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Phenylaminopyrimidines represent a large group of new selective anticancer agents, the majority of which exert their
action through the inhibition of specific kinases. In this study, a new series of N-substituted-2-aminopyrimidines has been
designed and synthesized. A selected group of the synthesized derivatives was screened at a single dose concentration
of 10 uM over a panel of 60 cancer cell-lines. Compound 12e has showed great inhibitory and strong lethal effect over
almost all of the 60 cell-lines and accordingly was further tested in a 5-dose testing mode to determine its ICs values,
where it showed great efficacies with intermediate potencies over the tested cell-lines. The compound was also tested
over a panel of 52 kinases to explore its kinase inhibitory profile, and was found to be a selective but moderate inhibitor

over FLT3 kinase.
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Introduction

Cancer remains to be one of the major causes of mortalities in
the world, and researches directed towards the understanding
of cancer molecular mechanisms as well as the development of
new cancer therapies still occupy a high research priority. In ord-
er to overcome the poor selectivity of classical anticancer drugs
and improve their limited efficiencies, a big deal of research in
the field of drug design of new anticancer agents has been made
in the last few decades. The development of new small molecul-
ar drugs that are capable of targeting the substantial cause of
cancer and inhibiting "selectively" cancer growth was success-
fully achieved in the last few years. Contrasting for classical an-
ticancer drugs, the majority of these new small molecules do not
interact directly with DNA, while interrupt an essential cellular
signaling pathway that is "abnormally" up-regulated in cancer-
ous cells and at the same time is essential for its survival.' These
small molecular agents belong to different chemical scaffolds,
and could be divided into variable groups according to their in-
hibitory mechanisms.

Phenylaminopyrimidines (PAPs) represent a large chemical
group of these new anticancer agents, the majority of which
exert their anticancer action through the inhibition of certain
protein kinases. A representative example and a lead compound
for such group is the Ber-Abl tyrosine kinase inhibitor, Imatinib
(Gleevec, STI-57 1).2 Imatinib, a PAP derivative, was the first
kinase inhibitor to be approved for the treatment of cancer. After
the successful approval of Imatinib as a selective anticancer
drug for treatment of chronic myeloid leukemia (CML) with
minimal side effects, relative to old anticancer drugs, numerous
kinase inhibitors targeting oncogenic kinases have been de-
veloped. A large number of these kinase inhibitors belong to
the same chemical group of Imatinib, PAPs. These compounds
include inhibitors for kinases such as Bcr-Abl,3’4 CDK,7 c-KIT,5
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Figure 1. Rational design of the new PAP scaffold.

EGFR,*® Lyn4 and PLK1” kinases. In addition to kinase inhibi-
tion, some anticancer PAPs modulate certain receptors such as
the angiopoietin Tie2 receptors.8

Accordingly, we have designed a new series of N-substituted-
2-aminopyrimidine derivatives based on the scaffold of the py-
razole kinase inhibitors previously prepared by our group,”"
where the pyrazole moiety was replaced by the 2-aminopyrimi-
dine scaffold as showed in Figure 1, following this by a series of
substitutions at the amino group to yield the target PAP deriva-
tives.

A selected group from the target compounds were then tested
over a panel of 60 cancer cell lines at a single dose of 10 uM, and
the most active compound 12e, was further tested in a five-dose
testing mode to determine its ICs values over the 60 cell lines.
The compound was also tested over a panel of 52 kinases, in
order to determine its kinase inhibitory profile.

Results and Discussion

The synthesis of the target compounds started with the pre-
paration of the key ester, methyl 3-methoxy-5-methylbenzoate
(4) as illustrated in Scheme 1. In the first step, the sodium salt of
ethyl 2-hydroxy-4-oxopent-2-enoate (1) was prepared accord-
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Reaction conditions and yields: (i) 4-methylpyridine, LHMDS, THF, N,
rt, 18 h, 99%; (ii) DMF-DMA, reflux, 12 h; (iii) NaOEt, guanidine-HCI,
abs. EtOH, reflux, 8 h, 62%
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Reaction conditions and yields: (i) CHsl, NaH, DMF, Na, rt, 24 h, 19%; (i) benzylchloride, Ko.COs, DMF, 80 °C, 4 h, 34%; (iii) aryl-
bromide, Pd(PPhs)2Cl2, Xantphos, NaOtBu, toluene, reflux, 12h, 79%; (9a), 76% (9b), 74% (9c), 66% (9d); (iv) ArCOCI, pyridine,
reflux, 4 h, 59% (10a), 63% (10b); (v) ArNCO, fusion, 120 °C, 1 h, 70% (11a), 72% (11b)

Scheme 3

ing to literature procedure, 8 through the condensation of diethyl
oxalate with acetone in the presence of sodium ethoxide in ab-
solute ethanol.

The resulted salt 1 was then cyclized into Claisen furan deri-
vative 2 by heating in 50% acetic acid followed by acidification
with sulfuric acid."® The resulted Claisen compound underwent
rearrangement and aromatization into 3-hydroxy-5-methylben-
zoic acid (3) within less than one hour by heating with magne-
sium oxide in boiling water, followed by acidification with hy-

drochloric acid to precipitate the product.'> Methyl esterification
and O-methylation of the resulted phenolic acid 3 were achieved
in a single step and in a high yield (94%) to give compound 4
through a little modification of the reported literature proce-
dure,"” where the acid 3 was refluxed with excess potassium car-
bonate and iodomethane in acetone, and in the presence of a ca-
talytic amount of dimethylaminopyridine.

In Scheme 2, the benzoate ester 4 underwent a nucleophilic
attack at its carboxylic carbon by the activated methylene group
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8: R = benzyl 12b: R = benzyl
9a: R = phenyl 12c: R = phenyl
9b: R = 4-Ac-phenyl 12d: R = 4-Ac-phenyl
9c: R = 3,5-CF3-phenyl 12e: R = 3,5-CF3-phenyl
9d: R = 2,4-CHgz-phenyl 12f: R = 2,4-CHgz-phenyl
10a: R = 3-CF3-benzoyl 12g: R = 3-CF3-benzoyl

Reaction conditions and yields: (i) BF3-S(CHs), dichloromethane,
Nz, rt, 24 h, 55% (12a), 47% (12b), 42% (12c), 51% (12d), 40%
(12e), 46% (12f), 63% (129)

Scheme 4
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12a 13a: R = 4-Cl
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Reaction conditions and yields: (i) ArNCO, fusion, 120 °C, 1 h, 64%
(13a), 77% (13b)

Scheme 5

of 4-methylpyridine (4-picoline). The activation of this methyl
group into an active methylene was achieved by dropwise ad-
dition of lithium bis(trimethylsilyl)amide (LHMDS) in dry THF
at room temperature. The resulted a,B-unsaturated ketone 5
was then converted to the required pyrimidin-2-amine derivative
6 through two successive steps. In the first step, compound 5
was heated with excess N,N-dimethylformamide dimethylacetal
for 12 hours, and the resulted product was taken to the next step
without further purification, where it was cyclized with guani-
dine-hydrochloride in absolute ethanol and in the presence of
sodium ethoxide into the pyrimidine derivative 6.

The key amine 6 was subjected to a group of different reac-
tions to yield the methoxy-series of the target products (7-11)
as showed in Scheme 3. N-Methylation with iodomethane in
DMF and in the presence of sodium hydride yielded the N,N-
dimethyl derivative 7 in 19% yield.

Compound 8 was obtained by heating the amine 6 with ben-
zylchloride in DMF and in the presence of K,COs. Four different
PAP derivatives 9a-d were prepared in good yields by direct
N-arylation of the amine 6 using the appropriate arylbromide,
and applying an optimized Buchwald-Hartwig amination proto-
col previously adapted by our group. " N-Benzoylation of com-
pound 6 was successfully achieved by refluxing it with 3-trifluo-
romethylbenzoyl chloride and 3,5-bis(trifluoromethyl)benzoyl
chloride in pyridine to yield the benzoyl derivatives 10a and
10b in good yields, respectively. The urea derivatives 11a and
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11b were obtained in satisfactory yields by fusion of the amine
6 with the appropriate phenylisocyanate derivative without sol-
vent. Our trials to prepare these urea derivatives by reacting 6
with the isocyanates in different solvents, such as THF, toluene
and pyridine, either fail completely to proceed the reaction or
produce the intended urea in very small unsatisfactory yield.

The target of Scheme 4 was to prepare the hydroxy analogues
of compounds 12a-12g under the effect of BF;-dimethylsulfide
complex, in dichloromethane at room temperature. Under these
conditions, all of the methoxy derivatives were successfully con-
verted into their hydroxy-analogues, except for the urea com-
pounds 11a and 11b, since a destructive effect of BF3 on the N-
C-Nurea linkage was observed, prohibiting the direct prepara-
tion of the hydroxy derivatives 13a and 13b from their methoxy
analogues following Scheme 4 protocol.

Accordingly, as showed in Scheme 5, compounds 13a and
13b were successfully prepared by fusing the hydroxy analog of
the amine 6 (compound 12a) with the appropriate phenyl iso-
cyanates in an analogous synthetic step to that used for the
preparation of the urea compounds 11a and 11b in Scheme 3.

Biological Screening

Invitro anticancer screening. The structures of the final pro-
ducts were submitted to National Cancer Institute (NCI), Bethe-
sda, Maryland, USA,"” and the 12 compounds showed in Table 1
were selected on the basis of degree of structural variation and
computer modeling techniques for evaluation of their antineo-
plastic activity. The selected compounds were subjected to in
vitro anticancer assay against tumor cells in a full panel of 60-
cell lines taken from 9 different tissues (blood, lung, colon, CNS,
skin, ovary, kidney, prostate and breast). The compounds were
tested at a single dose concentration of 10 pM, and the percen-
tages of growth inhibition over the sixty tested cell lines were
determined. The mean inhibition percentages of all of the tested
compounds over the full panel of cell-lines are illustrated in
Table 1. As showed in Table 1, the tested compounds have ex-
pressed weak to moderate mean inhibition over the whole cell-
lines panel except for compound 12e, where a great mean inhibi-
tion of 121.2% was observed over the cancer cell-lines, indicat-
ing that the compound effect has exceeded the inhibitory limit
(100% inhibition) to the lethal effect (regression of tumor size
from the original size at the beginning of the experiment) at the
test dose (10 uM). The multiple inhibitions of compound 12e
over the 60 cell-lines are illustrated in Figure 2. The inhibitory
effect of the compound approaches the limit of 200% (100%
lethality or complete tumor regression) in some of the cell lines
under test at the test dose. The inhibitory effect is very strong ov-
er almost all of the 60 cell-lines, with a significant lethality at
some of colon and melanoma cell-lines.

By referring to the inhibitory effects of the tested compounds
summarized in Table 1, it is clear that the substitution at the
amino group of the new 4-phenyl-5-(pyridin-4-yl)pyrimidin-2-
amine scaffold has a positive effect on activity. However, the
variation of the type of the added substituent is so critical for
optimizing this positive effect. By comparing the activities of
compounds 12e and 10b, a great difference in activity was ob-
served, although both of them bears a 3,5-bis(trifluoromethyl)
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Table 1. Compounds selected for single dose cancer cell-line screening and their mean inhibitory percentages
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“% Inhibition represents the mean inhibition percentages over the 60 cell lines. The inhibition percentages are calculated by subtracting the growth

percentages from 100.

phenyl moiety linked to the 2-aminopyrimidine group. How-
ever, in compound 10b, the 3,5-bis(trifluoromethyl)phenyl
moiety is linked through a carbonyl group forming an amide,
while the moiety is directly attached to the amino group in 12e.

The observed big difference in activity associated with this
slight change in structure reflects the strictness of structural
changes at this part of the molecule. The difference in activity
between these two molecules cannot be explained on the basis
of excessive bulkiness exerted by the insertion of carbonyl
group between the amino- and the 3,5-bis(trifluoromethyl)phen-
yl moieties, since in this sense, a much lower activity would
be expected for compound 13b having the 3,5-bis(trifluoro-
methyl)phenyl moiety spaced from the amino group by an addi-
tional -NH- to form this time a urea linkage between the pyri-
midine ring and the 3,5-bis(trifluoromethyl)phenyl moiety.
This was proved, however, to be incorrect, since the activity

of compound 13b is much higher than that of 10b.

On these bases, we can conclude that in this new class of 2-
aminopyrimidines, substitution with benzoyl moieties has the
worst effect on activity, while urea derivatives are relatively
better, however, the best activity would be obtained by direct
attachment of a suitably substituted phenyl ring to the amino
group of the pyrimidin-2-amine scaffold. Within the N-phenyl
series, a substituted phenyl is likely more efficient than unsubs-
tituted one (9a & 12¢), and the 3,5-disubstitution pattern (in 12e)
seems to be the optimum for activity, relative to 4-monosubs-
titution (in 12d), and 2,4-disustitution (in 9d). By comparing
the activities of different methoxy compounds with the activities
of their hydroxy analogues, it was difficult to correlate between
the demethylation effect and the change in activity. The effect of
demethylation was found to be inconsistent with the change in
activity, where the demethylation of compounds 9a and 10a to
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Figure 2. Inhibition percentages of compound 12e at a single dose concentration of 10 pM over 60 cancer cell-lines.
Table 2. ICso, TGI and LCs values in pM of compound 12e over 60 cancer cell-lines.
Cell line ICs"  TGI”  LCs Cell line ICs  TGI’”  LCs
CCRF-CEM 1.99 7.17 >100 LOX IMVI 1.58 2.95 5.37
HL-60(TB) 1.78 575 >100 MALME-3M 1.45 3.16 6.92
K-562 0.65 3.09 >100 MDA-MB-435 0.47 1.78 4.68
L . . d ) i
RPMI-8226 2'33 Z"” 200 SK-MEL-5 138 269 5.3
SR 034 178 =100 UACC-257 182 427 1072
A549/ATCC 1.7 3.16 6.03 UACC-62 234 4.17 7.24
EKVX 174 468 2692 IGROV1 1.74  3.72 7.94
HOP-62 1.55 2.88 5.37 OVCAR-3 1.58 2.95 5.62
1 Cell HOP-92 1.35 2.75 5.5 OVCAR-4 1.95 3.88 7.76
Non-Small Ce NCI-H226 1.66 3.24 631 Ovarian Cancer OVCAR-5 1.86 3.55 6.92
Lung Cancer NCI-H23 1.82 3.8 7.94 OVCAR-8 2.09 4.37 9.33
NCI-H322M 204 513 2042 NCUVADR-RES 132 i?l 71'(9)3
NCI-H460 1.78 3.39 6.31 %(6{(;\]-3 1'22 2'92 ~ 55
NCI-H522 1.1 2.29 4.79 A498 056 2.09 457
COLO 205 1.78 3.16 5.62 ACHN 257 759 33.88
HCC-2998 1.7 3.09 5.62 CAKI-1 1.48 3.89 9.99
HCT-116 155 288 537 RemalCancer pyp oo 126 251 501
Colon Cancer HCT-15 2.09 6.03 >100 SN12C 1.91 3.47 6.46
HT29 1.58 2.95 55 TK-10 1.91 3.31 5.89
SW-620 1.58 3.16 >100 Prost. PD%3145 iiz ;gi g;;
SF-268 1.48 3.02 6.17 MC-F7 1'62 3'17 6'03
zgigg 132 ;113 Zié MDA-MB-231/ATCC 186 398  >100
B : : : HS 578T 1.82 6.46 >100
NS Cancer gNB-19 214 38 661  BreastCancer pp 549 178 347 66l
SNB-75 148 3.16 6.76 T-47D 229 724  44.67
U251 1.58 2.88 5.37 MDA-MB-468 1.55 3.16 6.46

“ICso Is the concentration producing 50% inhibition, "TGl is the concentration producing 100% inhibition, ‘LCso is the concentration causing 50% lethality
(50% tumor regression).
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Figure 3. Dose-response curves for compound 12e over CNS tumors (upper panel) and melanoma (lower panel).
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Figure 4. Inhibition percentages of compound 12e at a single dose concentration of 10 pM over 52 kinases.

the corresponding 12¢ and 12g was found to decrease the activi-
ty, respectively, while the similar conversion of compound 9b to
12d was associated with increase in activity.

From these data we can conclude that a 3,5-bis(trifluorome-
thyl)phenyl moiety attached directly to the amino group of the
pyrimidin-2-amine scaffold is optimum for activity. However,
further exploration of the effect of structural variations at the 3-
hydroxy-5-methylphenyl and pyridin-4-yl moieties on activity
would be important for further optimization of this new class of
compounds.

After the initial single dose screening of the 12 selected com-
pounds, compound 12e was further tested in a five-dose testing

mode to determine its ICso values over the 60 tumor cell-lines.
The ICs (the concentration producing 50% inhibition), TGI (the
concentration producing 100% inhibition) and LCs (the con-
centration causing 50% lethality or 50% tumor regression) at all
the tested cell lines were recorded. The compound has showed
great efficacy over almost all of the tested cell lines but unfor-
tunately with a moderate potency, having ICso values ranging
from 0.34 uM in SR leukemia cells to 2.57 uM in ACHN renal
cells (Table 2). As a representative model for compound 12e in-
hibitory effect, the dose response curves of the compound over
CNS and melanoma cancer cell-lines are showed in Figure 3,
where a strong and sharp steeping inhibition of the compound
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within a small concentration range is observed.

The high efficacy of the compound was demonstrated by its
ability to induce total growth inhibition (Zero growth, TGI)
over all the tested cell lines in relatively small doses ranging
between 1.78 uM and 7.59 uM. The compound was also able to
induce 50% tumor regression (50% lethality, LCso) in 81% of
the tested cell lines (48 of 59), with LCs values lower than 10
UM in 73% of the cell lines (43 of 59).

In vitro kinase screening. In order to explore the mechanism
of anticancer effect of compound 12e, the compound was scre-
ened over a panel of 52 kinases at Reaction Biology Corpora-
tion,'® using Hot Spot Technique in a single dose duplicate mode
at a concentration of 10 pM. At this concentration, the com-
pound showed a moderate selective inhibition over FLT3 kinase.
As showed in Figure 4, a 56% inhibition of FLT3 activity was
observed at the tested dose, suggesting an ICso value below 10
uM, while the inhibition was below 20% at all of the other 51
tested kinases.

FMS-related tyrosine kinase 3 (FLT3) is a member of the type
[T receptor tyrosine kinase family, which includes c-Kit, PD-
GFR and M-CSF receptors. FLT3 mutations have been reported
in about 30% of cases of acute myeloid leukemia (AML), and
the development of selective inhibitors that target this tyrosine
kinase has been recently the focus of many research groups. 118
A number of potent FLT3 inhibitors, such as Lestaurtinib (CEP-
701)," ABT-869,”” MLN-518*' and Fostamatinib,”* which diff-
er in their selectivity profiles, both with respect to other kinases
and among wild-type FLT3, are currently under preclinical and
clinical investigations as potential drug candidates for AML.

The selective inhibition exerted by our new compound 12e
is a good sign. However, it can not be considered as the reason
behind the broad spectrum anticancer activity of the compound.
The inhibition of the enzyme is not so high, and in spite of the
moderate potency of the compound over cancer cell-lines, this
kinase inhibitory profile cannot justify the broad activity and
the high lethality of the compound over almost all cell-line types.
The inhibition of FLT3 could be one of the mechanisms by
which this compound exerts its anticancer effect, but we think
that there is another more leading mechanism that is responsible
for this strong antineoplastic effect.

Conclusions

In conclusion, a new PAP anticancer lead 12e with high ef-
ficacy over a wide range of cancer types has been emerged from
this study. In spite of moderate potency of 12e, the compound
has showed interesting high efficacy and lethality at almost all
of'the cell lines in the tested panel. The SAR made on the pre-
pared series revealed that a 3,5-bis(trifluoromethyl)phenyl
moiety that is directly attached to the amino group of the pyri-
midine scaffold is optimum for activity. Further exploration of
the effect of structural variations at the 3-hydroxy-5-methyl and
pyridin-4-yl moieties would be helpful for better rationalization
of'this new series of anticancer agents and may lead to the pro-
duction of more potent derivatives. The compound has been test-
ed also over a large panel of kinases, and showed a selective
but moderate inhibitory effect on FLT3 kinase which is not
enough to account for its broad spectrum anticancer effect.
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Accordingly, further screening of compound 12e over a larger
group of potential molecular targets is currently under process-
ing.

Experimental Section

Material. 'H-NMR (300 MHz) and "C-NMR (75 MHz) were
recorded on a Bruker Avance 300 spectrometer with TMS as an
internal standard. The IR spectra were recorded on Perkin Elmer
Spectrum GX spectrometer. Melting points were taken on a Tho-
mas-Hoover capillary melting apparatus and were uncorrected.
Column chromatography was performed on Merck silica gel 60
(230 - 400 mesh). TLC was carried out using glass sheets pre-
coated with silica gel 60 F254 prepared by E. Merck. All the
commercially available reagents were obtained from Aldrich
and Tokyo Kasei Chemicals and generally used without further
purification.

Sodium ethyl 2-hydroxy-4-oxopent-2-enoate (1): To an etha-
nolic solution of sodium ethoxide prepared by dissolving sodi-
um metal (15.0 g, 0.66 mol) in absolute ethanol (330 mL) was
slowly added a mixture of diethyloxalate (81 mL, 0.66 mol) and
acetone (45 mL, 0.66 mol) over a period of 2 - 3 h. After com-
plete addition, the mixture was stirred at room temperature for
1 more hour. The resulted precipitate was collected by filtration,
washed with ethanol, and dried to give the title compound 1 as a
light yellow powder (103.5 g, 87%): mp > 300 °C; '"H-NMR
(D20) 6 1.14 (t,J=8.7 Hz, 3H), 1.83 (s, 1H), 2.07 (s, 2H), 4.08
(q, J = 9.6 Hz, 2H); "C-NMR (D;0) & 13.05, 13.18, 27.65,
28.17, 62.38, 168.88, 170.94, 200.65.

Ethyl 3-acetyl-tetrahydro-4,5-dioxo-2-(2-oxopropyl)furan-
2-carboxylate (2): A mixture of sodium ethylacetopyruvate (1;
96 g, 0.54 mol), acetic acid (150 mL) and water (150 mL) was
stirred at room temperature for 2 h. The mixture was poured over
amixture of crushed ice (300 g) and concentrated sulfuric acid
(60 mL). The resulted solid was filtered, washed with cold water
and dried. Recrystallization from water gave compound 2 as a
white powder (72.9 g, 50%): mp 87 - 88 °C (lit. 89 - 91 °C); 'H-
NMR (DMSO-dg) 6 1.10 (t,J=7.1 Hz, 3H), 2.06 (s, 3H), 2.36
(s,3H),3.18 (d,/=18.1 Hz, 1H), 3.63 (d,/=18.1 Hz, 1H), 4.08
(q,J="5.3 Hz, 2H); "C-NMR (DMSO-ds) 5 14.13, 30.30, 31.10,
62.50, 82.65,123.12, 150.47, 167.54, 168.52, 192.64, 204.27.

3-Hydroxy-5-methylbenzoic acid (3): To previously warmed
water (450 mL) was added compound 2 (57 g, 0.21 mol) and
magnesium oxide (38.1 g, 0.95 mol) while heating and stirring
were maintained. The mixture immediately became deep red-
dish orange in color, and turned to light brown in about 15 minut-
es. Stirring and heating were maintained for extra 30 minutes aft-
er complete addition of solids. Excess magnesium oxalate and
magnesium oxide were removed by filtration, washed with
warm water, and the combined filtrate and washing were con-
centrated under vacuum to 30 mL. The concentrated solution
was cooled in an ice bath and treated in a dropwise manner with
a mixture of concentrated HCI and water (1:1, 50 mL) while
stirring to precipitate the crude product. The resulted solids were
collected by filtration, washed with cold water and dried. Recry-
stallization from water yielded the pure product 3 as a light
brown powder (13.43 g, 42%): mp 202 - 203 °C (lit. 207 - 208
°C); 'H-NMR (D;0) § 2.19 (s, 3H), 6.82 (s, 1H), 7.07 (s, 1H),
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7.20 (s, 1H); "C-NMR (D,0) 20.20, 113.00, 121.03, 122.25,
130.65, 140.55, 155.34, 170.26.

Methyl 3-methoxy-5-methylbenzoate (4): To a solution of
compound 3 (9 g, 59.16 mmol) in acetone (180 mL) was added
K>COs (33 g, 237.0 mmol), iodomethane (37.2 mL, 591.6 mmol)
and a catalytic amount of DMAP. The mixture was heated at 65
°C for 12 h. Acetone was evaporated under reduced pressure,
and the concentrated residue was partitioned between water
(300 mL) and dichloromethane (450 mL). The aqueous layer
was further extracted with dichloromethane (300 mL), and the
combined organic extracts were dried over anhydrous MgSO4
and evaporated under vacuum. The residue was purified by colu-
mn chromatography (silica gel, ethyl acetate-hexane 1:12 v/v)
to give the pure product 4 as a colorless oil (9.98 g, 93.5%): R,=
0.39 (hexane/EtOAc, 12:1); 'H-NMR (CDCl) § 2.26 (s, 3H),
3.72 (s, 3H), 3.81 (s, 3H), 6.81 (s, 1H), 7.28 (s, 1H), 7.37 (s,
1H); "C-NMR (CDCls) 5 21.34, 52.13,55.37, 110.99, 120.23,
122.83,131.14, 139.56, 159.51, 167.13.

1-(3-Methoxy-5-methylphenyl)-2-(pyridin-4-yl)ethanone
(5): To a solution of the ester 4 (6 g, 33.3 mmol) and 4-methylpy-
ridine (3.4 g, 36.6 mmol) in THF (60 mL) was added dropwise
lithium bis(trimethylsilyl)amide 1M/THF (50 mL, 50.0 mmol)
at 0°C under N, atmosphere. The mixture was warmed to room
temperature and stirred for 18 h. Saturated aqueous ammonium
chloride solution (100 mL) was added to the mixture, followed
by extraction with ethylacetate (200 mL x 2). The combined or-
ganic layers were washed with saturated NaCl solution, dried
over anhydrous MgSO, and evaporated under vacuum to yield
crude 5 (7.96 g, 99%) as a brown oil which was used for the
next step without further purification. 'H-NMR (CDCls) & 2.38
(s,3H), 3.82 (s, 3H), 4.29 (s, 2H), 6.65 (s, 1H), 6.71 (s, 1H), 6.80
(s, 1H), 7.01 (d, J=5.8 Hz, 2H), (s, 1H), 8.48 (d,/=5.7 Hz, 2H);
PC-NMR (CDCls) & 21.39, 44.47, 55.24, 111.61, 115.27,
122.78,124.24,138.07, 139.81, 147.12,151.92, 161.11, 197.55.

4-(3-Methoxy-5-methylphenyl)-5-(pyridin-4-yl)pyrimidin-
2-amine (6): A mixture of compound 5 (7.96 g, 33.0 mmol) and
N,N-dimethylformamide dimethylacetal (30 mL, 255.0 mmol)
was heated under reflux in an oil bath for 12 h. The excess un-
reacted N,N-dimethylformamide dimethylacetal was removed
under vacuum, and the residue was dissolved in absolute ethanol
(100 mL) to form portion A. In portion B, an ethanolic solution
of sodium ethoxide was prepared by dissolving sodium metal
(0.84 g, 36.3 mmol) in absolute ethanol (50 mL), and then gua-
nidine hydrochloride (3.47 g, 36.3 mmol) was added. The mix-
ture was stirred at room temperature for 1 h, then portion A
was added. The temperature was raised to reflux, and the mix-
ture was heated for 8 h. The reaction mixture was left to cool to
room temperature, and then cooled in ice water. The crystallized
product 6 was collected by filtration, washed first with cold etha-
nol, then with water (6.0 g, 62%): mp 204 - 205°C; IR v/cm "
3320,3167, 1647, 1597, 1576, 1552, 1475, 1404, 1214, 1153,
1060; 'H-NMR (CDCL3) 8 2.25 (s, 3H), 3.62 (s, 3H), 5.49 (s, 2H),
6.61 (s, 1H), 6.72 (s, 1H), 6.79 (s, 1H), 7.07 (dd,J=1.5, 3.2 Hz,
2H), 8.33 (s, 1H), 8.50 (dd, J = 1.4, 3.3 Hz, 2H); "C-NMR
(CDCl3) 621.44,55.14,111.65, 116.55, 121.35,122.47, 123.94,
138.24,139.73, 145.32, 149.78, 159.32, 159.38, 162.57, 165.59.

4-(3-Methoxy-5-methylphenyl)-V,/V-dimethyl-5-(pyridin-
4-yl)pyrimidin-2-amine (7): A mixture of the amine 6 (100 mg,
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0.342 mmol) and sodium hydride (10 mg, 0.41 mmol) was stirr-
ed in dry DMF (3.0 mL) at room temperature and under N, at-
mosphere for 1h. To the stirred mixture was added iodomethane
(60 mg, 0.41 mmol) dropwise, and stirring was maintained for
more 24 h. The reaction mixture was poured over ice brine (50
mL), and the resulted precipitate was collected by filtration,
washed with cold water and dried. The dried solid was then puri-
fied by column chromatography (silica gel, ethyl acetate-hexane
1:1 v/v) to yield pure 7 (20 mg, 19%); mp 94 - 95°C; IR v/em
3438, 2926, 1583, 1550, 1408; 'H-NMR (CDCl3) 52.25 (s, 3H),
3.30(s, 6H), 3.64 (s, 3H), 6.72 (s, 2H), 6.82 (s, 1H), 7.06 (d, J=
5.9 Hz, 2H), 8.36 (s, 1H), 8.48 (d, /= 5.7 Hz, 2H).

N-Benzyl-4-(3-methoxy-5-methylphenyl)-5-(pyridin-4-yl)
pyrimidin-2-amine (8): A mixture of the amine 6 (100 mg, 0.34
mmol) and K»COs in DMF (3 mL) was stirred at 80 °C for 30
minutes. Benzyl chloride (48 mg, 0.38 mmol) in DMF (1 mL)
was added to the reaction mixture in 6 portions over a period of
2 h while heating and stirring were maintained. After complete
addition of the reagent, heating and stirring were continued for
2 more hours. The reaction mixure was left to cool, and then
poured over ice water (50 mL). The resulted precipitate was col-
lected by filtration, washed with cold water and dried. Purifica-
tion of the crude product with column chromatography (silica
gel, ethyl acetate-hexane 1:2 v/v) yielded pure 8 (45 mg, 34%):
mp 67 - 68°C; IR v/em ' 3431, 3258, 2920, 1579, 1517, 1416,
1059; "H-NMR (CDCls) & 2.23 (s, 3H), 3.60 (s, 3H), 4.68 (d,
J=5.7Hz, 2H), 6.63 (s, |H), 6.71 (s, 1H), 6.78 (s, 1H), 7.03 (d,
J=5.7Hz, 2H), 7.24-7.40 (m, 6H), 8.48 (d, /= 5.8 Hz, 2H);
BC-NMR (CDCl;) §21.45, 45.57, 55.11, 111.76, 116.49, 120.38,
122.73,123.92,127.27,127.65, 128.57, 138.58, 139.09, 139.50,
145.63, 149.73, 159.20, 159.25, 161.83, 165.09.

General procedure for the synthesis of 9a-d. A mixture of the
amine 6 (100 mg, 0.34 mmol), the appropriate arylbromide (0.41
mmol), dichlorobis(triphenylphosphine)Pd(Il) (24 mg, 0.034
mmol), Xantphos (20 mg, 0.034 mmol) and sodium zert-buto-
xide (50 mg, 0.51 mmol) was refluxed in toluene (5 mL) under
nitrogen atmosphere for 12 h. The reaction mixture was left to
cool at room temperature, and then cooled in an ice bath. The
formed solid was filtered, washed with cold toluene (10 mL),
then with water (50 mL) to yield the pure target compounds
9a-d.

4-(3-Methoxy-5-methylphenyl)-/NV-phenyl-5-(pyridin-4-yl)
pyrimidin-2-amine (92): Yield (100 mg, 79%); mp 128 - 129°C;
IR v/em ' 3437, 3249, 1582, 1561, 1448; 'H-NMR (CDClL3)
2.27 (s, 3H), 3.66 (s, 3H), 6.73 (s, 1H), 6.76 (s, 1H), 6.85 (s, 1H),
7.07-7.13 (m, 3H), 7.38 (t,J="7.9 Hz, 2H), 7.46 (s, 1H), 7.71 (d,
J=7.8Hz, 2H), 8.47 (s, 1H), 8.54 (d, J= 6.0 Hz, 2H); "C-NMR
(CDCl3)621.51,55.17,111.74,116.75, 119.42, 122.19, 122.74,
122.94,123.94, 129.03, 138.20, 139.17, 139.70, 145.24, 149.91,
159.09, 159.36, 159.54, 165.12.

1-(4-(4-(3-Methoxy-5-methylphenyl)-5-(pyridin-4-yl)pyri-
midin-2-ylamino)phenyl)ethanone (9b): Yield (106 mg, 76%);
mp 129 - 130°C; IR v/em ' 3438, 1673, 1600, 1575, 1516, 1435,
1274, 1177; '"H-NMR (CDCl3) 8 2.28 (s, 3H), 2.60 (s, 3H), 3.66
(s, 3H), 6.73 (s, 1H), 6.77 (s, 1H), 6.86 (s, 1H), 7.14 (d, J=5.6
Hz, 2H), 7.71 (s, 1H), 7.84 (d, J=8.7 Hz, 2H), 7.99 (d, J= 8.7
Hz, 2H), 8.52 (s, 1H), 8.57 (d, J = 5.6 Hz, 2H); "C-NMR
(CDCl3) 621.52,26.38,55.19,111.92,116.82,117.95, 122.73,
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123.24,123.92, 128.23, 129.04, 129.93, 131.37, 137.91, 139.81,
143.80, 144.91, 150.03, 158.98, 159.08, 159.44, 165.21, 196.81.
N-(3,5-Bis(trifluoromethyl)phenyl)-4-(3-methoxy-5-methyl-
phenyl)-5-(pyridin-4-yl)pyrimidin-2-amine (9c¢): Yield (128
mg, 74%); mp > 300°C; IR v/em ' 3421, 3143, 1662, 1553,
1445, 1200, 603; 'H-NMR (DMSO-ds) 5 2.24 (s, 3H), 3.54 (s,
3H), 6.60 (s, 1H), 6.83 (s, 1H), 6.98 (s, IH), 7.26 (d,/=6.0 Hz,
2H), 7.62 (s, 1H), 8.53 (d,J= 6.0 Hz, 2H), 8.63 (s, 2H), 8.71 (s,
1H), 10.68 (s, 1H); "C-NMR (DMSO-ds) §21.37, 55.28, 112.62,
116.79,118.65, 122.10, 122.79, 123.23, 124.55, 125.72, 130.89,
131.33, 138.39, 139.70, 142.74, 144.85, 150.14, 159.17, 160.17.
4-(3-Methoxy-5-methylphenyl)-N-(2,4-dimethylphenyl)-
5-(pyridin-4-yl)pyrimidin-2-amine (9d): Yield (89 mg, 66%);
mp 175 - 176°C; IR v/em ' 3441, 2923, 1579, 1510, 1448; 'H-
NMR (CDCl3) 6 2.27 (s, 3H), 2.33 (s, 6H), 3.64 (s, 3H), 6.70 (s,
1H), 6.74 (s, 1H), 6.85 (s, 1H), 7.09 (bs, SH), 7.80 (d, /J=8.2 Hz,
1H), 8.41 (s, 1H), 8.53 (d, J=4.4 Hz, 2H); "C-NMR (CDCl)
6 18.17,20.91,21.49, 55.14, 111.70, 116.67, 121.70, 122.68,
123.12,123.91, 127.20, 130.06, 131.35, 134.24, 134.30, 138.30,
139.67, 145.34, 149.89, 159.27, 159.34, 160.45, 165.27.

General procedure for the synthesis of 10a and 10b. To a solu-
tion of the amine 6 (100 mg, 0.34 mmol) in pyridine (3 mL) und-
er reflux, was added the appropriate benzoyl chloride (0.38
mmol) in 8 portions over a period of 2 hours. Heating and stirring
were maintained for 2 h after complete addition of the reagent.
Pyridine was removed under vacuum, and the residue was cry-
stallized from ethanol to yield the pure target compounds 10a
and 10b.

3-(Trifluoromethyl)-/V-(4-(3-methoxy-5-methylphenyl)-5-
(pyridin-4-yl)pyrimidin-2-yl)benzamide (10a): Yield (94 mg,
59%); mp 208 - 210°C; IR v/em ' 3438, 1600, 1435, 1251,
1054; '"H-NMR (CDCls)  2.27 (s, 3H), 3.62 (s, 3H), 6.65 (s,
1H), 6.76 (s, 1H), 6.86 (s, 1H), 7.16 (d,J=5.8 Hz, 2H), 7.68 (t,
J=7.7Hz, 1H), 7.87(d,J=7.6 Hz, 1H), 8.17 (d,J=7.7 Hz, 1H),
8.23 (s, 1H), 8.60 (d,/=5.8 Hz, 2H), 8.72 (s, 1H), 8.98 (s, 1H);
PC-NMR (CDCly) § 21.47, 55.16,99.42,99.83, 111.95, 117.16,
122.72,123.91, 124.54, 126.70, 129.10, 129.56, 131.03, 131.18,
135.04,136.98, 140.01, 144.15, 150.19, 157.16, 159.41, 159.51,
163.93, 165.49.

3,5-Bis(trifluoromethyl)-/NV-(4-(3-methoxy-5-methylphenyl)-
5-(pyridin-4-yl)pyrimidin-2-yl)benzamide (10b): Yield (115
mg, 63%); mp 276 - 277°C; "H-NMR (DMSO-ds) 8 2.20 (s, 3H),
3.55(s,3H), 6.63 (s, 1H), 6.81 (s, 1H), 6.85 (s, 1H), 7.30 (d, J=
5.7 Hz, 2H), 8.38 (s, 1H), 8.56 (d, /= 5.7 Hz, 2H), 8.63 (s, 2H),
8.83 (s, IH), 11.78 (s, 1H).

General procedure for the synthesis of 11a and 11b. A mixture
of the amine 6 (100 mg, 0.34 mmol) and the appropriate aryl iso-
cyanate (0.51 mmol) was heated in an oil bath at 120 °C while
stirring for 1 h. Ethyl acetate (10 mL) was added, while heating
and stirring were maintained for further 5 minutes. The insoluble
product was collected by filtration, washed with hot ethylacetate
(10 mL x 2) and dried to yield pure 11a and 11b.

1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-(4-(3-methoxy-5-
methylphenyl)-5-(pyridin-4-yl)pyrimidin-2-yl)urea (11a): Yield
(123 mg, 70%); mp 245 - 246°C; IR v/em ' 3442, 2962, 1716,
1584, 1548, 1419, 1303, 1135; 'H-NMR (DMSO-de) 8 2.24 (s,
3H),3.56 (s, 3H), 6.68 (s, 1H), 6.88 (s, 1H), 6.94 (s, 1H), 7.27 (d,
J=5.9Hz,2H), 7.69 (d,/=8.8 Hz, 1H), 7.82 (dd,/=2.3, 6.5 Hz,
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1H), 7.97 (d, J=2.3 Hz, 1H), 8.55 (d, /=5.9 Hz, 2H), 8.78 (s,
1H), 10.73 (s, 1H), 11.95 (s, 1H).

1-(3,5-Bis(trifluoromethyl) phenyl)-3-(4-(3-methoxy-5-me-
thylphenyl)-5-(pyridin-4-yl)pyrimidin-2-yl)urea (11b): Yield
(135 mg, 72%); mp 246 - 247°C; 'H-NMR (DMSO-d) 5 2.23
(s,3H),3.57 (s, 3H), 6.72 (s, 1H), 6.88 (s, 1H), 6.95 (s, 1H), 7.28
(d,J=5.7Hz, 2H),7.76 (s, IH), 8.18 (s, 2H), 8.56 (d, J=5.7 Hz,
2H), 8.80 (s, 1H).

General procedure for the synthesis of 12a-g. To a solution of
the starting methoxy compounds 6-10a (0.20 mmol) in dichlo-
romethane (5 mL) was added borontrifluoride-dimethyl sulfide
complex (0.21 mL, 2.0 mmol) dropwise at room temperature and
under N, atmosphere. The resulting suspension was stirred for
24 h, and then the mixture was concentrated under vacuum. The
residue was partitioned between ethylacetate (100 mL) and brine
(50 mL). The organic layer was separated and dried over an-
hydrous MgSOQs, then evaporated under vacuum. The residue
was then purified by column chromatography to yield the pure
hydroxyl products.

3-(2-Amino-5-(pyridin-4-yl) pyrimidin-4-yl)-5-methyl-phe-
nol (12a): Column chromatography (silica, ethyl acetate); Yield
(30 mg, 55%); mp 284 - 285°C; IR v/cm ' 3459, 3319, 3186,
1627, 1579, 1467, 1300, 1214; "H-NMR (DMSO-de) 8 2.13 (s,
3H), 6.43 (s, 1H), 6.58 (s, 2H), 7.00 (s, 2H), 7.11 (d, /=4.8 Hz,
2H), 8.31 (s, 1H), 8.50 (d, J=4.6 Hz, 2H), 9.37 (s, 1H); "C-NMR
(DMSO-de) 621.44,113.79,117.17, 119.51, 121.12, 124.19,
138.94, 139.31, 145.65, 149.87, 157.24, 159.89, 163.49, 165.04.

3-(2-(Benzylamino)-5-(pyridin-4-yl)pyrimidin-4-yl)-5-me-
thylphenol (12b): Column chromatography (silica, ethyl acetate-
hexane 1:1 v/v); Yield (35 mg, 47%); mp 223 - 224 °C; IR v/
em ' 3431,2923, 1579, 1415; 'H-NMR (DMSO-de) 8 2.12 (s,
3H), 4.58 (d, /=5.0 Hz, 2H), 6.46 (s, 1H), 6.58 (s, 2H), 7.18-
7.34 (m, 7H), 8.13 (bs, 1H), 8.37 (s, 1H), 8.46 (s, 2H), 9.37 (s,
1H).

3-Methyl-5-(2-(phenylamino)-5-(pyridin-4-yl)pyrimidin-
4-yl)phenol (12¢): Column chromatography (silica, ethyl ace-
tate-hexane 1:1 v/v); Yield (30 mg, 42%); mp 222 - 223°C; IR
v/em ' 3437, 1580, 1511, 1446; 'H-NMR (CD;0D) & 2.19 (s,
3H), 6.67 (s, 2H), 6.70 (s, 1H), 7.02 (t,J=7.3 Hz, 1H), 7.25-7.34
(m,4H),7.78 (d,J="7.9 Hz, 2H), 8.43 (d, /=5.9 Hz, 2H), 8.49
(s, IH).

1-(4-(4-(3-Hydroxy-5-methylphenyl)-5-(pyridin-4-yl) pyr-
imidin-2-ylamino)phenyl)ethanone (12d): Column chromato-
graphy (silica, ethyl acetate); Yield (40 mg, 51%); mp 184 - 185
°C; IR v/em ' 3431, 1576, 1517, 1436, 1279, 1179; 'H-NMR
(CD;0D) 6 2.17 (s, 3H), 2.55 (s, 3H), 6.66 (s, 3H), 7.24 (d, J=
4.6 Hz, 2H), 7.94 (s, 4H), 8.41 (d, /=4.2 Hz, 2H), 8.49 (s, 1 H);
PC-NMR (CD;0D) 5 20.01, 24.99, 113.38, 116.99, 117.66,
121.38, 122.18, 124.39, 129.49, 130.20, 138.34, 139.30, 145.19,
146.41, 148.59, 157.09, 158.93, 159.27, 165.11, 198.09.

3-(2-(3,5-Bis(trifluoromethyl)phenylamino)-5-(pyridin-4-
yl)pyrimidin-4-yl)-5-methylphenol (12e): Column chromato-
graphy (silica, ethyl acetate-hexane 1:3 v/v); Yield (39 mg,
40%); mp 258 - 259 °C; IR v/em ': 3437, 1565, 1441, 1377,
1276, 1179, 1133; "H-NMR (DMSO-ds) 8 2.29 (s, 3H), 6.46 (s,
1H), 6.73 (s, 1H), 7.14 (s, 1H), 7.18 (d, /= 5.1 Hz, 2H), 7.47 (s,
1H), 8.27(d,J=5.1 Hz, 2H), 8.35 (s, 2H), 8.45 (s, 1H), 8.74 (s,
1H),9.79 (s, 1H); "C-NMR (DMSO-ds) §21.33, 114.18, 117.89,
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118.65,121.15, 122.11, 123.04, 124.39, 125.73, 13091, 131.34,
138.47,139.45, 142.80, 144.76, 150.13, 157.34, 159.11, 160.16,
164.59.

3-(2-(2,4-Dimethylphenylamino)-5-(pyridin-4-yl)pyrimi-
din-4-yl)-5-methylphenol (12f): Column chromatography (sili-
ca, ethyl acetate-hexane 1:2 v/v); Yield (35 mg, 46%); mp 113 -
115°C; IR v/em ' 3652, 2922, 1713, 1578, 1510, 1452, 1408;
"H-NMR (CD;0D) 8 2.17 (s, 3H), 2.28 (s, 3H), 2.31 (s, 3H), 6.59
(s, IH), 6.64 (s, 1H), 6.66 (s, 1H), 7.03 (d,/= 8.1 Hz, 1H), 7.08
(s, 1H), 7.22 (dd, J= 1.6, 3.1 Hz, 2H), 7.48 (d, /= 8.00 Hz, 1H),
8.36 (s, 1H), 8.40 (dd, J= 1.5, 3.1 Hz, 2H); "C-NMR (CD;0OD)
516.91,19.61, 19.98, 113.24, 116.87, 120.60, 121.19, 124.28,
124.72,126.56, 130.80, 132.17, 134.39, 134.63, 138.50, 139.26,
146.61, 148.52, 157.02, 158.85, 160.78, 165.78.

3-(Trifluoromethyl)-NV-(4-(3-hydroxy-5-methylphenyl)-5-
(pyridin-4-yl)pyrimidin-2-yl)benzamide (12g): Column chro-
matography (silica, ethyl acetate-hexane 1:1 v/v); Yield (57 mg,
63%); mp 230 - 231°C; IR v/em ' 3438, 2923, 1616, 1562,
1494, 1460, 1125; "H-NMR (DMSO-ds) 5 2.19 (s, 3H), 6.68 -
6.82 (m, 3H), 7.52 (s, 2H), 7.90 (s, 1H), 8.15 (s, 1H), 8.55 - 8.68
(m, 4H), 9.05 (s, 1H), 9.66 (s, 1H).

General procedure for the synthesis of 13a and 13b. A mixture
of the phenolic amine 12a (50 mg, 0.18 mmol) and the appro-
priate isocyanate (0.27 mmol) was heated in an oil bath at 120 °C
with stirring for 1 h. The resulted solid was then dissolved in
ethylacetate (2 mL) and purified with column chromatography
(silica gel, ethyl acetate) to yield the pure products 13a and
13b.

1-(4-Chloro-3-(trifluoromethyl)phenyl)-3-(4-(3-hydroxy-5-
methylphenyl)-5-(pyridin-4-yl)pyrimidin-2-yl)urea (13a): Yield
(58 mg, 64%); mp 272 - 273 °C; IR v/ecm ' 3437, 1703, 1583,
1558, 1483, 1420, 1324, 1139, 646; 'H-NMR (DMSO-ds) 52.18
(s,3H), 6.55 (s, 1H), 6.68 (s, 1H), 6.77 (s, 1H), 7.26 (s, 2H), 7.66
(d,J=8.4Hz, 1H),7.77 (d,J="7.8 Hz, 1H), 8.00 (s, 1H), 8.54 (s,
2H), 8.73 (s, 1H), 9.47 (s, 1H), 10.55 (s, 1H), 11.91 (s, 1H).

1-(3,5-Bis(trifluoromethyl) phenyl)-3-(4-(3-hydroxy-5-me-
thylphenyl)-5-(pyridin-4-yl)pyrimidin-2-yl)urea (13b): Yield
(74 mg, 77%); mp > 300°C; 'H-NMR (DMSO-ds)  2.34 (s, 3H),
7.13-7.27 (m, 5H), 7.59 (s, 2H), 7.95 (s, 2H), 8.03-8.07 (m, 2H),
8.66 - 8.79 (m, 2H), 11.89 (s, 1H).

Cell-line screening. Cell-line screening was applied at the
National Cancer Institute (NCI), Bethesda, Maryland, USA.”
applying the following procedure. The human tumor cell lines
of the cancer screening panel are grown in RPMI 1640 me-
dium containing 5% fetal bovine serum and 2 mM L-glutamine.
For a typical screening experiment, cells are inoculated into 96
well microtiter plates in 100 pL at plating densities ranging from
5,000 to 40,000 cells/well depending on the doubling time of
individual cell lines. After cell inoculation, the microtiter plates
are incubated at 37 °C, 5% CO,, 95% air and 100% relative hu-
midity for 24 h prior to addition of experimental drugs. After
24 h, two plates of each cell line are fixed in situ with TCA, to
represent a measurement of the cell population for each cell
line at the time of drug addition (Tz). Experimental drugs are
solubilized in dimethyl sulfoxide at 400-fold the desired final
maximum test concentration and stored frozen prior to use. At
the time of drug addition, an aliquot of frozen concentrate is
thawed and diluted to twice the desired final maximum test con-
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centration with complete medium containing 50 pg/mL genta-
micin. Additional four, 10-fold or 1/2 log serial dilutions are
made to provide a total of five drug concentrations plus control.
Aliquots of 100 pL of these different drug dilutions are added
to the appropriate microtiter wells already containing 100 pL
of medium, resulting in the required final drug concentrations.
Following drug addition, the plates are incubated for an additio-
nal 48 h at 37 °C, 5% CO,, 95% air, and 100% relative humi-
dity.

For adherent cells, the assay is terminated by the addition of
cold TCA. Cells are fixed in situ by the gentle addition of 50 uL.
of cold 50% (w/v) TCA (final concentration, 10% TCA) and in-
cubated for 60 minutes at 4 °C. The supernatant is discarded, and
the plates are washed five times with tap water and air dried. Sul-
forhodamine B (SRB) solution (100 nuL) at 0.4% (w/v) in 1%
acetic acid is added to each well, and plates are incubated for
10 minutes at room temperature. After staining, unbound dye is
removed by washing five times with 1% acetic acid and the plat-
es are air dried. Bound stain is subsequently solubilized with 10
mM trizma base, and the absorbance is read on an automated
plate reader at a wavelength of 515 nm. For suspension cells, the
methodology is the same except that the assay is terminated by
fixing settled cells at the bottom of the wells by gently adding
50 uL of 80% TCA (final concentration, 16% TCA). Using the
seven absorbance measurements [time zero, (Tz), control grow-
th, (C), and test growth in the presence of drug at the five con-
centration levels (T1i)], the percentage growth is calculated at
each of the drug concentrations levels. Percentage growth inhi-
bition is calculated as: [(Ti-Tz)/(C-Tz)] % 100 for concentrations
for which Ti>/=Tz [(Ti-Tz)/Tz] x 100 for concentrations for
which Ti < Tz. Three dose response parameters are calculated
for each experimental agent. Growth inhibition of 50% (Glso)
is calculated from [(Ti-Tz)/(C-Tz)] x 100 =50, which is the drug
concentration resulting in a 50% reduction in the net protein in-
crease (as measured by SRB staining) in control cells during the
drug incubation. The drug concentration resulting in total grow-
th inhibition (TGI) is calculated from Ti=Tz. The LCs (con-
centration of drug resulting in a 50% reduction in the measured
protein at the end of the drug treatment as compared to that at the
beginning) indicating a net loss of cells following treatment is
calculated from [(Ti-Tz)/Tz] x 100 =-50. Values are calculated
for each of these three parameters if the level of activity is reach-
ed. However, if the effect is not reached or is exceeded, the value
for that parameter is expressed as greater or less than the maxi-
mum or minimum concentration tested.

Enzyme screening. Kinase assays were performed at Reac-
tion Biology Corporation using the “HotSpot” assay platform.
Kinase Assay Protocol. Reaction Buffer: base Reaction buffer;
20 mM Hepes (pH 7.5), 10 mM MgCl,, | mM EGTA, 0.02%
Brij35, 0.02 mg/mL BSA, 0.1 mM NazVO,, 2 mM DTT, 1%
DMSO. Reaction Procedure: To a freshly prepared buffer solu-
tion was added any required cofactor for the enzymatic reaction,
followed by the addition of the selected kinase at a concentration
of 20 uM. The contents were mixed gently, and then the com-
pound under test (compound 12e) dissolved in DMSO was add-
ed to the reaction mixture in the 10 uM concentration. 339-ATP
(specific activity 500 pCi/uL) was added to the mixture in order
to initiate the reaction, and the mixture was incubated at room
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temperature for 2 hours. Staurosporine was used as a control
compound in a 5-dose ICsy mode with 10 fold serial dilutions
starting at 20 uM, and the reaction was carried outat 10 uM ATP
concentration.
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