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Abstract—A series of 4-anilino-3-cyano-6,7-dialkoxyquinolines with different substituents attached to the 4-anilino group has been
prepared that are potent MEK (MAP kinase kinase) inhibitors. The best activity is obtained when a phenyl or a thienyl group is
attached to the para-position of the aniline through a hydrophobic linker, such as an oxygen, a sulfur, or a methylene group. The
most active compounds show low nanomolar IC50’s against MEK (MAP kinase kinase), and have potent growth inhibitory activity
in LoVo cells (human colon tumor line). # 2001 Elsevier Science Ltd. All rights reserved.

Mammalian cells use diverse signaling pathways to
instruct the nucleus about genes to turn on and off in
the regulation of cell growth and cell cycling. The mito-
gen-activated protein kinase (MAPK) pathway (Raf-
MEK-ERK phosphorylation cascade) is a key signaling
pathway linking signals from growth factors and hor-
mones acting at cell surface receptors to transcription
factors in the nucleus which control gene expression and
function.1 However, this pathway also serves oncogenic
signals in cancer cells by linking signals from membrane
receptor oncogenes and intracellular oncogenic kinases
to the nucleus. Ras is an upstream activator of the
MAPK pathway and oncogenic forms of Ras are
known. Ras is mutated in roughly 30% of all human
solid tumors, including 50% of all colon cancers and
90% of all pancreatic cancers.2 Although mutations of
Raf3 have not yet been shown in human tumors, over-
expression, hyperactivity, or dysregulation of c-Raf3 has
been shown to be associated with various human can-
cers and tumor cells.3 Cells transformed with v-Raf are
tumorigenic when injected into mice4 and v-Raf has
been shown to transform human tissue and cells.4 MEK
(MAP kinase kinase) and ERK (MAP kinase) are
dysregulated in human cancers5 and over-activation
of c-Raf is associated with dysregulated ERK and MEK

in human tumors and tumor cell lines.5g Thus, inhibi-
tion of the MAPK pathway through inhibition of Raf,
MEK, or ERK presents a unique opportunity to block
uncontrolled cell growth and, therefore, has potential
therapeutic utility in developing cancer agents.6 Raf
inhibitors,7 MEK inhibitors,8 and receptor and non-
receptor tyrosine kinase inhibitors9 have been reported
in the literature.

We have previously reported a series of 3-cyano-4-
(phenoxyanilino) quinolines that are novel and potent
inhibitors of MEK (MAP kinase kinase) activity.10 The
most active compounds have alkoxy groups at both the
6- and 7-positions. Our thesis is that cyanoquinoline
molecules represent new, unique inhibitors of MEK,
which is an important new target for cancer
therapeutics. We now report the structure–activity rela-
tionships of a series of 4-anilino-3-cyano-6,7-dialkoxy-
quinolines with different substitutions on the 4-anilino
group. The substitution patterns at the 6- and 7-posi-
tions were those which have been shown to provide the
best activity: 6,7-dimethoxy- or 6-methoxy-7-(3-mor-
pholino-4-yl-propoxy).10

Compounds were prepared using methods described in
the previous paper.10a Compounds were tested for
MEK kinase inhibition using two related fluorescence
based (DELFIA) ELISA assays: a coupled MEK assay
(which uses activated Raf to activate an inactive
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GST-MEK)10a and a direct MEK assay (which by-pas-
ses the need for activated Raf by using an activated
GST-MEK).10a Cells were obtained from ATCC
(Rockville, MD) and inhibition of cell proliferation was
monitored as described before.10a

We have extended our initial findings on 3-cyano-4-
(phenoxyanilino)-6,7-dialkoxyquinolines by evaluating
the SARs surrounding the substitutions on the 4-anilino
group. The structures of such 4-anilino-3-cyano-6,7-
dimethoxyquinoline compounds (1–10) and their IC50

values are shown in Table 1.

As shown in Table 1, compound 1, with a para-phenoxy
group on the aniline at the 4-position, shows low nano-
molar IC50’s in both assays. Replacement of the oxygen
with an amino group (2) greatly decreases activity, while
replacement of the same oxygen with a methylene group
(3) retains the activity. This result suggests that a
hydrogen bond donor is detrimental to activity. A flex-
ible linkage between the two phenyl rings is crucial as
the activity decreases by more than two orders of mag-
nitude when a phenyl group is attached directly to the
aniline at the para-position (4). The size of the phenoxy
group is also important for activity. Replacement with a
methoxy (5), a hydroxy (6), or a methylsulfanyl (7)
group invariably leads to a decrease in activity. The
activity is reduced by 6- to 7-fold when a 4-chloro is
introduced to the phenoxy group (8). The position of
the phenoxy group on the aniline is also very important.
When it is moved from the para-position (1) to the
meta-position (9), the activity is greatly reduced. Mov-
ing the phenoxy to the ortho-position (10) further redu-
ces activity. The activity in the direct MEK assay is
consistent with that in the coupled MEK assay,
although the IC50 values in the coupled assay are 4- to
10-fold better. This may reflect the fact that coupled
kinase systems enhance the signal amplification and
sensitivity of an assay.11 Furthermore, the kinase

components of the MAPK cascade have been shown to
change from graded to all or none responses as the
phosphorylation cascade proceeds;11 thus, different
steps in the cascade may be more or less sensitive to
inhibitors.

A key finding in our earlier paper10a was the fact that
introducing a morpholinoalkoxy group at the 7-posi-
tion, while maintaining a 6-alkoxy group, contributed
to greater potency in the cell growth assay. We have
extended these studies and focused our synthetic and
biological efforts on a study of the SARs of analogues
with different substituents at the para-position of the 4-
anilino group of 4-anilino-3-cyano-6-methoxy-7-(3-
morpholino-4-yl-propoxy) quinolines (11–26). The
structures of these compounds and the IC50 values for
kinase inhibition are shown in Table 2.

Several conclusions can be reached from these results.
We confirmed our earlier findings (shown in Table 1)
that a benzyl group is comparable to a phenoxy group
on the 4-aniline (11 vs 12) while a methoxy group
greatly reduces activity (13). In addition, we found a
phenylsulfanyl group (14) is at least as potent as a
phenoxy or a benzyl group. An unsaturated ring system
is required for this position since replacement of the
phenyl ring with a saturated cyclohexyl group reduces
activity by 2–3 orders of magnitude (11, 12, and 14 vs
15, 16, and 17). We then studied the effects of attaching
different heteroaryl groups through a methylene or an
oxygen linkage. Pyridinyl groups were first introduced in
place of the phenyl group owing to the geometric similarity
of these groups. As shown in Table 2, inhibitory activity

Table 1. Kinase inhibitory activity of compounds 1–10a

Compound R IC50 (mM)
Coupled
MEK4

IC50 (mM)
Direct
MEK4

1 para-Phenoxy 0.0062 0.034
2 para-Phenylamino 0.16 1.2
3 para-Benzyl 0.0036 0.036
4 para-Phenyl 1.1 9.5
5 para-Methoxy 0.52 3.0
6 para-Hydroxy 0.55 2.2
7 para-Methylsulfanyl 0.28 1.3
8 para-(4-Chlorophenoxy) 0.043 0.21
9 meta-Phenoxy 0.060 0.16
10 ortho-Phenoxy >10 >10

aValues are means of two experiments, each experiment with n=3
replicates. The variability is within 10% of the mean.

Table 2. Kinase inhibitory activity of compounds 11–26a

Compound R IC50 (mM)
Coupled
MEK4

IC50 (mM)
Direct
MEK4

11 Phenoxy 0.0024 0.0070
12 Benzyl 0.0027 0.014
13 Methoxy 0.099 0.25
14 Phenylsulfanyl 0.0011 0.0057
15 Cyclohexyloxy 0.11 0.32
16 Cyclohexylmethyl 0.20 3.3
17 Cyclohexylsulfanyl 0.021 0.30
18 4-Pyridinylmethyl 0.19 0.65
19 3-Pyridinylmethyl 0.029 0.10
20 2-Pyridinylmethyl 0.018 0.072
21 4-Pyridinyloxy 0.026 0.081
22 3-Furylmethyl 0.014 0.043
23 2-Furylmethyl 0.020 0.066
24 3-Thienylmethyl 0.0042 0.023
25 2-Thienylmethyl 0.0044 0.020
26 2-Phenylethyl 0.033 0.15

aValues are means of two experiments, each experiment with n=3
replicates. The variability is within 10% of the mean.
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increases in order from 4-pyridinyl to 3-pyridinyl and
then to 2-pyridinyl (18, 19, and 20). However, even the
most active of the three, compound 20, is about 5-fold
less active than the corresponding phenyl analogue,
compound 12. Similarly, the 4-pyridinyloxy compound
21 is 10-fold less active than the corresponding phenoxy
analogue 11. Both 2- and 3-furyl groups are also 5- to
10-fold less active than the corresponding phenyl group
(22 and 23 vs 12), while 2- and 3-thienyl groups are only
2-fold less active (24 and 25 vs 12). To study the space
requirement of the linker between the two aryl groups,
we also extended the methylene linkage in 12 to its ethyl
homologue (26). This resulted in a 10-fold loss of activ-
ity.

The active compounds in Tables 1 and 2 appear to be
relatively selective for MEK. These compounds showed
less activity (with IC50’s greater than 10 mM) on other
serine/threonine kinases (cdk2 and cdk4, AKT, ERK)
and tyrosine kinases (EGFR, HER2/NEU, ECK, and
VEGF related KDR). Other related MAPK family
members are being tested.

In addition to enzyme inhibitory activity, several of
these compounds exhibit cell growth inhibitory activity.
Cell proliferation was monitored by harvesting mono-
layer cell cultures with trypsin after exposing the cells to
10% serum containing compound for 3 days. The cells
were counted by an electronic particle counter. In some
cases, cells were counted on a hemocytometer under
light microscopy with trypan blue staining. Compounds
1, 11, 12, and 14 were found to be inhibitors of growth
in a LoVo human tumor cell line. The IC50 values of
these compounds are shown in Table 3. These com-
pounds were not cytotoxic at concentrations near the
IC50 values for growth inhibition as observed by light
microscopy of the cells and by trypan blue dye exclu-
sion. At concentrations on the order of 5–10 mM, some
compounds show morphological evidence of cytotoxi-
city. Western blot studies have shown that these com-
pounds also inhibit phosphorylation of cellular ERK1,2
at concentrations of 200–900 nM (data not shown),
which are equivalent to, or slightly higher than, the IC50

values required for growth inhibition.

We have recently reported on the SARs for a series of 3-
cyano-4-(phenoxyanilino)-6,7-dialkoxyquinolines that
are potent MEK inhibitors and represent novel struc-
tures with relatively selective MEK activity.10 We now
have extended these SAR studies by preparing a series
of 4-anilino-3-cyano-6,7-dialkoxyquinolines with differ-
ent substituents on the 4-anilino group. A study of these

SARs shows that inhibitory activity is best when the
para-position of the 4-anilino group is connected to a
phenyl or a thienyl group through a hydrophobic linker,
such as an oxygen, a sulfur or a methylene group. The
most active compounds show low IC50 values (2–50 nM)
against MEK (MAP kinase kinase), and have potent
(around 200 nM) growth inhibitory activity in LoVo
cells (human colon tumor). Introduction of a morpho-
linoalkoxy group at the 7-position yields compounds
that are more active on cells than the corresponding 6,7-
dimethoxy compounds. We have established that these
compounds are competitive with ATP (data to be pub-
lished separately) and thus, they have a different mode
of action than PD 98059 or U 0126, other MEK inhi-
bitors, which are noncompetitive with ATP and appear
to bind to MEK.

Our colleagues at Wyeth-Ayerst Research have recently
published on two different series of cyanoquinolines9e�g

that inhibit EGFR kinase and Src kinase. These com-
pounds are different from, but related to, structures
presented in this manuscript. Although the core struc-
tures of the compounds are similar, the anilino groups
at the 4-position are different. Quinazolines have been
shown to be good tyrosine kinase inhibitors. Although
quinazolines9a�d are close analogues of the cyanoquino-
lines, we have clearly shown that quinazolines do not
inhibit MEK.10a Several other quinazolines have been
tested on MEK and IC50 values were found to be
greater than 10 mM.
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