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ABSTRACT

We have synthesized and evaluated a series of 9-substituted
analogues of 8-aminoguanine, a known inhibitor of human purine

nucleoside phosphorylase (PNP) activity. The ability of these
agents to inhibit PNP has been investigated. All compounds were
found to act as competitive (with inosine) inhibitors of PNP, with
KÂ¡values ranging from 0.2 to 290 /Â¿M.The most potent of these
analogues, 8-amino-9-benzylguanine, exhibited a K, value that
was 4-fold lower than that determined for the parent base, 8-

aminoguanine. As a metabolically stable compound in human
blood, 8-amino-9-benzylguanine was more effective than 8-ami
noguanine at potentiating the toxicity of 2'-deoxyguanosine to

MOLT-4 T-lymphoblasts in culture. 8-Amino-9-benzylguanine is

the most potent base or nucleoside inhibitor of human PNP
reported to date, and it is a promising lead compound in the
development of more effective PNP inhibitors.

INTRODUCTION

The discovery of T-cell-related immunodeficiency diseases
associated with a lack of ADA4 or PNP in patient erythrocytes

has prompted considerable interest in developing inhibitors of
these enzymes as a selective approach to cancer chemotherapy
(1,2). In the ADA- and PNP-related immunodeficiency states, 2'-

deoxyadenosine or dGuo accumulates, respectively, and these
nucleosides are phosphorylated preferentially by immature T-
cells to their toxic 5'-triphosphate derivatives (3-6). Thus, inhi

bition of ADA or PNP in patients with T-cell lymphoproliferative
diseases may result in the selective destruction of T-cells. The
potent ADA inhibitor 2'-deoxycoformycin was developed with

this rationale as a selective antileukemic agent and resulted in
T-lymphoblast lysis in vivo (7); however, use of this drug was
also associated with severe toxicity (8). Administration of an
inhibitor of PNP in vivo may result in less toxicity since the effects
on the immune system are more selective in the PNP- compared
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to the ADA-deficient disease state (2).

PNP is an essential enzyme of the purine salvage pathway,
catalyzing the phosphorolysis of guanosine, inosine, and their
2'-deoxyribonucleoside derivatives to the respective purine

bases. To date, several inhibitors of PNP have been identified,
and most of these compounds resemble purine bases or nucleo
sides. The most potent inhibitors exhibit apparent KÂ¡values in
the range of 10~6to 10~7 M (9-12). Using partially purified human

erythrocyte PNP, the diphosphate derivative of acyclovir dis
played KÂ¡values of 5.1 x 10~7 to 8.7 x 10~9 M, depending on

the concentration of inorganic phosphate (13). However, it is not
known whether acyclovir diphosphate can attain an intracellular
concentration sufficient to inhibit PNP during i.v. administration
of the parent drug to patients.

This laboratory has previously reported the PNP inhibitory
activity of 8-AGR, an analogue of guanosine, in cultured human
T-lymphoblasts (9). In addition to its activity as a competitive
inhibitor of PNP, 8-AGR is a substrate for this enzyme. In fact,
its phosphorolytic cleavage product, 8-AG, has been reported to

be a more potent inhibitor of PNP (10). On the basis of these
findings, 8-AGR is assumed to be a more soluble pro-drug form
of 8-AG. 8-AGR can potentiate the cytotoxic effects of dGuo and
permit increased accumulation of the 5'-triphosphate of dGuo in

mammalian cells in culture (9), thereby mimicking the PNP-
deficiency state. While it has been shown that 8-AG can decrease

the rate of dGuo phosphorolysis in human red cells (10), its
effects on dGuo cytotoxicity have not been reported. From the
available data it appears that 8-AGR and 8-AG are not sufficiently

potent to inhibit the high levels of PNP in human blood (10).
Hence, it would be useful to develop PNP inhibitors which could
bind tightly to the active site of the enzyme without exhibiting
substrate activity with PNP. We now report the development of
a new PNP inhibitor, 8-ABG, which is an example of a novel
class of PNP-resistant inhibitors.

MATERIALS AND METHODS

Synthesis of 9-Substituted Purine Analogues. Proton 'H-NMR spec

tra were obtained using a Brucker Wm 360 spectrometer (360 MHz) or
IBM WP-270SY NMR spectrometer (270 MHz) and are reported in &-

units with tetramethylsilane (Me4Si) as the internal standard (Fig. 1).
Melting points are unconnected and were determined on a Thomas-

Hoover melting point apparatus. IR spectra were recorded on a Hewlett-

Packard UV8450 spectrometer, and elemental analyses were obtained
from M-H-W Laboratories, P. O. Box 15853, Phoenix, AZ 85018. Thin-
layer chromatography was performed with Analtech silica gel GHLF thin-

layer chromatography plates (250 urn).
2-Amino-4-phenylammo-5-[1-(3-methoxycarbonyl)thioureido]py-

rimidin-6-one (2a). A solution of sodium nitrite (6.5 g, 0.09 mol) in water
(20 ml) was added to a mixture of 2-amino-4-phenylaminopyrimidin-6-

one (1a, 6.3 g, 0.03 mol) (14), glacial acetic acid (5 ml), and water (100
ml) with stirring at room temperature. After 5 h, the yellow solid was
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Fig. 1. Scheme for the synthesis of 9-substituted analogues of 8-AG.

collected by filtration and washed with water (100 ml). The solid was
suspended in water (200 ml) and the suspension was heated with stirring
to a boil on a hot plate. Sodium dithionite (10 g) was added in small
portions to the hot stirred mixture over a period of 1 h until the color had
changed to light yellow. The hot mixture was filtered, and two equivalents
of freshly prepared methoxycarbonyl isothiocyanate (15) in acetonitrile
(30 ml) were added to the filtrate. The mixture was heated at reflux in
an oil bath for 6 h. The solid was collected from the hot mixture by
filtration and washed first with water (100 ml) and then methanol (10 ml).
The crude product was reprecipitated from a mixture of DMF and water
(v:v, 1:1) to afford 2a (1.4 g, 14%). M.p. 248-250Â°C; 'H-NMR (270 MHz,

DMSO-de): Â¿11.19(s, 1H, NH, D2O exchangeable); 10.35 (s, 1H, NH,

D2O exchangeable); 10.22 (s, 1H, NH, D2O exchangeable); 8.02 (s, 1H,
NH, D2O exchangeable); 7.50 (d, 2H, Arâ€”H); 7.24 (t, 2H, Arâ€”H); 6.94
(t, 1H, Arâ€”H); 6.44 (s, 2H, NH2, D2O exchangeable); and 3.72 (s, 3H,

CH3).

CiaHuNeOaS (334.358)

Calculated: C 46.70, H 4.22, N 25.14
Found: C 46.46, H 4.41, N 24.90

Methyl 6-Amino-4-phenylaminooxazolo[5,4-d]pyrimidine-2-carba-

mate (3a). Dicyclohexylcarbodiimide (2.6 g, 12.6 mmol) was added to a
mixture of 2-amino-4-phenylamino-5-[1 -(3-methoxycarbonyl)thioureido]-
pyrimidin-6-one (2a, 1.4 g, 4.1 mmol) and anhydrous DMF (50 ml). The

mixture was allowed to stir at room temperature for 6 h, and the solvent
was then evaporated to dryness at 60Â°C in vacuo (oil pump). A solid

was formed by the addition of boiling toluene to the residue. This solid
was collected by filtration, washed with diethyl ether (10 ml), and recrys-

tallized from a mixture of methanol and water (v:v, 1:1) to afford 3a (1.13
g, 90%). M.p. 230Â°C; white color changed to brown, >300Â°C; 'H-NMR

(270 MHz, DMSO-de): Â¿11.09(s, 1H, NH, D2O exchangeable); 9.40 (s,
1H, NH, D2O exchangeable); 7.88 (d, 2H, Arâ€”H); 7.26 (t, 2H, Arâ€”H);
6.98 (t, 1H, Arâ€”H); 6.46 (s, 2H, NH2); and 3.71 (s, 3H, CH3).

C,3H12N603 (300.278)

Calculated: C 52.00, H 4.03, N 27.99
Found: C 52.18, H 4.18, N 28.09

8-Amino-9-phenylguanine (5a). A mixture of methyl 6-amino-4-phen-
ylamino-oxazolo[5,4-d]pyrimidine-2-carbamate (3a, 0.8 g, 2.66 mmol)

and potassium carbonate (0.74 g, 5.36 mmol) in anhydrous methanol
(30 ml) was heated at reflux in an oil bath for 5 h. The mixture was
evaporated to dryness in vacuo (oil pump) at 60Â°C,and the residual solid

was dissolved in water (30 ml). The resulting solution was heated at
reflux for 24 h and cooled to room temperature, and the pH was adjusted
to 5 with glacial acetic acid. The solid was collected by filtration and
washed with water (50 ml). The crude product was dissolved in 0.1 N
sodium hydroxide solution and precipitated with glacial acetic acid to
give pure 5a (0.51 g, 79%). M.p. >300Â°C; UV XmÂ«nm (t x 104):

MeOH:DMF, v:v, 9:1:262 (1.3), 298 (0.7); pH 1:253 (1.4), 288 (1.0); and
pH 11:259 (1.3); and 'H-NMR (270 MHz, DMSO-d6): Â¿10.39(s, 1H, NH,

D20 exchangeable); 7.54-7.36 (m, 5H, Arâ€”H); 6.14 (s, 2H, NH2, D20

exchangeable); and 5.57 (s, 2H, NH2, D2O exchangeable).

C,,H10N6O (242.242)

Calculated: C 54.54, H 4.16, N 34.69
Found: C 54.59, H 4.24, N 34.56

8-Amino-9-benzylguanine (5b). A solution of methyl 9-benzylgua-
nine-8-carbamate (4b, 0.3 g, 0.95 mmol) (16) and potassium hydroxide

(0.145 g, 2.5 mmol) in water (15 ml) was heated at reflux for 20 h. The
mixture was cooled to room temperature, and the pH was adjusted to 5
with glacial acetic acid. The solid was collected by filtration and washed
with water (100 ml). The crude product was reprecipitated with 0.1 N
sodium hydroxide and glacial acetic acid to afford pure 5b (0.21 g, 86%).
The compound was identical in all respects with 8-amino-9-benzylgua-
nine prepared by a previous method.5 M.p. >300Â°C; 'H-NMR (360 MHz,

DMSO-de): Â¿5.03(s, 2H, CH2); 5.90 (s, 2H, NH2, D2O exchangeable);
6.17 (s, 2H, NH2, D2O exchangeable); 7.15-7.32 (m, 5H, Arâ€”H); and

10.42 (s, 1H, NH, exchangeable).
2-Amino-4-phenethylaminopynmidin-6-one (1c). A mixture of 2-

amino-4-chloropyrimidin-6-one (14) (10.13 g, 70 mmol), phenethylamine

(26.0 ml, 0.21 mol), and anhydrous ethanol (200 ml) was heated at reflux
for 24 h. The solvent was then removed in vacuo (water pump) at 70Â°C,

and the residue (brown oil) was dissolved in acetone. The solid that had
formed was collected by filtration to afford 1c (4.32 g, 26.8%). An
analytical sample was prepared by recrystallization from a mixture of
acetone and water (v:v, 1:1). M.p. 250-254Â°C; 'H-NMR (270 MHz,

DMSO-de): Â¿9.66(s, 1H, NH, D2O exchangeable); 7.31-7.18 (m, 5H,
Arâ€”H); 6.34 (br s, 1H, NH, D2O exchangeable); 6.11 (s, 2H, NH2, D2O
exchangeable); 4.44 (s, 1H, =Câ€”H); 3.25 (m, 2H, CH2), and 2.75 (t, 2H,

CH2).

C12H14N4O(230.71)

Calculated: C 62.59, H 6.13, N 24.33
Found: C 62.78, H 6.18, N 24.47

2-Amino-4-phenethylamino-5-[1-(3-methoxycarbonyl)thioureido]-
pyrimidin-6-one (2c). Compound 2c was prepared in 77% yield using a

procedure similar to that which afforded 2a. An analytical sample was
prepared by recrystallization from a mixture of DMF and water (v:v, 1:1).
M.p. 218-219Â°C; 1H-NMR(270 MHz, DMSO-de): Â¿11.12(s, 1H, NH, D2O

exchangeable); 7.24 (m, 5H, Arâ€”H); 6.30 (s, 2H, NH2, D20 exchangea

ble); 6.27 (br s, 1H, NH, D2O exchangeable); 3.70 (s, 3H, CH3); 3.43 (t,

5P. E. Daddona,J-W. Chern, and L. B. Townsend, unpublishedresults.
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2H, CH2); and 2.73 (t, 2H, CH2); IR (KBr): 1780 cm-1.

dsHisNeSOa (362.412)

Calculated: C 49.74, H 4.97, N 23.20
Found: C 49.52, H 5.14, N 22.99

Methyl 6-Amino-4-phenethylaminooxazolo[5,4-d]pyrimidin-2-car-

bamate (3c). Compound 3c was prepared in 90.5% yield using a
procedure similar to that which afforded 3a. An analytical sample was
prepared by recrystallization from a mixture of methanol and water (v:v,
1:1). M.p. 283-284Â°C; 'H-NMR (270 MHz, DMSO-d6): Â«10.99(S, 1H,

NH, D2O exchangeable); 7.30 (s, 1H, NH, D2O exchangeable); 7.28 (m,
5H, Arâ€”H); 6.20 (s, 2H, NH2, D2O exchangeable); 3.71 (s, 3H, CH3);
3.62 (br s, 2H, CH2); and 2.85 (t, 2H, CH2); IR (KBr): 1679 crrr1.

C15H15N6O3(327.324)

Calculated: C 54.70, H 5.20, N 25.52
Found: C 54.81, H 5.06, N 25.73

8-Amino-9-phenethylguanine (Se). Compound 5c was prepared in

82% yield using a procedure similar to that which afforded 5a. M.p.
>300Â°C; 'H-NMR (270 MHz, DMSO-cfe): 510.39 (s, 1H, NH, D2O ex

changeable); 7.31 -7.18 (m, 5H, Arâ€”H); 6.16 (s, 2H, NH2, D2O exchange

able); 5.83 (s, 2H, NH2, D2O exchangeable); 3.98 (t, 2H, CH2); and 2.90
(t, 2H, CH2); IR (KBr): 1680 cm-1; UV Xâ„¢nm (e x 104): MeOH:DMF, v:v,

8:2: 262 (1.64), 291 (1.07); and pH 11: 260 (1.54).

C13H,6N6O (272.312)

Calculated: C 57.72, H 5.22, N 31.09
Found: C 57.69, H 5.36, N 30.89

Determination of Kinetic Constants for Human PNP. PNP activity
was assayed in dialyzed T-lymphoblast (MOLT-4) cell extract or human

erythrocyte lysate using a radiochemical assay described previously (9,
17). Substrate, [8-14C]inosine or [8-14C]guanosine, was used at a specific

activity of 22.5 mCi/mmol. For Km determinations, a fixed amount of
diluted cell extract was incubated with variable amounts of radiolabeled
substrate (12.5 to 100 UM) and inorganic phosphate (50 mw). K, deter
minations were performed with variable radiolabeled inosine concentra
tions (12.5 to 100 MM),fixed inorganic phosphate (50 ITIM),and variable
inhibitor concentrations (0.03 MMto 1.0 mw). All reactions were incubated
for 10 min at 37Â°C.Substrate and product (inosine and hypoxanthine or

guanosine and guanine, respectively) were separated by high-voltage

paper electrophoresis. The radiolabeled product of the reaction was
visualized by UV light (290 nm), cut from the paper, and counted in a
toluene-based scintillation fluid in a Packard Tri-carb liquid scintillation
spectrometer. Enzyme-free blank reactions were used as controls for all

reactions. In all initial velocity determinations with or without inhibitor,
not more than 15% of the substrate was converted to product. Double
reciprocal plots of the initial velocity values versus the substrate concen
trations were linear. Kinetic data were fit to a simple hyperbola by a
modification of Cleland's program (18) using the reciprocal variance of

the velocity as a weighting factor on a Hewlett-Packard 9825A calculator.
Standard errors of the slopes and intercepts of each Lineweaver-Burk

plot were less than 10%. Secondary replots were used to determine Km
and KÂ¡values using least squares regression analysis for linear replots.

Drug Cytotoxicity and Metabolism. MOLT-4 T-lymphoblasts were
grown at 37Â°C in RPMI 1640 medium supplemented with 10% horse

serum (Grand Island Biological Co., Grand Island, NY). The effects of the
various drugs on cell growth were determined as described previously
(19) during a 72-h incubation period. Cell number was determined with

the aid of a Model ZF Coulter electronic particle counter (Coulter Elec
tronics, Inc., Hialeah, FL).

Drug metabolism in human blood was determined as follows. Freshly
isolated heparinized blood from a normal donor was diluted with an equal
volume of buffer (50 mw KH2PO4:75 mw NaCI:10 mw glucose, pH 7.4);
dGuo, 8-AG, 8-AGR, or 8-ABG was then added to a final concentration
of 50 /Â¿M.At 0 and 4 h following drug addition, 1 ml of control or drug-

containing blood was removed from each culture and centrifuged. The
separated serum was removed and acidified with perchloric acid to 0.4
N, and the sample was then centrifuged at 8000 x g for 10 min at 4Â°C.

The resulting supernatant was neutralized with 10 N KOH and stored at
-20Â°C. All samples were analyzed by HPLC using a Waters Associates

(Milford, MA) gradient high-pressure liquid Chromatograph. Samples were

loaded onto a /^Bondapak Ci8 column (Waters Associates) and eluted at
1 ml/min with a gradient of 5 to 41% HPLC-grade MeOH (Mallinckrodt,
Inc., Paris, KY) in 0.05 M KH2PO4, pH 5.4, over a 20-min period. Eluted

compounds were detected at 254 nm and quantitated by comparison
with authentic standards.

RESULTS AND DISCUSSION

The compounds resulting from the addition of an NH2-group
at the C-8 position of guanine or guanosine (20, 21), 8-AG and
8-AGR, are effective PNP inhibitors (9, 10). It has been shown
that 8-AG is approximately 10-fold more potent an inhibitor than
is 8-AGR (10); however, 8-AG is also a substrate for PNP (10)

which may limit its inhibitory activity. This suggested that it would
be desirable to develop analogues of 8-AG that would not be

substrates for PNP but would retain their ability to inhibit PNP.
We have now synthesized various 9-substituted 8-AG analogues

which should not be susceptible to phosphorolysis by PNP, since
they lack a glycosidic bond. As illustrated in Fig. 2, we have
synthesized 8-APG as well as analogues in which the distance

between the purine base and the benzene ring was varied by
the addition of a mÃ©thylÃ¨neor ethylene group. In addition 8-ABH5

Compound

8-AG

8-AGR

8-APG

8-ABG

8-ABH

RÃŒ

H

R ibose

-CH2-

Bi

NH,

NH,

NH,

NH2

H

8-APEG (( )>-CH2CH2- NH2

Fig.2. Structures of PNP inhibitors.
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was prepared for comparison with 8-ABG.
The 8-AG analogues were studied for inhibitory activity with

human PNP. The kinetic constants for the various substrates
and inhibitors of PNP are listed in Table 1. Inosine and guanosine
exhibited similar Kmvalues of approximately 40 MMin this assay
system. With inosine as the substrate for PNP, all purine ana
logues tested showed competitive inhibition. 8-AGR exhibited a
Kj value of 7 MM, while 8-AG was approximately 10-fold more
potent (K, = 0.8 MM) as a PNP inhibitor. 8-APG showed poor

inhibitory activity, with a K<of 290 MM in this study. In contrast,
8-ABG was the most potent inhibitor of all the compounds we

tested, with a KÂ¡value of 0.2 MM. This activity was decreased
approximately 20-fold when an ethylene spacer replaced the

mÃ©thylÃ¨nespacer between the benzene ring and the purine
base. 8-ABH was a relatively poor PNP inhibitor, indicating that
an NH2-group at the C-2 position is an important determinant of

PNP inhibitory activity for this class of compounds. Similarly, it
has been reported that 8-aminohypoxanthine is at least 10-fold
less potent than is 8-AG as a PNP inhibitor (10). A related
compound, 6-hydroxy-9-p-aminobenzylpurine, also exhibits a

comparatively high KÂ¡value of approximately 200 MMfor human
erythrocytic PNP (22). These data indicate that 8-ABG is a 4-
fold better PNP inhibitor than is the parent compound 8-AG.

Furthermore, it appears that the benzyl group, as well as the
base, interacts with the active site of PNP, since the distance
between the base and the benzene ring was critical for maximum
PNP inhibitory activity.

We have reported previously that 8-AGR can potentiate the
toxicity of dGuo to human T-lymphoblasts in culture through its

inhibition of PNP activity (9). In a similar study, the ability of the
PNP inhibitors 8-ABG and 8-AGR to augment the cytotoxicity of

dGuo was determined. At equimolar inhibitor concentrations, the
ICsofor dGuo to MOLT-4 T-lymphoblasts was 2-fold lower in the
presence of 8-ABG compared to 8-AGR (data not shown). Con
sidering that the KÂ¡value for PNP inhibition is more than 30-fold
lower for 8-ABG than for 8-AGR, the benzyl derivative should be

a better potentiator of dGuo cytotoxicity. However, a direct
comparison of these inhibitors is difficult because 8-AGR is a
substrate for PNP (10), and thus the inhibition of PNP by 8-AGR
is actually the result of the combined effects of 8-AGR and 8-
AG. Hence, the dGuo-potentiating activity of 8-ABG was then
compared directly to that of 8-AG. At concentrations up to 50

UM,neither inhibitor was toxic to the lymphoblasts in the absence
of dGuo. At each inhibitor concentration tested, growth inhibition
by dGuo was better potentiated by 8-ABG compared to 8-AG.
As illustrated in Fig. 3, both 8-ABG and 8-AG were able to

Table 1

Kinetic constants for human PNP
KÂ¡values, determined as described in "Materials and Methods," were not affected

by a lower phosphate concentration (1 mw).

CompoundInosine

Guanosine
8-AG
8-AGR
8-APG
8-ABG
8-ABH
8-APEGKm

(MM)41
Â±3a(10)b

43 Â±2 (10)K,

(MM)0.8

(2)
7 Â±3(4)

290 (2)
0.2 (2)

150 Â±20 (3)
4.5(2)

2.5 20 30

Mean Â±SD.
"Numbers in parentheses, number of experimental determinations of each

kinetic constant.

5.0 IO

dGuo CONCENTRATION(
Fig. 3. Comparison of the potentiation of dGuo-induced growth inhibition in

MOLT-4 T-lymphoblasts. â€¢,dGuo alone; A, dGuo + 8-AG; D, dGuo + 8-ABG. The
inhibitor concentrations are indicated to the right of each group of 2 curves,
represented by open symbols. , 50% control growth.

increase the amount of growth inhibition by dGuo. Concentra
tions of 2,10, or 50 MM8-ABG reduced the ICsovalue for dGuo

from 48 MM(in the absence of an inhibitor) to 23, 7.4, and 3.0
MM,respectively. 8-AG also markedly increased the cytotoxicity

of dGuo in this study, resulting in IC50values for dGuo of 33,14,
and 3.7 MM in the presence of 2, 10, and 50 MM8-AG, respec
tively. Thus, the greatest difference in the ability of these com
pounds to potentiate dGuo cytotoxicity was observed at an
inhibitor concentration of 10 MM,where the IC50value for dGuo
in the presence of 8-AG was nearly twice that determined with
8-ABG. These data demonstrate that 8-ABG was more potent
than 8-AG in augmenting dGuo cytotoxicity, presumably due to
the lower K, value for PNP inhibition by 8-ABG.

We have also evaluated other 9-substituted purine analogues
for their ability to potentiate dGuo toxicity in T-lymphoblasts. As
shown in Table 1, 8-ABH is a poor inhibitor of PNP activity
compared to 8-ABG and 8-AGR. When used at a concentration
of 50 MM, 8-ABH was 4-5-fold less potent than was either 8-
ABG or 8-AGR at increasing dGuo cytotoxicity (data not shown).
In addition, 8-amino-9-benzyladenine was synthesized and, while

it did not inhibit PNP or potentiate dGuo cytotoxicity, it did inhibit
cell growth when incubated by itself with T-lymphoblasts (data

not shown). Thus, the ability of these analogues to augment
dGuo cytotoxicity reflects their relative PNP-inhibitory activity,

based on the KÂ¡values for inosine phosphorolysis.
The metabolism of 8-ABG and 8-AG was studied during a 24-

h incubation in diluted human whole blood under conditions
which resulted in the complete phosphorolysis of dGuo within 1
h. 8-ABG or 8-AG was added to blood at a concentration of 50

MM,and after 24 h greater than 85% of the initial amount of each
drug remained, as analyzed by HPLC techniques. These results
are consistent with a previous report that 8-AG is not a substrate
for hypoxanthine-guanine phosphoribosyltransferase (10). We
have demonstrated that 8-AG and its 9-benzyl derivative are not

subject to degradative metabolism in human blood cultures.
These data demonstrate that 8-ABG is a metabolically stable

PNP inhibitor in human blood that is more effective at potentiating
dGuo cytotoxicity than is a previously described inhibitor, 8-AG.
The finding that 8-ABG had markedly superior PNP inhibitory
activity than did either 8-APG or 8-APEG suggests that the

benzyl group does interact with the active site of PNP. This
important interaction may result in the 4-fold lower K, value of 8-
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8-ABG INHIBITION OF PNP

ABG compared to 8-AG for the inhibition of inosine phospho-
rolysis. While 8-ABG is the most potent PNP inhibitor of all the

nucleosides and bases reported to date, it is still necessary to
develop a more tight binding compound for in vivo use in order
to inhibit the overwhelming amount of PNP activity in human
erythrocytes (10). We are presently investigating whether the
inhibitory activity of 8-ABG with PNP may be increased by steric,

electronic, or hydrophobic modifications on the benzyl group,
according to the method of Topliss (23).

Developing a potent PNP inhibitor to produce selective lymph-

oid toxicity in vivo is an attractive approach to chemotherapy of
lymphoid malignancies. It is expected that, in comparison to the
results of in vivo inhibition of ADA, the inhibition of PNP will be
more specifically toxic to immature T-lymphoblasts, based on
the clinical manifestation of the PNP- and ADA-related immuno

deficiency diseases. In addition, the PNP substrate dGuo is
apparently phosphorylated to dGMP, the precursor of the cyto-

toxic metabolite dGTP, via only one nucleoside kinase (presum
ably 2'-deoxycytidine kinase) (24, 25), while the ADA substrate
2'-deoxyadenosine can be phosphorylated by either adenosine
kinase or 2'-deoxycytidine kinase (24, 26). The relative abun
dance of adenosine kinase compared to 2'-deoxycytidine kinase

in human tissues suggests that the toxic effects of dGuo may
be more limited than those of 2'-deoxyadenosine (27). Despite

intensive efforts in several laboratories to develop a tight-binding

PNP inhibitor, this goal has not yet been achieved. Certainly the
recent elucidation6 of the three-dimensional structure of PNP

should lead to the rapid development of more potent inhibitors
of this enzyme.
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