
J. Med. Chem. 1995, 38, 1035-1038 1035 

Notes 

3-Deaza- and 7-Deaza-5'-noraristeromycin and Their Antiviral Properties 

Suhaib M. Siddiqi, Xing Chen, Jagadishwar Rao, and Stewart W. Schneller*^ 

Department of Chemistry, University of South Florida, Tampa, Florida 33620, and Department of Chemistry, 
Auburn University, Auburn, Alabama 36849 

Satoru Ikeda, Robert Snoeck, Graciela Andrei, Jan Balzarini, and Erik De Clercq 

Rega Institute for Medical Research, Katholieke Universiteit Leuven, Minderbroedersstraat 10, B-3000 Leuven, Belgium 

Received March 17, 1994® 

An enantiospecific synthesis of 3-deaza-5'-noraristeromycin as its dihydrochloride ((—)-6) has 
been accomplished in six steps beginning with the reaction of (+)-(lR,4S)-4-hydroxy-2-
cyclopenten-1-yl acetate with 4-chloro-li/-imidazo[4,5-c]pyridine. The preparation of 7-deaza-
5'-noraristeromycin ((—)-7) was described previously. Compounds (—)-6 and (—)-7 were 
evaluated for antiviral activity against a large number of viruses. Compound (—)-6 produced 
an antiviral activity pattern similar to 5'-noraristeromycin but was less potent. Compound 
(—)-6 inhibited CEM cell proliferation at a 50% inhibitory concentration of 27 ,«g/mL but proved 
not inhibitory to HEL cell proliferation and not toxic to EgSM, HeLa, Vero, and MDCK cells at 
concentrations up to 200 fig/mL. While (—)-6 showed inhibition of S-adenosyl-L-homocysteine 
(AdoHcy) hydrolase, it was less inhibitory than 5'-noraristeromcyin. Compound (-)-7 displayed 
no antiviral properties or inhibitory effects toward AdoHcy hydrolase. 

It is clear that new antiviral agents derived from 
aristeromycin (1) must be incapable of undergoing 
phosphorylation at the C-5' center if undesirable side 
effects are to be avoided.1 In that regard, 5'-noraris-
teromycin (2)2 and its deoxy derivative 3 3 have been 
found to possess selective antiviral properties, which is 
likely due to their inhibition of S-adenosyl-L-homocys
teine (AdoHcy) hydrolase.2'3 Prompted by similar prop
erties for the 3-deaza analogue of 3 (that is, 4)3 and for 
3-deazaneplanocin A (5),4 3-deaza-5'-noraristeromycin 
(6) became a logical extension of our studies2 with 2. 

Also, the variation of 1 that led to 2 suggested that a 
similar alteration of 7-deazaaristeromycin (or carbocy-
clic tubercidin) could provide a compound (that is, 7) 
with antiviral activity that was not dependent on C-5' 
phosphorylation and thus circumvent the cytotoxicity 
associated with 7-deazapurine carbocyclic nucleosides.5 

Thus, 7-deaza-5'-noraristeromycin (7) has also been 
considered. 

Chemistry 
The preparation of 6 began with the coupling of (+)-

(LR,4iS)-4-hydroxy-2-cyclopenten-l-yl acetate (8)6 with 
4-chloro-lif-imidazo[4,5-c]pyridine7 in the presence of 
tetrakis(triphenylphosphine)palladium to yield enan-
tiospecifically6 9 (Scheme 1). Acetylation of 9 to 10 was 
followed by standard vicinal glycolization conditions of 
osmium tetraoxide/A^-methylmorpholine Af-oxide to pro
vide the "ribo" product l l . 8 Due to the reduced reactiv
ity of the 4-chloro atom of 11 toward nucleophilic 
displacement (compared to 6-chloropurine),9 conversion 
of 11 into 6 followed a standard procedure10 for 3-dea-
zapurines by reacting 11 with hydrazine followed by 

f Address correspondence to this author at the Department of 
Chemistry, Auburn University, Auburn, AL 36849. 

8 Abstract published in Advance ACS Abstracts, February 1, 1995. 
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treatment of the resultant hydrazino derivative with 
Raney nickel. Due to problems in purifying 6 as the 
free base, it was characterized as its dihydrochloride 
salt. 

The synthesis of (—)-7 has been previously described.6 

Antiviral Results 

Compounds (—)-6 and (—)-7 were evaluated against 
a wide variety of both DNA viruses and RNA viruses 
(Table 1). Compound (—)-6 displayed the same antiviral 
activity spectrum as (—)-5'-noraristeromycin ((—)-2) but 
was clearly less active as an antiviral agent. In that 
regard, (—)-6 retained activity against vaccinia virus 
(VV), vesicular stomatitis virus (VSV), parainfluenza-
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Scheme 1 

3, and reo-1 al though it was about 10 t imes less potent 
against these viruses t h a n ( - ) -2 . On the other hand, 
in contrast to ( - ) -2 , (—)-6 lost activity against cytome
galovirus and the arenoviruses J u n i n and Tacaribe. 
Compound (—)-7 virtually lost activity against all vi
ruses when viewed in comparison to ( - ) -2 . None of the 
compounds showed anti-HIV activity under the experi
mental conditions where 3'-azido-2',3'-dideoxythymidine 
(AZT) proved active a t 0.004 ^ M (data not shown). 

Since the antiviral activity of 5'-noraristeromycin 
((—)-2) was believed23 to be due to its inhibition of 
S-adenosyl-L-homocysteine (AdoHcy) hydrolase, both 
(-)-6 and (-)-7 were evaluated for their ability to inhibit 
th is enzyme. The IC50 (/uM) values were found to be as 
follows: ( - ) -6 , 0.14 ± 0.042; (-)-l, >89; ( - ) -2 , 0.042 ± 
0.011; and neplanocin A, 0.0042 ± 0.0024. The order 
of decreasing inhibitory effects of these compounds on 
AdoHcy hydrolase activity ( that is, ( - ) -2 > ( - ) -6 > ( - ) -
7) follows the order of decreasing antiviral activity for 
this series. This observation further supports inhibition 
of AdoHcy hydrolase as the mechanism for the antiviral 
activity of the 5'-noraristeromycin class of adenosine 
analogues. Since recent modeling studies by Bor-
chardt 1 1 indicate t h a t all ni trogens of the pur ine r ing 
are necessary for binding to AdoHcy hydrolase, it is not 
surpris ing t ha t (—)-6 is less potent t han 5'-noraristero-
mycin ((—)-2) in i ts inhibition of this enzyme. AdoHcy 
hydrolase has been previously shown1 2 to be a suitable 
ta rge t enzyme for inhibition of those viruses t h a t are 
highly dependent on cellular methylat ion reactions, 
which suggests t ha t further s tudy should be carried out 
to ascertain the effects of the 5'-noraristeromycin series 
on viral required methylat ions. 

E x p e r i m e n t a l S e c t i o n 

Materials and Methods. Unless otherwise noted, the 
reactions were carried out using freshly distilled solvents 
under anhydrous conditions in an argon atmosphere. The 
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glassware was dried overnight in an oven at 100 °C. All 
reactions were monitored by thin-layer chromatography (TLC) 
using 0.25-mm E. Merck silica gel 6O-F254 precoated silica gel 
glass plates with visualization by irradiation with a Miner-
alight UVGL-25 lamp, exposure to iodine vapor, or spraying 
with 3% phenol in 5% ethanolic H2SO4 and subsequent heating 
at 200 °C. The column chromatography purifications were 
performed on Aldrich flash chromatography silica gel 60 
(particle size 0.035-0.07 mm; 220-440 mesh ASTM) by 
eluting with the indicated solvent system. The XH NMR and 
13C NMR spectra were recorded on either a JEOL FX90Q or a 
Bruker AMX-360 spectrometer in CDCI3 or DMSO-rf6 refer
enced to internal tetramethylsilane (TMS) at 0.0 ppm. The 
spin multiplicities are indicated by the symbols s (singlet), d 
(doublet), t (triplet), m (multiplet), and br (broad). The UV 
spectrum for (—)-6 was obtained using an IBM 9420 spectro
photometer. Melting point data was obtained using a Mel-
Temp capillary melting point apparatus and are uncorrected. 
Optical rotations were recorded on Perkin-Elmer 241MC 
polarimeter. The microanalyses were performed by M-H-W 
Laboratories, Phoenix, AZ, on samples that were homogeneous 
by TLC analysis. 

(lS,4B)-4-(4-Chloro-lff-imidazo[4,5-c]pyridin-l-yl)cy-
clopent-2-en-l-yl Acetate ((+)-10). To a solution of 4-chloro-
l#-imidazo[4,5-e]pyridine7 (5.39 g, 35.23 mmol) in dry THF 
(50 mL) was added NaH (60% dispersion in mineral oil, 1.41 
g, 35.21 mmol). The reaction mixture was mechanically stirred 
at the room temperature for 30 min, followed by the addition 
of tetrakis(triphenylphosphine)palladium (2.0 g, 28.17 mmol), 
triphenylphosphine (1 g, 3.81 mmol), and a solution of (+)-86 

(5 g, 35.21 mmol) in dry THF (100 mL). This mixture was 
stirred at 55 °C for 24 h. The volatiles were removed by rotary 
evaporation in vacuo at 18 mmHg and 50 °C. The residue was 
slurried in CH2CI2 (250 mL) and filtered to remove insoluble 
solids, and the filtrate was washed with brine (2 x 200 mL), 
dried (MgSO-i), and evaporated to dryness. The residue (9) 
was dissolved in CH2CI2 (250 mL) containing pyridine (15 mL) 
and 4-(A^^V-dimethylamino)pyridine (200 mg). To this solution 
was added AC2O (50 mL) slowly, and this mixture was stirred 
overnight at the room temperature. After the mixture was 
washed with saturated aqueous NaHCC-3 (3 x 200 mL), the 
organic phase was dried (MgS04) and filtered, and the filtrate 
was evaporated to dryness. The residual oil was purified by 

(+)-8' 

AcO / c6 
(+)-10 

AcO 

(-)-6»2HCI (-)-11 

Reaction conditions: a, (i) 4-chloro-1 H-imidazo[4,5-c]pyridine7 and NaH in 
THF then add (+)-8/(Ph3P)4Pd/PPh3 in THF at room temperature and raise 
temperature to 55 °C; b, Ac20 and pyridine in CH2CI2 containing 4-(N,N-dimethyl-
amino)pyridine; c, OsO,,/60% aq. N-methylmorpholine N-oxide in THF-H20; 
d, (i) N2H4 hydrate/100-120 °C; (ii) Raney Ni in H2O/90 °C; (iii) HCI in EtOH 
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Table 1. Activity of Compounds (-)-6 and (-)-7 against Different Viruses in Different Cell Systems 

virus 

HSV-1 (KOS) 
HSV-2 (G) 
TK- HSV-1 (B2006) 
TK- HSV-1 (VMW 1837) 
W 
VSV 
VSV 
Coxsackie B4 
Polio-1 
RSV (Long) 
Parainfluenza virus type 3 
(ATCC VR-93) 
Reo-1 
(ATCC VR-230) 
Sindbis 
(ATCC VR-67) 
Semliki forest 
(ATCC VR-67) 
Arenavirus (Junin) 
Arenavirus (Tacaribe) 
HIV-1 (Ills) 
HIV-2 (ROD) 
Influenza A 
(Ishikawa/222/82/H3N2) 
Influenza B 
(Singapore/222/79) 
CMV (AD-169) 
CMV (Davis) 
VZV (Oka) 
VZV (YS) 
TK" VZV (07-1) 
TK" VZV (YS-R) 

morphology 
morphology 
morphology 
morphology 
viability 
proliferation 

cell 

E6SM 
E6SM 
E6SM 
E6SM 
E6SM 
E6SM 
HeLa 
HeLa 
HeLa 
HeLa 
Vero 

Vero 

Vero 

Vero 

Vero 
Vero 
CEM 
CEM 
MDCK 

MDCK 

HEL 
HEL 
HEL 
HEL 
HEL 
HEL 

E6SM 
HeLa 
Vero 
MDCK 
CEM 
HEL 

(-)-e 
>400 
>400 

300 
300 

0.4 
0.7 
2 

>400 
>400 
>150 

1 

7 

>200 

>200 

>40 
>40 
>20 
>20 
150 

>200 

>40 
>40 
>40 
>40 
>30 
>40 

>400 
>400 
>200 
>200 

27 
>200 

(-)-7 

300 
>400 

300 
300 
150 
70 

300 
>400 
>400 

100 
100 

>200 

>200 

>200 

>20 
>20 

>500 
>500 
>200 

>200 

>40 
>40 
>40 
>40 
>40 
>40 

>400 
>400 
>400 
>200 
>500 
>200 

MICso" (ftg/mL) 

(-)-2 

>400 
>400 

0.04 
0.1 
0.2 

>400 
>400 
>200 

0.07 

0.7 

>400 

>400 

6 
8 

>0.16 
>0.16 

>100 

>100 

0.01-0.05 
0.03-0.07 

>50 
>50 

>400 
>400 
>400 
>400 

0.4 
50 

neoplanocin A 

70 
>100 

20 
70 
0.2 
2 
2 

>40 
>40 
>1.2 

0.2 

0.7 

2 

7 

1 
1 

0.3-1.2 

>4 

0.6 
0.4 
4 
5 
4 
3 

100 
1-40 

40 
4 

20 
a Concentration required to reduce virus-induced cytopathicity (all viruses), cell viability (CEM), or cell proliferation (HEL) by 50%, or 

concentration required to cause a microscopically detectable alteration of normal cell morphology (EeSM, HeLa, Vero, MDCK). 

silica gel column chromatography (eluent AcOEt) to give 10 
as a colorless foam (8.26 g, 85%): [a]26

D +78.0° (c 0.5, CHC13); 
*H NMR (CDC13) (5 2.15 (dt, J = 15.2 and 8.50 Hz, 1 H, Ha-5), 
2.31 (s, 3 H, Me), 3.05 (dt, J = 15.2 and 8.50 Hz, 1 H, Hb-5), 
5.03 (m, 1 H, H-l), 5.57 (d, J = 5.87 Hz, 1 H, H-4), 5.99 (dd, J 
= 5.57 and 2.32 Hz, 1 H, H-2), 6.63 (d, J = 5.57 Hz, I H, H-3), 
7.33 (d, 1 H, heterocyclic H-7), 7.78 (d, 1 H, heterocyclic H-6), 
8.64 (s, 1 H, heterocyclic H-2); 13C NMR (CDCI3) <5 25.38,40.15, 
58.70, 73.68, 98.67, 117.20, 127.54, 129.77, 137.67, 148.35, 
149.80, 152.30, 171.43. Anal. (C13H12CIN3O2) C, H, N. 

(lS,2R,3S,4R)-4-(4-CMoro-lif-imidazo[4,5-c]pyridin-l-
yl)-2,3-dihydroxycyclopent-l-yl Acetate ( ( - ) - l l ) . To a 
solution of compound 10 (6.5 g, 23.47 mmol) in THF-H 2 0 (40: 
1, 100 mL) was added 60% aqueous iV-methylmorpholine 
AT-oxide (9 mL, 52.09 mmol) and osmium tetroxide (60 mg). 
The reaction mixture was stirred at the room temperature for 
20 h. Sodium bisulfite (3 g) and H2O (5 mL) were added into 
the reaction flask, and the resulting mixture was stirred at 
room temperature for 30 min. After removal of the solvent 
by rotary evaporation, the residue was purified by column 
chromatography using silica gel (AcOEt-MeOH, 9:1). The 
fractions containing product were evaporated to dryness to give 
11 (6.38 g, 88%) as an analytically pure white solid: mp 6 0 -
63 °C; [a]25

D -38.2° (c 0.5, CHC13);
 XH NMR (CDCI3) d 1.80 

(m, 1 H, Ha-5), 2.35 (s, 3 H, CH3), 3.05 (m, 1 H, Hb-5), 3.78 (m, 
3 H, H-l, H-2, and H-3), 4.57 (m, 2 H, H-4 and OH), 4.98 (m, 
1 H, OH), 7.33 (d, 1 H, heterocyclic H-7), 7.78 (d, 1 H, 
heterocyclic H-6), 8.64 (s, 1 H, heterocyclic H-2); 13C NMR 
(CDCI3) 6 25.40, 39.54, 58.40, 73.79, 76.38, 77.15, 100.67, 
102.87,122.94,149.87,149.99,151.65,171.43. Anal. (Ci3H14-
CIN3O4) C, H, N. 

(lS,2i?,3S,4R)-4-(4-Amino-lff-imidazo[4,5-c]pyridin-l-

yl)cyclopentane-l,2,3-triol Dihydrochloride ((-)-6). A 
solution of 11 (5 g, 16.08 mmol) in hydrazine monohydrate (100 
mL) was heated at 100-120 °C for 6 h. After cooling to room 
temperature, the excess solvent was removed by rotary 
evaporation. The residue was dissolved in distilled H 2 0 (100 
mL), and freshly prepared W2 Raney Ni (prepared from 30 g 
of alloy) was added to it. The new suspension was heated at 
90 °C for 2 h. The hot reaction mixture was filtered through 
a pad of Celite and the catalyst washed with hot H2O (3 x 20 
mL). The combined filtrates were evaporated to dryness. The 
oily residue was dissolved in hot EtOH, treated with decol
orizing carbon, and filtered and the filtrate evaporated to 
dryness. This residue was dissolved in HC1 saturated absolute 
EtOH (30 mL). After the mixture was refrigerated for a few 
days, the white solid that resulted was collected by filtration, 
washed with dry acetone, and dried over P2O5 in vacuo to give 
1.83 g (46%) of 6 as its dihydrochloride: mp 250 °C (decom
posed); [a]25

D -40.6° (c 1, H20); UV Amax at pH 1, 260 (log e 
10.0), 268 (9.8); at pH 7, 263 (10.3), 268 sh; at pH 13, 268 (9.8). 
The UV spectrum, which agrees well with 3-deazaaristeromy-
cin,10 provides proof that substitution in the first step occurred 
at the N-9 position and not at N-7: *H NMR (DMSO-d6) <3 1.78 
(m, 1 H, Ha-5), 3.15 (m, 1 H, Hb-5), 3.60 (m, 3 H, H-l, H-2, 
and H-3), 4.55 (m, 2 H, H-4 and OH), 5.00 (m, 2 H, 2 x OH), 
7.33 (d, 1 H, heterocyclic H-7), 7.78 (d, 1 H, heterocyclic H-6), 
8.48 (s, 2 H, NH2), 8.64 (s, 1 H, heterocyclic H-2); 13C NMR 
(CDCI3) d 40.04, 58.38, 74.09, 76.40, 77.00, 100.87, 102.65, 
123.00, 150.02, 150.21, 156.64. Anal. (CiiHi4N403-2HCl) C, 
H, N. 

Antiviral Activity Assays. The antiviral assays, other 
than the anti-HTV-1 assays, were based on an inhibition of 
virus-induced cytopathicity in either E6SM, HeLa, Vero, 
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MDCK, or H E L cell cul tures , following previously establ ished 
procedures.1 3 _ 1 B Briefly, confluent cell cul tures in microti ter 
t rays were inoculated with 100 CCID50 of virus, 1 CCID50 being 
the virus dose required to infect 50% of the cell cultures. After 
a 1 h virus adsorption period, residual virus was removed, and 
the cell cul tures were incubated in t he presence of varying 
concentrations (400,200,100,. . . fig/mL) of the test compounds. 
Viral cytopathicity was recorded as soon as it reached comple
tion in the control virus-infected cell cul tures. 

C y t o s t a t i c A c t i v i t y A s s a y s . The cytostatic assays were 
performed as previously described.16 Briefly, 100 fiL aliquots 
of the cell suspensions (5 x 105 mur ine leukemia L1210 or 
7.5 x 10B h u m a n T-lymphocyte Molt-4 or CEM cells/mL) were 
added to the wells of a microti ter plate containing 100 piL of 
varying concentrat ions of t he tes t compounds. After a 2-day 
(L1210) or 3-day (Molt-4 and CEM) incubation period a t 37 
°C in a humidified CCvcontrol led incubator, the number of 
viable cells was de termined using a Coulter Counter. Cyto
static activity is expressed as the compound concentration t h a t 
reduced the number of viable cells by 50% (CC50). The 
cytotoxicity measu remen t s were based on microscopically 
visible a l terat ion of normal cell morphology (EeSM, HeLa, 
Vero, MDCK) or inhibit ion of normal cell growth (HEL), as 
previously described.16 

I n h i b i t i o n of HTV-Induced Giant Cel l F o r m a t i o n . 
CEM cell cul tures were suspended a t 250,000-300,000 cells/ 
mL of cul ture medium and infected with HIV-1 ( I I I B ) or HIV-2 
(ROD) a t 100 CCID5 0/mL. Then, 100 ^ L of the infected cell 
suspension were t ransferred to 200 piL microti ter plate wells 
containing 100 fih of serial dilutions of the tes t compound 
solutions. After 4 days of incubation a t 37 °C, cell cul tures 
were examined for syncytium formation as previously de
scribed.17 

I n h i b i t i o n of A d o H c y H y d r o l a s e Act iv i ty . Measure
ment s of L929 cell AdoHcy hydrolase activity inhibition were 
carried out as described by Cools and co-workers.18 
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