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Preparation of a Fully Substituted Purine Library

Jianxin Yang, Qun Dang, Jinglin Liu, Zhonglin Wei, Jinchang Wu, and Xu Bai*

The Center for Combinatorial Chemistry and Drug Diseoy, Jilin University, 75 Jinlai Street,
Changchun, Jilin 130012, P.R. China

Receied October 3, 2004

A library of tetra-substituted purine analogues was readily prepared via parallel synthesis. This strategy
relies on a key cyclization of a 4,5-diaminopyrimidine with either a carboxylic acid or its derivative to
construct the 2,8,9-trisubstituted 6-chloropurine core. Further elaborations of this core allow the introduction
of other diversity points. This methodology is demonstrated through the preparation of a 135-membered
library of tetra-substituted purines in good yields and high purity.

Introduction

Purine analogues are often shown to possess a wide rang
of interesting pharmacological activitié$zor example, the
purine nucleus is the key structural feature of many types of
biologically active compounds, such as CDK inhibitérs,
microtubule assembly inhibitoPgphosphodiesterase inhibi-
tors* and Hsp 90 family inhibitor8.Consequently, purines
have become a well-sought privileged class of compounds
in drug discovery programs and a practical strategy for the
construction of a library of purines that should aid both SAR

studies and screenings for new leads. The unique structural

feature of purines, which consists of four diversity points,
has also attracted the attention of combinatorial chemistry,
and two libraries have been reporfedilthough many

Scheme 1The Synthetic Strategy to a Library of Fully
Substituted Purine Analogs
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methodologies have been developed for the synthesis ofyg biet of doublet; br, broad. Coupling constartsglues)

various trisubstituted purines, few examples exist for the
synthesis of fully substituted purine analogues. We envi-
sioned an efficient strategy that should lead to a library of
fully substituted purine analogues and with the five possible
diversity points presented in the purine system. This strategy

should lead to a large number of analogues, as shown in

Scheme 1. Herein, we report the demonstration of this
strategy via the preparation of a 135-membered library in
good vyields and high purity.

Experimental Section

General. Commercial reagents were used as received
without additional purification. Melting point was uncor-

rected. Mass spectra and HPLC (ELSD) data were recorded

on an 1100 LC/MS system (Agilent Technology Corporation)
with Alltech ELSD 2000 using a YMC ODS-A, am, 120-

A, 4.6 x 50 mm (Waters, Inc.). HPLC (ELSD) run for the
compounds fromd.30to 4.35 4.37, 4.38 4.48and 4.90—
4.135were carried out using a linear gradient of-38%
CH3CN/H;0O (0.035% TFA) in 5-7 min, and others were
15—35% CHCN/H,O (0.035% TFA) in 5 min. The retention
time (tr) for the expected (major) product was recordétl.
NMR data were obtained using a 300-MHz Varian VXR-
300S NMR spectrometer with TMS as the internal standard
and CDC} as solvent. Multiplicities are indicated as the

*To whom correspondence should be addressed. Pher&8-431-
5188955. Fax:+86-431-5188900. E-mail: xbai@jlu.edu.cn.
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where noted are quoted in Hertz. Compouridsvere
prepared according to the literature metHod.

General Procedure for the Preparation of 6-Chloro-
2-substituted N*-pyrimidine-4,5-diamines (2) (Method A).
5-Amino-4,6-dichloropyrimidineX) (0.179 g, 1.0 mmol), the
appropriate amine (2.0 mmol), and triethylamine (0.22 mL,
2.0 mmol) were dissolved in normal butyl alcohol (2.5 mL),
and the mixture was stirred under reflux for 6 h. The reaction
mixture was concentrated in vacuo, diluted with water, and
extracted with ethyl acetate. The combined ethyl acetate layer
was washed with brine, dried (B80,), and concentrated
in vacuo to the crude product. Purification was by flash
chromatography (elution with hexane followed by 20% ethyl
acetate in hexane for the compouridg, 2.2, 2.3 2.9, and
2.10, elution with hexane followed by 10% ethyl acetate in
hexane for the compounds5, 2.6, 2.7, and2.8).

6-Chloro-2-methyl-N4-propylpyrimidine-4,5-diamine
(2.1). Pale yellow solid; yield, 97%. mp: 113:315.8°C.
ES-MS: 201 ((M+ 1)%). 'H NMR 6 5.02 (br, 1H), 3.4%
3.48 (m, 2H), 3.26 (br, 2H), 2.44 (s, 3H), 1.58.70 (m,
2H), 0.96-1.01 (t,J = 7.5 Hz, 3H).

N4-secButyl-6-chloro-2-methylpyrimidine-4,5-di-
amine (2.2).Pale yellow solid; yield, 93%. mp: 1177
118.2°C. ES-MS: 215 ((M+ 1)*). H NMR 6 4.67-4.69
(br, 1H), 4.12-4.21 (m, 1H), 3.13 (br, 1H), 2.45 (s, 3H),
1.52-1.61 (m, 2H), 1.26-1.22 (d,J = 6.0 Hz, 3H), 0.92
0.97 (t,J = 7.5 Hz, 3H).
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6-Chloro-N*-(4-fluorophenyl)-2-methylpyrimidine-4,5-
diamine (2.3).Pale yellow solid; yield, 27%. mp: 1782
180.5°C. ES-MS: 253 ((M+ 1)%). *H NMR ¢ 7.90 (br,
1H), 7.58-7.63 (m, 2H), 7.03-7.07 (d,J = 6.0 Hz, 1H),
2.52 (s, 3H).

Method B. 5-Amino-4,6-dichloropyrimidine (1.00 g, 5.6
mmol) andp-fluorophenylamine (0.54 mL, 5.6 mmol) were
dissolved in a mixture of water and alcohol (25 mL, alcohol/
water= 1:7), and the mixture was stirred under reflux for 5
h. Then the mixture was cooled, filtered, and recrystallized
with methanol to yield the red solid. The solid was dissolved
in 1 N NaOH aq until the pH was 10 and was extracted
with ethyl acetate (3« 25 mL). The combined ethyl acetate
layer was washed with brine, dried (}&0,), and concen-
trated in vacuo to yield compour2i3 (1.08 g, 77%. mp:
181.9-182.8°C).

6-Chloro-2-methyl-N“-pyridin-2-ylpyrimidine-4,5-di-
amine (2.4).0Only starting material was recovered.

6-Chloro-2-phenyl-N*-propylpyrimidine-4,5-diamine
(2.5).Pale red solid; yield, 92%. mp: 134-934.3°C. ES-
MS: 263 ((M+ 1)*). *H NMR ¢ 8.30-8.32 (d,J = 6.0
Hz, 2H), 7.46-7.42 (d,J = 6.0 Hz, 3H), 5.00 (br, 1H), 3.58
(br, 2H), 1.69-1.76 (m, 2H), 1.06-1.05 (t,J = 7.5 Hz, 3H).

N4-secButyl-6-chloro-2-phenylpyrimidine-4,5-di-
amine (2.6).White solid; yield, 88%. mp: 185:0186.3°C.
ES-MS: 277 ((M+ 1)"). THNMR ¢ 8.30 (br, 2H), 7.42 (br,
3H), 4.34 (br, 1H), 3.50 (br, 2H), 1.621..73 (m, 2H), 1.36-
1.32 (d,J = 6.0 Hz, 3H), 0.971.02 (t,J = 7.5 Hz, 3H).

6-Chloro-2-(3-nitrophenyl)-N*-propylpyrimidine-4,5-di-
amine (2.7).Yellow solid; yield, 85%. mp: 1724174.2
°C. ES-MS: 308 ((M+ 1)*). *H NMR (500 MHz, CDC})
0 9.14 (s, 1H), 8.768.72 (d,J = 10.0 Hz, 1H), 8.288.30
(d,J=10.0 Hz, 1H), 7.63-7.66 (t,J = 7.5 Hz, 1H), 3.65
3.68 (t,J = 7.5 Hz, 1H), 1.7#1.81 (m, 2H), 1.03-1.06 (t,
J = 7.5 Hz, 3H).

N*-seeButyl-6-chloro-2-(3-nitrophenyl)-pyrimidine-4,5-
diamine (2.8).Yellow solid; yield, 70%. mp: 183:1186.2
°C. ES-MS: 322 ((M+ 1)*). *H NMR (500 MHz, CDC})
0 9.15 (s, 1H), 8.648.66 (d,J = 10.0 Hz, 1H), 8.23-8.25
(d, J =10.0 Hz, 1H), 7.577.60 (t,J = 7.5 Hz, 1H), 4.69
(br, 1H), 4.31+4.34 (t,J = 7.5 Hz, 1H), 3.44 (br, 1H), 1.62
1.72 (m, 2H), 1.3+1.32 (d,J = 5.0 Hz, 3H), 1.06-1.03 (t,
J = 7.5 Hz, 3H).

6-Chloro-2-(4-chloro-phenyl)N*-propyl-pyrimidine-
4,5-diamine (2.9).gray solid; yield, 90%. mp: 156-8159.4
°C. ES-MS: 297 (M+ 1)"). 'H NMR ¢ 8.25-8.27 (dd,J
= 6.0 Hz, 2H), 7.3%7.40 (dd,J = 9.0 Hz, 2H), 5.68 (br,
1H), 3.75 (br, 2H), 3.563.61 (t,J = 7.5 Hz, 2H), 1.76-
1.77 (m, 2H), 1.06-1.05 (t,J = 7.5 Hz, 3H).

N4-secButyl-6-chloro-2-(4-chlorophenyl)-pyrimidine-
4,5-diamine (2.10)pale red solid; yield, 82%. mp: 2033
204.3°C. ES-MS: 311 ((M+ 1)*). *H NMR 6 8.25-8.27
(d,J = 6.0 Hz, 2H), 7.37#7.40 (dd,J = 9.0 Hz, 2H), 4.30
(br, 1H), 1.63-1.71 (m, 2H), 1.29-1.31 (d,J = 6.0 Hz,
3H), 0.97-1.02 (t,J = 7.5 Hz, 3H).

8-(2-Furanyl)-2-methyl-9-propyl-6-hydroxypurine (3.0).

A solution of 6-chloro-2-methyN*-n-propylpyrimidinyl-4,5-
diamine @.1) (0.202 g, 1 mmol) and 2-furaldehyde (2 mmol)
in anhydrous DMSO (10 mL) was treated with 15% Fe€l
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SiO;, (2 equiv) at 100°C under nitrogen for 4 h. The cooled
reaction mixture was filtered (washed with EtOAcx320
mL). The filtrates were evaporated and purified by flash
chromatography (4% methanol in DCM) to give 8-(2-
furanyl)-2-methyl-9-propyl-6-hydroxypurin®(0) as a white
solid (78%). mp: 225C (decomposed). ES-MS: 259 (M
+ 1)%). IH NMR 6 7.59-7.60 (d,J = 3.0 Hz, 1H), 7.33
7.34 (d,J = 3.0 Hz, 1H), 6.59-6.61 (m, 1H), 4.454.50 (t,
J = 7.5 Hz, 2H), 2.65 (s, 3H), 1.831.90 (m, 2H), 0.94
0.99 (t,J = 7.5 Hz, 3H).
8-(4-Fluorophenyl)-2-methyl-9-propyl-6-hydroxypu-
rine (3.30). A mixture of 6-chloro-2-methyN*-n-propylpy-
rimidinyl-4,5-diamine 2.1) (0.166 g, 0.8 mmol), 4
fluorobenzoic acid (0.166 g, 1.2 mmol), and PPA (1.087 g,
3.2 mmol) in xylene (2.0 mL), was stirred under reflux for
24 h. The resulted mixture was diluted with water (15 mL),
and extracted with ethyl acetate 3 10 mL). The water
layer was treated with saturated NaH£O pH 8 to cause
precipitation, which was filtered to yield gray solids (0.091
g, 38%) as the desired produgt30 The combined ethyl
acetate layer was washed with saturated Nakl&@ brine,
dried (MgSQ), concentrated in vacuo, and purified by flash
chromatography (10% methanol in DCM) to give white
s0lids3.30(0.047 g, 20%). mp: 230C (decomposed). ES-
MS: 287 (M + 1)"). *H NMR ¢ 13.17 (br, 1H), 7.69
7.76 (m, 2H), 7.157.23 (m, 2H), 4.19-4.24 (m, 2H), 2.65
(s, 3H), 1.72-1.82 (m, 2H), 0.83-0.88 (t,J = 7.5 Hz, 3H).
6-Chloro-8-(4-fluorophenyl)-2-methyl-9-propyl-9H-pu-
rine (3.1). Method A. A mixture of 6-chloro-2-methyN*-
n-propylpyrimidinyl-4,5-diamine Z.1) (0.210 g, 1.0 mmol),
and 4-fluorobenzoic acid (0.144 g, 1.0 mmol) in PQT4.0
mL) was stirred under reflux for 5 h. The reaction mixture
was concentrated in vacuo, diluted with water (10 mL), and
extracted with ethyl acetate (8 10 mL), The combined
ethyl acetate layer was washed with saturated Nati@@
brine, dried (NaSQy), concentrated in vacuo, and purified
by flash chromatography (10% ethyl acetate in hexane) to
yield 3.1 (0.042 g, 13%. mp: 107:7110.3°C).

Method B. A mixture of 6-chloro-2-methyN*-n-propy-
Ipyrimidinyl-4,5-diamine 2.1) (0.215 g, 1.0 mmol), 4
fluorobenzoic acid (0.172 g, 1.2 mmol), and PPA (0.977 g,
2.9 mmol) in POd (4.5 mL) was stirred under reflux for 5
h. The reaction mixture was concentrated in vacuo, diluted
with water (10 mL), and extracted with ethyl acetatex(3
10 mL). The combined ethyl acetate layer was washed with
saturated NaHC@and brine, dried (N£50O;), concentrated
in vacuo, and purified by flash chromatography (20% ethyl
acetate in hexane) to yie®l1(0.111 g, 34%. mp: 1087
111.3°C). ES-MS: 305 ((M+ 1)*). *H NMR 6 7.74-7.79
(m, 2H), 7.22-7.29 (m, 2H), 4.26-4.31 (t,J = 7.5 Hz, 3H),
2.82 (s, 3H), 1.751.87 (m, 2H), 0.83-0.88 (t,J = 7.5 Hz,
3H).

General Procedure for the Preparation of 2,8,9-Trisub-
stituted 6-Chloropurines (3). 6-Chloro-2-substituted\?*-
pyrimidinyl-4,5-diaminesZ) (1.0 mmol), the appropriate acid
or its derivatives 1.2 to 1.5 mmol) and PPA (0.5 g, 1.5
mmol) were dissolved in POg(5.0 mL) and stirred under
reflux for 6—12 h. The reaction mixture was concentrated
in vacuo, diluted with water (15 mL), and extracted with
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ethyl acetate (3« 10 mL). The water layer was treated with 2.06 (m, 1H), 1.881.93 (m, 2H), 1.671.69 (d,J = 6.0

5 N NaOH to pH 10 and extracted with ethyl acetatex(3

Hz, 3H), 1.05-1.10 (t,J = 7.5 Hz, 3H), 0.78-0.83 (1,J =

10 mL). The combined ethyl acetate layer was washed with 7.5 Hz, 3H).

saturated NaHC®and brine, dried (N&0O;), concentrated

in vacuo, and purified by flash chromatography {2%%

9-secButyl-6-chloro-8-furan-2-yl-2-methyl-9H-purine
(3.12).Pale yellow solid; yield, 13%. mp: 104-1107.4°C.

ethyl acetate in hexane). In certain cases, the crude producgS-MS: 291 (M+ 1)")."H NMR 6 7.67 (s, 1H), 7.36

was used directly in the next nucleophilic substitution.
6-Chloro-2-methyl-8-phenyl-9-propyl-9H-purine (3.2).
White solid; yield, 52%. mp: 106:1109.3°C. ES-MS: 287
(M + 1)*). *H NMR 6 7.74-7.77 (m, 2H), 7.547.57 (m,
3H), 4.28-4.33 (t,J = 7.5 Hz, 2H), 2.82 (s, 3H), 1.78
1.86 (m, 2H), 0.84-0.89 (t,J = 7.5 Hz, 3H).
6-Chloro-2,8-dimethyl-9-propyl-9H-purine (3.3). Yel-

7.31 (d,J = 3.0 Hz, 1H), 6.64-6.65 (t,J = 3.0 Hz 1H),
5.02-5.09 (m, 1H), 2.78 (s, 3H), 2.4@2.50 (m, 1H), 1.98
2.15(m, 1H), 1.741.76 (d,J = 6.0 Hz, 3H), 0.770.82 (t,
J = 7.5 Hz, 3H).
6-Chloro-8,9-bis(4-fluorophenyl)-2-methyl-9H-purine
(3.13). White solid; yield, 32%. mp: 201:2203.2°C. ES-
MS: 257 (M+ 1)*). H NMR 6 7.56-7.61 (m, 2H), 7.26-

low oil; yield, 52%. ES-MS: 225 ((M+ 1)*). IH NMR o
4.14-4.19 (t,J = 7.5 Hz, 2H), 2.77 (s, 3H), 2.67 (s, 3H),
1.81-1.90 (m, 2H), 0.951.00 (t,J = 7.5 Hz, 3H).

7.34 (m, 4H), 7.03-7.09 (t,J = 9.0 Hz, 2H), 2.76 (s, 3H).
6-Chloro-9-(4-fluorophenyl)-2-methyl-8-phenyl-H-pu-
rine (3.14). White solid; yield, 51%. mp: decomposed. ES-

6-Chloro-8-ethyl-2-methyl-9-propyl-9H-purine (3.4). Yel-
low wax solid; yield, 60%. ES-MS: 239 ((M- 1)). *H
NMR 6 4.26-4.31 (t,J= 7.5 Hz, 3H), 3.23-3.25 (m, 2H),
2.84 (s, 3H), 1.9%1.97 (m, 2H), 1.541.59 (t,J = 7.5 Hz,
3H), 1.01-1.06 (t,J = 7.5 Hz, 3H).
6-Chloro-2-methyl-8,9-dipropyl-9H-purine (3.5). Yel-
low oil; yield, 59%. ES-MS: 253 ((M+ 1)*). *H NMR o
4.13-4.18 (t,J = 7.5 Hz, 2H), 2.86-2.91 (t,J = 7.5 Hz,
2H), 2.77 (s, 3H), 1.831.98 (m, 4H), 1.06:1.11 (t,J =
7.5 Hz, 3H), 0.96-1.01 (t,J = 7.5 Hz, 3H).
6-Chloro-8-furan-2-yl-2-methyl-9-propyl-9H-purine (3.6).
White solid; yield, 33%. mp: 119:9122.9°C. ES-MS: 277
((M + 1)"). 'H NMR 6 7.69 (s, 1H), 7.397.41 (d,J = 6.0
Hz, 1H), 6.66-6.68 (m, 1H), 4.53-4.58 (t,J = 7.5 Hz, 2H),
2.78 (s, 3H), 1.861.94 (m, 2H), 0.961.01 (t,J = 7.5 Hz,
3H).
9-secButyl-6-chloro-8-(4-fluorophenyl)-2-methyl-9H-
purine (3.7). White solid; yield, 32%. mp: 183:6185.0°C.
ES-MS: 319 ((M+ 1)"). *H NMR ¢ 7.63-7.67 (m, 2H),

7.22-7.25 (d,J = 9.0 Hz, 2H), 4.36-4.44 (m, 1H), 2.80 (s,

3H), 2.372.47 (m, 1H), 1.9%2.01 (m, 1H), 1.73-1.75 (d,
J = 6.0 Hz, 3H), 0.650.70 (t,J = 7.5 Hz, 3H).
9-secButyl-6-chloro-2-methyl-8-phenyl-H-purine (3.8).
White solid; yield, 40%. mp: 170:8173.4°C. ES-MS: 301
((M + 1)"). *"H NMR 6 7.63-7.66 (m, 2H), 7.557.56 (br,
3H), 4.41-4.48 (m, 1H), 2.80 (s, 3H), 2.312.47 (m, 1H),
1.90-2.02 (m, 1H), 1.73-1.75 (d,J = 6.0 Hz, 3H), 0.65
0.70 (t,J = 7.5 Hz, 3H).
9-secButyl-6-chloro-2,8-dimethyl-9H-purine (3.9). Yel-
low oil; yield, 47%. ES-MS: 239 ((M+ 1)"). *H NMR ¢
4.44-4.52 (m, 1H), 2.77 (s, 6H), 2.22.39 (m, 1H), 1.96
2.06 (m, 1H), 1.69-1.71 (d,J = 6.0 Hz, 3H), 0.86-0.85 (t,
J = 7.5 Hz, 3H).
9-secButyl-6-chloro-8-ethyl-2-methyl-9H-purine (3.10).
Yellow solid; yield, 42%. mp: 62.864.4°C. ES-MS: 253
(M + 1)%). *H NMR 6 4.36-4.43 (m, 1H), 2.89-3.00 (m,
2H), 2.72 (s, 3H), 2.3122.43 (m, 1H), 1.962.08 (m, 1H),
1.68-1.70 (d,J = 6.0 Hz, 3H), 1.43-1.48 (t,J = 7.5 Hz,
3H), 0.79-0.84 (t,J = 7.5 Hz, 3H).
9-secButyl-6-chloro-2-methyl-8-propyl-O9H-purine (3.11).
White solid; yield, 58%. mp: 122:2123.1°C. ES-MS: 267
(M + 1)%). IH NMR ¢ 4.36-4.39 (m, 1H), 2.89-2.92 (t,
J = 4.5 Hz, 2H), 2.75 (s, 3H), 2.312.40 (m, 1H), 1.97

MS: 339 (M+ 1)"). *H NMR 6 7.577.60 (d,J = 9.0
Hz, 2H), 7.22-7.36 (m, 7H), 2.76 (s, 3H).
6-Chloro-9-(4-fluorophenyl)-2,8-dimethyl-9H-purine

(3.15).White solid; yield, 85%. mp: decomposed. ES-MS:

277 (M + 1)). *H NMR 6 7.31-7.38 (m, 4H), 2.72 (s,
3H), 2.57 (s, 3H).
6-Chloro-8-ethyl-9-(4-fluorophenyl)-2-methyl-H-pu-
rine (3.16). White solid; yield, 84%. mp: 159-7161.3°C.
ES-MS: 291 ((M+ 1)%). IH NMR 6 7.30-7.37 (m, 4H),
2.80-2.90 (m, 2H), 2.71 (s, 3H), 1.321..37 (t,J = 7.5 Hz,
3H).
6-Chloro-9-(4-fluorophenyl)-2-methyl-8-propyl-9H-pu-
rine (3.17). White solid; yield, 78%. mp: 134:1134.8°C.
ES-MS: 305 ((M+ 1)"). IH NMR ¢ 7.31-7.39 (m, 4H),
2.76-2.81 (t,J = 7.5 Hz, 2H), 2.71 (s, 3H), 1.761.83 (m,
2H), 1.92-0.97 (t,J = 7.5 Hz, 3H).
6-Chloro-9-(4-fluorophenyl)-8-furan-2-yl-2-methyl-9H-
purine (3.18). White solid; yield, 8%. mp: 265266 °C.
ES-MS: 329 (M+ 1)"). 'H NMR 6 7.54 (s, 1H), 7.39
7.42 (m, 2H), 7.3%7.34 (t,J = 4.5 Hz, 2H), 6.43-6.44
(m, 1H), 6.46-6.41 (m, 1H), 2.72 (s, 3H).
6-Chloro-8-methyl-2-phenyl-9-propyl-SH-purine (3.19).
Yellow solid; yield, 78%. mp: 95.498.0°C. ES-MS: 287
(M + 1)"). IH NMR 6 8.49-8.52 (dd,J = 9.0 Hz, 2H),
7.48-7.50 (t,J = 3.0 Hz, 3H), 4.24-4.29 (t,J = 7.5 Hz,
2H), 2.72 (s, 3H), 1.891.98 (m, 2H), 0.99-1.04 (t,J =
7.5 Hz, 3H).
6-Chloro-8-(4-fluorophenyl)-2-phenyl-9-propyl-H-pu-
rine (3.20). Yellow solid; yield, 39%. mp: 17086171.6°C.
ES-MS: 367 ((M+ 1)%). *H NMR ¢ 8.53-8.55 (dd,J =
6.0 Hz, 2H), 7.79-7.84 (m, 2H), 7.56-7.52 (t,J = 3.0 Hz,
3H), 7.25-7.30 (m, 2H), 4.374.42 (t,J = 7.5 Hz, 2H),
1.88-1.93 (m, 2H), 0.96-0.95 (t,J = 7.5 Hz, 3H).
9-secButyl-6-chloro-8-methyl-2-phenyl-SH-purine (3.21).
White solid; yield, 78%. mp: 74:476.2°C. ES-MS: 301
(M + 1)%). IH NMR 6 8.47-8.50 (dd,J = 9.0 Hz, 2H),
7.48-7.52 (m, 3H), 4.444.49 (m, 1H), 2.72 (s, 3H), 2.43
2.53 (m, 1H), 2.022.11 (m, 1H), 1.7#1.79 (d,J = 6.0
Hz, 3H), 0.83-0.88 (t,J = 7.5 Hz, 3H).
9-secButyl-6-chloro-8-(4-fluorophenyl)-2-phenyl-9H-
purine (3.22). Yellow solid; yield, 37%. mp: 1433146
°C. ES-MS: 381 ((M+ 1)*). *H NMR ¢ 8.51-8.54 (dd,J
= 9.0 Hz, 2H), 7.66-7.71 (m, 2H), 7.56-7.56 (m, 3H),
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7.25-7.50 (m, 2H), 4.43-4.51 (m, 1H), 2.56-2.60 (m, 1H),
1.98-2.10 (m, 1H), 1.84-1.86 (d,J = 6.0 Hz, 3H), 0.69
0.74 (t,J = 7.5 Hz, 3H).
6-Chloro-8-methyl-2-(3-nitrophenyl)-9-propyl-9H-pu-
rine (3.23). Yellow solid; yield, 60%. mp: 193:3195.3°C.
ES-MS: 332 ((M+ 1)*). *H NMR (500 MHz, CDC}) o
9.32 (s, 1H), 8.848.86 (d,J = 10.0 Hz, 1H), 8.36-8.32
(d,J=10.0 Hz, 1H), 7.657.68 (t,J= 7.5 Hz, 1H), 4.29-
4.31 (t,J = 7.5 Hz, 2H), 2.74 (s, 3H), 1.941.98 (m, 2H),
1.02-1.05 (t,J = 7.5 Hz, 3H).
9-secButyl-6-chloro-8-methyl-2-(3-nitrophenyl)-9H-pu-
rine (3.24).Yellow solid; yield, 64%. mp: 233.:0234.1°C.
ES-MS: 346 (M+ 1)*). 'H NMR (500 MHz, CDC}) ¢
9.30 (s, 1H), 8.838.84 (d,J = 5.0 Hz, 1H), 8.3+8.33 (d,
J = 10.0 Hz, 1H), 7.657.68 (t,J = 7.5 Hz, 1H), 4.56-
4.53 (m, 1H), 2.73 (s, 3H), 2.432.45 (m, 1H), 2.07#2.10
(m, 1H), 1.78-1.80 (d,J = 10.0 Hz, 3H), 0.850.88 (t,J
= 7.5 Hz, 3H).
6-Chloro-2-(4-chlorophenyl)-8-methyl-9-propyl-H-pu-
rine (3.25). Yellow solid; yield, 70%. mp: 184.2185.1°C.
ES-MS: 321 ((M+ 1)"). *H NMR ¢ 8.43-8.46 (dd,J =
9.0 Hz, 2H), 7.43-7.46 (dd,J = 9.0 Hz, 2H), 4.23-4.27 (t,
J = 6.0 Hz, 2H), 2.70 (s, 3H), 1.901.97 (m, 2H), 0.99
1.04 (t,J = 7.5 Hz, 3H).
6-Chloro-2-(4-chlorophenyl)-8-(4-fluorophenyl)-9-pro-
pyl-9H-purine (3.26). Yellow solid; yield, 30%. mp: 188:7
189.3°C. ES-MS: 401 ((M+ 1)*). *H NMR 0 8.45-8.48
(dd,J = 9.0 Hz, 2H), 7.78-7.83 (m, 2H), 7.447.47 (dd,J
= 9.0 Hz, 2H), 7.25-7.30 (m, 2H), 4.354.40 (t,J=7.5
Hz, 2H), 1.871.94 (m, 2H), 0.89-0.94 (t,J = 7.5 Hz, 3H).
9-secButyl-6-chloro-2-(4-chlorophenyl)-8-methyl-H-
purine (3.27). White solid; yield, 74%. mp: 118:6119.1
°C. ES-MS: 335 ((M+ 1)"). 'H NMR ¢ 8.41-8.44 (d,J
= 9.0 Hz, 2H), 7.43-7.46 (d,J = 9.0 Hz, 2H), 4.46-4.58
(m, 1H), 2.71 (s, 3H), 2.382.58 (m, 1H), 2.06-2.18 (m,
1H), 1.75-1.77 (d,J = 6.0 Hz, 3H), 0.82-0.87 (t,J=7.5
Hz, 3H).
9-secButyl-6-chloro-2-(4-chlorophenyl)-8-(4-fluorophe-
nyl)-9H-purine (3.28). Yellow solid; yield, 26%. mp:
179.6-181.9°C. ES-MS: 415 ((M+ 1)*). IH NMR ¢
8.45-8.48 (d,J = 9.0 Hz, 2H), 7.68-7.71 (m, 2H), 7.46
7.49 (d,J = 9.0 Hz, 2H), 7.257.30 (m, 2H), 4.46-4.49
(m, 1H), 2.46-2.60 (m, 1H), 2.06-2.20 (m, 1H), 1.83
1.85 (d,J = 6.0 Hz, 3H), 0.69-0.74 (t,J = 7.5 Hz, 3H).
General Procedure for the Preparation of 2,6,8,9-
Tetrasubstituted Purines (4).6-Chloropurine 8) (0.05—
0.2 mmol) was dissolved in DCM (3.0 mL), divided into

six equilibrations in glass tubes, and concentrated in vacuo.

Ten times of the appropriate amine in butyl alcohol (2.0 mL)
was added. The tubes were sealed and heated undé€110

for 7—17 h. The reaction mixture was concentrated in vacuo

and purified by HPLC/MS.

Butyl-[8-(4-fluorophenyl)-2-methyl-9-propyl-9H-purin-
6-yl]-amine (4.2).White solid; yield, 87%. ES-MS: 342 (M
+ 1)*). HPLC (ELSD): 100%tg = 3.57 min).*H NMR ¢
7.64-7.68 (m, 2H), 7.19-7.25 (m, 2H), 4.174.22 (t,J =
7.5 Hz, 2H), 3.71 (br, 2H), 2.62 (s, 3H), 1.62.82 (m, 4H),
1.40-1.50 (m, 2H), 0.94-0.99 (t,J = 7.5 Hz, 3H), 0.79-
0.84 (t,J = 7.5 Hz, 3H).
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8-(4-Fluorophenyl)-2-methyl-6-morpholin-4-yl-9-propyl-
9H-purine (4.4). Yellow oil; yield, 81%. ES-MS: 356 (M
+ 1)*). HPLC (ELSD): 100%tg = 3.31 min).*H NMR ¢
7.63-7.67 (m, 2H), 7.227.28 (m, 2H), 4.46 (br, 4H), 4.29
4.34 (t,J = 7.5 Hz, 2H), 3.86-3.89 (m, 4H), 2.74 (s, 3H),
1.68-1.82 (m, 2H), 0.82-0.87 (t,J = 7.5 Hz, 3H).
8-(4-Fluorophenyl)-2-methyl-9-propyl-6-pyrrolidin-1-
yl-9H-purine (4.5). Yellow wax solid; yield, 96%. ES-MS:
340 (M+ 1)"). HPLC (ELSD): 100%tg = 3.07 min).*H
NMR 6 7.66-7.71 (m, 2H), 7.23-7.29 (m, 2H), 4.37 (br,
2H), 4.25-4.30 (t,J = 7.50 Hz, 2H), 4.00 (br, 2H), 2.78 (s,
3H), 2.16-2.14 (br, 4H), 1.76-1.85 (m, 2H), 0.83-0.88 t,
J = 7.5 Hz, 3H).
Butyl-(2-methyl-8-phenyl-9-propyl-9H-purin-6-yl)-
amine (4.7).Pale yellow solid; yield, 85%. ES-MS: 324
((M + 1)"). HPLC (ELSD): 100%tg = 3.43 min).'H NMR
0 7.64-7.68 (m, 2H), 7.49-7.54 (m, 3H), 5.72 (br, 1H),
4.19-4.24 (t,J = 7.5 Hz, 2H), 3.68-3.71 (br, 2H), 2.62 (s,
3H), 1.62-1.83 (m, 4H), 1.43-1.53 (m, 2H), 0.94-0.99 (t,
J = 7.5 Hz, 3H), 0.79-0.84 (t,J = 7.5 Hz, 3H).
Benzyl-(8-ethyl-2-methyl-9-propyl-H-purin-6-yl)-
amine (4.16).White solid; yield, 78%. ES-MS: 310 ((M-
1)"). HPLC (ELSD): 100% tg = 2.83 min).*H NMR 0
11.40 (br, 1H), 7.567.52 (d,J = 6.0 Hz, 2H), 7.277.35
(m, 3H), 7.3+7.34 (m, 2H), 5.36-5.32 (d,J = 6.0 Hz,
2H), 4.03-4.08 (t,J = 7.5 Hz, 2H), 2.86-2.87 (m, 2H),
2.64 (s, 3H), 1.741.84 (m, 2H), 1.441.49 (t,J = 7.5 Hz,
3H), 0.94-0.99 (t,J = 7.5 Hz, 3H).
Butyl-(8-ethyl-2-methyl-9-propyl-9H-purin-6-yl)-
amine (4.17).White solid; yield, 84%. ES-MS: 276 ((M-
1)"). HPLC (ELSD): 95% {g = 2.51 min).*H NMR 0
4.04-4.10 (m, 4H), 2.86-2.85 (m, 2H), 2.65 (s, 3H), 1.74
1.84 (m, 4H), 1.4%1.49 (m, 5H), 0.941.00 (m, 6H).
Cyclohexyl-(8-ethyl-2-methyl-9-propyl-H-purin-6-yl)-
amine (4.18).White solid; yield, 71%. ES-MS: 302 ((M-
1)*). HPLC (ELSD): 100% tg = 2.87 min).H NMR ¢
10.49-10.51 (br, 1H), 4.724.74 (br, 1H), 4.044.09 (t,J
=7.5Hz, 2H), 2.79-2.86 (m, 2H), 2.63 (s, 3H), 1.272.10
(m, 12H), 1.42-1.47 (t,J = 7.5 Hz, 3H), 0.94-0.99 (t,J =
7.5 Hz, 3H).
9-secButyl-8-(4-fluorophenyl)-2-methyl-6-morpholin-
4-yI-9H-purine (4.33).White solid; yield, 75%. ES-MS: 370
((M + 1)"). HPLC (ELSD): 100%tg = 2.85 min).'H NMR
0 7.52-7.59 (m, 2H), 7.26-7.29 (m, 2H), 4.32-4.40 (br,
5H), 3.85-3.88 (t,J = 4.5 Hz, 4H), 2.69 (s, 3H), 2.30
2.40 (m, 1H), 1.851.94 (m, 1H), 1.681.70 (d,J = 6.0
Hz, 3H), 0.65-0.70 (t,J = 7.5 Hz, 3H).
9-secButyl-8-(4-fluorophenyl)-2-methyl-6-pyrrolidin-
1-yI-9H-purine (4.35). White solid; yield, 92%. ES-MS: 354
((M + 1)*). HPLC (ELSD): 100%tg = 2.77 min).*H NMR
0 7.53-7.59 (m, 2H), 7.2%7.30 (m, 2H), 4.294.38 (m,
3H), 4.03 (br, 2H), 2.76 (s, 3H), 2.28.39 (m, 1H), 2.06-
2.10 (m, 4H), 1.831.97 (m, 1H), 1.681.70 (d,J = 6.0
Hz, 3H), 0.65-0.70 (t,J = 7.5 Hz, 3H).
(9-secButyl-2-methyl-8-phenyl-9H-purin-6-yl)-cyclo-
hexylamine (4.38).White solid; yield, 94%. ES-MS: 364
((M + 1)"). HPLC (ELSD): 100%t& = 3.60 min)."H NMR
0 7.56-7.59 (m, 5H), 4.72-4.92 (br, 1H), 4.46-4.50 (m,
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1H), 2.66 (s, 3H), 1.222.38 (m, 12H), 1.76-1.72, (d,J =
6.0 Hz, 3H), 0.66-0.71 (t,J = 7.5 Hz, 3H).
9-secButyl-2-methyl-8-phenyl-6-pyrrolidin-1-yl-9 H-pu-
rine (4.41). White solid; yield, 92%. ES-MS: 336 ((M-
1)*). HPLC (ELSD): 100% tg = 2.61 min).!H NMR ¢
7.56 (s, 5H), 4.36:4.40 (m, 3H), 4.06 (br, 2H), 2.79 (s, 3H),
2.28-2.42 (m, 1H), 2.09 (br, 4H), 1.821.98 (m, 1H), 1.68
1.70 (d,J = 6.0 Hz, 3H), 0.650.70 (t,J = 7.5 Hz, 3H).
Benzyl-(9-secbutyl-8-furan-2-yl-2-methyl-9H-purin-6-
yl)-amine (4.55).White solid; yield, 76%. ES-MS: 362 (M
+ 1)"). HPLC (ELSD): 100%tg = 3.84 min).*H NMR ¢
7.65 (s, 1H), 7.567.53 (d,J = 9.0 Hz, 2H), 7.29-7.37 (m,
3H), 7.13-7.14 (d,J = 3.0 Hz, 1H), 6.63-6.65 (m, 1H),
5.30-5.35 (br, 2H), 5.0%5.03 (m, 1H), 2.66 (s, 3H), 2.30
2.35 (m, 1H), 1.932.03 (m, 1H), 1.681.70 (d,J = 6.0
Hz, 3H), 0.78-0.83 (t,J = 7.5 Hz, 3H).
9-(4-Fluorophenyl)-2-methyl-6-morpholin-4-yl-8-phen-
yl-9H-purine (4.69). White solid; yield, 76%. ES-MS: 390
((M + 1)*). HPLC (ELSD): 100%& = 2.98 min).!H NMR
0 7.14-7.47 (m, 9H), 4.46 (br, 4H), 3.883.91 (t,J = 4.5
Hz, 4H), 2.61 (s, 3H).
Butyl-[8-ethyl-9-(4-fluorophenyl)-2-methyl-9H-purin-6-
yll-amine (4.79).White solid; yield, 90%. ES-MS: 328 (M
+ 1)"). HPLC (ELSD): 100%tg = 2.69 min).*H NMR ¢
7.29-7.34 (m, 4H), 4.1+4.13 (br, 2H), 2.682.76 (m, 2H),
2.58 (s, 3H), 1.761.81 (m, 2H), 1.451.52 (m, 2H), 1.29-
1.34 (t,J = 7.5 Hz, 3H), 0.96-1.01 (t,J = 7.5 Hz, 3H).
8-Ethyl-9-(4-fluorophenyl)-2-methyl-6-morpholin-4-yl-
9H-purine (4.81).Sorrel wax solid; yield, 94%. ES-MS: 342
((M + 1)). HPLC (ELSD): 100%t& = 1.96 min).!H NMR
0 7.23-7.35 (m, 4H), 4.41 (br, 4H), 3.863.89 (t,J = 4.5
Hz, 4H), 2.65-2.72 (m, 2H), 2.57 (s, 3H), 1.231.38 (t,J
= 7.5 Hz, 3H).
8-Methyl-6-morpholin-4-yl-2-phenyl-9-propyl-9H-pu-
rine (4.93). White solid; yield, 92%. ES-MS: 338 (M-
1)*). HPLC (ELSD): 100% tg = 4.31 min).H NMR ¢
8.42-8.45 (dd,J = 9.0 Hz, 2H), 7.42-7.45 (m, 3H), 4.3t
4.34 (t,J = 4.5 Hz, 4H), 4.164.21 (t,J = 7.5 Hz, 2H),
3.86-3.89 (t,J = 4.5 Hz, 4H), 2.61 (s, 3H), 1.821.98 (m,
2H), 0.96-1.01 (t,J = 7.5 Hz, 3H).
8-Methyl-2-phenyl-9-propyl-6-pyrrolidin-1-yI-9 H-pu-
rine (4.95). White solid; yield, 78%. ES-MS: 322 (M-
1)*). HPLC (ELSD): 100% tg = 1.56 min).'H NMR ¢
8.41-8.44 (dd,J = 9.0 Hz, 2H), 7.46-7.48 (t,J = 3.0 Hz,
3H), 4.24-4.29 (t,J = 7.5 Hz, 2H), 3.95 (br, 4H), 2.82 (s,
3H), 2.07 (br, 4H), 1.871.99 (m, 2H), 0.99-1.04 (t,J =
7.5 Hz, 3H).
Benzyl-[8-(4-fluorophenyl)-2-phenyl-9-propyl-H-purin-
6-yl]-amine (4.96). Yellow oil; yield, 97%. ES-MS: 438
((M + 1)"). HPLC (ELSD): 100%tk = 3.71 min)."H NMR
0 8.35-8.47 (br, 2H), 7.737.77 (m, 2H), 7.51 (br, 3H),
7.30-7.36 (m, 2H), 5.41 (br, 1H), 5.30 (br, 1H), 4.32.37
(t, J = 7.5 Hz, 2H), 1.89 (br, 2H), 0.900.95 (t,J = 7.5
Hz, 3H).
Butyl-[8-(4-fluorophenyl)-2-phenyl-9-propyl-9H-purin-
6-yl]-amine (4.97). Yellow oil; yield, 77%. ES-MS: 404
((M + 1)"). HPLC (ELSD): 100%t& = 3.30 min).'H NMR
0 8.47 (br, 2H), 7.69-7.74 (m, 2H), 7.47 (br, 3H), 7.22
7.28 (m, 2H), 4.284.33 (t,J = 7.5 Hz, 2H), 3.79 (br, 2H),
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1.70-1.91 (m, 4H), 1.441.56 (m, 2H), 0.96-1.01 (t,J =
7.5 Hz, 3H), 0.870.92 (t,J = 7.5 Hz, 3H).
Benzyl-(9secbutyl-8-methyl-2-phenyl-9H-purin-6-yl)-
amine (4.102).White solid; yield, 93%. ES-MS: 372 ((M
+ 1)"). HPLC (ELSD): 100%tg = 2.75 min).!H NMR 6
9.09 (br, 1H), 8.43 (br, 2H), 7.477.52 (m, 5H), 7.2+7.34
(m, 3H), 4.96 (br, 2H), 4.444.51 (m, 1H), 2.80 (s, 3H),
2.48 (br, 1H), 2.022.11 (m, 1H), 1.781.80 (d,J = 6.0
Hz, 3H), 0.83-0.88 (t,J = 7.5 Hz, 3H).
9-secButyl-8-methyl-6-morpholin-4-yl-2-phenyl-9H-
purine (4.105). White solid; yield, 92%. ES-MS: 338 (M
+ 1)*). HPLC (ELSD): 99% {g = 2.84 min).'H NMR ¢
8.39-8.45 (m, 2H), 7.447.50 (m, 3H), 4.484.55 (m, 1H),
4.20-4.23 (t,J = 4.5 Hz, 4H), 3.87#3.90 (t,J = 4.5 Hz,
4H), 2.74 (s, 3H), 2.432.53 (m, 1H), 2.06-2.08 (m, 1H),
1.75-1.77 (d,J = 6.0 Hz, 3H), 0.82:0.87 (t,J = 7.5 Hz,
3H).
9-secButyl-8-methyl-2-phenyl-6-pyrrolidin-1-yl-9 H-pu-
rine (4.107). White solid; yield, 93%. ES-MS: 336 ((M-
1)*). HPLC (ELSD): 100% tg = 1.96 min).*H NMR o
8.41-8.44 (m, 2H), 7.46-7.48 (m, 3H), 4.53-4.56 (m, 1H),
3.98 (br, 4H), 2.86 (s, 3H), 2.452.53 (m, 1H), 2.03-2.12
(m, 5H), 1.79-1.81 (d,J = 6.0 Hz, 3H), 0.83-0.88 (t,J =
7.5 Hz, 3H).
9-secButyl-8-(4-fluorophenyl)-6-morpholin-4-yl-2-phenyl-
9H-purine (4.111). White solid; yield, 88%. ES-MS: 432
((M + 1)*). HPLC (ELSD): 99% 1 = 4.77 min)."H NMR
0 8.45-8.48 (dd,J = 9.0 Hz, 2H), 7.59-7.64 (m, 2H),
7.45-7.50 (t,J = 7.5 Hz, 3H), 7.26-7.23 (d,J = 9.0 Hz,
2H), 4.33-4.39 (m, 5H), 3.873.90 (t,J = 4.5 Hz, 4H),
2.56-2.61 (m, 1H), 1.922.01 (m, 1H), 1.86-1.82 (d,J =
6.0 Hz, 3H), 0.66-0.71 (t,J = 7.5 Hz, 3H).
[2-(4-Chlorophenyl)-8-methyl-9-propyl-9H-purin-6-yl]-
cyclohexylamine (4.116)Gray solid; yield, 88%. ES-MS:
384 ((M+ 1)*). HPLC (ELSD): 100%1k = 6.54 min).*H
NMR 6 8.39-8.42 (dd,J = 9.0 Hz, 2H), 7.39-7.42 (dd,J
= 9.0 Hz, 2H), 4.30 (br, 1H), 4.124.17 (t,J = 7.5 Hz,
2H), 2.58 (s, 3H), 2.142.18 (br, 2H), 1.79-1.90 (m, 4H),
1.67—1.70 (br, 1H), 1.241.53 (m, 5H), 0.96-1.01 (t,J =
7.5 Hz, 3H).
2-(4-Chlorophenyl)-8-methyl-6-morpholin-4-yl-9-pro-
pyl-9H-purine (4.117).Pale yellow solid; yield, 90%. ES-
MS: 372 ((M + 1)*). HPLC (ELSD): 100% tg = 6.01
min). *H NMR ¢ 8.37-8.40 (dd,J = 9.0 Hz, 2H), 7.38
7.42 (dd,J = 12.0 Hz, 2H), 4.33-4.36 (t,J = 4.5 Hz, 4H),
4.15-4.20 (t,J = 7.5 Hz, 3H), 3.86-3.90 (t,J = 4.5 Hz,
4H), 2.59 (s, 3H), 1.851.93 (m, 2H), 0.96-1.01 (t,J =
7.5 Hz, 3H).
2-(4-Chlorophenyl)-8-methyl-9-propyl-6-pyrrolidin-1-
ylI-9H-purine (4.118). Pale yellow solid; yield, 88%. ES-
MS: 356 ((M + 1)"). HPLC (ELSD): 100% tg = 5.08
min). H NMR ¢ 8.41-8.45 (dd,J = 12.0 Hz, 2H), 7.37%
7.42 (dd,J = 15.0 Hz, 2H), 4.144.18 (t,J = 6.0 Hz, 2H),
4.03 (br, 4H), 2.60 (s, 3H), 2.04 (br, 4H), 1:82.94 (m,
2H), 0.95-1.00 (t,J = 7.5 Hz, 3H).
secButyl-[9- secbutyl-2-(4-chlorophenyl)-8-methyl-9H-
purin-6-yl]-amine (4.128). Pale yellow solid; yield, 96%.
ES-MS: 372 ((M+ 1)*). HPLC (ELSD): 100%tk = 3.52
min). IH NMR 6 8.40-8.43 (d,J = 9.0 Hz, 2H), 7.39
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Table 1. Results of Amino Substitution 4,6-DichloropyrimidinésBased on Equation 1

entry R R solvent product MW MH 1 yield
1 methyl n-propyl n-BuOH 2.1 200 201 97
2 methyl sechutyl n-BuOH 2.2 214 215 93
3 methyl p-fluorophenyl n-BuOH 2.3 252 253 27
4 methyl p-fluorophenyl EtOH/HCI 2.3 252 253 77
5 methyl pyridin-2-yl n-BuOH 2.4 235 0
6 phenyl n-propyl n-BuOH 2.5 262 263 92
7 phenyl sechutyl n-BuOH 2.6 276 277 88
8 m-nitrophenyl n-propyl n-BuOH 2.7 307 308 85
9 m-nitrophenyl sechutyl n-BuOH 2.8 321 322 70
10 p-chlorophenyl n-propyl n-BuOH 29 296 297 90
11 p-chlorophenyl secbutyl n-BuOH 2.10 310 311 82
Table 2. Exploration Results of Purine Ring Formation Based on Equation 2
entry R X condition time, h product R yield, %
1 2-furanyl H Fed—-Sio, 4 3.0 OH 78
2 4'-fluorophenyl OH POG 5 3.1 Cl 13
3 4-fluorophenyl OH PPA/xylene 24 3.30 OH 58
4 4'-fluorophenyl OH POGIPPA 5 3.1 Cl 34
Table 3. Preparation of 6-Chloropurin€sBased on Equation 3
entry R R R? X product MW M+ 1 yield®, %
1 methyl n-propyl p-fluorophenyl OH 3.1 304 305 34
2 methyl n-propyl phenyl Cl 3.2 286 287 52
3 methyl n-propyl methyl OAc 3.3 224 225 52
4 methyl n-propyl ethyl OCOEt 3.4 238 239 60
5 methyl n-propyl n-propyl Cl 3.5 252 253 59
6 methyl n-propyl furan-2-yl OH 3.6 276 277 33
7 methyl sechutyl p-fluorophenyl OH 3.7 318 319 32
8 methyl sechutyl phenyl Cl 3.8 300 301 40
9 methyl secbutyl methyl OAc 3.9 238 239 47
10 methyl sechutyl ethyl OCOEt 3.10 252 253 42
11 methyl secbutyl n-propyl Cl 3.11 266 267 58
12 methyl secbutyl furan-2-yl OH 3.12 290 291 13
13 methyl p-fluorophenyl p-fluorophenyl OH 3.13 356 257 32
14 methyl p-fluorophenyl phenyl Cl 3.14 338 339 51
15 methyl p-fluorophenyl methyl OAc 3.15 276 277 85
16 methyl p-fluorophenyl ethyl OCOEt 3.16 290 291 84
17 methyl p-fluorophenyl n-propyl Cl 3.17 304 305 78
18 methyl p-fluorophenyl furan-2-yl OH 3.18 328 329 8
19 phenyl n-propyl methyl OAc 3.19 286 287 78
20 phenyl n-propyl p-fluorophenyl OH 3.20 366 367 39
21 phenyl sechutyl methyl OAc 3.21 300 301 78
22 phenyl secbutyl p-fluorophenyl OH 3.22 380 381 37
23 m-nitrophenyl n-propyl methyl OAc 3.23 331 332 60
24 m-nitrophenyl sechutyl methyl OAc 3.24 345 346 64
25 p-chlorophenyl n-propyl methyl OAc 3.25 320 321 70
26 p-chlorophenyl n-propyl p-fluorophenyl OH 3.26 400 401 30
27 p-chlorophenyl sechutyl methyl OAc 3.27 334 335 74
28 p-chlorophenyl sechutyl p-fluorophenyl OH 3.28 414 415 26

7.42 (d,J = 9.0 Hz, 2H), 4.36-4.58 (m, 2H), 2.58 (s, 3H),
2.38-2.52 (m, 1H), 1.882.02 (m, 1H), 1.7+1.73 (m, 5H),
1.30-1.32 (d,J = 6.0 Hz, 3H), 0.99-1.04 (t,J = 7.5 Hz,
3H), 0.80-0.85 (t,J = 7.5 Hz, 3H).

Results and Discussions

The starting material 4,6-dichloro-5-aminopyrimidiné} (
were synthesized according to literature procedUxeisich
introduced the first diversity point, R. The second diversity
point Rt was introduced by the substitution of pyrimidines
1 with an amine to give pyrimidine®, as shown in eq &.

R

Cl

1

NS
PN | + RYNH, —
N

Cl

N =~
R)\\N
2

Cl

NH,
(1)
NH-R'

The substitution reactions were carried out with both
aliphatic and aromatic amines, and results are summarized
in Table 1. The reactions of pyrimidindswith an aliphatic
amine generally gave the desired pyrimidin2sn high
yields, entries £2 and 6-11 in Table 1; however, 2-ami-
nopyridine failed to yield the desired product, whereas
p-fluorophenylaniline gave a low yield under standard
reaction conditions (entries 3 and 5, Table 1). It is postulated
that protonation of compoundl could activate the chloro
group toward nucleophilic substitution reactions, which has
been reported in the literatut& herefore, when the reaction
with p-fluoroaniline was conducted in dilute HCI/EtOH
solution, the desired produ@3 was isolated in a higher
yield of 77%.

The third diversity point was introduced via the construc-
tion of the purine ring system from diaminopyrimidin2s
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Table 4. Results of Fully Substituted Purine Analog$Based on Equation?4

entry R R R? R3 product MW M-+ 1 yield
1 methyl n-propyl p-fluorophenyl Bn 4.1 375 376 97
2 methyl n-propyl p-fluorophenyl n-butyl 4.2 341 342 87
3 methyl n-propyl p-fluorophenyl cyclohexyl 4.3 367 368 74
4 methyl n-propyl p-fluorophenyl morpholinyl 4.4 355 356 81
5 methyl n-propyl p-fluorophenyl pyrrolidinyl 45 339 340 96
6 methyl n-propyl phenyl Bn 4.6 357 358 92
7 methyl n-propyl phenyl n-butyl 4.7 323 324 85
8 methyl n-propyl phenyl morpholinyl 4.8 337 338 97
9 methyl n-propyl phenyl pyrrolidinyl 4.9 321 322 96
10 methyl n-propyl methyl Bn 4.10 295 296 76
11 methyl n-propyl methyl n-butyl 411 261 262 95
12 methyl n-propyl methyl cyclohexyl 412 287 288 93
13 methyl n-propyl methyl morpholinyl 4.13 275 276 83
14 methyl n-propyl methyl secbutyl 4.14 261 262 87
15 methyl n-propyl methyl pyrrolidinyl 4.15 259 260 82
16 methyl n-propyl ethyl Bn 4.16 309 310 78
17 methyl n-propyl ethyl n-butyl 4.17 275 276 84
18 methyl n-propyl ethyl cyclohexyl 418 301 302 71
19 methyl n-propyl ethyl pyrrolidinyl 4.19 273 274 83
20 methyl n-propyl n-propyl Bn 4.20 323 324 93
21 methyl n-propyl n-propyl n-butyl 4.21 289 290 93
22 methyl n-propyl n-propyl cyclohexyl 4.22 315 316 84
23 methyl n-propyl n-propyl morpholinyl 4.23 303 304 92
24 methyl n-propyl n-propyl sechbutyl 4.24 289 290 92
25 methyl n-propyl n-propyl pyrrolidinyl 4.25 287 288 86
26 methyl n-propyl furan-2-yl Bn 4.26 347 348 91
27 methyl n-propyl furan-2-yl n-butyl 4.27 313 314 91
28 methyl n-propyl furan-2-yl cyclohexyl 4.28 339 340 88
29 methyl n-propyl furan-2-yl morpholinyl 4.29 327 328 84
30 methyl sechutyl p-fluorophenyl Bn 4.30 389 390 87
31 methyl sechutyl p-fluorophenyl n-butyl 4.31 355 356 94
32 methyl sechutyl p-fluorophenyl cyclohexyl 4.32 381 382 89
33 methyl sechutyl p-fluorophenyl morpholinyl 4.33 369 370 75
34 methyl sechutyl p-fluorophenyl sechutyl 4.34 355 356 94
35 methyl sechutyl p-fluorophenyl pyrrolidinyl 4.35 353 354 92
36 methyl sechutyl phenyl Bn 4.36 371 372 80
37 methyl sechutyl phenyl n-butyl 4.37 337 338 94
38 methyl sechutyl phenyl cyclohexyl 4.38 363 364 94
39 methyl sechutyl phenyl morpholinyl 4.39 351 352 86
40 methyl sechutyl phenyl sechutyl 4.40 337 338 97
41 methyl sechutyl phenyl pyrrolidinyl 4.41 335 336 92
42 methyl secbutyl methyl Bn 4.42 309 310 96
43 methyl sechutyl methyl n-butyl 4.43 275 276 93
44 methyl sechutyl methyl cyclohexyl 4.44 301 302 90
45 methyl sechutyl methyl secbutyl 4.45 275 276 89
46 methyl sechutyl ethyl Bn 4.46 323 324 92
a7 methyl sechutyl ethyl n-butyl 4.47 289 290 97
48 methyl sechutyl ethyl cyclohexyl 4.48 315 316 93
49 methyl secbutyl ethyl secbutyl 4.49 289 290 90
50 methyl sechutyl n-propyl Bn 4.50 337 338 90
51 methyl sechutyl n-propyl n-butyl 451 303 304 97
52 methyl secbutyl n-propyl cyclohexyl 4.52 329 330 77
53 methyl sechutyl n-propyl sechutyl 453 303 304 95
54 methyl secbutyl n-propyl pyrrolidinyl 4.54 301 302 92
55 methyl sechutyl furan-2-yl Bn 4.55 361 362 76
56 methyl secbutyl furan-2-yl n-butyl 4.56 327 328 87
57 methyl sechutyl furan-2-yl cyclohexyl 4.57 353 354 81
58 methyl sechutyl furan-2-yl secbutyl 4.58 327 328 73
59 methyl sechutyl furan-2-yl pyrrolidinyl 459 325 326 75
60 methyl p-fluorophenyl p-fluorophenyl Bn 4.60 427 428 86
61 methyl p-fluorophenyl p-fluorophenyl n-butyl 461 393 394 84
62 methyl p-fluorophenyl p-fluorophenyl cyclohexyl 4.62 419 420 95
63 methyl p-fluorophenyl p-fluorophenyl morpholinyl 4.63 407 408 75
64 methyl p-fluorophenyl p-fluorophenyl sechutyl 4.64 393 394 87
65 methyl p-fluorophenyl p-fluorophenyl pyrrolidinyl 4.65 391 392 79
66 methyl p-fluorophenyl phenyl Bn 4.66 409 410 73
67 methyl p-fluorophenyl phenyl n-butyl 4.67 375 376 93
68 methyl p-fluorophenyl phenyl cyclohexyl 4.68 401 402 99
69 methyl p-fluorophenyl phenyl morpholinyl 4.69 389 390 76
70 methyl p-fluorophenyl phenyl sechutyl 4.70 375 376 87
71 methyl p-fluorophenyl phenyl pyrrolidinyl 4.71 373 374 93
72 methyl p-fluorophenyl methyl Bn 4.72 347 348 85
73 methyl p-fluorophenyl methyl n-butyl 473 313 314 95
74 methyl p-fluorophenyl methyl cyclohexyl 474 339 340 77
75 methyl p-fluorophenyl methyl morpholinyl 4.75 327 328 95
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Table 4 (Continued)

entry R R R? R3 product MW M+ 1 yield
76 methyl p-fluorophenyl methyl secbutyl 4.76 313 314 89
77 methyl p-fluorophenyl methyl pyrrolidinyl 4.77 311 312 85
78 methyl p-fluorophenyl ethyl Bn 4.78 361 362 90
79 methyl p-fluorophenyl ethyl n-butyl 4.79 327 328 920
80 methyl p-fluorophenyl ethyl cyclohexyl 4.80 353 354 97
81 methyl p-fluorophenyl ethyl morpholinyl 481 341 342 94
82 methyl p-fluorophenyl ethyl secbutyl 4.82 327 328 90
83 methyl p-fluorophenyl ethyl pyrrolidinyl 4.83 325 326 93
84 methyl p-fluorophenyl n-propyl Bn 4.84 375 376 78
85 methyl p-fluorophenyl n-propyl n-butyl 4.85 341 342 84
86 methyl p-fluorophenyl n-propyl cyclohexyl 4.86 367 368 80
87 methyl p-fluorophenyl n-propyl morpholinyl 4.87 355 356 94
88 methyl p-fluorophenyl n-propyl sechutyl 4.88 341 342 98
89 methyl p-fluorophenyl n-propyl pyrrolidinyl 4.89 339 340 91
90 phenyl n-propyl methyl Bn 4.90 357 358 96
91 phenyl n-propyl methyl n-butyl 491 323 324 96
92 phenyl n-propyl methyl cyclohexyl 4.92 349 350 82
93 phenyl n-propyl methyl morpholinyl 4,93 337 338 92
94 phenyl n-propyl methyl sechutyl 4,94 323 324 71
95 phenyl n-propyl methyl pyrrolidinyl 4.95 321 322 78
96 phenyl n-propyl p-fluorophenyl Bn 4.96 437 438 97
97 phenyl n-propyl p-fluorophenyl n-butyl 4.97 403 404 77
98 phenyl n-propyl p-fluorophenyl cyclohexyl 4.98 429 430 89
99 phenyl n-propyl p-fluorophenyl morpholinyl 4.99 403 404 83
100 phenyl n-propyl p-fluorophenyl sechutyl 4,100 417 418 95
101 phenyl n-propyl p-fluorophenyl pyrrolidinyl 4101 401 402 86
102 phenyl secbutyl methyl Bn 4.102 371 372 93
103 phenyl secbutyl methyl n-butyl 4.103 337 338 93
104 phenyl sechutyl methyl cyclohexyl 4.104 363 364 89
105 phenyl sechutyl methyl morpholinyl 4.105 337 338 92
106 phenyl sechutyl methyl sechutyl 4.106 351 352 86
107 phenyl sechutyl methyl pyrrolidinyl 4,107 335 336 93
108 phenyl sechutyl p-fluorophenyl Bn 4,108 451 451 920
109 phenyl sechutyl p-fluorophenyl n-butyl 4.109 417 418 85
110 phenyl secbutyl p-fluorophenyl cyclohexyl 4.110 443 443 91
111 phenyl sechutyl p-fluorophenyl morpholinyl 4111 431 432 88
112 phenyl sechutyl p-fluorophenyl sechutyl 4112 417 418 91
113 phenyl sechutyl p-fluorophenyl pyrrolidinyl 4113 415 416 91
114 p-chlorophenyl n-propyl methyl Bn 4114 391 392 86
115 p-chlorophenyl n-propyl methyl n-butyl 4115 357 358 85
116 p-chlorophenyl n-propyl methyl cyclohexyl 4.116 383 384 88
117 p-chlorophenyl n-propyl methyl morpholinyl 4.117 371 372 90
118 p-chlorophenyl n-propyl methyl pyrrolidinyl 4118 355 356 88
119 p-chlorophenyl n-propyl p-fluorophenyl n-butyl 4119 437 438 91
120 p-chlorophenyl n-propyl p-fluorophenyl cyclohexyl 4.120 463 464 90
121 p-chlorophenyl n-propyl p-fluorophenyl morpholinyl 4121 451 452 97
122 p-chlorophenyl n-propyl p-fluorophenyl secbutyl 4122 437 438 91
123 p-chlorophenyl n-propyl p-fluorophenyl pyrrolidinyl 4.123 435 436 83
124 p-chlorophenyl secbutyl methyl Bn 4.124 405 406 94
125 p-chlorophenyl sechutyl methyl n-butyl 4.125 371 372 20
126 p-chlorophenyl sechutyl methyl cyclohexyl 4.126 397 398 95
127 p-chlorophenyl secbutyl methyl morpholinyl 4,127 385 386 90
128 p-chlorophenyl sechutyl methyl sechutyl 4,128 371 372 96
129 p-chlorophenyl secbutyl methyl pyrrolidinyl 4.129 369 370 90
130 p-chlorophenyl secbutyl p-fluorophenyl Bn 4.130 485 486 80
131 p-chlorophenyl secbutyl p-fluorophenyl n-butyl 4131 451 452 97
132 p-chlorophenyl sechutyl p-fluorophenyl cyclohexyl 4132 477 478 82
133 p-chlorophenyl sechutyl p-fluorophenyl morpholinyl 4.133 465 466 84
134 p-chlorophenyl sechutyl p-fluorophenyl sechutyl 4,134 451 452 97
135 p-chlorophenyl sechutyl p-fluorophenyl pyrrolidinyl 4,135 449 450 97

a All products were isolated by preparative LC/MS and purities of final products were%%o based on ELSD.

which has been extensively reported in the literat@feor First, the silica gel-supported FeQiromoted cyclization
our library preparation, three methods were screened for theirof aldehydes with pyrimidine®.1 was investigatef Treat-
simplicity to obtain 6-chloropurine8, as depicted in eq 2,  ment of pyrimidine2.1and 2-furaldehyde with Fe€+SiO,

and the results are summarized in Table 2. in DMSO at 100°C for 4 h gave only the 6-hydroxypurine
o s 3.0in 78% yield, Yvhich is appargntly a hydrolysis product
L, 1 of the corresponding 6-chloropurine due to moisture present
)’L | + R—COX —> )N\ [ Y>—r o in the reaction. The result suggests that this method may
Me” "N~ “NH-Pr-n Me” SN N not be easily applied to the current library, since moisture
2 3 Pr-n will have to be excluded carefully. The next method
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investigated was the phosphoryl chloride reaction in which
pyrimidine 2.1 and 4-fluorobenzoic acid were treated with
POCE for 6 h togive 6-chloro-9-(4fluorophenyl)-2-methyl-
8-propylpurine 8.1) in 13% yield. However, when the same
reaction was conducted using PPA instead of R®@I24
h, the hydroxy analogu@ 30was isolated in 58%. Although
purine3.30can be converted t8.1 by treatment with POG|
the same transformation can be achieved using FEA
to give3.1in 34% yield. To the best of our knowledge, this
is the first report that the combination of PQ@hd PPA is
developed to form 6-chloropurine in one pot. Thus, the
POCHK/PPA condition was chosen for the construction of the
purine ring system, and the results are summarized in Table
3. In general, most cyclization reactions proceed with
moderate to good yields, although two of theBnl@ 3.18
gave low yields when 2-furoic acid was used.

The final diversity point was introduced via the substitution
of 6-chloropurines3 with an amine (eq 4), which was

Cl Cl

NS POCI, NZ
)\ | + R=—COX —
X, 1 PPA R)\\

|
N

N
D)
N
1

R” N7 ONHR
2 3 R
w3
cl HN/R
NZ >SN NZ NN
o IR+ R, — )= @
RTONT N RN TN
3 R s R

exemplified by six selected amines, and results are sum-
marized in Table 4. As evident from Table 4, all six amines
proceed well in the substitution reaction to give the desired
purines4 as a 135-member library in high yields and high
purity.

In conclusion, a 135-member library of tetra-substituted
purines was generated in solution phase from readily
available amidines, amines, carboxylic acids, or its deriva-
tives in good to high yields and high purity. This new strategy
provides an efficient way to access a large number of fully
substituted purines, which is of great interest for medicinal
chemistry.

Acknowledgment. This work was supported by Grants
from China National Science Foundation (no. 20232020),
Jilin Provincial Fund for Excellent Young Scientist (no.
20010105) and Changchun Discovery Sciences, Ltd.

References and Notes

(1) Reviews: Appleman, J. R.; Erion, M. Bxp. Opin. Inest.
Drugs 1998 7, 225-243. Jacobson, K. A.; Jarvis, M. F.;
Eds. Purinergic Approaches in Experimental Theraeutics
Wiley: New York, 1997. Chu, C. K.; Baker, D. C.; Eds.

Yang et al.

Nucleosides and Nucleotides as Antitumor and At
Agents Plenum: New York, 1993. Bonnet, P. A.; Robins,
R. K. J. Med. Chem1993 36, 635-653. Huryn, D. M;
Okabe, M.Chem. Re. 1992 92, 1745-1768. Jacobson, K.
A.; van Galen, P. J. M.; Williams, MJ. Med. Chem1992
35, 407-422.

(2) (a) Schultz, C.; Link, A.; Leost, M.; Zaharevitz, D. W.;
Gussio, R.; Sausville, E. A.; Meijer, L.; Kunick, G. Med.
Chem.1999 42, 2909-2919. (b) Ducrot, P.; Legraverend,
M.; Grierson, D. SJ. Med. Chem200Q 43, 4098-4108.
(c) Norman, M. H.; Chen, N.; Chen, Z. d.; Fotsch, C.; Hale,
C.; Han, N.; Hurt, R.; Jenkins, T.; Kincaid, J.; Liu, L.; Lu,
Y.; Moreno, O.; Santora, V. J.; Sonnenberg, J. D.; Karbon,
W. J. Med. Chem200Q 43, 4288-4312. (d) Imbach, P.;
Capraro, H. G.; Furet, P.; Mett, H.; Meyer, T.; Zimmermann,
J.Bioorg. Med. Chem. Letl.999 9, 91-96. (e) Legraverend,
M.; Ludwig, O.; Bisagni, E.; Leclerc, S.; Meijer, L.; Giocanti,
N.; Sadri, R.; Favaudon, \Bioorg. Med. Chem1999 7,
1281-1293. (f) Kim, C. U.; Luh, B. Y.; Misco, P. F.;
Bronson, J. J.; Hitchcock, M. J. M.; Ghazzouli, |.; Martin,
J. C.J. Med. Chem199(Q 33, 1207-1213. (g) Kelley, J. L;
Linn, J. J. A,; Selwayt, J. W. TJ. Med. Chem199], 34,
157-160. (h) Young, R. C.; Jones, M.; Milliner, K. J.; Rana,
K. K.; Ward, J. GJ. Med. Chem199(Q 33, 2073-2080. (i)
Press, J. B.; Falotico, R.; Hajos, Z. G.; Sawyers, R. A,
Kanojia, R. M.; Williams, L.; Haertlein, B.; Kauffman, J.
A.; Lakas-Weiss, C.; Salata, J.J.Med. Chem1992 35,
4509-4515. (j) Dhainaut, A.; Regnier, G.; Tizot, A.; Pierre,
A.; Leonce, S.; Guilbaud, N.; Kraus-Berthier, L.; Atassi, G.
J. Med. Chem.1996 39, 4099-4108. (k) Havlicek, L.;
Hanus, J.; Vesely, J.; Leclerc, S.; Meijer, L.; Shaw, G.;
Strnad, M.J. Med. Chem1997, 40, 408-412.

(3) Chang, Y. T.; Wignall, S. M.; Rosania, G. R.; Gray, N. S;
Hanson, S. R.; Su, A. |.; Merlie, J., Jr.; Moon, H.-S.;
Sangankar, S. B.; Perez, O.; Heald, R.; Schultz, B. Gled.
Chem.2001, 44, 4497-4500.

(4) Bourguignon, J. J.; Desaubry, L.; Raboisson, P.; Wermuth,
C.-G.; Lugnier, CJ. Med. Chem1997, 40, 1768-1770.

(5) (a) Giner-Sorolla, A.; Segarra, J. T.; Brooks, M. HMed.
Chem.1978 21, 344—-348. (b) Chiosis, G.; Lucas, B.; Shtil,
A.; Huezo, H.; Rosen, NBioorg. Med. Chem2002 10,
3555-3564. (c) Lucas, B.; Rosen, N.; Chiosis, I3.Comb.
Chem.2001, 3, 518-520.

(6) (a) Chorvat, R. J.; Bakthavatchalam, R.; Beck, J. P.; Gilligan,
P. J.; Wilde, R. G.; Cocuzza, A. J.; Hobbs, F. W.; Cheese-
man, R. S.; Curry, M.; Rescinito, J. P.; Krenitsky, P.;
Chidester, D.; Yarem, J. A.; Klaczkiewicz, J. D.; Hodge, C.
N.; Aldrich, P. E.; Wasserman, Z. R.; Fernandez, C. H.;
Zaczek, R.; Fitzgerald, L. W.; Huang, S.-M.; Shen, H. L
Wong, Y. N.; Chien, B. M.; Quon, C. Y.; Arvanitis, Al.
Med. Chem1999 42, 833-848. (b) Hammarstm, L. G.

J.; Meyer, M. E.; Smith, D. B.; TalahsaF. X.Tetrahedron
Lett. 2003 44, 8361-8363.

(7) Albert, A.; Brown, D. J.; Wood, H. C. §. Chem. Sod 954
5, 3832-3839.

(8) Dang, Q.; Brown, B. S.; Erion, M. D.etrahedron Lett200Q
41, 6559-6562.

(9) Tanji, K.; Satoh, R.; Higashino, Them. Pharm. Bull1992
40, 227-229.

(10) Lister, J. H.; EdThe PurinesJohn Wiley & Sons: New
York, 1996; Vol.54 (Suppl.).

CC0498433



