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SUMMARY

Several sugar-modified 2,6-diaminopurine and guanine 2’ ,3’-
dideoxyribosides were synthesized and evaluated in vitro for
their ability to inhibit the cytopathic effect and replication of
human immunodeficiency virus (HIV), the causative agent of
acquired immunodeficiency syndrome (AIDS). 3’-Azido-2,6-dia-
minopunne-2’ ,3’-dideoxynboside (AzddDAPR), 3’-fluoro-2,6-
diaminopunne-2’ ,3’-dideoxynboside (FddDAPR), and 3’-fluoro-
2’ ,3’-dideoxyguanosine emerged as potent and selective anti-
HIV agents in MT4 cells (50% effective antiviral dose: 0.3-4.5
�LM). Their selectivity indexes, based on the ratio of the 50%
cytotoxic dose to the 50% antiviral effective dose, were 157, 80,
and 96, respectively, as compared to 106 for 2,6-diaminopunne-
2’ ,3’-dideoxynboside (ddDAPR) and 132 for 2’ ,3’-dideoxyaden-

osine (ddAdo), two other potent anti-HIV agents. The 9-fl-D-

arabinoside and 9-�3-D-2’-deoxyxyIoside derivatives of 2,6-dia-
minopurine were devoid of any antiretrovirus activity. Both
AzddDAPR and FddDAPR, like the parent compounds ddDAPR
and ddAdo, proved susceptible to deamination by beef intestine
adenosine deaminase (Km , 1 1 , 148, 29, and 73 �M, respectively).
2’-Deoxycoformycin, a potent inhibitor of adenosine deaminase,
decreased the antiretrovirus and cytostatic activity of ddDAPR
and FddDAPR to a greater extent than that of AzddDAPR. This
suggests that ddDAPR and FddDAPR are primarily active as
their guanine analogues, whereas AzddDAPR may be potentially
active as a 2,6-diaminopurine derivative as well.

Several purine and pyrimidine nucleoside analogues with the
2’,3’-dideoxyribose sugar moiety have proven successful in the
inhibition ofreplication ofHIV in vitro (1-10). The most potent
and selective inhibitors reported so far are ddCyd (1-3), ddThd

(4), the 2 ‘ ,3 ‘ -unsaturated 2 ‘ ,3 ‘ -dideoxynucleoside analogues
derived therefrom (D4C and D4T, also termed ddeCyd and
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ddeThd, respectively) (2-8), 5-fluoro-ddCyd (9), 3’-fluo-

ro-2’ ,3’-dideoxythymidine (10), 3’ -azido-2’ ,3’-dideoxyuridine

(11), AzddThd (AZT, BW A509 U) (10, 12, 13), ddAdo (1), 3’-

azido-2’,3’ -dideoxyadenosine, (14, 15), 2’ -fluoro-2’,3’-dideoxy-

araA (16), ddGuo (1), and 2’,3’-dideoxyinosine (ddlno) (1).

Recently, AzddGuo (17, 18) and ddDAPR (19) were also re-

ported as potent anti-HIV agents. AzddGuo completely inhibits
HIV-induced cytopathogenicity and antigen expression in MT4

cells at 5 kM, and is more selective than ddGuo in its anti-HIV
activity (17). ddDAPR is, like ddAdo, a potent and selective

inhibitor of HIV in vitro, and inhibits HIV replication in MT4
cells at a 50% effective dose (ED50) of 2.5-3M �M (19). We now

report four 2,6-diaminopurine nucleosides with modifications

ABBREVIATIONS: HIV, human immunodeficiency virus; ddCyd, 2’,3’-dideoxycytidine; ddThd, 2’,3’-dideoxythymidine; AzddThd, or AZT (BW A509
U), 1�3-azid�2,3-dideoxy-�1-D-erythro-pentofuranosyI)thymidine; ddAdo, 2’,3’-dideoxyadenosine; ddGuo, 2’,3’-dideoxyguanosine; AzddGuo, 3’-
azido-2’,3’-dideoxyguanosine; ddDAPR, 2,6-diamino-9-(2,3-dideoxy-fl-D-glycero-pentofuranosyl)puhne (2,6-diaminopurine-2’,3’-dideoxynboside);
AzddDAPR, 2,6-diamino-9-(3-azido-2,3-dideoxy-�3-D-erythro-pentofuranosyl)punne; FddDAPR, 2,6-diamino-3’fiuoro-2,3-dideoxy-fl-D-erythro-pento-
furanosyl)punne; araDAPR, 9-�9-D-arabinofuranosyI-2,6-diaminopunne; XyIodDAPR, 2’-deoxy-9-�3-D-xyIofuranosyI-2,6-diaminopunne; FddGuo, 3’-
fluoro-2’,3’-dideoxyguanosine; ddeAdo, 2’,3’-didehydro-2’,3’-dideoxyadenosine; MSV, Moloney munne sarcoma virus; SI, selectivity index; DCF,
2’-deoxycoformycin; ADA, beef intestine adenosine deaminase; Ado, adenosine; AIDS, acquired immunodeficiency syndrome.

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 5, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


HO-

0

H2N�’�

HO-�V��

Fddtuo

NH

H N)�

HO�

xyIodDAPR

H2N�N�

H0�VO�

AzddGuo

NH

�

HO�O�

eraOAPR

244 Balzarini eta!.

in the sugar moiety, i.e., AzddDAPR, FddDAPR, araDAPR,
and Xy1odDAPR, and compare the antiretroviral, cytostatic,
and antimetabolic properties of these novel ddDAPR deriva-

tives with their parent compound, dd.DAPR, and their deami-

nated congeners AzddGuo and FddGuo.

Materials and Methods

Compounds. ddDAPR was synthesized according to a procedure

recently used for conversion of adenosine into its 2 ‘ ,3 ‘ -unsaturated

derivative, ddeAdo, and subsequent hydrogenation of ddeAdo to give

ddAdo (20-22). AzddDAPR was prepared in very low yield by the

chemical transfer glycosylation procedure of Imazawa and Eckstein

(23) using AZT and 2,6-diacetamidopurine (24). Work-up was followed

by deprotection with methanolic aqueous ammonia and purification on

columns of Dowex 1X2 (OW) followed by silica gel. AzddDAPR had

m.p. 239-241� (dec.); MS m/z 291.1195 (M� [C10H13N9O2] 291.1192);

‘H NMR (Me2SO-d�, Me4Si) 6.15 (“t,” J,-2.2 6.5 Hz, 1, Hi’) (25).

AzddDAPR was also synthesized from 2,6-diamino-9-(2-deoxy-3-O-
mesyl-fl-D-threo-pentofuranosyl)purine with lithium azide in dimeth-

ylformamide. FddDAPR was synthesized from 2,6-diamino-9-(2-deoxy-

5-O-trityl-jl-D-threo-pentofuranosyl)-2-N-tritylpurine with diethylam-

inosulfur trifluoride in dichloromethane, followed by deprotection with

80% acetic acid. Procedures for chemical synthesis of AzddDAPR and

Fdd.DAPR will be described in detail elsewhere. The synthesis of

araDAPR has been described previously (26). The chemical synthesis

of Xy1odDAPR will be described elsewhere. The structural formulas of

AzddDAPR, FddDAPR, Xy1odDAPR, and araDAPR are depicted in

Fig. 1. ddGuo was obtained from Pharmacia PL-Biochemicals (Upps-

ala, Sweden). AzddGuo was synthesized by Imazawa and Eckstein (23)

or obtained upon deamination of 3’-azido-ddDAPR by ADA (Boehrin-

ger Mannheim, Mannheim, West Germany). The procedure for the

chemical synthesis of FddGuo will be described in detail elsewhere.

FddGuo was also obtained by deaminating FddDAPR with ADA. 2’,3’-

dideoxyadenosine, and 2’,3’-dideoxycytidine were kindly provided by

Dr. D. G. Johns (National Institutes of Health, Bethesda, MD).

Cells. The cultivation of Raji, Molt/4F, CEM, H9, HUT-78, and

MT4 cells has been described elsewhere (27, 28). MT4 cells were a gift

from Dr. N. Yamamoto, Yamaguchi University, Yamaguchi, Japan.

Viruses. HIV was obtained from the culture supernatant of an H9

cell line persistently infected with HTLV-IIIB (29), which was kindly

provided by Dr. R. C. Gallo (National Cancer Institute, Bethesda, MD).

MSV was prepared from tumors induced by in vivo infection of 2- to

3-day-old NMRI mice (30).

Antiviral assays. The method for transformation of mouse embryo

(C3H) cells by MSV has been described previously (19). Briefly, con-

fluent monolayers of C3H cells in i-ml wells of Tissue Culture Cluster

plates were infected with 150 focus-forming units of MSV during 90

mm, whereafter medium was replaced by 1 ml of fresh culture medium

containing different concentrations of the test compounds. After 6-7

days of incubation at 3TC, transformation of the cell cultures was

monitored microscopically.

Determination of the cytopathic effect of HIV in human T-lympho-

cyte MT4 cells has been described previously (19, 28). Briefly, MT4

cells, subcultured 1 day before the start of the experiment, were adjusted

at 5 X iO� cells/ml and infected with HIV (HTLV-IIIB) at 400 CCID�/

ml. Then, 100 �d of the infected cell suspension were brought into the

wells of a microtiter tray containing 100 �l of varying dilutions of the

test compounds. After 5 days’ incubation at 37’, the number of viable

cells was recorded microscopically in a hematocytometer by trypan

blue exclusion.

The percentage of the protective effect of the test compounds on the

survival of the MT4 cells exposed to the virus was determined by the

following formula: 100 x [(number of total viable cells exposed to HIV

and cultured in the presence of the test compound) - (number of total

viable cells exposed to HIV and cultured in the absence of the test

compound]/[(number of total viable cells not exposed to HIV and

H2N”����

HO�0�

FddOA PR

Fig. 1. Structural formulas of 3’-fluoro-2,6-diaminopunne.�2’ ,3’-dideoxy-
nboside (FddDAPR), 3’-azido-2,6-diaminopuhne-2’ ,3’-dideoxynboside
(AzddDAPR), 3’-fiuoro-2’ ,3’-dideoxyguanosine (FddGuo), 3’-azido-
2’ ,3’-dideoxyguanosine (AzddGuo), 2’-deoxy-9-/3-D-xylofuranosyl-2,6-

diaminopunne (XyI0dDAPR), and 9-/3-D-arabinofuranosyl-2,6-diaminopu-
nne (araDAPR).

cultured in the absence of the test compound) - (number of total viable

cells exposed to HIV and cultured in the absence of the test compound)]

The inhibitory effects of the test compounds on HIV antigen expres-

sion in infected H9 and HUT-78 cells were determined at days 8 and

14, respectively, after infection, by indirect immunofluorescence and

laser flow cytofluorography using a polyclonal antibody as probe, as

previously described (28).

Cytostatic effects of the test compounds. The cytostatic effects

of the test compounds were determined by measuring inhibition of cell

proliferation. The experimental procedures have been described previ-

ously (3, 31, 32).

Adenosine deaminase assay. The reaction mixture contained 800

Ml of potassium phosphate buffer, 50 mM, pH 7.4, a 100-zl solution of

the test compound (final concentrations varying between 10 and 150

SM), and 100 �l (0.1 unit for the AzddDAPR assays and 1.0 unit for

the FddDAPR, araDAPR, and Xy1odDAPR assays) of beef intestine

adenosine deaminase (Boehringer Mannheim).

Determination of the lipophilicity of AzddDAPR, ddDAPR,
AzddThd, and ddThd. To estimate the lipid solubility of the test

compounds, two different procedures were followed: (i) the R1 values of

ddDAPR, AzddDAPR, ddThd, and AzddThd were determined by thin

layer chromatography on Silicagel M 5735 with a mixture of chloro-

form/methanol (80:20) for cIdDAPR and AzddDAPR, and chloroform/
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methanol (95:5) for ddThd and AzddThd; or (ii) the partition of

ddDAPR, AzddDAPR, ddThd, and AzddThd between i-octanol

(Merck, Darmstadt, West Germany) and 10 mM potassium phosphate

buffer, pH 7.4 (Merck), was measured. Briefly, a 50 �tM concentration

ofthe test compound in the potassium phosphate buffer was thoroughly

mixed with an equal volume of L-octanol for 30 mm. Then, the mixture

was further equilibrated at room temperature for 60 mm, UV absorption

was measured for the aqueous and alcoholic liquid phases, and the

percentage of the test compound present in each liquid phase was

calculated based on their absorption maxima.

Results

Antiretrovirus effect of sugar-modified purine 2’,3’-

dideoxynucleoside analogues. A series of 2,6-diaminopurine

and guanine 2’,3’-dideoxynucleoside analogues, in which the
3’-carbon of the 2’,3’-dideoxyribose moiety bears a 3’-fluoro

or 3’-azido group, or in which the 2’,3’-dideoxyribose moiety

is replaced by arabinose or 2 ‘ -deoxyxylose, was synthesized and
evaluated for their effect on the transformation of C3H mouse
embryo fibroblasts by MSV (Table 1) and the cytopathogenicity

of HIV for human T4 lymphocyte MT4 cells (Table 1, Fig. 2).

AzddDAPR and FddDAPR selectively inhibited HIV-induced

cytopathogenicity in MT4 cells, AzddDAPR (ED�, 0.3 �M)

being 15- to 20-fold more effective than FddDAPR and ddAdo.

AzddDAPR showed an anti-HIV activity that was 10-fold
higher than that of its deaminated analogue, AzddGuo, whereas

the anti-HIV activity of FddDAPR was comparable to that of
FddGuo. AzddDAPR proved considerably more effective in
inhibiting HIV infectivity than ddAdo and the parent com-
pound ddDAPR, but it was also more toxic to the MT4 cells.

Its SI [ratio of 50% cytotoxic dose (CD50) to 50% antivirally

effective dose (ED�)] was comparable to that of ddAdo and
ddDAPR (157 versus 106, respectively) (Table 1). However,

both the anti-HIV and cytostatic activities of AzddDAPR were
almost similar to those obtained for the pyrimidine 2’,3’-
dideoxynucleoside ddCyd, another well known potent inhibitor

of HIV replication (1-3). Within the guanosine series, both
FddGuo and AzddGuo proved effective in inhibiting HIV-

TABLE 1
Antiretroviral and cytotoxic activity of aug
dideoxynucleoside analogues

ar-modified punne 2’,3’-

HIV.induced cytopathogenicity in MSV-indUced cet transformation in

Compound MT4 cellsa

EDMC CDMC SI

C3H cells0

EDwC CDwC SI

�M �oM

ddDAPR 3.5 (±2.8) 404 (±45) 106 19 (±8.5) >200 >11
AZddDAPR 0.3 (±0.04) 44 (±25) 147 1 .0 (±0.6) >200 >200
FddDAPR 4.5 (±1 .6) 360 (±51) 80 28 (±10.6) >400 >15
XyI0dDAPR >1 25 >625 >400 >400
araDAPR >125 >625 >400 >400

ddGuo 7.60 486” 640 72 (±65) >400 >5.5
AzddGuo 2.8 165 59 6.2 (±0.75) >400 >64
FddGuo 2.4 (±0.1) 237 (±6) 96 17 (±15.3) >400 >23

ddAdo 6.3 (±2.4) 890 141 35 (±27) >100 >5.7
ddCyd 0.3 (±0.1) 41.4 (±0.6) 138 25.3 (±9) >200 >7.9

a The effect of the test compounds on HIV-induced cytopathogenicity in MT4
cells and the cytostatic effects of the test compounds against MT4 cells were
recorded at day 5 of the experiment by counting the number of viable cells by the
trypan blue exclusion method.

a The effect of the test compound on MSv-induced transformation of C3H cells
was examined microscopically at day 6 after infection.

C Data (±standard deviation) represent the average of four to six separate
experiments.

0See Ref. 17.
#{149}SeeRef. 19.

induced cytopathogenicity (ED50, 2.4 and 2.8 �M, respectively).

There was no significant difference in the antiviral and cyto-

toxic properties of the chemically synthesized and the enzy-

matically prepared AzddGuo and FddGuo derivatives. The 9-
/3-D-arabinoside and 2’-deoxy-9-$-D-xyloside of ddDAPR were

totally devoid of anti-HIV activity. When evaluated for their
inhibitory effects on MSV-induced transformation of murine

C3H cells, AzddDAPR was clearly more effective than

FddDAPR, AzddGuo and FddGuo. AzddDAPR inhibited cell
transformation by MSV at a concentration as low as 1.0 �cM,
that is, about 6-fold lower than the dose required for AzddGuo,

and 35-, 19-, or 28-fold lower than the doses required for ddAdo,

ddDAPR and FddDAPR, respectively. Also, AzddDAPR proved

to be superior to ddCyd in inhibiting transformation of C3H
cells by MSV. Xy1odDAPR and araDAPR did not exhibit any

anti-MSV activity at concentrations up to 400 tiM.
We also evaluated the 3’ -substituted ddDAPR derivatives in

two other human T4 lymphocyte cell lines (HUT-78 and H9)

for their inhibitory effects on HIV-induced antigen expression.
In these experiments, both AzddDAPR and FddDAPR achieved
an inhibition of viral antigen expression within the concentra-

tion range of 0.09-1.0 �M (data not shown), and, thus, at
concentrations which were even lower than those required to

inhibit HIV-induced cytopathogenicity in MT4 cells.

Cytostatic and antimetabolic effects of sugar-modified

purine 2’,3’-dideoxynucleoside analogues. When exam-
med for their inhibitory effects on the growth of human B-

lymphoblast Raji, T-lymphoblast Molt/4F, or T-lymphocyte
CEM, H9, and MT4 cell lines (Table 2), none of the test
compounds proved particularly cytostatic. In no case was the

50% inhibitory dose (ID50) for cell proliferation below 60 j�M.

The higher ID� values of the test compounds against MT4
compared to their CD50 values as presented in Table 1 are due

to the shorter incubation time (3 days) of the cells with the test

compounds. The CD50 values presented in Table 1 were re-
corded after 5 days of incubation. AzddDAPR was slightly more

inhibitory to human cell proliferation than AzddGuo (ID50, 68-

382 jzM, and 152-630 �zM, respectively). In contrast, FddGuo
was slightly more cytostatic than FddDAPR (ID50, 190-228 �M,

and 233->1000 �zM, respectively). Xy1odDAPR and araDAPR

did not exhibit any cytostatic activity, even at a concentration
of 1000 �tM.

Cellular DNA synthesis, as monitored by the incorporation

of [methyl-3H]dThd into DNA of MT4 cells, was not markedly
affected by any of the test compounds at a concentration of

200 tiM.

Effect of 2’-deoxycoformycin on the antiretroviral

and cytostatic effects of ddDAPR, AzddDAPR, and
FddDAPR. Pretreatment of MT4 or C3H cells with 10 �cM

DCF for 3 hr resulted in a decrease of the antiretroviral effects

of ddDAPR, AzddDAPR, and FddDAPR, being less pro-
nounced for AzddDAPR (Table 3). Also, pretreatment of Molt!
4F, CEM, and MT4 cells with DCF brought about a consider-

able decrease in the cytostatic activity of dIDAPR, a somewhat

lesser decrease in the cytostatic effect of FddDAPR, and vir-

tually no decrease in the cytostatic effect of AzddDAPR (Table

4).

Substrate activities of the ddDAPR analogues for beef

intestine adenosine deaminase. The four ddDAPR ana-

logues were examined for their susceptibility to deamination

by ADA. The Km values of ADA for the natural substrates Ado
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TABLE2

� �!!ept pf s�r�mpdjfi�c� p�1rit!�
� � �!H!�!! B �n#{216}T cefi iin�s

TABLE 3

Effe� �f PCF qn
�p�j

the �itir�rovir& acti�y of #{231}IdP4PR,4�c4dP�Pl3,

l0�’
Compound

Raji Moit/4F CEM Compound
With or
without

10 �iM DCF’

EDw’

H9 MT4 tV-induced
cytopathogenicity in

MT4 cells

MSV�induced
transformation in

C3H cells
Mj2

ddDAPR 324 (±105) 244 (±23) 125 (±10)
AzddDAPR 157 (±10) 72 (±23) 68 (45)

466 (±463)
69 (±16)

644 (±310)
382 (439) pM

FddDAPR 753 (±300) 425 (±64) 233 (±47)
XyIodDAPR >1000 >1000 >1000
araDAPR >1000 >1000 >1000

.

ddGuo 903 (±138) 380 (±170) 142 (±12)
AzddGuo 294 (±93) 165 (±29) 152 (±68)
FddGuo 107 (±27) 228 (t8) 1 19 (±3)

377 (±81)
>1000
>1000

531 (±98)
304 (±48)
194 (±10)

>1000
>1000
>1000

942 (±93)
630 (±71)
197 (±10)

ddDAPR
�

AzddDAPR
�

FddDAPR

-

+

-

+

+

3.8 (±2.8)
15 (±11)

0.28 (±0.04)
7

. . . �

4.5 (±1 .55)
39 (±24)

23 (±5.7)
84 (±13.1)

.

1 .3 (±0.24)
.. .

31 (±2.8)

87 (±6.7)
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Fig. �. Inhibition of the cytopathogenicity of HIV for
MTh cells by ddDAPR, FddGuo, AzddDAPR, and
FddDAPR. Viability of the cells was measured by tryp�n
blue exclusion after an incubation period of 5 days. 0,
mock-infected cells, incubated in the presence of differ-
ent concentrations of th� test compound; �, HIV-in-
fected cells, incubated in the presence of different con-

centrations of the test compounds. Data represent the

average of three to five separate e�periments. The
standard deviations of the data are presented in Table

C 0 fl C en tra tion compound (jiM)

a Cell growth was recorded after 3 days of cultivation of the cells in the presence

of test compound by counting the number of cells with a Coulter counter.
b Data (±standard deviation) represent the average of two to three separate

experiments.

and 2’-deoxyadenosine were 29 �M and 15 � respectively

(Table 5) (see also Ref. 33). ddDAPR had the same K,� as Ado

but a Vax that was 35-fold lQwer. 4zddDAPR had a 2.5-fold
lower K�, (ii �zM) and a 5-fold higher � (40 �imol/mg of

protein/mm) than ddDAPR. Thus, the ratio V�,X/K,, obtained

for AzddDAPR was about 10-fold higher than that for

ddDAPR, similar to that for ddAdo, and only 3-fold low� than
that for Ado (Table 5). FddDAPR had a 4- to 5-fold higher K,�2

and V,� than d#{216}OA�R. Xy1odDAPR and araDAPR had sim-
ilar � (74-83 �j) and V,flax (3.75.9 �mol/mg of protein/mm)
values, and their V,,�ax/Km ratios were consider�b1y lower than
those obtained with ddDAPR and ddAdo.

& Cells were pretreated with 10 �M DCF for 3 hr before a continuous exposure
of the cells with DCF (10 �M) and different concentrations of test compounds. HIV-
induced cytopathogenicity in MT4 cells was recorded at day 5 after infection by
counting the viable cell number by the trypan blue exclusion method; MSV-induced
transformation of C3H cells was examined microscopically at day 6 after infection.

b Data (±standard deviation) represent the average of three to five separate
experiments.

URM � qf �4p�% 4�44PAWl�, 4dT�4! �4
�44T!�4. To estimate the lipid solubility of ddDAPR,

Azdd.DAPR, ddThd, and 4zddThd, R1 values for the respective

compounds were determined by thin layer chromatography in
a mixture of chloroform/methanol. Under these experimental
c�ndit*pns, ddDAPR and Azd#{216}D4PR had R1 values of 0.49 and
0.64, respectively, whereas the R1 values found for ddThd and

AzddThd were 0.29 and 0.39, respectively (data not shown). In
a second procedure, the partition of the test compounds b�-
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‘ J. Balzarini and D. G. Johns, unpublished results.

TABLE 4
Effect of DCF on the cytostatic activity of ddDAPR, AzddDAPR, and
FddDAPR

Corn nd
Presence of
10 CM DCF�

50

CEM Molt/4F MT4

pM

ddDAPR -

+

1 28 (±9.0)
>1000

220 (±69)

>1000
>1000

>1000

AzddDAPR -

+

68 (±3.2)
96 (±6.0)

59 (±8.6)
87 (±10.5)

31 5 (±13)
357 (±19)

FddDAPR -

+

241 (±105)
739 (±229)

353 (±32)
865 (±234)

469 (±69)
520 (±21)

a An initial concentration of 1 0 pM DCF was added to the cells 1 hr before the

addition of the test compounds.
a Cytostatic effects of the compounds were recorded at day 3 of the experiment

by counting the cell number with a Coulter counter.
C Data (±standard deviation) represent the average of three separate experi-

ments.

TABLE 5
Kinetic properties of ADA for 2,6-diaminopunne 2’,3’-
dldeoxynucleoside analogues

Compound K,,’ V,,� Vmax/Km

M
p

pmol/mg
protein/mm

Ado 290 287” 9.9

ddAdo 73b 262” 3.6
ddDAPR 290 8.2” 0.28
AzddDAPR 1 1 40 3.6
FddDAPR 148 31 0.21
araDAPR 83 5.9 0.07
XyI0dDAPR 74 3.7 0.05

a K,,, and V,,.� values were calculated from a Lineweaver-Burk diagram, con-

structed with the data of at least five to six different concentrations of the test
compounds. Unear regression analysis on the individual values yielded a regression
coefficient > 0.95 in each experiment.

a Data taken from Ref. 33.

tween L-octanol and potassium phosphate buffer was measured.
We found that AzddDAPR and ddDAPR were present at 63%

and 25.5%, respectively, in the L-octanol phase; AzddThd and
ddThd were present at 50.7% and 20.1%, respectively, in the

L-octanol phase. These data indicate that the increase of lipid

solubility conferred on ddDAPR by the 3’-azido group is com-

parable to, if not higher than, that observed when a 3’ -azido

group is introduced in ddThd.

Discussion

ddDAPR is, like ddAdo, a potent and selective inhibitor of

HIV in vitro, and may be considered as a potential chemother-

apeutic agent against AIDS (19). We have now established that

the 3’-azido derivative of ddDAPR, named AzddDAPR, is

about 10- to 20-fold more effective than ddDAPR and ddAdo

in inhibiting the cytopathogenicity of HIV in MT4 cells. How-

ever, since the cytotoxicity of AzddDAPR increased almost
proportionally with the antiviral potency, it has an SI of the

same order of magnitude as those of d4DAPR and ddAdo.

AzddDAPR is also far more effective than the other purine

2 ‘ ,3 ‘ -dideoxyribosides against transformation of murine cells

by the murine retrovirus MSV. Because of its pronounced

antiretroviral activities at nontoxic concentrations in cell cul-

ture, AzddDAPR must be considered as a novel, promising

antiretroviral agent that should be further pursued for its

efficacy in the treatment of retrovirus infections including

AIDS. Fdd.DAPR and FddGuo, although less effective than

AzddDAPR, possess SIs comparable to those of ddDAPR and

ddAdo (19), and, thus, may also be considered as two novel

candidate anti-HIV drugs.

Taking into account the similarity in the biological properties

of ddDAPR, AzddDAPR, and Fdd.DAPR and those of ddGuo,

AzddGuo, and FddGuo (Tables 1 and 2), and the fact that

ddDAPR, AzddDAPR, and FddDAPR are susceptible to deam-

ination by beef intestine ADA, one may postulate that these

2,6-diaminopurine derivatives act, at least in part, as prodrugs

of ddGuo, AzddGuo, or FddGuo, respectively. Indeed, it is well

documented that 2,6-diaminopurine derivatives are subject to

deamination by ADA and thus behave as prodrugs of the

corresponding guanosine analogues [i.e. 2,6-diaminopurine ri-

bonucleoside (33-36), araDAPR (34), the acyclic 2,6-diamino-

purine derivatives 2,6-diamino-9-[(2-hydroxyethoxy)methyl]

purine and 2,6-diamino-9-[(1,3-dihydroxy-2-propoxy)methyl]

purine (37, 38), 2,6-diaminopurine deoxyriboside (39)]. More-

over, we have found that the principal metabolites of [‘H]

dd.DAPR in Molt/4F cells are predominantly phosphorylated

ddGuo metabolites.’
When we compared the four ddDAPR analogues (listed in

Table 5) with the parental ddDAPR for their substrate affini-

ties for ADA, we found that AzddDAPR had a significantly

higher relative substrate efficacy (10- to 15-fold) for ADA than

ddDAPR and FddDAPR. However, when evaluated for their

cytostatic and antiretroviral activity in combination with a

potent inhibitor of ADA (DCF), the biological effects of

ddDAPR and FddDAPR were counteracted to a greater extent

than those of AzddDAPR. These observations suggest that

ddDAPR and FddDAPR may act primarily as prodrugs of

ddGuo and FddGuo, respectively, whereas AzddDAPR may be

active as its 2,6-diaminopurine analogue as well. The extent by

which AzddDAPR (or its phosphorylated products) is converted

intracellularly to the corresponding guanine metabolites re-

mains a subject for further study.

The SI of FddGuo, as based on the ratio of the 50% cytotoxic

dose to the 50% antiviral effective dose, was within the range

of that recorded for ddGuo, AzddGuo, FddDAPR and ddDAPR.

However, as stated above, FddDAPR may primarily act as a
prodrug of FddGuo, and in this respect, it is not clear whether

FddDAPR is advantageous over FddGuo from a chemothera-

peutic viewpoint.

The mechanisms by which AzddDAPR, Fdd.DAPR, AzddGuo

and FddGuo inhibit HIV replication remain subjects for further

study. For some 2’,3’-dideoxynucleosides (i.e., AzddThd,

ddCyd, ddThd, ddAdo, and ddGuo) it has been ascertained that

their corresponding 5’-triphosphate derivatives selectively in-

terfere with the HIV reverse transcriptase and may inhibit

further DNA chain elongation by serving as DNA chain ter-

minators (40-43). From this perspective, it would seem imper-

ative to synthesize the 5’-triphosphate derivatives of the

ddDAPR and ddGuo analogues and to examine their substrate

inhibitor properties with HIV reverse transcriptase and mam-

malian DNA polymerases.

It is also not clear why AzddDAPR has a substantially greater

antiretrovirus and cytostatic effect than ddAdo, CIdDAPR, and

FddDAPR. One possible explanation may be the more rapid

entry into cells of AzddDAPR versus ddDAPR by virtue of a

greater lipid solubility conferred on dIDAPR by the introduc-
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tion of a 3’-azido group. Indeed, it has recently been shown

that 3’-azido-ddThd permeates the cell membrane chiefly by

nonfacilitated diffusion and not via the nucleoside transport
carrier present in the cell membrane (44). It was suggested that
the unusual ability of AzddThd to diffuse across the cell mem-

branes independently of the nucleoside transport system may
be attributed to the considerable lipophilicity introduced in this
molecule by the replacement of the 3’-hydroxyl group of thy-

midine with an azido substitute [partition coefficients (L-oc-

tanol/0.1 M sodium phosphate, pH 7.0)] of AzddThd and dThd
were 1.26 and 0.064, respectively [(44). As a parameter for the

impact of the 3’-azido substituent on the lipophilicity of the
parental nucleoside ddDAPR, we estimated the R1 values of

AzddDAPR versus ddDAPR by thin layer chromatography in

a chromatography mixture of chloroform/methanol and found

that AzddDAPR was considerably more lipophilic than

ddDAPR (R1 0.64 and 0.49, respectively). The increased lipo-

philicity conferred by the azido group in the ddDAPR molecule

was comparable to the increased lipophilicity conferred by the

azido group in the ddThd molecule (R1 = 0.29 and 0.39 for

ddThd and AzddThd, respectively). Moreover, we also found

that in a mixture of L-octanol-potassium phosphate buffer, 63%

of AzddDAPR was present in the L-octanol phase versus 25.5%

of ddDAPR. These data reflect a partition of the compound

between the lipophilic and hydrophilic phase that is comparable

to AzddThd and ddThd (50.7% and 20.1% in the L-octanol

phase, respectively). Thus, since AzddDAPR is considerably

more lipophilic than ddDAPR, AzddDAPR might, as has been

suggested for AzddThd, enter into the cells more rapidly than

its unsubstituted derivative ddDAPR. Uptake studies with ra-

diolabeled AzddDAPR are required to confirm this hypothesis.

In conclusion, from our study, three novel purine 2’,3’-

dideoxynucleoside analogues have emerged as potent and selec-

tive antiretrovirus agents in vitro, i.e., AzddDAPR, FddDAPR,

and FddGuo. Their potency and selectivity as anti-HIV agents

are comparable to that of ddDAPR, which, in turn, is as potent

and selective an inhibitor of HIV as ddAdo (19), a compound

that is now entering clinical trials for the treatment of AIDS.
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