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AbstractÐA series of 3-cyano-4-(phenoxyanilino)cyanoquinolines has been prepared as MEK (MAP kinase kinase) inhibitors. The
best activity is seen with alkoxy groups at both the 6- and 7-positions. The lead compounds show low nanomolar IC50's against
MAP kinase kinase, and have potent inhibitory activity in tumor cells. # 2000 Elsevier Science Ltd. All rights reserved.

Introduction

The mitogen-activated protein kinase (MAPK) pathway
is a major player in the kinase signaling cascade from
growth factors to the cell nucleus.1 The MAPK pathway
involves a heirarchy of kinases at multiple levels: MAP
kinases (or ERKs, extracellular signal-regulated kina-
ses) and MAP kinase kinases (or MEKs, MAPK/ERK
kinases). MEK is activated by phosphorylation on ser-
ine 218 and 222 residues by upstream kinases such as
those in the Raf family. Once activated, MEK catalyzes
phosphorylation on a TEY site on ERK. The activated
ERK then phosphorylates and activates transcription
factors in the nucleus such as c-Myc and Elk-1/TCF.
Constitutively active MEK mutants are known to
induce cell transformation and produce tumors in nude
mice.2 Over-expression and/or over-activation of MEK
or ERK protein has been found to be associated with
various human cancers, including kidney, breast, colon,
and oral carcinomas, leukemias, and glial neoplasms.3

Inhibition of the MAPK pathway through inhibition of
MEK or ERK presents a unique opportunity to block
uncontrolled cell growth and, thus, has potential ther-
apeutic utility in cancer treatment.4ÿ6 This strategy has
been pursued by other pharmaceutical companies, such
as Parke-Davis5 and DuPont.6 We have been pursuing a
series of 4-anilino-3-cyanoquinolines7 as inhibitors of

MAP kinase kinase. The initial leads came from selec-
tive evaluation of compounds prepared as putative
inhibitors of other kinases.7b We now report the synth-
esis and structure±activity relationships of this series of
compounds as MEK (MAP kinase kinase) inhibitors.

Chemistry

The synthesis of compounds 1±11 is shown in Scheme 1.
Starting from methyl anthranilates, condensation in
re¯uxing dimethylformamide dimethylacetal provided
amidine methyl esters. Treatment with lithium acetoni-
trile gave cyclized quinolones, which underwent chlor-
ination and aniline replacement, yielding the desired 4-
anilino-3-cyanoquinolines.

It was reported by AstraZeneca8 that replacing a 7-
methoxy with 7-morpholinoalkoxy substituents on a 4-
anilinoquinazoline greatly increased potency against
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Scheme 1. (a) DMF-DMA, re¯ux; (b) LiCH2CN, THF, ÿ78 �C, then
HOAc, rt; (c) POCl3, re¯ux; (d) ArNH2, EtOCH2CH2OH, re¯ux.
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VEGF receptor tyrosine kinases. We adopted the same
strategy and incorporated morpholinoalkoxy sub-
stituents at the 7-position. The synthesis of compounds
12±14 was accomplished in a similar manner, as shown
in Schemes 2 and 3. 2-Chloroethoxy or 3-chloropropoxy
groups were introduced to the 7-position in cyanoqui-
nolines, with the chloro group as the precursor for the
morpholino group. After aniline replacement, the
chloro group was replaced by morpholine in the pre-
sence of a catalytic amount of sodium iodide.

Results and Discussion

The compounds were tested in two related enzyme
assays: a coupled Raf-MEK-ERK ¯uorescent ELISA

assay9 (in which an activated Raf was used to phos-
phorylate MEK) and a direct MEK-ERK ¯uorescent
ELISA assay10 (in which a previously activated MEK
was used to activate ERK). The IC50 values for com-
pounds 1±9 and 12±14 in these two assays are shown in
Table 1.

Several conclusions can be drawn from the testing
results. A methoxy substituent at the 5- and 7-position
increases activity moderately (2, 4, or 7 versus 1), while
a methoxy at the 8-position totally diminishes activity
(5, 8, and 9). A methoxy group at the 6-position
increases activity by about one order of magnitude (3
versus 1; 14 versus 12). The best activity is achieved
when both the 6- and 7-positions are substituted with
methoxy (6) or alkoxy groups (13 and 14). An impor-
tant ®nding is that enzyme inhibition is retained upon
replacing R3 OMe by O(CH2)2-3morph (6 versus 13 and
14). For the alkyl chain length between the morpholine
and the oxygen at the 7-position, a three methylene unit
provides better activity compared with a two methylene
unit (13 versus 14). The same trend was observed at the
7-position of a 4-anilinoquinazoline prepared as VEGF
receptor tyrosine kinase inhibitors by AstraZeneca.8

The role of the para-phenoxyaniline substitution pattern
at the 4-position was also studied by comparison with
the corresponding meta- and ortho- analogues (6 versus
10 and 11, Table 2). Moving the phenoxy group from a
para- to a meta-position decreases the activity (6 versus
10), while the ortho-substitution essentially abolishes
activity (11).

These 3-cyano-4-(phenoxyanilino)quinoline compounds
appear to be selective inhibitors of the MEK enzyme.
The activity in the direct MEK assay is about 2±4-fold
less potent than in the coupled MEK assay. Greater
potency in the coupled assay may re¯ect either some

Scheme 2. (a) Ethyl (ethoxymethylene)cyanoacetate, Dowtherm,
re¯ux; (b) pyridine hydrochloride, 220 �C; (c) Cl(CH2)3OTs, NaH,
DMF rt; (d) POCl3, re¯ux; (e) ArNH2, EtOCH2CH2OH, re¯ux; (f)
orpholine, NaI, DME, re¯ux.

Scheme 3. (a) Cl(CH2)nOTs, K2CO3, (C8H17)3N
+CH3Cl

ÿ, acetone,
re¯ux; (b) HNO3, HOAc, 50 �C; (c) Fe, NH4Cl, CH3OH, re¯ux; (d)
DMF±DMA, re¯ux; (e) LiCH2CN, THF, ÿ78 �C, then HOAc, rt; (f)
POCl3, re¯ux; (g) ArNH2, EtOCH2CH2OH, re¯ux; (h) morpholine,
NaI, DME, re¯ux.

Table 1. Inhibitory activity of compounds 1±9 and 12±14

Compd R1 R2 R3 R4 IC50 (nM)
Coupled
MEK9

IC50 (nM)
Direct
MEK10

1 H H H H 125 680
2 OMe H H H 98 450
3 H OMe H H 18 35
4 H H OMe H 90 125
5 H H H OMe >10,000 >10,000
6 H OMe OMe H 9 30
7 OMe H OMe H 60 185
8 H OMe OMe OMe >10,000 >10,000
9 OMe H H OMe >10,000 >10,000
12 H H O(CH2)3morph H 28 68
13 H OMe O(CH2)2morph H 8 25
14 H OMe O(CH2)3morph H 2.4 7

Values are means of two experiments.
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Raf inhibition or greater sensitivity of response in cou-
pled systems.11 However, more direct evidence for
selective MEK inhibition by some of these compounds
comes from data showing more potent inhibition of
MEK phosphorylation of ERK than Raf phosphoryla-
tion of MEK as measured by phosphoimaging of
[33P]ATP bands on SDS-PAGE gels (data not shown).
In addition, in vitro selectivity for other enzymes was
studied. The most active compounds, 6 and 13, were
tested in an ERK2 kinase assay,12 and found to have
greatly reduced activity (IC50>10 mM). They were also
found to have little e�ect on certain tyrosine kinases
{EGFR (epidermal growth factor receptor), ECK (epi-
thelial cell kinase), and KDR (VEGF related kinase
insert domain-containing receptor)} or serine/threonine
kinases such as cyclin dependent kinases (cdk2, cdk4)
and AKT (target for PI3K) (data not shown). Studies
on inhibition of other related MAPK kinase family
members is ongoing.

The cyanoquinoline core is necessary for inhibition of
MEK activity. Compound 15, the quinazoline analogue
of compound 6, was found to be weakly active
(IC50>100 mM).

Compounds 6, 13, and 14 were tested for their ability to
inhibit cell growth in Colo205, Lovo, and SW620
human colon tumor lines in culture.13 The activity of
these compounds is shown in Table 3. Compounds 13
and 14, with a morpholinoalkoxy group at the 7-posi-
tion, showed better cell inhibitory activity than the cor-
responding dimethoxy compound, 6. Cells are checked
microscopically for morphological and cytotoxic chan-
ges at each concentration. Viability is checked using
trypan blue dye staining and counting on a hemacyt-
ometer. Compounds are not cytotoxic at concentrations
near the IC50 value; there is no evidence of cytotoxicity
at concentrations below 5 mM. Compounds 13 and 14
showed evidence of cytotoxicity only at concentrations
greater than 5 mM. This represents a window of 10±15

fold between the 50% e�cacious concentration and the
toxic concentration. The data do indicate a di�erence in
IC50 values for enzyme activity and e�ects on cell pro-
liferation on the order of 50±100-fold. Higher IC50

values in cells relative to enzyme may suggest a problem
with availability and uptake in cells, or alternatively,
re¯ect that net inhibition of the MEK/ERK pathway is
in the context of cell speci®c biochemistry (e.g. com-
pensatory alternative growth signals). Separate studies
to be reported elsewhere, show that these compounds
do inhibit ERK phosphorylation in tumor cells at con-
centrations less than 1 mM.

In conclusion, we have developed a series of 3-cyano-4-
(phenoxyanilino)cyanoquinolines as MEK (MAP
kinase kinase) inhibitors. The most active compounds
have alkoxy groups at both the 6- and 7- positions.
Compounds with a methoxy group at the 6-position and
a morpholinoalkoxy group at the 7- position maintain
potent enzymatic activity compared with the methoxy
analogues. These compounds represent novel structures
with MEK inhibitory activity. The lead compounds
show low nanomolar IC50's against MAP kinase kinase,
and have potent activity on several tumor cell lines.
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