signals are reported as s (singlet), d (doublet), t (triplet), q (quartet), m
(multiplet) or br s (broad singlet). IR spectra were measured on a Nicolet 510P FT-IR
Spectrometer. Optical rotations were performed on a Jasco DIP-370 Digital Polarimeter.
TLC were 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 column
chromatography. UV spectra were obtained on a Beckman DU-7 or a Beckman DU-650
Spectrophotometer. Elemental analyses were performed by Atlantic Microlab Inc.,
Norcross, GA. Dry 1,2-dichloroethane and methylene chloride were distilled from CaH,.
Dry tetrahydrofuran was distilled from Na/benzophenone.

2,3-Dideoxy-5-O-trityl-L-glyceropentanoic acid ¢lactone (3). A solution of
the lactone 219.20 (90.0 g, 0.78 mol) and trityl chloride (259 g, .93 mol) in pyridine (450
mL) was stirred for 24 h at 90°C. The resulting mixture was concentrated under reduced
pressure to give a solid which was redissolved in CHCl;3. The solution was washed with
H,O, dried (MgSOy) and filtered. The filtrate was concentrated to dryness and the residue
was triturated with ether to give 3 as a white solid (190 g, 95.0%). mp 143-144°C, [a]25p
-7.5% (¢ 0.17, CH30OH); 1H NMR (CDCl3) § 1.98-2.76 (m, 4H, H-2, H-3), 3.14, 3.42
(2xm, 2H, H-5), 4.65 (m, 1H, H-4), 7.20-7.45 (m, 15H, Tr). Anal. Calcd for
Cy4H1705-0.25H,0: C, 79.43; H, 6.25. Found: C, 79.75; H, 6.20.

2,3-Dideoxy-5-O-trityl-L-glyceropentanoic acid ¥lactol (4). To a solution
of 3 (100 g, 0.28 mot) in dry CH,Cl, (430 mL), DIBAL-H (1 M in hexanes, 462 mL, 462
mmol) was added dropwise, stirred under N; at -78°C for 1.5 h and quenched with
CH; OH (400 mL). The reaction mixture was warmed to rt, brine was added and filtered.
The organic layer was dried (MgSO,) and concentrated to give an oil which was purified
by silica gel column chromatography (hexanes:ethy! acetate, 1:1) to yield 4 as a syrup
(98.0 g, 97.0%). 'HNMR (CDChL) 6 1.64-2.15 (m, 4H, H-2, H-3), 3.08-3.30 (m, 2H,
H-5), 3.34 (br s, 1H, OH, D, 0 exchangeable), 4.25, 4.43 (2xm, 1H, H-4), 5.48, 5.59
(2xm, 1H, H-1), 7.19-7.47 (m, 15H, Tr). Anal. Calcd for C;4H,305-0.25H,0: C,
79.21; H, 6.5. Found: C, 78.86; H, 6.87.

2,3-Dideoxy-5-O-trityl-L-glyceropentofuranosyl acetonitrile (5).21 Toa
suspension of NaH (95% in oil, 19.4 g, 0.81 mol) in dry 1,2-dimethoxyethane (330 mL),
diethyl cyanomethyl phosphonate (175 mL, 1.08 mol) was added dropwise at 0 °C. After
evolution of H, had ceased, 4 (97.0 g, 0.27 mol) in 1,2-dimethoxyethane (120 mL) was
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added and stirred at rt for 2.5 h. The resulting mixture was extracted with EtOAc, dried
(MgSOy) and filtered. The filtrate was concentrated to dryness and the residue was
purified by silica gel column chromatography (hexane:ethyl acetate, 5:1) to give S as a
white foam (83.0 g, 80.0%). 'H NMR (CDCl3) § 1.71-2.23 (m, 4H, 2’-H, 3’-H), 2.56-
2.67 (m, 2H, CH,CN), 3.09-3.23 (m, 2H, H-5), 4.09-4.35 (m, 2H, H-1", H-4’), 7.19-
7.48 (m, 15H, Tr). Anal. Calcd for C2¢H2sNO;: C, 81.44; H, 6.57; N; 3.65. Found: C,
81.28; H, 6.68; N, 3.65.

3-Dimethylamino-2-(2,3-dideoxy-5-0-trityl-L-glyceropentofuranosyl)
acrylonitrile (6). To a solution of 5§ (9.97 g, 0.026 mol) in dry DMF (50 mL),
bis(dimethylamino)-s-butoxymethane (22 mL, 0.11 mol) was added at rt and stirred at 70
°C for 3.5 h under N;. The resulting mixture was concentrated and the residue partitioned
between CHCl; and H,O. The organic layer was dried (MgS0Oy) and filtered. The solvent
was removed and the residue was purified by silica gel column chromatography
(hexane:ethyl acetate, 4:1) to yield 6 as a syrup (8.10 g, 71.0%). 1H NMR (CDCl3)
1.78-2.17 (m, 4H, H-2’, H-3"), 2.99, 3.05 (2xs, 6H, 2CHj3), 3.00-3.30 (m, 2H, H-5"),
4.05-4.38 (m, 2H, H-1’, H-4"), 6.46, 6.50 (2xs, 1H, CH), 7.17-7.48 (m, 15H, Tr).
Anal. Caled for CoH3gN20,-0.75H,0: C, 77.05; H, 7.02; N, 6.20. Found: C, 77.36;
H, 6.76; N, 5.80.

3-Amino-4-(2,3-dideoxy-5-0-trityl-L-glyceropentofuranosyl)pyrazole
(7).22 A mixture of 6 (7.90 g, 0.02 mol), CH3;OH (40 mL), anhydrous hydrazine (14
mL, 0.42 mol), H,O (4 mL) and hydrazine hydrochloride (1.78 g, 0.026 mol) was heated
at 70°C for 16 h. The resulting solution was evaporated in vacuo and the residue
partitioned between CH,Cl, and H,O. The organic layer was dried (MgSOy), filtered and
concentrated to give a foam which was redissolved in CH3CN (200 mL). The solution
was heated at 80°C for 21 h and concentrated to dryness under reduced pressure. The
residue was purified by silica gel column chromatography (CHCl;:CH3OH, 50:1) to give 7
as a foam (1.40 g, 18.0%). 1H NMR (CDCls) & 1.80-2.40 (m, 4H, H-2’, H-3"), 3.11-
3.22 (m, 2H, H-5’), 4.02 (br s, 3H, NH, NH,, D,0 exchangeable), 4.19, 4.34 (2xm,
1H, H-4"), 4.85, 4.97 (2xt, J=6.1, 8.0 Hz, 1H, H-1), 7.17-7.49 (m, 16H, 2-H, Tr).
Anal. Calcd for Cy9H;7N30,-H,0: C, 73.12; H, 6.59; N, 9.47. Found: C, 73.09; H,
6.64; N, 9.20.

4-Amino-8-(2,3-dideoxy-5-0-trityl-L-glyceropentofuranosyl)pyrazolo
[1,5-a]-1,3,5-triazine (8). To a solution of 7 (1.40 g, 3.29 mmol) in benzene (25
mL), methyl N -cyanomethanimidate (0.57 g, 6.72 mmol) was slowly added at rt, stirred at
74 °C for 17 h and concentrated to dryness. The residue was purified by silica gel column
chromatography (hexanes:ethyl acetate, 1:1) to yield 8 as a foam (0.90 g, 57.0%). 'H
NMR (CDClh) 6 1.77-2.40 (m, 4H, H-2’, H-3"), 3.10-3.30 (m, 2H, H-5"), 4.30, 4.46
(2xm, 1H, H-4’), 5.26-5.38 (m, 1H, H-1’), 6.69 (br s, 2H, NH;, D, 0 exchangeable),
7.25-7.51 (m, 15H, Tr), 8.06, 8.10 (2xs, 1H, H-7), 8.14, 8.17 (2xs, 1H, H-2). Anal.
Calcd for Co9H,7Ns50,-1.65H,0: C, 68.67; H, 6.02; N, 13.80. Found: C, 69.02; H,
5.63; N, 13.34,



16: 41 26 January 2011

Downl oaded At:

1230 LEE, DU, AND CHU

4-Amino-8-(2,3-dideoxy-fL-glyceropentofuranosyl)pyrazolo[1,5-a]-
1,3,5-triazine (9) and 4-amino-8-(2,3-dideoxy-a-L-glyceropentofuranosyl)
pyrazolo[1,5-a]-1,3,5-triazine (10). A solution of 8 (0.43 g, 0.89 mmol) and 12%
methanolic HCI (3 mL) in CH3; OH (3 mL) was stirred at rt for 2.5 min, neutralized with
sat. NaHCQO; solution and concentrated to dryness under reduced pressure. The residue
was purified by flash column chromatography (CHCl3: CH3 OH, 15:1) to give 9 (90 mg,
43.0%) and 10 (65 mg, 31.0%). B-isomer (9): mp 174-176°C, [a]25p -16.3° (¢ 0.4,
MeOH); UV (H,0) Apax 273.5 nm (pH 7), 273.5 nm (pH 11), 266.0 nm (pH 2); 1
NMR (DMSO-ds) 6 1.83-2.16 (m, 4H, H-2’, H-3’), 3.43 (m, 2H, H-5"), 3.94 (m, 1H,
H-4%), 4.79 (t, J=5.8 Hz, 1H, OH, D,;0 exchangeable), 5.02 (1, J/=7.0 Hz, 1H, H-1"),
8.03 (s, 1H, H-7), 8.17 (s, 1H, H-2), 8.37, 8.68 (2xs, 2H, NH,, D, 0 exchangeable).
Anal. Calcd for CygH13NsO;: C, 51.06; H, 5.57; N, 29.77. Found: C, 50.81; H, 5.66;
N, 29.51.

a-isomer (10): mp 152-154°C, [a]25p 0.70° (¢ 0.5, MeOH); UV (H; O-MeOH) Apax
273.5 nm (pH 7), 273.5 nm (pH 11), 264.5 nm (pH 2); 1H NMR (DMSO-d¢) 6 1.70-2.20
(m, 4H, H-2’, H-3"), 3.38 (m, 2H, H-5"), 4.10 (m, 1H, H-4"), 4.67 (t,J=5.6 Hz, 1H,
OH, D, 0 exchangeable), 5.12 (t, J=7.0 Hz, 1H, H-1"), 8.03 (s, 1H, H-7), 8.13 (s, 1H,
H-2), 8.32, 8.64 (2xs, 2H, NH;, D, 0 exchangeable). Anal. Calcd for
C1oH13NsO,-0.5H,0: C, 49.18; H, 5.77; N, 28.67. Found: C, 49.20; H, 5.83; N,
28.56.

N-[2-(2,3-dideoxy-5-O-trityl-L-glyceropentofuranosyl)-2-cyanovinyl]
acetonitrile (12). To a solution of 6 (13.3 g, 0.03 mol) in CHCl3 (300 mL),
trifluoroacetic acid (6.6 mL) in water (540 mL) was added and stirred vigorously at 1t for
17 h. The organic layer was separated, dried (MgSOy), filtered and concentrated to give
11 as a foam which was redissolved in MeOH (120 mL) and H,O (7 mL). To the solution,
aminoacetonitrile hydrochloride (3.70 g, 0.039 mol) and sodium acetate trihydrate (6.30 g,
0.046 mol) were added and stirred at rt for 27 h. The reaction mixture was concentrated
and partitioned between CHCls and H; Q. The organic layer was dried (MgSQy), filtered
and concentrated to dryness under reduced pressure. The residue was purified by silica gel
column chromatography (hexanes:ethyl acetate, 2:1) to give 12 as a syrup (8.40 g,
64.0%). '1HNMR (CDCL) 6 1.85-2.11 (m, 4H, H-2’, H-3"), 3.15 (m, 2H, H-5"), 3.70,
3.90 (2xm, 2H, CH,N), 4.11 (m, 1H, H-4"), 4.38 (m, 1H, H-1"), 5.17 (br s, 1H, NH,
D, O exchangeable), 6.67, 6.75 (dd, J=12.7, 12.8 Hz, 1H, CH), 7.21-7.50 (m, 15H, Tr).
Anal. Calcd for Co9H,7N30,-H,0O: C, 74.50; H, 6.25; N, 8.99. Found: C, 74.35; H,
6.06; N, 8.65.

3-Amino-2-cyano-1-carbethoxy-4-(2,3-dideoxy-5-O-trityl-L-glycero-
pentofuranosyl)-1H-pyrrole (14). To a solution of 12 (8.20 g, 0.018 mol) and 1,5-
diazabicyclo[4.3.0] non-5-ene (4.5 mL, 0.036 mol) in CH;Cl, (140 mL), ethyl
chloroformate (2.9 mL, 0.030 mol) was added and stirred at 0°C for 1h. Without isolation
of resulting 13, an additional portion of 1,5-diazabicyclo{4.3.0]non-5-ene (2.3 mL) was



16: 41 26 January 2011

Downl oaded At:

C-NUCLEOSIDES 1231

added and stirred at rt for 19 h. The resulting mixture was washed with H,O, dried
(MgSO0y), filtered and concentrated to dryness under reduced pressure. The residue was
purified by silica gel column chromatography (hexanes:ethyl acetate, 2:1) to yield 14 as a
syrup (9.30 g, 98.0%). HNMR (CDClL) § 1.43 (t, J/=6.8 Hz, 3H, CHj3), 1.80-2.23 (m,
4H, H-2’, H-3°), 3.16 (m, 2H, H-5’), 4.27 (m, 1H, H-4"), 4.42 (m, 4H, OCH;, NH,,
D, 0 exchangeable), 4.80, 4.93 (2xt,J = 6.8, 7.0 Hz, 1H, H-1"), 7.11, 7.12 (2xs, 1H,
CH), 7.21-7.48 (m, 15H, Tr). Anal. Calcd for C3,H3N304-0.75H,0: C, 71.83; H,
6.12; N, 7.85. Found: C, 71.65; H, 5.93; N, 7.58.
3-Amino-2-cyano-4-(2,3-dideoxy-5-O-trityl-L-glyceropentofuranosyl)-
1H-pyrrole (15). Compound 14 (9.10 g, 0.017 mol) and Na,COs (0.19 g, 0.0018
mol) were dissolved in MeOH (100 mL), stirred at rt for 1 h, concentrated and partitioned
between H,O and CHCl3. The organic layer was dried (MgSQOy). The solvent was
removed and the residue was chromatographed on silica gel column (hexanes:ethyl acetate,
2:1) to afford 15 as a white foam (5.80 g, 74.0%). tH NMR (CDCl3) § 1.79-2.21 (m,
4H, H-2’, H-3"), 3.11-3.27 (m, 2H, H-5"), 4.03 (br s, 2H, NH;, D,0 exchangeable),
4.20, 4.30 (2xm, 1H, H-4"), 4.80, 4.92 (2xm, 1H, H-1"), 6.50, 6.52 (dd, J= 3.3 Hz,
1H, H-5), 7.20-7.49 (m, 15H, Tr), 7.97, 8.07 (2xs, 1H, NH, D,0O exchangeable). Anal.
Calcd for Cy9H,7N30;: C, 77.48; H, 6.05; N, 9.35. Found: C, 77.41; H, 6.08; N, 9.25.
4-Amino-7-(2,3-dideoxy-5-0-trityl-L-glyceropentofuranosyl)-3H,5H-
pyrrolo[3,2-d]pyrimidine (16). A mixturc of 15 (2.10 g, 4.67 mmol) and
formamidine acetate (1.49 g, 3.34 mmol) in ethanol (60 mL) was heated at 80°C for 17 h
and concentrated to dryness under reduced pressure. The resulting syrup was dissolved in
CHCl;, washed with H,O, dried (MgSO,) and filtered. The filtrate was concentrated and
the residue was purified by silica gel column chromatography (CHCl3:MeOH, 20:1) to
afford 16 as a white foam (1.20 g, 54.0%). 1HNMR (CDCl) 6 1.70-2.30 (m, 4H, H-
2’, H-3%), 2.80-3.30 (m, 2H, H-5’), 4.28, 4.50 (2xm, 1H, H-4"), 5.20 (m, 1H, H-17),
6.89 (s, 2H, NH,, DO exchangeable), 7.17-7.43 (m, 16H, H-6, Tr), 8.08 (s, 1H, H-2),
8.40 (br s, 1H, NH, D, O exchangeable). Anal. Calcd for C3gHy5N40;-2.1H,0: C,
70.00; H, 6.30; N, 10.89. Found: C, 69.76; H, 5.86; N, 10.57.
4-Amino-7-(2,3-dideoxy-fL-glyceropentofuranosyl)-3H,SH-pyrrolo
[3,2-d]pyrimidine (17) and 4-amino-7-(2,3-dideoxy-a-L-glyceropento-
furanosyl)-3H,5H-pyrrolo[3,2-d]pyrimidine (18). A solution of 16 (0.50 g,
1.05 mmol) and 12% methanolic HCI (3.5 mL) in MeOH (4 mL) was stirred at rt for 3
min, neutralized with sat. NaHCOs solution and concentrated to dryness under reduced
pressure. The residue was purified by flash column chromatography (CHClL; : MeOH,
10:1) to afford 17 (100 mg, 41.0%) and 18 (87mg, 35.0%) as a solid. B-isomer (17):
[e)25p -16.6° (¢ 0.2, MeOH); UV (Hy O-MeOH) Agax 273.5 nm (pH 7), Amax 273.5 nm
(pH 11), Apax 274 nm (pH 2); 1H NMR (DMSO-dg) 6 1.93-2.20 (m, 4H, H-2’, H-3"),
3.35-3.58 (m, 2H, H-5"), 4.02 (m, 1H, H-4’), 498 (dd, J=5.5, 8.8 Hz, 1H, H-1"), 5.85
(br s, 1H, OH, D, O exchangeable), 6.79 (s, 2H, NH;, D, O exchangeable), 7.45 (s, 1H,



16: 41 26 January 2011

Downl oaded At:

1232 LEE, DU, AND CHU

H-6), 8.03 (s, 1H, H-2), 10.83 (s, 1H, NH, D,0 exchangeable). Anal. Calcd for
C11H14N4O5: C, 56.40; H, 6.02; N, 23.92. Found: C, 56.27; H, 6.08; N, 23.76.

a-isomer (18): [a]25p 9.93° (¢ 0.15, MeOH); UV (H,0) Apax 274 nm (pH 7), Apax
273 nm (pH 11), Apax 274 nm (pH 2); TH NMR (DMSO-dg) 6 1.70-2.17 (m, 4H, H-2’,
H-3"), 3.29-3.50 (m, 2H, H-5"), 4.11 (m, 1H, H-4"), 4.68 (br s, 1H, OH, D;0O
exchangeable), 5.13 (1, J=6.9 Hz, 1H, H-1"), 6.65 (s, 2H, NH;, D, O exchangeable),
7.42 (s, 1H, H-6), 8.05 (s, 1H, H-2), 10.8 (s, 1H, NH, D, 0O exchangeable). Anal. Calcd
for C11H 1 4N4O;: C, 56.40; H, 6.02; N, 23.92. Found: C, 56.33; H, 6.30; N, 23.61.

N-[2-(2,3-dideoxy-5-O-trityl-L-glyceropentofuranosyl)-2-cyanovinyl]
glycine ethyl ester (19). To a solution of 6 (7.70 g, 0.018 mol) in CHCly (170 mL),
trifluoroacetic acid (3.8 mL) in water (320 mL) was added and stirred vigorously at rt for
14 h. The organic layer was separated, dried (MgSQy), filtered and concentrated to give
crude 11 as a foam which was redissolved in MeOH (75 mL) and H,O (4.5 mL). To the
solution, glycine ethyl ester hydrochloride (3.10 g, 0.022 mol) and sodium acetate
trihydrate (3.00 g, 0.022 mol) were added and stirred at rt for 22 h. The reaction mixture
was concentrated and partitioned between CHCl and H,O. The organic layer was dried
{MgS0y), filtered and concentrated. The residue was purified by silica gel column
chromatography (hexane:ethyl acetate, 4:1) to give 19 as a syrup (3.80 g, 43.0%). 1H
NMR (CDCl3) 6 1.20-1.34 (m, 3H, CH3), 1.80-2.18 (m, 4H, H-2’, H-3"), 3.07-3.14
(m, 2H, H-5"), 3.87, 4.40 (m, 5H, CH,0, CH;N, H-4’), 5.05 (m, 1H, H-1"), 6.63-6.72
(m, IH, CH), 7.21-7.48 (m, 15H, Tr). Anal. Calcd for C3;H1,N»04-H,O: C, 72.36; H,
6.66; N, 5.44. Found: C, 72.27; H, 6.62; N, 5.50.

N-Carbethoxy-N-[2-(2,3-dideoxy-5-O-trityl-L-glyceropentofuranosyl)-2-
cyanovinyl]glycine ethyl ester (20). Ethyl chloroformate (0.67 mL, 6.80 mmol)
was added to a solution of 19 (2.80 g, 5.64 mmol) and 1,5-diazabicyclo[4.3.0]non-5-ene
(1.1 mL, 8.4 mmol) in CH,Cl, (25 mL) at 0°C and stirred at rt for 7 h. The reaction
mixture was washed with water, dried (MgSQy), filtered and concentrated. The residue
was chromatographed on silica gel column (hexanes:ethyl acetate, 4:1) to give 20 as a
syrup (2.80 g, 87.0%). 'HNMR (CDCl) 6 1.23-1.38 (m, 3H, CHj), 1.84-2.13 (m,
4H, H-2°, H-3"), 3.10-3.35 (m, 2H, H-5"), 4.25-4.95 (m, 6H, H-4’, H-1", 2xCH,0),
7.08 (s, 1H, CH), 7.20-7.48 (m, 15H, Tr). Anal. Calcd for C34H34N;04-0.75H,0: C,
70.15; H, 6.49; N, 4.81. Found: C, 69.80; H, 6.50; N, 4.81.

Ethyl 3-amino-4-(2,3-dideoxy-5-0O-trityl-L-glyceropentofuranosyl)-1H-
pyrrole-2-carboxylate (21). Compound 20 (2.80 g, 4.92 mmol) in ethanolic NaOEt
(0.43 N, 13 mL) in EtOH (3 mL) was stirred at rt for 2 h then neutralized with 1IN HCl and
concentrated. The concentrate was redissolved in CHCl3, dried (MgSQ,), filtered and the
solvent was removed. The residue was chromatographed on silica gel column
(hexanes:ethyl acetate, 4:1) to give 21 as a syrup (1.40 g, 57.0%). 1HNMR (CDChL) 6
1.30-1.37 (m, 3H, CH3), 1.79-2.17 (m, 4H, H-2’, H-3"), 3.08-3.22 (m, 2H, H-5"),
4.27-4.32 (m, 3H, CH,, H-4"), 4.82, 495 (2xm, 1H, H-1"), 6.60 (br s, 2H, NH;, D,0
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exchangeable), 7.22-7.50 (m, 16H, H-6, Tr), 8.10 (br s, 1H, NH, D, 0 exchangeable).
Anal. Caled for C31H3,N204-0.5H,0: C, 73.64; H, 6.58; N, 5.54. Found: C, 73.82; H,
6.65; N, 5.35.

7-(2,3-Dideoxy-5-O-trityl-L-glyceropentofuranosyl)-4-oxo-3H,5H-
pyrrolo[3,2-d]pyrimidine (22). A mixture of 21 (1.40 g, 2.82 mmol) and
formamidine acetate (1.17 g, 11.28 mmot) in ethanol (28 mL) was heated at 80 °C for 2
days and concentrated. The concentrate was redissolved in CHCl;, washed with H,O,
dried (MgS0,) and filtered. The solvent was removed and the residue was purified by
silica gel column chromatography (CHCl;:MeOH, 10:1) to give 2 2 as a white foam (0.80
g, 59.0%). TH NMR (CDCL) & 1.92-2.45 (m, 4H, H-2’, H-3"), 3.09-3.30 (m, 2H, H-
5’), 430, 4.46 (2xm, 1H, H-4’), 5.33 (m, 1H, H-1"), 7.13-7.50 (m, 16H, H-6, Tr),
8.09, 8.22 (2xs, 1H, H-2), 10.3, 10.5 (2xs, 1H, NH, D, O exchangeable), 11.0, 11.1
(2xs, 1H, NH, D;0 exchangeable). Anal. Calcd for C30H,7N305-0.25H,0: C, 74.75; H,
5.75; N, 8.72. Found: C, 74.79; H, 5.76; N, 8.67.

7-(2,3-Dideoxy-B-L-glyceropentofuranosyl)-4-oxa-3H,5H-pyrrolo[3,2-
d]pyrimidine (23) and 7-(2,3-dideoxy-a-L-glyceropentofuranosyl)-4-oxo-
3H,5H-pyrrolo[3,2-d]lpyrimidine (24). A solution of 20 (0.30 g, 0.63 mmol) and
12% methanolic HCI (2 mL) in MeOH (2 mL) was stirred at 1t for 2.5 min, neutralized
with sat. NaHCQO; solution and filtered. The solvent was removed and the residue was
purified by preparative TLC (CHCl;:MeOH, 5:1) to afford 23 (77 mg, 52.0%) and 2 4 (47
mg, 32.0%) as a solids. B-isomer (23): {a]25p -29.8° (¢ 0.33, MeOH); UV (H, O-MeOH)
Amax 262.5 nm (pH 7), 267.0 nm (pH 11), 260.0 nm (pH 2); 1H NMR (DMSO-ds) &
1.83-2.10 (m, 4H, H-2’, H-3’), 3.34-3.46 (m, 2H, H-5’), 3.95 (m, 1H, H-4"), 5.0-4.95
(m, 2H, H-1’, OH, D, 0 exchangeable), 7.34 (s, 1H, H-6), 7.78 (s, 1H, H-2), 11.9 (br s,
2H, 2NH, D;0O exchangeable). Anal. Calcd for C;1H13N30s: C, 56.17; H, 5.57; N,
17.86. Found: C, 56.03; H, 5.56; N, 17.74.

a-isomer (24): [a]25p -1.99° (¢ 0.6, MeOH); UV (H; O-MeOH) A, ., 262.0 nm (pH
7), 267.0 nm (pH 11), 259.0 nm (pH 2); 1H NMR (DMSO-d¢) 6 1.72-2.15 (m, 4H, H-
2’, H-3%), 3.31 (m, 2H, H-5’), 4.09 (m, 1H, H-4), 4.65 (br s, 1H, OH, D,0
exchangeable), 5.09 (1, J=5.2 Hz, 1H, H-1"), 7.28 (s, 1H, H-6), 7.77 (s, 1H, H-2),
11.83 (br s, 1H, NH, D, 0 exchangeable), 11.9 (br s, 1H, NH, D, O exchangeable).
Anal. Calcd for Cy11H13N303: C, 56.17; H, 5.57; N, 17.86. Found: C, 56.07; H, 5.61;
N, 17.77.

2-Formyl-2-(2,3-dideoxy-5-O-trityl-L-glyceropentofuranosyl)acetonitrile
sodium enolate (25). a solution of ethyl formate (26 mL, 0.32 mol) in dry ether (80
mL) was added dropwise to a mixture of § (20.0 g, 0.052 mol) and NaH (95% in oil, 1.92
£,0.08 mol) in dry ether (8 mL) and absolute ethanol (1 mL) and stirred at rt for 21 h then
concentrated to give a syrup which was used for the next reaction without further
purification.

3-Methoxy-2-(2,3-dideoxy-5-O-trityl-L-glyceropentofuranosyl)
acrylonitrile (26). To a solution of crude (2 5) in DMF (110 mL), methyl iodide (7.5
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mL, 0.12 mol) was added dropwise within 5 min, stirred at rt for 22 h and then pourcd into
ice-water. The aqueous solution was extracted with CHCl;. Extracts were combined and
dried (MgSOy), filtered and concentrated to dryness under reduced pressure. The residue
was purified by silica gel column chromatography (hexanes:ethyl acetate, 5:1) to give 26 as
a syrup (5.40 g, 24.0%). 1H NMR (CDCl;) § 1.79-2.20 (m, 4H, H-2’, H-3"), 3.09-3.30
(m, 2H, H-5), 3.78, 3.81 (2xs, 3H, CHj), 4.10, 4.35 2xm, 1H, H-4’), 4.79, 4.93 (2xt,
J=6.3 Hz, 1H, H-1"), 6.77, 6.78 (2xs, 1H, CH), 7.13-7.50 (m, 15H, Tr); Anal. Calcd
for C3H,7NO5-0.25H,0: C, 78.21; H, 6.44; N, 3.26. Found: C, 78.21; H, 6.62; N,
3.22.

2,4-Diamino-5-(2,3-dideoxy-5-O-trityl-L-glyceropentofuranosyl)
pyrimidine (27). A mixture of 26 (5.30 g, 0.01 mol) and guanidine hydrochloride
(1.97 g, 0.02 mol) in ethanolic NaOEt (60 mL, 0.75 N) was refluxed for 23 h. The
reaction mixture was concentrated to 30 mL, neutralized with 1N HCI and concentrated to
give a solid which was redissolved in ether. The solution was washed with water, dried
(MgS0y4) and filtered. The solvent was removed and the residue was purificd by silica gel
column chromatography (CHCl3:MeOH, 50:1) to afford 27 as a solid (0.63 g, 11.0%).
1H NMR (CDCls) 6 1.80-2.25 (m, 4H, H-2°, H-3"), 3.10-3.44 (m, 2H, H-5"), 4.15-4.35
(m, 1H, H-4"), 4.64, 476 (2xt, J=8.7 Hz, 1H, H-1"), 4.92, 5.60 (2xs, 4H, 2NH,, D;O
exchangeable), 7.20-7.43 (m, 15H, Tr), 7.66, 7.68 (2xs, 1H, H-6); Anal. Calcd for
CogHogN4O,-0.5H,O: C, 72.87; H, 6.33; N, 12.14. Found: C, 72.68; H, 6.33; N,
12.08.

2,4-Diamino-5-(2,3-dideoxy-f-L-glyceropentofuranosyl)pyrimidine (28)
and 2,4-diamino-5-(2,3-dideoxy-a-L-glyceropentofuranosyl)pyrimidine
(29). A solution of 27 (0.20 g, 0.45 mmol) and 12% methanolic hydrogen chloride (1.5
mL) in MeOH (1.5 mL) was stirred at rt for 2 min, neutralized with sat. NaHCO; solution
and concentrated to dryness under reduced pressure. The residue was purified by
preparative TLC (CHCl::MeOH, 7:1, twice eluted) to give 28 (15 mg, 16.0%) and 29 (35
mg, 37.0%) as solids. f-isomer (28): []25p -11.6°C (¢ 0.25, McOH); UV (H, O
MeOH) Ayax 275.5 nm (pH 7), 284 nm (pH 11), 269.5 nm (pH 2); 'H NMR (DMSO-dg)
6 1.84-1.90 (m, 4H, H-2’, H-3"), 3.38-3.52 (m, 2H, H-5"), 3.93 (m, 1H, H-4"), 453 (1,
J=7.4 Hz, 1H, H-1), 5.00 (br s, 1H, OH, D;0 exchangeable), 5.82, 6.30 (2xs, 4H,
2NH;, D,0 exchangeable), 7.60 (s, 1H, H-6). Anal. Calcd for CoH14N40,-0.7H,0: C,
48.50; H, 6.96; N, 25.10. Found: C, 48.91; H, 6.89; N, 24.48.

a-isomer (29): [a]25p -3.68°C (¢ 0.35, MeOH); UV (Hy0) Apax 277.5 nm (pH 7),
285.0 nm (pH 11), 270.2 nm (pH 2); 1H NMR (DMSO-ds) 6 1.65-2.14 (m, 4H, H-2,
H-3"), 3.50 (m, 2H, H-5"), 4.08 (m, 1H, H-4"), 4.66 (t,J=5.2 Hz, 1H, H-1"), 5.81,
6.07 (2xs, 4H, 2NH;, D,0 exchangeable), 7.61 (s, 1H, H-6). Anal. Calcd for:
CyH | sN40,-0.7H,0: C, 48.50; H, 6.96; N, 25.10. Found: C, 49.01; H, 6.94: N, 24.73.
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