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Abstract

Di-O-isopropylidene- and O-methanesulfonyl-protected 1-C-(6-chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)pentitols were pre-
pared in three to four steps from D-galactose, D-glucose, pD-mannose, and 2,3:5,6-di-O-isopropylidene-o-D-mannofuranose. Acid-
catalysed treatment of (1S5)- and (1R)-1-C-(6-chloro-1,2,4-triazolo[4,3-b]-pyridazin-3-yl)-2,3:4,5-di- O -isopropylidene-1-O-meth-
anesulfonyl-p-arabinitols in refluxing 1,2-dimethoxyethane furnished 3-(a- and B-p-arabinofuranosyl)-6-chloro-1,2,4-triazolo[4,3-
b]pyridazine, respectively. Several structures, including the structure of the 3-(B-p-arabinofuranosyl)-6-chloro-1,2,4-triazolo[4,3-
b]pyridazine, were also determined by single-crystal X-ray diffraction analysis.

© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Due to antibiotic, antitumor, and antiviral activities of
various analogues of nucleosides, there has been a
considerable interest in the synthesis of this class of
compounds, including C-nucleosides.! Examples of
naturally occurring C-nucleosides are showdomycin,”
pyrazomycin,® formycin,* and pseudouridine.” Among a
wide diversity of C-nucleosides prepared, two syntheses
of 3-B-p-ribofuranosyl-(substituted 1,2,4-triazolo[4,3-
b]pyridazines have been reported previously using 5-
0-benzoyl-o, B-p-ribofuranosyl)benzylthioformimidate®
and 2,5-anhydro-3,4,6-tri-O-benzoyl-p-allonic acid’ as
the key intermediates.

In connection with synthesis of C-glycosides and C-
nucleoside analogues, we have previously reported two
synthetic approaches: (a) stereoselective 1,3-dipolar
cycloadditions to azomethine imines derived from
(un)protected aldoses and N,N-dihydropyrazolo[3,4-
dlpyridazines® '% and (b) oxidative cyclisation of hy-
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drazones derived from o-hydrazinoazines and unpro-
tected aldoses'® or anhydroaldose derivatives.'* In this
manner, acyclo and cyclic analogues of C-nucleosides
were prepared. In continuation of our research in this
field, we now report the synthesis of two novel C-
nucleoside analogues, 3-(f-p-arabinofuranosyl)-6-chlo-
ro-1,2,4-triazolo[4,3-b]pyridazine and its o-anomer.

2. Results and discussion

The starting pentitols 5—7 were prepared by reaction of
D-galactose (1), D-glucose (2), and D-mannose (3),
respectively, with 3-chloro-6-hydrazinopyridazine (4a),
followed by oxidative cyclisation of the intermediate
hydrazones according to the one-pot procedure pre-
viously described."® Four hydroxy groups of the penti-
tols 5—7 were protected with 2,2-dimethoxypropane
(DMP) in anhydrous acetone in the presence of sulfuric
acid to give bis-acetonides 8—11. Acetonisation of the
(15)-1-C-p-lyxitol (5) led to 1,2:3,4-di-O-isopropylidene
derivative 8 with the unprotected primary hydroxy
group at the position 5. On the other hand, ketalisation
of the (15)- (6) and (1R)-1-C-p-arabinitol (7) in acetone
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in the presence of sulfuric acid, has already been
described to furnish bis-ketals 9—11 with the unpro-
tected secondary hydroxy groups at position 1 or 3."* A
slightly modified procedure, using a mixture of acetone
and DMP in the presence of sulfuric acid, gave almost
identical results. Thus, ketalisation of (1S5)-1-C-p-ara-
binitol (6) gave a mixture of the (15)-1-C-(2,3:4,5- (9)
and the (15)-1-C-(1,2:4,5-di-O-isopropylidene)-p-arabi-
nitol (10) in a ratio of 2:3. Isomers 9 and 10 were
separated by medium-pressure liquid chromatography
(MPLC) to afford isomerically pure compounds 9 and
10 in 20 and 30% yield, respectively. In comparison to
the previously reported separation by crystallisation,
chromatographic separation turned out to be more
convenient method for separation of regioisomers 9
and 10, since crystallisation has to be performed very
carefully and with certain skill. Acetonisation of the
(1R)-1-C-p-arabinitol (7) proceeded regioselectively to
give the 2,3:4,5-di-O-isopropylidene derivative 11 in
82% yield. In order to obtain also the isomeric (1R)-1-
C-(1,2:4,5-di-O-isopropylidene)-p-arabinitols 14a,b
with a free hydroxy group at the position 3, a modified
one-pot synthetic approach was employed. 2,3:5,6-Di-
O-isopropylidene-a-D-mannofuranose (12) was first
treated with 6-substituted 3-hydrazinopyridazines 4a,b
to give the intermediates 13a,b, which were oxidised,
either with N-chlorosuccinimide (NCS) in DMF in the
presence of catalytic amounts of HCI gas, or with
bromine in dichloromethane to furnish the correspond-
ing (1R)-1-C-(6-substituted 1,2,4-triazolo[4,3-b]pyrida-
zin-3-yl)-p-arabinitols 14a and b in 25 and 32% yield,
respectively (Scheme 1).

In the next step, protected pentitols 9-11, and 14a
were treated with methanesulfonyl chloride in pyridine
at 0°C to give the corresponding O-methanesulfonyl
derivatives in 15-18 in 80-99.7% yields. Finally,
mesylates 15 and 16 with a free hydroxy group at the
position 1 were transformed into C-nucleoside analo-
gues 19 and 20 using a slightly modified protocol,
employed previously by Buchanan and co-workers for
the synthesis of 3-p-p-arabinofuranosylpyrazole.'
Thus, heating of 1-O-mesylates 15 and 16 in 1,2-
dimethoxyethane (DME) in the presence of equimolar
amounts of 4% hydrochloric acid for 30 h furnished the
C-nucleoside analogues 19 and 20 in 81 and 54% yield,
respectively. Compound 20 was isolated in the form of
its HCI salt (Scheme 2).

The structures of all novel compounds 8 and 14-20
were determined by spectroscopic methods (IR, NMR,
MS) and by elemental analysis. Compounds 14a, 16,
and 20 were not prepared in analytically pure form.
Their identity was confirmed by '*C NMR spectroscopy
and HRMS. Total assignment of '"H and '*C signals of
C-nucleoside analogues 19 and 20 was performed by 2D
NMR spectroscopy using HMQC and HMBC techni-
ques (Fig. 1).

Structures of pentitol 5, 9, 14a, 17, and C-nucleoside
analogue 20 were determined by single-crystal X-ray
diffraction analysis (Figs. 2—7).

In conclusion, two novel C-nucleoside analogues were
prepared in four steps from commercially available D-
glucose and D-mannose. The overall procedure consists
of: (a) one-pot formation of (1R)- and (15)-1-C-(6-
chloro-1,2,4-triazolo[4,3-b ]pyridazin-3-yl)-p-arabinitols;
followed by (b) selective ketalisation of four hydroxy
groups leaving the free hydroxy group at the position 1;
which is (c) mesylated; and (d) in the last step, the
mesylate is deprotected and cyclised into 3-(a- and B-D-
arabinofuranosyl)-6-chloro-1,2,4-triazolo[4,3-b]pyrida-
zine. This synthetic approach offers access to 1,2,4-
triazolo[4,3-x]azine-based C-nucleosides, since various
aldoses and hydrazonoazines can be employed as
starting materials for the preparation of 1-C-(1,2,4-
triazolo[4,3-x]azin-3-yl)-substituted polyols as the key
intermediates.

3. Experimental
3.1. General methods

Melting points were determined on a Kofler micro hot
stage. The "H NMR spectra were obtained on a Bruker
Avance DPX 300 at 300 MHz for 'H and 75.5 MHz for
13C nucleus, using DMSO-dg and CDCl; as solvents and
Me,Si as the internal standard. Mass spectra were
recorded in the electron-impact (EIMS) mode or in the
fast-atom bombardment mode (FABMS) on an Auto-
SpecQ spectrometer, and IR spectra were determined on
a Perkin—Elmer spectrum BX FTIR spectrophotometer.
Microanalyses were performed on a Perkin—Elmer
CHN Analyser, model 2400. MPLC was performed
with a Biichi isocratic system with detection on silica gel
(E. Merck, Silica Gel 60, 0.015-0.040 mm). Column
dimensions (dry filled): 36 x 460 mm; back pressure:
10—15 bar; detection: UV 254 nm; sample amount: ~ 1
g of isomeric mixture per each run.

3.2. General procedure for the preparation of 1-C-(6-
chloro-1,2,4-triazolo[4,3-b |pyridazin-3-yl)-di-O-
isopropylidenepentitols 8—11

Compounds 8-11 were prepared according to modified
procedure described in the literature.'?

Unprotected 1-C-(6-chloro-1,2,4-triazolo[4,3-b]pyri-
dazin-3-yl)pentitol 5-7 (3.05 g, 10 mmol) was added
to a stirred mixture of anhyd acetone (40 mL), DMP (10
mL), and H,SO4 (97%, 1.6 mL, 30 mmol), and the
mixture was stirred at room temperature (rt) for 2 h.
Then the reaction mixture was neutralised by careful
addition of satd aq NaHCO; (50 mL) and evaporated in
vacuo to one-half of the initial volume ( ~ 50 mL). The
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Scheme 1. Reaction conditions: (i) 3-chloro-6-hydrazinopyridazine (4a), MeOH, 37% aq HCI (cat.), reflux 2 h, then Br,, room
temperature; (ii) acetone—DMP (4:1), 97% H,SO,, room temperature; (iii) MPLC; (iv) 3-chloro-6-hydrazinopyridazine (4a) MeOH,
37% aq HCI (cat.), room temperature; (v) 3-hydrazino-6-phenylpyridazine (4b), CH,Cl,, CF;COOH (cat.), room temperature; (vi)
NCS, DMF, HCI (cat.), room temperature (13a — 14a); (vii) Br,, CH,Cl,, room temperature (13b — 14b).

product was extracted with CH,Cl, (3 x 30 mL), the
organic phases were combined, dried over anhyd
Na,SOy, and filtered, and the filtrate was evaporated
in vacuo. The residue was triturated with Et,O (10 mL)
or petroleum ether (10 mL), and the precipitate was
collected by filtration to give 8—11.

3.2.1. (1S5-)-1-C-(6-Chloro-1,2,4-triazolo[4,3-
b]pyridazin-3-yl)-1,2:3,4-di-O-isopropylidene-p-lyxitol
(8). Prepared from compound 5, trituration with petro-
leum ether; 2.972 g (77%); white solid; mp 175-180 °C;
[<:¢]]233 —49.0° (¢ 0.20, CH,Cl,). IR (KBr); vmax 3436,
2989, 1530, 1471, 1372, 1212, 1072. "H NMR (DMSO-
de): 0 1.17,1.27,1.42,1.47 (12 H, 4s, 1:1:1:1, 2 x Me,C);
3.46 (1 H, deg dt, J4 5, 5.3, Js..55 11.7 Hz, 5-Ha); 3.56 (1
H, ddd, J4,5b 41, JSb,OH 5.7 HZ, S-Hb), 3.81 (1 H, ddd,
J347.5Hz,4-H); 4.08 (1 H, dd, J>5 5.7 Hz, 3-H); 4.83 (1

H, t, 5-OH); 5.08 (1 H, dd, J,, 7.1 Hz, 2-H); 5.58 (1 H,
d, 1-H); 7.59 (1 H, d, J; ¢ 9.7 Hz, 7-H); 8.52 (1 H, d, 8-
H). '*C NMR (CDCl,): § 26.4, 26.8, 27.1, 27.4, 62.5,
71.1, 78.2, 79.1, 80.7, 110.1, 112.3, 123.0, 126.5, 143.6,
147.7, 149.9. EIMS: m/z 385 (MH ™). Anal. Caled for
C16H» CIN,O: C, 49.94; H, 5.50; N, 14.56. Found: C,
49.87; H, 5.65; N, 14.35.

3.2.2. (185)-1-C-(6-Chloro-1,2,4-triazolo|4,3-b|pyridazin-
3-yD-2,3:45- (9 and (18)-1-C-(6-chloro-1,2,4-
triazolo[4,3-b |pyridazin-3-yl)-1,2:4,5-di-O-

isopropylidene-p-arabinitol (10). A mixture of com-
pounds 9 and 10 in a ratio of 2:3 was prepared from
compound 6, with workup by trituration with Et,0.
This mixture was separated by MPLC (95:5 EtOAc—
EtOH) and fractions containing the products 9 and 10
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Scheme 2. Reaction conditions: (i) MeSO,Cl, pyridine, 0 °C; (ii) DME, 4% aq HCI (1 equivalent), reflux.

were evaporated in vacuo to give isomerically pure
compounds 9 and 10.

3.2.2.1. Compound 9. Yield: 779 mg (20%), Lit. "*
26%; white solid; mp 185-187 °C; Lit. 13 186-187 °C:
[«]3 +13.7° (¢ 1.22, CHCLy); Lit. '* +14.8°.

62.0

Compound 19

3.2.2.2. Compound 10. Yield: 1.157 g (30%), Lit. *
39%:; white solid; mp 205-208 °C, Lit. '* 208—209 °C;
[o]% —37.4° (¢ 1.05, CHCly), Lit. '* —38.1°.

3.2.3. (1R)-1-C-(6-Chloro-1,2,4-triazolo|4,3-
b]pyridazin-3-yl)-2,3:4,5-di-O-isopropylidene-D-

127.7
150.0 124.4

N:@
7—Cl

N N-N 14358

Compound 20

Fig. 1. Total assignment of '*C signals of compounds 19 and 20.
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Fig. 2. orTEP view of the asymmetric unit of compound 5 with
labelling of non-hydrogen atoms. (Ellipsoids are at 50%
probability level. H atoms are drawn as circles of arbitrary
radii.)

Fig. 3. orTEP view of the asymmetric unit of compound 9 with
labelling of non-hydrogen atoms. (Ellipsoids are at 50%
probability level. H atoms are drawn as circles of arbitrary
radii.)

arabinitol (11). Prepared from compound 7; workup by
trituration with Et,0; 3.143 g (82%); Lit. '* 78%; white
solid; mp 154-156 °C; Lit. '* 155-156 °C; [o]3 —11.1°
(¢ 0.92, CHCly); Lit. 13 —11.4°.

3.3. (1R)-1-C-(6-Chloro-1,2,4-triazolo[4,3-b |pyridazin-
3-yl)-1,2:4,5-di-O-isopropylidene-p-arabinitol (14a)

Hydrochloric acid (37%, 0.1 mL, ~ 1 mmol) was added
to a solution of 3-chloro-6-hydrazinopyridazine (4a)
(1.445 g, 10 mmol) and 2,3:5,6-di-O-isopropylidene-o-D-
mannofuranose (12) (2.6 g, 10 mmol) in MeOH (40 mL),
and the mixture was stirred at rt for 2 days. Volatile
components were evaporated in vacuo to give the crude
hydrazone 13a as a solid residue, which was redissolved

Fig. 4. orTEP view of the asymmetric unit of compound 14a
with labelling of non-hydrogen atoms. (Ellipsoids are at 50%
probability level. H atoms are drawn as circles of arbitrary
radii.)

Fig. 5. orTEP view of the asymmetric unit of compound 17
with labelling of non-hydrogen atoms. (Ellipsoids are at 50%
probability level. H atoms are drawn as circles of arbitrary
radii.)

in anhyd DMF (50 mL). Then NCS (2.3 g, 20 mmol)
and HCI gas (20 mL, ~ 1 mmol) were added, and the
mixture was stirred at rt for 5 days. Then water (100
mL) was added, and the precipitate was collected by
filtration to give 14a. Yield: 970 mg (25%); white solid;
mp 175-182°C; [o]; —40.0° (¢ 0.18, CH,Cl,). IR
(KBr); vmax 3281, 2991, 1473, 1368, 1236, 1066, 866.
"H NMR (DMSO-d): 6 0.45, 1.04, 1.43, 1.50 (12 H, 4s,
1:1:1:1, 2 x Me,C); 3.56 (1 H, dd, J4 5, 5.8, Js5,.5 7.8 Hz,
5-Ha); 3.72-3.95 (3 H, m, 3-H, 4-H, 5-Hb); 4.54 (1 H,
degt, J,, 6.0 Hz, 2-H); 5.28 (1 H, d, J5 on 6.0 Hz, OH);
5.76 (1 H, d, 1-H); 7.54 (1 H, d, J7 & 9.8 Hz, 7-H); 8.49
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Fig. 6. orTEP view of the protonated 1-(6-chloro-1,2,4-tria-
zolo[4,3-b]pyridazin-3-yl)-B-D-arabino -furanoside unit (cation
of compound 20) at the 50% probability level. (H atoms are
drawn as circles of arbitrary radii.)

(1 H, d, 8-H). '3C NMR (CDCl5): § 25.3, 25.8, 26.3,
26.6, 67.8, 69.00, 71.2, 75.7, 78.0, 109.4, 110.9, 122.9,
126.7, 143.0, 147.6, 150.0. HREIMS: Calcd for
C16H»,CIN,Os,  385.1290; Found m/z  385.1279
(MH™). Anal. Caled for C;¢H,,CIN,Os: C, 49.94; H,
5.50; N, 14.56. Found: C, 49.79; H, 5.08; N, 14.36.

3.4. (1R)-1,2:4,5-Di-O-isopropylidene-1-C-(6-phenyl-
1,2,4-triazolo[4,3-b|pyridazin-3-yl)-p-arabinitol (14b)

CF3;COOH (100%, 0.08 mL, ~ 1 mmol) was added to a
solution of 3-hydrazino-6-phenylpyridazine (4b) (930
mg, 5 mmol) and 2,3:5,6-di-O-isopropylidene-o-D-man-
nofuranose (12) (1.30 g, 5.0 mmol) in anhyd CH,Cl, (40
mL), and the mixture was stirred at rt for 4 days. Then a
solution of Br, (0.026 mL, 5.0 mmol) in anhyd CH,Cl,
(10 mL) was added slowly, and the mixture was stirred
at rt for 1 h. Volatile components were evaporated in
vacuo, and the solid residue was crystallised from 95%
EtOH to give 14b. Yield: 685 mg (32%); white solid; mp
172-178 °C; [a]; —87.9° (¢ 0.18, CHCI3). IR (KBr);
Vmax 3402, 3234, 2985, 1348, 1218, 1069. '"H NMR
(DMSO-dg): 0 1:11, 1.28, 1.58, 1.71 (12 H, 4s, 1:1:1:1,
2 x Me,C); 3.58 (1 H, dd, J>5 2.2, J34 8.5 Hz, 3-H); 3.92
(1 H, dd, Jss, 5.1, Js, 55 8.4 Hz, 5-Ha); 4.12 (1 H, dd,
Jas5 6.3 Hz, 5-Hb); 4.19 (1 H, ddd, 4-H); 4.46 (1 H, brs,
3-OH); 4.81 (1 H, dd, J;, 6.8 Hz, 2-H); 6.16 (1 H, d, 1-
H); 7.55-7.60 (3 H, m, 3 H of Ph); 7.66 (1 H, d, J7 5 9.8
Hz, 7’-H); 7.98-8.01 (2 H, m, 2 H of Ph); 8.23 (1 H, d,
8’-H). *C NMR (CDCl;): 6 25.3, 25.9, 26.5, 26.6, 67.9,
68.8, 71.6, 75.6, 78.1, 109.4, 110.7, 120.2, 125.4, 127.5,
128.9, 129.4, 131.4, 132.7, 134.1, 147.4, 147.5, 154.3.
Anal. Caled for C,oH6N4Os: C, 61.96; H, 6.15; N,
13.14. Found: C, 62.21; H, 6.09; N, 13.28.

3.5. General procedures for the preparation of O-
methanesulfonyl derivatives of 1-C-(6-chloro1-1,2,4-
triazolo[4,3-b |pyridazin-3-yl)-di-O-
isopropylidenepentitols 15-18

Procedure A. MeSO,Cl (0.6 mL, 7.7 mmol) was added
to a stirred mixture of each of the 1-C-(6-chloro-1,2,4-
triazolo[4,3-b]pyridazin-3-yl)-di-O-isopropylidene pen-
titols 9, 10, 14a (1.93 g, 5.0 mmol) and anhyd Py (2.5
mL) at 0 °C (ice-bath), and the mixture was stirred at 0—
5°C for 2 h. Then cold water (0—5°C, 50 mL) was
added, and the precipitate was collected by filtration
and dried at rt in vacuo over P4O;q for 12 h to give 15,
17 and 18.

Procedure B. MeSO,Cl1 (0.6 mL, 7.7 mmol) was added
to a stirred mixture of 11 (1.93 g, 5.0 mmol) and anhyd
Py (2.5 mL) at 0°C (ice-bath), and the mixture was
stirred at 0—5 °C for 2 h. Then cold water (0-5 °C, 50
mL) was added, and the product was extracted with
CH,Cl, (3 x 30 mL). The organic phases were com-
bined, dried over anhyd Na,SOy, and filtered, and the
filtrate was evaporated in vacuo. The amorphous foamy
residue was dried at rt in vacuo over P,O;, for 12 h to
give 16.

3.5.1. (18)-1-C-(6-Chloro-1,2,4-triazolo|[4,3-b|pyridazin-
3-y1)-2,3:4,5-di-O-isopropylidene-1- O-methanesulfonyl-
p-arabinitol (15). Prepared from 9 by Procedure A: 2.230
g (96%); white solid; mp 121-122 °C (CgHp); [ac]f)3 +
40.6° (¢ 0.21, CHCIl3). IR (KBr); vpax 2988, 1464,
1360, 1178, 1067, 946, 840. "H NMR (DMSO-dq): 6
0.81, 0.95, 1.38, 1.39 (12 H, 4s, 1:1:1:1, 2 x Me,C); 3.21
(3 H, s, MeSO»); 3.52-3.63 and 3.82-3.98 (4 H, 2m, 1:3,
3-H, 4-H, 5-Ha,b); 4.89 (1 H, dd, J,, 7.9, J,5 5.6 Hz, 2-
H); 6.24 (1 H, d, 1-H); 7.65 (1 H, d, J7 ¢ 9.7 Hz, 7-H);
8.61 (1 H, d, 8-H). 3C NMR (CDCls): § 24.9, 25.4,
26.7, 27.2, 38.4, 66.6, 67.4, 73.5, 75.7, 78.0, 78.1, 108.6,
110.7, 123.8, 127.3, 143.8, 149.5. Anal. Calcd for
C,7H,3CIN4O5S: C, 44.11; H, 5.01; N, 12.10. Found:
C, 44.36; H, 5.08; N, 12.04.

3.5.2. (1R)-1-C-(6-Chloro-1,2,4-triazolo[4,3-
bpyridazin-3-yl)-2,3:4,5-di-O-isopropylidene-1-O-
methanesulfonyl-p-arabinitol (16). Prepared from 11 by
Procedure B: 2.08 g (90%); white foam; mp 60—-64 °C;
[ot]zD3 —8.6° (¢ 0.11, CHCIy). IR (KBr); vipax 2989, 2938,
1728, 1464, 1368, 1179. '"H NMR (DMSO-ds) J 1.20,
1.26, 1.26, 1.30 (12 H, 4s, 1:1:1:1, 2 x Me,C); 3.19 (3 H,
S, MCSOz), 3.73 (1 H, dd, J4,5a 49, JSa,Sb 8.5 HZ, 5-Ha);
4.05 (1 H, dd, J4sp 6.1 Hz, 5-Hb); 4.12-4.21 (2 H, m, 3-
H, 4-H); 4.81 (1 H, dd, J;, 6.5, J»3 4.3 Hz, 2-H); 6.20 (1
H, d, 1-H); 7.64 (1 H, d, 1-H); 7.64 (1 H, d, J7- 8 9.7 Hz,
7-H); 8.58 (1 H, d, 8’-H). >°C NMR (CDCl;): 6 25.3,
26.3, 27.4, 27.8, 39.3, 67.1, 71.9, 76.9, 78.8, 79.4, 110.0,
111.9, 123.3, 126.5, 143.5, 145.1, 150.0. EIMS: m/z 463
(MH + ) HREIMS: Calcd for C17H24C1N407S,
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Fig. 7. Stereoscopic view of the packing of compound 20.

463.1054; Found m/z 463.1070 (MH ™). Anal. Calcd for
C17H,3CIN4O5S: C, 44.11; H, 5.01; N, 12.10. Found: C,
44.05; H, 5.20; N, 11.22.

3.5.3. (18)-1-C-(6-Chloro-1,2,4-triazolo|4,3-b|pyridazin-
3-yl)-1,2:4,5-di-O-isopropylidene-3- O-methanesulfonyl-
p-arabinitol (17). Prepared from 10 by Procedure A: 2.18
g (94%); white solid; mp 205-207 °C; [«]5 —3.6° (¢ 0.22,
CHCI). IR (KBr); vpax 2980, 1466, 1358, 1177, 957,
885. '"H NMR (DMSO-dy): 6 0.43, 1.04, 1.39, 1.45 (12
H, 4s, 1:1:1:1, 2 x Me,C); 3.32 (3 H, s, MeSO,); 3.68—
3.76 and 4.00-4.12 (3 H, 2m, 1:2, 4-H, 5-Ha,b); 4.86 (1
H, dd, J;, 5.8, J»3 9.0 Hz, 2-H); 5.21 (1 H, dd, J54 7.3
Hz, 3-H); 5.84 (1 H, d, 1-H); 7.60 (1 H, d, J; g 9.7 Hz,
7-H); 8.56 (1 H, d, 8’-H). '*C NMR (CDCly): 6 24.9,
25.9, 26.2, 26.3, 38.7, 65.1, 68.2, 73.9, 77.2, 78.8, 108.8,
111.0, 123.6, 127.1, 143.6, 146.2, 149.5. Anal. Calcd for
C;7H»3CIN4O-S: C, 44.11; H, 5.01; N, 12.10. Found: C,
44.27; H, 5.10; N, 12.21.

3.5.4. (1R)-1-C-(6-Chloro-1,2,4-triazolo|4,3-
bpyridazin-3-yl)-1,2:4,5-di- O-isopropylidene-3-O-
methanesulfonyl-p-arabinitol (18). Prepared from 14a by
Procedure A: 1.86 g (80%); white solid; mp 170-171 °C;
[o]% —0.9° (¢ 0.19, CHCl3). IR (KBr); vmax 2990, 1528,
1473, 1362, 1178, 953. '"H NMR (DMSO-dg): § 0.49,
1.16, 1.52, 1.53 (12 H, 4s, 1:1:1:1, 2 x Me,C); 3.32 (3 H,
s, MeSO); 3.65-3.72 and 3.97—4.16 (3 H, 2m, 1:2, 4-H,
5-Ha,b); 4.86 (1 H, dd, J,, 5.8, J53 9.0 Hz, 2-H); 5.21 (1
H, dd, J54 7.2 Hz, 3-H); 5.84 (1 H, d, 1-H); 7.60 (1 H, d,
Jrs 9.8 Hz, 7-H); 8.56 (1 H, d, 8-H). °C NMR
(CDCl3): 6 25.1, 25.3, 26.3, 26.8, 38.8, 67.7, 68.6, 74.8,
78.1,79.6, 110.0, 111.3, 122.6, 126.6, 144.3, 147.9, 149.8.
EIMS: m/z 462 (M™*); FABMS: m/z 463 (MH ™). Anal.
Calced for C17H,3CIN4O5S: C, 44.11; H, 5.01; N, 12.10.
Found: C, 44.32; H, 5.31; N, 11.76.

3.6. 3-(a-p-Arabinofuranosyl)-6-chloro-1,2,4-
triazolo[4,3-b|pyridazine (19)

A mixture of 15 (231 mg, 0.50 mmol), DME (5 mL) and
HCI (4%, 0.5 mL, ~ 0.5 mmol) was stirred under gentle
reflux for 30 h. During the reaction, oil separated to the
bottom of the initially homogenous reaction mixture.
The upper layer was decanted, and the lower oily layer
was evaporated in vacuo. DME (5 mL) was added to the
residue, and the mixture was left to stand at rt for 7
days. The crystalline precipitate was collected by filtra-
tion and washed with anhyd EtOH, CH,Cl,, and Et,O
to give 19. Yield: 116 mg (81%); white solid; mp 190—
191 °C; [o] +60.6° (¢ 0.18, EtOH). TR (KBr); vpax
3432, 3120, 1470, 1346, 1129, 1068, 1046, 817. 'H NMR
(DMSO-dg): ¢ 3.50 (1 H, ddd, J4s, 2.5 Hz, Js, 5 12.0,
Jsa.on 6.4 Hz, 5-Ha); 3.62 (1 H, ddd, J4 5 2.9, Jsp.0n 5.2
Hz, 5-Hb); 3.87 (1 H, ddd, J34 8.1 Hz, 4-H); 4.00 (1 H,
ddd, J2‘3 68, J3,OH 54 HZ, 3-H); 4.77 (1 H, dd, S-OH),
479 (1 H, J,,7.3, J»0n 5.8 Hz, 2-H); 5.17 (1 H, d, 1-H);
5.41 (1 H, d, 3-OH); 5.52 (1 H, d, 2-OH); 7.55 (1 H, d,
Jrg 9.8 Hz, 7-H): 8.56 (1 H, d, 8-H). '*C NMR
(DMSO-dg): 6 62.0, 74.9, 76.8, 79.0, 84.5, 124.1, 128.0,
144.4, 149.0, 150.1. EIMS and FABMS: m/z 287
(MH+) Anal. Calcd for C14H11C1N404: C, 4190, H,
3.87; N, 19.54. Found: C, 41.97; H, 4.03; N, 19.30.

3.7. 3-(p-p-Arabinofuranosyl)-6-chloro-1,2,4-
triazolo[4,3-b|pyridazine hydrochloride (20)

This compound was prepared from 16 using the same
procedure described for compound 19 with slight
modification of the workup procedure upon evapora-
tion of the lower oily layer. Instead of addition of DME
(5 mL), the residue was dissolved in minimum amount
of anhyd EtOH ( ~ 0.5 mL) and diluted with CH,Cl, (5
mL). Yield: 88 mg (54%); mp 188—190 °C; white solid;
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Table 1

Crystal data, data collection, and structure refinement for compounds 5, 9, 14a, 17 and 20

Compound 5 9 14a 17 20
Empirical formula C10H13C1N4O5 C16H21C1N4O5 C16H21C1N4O5 C17H23C1N4O7S C10H12C12N4O4
Rel. formula weight  304.69 384.82 384.82 46291 323.14

T (K) 293(2) 293(2) 150(2) 293(2) 293(2)
Crystal system monoclinic monoclinic orthorhombic monoclinic monoclinic
Space group P2, No. 4 P2, No. 4 P2,2,2,, No. 19 P2, No. 4 P2, No. 4
a (A) 10.5041(5) 9.401(1) 8.3477(1) 6.6919(1) 6.9539(1)
b (A) 6.4671(4) 9.259(1) 11.0596(2) 11.6361(3) 11.1453(3)
¢ (A) 10.6525(5) 11.038(1) 19.6769(4) 14.3550(4) 9.0196(2)
b (°) 119.521(4) 106.95(1) 90.00 96.421(1) 101.415(1)
v (A% 629.69(6) 919.1(2) 1816.62(5) 1110.78(5) 685.22(3)
Z 2 2 4 2 2

P (mgm~?) 1.607 1.391 1.407 1.384 1.566

M (mm~ " 0.331 0.243 0.246 0.311 0.492

Color, shape
Dimensions (mm)

prism, yellow
0.64 x 0.60 x 0.32

prism, colorless
0.65 x 0.57 x 0.29

Diffractometer Enraf Nonius Enraf Nonius
CAD4 CAD4

Ormax (©) 27.0 29.9

Total reflections 5594 10,709

Independent reflec- 1507 2818

tions

Observed reflections 1459 2467

Threshold criterion Loy >2.50 (Iey) Lot > 2.50 (Iney)

Final R and R,, 0.028, 0.016 0.037, 0.045

(A1) max 0.09 0.04

Ry 0.007 0.014

Apmax> Apmin (€ A‘3) 0.207, —0.198 0.402, —0.292

prism, pale yellow
0.30 x 0.08 x 0.03
Nonius Kappa
CCD

prism, colorless
0.30 x 0.10 x 0.10
Nonius Kappa
CCD

plate, colorless
0.36 x 0.36 x 0.08
Nonius Kappa
CCD

27.5 27.5 27.5
25,288 15,587 9238

2371 2655 1628

2030 1889 1557
F?>3.00(F) F?>2.00(F) F?>3.00(F)
0.047, 0.046 0.053, 0.057 0.032, 0.034
0.005 0.001 0.0007

0.045 0.036 0.030

0.440, —0.320 0.443, —0.401 0.443, —0.480

[ac]le +163.7° (¢ 0.18, EtOH). IR (KBr); viax 2988, 3353,
1634, 1573, 1329, 1155, 1019. 'H NMR (DMSO-dy): &
3.67(1 H,dd, J4 5, 5.71, Js, 5 11.4 Hz, 5-Ha); 3.71 (1 H,
dd, J4 s 4.5 Hz, 5-Hb); 3.86 (1 H, dt, J54 4.7 Hz, 4-H);
4.11 (1 H, deg t, J,3 4.4 Hz, 3-H); 442 (1 H, dd, J,, 5.6
Hz, 2-H); 4.64 (broad s, 3 x OH); 5.58 (1 H, d, 1-H);
7.58 (1 H, d, J»¢ 9.4 Hz, 7-H); 8.47 (1 H, d, 8-H) "*C
NMR (DMSO-dy): ¢ 62.8, 75.4, 77.6, 78.2, 86.7, 124.4,
127.7, 143.6, 148.3, 150.0. EIMS: m/z 286 (M "), 287
(MH™). EIMS: m/z 286 (M*); FABMS: m/z 287
(MH+), HREIMS: Calcd for C10H11C1N404, 286.0480
(M™); Found m/z 286.0469. Anal. Caled for
C1oH2CILN4Oy: C, 37.17; H, 3.74; N, 17.34. Found:
C, 37.18; H, 3.92; N, 16.33.

3.8. Single-crystal X-ray structure determinations

Diffraction data for compounds 5 and 9 were collected
on an Enraf-Nonius CAD4 diffractometer. A Nonius
Kappa CCD diffractometer was used for 14a, 17 and 20.
Graphite monochromated Mo K, radiation was used in
all cases. For the first two compounds intensities of
reflections were corrected for Lorentz-polarization ef-
fects and decay using XTAL3.4'® program package. Data
for 14a, 17 and 20 were processed using DENzO'’

program. Structures were solved by direct methods
using s1R92."® For all five structures full-matrix least-
squares refinement on F magnitudes with anisotropic
displacement factors for all non-hydrogen atoms was
employed. In all five cases, the following weighting
scheme was used: w = wf*wg, wf (F, <A) = (F,J4)¢, wf
(F,>B)=(BIF,)", wf (4 <F,<B)=1.0, wysin 0/
J < E)=((sin 0/)/E)°, wy(sin 8/4 > F) = (F/(sin 6/
A))H, ws(E <sin 0/4 < F)=1.0, where A was 11, 3.4,
10, 0.0 and 3.1, B 25, 7.0, 22,20 and 11, C 1.8, 1.1, 1.2,
1.0 and 2.0, D 1.8, 1.0, 0.5, 1.0 and 1.0, £ 0.36, 0.50,
0.49, 0.39 and 0.49, F 0.50, 0.61, 0.57, 0.55 and 0.62, G
1.5,2.0,2.0, 1.3 and 4.0 and H 1.5, 3.0, 8.0, 9.0 and 5.0
for compounds 5, 9, 14a, 17 and 20, respectively. The
positions of hydrogen atoms of compounds 14a and 20
were obtained from the difference Fourier map. Most of
hydrogen atoms of compounds 5, 9 and 17 were also
located using difference Fourier maps; the remaining
were calculated regarding expected geometry. The
parameters of hydrogen atoms of compounds 5, 9 and
17 were not refined. For compounds 14a and 20
positional and isotropic displacement parameters of
hydrogen atoms were refined. For compounds 14a and
17 the absolute configurations were assigned so as to
agree with the known chirality from precursors. For
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compounds 5, 9 and 20 we refined a Flack parameter. Its
final value 0.00(4), —0.06(7) and 0.00(7), respectively, is
in the agreement with the known chirality from pre-
cursors. In the final cycle of the refinement, we used
1478, 2633, 2371, 2336 and 1551 reflections and 181,
236, 320, 217 and 229 parameters for compounds 5, 9,
14a, 17 and 20, respectively. The resulting crystal data
and details concerning data collection and refinement
for all five compounds are provided in Table 1.

The asymmetric units of compounds 5, 9, 14a and 17
are shown in Figs. 2—5. The structure of compound 20
consists of C,,H,,CIN,O, cations and chloride anions.
The view of C,,H;,CIN,O;" cation is shown in Fig. 6.
The packing of compound 20 is presented in Fig. 7. All
figures were prepared with the aid of orTEPI' pro-
gram.

4. Supplementary material

The crystallographic data for compounds 5, 9, 14a, 17
and 20 have also been deposited with the Cambridge
Crystallographic Data Center as supplementary mate-
rial with the deposition numbers: CCDC 207236—
207240, respectively. Copies of this information may
be obtained free of charge from The Director, CCDC,
12 Union Road, Cambridge, CB2 1EZ, UK (fax: +44-
1223-336033; e-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk/conts/retrieving.html)

Acknowledgements

The financial support from the Ministry of Education,
Science and Sport, Slovenia, through grant PS-0502-
0103, is gratefully acknowledged. The authors wish to
express their gratitude to the Alexander von Humboldt
Foundation, Germany, for the donation of a Biichi
medium-pressure liquid chromatograph. We thank for
the financial contribution of the Ministry of Education,
Science and Sport of the Republic of Slovenia through
grants X-2000, PS-511-103 and Z1-3246.

References

1. Some reviews on nucleoside analogues; (a) Lamberth, C.
Org. Prep. Proced. Int. 2002, 34, 149—-167;
(b) Shaban, M. A. E.; Nasr, A. Z. Adv. Heterocycl. Chem .
1997, 68, 223-432;
(c) Shaban, M. A. E. Adv. Heterocycl. Chem. 1998, 70,
163-337,
(d) Knutsen, L. J. S. Nucleosides, Nucleotides 1992, 11,
961-983;
(e) Chu, C. K.; Cutler, S. J. J. Heterocycl. Chem. 1986, 23,
289-319.

2. (a) Nishimura, H.; Mayama, M.; Komatsu, Y.; Kato, H.;
Shimaoka, N.; Tanaka, Y. J. Antibiot. (Tokyo) Ser. A
1964, 17, 148—-155;

(b) Nakagawa, Y.; Kato, H.; Tsukuda, Y.; Koyama, H.
Tetrahedron Lett. 1967, 8, 4105—-41009;

(¢) Darnall, K. R.; Townsend, L. B.; Robins, R. K. Proc.
Nat. Acad. Sci. USA 1967, 57, 548—-553;

(d) Kalvoda, L.; Farkas, J.; Sorm, F. Tetrahedron Lett.
1970, 11, 2297-2300.

3. (a) Hoehn, M. M.; Williams, R. H. Ger. Offen. 2,019,838
(1970); Chem. Abstr. 1971, 74, 41133s;;

(b) Farkas, J.; Flegelova, Z.; Sorm, F. Tetrahedron Lett.
1972, 13, 2279-2280;

(c) Crain, P. F.; McCloskey, J. A.; Lewis, A. F.; Schram,
K. H.; Townsend, L. B. J. Heterocycl. Chem. 1973, 10,
843-847;

(d) Buchanan, J. G.; Stobie, A.; Wightman, R. H. J. Chem.
Soc., Perkin Trans. 1 1981, 2374-2378.

4. (a) Hori, M.; Tto, E.; Takita, T.; Koyama, G.; Takeuchi,
T.; Umezawa, H. J. Antibiot. (Tokyo) Ser. A 1964, 17,
96-99;

(b) Ishizuka, M.; Takeuchi, T.; Nitta, K.; Koyama, G.;
Hori, M.; Umezawa, H. J. Antibiot. (Tokyo) Ser. A 1964,
17, 124-126;

(c) Robins, R. K.; Townsend, L. B.; Cassidy, F. C.; Gester,
J. F.; Lewis, A. F.; Miller, R. L. J. Heterocycl. Chem.
1966, 3, 110-114;

(d) Buchanan, J. G.; Stobie, A.; Wightman, R. H. Can. J.
Chem. 1980, 58, 2624-2627.

5. (a) Cohn, W. E. Biochim. Biophys. Acta 1959, 32, 569—
571;

(b) Cohn, W. E. J. Biol. Chem. 1960, 235, 1488—-1498;
(c) Dunn, D. B.; Smith, J. D.; Spahr, P. F. J. Mol Biol.
1960, 2, 113117,

(d) Shapiro, R.; Chambers, R. W. J. Am. Chem. Soc. 1961,
83, 3920-3921;

(e) Lerch, U.; Burdon, M. G.; Moffatt, J. G. J. Org. Chem.
1971, 36, 1507—-1513.

6. Legraverend, M.; Bisagni, E.; Lhoste, J.-M. J. Heterocycl.
Chem. 1981, 18, 893-898.

7. Kang, Y.; Larson, S. B.; Robins, R. K.; Revankar, G. R.
J. Med. Chem. 1989, 32, 1547—-1551.

8. Stanovnik, B.  Tetrahedron 1991, 47, 2925-
2945.

9. Zlitar, M.; Stanovnik, B.; Tisler, M. Tetrahedron 1992,
48, 7965-7972.

10. Stanovnik, B.; Jelen, B.; Zlicar, M. Farmaco 1993, 48,
231-242.

11. Zli¢ar, M.; Stanovnik, B.; Tisler, M. J. Heterocycl. Chem.
1993, 30, 1209-1211.

12. Stanovnik, B.; Jelen, B.; Turk, C.; Zli¢ar, M.; Svete, J. J.
Heterocycl. Chem. 1998, 35, 1187-1204.

13. Svete, J.; Goli¢, L.; Stanovnik, B. J. Heterocycl. Chem.
1997, 34, 1115-1121.

14. Turk, C.; Svete, J.; Golobi¢, A.; Goli¢, L.; Stanovnik, B. J.
Heterocycl. Chem. 1998, 35, 513-518.

15. Buchanan, J. G.; Chacon-Fuertes, M. E.; Wightman, R.
H. J Chem. Soc., Perkin Trans. 1 1979, 244-
248.


http://www.ccdc.cam.ac.uk/conts/retrieving.html

2066 M. Sala et al. | Carbohydrate Research 338 (2003) 20572066

16. Hall, S. R.; King, G. S. D.; Stewart, J. M. The XtaL3.4 18. Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G.;
User’s Manual, University of Western Australia: Lamb, Giacovazzo, C.; Guagliardi, A.; Polidori, G. J. Appl.
Perth, 1995. Crystallogr. 1994, 27, 435.

17. Otwinowski, Z.; Minor, W. Methods Enzymol. 1997, 276, 19. Johnson, C. K. orTEPII. Report ORNL-5138. Oak Ridge

307-326. National Laboratory, Tennessee, USA, 1976.



	Synthesis of 3-(alpha- and beta-d-arabinofuranosyl)-6-chloro-1,2,4-triazolo[4,3-b]pyridazine
	Introduction
	Results and discussion
	Experimental
	General methods
	General procedure for the preparation of 1-C-(6-chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-di-O-isopropylidenepentitols 8-11
	(1S-)-1-C-(6-Chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-1,2:3,4-di-O-isopropylidene-d-lyxitol (8)
	(1S)-1-C-(6-Chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-2,3:4,5- (9) and (1S)-1-C-(6-chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl
	Compound 9
	Compound 10

	(1R)-1-C-(6-Chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-2,3:4,5-di-O-isopropylidene-d-arabinitol (11)

	(1R)-1-C-(6-Chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-1,2:4,5-di-O-isopropylidene-d-arabinitol (14a)
	(1R)-1,2:4,5-Di-O-isopropylidene-1-C-(6-phenyl-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-d-arabinitol (14b)
	General procedures for the preparation of O-methanesulfonyl derivatives of 1-C-(6-chloro1-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-
	(1S)-1-C-(6-Chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-2,3:4,5-di-O-isopropylidene-1-O-methanesulfonyl-d-arabinitol (15)
	(1R)-1-C-(6-Chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-2,3:4,5-di-O-isopropylidene-1-O-methanesulfonyl-d-arabinitol (16)
	(1S)-1-C-(6-Chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-1,2:4,5-di-O-isopropylidene-3-O-methanesulfonyl-d-arabinitol (17)
	(1R)-1-C-(6-Chloro-1,2,4-triazolo[4,3-b]pyridazin-3-yl)-1,2:4,5-di-O-isopropylidene-3-O-methanesulfonyl-d-arabinitol (18)

	3-(alpha-d-Arabinofuranosyl)-6-chloro-1,2,4-triazolo[4,3-b]pyridazine (19)
	3-(beta-d-Arabinofuranosyl)-6-chloro-1,2,4-triazolo[4,3-b]pyridazine hydrochloride (20)
	Single-crystal X-ray structure determinations

	Supplementary material
	Acknowledgements
	References


