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The traceless solid-phase syntheses of 6-oxopurines and pyrazallpi#;nidines are presented. The effects

of these compounds on multidrug resistance protein 4 (MRP4/ABCCA4) facilitated efflux was examined.
Four of the compound3b, 7¢, 155 and17e were active in inhibiting MRP4-mediated efflux of the bimane
glutathione conjugate. In addition, all four compounds were also able to reverse MRP4-mediated resistance
to the anticancer drug 6-thioguanine. In the presence qQiM5l5aor 17¢ there was complete reversal.

The reversal of resistance was achieved without any effects on the uptake and metabolism of 6-thioguanine.

Introduction resistance to therapeutic agents. However, unlike MRP1,
MRP4 and MRP5 confer resistance to nucleoside and
nucleobase analogs that are used therapeutically as anticancer
or antiviral agents. These include compounds such as
6-mercaptopurine, 6-thioguanine (6TG), 9-(2-phosphonyl-
methoxyethyl)adenine (PMEA), and azidothymidir@ver-
expression of MRP4 also results in resistance to camptoth-
ecins® In addition to therapeutic agents, MRP4 is also able

The ATP-binding cassette (ABC) transporters are mem-
brane proteins that facilitate the transport of a diverse variety
of molecules. In humans, there are 48 ABC transporters
belonging to six different subfamiliésMembers of the
human ABC superfamily have been implicated in multidrug
resistance in chemotherapy. To date, P-glycoprotein (Pgp/
MDR1/ABCB1) is the best studied in terms of its role in : ) )

. : to transport various endogenous molecules, including cAMP
multidrug resistancé.Other human ABC transporters that ; . . )
s . : . and cGMP, as well as conjugated steroids, bile acids,
are implicated in drug resistance include the breast cancer : e,
prostaglandins and glutathiof&:

resistance protein (BCRP/ABCG2) and the multidrug resis- . .
tance protein 1 (MRP1/ABCCEY To date, various compounds have been shown to inhibit

the activities of MRP4. These include probenecid, sulfin-
pyrazone, indomethacin, dipyridamole, and compounds
containing the purine (e.g. 6TG and PMEA) and pyrazolo-
[4,3-d]pyrimidin-7-one templates (e.g. sildenafif.!®> These
earlier works prompted us to synthesize other purine analogs,
such as 6-oxopurines and pyrazolo[8}#yrimidines, and
examine their inhibitory activities on human MRP4.

Methodologies for the preparation of purines and pyrazolo-
[3,4-d]pyrimidines have attracted much attention from both
industry and academia, and various solution-phase syntheses
of these compounds have been repotfeldh. recent years,
linkage strategies for the preparation of purines on solid phase
have also been examined; however these reported synthetic

to date, the expression of MRP1 in clinical samples has notprocedures have focused on the preparation of adenine

6a,17 i
been systematically examined, and the contribution of MRP1 arr:alogsl, : ﬂ?nd_ to ofur knowlledge, ho ex;mplei on ths solid
to resistance to the anticancer drugs in humans is still not Phas€ Syninesis ot pyrazo o[3fpyrimidines have been

well-established. Similar to the observations for MRP1, reported. A_S part of a contin_uing effort toward the develop-
overexpression of MRP4 and MRP5, too, can confer ment of solid-phase synthesis (SPS) protocols for generation
' ' of purine libraries, we herein describe a traceless solid-phase
* To whom correspondence should be addressed. Fax: (65)—6779—1453.procedl"_re using the Wang resm which is appllcablg for the
E-mail: bchtant@nus.edu.sg. synthesis of both 6-oxopurines and pyrazolo[8]dyrim-
TYong Loo Lin School of Medicine. idines (Scheme 1).

* Department of Chemistry. - . . .
§This author was responsible for the nonbiological aspects of the Wang resin is an acid-labile-alkoxybenzyl alcohol resin

research. that is commonly used to prepare carboxylic compounds via

The ABCC subfamily has 12 members, of which 9 are
MRP proteins (MRP1-6/ABCC1-6 and MRP7-9/ABCC10-
12)5 Although most ABC proteins contain two transmem-
brane domains and two nucleotide binding domains, some
MRP proteins also contain a third transmembrane domain
at the N-terminaf. These include MRP1-3, MRP6 and
MRP7. In contrast, MRP4, MRP5, MRP8, and MRP9 all
have the typical two transmembrane domains and two
nucleotide binding domains topology.

MRP1 was cloned in 1992, and studies with cell lines
overexpressing MRP1 showed that MRPL1 is able of confer-
ring resistance to anthracyclines, vinca alkaloids, epipodo-
phyllotoxins, camptothecins, and methotrexatéowever,
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Scheme 1. SPOS of 6-Oxopurines and
Pyrazolo[3,4d]pyrimidines
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an ester linkage. Its application in the preparation of alcohols,
phenols or hydroxamic acids via a benzyl ether linkage has
also been reported.Since the benzyl ether linkage is also
stable to various reaction conditions, including the Grignard
reactions, ester saponification with LiOH, Weinreb amide
formation reactions, Mitsunobu reactions, and the Heck
reactiont®1°we reasoned that the Wang resin would be an
ideal solid support for our SPS strategy. We would expect
the benzyl ether linker connected to the purine or pyrazolo-
[3,4-d]pyrimidine framework to leave a hydroxyl group after
acidic cleavage to give 6-oxopurines and pyrazolof§;4-
pyrimidin-4-ones, respectively.

Results and Discussion

Solid-Phase SynthesisResins2 and 12 were obtained
by capturing 6-chloropurind and 4-chloro-H-pyrazolo-
[3,4-d]pyrimidine 11, respectively, on the Wang resin. Earlier
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Scheme 2.Synthesis of Resii3
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spinning (HRMAS) gel-phasé®C and DEPT135 NMR
experiments for the appearance of peaks corresponding to
the alkyl group. Corresponding application of the Mitsunobu
reaction to resii2 gave resirl3, which could alternatively
be prepared by capturing 2-amino-4,6-dichloropyrimidine-
5-carbaldehydel0&? and 2,4,6-trichloropyrimidine-5-car-
baldehydel 0b?2 onto the Wang resin, followed by treatment
with various substituted hydrazines in THF (Scheme 2). C2-
amino groups were then introduced through the reaction of
resins3 (X = 1) and 13 (X = Cl) with a variety of primary
and secondary amines in DMA at 8C while C2-alkylation
was achieved via Suzuki or Sonogashira coupling. It was
interesting to note that unlike res8 which was amenable
to both Suzuki and Sonogashira coupling, reks3rcould be
C2-alkylated only via the Suzuki coupling. (During the
Sonogashira coupling, a black precipitate formed within 2 h
of reaction. This precipitate could not be separated from the
resin and may have affected the reaction.) The compounds
were subsequently efficiently cleaved from the resin with
30% TFA in CHCI, to give the target products. In the same
vein, treatment oflt3 (X = NH,) with acid chloride in
pyridine gave anN-(1,4-disubstituted) (3a,4-dihydra4t
pyrazolo[3,4d]pyrimidin-6-yl)amide, which upon debenzy-
lative cleavage providedl7. In contrast, the solution-phase
methodology gave predominantly theN-diamide, as dem-
onstrated byl 7eand17f. To illustrate the versatility of this
protocol, a set of 12 6-oxopurineéa—c, 5a, 5b, 6a—d, and
7a—c) and 15 pyrazolo[3,4pyrimidines (L4a—c, 16a 16b,
15a—f, and17ad) were prepared (Figure 1). Compourgls
and 9 (Figure 1) were prepared according to reported
procedured*?®

Effects of 6-Oxopurines and Pyrazolo[3,4d]pyrimidines
on Bimane—GS Efflux. MRP4 is able to mediate the
transport of conjugated molecules, including molecules

studies have shown that the chloride can be easily replacedconjugated with glucuronate or with glutathiolfel* We

by benzyl thiol?° Since sulfur is a stronger nucleophile than

have previously shown that cells overexpressing MRP4 are

oxygen, we needed to change the chloride to a better leavingable to mediate the efflux of the fluorescent bimane

group. A standard method involves the conversion of the
chloride into an ammonio species by treatment with trim-
ethylamine. However, the latter reagent is very volatile and
toxic and, thus, is difficult to handle, especially on a large
scale. Hence, 1,4-diazabicyclo-[2.2.2]octane (DABCO) was
used insteadt Treatment ofl and 11 with DABCO gave
the DABCO—purine salt, which was subsequently reacted
with the Wang resin in DMF at room temperature to give
resins2 and 12, respectively.

Next, we examined the N-alkylation procedure. Attempts
to N9-alkylate resir2 with 1-bromobutane in the presence
of NaH provided the N7 and N9 alkylated regioisomers in a
1:1 ratio (as shown in compounds and6d). To selectively
alkylate the N9-position, residwas treated witm-butanol
under the Mitsunobu alkylation conditions. The formation
of resin 3 was monitored by high-resolution magic-angle

glutathione (bimaneGS) adduct? Thus, in this study, we
first examined the effects of 17 6-oxopurine derivativés|
¢, 5a, 5b, 6a—6€ 7a—7c, 8a, 8b, 93, and9b) on MRP4-
mediated bimaneGS efflux. This was carried out using
HepG2 cells stably overexpressing MRP4 (denoted as MRP4/
HepG2). Cells stably transfected with the empty vector
(denoted as V/HepG2) served as the control. As observed
previously, MRP4/HepG2 cells were able to facilitate the
efflux of bimane-GS at a significantly higher rate than could
V/HepG21?

Of the 17 6-oxopurines screened, ol and 7c were
able to influence the bimanesS transport ability of MRP4
at 100uM. The presence of 2aM 7b led to significant
reduction in MRP4-mediated transport (Table 1). The efflux
was reduced from 7.7 to 2.9 nmol/mg protein. A significant
inhibition of MRP4-mediated transport was also observed
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Figure 1. Library of 6-oxopurines and pyrazolo[3dlpyrimidines.

in the presence of 28M 7¢, although the degree of inhibition

was much less than that observed 7or At 25 uM, neither

7b nor 7c affected efflux from the control V/HepG2 cells.

Tan et al.

V/HepG2 cells. The second pyrazolo[3¥pyrimidine that
was effective was compourid’e Bimane-GS efflux from
MRP4/HepG2 was reduced from 7.7 to 4.4 nmol/mg protein
in the presence of 150M 17e At concentrations up to 150
uM, compoundl17e had no effect on total bimanrecS
synthesis. It also did not affect the efflux of bimarn@S
from control V/HepG2 cells.

Cyclic nucleotides (cAMP, cGMP) and purine analogs,
such as zaprinast and sildenafil at micromolar concentrations
have been shown to inhibit MRP4-mediated transport of the
glucuronide conjugate estradiol A-glucuronidet®~* In this
study, the compoundsb, 7c, 15a and 17e were able to
similarly inhibit the efflux of the glutathione conjugate
bimane-GS. This inhibition was specifically on the efflux
because the synthesis of bimar@®S was not affected by
the compounds. A comparison of the effectiveness of these
inhibitors revealed thatb was the best inhibitor of bimare
GS efflux and the inhibitory effect ofl5a and 17e was
comparable to 6TG (Table 2).

Effects of 6-Oxopurines and Pyrazolo[3,4d]pyrimidines
on 6TG ResistanceGiven that MRP4 has the ability to me-
diate resistance to nucleoside and nucleobase affaf5gs 2’
and also to transport the phosphorylated metabolites of
mercaptopurine®,28it is highly possible that the expression
of MRP4 may play a role in the pharmacokinetics of
resistance to these therapeutic molecules. Thus, one of the
aims of this study was to examine if it is possible to reverse
the MRP4-mediated resistance to 6TG.

MRP4/HepG2 cells and V/HepG2 cells were first treated
with 0—100uM 7b, 7c, 153 or 17efor 48 h to examine the
effects on cell proliferation. As shown in Table 3, the,dC
for each of these compounds wag00uM. There was no
effect on cell growth and proliferation when the cells were
exposed to 1M 7b or the other three compounds at 25
uM for 48 h. Thus, these concentrations were used for the
next series of experiments. Thesi&alues for 6 TG for the
MRP4/HepG2 cells were significantly reduced in the pres-
ence of all four compounds (Table 4). In addition, com-
poundsl5a and 17e were able to completely reverse the
resistance conferred by MRP4. The concentrations used to
achieve this reversal of resistance ranged from 10 toN25
At these concentrations, the compounds had no adverse

In addition, the effects of both compounds were specific to effects on cell proliferation and viability. The inhibitor
the efflux process because there were no differences in theconcentrations at which the reversal of resistance was
total bimane-GS synthesis between cells that were exposed observed are similar to that which was previously reported
to 7b or 7c and those that were not. A significant inhibition  for the inhibition of MRP4-mediated transport of another
of MRP4-mediated transport was also observed at/90 nucleoside analog, PMEA by sildenafil @€of 20 uM).*
but at this concentration, there was also a significant It is also obvious that the purine analog inhibitors did not
reduction in the efflux from the control V/HepG2 cells. affect the uptake or metabolism of 6TG because thg IC
The pyrazolo[3,4d]pyrimidines were also examined to see values in the control V/HepG2 cells were not affected by
if they could influence the MRP4-mediated transport of the presence of these analogs. In addition, a5 both

bimane-GS. Of the 17 pyrazolo[3,d}pyrimidines tested,
2 were found to affect the efflux of bimar&S (Table 1).
MRP4-faciliated efflux of bimaneGS was reduced from

15aand 17ewere able to selectively reverse resistance to
6TG without affecting MRP4-mediated efflux of bimane
GS. ltis, indeed, promising to observe that it is possible to

7.5 nmol/mg protein to 4.5nmol/mg protein in the presence reverse resistance to 6TG without affecting the ability of
of 100 M 15a At this concentration, there was no effect MRP4 to transport conjugated molecules. Future studies are
on the efflux from the V/HepG2 cells. There was also no presently ongoing to understand the inhibition mechanism.
effect on the total bimaneGS synthesis. In contrast, 150 In summary, we have demonstrated a protocol for the
uM 15aled to significantly reduced efflux from the control traceless solid-phase synthesis of 6-oxopurines and pyrazolo-
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Table 1. Effects of 7b, 7c, 155 and17eon Bimane-GS Efflux

total bimane-GS synthesized bimane efflux from bimane efflux from efflux mediated
in V/HepG2 and MRP4/HepG2 V/HepG2 cells MRP4/HepG2 cells by MRP#
concn (M) (in parentheses) (nmol/mg protein) (nmol/mg protein) (nmol/mg protein) (nmol/mg protein)
CompoundZb
0 (control) 482+ 1.1 14.6+ 0.7 22.3+1.0 7.7+ 0.5
(48.5+ 1.7)
25 50.24+ 3.5 143+ 1.0 17.1+ 0.6¢ 29+ 0.8
(48.3+ 3.4)
50 50.0+ 3.7 11.8+1.2 16.0+ 1.4 43+1.2
(49.5+ 2.5)
Compound7c
0 (control) 50.5+ 2.4 15.6+ 0.6 23.3+0.9 7.7+0.4
(49.24 2.8)
25 49.7+ 2.4 14.3+ 0.8 19.7+ 0.9 544+ 0.9
(50.0+ 3.8)
50 51.0+ 2.0 13.14+1.10 19.24+ 0.6 6.1+ 0.7
(50.2+ 1.8)
Compoundl5a
0 (control) 57.1+ 3.4 16.2+1.3 23.7+ 0.5 75+ 1.5
(56.8+1.2)
25 57.6+ 1.7 17.5+£ 0.9 22.9+0.3 5.4+ 0.8
(55.3+£1.0)
50 54.2+ 0.4 16.8+ 0.3 22.0+11 5.2+ 0.8
(53.5+ 2.5)
100 57.6+ 1.4 16.1+ 0.7 20.6+ 0.2 45+ 0.8
(58.9+ 2.1)
150 56.7+ 1.4 135+ 1.8 18.3+1.% 4.8+ 0.2
(58.1+ 2.2)
Compoundl7e
0 (control) 56.0+ 2.9 14.8+ 0.8 22.5+0.2 7.7+ 0.9
(57.4+ 2.5)
25 57.7£ 3.5 154+ 1.0 22.0+04 6.6+ 0.9
(59.5+ 1.3)
50 56.6+ 1.1 153+ 0.4 21.5+0.9 6.2+ 1.2
(57.5+2.1)
100 57.1+ 4.7 15.24+1.8. 21.3+0.9 6.1+ 1.3
(60.7+ 1.9)
150 59.2+ 4.6 13.8+ 1.5 18.2+ 0.9 4.4+1.2
(58.4+1.1)

aThe difference between the bimane efflux from V/HepG2 and those from MRP4/HepG2 cells represents the efflux mediate by MRP4.
Data are expressed as mearSD from three independent experimertés compared with the corresponding untreated cells, 0.05,
ANOVA analysis.

Table 2. Effects of Inhibitors on MRP4-Mediated Efflux of Table 3. Viability of MRP4/HepG2 Cells (M) and V/HepG2

Bimane-GS Cells (V) Following Exposure t@b, 7c, 15a or 17¢
inhibitor % of control concnuM
none 106 0 10 25 50 100
b,c

120uM BTG e 7bM  100% 94+ 1.0% 87+ 0.5% 77+0.3% 76+ 0.5%
ZSﬂM 7c 704L 14¢ \Y, 100% 93+ 0.1% 90+ 4.6% 78+ 2.2% 68+ 3.0%
106‘uM 15a 60 L 14° 7cM  100% nd 96+ 0.3% 86+ 0.4% 84+ 0.9%
150uM 17e 581 18° \Y, 100% nd 97+ 2.3% 83+ 0.8% 77+ 2.3%
# 15aM 100% nd 98+ 6.1% 92+ 6.8% 88+ 4.2%
aExport in the absence of inhibitor was designated as 100%. V 100% nd 96+ 3.3% 93+ 3.3% 88+ 2.6%
bFrom ref 12.°As compared with export in the absent of an 17eM 100% nd 98+ 1.5% 96+ 1.7% 83+5.1%
inhibitor, p < 0.05, ANOVA analysis. Vv 100% nd 92+ 2.1% 84+ 2.7% 80+ 2.6%

- . . . I aThe cells were exposed to compounb, 7c, 15a or 17e at
[3.4-d]pyrimidine-4-ones with two points of diversification. e ¢oncentrations indicated for 48 h. A 20-portion of MTS

The strategy benefits from the key role played by the reagent was then added, and the cells were incubated g &
benzyloxy linkage because it is a robust point of attachment 1 h. The absorbance at 490 nm was measured. Each concentration

and is stable to the reaction conditions for the variations at was carried out in triplicate. Data are expressed as me&D
the C2 and N9 positions. Four of the compounds prepared fom three independent experiments.

were active in inhibiting MRP4-mediated efflux of bimane
glutathione conjugate. They were also able to reverse MRP4-
mediated resistance to the anticancer drug 6-thioguanine, and General ProceduresThe Wang resin was purchased from
for compoundsl5a and 17e¢ complete reversal of the Tianjin Nankai Hecheng Science and Technology Co {100
resistance conferred by MRP4 was observed ati25 200 mesh, Catalog no. HCWO02-1). All chemicals were

Experimental Section
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Table 4. I1Csq for 6TG in the Presence of the Purine
Derivative$

ICso (M)

MRP4/HepG2 V/HepG2  fold resistance
concn (A) (B) (A/B)
10uM 7b 185+ 0.2 13.0+ 1.1 14
25uM 7c 29.4+ 0.9 153+ 1.0 1.9
25uM 15a 14.94+ 0.8 123+ 14 1.2
25uM 17e 12.2+ 0.2 10.74+ 0.6 1.1
control 37.1+ 3.8 13.9+ 0.6 2.7

aThe cells were exposed to 6TG together with compodbd
7c, 153 or 17eat the concentrations indicated for 48 h. A 20-

portion of MTS reagent was then added, and the cells were

Tan et al.

phase DEPT135 08 (X = H) showed the appearance of
peaks corresponding to the butyl grougC NMR (DMSO-
ds) 0 13.67, 19.87, 30.36, 47.46.

General Procedure for 2-Amination of Resin-Bound
Purines 3 and 13.Resin3 (X = 1) or 13 (X = CI) was
swollen in DMA at room temperature for 30 min. The
respective amine (3 equiv) and tripropylamine (3 equiv) were
added, and the mixture was then stirred slowly at@@nder
nitrogen for 24 h; filtered; washed successively with DMF,
H,0O, EtOH, CHCl,, and E4O; and dried in vacuo for 24 h.

General Procedure for C2-C Bond Formation of
Resin-Bound Purines 3 and 13. Via Sonogashira Cou-

incubated at 37C for 1 h. The absorbance at 490 nm was measured. Pling. Resin 3 (X=1) (0.12 g, 0.29 mmol) was swollen in

ICso is the concentration at which cell growth is inhibited by 50%.

DMA at room temperature for 30 min. To the suspension

At least five 6TG concentrations were used to determine the IC  \yas added dichloro(1,2-bis(diphenylphosphino)ethane)-pal-
Each concentration was carried out in triplicate. Data are expressedladium(“) (1.1 equiv), DIEA (30 equiv), Cul (2.2 equiv)

as meant SD from three independent experimerftés compared
with the corresponding untreated cefiss 0.05, ANOVA analysis.

and the alkyne (20 equiv). The mixture was stirred slowly
at 100°C in the dark for 48 h and then filtered. The resin
was washed successively with DMF,® EtOH, CHCI,,

obtained from commercial suppliers and were used without and EtO and dried in vacuo for 24 h.

purification. Analytical TLC was carried out on precoated
plates (Merck silica gel 60, F254) and visualized with UV

Via Suzuki Coupling. Resin 3 (X=1) or 13 (X = CI)
(0.29 mmol) was swollen in DMF at room temperature for

light. Flash column chromatography was performed with 30 min. To the suspension was addesCKxs (2 equiv), Pd-

silica (Merck, 236-400 mesh). NMR spectrdH and*C)
were recorded at 298 K on a Bruker DPX300 or AMX500

(PPh), (0.1 equiv), and 4-methoxyphenylboronic acid (2
equiv). The reaction was stirred slowly at 10D in the dark

Fourier transform spectrometer. Chemical shifts are expressedor 48 h and then filtered. The resin was washed successively

in 0 (parts per million) relative to the internal standard of

with DMF, H,O, EtOH, CHCl,, and E3O and dried in vacuo

tetramethylsilane. El or ESI mass spectra were measured orfor 24 h.
a VG Micromass 7035 spectrometer, and the HRMS data  General Procedure for the Cleavage of Resin-Bound

were obtained on a Finnigan MAT 95XL-T.

General Procedure for the Preparation of Resin-Bound
Purines 2 and 12 Purinel or 11 (0.395 mmol) and DABCO
(0.861 g, 7.673 mmol) were dissolved in DMF (10 mL). The

Purine. A suspension of resin in 30% TFA/GHI, was
shaken at room temperature for 5 h. The resin was removed
by filtration and washed with MeOH and GEll,. The filtrate
and washings were combined, neutralized with saturated

reaction mixture was stirred rapidly at room temperature for aqueous NaHC§) concentrated, and purified by column
4 h. A suspension of the Wang resin (1.15 mmol/g, 0.6 g) chromatography (for 6-oxopurines, the eluent used was CH

in DMF was treated with sodium hydride (5 equiv) at room
temperature for 4 h. The DABCE&purine mixture was then

OH/CH,CI,, 1:15-1:10; for pyrazolo[3,4d]pyrimidines, the
eluent used was ethyl acetate/hexane, 2:3).

added, and the suspension was shaken at room temperature General Procedure for the Sulfuration of 6-Oxopurines.
for 48 h. The resin was filtered; washed successively with Thiourea (8 equiv) was added to the solution of the

DMF, H,O, EtOH, CHCI,, and EtO; and dried in vacuo
for 24 h.

General Procedure for the Alkylation of Resin-Bound
Purines 3 and 13. Using NaH/RBr.Resin2 (1.15 mmol)
was swollen in DMF (15 mL) at room temperature for 30

6-oxopurine in ethanol, and the reaction mixture was stirred
under reflux conditions for 2 h, after which the mixture was
cooled in an ice bath, and the solid that precipitated out was
filtered and washed with ethanol.

Synthesis of 4-Chloro-6-substituted-H-pyrazolo[3,4-

min. NaH (1.2 equiv) was added, and the mixture was shakend]pyrimidine (11). To a solution of10 (25 mmol) in THF/
for 1 h. Bromobutane (1.2 equiv) was added, and the reactionH,0, 3:1(100 mL), at 50C was added hydrazine hydrate

mixture was stirred slowly at 8TC. After 6 h, the resin was
filtered; washed successively with THF, EtOH, &H, and
Et,O; and dried in vacuo for 24 h.

Via Mitsunobu Alkylation. Resin2 or 12 (1.15 mmol)
was swollen in THF (15 mL) at room temperature for 30
min. Alcohol (1.7 equiv) and PRI{1.8 equiv) were added,

(75 mmol) in water (25 mL), and the mixture was stirred at
room temperature for 10 min, after which the mixture was
poured into ice-water and concentrated to half the volume.
The precipitate obtained was filtered and dried under vacuum.
11 (X = NH,): H NMR (DMSO-ds) 6 7.13 (s, 2H, NH),
7.94 (s, 1H, CH), 13.24 (s, 1H, NHYC NMR (DMSO-ds)

and then DIAD (1.5 equiv) was added dropwise at ice-water 6 106.85, 133.70, 154.29, 158.50, 162.50. HRMS (EI):
bath temperature. The mixture was shaken at room temper-Calcd for GH,CINs, 169.0155; found, 169.0157. Yield: 70%.

ature overnight. The resin was then filtered; washed suc-

cessively with THF, EtOH, CkCl,, and E$O; and dried in
vacuo for 24 h. HRMAS gel-phaséC NMR (CDCE) of 3

General Procedure for the Preparation of 1,6-Disub-
stituted 4-Benzyloxy-H-pyrazolo[3,4-d]pyrimidine Resin
(13) from Compound 10.Wang resin (2 g, 3.2 mmol) was

(X = 1) showed the appearance of peaks corresponding toswollen in DMSO (30 mL) for 30 min, after which potassium

the butyl group:6 13.55, 19.75, 31.81, 43.87. HRMAS gel-

tert-butoxide (0.43 g, 4 mmol) was added, and the mixture
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was shaken at room temperature for 1 h. The reaction mixture159.18. HRMS (EI) Calcd for ¢gH17Ns0,, 311.1382; found,
was cooled to 610 °C, a cooled solution 010 (10 mmol) 311.1380. Overall yield: 29%.
in DMSO (30 mL) was added, and the reaction mixture was  9-Benzyl-2-(2-piperidin-1-yl-ethylamino)-1,9-dihydro-
shaken at room temperature for an additional 10 h. The resinpyrin-6-one (6b).*H NMR (CD;OD) ¢ 1.62 (m, 2H, H4),
was then filtered and successively washed with DMS@H  1.80-1.84 (m, 4H, H3+ H5'), 3.30-3.32 (m, 2H, NHGE,),
THF, and MeOH and dried in vacuo for 24 h. 3.35-3.36 (M, 4H, H + Hg), 3.69 (t, 2H,J = 5.8 Hz,
The dried resin (1.6 mmol) was swollen in THF (20 mL) N1'CH,), 5.27 (s, 2H, BnCh), 7.29-7.34 (m, 5H, ArH),
for 30 min and then treated with the respective substituted 7.81 (s, 1H, CH)XC NMR (CDsOD) ¢ 23.37, 24.50%2),
hydrazine (5 equiv) and triethylamine (15 equiv). The 24.58, 37.47, 54.5%2), 56.76, 117.41, 128.81, 129.17,
reaction mixture was shaken for 12 h, after which the resin 129.94, 137.76, 139.71, 152.52, 154.02, 159.42. HRMS (ESI,
was filtered and washed with THF and methanol and dried M + H) Calcd for GgH2sN6O, 353.2090; found, 353.2091.

in vacuo for 24 h.

General Procedure for the N-Acylation of Resin 13.
Resinl13 (X = NH;, 0.8 mmol) was swollen in pyridine (20

Overall yield: 26%.
9-Benzyl-2-butylamino-1,9-dihydropurin-6-one (6¢)H
NMR (DMSO-ds) ¢ 0.88 (t, 3H,J = 7.3 Hz, CH), 1.28-

mL) for 30 min, and DMAP (50 mg) was added. The mixture 1.38 (m, 2H, CH), 1.44-1.54 (m, 2H, CH), 3.24-3.32 (m,
was cooled to OC, and the respective acid chloride (4 mmol) 2H, NHCH,), 5.16 (s, 2H, BnCh), 7.33-7.34 (m, 5H, ArH),
was added dropwise over a period of 15 min, after which 7.79 (s, 1H, CH)**C NMR (CDCk) 6 13.16, 18.98, 30.38,
the mixture was shaken at room temperature for 6 h. The 38.16, 45.52, 115.89, 127.17, 127.32, 128.05, 136.66, 136.73,
resin was filtered; washed with THF, water, and methanol; 150.40, 152.27, 156.52. HRMS (EI) Calcd forgB19Ns0,
and dried in vacuo for 24 h. 297.1590; found, 297.1591. Overall yield: 32%.
9-Isopropyl-1,9-dihydropurin-6-one (4a).*H NMR (CDs- Mixture of N7- and N9-Butylguanine (6d). 'H NMR
OD) 0 1.61 (d,J = 6.6 Hz, 6H, CH + CHs), 8.03 (s, 1H, (CDsOD) 6 1.02-1.07 (m, CH), 1.35-1.46 (m, CH),
H-8), 8.15 (s, 1H, H-2)13C NMR (CD;OD) ¢ 21.87 (x2), 1.49-1.95 (m, CH), 4.15 (t,J = 7.1 Hz, N9CH), 4.38 (t,
48.67, 124.64, 139.05, 145.32, 148.95, 158.25. HRMS (El) J = 7.1 Hz, N7CH), 7.79 (s, C2H), 7.99 (s, C2H). EI-MS
Calcd for GH1N4O, 178.0855; found, 178.0855. Overall m/z 243.2 (M"); 210.1. Overall yield: 53%.
yield: 47%. 9-Benzyl-2-hept-1-ynyl-1,9-dihydropurin-6-one (7a)H
N7-Butyl-6-oxopurine (4b). 'H NMR (CD3;0OD) 6 0.99 NMR (CDCl) ¢ 0.89 (t, 3H,J = 7.1 Hz, CH), 1.25-1.66
(t, J = 7.3 Hz, 3H, CH), 1.31-1.44 (m, 2H, CHCHy), (m, 6H, (CHy)3), 2.41 (t, 2H,J = 7.2 Hz, CCH), 5.59 (s,
1.87-1.96 (m, 2H, CHCH,N7), 4.45 (t,J = 7.1 Hz, 2H, 2H, NCHp), 7.36 (s, 5H, ArH), 8.10 (s, 1H, CH}C NMR
CH;N7), 8.06 (s, 1H, C8H), 8.22 (s, 1H, C2H). HRMS (El) (CDsOD) ¢ 13.87, 19.16, 22.09, 27.45, 31.03, 50.95, 74.19,
Calcd for GH12N4O, 192.1011; found, 192.1012. Overall 94.98, 128.12, 128.18, 128.742), 129.15 (2), 135.27,
yield: 22%. 138.14, 154.81. HRMS (El) Calcd for;8H,0N4O, 320.1637;
Mixture of N7- and N9-Butyl-6-oxopurine (4c). H found, 320.1633. Overall yield: 24%.
NMR (CD;0OD) ¢ 0.94-0.99 (m, CH), 1.31-1.39 (m, CH2), 9-"Butyl-2-(4-methoxyphenyl)-6-oxo-1,9-B-purine (7b).
1.87-1.89 (m, CH), 4.25 (,J = 7.1 Hz, N9CH), 442 (t, =~ 'H NMR (CDCl) 6 0.98 (t,J = 7.3 Hz, 3H, CH), 1.33-
J=7.2 Hz, N7CH), 7.99 (s, purine H), 8.03 (s, purine H), 1.46 (m, 2H, CH), 1.86-1.96 (m, 2H, CH), 3.89 (s, 3H,
8.06 (s, purine H), 8.17 (s, purine H). EI-M82243.2 (M"); OCH,), 4.22 (t,J = 7.2 Hz, 2H, CHN9), 6.99 (d,J = 9.1
192.1. Overall yield: 56%. Hz, 2H, MeOAH), 7.77 (s, 1H, H-8), 8.25 (d] = 9.2 Hz,
9-Isopropyl-1,9-dihydropurine-6-thione (5a).*H NMR 2H, MeOAH), 11.98 (s, 1H, NH).**C NMR (CDCk) o
(DMSO-dg) 6 1.50 (d, 2H,J = 6.8 Hz, 2CH), 4.68-4.77 13.44, 19.76, 32.18, 43.63, 55.47, 114.46, 122.40, 124.55,
(m, 1H, CH), 8.19 (s, 1H, C8H), 8.39 (s, 1H, C2H), 13.70 129.34, 139.89, 150.03, 153.13, 159.18, 162.39. HRMS (EI)
(s, 1H, N1H).%3C NMR (CDCk) 6 21.56 (x2), 46.67, Calcd for GgH1gN4O,, 298.1430; found, 298.1432. Overall
134.75, 140.56, 143.02, 144.04, 175.29. HRMS (EI) Calcd yield: 27%.
for CgH10SNs, 194.0630; found, 194.0626. Yield for sulfu- 9-Butyl-2-hept-1-ynyl-1,9-dihydropurin-6-one (7c).H
ration: 90%. NMR (CDsOD) 6 0.87-0.98 (m, 6H, 2CH), 1.28-1.38 (m,
9-Butyl-1,9-dihydropurine-6-thione (5b).H NMR (DM- 6H, 3CH), 1.60-1.71 (m, 2H, CH), 1.82-1.92 (m, 2H,
SO-dg) 0 0.85 (t, 3H,J= 7.2 Hz, CH), 1.19-1.26 (m, 2H, CHy), 2.49 (t,J = 7.1 Hz, 2H, CCH)), 4.39 (t,J = 7.3 Hz,
CHy), 1.71-1.78 (m, 2H, CH), 4.15 (t, 2H,J = 7.2 Hz, 2H, N9CH,), 8.17 (s, 1H, C8H)*3C NMR (CD;OD) 6 13.84,
N9CH,), 8.19 (s, 1H, C8H), 8.30 (s, 1H, C2H), 13.69 (s, 14.24,19.72,20.51, 23.22, 28.67, 30.74, 32.19, 34.41, 74.98,
1H, N1H) 3C NMR (CDCk) 6 12.76, 18.64, 30.85, 42.56, 95.41, 116.64, 130.69, 140.27, 145.67, 156.21. HRMS (EI)
134.40, 142.53, 143.56, 144.26, 175.23. HRMS (El) Calcd Calcd for GeH22N4O, 286.1794; found, 286.1788. Overall
for CoH1,SN,, 208.0783; found, 208.0782. Yield for sulfu- yield: 28%.
ration: 92%. 3-Benzyl-3H-123%riazolo[4,5-d]pyrimidine-7(6 H)-
9-Benzyl-2-morpholin-4-yl-1,9-dihydropurin-6-one (6a). thione (8a).*H NMR (CD;0D, 300 Hz)d 5.77 (s, 2H, CHj),
H NMR (CDCl) 6 3.78-3.79 (m+ m, 4H+ 4H, 2CHN 7.32-7.38 (m, 5H, Ph), 8.32 (s, 1H, C2H}3C NMR
+ 2CH;0), 5.19 (s, 2H, BnCh), 7.33-7.56 (m, 5H, ArH), (DMSO-ds, 300 Hz)o (ppm): 49.87, 127.80, 128.16, 128.76,
7.79 (s, 1H, CH)}C NMR (CDCk,) 6 45.55, 46.98, 66.34, 135.13, 138.05, 144.00, 148.48, 177.63. HRMS (El): Calcd
127.72, 128.28, 128.95, 132.97, 135.74, 137.98, 152.68,for C1;HgNsS, 243.0579; found, 243.0575.
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3-Benzyl-H-123riazolo[4,5-d]pyrimidin-7(6 H)-one (8b). 1-Methyl-6-pyrrolidin-1-yl-1,5-dihydropyrazolo[3,4- d]-
IH NMR (DMSO-ds, 300 Hz)6 5.75 (s, 2H, CH), 7.31— pyrimidin-4-one (15c).*H NMR (DMSO-dg) 6 1.89 (m, 4H,
7.37 (m, 5H, Ph), 8.26 (s, 1H, C2H), 12.71 (br, 1H, N1H). 2CHy), 3.45-3.49 (m, 4H, 2NCH), 3.69 (s, 3H, Ch), 7.72
13C NMR (DMSO<s, 300 Hz) 0 (ppm): 49.93, 127.94, (s, 1H, CH), 10.52 (s, 1H, NHY3C NMR (DMSO-ds) 6
128.32, 128.94, 129.05, 135.46, 148.67, 150.08, 155.52.25.79, 34.13, 38.56, 47.88, 99.76, 134.90, 152.75, 154.58,
HRMS (El): Calcd for GiHgNsS, 243.0579; found, 243.0575.  155.32, 159.58. HRMS (EI) Calcd forgH:aNs0O, 219.1120;

Benzyl 3-(6-Thioxo-1,6-dihydropurin-9-yl)propanoate found, 219.1119. Yield: 40%.
(9a). '"H NMR (DMSO-ds, 300 Hz)o 3.04 (t, 2H,J = 7.0 6-Morpholin-4-yl-1-phenyl-1,5-dihydropyrazolo[3,4-d]-
Hz, N9CH2QH2), 4.43 (t,J = 7.0 Hz, 2H N9CH2), 5.06 (s,  pyrimidin-4-one (15d). 'H NMR (DMSO-ds) 6 3.65-3.69
2H, PhCH), 7.25-7.35 (m, 5H, ArH), 8.16 (s, 1H, C8H), (m, 8H, 4CH), 7.30 (t,J = 7.1 Hz, 1H, ArH), 7.51 (tJ =
8.25 (s, 1H, C2H)}C NMR (DMSO-Js, 300 Hz)d (ppm): 7.7 Hz, 2H, ArH), 8.06 (s, 1H, CH), 8.09 (s, 2H, ArH), 11.11
33.04, 39.36, 65.37, 127.46, 127.57, 127.88, 134.45, 135.25(5, 1H, NH).23C NMR (DMSO-ds) 6 46.35, 66.61, 102.03,
142.57, 143.58, 144.36, 169.81, 175.27. HRMS (EI): Calcd 121,61, 127.01, 130.11, 137.07, 140.00, 154.85, 155.01,
for C1sH14N40,S, 314.0837; found, 314.0836. 159.46. HRMS (El) Calcd for GH1sNsO,, 297.1226; found,

Benzyl 3-(6-Chloro-H-purin-9-yl)propanoate (9b). *H 297.1230. Yield: 44%.
NMR (DMSO-de): 6 3.02 (t,J = 6.8 Hz, 2H, N9CHCH)), 6-Butylamino-1-phenyl-1,5-dihydropyrazolo[3,4d]py-
440 (t,J= 6.8 Hz, 2H, N9CH), 5.07 (5, 2H, PhCh), 7.26~ ~  yimjidin-4-one (15€).H NMR (CDCL) 6 0.92 (t,J = 7.1
7.35 (m, 5H, ArH), 8.02 (S, 1H, C8H), 8.04 (S, 1H, C2H), Hz, 3H, C|_k), 1.26-1.42 (m’ 2H, CH); 1.52-1.61 (m' 2H,
12.26 (s, 1H, NIH)®C NMR (CDCh): o (ppm) 33.27, (1) 3.31-3.33 (m, 2H, NCH), 6.30 (s, 1H, NH), 7.22
38.82,65.34,123.44, 127.46, 127.57, 127.89, 135.30, 139.81,7'27 (m, 1H, ArH), 7.39 (t] = 7.8 Hz, 2H, ArH), 7.98 (s,
145.03, 147.82, 156.14, 169.86. HRMS (El): Calcd for 1H, CH), 8.05 (dJ = 8.0 Hz, 2H, ArH), 10.96 (s, 1H, NH).

CisH14N4Os, 298.1066; found, 298.1079. o 13 NMR (CDCE) 6 13.64, 19.98, 30.96, 41.08, 102.05,
1-tert-Butyl-6-chloro-1,5-dihydropyrazolo[3,4-d]pyrimi- 121.01, 126.08, 128.71, 135.77, 138.95, 153.15, 155.06,

din-4-one (14a).*H NMR (CDC) 6 1.74 (s, 9H, 3CH), 16053 HRMS (EI) Calcd for GH1:N<O, 283.1433; found,

29.25, 61.40, 105.52, 133.40, 143.92, 151.21, 160.13. HRMS
(El): Calcd for GH11CIN4O, 226.0621; found, 226.0624.
Yield: 58%.
6-Chloro-1-methyl-1,5-dihydropyrazolo[3,4-d]pyrimi-
din-4-one (14b).1H NMR (DMSO-ds) 6 3.85 (s, 3H, CH),
8.02 (s, 1H, CH), 13.14 (s, 1H, NHYC NMR (DMSO<ds)
0 35.20, 105.33, 135.41, 147.55, 152.17, 158.46. HRMS
(El): Calcd for GHsCIN4O, 184.0152; found, 184.0155.
-): 48%.
vield: 50%. 1-tert-Butyl-6-(4-methoxyphenyl)-1,5-dihydropyrazolo
6-Chloro-1-phenyl-1,5-dihydropyrazolo[3,4€]pyrimidin- e A i )
hone (14C)_1ﬂ SR (DMSyO dsy o 42[ (t"j]pl 73ty  [3adpyrimidin-d-one (16a). *H NMR (CDCk) 8 1.83 (s,
1H, ArH), 7.57 (. = 7.8 Hz, 2H, ArH), 7.93 (dJ = 7.7  9H, 3CH), 3.89 (s, 3H, OCH), 7.05 (d,J = 8.7 Hz, 2H,
Hz. 2H, ArH). 13.43 (s, 1H, NH)J'C NMR (DMSOd) 6 ATH), 8.06 (s, 1H, ArH), 8.21 (dJ = 8.7 Hz, 2H, ATH),
107.29, 123.01, 128.53, 130.35, 137.22, 138.81, 148.59,11:62 (s, 1H, NH)*C NMR (CDCL) 6 28.06, 54.14, 102.09,
152.08, 158.54. HRMS (El): Calcd for :@¢;CIN,O, 112.10, 113.01, 123.24, 127.97, 131.70, 151.20, 156.72,

1-tert-Butyl-6-(1-hydroxybutylamino)-1,5-dihydropyra- found, 298.1434. Yield: 18%.

zolo[3,4d]pyrimidin-4-one (15a). H NMR (DMSO-ds) 6 6-(2-Ethoxyphenyl)-1-methyl-1,5-dihydropyrazolo[3,4-
0.90 (t,J = 7.4 Hz, 3H, CH), 1.41-1.61 (m, 2H, CH), d]pyrimidin-4-one (16b). *H NMR (CDCl;) 6 1.60 (t,J =
1.62 (s, 9H, 3CH), 3.49-3.53 (m, 2H, CH), 3.74-3.77 7.0 Hz, 3H, CH), 4.04 (s, 3H, NCH), 4.31 (q,J = 10.5

(m, 1H, OH), 4.84-4.87 (m, 1H, CH), 6.40 (d] = 8.0 Hz, Hz, 2H, CH), 7.05 (d,J = 8.4 Hz, 1H, ArH), 7.14 (tJ =

1H, NH), 7.66 (s, 1H, CH), 10.25 (s, 1H, NH¥C NMR 7.3 Hz, 1H, ArH), 7.50 (tJ = 8.7 Hz, 1H, ArH), 8.06 (s,
(DMSO-ds) 0 11.42, 24.77, 29.68, 54.82, 59.88, 62.64, 1H, CH), 8.51,8.55 (dd] = 8.0 Hz,J = 1.7 Hz, 1H, ArH),
101.97, 133.36, 153.07, 154.77, 158.88. HRMS (EI) 11.11(s, 1H, NH)**C NMR (CDCk) 6 14.62, 34.15, 65.40,
Calcd for GsHNsO,, 279.1695; found, 279.1696. Yield: 104.29, 113.01, 121.70, 128.20, 130.55, 131.31, 133.54,

1-tert-Butyl-6-(4-methylpiperazin-1-yl)-1,5-dihydropy-
razolo[3,4-d]pyrimidin-4-one (15f). 'H NMR (DMSO-ds)
0 2.25 (s, 9H, 3CH), 3.42 (s, 3H, CH), 3.91 (br s, 8H,
4CH,), 8.36 (s, 1H, CH), 11.81(s, 1H, NH}3C NMR
(DMSO-ds) 6 29.85, 43.25, 43.72, 52.63, 60.21, 102.43,
133.46, 152.89, 153.75, 159.39, 159.65, 159.81. HRMS (EI)
Calcd for G4H22NgO, 290.1855; found, 290.1853. Yield:

23%. 134.72, 153.32, 157.32, 157.78. HRMS (El) Calcd for
1-tert-Butyl-6-(2-hydroxyethylamino)-1,5-dihydropyra- C14H12N4O,, 270.1117; found, 270.1109. Yield: 17%.
zolo[3,4d]pyrimidin-4-one (15b). IH NMR (DMSO-dg) 0 N-(1-Butyl-4-ox0-4,5-dihydro-1H-pyrazolo[3,4-d]pyri-

1.60 (s, 9H, 3CH), 3.39-3.41 (m, 2H, NCH)), 3.61-3.63 midin-6-yl)-isobutyramide (17a).*H NMR (CDCl) 6 0.80
(m, 2H, OCH), 4.52 (bs, 1H, OH), 6.35 (bs, 1H, NH), 7.58 (t,J= 7.3 Hz, 3H, CH), 1.12-1.17 (m, 2H, CH), 1.22 (d,
(s, 1H, CH), 10.21 (s, 1H, NH)}:3C NMR (DMSO-ds) o J = 7.0 Hz, 6H, 2CH), 1.67-1.77 (m, 2H, CH), 2.72-
33.69, 48.24, 64.01, 64.89, 102.03, 137.23, 154.65, 157.16,2.79 (m, 1H, CH), 4.08 (1) = 7.1 Hz, 2H, NCH), 7.98 (s,
163.65. HRMS (EI) Calcd for GH1/NsO,, 251.1382; found,  1H, CH), 9.85 (s, 1H, NH), 12.04 (s, 1H, NH}C NMR
251.1382. Yield: 15%. (CDCl) 0 13.39, 18.92, 19.61, 31.37, 36.23, 46.92, 102.86,
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135.01, 149.03, 151.71, 157.37, 179.78. HRMS (El): Calcd

for Ci3H10Ns0,, 277.1539; found, 277.1538. Yield: 26%.
N-(1-Butyl-4-0x0-4,5-dihydro-1H-pyrazolo[3,4-d]pyri-

midin-6-yl)-benzamide (17b).*H NMR (CDCl) 6 0.91 (t,

J=7.3Hz, 3H, CH), 1.23-1.35 (m, 2H, CH), 1.78-1.88

(m, 2H, CHy), 4.19 (t,J = 7.1 Hz, 2H, NCH), 7.55 (t,J =

7.5 Hz, 2H, ArH), 7.66 (tJ = 7.3 Hz, 1H, ArH), 7.95 (dJ

= 8.4 Hz, 2H, ArH), 7.99 (s, 1H, CH), 9.03 (s, 1H, NH),

11.94 (s, 1H, NH)3C NMR (CDCk) 6 13.55, 19.78, 31.53,

47.10, 103.24, 127.56, 129.28, 131.43, 133.89, 135.21,

148.66, 151.29, 156.76, 167.75. HRMS (El): Calcd for
Ci16H7NsO,, 311.1382; found, 311.1383. Yield: 28%.
N-(4-Oxo-1-propyl-4,5-dihydro-1H-pyrazolo[3,4-d]py-
rimidin-6-yl)-isobutyramide (17c). *H NMR (CDCl) ¢
(ppm): 0.74 (tJ = 7.3 Hz, 3H, CH), 1.23 (d,J = 7.1 Hz,
6H, 2CHy), 1.75-1.77 (m, 2H, CH), 2.73-2.80 (m, 1H,
CH), 4.06 (t,J = 7.3 Hz, 2H, NCH), 7.99 (s, 1H, CH),
9.92 (s, 1H, NH), 12.03(s, NH, 1H}*C NMR (CDCk) ¢
10.95, 18.95, 22.72, 36.19, 48.72, 102.86, 135.17, 148.99
151.90, 157.42, 179.86. HRMS (EI): Calcd for817/NsO-,
263.1382; found, 263.1380. Yield: 24%.
Cyclobutanecarboxylic Acid (1-lsopropyl-4-0x0-4,5-
dihydro-1H-pyrazolo[3,4-d]pyrimidin-6-yl)-amide (17d).
IH NMR (CDCl) 6 1.44 (d,J = 6.6 Hz, 6H, 2CH), 1.92-
2.10 (m, 2H, CH), 2.22-2.27 (m, 4H, 2CH), 3.24-3.35
(m, 1H, CHsopropy), 4.69-4.78 (m, 1H, CHyciobuy), 8.00 (s,
1H, CH), 8.67 (s, 1H, NH), 11.84 (s, 1H, NH¥C NMR
(CDCl3) ¢ 17.98, 21.84, 24.89, 40.36, 49.04, 103.14, 134.98,
148.40, 150.56, 157.05, 176.64. HRMS (EIl): Calcd for
Ci13H17Ns0,, 275.1382; found, 275.1379. Yield: 32%.
General Solution-Phase Procedure for the N-Acylation
of 4-Benzyloxy-H-pyrazolo[3,4-d]pyrimidin-6-ylamine.
To an ice-cold solution of 1-substituted 4-benzyloxy-1
pyrazolo[3,4d]pyrimidin-6-ylamine (1 mmol) and DMAP
(0.050 @) in pyridine (20 mL) was slowly added benzoyl
chloride (0.15 g, 2 mmol). The temperature of the mixture
was gradually raised from @ to room temperature within
2 h, after which the mixture was concentrated to dryness,

and water was added to the residue. The solution was = o
dused to generate a calibration curve for quantifying the

extracted repeatedly with ethyl acetate, and the combine

ethyl acetate layer was dried over anhydrous MgSO

concentrated, and purified by column chromatography.
N-BenzoylN-(4-oxo-1-propyl-4,5-dihydro-1H-pyrazolo-

[3,4-d]pyrimidin-6-yl)-benzamide (17¢).*H NMR (DMSO-

ds) 0 0.32 (t,J = 7.3 Hz, 3H, CH), 1.39-1.43 (m, 2H,

CHy), 3.97 (t,J = 6.6 Hz, 2H, NCH), 7.52 (t,J = 7.5 Hz,

4H, ArH), 7.62 (q,J = 7.5 Hz, 2H, ArH), 7.79 (dJ = 8.4

Hz, 4H, ArH), 8.04 (s, 1H, CH), 13.26 (s, 1H, NH}C NMR

(DMSO-dg) 6 11.38, 23.23, 49.51, 104.90, 129.78, 130.02,

134.34, 134.46, 135.43, 149.87, 151.93, 158.73, 172.36.

HRMS (El) Calcd for GyHigNsOs, 401.1488; found,
401.1488. Yield for acylation: 78%. Overall yield: 23%.
N-BenzoylN-(1-butyl-4-oxo-4,5-dihydro-1H-pyrazolo-

[3,4-d]pyrimidin-6-yl)-benzamide (17f). *H NMR (CDCly)

0 0.68 (t,J = 7.1 Hz, 3H, CH), 0.79-0.88 (m, 2H, CH),
1.39-1.48 (m, 2H, CH), 3.99 (t,J = 7.0 Hz, 2H, CH),
7.41 (t,J = 7.5 Hz, 4H, ArH), 7.50 (gqJ = 7.4 Hz, 3H,
ArH), 7.86 (d,J = 8.71 Hz, 4H, ArH), 12.87 (s, 1H, NH).
13C NMR (CDCk) 6 13.29, 19.27, 31.19, 47.28, 103.62,
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128.81, 129.06, 133.23, 133.55, 134.47, 148.49, 151.29,
159.85, 171.46. HRMS (EI): Calcd for@l,5Ns0s, 414.1644;
found, 414.1644. Yield for acylation: 76%. Overall yield:
21%.

Cell Lines and Culture Conditions. HepG2 cells stably
expressing the human MRP4 protein were previously de-
scribed?” The MRP4 clone used in this study was MRP4/
HepG2. The blasticidine clone, V/HepG2, which was trans-
fected with the pcDNAG vector, was included as the control.
Cells were routinely grown in complete medium consisting
of Dulbecco’s modified Eagle’s medium (DMEM), 1 mM
sodium pyruvate, 2 mM glutamine, 0.1 mM nonessential
amino acids, 100 units/mL of penicillin, 108g/mL of
streptomycin, 10% fetal bovine serum, and O@BmL of
blasticidin. The cells were grown at 3T in a humidified
atmosphere of 95% air and 5% @O

Bimane—Glutathione Efflux. The measurement of bi-
mane-GS synthesis and efflux from MRP4/HepG2 and

VIHepG2 cells was carried out as previously descritfed.

brief, cells were seeded in triplicate at a density of (P
cells per well into 6-well plates and incubated at°&7 for

24 h. The cells were then incubated with 1 mL of DMEM
medium containing 10@M monochlorobimane (MCB) at
10°C for 60 min with different concentrations of the purine
derivatives. Controls consisted of cells incubated with
DMSO, which was used to dissolve the compounds. After
pretreatment with MCB, the plates were placed on ice, the
medium was removed, and the cells were washed with cold
Hanks’ balanced salt solution (HBSS), without glucose twice.
The cells were then incubated with 0.6 mL of HBSS
containing 5.6 mM glucose and different concentrations of
synthesized compounds at 32 for 5 min. A 0.2-mL portion

of the incubation buffer and 0.2 mL of the cell lysate (in
0.2% sodium dodecyl sulfate, SDS) were collected. The
bimane-GS content in the sample was measured by deter-
mining the fluorescence intensity at an excitation wavelength
of 385 nm and an emission wavelength of 478 nm in a
Gemini XS microplate spectrofluorometer from Molecular
Devices Corp, U.S.A. A series of biman&S standards was

amount of bimaneGS. The protein determination was
carried out using the Bio-Rad Protein Dye with bovine serum
albumin dissolved in 0.2% SDS as the standard.

Effects of the Purine Derivatives on 6TG Resistance.
Cells were plated in triplicate at a density of>4 10° per
well in a 96-well tissue culture plate. After 24 h of incubation
at 37 °C, the cells were treated with 6TG, the purine
derivative, or both. Control cells were incubated either with
medium containing 0.1% DMSO or in medium only. Forty-
eight hours later, 2@L of 3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyhi2etrazolium/
phenazine ethosulfate (MTS/PES) reagent (Promega) was
added to each well. After incubation at 3€ for 60 min,

absorbance was measured at 490 nm. The data were used to

calculate the 50% growth inhibitory concentration{jICAt
least five 6TG concentrations were used to determine the
ICs value.

Acknowledgment. We thank the National University of
Singapore for financial support of this work.



218 Journal of Combinatorial Chemistry, 2007, Vol. 9, No. 2

Supporting Information Available. Crystallographic
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