
Biochemical Pharmacology. Vol. 29, pp. 1649-1851. 
0 Pergamon Press Ltd. 1980. Printed in Great Britain. 

0006-2952iR0106L5-1R49 $O2.00/0 

SHORT COMMUNICATIONS 

Antiviral, antimetabolic and antineoplastic activities of 2’- or 3’.amino or -azido- 
substituted deoxyribonucleosides 

(Received 21 December 1979; accepted 19 February 1980) 

Several nucleoside analogues are endowed with either 
antiviral activity [e.g. 5-iodo-2’-deoxyuridine (IDU)], 
antitumor activity, or both [e.g. 9$-D-arabinofuranosy- 
ladenine, araadenosine (ara-A) and l$-D-arabinofura- 
nosylcytosine, aracytidine (ara-C]. In attempts to increase 
the selectivity and/or potency of these antiviral and anti- 
tumor agents, various modifications have been carried out 
at either the heterocyclic or sugar moiety. In some cases, 
this approach yielded quite valuable compounds, i.e. (E)- 
5-(2-bromovinyl)-2’-deoxyuridine [l] and l-(2-fluoro-2- 
deoxy+D-arabinofuranosyl)-5-iodocytosine [2], which 
were more active and more selective in their antiherpes 
virus activity than the compounds they were derived from 
(IDU and ara-C, respectively). Similarly, the 5’-aminoan- 
alogue of IDU proved more selective, albeit less active, as 
an antiherpes agent than its parent compound [3,4]. Yet, 
the 5’-amino and 5’-azido analogues of ara-C had no 
antiviral activity [5]. Neither did they inhibit tumor cells 
[51. 

Here we report on the antiviral and antitumor properties 
of a new series of nucleoside analogues, namely 2’-deoxy- 
and 2’,3’-dideoxyribonucleosides, in which an amino or 
azido group was substituted at the 2- and/or 3-position of 
the sugar moiety. Some 2’- or 3’-amino (or azido) nucleo- 
side anaiogues, viz. 3’-amino-3’-deoxythymidine [6,7], 2’- 
amino-2’-deoxyaraadenosine [8] and 2’-azido-2’-deoxy- 
araadenosine [8,9], have been synthesized in the past: 
whereas 2’-azido-2’-deoxyaraadenosine possessed an anti- 
viral and antineoplastic activity that was comparable to that 
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of ara-A, 2’-amino-2’-deoxyaraadenosine was relatively 
inert as an antiviral or antineoplastic agent [8.9]. Also, 3’- 
amino-3’-deoxythymidine potently inhibited tumor cell 
growth, but was not good as an antiviral agent [6,7]. 

The 2’- and 3’-amino (or azido) 2’-deoxyribonucleosides 
that were evaluated for antiviral and antitumor activity are 
depicted in Fig. 1. Their synthesis has been described 
elsewhere [lO-151. One of these nucleoside analogues, 2’- 
azido-2’-deoxycytidine 1151, has already been the subject 
of some previous studies: the compound was shown to 
inhibit mammalian cell DNA replication [16], polyoma 
virus DNA replication [17,18], and, in its 5’-triphosphate 
form, it also inhibited the action of primase in a recon- 
structed E. coli enzyme system [ 191. 

The antiviral properties of the compounds were assessed 
in primary rabbit kidney (PRK) cell cultures challenged 
with either vaccinia, herpes simplex or vesicular stomatitis 
virus. The methodology for measuring antiviral activity has 
been described previously [ 11. The IDso for antiviral activity 
was defined as the concentration of compound required to 
reduce viral cytopathogenicity by 50 per cent, when it had 
reached completion in the control virus-infected cell cul- 
tures. The antitumor potentials of the compounds were 
explored with L1210 mouse leukemic cells as the indicator 
system [20]. These assays were performed in Linbro micro- 
plates; L1210 cells were seeded at 50,000 cells per well, in 
the presence of various concentrations of test compound, 
and allowed to proliferate for 48 hr at 37” in a humidified 
COz-controlled atmosphere. At the end of this incubation 
period, the cells were counted in a Coulter counter. The 
number of dead cells was evaluated by staining with trypan 
blue. The IDss was defined as the concentration of com- 
pound required to reduce the number of living cells by 50 
per cent. In both PRK and L1210 cells DNA synthesis was 
measured by monitoring [3H-methyl]deoxythymidine 
(dThd) incorporation into acid-insoluble material, as has 
also been described previously [l, 201. The ID5s for anti- 
metabolic activity was defined as the concentration of com- 
pound required to reduce [3H-methyl] dThd incorporation 
by 50 per cent. -- --- 

2’- amino-2’. deoxyurldine (141 uracll NH2 OH H None of the compounds tested appeared to exert an 
2’- amino-2’- deoxycytldlne 114) cytostne NH2 OH H appreciable inhibitory effect on either herpes simplex virus 
2’- am,no - 2’- deoxyadenoslne ( 121 adenlne NH2 OH H or vesicular stomatitis virus replication (Table 1). Several 
2’- amino- 2’- deoxyguanoslne I121 guan,ne NH2 OH H compounds, i.e. 2’-amino-2’-deoxyadenosine and 3’-azido- 
2’. azido-2’- deoxycytidlne 115) cytosine N3 OH H 3’-deoxyadenosine, inhibited vaccinia virus replication at 
2’- azldo - 2’- deoxyadenoslne 1101 adenane N3 OH H 

2’- artdo - 2’- deoxyguanosine I101 guantne N3 OH H 
a fairly low concentration (4 pg/ml). However, these com- 

3’- am,no -Z,J- dldeoxyadenosine ill) adenine H NH2 H 
pounds were cytotoxic at 40 &ml, thus affording a safety 

3’- ameno-2:3’ dldeoxyguanoslne Ill 1 guanlne H NH2 H 
margin of only lo-fold. Various other compounds, i.e. 2’- 

3’- azldo- 3’- deoxythymldine (11 I thymlne H N3 H azido-2-deoxyxytidine, 3’-amino-2’,3’-dideoxyguanosine 
3’- az,do - 3’. deoxyadenowne 113) adenine OH N3 H and 3’-azido-2’,3’-dideoxyadenosine, were active against 
3’- az~do - 3’- deoxyaraadenosine I 13 I adenlne H N3 OH vaccinia virus, but, again, at concentrations that were only 
3’- azldo -2:3’- dideoxyadenosine ill I adenlne H N3 H slightly lower than those afflicting normal cell morphology. 
3’- azldo -2:3; dideoxyguanoslne Ill) guanane H N3 H Some selectivity was displayed by 3’-azido-3’-deoxyaraa- 

denosine, which inhibited vaccinia virus replication at 
Fig. 1. Formulae of 2’- or 3’-amino- or -azido-substituted 20 pg/ml, while not being cytotoxic at 200 pg/ml. However, 
deoxyribonucleosides. References to the synthesis of the in terms of potency, the 3’-azido analogue of ara-A com- 

compounds are indicated in parentheses. pared unfavorably to its parent compound, which inhibited 
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the replication of vaccinia virus at a concentration as low 
as 0.4 pg/mI (Table 1). 

There appeared to be a rather strong correlation (r = 
0.827) between the anti-vaccinia activity of the compounds 
and their inhibitory effects on host cell DNA synthesis (as 
monitored by [3H-methyl] dThd incorporation) (Table 1). 
(3’-Azido-3’-deoxythymidine was excluded from this cor- 
relation analysis, as its inhibitory effect on [3H- 
methyl]dThd incorporation may result from a direct inter- 
ference with the dThd salvage pathway and not necessarily 
reflect an overall inhibition of cellular DNA synthesis.) 
Thus, those compounds that were most effective against 
vaccinia virus, viz. 2’-amino-2’-deoxyadenosine, 3’-azido- 
3’-deoxyadenosine and 3’-azido-2’,3’-dideoxyadenosine, 
also ranked among the most powerful inhibitors of DNA 
synthesis. These compounds also inhibited viral replication 
and cellular DNA synthesis at approximately the same 
concentration. One may assume, therefore, that their 
antiviral activity was achieved through an inhibition of host 
cell DNA synthesis. 

Various compounds, including 2’-amino-2’-deoxyaden- 
osine, 2’-azido-2’-deoxycytidine, 3’-amino-2’,3’-dideoxy- 
adenosine, 3’-azido-3’-deoxyadenosine and 3’-azido-2’,3’- 
dideoxyguanosine, inhibited the proliferation of L1210 cells 
at an ifi,, that, like that of aia-A, fell within the lO- 
100 uelml range (Table II. 3’-Amino-2’,3’-dideoxvadeno- 
sine’ &d 3’-izido-2’,3’-dideoxyguanosine may ie con- 
sidered as rather selective in their antineoplastic action, as 
neither compound was toxic for normal (primary rabbit 
kidney) cells, even at 200 pglml. The highest potency as an 
antineoplastic agent was demonstrated by 3’-azido-2’,3’- 
dideoxyadenosine, which suppressed L1210 cell growth at 
an ID50 of about 2 pgiml. However, the highest selectivity 
as an antineoplastic agent was demonstrated by 2’-amino- 
2’-deoxyguanosine: this compound was not active as an 
antiviral agent and not toxic for rabbit kidney cells, but 
inhibited L1210 cell proliferation at an ID50 of 3.9pg/ml 
(Table 1). 2’-Amino-2’deoxyguanosine has also been evalu- 
ated for its inhibitory effects on the growth of Namalva 
and TK- (dThd kinase deficient) Raii cells, two human 
lymphoblastoid B cell lines derived from Burkitt’s lym- 
ohoma. The IDS0 of this comoound for TK- Raii cells was 
i9.9 &ml and fhe IDso for hamalva cells was’233 &ml, 
and was thus considerably higher than the IDS0 for L1210 
cells. For ara-A, the IDSo values for TK- Raji and Namalva 
were 4.3 and 17.2 pgg/ml, respectively. 

2’-Amino-2’deoxyguanosine (which has recently been 
isolated from Enterobacfer cloacue [21]) was not inhibitory 
to [3H-methyl]dThd incorporation in either primary rabbit 
kidney cells or L1210 cells (Table l), which contrasts with 
its marked inhibitory effect on L1210 cell growth. Except 
for 2’-amino-2’-deoxyguanosine and 3’-azido-3’-deoxy- 
thymidine, there appeared to be a relatively strong cor- 
relation (r = 0.781) between the antineoplastic activity of 
the compounds and their inhibitory effects on L1210 DNA 
synthesis (as monitored by [3H-methyl]dThd incorpora- 
tion). Thus, as postulated previously for 3’-amino-3’- 
deoxythymidine [7], inhibition of DNA synthesis may 
account for the tumor cell toxicity of most of the 2’- or 3’- 
amino (or azido) nucleoside analogues listed in Table 1. 
Only 2’-amino-2’-deoxyguanosine does not seem to follow 
the rule. The anti-tumor activity of this compound, or at 
least its inhibitory effect on L1210 cell proliferation, may 
be mediated through a mechanism other than inhibition of 
DNA biosynthesis. 

In summary, various 2’- and/or 3’-amino- and -azido- 
deoxyribonucleoside analogues were evaluated for their 
antiviral and antitumor potentials, in primary rabbit kidney 
and mouse leukemia L1210cell cultures, respectively. Some 
compounds, viz. 2’-amino-2’-deoxyadenosine, 3’-azido-3’- 
deoxyadenosine and 3’-azido-2’,3-dideoxyadenosine, 
proved quite effective in inhibiting vaccinia virus replication 
and L1210 cell growth. Their antiviral and antitumor 
properties correlated well with an inhibitory effect on host 

cell DNA synthesis. However, one particular compound, 
2’-amino-2’-deoxyguanosine, strongly inhibited L1210 cell 
proliferation without a concomitant inhibitory effect on 
DNA metabolism. 
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