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METHOD FOR TREATING CHRONIC PAIN
USING MEK INHIBITORS

BACKGROUND

The invention features a method for treating chronic pain using MEK
inhibitors. Chronic pain includes neuropathic pain, and chronic inflammatory
pain.

Abnormality anywhere in a nerve pathway disrupts nerve signals, which
in turn are abnormally interpreted in the brain, causing neuropathic pain.
Neuropathic pain may be, for example, a deep ache, a burning sensation, or
hypersensitivity to touch. Diseases or conditions associated with neuropathic
pain include, without limitation, diabetic neuropathy, causalgia, plexus
avulsion. neuroma, vasculitis, crush injury, viral infections (e.g., herpes virus
infection or HIV), constriction injury, tissue injury, nerve injury from the
periphery to the central nervous system, imb amputation, hypothyroidism,
uremia, chronic alcoholism, post-operative pain, arthritis, back pain, and
vitamin deficiencies.

Infections such as herpes zoster (shingles) can cause nerve
inflammation and produce postherpetic neuralgia, a chronic burning localized
to the area of viral infection. Hyperalgesia is when an already noxious
stimulus becomes more painful, and allodynia, when a previously noN-NOXIoUsS
stimulus becomes painful (such as contact of clothing or a breeze). Reflex
sympathetic dystrophy is accompanied by swelling and sweating or changes
in local blood flow. tissue atrophy, or osteoporosis. Causaigia, including
severe burning pain and swelling, sweating, and changes in blood flow, may
follow an injury or disease of a major nerve such as the sciatic nerve. Some
types of chronic low back pain can have a neuropathic component (e.g.,
sciatica, postpoliomyelitis and CPRM). Neuropathic pain may also be induced

by cancer or chemotherapy.
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Neuropathic pain is currently treated with anticonvulsants such as
carbamazepine and antidepressants such as amitryptaline. NSAIDS and
opioids generally have little effect (Fields et al 1994 Textbook of Pain p 991-
996 (pub: Churchill Livingstone), James & Page 1994
J.Am.Pediatr Med.Assoc, 8: 439-447, Galer, 1995 Neurology 45 S17-S28.
Neuropathic conditions that have been treated with gabapentin include:
postherpetic neuralgia, postpoliomyelitis, CPRM, HIV-related neuropathy,
trigeminal neuralgia, and reflex sympathetic dystrophy (RSD).

The generally weak efficacy of antiinflammatory agents suggests that the

mechanism for chronic pain is separate from hyperalgesia.

SUMMARY OF THE INVENTION

The invention features a method for treating chronic pain, which
method includes the step of administering a composition including a MEK
inhibitor to a patient in need of such treatment. Chronic pain includes
neuropathic pain, idiopathic pain, and pain associated with vitamin
deficiencies, uremia, hypothyroidism post-operative pain, arthritis, back pain,
and chronic alcoholism. The invention also features compositions as
disclosed. formulated for the treatment of chronic pain. Such a composition
may include one or more MEK inhibitor compounds having a structure
disclosed in patent applications USSN 60/115,873, filed January 13, 1999,
PCT/US99/30483, international filing date December 21, 1999.

Examples of MEK inhibitors include a compound having the formuia (1)

below:
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In formula (1), W is ORy, NR,OR;, NRaRg, NR2NRaRg, O(CH2)2.4NRaRs, or
NR>(CH3)>4 NRaRg. Rjis H, C 1.5 alkyl, C 3.5 alkenyl, C 3.5 alkynyl, C 35
cycloalkyl, phenyl, (phenyl)C 14 alkyl, (phenyl)C 5.4 alkenyl, (phenyl)C 3.4
alkynyl, (C 3.g cycloalkyl)C 14 alkyl, (C 3.8 cycloalkyl)C 3.4 alkenyl, (C 3.5
cycloalkyl)C 3.4 alkynyl, C ;.5 heterocyclic radical, (C 3.3 heterocyclic radical)C
.2 alkyl, (C 1.5 heterocyclic radical)C 3.4 alkenyl, (C 3.¢ heterocyclic radical)C 3.4
alkynyl or (CHs)..4 NRcRp. Rz is H, C 1.4 alkyl, phenyl, C 3. cycloalkyl, C 3.6
heterocyclic radical, or (C 3¢ cycloalkyl) methyl. Rais H, C 1.6 alkyl, C 3.8
alkenyl, C 1.5 alkynyl, C 1. cycloalkyl, phenyl, (C 3.5 cycloalkyl)C 14 alkyl, (C 3.8
cycloalkyl)C 3.4 alkenyl, (C 3.3 cycloalkyl)C 3.4 alkynyl, C 3.5 heterocyclic radical,
(C ;.5 heterocyclic radical)C 1.4 alkyl, (aminosulfonyl)phenyl,
[(aminosulfonyl)phenyl]C 1.4 alkyl, (aminosulfonyl)C 1.6 alkyl, (aminosulfonyl)C
16 cycloalkyl, [(aminosulfonyl)C 3.6 cycloalkyl]C 1.4 alkyl, or (CH2)2-4 NRcRbp. Rg
is H, C 1.5 alkyl, C 3.5 alkenyl, C 3. alkynyl, C 33 cycloalkyl, or phenyl.

Q is one of the following formulae (i) — (ii):

W a V¥ e Ve V8 VNN

C-Z Z Ry R4 u

(1) (11) (111)
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R, is H or F; R4 is halo, NO2, SO2NRo(CH2)2.4NREeRF, SO,NReRror (CO)T. T
is C 1-8 alkyl, C 3.8 cycloalkyl, (NRERF)C 1-4 alkyl, ORF, -NRQ(CH2)2.4 NRERF, or
NReRr: Z is one of the following formulae (iv) — (viii):

N N N X Xy~ .~ N
>\—/< Y 1 2\|/
R: R R~ R~
(1v) (V) (v1)
5
[ | |
N. _N _N. =N
X3 Rg
(vi1) (viil)

10 One of Rs and Rg is H or methyl and the other of Rs and Rg is H, C 15 alkyl,
C,.s alkenyl, Co¢ alkynyl, phenyl, benzyl, or -M-E-G. Mis O, CO, SOz, NR,,
(CO)NRy, NRy (CO), NRy (SO2), (SO2)NRy, or CHa. E is (CH>2)14 or (CH2)m
O(CH,), where 1 < (eachof mandp)<3and2<(m+p) < 4: or E is absent.
G is Rk. OR, or NR Rk, provided thatif p=1,then Gis H. Rz s H, C 1.4 alkyl,

15 C ,4 alkenyl, C ,4 alkynyl, C 3¢ cycloalkyl, phenyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, (CH2)1.2Ar, where Ar is phenyl, 2-pyridyl, 3-pyridyl, or 4-pyridyl,
SO,NRu(CH,)2.4 NRjR, (CO)(CH2)2.4NRyRk or (COINR{(CH2)24NRyRk. X118
O. S, NRg, or CHRg; Xz is O, S, or CHRG; and XsisOQorS. Inone
embodiment, if X; or X, is CHRy, the disclosed compound may also be a

20 tautomerized indole. Rgis H, C 14 alkyl, phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
(CH,)1-2Ar, where Ar is phenyl, 2-pyridyl, 3-pyridyl, or 4-pyridyl, C 24 alkenyl,
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C .4 alkynyl, C 3¢ cycloalkyl, or (C 24 alkyl)NR Rn provided R;and Rg
together have no more than 14 carbon atoms, exclusive of R, Ru, Ry and R.
Rg is C 1.4 alkyl, phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, C 34 alkenyl, C 34
alkynyl, C 3.6 cycloalkyl, (CO)ORp, (C 2.4 alkyl)NRLRm, (CO)NRN(CH2)2-
sNR_Ru, (CONRLRum, (CO)(CH3)24 -NR_Rwm, or (CH2)1-2Ar, where Ar Is phenyl,
2-pyridyl, 3-pyridyl, or 4-pyridyl. Rgis C 14 alkyl, phenyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, C o4 alkenyl, C 4 alkynyl, C 3.5 cycloalkyl, (CO)ORp,
(C 2.4 alkyDNR_Rn, (CO)NRN(CH2)24NR Ry, (COINRLRMm, (CO)(CH2)2.4 -
NR_Rum, or (CH»)1.2Ar', where Ar' is phenyl, 2-pyridyl, 3-pyridyl, or 4-pyridyi.
Rp is H, C 15 alkyl, phenyl, C 34 alkenyl, C 34 alkynyl, C 36 cycloalkyl, or
(CH,)2.4 NRLRwm; R1o is H, methyl, halo, or NO3; R11 is H, methyl, halo, or NO..
Each of Re, Rp, Re, Re, R;, Ry, Rk, RL and Rnis independently selected from
H, C 14 alkyl, C 34 alkenyl, C 34 alkynyl, C 36 cycloalkyl, and phenyl; each of
NRcRp. NReRe, NRyRk, and NR_ Ry can also independently be morpholinyl,
piperazinyl, pyrrolidinyl, or piperadinyl. Each of Ry, Rn, and Ro is
independently H, methyl, or ethyl. Finally, each hydrocarbon radical or
heterocyclic radical above is optionally substituted with between 1 and 3
substituents independently selected from halo, C 14 alkyl, C 36 cycloalkyl, C ».
4 alkenyl, C ,4 alkynyl, phenyl, hydroxyl, amino, (amino)sulfonyl, and NOx,
wherein each substituent alky!, cycloalkyl, alkenyl, alkynyl or phenyl is in turn
optionally substituted with between 1 and 3 substituents independently
selected from halo, C 1., alkyl, hydroxyl, amino, and NO. In addition to the
above compounds, the invention also provides a pharmaceutically-acceptable
salt or C 4.7 ester thereof.

Preferred embodiments of the invention include methods using one or
more of the following compounds:
(a) said MEK inhibitor has a structure selected from: 7-fluoro-6-(4-iodo-2-
methyl-phenylamino)-1H-benzoimidazole-5-carboxylic acid
cyclopropyimethoxy-amide; 7-fluoro-6-(4-iodo-2-methyl-phenylamino)-6, /-
dihydro-1H-benzoimidazole-5-carboxylic acid (hydrochloride); 7-fluoro-6-(4-
iodo-2-methyl-phenylamino)-1H-benzoimidazole-5-carboxylic acid; 7-fluoro-6-

(4-iodo-2-methyl-phenylamino)-3H-benzoimidazole-5-carboxylic acid
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(2-hydroxy-ethoxy)-amide; 6-(2-chloro-4-iodo-phenylamino)-7-fluoro-1H-
benzoimidazole-5-carboxylic acid; and 7-fluoro-6-(4-iodo-2-methyi-
phenylamino)-1H-benzoimidazole-5-carboxylic acid pentafluocrophenyl ester;
and (b) said MEK inhibitor has a structure selected from: 7-fluoro-6-(4-iodo-2-
5 methyl-phenylamino)-1H-benzoimidazole-5-carboxylic acid
cyclopropylmethoxy-amide; and 7-fluoro-6-(4-iodo-2-methyl-phenylamino)-3H-
benzoimidazole-5-carboxylic acid (2-hydroxy-ethoxy)-amide.
The invention also relates to a pharmaceutical composition including
(a) a benzoheterocycle (e.g., of formula |) and (b) a pharmaceuticaily-

10 acceptable carrier.
BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a bar graph representing the paw withdrawal threshold (PWT)
15 in grams as a function of time in days. The empty, cross-hatched, and single-
hatched bars are vehicle, PD 198306, and pregabalin, respectively. The

arrows indicate time of drug administration (30 mg/kg, p.o.).

FIG 2. is a bar graph representing the force required in grams to elicit
20 paw withdrawal using von Frey hair filaments as a function of time in days.
Baseline (BL) measurements were taken before treatment. Animals received
a single p.o. administration of PD 198306 (3-30mg/kg), or pregabaiin
(30mg/kg) and withdrawal thresholds were re-assessed 1h after treatment.

Treatments were repeated twice a day for two days. Results are expressed
75  median + 1%t and 3™ quartiles. *P<0.05, **P<0.01, ***P<0.001 significantly

different from vehicle treated animals (Mann-Whitney t test; n=7-8).

FIG. 3. is a bar graph representing the force required in grams to elicit
paw withdrawal using von Frey hair filaments as a function of time in days.
30 Baseline (BL) measurements were taken before treatment. Animals received
a single p.o. administration of PD 198306 (3-30mg/kg), or pregabalin

(30mg/kg) and withdrawal thresholds were re-assessed 1h after treatment.
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Treatments were repeated twice a day for two days. Results are expressed
median + 1% and 3" quartiles. **P<0.01 significantly different from vehicle

treated animals (Mann-Whitney t test; n=6).

FIG. 4. is a bar graph representing the force required in grams to elicit
paw withdrawal using von Frey hair filaments as a function of time in days.

Baseline (BL) measurements were taken before treatment. Animals received
a single i.t. administration of PD 198306 (1-30ug/10ul), or pregabalin
(100ug/10pl) and withdrawal thresholds were re-assessed at 30min, 1h and

2h after treatment. Results are expressed median + 1%t and 3" quartiles.

*P<0.05, ***P<0.001 significantly different from vehicle treated animals (Mann-
Whitney t test; n=7-9).

FIG. 5. is a bar graph representing the force required in grams to elicit
paw withdrawal using von Frey hair filaments as a function of time in days.
Baseline (BL) measurements were taken before treatment. Animals received
a single i.t. administration of PD 198306 (1-30ug/10ul), or pregabalin

(100ug/10ul) and withdrawal thresholds were re-assessed at 30min, 1h and

oh after treatment. Results are expressed median + 1% and 3" quartiles.
*P<0.05, **P<0.01, ***P<0.001 significantly different from vehicle treated
animals (Mann-Whitney t test; n=6-8).

FIG. 6 is a bar graph representing the force required in grams to elicit
paw withdrawal using von Frey hair filaments as a function of time in days .

Animals received a single intraplantar (i.pl.) administration of PD 198306
(3mg/100ul), or an intrathecal injection of PD 198306 (30png/10ul) ana
withdrawal thresholds were re-assessed 1h after treatment. Resulits are
expressed median + 1% and 3" quartiles. **P<0.01 significantly different from

vehicle treated animals (Mann-Whitney t test; n=6-9).

FIG. 7. is a bar graph representing the force required in grams to elicit

paw withdrawal using von Frey hair filaments as a function of time Iin days.
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Animals received a single intraplantar (i.pl.) administration of PD 198306
(3mg/100ul), or an intrathecal injection of PD 198306 (30ug/10ul) and
withdrawal thresholds were re-assessed 1h after treatment. Results are

expressed median + 1% and 3™ quartiles. **P<0.01 significantly different from

vehicle treated animals (Mann-Whitney t test; n=6).

FIG. 8 is a bar graph representing the force required in grams to elicit
paw withdrawal using von Frey hair filaments. Baseline (BL) measurements

were taken before treatment. Animals received a single i.t. administration of
PD219622. PD297447, PD 184352, or PD 254552 (30ug/10ul), or pregabalin

(100pg/10ul) and withdrawal thresholds were re-assessed at 30min, 1h and

2h after treatment. Results are expressed median * 1%t and 3" quartiles.

*P<0.05 **P<0.01, ***P<0.001 significantly different from vehicle treated
animals (Mann-Whitney t test; n=7-8).

DETAILED DESCRIPTION

The compounds disclosed herein are pharmaceutically active, for
example, they inhibit MEK. MEK enzymes are dual specificity kinases
involved in, for example, immunomodulation, inflammation, and proliferative
diseases such as cancer and restenosis.

Proliferative diseases are caused by a defect in the intracellular
signaling system, or the signal transduction mechanism of certain proteins.
Defects include a change either in the intrinsic activity or in the cellular
concentration of one or more signaling proteins in the signaling cascade . The
cell may produce a growth factor that binds to its own receptors, resulting In
an autocrine loop, which continually stimulates proliferation. Mutations or
overexpression of intracellular signaling proteins can lead to spurious
mitogenic signals within the cell. Some of the most common mutations occur
in genes encoding the protein known as Ras, a G-protein that is activated
when bound to GTP, and inactivated when bound to GDP. The above-

mentioned growth factor receptors, and many other mitogenic receptors, when



10

15

25

CA 02377092 2001-12-11

WO 01/05390 PCT/US00/18345

activated, lead to Ras being converted from the GDP-bound state to the GTP-
bound state. This signal is an absolute prerequisite for proliferation in most
cell types. Defects in this signaling system, especially in the deactivation of
the Ras-GTP complex, are common in cancers, and lead to the signaling
cascade below Ras being chronically activated.

Activated Ras leads in turn to the activation of a cascade of
serine/threonine kinases. One of the groups of kinases known to require an
active Ras-GTP for its own activation is the Raf family. These in turn activate
MEK (e.g., MEK4 and MEK>) which then activates MAP kinase, ERK (ERK;

and ERK,). Activation of MAP kinase by mitogens appears to be essential for
proliferation; constitutive activation of this kinase is sufficient to induce cellular
transformation. Blockade of downstream Ras signaling, for example by use of
a dominant negative Raf-1 protein, can completely inhibit mitogenesis,
whether induced from cell surface receptors or from oncogenic Ras mutants.
Although Ras is not itself a protein kinase, it participates in the activation of
Raf and other kinases, most likely through a phosphorylation mechanism.

Once activated. Raf and other kinases phosphorylate MEK on two closely

adjacent serine residues, 5218 and S222 in the case of MEK-1, which are the

prerequisite for activation of MEK as a kinase. MEK in turn phosphorylates

MAP kinase on both a tyrosine, Y185, and a threonine residue, T183,
separated by a single amino acid.

This double phosphoryiation activates MAP kinase at least 100-fold.
Activated MAP kinase can then catalyze the phosphorylation of a large
number of proteins, including several transcription factors and other kinases.
Many of these MAP kinase phosphorylations are mitogenically activating for
the target protein, such as a kinase, a transcription factor, or another cellular
protein. In addition to Raf-1 and MEKK, other kinases activate MEK, and
MEK itself appears to be a signal integrating kinase. Current understanding
is that MEK is highly specific for the phosphorylation of MAP kinase. In fact,
no substrate for MEK other than the MAP kinase , ERK, has been
demonstrated to date and MEK does not phosphorylate peptides based on

the MAP kinase phosphorylation sequence, or even phosphorylate denatured
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MAP kinase. MEK also appears to associate strongly with MAP kinase prior
to phosphorylating it, suggesting that phosphorytation of MAP kinase by MEK
may require a prior strong interaction between the two proteins. Both this
requirement and the unusual specificity of MEK are suggestive that it

may have enough difference in its mechanism of action to other protein
kinases that selective inhibitors of MEK, possibly operating through allosteric
mechanisms rather than through the usual blockade of the ATP binding site,
may be found.

The effect of the MEK inhibitor PD 198306 has been investigated in two
animal models of neuropathic pain by assessing static allodynia with von Frey
hairs.

Oral administration of PD 198306 (3-30mg/kg) had no effect in the model
of chronic constriction injury of the sciatic nerve (CCl). However, after repeated
administration (3 doses over two days) it had a transient effect in the diabetic
neuropathy model (streptozocin). This may be due to disoraers of the blood-
brain barrier induced by the diabetic condition in these animals, thus allowing

central action of the compound. Intrathecal administration of PD 198306 (1-
30ug) dose-dependently blocked static allodynia In both the streptozocin and the
CCl models of neuropathic pain, with minimum effective doses (MED) of 3 and
10ug respectively. The highest dose used (30pg) totally blocked the
maintenance of static allodynia, for up to 1h. Intraplantar administration of PD

198306 (3mg/100ul) at a dose 100-fold higher than the dose shown to be
effective intrathecally (30ug/10ul) had no effect on static allodynia in either of the

neuropathic pain models. This finding confirms the lack of effect seen after
systemic administration and suggests a central site of action for the compound.
From this study we can suggest the use of MEK inhibitors as potential
new therapeutic tools for chronic pain. The study of potential side-effects,
especially related to memory, of future brain-penetrant MEK inhibitors wiil
indicate the therapeutic window for this novel class of compounds in the

treatment of pain.

10
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A. Terms
Certain terms are defined below and by their usage throughout this
disclosure.

Alkyl groups include aliphatic (i.e., hydrocarbyl or hydrocarbon radical
structures containing hydrogen and carbon atoms) with a free valence. AlKyl
groups are understood to include straight chain and branched structures.
Examples include methyl, ethyl, propyl, isopropyl, butyl, n-butyl, isobutyl, t-
butyl, pentyl, isopentyl, 2,3-dimethylpropyl, hexyl, 2,3-dimethylhexyl, 1,1-
dimethylpentyl, heptyl, and octyl. Cycloalkyl groups include cyclopropy/,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl.

Alkyl groups can be substituted with 1, 2, 3 or more substituents which
are independently selected from halo (fluoro, chloro, bromo, or iodo), hydroxy,
amino, alkoxy, alkylamino, dialkylamino, cycloalkyl, aryl, aryloxy, arylalkyloxy,
heterocyclic radical, and (heterocyclic radical)oxy. Specific examples include
fluoromethyl, hydroxyethyl, 2,3-dihydroxyethyl, (2- or 3-furanyl)methy!,
cyclopropylmethyl, benzyloxyethyl, (3-pyridinyl)methyl, (2- or 3-furanyl)methyl,
(2-thienyl)ethyl, hydroxypropyl, aminocyclohexyl, 2-dimethylaminobutyt,
methoxymethyl, N-pyridinylethyl, diethylaminoethyl, and cyclobutylmethyl.

Alkenyl groups are analogous to alkyl groups, but have at least one
double bond (two adjacent sp® carbon atoms). Depending on the placement
of a double bond and substituents, if any, the geometry of the double bond
may be entgegen (E), or zusammen (Z), cis, or trans. Similarly, alkynyl
groups have at least one triple bond (two adjacent sp carbon atoms).
Unsaturated alkenyl or alkynyl groups may have one or more double or triple
bonds, respectively, or a mixture thereof; like alky! groups, unsaturated groups
may be straight chain or branched, and they may be substituted as described
both above for alkyl groups and throughout the disclosure by example.
Examples of alkenyls, alkynyls, and substituted forms include cis-2-butenyl,
trans-2-butenyl!, 3-butynyl, 3-phenyi-2-propynyl, 3-(2'-fluorophenyl)-2-propynyi,
3-methyl(5-phenyl)-4-pentynyl, 2-hydroxy-2-propynyl, 2-methyl-2-propynyl, 2-
propenyl, 4-hydroxy-3-butynyl, 3-(3-fluorophenyl)-2-propynyi, and 2-methyl-2-

11
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propenyl. In formula (1), alkenyls and alkynyls can be C 2.4 or C ,., for
example, and are preferably C 34 or C 3.

More general forms of substituted hydrocarbon radicals include
hydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, hydroxycycloalkyl, hydroxyaryl,
and corresponding forms for the prefixes amino-, halo- (e.g., fluoro-, chloro-,
or bromo-), nitro-, alkyl-, phenyl-, cycloalkyl- and so on, or combinations of
substituents. According to formuia (1), therefore, substituted alkyls include
hydroxyalkyl, aminoalkyl, nitroalkyl, haloalkyl, alkylalkyl (branched alkyls, such
as methylpentyl), (cycloalkyl)alkyl, phenylalkyl, alkoxy, alkylaminoalkyl,
dialkylaminoalkyl, arylalkyl, aryloxyalkyl, arylalkyloxyalkyl, (heterocyclic
radical)alkyl, and (heterocyclic radical)oxyalkyl. Rsthus includes
hydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, hydroxycycloalkyl, hydroxyaryl,
aminoalkyl, aminoalkenyl, aminoalkynyl, aminocycloalkyl, aminoaryl,
alkylalkenyl, (alkylaryl)alkyl, (haloaryl)alkyl, (hydroxyaryl)alkynyl, and so forth.
Similarly, Ra includes hydroxyalkyl and aminoaryl, and Rg includes
hydroxyalkyl, aminoalkyl, and hydroxyalkyl(heterocyclic radical)alkyl.

Heterocyclic radicals, which include but are not limited to heteroaryls,
include: furyl, oxazolyl, isoxazolyl, thiophenyi, thiazolyl, pyrrolyl, imidazolyl,
1,3 .4-triazolyl, tetrazolyl, pyridinyl, pyrimidinyl, pyridazinyl, indolyl, and their
nonaromatic counterparts. Further examples of heterocyclic radicals include
piperidyl, quinolyl, isothiazolyl, piperidinyl, morpholinyl, piperazinyl,
tetrahydrofuryl, tetrahydropyrrolyl, pyrrolidinyl, octahydroindolyl,
octahydrobenzothiofuranyl, and octahydrobenzofuranyl.

Selective MEK 1 or MEK 2 inhibitors are those compounds which
inhibit the MEK 1 or MEK 2 enzymes, respectively, without substantially
inhibiting other enzymes such as MKK3, PKC, Cdk2A, phosphorylase kinase,
EGF. and PDGF receptor kinases, and C-src. In general, a selective MEK 1
or MEK 2 inhibitor has an ICso for MEK 1 or MEK 2 that is at least one-fiftieth
(1/50) that of its 1Csq for one of the above-named other enzymes. Preferably,
a selective inhibitor has an ICxg that is at least 1/100, more preferably 1/500,
and even more preferably 1/1000, 1/5000, or less than that of its ICsq Or one or

more of the above-named enzymes.
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B. Compounds
One aspect of the invention features the use of compounds shown in

formula (I) in the Summary section. Embodiments of the invention includes
compounds of formula (1) wherein: (a) Q is formula (i); (b) Rz 1s H or fluoro; (c)
R, is fluoro, chioro, or bromo; (d) Ryg is H, methyl, fluoro, or chloro; (e) R11 is
methyl, chioro, fluoro, nitro, or hydrogen; (f) Ry1 is H; (g) R41 Is fluoro; (h) each
of Ry and Ry is fluoro; (i) Ry is H, methyl, ethyl, propyl, isopropyl, isobutyl,
benzyl, phenethyl, allyl, C 3.5 alkenyl, C 3 cycloalkyl, (C 3.5 cycloalkyl)C 1.2
alky!, (C 1.5 heterocyclic radical)C 1.2 alkyl, or (CH2)2-4 NRcRp; (}) RyisHor (C
14 cycloalkyl)C 1. alkyl; (k) Rz is H or methyl; (I) Ra has at least one hydroxy!
substituent: (m) Ra is H, methyl, ethyl, isobutyl, hydroxyethyl, phenyl, 2-
piperidin-1-yl-ethyl, 2,3-dihydroxy-propyl, 3-[4-(2-hydroxyethyl)-piperazin-1-yl]-
propyl, 2-pyrrolidin-1-yl-ethyl, or 2-diethylamino-ethyl; and Rg is H; or where
Rg is methyl and Ra is phenyl.; (n) W is NRaRg or NR2NRaRg; (0) W is
NR(CHs)2.4 NRaRg or O(CHz)2.3 NRaRg; (p) W is NR2ORjy; (q) Wis ORy; (1) £
is formula (v); or (s) X1 is NRg, and Ry is H; or (f) combinations thereof. In
formula (1), the values for Z are shown left to right, or in a counter-clockwise
orientation around the phenyl ring of Q.

According to one aspect of the invention, the compound of formula (1)
has a structure wherein: Q is formula (i) or (ii); Rz is H or fluoro; R4 is fluoro,
chloro, or bromo: R4 is H, methyl, or chioro; Ry is chloro, fluoro, or hydrogen;
R, is H, methyl, ethyl, propyl, isopropyl, isobutyl, benzyl, phenethyl, allyl, C 35
alkenyl, C 3. cycloalkyl, (C 3.5 cycloalkyl)C 1.2 alkyl, (C 3.5 heterocyclic
radical)C 1., alkyl, or (CH2)24 NRcRp; Ry is H or (C 3.4 cycloalkyl)C 1.2 alkyl; R>
is H or methyl; and Z is formula (v) or (vi). One embodiment of this aspect, X
is NRg An example would be 7-fluoro-6-(4-iodo-2-methyl-phenylamino)-1[(2'-
morpholinyl)-ethyl]-2-(phenyl)-benzoimidazole-5-carboxylic acid
cyclopropylmethoxy-amide.

Embodiments of the invention also include compounds wherein Ryg IS
H: R4 is methy! or chloro; and where Ry is chloro. In some embodiments,
R, and Rg together have no more than 14 carbon atoms, exclusive of Ry, Rwm,

R, and Rx. Examples of this include compounds wherein Ry and Rg together
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have no more than 13 carbon atoms; no more than 7, 8, or 10 carbon atoms;
between 4 and 8 carbon atoms: between 1 and 10 carbon atoms; between 1
and 8 carbon atoms; and no more than 6 carbon atoms.

Preferably, where one of R4, Rz, Ra, Re, Rec, Rp, Re, Rr, Ry, Ry, Rk, Ry,
Ru, Ra, Ry, Ry, Ro, and Rp is an alkenyl or alkynyl group, its double or triple
bond, respectively, is not adjacent the point of attachment. For example,
where W is NR,OR;4, R; is preferably prop-2-ynyl, or but-2 or 3-enyl, and less
preferably prop-1-ynyl or but-1-enyl.

Listed below are some of the preferred structures which can be
synthesized utilizing Schemes 1, 2, 10, and 11. Free acids, free hydroxamic
acids, and cyclopropylmethyl hydroxamates are grouped together. For
example, compounds 1, 11, and 21 differ only by “W" (as defined in the
claims); compounds 2, 12, and 22 are similarly related. Preferred
compounds also include the 2-chloro (replacing 2-methyl) analogs of the listed
compounds.

Examples of compounds include: 7-Fluoro-6-(4-iodo-2-methyl-
phenylamino)-1H-benzoimidazole-5-carboxylic acid (APK ICso = 47+17 nM);
7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-benzooxazole-5-carboxylic acid; 7-
Fluoro-6-(4-iodo-2-methyl-phenylamino)-benzothiazole-5-carboxylic acid; 7-
Fluoro-6-(4-iodo-2-methyl-phenylamino)-benzo[1,2,5]thiadiazole-5-carboxylic
acid: 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-benzo[1,2,5]oxadiazole-5-
carboxylic acid; 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-2-(2-hydroxyethyl)-
1H-benzoimidazole-5-carboxylic acid; 7-Fluoro-6-(4-iodo-2-methyl-
phenylamino)-2-(2-dimethylamino-ethyl)-1H-benzoimidazole-5-carboxylic acid;
7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-1-acetyl-benzoimidazole-5-
carboxylic acid; 8-Fluoro-7-(4-iodo-2-methyl-phenylamino)-quinoxaline-6-
carboxylic acid; 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-1H-benzotriazole-
5-carboxylic acid; 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-1H-
benzoimidazole-5-carboxylic acid hydroxyamide; 7-Fluoro-6-(4-iodo-2-methyl-
phenylamino)-benzooxazole-5-carboxylic acid hydroxyamide; 7-Fluoro-6-(4-
iodo-2-methyl-phenylamino)-benzothiazole-5-carboxylic acid hydroxyamide; /-

Fluoro-6-(4-iodo-2-methyl-phenylamino)-benzo[1,2,5]thiadiazole-5-carboxylic
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acid hydroxyamide; 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-
benzo[1,2,5]oxadiazole-5-carboxylic acid hydroxyamide; 7-Fluoro-6-(4-iodo-2-
methyl-phenylamino)-2-(2-hydroxyethyl)-1H-benzoimidazole-5-carboxylic acid
hydroxyamide; 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-2-(2-dimethylamino-
ethyl)-1H-benzoimidazole-5-carboxylic acid hydroxyamide; 7-Fluoro-6-(4-iodo-
2-methyl-phenylamino)-1-acetyl-benzoimidazole-5-carboxylic acid
hydroxyamide; 8-Fluoro-7-(4-iodo-2-methyl-phenylamino)-quinoxaline-6-
carboxylic acid hydroxyamide; 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-1H-
benzotriazole-5-carboxylic acid hydroxyamide; 7-Fluoro-6-(4-iodo-2-methyl-
phenylamino)-1H-benzoimidazole-5-carboxylic acid cyclopropyimethoxy-
amide: 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-benzooxazole-5-carboxylic
acid cyclopropylmethoxy-amide; 7-Fluoro-6-(4-iodo-2-methyl-phenylamino)-
benzothiazole-5-carboxylic acid cyclopropyimethoxy-amide; 7-Fluoro-6-(4-
iodo-2-methyl-phenylamino)-benzo[1,2,5]thiadiazole-5-carboxylic acid
cyclopropyimethoxy-amide; 7-Fiuoro-6-(4-iodo-2-methyl-phenylamino)-
benzo[1,2,5]oxadiazole-5-carboxylic acid cyclopropylmethoxy-amide; /-
Fluoro-6-(4-iodo-2-methyl-phenylamino)-2-(2-hydroxyethyl)-1H-
benzoimidazole-5-carboxylic acid cyclopropylmethoxy-amide; 7-Fluoro-6-(4-
iodo-2-methyl-phenylamino)-2-(2-dimethylamino-ethyl)-1H-benzoimidazole-5-
carboxylic acid cyclopropylmethoxy-amide; 7-Fluoro-6-(4-iodo-2-methyl-
phenylamino)-1-acetyl-benzoimidazole-5-carboxylic acid cyclopropylmethoxy-
amide; 8-Fluoro-7-(4-iodo-2-methyl-phenylamino)-quinoxaline-6-carboxylic
acid cyclopropylmethoxy-amide; and 7-Fluoro-6-(4-iodo-2-methyl-
phenylamino)-1H-benzotriazole-5-carboxylic acid cyclopropyimethoxy-amide.

The following is a list of examples representing schemes 3-9. As
above, free acids, free hydroxamic acids, and cyclopropyimethy!
hydroxamates are grouped together. For example, compounds 31, 45, and
59 differ only by “W"” (as defined in the claims); compounds 32, 46, and 60 are
similarly related. Preferred compounds also include the 2-chloro (replacing 2-
methyl) analogs of the listed compounds.

Examples of compounds from schemes 3-9 include: 4-Fluoro-5-(4-

iodo-2-methyl-phenylamino)-benzothiazole-6-carboxylic acid; 4-Fluoro-5-(4-
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iodo-2-methyl-phenylamino)-benzooxazole-6-carboxylic acid; 5-(2-Chloro-4-
iodo-phenylamino)-6,7-difluoro-3H-benzoimidazole-4-carboxylic acid; 6, /-
Difluoro-2-(2-hydroxy-ethyl)-5-(4-iodo-2-methyl-phenylamino)-3H-
benzoimidazole-4-carboxylic acid; 6,7-Difluoro-5-(4-iodo-2-methyl-
phenylamino)-benzooxazole-4-carboxylic acid; 6,7-Difluoro-5-(4-iodo-2-
methyl-phenylamino)-benzothiazole-4-carboxylic acid; 7,8-Difluoro-6-(4-iodo-
2-methyl-phenylamino)-quinoxaline-5-carboxylic acid; 6-(4-lodo-2-methyi-
phenylamino)-8-nitro-quinoxaline-5-carboxylic acid; 5-(4-lodo-2-methyl-
phenylamino)-8-nitro-quinoxaline-6-carboxylic acid; 8-Chloro-5-(4-iodo-2-
methyl-phenylamino)-quinoxaline-6-carboxylic acid; 3-Cyclopropyl-7-(4-iodo-
2-methyl-phenylamino)-3H-benzoimidazole-4,6-dicarboxylic acid 4-
dimethylamiae; 7-Bromo-4-(4-iodo-2-methyl-phenylamino)-benzooxazole-5-
carboxyilic acid; 7-(2-Chloro-4-iodo-phenylamino)-4-—ﬂuoro-benzothiazole-6-
carboxylic acid; 7-(4-lodo-2-methyl-phenylamino)-4-nitro-benzooxazole-6-
carboxylic acid; 4-Fluoro-5-(4-iodo-2-methyl-phenylamino)-benzothiazole-6-
carboxylic acid hydroxyamide; 4-Fluoro-5-(4-iodo-2-methyl-phenylamino)-
benzooxazole-6-carboxylic acid hydroxyamide; 5-(2-Chloro-4-iodo-
phenylamino)-6,7-difluoro-3H-benzoimidazole-4-carboxylic acid
hydroxyamide; 6.7-Difluoro-2-(2-hydroxy-ethyl)-5-(4-iodo-2-methyl-
phenylamino)-3H-benzoimidazole-4-carboxylic acid hydroxyamide; 6,7-
DifIuoro-5-(4-—iodo-2-methyl-phenylamino)-benzooxazole-4-carboxylic acid
hydroxyamide; 6.7-Difluoro-5-(4-iodo-2-methyl-phenylamino)-benzothiazole-4-
carboxylic acid hydroxyamide; 7 .8-Difluoro-6-(4-iodo-2-methyl-phenylamino)-
quinoxaline-5-carboxylic acid hydroxyamide; 6-(4-lodo-2-methyl-
phenylamino)-8-nitro-quinoxaline-5-carboxylic acia hydroxyamide; 5-(4-lodo-
2-methyl-phenylamino)-8-nitro-quinoxaline-6-carboxylic acid hydroxyamide; 8-
ChIoro-5-(4-iodo-2-methyl-phenylamino)-quinoxaline-G-carboxylic acid
hydroxyamide; 3-Cyclopr0pyl-7-(4-iodo-2-methy|—phenylamino)-3H-
benzoimidazole-4 6-dicarboxylic acid 4-dimethylamide 6-hydroxyamide; /-
Bromo-4-(4-iodo-2-methyl-phenylamino)-benzooxazole-5-carboxylic acid
hydroxyamide; 7-(2-ChIoro-4-iodo-phenylamino)-—4-—fluoro-benzothiazole-G-

carboxylic acid hydroxyamide; 7-(4-lodo-2-methyl-phenylamino)-4-nitro-
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benzooxazole-6-carboxylic acid hydroxyamide; 4-Fluoro-5-(4-iodo-2-methyl-
phenylamino)-benzothiazole-6-carboxylic acid cyclopropyimethoxy-amide; 4-
Fluoro-5-(4-iodo-2-methyl-phenylamino)-benzooxazole-6-carboxylic acid
cyclopropylmethoxy-amide; 5-(2-Chloro-4-iodo-phenylamino)-6,7-difluoro-3H-
benzoimidazole-4-carboxylic acid cyclopropyimethoxy-amide; 6,7-Difluoro-2-
(2-hydroxy-ethyl)-5-(4-iodo-2-methyl-phenylamino)-3H-benzoimidazole-4-
carboxylic acid cyclopropylmethoxy-amide; 6,7-Difluoro-5-(4-iodo-2-methyl-
phenylamino)-benzooxazole-4-carboxylic acid cyclopropylmethoxy-amide;
6,7-Difluoro-5-(4-iodo-2-methyl-phenylamino)-benzothiazole-4-carboxylic acid
cyclopropylmethoxy-amide; 7,8-Difluoro-6-(4-iodo-2-methyl-phenylamino)-
quinoxaline-5-carboxylic acid cyclopropylmethoxy-amide; 6-(4-lodo-2-methyl-
phenylamino)-8-nitro-quinoxaline-5-carboxylic acid cyclopropylmethoxy-
amide; 5-(4-lodo-2-methyl-phenylamino)-8-nitro-quinoxaline-6-carboxylic acid
cyclopropyimethoxy-amide; 8-Chloro-5-(4-iodo-2-methyl-phenylamino)-
quinoxaline-6-carboxylic acid cyclopropylmethoxy-amide; 3-Cyclopropyl-/-
(4-iodo-2-methyl-phenylamino)-3H-benzoimidazole-4,6-dicarboxylic acid 4-
dimethylamide 6-cyclopropylmethoxy-amide; 7-Bromo-4-(4-iodo-2-methyl-
phenylamino)-benzooxazole-5-carboxylic acid cyclopropylmethoxy-amide;
7-(2-Chloro-4-iodo-phenylamino)-4-fluoro-benzothiazole-6-carboxylic acid
cyclopropylmethoxy-amide; and 7-(4-lodo-2-methyl-phenylamino)-4-nitro-

benzooxazole-6-carboxylic acid cyclopropyimethoxy-amide.

17



CA 02377092 2001-12-11
WO 01/05390 PCT/US00/18345

C. Synthesis

The disclosed compounds can be synthesized according to the

following eleven Schemes, or variants thereof. These synthetic strategies are

further exemplified in Examples 1-22 below.
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