This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids

MICIEOS.idES} Publication details, including instructions for authors and subscription information:
Niucleotides http://www.informaworld.com/smpp/title~content=t713597286

8-Aza Analogues of Deaza Purine Nucleosides. Synthesis and Biological
Evaluation of 8-Aza-1-deazaadenosine and 2'-Deoxy-8-aza-1-

deazaadenosine

Palmarisa Franchetti®; Loredana Cappellacci’; Mario Grifantini*; Giulio Lupidi®; Giuseppe Nocentini¢;
Anna Barzi°

@ Dipartimento di Scienze Chimiche, Universita di Camerino, Camerino ® Dipartimento di Biologia
KA Cellulare, Universita di Camerino, Perugia, Italy ° Istituto di Farmacologia Medica, Universita di
Perugia, Perugia, Italy

WOLLUME 24 MNUMBER 4 i)

To cite this Article Franchetti, Palmarisa , Cappellacci, Loredana , Grifantini, Mario , Lupidi, Giulio , Nocentini, Giuseppe
and Barzi, Anna(1992) '8-Aza Analogues of Deaza Purine Nucleosides. Synthesis and Biological Evaluation of 8-Aza-1-
deazaadenosine and 2'-Deoxy-8-aza-1-deazaadenosine', Nucleosides, Nucleotides and Nucleic Acids, 11: 5, 1059 — 1076

To link to this Article: DOI: 10.1080/07328319208021168
URL: http://dx.doi.org/10.1080/07328319208021168

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328319208021168
http://www.informaworld.com/terms-and-conditions-of-access.pdf

20: 01 26 January 2011

Downl oaded At:

NUCLEOSIDES & NUCLEOTIDES, 11(5), 1059-1076 (1992)

8-AZA ANALOGUES OF DEAZA PURINE NUCLEOSIDES.
SYNTHESIS AND BIOLOGICAL EVALUATION OF 8-AZA-1-
DEAZAADENOSINE AND 2'-DEOXY-8-AZA-1-DEAZAADENOSI-
NE.

Palmarisa Franchetti,** Loredana Cappellacci,* Mario Grifantini,*
Giulio Lupidi,® Giuseppe Nocentini¥ and Anna Barzi$

+Dipartimento di Scienze Chimiche, Universitd di Camerino, 62032 Camerino,
°Dipartimento di Biologia Cellulare, Universita di Camerino,
Sistituto di Farmacologia Medica, Universita di Perugia, 06100 Perugia, Italy.

Abstract-.The syntheses of 7-amino-3-(B-D-ribofuranosyl)-3H-1,2,3-
triazolo[4,5-b]pyridine (8-aza-1-deazaadenosine) (2) and 7-amino-3-(2-deoxy-
B-D-erythro-pentofuranosyl)-3H-1,2,3-triazolo[4,5-blpyridine (2'-deoxy-8-aza-
1-deazaadenosine) (3) by glycosylation of the anion of 7-chloro-3H-1,2,3-tri-
azolo[4,5-blpyridine are described. The anomeric configuration as well as the

position of glycosylation were determined by 1y, 13¢ NMR, UV and N.OE.
difference spectroscopy. The cytotoxicity of these nucleosides against several
murine and human tumor cell lines is discussed. Compounds 2 and 3 proved to
be good inhibitors of adenosine deaminase.

The 3H-1,2,3-triazolo[4,5-d]pyrimidine (8-azapurine) nucleosides exhibit
extraordinary biochemical and pharmacological activities.] In many bio-
logical systems, they act as nucleoside antimetabolites. As they are isosteric to
purine nucleosides, their incorporation into DNA or RNA fragment is of
interest. The observance of in vivo activity for 8-azaadenosine, 8-azainosine
and 8-azaguanine has served as the basis for the synthesis of a variety of
congeners.!l All three of these compounds are thought to be activated by
conversion to the nucleotides of 8-azaadenosine or 8-azaguanosine, followed
by incorporation into RNA. Furthermore it was observed that 8-aza-2'-
deoxyadenosine has an antitumor activity slightly lower than that of 8-

azaadenosine.!
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8-Azaadenosine is rapidly deaminated to 8-azainosine by adenosine
deaminase (ADA) and its cytotoxicity may be enhanced in several cell lines
when these lines are pretreated with ADA inhibitors.2

We found that it is possible to prevent enzymatic deamination of adenosine
derivative by substituting the nitrogen atom at 1 position of the purine moiety
with CH group. 1-Deazaadenosine (1) proved to be not only resistent to ADA,
but also able to inhibit the enzyme.3 Furthermore 1-deazaadenosine showed in
vitro antitumor activity against several human and murine cell lines.4 These
findings prompted us to synthesize and.study the antitumor activity of 8-aza-

analogues of 1-deazaadenosine (2) and 2'-deoxy-1-deazaadenosine (3) .
NH, NH,
= N = N\
| S I N
N N N N
HO R

1 2:R=0H
3:R=H

CHEMISTRY

The synthesis of 7-amino-3-(2-deoxy-B-D-erythro-pentofuranosyl)-3H-
1,2,3-triazolo[4,5-b]pyridine (3) was carried out according to Schemes I-II.
Glycosylation of 7-chloro—3H~1,2,3-triazolo[4,5—b]pyridinc:5 (4) as sodium salt
generated in situ by treatment of NaH in acetonitrile, with 2-deoxy-3,5-di-O-
(p-toluoyl)-a-D-erythro-pentofuranosyl chloride® (5), afforded a mixture of
N3., N2 and Nl-glycosylated regioisomers (6, 8 and 10, respectively), together
with the o-D-anomers 7 and 9, which were separated by chromatographic
column on silica gel (Scheme I). Structural assignment of all glycosylated
products will be discussed below.

Dcblocking of the five glycosylation products 6-10 with saturated
NH3/MeOH at room temperature, yielded the 2'-deoxy-nucleosides 11-15.
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Their configuration has been established by !H-, !H N.O.E., and 13C NMR
difference spectroscopy. For this purpose, the H-(1') signal of the deprotected

compounds was irradiated. The resulting N.O.E. effects on Hy-(2)

and H-(4")

indicated B-D-configuration for 11, 13 and 15, and the N.O.E. effects on HB-(Z')

and H(3') confirmed o-D-configuration for 12 and 14 (Table I).7

Treatment

yiclded

pentofuranosyl)-2H-1,2,3-triazolo{4,5-blpyridine

of 7-chloro derivatives

2'-deoxy-8-aza-1-deazaadenosine (3),

11-14 with

liquid ammonia at 80 °C,
7-amino-2-(2-deoxy-B-D-erythro-
(17) and corresponding «a-D-

anomers 16 and 18. Compound 15 could not be converted in amino-derivative

owing to its instability under alkaline conditions.
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TABLE 1. N.O.E. Data % upon Irradiation of H-(1") (DMSO-dg, 25°C, 300 MHz)

D-2'-deoxy-ribofuranosides

11 12 13 14 15 3 16 17 18
Ho-(2) b 5.3 5.8 5.3 5.0
HB-(2) b 5.2 a 5.0 4.9
H-(3) a a 0.7 0.6
H-(4") 0.8 a 1.4 0.7 a
D-ribofuranosides
23 24 25 2 26
H-(2Y) 1.5 2.06 2.1 1.9 2.0
H-(3") a 0.54 a a
H-(4") 1.0 0.8 1.0 1.5 1.6

a: no detectable intensity enhancement (< 0.5%)
b: overlapping with DMSO.

TABLE II. 13C NMR Chemical Shifts of 1-Deaza-8-Azaadenine Derivatives

Compd C(3a) C(5) C(6) C(T) C(7a)
2 147.6 150.1 101.8 146.3 127.8
3 146.3 150.2 101.8 147.7 127.9

11 146.1 151.5 120.6 134.8 134.9
12 146.0 151.4 120.5 134.8 135.0
13 155.5 152.9 122.5 133.4 134.7
14 155.5 152.6 122.3 133.3 134.6
15 158.2 148.8 123.6 127.2 123.2
16 145.8 149.9 101.8 147.9 128.0
17 153.9 150.4 100.7 148.4 128.9
18 155.2 151.7 100.7 147.6 129.1
23 146.4 151.7 120.8 134.9 135.0
24 155.6 153.0 122.6 133.4 134.8
25 158.0 149.0 123.8 126.9 128.5
26 155.0 151.6 100.6 147.6 129.2

In order to establish the position of glycosylation, 1H-, 1H-NOE, 13C-NMR
and UV spectra of compounds 3,16,17 and 18 were measured. The 13¢ NMRr
spectra of 3 and 16 were almost identical (Table II) indicating a pair of
anomers.

The UV absorption spectra of 3 and 16 are very similar to that reported for
the 7-amino-3-(B-D-ribofuranosyl)-3H-1,2,3-triazolo[4,5-b]pyridine (2) indica-

ting that the position of glycosylation was N3.5
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The 13C NMR spectra of the other glycosylated anomers 17 and 18 were
similar but different from those of the N3-substituted compounds. A downfield
shift of C(32) (9.3 and 7.6 ppm) of regioisomers 17 and 18, respectively, as
compared to that of 3 and 16 indicated that N3 did not carry a substituent.® As
C(7a) was unchanged, the position of glycosylation was N2. The configuration
of compounds 3, 16, 17, and 18 was confirmed by N.O.E. experiments (Table
I).7 Having assigned the structure to the N2- and N3-glycosy1ated isomers (11-
14) the glycosylation site of compound 15 could only be at N! or N4. The
chemical shift of C(7a) of 15 was upfield shifted as compared to the

corresponding  signal of the N3—glycosylated isomer 11, whercas the chemi

cal shift of C(3a) was downfield shifted and the signal of C(5) proved only
slightly upficld shifted.8 Furthermore no N.O.E. effect was observed on H-(5)
when H-(1') was irradiated. Therefore, Nl—glycosy]ation was established
confirming the structure of 18§.

The next target was the synthesis of 8-aza-1-deazaadenosine. Up to now,
only one report has appeared in the literature on the synthesis of this
compound. In 1971 De Roos and Salemink reported on the glycosylation of 4
with  2,3,5-tri-O -benzoyl-D-ribofuranosyl chloride in nitromethane in the
prescnce  of KCN.3 Such a reaction yielded two regioisomeric blocked
nucleosides which, after debenzoylation, were identified as 7-chloro-3-(B-D-
ribofuranosyl)-3H -1,2,3-triazolo[4,5-b]pyridine (23) and its 2-ribosylated
isomer (24). Replacement of the chloro group of 23 with hydrazine hydrate,
followed by conversion of the 7-hydrazino- into 7-azido-derivative and then
reduction of the azido group furnished the 8-aza-1-deazaadenosine (2).

We have considered a similar glycosylation of 4 with 2,3,5-tri-O-benzoyl-
D-ribofuranosy! bromide (19)9. Glycosylation of the anion of 4 in MeCN with
the halogenose 19 afforded N3., N2, and Nl-g]ycosylation products (20-22,
respectively) (Scheme III). Their ratio was determined by TLC and found to be

comparable. Nucleosides 20-22 were separated by column chromatography on
silica gel. Debenzoylation of 20 and 21 with NH3/MeOH at room temperature

yielded the chloro-nucleosides 23 and 24. The UV and 1H NMR spectra of these
compounds were identical to those reported in the literature.5 Therefore the
glycosylation site of 22 could only be at Nl or N4. The glycosylation position
was determined more easily on the corresponding deprotected nucleoside 25.
The anomeric configuration was established by N.O.E. difference spectro-
scopy.” Irradiation of the anomeric proton resulted in N.O.E.s on H-(4') (Table

I) establishing B-D-configuration. The 13¢c NMR spectra  of 25 showed that the
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chemical shift of C(7a) was upfield shifted as compared to the corresponding
signal of the N3—glycosylatcd isomer 23, whereas the chemical shift of C(3a)
was downfield shifted and the signal of C(5) was only slightly upfield shifted.8
Futhermore, no N.O.E. effect was observed on H-(5) when H-(1') was irradiated.
Therefore, Nl-glycosylation was established.

Treatment of 23 and 24 with liquid ammonia at 80 °C afforded 8-aza-1-
deazaadenosine (2) and 7-amino-2-(B-D-ribofuranosyl)-2H-1,2,3-triazolo[4,5-
blpyridine (26). Compound 25 could not be converted in 7-amino-derivative
neither with liquid ammonia nor with hydrazine hydrate and Raney nichel,
owing to its instability under alkaline conditions.

In conclusion, whereas the glycosylation of nucleobase-anion of 4 with
the halogenose § in MeCN was neither regioselective nor diasteroselective, the
reaction became stercoselective for the B-D-nucleosides if the anion of 4 was
glycosylated with the ribofuranosyl bromide 19. In this casc the stereo-
selectivity might be favored by the participation of the benzoyloxy group at
C(2") position,

Biological evaluation and Discussion

Antitumor activity. Compounds 2, 3,11-18, 23, 24 and 26 have been
evaluated in vitro  for their ability to inhibit the growth of P388 murine
lymphocytic leukemia, L1210 murine lcukemia, B16 murine melanoma, HL60
human promyelocytic leukemia, and LoVo human colon adenocarcinoma. The
ID5sg (M) values for these nucleosides, 1-dazaadenosine and 2'-deoxy-1-
deazaadenosine are summarized in Table III. Among these the 8-aza-1-
deazaadenosine (2) was 3 times less active than 1-deazaadenosine against L1210
and marginally active against P388 and LoVo cell lines. The 2'-deoxy-8-aza-1-
deazaadenosine (3) as well as 1-dcaza-2'-deoxyadenosine was completely inac-
tive against all cellular lines up to 100 uM. The 7-chloro-nucleosides 11,12, 23,
and 24 showed marginal activity against P388 murine leukemia and B16 muri-
ne melanoma. Interestingly the a-anomer of the 7-chloro-2'-deoxy-nucleoside
12 appeared to be more active against P388 murine lymphocytic leukemia, B16
murine melanoma and LoVo human colon adenocarcinoma than the B-anomer
11. Compounds 23 and 24 were effective inhibitors of the growth of HL60
human promyelocytic leukemia being only 2-3 times less active than 1-deaza-
adenosine.

In conclusion the substitution of CH group at 8-position with nitrogen in
the 1-deaza purine moiety of 1-deazaadenosine is detrimental for the antitu-

mor activity. The substitution of the 2'-hydroxyl group with hydrogen in the
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ribosyl moiety of 8-aza-1-deazaadenosine and 1-deazaadenosine (compound 3
and 1-deaza-2'-decoxyadenosine) makes the compounds inactive as antitumor
agents.

Adenosine deaminase inhibitory activity. Nucleosides 2, 3, 11, 12,
13,17,23,24 and 26 have been tested as inhibitors of calf intestine ADA. As
shown by results (Table III), the substitution of a CH group for the nitrogen
atom in the I-position of 8-azaadenosine turns a substratel© into a strong
inhibitor of the enzyme; so 8-aza-l1-deazaadenosine behaves as 1-
deazaadenosine.3

The substitution of the hydroxy group with hydrogen at 2'-position
(compounds 3, 11 and 1-deaza-2'-deoxyadenosine) increases by about 5 times
the activity, confirming that 2'-deoxy-nucleosides have greater affinity for
the enzyme.ll The inhibitory activity drops dramatically when the sugar
moiety is moved from N3. to N2-position or when the amino group at 7-

position is replaced by ClL

EXPERIMENTAL SECTION
Chemistry. Melting points were determined with a Buchi apparatus and
are uncorrected. Elemental analyses were determined on a Carlo Erba Model
1106 analyzer. Ultraviolet spectra were recorded with an HP 8452 A  diode
array spectrophotometer driven by an  Olivetti M 24. Thin layer chromato-
graphy (TLC) was run on silica gel 60 F-254 plates (Merck); silica gel 60

(Merck) for column chromatography was used. Nuclear magnetic resonance

IH and 13C  spectra were determined, respectively, at 300 and 75 MHz with a
Varian VXR-300 spectrometer. The chemical shift values are expressed in &
values (parts per million) relative to tetramethylsilane as an internal
standard. All exchangeable protons were confirmed by addition of D57O.
Stationary N.O.E. experiments were run on degassed solutions at 25°C. A pre-
saturation delay of 1 sec was used, during which the decoupler low-power was

set at 20 dB attenuation.

Glycosylation of 7-chloro-3H -1,2,3-triazolo[4,5-b]lpyridine with
2-deoxy-3,5-di-O -(p-toluoyl)-a-D-erythro-pentofuranosyl chloride.
To a stirred suspension of 7-chloro—3H-1,2,3-triazo]o[4,5-b]pyridine5 4) 2 g
12.94 mmol) in dry CH3CN (100 ml), NaH (60% in oil, 0.55 g, 22.88 mmol) was

added. The reaction mixture was strirred at room temperature under nitrogen
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for 15 min. 2-Deoxy-3,5-di-O-(p-toluoyl)-a-D-erythro-pentofuranosyl chlori-
deb (8) (5 g 1294 mmol) was added portionwise under stirring within 30 min.
Stirring was continued at room temperature for 30 min. The reaction mixture
was filtered through Celite, and the Celite pad washed further with CHCl3 (20
mL). Evaporation of the filtrate to dryness gave a mixture which was chro-
matographed on silica gel column eluting with a mixture of CHyCl2-EtOAc
(98:2). Three zones (I, II, IH) were separated, each containing the anomeric
mixtures.

7-Chloro-3-[2-deoxy-3,5-di-O -(p-toluoyl)-8-D-erythro-pentofu-
ranosyl]-3H -1,2,3-triazolo{4,5-blpyridine (6). The fast migrating zone
1 was separated into two zones. From the faster migrating zone, 6 (1.92 g, 29 %)
was obtained as white foam. TLC (silica gel , CHyCly_EtOAc, 98:2): Rf 0. 4. Iy

NMR (MepS80-dg): § 2.38, 242 (2 s, 6 H, CH3); 2.98 (m, 1 H, Hg-2"); 3.62 (m, 1 H, Hp-
2Y; 4.48, 459 2 m, 2 H, H-5); 471 (m, 1 H, H-4"); 599 (m, 1 H, H-3); 703 (¢, ] =
6.6 Hz, 1 H, H-1"); 7.28, 7.39, 7.77, 798 (4 d, 8 H, arom.); 7.74 (d, J = 4.9, 1 H, H-6);
8.72 (d, ] = 49 Hz, 1 H, H-5). Anal. Calcd. for CH)gH23CIN4O5: C 61.60; H 4.57; N
11.05. Found: C 61.73; H 4.48; N 10.98.
7-Chloro-3-[2-deoxy-3,5-di-O-(p-tolvoyl)-o-D-erythro-pentofu-
ranosyl]-3H -1,2,3-triazolo[4,5-b]pyridine (7). The slower migrating
zone of zone I yielded 7 as a white foam (0.75 g, 11 %). TLC (silica gel CHpClp-
EtOAc, 98:2): Rf 0.23. 1y NMR (Me2S0-dg): 82.40, 2.51 (2 s, 6 H, CH3); 3.30 (m, 2 H,

Hg-2', Hp-2"); 4.59 (m, 2 H, H-5'); 4.89 (m, 1 H, H-4); 5.69 (m, 1 H, H-3); 7.06 (q,
J= 3.8,6.6 Hz, 1 H, H-1); 7.35 (dd, 4 H, arom. ); 7.73 (d, } = 4.9 Hz, 1 H, H-6); 7.80,
792 (2 d, 4 H, arom.); 8.71 (d, ] = 49 Hz, 1 H, H-5). Anal. Calcd. for Cy)gH73CIN4O5:
C 61.60; H 4.57; N 11.05. Found: C 61.82; H 4.60; N 11.18.
7-Chloro-2-[2-deoxy-3,5-di-O-(p-toluoyl)-B-D-erythro-pentofu-
ranosyl]}-2H-1,2,3-triazolo[4,5-b]pyridine (8). Zone Il was separated by
same silica gel column yielding the faster migrating 8 as a colorless foam (1.4
g, 21 %). TLC (silica gel CHyCly-EtOAc, 98-2): Rf 0.15. 1H NMR (Me2S0-dg): 6 2.36,
2.40 2's, 6 H, CH3); 2.57 (m, 1 H, Hg-2"); 3.02 (m, 1 H, Hp-2"); 4.48, 4.62 (2 m, 2 H,
H-5%; 477 (m, 1 H, H-4); 598 (m, 1 H, H-3"); 693 (dd, J] = 42, 69 Hz, 1 H, H-1");
7.22, 7.39 (2 d, 4 H ,arom.); 7.74 (d, J = 4.6 Hz,1 H, H-6); 7.76, 7.98 (2 d, 4 H, arom.),
8.83 (d, J = 4.6 Hz, 1 H, H-5). Anal. Calcd. for CogHy3CIN4O5: C 61.60; H 4.57; N
11.05. Found: C 61.78; H 4.52; N 10.95.
7-Chloro-2-[2-deoxy-3,5-di-O-(p-toluoyl)-a-D-erythro-pentofu-
ranosyl}-2H -1,2,3-triazolo[4,5-b]pyridine (9). The slower migrating
zone of II yielded 9 as a colorless foam (0.35 g, 5 %). TLC (silica gel CH3Clj-
EtOAc, 92: 8): Rf 0. 42. IH NMR (Me2S0-dg): 8 2.34, 2.42 (2 5, 6 H, CH3); 3.22 (m, 1
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H, Hg-2), 3.43 (m, 1 H, Hp-2"); 4.60 (m, 2 H, H-5'); 5.02 (m, 1 H, H-4); 5.59 (m, 1
H, H-3'); 7.03 (d, ] = 6.4 Hz 1 H, H-1"); 7.14, 7.33, 7.58, 792 (4 d, 8 H, arom); 7.76 (d,
J =47 Hz, 1 H, H-6); 8.79 (d, J = 4.7 Hz, 1 H, H-5). Anal. Calcd for CogH23CIN4O5: C
61.60; H 4.57; N 11.05. Found: C 61.66; H 4.53; N 11.20.
7-Chloro-1-[2-deoxy-3,5-di-0 -(p-toluoyl)-B-D-erythro-pentofu-
ranosylt]-1H -1,2,3-triazolo[4,5-b]lpyridine (10). Zone 1II, separated by
same chromatographic silica gel column, was evaporated to give 10 as a
colorless foam (0.84 g, 13 %). TLC (CH,Cly-EtOAc, 92:8): Rf 0.35. ly NMR (Me2SO-
de): 82.38, 2.41 (2 s, 6 H, CH3); 3.02, (m, 1 H, He-2); 3.79 (m, 1 H, Hp-2'); 4.29, 4.43
(2 m, 2 H, H-5"); 4.73 (m, 1 H, H-4"); 594 (m, 1 H, H-3"); 7.20 (m, 1 H, H-1"); 7.29,
7.40, 7.68, 7.96 (4 d, 8 H, arom.); 7.84 (d, J = 5.0 Hz, 1 H, H-6); 870 (d, ] = 5.0 Hz, 1
H, H-5). Anal. Caled. for CogHo3CINgO5: C 61.60; H 4.57; N 11.05. Found: C 61.70;
H 4.65; N 10.96.
7-Chloro-3-(2-deoxy-B-D-erythro-pentofuranosyl)-3H-1,2,3-tri-
azolo[4,5-b]pyridine (11). Compound 6 (1 g, 1.97 mmol) in dry MeOH (50
ml, saturated with NH3 at 0 °C) was stirred for 48 h at room temperature. The
solution was evaporated to dryness, the residue oil cromatographed on a silica
gel column and eluted with CHCl3-MeOH, (95:5) yielding 11 (0.32 g, 60%) as a
colorless solid which was crystallized from CH2Cl2. M.p.135-137 °C. TLC (silica
gel, CHCI3-MeOH 95:5): Rf 0.31. UV (NaOH 0.1N): Ay, 216 nm (£1900); 256 (e
4900); 286 (¢ 3600). 1H NMR (Me2SO-dg):  2.51 (m, 1 H, Hg-29; 3.13 (m, 1 H, Hp-
2; 3.40, 3.58 2 m, 2 H, H-5); 395 (m, 1 H, H-4'); 462 (m, 1 H, H-3"); 474 (1. ] =58
Hz,1 H, OH-5"); 543 (d, J = 47 Hz, 1 H, OH-3"); 6.82 (dd, J = 5.6, 6.6 Hz, 1 H, H-1");
773 (d, J =50 Hz, 1 H, H-6); 872 (d, J = 5.0 Hz, 1 H, H-5). Anal. Calcd. for
C1oH11CINgO3: C 44.36; H 4.09; N 20.70. Found: C 44.21; H 4.18; N 20.63.
7-Chlioro-3-(2-deoxy-a-D-erythro-pentofuranosyl)-3H-1,2,3-tri-
azolo[4,5-b]pyridine (12). Compound 12 was prepared as described for 11,

but for 24 h, using 7 (0.7 g, 1.38 mmol); a yellow foam (0.26 g, 70%), was
obtained. TLC (silica gel CHCl3-MeOH, 95:5) Rf 0.29. UV (NaOH 0.1 N): Ay« 216

nm (¢ 1900); 254 (¢ 4800); 284 (¢ 3700). 1 NMR Me2S0-dg): 82.93 (m, 2 H, Hy-2',
Hp-2"); 3.49, 3.65 (2 m, 2 H, H-5"; 4.10 (m, 1 H, H-4); 429 (m, 1 H, H-3"); 481 (1, ] =
5.8 Hz, 1 H, OH-5'); 548 (d,J =55 Hz, 1 H, OH-3"); 6.78 (t, J = 6.6 Hz, 1 H,, H-1");
778 (d, I =55 Hz, 1 H, H-6); 8.77 (d, J = 5.5 Hz, 1 H, H-5). Anal. Calcd. for
C10H11CIN4O3: C 44.36; H 4.09; N 20.70. Found: C 44.25; H 4.19; N 20.76.
7-Chloro-2-(2-deoxy-f-D-erythro-pentofuranosyl)-2H-1,2,3-tri-
azolo{4,5-b]lpyridine (13). Compound 13 was prepared as described for 11,

using 8 (1 g, 1.97 mmol). Upon evaporation of the ammonia, the residue
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obtained was crystallized from CH7Cly to give 13 as a white solid (0.34 g, 64%).
M.p. 143-145 °C. TLC (silica gel, CHCl3-MeOH, 95:5) : Rf 0.24 UV (NaOH 0.1 N):
Amax 218 nm (e 1600); 278 (¢ 7000). H NMR (Me2S80-dg): §2.57 (m, 1 H, Hg-2");
294 (m, 1 H, Hp-2"); 3.46, 3.60 (2 m, 2 H, H-5'); 3.98 (m, 1 H, H-4); 460 (m, 1 H, H-
3); 478 (t, ] = 5.6 Hz, 1 H, OH-5"; 5.59 (d, ] = 4.1 Hz, 1 H, OH-3"; 6.70 (dd, J = 3.9,
7.0 Hz, 1 H, H-1; 7.77 (d,J = 4.6 Hz, 1 H, H-6); 8.80 (d, ] = 4.6 Hz, 1 H, H-5). Anal.
Calcd. for C1gH1CIN4O3: C 44.36; H 4.09; N 20.70. Found: C 44.40; H 4.02; N 20.63.

7-Chloro-2-(2-deoxy-a-D-erythro-pentofuranosyl)-2H-1,2,3-
tri-azolo[4,5-b]pyridine (14). Compound 14 was prepared as described for
12, using 9 (0.3 g, 0.59 mmol). Crystallization from CH;Cly gave a white solid
(0.10 g, 35%). M.p. 108-110 °C dec. TLC (silica gel, CHCl3-MeOH-NH4O0H, 90:9:1) Rf
0.48. UV (NaOH 0.1 N): Apax 218 nm (1100); 278 (e 5700). 1y NMR (Me2S0-dg): &
2.73 (m, 1 H, Hg-2'); 293 (m, 1H, Hp-2); 3.51, 3.65 (2 m, 2 H, H-5"; 4.18 (m, 1 H,
H-4'); 422 (m, 1 H, H-3"); 488 (t,J = 5.8 Hz, 1 H, OH-5"; 5.30 (d, J] = 4.9 Hz, 1 H, OH-
3Y; 6.67 (dd, J=4.2,72Hz, 1 H,H-1); 776 (d, T = 4.6 Hz, 1 H, H-6); 8.80 (d, ] =4.6
Hz, 1 H , H-5). Anal. Calcd. C1gH11CIN4O3: C 44.36; H 4.09; N. 20.70. Found: C
44.45; H 4.03; N 20.75.

7-Chloro-1-(2-deoxy-B-D-erythro-pentofuranosyl)-1H -1,2,3-tri-
azolo[4,5-b]pyridine (15). Compound 15 was prepared from 10 (0.5 g, 0.98
mmol) as described for 12. Upon evaporation and chromatography on a silica
gel column using CHCl3-MeOH (90:10), 15 as white solid (0.29 g, 59%) was
obtained. M.p. 95-97 °C. UV (NaOH 0.1 N): Apax 208 nm (e 1100); 216 (¢ 2000);
266 (¢ 4500). lH NMR (Me2580-dg): 62.55 (m, 1 H, Hy-2'); 3.29 (m, 1 H, Hp-2); 3.43,
(m, 2 H, H-5"); 3.94 (m, 1 H, H-4"); 4.60 (m, 2 H, OH-5', H-C(3'); 539 (d,J = 4.6 Hz, 1
H, OH-3"); 7.03 (dd, J = 4.6, 69 Hz , 1 H, H-1); 7.81 (d, ] = 4.8 Hz, 1 H, H-6); 8.69 (d, ]
=48 Hz, 1 H, H-5). Anal. Calcd. for CygH11CIN4O3: C 44.36; H 4.09; N 20.70.
Found: C 44.29; H 4.11; N 20.68.

7-Amino-3-(2-deoxy-B-D-erythro-pentofuranosyl)-3H-1,2,3-tri-
azolo[4,5-b]pyridine (3). A solution of 11 (0.4 g, 1.58 mmol) in liquid am-
monia (50 mL) was heated in a steel reaction vessel at 80 °C for 21 h. The excess
ammonia was removed to afford product 3 which was crystallized from CHCla:
(0.35 g, 91% as white crystals). M.p. 219-222 °C. TLC (silica gel, CHCI3-MeOH,
88:12): Rf 0.47. UV (NaOH O.IN): Apay 228 (e 6500); 262 (e 5000); 304 (¢ 7000). Iy
NMR (Me2S0-dg): & 2.38 (m, 1 H, Hy-2'); 3.07 (m, 1 H, Hp-2"); 3.43, 3.60 (2 m, 2 H,
H-5'); 3.92 (m, 1 H, H-4'); 455 (m, 1 H, H-3"; 5.18 (t, ] = 5.6 Hz, 1 H, OH-5"; 5.37 (d,
J=45Hz, 1 H, OH-3); 642 (d, J =5.6 Hz, 1 H, H-6); 6.68 (t, J = 6.7 Hz, 1 H, H-1";
739 (s, 2 H, NH2); 8.05 (d,J =5.6 Hz, 1 H, H-5). Anal. Calcd. for C{gH|3N503: C
47.80; H 5.22; N 27.88. Found: C 47.71; H 5.35; N 27.94.
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7-Amino-3-(2-deoxy-oa-D-erythro-pentofuranosyl)-3H -1,2,3-tri-
azolo[4,5-b]pyridine (16). Compound 16 was prepared from 12 (0.25 g, 0.98

mmol) as described for 3 but for 8 h. The residue obtained after evaporation
of ammonia was crystallized from CH,Cly to give 16 (0. 185 g, 75 %) as white

crystals. M.p. 172-174 °C; TLC (silica gel, CHCl3-MeOH, 90:10): Rf 0.46. UV (NaOH
0.1 N): Apax 226 nm (e 4800); 262 (e 2800); 306 (¢ 4400). 14 NMR (Me2S0-dg): &
2.75 (m, 1 H, Hg-2); 2.40 (m, 1 H, HB-2"); 3.46-3.58, (2 m, 2 H, H-5'); 4.05 (m, 1 H,
H-4); 423 (m, 1 H, H-3"); 4.80 (t, J = 5.6 Hz, 1 H, OH-5"); 6.27 (d, J = 7.6 Hz, 1 H, OH-
3 642 (d, J = 5.6 Hz, 1 H, , H-6); 6.63 (dd, J = 5.1, 7.5 Hz, 1 H, H-1); 7.42 (s, 2 H,
NH2); 8.08 (d, J = 5.6 Hz, 1 H, H-5). Anal. Calcd. for C{gH13N503: C 47.80; H 5.22; N
27.88. Found: C 47.93; H 5.08; N 27.80.
7-Amino-2-(2-deoxy-B-D-erythro-pentofuranosyl)-2H-1,2,3-tri-
azolo[4,5-b]pyridine (17). Compound. 17 was prepared as described for 3,
but the reaction mixture was heated at 80 °C for 7 h. Using 13 (0.3 g, 1.10
mmol), a colorless solid was obtained (0.16 g, 54 %). M.p. 105-107 °C. dec. TLC
(silica gel, CHCl3-MeOH-NH40H, 82:17:1): Rf 0.44. UV (NaOH 0.IN): Apax 226 nm
(e 6600); 272 (¢ 3800); 278 (¢ 3600); 320 (¢ 3900). lg NMR Me280-dg): 82.57 (m,1
H, Hg-2); 2.95 (m, 1 H, Hp-2"); 3.45-3.62, (2 m, 2 H, H-5); 3.98 (m, 1 H, H-4); 4.61
(m, 1 H, H-3'); 480 (t, ] = 5.6 Hz, 1 H, OH-5"); 5.44 (d, ] = 4.7 Hz, 1 H, OH-3"); 6.44 (d,
J =5.5 Hz, 1 H, H-6); 6.56 (dd, J = 4.4, 6.8 Hz, 1 H, H-1'); 7.62 (s, 2 H, NH7); 8.28 (d, J
= 5.5 Hz, 1 H, H-5). Anal. Calcd. for CigH{3N503: C 47.80; H 5.22; N 27.88. Found:
C 47.78; H 5.34; N 27.96.
7-Amino-2-(2-deoxy-a-D-erythro-pentofuranosyl)-2H-1,2,3-tri-
azolo[4,5-b]lpyridine (18). Compound 18 was prepared as described for 17.

Using 14 (0.1 g, 0.36 mmol) colorless foam was obtained (25 mg, 25%). TLC
(silica gel, CHCl3-MeOH-NH4OH, 82:17:1): Rf 0.4. UV (NaOH 0.1N): hp;ax 226 nm (¢
4100); 272 (¢ 3000); 278 (¢ 2900), 320 (¢ 3100). !H NMR {Me2S0-dg): 6 2.71 (m, 1 H,
Hg-2"; 290 (m, 1 H, HB-Z'); 3.49-3.64 (2 m, 2 H, H-5"); 412 (m, 1 H, H-4"); 423 (m, 1
H, H-3"); 4.82, 5.34 (2 s, 2 H, OH-5', OH-3"); 6.40 (d, J = 5.5 Hz, 1 H, H-6); 6.48 (dd, J =
4.6 7.2 Hz, 1 H, H-1"); 7.33 (s, 2 H, NH3); 8.22 (d, I = 5.5 Hz, 1 H, H-5). Anal. Calcd.
for C1gH13N503: C 47.80; H 5.22; N 27.88. Found: C 47.78; H 5.40; N 27.79,
Glycosylation of 7-chloro-3H -1,2,3-triazolo[4,5-b]pyridine with
2,3,5-tri-O -benzoyl-o— D-ribofuranosyl bromide. To a stirred suspen-
sion of 4 (1.5 g, 9.7 mmol) in dry CH3CN (70 mL), NaH (60% in oil, 0.45 g, 18.67
mmoel) was added and the reaction mixture was stirred at room temperature for
0.5 h. The 2,3,5-tri-O-benzoyl-D-ribofuranosyl bromide (19)9 (5.08 g, 9.7 mmol)
in dry CH3CN (10 mL) was added, and the stirring was continued for 24 h at

room temperature. Evaporation to dryness of the filtrate gave a foam which
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was chromatographed on a silica gel column eluting with CH2Clp-EtOAc (98:2).
Tree main zones were separed.

7-Chloro-3-(2,3,5-tri-O -benzoyl-B-D-ribofuranosyl)-34-1,2,3-
triazolo[4,5-b]pyridine (20).5 From the fast migrating zone, 20 (1.7 g,
30%) as a white foam was obtained. TLC (silica gel, CH,Cl7-EtOAc, 98:2): Rf 0.4.
1H NMR (McpS0-dg): 8 4.60-4.76 (2 m, 2 H, H-5"); 5.03 (m, 1 H, H-4'); 6.37 (1, ] = 6.0
Hz, 1 H, H-3"); 6.64 (dd, J = 3.1, 54 Hz, 1 H, H-2"); 7.1 (d,J =5.2, 1 H, H-1"); 748,
7.67, 791 (3 m, 15 H, arom.), 7.76 (d, J = 5.2 Hz, 1 H, H-6); 8.70 (d, J = 5.2 Hz, 1 H, H-
5). Anal. Calcd. for C31Hp3CIN4O7: C 62.15; H 3.87; N 9.35. Found: C 62.31; H 3.94;
N 9.26.

7-Chloro-2-(2,3,5-tri-O -benzoyl-f—D-ribofuranosyl)-2H-1,2,3-
triazolo[4,5-b]lpyridine (21).5 The following zone was eluted with a
mixture of CHyCly-EtOAc (95:5) to give 21 as white foam (1.5 g, 26%). TLC (silica
gel, CH,Cly-EtOAc, 95:5): Rf 0.6. IH NMR (MenS0-dg): & 4.62-4.75 (2 m, 2 H, H-5;
509 (m, 1 H, H-4"); 635 (dd, J = 5.1, 70 Hz, 1 H, H-3"); 647 (dd, T = 2.0, 5.1 Hz, 1 H
H-2); 7.12 (d, T = 2 Hz, 1 H, H-1); 745, 7.67, 7.94 (3 m, 15 H, arom.); 7.79 (d, J = 4.6
Hz, 1 H, H-6); 8.86 (d, J] = 4.6 Hz, 1 H, H-5). Anal. Calcd. for C31Hp3CIN4O7: C 62.15;
H 3.87; N 9.35. Found: C 62.25; H 3.86; N 9.18,

7-Chloro-1-(2,3,5-tri-O -benzoyl-B-D-ribofuranosyl)-1H-1,2,3-
triazolof4,5-b]lpyridine (22). From the same mixture (CH2Cl2-EtQAc, 95:5)
the following compound (22) was eluted (1.1 g, 21%) as yellow foam. TLC (silica
gel, CH,Cly-EtOAc, 95:5): Rf 0.28. 1H NMR (MepS0-dg): 84.49-4.63 (2 m, 2 H, H-5%;
5.08 (m, 1 H, H-4); 632 (dd, J = 5.1, 7.6 Hz, 1 H, H-3"); 6.73 (dd, J = 1.9, 5.0 Hz, 1 H,
H-2"); 7.21 (4, J = 1.8 Hz, 1 H, H-1"); 7.45, 7.68, 8.02 (3 m, 15 H, arom.); 7.88 (d, J =
49 Hz, 1 H, H-6); 8.72 (d, ] =49 Hz, 1 H, H-5). Anal. Calcd. for C31H,3CIN4O7: C
62.15; H 3.87; N 9.35. Found: C 62.36; H 3.70; N 9.44.

7-Chloro-3-(B-D-ribofuranosyl)-3H -1,2,3-triazolo[4,5-b]lpyridi-
ne (23).5 To compound 20 (1 g, 1.66 mmol) in a stainless steel bomb was added
MeOH (50 mL, saturated with NH3 at 0 °C). The mixture was left at room
temperature for 18 h; the solvent was then removed, and the resulting gummy
solid was chromatographed on a silica gel column and eluted with CHCl3-MeOH
(90:10), yielding 23 (0.4 g, 84%) as a white solid. M.p. 151-153 °C (lit.5 153 °C).
TLC (silica gel, CHCl3-MeOH 90:10): Rf 0.47.

7-Chloro-2-(8-D-ribofuranosyl)-2H-1,2,3-triazolo(4,5-blpyridi-
ne (24).5 Compound 24 was prepared from 21 (1 g, 1.66 mmol) as described
for 23 (reaction time 20 h). The solvent was removed, and the resulting solid
was crystallized from CH,Cly to give 0.35 g (78%) of colorless crystals. M.p. 158-
160 °C dec. [lit.5 130 °C dec.] TLC (silica gel, CHCl3-MeOH, 90:10): Rf 0.41.
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7-Chloro-1-(p-D-ribofuranosyl)-1H-1,2,3-triazolo[4,5-b]pyridi-
ne (25). Compound 25 was prepared from 22 (09 g, 1.5 mmol) as described

for 23 but at 4 °C for 38 h The solvent was removed and the residue was
chromatographed on a silica gel column eluting with a mixture of CHCl3-MeOH

(88:12) to yield 25 (0.58 g, 65 %) as a white crystals. M.p. 149-151 °C. TLC (silica
gel, CHCl3-MeOH, 88:12 ): Rf 0.38. UV (NaOH 0.1 N): Apyax 218 (e 1900): 268 (e
3500). 1H NMR (MepS0-dg): 83. 38, 3.55 2 m, 2 H, H-5"); 401 (m, 1 H, H-4); 440
(dd, J =5.4, 10.5 Hz, 1 H, H-3"); 4.69 (t, J = 5.6 Hz, 1 H, OH-5'); 5.0 (dd, J = 4.4, 9.4 Hz,
1H, H-2");535(, J =58 Hz, 1 H, OH-3"); 571 (d, J = 54 Hz, 1 H, OH-2"); 6.58 (d, J =
3.6 Hz, 1 H, H-1); 7.86 (d, J = 49 Hz, | H, H-6); 8.70 (d, J = 49 Hz, 1 H, H-5). Anal
Calcd. for C1gH11CINgO4: C 41.90; H 3.87; N 19.54. Found: C 41.81; H 3.79; N 19.63.
7-Amino-3-(B-D-ribofuranosyl)-3H-1,2,3-triazolo[4,5-b]lpyridi-
ne (2)5. To compound 23 (0.4 g, 1.39 mmol) liquid ammonia (20 mL) was
added, and the mixture was heated in a steel reaction vessel at 80 °C for 8 h. The
mixture was evaporated and the residue was chromatographed on a silica gel
column eluting with CHCI3-MeOH (85:15); white needles (0.18 g, 45 %) were
obtained. M.p. 205-207 °C [lit.5 194 °C] TLC (silica gel, CHCl3-MeOH, 85:15): Rf
0.43. 1H NMR (MeySO-dg): & 3.48-3.56 (2 m, 2 H, H-5"); 4.02 (dd, J = 4.2, 7.8 Hz, 1
H, H-4"); 429 (t,J = 4.1 Hz, 1 H, H-3"); 490 (t, J = 5.5 Hz, 1 H, H-2'); 525-541 2 br s,
3 H, OH); 6.20 (d, J = 5.8 Hz, 1 H, H-6); 642 (d, J = 5.6 Hz, 1 H, H-1"); 7.40 (s, 2 H,
NHj); 8.04 (d, J = 5.8 Hz, 1 H, H-5). Anal. Calcd. for C{gH{3N504: C 44.94; H 4.90; N
26.21. Found: C 45.05; H 5.12; N 26.13.
7-Amino-2-(p-D-ribofuranosyl)-2H-1,2,3-triazolo[4,5-b]lpyridi-
ne (26). Compound 26 was prepared from 24 (0.3 g, 1.04 mmol) as described

for 2 (reaction time 18 h). After evaporation, the reaction mixture was
chromatographed on a silica gel column eluting with a mixture of CHClj3-

MecOH-NH4OH (75:24:1) yielding 26 (0.146 g, 52%) as a white solid. M.p. 130-132
°C. TLC (silica gel, CHCi3-MeOH-NH40H, 75:24:1): Rf 0.3. UV (NaOH 0.1 N): Ay ax
222 (¢ 8500); 276 (e 3500); 322 (¢ 3300). 'H NMR (MepSO-dg): 6 3.56-3.65 2 m, 2
H, H-5"); 404 (m, 1 H, H-4"); 4.35 (dd, J = 5.1, 10.0 Hz, 1 H, H-3"); 4.60 (dd, J = 4.8,
8.8 Hz, 1 H, H-2'); 4.81 (m, 1 H, OH-5"; 5.31 (d,J =5.6 Hz, 1 H, OH-3");, 572 (d, ] =
5.6 Hz, 1 H, OH-2; 6.08 (d, J = 3.6 Hz, 1 H, H-1'); 6.39 (d,J=5.3 Hz, 1 H, H-6); 743
(s, 2 H, NHp); 823 (d,J = 5.3 Hz, 1 H, H-5). Anal. Calcd. for CigH{3N504: C 44.94;
H 4.90; N 26.21. Found: C 44.86; H 5.02; N 26.33.

Biological Determination

Antiproliferative assay. An assay developed for predictive evaluation of

tumor chemosensitivity has been used.l2 The following cell lines were used:
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P388 murine lymphocytic leukemia, L1210 murine leukemia, B16 murine
melanoma, HL60 human promyelocytic leukemia and LoVo human colon
adenocarcinoma. Cell lines were maintained in vitro, in exponential growth.
The LoVo cell line was maintained in HAM'S F-12 medium containing
antibiotics (penicillin 100 U/mL, streptomycin 100 pg/mL) supplemented with
10% fetal calf serum, 1% vitamin and 3 mM glutamine. The other cell lines
were cultured in RPMI-1640 supplemented with antibiotics (penicillin 100
U/mL, streptomycin 100 pg/mL, gentamicin 50 pg/mL), 3 mM glutamine, 10
mM HEPES buffer and 15% (for P388 and L1210 cell lines) heat-inactivated
new-born calf serum, or 10% (for Bi6 cell line), or 15% (for HL60 cell line)
heat-inactivated FCS. Compounds were solubilized in DMSO and then water and
culture medium were added; the highest DMSO concentration used (0.5%) did
not have any cytotoxic effect in our testing system. Briefly, wvarious
concentrations of each drug were placed with tumor cell suspension (P388,
5x104 cells/mL; L1210, 105 cells/mL; B16, 1.2x10% cells/mL; HL60, 2.5x105
cells/mL; LoVo, 5x104 cells/mL). Forty ecight hours later DNA synthesis was
evaluated by adding 0.1 ug/well of (125]1-5-iodo-2'-deoxyuridine  along with 2'-
deoxy-5-fluorouridine (0.01 pg/well) to the cultured cells for an additional 18
h. Harvesting was performed by a multiple suction filtration apparatus on a
fiberglass filter. Immediately before harvesting, B16 and LoVo cells were
treated with trypsin 0.05% plus EDTA 0.02%. Paper disks containing the
aspirate cells were read in a gamma-scintillation counter. At each dose level of
compounds tested, cell growth inhibition was expressed as a percentage of
inhibition of radioisotope incorporation in the treated cultures with respect to
control cultures. A dose resulting in 50% inhibition of radioisotope
incorporation (ID5(p) was determined as suggested by Choul3; the mean ID5q of
at least three experiments was reported.

Enzyme assay. The method used for the determination of activity against

adenosine deaminase has been described in a preceding paper.14
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