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Angiogenesis is critical for tumor growth and mediated mainly by vascular endothelial growth factor
(VEGF) signaling. Inhibition of the VEGF signaling pathway has emerged as one of the promising
approaches for cancer therapy. VEGF receptor 2 (VEGFR-2) is considered as a major mediator of angio-
genic effects of VEGF. We describe herein the discovery of a series of potent VEGFR-2 tyrosine kinase
(KDR) inhibitors from a new 2-(2-aminopyrimidin-4-yl)phenol scaffold. The KDR activity was reduced
appreciably by a series of compounds with a benzoyl group at position 4 of phenol ring. The structure–
activity relationships for a series of (3-(2-aminopyrimidin-4-yl)-4-hydroxyphenyl)phenyl methanones
revealed compound 9 (KDR IC50 = 25 nM) as the most potent inhibitor in the series. Compound 22 had a
potent cellular activity on VEGF-induced HUVEC cell growth (IC50 < 0.1 μM) with high selectivity over
HCT116.

Keywords: (3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)phenyl methanone, Antiangiogenesis,
Inhibitor, KDR, Vascular endothelial growth factor receptor-2 kinase

Introduction

Angiogenesis, the growth of a new blood vessel from exist-
ing vessels, is essential for organ growth and wound
healing,1 and is also critical for tumor to grow beyond the
size of the diffusion limit for oxygen. Cancer cells distant
from blood vessels become hypoxic and secrete various
proangiogenic factors such as vascular endothelial growth
factor (VEGF), basic fibroblast growth factor (bFGF),
platelet-derived growth factor (PDGF), and so on, to induce
angiogenesis. Angiogenesis results in the proliferation and
metastasis of cancer cells.2 Pieces of evidence suggest that
acquisition of functional blood supply is a rate-limiting step
in establishment and metastasis of solid tumors. Therefore,
inhibition of angiogenesis has emerged as a promising strat-
egy for tumor therapy.3

The VEGF family includes VEGF-A, -B, -C, -D and pla-
centa growth factor (PLGF). Among them, VEGF-A and its
receptors are the best-characterized signaling pathways in
developmental and tumor angiogenesis.4 VEGF-A binds to
receptors, VEGFR-1 and VEGFR-2. Of the two, VEGFR-2
is considered as the major mediator of mitogenic and angio-
genic effects of VEGF-A.5

The VEGF pathway can be therapeutically inhibited by
trapping the various VEGF ligands, targeting the extracellu-
lar domain of various VEGFRs, or inhibiting the intracellu-
lar signaling via small-molecule tyrosine kinase inhibitors
which target the intracellular kinase domains of the
VEGFR-2 (KDR). A number of small-molecule VEGFR-2
kinase inhibitors have been developed and have shown

efficacy in the treatment of cancer patients (Figure 1).6

Therapeutic outputs of drugs were found to be related to
the selectivity of inhibitors over off-target kinases which
was originated from structural characteristics. Thus, much
research is directed toward identifying new inhibitors with
different structural features which are useful for the treat-
ment of tumors.
We tried to find a new scaffold for small molecule inhi-

bitors of KDR using aminopyrimidine as a key moiety
which had been frequently used for the development of
small molecular drugs especially in the field of kinase
inhibitor.7 2-(2-Aminopyrimidin-4-yl)phenol was chosen
for a basic structure based on the report that showed 3-(2-
aminopyrimidin-4-yl)-[1,10-biphenyl]-4,40-diol derivatives
as strong CDK-2, CDK-5, and KDR inhibitors.8 Molecular
modeling studies revealed a hollow area around position
4 of phenol ring of 2-(2-aminopyrimidin-4-yl)phenol. Deri-
vatization of the basic structure was performed through the
introduction of benzoyl group at position 4 of phenol ring.9

Results and Discussion

The synthesis of 3-(2-aminopyrimidin-4-yl)-4-hydroxy-
benzophenone was performed according to Scheme 1.
2-Aminopyrimidine at position 3 of 4-hydroxybenzoate
was synthesized by a series of reactions including acylation
via Fries rearrangement, condensation with N,N-
dimethylformamide diethyl acetal, and then cyclization with
guanidine carbonate. Various phenyl groups (R1) were
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introduced by Weinreb–Nahm ketone synthesis10 to make
benzophenone moiety.
The introduction of a phenyl group in the form of benzo-

phenone converted 2-(2-aminopyrimidin-4-yl)phenol,
IC50 > 10 μM) to a potent KDR inhibitor (Table 1).
Enzyme inhibitory activity was enhanced by 20-fold
through the substitution of phenyl group of 5 with 2-fluoro-4-
methylphenyl group as in 9. 2,6-Difluorophenyl group of
7 improved the potency in growth inhibition of VEGF-induced
human umbilical vein endothelial cell (HUVEC) by an order
of magnitude. However, as the cellular potency increases, the
selectivity over other cancer cell line decreases. Based on
enzymatic, cellular inhibitory activity and selectivity data,
2-fluoro-4-methylphenyl group was chosen as the key sub-
stituent for the next optimization process.
As an effort to improve the cellular potency and physico-

chemical properties, a substituent with hydrophilic moieties
was appended at position 6 of the 2-aminopyrimidine ring.
The substituent was attached at position 6 of the 2-
aminopyrimidine by two different methods as shown in
Scheme 2. Starting from aroylketene dithioacetal 17, R2-
substituted aminopyrimidines were synthesized via either 6-
chloro 2-aminopyrimidine 18 or 6-methylthio 19
intermediates.

Aminoalkyl linkages were used to introduce hydro-
philic functionalities to the 2-aminopyrimidine ring. The
structure of the hydrophilic group and the tether length
had a significant effect on the cellular potency of the
compound while its effect on enzymatic activity was
minute (Table 2). The attachment of morpholinyl or 4-
methylpiperazinyl group caused a slight reduction of
enzyme inhibitory activity, 21, 22, 23 vs. 9. However,
those groups provided a significant improvement in the
inhibitory activity of VEGF-induced HUVEC growth.
Compound 22, containing morpholinyl group linked by
three methylene units, showed the highest potency in
VEGF-induced HUVEC growth inhibition which was com-
parable to that of Sutent while more potent than Vandetanib
and Vatalanib, all of which were approved KDR inhibitor.
The interesting feature of compound 22 is that it shows more
than two orders of magnitude selectivity over colon cancer
cell line HCT116. It was suggested that a selective KDR
inhibitor ultimately targets endothelial cells and should not
inhibit the growth of cancer cells without VEGF receptors,
such as HCT116, in the same concentration range as it inhib-
ited VEGF-induced HUVEC growth.11 These results suggest
that a series of compounds shown in this report may have
advantages over the developed inhibitors because it has

Figure 1. Structures and targets of FDA-approved VEGFR kinase inhibitors.
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distinctive structural features which provide not only strong
enzyme inhibitory activities but also high selectivity on
VEGF-induced HUVEC growth.

Molecular docking into the ATP-binding site of KDR
was performed to speculate the binding mode of the com-
pound. Compound 22 was used for docking study using
AutoDock vina.13 The crystal structure of KDR with PF-
00337210 (2XIR) was obtained from protein data bank
PDB.14 Docking study revealed that compound 22 binds to
the ATP-binding pocket as PF-00337210 where hydroxyl
group interacts with backbone NH of Cys-919 in the hinge
region and NH of position 6 of 2-aminopyrimidine ring
interacts with backbone carbonyl oxygen of Leu-840 via
hydrogen bonds (Figure 2).

Conclusion

A series of compounds having 2-aminopyrimidine as a key
structure were synthesized and evaluated for their inhibitory
activity against KDR. The synthesized compound showed
potent enzyme inhibitory activity as low as 0.025 μM. The
inhibitory activity of a compound on VEGF-induced
HUVEC growth was improved by the introduction of the
hydrophilic substituent at position 6 of 2-aminopyrimidine.
Compound 22 showed very potent growth inhibitory activ-
ity which was comparable to that of Sutent. As a conclusion,
we found a new scaffold showing different structural feature
and selectivity compared to the approved drugs. This result
provides a chance that 2-aminopyrimidine derivatives can
be used for the development of anticancer agent with antian-
giogenic activity.

Experimental

General Methods for Synthesis. All reagents were com-
mercially available and used as supplied without further
purification. Proton magnetic resonance and carbon mag-
netic resonance were recorded on Bruker AVANCE
400 (1H: 400 MHz, 13C: 100 MHz) spectrometer. Mass
spectra were obtained on a Jeol DX-300 instrument.
General Procedure for Compounds 5 to 13. 3-Acetyl-4-
hydroxybenzoic acid: To 200 mL of dried dichloromethane
(DCM) solution of 9.23 g (60.7 mmol) of methyl 4-
hydroxybenzoate were added 12.7 mL (91.1 mmol) of
triethylamine (TEA) and 5.2 mL (72.8 mmol) of acetyl chlo-
ride at 0 �C. After stirring for 1 h at room temperature (RT),
the reaction mixture was washed with water, 1 N aq. HCl,
and brine, sequentially, and dried over anhydrous MgSO4.
Removal of solvent in vacuo provided 11.10 g (57.2 mmol)
of methyl 4-acetoxybenzoate which was used for next step
without purification. To the above methyl 4-acetoxybenzoate
was added 23 g of (170 mmol) of aluminum chloride and the
mixture was stirred using mechanical stirrer at 180 �C. After
2 h, the remaining aluminum chloride was quenched with
50 mL of water, and then 50 mL of ethanol and 10 mL of
6 N aqueous HCl were added. After refluxing for 3 h, cooling
to RT provided a precipitate. Solid thus obtained was sepa-
rated to give 7.41 g (41.2 mmol) in 67.9% overall yield in
two steps. lH NMR (DMSO-d6, ppm); δ 12.89 (1H, br s),

Scheme 1. Reagents and experimental conditions: (a) (i) AcCl,
TEA, CH2Cl2, 0 �C to RT, (ii) AlCl3, 180 �C, (iii) MeOH, 2.7 N
HCl in EtOAc, reflux, (iv) BnBr, NaH, DMF; (b) (i) DMF � DEA,
reflux, (ii) NH2CNHNH2 � 1/2 H2CO3, reflux; (c) (i) LiOH, H2O:
THF (1:1), reflux, (ii) CH3NHOCH3 � HCl, EDC, HOBt, TEA,
DMF; (d) (i) R1Br, n-BuLi, THF, −78 �C, (ii) BBr3, CH2Cl2.

Table 1. Enzyme inhibitory and cell growth inhibitory activities
of 3-(2-aminopyrimidin-4-yl)-4-hydroxybenzophenones (IC50 in
μM).

R1 KDRa HUVECb HCT116c

5 Phenyl 0.5 3.6 21
6 2-Fluorophenyl 0.14 2.5 >40
7 2,6-Difluorophenyl 0.52 0.18 3
8 2,4-Difluorophenyl 0.32 14.0 >40
9 2-Fluoro-4-methylphenyl 0.025 1.3 >40
10 4-Methylphenyl 0.12 2.0 >40
11 2,4-Dimethylphenyl 0.32 6.3 30
12 2-Fluoro-4-

trifluoromethylphenyl
1.0 12.0 >40

13 4-Chlorophenyl 0.32 4.6 >40
a Biochemical KDR enzyme assays were performed according to the
procedure described in Ref. 11.

b The inhibition of VEGF-induced proliferation of HUVEC was
studied according to the procedure described in Ref. 11.

c HCT 116 cell growth inhibition assays were performed as described
in Ref. 12.
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12.22 (1H, s), 8.37 (1H, J = 2.4 Hz, d), 8.03 (1H,
J = 8.8 Hz, 2.0 Hz, dd), 7.05 (1H, J = 8.8 Hz, d), 2.67 (3H,
s). FAB MS (m/e) = 181 [M + l].
Methyl 3-acetyl-4-(benzyloxy)benzoate (2): To 7.41 g

(41.2 mmol) of 3-acetyl-4-hydroxybenzoic acid in 150 mL
of methanol was added 50 mL of 2.7 N HCl in ethyl acetate
(EA) and the reaction mixture was refluxed for 5 h. After
removal of solvent in vacuo, the residue was treated with
EA and was washed with saturated aq. NaHCO3 and brine,
sequentially, then dried over anhydrous MgSO4. Removal
of solvent in vacuo provided 7.67 g (39.5 mmol) of methyl
3-acetyl-4-hydroxybenzoate and was used for next step
without purification. To 60 mL of N,N-dimethylformamide
(DMF) solution of methyl 3-acetyl-4-hydroxybenzoate was
added 2.05 g (60%, 51.4 mmol) of sodium hydride and the
reaction mixture was stirred for 10 min. After addition of
5.64 mL (47.4 mmol) of benzyl bromide, the reaction mix-
ture was stirred for 2 h. The remaining sodium hydride was
quenched with 5 mL of water and solvents were removed in
vacuo. Residues were dissolved in 200 mL of EA and was
washed with water and brine and then dried over anhydrous
MgSO4. After removal of solvent under reduced pressure,
the crude product was purified by column chromatography
(hexane/EA = 4/1, vol/vol) to give 9.31 g (32.8 mmol) in

79.6% overall yield in two steps. lH NMR (CDCl3, ppm); δ
8.41 (1H, J = 2.4 Hz, d), 8.13 (1H, J = 8.8 Hz, 2.4 Hz,
dd), 7.43–7.36 (5H, m), 7.07 (1H, J = 8.8 Hz, d), 5.23 (2H,
s), 3.89 (3H, s), 2.60 (3H, s). FAB MS (m/
e) = 285 [M + l].
Methyl 3-(2-aminopyrimidin-4-yl)-4-(benzyloxy)ben-

zoate (3): Methyl 3-acetyl-4-(benzyloxy)benzoate (2)
5.39 g (19.0 mmol) was dissolved in 80 mL of N,N-
dimethylformamide diethylacetal (DMF � DEA) and the
resulting solution was heated to reflux for l5 h. After
removal of excess DMF � DEA in vacuo, the residue was
dissolved in 100 mL of methoxyethanol. After addition of
10.27 g (57 mmol) of guanidine carbonate, the reaction
mixture was refluxed for 8 h. Methoxyethanol was
removed in vacuo and the residue was dissolved in 200 mL
of EA. The EA solution was washed with water and brine,
and dried over anhydrous MgSO4. The crude product thus
obtained was purified by column chromatography
(DCM/methanol = 95/5, vol/vol) to give 4.01 g
(12.0 mmol) in 63.0% yield. lH NMR (DMSO-d6, ppm); δ
8.49 (1H, J = 2.4 Hz, d), 8.19 (1H, J = 5.2 Hz, d), 8.11
(1H, J = 8.8 Hz, 2.4 Hz, dd), 7.48–7.29 (5H, m), 7.22 (1H,
J = 8.8 Hz, d), 7.05 (1H, J = 5.2 Hz, d), 6.61 (2H, br s),
5.25 (2H, s), 2.65 (3H, s). FAB MS (m/e) = 336 [M + l].

Scheme 2. Reagents and experimental conditions: (a) (i) MOMCl, K2CO3, DMF, (ii) LiOH, H2O:THF (1:1), reflux,
(iii) CH3NHOCH3 � HCl, EDC, HOBt, TEA, DMF; (b) (i) 1-Br-2-F-4-MeC6H3, n-BuLi, THF, −78 �C, (ii) sat. HCl in EtOH, (iii) AcCl,
TEA, CH2Cl2; (c) (i) AlCl3, 180 �C, (ii) BnBr, NaH, DMF; (d) (i) LiHMDS, THF, −40 �C, CS2, MeI; (e) (i) pTSA, EtOH:PhH (1:1),
NH2CNHNH2 � 1/2 H2CO3, reflux, (ii) POCl3, 100 �C; (f ) (i) R2NH2, dioxane, reflux, (ii) BBr3, CH2Cl2; (g) NH2CNHNH2 � HNO3,
NaOH, DMF, 80 �C; (h) (i) mCPBA, CH2Cl2, (ii) R

2NH2, AcCN, reflux, (iii) BBr3, CH2Cl2.
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3-(2-Aminopyrimidin-4-yl)-4-(benzyloxy)-N-methoxy-
N-methylbenzamide (4): To a mixture of 50 mL of water
and 50 mL of tetrahydrofuran (THF) were added 2.60 g
(7.76 mmol) of methyl 3-(2-aminopyrimidin-4-yl)-4-(ben-
zyloxy)benzoate (3) and 977 mg (23.3 mmol) of lithium
hydroxide. The resulting mixture was refluxed for 4 h and
then THF was removed in vacuo. Acidification of the aque-
ous solution with 6 N HCl produced a white precipitate
which was collected by filtration. To the 40 mL of DMF
solution of 2.29 g (7.14 mmol) of the above white solid
were added 1.04 g (10.7 mmol) of N,O-dimethyl-
hydroxylamine hydrochloride, 2.74 g (14.3 mmol) of 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC), 1.94 g (14.3 mmol) of 1-hydroxybenzotriazole
hydrate (HOBT) and 1.49 mL (10.7 mmol) of TEA. After
stirring for 3 h at RT, solvent was removed in vacuo and
the residue was treated with 200 mL of EA. The EA solu-
tion was washed with water and brine, then dried over
anhydrous MgSO4. The crude product was purified by

column chromatography (DCM/methanol = 95/5, vol/vol)
to give 1.58 g (4.35 mmol) in 56.l % yield. lH NMR
(DMSO-d6, ppm); δ 8.21 (1H, J = 5.2 Hz, d), 8.18 (1H,
J = 2.4 Hz, d), 7.73 (1H, J = 8.8 Hz, 2.4 Hz, dd),
7.49–7.31 (5H, m), 7.28 (1H, J = 8.8 Hz, d), 7.15 (1H,
J = 5.2 Hz, d), 6.64 (2H, s), 5.28 (2H, s), 3.56 (3H, s),
3.25 (3H, s). FAB MS (m/e) = 365 [M + l].
(3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)(phenyl)

methanone (5): To the 100 mL of dry THF solution of
727 mg (4.63 mmol) of monobromobenzene was added
1.85 mL (2.5 M, 4.6 mmol) of n-butyl lithium by dropwise
at −78 �C under N2 atmosphere. After 15 min, 3-(2-amino-
pyrimidin-4-yl)-4-(benzyloxy)-N-methoxy-N-methylbenza-
mide (4), 561 mg (l.54 mmol) of which was dissolved in
40 mL of dry THF, was added dropwise to the above reac-
tion mixture and was stirred for 30 min at −78 �C. The
reaction mixture was further stirred for 1 h at RT. Water
was added to the reaction mixture to quench the residual
lithium compounds, and the solvent was removed under
reduced pressure. The residue was dissolved in 200 mL of
EA and washed with water and brine, then dried over
anhydrous MgSO4. After removal of EA, a purification by
column chromatography (DCM/methanol = 98/2, vol/vol)
provided benzyl protected compound which was used for
the next step. To the 50 mL of dry DCM solution of benzyl
protected compound was added 2.66 mL (1.0 M,
2.66 mmol) of boron tribromide in DCM and the reaction
mixture was stirred at RT for 3 h. After 5 mL of methanol
was added to quench excess boron tribromide, solvent was
removed in vacuo. The crude product was purified by col-
umn chromatography (DCM/methanol = 95:5, vol/vol) to
give 213 mg (0.732 mmol) in 47.5% yield. lH NMR
(DMSO-d6, ppm); δ 14.86, (1H, s), 8.21 (1H, J = 5.2 Hz,
d), 8.19 (1H, J = 2.0 Hz, d), 7.61 (1H, J = 8.8 Hz, 2.4 Hz,
dd), 7.29 (2H, br s), 7.50 (2H, J = 7.2 Hz, br d), 7.44 (1H,
J = 6.5 Hz, br t), 7.31 (3H, 1H, J = 5.3 Hz, q), 6.93 (1H,
J = 5.2 Hz, d). FAB MS (m/e) = 292 [M + l].
(3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)(2-fluor-

ophenyl)methanone (6): lH NMR (DMSO-d6, ppm); δ
14.78(1H, s), 8.39 (1H, J = 5.2 Hz, d), 8.34 (1H,
J = 2.0 Hz, d), 7.72 (1H, J = 8.0 Hz, br d), 7.70–7.64 (1H,

Figure 2. Docking of compound 22 (right panel, green colored) into the ATP-binding pocket of KDR (PF-00337210: orange colored).
Right panel showed the interactions between compound 22 and KDR. Hydrogen bonds are shown in red.15

Table 2. Enzyme inhibitory activities and cell growth inhibitory
activities of compounds (IC50 in μM).

R2 KDR HUVEC HCT116

20 (3-(Dimethylamino) propyl)amino 0.11 2.0 7.3
21 (2-Morpholinoethyl) amino 0.09 2.2 36
22 (3-Morpholinopropyl) amino 0.09 <0.1 >40
23 (3-(4-Methylpiperazin-1-yl)propyl)

amino
0.06 0.34 6.3

Sutent 0.03 0.04 4.0
Vandetanib 0.05 0.44 13.2
Vatalanib 0.06 0.19 >15
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m), 7.58 (1H, J = 7.2 Hz, 1.6 Hz, td), 7.42–7.31 (2H, m),
7.31 (2H, br s), 7.18 (1H, J = 5.6 Hz, d), 7.05 (1H,
J = 8.4 Hz, d). FAB MS (m/e) = 310 [M + l].
(3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)(2,6-

difluorophenyl)methanone (7): lH NMR (DMSO-d6,
ppm); δ 14.97 (1H, s), 8.42 (1H, J = 5.4 Hz, d), 8.40 (1H,
J = 2.0 Hz, d), 7.81 (1H, J = 8.8 Hz, 1.6 Hz, dd), 7.71–7.67
(1H, m), 7.32 (3H, J = 8.1 Hz, br t), 7.23 (1H, J = 5.6 Hz,
d), 7.08 (1H, J = 8.8 Hz, d). FAB MS (m/e) = 328 [M + l].
(3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)(2,4-

difluorophenyl)methanone (8): lH NMR (DMSO-d6,
ppm); δ 15.04 (1H, s), 8.41 (1H, J = 5.2 Hz, d), 8.39 (1H,
J = 2.0 Hz, d), 8.06–8.00 (1H, m), 7.80 (1H, J = 8.8 Hz,
2.0 Hz, dd), 7.34 (2H, J = 8.4 Hz, 1.6 Hz, td), 7.32 (2H, br
s), 7.29 (1H, J = 5.4 Hz, d), 7.07 (1H, J = 8.8 Hz, d). FAB
MS (m/e) = 328 [M + l].
(3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)(2-fluoro-

4-methylphenyl)methanone (9): lH NMR (DMSO-d6,
ppm); δ 15.10 (1H, s), 8.40 (1H, J = 5.2 Hz, d), 8.31 (1H,
J = 2.0 Hz, d), 7.72 (1H, J = 8.8 Hz, 2.0 Hz, dd), 7.47 (1H,
J = 6.2 Hz, t), 7.28 (2H, br s), 7.21 (2H, J = 11.2 Hz, t),
7.18 (1H, J = 5.2 Hz, d), 7.04 (1H, J = 8.8 Hz, d), 2.42
(3H, s). FAB MS (m/e) = 324 [M + l].
(3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)(4-methyl-

phenyl)methanone (10): lH NMR (DMSO-d6, ppm);
δ 14.58, (1H, s), 8.39 (1H, J = 5.6 Hz, d), 8.30 (1H,
J = 2.0 Hz, d), 7.75 (1H, J = 8.8 Hz, 2.0 Hz, dd), 7.65 (2H,
J = 8.0 Hz, d), 7.37 (2H, J = 8.0 Hz, d), 7.28 (2H, br s),
7.19 (1H, J = 5.6 Hz, d), 7.05 (1H, J = 8.8 Hz, d), 2.42
(3H, s). FAB MS (m/e) = 306 [M + l].
(3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)(2,4-

dimethylphenyl)methanone (11): lH NMR (DMSO-d6,
ppm); δ 15.06 (1H, s), 8.46 (1H, J = 5.6 Hz, d), 8.35 (1H,
J = 2.0 Hz, d), 7.70 (1H, J = 8.8 Hz, 2.0 Hz, dd), 7.41
(1H, J = 5.6 Hz, d), 7.29 (2H, br s), 7.24–7.09 (4H, m),
2.36 (3H, s), 2.23 (3H, s). FAB MS (m/e) = 320 [M + l].
(3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)(2-fluoro-

4-(trifluoromethyl)phenyl)methanone (12): lH NMR
(DMSO-d6, ppm); δ 15.01 (1H, s), 8.39 (1H, J = 5.6 Hz, d),
8.36 (1H, J = 2.0 Hz, d), 7.80–7.72 (4H, m), 7.27 (2H,
br s), 7.18 (1H, J = 5.6 Hz, d), 7.03 (1H, J = 8.8 Hz, d).
FAB MS (m/e) = 378 [M + l].
(3-(2-Aminopyrimidin-4-yl)-4-hydroxyphenyl)(4-chlor-

ophenyl)methanone (13): lH NMR (DMSO-d6, ppm); δ
14.96 (1H, s), 8.43 (1H, J = 5.6 Hz, d), 8.39 (1H,
J = 2.0 Hz, d), 7.84 (1H, J = 8.8 Hz, 2.0 Hz, dd), 7.66
(2H, J = 8.0 Hz, d), 7.64 (2H, J = 8.0 Hz, d), 7.49 (1H,
J = 5.6 Hz, d), 7.29 (2H, br s), 7.14 (1H, J = 8.8 Hz, d).
FAB MS (m/e) = 326 [M + l].
General Procedure for Compounds 20 to 23. N-Meth-
oxy-4-(methoxymethoxy)-N-methylbenzamide (14): To
the 150 mL of DMF solution of 9.23 g (60.7 mmol) of
methyl 4-hydroxybenzoate were added 16.8 g (91.1 mmol)
of potassium carbonate and 6.00 mL (78.9 mmol) of chloro-
methyl methyl ether. After stirring for 3 h and removal of
solvent, the residue was dissolved in 400 mL of EA. The EA

solution was washed with water and brine, then dried over
anhydrous MgSO4. The crude product was purified by col-
umn chromatography (hexane/EA = 10/1, vol/vol) to give
8.56 g (43.7 mmol) of methyl 4-(methoxymethoxy)benzoate
in 72.0% yield. To a mixture of 100 mL of water and
100 mL of THF were added 8.56 g (43.7 mmol) of methyl
4-(methoxymethoxy)benzoate and 2.75 g (65.6 mmol) of
lithium hydroxide. After refluxing for 4 h, THF was
removed in vacuo. Acidification of the aqueous solution with
6 N HCl produced a white precipitate which was collected
by filtration. To the 100 mL of DMF solution of 6.60 g
(36.3 mmol) of the above white solid were added 5.31 g
(54.5 mmol) of N,O-dimethylhydroxyamine hydrochloride,
13.9 g (72.6 mmol) of EDC, 9.85 g (72.6 mmol) of HOBT,
and 7.60 mL (54.5 mmol) of TEA. After 3 h of stirring at
RT and removal of solvent, the residue was treated with
500 mL of EA. The EA solution was washed with water and
brine, then dried over anhydrous MgSO4. The crude product
was purified by column chromatography (DCM/methanol
= 95/5, vol/vol) to give 6.39 g (28.4 mmol) in 65.0% yield.
lH NMR (CDCl3, ppm); δ 7.84 (2H, J = 7.6 Hz, d), 6.88
(2H, J = 7.6 Hz, d), 6.12 (2H, s), 3.56 (3H, s), 3.49 (3H, s),
3.25 (3H, s). FABMS (m/e) = 226 [M + l].
(2-Fluoro-4-methylphenyl)(4-(methoxymethoxy)phenyl)

methanone: To the 50 mL of dry THF solution of 2.92 mL
(23. l mmol) of 4-bromo-3-fluorotoluene was added 8.0 mL
(2.5 M, 20 mmol) of n-butyl lithium by dropwise at −78 �C
under N2 atmosphere. After 15 min, N-methoxy-4-(methoxy-
methoxy)-N-methylbenzamide (14), 3.46 g (15.4 mmol) of
which was dissolved in 30 mL of dry THF, was added drop-
wise to the above reaction mixture and stirred for 30 min at
−78 �C. The reaction mixture was allowed to warm to RT
over 1 h and then further stirred for 1 h. Water was added to
the reaction mixture to quench the residual lithium com-
pounds, and the solvent was removed in vacuo. The residue
was dissolved in 200 mL of EA and washed with water and
brine, then dried over anhydrous MgSO4. After removal of
solvent, a purification by column chromatography (hexane/
EA = 10/1, vol/vol) to give 4.32 g (15.8 mmol) in 68.3%
yield. lH NMR (CDCl3, ppm); δ 7.84 (2H, J = 9.0 Hz,
1.0 Hz, dd), 7.45 (1H, J = 7.6 Hz, t), 7.14 (3H, J = 9.6 Hz,
br t), 6.88 (1H, J = 12.0 Hz, br d), 5.27 (2H, s), 3.52 (3H, s),
2.45 (3H, s). FAB MS (m/e) = 275 [M + l].
4-(2-Fluoro-4-methylbenzoyl)phenyl acetate (15): To

the 20 mL of ethanol, saturated with HCl, was added
4.99 g (18.2 mmol) of (2-fluoro-4-methylphenyl)-(4-(meth-
oxymethoxy)phenyl)methanone and stirred at RT for 2 h.
After removal of solvent, the residue was dissolved in
150 mL of DCM. To the solution were added 3.81 mL
(27.3 mmol) of TEA and 1.56 mL (21.8 mmol) of acetyl
chloride and the reaction mixture was stirred for 1 h. The
reaction mixture was washed with water, 1 N HCl and
brine, then dried over anhydrous MgSO4. The crude prod-
uct was purified by column chromatography (hexane/EA =
10/1, vol/vol) to give 4.65 g (17.1 mmol) in 93.9% yield.
lH NMR (CDCl3, ppm); δ 7.88 (2H, J = 8.6 Hz, 1.0 Hz,
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dd), 7.48 (1H, J = 7.6 Hz, t), 7.22 (2H, J = 8.8 Hz, d),
7.09 (1H, J = 7.8 Hz, 0.6 Hz, dd), 6.98 (1H, J = 12 Hz, br
d), 2.46 (3H, s), 2.35 (3H, s). FAB MS (m/
e) = 273 [M + l].
1-(2-(Benzyloxy)-5-(2-fluoro-4-methylbenzoyl)phenyl)

ethanone (16): To the 4.65 g (17.1 mmol) of the com-
pound 15 was added 6.90 g (51.3 mmol) of aluminum
chloride and the reaction mixture was stirred with a
mechanical stirrer at 180 �C for 2 h. After quenching the
reaction with 150 mL of water, 150 mL of ethanol and
50 mL of 6 N aqueous HCl were added and the reaction
mixture was refluxed for 3 h. A yellow precipitate, formed
while cooling the reaction mixture to RT, was collected by
filtration. To the 70 mL of DMF solution of the obtained
solid was added 850 mg (60%, 21 mmol) of sodium
hydride and the reaction mixture was stirred for 10 min.
To the above solution was added 2.20 mL (18.5 mmol) of
benzyl bromide, and the mixture was stirred for 2 h. After
addition of 5 mL of water, solvents were removed in
vacuo. The residue was dissolved in 200 mL of EA and
washed with water and brine, then dried over anhydrous
MgSO4. The crude product was purified by column chro-
matography (hexane/EA = 8/1, vol/vol) to give 4.53 g
(12.5 mmol) at 73.1% yield. lH NMR (DMSO-d6, ppm); δ
7.96 (1H, s), 7.96 (1H, J = 7.2 Hz, d), 7.54 (2H,
J = 7.2 Hz, d), 7.47–7.35 (5H, m), 7.22 (1H, J = 11.6 Hz,
d), 7.20 (1H, J = 8.0 Hz, d), 5.37(2H, s), 2.52 (3H, s),
2.42 (3H, s). FAB MS (m/e) = 363 [M + l].
1-(2-(Benzyloxy)-5-(2-fluoro-4-methylbenzoyl)phenyl)-

3,3-bis(methylsulfanyl)-2-propen-1-one (17): To 3.6 g
(9.9 mmol) of the compound 16 in 20 mL of dry THF was
added 18.8 mL (18.8 mmol) of 1.0 M lithium hexamethyl-
disilazide (in THF) at −40 �C. After stirring for 20 min,
0.56 mL (11.9 mmol) of CS2 was added and then the mix-
ture was stirred for 2 h. After addition of 1.54 mL (24.
7 mmol) of methyl iodide, the mixture was stirred for addi-
tional 4 h. After the completion of the reaction, 40 mL of
hexane was added and then the reaction mixture was further
stirred for 4 h to produce a yellow precipitate. The precipi-
tate was obtained by filtration and was washed with water.
Removal of water by blowing nitrogen gas gave 4.1 g
(8.7 mmol) in 88% yield. lH NMR (CDCl3, ppm); δ 8.23
(1H, J = 2.2 Hz, t), 8.08 (1H, J = 8.8 Hz, 2.4 Hz, dd),
7.47–7.36 (7H, m), 7.14 (1H, J = 8.8 Hz, d), 7.05 (1H,
J = 7.6 Hz, d), 6.95 (1H, J = 10.8 Hz, d), 6.85 (1H, s),
5.20 (2H, s), 2.47 (3H, s), 2.42 (3H, s), 1.90 (3H , s). FAB
MS (m/e) = 460 [M + l].
(3-(2-Amino-6-chloropyrimidin-4-yl)-4-(benzyloxy)

phenyl)(2-fluoro-4-methylphenyl)methanone (18): To the
mixture of ethanol and benzene (10 mL each) were added
960 mg (2.1 mmol) of the compound 17 and 1.96 g
(10.2 mmol) of p-toluenesulfonic acid hydrate, and the
mixture was refluxed for 6 h. After confirming that the
starting material was fully dissolved, 1.85 g (10.2 mmol) of
guanidine carbonate was added and the mixture was
refluxed for 6 h. After removal of solvent, the residue was

treated with DCM and washed with water. The purification
of the crude product by column chromatography provided
2-amino-6-[2-(benzyloxy)-5-(2-fluoro-4-methylbenzoyl)
phenyl]-4(3H)-pyrimidinone in 49% yield. Four-hundred
milligrams (0.93 mmol) of the above compound was dis-
solved thoroughly in 4 mL of phosphorous oxychloride,
then the solution was stirred for 10 min at 100 �C. The
reaction mixture was concentrated and then neutralized
with aqueous ammonia at 0 �C. A yellow precipitate thus
obtained was filtered and dried to provide 310 mg
(0.69 mmol) in 74% yield. lH NMR (CDCl3, ppm); δ 8.39
(1H, J = 2.4 Hz, d), 7.91 (1H, J = 8.8 Hz, 2.0 Hz, dt),
7.43 (1H, J = 6.2 Hz, t), 7.40–7.36 (5H, m), 7.31(1H, s),
7.26 (1H, s), 7.10 (1H, J = 8.8 Hz, d), 7.06 (1H,
J = 8.0 Hz, d), 6.96 (1H, J = 10.8 Hz, d), 5.26 (2H, s),
2.43 (3H, s). FAB MS (m/e) =448 [M + l].
(3-(2-Amino-6-((3-(dimethylamino)propyl)amino)pyri-

midin-4-yl)-4-hydroxyphenyl)(2-fluoro-4-methylphenyl)
methanone (20): To the 2 mL of dioxane solution of
36 mg (0.080 mmol) of the compound 18 was added
245 mg (1.70 mmol) of N,N-dimethyl-1,3-propandiamine,
and the mixture was refluxed for 8 h. EA was added to
the cooled reaction mixture and it was washed with water
twice, then dried over anhydrous MgSO4. The benzyl
protected compound, obtained from above reaction, was
dissolved in 2 mL of DCM, and 1 mL of 1 N boron tri-
bromide (in DCM) was added thereto. After stirring for
4 h, methanol was added to the reaction mixture. A purifi-
cation by column chromatography (chloroform/methanol/
ammonium hydroxide = 100/10/1, vol/vol/vol) gave
11 mg in 28% yield. lH NMR (CDCl3, ppm); δ 8.24 (1H,
J = 2.4 Hz, d), 7.71 (1H, J =8.8 Hz, d), 7.39
(1H, J = 6.2 Hz, t), 7.15 (1H, J = 6.0 Hz, d), 6.86 (1H,
J = 8.8 Hz, d), 6.92 (1H, J = 6.8 Hz, d), 6.24 (1H, s),
3.49 (2H, J = 7.2 Hz, t), 2.85 (2H, J = 7.2 Hz, t), 2.26
(6H, s), 2.44 (3H, s), 1.92 (2H, J = 6.2 Hz, quint). FAB
MS (m/e) = 424 [M + l].
(3-(2-Amino-6-(methylsulfanyl)-4-pyrimidinyl)-4-(ben-

zyloxy)phenyl)(2-fluoro-4-methylphenyl)methanone
(19): To the 10 mL of DMF solution of 368 mg
(3.02 mmol) of guanidine nitrate was added 161 mg
(4.03 mmol) of NaOH. To the above mixture was added
940 mg (2.1 mmol) of the compound 17 and the mixture
was heated to 80 �C for 4 h. The reaction mixture was
poured into ice water and neutralized with 1 N HCl. A
white precipitate thus obtained was filtered and dried to
give 730 mg in 78% yield. lH NMR (CDCl3, ppm); δ 8.41
(1H, J = 2.4 Hz, d), 7.89 (1H, J = 8.8 Hz, 2.0 Hz, dt),
7.47–7.33 (6H, m), 7.14 (1H, s), 7.10 (1H, J = 8.8 Hz, d),
7.06 (1H, J = 8.0 Hz, d), 6.96 (1H, J = 10.8 Hz, d), 5.22
(2H, s), 4.95 (2H, s), 2.43 (3H, s), 2.34 (3H, s). FAB MS
(m/e) =460 [M + l].
(3-(2-Amino-6-(methylsulfonyl)pyrimidin-4-yl)-4-(ben-

zyloxy)phenyl)(2-fluoro-4-methylphenyl)methanone: To
the 20 mL of DCM solution of 360 mg (0.78 mmol) of
the compound 19 was added 676 mg (3.92 mmol) of
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3-chloroperbenzoic acid and the mixture was stirred for
6 h. After addition of isopropyl alcohol, the mixture was stir-
red for 20 min. After removal of solvent, the residue was trea-
ted with DCM and DCM solution was washed several times
with saturated aqueous sodium bicarbonate and dried over
anhydrous MgSO4. The crude product was purified by column
chromatography (hexane/EA = 1/1, vol/vol) to give 82 mg in
22 % yield. lH NMR (CDCl3, ppm); δ 8.18 (1H, J = 2.4 Hz,
d), 8.02 (1H, J = 8.8 Hz, 2.0 Hz, dt), 7.54 (1H, s), 7.45 (1H,
J = 6.2 Hz, t), 7.43–7.31 (5H, m), 7.16 (1H, J = 8.8 Hz, d),
7.06 (1H, J = 8.0 Hz, d), 6.97 (1H, J = 10.8 Hz, d), 5.22 (2H,
s), 3.13 (3H, s), 2.42 (3H, s). FAB MS (m/e) =492 [M + l].
(3-(2-Amino-6-((3-morpholinopropyl)amino)pyrimi-

din-4-yl)-4-(benzyloxy)phenyl)(2-fluoro-4-methylphenyl)
methanone: To the 2 mL of acetonitrile solution of 30 mg
(0.061 mmol) of (3-(2-amino-6-(methylsulfonyl)pyrimidin-
4-yl)-4-(benzyloxy)phenyl)(2-fluoro-4-methylphenyl)metha-
none was added 0.18 mL of 4-(3-aminopropyl)morpholine
and the reaction mixture was refluxed for 8 h. After solvent
was removed, the residue was treated with EA and washed
with water. The crude product was purified by column
chromatography (chloroform/methanol/ammonium hydrox-
ide = 100/10/1, vol/vol/vol) to give 26 mg in 76% yield. lH
NMR (CDCl3, ppm); δ 8.30 (1H, J = 2.4 Hz, d), 7.85 (1H,
J = 8.8 Hz, 2.0 Hz, dt), 7.45–7.23 (6H, m), 7.06 (1H,
J = 8.4 Hz, t), 6.94 (1H, J = 10.8 Hz, d), 6.30 (1H, s),
5.75 (1H, s), 5.21 (2H, s), 4.80 (2H, s), 3.78–3.62 (4H, m),
3.34–3.18 (2H, m), 2.42 (9H, s), l.65 (2H, J = 6.2 Hz, t).
FAB MS (m/e) =556 [M + l].
(3-(2-Amino-6-((3-morpholinopropyl)amino)pyrimidin-

4-yl)-4-hydroxyphenyl)(2-fluoro-4-methylphenyl)metha-
none (22): To the 2 mL of DCM solution of 26 mg
(0.053 mmol) of (3-(2-amino-6-((3-morpholinopropyl)amino)
pyrimidin-4-yl)-4-(benzyloxy)phenyl)(2-fluoro-4-methylphe-
nyl)methanone was added 1 mL of 1 N boron tribromide
(in DCM) and the mixture was stirred for 4 h. After metha-
nol was added, the resultant mixture was concentrated and
then purified by column chromatography (chloroform/metha-
nol/ammonium hydroxide = 100/10/1, vol/vol/vol) to give
11 mg in 58% yield. lH NMR (CDCl3, ppm); δ 8.31 (1H,
J = 2.4 Hz, d), 7.71 (1H, J = 8.8 Hz, 2.0 Hz, dt), 7.42
(1H, J = 6.2 Hz, t), 7.07 (1H, J = 6.4 Hz, d), 6.98 (1H,
J = 8.8 Hz, d), 6.94 (1H, J = 6.8 Hz, d), 6.22 (1H, s), 6.16
(1H, s), 4.80 (2H, s), 3.79–3.69 (4H, m), 3.58–3.38 (2H, m),
2.60–2.42 (6H, m), 2.44 (3H, s), l.72 (2H, J = 6.2 Hz, t).
FAB MS (m/e) = 466 [M + l].
(3-(2-Amino-6-((2-morpholinoethyl)amino)pyrimidin-

4-yl)-4-hydroxyphenyl)(2-fluoro-4-methylphenyl)metha-
none (21): lH NMR (CDCl3, ppm); δ 8.39 (1H,
J = 2.4 Hz, d), 7.64 (1H, J = 8.8 Hz, 2.0 Hz, dt), 7.43
(1H, J = 6.2 Hz, t), 7.07 (1H, J = 6.4 Hz, d), 6.98 (1H,
J = 8.8 Hz, d), 6.92 (1H, J = 6.8 Hz, d), 6.34 (1H, s), 5.57
(1H, s), 4.82 (2H, s), 3.87–3.65 (4H, m), 3.49–3.43 (2H,

m), 2.66–2.58 (2H, m), 2.55–2.47 (4H, m), 2.43 (3H, s).
FAB MS (m/e) = 452 [M + l].
(3-(2-Amino-6-((3-(4-methylpiperazin-1-yl)propyl)amino)

pyrimidin-4-yl)-4-hydroxyphenyl)(2-fluoro-4-methylphenyl)
methanone (23): lH NMR (CDCl3, ppm); δ 8.36 (1H,
J =2.4 Hz, d), 7.64 (1H, J =8.8 Hz, 2.0 Hz, dt), 7.42
(1H, J = 6.2 Hz, t), 7.06 (1H, J = 6.4 Hz, d), 6.98 (1H,
J = 8.8 Hz, d), 6.92 (1H, J = 6.8 Hz, d), 6.27 (2H, s), 4.80
(2H, s), 3.51–3.39 (2H, m), 2.53–2.47 (10H, m), 2.43 (3H, s),
2.32 (3H, s). FAB MS (m/e) = 479 [M + l].
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