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Abstract: In view of biological activities of both 1,3-dioxolanyl nucleosides and C-nucleosides, D- and L-1,3-
dioxolanyl C-nucleosides have been synthesized as potential antiviral and/or anticancer agents. Asymmetric
synthesis of four new optically pure D- and L-1,3-dioxolany] triazole C-nucleosides has been accomplished via
key intermediate S5a and Sb starting from D- and L-2,3-O-isopropylidene glyceraldehyde. The stereochemical
assignments of synthesized compounds were unambiguously made based on NMR studies as well as X-ray
crystallographic studies. The synthesized nucleosides have been evaluated against HIV and hepatitis B virus,
however, no significant antiviral activity was observed. © 1999 Elsevier Science Ltd. All rights reserved.
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C-Nucleosides have been of interest as an unique class of compounds that contain a C-C
bond instead of the C-N bond between the carbohydrate and heterocyclic moiety, which
stabilizes the glycosyl bond of nucleosides. The naturally occurring, as well as some
synthetic, C-nucleosides exhibit interesting biological activities. Among them, tiazofurin.'
selenazofurin,’ and 1,2,3-triazole C-nucleoside’ have drawn significant attention as potent
anticancer agents. A number of structural modifications of the ribosyl moiety of tiazofurin

have been also reported.*>*
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1,3-Dioxolane nucleosides are an interesting class of sugar-modified nucleosides,
in which the 3’-carbon is replaced by an oxygen atom. The first example of this class of
compounds, (1)-dioxolanyl thymine, was found to exhibit moderately potent anti-HIV activity
in vitro.™’ Subsequently, extensive structure-activity relationship studies have been carried
out by several groups, including our own.'® From the studies, a number of dioxolane
nucleosides have been discovered as potent antiviral agents. Among them, (2R,4R)-9-[2-
(hydroxymethyl)-1,3 dioxolan-4-yl}-2,6-diamino-purine (DAPD)" and (-)-(25,45)-1-[2-
(hydroxymethyl)-1,3-dioxolan 4-yl]-cytosine [(—)-L-OddC]" are the most promising
compounds. Currently, (—)-L-OddC is undergoing phase I clinical trials as an anticancer
agent. *'* DAPD is a prodrug of the corresponding guanine derivative, which is converted to
dioxolane-guanine (DXG) by adenosine deaminase.'” DAPD is currently undergoing phase I
clinical studies as an anti-HIV and an anti-HBV agent.

In view of these interesting biological activities of 1,3-dioxolanyl nucleosides as well as
C-nucleosides, it was of interest to synthesize hybrid nucleosides, 1,3-dioxolanyl C-nucleosides
as potential antiviral and/or anticancer agents. We have previously published thiazole
nucleosides as a communication.'® In this paper, we wish to report the full account of 1,3-

dioxolanyl C-nucleosides of triazole.

Synthesis of C-nucleosides usually starts from an appropriate sugar moiety with a
proper substituent at the C-1 carbon. However, unique structural features of 1,3-dioxolanyl
C-nucleosides require a different approach. The required 1,3-dioxolanyl moiety is an acetal,
therefore, it can be constructed by reacting an aldehyde with a diol using a Lewis acid as a
catalyst. Examining the stereochemical requirement at the anomeric position (4’) of the 1,3-
dioxolane C-nucleoside suggested that the §-D-form could be synthesized from a diol with R-
configuration, while the B-L-form from a diol with S-configuration is required. Required
diol intermediates 5a and Sb were synthesized from protected D-2,3-O-isopropylidene
glyceraldehyde (1a) and L-2,3-0-isopropylidene glyceraldehyde (1b), respectively.

Synthesis of B-D- and a-L-1,3-dioxolanyl triazole C—nucleosides is illustrated in Scheme
1. In order to construct the key intermediate 5a, (2R)-2,3-0 isopropylidene glyceraldehyde



F. Qu et al. / Tetrahedron 55 (1999) 9073-9088 9075

H NHp COOEt COOEt
CHO Og Noy 7y O N= Ne('
R0 ¥ 0 94 HNN ___© _ BiNN
>< T1% °>< 81% o 64% {O
o}
1a o Q)< 0)<
2a %a 4a
Y_(COOEt COOEL 94% lf
X N )f=( COOEt
I X N N=(’
o) + BZOLO I -1 BnN___N
Bzoﬁ (o) EOH
h(?&: X =NBn, Y =N (10%) h(Ga: X =NBn, Y =N (60%) OH
9a: X = NH, Y = N (87%) 8a: X =NH, Y = N (92%) 5a

| o il

ONH,
o= N
HN__N HN___N
= =
Ho— O o

11a (91%) and 10a (93%)

Scheme 1. a) (1) KMnO4, KOH. (2) 0.5 N H;SO4. b) {1) CICOOEY, EtsN. (2) c-NH4OH. c) amidrazonate, [HoN-N=
C(NH,)-COE]. d) reflux in xylene, 4 h. ) BnBr, NaH, DMF. f) CF3CO,H, THF/H,O (2:1), 50 °C, 8 h.
g) BzZOCH,CH(OMe)y,, p-TsOH, benzene, reflux. h) Hp, PdCl,, EtOH, 50 psi, 6 h. i) NH3/CH30H, steel
bomb, 110 °C, 24 h.

(1a) was chosen as the starting material. It was oxidized by potassium permanganate

followed by acidification to give an acid, which in turn, was reacted with ethyl chloroformate
to give an anhydride. The anhydride was treated in situ with amidrazonate [H,N-N=C(NH,)-
COOEL]" in THF to give the hydrazine derivative 2a as a pale yellow precipitate. The
hydrazine derivative 2a was dehydrated to form the triazole derivative 3a in 81% yield by
heating 2a in xylene at 180 °C in the Dean-Stark apparatus to remove water generated in the
reaction."®

Initially, without protection of the NH group of the triazole, compound 3a was
condensed directly with 2-benzoyloxyacetaldehyde-dimethyl acetal (Scheme 3). TLC showed
two spots, which could be easily separated by silica gel column chromatography. 'H NMR
data showed that the upper spot corresponded to 2-benzoyloxy-acetaldehyde, while the
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Scheme 2. a) (1) KMnO,4, KOH. (2) 0.5 N H,SO4. b) (1) CICOOEt, EsN. (2) c-NH4OH. c) amidrazonate, [HoN-N:
C(NH,)-COEt). d) refiux in xylene, 4 h. e) BnBr, NaH, DMF. f) CF3COH, THF/H50 (2:1), 50 °C, 8 h.
9) Bz2OCH,CH(OMe),, p-TsOH, benzene, reflux. h) Hp, PdCly, EtOH, 50 psi, 6 h. i} NH3/CH3OH, steel
bomb, 110 °C, 24 h.

lower spot was a mixture of dioxolane nucleosides 12 and 13. The mixture was O-
debenzylated and converted to the carboxamide derivative by treatment with methanolic
ammonia at room temperature to give two compounds 14 and 15, which were separated by
silica gel column chromatography. The tentative assignment of the cis and trans structures of
14 and 15 was made based on chemical shifts of 2’-H (the chemical shift of 2’-H of o-isomer
is downfield compared to that of the B-isomer due to the deshielding effect of the heterocyclic
base to the 2’-H in the a-isomer). 'H NMR spectra showed extra signals of each of OCH,,
CH,, CH, and OH compared to the desired target nucleosides (Table 1), which suggested that

an aminal moijety was formed on the N-1 of the triazole ring.
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Scheme 3. Direct condensation of 3a with 2-benzoyloxy acetaldehyde-
dimethyl acetal.

Table 1.

Chemical shifts of 2’-H of 14 and 15 and comparison of other signals.

Signals Chemical Shifts Chemical Shifts
8 (ppm) (14) 8 (ppm) (15)
Aminal CH 6.43 6.50
CH, 3.77 3.80
OCH, 3.20 3.26
OH 4.94 5.02
2-H 5.13 5.23

As the free NH group was reactive with 2-benzoyloxyacetaldehyde-dimethyl acetal, it

needed to be protected before the condensation reaction. Different protection approaches

have been tried, in which attempts to protect NH by amides or carbamates with acetyl

chloride, benzoyl chloride, or ethyl chloroformate failed. Protection of sterically and

9077

electronically favorable N-1 position with a benzyl group succeeded when 3a was treated with
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sodium hydride and benzyl bromide in dry DMF to give 4a in 64% yield without N-4
benzylated isomer. Deprotection of the isopropylidene group of 4a was conducted by treating
4a with trifluoroacetic acid in THF and H,0 (2:1) to give the key intermediate 5a in 94%
yield. Construction of the 1,3-dioxolane triazole C-nucleosides was carried out similar to 1,3-
dioxolanyl selenazole C-nucleosides by condensing Sa with 2-benzoyloxyacetaldehyde
dimethyl acetal. Two products 6a and 7a were obtained after separation by silica gel column
chromatography in 60% and 10% yield, respectively. Hydrogenolysis to remove N-benzyl
protecting groups of 6a and 7a was carried out in the presence of H, (50 psi), catalyst (20-
30% PdCl,), and solvent (EtOH) to give 8a and 9a in 92% and 87% yield, respectively.
Catalytic hydrogenolysis did not work when Et,N was added in advance to neutralize the HCI
generated in the reaction. Deprotection of 8a and 9a with methanolic ammonia at room
temperature failed to transform the ethoxycarbonyl to a carboxamide group, while
deprotection of the mixture of 12 and 13 was successfully converted an ethoxycarbonyl group
to a carboxamide group at room temperature (Scheme 3). Therefore, deprotection of 8a and
9a and carboxamide formation was carried out with methanolic ammonia in a steel bomb at
110 °C to afford the desired B-D-and o-L-1,3-dioxolanyl triazole C-nucleosides: 5-[(2R.4R)-
2-(hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3-carboxamide (10a) and 5-[(2S,4R)-2-
(hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3-carboxamide (11a), in 93% and 91%
yield, respectively.

Figure 1. ORTEP drawing of compound 10a.
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Using the same procedure, $-L-and a-D-1,3-dioxolanyl triazole C-nucleosides, 5-
[(25,45)-2-(hydroxymethyl)-1,3-dioxolan-4-yl}- 1,2 4-triazole-3-carboxamide (10b) and 5
[(2R,45)-2-(hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3-carboxamide (11b) were
synthesized (Scheme 2). The structures of 10a, 11a, 10b, and 11b were characterized by
optical rotation, UV absorption, elemental analysis, and NMR studies. The stereochemical
assignment of the cis and trans (o and ) nucleosides was made based on the comparison of
the physical data to those of thiazole'® and selenazole'® C-nucleosides as well as X-ray
crystallographic studies of 10a (Figure 1). Analysis of the X-ray structure’ of compound
10a shows a sugar puckering with the pseudorotation phase angle P = 27.6° and v ,,,, =34.8°,
the hydroxyl methyl group orientation y = 61.6°, (01’-C2’-C6’-06’), and base orientation,
= 177.8°, (C4-C5-C4’-03’).

The synthesized nucleosides were evaluated against HIV and hepatitis B virus in
peripheral blood mononuclear and 2.2.15 cells, respectively. None of the synthesized
nucleosides showed any significant anti-HIV activity or anti-HBV activity.

In summary, we have developed a convenient synthetic method of optically pure, both D-

and L-1,3-dioxolanyl triazole C-nucleosides.
Experimental Section

Melting points were determined on a Mel-temp II laboratory device and are uncorrected.
NMR spectra were recorded on a Brucker AMX 400 Fourier transform spectrometer;
chemical shifts are reported in parts per million (3), and signals are quoted as s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublets), and pseudo t (two
overlapping doublet). UV spectra were obtained on a Beckman DU-7 or DU-650
spectrophotometer. Optical rotations were measured on a JASCO DIP-370 digital
polarimeter. TLC was performed on Uniplates (silica gel) purchased from Analtech Co.
Elemental analyses were performed by Atlantic Microlab, Inc., Norcross, GA. Dry
triethylamine and 1,4-dioxane, benzene were obtained by distillation from CaH, prior to use.

Dry THF was obtained by distillation from Na and benzophenone when the solution became
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purple.

1-(Ethoxyoxalimidyl)-2-[(2R)-2,3-O-isopropylidene-2,3-dihydroxy-
propanoyllhydrazine (2a). To a solution of (2R)-2,3-0O-isopropylidene glyceradehyde
(1a) (5 g, 38.5 mmol) in H,0 (250 mL), a solution of KOH (6.25 g, 110 mmol) and KMnO,
(9.5 g, 60.0 mmol) in H,0 (250 mL) wsa added dropwise. The reaction mixture was stirred
at room temperature for 3 h. The resulting solid was filtered off. The filtrate was
evaporated to a reduced volume (150 mL) and acidified with aq. H,SO, (1 N) to pH 2-3. The
mixture was extracted with EtOAc (3 x 100 mL). The combined organic layer was dried
(MgSO,) for 3 h. Evaporation of the solvent gave crude acid (4.6 g, 82%), which was
directly used for the next step without further purification. The acid derivative (3.5 g, 23.9
mmol) dissolved in dry THF (60 mL), Et;N (2.76 mL, 28.76 mmol) was added to the
solution. The reaction mixture was cooled to -5 °C and ethyl chloroformate (2.76 mL, 28.76
mmol) was added dropwise. After the mixture was stirred for 40 min at 0 °C, the white salt
was filtered off. A solution of amidrazonate (2 g, 15.3 mmol) in THF (30 mL)
(amidrazonate was made in one step from ethyl thioxamate and hydrazine) was added to the
filtrate. The mixture was stirred at room temperature for 5 h, during which time the product
precipitated out. The product was collected as a pale yellow solid after filtration. The filtrate
was evaporated to 1/2 volume and further stirred at room temperature overnight. Another
batch of product was collected in the same manner. A total 2.8 g of product 2a was obtained
(yield 71%, based on the amidrazonate) as a mixture of cis and trans isomers. mp 160-162
°C; UV (CH,0H): A, =278.5 nm; 'H NMR (DMSO-d,): 8 10.14, 10.02 (2s, 1H, D,O
exchangeable), 6.80, 6.50 (2s, 2H, D,0 exchangeable), 5.01, 4.59 (2t, J = 6.8 Hz, 1H), 4.34
(pseudo t, J = 8.0 Hz, 0.4 H), 4.24 (q, J = 7.1 Hz, 2H), 4.15 (pseudo t, J = 7.8 Hz, 0.6 H), 3.98
(dd, J=5.7, 8.2 Hz, 0.4H), 3.83 (dd, J = 6.8, 8.0 Hz, 0.6H), 1.39, 1.35 (2s, 6H), 1.25 (m,
3H); PC NMR (DMSO-dy): 8 171.6, 166.6, 162.4, 161.9, 141.1, 136.5, 110.4, 109.9, 74.3,
73.5, 67.4, 67.0, 62.1, 61.9, 26.1, 26.0, 14.3, 14.3; Anal. Calcd for C,;H;N,O,: C, 46.33; H,
6.56; N, 16.22. Found: C, 46.05; H, 6.64; N, 16.25.
5-[(1R)-1,2-O-Isopropylideneglycol-1-yl]-3-ethoxycarbonyl-1,2,4-triazole (3a).

The hydrazine derivative 2a (1.4 g, 5.4 mmol) was dissolved in xylene (250 mL) which was
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refluxed at 180 °C (oil bath) in the Dean-Stark apparatus to remove the water generated

in the reaction. Evaporation of the solvent gave a residue, which was purified by silica gel
column chromatography (CH,OH/CHCl,, 1-5%) to afford the product 3a (1.05 g, 81%). mp
88-90 °C; [}, = +38.10° (c 0.92, CH,OH); UV (CH,0H): A, =242.0 nm; 'H NMR
(DMSO0-dy): 8 14.74 (br s, 1H, D,0 exchangeable), 5.27 (pseudo t, J = 6.2 Hz, 1H), 4.34 (m,
3H), 4.13 (dd, J = 6.0, 8.3 Hz, 1H), 1.39 (s, 6H), 1.31 (t, J = 7.1 Hz, 3H); "C NMR (DMSO-
dg): 6 159.7, 156.7, 154.1, 110.1, 69.7, 67.9, 61.1, 26.1, 14.1; Anal. Calcd for C,\H ;N,O,:
C, 49.79; H, 6.22; N, 17.43. Found: C, 49.84; H, 6.20; N, 17.37.
5-[(1R)-1,2-O-Isopropylideneglycol-1-yl]-3-ethoxycarbonyl-1-benzyl-1H-1,2,4
triazole (4a). To a solution of triazole 3a (800 mg, 3.32 mmol) in dry DMF (20 mL), NaH
(100 mg, 3.98 mmol) was added portionwise at room temperature. The mixture was stirred
at room temperature until there was no further evolution of hydrogen gas (ca 25 min). The
reaction mixture benzyl bromide (472 pl, 3.98 mmol) was added dropwise. The mixture was
heated at 60 °C until completion of the reaction, and the solvent was evaporated to give a
residue, which was purified by silica gel column chromatography to give product 4a as a
syrup (704 mg, 64%). [0]®, = +7.99° (c 0.90, CHCL,); UV (CHCL,): A, = 246.0 nm; 'H
NMR (CDCl,): & 7.307.32 (m, 5H), 5.78 (q, J = 14.3 Hz, 2H), 5.24 (pseudo t, J = 6.7 Hz,
1H), 4.43 (q, J = 7.1 Hz, 2H), 4.35 (pseudo t, J = 7.1 Hz, 1H), 4.26 (dd, /= 6.9, 8.3 Hz, 1H),
1.53, 1.46 (2s, 6H), 1.39 (t, J = 7.1 Hz, 3H); ®C NMR (CDCl,): 8 161.6, 157.8, 144.6, 135.2,
128.7, 128.5, 128.3, 128.1, 110.6, 71.8, 68.6, 62.6, 54.5, 26.3, 25.9, 14.1; Anal. Calcd for
C;H,;N;0,: C,61.63; H, 6.84; N, 12.69. Found: C, 61.53; H, 6.40; N, 12.59.
5-[(1R)-Glycol-1-yl]-3-ethoxycarbonyl-1-benzyl-1H-1,2,4-triazole (5a). To a
solution of triazole compound 4a (700 mg, 2.1 mmol) in a mixture of THF (20 mL) and H,O
(10 mL), trifluoroacetic acid (194 pl, 2.52 mmol) was added dropwise. The reaction mixture
was then stirred at S0 °C for 8 h. The mixture was neutralized with Et;N and evaporated to
give a syrupy residue. The residue was purified by silica gel column chromatography to
afford product 5a (580 mg, 94%) as a white solid. Compound 5a: mp 76-77 °C; [a]*, =
+20.51 (c 0.72, CHCL,); UV (CHCL): A_,, =244.0 nm; 'H NMR (CDCl,): § 7.31 (m, 5SH),
5.75 (s, 2H), 4.95 (dd, J = 4.8, 9.4 Hz, 1H), 443 (q, J = 7.1 Hz, 2H), 3.97 (m, 2H), 3.87 (d, J
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= 5.7 Hz, 1H, D,0 exchangeable), 3.11 (br s, 1H, exchangeable); 1.39 (t, J = 7.1 Hz, 3H),

*C NMR (CDCL,): 8 163.0, 157.7, 144.4, 135.0, 128.8, 128.4, 128.1, 68.6, 65.5, 62.8. 54.5,
14.1; Anal. Calcd for C,;H,;N,0,: C, 57.73; H, 5.84; N, 14.43. Found: C, 57.74; H, 5.83; N,
14.36.

5-[(2R,4R)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yl]-3-ethoxycarbonyl-1
benzyl-1H-1,2,4-triazole (6a) and 5-[(2S,4R)-2-(benzoyloxymethyl)-1,3
dioxolan-4-yl]-3-ethoxycarbonyl-1-benzyl-1H-1,2,4-triazole (7a). To a solution of
diol derivative 5a (580 mg, 1.98 mmol) in dry benzene (100 mL), 2-benzoyloxyacetaldehyde
dimethy! acetal (625 mg, 2.98 mmol) and p-TsOH'H,O (128 mg) were added sequentially.
The mixture was refluxed gently in the Dean-Stark apparatus to remove water. The reaction
mixture was cooled down to room temperature and neutralized with Et;N. Evaporation of the
solvent afforded a syrup, which was purified by silica gel column chromatography to give p-
isomer 6a (520 mg, 60% ) and o-isomer 7a (86 mg, 10%). Compound 6a: Rf =0.40
(EtOAc/hexane, 1:1); [0]*, = +6.24° (¢ 0.75, CHCL,); UV (CHCL): A, =242.0 nm; 'H
NMR (CDCL,): & 7.87 (d, J = 7.3 Hz, 2H), 7.23-7.40 (m, 8H), 5.56 (q, J = 15.2 Hz, 2H), 5.42
(pseudo t, J = 3.1 Hz, 1H), 5.11 (dd, J = 4.8, 6.6 Hz, 1H), 4.82 (dd, J = 4.8, 8.6 Hz, 1H), 4.46
(q, J = 7.1 Hz, 2H), 4.35 (m, 1H), 4.27 (m, 1H), 1.41 (t, J = 7.1 Hz, 3H); "C NMR (CDCl,):
8 165.9, 159.7, 153.8, 153.1, 134.4, 133.3, 129.7, 128.9, 128.5, 128.4, 127.6, 103.3, 70.2,
68.8, 63.3, 62.0, 53.7, 14.3; Anal. Calcd for C,,H,;N,O4: C, 63.16; H, 5.26; N, 9.61. Found:
C, 62.99; H, 5.29; N, 9.56.

Compound 7a: Rf = 0.53 (EtOAc/hexane, 1:1); [a]*’, = +18.23° (c 0.64, CHCl,); UV
(CHCL,): A, =243.5 nm; 'H NMR (CDCl,): § 7.23-8.07 (m, 10H), 5.58 (q, J = 15.2 Hz,
2H), 5.34 (m, 1H), 5.16 (m, 1H), 4.43-4.53 (m, 5H), 1.41 (t, J = 7.1 Hz, 3H); "C NMR
(CDCl,): 6166.4, 160.1, 154.0, 153.8, 134.8, 133.7, 130.1, 129.4, 128.9, 128.9, 128.0,
102.9, 69.8, 69.3, 64.1, 62.5, 54.2, 14.3; Anal. Calcd for C,;H,,N,04: C, 63.16; H, 5.26; N,
9.61. Found: C, 62.91; H, 5.34; N, 9.52.

5-[(2R ,4R)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yl]-3-ethoxycarbonyl-1,2,4
triazole (8a) and 5-[(2S5,4R)-2-(benzoyloxymethyl)-1,3-dioxolan-4-yl]-3

ethoxycarbonyl-1,2,4-triazole (9a). To a solution of fully protected dioxolanyl triazole
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nucleoside 6a (423 mg, 0.96 mmol) in ethanol (20 mL), catalyst PdCl, (34 mg, 0.19

mmol) was added carefully. The reaction mixture was hydrogenated in a hydrogenation
apparatus (Parr shaker) at 50 psi until completion of the reaction. The reaction mixture was
neutralized with Et,N and filtered. The filtrate was evaporated to give a syrupy residue. The
residue was purified by silica gel column chromatography to give debenzylated product 8a
(309 mg, 92%) as a syrup. The same procedure was applied to prepare 9a (yield 87%).
Compound 8a: [0]*, = +112.44° (c 0.86, CHCl,); UV (CHCL,): A, =244.5 nm; 'H NMR
(CDCl,): 6 13.09 (brs, 1H), 8.03 (d, J = 8.0 Hz, 2H), 7.42-7.59 (m, 3H, Ar-H), 5.42 (m,
2H), 4.75 (dd, J = 6.0, 12.0 Hz, 1H), 4.47 (q, J = 7.0 Hz, 2H), 4.30-4.39 (m, 3H), 1.42 (t,J =
7.0 Hz, 3H); “C NMR (CDCL): 8 167.7, 160.0, 158.7, 134.1, 130.3, 129.4, 128.9, 103.3,
71.9,71.3, 64.8, 62.5, 14.6; Anal. Calcd for C,(H;N,0,-0.9 H,0: C, 52.86; H, 5.17; N,
11.56. Found: C, 52.52; H, 4.82; N, 11.20.

Compound 9a: [a]”, = +46.55° (c 0.72, CHCL,); UV (CHCL,): A, =242.0 nm; 'H NMR
(CDCL,): 6 13.55 (br s, 1H); 7.41-8.01 (m, 5H), 5.58 (pseudo t, J = 3.4 Hz, 1H), 5.44 (dd, J =
6.2, 12.0 Hz, 1H), 4.40-4.54 (m, 5H), 4.24 (dd, J = 6.1, 8.4 Hz, 1H), 1.35 (t, J = 7.1 Hz, 3H);
“C NMR (CDCL): & 167.2, 166.3, 159.2, 158.3, 133.4, 129.9, 129.7, 128.6, 128.5, 102.6,
71.7, 69.9, 64.0, 62.4, 14.1; Anal. Calcd for C,(H;N,0,-0.6 H,0: C, 53.66; H, 5.08; N,
11.74. Found: C, 53.88; H, 4.99; N, 11.65.
5-[(2R,4R)-2-(Hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3-carboxamide
(10a) and 5-[(2S,4R)-2-(hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3
carboxamide (11a). The protected triazole nucleoside 18a (310 mg, 0.89 mmol) was
treated with methanolic ammonia (15 mL) in a steel bomb at 110 °C for 24 h. After
completion of the reaction, the solvent was evaporated to give a residue, which was purified
by reverse phase HPLC. Conditions for HPLC purification are: reverse phase C-18 column
(PrepPak®, 55-105 um); mobile phase; 10% CH,0H / H,O; flow rate; 50 mL/min; UV
detector; at 240 nm. The appropriate fractions were collected and evaporated to dryness to
afford the product 10a as a white solid (178 mg, 93%). Compound 10a could be
recrystallized from methanol-ether. Compound 11a was prepared by the same procedure
from 9a (yield 91%).
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Compound 10a: mp 141-142 °C; [a]*;, = +40.69° (c 0.50, CH,0H); 'H NMR (DMSO-

dy): 6 7.98, 7.52 (2s, D,0 exchangeable), 5.20 (pseudo t, J = 5.7 Hz, 1H), 5.03 (t, J = 3.8 Hz,
1H), 4.16 (m, 2H), 3.50 (m, 2H), 3.34 (br s, 1H, D,0 exchangeable); ’'C NMR (DMSO-d,):

0 159.6, 153.3, 105.5, 70.9, 68.8, 62.4; FAB HRMS: Calcd for C,H,(N,O H+ (MH+):
215.0780. Found: 215.0781. Anal. Calcd for C;H,\N,O,: C, 39.25; H, 4.67; N, 26.17.
Found: C, 39.29; H, 4.75; N, 25.89.

Compound 11a: mp 69-71 °C; [a]®, = +34.14° (c 0.29, CH,0H); 'H NMR (DMSO-d,): 8
8.03, 7.77 (2s, D,0 exchangeable), 5.21 (t, J = 6.5 Hz, 1H), 5.12 (t, J = 3.7 Hz, 1H), 4.97
(pseudo t, J = 3.9 Hz, 1H, D,0 exchangeable), 4.28 (dd, J = 6.7, 8.0 Hz, 1H), 3.99 (dd, J =
6.5, 8.1 Hz, 1H), 3.40 (d, J = 3.7 Hz, 2H); “C NMR (DMSO-dy): & 159.5, 153.2, 104.9, 70.7,
69.0, 62.4; FAB HRMS: Calcd for C;H,(N,O,H+ (MH+): 215.0780. Found: 215.0807.
Anal. Calcd for C,H,\N,0,-0.25 H,O: C, 38.44; H, 4.80; N, 25.63. Found: C, 38.55; H, 4.80;
N, 25.38.

Using the same procedure as the D-series, the L-series of compounds were synthesized.
1-(Ethoxyoxalimidyl)-2-[(2S)-2,3-O-isopropylidene-2,3 dihydroxy-
propanoyl]hydrazine (2b). mp 161-162 °C; 'H NMR (DMSO-d,): & 10.12, 9.86 (2s, 1H,
D,0 exchangeable), 6.74, 6.49 (2s, 2H, D,0 exchangeable), 4.86, 4.38 (2t, J = 6.8 Hz, 1H),
4.34 (pseudo t, J = 8.0 Hz, 0.5 H), 4.24 (q, J = 7.1 Hz, 2H), 4.15 (dd, J = 3.4, 8.2 Hz, 0.5 H),
3.96 (dd, J = 5.6, 8.0 Hz, 0.5H), 3.84 (dd, J = 6.9, 8.2 Hz, 0.5H), 1.38, 1.34 (2s, 6H), 1.26
(m, 3H); "C NMR (DMSO-dy): 8§ 171.6, 166.6, 162.4, 161.9, 141.1, 136.5, 110.4, 109.9,
74.3, 735, 61.4, 67.0, 62.1, 61.9, 26.1, 26.0, 14.3, 14.3; Anal. Calcd for C,;H,;N,O;: C,
46.33; H, 6.56; N, 16.22. Found: C, 46.20; H, 6.57; N, 16.26.
5-[(18)-1,2-0-Isopropylideneglycol-1-yl]-3-ethoxycarbonyl-1,2,4-triazole (3b).
mp 89-91 °C; [a]®, = -39.04° (c 0.73, CH,0H); UV (CH,0H): A,,, =242.5 nm; 'H NMR
(DMSO-d): 8 14.69 (br s, 1H, D,O exchangeable), 5.31 (pseudo t, J = 5.5 Hz, 1H), 4.28 (m,
3H), 4.13 (dd, J = 5.8, 8.5 Hz, 1H), 1.38 (s, 6H), 1.30 (t, J = 6.5 Hz, 3H); *C NMR (DMSO
dg): 8 159.7 156.7, 154.2, 110.2, 69.7, 67.9, 61.1, 26.2, 14.2; Anal. Calcd for C,;H,N,O,: C,
49.79; H, 6.22; N, 17.43. Found: C, 49.94; H, 6.31; N, 17.26.
5-[(15)-1,2-O-Isopropylideneglycol-1-yl]-3-ethoxycarbonyl-1-benzyl-1H-1,2,4
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triazole (4b). [a]®, = -8.12° (¢ 1.0, CHCL,); UV (CHCL): A, = 246.0 nm; 'H NMR
(CDCL,): §7.32-7.35 (m, SH), 5.75 (q, J = 12.7 Hz, 2H), 5.20 (pseudo t, J = 6.5 Hz, IH),
1H), 4.48 (q, J = 6.5 Hz, 2H), 4.28 (pseudo t, J = 6.5 Hz, 1H), 4.23 (dd, J = 5.5, 7.9 Hz, 1H),
1.50, 1.43 (s, s, 6H), 1.33 (t, J = 7.3 Hz, 3H); *C NMR (CDCL,): 3 161.7, 157.9, 144.7,
135.3, 128.8, 128.6, 128.4, 128.2, 110.7, 71.8, 68.7, 62.7, 54.6, 26.4, 25.9, 14.2; Anal. Calcd
for C,;H,N,0,: C, 61.63; H, 6.34; N, 12.69. Found: C, 61.66; H, 6.39; N, 12.60.
5-[(1S)-Glycol-1-yl]-3-ethoxycarbonyl-1-benzyl-1H-1,2,4-triazole (Sb). mp 73-
74 °C; [0, = -19.61° (c 0.63, CHCL,); UV (CHCL): A,,, =244.5 nm; 'H NMR (CDCl,): &
7.43 (m, 5H), 5.86 (s, 2H), 5.04 (dd, J = 4.5, 8.1 Hz, 1H), 4.53 (q, J = 6.5 Hz, 2H), 4.08 (m,
2H), 3.99 (d, J = 4.9 Hz, 1H, D,0 exchangeable), 3.21 (br s, 1H, D,O exchangeable); 1.45 (t, /
= 7.3 Hz, 3H); °C NMR (CDCl,): § 162.9, 157.6, 144.3, 134.9, 128.7, 128.3, 127.9, 68.5,
65.4, 62.8, 54.5, 13.9; Anal. Calcd for C,;H,,N,0,: C,57.73; H, 5.84; N, 14.43. Found: C,
5791; H, 5.83; N, 14.45.
5-[(25,45)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yl]-3-ethoxycarbonyl-1 benzyl-
1H-1,2,4-triazole (6b). [0]*’, = -6.34° (c 0.82, CHCl,); UV (CHCL): A, =241.5 nm; 'H
NMR (CDCl,): 8 7.91 (d, J = 7.3 Hz, 2H), 7.26-7.43 (m, 8H), 5.59 (q, J = 13.8 Hz, 2H). 5.38
(pseudo t, J = 3.5 Hz, 1H), 5.11 (dd, J = 4.8, 7.0 Hz, 1H), 477 (dd, J = 5.4, 7.9 Hz, 1H), 4.42
(q, J = 7.0, 2H), 4.41 (m, 1H), 432 (m, 1H), 1.28 (t, J = 7.0 Hz, 3H); "C NMR (CDCl,): &
166.0, 159.7, 153.8, 153.1, 134.4, 133.3, 129.7, 128.9, 128.5, 128.4, 127.6, 103.3, 70.2,
68.4, 63.4, 62.1, 53.8, 14.4; Anal. Calcd for C;H,,N,0,0.2EtOAc: C, 62.82; H, 5.45; N,
9.23. Found: C, 62.53; H, 5.21; N, 9.39.
5-[(2R,4S)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yl]-3-ethoxycarbonyl-1-benzyl
1H-1,2,4-triazole (7b). [a]*’, = -19.18° (¢ 0.78, CHCL,); UV (CHCl,): A,,,, = 243.5 nm;
'H NMR (CDCl,): 8 7.18-8.00 (m, 10H), 5.62 (q, J = 14.2 Hz, 2H), 5.31 (m, 1H), 5.17 (m,
1H), 4.42-4.55 (m, 5H), 1.42 (t, J = 7.1 Hz, 3H); "C NMR (CDCl,): 8 166.4, 160.1, 154.0,
153.8, 134.8, 133.7, 130.1, 129.4, 128.9, 128.9, 128.0, 102.9, 69.8, 69.3, 64.1, 62.5, 54.2,
14.3; Anal. Calcd for C,;H,,N,0,-0.1EtOAc: C, 62.98; H, 5.34; N, 9.42. Found: C, 63.36;
H, 5.58; N, 9.08.
5-[(25,4S)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yl]-3-ethoxycarbonyl-1,2,4
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triazole (8b). [a]*, = -113.08° (c 0.91, CHCL,); UV (CHCL,): A, = 244.0 nm; 'H

NMR (CDCl,): 8 12.88 (br s, 1H), 7.95 (d, J = 7.2 Hz, 2H), 7.53 (m, 3H, Ar-H), 5.45 (m,
2H), 4.78 (dd, J = 5.5, 11.0 Hz, 1H), 4.33 (q, J =6.2 Hz, 2H), 4.32-4.40 (m, 3H), 1.39 (. J =
6.9 Hz, 3H); "C NMR (CDCl,): § 167.5, 159.9, 158.6, 134.1, 130.2, 129.4, 128.9, 103.2,
71.9, 71.3, 64.8, 62.5, 14.6; Anal. Calcd for C,(H,,N,0.-0.7 H,0: C, 53.39; H, 5.11; N,
11.67. Found: C, 53.06; H, 4.90; N, 11.32.
5-[(2R,4S5)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yl]-3-ethoxycarbonyl-1,2,4
triazole (9b). [@)}*, = -45.27° (c 0.44, CHCl,); UV (CHCL): A, = 242.5 nm; 'H NMR
(CDCl,): & 12.98 (br s, 1H);, 7.41-8.12 (m, SH), 5.50 (pseudo t, J = 3.1 Hz, 1H), 5.38 (dd, J
= 6.7, 11.5 Hz, 1H), 4.47-4.55 (m, 5H), 4.28 (dd, J = 5.8, 7.9 Hz, 1H), 1.32 (t, / = 7.6 Hz,
3H); “C NMR (CDCl,): 3 167.3, 166.4, 159.3, 158.4, 133.5, 130.7, 129.7, 127.9, 127.5,
102.6, 71.8, 69.9, 63.8, 62.3, 14.0; Anal. Calcd for C,(H,;N,0,-0.5 H,0: C, 53.93; H, 5.05;
N, 11.79. Found: C, 54.02; H, 5.08; N, 11.70.
5-[(2S5,45)-2-(Hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3-carboxamide
(10b). mp 139-141 °C; [0]*’, = -40.68° (c 0.54, CH,0H); 'H NMR (DMSO-d,): & 7.88, 7.42
(s, D,0O exchangeable), 5.12 (pseudo t, J = 5.3 Hz, 1H), 5.13 (t, J = 3.8 Hz, 1H), 4.25 (m, 2H),
3.59 (m, 2H), 3.41 (br s, 1H, D,0 exchangeable); °C NMR (DMSO-d,): 3 159.8, 153.4,
105.6, 71.1, 68.8, 62.5; FAB HRMS: Calcd for C,H,,N,O,H+ (MH+): 215.0780. Found:
215.0779. Anal. Calcd for C;H,)N,O,: C, 39.25; H, 4.67; N, 26.17. Found: C, 39.09: H,
4.66; N, 26.03.
5-[(2R,4S5)-2-(Hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3-carboxamide
(11b). mp 70-72 °C; [a])®,, = -34.92° (¢ 0.29, CH,OH); 'H NMR (DMSO-d,): 8 7.96, 7.62
(2s, D,0O exchangeable), 5.15 (t, J = 5.8 Hz, 1H), 5.06 (t, J = 3.2 Hz, 1H), 4.87 (pseudo t, J =
4.6 Hz, 1H, D,0 exchangeable), 4.15 (dd, J = 6.9, 8.0 Hz, 1H), 3.86 (dd, J = 6.4, 8.0 Hz, 1H),
3.32 (d, J = 3.9 Hz, 2H); "C NMR (DMSO-d,): 8 159.7, 153.3, 104.9, 70.7, 80.0, 62.5; FAB
HRMS: Calcd for C,H,(N,O,H+ (MH+): 215.0780. Found: 215.0788. Anal. Calcd for
C,H,\N,0,:0.25 H,0: C, 38.44; H, 4.80; N, 25.63. Found: C, 38.24; H, 4.79; N, 25.38.

Acknowledgements: This research was supported by U.S. Public Health Service Research



F. Qu et al. / Tetrahedron 55 (1999) 9073-9088 9087

Grant (Al 32351) from the National Institutes of Health. We thank Dr. R. F. Schinazi of
Emory University / V.A Medical Center and Dr. Y.-C. Cheng of Yale University for anti-
HIV and anti-HBV activity, respectively. We also thank Dr. Mike Bartlett of the University

of Georgia for performing the high resolution mass spectral data.

References

1. (a) Srivastava, P. C.; Pickering, M. V.; Allen, L. B.; Streeter, D. G.; Campbell, M. T.; Witkowski, J. T.;
Sidwell, R. W.; Robins, R. K. J. Med. Chem. 1977, 20, 256-262; (b) Markar, G. M.; Keseru, G. M.
J. Med. Chem. 1997, 40, 4154-4159. '

2. (a) Srivastava, P. C.; Robins, R. K. J. Med. Chem. 1983, 26, 445-448; (b) Franchetti, P.; Cappellacci,

L.; AbuSheikha, G.; Jayaram, H. N.; Gurudutt, V. V.; Sint. T.; Schneider, B. P.; Jones, W. D.;

Goldstein, B. M.; Perra, G.; DeMontis, A.; Loi, A. G.; LaColla, P.; Grifantini, M. J. Med. Chem. 1997.

40, 1731-1737.

Sallam, M. A. E,; Louis, F. F.; Cassady, J. M. Nucleosides Nucleotides 1998, 17, 769-783.

Jiang, C.; Baur, R. H.; Dechter, J. J. Baker, D. C. Nucleosides Nucleotides 1984, 3, 123-146.

Mao, D. T.; Marquez, V. E. Tetrahedron Lett. 1984, 25, 2111-2114.

Kovacs, L.; Herczegh, P.; Batta, G.; Farkas, I. Heterocycles 1987, 26, 947-960.

Norbeck, D. W.; Spanton, S.; Broder, S.; Mitsuya, H. Tetrahedron Lert. 1989, 30, 6263-6266.

Belleau, B.; Dixit, D. M.; Nguyen-Ba, N.; Kraus, J. L. Fifth international Conference on AIDS. Montreal.

Quebec, Canada, 1989, paper no. T.C.O.L, p. 515.

9.  Choi, W. B.; Wilson, L. J.; Yeola, S.; Liotta, D. C.; Schinazi, R. F. J. Am. Chem. Soc. 1991, 113,
9377-9379.

10. (a) Kim, H. O.; Ahn, S. K.; Alves, A. J.; Beach, J. W_; Jeong, L. S.; Choi, B. G.; Van Roey, P.
Schinazi, R. F.; Chu, C. K. J. Med. Chem. 1992, 35, 1987-1995; (b) Kim, H. O.; Schinazi, R. F.;
Nampalli, S.; Shanmuganathan, K.; Alves, A. J.; Jeong, L. S.; Beach, J. W.; Chu, C. K. J. Med. Chem.
1993, 36, 30-37; (c) Kim, H. O.; Schinazi, R. F.; Shanmuganathan, K.; Jeong, L. S.; Beach, J. W.;
Nampalli, S.; Cannon, D. L.; Chu, C. K. J. Med. Chem. 1993, 36, 519-528; (d) Belleau, B. R.:Evans,
C. A,; Tse, H. L. A,; Jin, H.; Dixit, D. M.; Mansour, T. S. Tetrahedron Lett. 1992, 33, 6949-6052, (e)
Jin, H.; Tse, H. L. A.; Evans, C. A.; Mansour, T. S. Tetrahedron: Asymmetry 1993, 4, 211-214: (f)
Evans, C. A,; Dixit, D. M.; Siddiqui, M. A.; Jin, H.; Tse, H. L. A.; Cimpoia, A.; Bednarski, K.:
Breining, T.; Mansour, T. S. Tetrahedron: Asymmetry 1993, 4, 2319-2322; (g) Siddiqui, M. A.:
Brown, W. L.; Nguyen-Ba, N.; Dixit, D. M.; Mansour, T. S. Bioorg. Med. Chem. Lert. 1993, 3, 1543-
1546.

11.  Schinazi, R. F.; McClure, H. M.; Boudinot, F. D.; Xiang, Y.-J.; Chu, C. K. Antiviral Res. 1994, 23,

@ N, kW



9088

12.

13.

14.
15.

16.
17.
18.

19.
20.

F. Qu et al. / Tetrahedron 55 (1999) 9073-9088

suppl. 81.

Grove, K. L.; Guo, X.; Liu, S.-H.; Kukhanova, M.; Chy, C. K.; Cheng, C.-Y. Nucleosides Nucleotides
1997, 16, 1229-1233.

Grove, K. L;; Guo, X.; Liu, S. H,; Gao, Z. L.; Chy, C. K.; Cheng, Y.-C. Cancer Res. 1995, 55. 3008-
3011,

Grove, K. L.; Cheng Y.-C. Cancer Res. 1996, 56, 4187-4191.

Rajagopalan, P.; Boudinot, F. D.; Chu, C. K.; Tennant, B. C.; Baldwin, B. H.; Schinazi, R. F. Antiviral
Chem. Chemother. 1996, 7, 65-70.

Du, J. F; Qu, F. C.; Newton, M. G.; Chu, C. K. Tetrahedron Lett. 1995, 36, 8167-8170.

Von Schmidt, P. and Drucy, J. Helv. Chim. Acta. 1955, 38, 1560-1564.

Borg, S.; Estenne-Bouhtou, G.; Luthman, K.; Csoregh, L.; Hesselink, W.; Hacksell, U. J. Org. Chem.
1995, 60, 3112-3120.

Chu et al., unpublished result.

Altona, C.; Sundaralingam, M. J. Am. Chem. Soc. 1972, 94, 8205-8212.



