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‘ THIENO-PYRIDINE DERIVATIVES ASMEK INHIBITORS

The present invention relates to a class of thieno-pyridine derivatives and to their
use in therapy. More particularly, the invention is concerned with thieno[2,3-b]pyridine
derivatives which are substituted in the 2-position by a substituted anilino moiety. These
compounds are selective inhibitors of MEK (MAPKK) enzymes, and are accordingly of
benefit as pharmaceutical agents, especially in the treatment of adverse inflammatory,
autpimmune, cardiovascular, proliferative (including oncological) and nociceptive
conditions.

MEK enzymes are implicated in a variety of physiological and pathological
functions that are believed to be operative in a range of human diseases. These functions
are isummarised in paragraphs [0004] and [0005] of US 2005/0049276 Al.

| The compounds of use in the present invention, being potent and selective MEK

inhibitors, are therefore beneficial in the treatment and/or prevention of various human

ailments. These include autoimmune and inflammatory disorders such as theumatoid .
|

. arthritis, ‘osteparthritis, multiple sclerosis, asthma, inflammatory bowel disease, psoriasis

and transplant rej ecﬁdﬁ; cardiovascular disorders including thrombosis, cardiac

hyﬂertrophy, hypertension, and irregular contractility of the heart (e.g. during heart

-failzure); proliferative disorders such as restenosis, and oncological conditions including

le;uj;aemia, glioblastoma, lymphoma, nﬁelanoma, and human cancers of the liver, bone,

-skin, brain, pancreas, lung, breast, stomach, colon, rectum, prostate, ovary and cervix; and

pain and nociceptive disorders, including chronic pain and neuropathic pain.

In addition, the compounds of use in the present invention may be beneficial as
p acological standards for use in the development of new biological tests and in the
search for new pharmacological agents. Thus, the compounds of use in this invention
may be useful as radioligands in assays for detecting compounds capable of binding to
hun?:an MEK enzymes.

| MEK inhibitors based on a fused bicyclic aromatic ring system attached to a

substituted anilino moiety are known from the art. Examples of relevant publications
include WO 2005/051906, WO 2005/023251, US-A-2005/0049276, WO 2005/009975,
WO 03/077914 and WO 03/077855.

WO 2005/023818 describes a broad-ranging class of compounds based on a fused

bic&clic aromatic ring system, which generically encompasses thieno-pyridine derivatives
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attai:hed to a substituted anilino moiety but nowhere specifically discloses. any precise
con&pound of this type. No discrete pharmacological activity, in terms of an identifiable
| ph } acological mechanism, is ascribed to the compounds described therein, but they are
nevertheless stated to be useful inter alia in the treatment of cell proliferative diseases
5 sucfa as cancer. US-A-2003/0220365 is also of relevance in a related context.
| . Nowhere in the prior art, however, is there the precise disclosure of a class of
thieno[2,3-b]pyridine derivatives attached at the 2-position to a substituted anilino

mojety. It has now been found that such compounds are particularly valuable as selective

inhibitors of MEK enzymes. )
_ 10 The compounds of the present invention are potent and selective MEK inhibitors
‘6 ha\%ing a binding affinity (ICsq) for the human MEK1 and/or MEK2 enzyme of 50 uM or
less;, generally of 20 uM or less, usually of 5 pM or less, typically of 1 uM or less,

sldﬂed person will appreciate that a lower ICsq figure denotes a more active compound).
15 Thj? cdmpounds of the invention may possess at least a 10-fold selective affinity, typically

at least a 20-fold selective affinity, suitably at least a 50-fold selective affinity, and ideally

at Léast a 100-fold sélective affinity, for the human MEK1 and/or MEK2 enzyme relative

‘ to other human kinases.

| .

| . sui?ably of 500 nM or less, ideally of 100 nM or less, and preferably of 20 nM or less (the
. ‘

|

 The present invention provides a compound of formula (I), or a pharmaceutically
20.  acceptable salt, solvate or N-oxide thereof;

: R’

| a H

| | ’ A\ [ R!

. i \N S
R
@)
Whierein
25 - R represents hydrogen, halogen or C,.¢ alkyl;

R? represents halogen or Cy.¢ alkyl;
R represents hydrogen, cyano, -CO,R?, -CONRR® or -CON(ORb)R";
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. R’represents Cy.¢ alkyl;

J R® represents hydrogen; or Cy. alkyl, C3 cycloalkyl, Cs7 cycloalkyl(C; s)alkyl,
aryﬂ aryl(C1.¢)alkyl, Cs7 heterocycloalkyl, Cs.7 heterocycloalkyl(C;.¢)alkyl, heteroaryl or
hetsroaryl(Cl.s)aJkyl any of which groups may be optionally substituted by one or more

5 substituents; and
R° represents hydrogen or C.¢ alkyl (optionally substituted by hydroxy); or
R and R®, when taken together with the nitrogen atom to which they are both

attached, represent azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl, thiomorpholinyl,
pip ‘prazinyl, homopiperidinyl, homomorpholinyl or homopiperazinyl, any of which
10 grohps may be optionally substituted by one or more substituents.

The present invention also provides a compound of formula (I) as depicted above,

or a pharmaceutlcally acceptable salt, solvate or N-oxide thereof, wherein
~ R'and R” are as defined above;
® ~ R’represents cyano, -CO,R?, -CONR"R® or -CON(OR")R";
15 . R represents Cp.¢ alkyl;

\ represents hydrogen; or CM alkyl, Cs.7 cycloalkyl, C3.7 cycloalkyl(C;.¢)alkyl,
a:ryl aryl(Cj.s)alkyl, Cs7 heterocycloalkyl, Cs.7 heterocycloalkyl(C.¢)alkyl, heteroaryl or
het@roaryl(Cl.s)alkyl, any of which groups may be optionally substituted by one or more

‘ subétimepts; and

\ 20 ' R°represents hydrogen or Cy.¢ alkyl; or
" R® and R®, when taken together with the nitrogen atom to which they are both

I g o att ‘ched, represent azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl, thiomorpholinyl,
piperazinyl, homopiperidinyl or homomorpholinyl, any of which groups may be
| , oi) onally substituted by one or more substituents.
. 25 ‘For use in medicine, the salts of the compounds of formula (T) will be
p aceutically acceptable salts. Other salts may, however, be useful in the preparation
O;Ecompomds of the invention or of their pharmaceutically acceptable salts. Suitable
phahnaceutically acceptable salts of the compounds of this invention include acid
l addition salts which may, for example, be formed by mixing a solution of the compound
30 of the invention with a solution of a pharmaceutically acceptable acid such as
hyd?rochloric acid, sulphuric acid, methanesulphonic acid, fomaric acid, maleic acid,
succ‘jcinic acid, acetic acid, benzoic acid, citric acid, tattaric acid or phosphoric acid.

Furthermore, where the compounds of the invention carry an acidic moiety, e.g. carboxy,
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suif;able pharmaceutically acceptable salts thereof may include alkali metal salts, e.g.

sodium or potassium salts; alkaline earth metal salts, e.g. calcium or magnesium salts; and
salts formed with suitable organic ligands, e.g. quaternary ammonium salts.
~ The present invention includes within its scope solvates of the compounds of

formula (I) above. Such solvates may be formed with common organic solvents, e.g.

hydrocarbon solvents such as benzene or toluene; chlorinated solvents such as chloroform
or dichloromethane; alcoholic solvents such as methanol, ethanol or isopropanol; ethereal

soIYents such as diethyl ether or tetrahydrofuran; or ester solvents such as ethyl acetate.

Alternatively, the solvates of the compounds of formula (I) may be formed with water, in
which case they will be hydrates.

i Suitable alkyl groups which may be present on the compounds of the invention
incljude straight-chained and branched C,.¢ alkyl groups, for example C,4 alkyl groups.
Tyﬁical examples include methyl and ethyl groups, and straight-chained or branched
proj)yl, butyl and pentyl groups. Particular alkyl groups include methyl, ethyl, #-propyl,
isoéropyl, n-butyl, sec-butyl, isobutyl, zert-butyl and 2,2-dimethylpropyl. Derived
expifessions such as “C.¢ alkoxy”, “Cy.¢ alkylthio”, “C;-¢ alkylsulphonyl” and “C;.¢
alks;lamino” are to be construed accordingly.

- Specific C3.7 cycloalkyl groups are cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and cycloheptyl.
Suitable aryl groups include phenyl and naphthyl, preferably phenyl.
Suitable aryl(C;.¢)alkyl groups include benzyl, phenylethyl, phenylpropyl and
naplLthylmethy .
Suitable heterocycloalkyl groups, which may comprise benzo-fused analogues
thereof, include azetidinyl, tetrahydrofuranyl, dioxolanyl, pyrrolidinyl, indolinyl,
imidazolidinyl, tetrahydropyranyl, piperidinyl, 1,2,3,4-tetrahydroquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, piperazinyl, morpholinyl and thiomorpholinyl.

~ Suitable heteroaryl groups include furyl, benzofuryl, dibenzofuryl, thienyl,
benﬁothienyl, pyrrolyl, indolyl, pyrazolyl, indazolyl, oxazolyl, isoxazolyl, thiazolyl,

isothiazolyl, imidazolyl, benzimidazolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl,
pyridinyl, quinolinyl, isoquinolinyl, pyridazinyl, pyrimidinyl and pyrazinyl groups.
~ 'The term “halogen” as used herein is intended to include fluorine, chlorine,

broxﬁine and iodine atoms.

L
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| ‘Where the compounds of formula (I) have one or m;)re asymmetric cenires, they

may accordingly exist as enantiomers. Where the compounds of the invention possess
two or more agymmetric centres, they may additionally exist as diastereomers. The
invention is to be understood to extend to all such enantiomers and diastereomers, and to

S mixtures thereof in any proportion, including racemates. Formula (I) and the formulae
depicted hereinafier are intended to represent all individual stereoisomers and all possible
mixtures thereof, unless stated or shown otherwise. In addition, compounds of formula
(D) may exist as tautomers, for example keto (CHyC=0)-enol (CH=CHOH) tautomers.

Formula (I) and the formulae depicted hereinafter are intended to represent all individual

10 tautomers and all possible mixtures thereof, unless stated or shown otherwise.
@ In one embodiment, R! represents hydrogen. n another embodiment, R
h repjre:sents halogen, particularly fluoro or chloro, especially fluoro. In a further
‘ emi:odiment, R! represents Ci.¢ alkyl, especially methyl,
. Typically, R! is fluoro.

15 In one embodiment, R? represents halogen, especially bromo or iodo. In another

embodiment, R? represents Cy.¢ alkyl, espécially methyl.
 Inone specific embodiment, R? is bromo. In another specific embodiment, R? is
iodb.
Suitably, R® represents methyl or ethyl, especially ethyl.
20 - Favourably, R® represents hydrogen; or Cy. alkyl, Csy cycloalkyl(C;.¢)alkyl, Cs.y
heterocycloalkyl or Cs.7 heterocycloalkyl(Ci.¢)alkyl, any of which groups may be
optionally substituted by one or more substituents.
Suitably, R® represents hydrogen; or Cy.¢ alkyl, aryl, aryl(Cy.¢)alkyl, Cs.;
. heterocycloalkyl, Cs.7 heterocycloalkyl(Cy.g)alkyl, heteroaryl or heteroaryl(Cy.)alkyl, any 1
25 of Whlch groups may be optionally substituted by one or more substituents.

]

F 4

sub'jsﬁtuted by one or more substituents, typically by one or two substituents. In one
embjodiment, the group R, or the cyclic moiety -NRPR®, is unsubstituted. In another
emfiodiment; the group RY, or the cyclic moiety -NRPR®, is monosubstituted, In a further
30 embodiment, the group R”, or the cyclic moiety -NR"R’, is disubstituted.
‘ Examples of typical substituents on R®, or on the cyclic moiety -NR°R®, include
C1-5§ alkyl, Ci.6 alkoxy, hydroxy, hydroxy(Cy.s)alkyl, amino(Ci.¢)alkyl, (amino)(hydroxy)-
(Cl.%)alkyl, halogen, oxo, Cy. alkylcarbonyl, carboxy, C;.¢ alkoxycarbonyl,

|
Suitably, the group R®, or the cyclic moiety -NRR®, may be unsubstituted, or ‘
|
|

I
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di(C1.¢)alkylhydrazinylcarbonyl, amino, C;.s alkylamino, di(C;.¢)alkylamino, Cy.
alk%ylcarbonylmnino, aminocarbonylamino, aminocarbonyl, C;.¢ alkylaminocarbonyl,
di(Ci.g)alkylaminocarbonyl, aminosulfonyl, C;.¢ alkylsulfonyl and Ci¢
a]l{ylamjnocarbonyl(cl-s)a]kyl. Further examples include Ci.¢ alkoxy(C,.¢)alkyl,
car‘“boxy(Cl-ﬁ)alkyl, Cz alkoxycarbonyl(Ci.g)alkyl, C,.¢ alkoxycarbonylamino and Cj.¢

alkoxycarbonylamino(Ci.¢)alkyl. -

Examples of particular substituents on R, or on the cyclic moiety -NR'R®, include
methyl methoxy, hydroxy, hydroxymethyl, 2-hydroxyethyl, aminomethyl, 2-amino-3-
hyq:oxypropyl fluoro, oxo, acetyl, carboxy, methoxycarbonyl, ethoxycarbonyl, zert-
buﬂoxyca;rbonyl dimethylhydrazinylcarbonyl, amino, methylamino, 1,3-dimethyi-
butylammo, dlmethylammo, acetylamino, aminocarbonylamino, ammocarbonyl
ethylammocarbonyl diethylaminocarbonyl, aminosulfonyl, methylsulfonyl and
mefchylammocarbonylmethyl. Further examples include methoxymethyl, carboxymethyl,
ethbxycarbonyhnethyl, tert-butoxycarbonylamino and tert-butoxycarbonylaminomethyl.

| Examples of favoured substituents on R?, or on the cyclic moiety -NR'R®, include
C1.5 alkyl, C1. alkoxy(C1.¢)alkyl, hydroxy, hydroxy(Ci.¢)alkyl, amino, amino(C;.g)alkyl,
carboxymethyl, Cy.¢ alkoxycarbonyl, C,.¢ alkoxycarbonyl(C;.¢)alkyl, di(Ci.¢)alkylamino,
Cy.¢ alkoxycarbonylamino and Cy.¢ alkoxycarbonylamino(C;.g)alkyl.

‘ Examples of specific substituents on R®, or on the cyclic moiety -NR°R°, include
meﬁyl, methoxymethyl, hydroxy, hydroxymethyl, 2-hydroxyethyl, amino, aminomethyl,
carboxymethyl, zert-butoxycarbonyl, ethoxycarbonylmethyl, dimethylamino, terz-
butpxycarbonylatrﬁno and fert-butoxycarbonylaminomethyl.

‘ Favoured values of R? include hydrogen, methyl, ethyl, propyl, cyclopropyl-
methyl azetidinyl, pyrrolidinyl, piperidinyl, azetidinylmethyl, dioxolanylmethyl,
pyr;‘ohdmyh:nethyl, morpholinylethyl and morpholinylpropyl, any of which groups may
be optionally substituted by one or more substituents. Favoured substituents in this
context include C; alkyl (especially methyl), hydroxy, amino, C.s alkoxycarbonyl
(eséecially tert-butoxycarbonyl) and di(Cj.)alkylamino (especially dimethylamino).

| Specific values of R” include hydrogen, methyl, 2-hydroxyethyl, 3-hydroxypropyl,
1-hydroxyprop-2-yl, 2,3-dihydroxypropyl, 2-am.ino-2-methy1pr6py1, 2,2-dimethyl-3-
(dimethylamino)propyl, cyclopropylmethyl, 1-tert-butoxycarbonylazetidin-3-yl,
pyrrolidin-3-yl, 1-terz-butoxycarbonylpyrrolidin-3-yl, piperidin-3-yl, piperidin-4-yl, 1-
methylpiperidin-4-yl, 1-tert-butoxycarbonylpiperidin-3-yl, 1-tert-butoxycarbonyl-
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p1pendm—4—yl 1-tert-butoxycarbonylazetidin-3-ylmethyl, 2,2-dimethyl-[1, 3]dioxolan-4-
y]nuethyl pyrrolidin-2-ylmethyl, 2-(morpholin-4-yl)ethyl and 3-(morpholin-4-yl)propyl.
Typically, R® represents hydrogen; or Cy.¢ alkyl, optionally substituted by one or
more, preferably one or two, hydroxy groups,

5 Typical values of R” include hydrogen, methyl, hydroxypropyl and
dihydroxypropyl. In one embodiment, R® represents hydrogen. In another embodiment,

R® represents methyl. In a further embodimeﬁt, R? represents hydroxypropyl, especially
3-hydroxypropyl. In an additional embodiment, R represents dihydroxypropyl,
esﬁecially 2,3-dihydroxypropyl.

10 In one embodiment, R°® is hydrogen. In another embodiment, R°® represents C;.¢

@ | alkyl, especially methyl. In a further embodiment, R® represents hydroxy(Ci.¢)alkyl, e.g.

| hydroxyethyl (especially 2-hydroxyethyl).

: Alternatively, the moiety -NR°R® may suitably represent azetidin-1-yl, pyrrolidin-
-yl piperidin-1-yl, morpholin-4-yl, thiomorpholin-4-yl, piperazin-1-yl, homopiperidin-

. 15 1-yl or homomorpholin-4-yl, any of which groups may be optionally substituted by one or
moLz substituents. The moiety -NR°R® may also represent optionally substituted
homopiperazin-1-yl.

. Particular values for the cyclic moiety -NR'R® include azetidin-1-yl, pyrrolidin-1-
yl, Ij)iperidinvl-yl, morpholin-4-yl, piperazin-1-yl and homopiperazin-1-yl, any of which
20 gfoﬁps may be optionally substituted by one or more substituents.
| ‘ Specific values of the cyclic moiety -NR°R° include 3-hydroxyazetidin-1-yl, 3-
i’ ; o amihoazetidin—l-yl, 3-(aminométhyl)azetidin—1~yl, 3-(tert-butoxycarbonylamino)azetidin-
1-y4, 3-(tert-butoxycarbonylaminomethyl)azetidin-1-yl, pyrrolidin-1-yl, 2-(methoxy-
me‘qbyl)pyr;olidin—l-yl, 3-hydroxypyrrolidin-1-yl, 3-aminopyrrolidin-1-yi, 3-(tert-

® 25

butoxycarbonylamino)pyrrolidin-1-yl, 2-(aydroxymethyl)piperidin-1-yl, 4-amino-
piperidin-1-yl, 4-(rert-butoxycarbonylamino)piperidin-1-yl, morpholin-4-yl, 2-(hydroxy-
metjhyl)morpholin—4—yl, piperazin-1-yl, 4-methylpiperazin-1-yl, 2-(hydroxymethy])-
| ' pipérazin-l-yl, 4-(2-hydroxyethyl)piperazin-1-yl, 4-(carboxymethyl)piperazin-1-y}, 4-
| (ter}-butoxycarbonyl)-Z-(hydroxymethyl)piperazin—1-y1, 4-(ethoxycarbonylmethyl)-
30 pipe#razin—l—yl and homopiperazin-1-yl.
Suitably, the cyclic moiety -NR'R® may be substituted by Ci. alkyl, especially
metﬁyl. Particular values of -NR"R® include pyrrolidin-1-yl, morpholin-4-yl and 4-
meﬂjuylpiperazin-l-yl.
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| Typically, R® represents cyano, -CO,R? -CONRR®, or -CON(OR®)R®, in which
R®, R” and R® are as defined above. Suitably, R? represents cyano, -CO;R® or -CONRPR®,
espec1a]ly cyano or -CONRR’, in which R®, R” and R® are as defined above. Suitably, R®
represents -CON(OR®R®, in which R® and R® are as defined above.

~ Inome embodiment, R? represents cyano. In another embodiment, R? represents
-CO;R’, in which R® is as defined above. In a further embodiment, R represents
-CONRPR®, in which R” and R® are as defined above. In an additional embodiment, R®
represents ~-CON(OR)R®, in which R and R° are as defined above. In a still further
embodiment, R? represents hydrogen.

A particular sub-group of compounds according to the invention is represented by

the compounds of formula (1), and pharmaceutically acceptable salts, solvates and N-

oxides thereof:

RS

= H

[ F
S

\ =

R12

QY

wherein

R'? represents halogen; and

R? is as defined above.

In one specific embodiment, R'® is bromo. In another specific embodiment, R is
iodo.

Specific novel compounds in accordance with the present invention include each

of the compounds whose preparation is described in the accompanying Examples, and
phaﬁmaceutically acceptable salts and solvates thereof.

| The present invention also provides a pharmaceutical composition which

comprises a compound of formula (T) as defined above, or a pharmaceutically acceptable
|

salt, solvate or N-oxide thereof, in association with one or more pharmaceutically

accejbtable carriers.
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| Pharmaceutical compositions according to the inventioh may take a form suitable
fof; oral, buccal, parenteral, nasal, topical, ophthalmic or rectal administration, or a form
suitable for administration by inhalation or insufflation.
‘ For oral administration, the pharmaceutical compositions may take the form of,
for example, tablets, lozenges or capsules prepared by conventional means with
phéxmaceutica]ly acceptable excipients such as binding agents (e.g. pregelatinised maize
staiich, polyvinylpyrrolidone or hydroxypropyl methyl cellulose); fillers (e.g. lactose,
i lirocrystalline cellulose or calcium hydrogenphosphate); lubricants (e.g. magnesium
stearate, talc or silica); disintegrants (e.g. potato starch or sodium glycollate); or wetting
agents (e.g. sodium lauryl sulphate). The tablets may be coated by methods well known
in tﬁe art. Liquid preparations for oral administration may take the form of, for example,
soh“;tions, syrups or suspensions, or they may be presented as a dry product for
constitution with water or other suitable vehicle before use. Such liquid preparations may
be ﬂrepa:red by conventional means with pharmaceutically acceptable additives such as
suspending agents, emulsifying agents, non-aqueous vehicles or preservatives. The
preﬁarations may also contain buffer salts, flavouring agents, colouring agents or
sweétening agents, as appropriate.

| Preparations for oral administration may be suitably formulated to give controlled
release of the active compound.
For buccal administration, the compositions may take the form of tablets or

lozenges formulated in conventional manner,

| The compounds of formula (T) may be formulated for parenteral administration by
injection, e.g. by bolus injection or infusion. Formulations for injection may be presented
in unit dosage form, e.g. in glass ampoules or multi-dose containers, e.g. glass vials. The
compositions for injection may take such forms as suspensions, solutions or emulsions in
oily olgr aqueous vehicles, and may contain formulatory agents such as suspending,
stabi]ising, preserving and/or dispersing agents. Alternatively, the active ingredient may
bein ﬁowder form for constitution with a suitable vehicle, e.g. sterile pyrogen-free water,
before% use.

‘ In addition to the formulations described above, the compounds of formula (T)
may aiso be formulated as a depot preparation. Such long-acting formulations may be
administered by implantation or by intramuscular injection.

1

i
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| For nasal administration or administration by inhalation, the compounds according
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to}‘ithe present invqnﬁon may be conveniently delivered in the form of an aerosol spray
présentaﬁon for pressurised packs or a nebuliser, with the use of a suitable propellant, e.g.
di#hlorodiﬂuoromethane, fluorotrichloromethane, dichlorotetrafluoroethane, carbon
diéxide or other suitable gas or mixture of gases.
\ The compositions may, if desired, be presented in a pack or dispenser device
which may contain one or more unit dosage forms containing the active ingredient. The
paé;k or dispensing device may be accompanied by instructions for administration. |

. For topical administration the compounds according to the present invention may
be @onvenienﬂy formulated in a suitable ointment containing the active component
‘sustpended or dissolved in one or more pharmaceutically acceptable carriers. Particular
carﬁers include, for example, mineral oil, liquid petroleum, propylene glycol,
poliroxyethylene, polyoxypropylene, emulsifying wax and water. Alternatively, the
co “pounds according to the present invention may be formulated in a suitable lotion
co:;a'ming the active component suspended or dissolved in one or more pharmaceutically
accéptable carriers. Particular carriers include, for example, mineral oil, sorbitan
mdﬂosteaxate, polysorbate 60, cetyl esters wax, cetearyl alcohol, benzyl alcohol, 2-
octy‘;ldodecanol and water. .

| For ophthalmic administration the compounds according to the present invention

may be conveniently formulated as microionized suspensions in isotonic, pH-adjusted
sterile saline, either with or without a preservative such as a bactericidal or fungicidal
ageni, for example phenylmercuric nitrate, benzylalkonium chloride or chlorhexidine
acetaté. Alternatively, for ophthalmic administration compounds may be formulated in an
ointment such as petrolatum.

For rectal administration the compounds according to the present invention may
be co%nvenienﬂy formulated as suppositories. These can be prepared by mixing the active
comﬁonent with a suitable non-irritating excipient which is solid at room temperature but
liquid at rectal temperature and so will melt in the rectum to release the active component.
Such pnateﬂals inélude, for example, cocoa butter, beeswax and polyethylene glycols.

‘ The quantity of a compound of the invention required for the prophylaxis or
trea@ent of a particular condition will vary depending on the compound chosen and the
conditzion of the patient to be treated. In general, however, daily dosages may range from

around 10 ng/kg to 1000 mg/kg, typically from 100 ng/kg to 100 mg/kg, e.g. around 0.01
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mé/kg to 40 mg/kg body weight, for oral or buccal adminis
to 550 mg/kg body weight for parenteral administration, and from around 0.05 mg to

tion, from around 10 ng/kg

around 1000 mg, e.g. from around 0.5 mg to around 1000 mg, for nasal administration or
adtministration by inhalation or insufflation.
5 | Thecompounds of formula (T) above, and the N-oxides thereof, may be prepared

by a process which comprises reacting a compound of formula (III), or an N-oxide

théreof, with a compound of formula (IV):

S=C=N

(I av)
0
wherein R, R? and R® are as defined above, and 1! reprosents a suitable leaving group.
The leaving group L' is typically a halogen atom, e.g. chloro.
~ Thereaction is conveniently effected, at an elevated temperature if necessary, in a
suiitable solvent, e.g. dimethylsulphoxide, typically under basic conditions, e.g. in the
15 pre;sence of an inorganic base such as sodium hydride.

The intermediates of formula (IV) above may be prepared by reacting a compound
of formula (V):

V)
20

whérein R! and R? are as defined above; with thiophosgene.

The reaction is conveniently effected in a suitable solvent, typically a mixture of

chloroform and water.
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In another procedurs, the compounds of formula (T) above wherein R> represents

-CONR'R® or -CON(OR®)R’, and the N-oxides thereof, may be prepared by a process

W

cq

hich comprises reacting a compound of formula H-NRPR® or H-N(OR®)R® with a
ympound of formula (VI), or an N-oxide thereof:

VD

wherein R!, R?, R? and R° are as defined gbove; in the presence of a condensing agent.

A suitable condensing agent is 1-(3-dimethylaminopropyl)-3-carbodiimide

. bydrochloride (EDC), in which case the reaction is conveniently effected in the presence
of 1-hydroxybenzotriazole (HOBT) and N-methylmorpholine (NMM).

CO,H

N—so)cx,
S

(vl

with a compound of formula (V) as defined above.

The reaction may conveniently be effected by treating compound (V) with a base,

e.g. lithium bis(trimethylsilyl)amide, in a suitable solvent, e.g. tetrahydrofuran, followed

by

the addition of compound (VII).
The intermediate of formula (VII) above may be prepared from a compound of

formula (VIID):

The compounds of formqla (V1) above may be prepared by reacting the compound
of formula (VII):
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Wﬁerem R® is as defined above; by saponification of the ester moiety followed by
oxidation of the methylsulfanyl group.
‘} Saponification of the ester moiety -CO,R" in compound (VII) may be effected by

trdan:nent with an alkaline base, e.g. sodium hydroxide, in a suitable solvent, e.g. an

' aqpeous mixture of a lower alkanol such as methanol and a cyclic ether such as

tefirahydrofuxan. Oxidation of the methylsulfanyl group in the resulting compound may
then be effected by treatment with a suitable oxidising agent, e.g. Oxone® (potassium

P

roxymonosulfate), in an appropriate solvent, e.g. aqueous methanol.

B

The intermediates of formula (VIII) above may be prepared by reacting a
compound of formula (I1T), wherein R? is -CO,R" as defined above, with carbon disulfide,
followed by treatment with a methyl halide such as iodomethane,

| The reaction is conveniently effected in a suitable solvent, e.g. dimethylsulfoxide,
in the presence of a base such as sodium hydride.

i Where they are not commercially available, the startmg materials of formula (TIT)
anTi (V) may be prepared by methods analogous to those described in the accompanying

“Examples, or by standard methods well known from the art.

. will be understood that any compound of formula (I) initially obtained from any
of Jthe above processes may, where appropriate, subsequently be elaborated into a further

compound of formula (I) by techniques known from the art. By way of example, a

compound of formula (I) wherein R? represents -CO,R® may be converted into the
cox‘jjresponding compound wherein R? represents -CONH, by treatment with ammonia,
tyﬁically in a lower alkanol solvent, e.g. ethanol, at elevated temperature and pressure.
Alfiematively, a compound of formula (I) wherein R? represents -CO,R" may be converted
int%; the corresponding compound wherein R? represents ~CONRPR® by treatment with the
apﬁropriate amine of formula H-NR"R® in thé presence of trimethylaluminium. A
coﬁlpound of formula (I) wherein R represents -CO,R® may be converted into the
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|
corresponding compound wherein R? represents hydrogen by treatment with an alkaline

_ réagent such as lithium hydroxide under forcing conditions, e.g. by heating at reflux in a

mixture of ethanol and water. A compound of formula (I) wherein R contains a 2,2-
diineﬂ1y1—[1,3]dioxolan-4~y]methy1 moiety may be converted into the cotresponding
cdmpou.ud wherein R? contains a 2,3-dihydroxypropyl moiety by treatment with a mineral
ad;id such as hydrochloric acid. A compound of formula (I) wherein R? contains a

ni‘icro gen atom to which a tert-butoxycarbonyl (BOC) group is attached may be converted
i:itlo the corresponding compound wherein R? contains an N-H functionality by treatment
wy‘th an acid, e.g. a mineral acid such as hydrochloric acid, or an organic acid such as
tn'fluoroacetic acid. A compound of formula (I) wherein R® contains an N-H
ﬁwcﬁonality may be converted into the corresponding compound wherein R? contains a
nit‘;rogen atom to which an ethoxycarbonylmethyl group is attached by treatment with
etﬂyl chloroacetate, typically in the presence of triethylamine; the resulting compound
maiy then be converted into the corresponding compound wherein R? contains a nitrogen
at | to which a carboxymethyl group is attached by treatment with an alkaline reagent
such as sodium hydroxide, typically in an aqueous solution of a lower alkanol such as
eth‘anol. The i)yridine-N-oxide derivative of a compound of formula (T) may be converted
into the corresponding compound of formula (I) by treatment with triphenyl phosphine
and phosphorus trichloride.

. Where a nﬁxture of products is obtained from any of the processes described
ab;%ve for the preparation of compounds according to the invention, the desired product
can‘ be separated therefrom at an appropriate stage by conventional methods such as
preparative HPLC; or column chromatography utilising, for example, silica and/or

alufpina in conjunction with an appropriate solvent system.
|
|
according to the invention give rise to mixtures of stereoisomers, these isomers may be

Where the above-described processes for the preparation of the compounds

sepérated by conventional techniques. In particular, where it is desired to obtain a
parﬁcular enantiomer of a compound of formula (I) this may be produced from a
corriesponding mixture of enantiomers using any suitable conventional procedure for
resoivmg enantiomers. Thus, for example, diastereomeric derivatives, e.g. salts, may be
proiuced by reaction of a mixture of enantiomers of formula (), e.g. a racemate, and an
apprippriate chiral compound, e.g. a chiral base. The diastereomers may then be separated
by ahy convenient means, for example by crystallisation, and the desired enantiomer
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|
recovered, e.g. by treatment with an acid in the instance where the diastereomer is a salt.

In ianother resolution process a racemate of formula (I) may be separated using chiral
I—IéLC. Moreover, if desired, a particular enantiomer may be obtained by using an
api:ropriate chiral intermediate in one of the processes described above. Alternatively, a
pai'ﬁcular enantiomer may be obtained by performing an enantiomer-specific enzymatic
bidﬁansfdrmaﬁon, e.g. an ester hydrolysis using an esterase, and then purifying only the
enjantiomerically pure hydrolysed acid from the unreacted ester antipode.
Cdromato graphy, recrystallisation and other conventional separation procedures may also
be%used with intérmediates or final products where it is desired to obtain a particular
gebmetric isomer of the invention.
} During any of the above synthetic sequences it may be necessary and/or desirable
to protect sensitive or reactive groups on any of the molecules concerned. This may be
acheved by means of conventional protecting groups, such as those described in
Pr?tective Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and
. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley &
Sons, 3™ edition, 1999. The protecting groups may be removed at any convenient
subsequent stage utilising methods known from the art.

| i The following Examples illustrate the preparation of compounds according to the
imjzention.

| The compounds in accordance with this invention potently inhibit the act1v1ty of
human MEK enzyme.
In vitro MEK assay
MEKT activity was measured in a cascade assay initiated by active Raf, via

acﬁvation of MEK, Erk2 and subsequent phosphorylation of fluorescein-labelled Erk-tide
substrate in an assay based on fluorescence polarisation (IMAP). The assay was carried
out in 20mM Tris + 5mM MgCl, + 2mM DL-dithiothreitol + 0.01% Tween 20 pH 7.2,
contanung 1.50M unactive MEK, 100nM unactive Erk and 200nM Erk-tide (all
cohceutratlons are final concentrations). Compounds, or DMSO controls, were tested at a
ﬁnal concentration of 2% DMSO, and the assay initiated in the presence of SuM ATP by
addmon of 1.25nM active Raf in assay buffer. After 20 min at r.t., stop solution was
added followed by IMAP binding beads, the assay mixture was then incubated for 90 min
at r.t. (with shaking) and then read on a Molecular Devices LIL HT reader.
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Wh'en tested in the above assay, the compounds of the accompanying Examples
ere all found to inhibit human MEK enzyme with ICso values of 10 pM or better.

\ EXAMPLES

APbreviutions used

E@Ac - ethyl acetate DMSO - dimethylsulphoxide

TTIF - tetrahydrofuran ' DCM - dichloromethane

ether - diethyl ether CDCl; ~ deuterochloroform
eOH - methanol MeCN - acetonitrile

EtOH - ethanol ES - electrospray

DMF - N,N-dimethylformamide HOBT - 1-hydroxybenzotriazole

Si0, - silica NMM - N-methylmorpholine

h ~ hour(s) min - minute(s)

r.t, - room temperature aq - aqueous

saf, - saturated ' RT - retention time

BOC - tert-butoxycarbonyl LiHMDS - lithium bis(trimethylsilyl)amide

M?;FBA - 3-chloroperoxybenzoic acid '

ETC - 1-(3-dimethylaminopropyl)-3-carbodiimide hydrochloride

All NMR spectra were obtained either at 300 MHz or 400 MHz.
Compounds were named with the aid of ACD Labs Name (v. 7.0) supplied by
Adyanced Chemical Development, Toronto, Canada.

Standard LCMS method

The LC-MS system used comprises a Waters Alliance 2795 HT quaternary HPLC,
Waters 996 Photo Diode Array (PDA) detector and Waters ZQ 4000 single quadrupole
mass spectrometer. The ZQ can acquire data simultaneously in positive and negative
electrospray ionisaﬁon modes.

Z( Mass Spectrometer
Capillary 3.5kV Cone 50v
Extractor 2V Source Temp 80°C
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Désolvation Temp 200°C Cone Gas 150 L/h
Desolvation Gas 250L/h Multiplier . 650V
Data were acquired in a full scan from 100 to 1000 m/z.
Scan duration 0.80s '
Interscan delay 0.20 s
HPLC

Analytical reverse phase separation was carried out on a Gemini C18 from

Phenomenex 50 x 4.6 mm with 5 um silica.

Injection Volume SuL

UV data 240 to 400 nm
Sa{mple Temperature 20°C

CSlumn Temperature \ 30°C

Flow Rate 0.9 mIL/min
Split to ZQ ~0.40 mL/min

Salvent A: 90% 10mM NH;CO; in water / 0.1% formic acid / 10% CH;CN
SolventB:  90% CHsCN /0.1% formic acid / 10% 10mM NE,CO, in water
Solvent C:  90% 10mM NH,CO; in water / 0.1% ammonia / 10% CHsCN
Solvent D:  90% CH3CN/ 10% 10mM NEL,CO, in water / 0.1% ammonia

GfadientProgmm
For method 5_95_pH=3
Time (min) A% B% Flow Curve

0.00 950 50 0900 1
2.00 50 950 0900 6
4.00 50 950 0900 6

6

5.00 950 5.0  0.900
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For method 5_95_pH=10
Time (min) A% B% Flow Curve

0.00 95.0 50 0900 1

2.00 50 950 0900 6

4.00 50 950 0900 6 ’
5.00 95.0 50 0.900 6

Preparative UV-HPLC

1 The LC system comprises a Waters 2525 quaternary pump, a Waters 996 Photo
D‘;iode Array (PDA) detector, a Waters 2700 sample manager, a Column Fluidics
Of‘rgauiser and a Waters Fraction Collector operating in reverse phase at one of two pH
S)jrstems.

wa pH system (approximately pH 3.2)

l) The reverse phase separation was carried out on a Luna C18 from Phenomenex
100 x 21.2 mtn with 5 pm silica.
Injection Volume 500 pL

UV data 254 nm

Flow Rate 20 m1L/min

Solvent A 90% water / 10% CH;3CN / 0.1% formic acid
Solvent B 90% CH;CN / 10% water / 0.1% formic acid

High pH system (approximately pH 9.5)
The reverse phase separation was carried out on a Gemini C18 from
P;henomenex 150 x 21.2 mm with 10 um silica.
Injection Volume 500 pL
UV data 254nm
ﬁlow Rate 20mI/min
SolventC  90% 10mM NH,HCO, in water / 0.1% Ammonia / 10% CH,CN
SolventD  90% CH3CN/ 10% 10mM NELHCO; in water / 0.1% Ammonia

| Typical gradient profiles are described below:
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Gradient Program for Low pH Method
Time A% B% C% D% Flow Curve
000 950 50 00 00 20 1

900 50 950 00 00 20
11,00 50 950 00 00 20
11,50 950 50 00 00 20
12,00 950 50 00 00 20

S O O O

Gradient Program for High pH Method
Time A% B% C% D% Flow Curve
000 00 00 - 950 50 20 1

900 00 00 50 950 20 6

11.00 0.0 00 50 950 20 6

11,50 0.0 0.0 950 5.0 20 6

1200 0.0 00 950 50 20 6
INTERMEDIATE 1

2-Fluoro-4-iodo-1-isothiocyanatobenzene

" Thiophosgene (3.55 mL, 46.4 mmol) was added to a rapidly-stirred mixture of 2-
fluoro-4-iodoaniline (10.0 g, 42.2 mmol) in CHCl; (200 mL) and water (100 mL). The
ixture was stirred at r.t. for 16 h. The organic phase was dried (Na,;SOy) and
concentrated in vacuo to give the title compound as an off-white crystalline solid (11.8 g,
quant.). 3y (DMSO-dg) 7.87 (1H, dd, J 1.8, 9.5 Hz), 7.63 (1H, ddd, J 1.0, 1.8, 8.4 Hz),
7.25 (1H, dd, J 8.2, 8.4 Hz).

INTERMEDIATE 2

12-[(4-bromo-2-fluorophenyl)aming]thieno[2,3-b]pyridine-3-carboxylate

Prepared from ethyl (2-chloropyridin-3-yl)acetate (D. H. Bremner et al.,
Synthesis, 1997, 949) (500 mg, 2.5 mmol) and 4-bromo-2-fluorophenyl isothiocyanate
(580 mg, 2.5 mmol) by the method of Example 1. Title compound obtained as an off-
ite solid (390 ing, 40%). & (DMSO-dg) 10.37 (1H, br s), 8.25 (1H, dd, J 1.4, 8.1 Hz),

M
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8. 19(11—1 d, J4.8 Hz), 7.69 (1H, dd, J 1.8, 10.2 Hz), 7.56-7.45 (2H, m), 7.32 (1H, dd, J
4.5,8.1 Hz), 4.35 (2H, q, J 7.1 H2), 1.37 (3, 1, J 7.1 Hz). LCMS (ES") RT 4.66

m@nu*tes, 395 M(PBr+H)".

5 INTERMEDIATE 3
|

3-(tert-Butyldimethylsilanyloxy)propylamine
To a solution of N-(3-hydroxypropyl)phthalimide (5.25 g, 24.36 mmol) in DMF
(250 ml) was added imidazole (16.6 g, 240 mmol) and ters-buiyldimethylsilyl chloride (19
i 10 g, 120 mmol). The reaction was stirred at room temperature for 18 hours before the |
‘ véflatiles were removed in vacuo and a portion of the crude product was subjected to
c#lu:mn chromatography (SiO;, 1:1 DCM/hexanes) to give 2-[3-(fert-butyldimethyl-
siﬂanyloxy)propyl]isoindole-1,3-dione as a clear oil (5 g). 2-[3-(tert-Butyldimethyl-
| .
silanyloxy)propyllisoindole-1,3-dione (5 g, 26.4 mmol) was dissolved in ethanol (50 ml)
16 amd methyl hydrazine (2.94 ml, 55.4 mmol) added. The reaction was heated to 75°C for 8
hburs before concentration in vacuo. Thecrude residue was triturated with a mixture of
diethyl ether (150 mL) and hexanes (50 mL) and the resnltant solid removed by filtration.
| T;jhe solvents were removed in vacuo to give the title compound as a pale yellow oil (1.8
‘ o g, 61%). &y (DMSO-d¢) 4.58 (2H, br s), 3.63-3.58 (2H, m), 2.67-2.62 (2H, m), 1.60-1.55
| : 20 ’(Z;H, m), 0.83 (9H, d, J 1.1 Hz), 0.00 (6H, d, J 1.2 Hz). LCMS (ES") RT 1.77 minutes,
- 190 (M+H)",

‘ o INTERMEDIATE 4

. 25 ZihMeﬂ;ylsulfanylthienol 2.3-blpyridine-3-carboxylic acid ethyl ester

\ To a solution of ethyl (2-ch10ropynd1n-3—y1)acetate (D. H. Bremner et al.,
Synﬂzeszs, 1997, 949) (8.0 g, 40.0 mmol) and carbon disulfide (3.18 g, 42.0 mmol) in
]Z#MSO (100 mL) was added sodium hydride portionwise (2.4 g, 60.0 mmol). After 60
rﬁinutes stirring at room temperature the mixture was heated at 80°C for 2 hours, After

30 ﬂllS time the reaction mixture was allowed to cool to room temperature and methyl iodide
(?.6 g, 54.0 mmol) added. After 18 hours ice (50 mL) was added and a yellow precipitate
: f@prmed which was isolated via filtration to give the title compound as a grey solid (7.95 g,
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78%). 81 (DMSO-dg) 8.60 (1H, dd , J 1.6, 8.2 Hz), 8.46, (1H, dd, J 1.6, 4.6 Hz), 7.35

(m dd, J 4.6, 8.2 Hz), 4.48 (2H, q,J 7.1 Hz), 2.71, (3H, 5), 1.49 (3H, t, J 7.1 Hz).
- INTERMEDIATE 5

Z;Methylmﬂfanylthienol 2.3-blpyridine-3-carboxylic acid
" A mixture of Intermediate 4 (12.5 g, 50.0 mmol) in THF (200 mL) and MeOH (50

mL) was treated with sodium hydroxide solution (10% solution in water, 50 mL) and
siirred at room temperature for 18 h. After this time the reaction mixture was reduced in
vlézcuo to one third of its volume. Water (50 mL) was then added before 10% HCI was
ahded until a white precipitate formed. This was filtered to give the title compound as a
c@%e white solid (10.6 g, 95%). &y (DMSO-dg) 13.50-13.20 (1H br s), 8.55 (1H, dd,
J‘ 1.2, 8.2 Hz), 8.48 (1H, dd, J 1.3, 4.5 Hz), 7.49 (1H, dd, J 4.6, 8.2 Hz), 3.25 (3H, s).

INTERMEDIATE 6

-Methanesulﬁn Ithieno[2,3-b]pyridine-3-carboxylic acid

Oxone (14 5 g, 24.0 mmol) dissolved in water (25 mL) was added to a rapidly
slu'rred mixture of Intexmediate 5 (10.6 g, 47 mmol) in MeOH (250 mL). The mixture was
sjﬁrred,at room temperature for 4 h. The reaction mixture was separated between DCM
(300 mL) and water (200 mL). The organic layer was dried (Na;S0,) and concentrated in
vpcuo to give the title compound as a white crystalline solid (10.0 g, 88%). &g (DMSO-
d;ﬁ) 14.20-13.80 (1H, brs), 8.73 (1H, dd, J 1.7, 8.3 Hz), 8.69 (1H, J 1.7, 4.6 Hz), 7.61

(IH, dd, J 4.6, 8.3 Hz), 3.05 (31, 5).

! INTERMEDIATE 7

To a stirred solution of 2-fluoro-4-iodoaniline (6.0 g, 25 mmol) in THF (100 mL)
at 0°C (ice bath) was added LiHMDS (1.0 M solution in THF, 20.0 mL, 20.0 mmol)
s;lowly The mixture was allowed to stir at room temperature for 30 minutes before
ciooling to 0°C and Intermediate 6 (2.0 g, 8.3 mmol) was added portionwise. The mixture
viras stirred at room temperature for 1 hour. Afier this time the reaction mixture was
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p}bured onto ice and when at ambient temperature citric acid was added until a precipitate
fcfprmed. The mixture was filtered to give the title compound as a pale brown crystalline
sﬁlalid (2.9 g, 84%). Sy (DMSO-ds) 14.00-13.00 (1H, br s), 10.80 (1H, s), 8.36 (1H, dd,J
15.3, 8.1 Hz), 8.32 (1H, dd, J, 1.3, 4.8 Hz), 7.84 (1H, dd, J 1.8, 10.1 Hz), 7.69 (1H, 4, J 8.3
Bz), 7.54 (1H, m), 7.42 (15, dd, /8.3, 4.8 Ha).

| INTERMEDIATE 8

tjl-Iodo—-l-isothiocvanato-z-methylbenzene
j To a stirring solution of 4-iodo-2-methylaniline (1.0 g, 4.2 mmol) in DCM (50
mL) was added water (20 mL) followed by thiophosgene (490 mg, 4.2 mmol). The

ﬁeaction mixture was stirred overnight before the layers were separated and the organic

J

lﬁayer dried (N2280,) and evaporated in vacuo to give the desired product as a brown solid
(1.05 g, 89%). 81 (CDCls) 7.75 (1H, d, J 1.2 Hz), 7.62 (1H, dd, J 1.2, 8.3 Hz), .15 (1H,
d,78.3 Hz), 2.20 (3H, s).

INTERMEDIATE 9

2‘! -Chloro-4-iodo-1-isothiocyanatobenzene

" Toastimed solution of 2-chloro-4-iodoaniline (1.0 g, 3.9 mmof) in DCM (50 raL)
was added water (20 mL) followed by thiophosgene (476 mg, 4.1 mmol). The reaction
@ixtwe was stirred overnight before the layers were separated and the organic layer dried
}(Na2S04) and evaporated in vacuo to give the desired product as a brown solid (1.0 g,
§86%). 8y (CDCl3) 7.79 (1H, d, J 1.9 Hz), 7.58 (1H, dd, J'1.9, 8.4 Hz), 6.97 (1, d, /8.4
Hz).

| INTERMEDIATE 10

idine-3-carbonyl}amino)-

gmethxl [pyrrolidine-1-carboxylic acid ters-butyl ester

1~(3-Dimethylaminopropyl)-3-carbodiimide hydrochloride (139 mg, 0.72 mmol)
‘was added to a solution of Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole
(98 mg, 0.72 mmol), N-methylmorpholine (0,11 mL, 0.99 mmol) and (R)-2-

PCT/GB2007/000310 q/
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(.54) Title: THIENO-PYRIDINE DERIVATIVES AS MEK INHIBITORS

( 7) Abstract: A series of thieno[2,3-b]pyridine derivatives which are substituted in the 2- position by a substituted anilino moiety,
being selective inhibitors of human MEK (MAPKK) enzymes, are accordingly of benefit in medicine, for example in the treatment
of inflammatory, autoimmune, cardiovascular, proliferative (including oncological) and nociceptive conditions.
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-failure); proliferative disorders such as restenosis, and oncological conditions including

PCT/GB2007/000310 &

THIENO-PYRIDINE DERIVATIVES ASMEK INHIBITORS

| The present invention relates to a class of thieno-pyridine derivatives and to their
use in therapy. More particularly, the invention is concerned with thieno[2,3-b]pyridine
derivatives which are substituted in the 2-position by a substituted anilino moiety. These
c%ompounds are selective inhibitors of MBK (MAPKK) enzymes, and are accordingly of
enefit as pharmaceutical agents, especially in the treatment of adverse inflammatory,
utoimmune, cardiovascular, proliferative (including oncological) and nociceptive
onditions.

MEK enzymes are implicated in a variety of physiological and pathological
funcﬁons that are believed to be operative in a range of human diseases. These functions
are summarised in paragraphs [0004] and [0005] of US 2005/0049276 A1.

‘: The compounds of use in the present invention, being potent and selective MEK
inhibitors, are therefore beneficial in the treatment and/or prevention of various human

ilments. These include autoimmune and inflammatory disorders such as theumatoid

X itis, osteoarthritis, multiple sclerosis, asthma, inflammatory bowel disease, psoriasis

and transplant rejection; cardiovascular disorders including thrombosis, cardiac

]iypertrophy, hypertension, and irregular contractility of the heart (e.g. during heart

If,ukaemia, glioblastoma, lymphoma, melanoma, and human cancers of the liver, bone,

brain, pancreas, lung, breast, stomach, colon, rectum, prostate, ovary and cervix; and

ain and nociceptive disorders, including chronic pain and neuropathic pain.

In addition, the compounds of use in the present invention niay be beneficial as

p#haxmacological standards for use in the development of new biological tests and in the

search for new pharmacological agents. Thus, the compounds of use in this invention
may be useful as radioligands in assays for detecting compounds capable of binding to
human MEK enzymes.

MEK inhibitors based on a fused bicyclic aromatic ring system attached to a
s131bstituted anilino moiety are known from the art. Examples of relevant publications
iﬁclude WO 2005/051906, WO 2005/023251, US-A-2005/0049276, WO 2005/009975,
WO 03/077914 and WO 03/077855.

‘ WO 2005/023818 describes a broad-ranging class of compounds based on a fused

b%cyclic aromatic ring system, which generically encompasses thieno-pyridine derivatives
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aﬁached to a substituted anilino moiety but nowhere specifically discloses. any precise
c%ompound of this type. No discrete pharmacological activity, in terms of an identifiable
. ﬁharmacological mechanism, is ascribed to the compounds described therein, but they are
nevertheless stated to be useful infer alia in the treatment of cell proliferative diseases

5 sﬁch as cancer. US-A-2003/0220365 is also of relevance in a related context.

Nowhere in the prior art, however, is there the precise disclosure of a class of

ek

hieno[2,3-b]pyridine derivatives attached at the 2-position to a substituted anilino

=]

noiety. It has now been found that such compounds are particularly valnable as selective

nhibitors of MEK enzymes. )

10 The compounds of the present invention are potent and selective MEK inhibitors
]iaving a binding affinity (ICso) for the human MEK1 and/or MEK2 enzyme of 50 uM or
less, generally of 20 uM or less, usually of 5 pM or less, typically of 1 uM or less,
s}uitably of 500 nM or less, ideally of 100 1M or less, and preferably of 20 nM or less (the

[ e

skilled person will appreciate that a lower ICsq figure denotes a more active compound).

15 e coﬁpounds of the invention may possess at least a 10-fold selective affinity, typically
a least a 20-fold selective affinity, suitably at least a 50-fold selective affinity, and ideally
aﬁt least a 100-fold selective affinity, for the human MEX1 and/or MEK2 enzyme relative
to other human kinases.

The present invention provides a compound of formula (I), or a pharmaceutically

.20 acceptable salt, solvate or N-oxide thereof:

3
o H
\ /
a oW
S
RZ
@
vx}rhereﬁl
25 ‘ R! represents hydrogen, halogen or Cy.4 alkyl;

R? represents halogen or C,.¢ alkyl;
R? represents hydrogen, cyano, -CO,R%, -CONRPR® or —CON(OR")R“;
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R® represents Cy.g alkyl;
| R® represents hydrogen; or Ci.6 alkyl, Cs.7 cycloalkyl, Cs7 cycloalkyl(Cy.g)alkyl,
aryl, aryl(Cr.q)alkyl, Css heterocycloalkyl, Cs. heterocycloalkyl(Cy.¢)alkyl, heteroaryl or
ileteroawl(cl.e)alkyl, any of which groups may be optionally substituted by one or more
éubstituents; and
| R’ represents hydrogen or Cy.¢ alkyl (optionally substituted by hydroxy); or
l R® and R®, when taken together with the nitrogen atom to which they are both

ittached, represent azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl, thiomorpholinyl,
piperazinyl, homopiperidinyl, homomorpholinyl or homopiperazinyl, any of which
groups may be optionally substituted by one or more substituents.
‘ The present invention also provides a compound of formula (I) as depicted above,
qr a pharmaceutically acceptable salt, solvate or N-oxide thereof, wherein
| R! and R? are as defined above;
R® represents cyano, -CO,R?, -CONRPR® or -CON(OR?)RS;
R® represents Cy.g alkyl;
| R represents hydrogen; or Cy.g alkyl, Cs.; cycloalkyl, Cs.7 cycloalkyl(Ci.¢)alkyl,
aryl, aryl(C.¢)alkyl, Cs.7 heterocycloalkyl, Cs.; heterocycloalkyl(Ci.g)alkyl, heteroaryl or
héteroaryl(C1_5)a]kyl, any of which groups may be optionally substituted by one or more
sﬁbstituepts; and
i R°® represents hydrogen or Cy.¢ alkyl; or

R® and R®, when taken together with the nitrogen atom to which they are both
attached, represent azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl, thiomorpholinyl,
pi .erazinyl, homopiperidiny! or homomorpholinyl, any of which groups may be
optionally substituted by one or more substituents.

For use in medicine, the salts of the compounds of formula () will be
pharmaceutically acceptable salts. Other salts may, however, be useful in the preparation
of# the compounds of the invention or of their pharmaceutically acceptable salts. Suitable
pharmaceutically acceptable salts of the compounds of this invention include acid
addition salts which may, for example, be formed by mixing a solution of the compound
of éthe invention with a solution of a pharmaceutically acceptable acid such as
hydrochloric acid, sulphuric acid, methanesulphonic acid, fumaric acid, maleic acid,
suécﬁﬁc acid, dcetic acid, benzoic acid, citric acid, tartaric acid or phosphoric acid.

Furthermore, where the compounds of the invention carry an acidic moiety, e.g. carboxy,
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suitable pharmaceutically acceptable salts thereof may include alkali metal saits, e.g.
sofdium or potassium salts; alkaline earth metal salts, e.g. calcium or magnesium salts; and
sailts formed with éuitable organié ligands, e.g. quaternary ammonium salis.

| The present invention includes within its scope solvates of the compounds of
fcwirmula (1) above. Such solvates may be formed with common organic solvents, e.g.
h&drooarbon solvents such as benzene or toluene; chlorinated solvents such as chloroform
oj dichloromethane; alcoholic solvents such as methanol, ethanol or isopropanol; ethereal
solvents such as diethyl ether or tetrahydrofuran; or ester solvents such as ethyl acetate.
Alternatively, the solvates of the compounds of formula (I) may be formed with water, in
which case they will be hydrates.

Suitable alkyl groups which may be present on the compounds of the invention
include straight-chained and branched C;.5 alkyl groups, for example C;.4 alkyl groups.
Typlcal examples include methyl and ethyl groups, and straight-chained or branched
pﬁ:opyl, butyl and pentyl groups. Particular alkyl groups include methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, zers-butyl and 2,2-dimethylpropyl. Derived
expressions such as “Cy.¢ alkoxy”, “Cy.¢ alkylthio”, “Cy.¢ alkylsulphonyl” and “Ci.¢
aikylamino” are to be construed accordingly.

‘ - Specific Cs.7 cycloalkyl groups are cyclopropyl, cyclobutyl, cyclopentyl,
c;yclohexyl and cycloheptyl.

| Suitable aryl groups include phenyl and naphthyl, preferably phenyl.

Suitable aryl(Ci.¢)alkyl groups include benzyl, phenylethyl, phenylpropyl and
phthylmethyl.
Suitable heterocycloalkyl groups, which may comprise benzo-fused analogues
ereof, include azetidinyl, tefrahydrofuranyl, dioxolanyl, pyrrolidinyl, indolinyl,
imidazolidinyl, tetrahydropyranyl, piperidinyl, 1,2,3,4-tetrahydroquinolinyl, 1,2,3,4-
etrahydroisoquinolinyl, piperazinyl, morpholinyl and thiomorpholinyl.
‘ Suitable heteroaryl groups include furyl, benzofuryl, dibenzofuryl, thienyl,
benzothienyl, pyrrolyl, indolyl, pyrazolyl, indazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, imidazolyl, benzimidazolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl,
pyridinyl, quinoliny, isoquinolinyl, pyridazinyl, pyrimidinyl and pyrazinyl groups.
‘ The term “halogen” as used herein is intended to include fluorine, chlorine,

bromine and iodine atoms.
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| ‘Where the compounds of formula (I) have one or m;)re asymmetric centres, they

mfay accordingly exist as enantiomers. Where the compounds of the invention possess

tv{‘ro or more asymmetric centres, they may additionally exist as diasterecomers. The

inirention is to be understood to extend to all such enantiomers and diastereomers, and to

m&xtures thereof in any proportion, including racemates. Formula (I) and the formulae

d ip_i'cted hereinafier are intended to represent all individual stereoisomers and all possible
es thereof, unless stated or shown otherwise. In addition, compounds of formula

may exist as tautomers, for example keto (CHpC=0)-enol (CH=CHOH) tautomers.

Formula (T) and the formulae depicted hereinafier are intended to represent all individual
tautomers and all possible mixtures thereof, unless stated or shown otherwise.

; ‘ In one embodiment, R represents hydrogen. In another embodiment, R’
represents halogen, particularly fluoro or chloro, especially fluoro. In a further
embodiment, R represents Cy.6 alkyl, especially methyl.
‘ Typically, R! is fluoro.
In one embodiment, R® represents halogen, especialiy bromo or iodo. In another
embodiment, R? represents Cy.¢ alkyl, espécially methyl.
In one specific embodiment, R? is bromo. In another specific embodiment, R? is
iq%)do.
| Suitably, R® represents methyl or ethyl, especially ethyl.
| f‘avourably, R® represents hydrogen; or Cyi¢ alkyl, Cs.7 cycloalkyl(C,.¢)alkyl, Ca
hjeterocycloalkyl or Cs.7 heterocycloalkyl(Cy.g)alkyl, any of which groups may be
tionally substituted by one or more substituents.
| Suitably, R® represents hydrogen; or Cy.¢ alkyl, aryl, aryl(C.¢)alkyl, Ca.y
ﬁeterocycloalkyl, Cs.7 heterocycloalkyl(Cy.6)alkyl, heteroaryl or heteroaryl(Cy.¢)alkyl, any
of which groups may be optionally substituted by one or more substituents.
| Suitably, the group Rb, or the cyclic moiety -NR'R®, may be unsubstituted, or
sﬁbstituted by one or more substituents, typically by one or two substituents, In one
embodiment, the group R®, or the cyclic moiety -NRPR®, is unsubstituted. In another
efmbodiment’, the group R, or the cyclic moiety -NRPR°, is monosubstituted. In a further
ejmbodiment, the group R®, or the cyclic moiety -NRPR®, is disubstituted.
| Examples of typical substituents on R®, or on the cyclic moiety -NR’R®, include
C1.6 alkyl, C; alkoxy, hydroxy, hydroxy(Cj.¢)alkyl, amino(C;.¢)alkyl, (amino)(hydroxy)-
(Cl.s)alkyl, halogen, oxo, C,.6 alkylcarbonyl, carboxy, Cs.¢ alkoxycarbonyl,

\ O
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di(C1.q)alkylhydrazinylcarbonyl, amino, Cy.¢ alkylamino, di(C,.¢)alkylamino, C;.¢
ailkylcarbonyla.mino, aminocarbonylamino, aminocarbonyl, Cy.¢ alkylaminocarbonyl,
cii(Cl-s)aﬂcylaminocarbonyl, aminosulfonyl, Ci.¢ alkylsulfonyl and C;.¢
alkylaminocarbonyl(Cy.¢)alkyl. Further examples include Cy.¢ alkoxy(C).¢)alkyl,
q‘arboxy(Cl_G)alkyl, Cz6 alkoxycarbonyl(C;.g)alkyl, C,.¢ alkoxycarbonylamino and C,.4
alkoxycarbonylamino(Ch.e)alkyl.
| Examples of particular substituents on R®, or on the cyclic moiety -NR"R®, include
qJethyL methoxy, hydroxy, hydroxymethyl, 2-hydroxyethyl, aminomethyl, 2-amino-3-
hydroxypropyl, fluoro, oxo, acetyl, carboxy, methoxycarbonyl, ethoxycarbonyl, tert-
I?utoxycarbonyl, dimethylhydrazinylcarbonyl, amino, methylamino, 1,3-dimethyl-
l:ibutylamino, dimethylgmino, acetylamino, aminocarbonylamino, amiqocarbonyl,
ejthylaminocarbonyl, diethylaminocarbonyl, aminosulfonyl, methylsulfonyl and
ﬁlethylaminocarbonyhnethyl. Further examples include methoxymethyl, carboxymethyl,
éthoxycarbony]methyl, tert-butoxycarbonylamino and tert-butoxycarbonylaminomethyl.
| Examples of favoured substituents on R®, or on the cyclic moiety -NR"R®, include
16 alkyl, Cy.¢ alkoxy(Ci.s)alkyl, hydroxy, hydroxy(Ch.¢)alkyl, amino, amino(Ci.s)alkyl,
carboxymethyl, C;.¢ alkoxycarbonyl, C,.¢ alkoxycarbonyl(C.¢)alkyl, di(C;.¢)alkylamino,
C2.5 alkoxycarbonylamino and Cy.6 alkoxycarbonylamino(Cy.¢)alkyl.
| Examples of specific substituents on R?, or on the cyclic moiety -NR°R®, include
methyl methoxymethyl, hydroxy, hydroxymethyl, 2-hydroxyethyl, amino, aminomethyl,
carboxymethyl, ters-butoxycarbonyl, ethoxycarbonylmethyl, dimethylamino, zers-
butoxycarbonylammo and fert-butoxycarbonylaminomethyl.

Favoured values of R® include hydrogen, methyl, ethyl, propyl, cyclopropyl-
methyl azetidinyl, pyrrolidinyl, piperidinyl, azetidinylmethyl, dioxolanylmethy],
pyrrohdmylmethyl, morpholinylethyl and morpholinylpropyl, any of which groups may
t;>e optionally substituted by one or more substituents. Favoured substituents in this ‘

?ontext include Cy.¢ alkyl (especially methyl), hydroxy, amino, Cs.s alkoxycarbonyl
(especially fers-butoxycarbonyl) and di(C.¢)alkylamino (especially dimethylamino).

‘ Specific values of R” include hydrogen, methyl, 2-hydroxyethyl, 3-hydroxypropyl,
i-hydroxyprop-z-yl, 2,3-dihydroxypropyl, 2-amino-2-methylpropyl, 2,2-dimethyl-3-
(djmethylanﬁno)propyl, cyclopropylmethyl, 1-tert-butoxycarbonylazetidin-3-yl, |
Ifnyrrolidin-B-yl, 1-tert-butoxycarbonylpyrrolidin-3-yl, piperidin-3-yl, piperidin-4-yl, 1-
fnethylpiperidjn-4-y1, 1-tert-butoxycarbonylpiperidin-3-yl, 1-tert-butoxycarbonyl-
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Liperidin—él-»yl 1-tert-butoxycarbonylazetidin-3-ylmethyl, 2,2-dimethyl-[1, 3]dioxolan-4-
yhnethyl pyrrolidin-2-ylmethyl, 2-(morpholin-4-yl)ethyl and 3-(morpholin-4-yl)propyl.
| Typically, R® represents hydrogen; or Cy.¢ alkyl, optionally substituted by one or
fnore, preferably one or two, hydroxy groups,
5 Typical values of R® include hydrogen, methyl, hydroxypropyl and

dihydroxypropyl. In one embodiment, R® represents hydrogen. In another embodiment,
R represents methyl. In a further embodiment, R® represents hydroxypropyl, especially
-hydroxypropyl. In an additional embodiment, R® represents dihydroxypropyl,
specially 2,3-dihydroxypropyl.

10 In one embodiment, R® is hydrogen. In another embodiment, R® represents Ci.q

. é]kyl, especially methyl. In a further embodiment, R°® represents hydroxy(C.¢)alkyl, e.g.
ﬂydroxyiethyl (especially 2-hydroxyethyl).

®

Alternatively, the moiety -NRR® may suitably represent azetidin-1-yl, pyrrolidin-
1-y1 piperidin-1-yl, morpholin-4-yl, thiomorpholin-4-yl, piperazin-1-yl, homopiperidin-

. 15 1-y1 or homomorpholin-4-yl, any of which groups may be optionally substituted by one or
-:Lore substituents. The moiety -NR°R® may also represent optionally substituted
hjomdpiperazin—l-yl |

| Particular values for the cyclic moiety -NRPR® include azetidin-1-yl, pyrrolidin-1-
yl piperidin-1-yl, morpholin-4-yl, piperazin-1-yl and homopiperazin-1-yl, any of which
20 groups may be optionally substituted by one or more substituents.
‘ : | Specific values of the cyclic moiety -NR’R® include 3-hydroxyazetidin-1-yl, 3-
: aminoazetidin-1-yl, 3-(aminomethyl)azetidin-1-yl, 3-(terz-butoxycarbonylamino)azetidin-

1-y1, 3-(tert-butoxycarbonylaminomethyl)azetidin-1-yl, pyrrolidin-1-yl, 2-(methoxy-

methyl)pyrrolidin-1-yl, 3-hydroxypyrrolidin-1-yl, 3-aminopyrrolidin-1-y}, 3-(tert-

. 25 bﬁtoxycarbbnylamino)pyrrolidin-l-yl, 2-(hydroxymethyl)piperidin-1-yl, 4-amino-
pi?erid.hm—hyl, 4-~(tert-butoxycarbonylamino)piperidin-1-yl, morpholin-4-yl, 2-(hydroxy-
methyl)morpholin-4-yl, piperazin-1-yl, 4-methylpiperazin-1-yl, 2-(aydroxymethyl)-
pii)erazin—l-yl, 4-(2-hydroxyethyl)piperazin-1-yl, 4-(carboxymethyl)piperazin-1-yl, 4-
(tc%rt—butoxycarbonyl)-Z-(hydroxymethyl)piperazin—1-yl, 4-(ethoxycarbonylmethyl)-

30 piiaerazin—l-yl and homopiperazin-1-yl.
| Suitably, the cyclic moiety -NR°R® may be substituted by Ci.6 alkyl, especially
m@thyl Particular values of -NR°R® include pyrrolidin-1-yl, morpholin-4-y] and 4-
mefthy1p1perazm*1-yl.
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| Typically, R® represents cyano, -CO,R?, -CONRR’, or -CON(OR®R®, in which
R, R® and R® are as defined above. Suitably, R® represents cyano, -CO,R® or -CONRR®,
éspecially cyano or -CONR'R’, in which R®, R” and R® are as defined above. Suitably, R®
represents ~CON(OR®)R®, in which R and R® are as defined above,

| In one embodiment, R? represents cyano. In another embodiment, R? represents
-COzR’, in which R* is as defined above. In a further embodiment, R® represents
CONRPR’, in which R® and R° are as defined above. In an additional embodiment, R?
epresents -CON(OR®)R®, in which R® and R® are as defined above. In a still further
embodiment, R represents hydrogen.

-

A particular sub-group of compounds according to the invention is represented by
the compounds of formula (II), and pharmaceutically acceptable salts, solvates and N-
(f’xides thereof:

|

R’
H
/
N F
S

RIZ

(1)

wherein
R'? represents halogen; and
R is as defined above.

In one specific embodiment, R'? is bromo. In another specific embodiment, R'? is

iodo.

Specific novel compounds in accordance with the present invention include each
df the compounds whose preparation is described in the accompanying Examples, and
p}harmaceutically acceptable salts and solvates thereof,

The present invention also provides a pharmaceutical composition which
cjomprises a compound of formula (I) as defined above, or a pharmaceutically acceptable

salt, solvate or N-oxide thereof, in association with one or more pharmaceutically

acceptable carriers.
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Pharmaceutical compositions according to the invention may take a form suitable
fér oral, buccal, parenteral, nasal, topical, ophthalmic or rectal administration, or a form
suitable for administration by inhalation or insuffiation.

| For oral administration, the pharmaceutical compositions may take the form of,
f{or example, tablets, lozenges or capsules prepared by conventional means with
15 armaceutically acceptable excipients such as binding agents (e.g. pregelatinised maize
starch, polyvinylpyrrolidone or hydroxypropyl methyl cellulose); fillers (e.g. lactose,

icrocrystalline cellulose or calcium hydrogenphosphate); lubricants (e.g. magnesium

stearate, talc or silica); disintegrants (e.g. potato starch or sodium glycollate); or wetting
agents (e.g. sodium lauryl sulphate). The tablets may be coated by methods well known
in the art. Liquid preparations for oral administration may take the form of, for example,
s%olutions, syrups or suspensions, or they may be presented as a dry product for
cjonstitution with water or other suitable vehicle before use. Such liquid preparations may

e prepared by conventional means with pharmaceutically acceptable additives such as
juspendjng agents, emulsifying agents, non-aqueous vehicles or preservatives. The
ﬂreparations may also contain buffer salts, flavouring agents, colouring agents or
éweetenjng agents, as appropriate.

} Preparations for oral administration may be suitably formulated to give controlled
r?elease of the active compound.

‘ For buccal administration, the compositions may take the form of tablets or

ioze:nges formulated in conventional manner.

The compounds of formula (I) may be formulated for parenteral administration by
injection, e.g. by bolus injection or infusion. Formulations for inj ection may be presented
in unit dosage form, e.g. in glass ampoules or multi-dose containers, e.g. glass vials. The
éomposiﬁons for injection may take such forms as suspensions, solutions or emulsions in
(goily or aqueous vehicles, and may contain formulatory agents such as suspending,

bilising, preserving and/or dispersing agents. Alternatively, the active ingredient may
e in powder form for constitution with a suitable vehicle, e.g. sterile pyrogen-free water,
efore use.

In addition to the formulations described above, the compounds of formula (I)
may also be formulated as a depot preparation. Such long-acting formulations may be
mstﬂed by implantation or by intramuscular injection.
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f For nasal administration or administration by inhalation, the compounds according
to}‘the present inve_ntion may be conveniently delivered in the form of an aerosol spray
pﬁésentation for pressurised packs or a nebuliser, with the use of a suitable propellant, e.g.
dichlorodifluoromethane, fluorotrichloromethane, dichlorotetrafluoroethane, carbon

5 dioxide or other suitable gas or mixture of gases.
| The compositions may, if desired, be presented in a pack or dispenser device
hich may contain one or more unit dosage forms containing the active ingredient. The
ack or dispensing device may be accompanied by instructions for administration.
| For topical administration the compounds according to the present invention may
10 Be conveniently formulated in a suitable ointment containing the active component
suspended or dissolved in one or more pharmaceutically acceptable carriers. Particular
gﬁ‘;arriers include, for example, mineral oil, liquid petroleum, propylene glycol,
i)olyoxyethylene, polyoxypropylene, emulsifying wax and water. Alternatively, the
Eompounds according to the present invention may be formulated in a suitable lotion
15 /containing the active component suspended or dissolved in one or more pharmaceutically
‘acceptable carriers. Particular carriers include, for example, mineral oil, sorbitan
‘monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, benzyl alcohol, 2-
joctyldodecanol and water.
‘ For ophthalmic administration the compounds according to the present invention
20 . may be conveniently formulated as microionized suspensions in isotonic, pH-adjusted
 sterile saline, either with or without a preservative such as a bactericidal or fungicidal
: agent, for example phenylmercuric nitrate, benzylalkonium chloride or chlorhexidine
acetate. Alternatively, for ophthalmic administration compounds may be formulated in an
f ointment such as petrolatum.
25 For rectal administration the compounds according to the present invention may
g be conveniently formulated as suppositories. These can be prepared by mixing the active
component with a suitable non-irritating excipient which is solid at room temperature but
liquid at rectal temperature and so will melt in the rectum to release the active component.

“ Such materials include, for example, cocoa butter, beeswax and polyethylene glycols.
30 The quantity of a compound of the invention required for the prophylaxis or
| treatment of a particular condition will vary depending on the compound chosen and the
condition of the patient to be treated. In general, however, daily dosages may range from

- around 10 ng/kg to 1000 mg/kg, typically from 100 ng/kg to 100 mg/kg, e.g. around 0.01
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‘mg/kg to 40 mg/kg body weight, for oral or buccal administdation, from around 10 ng/kg
i}to 50 mg/kg body weight for parenteral administration, and from around 0.05 mg to
- 1ga:rom:xd 1000 mg, e.g. from around 0.5 mg to around 1000 mg, for nasal administration or
%dministration by inhalation or insufflation.
5 " The compounds of formula (I) above, and the N-oxides thereof, may be prepared
‘ y a process which comprises reacting a compound of formula (III), or an N-oxide

thereof, with a compound of formula (IV):

, S=C=N

| (Im) a)
0
Wﬂerein R!, R? and R? are as defined above, and 1! represents a suitable leaving group.
- The leaving group L' is typically a halogen atom, e.g. chloro.
| Thereaction is conveniently effected, at an elevated temperature if necessary, in a
sui i le solvent, e.g. dimethylsulphoxide, typically under basic conditions, e.g. in the
15 preéence of an inorganic base such as sodium hydride.

| The intermediates of formula (IV) above may be prepared by reacting a compound
of f%rmﬂa \'25

%
|

| rR!
HN.

V)
20

wherein R' and R? are as defined above; with thiophosgexe.

‘The reaction is conveniently effected in a suitable solvent, typically a mixture of
chloroform and water.
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In another procedurs, the compounds of formula (I) above wherein R® represents
-CONR'R® or -CON(OR)R’, and the N-oxides thereof, may be prepared by a process
which comprises reacting a compound of formula H-NR°R® or H-N(OR")R® with a
compound of formula (VI), or an N-oxide thereof:

5 /
CO,H
\ erH :
|
RZ
- VD
/Lvherein R', R% R® and R are as defined above; in the presence of condensing agent.
A suitable condensing agent is 1-(3-dimethylaminopropyl)-3-carbodiimide
10 . i‘ixydrochloric‘ie (EDC), in which case the reaction is conveniently effected in the presence
| /of 1-hydroxybenzotriazole (HOBT) aud N-methylmorpholine (NMM).
| The compounds of formula (V1) above may be prepared by reacting the compound
of formula (VII): '

/ . OZH

/ o N S(O)CH,
| S

15 ‘ (v

with a compound of formula (V) as defined above.
The reaction may conveniently be effected by treating compound (V) with a base,
e.g. lithium bis(trimethylsilyl)amide, in a suitable solvent, e.g. tetrahydrofuran, followed
2f7/ by the addition of compound (VII).
| The intermediate of formula (VII) above méy be prepared from a compound of

j formula (VIII):
| ;

|

|
|
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herein R® is as defined above; by saponification of the ester moiety followed by
oxidation of the methylsulfanyl group.

“ Saponification of the ester moiety -CO>R®* in compound (VIII) may be effected by
tr%atment with an alkaline base, e.g. sodium hydroxide, in a suitable solvent, e.g. an

‘ aciueous mixture of a lower alkanol such as methanol and a cyclic ether such as

tEﬁrahydroﬁlran. Oxidation of the methylsulfanyl group in the resulting compound may
then be effected by treatment with a suitable oxidisiﬁg agent, e.g. Oxone® (potassium
pefoxymonosulfate), in an appropriate solvent, e.g. aqueous methanol.

~ The intermediates of formula (VIII) above may be prepared by reacting a
coﬂ;tpound of formula (I1), wherein R? is -CO,R® as defined above, with carbon disulfide,
followed by treatment with a methyl halide such as iodomethane.

| The reaction is conveniently effected in a suitable solvent, e.g. dimethylsulfoxide,
in the presence of a base such as sodium hydride. |

may be prepared by methods analogous to those described in the accompanying

Where they are not commercially available, the. startmg materials of formula (I11)
a“‘ﬁ“

Ex ‘-ples, or by standard methods well known from the art.

\ It will be understood that any compound of formula (I) initially obtained from any
of the above processes may, where appropriate, subsequently be elaborated into a further
compound of formula (D by techniques known. from the art. By way of example, a
compound of formula (T) wherein R? represents -CO,R* may be converted into the
corresponding compound wherein R’ represents -CONH, by treatment with ammonia,
typically in a lower alkanol solvent, e.g. ethanol, at elevated temperature and pressure,
Alternatively, a compound of formula (I) wherein R? represents -CO,R" may be converted
into thé, corresponding compound wherein R represents -CONRPR® by treatment with the
appropriate amine of formula H-NRR® in thé presence of trimethylalumininm. A
compou‘}nd of formula () wherein R® represents -CO,R® may be converted into the




10

15

20

WO 2({07/088345 PCT/GB2007/000310
-14 -

cotresponding compound wherein R? represents hydrogen by treatment with an alkaline
_ reagent such as lithium hydroxide under forcing conditions, e.g. by heating at reflux in a
mixture of ethanol and water. A compound of formula () wherein R? contains a 2,2-
dimethyl-[1,3]dioxolan-4-yImethyl moiety may be converted into the corresponding
cq‘ﬁpound wherein R? contains a 2,3-dihydroxypropyl moiety by treatment with a mineral
a&id such as hydrochloric acid. A compound of formula (I) wherein R® contains 2
*trogen atom to which a fert-butoxycarbonyl (BOC) group is attached may be converted
iljto the corresponding compound wherein R> contains an N-H functionality by treatment
W1th an acid, e.g. a mineral acid such as hydrochloric acid, or an organic acid such as
trifluoroacetic acid. A compound of formula (I) wherein R? contains an N-H
fimctionality may be converted into the corresponding compound wherein R® contains a
Aitrogen atom to which an ethoxycarbonylmethyl group is attached by treatment with
githyl chioroacetate, typically in the presence of triethylamine; the resulting compound
1%1:1ay then be converted into the corresponding compound wherein R? contains a nitrogen
tom to which a carboxymethyl group is attached by treatment with an alkaline reagent
such as sodium hydroxide, typically in an aqueous solution of a lower alkanol such as
ethanol. The byﬁdin&N-oxide derivative of a compound of formula (I) may be converted
sinto the corresponding compound of formula (I) by treatment with triphenyl phosphine
and phosphorus trichloride.
| . Where a Ihixtm'e of products is obtained from any of the processes described

, . above for the preparation of compounds according to the invention, the desired product

25

can be separated therefrom at an appropriate stage by conventional methods such as
f preparative HPLC; or column chromatography utilising, for example, silica and/or
- alumina in conjunction with an appropriate solvent system.

Where the above-described processes for the preparation of the compounds
according to ti:te invention give rise to mixtures of stereoisomers, these isomers may be
separated by conventional techniques. In particular, where it is desired to obtain a
particular enantiomer of a cornpound of formula (I) this may be produced from a
f corresponding mixture of enantiomers using any suitable conventional procedure for

resolving enantiomers. Thus, for example, diastereomeric derivatives, e.g. salts, may be
produced by reaction of a mixture of enantiomers of formula (), e.g. a racemate, and an
appropriate chiral compound, e.g. a chiral base. The diastereomers may then be separated

by any convenient means, for example by crystallisation, and the desired enantiomer
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rechwered, e.g. by treatment with an acid in the instance where the diastereomer is a salt.
In another resolution process a racemate of formula (I) may be separated using chiral
I-IPLC. Moreover, if desired, a particular enantiomer may be obtained by using an
appropriate chiral intermediate in one of the processes described above. Alternatively, a
paﬁicular enantiomer may be obtained by performing an enantiomer-specific enzymatic
biotransformation, e. g. an ester hydrolysis using an esterase, and then purifying only the
eﬁantiomeﬁcally pure hydrolysed acid from the unreacted ester antipode.
Chromatography, recrystallisation and other conventional separation procedures may also
be used with intermediates or final products where it is desired to obtain a particular
geometric isomer of the invention.

| During any of the above synthetic sequences it may be necessary and/or desirable
t{) protect sensitive or reactive groups on any of the molecules concerned. This may be
aichieved by means of conventional protecting groups, such as those described in
.{jDrotective Groups in Orgamic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and

| -W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley &
Ions, 3™ edition, 1999. The protecting groups may be removed at any convenient
subsequent stage utilising methods known from the art,

‘ The following Examples illustrate the preparation of compounds according to the
1Jiirm’en‘cic)n.

‘ The compounds in accordance with this invention potently inhibit the act1v1ty of
human MEK enzyme.

;‘ In vitro MEK assay

MEK(1 activity was measured in a cascade assay initiated by active Raf, via
actwamon of MEK, Erk2 and subsequent phosphorylation of fluorescein-labelled Erk-tide
substrate in an assay based on fluorescence polarisation (IMAP). The assay was carried
out in 20mM Tris + 5SmM MgCl, + 2mM DL-dithiothreitol + 0.01% Tween 20 pH 7.2,

‘ contammg 1.50M unactive MEK, 100nM unactive Erk and 200nM Erk-tide (all

f concentrations are final concentrations). Compounds, or DMSO controls, were tested at a
30
- addition of 1.25nM active Raf in assay buffer. After 20 min at 1.t., stop solution was
added followed by IMAP binding beads, the assay mixture was then incubated for 90 min
‘ atr.t. (with shaking) and then read on a Molecular Devices LJL HT reader.

final concentration of 2% DMSO, and the assay initiated in the presence of SpM ATP by




WO 2:)07/088345 PCT/GB2007/000310

10

15

20

25

30

Y

| -16 -
Whén tested in the above assay, the compounds of the accompanying Examples
wére all found to inhibit human MEK enzyme with ICso values of 10 pM or better. |

EXAMPLES

Abbreviations used

tOAc - ethyl acetate DMSO - dimethylsulphoxide
HF - tetrahydrofuran DCM - dichloromethane

erher - diethyl ether CDCl; ~ deuterochloroform
MeQOH - methanol MeCN - acetonitrile
EtOH - gthanol ES - electrospray
DMF - N,N-dimethylformamide HOBT - 1-hydroxybenzotriazole
$i0, - silica NMM - N-methylmorpholine

1 - hour(s) min - minute(s)

.{. - room temperature aq - aqueous

sat. - saturated ' RT - retention time
BOC - tert-butoxycarbonyl LiHMDS - lithium bis(trimethylsilyl)amide

MCPBA - 3-chloroperoxybenzoic acid
EDC - 1-(3-dimethylaminopropyl)-3-carbodiimide hydrochloride

All NMR spectra were obtained either at 300 MHz or 400 MEz.
Compounds were named with the aid of ACD Labs Name (v. 7.0) supplied by

Advanced Chemical Development, Toronto, Canada.

.ﬁS'tandard LCMS method

The LC-MS system used comprises a Waters Alliance 2795 HT quaternary HPLC,
W aters 996 Photo Diode Array (PDA) detector and Waters ZQ 4000 single quadrupole
hws spectrometer. The ZQ can acquire data simultaneously in positive and negative

electrospray ionisation modes.

ZQ Mass Spectrometer
Capillary 3.5kV Cone 50V
ﬁExtractor 2v Source Temp 80°C
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Desolvation Temp 200°C Cone Gas 150 L/b
Desolvation Gas 250 L/h Multiplier _ 650V
‘ Data were acquired in a full scan from 100 to 1000 m/z.
Scan duration 0.80s '
Interscan delay 0.20s
HPLC

Analytical reverse phase separation was carried out on a Gemini C18 from

Phenomenex 50 x 4.6 mm with 5 pm silica.

Injection Volume 5L
UV data 240 to 400 1m
Sample Temperature 20°C
d;olumn Temperature 30°C

low Rate 0.9 mL/min
Split to ZQ ~0.40 mL/min

Sblveﬁt A: 90% 10mM NH,CO; in water / 0.1% formic acid / 10% CH3CN
SolventB:  90% CHsCN / 0.1% formic acid / 10% 10mM NH/CO, in water
Solvent C:  90% 10mM NI4CO; in water / 0.1% ammonia / 10% CH;CN
S‘plv«ent D:  90% CH3;CN/ 10% 10mM NH4CO; in water / 0.1% ammonia

G%dient Program
For method 5_95_pH=3
Time (min) A% B% Flow Curve

0.00 950 5.0 0900 1
2.00 50 950 0900 6
4.00 50 950 0900 6

6

5.00 950 5.0  0.900

v
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For method 5_95_pH=10
Time (min) A% B% Flow Curve

0.00 950 5.0 0900 1
2.00 50 950 0900 6
5  4.00 50 950 0900 6 !
5.00 950 5.0 0900 6
Preparatz've UV-HPLC

The LC system comprises a Waters 2525 quaternary pump, a Waters 996 Photo
-~ 10  Diode Array (PDA) detector, a Waters 2700 sample manager, a Column Fluidics
i Organiser and a Waters Fraction Collector operating in reverse phase at one of two pH
| sj,ystems.

Low pH system (approximately pH 3.2)

15 | The reverse phase separation was carried out on a Luna C18 from Phenomenex
lOO x 21.2 mm with 5§ um silica,
Injection Volume 500 pLL

UV data 254 nm
Flow Rate 20 mI/min
20 Solvent A 90% water / 10% CH3CN / 0.1% formic acid

_ Solvent B 90% CH3CN / 10% water / 0.1% formic acid

High PH system (approximately pH 9.5)
. The reverse phase separation was carried out on a Gemini C18 from

25 Phenomenex 150 x 21.2 mm with 10 pm silica.

Inj ection Volume 500 pL |

UV data 254nm

Flow Rate 20mL/min

Solvent C ~ 90% 10mM NHHCO; in water / 0.1% Ammonia / 10% CH;CN
30 SolventD 90% CH3CN / 10% 10mM NH4HCO, in water / 0.1% Ammonia

Typical gradient profiles are described below:
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Gl'adient Program for Low pH Method
Time A% B% C% D% Flow Cuve
000 950 50 00 00 20 1
900 50 950 00 00 20
1100 50 950 00 00 20
1150 950 50 00 00 20
1200 950 50 00 00 20
dy/'mdient Program for High pH Method
Time A% B% C% D% Flow Curve
a“‘.oo 00 00 - 950 50 20 1

A & O D

q.oo 0.0 0.0 50 950 20 6

1@.00 00 00 50 950 20 6

1150 0.0 00 950 50 20 6

11‘2.00 0.0 00 950 50 20 6
INTERMEDIATE 1

2-Fluoro-4-ipdo-1-isothiocyanatobenzene

|

11 Thiophosgene (3.55 mL, 46.4 mmol) was added to a rapidly-stirred mixture of 2-
ﬂuqro—4-iodoani]ine (10.0 g, 42.2 mmol) in CHCl; (200 mL) and water (100 mL). The
Ijnixture was stirred at r.t. for 16 h. The organic phase was dried (N2;SOy) and

|
Foncentrated in vacuo to give the title compound as an off-white crystalline solid (11.8 g,

quant.). &y (DMSO-de) 7.87 (1H, dd, J 1.8, 9.5 Hz), 7.63 (1H, ddd, J 1.0, 1.8, 8.4 Hz),
7.25 (1H, dd, J 8.2, 8.4 Hz).

} INTERMEDIATE 2

Ethzl 2-[(4-bromo-2-fluorophenyl)amino]thieno[2.3-b]pyridine-3-carboxylate

|

‘{ Prepared from ethyl (2-chloropyridin-3-yl)acetate (D. H. Bremner et al.,
};S’ynthesis, 1997, 949) (500 mg, 2.5 mmol) and 4-bromo-2-fluoropheny! isothiocyanate
‘(5 80 mg, 2.5 mmol) by the method of Example 1. Title compound obtained as an off-

‘\whit'e solid (390 mg, 40%). &y (DMSO-dg) 10.37 (1H, br s), 8.25 (1H, dd, J 1.4, 8.1 Hz),




g

WO 2007/088345 PCT/GBZOOWOM

-20-

|

3.1}9 (1H, d, J 4.8 Hz), 7.69 (1H, dd, J 1.8, 10.2 Hz), 7.56-7.45 (2H, m), 7.32 (1H, dd, J
4.5, 8.1 Hz), 4.35 (2H, q, J 7.1 Hz), 1.37 (3H, t, J 7.1 Hz). LCMS (ES") RT 4.66
minutes, 395 (M("°Br)+H)".

5 INTERMEDIATE 3

3-4( tert-Butyldimethylsilanyloxy)propylamine
‘ To a solution of N-(3 -hydroxypropyl)phthalimide (5.25 g, 24.36 mmol) in DMF

(20 mL) was added imidazole (16.6 g, 240 mmol) and ters-butyldimethylsilyl chloride (19
10 g? 120 mmol). The reaction was stirred at room temperature for 18 hours before the
vblatiles were removed iz vacuo and a portion of the crude product was subjected to
| eolumn chromatography (Si0;, 1:1 DCM/hexanes) to give 2-[3-(fers-butyldimethyl-
éilanyloxy)propyl]isoindole-1,3-dione as a clear oil (5 g). 2-[3-(tert-Butyldimethyl-
~35ilzm},rloxy)propyl]is.oiudole-1,3-d1'one Geg 26.4 mmol) was dissolved in ethanol (50 ml)

16 and methyl hydrazine (2.94 ml, 55.4 mmol) added. The reaction was heated to 75°C for 8

hours before concentration in vacuo. The-crude residue was triturated with a mixture of
dicthyl ether (150 mL) and hexanes (50 mL) and the resultant solid removed by filtration,
Fhe solvents were removed in vacuo to give the title compound as a pale yellow oil (1.8
g, 61%). Sy (DMSO-dg) 4.58 (2H, br 5), 3.63-3.58 (2E, m), 2.67-2.62 (2H, m), 1.60-1.55

20 ';(ZH, m), 0.83 (94, d, J 1.1 Hz), 0.00 (6H, d, J 1.2 Hz). LCMS (ES™) RT 1.77 minutes,
190 (MEHE)",

INTERMEDIATE 4
2-Methylsu1fanylth1eno] 2.3-blpyridine-3-carboxylic acid ethyl ester
j To a solution of ethyl (2-ch10ropyndm~3-yl)acetate (D. H. Bremner et al.,
Synﬂzeszs, 1997, 949) (8.0 g, 40.0 mmol) and carbon disulfide (3.18 g, 42.0 mmol) in
; DMSO (100 mL) was added sodium hydride portionwise (2.4 g, 60.0 mmol). After 60
‘ minutes stirring at room temperature the mixture was heated at 80°C for 2 hours. After
30 this time the reaction mixture was allowed to cool to room temperature and methyl iodide
(7.6 g, 54.0 mmol) added. After 18 hours ice (50 mL) was added and a yellow precipitate
- formed which was isolated via filtration to give the fitle compound as a grey solid (7.95 g,

e
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78%). S (DMSO-de) 8.60 (1H, dd , J 1.6, 8.2 Hz), 8.46, (1H, dd, J 1.6, 4.6 Hz), 7.35
(1H, dd, J 4.6, 8.2 Hz), 4.48 (2H, q, /7.1 Hz), 2.71, (3H, 5), 149 (3H, t, J 7.1 Hz).

INTERMEDIATE 5

Zj-Meth Isulfanylthieno[2.3-b]pyridine-3-carhoxylic acid

‘ A mixture of Intermediate 4 (12.5 g, 50.0 mmol) in THF (200 mL) and MeOH (50
njaL) was treated with sodium hydroxide solution (10% solution in water, 50 mL) and
si:ined at room temperature for 18 h. After this time the reaction mixture was reduced in
ybmo to one third of its volume. Water (50 mL) was then added before 10% HCl was
a‘}dded until a white precipitate formed. This was filtered to give the title compound as a
djrystal]jne white solid (10.6 g, 95%). 8y (DMSO-ds) 13.50-13.20 (1H br s), 8.55 (1H, dd,
./frl.z, 8.2 Hz), 8.48 (1H, dd, J 1.3, 4.5 Hz), 7.49 (1H, dd, J 4.6, 8.2 Hz), 3.25 (3H, s).

INTERMEDIATE 6

-MgthanesulﬁnylthlenoiZ,B -b |p_yg e-3-carboxylic acid
j Oxone (14.5 g, 24.0 mmol) dissolved in water (25 mL) was added to a rapidly

stirred mixture of Intermediate 5 (10.6 g, 47 mmol) in MeOH (250 mL). The mixture was
stirred at room temperature for 4 h. The reaction mixture was separated between DCM
(300 mL) and water (200 mL). The organic layer was dried (Na;SOy) and concentrated in
yacuo to give the title compound as a white crystalline solid (10.0 g, 88%). 6z (DMSO-
dg) 14.20-13.80 (1H, brs), 8.73 (1H, dd, J 1.7, 8.3 Hz), 8.69 (1H, J 1.7, 4.6 Hz), 7.61

(1H, dd, J 4.6, 8.3 Hz), 3.05 (3H, s).

INTERMEDIATE 7

To a stirred solution of 2-fluoro-4-iodoaniline (6.0 g, 25 mmol) in THF (100 mL)
at 0°C (ice bath) was added LiHMDS (1.0 M solution in THF, 20.0 mL, 20.0 mmol)
islowly. The mixture was allowed to stir at room temperature for 30 minutes before
cooling to 0°C and Intermediate 6 (2.0 g, 8.3 mmol) was added portionwise. The mixture

%was stirred at room temperature for 1 hour. After this time the reaction mixture was
\

A
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ipoured onto ice and when at ambient temperature citric acid was added until a precipitate
jformed. The mixture was filtered to give the title compound as a pale brown crystalline
%so]id (2.9 g, 84%). &y (DMSO-dg) 14.00-13.00 (1H, br s), 10.80 (1H, s), 8.36 (1H, dd, J
}1.3, 8.1 Hz), 8.32 (14, dd, J, 1.3, 4.8 Hz), 7.84 (1H, dd, J 1.8, 10.1 Hz), 7.69 (1H, d, J 8.3

5 Hz),7.54 (1H, m), 7.42 (1H, dd, J 8.3, 4.8 Hz).

| INTERMEDIATE 8

4-Todo-1-isothiocyanato-2-methylbenzene

10 To a stirring solution of 4-iodo-2-methylaniline (1.0 g, 4.2 mmol) in DCM (50
;mL) was added water (20 mL) followed by thiophosgene (490 mg, 4.2 mmol). The

ireaction mixture was stirred overnight before the layers were separated and the organic

»

iflayer dried (Na,SO,) and evaporated in vacuo to give the desired product as a brown solid
(1.05 g, 89%). 8w (CDCls) 7.75 (1H, d, J 1.2 Hz), 7.62 (1H, dd, J 1.2, 8.3 Hz),7.15 (1H,
15 d,J8.3 Hz), 2.20 (3H, s).

INTERMEDIATE 9

2-Chloro-4-iodo-1-isothiocyanatobenzene

20 | To a stirred solution of 2-chloro-4-iodoaniline (1.0 g, 3.9 mmol) in DCM (50 mL)
Was added water (20 mL) followed by thiophosgene (476 mg, 4.1 mmol). The reaction
Q Mre was stirred overnight before the layers were separated and the organic layer dried
ma2804) and evaporated in vacuo to give the desired product as a brown solid (1.0 g,
. $6%). &u (CDCl3) 7.79 (1H, 4, J 1.9 Hz), 7.58 (1H, dd, J 1.9, 8.4 Hz), 6.97 (1H, d, J 8.4
25  Hz). |

i INTERMEDIATE, 10

30 methyl]pyrrolidine-1-carboxylic acid ters-butyl ester
1-(3-Dimethylaminopropyl)-3-carbodiimide hydrochloride (139 mg, 0.72 mmeol)

vlvas added to a solution of Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole
|
(98 mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol) and (R)-2-

VY
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(aminomethyl)-1-BOC-pyrrolidine (144 mg, 0.72 mmol) in N,N-dimethylformamide (5
mL) The reaction mixture was stirred at r.t. for 20 h, then poured into EtOAc (25 mL).
T‘ihe organic solution was washed with sat. brine (3 x 25 mL), dried (Na,SOy), filtered and
cémcentrated in vacuo to give a brown solid. The crude product was subjected to column
5 ci:romatography (SiO3, 4:1 hexanes/BtOAc) to give the fitle compound, which was

exlzaporated from ether to give a hard foam (135 mg, 63%). &y (CDCls) 11.67 (1H, s),
8;35-8.33 (2H, m), 8.04 (1H, br s), 7.54-7.43 (3H, m), 7.32-7.30 (1H, m), 4.19 (1H, m),
3/82-3.78 (1H, m), 3.53-3.35 (3K, m), 2.18-1.86 (3K, m), 1.78 (1E, m), 1.45 (9H, 5).

10 | INTERMEDIATE 11

n:jleth llpyrrolidine-1-carboxylic acid terz-butyl ester
1: Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98

15 mg, 0.72 mmol), N-methylmorpholine (0.11 ml., 0.99 mmol), 1-(3-dimethylamino-

propyl)~3—carbodum1de hydrochloride (139 mg, 0.72 mmol) and (S)-2-(aminomethyl)-1-

BOC-pyrrolidine (144 mg, 0.72 mmol) by the method of Intermediate 10. The title

cc;:)mpound was evaporated from ether to give a colourless hard foam (139 mg, 64%). &4

(¢DC13) 11.67 (1H, s), 8.35-8.33 (2H, m), 8.04 (1H, brs), 7.54-7.43 (3H, m), 7.32-7.30
20 (iH, m), 4.19 (1H, m), 3.82-3.78 (1H, m), 3.53-3.35 (3H, m), 2.18-1.86 (3H, m), 1.78

(L, ), 1.45 (9H s).

INTERMEDIATE 12

25 i— hloropyridin-3-yl)acetic acid
2-Chloro-3-(cyanomethyl)pyridine (D. H. Bremner et al., Synthesis, 1997, 949)

(1 0.3 g, 67.1mmol) in conc. HCI (100 mL) was heated at reflux for 3 h. The reaction
mfixture was concentrated in vacuo and the residue suspended in water. The white solid
vvias collected by filtration and washed with water, then dried in vacuo yielding the

30 réqmred product (11 15 g). 8y (DMSO0-dg) 12.60 (1H, br s), 8.32 (1H, dd, J 4.7, 1.9 Hz),
786(1H dd, s 7.5, 1. 9 Hz), 7.40 (1H, dd, J 7.5, 4.7 Hz), 3.75 (2H, 5). LCMS (ESH) RT
1.85 minutes, 174 (M-+H)",
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INTERMEDIATE 13

(2-Chloropyridin-3-yl)acetic acid methyl ester

: To a suspension of Intermediate 12 (3.88 g, 22.6 mmol) in methanol was added
acetyl chloride (1.8 mL, 24.9 mmol) and the mixture heated at 70°C for 18 hours. The
solvents were removed in vacuo to give the title compound as a pale brown oil (4.63 g,
q}ﬁant). Ou (DMSO-dg) 8.35 (1H, dd, J 4.7, 1.9 Hz), 7 88 (1H, dd, J 8.5, 1.9 Hz), 7.43
(:IH, dd, J 8.5, 4.7 Hz), 3.80 (2H, 5), 3.65 (3H, 5). LCMS (BS") RT 2.40 minutes, 186

@4+H)+. !

INTERMEDIATE 14

To a solution of Intermediate 13 (4.1 g, 22.1 mmol) and Intermediate 1 (6.16 g,
iza mmol) in dry DMSO under nitrogen was added sodium hydride (1.05 g, 24.3 mmol,
0 wt % dispersion in mineral oil). The mixture was stirred at room temperature for 15

. minutes then heated to 90°C for 3 hours. The reaction was cooled, then poured onto iced
yvafer (200 mIL). The aqueous phase was extracted with EtOAc (3 x 200 mL), the
féombined organics washed with brine, dried (MgSO,), filtered and the solvents removed
m vacuo. The sticky yeliow solid was triturated with ethanol to give a fine yellow solid
fwhich was collected by filtration, washed with diethyl ether and dried under suction to
‘ give the title compound as a pale yellow solid (1.73 g). &y (DMSO-ds) 10.30'(1H, s),
58.36-8.31 (2H, m), 7.87 (1H, dd, J 1.9, 10.0 Hz), 7.70 (1H, d, J 6.6 Hz), 7.51 (1H, t, J 8.5
EHZ), 742 (1H, dd, /5.7, 8.1 Hz), 3.94 (3H, ). LCMS (ES") RT 4.00 minutes, 429
OB, |

INTERMEDIATE 15

1 Intermediate 12 (500 mg, 2.9 mmol) in dichloromethane (20 mL) with N,0-

f dimethylhydroxylamine (300 mg, 3.04 mmol), EDC (583 mg, 3.04 mmo}) and N-methyl-
morpholine (0.98 mL, 8.70 mmol) were stirred at r.t. for 18 h. The reaction mixture was
washed with 2M HC], and the organic phase was dried (magnesium sulphate) and

PCT/GB2007/000310 ’Lﬁ
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c}oncemrated in vacuo. Chromatography (SiOz; 1:1 ethyl acetate:DCM) yielded the ritle
compound (320 mg) as a whito solid. 55(DMSO-ds) 8.31 (1H, dd, J 4.7, 1.9 Hz), 7.81
(1H, dd, J7.5, 1.9 Hz), 7.40 (1H, dd, J 7.5, 4.7 Hz), 3.93 (2H, s), 3.76 (3H, ), 3.15 (3H,
§). LCMS (ES") RT 2.22 minutes, 215/217 (M)

INTERMEDIATE 16

iiz-CMOro-1-oxvpmdin-B-vl)-N-methoxy—N~mgﬂglaceta_m;gl_q

{ 'Intennediate 15 (270 mg, 1.25 mmol) was dissolved in DCM (5 mL) and treated
Wm mCPBA (324 mg, 1.88 mmol). After stirring at r.t. for 3 days the reaction mixture
fwas poured directly onto a flash column apd chromatographed (SiO;; ethyl acetate — 5%
methanol in ethyl acetate), yielding the required product (265 mg) as a white solid. &y
tDMSO;ds) 8.39 (1H, dd, J 5.4, 2.5 Hz), 7.37-7.35 (2H, m), 3.98 (2H, s), 3.76 (3H, s),
fe,.ls (3H, 5). LCMS(ESY) RT 1.81 minutes, 231/233 (M+H)*.

I EXAMPLE 1

}Ethvl 2-[(2-fluoro-4-iodophenylamino Ithiénol 2.3-blpyridine-3-carboxylate

| Sodivm hydride (650 mg of a 60% dispersion in mineral oil, 16.2 mmol) was
?added portionwise over 10 min to a mixture of Intermediate 1 (3.75 g, 13.5 mmol) and
j‘ethyl (2-chloropyridin-3-~yl)acetate (D. ¥. Bremner et al., Synthesis, 1997, 949) (2.7 g,
‘3‘13.5 mmo]) in DMSO (25 mI.). When gas evolution had slowed the mixture was heated
§at 70°C for 3 h then left at r.t, overnight. Water (150 mL) was added and the liquid
;decanted off from the resulting solid. The solid mass was treated with ethanol (40 mL) to
give a fine white suspension which was filtered off, washed with ethanol (10 mL) and
?ether (2 x 15 mL) and dried in vacuo at 40°C to give the fitle compound as a white solid
§(2.9o g, 48%). 8y (DMSO-dg) 10.40 (1H, s), 8.40-8.30 (2H, m), 7.85 (1H, dd, J 1.9, 10.1
in), 7.70 (1H, d, J 8.5 Hz), 7.55-7.49 (1H, m), 7.43 (1H, dd, J 4.9, 8.0 Hz), 4.43 (2H, q, J
7.9 Hz), 1.41 (3H, t, J 7.9 Hz). LCMS (ES") RT 5.27 minutes, 443 (M+H)",

30

EXAMPLE 2
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Trimethylaluminium (1.5 mL of a 2M solution in hexane, 3.0 mmol) was added to
a éolution of methylamine (1.5 mL of a 2M solution in THF, 3.0 mmol) in toluene (5 mL).
Aﬁer 5 min Bxample 1 (250 mg, 0.60 mmol) was added and the mixture heated at 100°C
fojr Ah. After cooling the reaction was quenched with sat. ammonium chloride solution
(75 mL) and HCI (10 mL, 2) then exiracted with E{OAc (80 mL). The organic phase
Was dried (Na;S0,) and concentrated in vacuo to give a solid. Trituration with ether (30
n:{L) and filtration gave the title compound as an off-white solid (138 mg, 57%). du
(éDCla) 11.13 (1H, br s), 8.25 (1H, dd, J 1.4, 4.7 Hz), 7.80 (1H, dd, J 1.4, 8.2 Hz), 7.46-
75.42 (2H, m), 7.33 (1H, dd, J 8.3, 8.3 Hz), 7.21 (1H, dd, J 4.7, 8.2 Hz), 5.82 (1H, br s),
3{.00 (3H, d, J 4.8 Hz). LCMS (ES") RT 3.63 minutes, 426 (M-H)".

| EXAMPLE 3

| Prepared from Example 1 (100 mg, 0.23 mmol) and dimethylamine (0.35 mL of
JOM solution in THF, 0.7 mmol) by the method of Example 2. Title compound obtained
as a white solid (21 mg, 20%). g (DMSO-dg) 9.12 (1H, 5), 8.35 (1H, dd, J 1.6, 4.7 Hz),
7.77 (1H, dd, J 1.6, 8.1 Hz), 7.67 (1H, dd, J 1.9, 10.6 Hz), 7.48 (1H, dd, J 1.1, 1.9 Hz),
7.35 (1H, dd, J 4.7, 8.0 Hz), 7.15-7.10 (1H, m), 2.87 (6H, s). LCMS (ESY) RT 3.29
minutes, 442 (M-+H)",

| Prepared from Example 1 (250 mg, 0.60 mmol) and morpholine (0.26 mL, 3
Inmol) by the method of Example 2. Title compound obtained as a white solid (215 mg,

| 8%). O (DMSO-dg) 9.22 (1H, br s), 8.34 (1H, dd, J 1.4, 4.6 Hz), 7.81 (1H, dd, J 1.4,
f&O Hz), 7.68 (1H, dd, /1.9, 10.5 Hz), 7.50-7.46 (1H, m), 7.35 (1H, dd, /4.6, 8.0 Hz),
?7'13 (18, dd, J 8.6, 8.6 Hz), 3.54-3.48 (4H, m), 3.43-3.39 (4H, m). LCMS (ESHRT 3.17
Plinutes, 484 (M+ED",

.
i
|
|
|

EXAMPLE 5
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Trimethylaluminium (1.5 mL of a 2M solution in hexane, 3.0 mumol) was added to
a solution of 1-methylpiperazine (0.333 mL, 3.0 mmol) in toluene (5 mL). After 10 min
5 EJj{ample 1 (250 mg, 0.60 mmol) and toluene (2 mL) were added and the mixture heated
atg 90°C for 6 h. After cooling the mixture was quenched with NaOH (50 mL, 1M) and
eﬁtracted with BtOAc (50 mL plus 25 mL). The combined organic extracts were washed
w1th sat, brine (50 mL), dried (N2;SO4) and concentrated in vacuo to give a yellow solid.
ThMaﬁon with hexane/ether (10:1, 30 mL) and filtration gave the title compound as a
1 10 pfale yellow solid (245 mg, 87%). 8y (DMSO-dg) 9.13 (1H, br s), 8.37 (1H, brd, /4.4
ﬁz), 7.79 (14, br d, J 7.8 Hz), 7.67 (1H, br d, / 10.4 Hz), 7.47 (1H, br d, J 8.4 Hz), 7.37
(iH, dd, J 4.7, 8.1 Hz), 7.10 (1H, m), 3.30 (4H, br 5), 2.21 (41, br 5), 2.14 (3H, s). LCMS
o (BS) RT 2.09 minutes, 497 (M-+H)'.

15 EXAMPLE 6

2-[(4-Bromo-2-fluorophenyl)amino]-N-(2,3-dihydroxypropyl)thieno[2,3-b]pyridine-3-
g: arboxamide
| Trimethylaluminium (0.95 mL of a 2M solution in hexane, 1.90 mmol) was added

20 to a solution of 2,2-dimethy1—1,3-di6xolane—4-methanamine (249 mg, 1.9 mmol) in
s tf,oluene (4 mL). After 2 minutes Intermediate 2 (150 mg, 0.38 mmol) was added and the
‘ mhduxe heated at 90°C for 4 h. After cooling the reaction was quenched with sat.
émmonium chloride solution (5 ml) and HCI (5 mL, 2M), stirred, then extracted with

_ . EtOAc (2 x 25 mL) and DCM (25 mL). The organic phase was dried (Na;SO4) and

25 fconcentrated in vacuo to give a solid. Trituration with ether/hexane (1:3, 10 mL) and
filtration gave the title compound as a white solid (95 mg, 57%). 8x (DMSO-dg) 10.64
(1H, br s), 8.36 (1H, dd, J 1.4, 4.7 Hz), 8.20 (1H, dd, J 1.4, 8.2 Hz), 7.89 (1H, dd, J 8.5,
8.8 Fz), 7.69 (LK, dd, J 2.1, 10.6 Hz), 7.58 (1H, dd, J 8.8, 8.8 Hz), 7.48-7.41 (2H, m),
4.86 (1H, d, J 5.0 Hz), 4.64 (1H, t, J 5.7 Hz), 3.72-3.66 (1H, m), 3.52-3.36 (3H, m), 3.31-
30 3.2 (1H, m). LCMS (ES") RT 2.80 minutes, 440 (M(*Br)+H)".

EXAMPLE 7
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Prepared from Example 1 (150 mg, 0.34 mmol) and 2,2-dimethyl-1,3-dioxolane-

4j-methanam1'ne (0.14 mL, 1.0 mmol) by the method of Example 6. Title compound

oiatained as a pale-yellow solid (94 mg, 57%). 6x (DMSO-dg) 10.68 (1H, s), 8.36-8.35

(1H, m), 8.20 (1H, dd, J 1.2, 8.2 Hz), 7.90-7.87 (1H, m), 7.76 (1H, dd, J 1.7, 10.4 Hz),

’Ij.62-7.59 (1H, m), 7.45-7.40 (2H, m), 4.86 (1H, d, J 5.0 Hz), 4.64 (1H, t, J 5.7 Hz), 3.72-

§64 (1H, m), 3.51-3.41 (3H, m), 3.40-3.34 (1H, m). LCMS (ES™") RT 2.91 minutes, 488

M+H)",

w Prepared from Intermediate'l (2.38 g, 8.58 mmol) and ethyl (2-chloro-1-
oxidopyridin-3-yl)acetate (D. H. Bremner et l., Synthesis, 1997, 949) (1.85 g, 8.58
mmol) by the method of Example 1. Tirle compound obtained as a pale yellow solid
(3.10 g, 79%). 81 (DMSO-dg) 1031 (1H, brs), 8.20 (1H, d, J 5.9 Hz), 7.94 (1H, d, J 7.8
ﬁz) 7.89 (1H, dd, J 1.8, 10.0 Hz), 7.72 (1H, d, J 8.4 Hz), 7.55-7.46 (2H, m), 4.41 (2H, q,
. J8.4Hz), 1.40 (3H, 1,/ 7.1 Hz). LCMS (BS") RT 3.44 minutes, 459 (M+H)".

EXAMPLE 9

Euboxamide 7-oxide

| Prepared from Example 8 (200 mg, 0.43 mmol) and 2,2-dimethyl-1,3-dioxolane-
4-methanamine (0.18 mL, 1.3 mmol) by the method of Example 6. Title compound
jobtained as a white solid (32 mg, 15%). 8y (DMSO-dg) 10.60 (1H, s), 8.22 (1H, m), 7.90
(1H, 5), 7.84-7.76 (2H, m), 7.64-7.60 (1H, m), 7.45-7.40 (2H, m), 4.78 (1H, d, J 4.9 Hz),
54.64 (1H, t,J 5.6 Hz), 3.70-3.60 (1H, m), 3.50-3.15 (4H, m). LCMS (BS") RT 2.37
minutes, 502 (M-H)"

EXAMPLE 10

e . e J
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idine-3-carbonitrile
To a solution of (2-chloropyridin-3-yl)acetonitrile (D. H. Bremuer et al.,

Sjmthesis, 1997, 949) (700 mg, 4.59 mmol) and Intermediate 1 (1.28 g, 4.60 mmol) in dry
MSO (15 mL) was added sodium hydride (202 mg, 60% in mineral oil, 5.06 mmol).
e mixture was stirred at room temperature for 15 minutes before heating to 90°C for

our hours. The reaction mixture was poured into water (80 mL) and the solid precipitate
filtered and washed with water/ethanol (2:1 mixture, 50 mL) followed by diethy! ether/
hexane (1:1 mixture, 20 mL). The solid was dried in a vacuum oven and recrystallised
from ethanol/water to give the title compound as a pale brown solid (800 mg, 45%). Sy
(bMSO"d&) 10.40 (1H, s), 8.37 (1H, dd, J 1.3, 4.6 Hz), 7.83-7.81 (2H, m), 7.64 (1H, d, J
8.3 Hz), 7.44 (1H, dd, J 4.7, 8.0 Hz), 7.33 (1H, dd, /8.3, 8.3 Hz). L.CMS RT 3.08
@utes, (ES) 394 (M-H), (BS") 396 (M-+H)*,

2-[(2-Fluoro-4-jodophenyl)amino]thieno[2,3-blpyridine-3-carboxylic acid amide
A solution of Example 1 (250 mg, 0.56 mmol) in ethanol (5 ml) was added to
1jiquid ammonija (15 mL) and the mixture heated in a Parr apparatus to 95°C at 800 psi for

18 hours. The volatiles were removed in vacuo to give an oily brown residue. Repeated
ﬁ'itm_’ation with ethanol and DCM afforded the title compound as a white solid (18 mg).
8H (DMS0-dg) 11.20 (1H, bs), 8.34 (1H, d, J 3.4 Hz), 8.20 (1H, dd, J 8.2, 1.3 Hz), 7.76
(1H, dd, J 10.4, 1.8 Hz), 7.62 (1H, d, J 8.2 Hz), 7.57 (2H, br s), 7.49-7.39 (2H, m).
LCMS (ES") RT 3.1 minutes, 412 (M+D"

| Prepared from Example 1 (250 mg, 0.60 mmol) and pyrrolidine (0.25 mL, 3
inmol) by the method of Example 2. Title compound obtained as a pale yellow solid (136
ing, 51%). & (DMSO-dg) 9.21 (1H, br s), 8.35 (1H, dd, J 1.6, 4.7 Hz), 7.81 (1H, dd, J
1.6, 8.1 Hz), 7.67 (1H, dd, J 1.9, 10.5 Hz), 7.50-7.46 (1H, m), 7.35 (11, dd, J 4.7, 8.1
Hz), 7.13 (1H, dd, J8.6,8.6 Hz), 3.32-3.30 (4H, m), 1.78-1.73 (4H, m). LCMS (ES") RT
3.32 minutes, 468 (M+H)".
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EXAMPLE 13

ZLI( 2-Fluoro-4-iodophenyl)amino]thieno[2,3-b]pyridine-3-carboxylic acid (3-hydroxy-

| Example 1 (500 mg, 1.13 mmol) was dissolved in dry toluene (6 mL) under
nitrogen. To this solution was added trimethylaluminium (2.83 mL of a 2M solution in
hexane, 5.66 mmol) over 5 minutes. After 10 minutes a solution of Intermediate 3 (1.07
Q, 5.66 mmol) in dry toluene (5 mL) was added and the reaction heated to 100°C for 6

: li;ours. The reaction was allowed to cool to room temperature and treated with 2M HCl

(ﬁlO mL) and water (30 mL). The mixiure was extracted with ethyl acetate (3 x 50 mL),
tljleg the organic phases were dried over Na'2S04 and filtered and the solvents removed in
vacuo. The crude residue was dissolved in' methanol (30 mL), treated with 2M HCl (20
mL) and stirred at ambient temperature for 18 hours. The mixture was concentrated i
ﬁacuo, treated with 2M NaOH (20 mL) and extracted with ethyl acetate (3 x 50 mL). The
c$rganic phases were dried over Na;SOs, filtered, and the volatiles removed in vacuo. The
residual solid was triturated with diethyl ether (10 mL) and dried in a vacuum oven to
g1ve the zitle compound as a pale yellow solid (100 mg, 19%). &y (DMSO-dg) 10.75 (1H,
brs), 8.35 (1H, m), 8.17 (1H, d, J 7.9 Hz), 8.01 (1H, br 5), 7.75 (1H, d, J 10.1 Hz), 7.59
(IH, d, J 8.1 Hz), 7.44-7.41 (2H, m), 4.55 (1H, , J 5.1 Hz), 3.54-3.48 (2H, m), 3.41-3.34
(2H, m), 1.75-1.67 (2H, m). LCMS (ES") RT 3.22 minutes, 472 (M-+H)".

| ' EXAMPLE 14

dihy droxypropyl)amid

~ Prepared from Example 1 (1.0 g, 2.26 mmol) and (5)-(2,2-dimethyl-1,3-dioxolan-
4-y1)methylam1ne (1.48 g, 11.3 mmol) by the method of Example 6. Title compound
obtained as a white solid (425 mg, 39%). &y (DMSO-ds) 10.67 (1H, bs), 8.36 (1H, d, J
3.8 Hz), 8.20 (1H, d, J 8.5 Hz), 7.88 (1H, bs), 7.76 (1H, d, J 10.5 Hz), 7.61 (1H, d, J 8.5
Hz), 7.46-7.40 (2H, m), 4.86 (1H, d, J 5.0 Hz), 4.64 (LH, 1, J 5.7 Hz), 3.72-3.67 (1H, m),
i5.52~3.38 (3H, m), 3.30-3.22 (1H, m). LCMS (ES") RT 2.91 minutes, 488 M+,
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EXAMPLE 15

idine-3-carboxylic acid (2(R).3-

d_mz" droxypropyl)amide
Prepared from Example 1 (500 mg, 1.13 mmol) and (R)-(2,2-dimethyl-1,3-

oxolan-4-yl)methylamine (655 g, 4.52 mmol) by the method of Example 6. Title
compound obtained as a white solid (100 mg, 18%). 6y (DMSO-dg) 10.67 (1H, bs), 8.36
(iI-I, d, /3.8 Hz), 8.20 (1H, d, J 8.5 Hz); 7.88 (1H, bs), 7.76 (1H, d, J 10.5 Hz), 7.61 (1H,
d; J 8.5 Hz), 7.46-7.40 (2H, m), 4.86 (1H, d, J 5.0 Hz), 4.64 (1H, t, J 5.7 Hz), 3.72-3.67
(51H, m), 3.52-3.38 (3H, m), 3.30-3.22 (1H, m). LCMS (ES") RT 2.91 minutes, 488
(+H)".

| EXAMPLE 16

Prepared from Intermediate 2 (150 mg, 0.38 mmol) and a 2M solution of

methylamine in THF (0.95 mL, 1.9 mmol) by the method of Example 2. Title compound
obtained as a white solid (125 mg, 87%). 8z (DMSO-dg) 10.83 (1H, bs), 8.35 (1H, dd, J
1.4, 4.6 Hz), 8.18 (1H, dd, J 1.4, 8.2 Hz), 7.92 (1H, bs), 7.69 (1H, dd, /2.1, 10.6 Hz),
7.59 (1H, dd, J 8.8, 8.8 Hz), 7.48-7.43 (1E, m), 7.42 (1H, dd, J 8.2, 4.6 Hz), 2.83 (3H, d,
J4.5Hz). LCMS (ES") RT 3.45 minutes, 380/382 [Br/Br*!] (M),

EXAMPLE 17

i-l (4-Todophenyl)amino]Jthieno[2.3-b]pyridine-3-carboxylic acid ethyl ester

| Prepared from ethyl (2-chloropyridin-3-yl)acetate (D. H. Bremner et al.,

%’ynthesz‘s, 1997, 949) (750 mg, 3.8 mmol) and 4-iodophenyl isothiocyanate (1.0 g, 3.8
;;:nmol) by the method of Example 1. Title compound obtained as an off-white solid (800
:}ng, 50%). 8 (DMSO-d¢) 10.34 (1H, br s), 8.33-8.30 (2H, m), 7.79 (2H, dt, J 2.0, 6.7
;I-Iz), 7.43-7.31 (3H, m), 4.40 (2H, q, J 7.1 Hz), 1.40 (3H, t, J 7.1 Hz), LCMS (ES") RT
4.31 minutes, 425 (M+H)", '
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'To a stirred solution of Intermediate 8 (429 mg, 3.28 mmol) and (2-chloropyridin-

3 Srl)aceton.itrile (D. H. Bremner et al., Synthesis, 1997, 949) (500 mg, 3.28 mmol) in

IMSO (20 mL)was added sodium hydride (164 mg, 4.1 mmol). When evolution of gases
hLd finished the reaction mixture was heated for 3 hours at 80°C. After this time the
réaction mixture was poured onto ice and extracted into DCM (2 x 50 mL). The organics
were dried (Na,SO4) and then evaporated in vacuo to give a brown residue. Column
chromatography (SiOz, 5:1 hexane:EtOAc) gave the title compound as a yellow powder
(;198 mg, 15%). '8 (DMSO0-dg) 10.11 (IH,' s), 8.29 (1H, dd, J 1.5, 4.7 Hz), 7.75 (2H, m),
7;.63 (14, 4d, J 1.7, 8.1 Hz), 7.39 (1H, dd, J 8.1, 4.8 Hz), 7.19 (1H, d, J 8.3 Hz), 2.24 (3H,
$). LCMS (ES") RT 3.68 minutes, 392 (VD"

EXAMPLE 19

4-Bromo-2-fluoro-1-isothiocyanatobenzene (250 mg, 1.08 mmol) and (2-
chloropyndm—B—yl)acetommle (D. H. Bremner et al., Synthesis, 1997, 949) (165 mg, 1.08
mmol) were stirred in DMSO (20 mL) and sodium hydride (52 mg, 1.3 mmol) added
portionwise. After evolution of gases had finished the reaction mixture was heated for 4

hat 80°C. After this time the reaction mixture was added to ice (50 mL) and a precipitate
formed. This was filtered and puriﬁed by preparative HPLC (pH 10, 2-3 min) to give the
title compound as a white powder (30 mg, 9%). 3 (DMSO-dg) 10.45 (1H, s), 8.31 (1H,
d, /3.9 Hz), 7.75 (2H, m), 7.51-7.38 (3H, m). LCMS (ES*) RT 3.49 minutes, 350
(M+HE)".

Intermediate 9 (300 mg, 1.01 mmol) and (2-chloropyridin-3-yl)acetonitrile D. H
Bremner et al., Synthesis, 1997, 949) (165 mg, 1.01 mmol) were stirred together in
DMSO (20 mL) and sodium hydtide (48 mg, 1.21 mmol) was added portionwise. After
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exffolution of gases was complete the reaction mixture was heated for 4 h at 80°C. After
this time the reaction mixture was added to ice (50 mL) and then extracted into DCM (2 x |
50 mL), which was dried (Na,SQ4) and evaporated in vacuo to give a yellow residue. ‘
Th1s residue was subjected to column chromatography (8iO,, 1:4 EtOAc:hexane) to
5 aﬁ'ord the title compound as a yellow powder (118 mg, 28%). 3y (DMSO-dg) 10.38 (1H,
s), 8.35 (1H, dd, J 1.5, 4.8 Hz), 8.00 (1H, d, J 1.9 Hz), 7.80 (2H, m), 7.42 (1H, dd, J 8.0,
4.8 Hz), 7.35 (1H, d, J 8.3 Hz). LCMS (ES") RT 3.70 minutes, 412 (M+H)".

EXAMPLE 21,
P 10 %
Q 2—[ (2-Fluoro-4-iodophenyl)amino]thieno[2.3-b]pyridine-3-carboxylic acid (2-amino-2-
methylpropyl)amide
’ ‘ Trimethylaluminium (2.85 mL of a 2M solution in hexane, 5.7 mmol) was added

to a solution of 1,2-diamino-2-methylpropane (498 mg, 5.7 mmol) in toluene (5 mL).
15 Aﬁer 10 minutes Example 1 (500 mg, 1.13 mmol) was added and the mixture heated at
100°C for 4h, After cooling the reaction was quenched with 10% sodium hydroxide
solution (75 ml.) and extracted with EtOAc (100 mL). The organic phase was dried
(N2;504) and concentrated in vacuo to give a solid. Trituration with hexanes (30 mlL)
éﬁd filtration gave the title compound as a yellow solid (248 mg, 45%). &y (DMSO-dg)
20 }10.72 (1H, m), 8.43 (1H, dd, J 1.7, 8.0 Hz), 7.84 (1H, dd, J 1.7, 4.7 Hz), 7.80-7.40 (24,
jS), 7.46-7.35 (2H, m), 7.21 (1H, m), 7.00 (1H, dd, J 4.7, 8.0 Hz), 3.40 (2H, d, J 5.7 Hz),
31.25 (6H, 5). LCMS (ES") RT 2.23 minutes, 501 (M--H)".
|

o EXAMPLE 22
25

g -{(2-Fluoro-4-iodophenyl)amino]thieno(2,3-blpyridine-3-carboxylic acid [(4R)-2.2-

dimethyl-[1.3)dioxolan-4-yimethoxylamide

1-(3-Dimethylaminopropyl)-3-carbodiimide hydrochloride (131 mg, 0.68 mmol)

was added to a solution of Intermediate 7 (142 mg, 0.34 mmol), 1-hydroxybenzotriazole

30 (93 mg, 0.68 mmol), N-methylmorpholine (0.10 mL, 0.94 mmol) and (4R)-2,2-dimethyl-
[1,3]dioxolan-4-ylmethoxylamine (WO 02/006213) (101 mg, 0.68 mmol) in N,N- |
:dimethylformamide (5 mL). The reaction mixture was stirred at r.t. for 20 h, then poured
j‘into EtOAc (25 mL). The organic solution was washed with sat. brine (2x 25 mL), then
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dried (NazSOy), filtered and concentrated in vacuo to give a brown solid. The crude
ﬁroduct was subjected to column chromatography (SiO», 2:1 hexanes/EtOAc) to give the
;tle compound as a pale yellow powder (135 mg, 95%). &y (DMSO-ds) 10.98 (14, s),
.74 (1H, s), 8.28-8.26 (1H, m), 7.94l7.91 (1H, m), 7.48-7.46 (2H, m), 7.37-7.32 (1H, m),
23 (1H, dd, J 4.8, 8.2 Hz), 4.46-4.40 (1H, m), 4.17 (1H, dd, J 3.8, 11.7 Hz), 4.11-4.01
H, m), 3.79 (1H, dd, J 7.0, 8.3 Hz), 1.15 (3H, s), 1.10 (3H, s). LCMS RT 3.38 minutes,
BS") 542 (M-HY, (BS") 544 (V+H)".

" Asolution of Example 22 (125 mg, 0.23 mmol) in methanol (5 mL) and THF (5
ml) was treated with 10% aq. HIC1 (5 mL). The reaction mixture was stirred for 3.5 h at
f.t., then diluted with EtOAc (25 mL). The organic solution was washed with sat. brine (2
x 25 mL), then dried (NazSQOy), filtered and concentrated in vacuo to give the title
compound as a white powder, which was washed with EtOAc, then hexanes, and dried
under suction (76 mg, 66%). & (DMSO-d) 11.31 (H, 5), 10.33 (1H, 5), 8.34-8.33 (1H,
h), 8.12-8.09 (1H, m), 7.79-7.76 (1H, m), 7.63-7.60 (1H, m), 7.45-7.40 (2H, m), 4.89-
4.88 (1H, m), 4.62-4.59 (1H, m), 3.99-3.97 (1H, m), 3.85-3.80 (2H, m), 3.43 (2H, m).
LCMS RT 3.38 minutes, (ES?) 502 (M-H), (ES") 504 (M-+H)".

| EXAMPLE 24

barbamic acid terz-butyl ester

; Prepared from Intermediate 7 (150 mg, 0.36 muol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
propyl)-3-carbodiimide hydrochloride (139 mg, 0.72 mmol) and 4-(BOC-amino)-
piperidine (145 mg, 0.72 mmol), by the method of Example 22. The title compound was
pvaporated from ether to give a colourless hard foam (111 mg, 51%). &y (CDCls,
contains rotamers) 9.17 (0.64H, ), 8.90 (0.36H, 5), 8.39-8.37 (LH, m), 7.75-7.73 (0.36H,
%m), 7.66-7.63 (0.64H, m), 7.53-7.50 (2H, m), 7.44-7.39 (1H, m), 7.31-7.28 (1H, m), 4.57
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(0.36H, m), 4.40 (0.64H, m), 4.20-4.15 (1.28H, m), 4.03-3.98 (0.72H, m), 3.72 (1H, m),
3,16-3.08 (2H, m), 2.05-2.00 (2, m), 1.47 (3.2H, 5), 1.44 (5.8H, 5), 1.36-1.28 (2H, m).
LCMS RT 3.36 minutes, (ES") 595 (M-H), (ES") 597 (M+H)",

|
| EXAMPLE 25

Z-l’( 2-Fluoro-4-iodophenyl)amino [thieno[2,3-b]pyridine-3-carboxylic acid (4-
aminopiperidin-1-ylamide dihydrochloride

J A solution of Example 24 (99 mg, 0.17 mmol) in methanol (2 mL) was treated
W1th 4M HCl in 1,4-dioxane (5 mL) and stirred at r.t. for 3 h. The reaction mixture was

qoncentrated in vacuo to give a yellow gum, which was dissolved in water (25 mL). The

e%tqueous solution was washed with ether (2 x 25 mL), and then evaporated in vacuo. The

resulting gum was triturated with ether to give the title compound as a yellow powder (89
mg, 94%). 8 (DMSO-ds, contains rotamers) 9.24 (0.5H, 5), 9.14 (0.5H, 5), 8.38-8.37
(1H, m), 8.13 (3H, br 5), 7.82-7.75 (1H, m), 7.72-7.66 (1H, m), 7.55-7.47 (11, m), 7.38
(1H, dd, J4.7, 8.1 Hz), 7.23-7.10 (1H, m), 4.02 (2H, br m), 3.25 (1H, br m), 3.06-2.98
(1H, m), 2.88-2.81 (1H, m), 1.93-1.89 (2H, m), 1.43 (2H, br m). LCMS RT 2.86 minutes,
(ES) 497 (VD'

~-3-carboxylic acid (2-hydroxy-1-

methylethyl)am:ld

1 Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
1ilpropyl)«B-carbodiin:l:ide hydrochloride (139 mg, 0.72 mmol) and 2-aminopropanol (0.06

mL, 0.72 mmol), by the method of Example 22. The crude product was subjected to
column chromatography (SiO2, 1:1 hexanes/EtOAc) to give the title compound, which

‘was recrystallised from EtOAc/hexanes to give a beige powder (56 mg, 33%). &y

(DMSO-dg) 10.45 (1H, 5), 8.37-8.36 (1H, m), 8.16-8.13 (1H, m), 7.76-7.71 (2H, m), 7.60-
7.57 (LH, m), 7.46-7.36 (2H, m), 4.78 (1, t, J 5.6 Hz), 4.10-4.03 (1, m), 3.52-3.35 (2H,

m), 1.13 (3H, d, /6.7 Hz). LCMS RT 3.46 minutes, (ES*) 472 (M+H)".

|

oL
PCT/GB2007/000310
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‘ Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-

ropyl)-3-carbodiimide hydrochloride (139 mg, 0.72 mmol) and 1-BOC-3-
(aminomethyl)azetidine (135 mg, 0.72 mmol), by the method of Example 22. The crude

ﬂroduct was subjected to column chromatography (Si0,, 3:2 hexanes/EtOAc) to give the

la=

tzj‘tle compound, which was recrystallised from ether/hexanes to givea cream-coloured
powder (116 mg, 55%). 8 (CDCls) 8.37 (1K, dd, J 1.3, 4.7 Hz), 7.84 (1H, dd, J 1.3, 8.2
Hz), 7.56-7.53 (2H, m), 7.46-7.41 (1H, m), 7.32 (1H, dd, J 4.7, 8.2 Hz), 6.08 (11, m),
4.14—4.09 (2H, m), 3.77-3.73 (4H, m), 2.94-2.92 (1H, m), 1.46 (9H, s). LCMS RT 3.68
minutes, (BS") 581 (M-HY, (ES") 583 (M-+H)".

EXAMPLE 28

idine-3-carbonyl}azetidin-3-

yimethyl)carbamic acid tert-butyl ester

| . Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
ISng, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
ﬂ)ropyl)-S-carbodiimide hydrochloride (139 mg, 0.72 mmol) and 3-(BOC-aminomethyl)--
e]azetidine (135 mg, 0.72 mmol), by the method of Example 22. The title compound was
evaporated from ether to give a colourless hard foam (75 mg, 36%). 8y (CDCls) 8.25
ﬁIH, dd, J 1.5, 4.7 Hz), 7.67 (1H, _dd, J 1.5, 8.1 Hz), 7.46-7.41 (2H, m), 7.38-7.33 (1H,
m), 7.22 (1H, dd, J 4.7, 8.1 Hz), 4.59 (1H, br s), 4.15-4.09 (2H, m), 3.80-3.75 (2H, m),
3.32 (2H, m), 2.78-2.74 (1H, m), 1.35 (9H, s). LCMS RT 3.41 minutes, (ES") 581
(M-HY, (ES") 583 (M+H)"

XAMPLE 29

3-( {2-[(2-Fluoro-4-iodophenyl)amino]thieno[2.3-b]pyridine-3-carbonyl} amino)azetidine-

1-carboxylic acid zert-butyl ester
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Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
propyl)-3-carbodmmde hydrochloride (139 mg, 0.72 mmol) and 1-BOC-3- annnoazetldme
(125 mg, 0,72 mmol), by the method of Example 22. The fitle compound was

5 recrystallised from ether/hexanes to give a cream-coloured powder (116 mg, 57%). &y
(CDClg) 8.38 (1H, dd, J 1.2, 4.7 Hz), 7.90 (14, dd, J 1.2, 8.1 Hz), 7.56-7.53 (2H, m),
1.45—7.40 (1H, m), 7.35 (1H, dd, J 4.7, 8.1 Hz), 6.19 (1H, d, J 6.9 Hz), 4.89-4.84 (1H, m),
4.44—4.38 (2H, m), 3.93-3.88 (2H, m), 1.48 (9H, s). LCMS RT 3.66 minutes, (ES’) 567
(M-H), (ES") 569 (M+H)".

10. |

j-yl }-methanone
15 | _ A solution of Example 28 (65 mg, 0.11 mmol) in DCM (7 mL) was treated with
trifluoroacetic acid (3 mL) and stirred for 1 h atr.t. The reaction mixture was

concentrated in vacuo to give a yellow gum, which was dissolved in water (25 mL) and
l?asiﬁed to pH 10 with sodium carbonate. The aqueous solution was extracted with 5%
methanol in DCM (4 x 25 mL), and the extracts combined, then dried (Na;SOy), filtered
20 and concentrated in vacuo. The crude product was subjected to column chromatography
(Si0;, 4:1 DCM/methanol) to give the title compound as a gummy solid, which was -
txiturated from ether to give a cream;coloured powder (34 mg, 63%). &y (DMSO-d¢) 8.31
(IH m), 7.93 (1H, m), 7.72 (1H, dd, J 1.5, 10.5 Hz), 7.55 (1H, m), 7.37 (14, dd, J 4.6,
' 8.1 Hz), 7.29-7.24 (1H, m), 4.88 (2H, br s), 4.03-3.97 (2H, m), 3.71-3.67 (2H, m), 2.65
- 25 (1H,m), 2.70-2.68 (2H, m). LCMS RT 2.93 minutes, (ES) 481 (M-H)’, (ES*) 483
‘ (MHLI)“.

30

pyrrolidin-2-ylmethylJamide
| A solution of Intermediate 10 (135 mg, 0.23mmol) in methanol (2 ml) was treated |
W1th 4M HCl in 1,4-dioxane (5 mL) and stu'red at r.t. for 30 min, The reaction nnxun'e
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v{%as concentrated in vacuo to give a yellow gum, which was dissolved in water (25 mL).
The aqueous solution was washed with ether (2 x 25 mL), then basified to pH 11 with
2;5% aq. ammonium hydroxide. The aqueous solution was extracted with DCM (2 x 25
nfaL), and the organic extracts combined, dried (Na;SO4), filtered and concentrated in
v?zcuo. The crude product was subjected to column chromato gfaphy (Si0,, 91:8:1 DCM/
nflethanol/ZS% aq. ammonium hydroxide) to give the title compound, which was freeze-
dried overnight from acetoniirile/water to give a cream-coloured powder (73 mg, 65%).
SH (DMSO-dg) 10.63 (1H, s), 9.12 (1H, br s), 8.37 (1H, dd, J 1.7, 8.0 Hz), 7.84 (1H, dd, J
ﬂ.7, 4.7 Hz), 7.47 (1H, dd, J 2.0, 10.4 Hz), 7.42-7.38 (1H, m), 7.17-7.11 (1H, m), 7.00
(ilH, dd, /4.7, 8.0 Hz), 3.68-3.61 (1H, m), 3.51-3.49 (2H, m), 3.17-3.12 (2H, m), 2.28-
1f.62 (4H, m). LCMS RT 2.42 minutes, (ES") 495 (M-H)", (ES*) 497 (M+H)".

EXAMPLE 32

pyrrolidin-2-yimethyllamide
Prepared from Intermediate 11 (139 mg, 0.23 mmol) by the method of Example

31 The title compound was obtained as a cream-coloured powder (81 mg, 70%). &y
¢DMSO-d5) 10.63 (1H, s), 9.12 (1H, br s), 8.37 (1H, dd, J 1.7, 8.0 Hz), 7.84 (1H, dd, J
1.7, 4.7Hz), 7.47 (1H, dd, J 2.0, 10.4 Hz), 7.42-7.38 (1H, m), 7.17-7.11 (1H, m), 7.00
(IH, dd,.J4.7, 8.0 Hz), 3.68-3.61 (1H, m), 3.51-3.49 (2H, m), 3.17-3.12 (2H, m), 2.28-
51.62 (4H, m). LCMS RT 2.42 minutes, (ES") 495 (M-H)’, (ES") 497 (M-+H)",

EXAMPLE 33

piperidine-1-carboxylic acid fert-butyl ester

: Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
jmg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1~(3-dimethylamino-
propyl)-3-carbodiimide hydrochloride (139 mg, 0.72 mmol) and (5)-1-BOC-3-
%1minopiperidine (145 mg, 0.72 mmol), by the method of Example 22. The title
%‘:ompound was obtained as a gummy yellow solid (131 mg, 61%). 84 (CDCl;) 11.34 (1H,
s) 8.36-8.34 (1H, m), 7.90-7.88 (1H, m), 7.55-7.52 (2H, m), 7.45-7.42 (1H, m), 7.32-7.29
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(1H, m), 5.32 (15, brs), 4.31 (1H, m), 3.83-3.78 (2H, m), 3.46-3.42 (1H, m), 3.17 (1H, 1
m), 1.89-1.73 (2H, m), 1.67 (2H, m), 147 (9H, s). LCMS RT 4.04 minutes, (ES*) 597
(jM+H)+.

ﬁiberidine-liarboxvlic acid ters-butyl ester

Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
ﬁlg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
propyl)-3-carbodiimide hydrochloride (139 mg, 0.72 mmol) and (R)-1-BOC-3-
éminopiperidine (145 mg, 0.72 mmol), by the method of Example 22. The title
compound was obtained as a pale pink gummy solid (136 mg, 63%). 8y (CDCl,) 11.34
(1H, s), 8.36-8.34 (1H, m), 7.90-7.88 (1H, m), 7.55-7.52 (2H, m), 7.45-7.42 (1H, m),

7 .32-7.29 (1H, m), 5.32 (1H, br s), 4.31 (1H, m), 3.83-3.78 (2H, m), 3.46-3.42 (1H, m),
3.17 (1H, m), 1.89-1.73 (2H, m), 1.67 (2H, m), 1.47 (9H, s). LCMS RT 4.03 minutes,
(ESY) 597 (M+H)*.

pf iperidin-3-yl]amide dihydrochloride
1 A solution of Example 33 (120 mg, 0.20 mmol) in methanol (2 mL) was ireated
with 4M HCl in 1,4-dioxane (5 mL) and stirred at r.t. for 3 h. The reaction mixture was
évapomted in vacuo to give the title compound as a ganmmy yellow solid, which was
iiriturated from ether to give a yellow powder (112 mg, 98%). Su (DMSO-dg) 1038 (1H,
5), 9.04-8.92 (2H, m), 8.38 (1H, dd, J 1.3, 4.6 Hz), 8.17-8.14 (2H, m), 7.75 (1H, dd, J 1.8,
10.4 Hz), 7.61-7.58 (1H, m), 7.4 (1H, dd, J 4.6, 8.2 Hz), 7.42-7.36 (1H, m), 4.09 (1H,
:fm), 3.34-3.31 (11, m), 3.21-3.17 (1H, m), 2.94-2.79 (2H, m), 1.91 (2H, m), 1.74-1.61
(2H, m). LCMS RT 2.38 minutes, (ES") 497 (M+H)".

EXAMPLE 36




v
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~carboxvlic acid [(3R)- |

piperidin-3-yllamide dihvdrochloride
‘ Prepared from Example 34 (126 mg, 0.21 mmol) by the method of Example 35.
The title compound was obtained as a yellow powder (115 mg, 96%). 8y (DMSO-de)

5 1b.38 (1H, s), 9.04-8.92 (2H, m), 8.38 (1H, dd, J 1.3, 4.6 Hz), 8.17-8.14 (2H, m), 7.75
(iI—I, dd, J 1.8, 10.4 Hz), 7.61-7.58 (1H, m), 7.44 (1H, dd, J 4.6, 8.2 Hz), 7.42-7.36 (1H,
nﬁ), 4.09 (1H, m), 3.34-3.31 (1H, m), 3.21-3.17 (1H, m), 2.94-2.79 (2H, m), 1.91 2H, m),
1.74-1.61 (2H, m). LCMS RT 2.38 minutes, (BS") 497 (M+H)".

10 EXAMPLE 37

P

&- 2-[(2-Fluoro-4-iodophenyl)aming]thieno[2.3-b]pyridine-3-carbonyl}-(3R)-pyrrolidin-

3 -ylcarbamic acid tert-butyl ester

; Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
15 ﬁng, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-

ﬁropyl)—'s—carbodjimide hydrochloride (139 mg, 0.72 mmol) and (R)-3-(BOC-amino)-

ﬁynoﬁdine (186 mg, 0.72 mmol), by the method of Example 22. The crude product was

sjrubjected to column chromatography (SiOz, 3:2 hexanes/EtOAc) to give the title

&ompound, which was evaporated from ether to give a colourless hard foam (110 mg,
\ 20 52%). 81 (CDCl3) 9.03 (1H, s), 8.28 (1H, dd, J 1.5, 4.7 Hz), 7.56 (1H, dd, J 1.5, 8.1 Hz),
\ /«-' ?.43-7.39 (2H, m), 7.34-7.29 (1H, m), 7.22-7.18 (1H, m), 4.50 (1H, br 5), 4.16-4.14 (1H,
N m), 3.71 (1H, dd, J 6.2, 11.8 Hz), 3.63-3.56 (2H, m), 3.30 (1H, dd, J 5.1, 11.8 Hz), 2.19-
| j2.12 (1H, m), 1.86-1.77 (1H, m), 1.35 (9H, s). LCMS RT 3.33 minutes, (ES") 581
- © QM-H), (BS") 583 (MHH)'.
o 25
EXAMPLE 38

( 1-{2-[(2-Fluoro-4-iodophenyl)amino]thieno[2.3-blpyridine-3-carbonyl} -(38)-pyrrolidin-
ﬁ-yllcarbamic acid zert-butyl ester

30 Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
propy1)~3-carbodum1de hydrochloride (139 mg, 0,72 mmol) and (5)-3-(BOC-amino)-
pyrrolidine (186 mg, 0.72 mmol), by the method of Example 37. The title compound was
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oi)tained as a colourless hard foam (125 mg, 59%). &y (CDCl3) 9.03 (1H, s), 8.28 (1H,
da, J 1.5, 4.7 Hz), 7.56 (1H, dd, J 1.5, 8.1 Hz), 7.43-7.39 (2H, m), 7.34-7.29 (1H, m),
7122~7.18 (1H, m), 4.50 (1H, br s), 4.16-4.14 (1H, m), 3.71 (1H, dd, J 6.2, 11.8 Hz), 3.63-
3;56 (24, m), 3.30 (1H, dd, J 5.1, 11.8 Hz), 2.19-2.12 (1H, m), 1.86-1.77 (1H, m), 1.35
(QI-I, s). LCMS RT 3.33 minutes, (ES") 581 (M-H)’, (ES™) 583 (M+H)".

EXAMPLE 39

(1-{2-[(2-Fluore-4-jodophenyl)emino]thieno[2.3-b1pyridine-3-carbonyltazetidin-3-y1)-
carbamw acid tert-butyl ester

‘ Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
propyl)—3~carbod11nnde hydrochloride (139 mg, 0.72 mmol) and 3-(BOC-amino)azetidine
(;125 mg, 0.72 mmol), by the method of Example 22. The crude product was subjected to

q‘olumn chromatography (SiO;, 3:1 hexanes/EtOAc) to give the sitle compound, which
vjvas evaporated from ether to a cream-coloured powder (100 mg, 49%). 8§y (CDCl3)
10.11 (1H, s), 8.35 (1H, dd, J 1.5, 4.7 Hz), 7.76 (1H, dd, J 1.5, 8.1 Hz), 7.55-7.51 (2H,
m), 7.47-7.41 (1H, m), 7.31 (1H, dd, J 4.7. 8.1 Hz), 4.95 (1H, br 5), 4.52 (1H, br s), 4.46-
4.40 (2H, m), 4.01-3.96 (2H, m), 1.45 (9H, s). LCMS RT 3.47 minutes, (ES") 567
CMH), (BS") 569 (M+H)'",

Q iperidine—l—carboxylic acid tert-butyl ester

Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3~dimethylamino-
propyl)-B-carbodlmde hydrochloride (139 mg, 0.72 mmol) and 4-amino-1-BOC-
ﬂiperidine (145 mg, 0.72 mmol), by the method of Example 22. The crude product was
adsorbed onto SiO; and subjected to column chromatography (8102, 2:1 hexanes/EtOAc)
to give the title compound, which was evaporated from ether to give cream-coloured
ﬂakes (97 mg, 45%). 8y (CDCls) 11.18 (1H, ), 8.36 (1H, dd, J 1.4, 4.7 Hz), 7.81 (1H,
q¢ J 1.4, 8.2 Hz), 7.55-7.53 (2H, m), 7.46-7.41 (1H, m), 7.32 (1H, dd, J 4.7. 8.2 Hz),
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574 (1H, d, J 7.6 Hz), 4.27-4.20 (1H, m), 4.15-4.11 (2H, m), 3.03-2.96 (2H, m), 2.15-
2.10 (28, m), 1.50 (9H, 5), 145 (2H, m). LCMS RT 3.95 minutes, (ES) 567 (M-H),

@ESY) 569 (M+H)".

1}-methanone
Prepared from Example 37 (100 mg, 0.17 mmol) following the method of

I

ﬁxmple 35. The title compound was obtained as a yellow powder (100 mg, quant.). 8y
(bMSO-ds) 9.29 (1H, s), 8.36 (1H, dd, J 1.5, 4.7 Hz), 8.29 (3H, s5), 7.91-7.89 (1H, m),
7;.72 (1H, dd, J 1.8, 10.4 Hz), 7.55-7.52 (1H, m), 7.37 (1H, dd, J 4.7, 8.1 Hz), 7.24-7.19
(IH, m), 3.79-3.72 (1H, m), 3.70-3.58 (2H, m), 3.51-3.38 (2H, m), 2.20-2.13 (1H, m),

©2.01-1.97 (1H, m). LCMS RT 2.24 minutes, (ES’) 481 (M-HY, (3S*) 483 (M-+H)",

EXAMPLE 42

yl}-methanone
‘ Prepared from Example 38 (115 mg, 0.20 mmol) following the method of

| Example 35. The title coMpound was obtained as a yellow powder (109 mg, 99%). 8y

(DMSO-dg) 9.29 (1H, 5), 8.36 (1H, dd, J 1.5, 4.7 Hz), 8.29 (3H, 5), 7.91-7.89 (1H, m),
7.72 (1H, dd, J 1.8, 10.4 Hz), 7.55-7.52 (1H, m), 7.37 (1H, dd, J 4.7, 8.1 Hz), 7.24-7.19
(15, m), 3.79-3.72 (1H, m), 3.70-3.58 (2H, m), 3.51-3.38 (2H, m), 2.20-2.13 (1, m),
2.01-1.97 (1H, m). LCMS RT 2.24 minutes, (BS) 481 (M-H)', (ES*) 483 (M+H)".

EXAMPLE 43

| Prepared from Example 40 (87 mg, 0.15 mmol) following the method of Example
35 The title compound was obtained as a yellow powder (80 mg, 96%). &y (DMSO-dg)
§10.31 (1H, s), 8.84 (1H, m), 8.68 (1H, m), 8.38 (1H, dd, J 1.3, 4.6 Hz), 8.24 (1H, d, J 7.5

Uy
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Hz), 8.09 (1H, dd, J 1.3, 8.2 Hz), 7.74 (1H, dd, J 1.8, 10.5 Hz), 7.59-7.57 (1H, m), 7.44
(1H, dd, J 4.7, 8.2 Hz), 7.39-7.34 (1H, m), 4.05-3.97 (1, m), 3.32-3.27 (2H, m), 3.03-
2,87 (2H, m), 2.00-1.97 (2H, m), 1.82-1.71 (28, m). LCMS RT 2.40 minutes, (BS") 495
(M-I, (BSY) 497 (MEHED'.

| Prepared from Example 39 (90 mg, 0.16 mmol) by the method of Example 30.
The reaction mixture was concentrated in vacuo to give a yellow gum, which was
dissolved in methanol (5 mL) and water (5 mL) and basified to pH 10 with 25% aq.

a{mmonium hydroxide. The aqueous solution was concentrated in vacuo onto Si0,, and

the crude product was subjected to column chromatography (Si0,, 95:4:1 DCM/
methanol/ZS% aq. ammonium hydroxide). The title compound was freeze-dried
Qvermght from acetonitrile/methanol/water to give a cream-colou;ed powder (31 mg,
212%). oy (DMSO-de) 8.33 (1H, dd, J 1.5, 4.7 Hz), 7.94 (1H, dd, J 1.5, 8.1 Hz), 7.73 (1H,
dd, J 1.9, 10.5 Hz), 7.54 (1H, ddd, J 0.9, 0.9, 8.4 Hz), 7.38 (1H, dd, J 4.7, 8.1 Hz), 7.31-
'%.26 (1H, m), 4.23-4.11 (2H, m), 3.72-3.59 (3H, m). LCMS RT 3.00 minutes, (ES") 467
(M-H, (BS") 469 (M+H)",

| Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
@g, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
iJropyl)-B-carbodiimide hydrochloride (139 mg, 0.72 mmol) and diethanolamine (76 mg,
b.72 mmol), by the method of Example 22. The crude product was subjected to column
%:hromato graphy (SiOz, EtOAc, twice) to give the zitle compound, which was freeze-dried
(})vernight from acetonitrile/water to give a cream-coloured powder (62 mg, 34%). 8y
j(DMSO—ds) 8.79 (1H, brs), 8.38 (1H, dd, J 1.5, 4.7 Hz), 7.77 (1H, dd, J 1.5, 8.1 Hz), 7.67
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(1H, dd, J 1.9, 10.5 Hz), 7.69-7.46 (1H, m), 7.38 (1H, dd, J 4.7, 8.1 Hz), 7.18-7.12 (1H,
m) 4,83 (2H, br 5), 3.30 (8H, 5). LCMS RT 3.01 minutes, (ES") 502 (M+H)",

EXAMPLE 46

g ethanone
| Prepared from Intermediate 7 (225 mg, 0.54 mmol), 1-hydroxybenzotriazole (147

n;ﬁg, 1.08 mmol), N-methylmorpholine (0.16 mL, 1.48 mmol), 1-(3-dimethylamino-
s 10  propyl)-3-carbodiimide hydrochloride (208 mg, 1.08 mmol) and 3-hydroxyazetidine
‘ o hj‘ydrochloride (120 mg, 1.08 mmol), by the method of Example 22. After

c*inromatography, the title compound was recrystallised from methanol/ether to give a
whxte powder (125 mg, 49%). 8y (DMSO-dg) 9.60 (1H, s), 8.35-8.34 (1H, m), 7.94 (1H,
dd J 1.4, 8.1 Hz), 7.75-7.71 (1H, m), 7.57-7.54 (1H, m), 7.41-7.37 (1H, m), 7.31-7.25

16 (1I-I, m), 5.68 (1H, d, J 6.0 Hz), 4.47-4.44 (1H, m), 4.21-4.16 (2H, m), 3.79-3.74 (2H, m).
LCMS RT 3.31 minutes, (BS*) 470 (M+H)",

EXAMPLE 47

20

1-yl]-methanone

1 Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
_ propyl)-3-carbodiimide hydrochloride (139 mg, 0.72 mmol) and (R)-3-hydroxy-

‘ 25 pyrrolidine (63 mg, 0.72 mmol), by the method of Example 22. After chromatography,
the title compound was freeze-dried ovemight. from acetonitrile/water to give a cream-
coloured powder (116 mg, 66%). 8 (DMSO-d) 9.20 (1H, 5), 8.35 (1H, dd, J 1.5, 4.7
Hz) 7.81 (1H, dd, J 1.5, 8.1 Hz), 7.67 (1H, dd, / 1.9, 10.5 Hz), 7.50-7.47 (1H, m), 7.36
(IH, dd, /4.7, 8.1 Hz), 7.17-7.11 (1H, m), 4.91 (1H, s), 4.22 (1H, s), 3.54-3.30 (3H, m),

30 3.21-3.17 (1H, m), 1.90-1.74 2H, m). LCMS RT 3.18 minutes, (ES*) 484 (M-+1)".

EXAMPLE 48
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: Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
prbpyl)-S-carbodﬂmide hydrochloride (139 mg, 0.72 mmol) and (S)-3-hydroxypyrrolidine
(65 mg, 0.72 mmol), by the method of Example 47. The title compound was obtained as
a ;;ream-coloured powder (105 mg, 60%). 8y (DMSO-dg) 9.20 (1H, s), 8.35 (1H, dd, J
1.55, 4.1 Hz), 7.81 (1H, dd, J 1.5, 8.1 Hz), 7.67 (14, dd, J 1.9, 10.5 Hz), 7.50-7.47 (1H,
lﬁ), 7.36 (1H, dd, J 4.7, 8.1 Hz), 7.17-7.11 (1H, m), 4.91 (1H, s), 4.22 (1H, s), 3.54-3.30
(?;H, m), 3.21-3.17 (1H, m), 1.90-1.74 (2H, m). LCMS RT 3.17 minutes, (ES") 484

pjip gridin-1-yl]-methanone

‘ Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
ﬁropyl)-?:—carbodiimide hydrochloride (139 mg, 0.72 mmol) and 2-piperidinemethanol
(83 mg, 0.72 mmol), by the method of Example 22. After chromatography, the title
compound was recrystallised from EtOAc/hexanes to give a pale yellow powder (44 mg,
24%). 3y (DMSO-dg, 130°C) 8.38 (1H, dd, J 1.5, 4.7 Hz), 7.83 (1H, dd, J 1.5, 8.0 Hz),
?.59 (14, dd, J 1.9, 10.5 Hz), 7.47 (1H, d, J 8.5 Hz), 7.35 (1H, dd, J 4.7, 8.0 Hz), 7.16
(IH, dd, J 8.8, 8.8 Hz), 4.30 (1H, br s), 4.21 (1H, m), 3.89 (1H, m), 3.65-3.60 (1H, m),
35 1-3.47 (1H, m), 3.03-2.97 (1H, m), 1.74-1.72 (1H, m), 1.65-1.56 (4H, m), 1.37 (1H,
m). LCMS RT 2.86 minutes, (ES) 510 (M-HY, (ES") 512 (M+H)".

EXAMPLE 50

fmomhoﬁn—tl-yl]-methanone : '
| Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98

mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
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pfopyl)—B—carbodiimide hydrochloride (139 mg, 0.72 mmol) and (35)-3-(hydroxymethyl)-
ﬂomhohe (85 mg, 0.72 mmol), by the method of Example 22. After chromatography,
tﬂe title compound was freeze-dried overnight from acetonitrile/water to give a cream-
c$1ouxed powder (81 mg, 44%). x (DMSO-ds, 120°C) 8.37-8.36 (1H, m), 7.85-7.83 (1H,
rﬁ), 7.60 (1H, dd, J 1.8, 10.5 Hz), 7.49-7.47 (1H, m), 7.35 (1H, dd, J4.7, 8.0 Hz), 7.15
(iH, dd, J 8.7, 8.7 Hz), 3.99 (1H, m), 3.85 (1H, d, J 11.6 Hz), 3.80-3.77 (1H, m), 3.70-
35.67 (1H, m), 3.65-3.56 (2H, m), 3.48-3.45 (1H, m), 3.34 (1H, m), 3.27-3.21 (1H, m).
LCMS RT 2.60 minutes, (BS) 512 (M-HY, (BS") 514 (M+H)".

EXAMPLE 51
4-2-[(2-Fluoro-4-iodophenylamino]thieno[2,3-blpyridine-3-carbonyl}-(3R)-3-
(jk_lydroxymethyl )piperazine-1-carboxylic acid tert-butyl ester
‘; Prepared from Intermediate 7 (150 mg, 0.36 mmol), 1-hydroxybenzotriazole (98
mg, 0.72 mmol), N-methylmorpholine (0.11 mL, 0.99 mmol), 1-(3-dimethylamino-
propyl)-3-carbodiimide hydrochloride (139 mg, 0.72 mmol) and (2R)-4-BOC-2-
(hydroxymethyl)piperazine (157 mg, 0.72 mmol), by the method of Example 22. The

bmde product was subjected to column chromatography (SiOz, 1:1 hexanes/EtOAc) to
give the title compound, which was evaporated from ether to give a pale pink, hard foam
F95 mg, 43%). &y (DMSO-ds, 120°C) 8.53 (1H, br s), 8.38-8.37 (1H, m), 7.86-7.84 (1H,
m), 7.60 (1H, dd, J 1.7, 10.5 Hz), 7.49 (1H, d, J 8.5 Hz), 7.36 (1H, dd, /4.7, 8.0 Hz),
5’7.19~7.15 (1H, d4d, J 8.5, 8.7 Hz), 4.52 (1H, br s), 4.16 (1H, m), 3.95 (1H, d, J 13.5 Hz),
ﬁ3.88~3.81 (2H, m), 3.49-3.43 (2H, m), 3.14-3.10 (1H, m), 3.02-2.95 (1H, m), 1.43 (9H, s).

LCMS RT 2.98 minutes, (ES") 613 (M+H)".

EXAMPLE 52

‘ Example 8 (250 mg, 0.55 mmol) was suspended in a mixture of ethanol (20 mL)
and water (10 mL). Lithium hydroxide hydrate (24.0 mg, 0.57 mmol) was added and the
;mixture heated to reflux for 24 hours. After concentration and freeze-drying, the mixture
éwas purified by chromatography (silica, dichloromethane then 2% MeOH in
dichloromethane). The title compound was obtained as an off-white solid (50 mg, 24%).
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8u (DMSO-dg) 9.42 (1H, br s), 8.13 (1H, dd, J0.7, 6.2 Hz), 7.69 (1H, dd, J 1.9, 10.7 Hz),
7,54-7.51 (2H, m), 7.39-7.32 (2H, m), 6.73 (1H, 5). LCMS (ES") RT 2.84 minutes, 387

<47 -

EXAMPLE 53

carboxamide

‘ Prepared from Example 1 (250 mg, 0.56 mmol) and 4-(2-aminoethyl)morpholine
(292 mg, 2.24 mmol) by the method of Example 5. After chromatography (5% methanol,
?5 % dichloromethane) the fitle compound was obtained as an off-white solid (140 mg,

47%). 8y (CDCl3) 11.43 (1H, brs), 8.36 (1H, dd, J 1.4, 4.7 Hz), 8.03 (1H, dd, J 1.4, 8.2
Hz), 7.55-7.51 (2H, m), 7.4 (1H, dd, J 8.2, 8.2 Hz), 7.32 (1H, dd, J 4.7, 8.2 Hz), 6.84
(1H, br s), 3.80-3.77 (4H, m), 3.67-3.62 (2H, m), 2.73-2.69 (2H, m), 2.62-2.59 (4IL, m).

LCMS (ES") RT 2.37 minutes, 527 (M+H)",

EXAMPLE 54

y]ethanol

Prepared from Example 1 (250 mg, 0.56 mmol) and N-(2-hydroxyethyl)piperazine

| (292 mg, 2.24 mmol) by the method of Example 5. After chromato graphy (5% methanol,

95% dichloromethane) the fitle compound was obtained as a white solid (86 mg, 29%).
SH (DMSO0-dg) 9.13 (1H, br s), 8.36 (1H, dd, J 1.5, 4.7 Hz), 7.80 (1H, dd, J 1.5, 8.1 Hz),
:7.68 (1H, dd, J 1.9, 10.5 Hz), 7.49-7.45 (1H, m), 7.37 (1H, dd, J 4.7, 8.1 Hz), 7.10 (1H,
;dd, J 8.7, 8.7 Hz), 4.37 (1H, t, J 5.4 Hz), 3.50-3.40 (6H, m), 2.37-2.33 (6H, m). LCMS
(BS™) RT 2.16 minutes, 527 (M+H)".

i Prepared from Example 1 (250 mg, 0.56 mmol) and homopiperazine (224 mg,
52.24 mmol) by the method of Example 5. After chromatography (10-15% methanol in
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dichloromethane) the title compound was obtained as a pale yellow solid (180 mg, 64%).
SH (CDCl) 8.99'(1H, br 5), 8.34 (1H, dd, J 1.6, 4.7 Hz), 7.74 (1H, dd, J 1.6, 8.1 Hz),
7.47-7.43 (2H, m), 7.35 (1H, dd, J 8.5, 8.5 Hz), 7.28-7.22 (1H, m), 4.30-4.10 (1H, br m),
3}3.95—3.80 (1H, br m), 3.39-2.86 (6H, br m), 2.17-1.77 (3K, br m). LCMS (BSHRT 2.17
minutes, 497 (M-+H)*,

EXAVMPLE 56

b iding-3-carboxamide

Prepared from Example 1 (250 mg, 0.56 mmol) and N,N,z,z-tetramethyl-l,é-
ﬂropanediamjne (292 mg, 2.24 mmol) by the method of Example 5. After
cj:hxomatography (5% methanol, 95% dichloromethane) the title compound was obtained
as a pale yellow solid (60 mg, 20%). 8y (DMSO-ds) 10.81 (1H, br s), 9.10 (1H, brs),
$.24-8.21 (2H, m), 7.69-7.65 (1H, m), 7.55-7.52 (1H, m), 7.37-7.31 (2H, m), 3.29-3.27
(2H, m), 2.50-2.37 (8H, br m), 0.96 (6L, 5). LCMS (ES") RT 2.39 minutes, 527 (M-+H)*.

EXAMPLE 57

barbozgamide
Prepared from Example 1 (250 mg, 0.56 mmol) and 4~(3-aminopropyl)morpholine
(32,3 mg, 2.24 mmol) by the method of Example 5. After chromatography (5% methanol,

95% dichloromethane) the fitle compound was obtained as a pale yellow solid (115 mg,
538%). oy (CDCl3) 11.29 (1H, br s), 8.36 (1H, dd, J 1.4, 4.7 Hz), 7.99 (1H, dd, / 1.4, 8.2
&{z), 7.63-7.51 (2H, m), 7.47-7.41 (1H, m), 7.33-7.29 (1H, m), 7.12 (1H, br s), 3.70-3.64
(ZH m), 3. 60-3 56 (4H, m), 2.58-2.54 (2H, m), 2.49-2.46 (4H, m), 1.90-1.82 (2H, m).
‘LCMS (ES) RT 2.34 minutes, 541 (M+H)".

EXAMPLE 58
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Piperazine (3.90 g, 45.2 mmol) was dissolved in dry toluene (100 mL) under
nitrogen. The mixture was placed in a water bath at 20°C and trimethylaluminium (2.0M
m toluene, 22.6 mL, 45.2 mmol) added slowly. After 10 minutes, Example 1 (4.00 g,
0;56 mmol) was added. The mixture was heated to 100°C under nitrogen for 6 hours,
| 5 Aﬁer cooling to room temperature, the mixture was poured onto a slurry of silica (100 g)
\ in chloroform (400 mL) and methanol (200 mL). Afier agitation for 10 minutes, the
nﬁxture was allowed fo stand overnight. Filtration, and concentration of the organic
sjblvcnt in vacuo, gave crude material, which was purified by triturating with diethyl ether
(50 mL), fillering and washing with diethyl ether (20 mL). The title compound was
. 10 ijsolated as a yellow solid (3.56 g, 82%), which could be used for further chemistry. The
6 &ihydrochloride salt of the fitle compound was prepared by dissolving the fiee base (1.60
g, 3.32 mmol) in dichloromethane (30 L) and methanol (5 mL). HCI in ether (2.0M,
3.34 mL, 6.70 mmol) was added and the mixture concentrated iz vacuo. Trituration with
. @iiethyl ether (40 mL) and filtration gave the dihydrochloride salt of the title compound
15 t1.80 g, 98%). &u (DMSO-dg) 9.75 (0.25H, br s), 9.43 (1.75H, br s), 9.30 (1H, s), 8.36
i(lH, dd, J 1.6, 4.7 Hz), 7.87 (1H, dd, J 1.6, 8.1 Hz), 7.72 (1H, dd, J 1.9, 10.6 Hz), 7.53
:(lH, m), 7.39 (1H, dd, J 4.7, 8.1 Hz), 7.22 (1H, dd, J 8.5, 8.5 Hz), 3.75-3.58 (4H, m),
3.17-3.06 (4H, m). LCMS (ES") RT 2.19 minutes, 483 (M+H)".

20 | EXAMPLE 59

| Example 58 (300 mg, 0.62 mmol) was dissolved in dichloromethane (10 mL) and
25 ;triethylamine (94 pL, 0.65 mmol) and ethyl chloroacetate (56 pL, 0.65 mmol) added. The
tmxture was heated to reflux for 12 hours. After cooling and partitioning between
dichloromethane and water (25 mL each), the organic layer was dried (N2;SOy) and
concentrated in vacuo. Purification by chromatography (silica, 3% methanol, 97%
dichloromethane) gave the product as an oil, which was dissolved in diethyl ether (5 mL)
30 and concentrated under high vacuum to give the title compound as a white solid (240 mg,
68%). du (CDCl3) 9.11 (1H, br s), 8.37 (1H, dd, J 1.5, 4.7 Hz), 7.71 (1H, dd, J 1.5, 8.1
Hz), 7.53-7.49 (2H, m), 7.40 (1H, dd, .7 8.4, 8.4 Hz), 7.32-7.28 (1H, m), 4.21 (2H, q,J7.1
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H7), 3.75-3.61 (45, m), 3.31 (2H, 5), 2.79-2.62 (4H, m), 1.29 (3H, t, /7.1 Hz). LCMS
(ES) RT 3.26 mimutes, 569 (M+H)".

| | EXAMPLE 60

1 5

‘ M»( {2-[(2-Fluoro-4-iodophenyl)amino]thieno[2.3-b]pyridin-3-yl} carbonyl)piperazin-1-
| yllacetic acid

| Example 59 (213 mg, 0.375 mmol) was dissolved in ethanol (7 mL) and water (7
mL) Sodium hydroxide (15.0 mg, 0.375 mmol) was added and the mixture stirred at
- 10 r%)om temperature for 18 hours. Freeze-drying gave the title compound as its sodium salt
6 (éOO mg, 99%). dy (DMSO-dg) 9.29 (1H, br s), 8.22-8.17 (1H, br m), 7.68 (1H, br d, J
80Hz),756(1H brd, J 104 Hz), 7.40 (1H, brd,JS 6 Hz), 7.28-7.20 (1H, br m), 7.07
" . (II-I dd, J 8.6, 8.6 Hz), 3.42-3.38 (4H, m), 2.65. (ZH 8), 2.37-2.35 (4H, m). LCMS (ES’)
\‘ RT 2.64 minutes, 541 (M+H)*.
15

carbonyl)aminolpyrrolidine-1-carboxylate
20 Prepared from Example 1 (250 mg, 0.56 mmol) and (R)-3-amino-1-tert-
.y ﬁutoxycarbonylpyrrolidine (417 mg, 2.24 mmol) by the method of Example 5. After
J ﬁchromato graphy (25% ethyl acetate, 75% dichloromethane) the title compound was
gobtained as an off-white solid (45 mg, 13%). &x (DMSO0-ds) 10.27 (1H, br s), 8.35 (1H,
P ' _ﬁdd, J 1.4, 4.7 Hz), 8.23 (1H, br d, J 6.5 Hz), 8.06 (1H, dd, J 1.4, 8.2 Hz), 7.74 (1H, dd, J
' 25 1.9,10.5 Hz), 7.57 (1H, d, J 8.5 Hz), 7.43 (1H, dd, J 4.7, 8.2 Hz), 7.36 (1H, dd, J 8.6, 8.6
" |Hz), 4.46-4.40 (1H, brm), 3.57-3.54 (15, m), 3.52-3.30 (3H, m), 2.15-2.05 (LK, br m),
1.95-1.85 (1H, br m), 1.41 (9H, 5). LCMS (BS™) RT 3.70 minutes, 583 (M+H)",

EXAMPLE 62
30 ,
tert-Butyl (35)-3-[({2-[(2-fluoro-4-iodophenyl)amino |thieno{2.3-b]pyridin-3-yi}~
j carbonyl)aminoJpyrrolidine-1-carboxylate
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Prepared from Example 1 (250 mg, 0.56 mmol) and (S)-3-amino-1-zert-
Butoxycarbonylpyrrolidjne (417 mg, 2.24 mmol) by the method of Example 5. After
chromatography (25% ethyl acetate, 75% dichloromethane) the title compound was
obtained as an off-white solid (190 mg, 58%). 5z (DMSO-de) 10.27 (1H, br ), 8.35 (IH,
cid, J 1.4, 4.7 Hz), 8.23 (1H, br d, J 6.5 Hz), 8.06 (1H, dd, J 1.4, 8.2 Hz), 7.74 (1H, dd, J
1.9, 10.5 Hz), 7.57 (1H, d, J 8.5 Hz), 7.43 (1H, dd, J 4.7, 8.2 Hz), 7.36 (1H, dd, J 8.6, 8.6
Hz), 4.46-4.40 (1H, br m), 3.57-3.54 (1H, m), 3.52-3.30 (3H, m), 2.15-2.05 (1H, br m),
11.95-1.85 (1H, br m), 1.41 (9H, s). LCMS (BS™) RT 3.70 minutes, 583 (M-+H)".

EXAMPLE 63

1]thieno[2,3-b]pyridine-3-

carboxamide

‘ Example 61 (40 mg, 0.069 mmol) was dissolved in dichloromethane (3 mL) and

ﬁCl in dioxane (4.0M, 1.0 mL, 4.0 mmol) was added. The mixture was stirred at room
témperature for 18 hours. The resultant solid was filtered off and dried under vacuum at
40°C to give the dihydrochloride salt of the title compound (28 mg, 73%). &y (DMSO-dg)
10.44 (1H, br s), 9.25 (2H, br m), 8.37-8.31 (2H, m), 8.21 (1H, dd, J 1.3, 8.2 Hz), 7.76
(1H, dd, J 1.8, 10.4 Hz), 7.61 (1H, d, J 8.5 Hz), 7.45-1.39 (2H, m), 4.61-4.57 (1H, m),
3.45-3.23 (4H, m), 2.27-2.15 (1H, m), 2.09-1,98 (1H, m). LCMS (ES) RT 2.30 minutes,
483 (M),

cérboxamide

Example 62 (170 mg, 0.069 mmol) was dissolved in dichloromethane (4 ml) and
I-ICI in dioxane (4.0M, 4.0 ml, 16.0 mmol) was added. The mixture was stirred at room
tqmperature for 18 hours. The resultant solid was filtered off and dried under vacuum at
40°C to give the dihydrochloride salt of the rirle compound (150 mg, 92%). 8 (DMSO-
d5) 10.44 (1H, br s), 9.25 (2H, br m), 8.37-8.31 (2H, m), 8.21 (1H, dd, J 1.3, 8.2 Hz), 7. 76
(lH dd, /1.8, 10.4 Hz), 7.61 (1H, d, J 8.5 Hz), 7.45-7.39 (2H, m), 4.61-4.57 (1H, m),
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3.45-3.23 (4H, m), 2.27-2.15 (1K, m), 2.09-1.98 (1K, m). LCMS (ES") RT 2.30 minutes,
483 (M+H)*,

carboxamide

‘ Prepared from Example 1 (250 mg, 0.56 mmol) and 4-amino-1-methylpiperidine
(1“%',55 mg, 2.24 mmol) by the method of Example 5. After chromatography (10%

' nimthanol, 90% dichloromethane) the crude material was dissolved in dichloromethane (2
n;inL) and 2.0M HC1 in diethyl ether (2 mL) was added. The resultant solid was filtered off
té give the dihydrochloride salt of the title compound as a yellow solid (145 mg, 44%).

SH (OMSO0-ds) 10.62 (1H, br s), 10.37 (0.8H, s), 10.26 (0.2H, s), 8.40-8.36 (1H, m), 8.31-
8%.28 (0.8H, m), 8.22-8.20 (0.2H, m), 8.19-8.16 (0.2H, m), 8.10-8.07 (0.8H, m), 7.75-7.71
(iH, m), 7.59-7.56 (1H, m), 7.47-7.31 (2H, m), 4.05 (1H, br m), 3.45-3.05 (5H, m), 2.70

(13H, d, J 6.0 Hz), 2.03-1.85 (4H, m).. LCMS (ES") RT 2.34 minutes, 511 (M--H)".

EXAMPLE 66

{ ?-f( 2-Fluoro-4-iodopheny)amino]thieno[2,3-b1pyridin-3-yl} -[(2R)-2-(methoxymethyl)-
pyrolidin-1-yll-methanone

w From Intermediate 14 (285 mg, 0.66 mmol), 2M trimethylaluminium in hexane
(1.6 mL, 3.30 mmol) and (R)-2-(methoxymethyDpyrrolidine (383 mg, 3.30 mmol) by the
n&ethod of Example 5, to give the title compound (17 mg). &y (DMSO-dg) 9.17 (1H, br 5),
&37 (1H, dd, J 4.6, 1.3 Hz), 7.78 (1H, d, J 7.7 Hz), 7.76 (1H, dd, J 10.6, 1.8 Hz), 7.46
(1H, d,J 8.5 Hz), 7.37 (1H, d, J 8.0, 4.6 Hz), 7.05 (1H, t, J 8.5 Hz), 4.10-4.00 (1H, br m),
3.33-3.01 (7H, br m), 1.90-1.64 (4H, br m). LCMS (ES") RT 3.27 minutes, 215 (M+H)".

EXAMPLE 67

( éycloprogyhnethyl )amide
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‘ From Intermediate 14 (450 mg, 1.05 mmol), 2M trimethylaluminium in hexane
(2.6 mL, 5.26 mmol) and (aminomethyl)cyclopropane (374 mg, 5.26 mmol) by the
method of Example 5, to give the title compound (250 mg). &y (DMSO-ds) 10.68 (1H, br
), 8.36 (1H, d, /3.8 Hz), 8.17 (1H, d, J8.1 Hz), 8.15-8.00 (1H, br m), 7.75 (1H, d, 7 10.4
Hz), 7.60 (1H, d, J7.6 Hz), 7.47-7.38 (2H, br m), 3.18 (2H, t, J 6.2 Hz), 1.10-1.03 (1H, br
m), 0.47-0.41 (2L, br m), 0.28-0.23 (2H, br m). LCMS (ES*) RT 3.54 minutes, 468
(M),

EXAMPLE 68

m‘} ethoxy-N-methyl)amide

| To a solution of Intermediate 16 (260 mg, 1.12 mmol) in DMSO was added
sj,odium hydride (50 mg, 1.23 mmol), and the reaction stirred for 10 minutes, Intermediate
1 (328 mg, 1.18 mmol) was added and the reaction stirred for a further 1 h at ambient
ﬁemperatuxe. The reaction was poured onto water and extracted into ethyl acetate. The
érganic phase was washed with brine, dried (magnesium sulphate) and concentrated in
{zacuo. The crude product was purified by chromatography (SiO,; 10% methanol in ethyl
aitcetate) yielding the required product as a pale yellow solid (64 mg). 8y (DMSO-dg) 9.41
tlH, s), 8.20 (1H, dd, /5.9, 1.0 Hz), 7.74 (1H, dd, J 10.3, 1.9 Hz), 7.57-7.54 (1H, m),
7.48-7.38 (2H, m), 7.22 (1H, t, J 8.6 Hz), 3.47 (3H, 5), 3.17 (3H, 5). LCMS (ESH RT
2.70 minutes, 474 (M+E)".

1‘ EXAMPLE 69

:i-l'( 2-Fluoro-4-iodophenylamino]thieno[2.3-b]pyridine-3-catboxylic acid (N-methoxy-N-
methylamide

Example 68 (64 mg, 0.13 mmol) and triphenyl phosphine (177 mg, 0.68 mmol) in
TI-IF (1 mL) were heated at 65°C overnight. Phosphorus trichloride (34 mg, 0.39 mmol)

was added and the reaction stirred at ambient temperature for 90 minutes. The reaction

was quenched with sodium hydrogen carbonate solution and the product extracted into
DCM, dried (magnesium sulphate) and concentrated in vacuo. After preparative HPLC,
&e required product (10 mg) was obtained as an off-white solid. 8y (DMSO-dg) 9.23

¢
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Hz), 7.53 (1H, d, 78.4 Hz), 7.37 (1H, dd, J 8.1, 4.7 Hz), 7.22 (1H, 1, J 8.6 Hz), 3.47 (3H,

§), 3.20 (3H, 5). LCMS (ES") RT 3.23 minutes, 458 (M+H)".

EXAMPLE 70

1:11‘ iperazin-1-yl]-methanone

| A solution of Example 51 (80 mg, 0.13 mmol) in methanol (2 mL) was treated
wlth 4M HCl in'1,4-dioxane (5 mL) and stirred at r.t. for 3 h. The reaction mixture was
(j&onc’entrated in vacuo to give a yellow gum, which was dissolved in methanol (20 mL)
a:md water (5 mL), then basified to pH 11 with 25% aq, ammonium hydroxide. The
équeous solution was extracted with DCM (3 x 25 mL), and the organic extracts were
éombined, dried (Na;SO,), filtered and concentrated in vacuo. The crude product was
sjubjectcd to column chromatography (SiOs, 95:4:1 DCM/methanol/25% aq. ammonium
1§1ydroxide) to give the title compound as a mixture of 2 rotamers, which were freeze-dried
@\'rernight from acetonitrile/water to give a cream-coloured powder (63 mg, 94%). 8y
(DMSO-ds, 120°C, contains rotamers) 8.37-8.36 (1H, m), 8.29-8.28 (0.44H, m), 8.33
(0.56H, dd, J 1.4, 8.0 Hz), 7.75 (0.44H, dd, J 1.8, 10.0 Hz), 7.68-7.66 (0.44H, m), 7.58
{O.SGH, dd, J 1.9, 10.5 Hz), 7.48-7.44 (1H, m), 7.39-7.33 (1H, m), 7.17-7.13 (0.56H, m),
4,31-4.29 (1H, m), 4.00 (1H, m), 3.74-3.60 (2H, m), 3.10-2.83 (3H, m), 2.76-2.65 (21,
), 2.60-2.53 (1H, m). LCMS RT 2,07 and 1.95 minutes, (ES") 513 (M+H)"
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Claims:

———

1. A compound of formula (D), or a pharmaceutically acceptable salt, solvate or N-

oxide thereof?

wherein

R' represents hydrogen, halogen or C1.¢ alkyl;

10 R? represents halogen or Cy alkyl;

" Rrepresents hydrogen, cyano, -CO;R?, -CONR'R® or -CON(OR")R"

R® represents Cy.4 alkyl;

'R? represents hydrogen; or Cy.s alkyl, C34 cycloalkyl, Cs cycloa]kyl(Cl-s)alliyl,
aryl, aryl(Ci.s)alkyl, C3.7’heterocycloa]ky1, Csy heterocy;:loalkyl(cl_s)a]kyl, heteroaryl or -
16 ]%‘eteroaryl(Cl-s)a]kyl, any of which groups may be optionally substituted by one or more

®

I
X

Tubstltuents and
i ‘ ‘ R’ represents hydrogen or Cy.¢ alkyl (optionally substituted by hydroxy); or
- ! R® and R®, when taken together with the nitrogen atom to which they are both
éttached, represent azetidinyl, pyrrolidinyl, piperidinyl, motpholinyl, thiomorpholinyl,
20 ﬁaiperazinyl, homopiperidinyl, homomorpholinyl or homopiperazinyl, any of which

%roups may be optionally substituted by one or more substituents.

2. A compound as claimed in claim 1 wherein R® represents hydrogen; or Cy.6

1, Cs.7 cycloalkyl(C;.¢)alkyl, Cs7 heterocycloalkyl or Cs.7 heterocycloalkyl(C;.g)alkyl,
25 Tmy of which groups may be optionally substituted by one or more substituents.
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( 3, A compound as claimed in claim 1 wherein the cyclic moiety -NR’R®
represents azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, morpholin-4-yl, piperazin-1-yl or
ho;‘nopiperazin—l-yl, any of which groups may be optionally substituted by one or more

suw‘)stituents.
5 J '
| 4. Acompound as claimed in any onc of the previous claims wherein the
su‘i)stituents on Rb; or on the cyclic moiety -NR'R®, are selected from Cy.¢ alkyl, C1.6
alkoxy(Ci.s)alkyl, hydroxy, hydroxy(Ci.¢)alkyl, amino, amino(Cy.¢)alkyl, carboxymethyl,
C%.s alkoxycarbonyl, C;.¢ alkoxycarbonyl(Ci.¢)alkyl, di(C;.6)alkylamino, Cy4
@ 10 alkoxycarbonylamino and C,.¢ alkoxycarbonylamino(C;.g)alkyl.

|

5. A compound as claimed in claim 1 represented by formula (II), and
‘, _ pharmaceutically acceptable salts, solvates and N-oxides thereof:

/
N F
S

|

[ 4 R represents halogen; and
R3 is as defined in claim 1.
20

6. A compound as claimed in claim 5 wherein R'? represents bromo or iodo.

f the Examples.

L 7. A compound as claimed in claim 1 as berein specifically disclosed in any one
25 |
|

|
/
(




WO 2007/088345 PCT/GB2007/000310
-57-

8. A pharmaceutical composition comprising a compound of formula (I) as
defined in claim 1, or a pharmaceutically acceptable salt, solvate or N-oxide thereof, in

association with a pharmaceutically acceptable carrier.

5 9, Theuse of a compound of formula (I) as defined in claim 1, or a
pharmaceutically acceptable salt, solvate or N-oxide thereof, for the manufacture of a
médicament for the treatment and/or prevention of disorders for which the administration
of; a selective MEK inhibitor is indicated.

i 10 10. A method for the treatment and/or prevention of disorders for which the
admlmstranon of a selective MEK inhibitor is indicated which comprises administering to
a patlent in need of such treatment an effective amount of a compound of formula (I) as

. defined in claim 1, or a pharmaceutically acceptable salt, solvate or N-oxide thereof.

£ i b
¢ 7

b
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DERIVADOS DE TIENO-PIRIDINA COMO INHIBIDORES DE MEK

Resumen:

Una serie de derivados de tieno[2,3-blpiridina que es-
tan sustituidos en la posicién 2 con un resto anilino
sustituido, que son inhibidores selectivos de las enzi-
mas MEK (MAPKK)humanas, son por consiguiente beneficio-
50s en medicina, por ejemplo en el tratamiento de afec-
ciones inflamatorias, autoinmunes, cardiovasculares,

proliferativas (con inclusién de las oncolégicas) y no-
ciceptivas.
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DERIVADOS DE TIENO-PIRIDINA COMO INHIBIDORES DE MEK

La presente invencién se refiere a una clase de deriva-
dos de tieno-piridina y a su uso en terapia. Mas parti-
cularmente, la invencidén se refiere a derivados de tie-
nol2,3-blpiridina que estéan sustituidos en la posicidn
2 ¢con un resto anilino sustituido. Estos compuestos son
inhibidores selectivos de las enzimas MEK (MAPKK), vy
son por consiguiente beneficiosos como agentes farma-
céuticos, especialmente en el tratamiento de condicio-
nes adversas inflamatorias, autoinmunes, cardiovascula-
res, proliferativas (con inclusién de las oncolédgicas)
y nociceptivas).

Las enzimas MEK estdn implicadas en una diversidad de
funciones f£isicldgicas y patolégicas que se cree inter-
vienen en una.serie de enfermedades humanas. Estas fun-
ciones se resumen en los parrafos [0004] y [0005] del
documento US 2005/0049276 Al.

Los compuestos de uso en la presente invencidén, al ser
inhibidores potentes y selectivos de MEK, son por tanto
beneficiosos en el tratamiento y/o la prevencién de di-
versas dolencias humanas. Estas incluyen trastornos au-
toinmunes e inflamatorios tales como artritis reumatoi-
de, osteoartritis, esclerosis miltiple, asma, enferme-
dad inflamatoria del intestino, psoriasis y rechazo de
trasplantes; trastornos cardiovasculares gque incluyen
trombosis, hipertrofia cardiaca, hipertensién, y con-
tractilidad irregular del corazén (v.g. durante la in-
suficiencia cardiaca); trastornos proliferativos tales
como restenosis, y afecciones oncolégicas que incluyen
leucemia, glioblastoma, linfoma, melanoma, y canceres
humanos de higado, huesos, piel, c¢erebro, pancreas,
pulmén, mama, estdémago, colon, recto, préstata, ovario

y cuello uterino; asi como trastornos de dolor y noci-
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ceptivos, que incluyen dolor crénico y dolor neuropati-

coO.

Adicionalmente, los compuestos de uso en la presente
invencién pueden ser beneficiosos como estaAndares far-
macoldégicos para uso en el desarrollo de nuevos tests
biolégicos y en la investigacidén de nuevos agentes far-
macolégicos. Asi, los compuestos de uso en esta inven-
cién pueden ser Utiles como radioligandos en ensayos
para deteccidén de compuestos capaces de fijarse a las
enzimas MEK humanas.

Inhibidores de MEK basados en un sistema biciclico de
anillos aromaticos unido a un resto anilino sustituido
se conocen en la técnica. Ejemplos de publicaciones re-
levantes incluyen WO 2005/051906, WO 2005/023251, US-A-
2005/004%9276, WO 2005/009975, WO 03/077914 vy WO
03/077855.

El documento WO 2005/023818 describe una gama extensa
de compuestos basados en un sistema biciclico de ani-
llos aromiticos condensados, que abarca genéricamente
derivados de tieno-piridina unidos a un resto anilino
sustituido, pero no describe especificamente en absolu-
to ningin compuesto concreto de este tipo. No se ads-
cribe actividad ninguna farmacoldgica discreta, en tér-
minos de un mecanismo farmacoldédgico identificable, a
los compuestos descritos en dicho documento, pero se
afirma sin embargo que los mismos son Utiles inter alia
en el tratamiento de enfermedades celulares prolifera-
tivas tales como el <cancer. El1 documento US-A-
2003/0220365 es también relevante en un contexto afin.

Sin embargo, en ningin lugar de la técnica anterior se
encuentra  la descripcién precisa de una clase de deri-
vados de tieno[2,3-b]piridina unidos en la posicidén 2 a

un resto anilino sustituido. Se ha encontrado ahora que
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tales compuestos son particularmente valiosos como in-
hibidores selectivos de las enzimas MEK.

Los compuestos de la presente invencién son inhibidores
potentes y selectivos de MEK que tienen una afinidad de
fijacién (CIsy) para la enzima MEKl1 y/o MEK2 humana de
50 pM o menos, generalmente de 20 pM o menos, usualmen-
te de 5 UM o menos, tipicamente de 1 pM o menos, conve-
nientemente de 500 nM o menos, idealmente de 100 nM o
menos, y preferiblemente de 20 nM o menos (las personas
expertas apreciardn que una cifra CIsy menor designa un
compuesto mds activo). Los compuestos de la invencidén
pueden poseer al menos una afinidad selectiva de 10 ve-
ces, tipicamente al menos una afinidad selectiva de 20
veces, convenlentemente al menos una afinidad selectiva
de 50 wveces, e idealmente al menos una afinidad selec-
tiva de 100 veces, para la enzima MEK-1 y/o MEK-2 huma-
na con relacién a otras guinasas humanas.

La presente invencidén proporciona un compuesto de £fér-
mula (I), o una sal farmacéuticamente aceptable, solva-
to 0o N-6xido del mismo:

en donde

R' representa hidrégeno, halégeno o alquilo Ci_g;

R? representa haldégeno o alquilo Ci-g;

R3 representa hidrégeno, ciano, -COzR?, ~CONRPR® o
—CON (OR®) R;

R* representa alquilo Ci-e;




.

10

15

20

25

30

W02007/088345 PCT/GB2007/000310

-5.

R® representa hidrégeno; o alquilo Ci-s, cicloalquilo
Cs-7, cicloalquil Csz-7=alquilo (Ci-¢) , arilo, aril~
alquilo (Ci-¢), heterocicloalquilo Ciz-y, heterocicloalquil
Cs-7-alquilo(Ci-g) , heteroarilo o heterocaril-
alquilo(Ci-¢), pudiendo estar cualquiera de dichos gru-
pos sustituido opcionalmente con uno o mas sustituyen-
tes; y

R® representa hidrdgeno o alquilo C;¢ (sustituido
opcionalmente con hidroxi); o

R® y R°, cuando se consideran junto con el Atomo de
nitrégeno al cual estdn unidos ambos, representan aze-
tidinile, pirrolidinilo, @piperidinilo, morfolinilo,
tiomorfolinilo, piperazinilo, homopiperidinilo, homo-
morfolinilo u homopiperazinilo, pudiendo estar cual-
quiera de dichos grupos sustituido opcionalmente con

uno o mas sustituyentes.

La presente invencidén proporciona también un compuesto
de férmula (I) como se ha descrito arriba, o una sal,
solvato o N-6xido farmacéuticamente aceptable del mis-
mo, en donde

R* v R? son como se define arriba;

R® representa ciano, ~CO;R®, -CONRPR® o -CON (OR®)RS;

R® representa alquilo Cj-g;

R® representa hidrégeno; o alquilo Ci-¢, cicloalquilo
Cs_7, cicloalquil Cz-7~alquilo(Ci-g), arilo, aril-
alguilo (Ci-¢) , heterocicloalquilo Cj-7, heterocicloalquil
Csz-7-alquilo(Ci-¢), heterocarilo o) hetercaril-
alquilo (Ci-¢), pudiendo estar cualquiera de dichos gru-
pos sustituido opcionalmente con uno o mas sustituyen-
tes; vy

R® representa hidrégeno o alquilo Ci-g; O

R® y R% cuando se consideran junto con el &tomo de

' nitrdégeno al cual estan unidos ambos, representan aze-
35

tidinilo, pirrolidinilo, piperidinilo, morfolinilo,

tiomorfolinilo, piperazinilc, homopiperidinilo u homo-

- morfolinilo, pudiendo estar cualquiera de dichos grupos

sustituidos opcionalmente con uno o mas sustituyentes.

(e
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Para uso en medicina, las sales de los compuestos de
férmula (I) serédn sales farmacéuticamente aceptables.
Sin embargo, otras sales pueden ser Utiles en la prepa-
racién de los compuestos de la invencidén o de sus sales
farmacéuticamente aceptables. Sales farmacéuticamente
aceptables adecuadas de los compuestos de esta inven-
cién incluyen sales de adicién de acido que pueden, por
ejemplo, formarse por mezcla de una solucidén del com-~
puesto de la invencién con una solucién de un A&cido
farmacéuticamente aceptable tal como 4cido clorhidrico,
dcido sulfiirico, &cido metanosulfénico, &acido fumarico,
dcido maleico, A&cido succinico, &cido acético, acido
benzoico, &cido citrico, é&cido tartdrico o &cido fosfo-
rico. Adicionalmente, en los casos en que los compues-
tos de la invencidén llevan un resto &cido, v.g. car-
boxi, sales farmacéuticamente aceptables adecuadas de
los mismos pueden incluir sales de metal alcalino, v.g.
sales de sodio o potasio; sales de metal alcalinoté-
rreo, v.g. sales de calcio o magnesio; y sales formadas
con ligandos organicos adecuados, v.g. sales de amonio

cuaternario.

La presente invencién incluye dentro de su alcance sol-
vatos de los compuestos de la fdérmula (;) anterior. Ta-
les solvatos pueden formarse con disolventes organicos
comunes, vVv.g. disolventes hidrocarbonados tales como
benceno o tolueno; disolventes clorados tales como clo-
roformo © diclorometano; disolventes alcohdélicos tales
como metanol, etanol o isopropanol; disolventes etéreos
tales como dietil-éter o tetrahidrofurano; o disolven-
tes de tipo éster tales como acetato de etilo. Alterna-
tivamente, los solvatos de los compuestos de férmula
(I) pueden formarse con agua, en cuyo caso los mismos
seran hidratos.

Grupos alquilo adecuados que pueden estar presentes en

los compuestos de la invencidén incluyen grupos alquilo

x>
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C1-s de cadena lineal y ramificados, por ejemplo grupos
alquilo Ci.4. Ejemplos tipicos incluyen grupos metilo y
etilo, y grupos propilo, butilo y pentilo de cadena li-
neal o ramificados. Grupos alquilo particulares inclu-
5 yen metilo, etilo, n-propilo, isopropilo, n-butilo,
sec-butilo, isobutilo, terc-butilo y 2,2-
dimetilpropilo. Expresiones derivadas tales como "al-
coxi Ci-¢", "alquiltio Ci.¢", "alquilsulfonilo Ci" y
"alguilamino C;-4" deben interpretarse en conformidad

10 con lo anterior.

a Grupos cicloalquilo C3-7 especificos son ciclopropilo,
‘ - ciclobutilo, ciclopentilo, ciclohexilo y cicloheptilo.

15% Grupos arilo adecuados incluyen fenilo y naftilo, pre-

. feriblemente fenilo.

Grupos aril-alquilo (Ci;-¢) adecuados incluyen bencilo,
5 feniletilo, fenilpropilo y naftilmetilo.

20

| Grupos heterocicloalquilo adecuados, que pueden com-

prerider andlogos benzocondensados de los mismos inclu-

yen azetidinilo, tetrahidrofuranilo, dioxolanilo, pi-

\ - rrolidinilo, indolinilo, imidazolidinilo, tetrahidropi-

25 2 ranilo, piperidinilo, 1,2,3,4-tetrahidroquinolinilo,

= . 1,2,3,4-tetrahidroisoquinolinilo, piperazinilo, morfo-

\ ! linilo y tiomorfolinilo.

[ | Grupos heteroarilo adecuados incluyen grupos furilo,
. 30 | benzofurilo, dibenzofurilo, tienilo, benzotienilo, pi-

. rrolilo, indolilo, pirazolilo, indazolilo, oxazolilo,

isoxazolilo, tiazolilo, isotiazolilo, imidazolilo, ben-

i‘cimidazolilo, oxadiazolilo, tiadiazolilo, +triazolilo,

| itetrazolilo, piridinilo, quinolinilo, isoquinolinilo,

35 | piridazinilo, pirimidinilo y pirazinilo.
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El término "haldégeno", tal como se utiliza en esta me-
moria, tiene por objeto incluir atomos de fluor, cloro,
bromo y yodo.

Cuando los compuestos de férmula (I) tienen uno o mas
centros asimétricos, los mismos pueden existir de
acuerdo con ello como enantidémeros. Cuando los compues-—
tos de la invencidén poseen dos o mads centros asimétri-
cos, los mismos pueden existir adicionalmente como
diastereoisdémeros. Debe entenderse que la invencidn se
extiende a la totalidad de tales enantibmeros y diaste~
reoisémeros, y a mezclas de los mismos en cualquier
proporcién, con inclusidén de racematos. La férmula (I)
y las férmulas representadas mas adelante en esta memo-
ria tienen por objeto representar todos los estereoisd-
meros individuales y todas las mezclas posibles de los
mismos, a no ser que sSe establezca o se indique otra
cosa. Adicionalmente, los compuestos de férmula (I)
pueden existir como tautdmeros, por ejemplo tautdémeros
ceto (CHC=0) ~enol (CH=CHOH). La férmula (I) y las férmu-
las representadas mas adelante en esta memoria tienen
por objeto representar la totalidad de los tautdmeros
individuales y todas las mezclas posibles de los mis-
mos, a no ser que se indique o se exponga otra cosa.

En una realizacién, R! representa hidrégeno. En otra
realizacién, R' representa haldgeno, particularmente
flior o cloro, especialmente fluoro. En una realizacidn
adicional, R! representa alquilo Ci.¢, especialmente me-
tilo.

Tipicamente, R! es fluoro.

En una realizacién, R® representa halégeno, espe-
cialmente bromo o yodo. En otra realizacidén, R? repre-
senta alquilo Cj-¢, especialmente metilo.

Fn una realizacidén especifica, R?> es bromo. En otra
realizacién especifica, R? es yodo.

Convenientemente, R® representa metilo o etilo, es-

pecialmente etilo.
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Favorablemente, R° representa hidrégeno; o alquilo
Ci-¢, cicloalgquil Cz.;—alquilo(Ci-g), heterocicloalquilo
Cs.; 0 heterocicloalquil Cj-s—alquilo(C;.s), pudiendo es-
tar cualquiera de dichos grupos sustituido opcionalmen-
te con uno o mas sustituyentes.

Convenientemente, R® representa hidrégeno; o alquilo
Ci-6rs ariio, aril—alquilo(cyﬁ), heterocicloalquilo Cjs.q,
heterocicloalquil Csz-;—alquilo(Cj.¢), heteroarilo o hete-
roaril-alquilo(Ci-¢), pudiendo estar cualquiera de di-
chos grupos sustituido opcionalmente con uno o mas sus-
tituyentes.

Convenientemente, el grupo R®’, o el resto ciclico -
NRPR®, puede estar insustituido, o sustituido con uno o
mas sustituyentes, tipicamente con uno o dos sustitu-
yentes. En una realizacidén, el grupo R°, o el resto ci-
clico -NRPR®, esté insustituido. En otra realizacién, el
grupo R’, o el resto ciclico -NRPR®, estd monosustitui-
do. En una realizacién adicional, el grupo R®’, o el re-
sto ciclico -NRPR®, estd disustituido.

Ejemplos de sustituyentes tipicos en R°, o en el re-
sto ciclico -NRPR®, incluyen alquilo Cj-¢, alcoxi Ci-g,
hidroxi, hidrOXi“aquiiO(CLﬁ), amino-alquilo (Ci-g),
(amino) (hidroxi)-alquilo(Ci-¢), haldégeno, oxo, alquil-
carbonilo Cz.g, carboxi., alcoxicarbonilo Cy, di-

_alquil(CL@)-hidrazinilcarbonilo, amino, alquilamino

Ci-¢, di-algquilamino(Ci.g), alquilcarbonilamino Cz.g, ami-
nocarbonilamino,. aninocarbonilo, alquil Ci.5—
aminocarbonilq, di~alquil (C;-¢) aminocarbonilo, aminosul-
fonilo, alquilsulfonilo Ci.g y alquil C;-g—aminocarbonil-
alquilo Cj.g. Ejemplos adicionales incluyen alcoxi Ci-¢~

~alquilo(Ci.g), carboxi-alquilo(Ci-g), alcoxicarbonil Cz-g~

alquilo(Ci-¢), alcoxicarbonilamino Cz.¢ y alcoxicarboni-
lamino Ca_g—algquilo(Cy—¢).

Ejemplos de sustituyentes particulares en R°, o en
el resto ciclicoe =-NRPR®, incluyen metilo, metoxi,
hidroxi, hidroximetilo, 2-~hidroxietilo, aminometilo, 2~
amino-3~hidroxipropilo, fluoro, oxo, acetilo, carboxi,
metoxicarbonilo, etoxicarbonilo, terc-butoxicarbonilo,
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dimetilhidrazinilcarbonilo, amino, metilamino, 1,3~
dimetilbutilamino, dimetilamino, acetilamino, aminocar-~
bonilamino, aminocarbonilo, etilaminocarbonilo, di-
etilaminocarbonilo, aminosulfonilo, metilsulfonilo vy
metilaminocarbonilmetilo. Ejemplos adicionales incluyen
metoximetilo, carboximetilo, etoxicarbonilmetilo, terc-
butoxicarbonilamino y terc-butoxicarbonilaminometilo.

Ejemplos de sustituyentes preferidos en R°, o en el
resto ciclico -NRPR®, incluyen alquilo Ci_g, alcoxi Ci_g-
alquil (Ci-6) , hidroxi, hidroxi-alquilo(Ci-g), amino, ami-
no-alquilo(Ci-g), carboximetilo, alcoxicarbonilo Cy.q,
alcoxicarbonil Cz-g=alguilo(Ci-g), di-alquilamino(Ci-g),
alcoxicarbonilamino Cp-¢ y alcoxicarbonilamino Ca_g—
alquilo (Ci-6) .

Ejemplos de sustituyentes especificos en R°, o en el

" resto ciclico -NRPR®, incluyen metilo, metoximetilo,

hidroxi, hidroximetilo, 2-hidroxietilo, amino, aminome-
tilo, carboximetilo, terc-butoxicarbonilo, etoxicarbo-~
nilmetilo, dimetilamino, terc-butoxicarbonilamino vy
terc-butoxicarbonilaminometilo.

Valores preferidos de R® incluyen hidrégeno, metilo,
etilo, propilo, ciclopropilmetilo, azetidinilo, pirro-
lidinilo, piperidinilo, azetidinilmetilo, dioxolanilme-
tilo, pirrolidinilmetilo, morfoliniletilo y morxfelinil-
propilo, pudiendo estar cualquiera de dichos grupos
sustituido opcionalmente con uno o mas sustituyentes.
Sustituyentes preferidos en este contexto incluyen al-~
quilo Ci-s {(especialmente metilo), hidroxi, amino, al-
coxicarbonilo Cz.g (especialmente terc-butoxicarbonilo)
y di-alquilamino (Ci-¢) (especialmente dimetilamino).

Valores especificos de Rb incluyen hidrégeno, metilo,
2-hidroxietilo, 3~hidroxipropilo, 1l-hidroxiprop-2-ilo,
2,3-dihidroxipropilo, 2-amino~2-metilpropilo, 2,2~
dimetil=-3-(dimetilamino)propilo, ciclopropilmetilo, 1-
terc-butoxicarbonilazetidin-3~ilo, pirrolidin-3-ilo, 1-

terc-butoxicarbonilpirrolidin-3~ilo, piperidin-3-ilo,

. piperidin-4-ilo, 1- metilpiperidin-4-ilo, l-terc-
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butoxicarbonilpiperidin~3-ilo, l1-terc-butoxi~-
carbonil-piperidin-4-~ilo, l1-terc-butoxicarbonil-
azetidin~-3-ilmetilo, 2,2~-dimetil-[1, 3)dioxolan-4-

ilmetilo, pirrolidin-2-ilmetilo, 2~ (morfolin-4~ilj)etilo
y 3-(morfolin-4-il)propilo.

Tipicamente, R° representa hidrégeno; o alquilo Ci-g,
sustituido opcionalmente con uno o mas, preferiblemente

uno o dos, grupos hidroxi.

Valores tipicos de R® incluyen hidrégeno, metilo,
hidroxipropilo y dihidroxipropilo. En una realizacidn,
R® represeﬁta hidrégeno. En otra realizacién, R® repre-
senta metilo. En una realizacién adicional, R® represen-
ta hidroxipropilo, especialmente 3-hidroxipropilo. En
una realizacién adicional, RP representa dihidroxipropi~

lo, especialmente 2,3-dihidroxipropilo.

En una realizacidén, R® es hidrégeno. En otra realiza-
cién, R® representa alquilo Ci-s, especialmente metilo.
En una realizacién adicional, R® representa hidroxi-
alquilo (Ci-g), v.g. hidroxietilo (especialmente 2-
hidroxietilo).

Alternativamente, el resto -NRPR® puede representar con-
venientemente azetidin-l1-ilo, pirrolidin-l-ilo, piperi-
din-1-ilo, morfelin-4-ilo, tiomorfolin-4-ilo, pipera-
zin-1-ilo, homopiperidin-l-ilo u homomorfolin-4-ilo,
pudiendo estar cualquiera de dichos grupos sustituido
opcionalmente con uno o mds sustituyentes. El resto -

' NRPR® puede representar también homopiperazin-l-ilo op-

35

; cionalmente sustituido.

E Valores particulares para el resto ciclico -NRP°R® inclu-

yen azetidin-l-ilo, pirrolidin-l-ilo, piperidin-1l-ilo,

jmorfolin-4—ilo, piperazin-l-ilo y homopiperazin-1-ilo,
zpudiendo estar cualquiera de dichos grupos sustituido

- opcionalmente con uno o mas sustituyentes.
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Valores especificos del resto ciclico -NRPR® incluyen 3-

hidroxiazetidin-1-ilo, 3-amincazetidin-l-ilo, 3-
(aminometilazetidin~-1-ilo, 3-(terc-butoxicarbonil-
amino)azetidin-l-~ilo, 3—-(terc-butoxicarbonilamino-
metil)azetidin~-l-ilo, pirrolidin-l-ilo,  2- (metoxi-

metil)pirrolidin-1-ilo, 3~hidroxipirrolidin-l-ilo, 3~
aminopirrolidin-1l-ilo, 3~ (terc-butoxicarbonil-
amino)pirrolidin-l-ilo, 2~ (hidroximetiliperidin-1-ilo,

4-aminopiperidin-1-ilo, 4-(terc-butoxicarbonil-~

amino)piperidin-1l-ilo, morfolin-4-ilo, 2- (hidroxi-
metil)morfolin-4-ilo, piperazin—lQilo, 4-metil-~
piperazin-1l-ilo, 2-{(hidroximetil)- piperazin-l-ilo, 4-

(2-hidroxietilpiperazin-l-ilo, 4- (carboximetil-
piperazin-l~ilo, 4-(terc-butoxicarbonil)-2- (hidroxi-
metilpiperazin-1-ilo, 4-(etoxicarbonilmetil)-

piperazin-1l-ilo y homopiperazin-l-ilo.

Convenientemente, el resto ciclico -NRPR® puede estar
sustituido con algquilo Ci.¢, especialmente metilo. Valo-
res particulares de -NRPR® incluyen pirrolidin-l-ilo,
morfolin-4-ilo, y 4-metilpiperazin-l-ilo.

Tipicamente, R® representa ciano, -COR*, ~CONRPR®, o -
CON (ORP)R®, en donde R?, R° y R°® son como se define arri-

" ba. Convenientemente, R’ representa ciano, -CO;R* o -
. CONRPR®, especialmente ciano o ~CONRPR®, en los cuales
3 R®, RP y R°® son como se define arriba. Convenientemente,
' R® representa —CON (ORP)R®, en donde RP y R° son como se
. define arriba.

En una realizacién, R® representa ciano. En otra reali-
zacldn, R® representa -COzR%, en donde R® es como se de-

fine arriba. En una realizacién adicional, R’ representa
i—CONRPRc, en donde R® y R® son como se define arriba. En
‘una realizacién adicional, R® representa -CON(OR®)R®, en
'donde R® y R® son como se define arriba. En otra reali-
izacién adicional, R® representa hidrégeno.
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Un subgrupo particular de compuestos de acuerdo con la
invencidén estd representado por los compuestos de for-
mula (II), y sales, solvatos y N-éxidos farmacéutica-

mente aceptables de los mismos:

en donde
R'? representa haldgeno; y
R?® es como se define arriba.

En una realizacién especifica, R es bromo. En otra

realizacién especifica R'? es yodo.

Compuestos especificos nuevos de acuerdo con la presen-
te invencién incluyen cada uno de los compuestos cuya
preparacién se describe en los ejemplos que se acompa-
flan, y sales y solvatos farmacéuticamente aceptables de
los mismos.

La presente invencidén proporciona también una composi-
cién farmacéutica que comprende un compuesto de férmula
(I) como se define arriba, o una. sal, solvato o N-6xido
farmacéuticamente aceptable del mismo, en asociacién

con uno o mas vehiculos farmacéuticamente aceptables.

- Las composiciones farmacéuticas de acuerdo con la in-
- vencidén pueden presentar una forma conveniente para ad-

-ministracién oral, bucal, parenteral, nasal, tépica,

oftdlmica o rectal, o una forma conveniente para admi-

nistracién por inhalacién o insuflacién.
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Para administracién oral, las composiciones farmacéuti~
cas pueden presentar la forma de, por ejemplo, table-
tas, pastillas o cépsulas preparadas por medios conven-
cionales con excipientes farmacéuticamente aceptables
tales como agentes aglomerantes (v.g. almiddén de maiz
pregelatinizado, polivinilpirrolidona o hidroxipropil-
metil-~celulosa); cargas (v.g. lactosa, celulosa micro-
cristalina o hidrogenofosfato de calcio); lubricantes
(v.g. estearato de magnesio, talco o silice); desinte-
grantes (v.g. almidén de patata o glicolato de sodio);
0 agentes humectantes (v.g. lauril-sulfato de sodio).

- Las tabletas pueden estar recubiertas por métodos bien
! conocidos en la técnica. Las preparaciones liquidas pa-

' ra administracién oral pueden presentar la forma de,

\por ejemplo, soluciones, jarabes o suspensiones, o pue-
{den presentarse como un producto seco para reconstitu-
ﬂcién con agua u otro vehiculo adecuado antes de su uti-~
}lizacién. Tales preparaciones liquidas pueden preparar-
se por medios convencionales con aditivos farmacéutica-
hente aceptables tales como agentes de suspensiodn,
hgentes emulsionantes, y vehiculos o conservantes no
écuosos. Las preparaciones pueden contener también sa-
ies tampén, agentes saborizantes, agentes colorantes, o
égentes edulcorantes, segun sea apropiado.

Las preparaciones para administracién oral pueden for-
mularse convenientemente para proporcionar una libera-
cién controlada del compuesto activo.

Para administracién bucal, las composiciones pueden
presentar la forma de tabletas o pastillas formuladas
de manera convencional.

Los compuestos de foérmula (I) pueden formularse para
administracién parenteral por inyeccidén, v.g. por in-
yeécién de tipo bolus o infusidén. Las formulaciones pa-
ra inyeccién pueden presentarse en forma de dosifica-
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cién unitaria, v.g. en ampollas de vidrio o envases
multi-dosis, v.g. viales de vidrio. Las composiciones
para inyeccidn pueden presentar formas tales como sus-
pensiones, soluciones o emulsiones en vehiculos aceito-
508 0 acuosos, y pueden contener agentes de formulacién
tales como agentes de suspensidn, estabilizadores, con-
servantes y/o dispersantes. Alternativamente, el ingre-
diente activo puede encontrarse en forma de polvo para
constitucién con un vehiculo adecuado, v.g. agua esté-

ril exenta de pirdgenos, antes de su utilizacidn.

Ademas de las formulaciones arriba descritas, los com-
puestos de foérmula (I) pueden formularse también como
una preparacién de tipo depdsito. Tales formulaciones
de accidédn prolongada pueden administrarse por implanta-
cién o por inyeccidn intramuscular.

Para administracidén nasal o administracidén por inhala-
cidén, los compuestos de acuerdo con la presente inven-
cidén pueden suministrarse convenientemente en la forma
de una presentacién de pulverizacién de tipo aerosol
para envases presurizados o un nebulizador, con el uso
de un propelente adecuado, v.g. diclorodifluorometano,
fluorotriclorometano, diclorotetrafluoroetano, didxido
de carbono u otro gas o mezcla de gases adecuado(a).

Las composiciones pueden, en caso deseado, presentarse
en un paquete o dispositivo dispensador que puede con-
tener una o mas formas de dosificacién unitarias que

contienen el ingrediente activo. El paquete o disposi-

' tivo dispensador puede ir acompafiado de instrucciones
para la administracién.

Para administracién toépica, los compuestos de acuerdo
-con la presente invencidén pueden formularse convenien-
'temente en un ungiiento adecuado que contiene el compo-

‘nente activo suspendido o disuelto en uno o mas vehicu-

?los farmacéuticamente aceptables. Vehiculos particula-
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res incluyen, por ejemplo, aceite mineral, petréleo 1li-
quido, propilenglicol, polioxietileno, polioxipropile-
no, cera emulsionante y agua. Alternativamente, los
compuestos de acuerdo con la presente invencién pueden
5 formularse en una locién adecuada que contiene el com-
‘ ponente activeo suspendido o disuelto en uno o mas vehi-
culos farmacéuticamente aceptables. Vehiculos particu-
lares incluyen, por ejemplo, aceite mineral, monoestea-
rato de sorbitén, polisorbato 60, cera de ésteres ceti-
10 licos, alcohol «cetearilico, alcohol bencilico, 2-
octildodecanol y agua.

Para administracidén oftdlmica, los compuestos de acuer-~
do con la presente invencidén pueden formularse conve-
15 nientemente como suspensiones micronizadas en soluciédn
. salina isoténica y estéril ajustada en pH, sea con o
sin un conservante tal como un agente bactericida o
fungicida, por ejemplo nitrato fenilmercurico, cloruro
de bencilalconio o acetato de clorhexidina. Alternati-
20| vamente, para administracién oftdlmica los compuestos
‘ pueden formularse en un ungiliento tal como petrolatum.

Para administracién rectal, los compuestos de acuerdo

'~ con la presente invencién pueden formularse convenien-
25i temente como supositorios. Estos se pueden preparar por
i mezcla del componente activo con un excipiente adecuado
2no irritante que es sélido a la temperatura ambiente
1pero ligquido a la temperatura rectal y por tanto fundi-

' r4 en el recto para liberar el componente activo. Mate-

30 ?riales de este tipo incluyen, por ejemplo, manteca de

' cacao, cera de abejas y polietilenglicoles.

%La cantidad de un compuesto de la invencidén requerida
;para la profilaxis o tratamiento de una afeccidén parti-
35 icular variara dependiendo del compuesto seleccionado y
édel estado del paciente a tratar. En general, sin em-
?bargo, las dosis diarias pueden comprender' desde
aproximadamente 10 ng/kg a 1000 mg/kg, tipicamente des-

52
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de 100 ng/kg a 100 mg/kg, v.g. alrededor de 0,01 mg/kg
a 40 mg/kg de peso corporal, para administracién oral o
bucal, desde aproximadamente 10 ng/kg a 50 mg/kg de pe-
S0 corporal para administracidén parenteral, y desde al-
rededor de 0,05 mg a alrededor de 1000 mg, v.g. desde
alrededor de 0,5 mg a alrededor de 1000 mg, para admi-
nistracidén nasal o administracién por inhalacidén o in-
suflacidn,

Los compuestos de férmula (I) anteriores, y los N-
6xidos de los mismos, se pueden preparar pPor un pProceso
que comprende hacer reaccionar un compuesto de férmula
(ITI) o un N-b6xido del mismo, con un compuesto de fér-
mula (IV):

en donde R!', R? y R’ son como se define arriba, y L' re-
presenta un grupo labil adecuado.

El grupo 1l&bil IL! es tipicamente un atomo de haldgeno,
v.g. cloro.

La reaccidén se efectila convenientemente, a una tempera-
tura elevada en caso necesario, en un disolvente ade-
cuado, v.g. dimetilsulféxido, tipicamente en condicio-
nes basicas, v.g. en presencia de una base inorgénica
tal como hidruro de sodio.

Los compuestos intermedios de la férmula (IV) anterior

se pueden preparar por reacciédn de un compuesto de for-
mula (V):
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en donde R' y R?> son como se define arriba, con tiofos-

geno.

5 La reaccién se efectlla convenientemente en un disolven-
te adecuado, tipicamente una mezcla de cloroformo y
agua.

En otro procedimiento, los compuestos de férmula (I)

10 anterior en donde R® representa -CONRPR® o —-CON(OR®)R, vy
los N-6xidos de los mismos, se pueden preparar por un
proceso que comprende hacer reaccionar un compuesto de
férmula H-NRPR® o H-N(OR®)R® con un compuesto de férmula
(VI), o un N-6xido del mismo:

(V)

en donde R!, R?, RP y R® son como se define arriba; en

15
presencia de un agente de condensacién.

Un agente de condensacién adecuado es hidrocloruro de

20 1-(3-dimetilaminopropil)-3-carbodiimida (EDC), en cuyo

. caso la reaccidén se efectla convenientemente en presen-

cia de 1-hidroxibenzotriazol (HOBT) y N-metilmorfolina
{(NMM) .
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Los compuestos de férmula (VI) anterior se pueden pre-

parar por reaccién del compuesto de férmula (VII):

con un compuesto de férmula (V) como se define arriba.

La reaccidén puede efectuarse convenientemente por tra-
tamiento del compuesto (V) con una Dbase, v.g.
bis(trimetilsilil)amiduro de 1litio, en un disolvente
adecuado, v.g. tetrahidrofurano, seguido por la adicidn
del compuesto (VII).

El Compuesto Intermedio de fdérmula (VII) anterior se
puede preparar a partir de un compuesto de férmula
(VIII):

en donde R* es como se define arriba; por saponificacién
del resto éster seguida por oxidacién del grupo metil-
sulfanilo.

La saponificacidén del resto éster -CO;R? en el compuesto
(VIII) puede efectuarse por tratamiento con una base
alcalina, v.g. hidréxido de sodio, en un disolvente
adecuado, v.g. una mezcla acuosa de un alcanol inferior
tal como metanol y un éter ciclico tal como tetrahidro-
furano. La oxidacién del grupo metilsulfanilo en el
compuesto resultante puede efectuarse luego por trata-

miento con un agente oxidante adecuado, v.g. Oxone® (pe-

g(o
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roximonosulfato de potasio), en un disolvente apropia-

do, v.g. metanol acuoso.

L.os compuestos intermedios de la férmula (VIII) ante-
rior se pueden preparar por reacciédn de un compuesto de
£6rmula (III), en donde R® es -CO,R* como se define
arriba, con disulfuro de carbono, seguido por trata-
miento con un haluro de metilo tal como yodometano.-

La reaccidén se efectla convenientemente en un disolven-
te adecuado, v.g. dimetilsulféxido, en presencia de una
base tal como hidruro de sodio.

En los casos en que no estadn disponibles comercialmen-
te, los materiales de partida de férmula (III) y (V) se
pueden preparar por métodos andlogos a los descritos en
los ejemplos que se acompaifian, o por métodos estandar
bien conocidos en la técnica.

Se comprenderd que cualquier compuesto de fdérmula (I)
obtenido inicialmente por cualquiera de los procesos
anteriores puede, en caso apropiado, elaborarse subsi-
guientemente para dar un compuesto ulterior de férmula
(I) por métodos bien condcidos en la técnica. A modo de
ejemplo, un compuesto de férmula (I) en la que R’ repre-
senta -CO;R® se puede convertir en el compuesto corres-—
pondiente en donde R® representa -CONH, por tratamiento
con amoniaco, tipicamente en un disolvente alcanol in-
ferior, v.g. etanol, a temperatura y presién elevadas.
Alternativamente, un compuesto de férmula (I) en donde
R® representa -CO;R® se puede convertir en el compuesto
correspondiente en donde R® representa -CONRPR® por tra-
tamiento con la amina apropiada de férmula H-NRPR® en
presencia de trimetilaluminio. Un compuesto de férmula
(I) en donde R? representa -CO,R® se puede convertir en
el compuesto correspondiente en donde R? representa
hidrdégeno por tratamiento con un reactivo alcalino tal

como hidréxido de litio en condiciones forzadas, v.gq.
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por calentamiento a reflujo en una mezcla de etanol y
agua. Uﬁ compuesto de férmula (I) en donde R® contiene
un resto 2,2-dimetil-~[1,3]dioxolan-4-ilmetilo se puede
convertir en el compuesto correspondiente en donde R3
contiene un resto 2,3-dihidroxipropilo por tratamiento
con un Acido mineral tal como &cido clorhidrico. Un
compuesto de férmula (I) en donde R’ contiene un atomo
de nitrégeno al cual estd unido un  grupo terc-
butoxiéarbonilo {(BOC) puede convertirse en el compuesto
correspondiente en el que R® contiene una funcionalidad
N-H por tratamiento con un acido, v.g. un &cido mineral
tal como &cido clorhidrico, o un &cido orgénico tal co-
mo Aacido trifluoroacético. Un compuesto de f£é6rmula (I)
en donde R® contiene una funcionalidad N-H se puede con-
vertir en el compuesto correspondiente en donde R® con-
tiene un atomo de nitrégeno al que estd unido un grupo
etoxicarbonilmetilo por tratamiento con cloroacetato de
etilo, tipicamente en presencia de trietilamina; el
compuesto resultante puede convertirse luego en el com-
puesto correspondiente en donde R® contiene un &tomo de
nitrégeno al cual estd unido un grupo carboximetilo por
tratamiento con un Acido alcalino tal como hidréxido de
sodio, tipicamente en una solucién acuosa de un alcanol
inferior tal como etanol. El derivado N-6xido de piri-
dina de un compuesto de férmula (I) se puede convertir
en el compuesto correspondiente de férmula (I) por tra-
tamiento con trifenil-fosfina y tricloruro de fésforo.

En el caso en que se obtiene una mezcla de productos a
partir de cualquiera de los procesos arriba descritos
para la preparacién de compuestos de acuerdo con la in-
vencién, el producto deseado puede separarse de aquélla
en una etapa apropiada por métodos convencionales tales
como HPLC preparativa; o cromatografia en columna uti-
lizando, por ejemplo, silice y/o altmina en asociacién
con un sistema disolvente apropiado.
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En donde los procesos arriba descritos para la prepara-
cidén de los compuestos de acuerdo con la invencidén dan
lugar a mezclas de estereoisbémeros, estos isdmeros se
pueden separar por técnicas convencionales. En particu-
lar, donde se desea obtener un enantidémero particular
de un compuesto de férmula (I), éste puede producirse a
partir de una mezcla correspondiente de enantidmeros
utilizando cualquier procedimiento convencional adecua-
do para resolucidén de enantidmeros. Asi, por ejemplo,
los derivados diastereoisémeros, v.g. sales, pueden
producirse por reaccidén de una mezcla de enantidmeros
de férmula (I), v.g. un racemato, y un compuesto quiral
apropiado, v.g. una base quiral. Los diastereoisémeros
pueden separarse luego por cualquier medio conveniente,
por ejemplo por cristalizacidén, y el enantidémero desea-
do puede recuperarse, v.g. por tratamiento con un Aacido
en el caso en que el diastereoisdmero es una sal. En
otro proceso de resolucidn, un racemato de férmula (I)
puede separarse utilizando HPLC quiral. Ademés, en caso
deseado, puede obtenerse un enantidmero particular uti-
lizando un Compuesto Intermedio quiral apropiado en uno
de los procesos arriba descritos. Alternativamente,
puede obtenerse un enantidémero particular por realiza-
cién de una biotransformacidén enzimdtica especifica de
enantiémeros, v.g. una hidrélisis de ésteres utilizando
una esterasa, y purificacidén posterior unicamente del
dcido hidrolizado enantioméricamente -puro a partir del
éster antipoda que no ha reaccionado. Cromatografia,
recristalizacién y otros procedimientos convencionales
de separacidén pueden utilizarse también con compuestos
intermedios © productos finales en los casos en que se
desea obtener un isémero geométrico particular de 1la
invencién.

Durante cualquiera de las secuencias de sintesis ante-
riores puede ser necesario y/o deseable proteger grupos
sensibles o reactivos en cualquiera de las moléculas de

que se trate. Esto puede hacerse por medio de grupos
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protectores convencionales, tales como los descritos en
Protective Groups 1in Organic Chemistry, compilador
J.F.W. McOmie, Plenum Press, 1973; y T.W. Greene &
P.G.M. Wuts, Protective Groups in Organic Synthesis,
John Wiley & Sons, 3% edicién, 1999, Los grupos protec-
tores pueden eliminarse en cualquier etapa conveniente

posterior utilizando métodos conocidos en la técnica.

Los ejemplos que siguen i1lustran la preparacién de los
compuestos de acuerdo con la invenciodn.

Los compuestos de acuerdo con esta invencién inhiben

fuertemente la actividad de la enzima MEK humana.

Ensayo de MEK in vitro

Se midié la actividad de MEK 1 en un ensayo en cascada
iniciado por Raf activo, por activacidén de MEK, Erk2 y
fosforilacién subsiguiente del sustrato Erk-tide marca-
do con fluoresceina en un ensayo basado en polarizacidn
de fluorescencia (IMAP). El ensayo se llevé a cabo en
Tris 20 mM + MgCl, 5 mM + DL-ditiotreitol 2 mM + Tween
20 al 0,01%, de pH 7,2, que contenia MEK desactivada
1,5 nM, Erk desactivado 100 nM y Erk-tide 200 nM (todas
las concentraciones son concentraciones finales). Los
compuestos, o controles de DMSO, se sometieron a test a
una concentracién final de 2% DMSO, y el ensayo se ini-
cidé en presencia de ATP 5 uM por adicidén de Raf activo
1,25 nM en tampén de ensayo. Después de 20 minutos a la
temperatura ambiente, se afiadidé solucidén de parada se-

la mezcla de ensayo durante 90 min a la temperatura am-

- biente (con sacudidas) y se leydé después en un lector
§ LJL HT de Molecular Devices.

. Cuando se testaron en el ensayo anterior, se encontrd
' que todos los compuestos de los ejemplos que se acompa-
'fian inhiben la enzima MEK humana con valores CIsp de 10

UM o mejores.
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EJEMPLOS

Abreviaturas utilizadas

EtOAc - Acetato de etilo DMSO - Dimetilsulfoxido
THF - Tetrahidrofurano DCM - Diclorometano

Eter - dietiléter CDCl; - Deuterocloroformo
MeOH - Metanol MeCN - Acetonitrilo

EtOH - Etanol ES - Electropulverizacion
DMF - N,N-dimetilformamida HOBT - 1-hidroxibenzotriazol
SiO; - Silice NMM - N-metilmorfolina

h - hora(s) min - minuto(s)

t.a. - temperatura ambiente aq - acuoso

sat. - saturado RT - tiempo de retencién

BOC - terc-butoxicarbonilo LiHMDS - bis(trimetilsilil)amiduro de litio
MCPBA - Acido 3-cloroperoxibenzoico
EDC - Hidrocloruro de 1-(3-dimetilaminopropil)-3-carbodiimida

Todos los espectros NMR se obtuvieron a 300 MHz o 400
MHz .

Los compuestos se nombraron con ayuda de la Nomenclatu~
ra ACD Labs. (v. 7.0) suministrada por Advanced Chemi-
cal Development, Toronto, Canada.

- Método LCMS Esténdar

El sistema LC-MS utilizado comprende un detector Waters
Alliance 2795 HT HPLC cuaternario, un detector Waters
996 de red de fotodiodos (PDA) y un espectrémetro de
masas de cuadripolo simple Waters 2Q 4000. El instru-

mente ZQ puede addquirir datos simulténeamente en modos
- de ionizacién por electropulverizacién positivo y nega-

. tivo.

| Espectrémetro de masas ZQ
- Capilar 3,5kV Cono 50V

Extractor 2V Temp. Fuente 80°C
Temp. de desolvatacion 200°C Gas de cono 150 I/h
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Gas de desolvatacion 250 I/h Multiplicador 650 v

Los datos se adquirieron en un barrido completo desde
100 a 1000 m/z.

Duracién del barrido 0,80 s
Retardo interbarridos 0,20 s
HPLC

La separacidén analitica en fase inversa se realizé en
un instrumento Gemini C18 de Phenomenex 50 x 4,6 mm con
silice de 5 um,

Volumen de inyeccion 5l

Datos UV 240 a 400 nm

Temperatura de la muestra 20°C

Temperatura de la columna 30°C

Caudal : 0,9 mi/min

Division para ZQ ~0,40 ml/min

Disolvente A: 90% NH4CQ; 10 mM en agua/0,1% acido formico/10% CH;CN
Disolvente B: 90% CH3CN/0,1% &cido farmico/10% NH4CO, 10 mM en agua
Disoclvente C: 90% NH4CO2 10 mM en agual0,1% amoniaco/10% CH,CN
Disolvente D: 90% CHaCN/10% NH,CO, 10 mM en agua/0,1% amoniaco

Programa de gradiente

- Para el método 5_95 pH = 3
~ Tiempo (min) A% B% Caudal  Curva
- 0,00 95,0 5,0 0,900 1
2,00 5,0 95,0 0,900 6
. 4,00 5,0 95,0 0,900 6
5,00 95,0 5,0 0,900 6
Para el método 5 95 pH = 10

Tiempo (min) A% B% Caudal Curva
0,00 95,0 5,0 0,900 1
12,00 5.0 95,0 0,900 6
4,00 5,0 95,0 0,900 6

6
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UV-HPLC Preparativa
El sistema LC comprende una bomba cuaternaria Waters
2525, un detector de sistema de fotodiodos (PDA) Waters

996, un administrador de muestras Waters 2700, un orga- .

nizador Fluidics Column y un colector de fracciones Wa-
ters que opera en fase inversa en uno de dos sistemas
de pH.

Sistema de pH bajo (aproximadamente pH 3,2)

La separacién en fase inversa se realizé en un instru-
mento Luna Cl8 de Phenomenex 100 x 21,2 mm con silice
de 5 pm.

Volumen de inyeccion 500

Datos UV 254 nm

Caudal 20 ml/min

Disolvente A 90% agua/10% CH3CN/0,1% acido férmico
Disolvente B 90% CH3CN, 10% agua/0,1% acido férmico

Sistema de pH alto (aproximadamente pH 9,5)

La separacidén en fase inversa se llevé a cabo en un
instrumento Gemini Cl18 de Phenomenex 150 x 21,2 mm con
silice de 10 um.

Volumen de inyeccion 500 pl

Datos UV 254 nm

Caudal 20 mi/min

Disolvente C 90% NHHCO, 10 mM en
agua/0,1% amoniaco/10% CHsCN

Disolvente D 90% CH3CN/10% NH4HCO2 10 mM

en agua/0,1% amoniaco

Perfiles de gradiente tipicos se describen a continua-
cién:
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Programa de Gradiente para el Método de pH Bajo
Time A% B% C% D% Flbow Curve

000 950 50 00 00 20
900 50 950 00 00 20
100 50 950 00 00 20
1150 950 50 00 00 20
1200 950 50 00 00 20

LN U« T <

Gradient Program for High pH Method
Time A% BY% €% D% Flow Cuwrve
606 00 00 850 35D 20 1

200 00 00 5350 950 20
1100 00 00 50 950 20
11.50 0.6 00 950 50 20
1200 0.0 OO0 950 50 20

[ S S~ N«

COMPUESTO INTERMEDIO 1

2-Fluoro-4-yodo-~l-isotiocianatobenceno

Se afiadidé tiofosgeno (3,55 ml, 46,4 mmol) a una mezcla
agitada rapidamente de 2-fluoro-~4-yodoanilina (10,0 g,
42,2 mmol) en CHClz; (200 ml) y agua (100 ml). La mezcla
se agitd a t.a. durante 16 h. La fase orgdnica se secd
(NazS04) y se concentré a vacio para dar el compuesto
del titulo como un sdélido cristalino blanquecino (11,8
g, cuantitativo). &y (DMSO-de) 7,87 (1H, dd, J = 1,8,
9,5 Hz), 7,63 (l1H, ddd, 0 1,0, 1,8, 8,4 Hz), 7,25 (1H,
dd, J 8,2, 8,4 Hz).

COMPUESTO INTERMEDIO 2

2-[(4-Bromo—-2-fluorofenil)amino]tieno([2, 3~d]piridina-3-

carboxilato de etilo

Se prleparép a partir de (2-cloropiridina-3-il)acetato de
etilo (D.H. Bremner et al., Synthesis, 1997, 949) (500
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mng, 2,5 mmol) y 4-bromo-2-fluorofenil-isotiocianato
(580 mg, 2,5 mmol) por el método del Ejemplo 1. El com-
puesto del titulo se obtuvo como un sélido blanquecino
(390 mg, 40%). Oy (DMSO-dg) 10,37 (1lH, br s), 8,25 (1lH,
dd, J 1,4, 8,1 Hz), 8,19 (1H, d, J 4,8 Hz), 7,69 (1H,
dd, 1,8, 10,2 Hz), 7,56-7,45 (2H, m), 7,32 (1lH, dd, J
4,5, 8,1 Hz), 4,35 (2H, g, J 7,1 Hz), 1,37 (3H, t, J
7,1 Hz), LCMS (ES*) RT 4,66 minutos, 395 (M("°Br)+H)".

COMPUESTO INTERMEDIO 3

3~ (terc-Butildimetilsilaniloxi)propilamina

A una solucién de N=-(3-hidroxipropil)ftalimida (5,25 g,
24,36 mmol) en DMF (20 ml) se afiadidé imidazol (16,6 g,
240 mmol) y cloruro de terc-butildimetilsililo (19 g,
120 mmol). La mezcla se reaccldén se agitd a la tempera-
tura ambiente durante 18 horas antes de eliminar las
materias volatiles a vacio y se sometid una porcidn del
producto bruto a cromatografia en columna (SiOz, 1:1
DCM/hexanos) para dar 2-[3-(terc-butildimetilsilanil-
oxl)propil]lisoindol-1,3~-diona como un aceite claro (5
g). Se disolvid 2-[3~(terc~butildimetilsilaniloxi)-
propillisoindol-1,3-diona (5 g, 26,4 mmol) en etanol
(50 ml) y se afiadidé metil-hidrazina (2,94 ml, 55,4
mmol). La mezcla de reaccidén se calentd a 75°C durante
8 horas antes de realizar la concentracibén a vacio. El
residuo bruto se triturdé con una mezcla de dietil-éter
(150 ml) y hexanos (50 ml) y el sdélido resultante se
eliminé por filtracidén. Los disolventes se eliminaron a
vacio para dar el compuesto del titulo como un aceite
amarillo palido (1,8 g, 61%). &y (DMSO-dg) 4,58 (2H, br
s), 3,63-3,58 (24, m), 2,67-2,62 (2H, m), 1,60-1,55
(2H, m), 0,83 (94, 4, J 1,1 Hz), 0,00 (6H, 4, J 1,2
Hz), LCMS (ES®) RT 1,77 minutos, 190 (M+H)*.

COMPUESTO INTERMEDIO 4
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Ester etilico del 4&cido 2-metilsulfaniltieno[2,3-

blpiridina-3-carboxilico

A una solucién de (2-cloropiridin-3-il)acetato de etilo
(D.H. Bremner et al., Synthesis, 1997, 949) (8,0 g,
40,0 mmol) y disulfuro de carbono (3,18 g, 42,0 mmol)
en DMSO (100 ml) se afiadidé hidruro de sodio en porcio-
nes (2,4 g, 60,0 mmol). Después de 60 minutos de agita-
cién a la temperatura ambiente, la mezcla se calentd a
80°C durante 2 horas. Después de este tiempo, la mezcla
de reaccién se dejé enfriar a la temperatura ambiente y
se afiadié yoduro de metilo (7,6 g, 54,0 mmol). Después
de 18 horas se afiadié hielo (50 ml) y se formdé un pre-
cipitado amarillo que se aisld por filtracidn para dar
el compuesto del titulo como un sélido gris (7,95 g,
78%). &y (DMSO-dg) 8,60 (1H, dd, J 1,6, 8,2 Hz), 8,46,
(14, ad, J 1,6, 4,6 Hz), 7,35 (1H, dd, J 4,6, 8,2 Hz),
4,48 (2H, g, J7 ,1 Hz), 2,71, (3H, s), 1,49 (3H, t, J
7,1 Hz).

COMPUESTO INTERMEDIO 5

Acido 2-metilsulfaniltieno[2,3-blpiridina-3-carboxilico

Una mezcla de Compuesto Intermedio 4 (12,5 g, 50,0
mmol) en THE (200 ml) y MeOH (50 ml) se tratd con solu-
cién de hidréxido de sodio (solucién al 10% en agua, 50
ml) y se agitdé a la temperatura ambiente durante 18 h.
Después de este tiempo, la mezcla de reaccidn se redujo
a vacio a un tercio de su volumen. Se afiadié luego agua
{50 ml) antes de afladir HCl al 10% hasta que se formd
un precipitado blanco. Se filtré éste para dar el com-
puesto del titulo como un sélido blanco cristalino
(10.6 g, 95%). oy (DMSO-de¢) 13,50-13,20 (1H br s), 8,55
(l1H, dd, J 1,2, 8,2 Hz), 8,48 (1H, d4dd, J 1,3, 4,5 Hz),
7,49 (1H, dd, J 4,6, 8,2 Hz), 3,25 (3H, s).

COMPUESTO INTERMEDIO 6
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Acido 2-metanosulfiniltieno[2,3-blpiridina-3-carboxi-

lico

Se afiadi®é oxona (14,5 g, 24,0 mmol) disuelta en agua
(25 ml) a una mezcla aéitada répidamente de Compuesto
Intermedio 5 (10,6 g, 47 mmol) en MeOH (250 ml). La
mezcla se agité a la temperatura ambiente durante 4 h.
La mezcla de reaccidén se separd entre DCM (300 ml) y
agua (200 ml). La capa organica se secd (NazS04) y se
concentré a vacio para dar el compuesto del titulo como
un sélido blanco cristalino (10,0 g, 88%). &y (DMSO-de)
14,20-13,80 (1H, br s), 8,73 (1H, dd, J 1,7, 8,3 Hz),
8,69 (1H, 01,7, 4,6 Hz), 7,61 (1H, dd, J 4,6, 8,3 Hz),
3,05 (3H, s).

COMPUESTO INTERMEDIO 7

Acido 2-[(2-fluoro-4~yodofenil)amino]tieno[2, 3-b]~

piridina-2-carboxilico

A una solucién agitada de 2-fluoro-4-yodoanilina (6,0
g, 25 mmol) en THF (100 ml) a 0°C (bafioc de hielo) se
afiadié LiHMDS (solucidén 1,0M en THF, 20,0 ml, 20,0
mmol) lentamente. lLa mezcla se dejdé en agitacién a la
temperatura ambiente durante 30 minutos antes de en-
friar a 0°C, y se afadidé en porciones el Compuesto In-
termedio 6 (2,00 g, 8,3 mmol). La mezcla se agitd a la
temperatura ambiente durante 1 hora. Después de este
tiempo, la mezcla de reaccidn se vertidé en hielo y
cuando se encontraba a la temperatura ambiente se afia-
didé &cido citrico hasta que se formdé un precipitado. La
mezcla se filtrd para dar el compuesto del titulo como
un sélido cristalino pardo claro (2,9 g, 84%). &y (DMSO-
dg¢) 14,00-13,00 (1H, br s), 10,80 (1H, s), 8,36 (1H, dd,
J 1,3, 8,1 Hz), 8,32 (1H, dd, J, 1,3, 4,8 Hz), 7,84
(14, dd, < 1,8, 10,1 Hz), 7,69 (1H, d, J 8,3 Hz), 17,54
(l1H, m), 7,42 (1H, dd, J 8 ,3, 4,8 Hz).

COMPUESTO INTERMEDIO 8
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4-Yodo-l-isotiocianato-2-metilbenceno

A una solucién en agitacién de 4-yodo-2-metilanilina
(1,0 g, 4,2 mmol) en DCM (50 ml) se afiadidé agua (20 ml)
seguida por tiofosgeno (490 mg, 4,2 mmol). La mezcla de
reaccidén se agitd durante una noche antes que se sepa-
raran las capas y la capa orgdnica se secd (NazS04) y se
evapord a vacio para dar el producto deseado como un
sélido pardo (1,05 g, 89%). oy (CDClz) 7,75 (1iH, d, J
1,2 Hz), 7,62 (1H, dd, o 1,2, 8,3 Hz), 7,15 (1H, d, J
8,3 Hz), 2,20 (3H, s).

COMPUESTO INTERMEDIO 9

2-Cloro~4-yodo-l-isotiocianatobenceno

A una solucidén agitada de 2-cloro-4-yodoanilina (1,0 g,
3,9 mmol) en DCM (50 ml) se afiadié agua (20 ml) seqguida
por tiofosgeno (476 mg, 4,1 mmol). La mezcla de reac-
cién se agitdé durante una noche antes que se separan
las capas y la capa orgdnica se secd (NazS04) y se eva-
pordé a vacio para dar el producto deseado como un séli-
do pardo (1,0 g, 86%). &y (CDCl3) 7,79 (1H, d, J 1,9
Hz), 7,58 (1H, dd, J 1,9, 8,4 Hz), 6,97 (1H, d, J 8,4
Hz) .

COMPUESTO INTERMEDIO 10

Ester terc-butilico del &cido (2R)-2-[({2-[(2-fluoro-4-
yodofenil)amino)tieno[2,3-b]piridina-3-carbonil}-

amino)metil]lpirrolidina-l-carboxilico

Se afiadié hidrocloruro de 1~(3-dimetilaminopropil)-3-
carbodiimida (13,9 mg, 0,72 mmol) a una solucidén de
Compuesto Intermedio 7 (150 mg, 0,36 mmol), 1~
hidroxibenzotriazol @ (98 mg, 0,72 mmol), N~
metilmorfolina (0,11 ml, 0,99 mmol) v (R) -2~
(aminometil)-1-BOC-pirrolidina (144 mg, 0,72 mmol) en
N,N-dimetilformamida (5 ml). La mezcla de reaccién se
agitdé a t.a. durante 20 h, y se vertidé luego en EtOAc
(25 ml). La solucidn orgédnica se lavdé con salmuera sa-
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turada (3 x 25 ml), se secd (NaSQ4), se filtrd y se
concentré a vacio para dar un sélido pardo. El producto
bruto se sometid a cromatografia en columna (SiOz, 4:1
hexanos/EtOAc) para dar el compuesto del titulo, que se
evapord en éter para dar una espuma dura (135 mg, 63%).
dy (CpCls) 11,67 (1H, s), 8,35-8,33 (2H, m), 8,04 (1H,
br s), 7,54~7,43 (3H, m), 7,32-7,30 (1iH, m), 4,19 (1H,
m), 3,82-3,78 (1H, m), 3,53-3,35 (3H, m), 2,18-1,86
(3H, m), 1,78 (1H, m), 1,45 (9H, s).

COMPUESTO INTERMEDIO 11

Ester terc-butilico del Aacido (28)-2-[({2-[(2-fluoro-4-
vodofenil)amino]tieno[2,3-blpiridina-3-carbonil}-

amino)-metillpirrolidina-l—-carboxilico

Se prepard a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), 1l-hidroxibenzotriazol (98 mg, 0,78 mmol),
N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de
1-{3-dimetilaminopropil)-3~carbodiimida (139 mg, 0,72
mmol) y (S)-2-(aminometil)-1-BOC-pirrolidina (144 nmng,
0,72 mmol, por el método del Compuesto Intermedio 10.
El compuesto del titulo se evapord en éter para dar una
espuma incolora dura (139 mg, 64%). 8y (CDCls) 11,67
(14, s), 8,35-8,33 (2H, m), 8,04 (lH, br s), 7,54-7,43
(3, m), 7,32-7,30 (1H, m), 4,19 (1H, m), 3,82-3,78
(4, m), 3,53-3,35 (3H, m), 2,18-1,86 (3H, m), 1,78
(1H, m), 1,45 (9H, s).

COMPUESTO INTERMEDIO 12

Acido (2-cloropiridin-3-il)acético

Se calentdé a reflujo 2-cloro-3-(cianometil)piridina
(D.H. Bremner et al., Synthesis, 1997, 949) (10,3 g,
67,1 mmol) en HCl concentrado (100 ml) durante 3 h. La
mezcla de reaccidén se concentrd a vacio y el residuo se
suspendidé en agua. El sélido blanco se recristalizé por
filtracidén y se lavd con agua, después de lo cual se
secd a vacio proporcionando el producto requerido
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(11,15 g). &y (DMSO-dg) 12,60 (1H, br s), 8,32 (1H, dd,
J 4,7, 1,9 Hz), 7,86 (1H, dd, J 7,5, 1,9 Hz), 7,40 (1H,
dd, J 7,5, 4,7 Hz), 3,75 (2H, s), LCMS (Es*) RT 1,85 mi-
nutos, 174 (M+H)*.

COMPUESTO INTERMEDIQ 13

Ester metilico del Acido (2-cloropiridin-3-il)acético

A una suspensién del Compuesto Intermedio 12 (3,88 g,
22,6 mmol) en metanol se afiadidé cloruro de acetilo (1,8
ml, 24,9 mmol) y la mezcla se calentdé a 70°C durante 18
horas. Se eliminaron los disolventes a vacio para dar
el compuesto del! titulo como un aceite pardo claro
(4,63 g, cuantitativo). &y (DMSO-dg¢) 8,35 (1H, dd, J
4,7, 1,9 Hz), 7,88 (lH, dd, J 8,5, 1,9 Hz), 7,43 (1H,
dd, J 8,5, 4,7 Hz), 3,80 (2H, s), 3,65 (3H, s), LCMS
(Es*) RT 2,40 minutos, 186 (M+H)".

COMPUESTO INTERMEDIO 14

Ester metilico del A4cido 2-[(2~fluoro-4-yodofenil)-

aminoltieno[2, 3-blpiridina-3-carboxilico

A una solucidn del Compuesto Intermedio 13 (4,1 g, 22,1
mmol) y Compuesto Intermedio 1 (6,16 g, 22,1 mmol) en
DMSO seco bajo nitrbégeno se afiladidé hidruro de sodio
(1,05 g, 24,3 mmol, dispersidén al 60% en peso en aceite
mineral). La mezcla se agitdé a la temperatura ambiente
durante 15 minutos y se calentd luego a 90°C durante 3
horas. Se enfrié la mezcla de reaccidn, y se vertid
luego sobre agua con hielo (200 ml). La fase acuosa se
extrajo con EtOAc (3 x 200 ml), se lavaron los extrac-
tos organicos combinados con salmuera, se secaron
(MgS04), se filtraron y se eliminaron los disolventes a
vacio. El sdélido amarillo pegajosco se triturd con eta-
nol para dar un sélido amarillo fino que se recogid por
filtracibn, se lavé con dietil-éter y se secd bajo suc-
cién para dar el compuesto del titulo como un sdlido
amarillo palido (1,73 g). &y (DMSO-dg) 10,30 (1H, s),

(o7
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8,36-8,31 (2H, m), 7,87 (1H, dd, J 1,9, 10,0 Hz), 7,70
(14, 4, J 6,6 Hz), 7,51 (1H, t, J 8,5 Hz), 7,42 (1H,
dd, J 5,7, 8,1 Hz), 3,94 (3H, s), LCMS (ES*) RT 4,00 mi-
nutos, 429 (M+H)*.

COMPUESTO INTERMEDIO 15

2-(2-Cloropiridin-3-il)-N-metoxi-N-metilacetamida

El Compuesto Intermedio 12 (500 mg, 2,92 mmol) en diclo-
roetano (20 ml) con N,O0-dimetilhidroxilamina (300 mg,
3,04 mmol), EDC (583 mg, 3,04 mmol) y N-metil-morfolina
(0,98 ml, 8,70 mmol) se agitaron a t.a. durante 18 h.
La mezcla de reaccidn se lavdé con HC1 2M, y la fase or-
génica se secd (sulfato de magnesio) y se concentrd a
vacio. La cromatografia (S8i0Oy; 1:1 acetato de etilo:DCM)
proporcioné el compuesto del titule (320 mg) como un
s6lido blanco. &y (DMSO-dg¢) 8,31 (1H, dd, J 4,7, 1,9
Hz), 7,81 (l1H, dd4, J 7,5, 1,9 Hz), 7,40 (iH, dd, J 7,5,
4,7 Hz), 3,93 (2H, s), 3,76 (3H, s), 3,15 (3H, s), LCMS
(ES*) RT 2,22 minutos, 215/217 (M+H)*.

COMPUESTO INTERMEDIO 16

' 2-(2-Cloro~l-oxipiridin-3-il) ~N-metoxi-N-metilacetamida
gEl Compuesto Intermedio 15 (270 mg, 1,25 mmol) se di-
- solvié en DCM (5 ml) y se tratd con mCPBA (324 mg, 1,88
immol). Después de agitar a t.a. durante 3 dias, la mez-
'cla de reaccién se vertié directamente en una columna
" flash y se cromatografid (8i0;; acetato de etilo - 5%
imetanol en acetato de etilo), proporcionando el produc-
'to requerido (265 mg), como un s6lido blanco. &y (DMSO-
idS) 8,39 (1H, dd, J 5,4, 2,5 Hz), 7,37-7,35 (2H, m),
3,98 (2H, s), 3,76 (3H, s), 3,15 (3H, s), LCMS(ES') RT
1,81 minutos, 231/233 (M+H)".
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EJEMPLO 1

2—[(2—Flﬁoro—4-yodofenil)amino]tieno[2,3-b]piridina-3-

carboxilato de etilo

Se afiadidé en porciones hidruro de sodio (650 mg de una
dispersidén al 60% en aceite mineral, 16,2 mmol) durante
10 min a una mezcla del Compuesto Intermedio 1 (3,75 g,
13,5 mmol) vy (2-cloropiridin-3-il)acetato de etilo
({D.H. Bremner et al., Synthesis, 1997, 949) (2,7 g,
13,5 mmol) en DMSO (25 ml). Cuando hubo cesado el des-
prendimiento de gas, la mezcla se calentdé a 70°C duran-
te 3 h y se dejdé luego a t.a. durante una noche. Se
afiadid agua (150 ml) y se decantd el liquido del sélido
resultante. La masa sdélida se tratd con etanol (40 ml)
para dar una suspensién fina de color blanco gque se se-
pardé por filtracidn, se lavdé con etanol (10 ml) y éter
(2 x 15 ml) y se secd a vacio a 40°C para dar el com-
puesto del titulo como un s6lideo blanco (2,90 g, 48%).
oy (DMSO-dg) 10,40 (1H, s), 8,40-8,30 (2H, m), 7,85 (1H,
dd, J 1,9, 10,1 Hz), 7,70 (14, 4, J 8,5 Hz), 7,55-7,49
(lH, m), 7,43 (1H, dd, J 4,9, 8,0 Hz), 4,43 (2H, q, J

7,9 Hz), 1,41 (3H, £, J7 ,9 Hz), LCMS (ES*) RT 5,27 mi-
. nutos, 443 (M+H)".

EJEMPLO 2

 2-[(2-Fluoro-4-yodofenil)amino]~N-metiltieno([2, 3-

' blpiridina-3-carboxamida

Se afladié trimetilaluminio (1,5 ml de una solucién 2M

ien hexano, 3,0 mmol) a una solucidn de metilamina (1,5

'ml de una solucién 2M en THF, 3,0 mmol) en tolueno (5

-ml). Después de 5 min, se afiadié el Ejemplo 1 (250 mg,

0,60 mmol) y la mezcla se calenté a 100°C durante 4 h.

iDespués de enfriar, la mezcla de reaccidén se extinguid

}con solucién saturada de cloruro de amonio (75 ml) vy
"HC1 (10 ml, 2M) y se extrajo luego con EtOAc (80 ml).
iLa fase organica se secd (NaySO4) y se concentrd a vacio

‘para dar un sdélido. La trituracidén con éter (30 ml) y

\?/' 77
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filtracidén dieron el compuesto del titulo como un séli-
do blanquecino (138 mg, 57%). &z (CDCls) 11,13 (1H, br
sy, 8,2% (1H, dd, J 1,4, 4,7 Hz), 7,80 (1H, dd, J 1,4,
8,2 Hz), 7,46-7,42 (24, m), 7,33 (lH, dd, J 8 ,3, 8,3
Bz), 7,21 (1, dd, J 4,7, 8,2 Hz), 5,82 (1H, br s),
3,00 (3H, d, J 4,8 Hz), LCMS (ES") RT 3,63 minutos, 426
(M-H) .

EJEMPILO 3

2=[(2=Fluoro-4-yodofenil)amino]~N,N-dimetiltieno[2, 3~

blpiridina-3-carboxamida

Se prepar® a partir del Ejemplo 1 (100 mg, 0,23 mmol) y
dimetilamina (0,35 ml de una solucidén 2,0M en THF, 0,7
mmol) por el método del Ejemplo 2. El compuesto del ti-
tulo se obtuvo como un s6lido blanco (21 mg, 20%). 38y
(DMSO-dg) 9,12 (1H, s), 8,35 (l1H, dd, J 1,6, 4,7 Hz),
7,77 (14, d4d, o 1,6, 8,1 Hz), 7,67 {(1lH, dd4, J 1,9, 10,6
Hz), 7,48 (14, dd, 01,1, 1,9 Hz), 7,35 (1lH, dd, J 4,7,
8,0 Hz), 7,15-7,10 (1H, m), 2,87 (6H, s), LCMS (ES*) RT
3,29 minutos, 442 (M+H)'.

EJEMPLO 4

N=(2-Fluoro-4-vodofenil)-3-(morfolin-4-ilcarbonil) -

tieno[2,3-b]lpiridin-2-amina

Se prepard a partir del Ejemplo 1 (250 mg, 0,60 mmol) y
morfolina (0,26 ml, 3 mmol) por el método del Ejemplo
2. Se obtuvo el compuesto del titulo como un sélido
blanco (215 mg, 78%). &y (DMSO~dg) 9,22 (1lH, br s), 8,34
(14, dd, J 1,4, 4,6 Hz), 7,81 (14, dd, J 1,4, 8,0 Hz),
7,68 (1H, dd, o 1,9, 10,5 Hz), 7,50-7,46 (1H, m), 7,35
(14, dd, .J 4,6, 8,0 Hz), 7,13 (1H, dd, J 8,6, 8,6 Hz),

©3,54-3,48 (4H, m), 3,43-3,39 (4H, m), LCMS (ES') RT 3,17
35 |

minutos, 484 (M+H)".
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EJEMPLO 5

N-(2-Fluoro-4-yodofenil)-3-] (4-metilpiperazin-1-il) -

carbonil]tieno[2,3-blpiridin-2-amina

Se afiadidé trimetilaluminio (1,5 ml de una solucibén 2M
en hexano, 3,0 mmol) a una solucién de 1-
metilpiperazina (0,333 ml, 3,0 mmol) en tolueno (5 ml).
Después de 10 min, se afladieron el Ejemplo 1 (250 mg,
0,60 mmol) y tolueno (2 ml) y la mezcla se calentd a
90°C durante 6 h. Después de enfriar, se extinguid la
mezcla con NaOH (50 ml, 1M) y se extrajo con EtQOAc (50
ml mé&s 25 ml). Los extractos organicos combinados se
lavaron con salmuera saturada (50 ml), se secaron
(NaS04) y se concentraron a vacio para dar un sdélido
amarilleo. La trituracidén con hexano/éter (10:1, 30 ml)
y filtracidén dieron el compuesto del titulo como un sé-
lido amarillo palido (245 mg, 87%). & (DMSO-dg) 9,13
(14, br s), 8,37 (1H, br d, J 4,4 Hz), 7,79 (1H, br d,
J 7,8 Hz), 7,67 (1H, br d, J 10,4 H=z), 7,47 (1H, br d,
J 8,4 HZz), 7,37 (11-1, dd, J 4,7, 8,1 Hz), 7,10 (1H,
m), 3,30 (4H, br s), 2,21 (4H, br s), 2,14 (3H, s),
LCMS (ES) RT 2,09 minutos, 497 (M+H)".

EJEMPLO 6

2-[ (4-Bromo-2-fluorofenil)amino]~N- (2, 3~dihidroxi-~

propil) tieno[2,3-b]piridina-3~-carboxamida

Se afiadid trimetilaluminio (0,95 ml de una solucidn 2M
en hexano_, 1,90 mmol) a una solucidn de 2,2-dimetil-
1,3-dioxolano-4-metanamina (249 mg, 1,9 mmol) en tolue-
no (4 ml). Después de 2 minutos, se afiadidé el Compuesto
Intermedio 2 (150 mg, 0,38 mmol) y la mezcla se calentd
a 90°C durante 4 h. Después de enfriar, la mezcla de
reaccidén se extinguid con solucidén saturada de cloruro
de amonio (5 ml) y HC1 (5 ml, 2M), se agitd, y se ex-
trajo luego con EtOAc (2 x 25 ml) y DCM (25 ml). Se se-
c6 la fase orgdnica (NazS04) y se concentrd a vacio para

dar un sdélido. La trituracidén con éter/hexano (1:3, 10
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ml) y filtracién dieron el compuesto del titulo como un
sé6lido blanco (95 mg, 57%). & (DMSO-d¢) 10,64 (1H, br
s), 8,36 (111, dad, J 1,4, 4,7 Hz), 8,20 (1H, dd, J 1,4,
8,2 Hz), 7,89 (lH, dd, J 8,8, 8,8 Hz), 7,69 (lH, dd, J
2,1, 10,6 Hz), 7,58 (1H, dd, J 8,8, 8,8 Hz), 7,48-7,41
(2H, m), 4,86 (1H, d, J 5,0 Hz), 4,64 (1H, t, J 5,7
Hz), 3,72-3,66 (1H, m), 3,52-3,36 (3H, m), 3,31-3,22
(1H, m), LCMS (ES*) RT 2,80 minutos, 440 (M("°Br)+H)*.

EJEMPLO 7

2-[(2-Fluoro—4-yodofenil)amino]~N-(2, 3-dihidroxi-

propil) tieno[2, 3-b]lpiridina-3-carboxamida

Se prepardé a partir del Ejemplo 1 (150 mg, 0,34 mmol) y
2,2-dimetil-1, 3-dioxolano-4-metanamina (0,14 ml, 1,0
mmol) por el método del Ejemplo 6. Se obtuvo el compu-
esto del titulo como un sélido amarillo péalido (94 mg,
57%). Oy (DMSO-ds) 10,68 (1H, s), 8,36-8,35 (1lH, m),
8,20 (1H, dd, o 1,2, 8,2 Hz), 7,90-7,87 (1H, m), 7,76
(14, dd, 0 1,7, 10,4 Hz), 7,62-7,59 (1H, m), 7,45~7,40
(2, m), 4,86 (1H, d, J 5,0 Hz), 4,64 (1H, t, J 5,7
Hz), 3,72-3,64 (1H, m), 3,51-3,41 (3H, m), 3,40-3,34
(1H, m), LCMS (ES") RT 2,91 minutos, 488 (M+H)*.

EJEMPLO 8

2-[(2-Fluoro~4-yodofenil)amino]tieno[2,3-b]lpiridina-3-

carboxilato-7-6xido de etilo

Se prepardé a partir del Compuesto Intermedio 1 (2,38 g,
8,58 mmol) y (2-cloro-l-oxidopiridin-3~il)acetato de

(1,85 g, 8,58 mmol) por el método del Ejemplo 1. Se ob-

tuvo el compuesto del titulo como un sdélido amarillo
' palido (3,10 g, 79%). oy (DMSO-dg) 10,31 (1H, br s),
© 8,20 (iH, d, J 5,9 Hz), 7,94 (l1H, 4, J 7,8 Hz), 7,89

(lH, dd, J 1,8, 10,0 HZ), 7’72 (1H, d, J 8,4 HZ), 7,55-

7,46 (2H, m), 4,41 (2H, q, J 8,4 Hz), 1,40 (3H, t, J
7,1 Hz), LCMS (ES") RT 3,44 minutos, 459 (M+H)".

[E)B
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EJEMPLO_9

N-2,3-Dihidroxipropil)-2-[(2-fluoro-4-yodofenil)amino]-

tieno[2,3-b]lpiridina-3-carboxamida-7-éxido

Se preparé a partir del Ejemplo 8 (200 mg, 0,43 mmol) vy
2,2~dimetil~1, 3~-dioxolano-4-metanamina (0,18 ml, 1,3
mmol) por el método del Ejemplo 6. Se obtuvo el com-
puesto del titulo como un sdélido blanco mg, 15%). 0oy
(DMSO-dg) 10,60 (1H, s), 8,22 (11-1, m), 7,90 (lH, s),
7,84-7,76¢ (24, m), 7,64-7,60 (1H, m), 7,45-7,40 (2H,
m), 4,78 (11-1, 4, J 4,9 H=z), 4,64 (1H, t, J 5,6 Hz),
3,70-3,60 (1H, m), 3,50-3,15 (4H, m), LCMS (ES) RT 2,37
minutos, 502 (M-H)™.

EJEMPLO 10

2-[(2~Fluoro-4-yodofenil)aminoltieno[2,3-blpiridina-3-

f‘carbonitrilo
20

A una solucién de (2-cloropiridin-3-il)acetonitrilo
(D.H. Bremner et al., Synthesis, 1997, 949) (700 mg,
4,59 mmol) y Compuesto Intermedio 1 (1,28 g, 4,60 mmol)
en DMSO seco (15 ml) se afiadid hidruro de sodio (202
mg, 60% en aceite mineral, 5,06 mmol). La mezcla se
agitd a la temperatura ambiente durante 15 minutos an-
tes de calentarla a 90°C durante 4 horas. La mezcla de
reaccién se vertid en agua (80 ml) y el sdélido precipi-
tado se filtré y se lavdé con agua/etanol (mezcla 2:1,
50 ml) seguido por dietil~éter/hekano (mezcla 1:1, 20
ml). El sdlido se secd en un horno de vacio y se re-

‘ cristalizé en etanol/agua para proporcionar el compues-
. to del titulo como un sdélido pardo claro. (800 mg,
 45%) . &y (DMSO-dg¢) 10,40 (1H, s), 8,37 (1H, dd, J 1,3,
4,6 Hz), 7,83-7,81 (2H, m), 7,64 (1H, d, J
' 8,3 Hz), 7,44 (1H, dd, J 4,7, 8,0 Hz), 7,33 (1H, dd, J
8,3, 8,3 Hz), LCMS RT 3,08 minutos, (ES") 394 (M-H)",
. (ES*) 396 (M+H)*.

3%
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EJEMPLO 11

Amida del A&cido 2-[(2-fluoro-4-yodofenil)amino]tieno-

[2,3-blpiridina-3-4cido carboxilico

Una solucién del Ejemplo 1 (250 mg, 0,56 mmol) en eta-
nol (5 ml) se afiadidé a amoniaco liquido (15 ml) y la
mezcla se calentd en un aparato Parr a 95°C y a 800 psi
(54,4 atm) durante 18 horas. Las materias volatiles se
eliminaron a vacio para dar un residuo aceitoso pardo.
La trituracién repetida con etanol y DCM proporciond el
compuesto del titulo como un sdélido blanco (18 mg) ©Ou
(DMsO~dg) 11,20 (1H, bs), 8,34 (1H, d, J 3 ,4 Hz), 8,20
(l1H, dd, J 8,2, 1,3 Hz), 7,76 (1H, dd, J 10,4, 1,8 Hz),
7,62 (l1H, d, J 8,2 Hz), 7,57 (2H, br s), 7,49-7,39 (2H,
m), LCMS (ES*) RT 3,11 minutos, 412 (M+H)*.

EJEMPLO 12

[2-][ (2-Fluoro-4-yodofenil)amino]tieno[2, 3~blpiridin-3-

il] (pirrolidin-1l-il)metanona

Preparada a partir del Ejemplo 1 (250 mg, 0,60 mmol) vy
pirrolidina (0,25 ml, 3 mmol) por el método del Ejemplo
2. Se obtuvo el compuesto del titulo como un sdélido
amarillo pélido (136 mg, 51%). &y (DMSO-dg) 9,21 (1H, br
s), 8,35 (1H, dd4, J 1,6, 4,7 Hz), 7,81 (1H, dd, J 1,6,
8,1 Hz), 7,67 (l1H, dd, J 1,9%, 10,5 Hz), 7,50-7,46 (1H,
m)y, 7,35 (14, dd, J 4,7, 8,1 Hz), 7,13 (1H, dd, J 8,6,
8,6 Hz), 3,32-3,30 (4H, m), 1,78-1,73 (4H, m), LCMS
(ES¥) RT 3,32 minutos, 468 (M+H)*.

EJEMPLO 13

(3-Hidroxipropil)amida del &cido 2-[(2-fluoro-4-yodo-

fenil)amino]tieno[2,3-blpiridina-3-carboxilico

Se disolvidé el Ejemplo 1 (500 mg, 1,13 mmol) en tolueno
seco (6 ml) bajo nitrégeno. Se afiadié a esta solucién
trimetilaluminio (2,83 ml de una solucién 2M en hexano,
5,66 mmol) durante 5 minutos. Después de 10 minutos, se
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afiadi® una solucidén del Compuesto Intermedio 3 (1,07 g,
5,66 mmol) en tolueno seco (5 ml) y la mezcla de reac-
cién se calentd a 100°C durante 6 horas. Se dejé en-
friar la mezcla de reaccidn a la temperatura ambiente y
se tratd con HC1l 2M (10 ml) y agua (30 ml). La mezcla
se extrajo con acetato de etilo (3 x 50 ml), se secaron
luego las fases organicas sobre NaySO4; y se filtraron,
después de lo cual se eliminaron los disolventes a va-
cio. El residuo brutoc se disclvidé en metanol (30 ml),
se tratd con HC1 2M (20 ml) y se agitd a la temperatura
ambiente durante 18 horas. La mezcla se concentré a va-
¢io, se traté con NaOH 2M (20 ml) y se extrajo con ace-
tato de etilo (3 x 50 ml). Las fases organicas se seca-
ron sobre NazS04, se filtraron, y se eliminaron las ma-
terias volatiles a vacio. El sélido residual se triturd
con dietil-éter (10 ml) y se secd en un horno de vacio
para dar el compuesto del titulo como un sélido amari-
llo palido (100 mg, 19%). &y (DMSO-dg) 10,75 (1H, br s),
8,35 (14, m), 8,17 (iH, 4, J 7,9 Hz), 8,01 (1H, br s),
7,75 (14, d, J 10,1 Hz), 7,59 (1H, d, J 8,1 Hz), 7,44-
7,41 (2H, m), 4,55 (1H, t, J 5,1 Hz), 3,54-3,48 (2H,
m), 3,41-3,34 (2H, m), 1,75-1,67 (2H, m), LCMS (ES") RT
3,22 minutos, 472 (M+H)Y.

EJEMPLO 14

(2(S),3-Dihidroxipropil)amida del Acido 2~[(2-fluoro-4-

yodofenil)amino]tieno{2,3-b]piridina-3-carboxilico

Preparada a partir del Ejemplo 1 (1,0 g, 2,26 mmol) vy
(8)-(2,2-dimetil-1,3-dioxolan~4-il)metilamina (1,48 g,
11,3 mmol) por el método del Ejemplo 6. Se obtuvo el
compuesto del titulo como un sdlido blanco (425 mg,
39%). O (DMSO-dg¢) 10,67 (1H, bs), 8,36 (1H, d, J 3,8
Hz), 8,20 (14, d, J 8,5 Hz), 7,88 (1H, bs), 7,76 (1H,
d, J 10,5 Hz), 7,61 (1H, d, J 8,5 Hz), 7,46-7,40 (2H,
m), 4,86 (1lH, d, J 5,0 Hz), 4,64 (1lH, t, J 5,7 Hz),
3,72-3,67 (1H, m), 3,52-3,38 (3H, m), 3,30-3,22 (1H,
m), LCMS (ES") RT 2,91 minutos, 488 (M+H)".
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EJEMPLO 15

(2(R) ,3-Dihidroxipropil)amida del &cido 2-[(2-fluoro-4-

yodofenil)amino]tieno[2,3-blpiridina-3-carboxilico

Preparada a partir del Ejemplo 1 (500 mg, 1,13 mmol) y
(R)-(2,2-dimetil-1, 3-dioxolan-4-il)metilamina (655 g,
4,52 mmol) por el método del Ejemplo 6. Se obtuvo el
compuesto del titulo como un sélido blanco (100 mg,
18%). &y (DMSO-dg) 10,67 (1H, bs), 8,36 (1H, d, J 3,8
Hz), 8,20 (14, 4, J 8,5 Hz), 7,88 (1lH, bs), 7,76 (1H,
d, J 10,5 Hz), 7,61 (1H, d, J 8,5 Hz), 7,46-7,40 (2H,
m), 4,86 (1H, d4, J 5,0 Hz), 4,64 (lH, t, J 5,7 Hz),
3,72-3,67 (1H, m), 3,52-3,38 (3H, m), 3,30-3,22 (1H,
m), LCMS (ES*) RT 2,91 minutos, 488 (M+H)®*.

EJEMPLO 16

Metilamida del A&cido 2-[(4-bromo-2-fluorofenil)aminol]-

tieno[2,3=-b]lpiridina-3-carboxilico

Preparada a partir del Compuesto Intermedio 2 (150 mg,
0,38 mmol) y una solucién 2M de metilamina en THF (0,95
ml, 1,9 mmol) por el método del Ejemplo 2. Se obtuvo el
compuesto del titulo como un sélido blanco (125 mg,
87%). Oy (DMSO-dg) 10,83 (1H, bs), 8,35 (1H, dd, J 1,4,
4,6 Hz), 8,18 (1H, dd, J 1,4, 8,2 Hz), 7,92 (1lH, bs),
7,69 (1H, dd, J 2,1, 10,6 Hz), 7,59 (1H, dd, J 8,8, 8,8
Hz), 7,48-7,43 (1H, m), 7,42 (1H, dd, J 8,2, 4,6 Hz),
2,83 (3H, d, J 4,5 Hz), LCMS (ES") RT 3,45 minutos,
380/382 [Br’®/Br®] (M+H)*.

EJEMPLO 17

Ester etilico del &cido 2-[(4-yodofenil)amino]tieno-

[2,3-b]lpiridina-3-carboxilico

Se prepardé a partir de (2-cloropiridin-3~il)acetato de
etilo (D.H. Bremner et al., Synthesis, 1997, 949) (750
mg, 3,8 mmol) e isotioclianato de 4-yodofenilo (1,0 g,

\?% ' 00’
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3,8 mmol) por el método del Ejemplo 1. Se obtuvo el
compuesto ‘del titulo como un sélido blanquecino (800
(800 mg, 50%). &y (DMSO-dg) 10,34 (1H, br s), 8,33-8,30
(24, m), 7,79 (2H, dt, J 2,0, 6,7 Hz), 7,43-7,31 (34,

S m), 4,40 (24, g, J 7,1 Hz), 1,40 (3H, t, J 7,1 Hz),
LCMS (ES') RT 4,31 minutos, 425 (M+H)".

EJEMPLO 18

10, 2-[(4-Yodo-2-metilfenil)aminoltieno[2,3-blpiridina-3-

carbonitrilo

= . A una solucién agitada del Compuesto Intermedio 8 (429

v mg, 3,28 mmol) Yy (2-cloropiridin-3-il)acetonitrilo

(D.H. Bremner et al., Synthesis, 1897, 849) (500 mg,

15 3,28 mmol) en DMSO (20 ml) se afiadié hidruro de sodio

(164 mg, 4,1 mmol). Cuando hubo cesado el desprendi-

. 1‘ miento de gases, la mezcla de reaccidn se calentd du-

rante 3 horas a 80°C. Pasado este tiempo, la mezcla de

reaccidén se vertidé en hielo y se extrajo en DCM (2 x 50

20 ml). Se secaron los componentes organicos (NazS0;) y se

evaporaron luego a vacio para dar un residuo pardo. La

. cxomatografia en columna (8i0;, 5:1 hexano:EtOAc) dio el

- compuesto del titulo como un polvo amarillo (198 mg,

. 15%). dy (DMSO-dg) 10,11 (1H, s), 8,29 (1H, dd, J 1,5,

25 4,7 Hz), 7,75 (2H, wm), 7,63 (1H, dd, J 1,7, 8,1 Hz),

17,39 (14, dd, J 8,1, 4,8 Hz), 7,19 (lH, 4, J 8,3 Hz),
12,24 (3H, s), LCMS (ES*) RT 3,68 minutos, 392 (M+H)*.

‘}
-

| ‘ EJEMPLO 19

® 30

| 2-[ (4-Bromo-2-fluorofenil)amino]tieno[2,3~blpiridina-3-

| ‘carbonitrilo

‘ 4-Bromo-2-fluoro-l-~isotiocianatobenceno (250 mg, 1,08

: mmol) y (2-cloropiridin-3-il)acetonitrilo (D.H. Bremner

| 35 et al., Synthesis, 1997, 949) (165 mg, 1,08 mmol) se
agitaron en DMSO (20 ml) y se afiadié en porciones
hidruro de sodio (52 mg, 1,3 mmol). Después que hubo
finalizado el desprendimiento de gases, la mezcla de
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reaccién se calenté durante 4 horas a 80°C. Pasado este
tiempo, la mezcla de reaccidn se afiadidé a hielo (50 ml)
y se formbé un precipitado. Se filtrd éste y se purificd
por HPLC preparativa (pH 10, 2-3 min) para dar el com-
puesto del titulo como un polvo blanco ((30 mg, 9%). &x
(DMSO-dg¢) 10,45 (1H, s), 8,31 (1H, d, J 3,9 Hz), 7,75
(24, m), 7,51-7,38 (3H, m), LCMS (ES*) RT 3,49 minutos,
350 (M+H)T.

EJEMPLO 20

2-[(2~Cloro-4-yodofenil)amino]tieno[2,3-blpiridina-3-

carbonitrilo

El Compuesto Intermedio 2 (300 mg, 1,01 mmol) y (2-
cloropiridin-3-il)acetonitrile (D.H. Bremner et al.,
Synthesisg, 1997, 949) (165 mg, 1,01 mmol) se agitaron
juntos en DMSO (20 ml) y se afiadid en porciones hidruro
de sodio (48 mg, 1,21 mmol). Después que se hubo com-
pletado el desprendimiento de gases, la mezcla de reac-
cién se calentd durante 4 h a 80°C. Pasado este tiempo,
la mezcla de reaccién se afladié a hielo (50 ml) y se
extrajo luego en DCM (2 x 50 ml), que se secd (NayS04) y
se evapord a vacio para dar un residuo amarillo. Este

" residuo se sometid a cromatografia en columna (SiO;, 1:4
- EtOAc:hexano) para proporcionar el compuesto del titulo
. como un polvo amarillo (118 mg, 28%). &z (DMSO-d¢) 10,38
f(lH, s), 8,35 (l1H, 4d, J 1,5, 4,8 Hz), 8,00 (1H, d, J
1,9 Hz), 7,80 (2H, m), 7,42 (lH, dd4, J 8,0, 4,8 Hz),
7,35 (1H, d, J 8,3 Hz), LCMS (ES*) RT 3,70 minutos, 412

(M+H)*.

EJEMPIO 21

(2-Amino-2-metilpropil)amida del A&cido 2-[(2~fluoro-4-

iypdofenil)amino]tieno[Z,3—b]piridina-S-carboxilico

Se afiadié trimetilaluminio (2,85 ml de una solucidén 2M
en hexano, 5,7 mmol) a una solucidn de 1,2-diamino~-2~-

metilpropano (498 mg, 5,7 mmol) en tolueno (5 ml). Des-
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pués de 10 minutos se afiadié el Ejemplo 1 (500 mg, 1,13
mmol) y la mezcla se calenté a 100°C durante 4 h. Des-
pués de enfriar, la mezcla de reaccidén se extinguiéd con
solucién de hidréxido de sodio al 10% (75 ml) y se ex-
trajo con EtOAc (100 ml). La fase orgdnica se secd
(NazS504) y se concentrd a vacio para dar un sélido. ILa
trituracidén con hexanos (30 ml) y filtracién dieron el
compuesto del titulo como un sélido amarillo (248 mg,
45%). O (DMSO-dg) 10,72 (1H, m), 8,43 (1H, dd, J 1,7,
8,0 Hz), 7,84 (1H, dd, J 1,7, 4,7 Hz), 7,80-7,40 (2H,
s), 7,46-7,35 (2H, m), 7,21 (1H, m), 7,00 (1H, dd, J
4,7, 8,0 Hz), 3,40 (2H, d, J 5,7 Hz), 1,25 (6H, s),
LCMS (ES*) RT 2,23 minutos, 501 (M+H)*.

EJEMPLO 22

[(4R)~-2,2-Dimetil-[1,3-]dioxolan—4-ilmetoxi]amida del
acido 2-[(2-fluoro-4-yodofenil)amino]tieno[2,3-b]lpiri-

dina~3-carboxilico

Se afiadidé hidrocloruro de 1-(3-dimetilaminopropil)-3-
carbodiimida (131 mg, 0,68 mmol) a una solucidén del

- Compuesto Intermedio 7 (142 mg, 0,34 mmol), 1-
| hidroxibenzotriazol (93 mg, 0,68 mmol), N-
- metilmorfolina (0,10 ml, 0,94 mmol) y (4R)-2,2~dimetil-

{1,3-]dioxolan-4-ilmetoxilamina (documento WO

1 02/006213) (101 mg, 0,68 mmol) en N,N-dimetilformamida

(5 ml). La mezcla de reaccidén se agité a t.a. durante

.20 h, y se vertié luego en EtOAc (25 ml). La solucién
‘organica se lavdé con salmuera saturada (2 = 25 ml), se
' secé a continuacién (Na2504), se filtrd y se concentrd a
Evacio para dar un sélido pardo. E1l producto bruto se
~sometidé a cromatografia en columna (SiOp, 2:1 hexa-
:nos/EtOAc) para dar el compuesto del titulo como un
polvo amarillo palido (135 mg, 95%). dy (DMSO~-dg) 10,98
(14, s), 8,74 (1H, s), 8,28-8,26 (1H, m), 7,94~7,91
(18, m), 7,48-7,46 (2H, m), 7,37-7,32 (1H, m), 7,23
(1H, dd, J 4,8, 8,2 Hz), 4,46-4,40 (1H, m), 4,17 (1H,
dd, J 3,8, 11,7 Hz), 4,11-4,01 (2H, m), 3,79 (1H, dd, J
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7,0, 8,3 Hz), 1,15 (3H, s), 1,10 (3H, s), LCMS RT 3,38
minutos, (ES”) 542 (M-H)", (ES*) 544 (M+H)".

EJEMPLO 23

[(2R) -2, 3~Dihidroxipropoxi]amida del acido 2-[(2-

fluoro-4-yodofenil)aminoltieno[2,3-blpiridina-3-

carboxilico

Una solucidén del Ejemplo 22 (125 mg, 0,23 mmol) en me-
tanol (5 ml) y THF (5 ml) se tratd con HCLl acuoso al
10% (5 ml). La mezcla de reaccidén se agitd durante 3,5
h a t.a., y se diluydé luego con EtOAc (25 ml). La solu-
¢idén organica se lavdé con salmuera saturada (2 x 25
ml), se secd a continuacidn (Nay804), se filtrd y se
concentrdé a vacio para dar el compuesto del titulo como
un polvo blanco, que se lavé con EtOAc, a continuacidn
con hexanos, y se secd bajo succibén (76 mg, 66%). O&x
(DMSO-ds) 11,31 (1H, s}, 10,33 (1H, s), 8,34-8,33 (1H,
wm), 8,12-8,09 (14, m), 7,79-7,76 (1H, m), 7,63-7,60
(14, m), 7,45-7,40 (2H, m), 4,89-4,88 (1lH, m), 4,62~
4,59 (1H, mw), 3,99-3,97 (1H, m), 3,85-3,80 (2H, m),
3,43 (2H, m), LCMS RT 3,38 minutos, (ES”) 502 (M-H)~,
(ES*) 504 (M+H)F, '

EJEMPLO 24

Ester terc-butilico del Acido (1-{2-[ (2~fluoro-4-

2 yodofenil)amino]ltieno[2,3«~blpiridina-3-carbonil }piper-

" idin-4-il) carbéamico

30? Se prepardé a partir del Compuesto Intermedio 7 (150 mg,

3 0,36 mmol), I1-hidroxibenzotriazol (98 mg, 0,72 mmol),
- N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de

1-(3-dimetilaminopropil)-3-carbodiimida (1392 mg, 0,72
mmol) y 4-(BOC-amino)-piperidina (145 mg, 0,72 mmol)

?por el método del Ejemplo 22. El compuesto del titulo
}se evapordé en éter para dar una espuma incolora dura
(111 mg, 51%). ©®y (CDCl;, contiene rotAmeros) 9.17
i(0.64H, s), 8.90 (0.36H, s), 8.39-8.37 (1H, m), 7,75~

\\7
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7,73 (0,36H, m), 7,66-7,63 (0,64H, m), 7,53-7,50 (2H,
m)y, 7,44-7,39 (1H, m), 7,31-7,28 (1H, m), 4,57 (0,36H,
m), 4,40 (0,64H, m), 4,20-4,15 (1,28H, m), 4,03-3,98
(0,724, m), 3,72 (1H, m), 3,16-3,08 (2H, m), 2,05-2,00
(2H, m), 1,47 (3,2H, s), 1,44 (5,8H, s), 1,36-1,28 (2H,
m), LCMS RT 3,36 minutos, (ES") 595 (M-H)~, (ES*) 597
(M+H) *.

EJEMPLO 25

Dihidrocloruro de (4-aminopiperidin-l-il)amida del &ci-

do 2-[(2~fluoro-4-yodofenil)amino]tieno[2,3-b]piridina-

3-carboxilico

Una solucidén del Ejemplo 24 (99 mg, 0,17 mmol) en meta-
nol (2 ml) se tratd con HCl 4M en 1,4-dioxano (5 ml) vy
se agitdé a t.a. durante 3 h. La mezcla de reaccidén se
concentré a vacio para dar una goma amarilla, que se
disolvidé en agua (25 ml). La solucidn acuosa se lavd
con éter (2 x 25 ml), y se evapord luego a vacio. La
goma resultante se triturd con éter para dar el compu-
esto del titulo como un polvo amarillo (89 mg, 94%). &y
(DMSO-dg, contiene rotémeros) 9,24 (0,5H, s), 9,14
(0,5, s), 8,38-8,37 (1H, m), 8,13 (3H, br s), 7,82-
7,75 (14, m), 7,72-7,66 (1H, m), 7,55-7,47 (1lH, m),
7,38 (1H, dd, J 4,7, 8,1 Hz), 7,23-7,10 (1H, m), 4,02
(2H, br m), 3,25 (iH, br m), 3,06-2,98 (1H, m), 2,88-
2,81 (l1H, m), 1,93-1,89 (2H, m), 1,43 (2H, br m), LCMS

.~ RT 2,86 minutos, {ES*) 497 (M+H)'.

EJEMPLO 26

- (2-Hidroxi-l-metiletil)amida del &cido 2-~[(2-fluoro—4-
' yodofenil)amino] tieno[2,3-b]piridina~-3~carboxilico

' Se prepardé a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), 1l-hidroxibenzotriazol (98 mg, 0,72 mmol),
'N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de
1-(3~dimetilaminopropil)-3-carbodiimida (139 mg, 0,72
mmol) y 2-aminopropancl (0,06 ml, 0,72 mmol), por el
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método del Ejemplo 22. El producto bruto se sometid a
cromatografia en columna (5i02, 1:1 hexanos/EtOAc) para
dar el compuesto del titulo, que se recristalizdé en
EtOAc/hexanos para dar un polvo beige (56 mg, 33%). da
(DMSO-dg) 10,45 (1H, s), 8,37-8,36 (1H, m), 8,16-8,13
(14, m), 7,76-7,71 (2H, m), 7,60-7,57 (1H, m), 7,46~
7,36 (2, m), 4,78 (1H, t, J 5 ,6 Hz), 4,10-4,03 (1H,
m), 3,52-3,35 (2H, m), 1,13 (3H, d, J 6,7 Hz), LCMS RT
3,46 minutos, (ES*) 472 (M+H)*Y.

EJEMPLO 27

. Bster terc-butilico del 4cido 3-[({2-[(2-fluoro-4-
} ypdofenil)amino]tienQ[Z,3-blpiridina—3—carbonil}—

- amino)metil]-azetidina-l-carboxilico

iSe prepard a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), I1-hidroxibenzotriazol (98 mg, 0,72 mmol),
tN—metilmorfolina (0,11 ml, 0,29 mmol), hidrocloruro de
1l—(3-dimetilaminopropil)—3—carbodiimida (139 mg, 0,72
‘mmol) y 1-BOC-3-(aminometil)azetidina (135 mg, 0,72

mmol) por el método del Ejemplo 22. El1 productoe bruto

'se sometidé a cromatografia en columna (Si0,, 3:2 hexa-
‘nos/EtOAc) para dar el compuesto del titulo, gue se re-
Ecristalizé en éter/hexanos para dar un polvo de color
crema (116 mg, 55%). &y (CDCls) 8,37 (lH, dd, J 1,3, 4,7
Hz), 7,84 (1H, dd, J 1,3, 8,2 Hz), 7,56-7,53 (2H, m),
}7,46—7,41 (1H, m), 7,32 (lH, dd, J 4,7, 8,2 Hz), 6,08
(1H, m), 4,14-4,09 (2H, m), 3,77-3,73 (4H, m), 2,94-
2,92 (11-1, m), 1,46 (9H, s), LCMS RT 3,68 minutos,
(ES7) 581 (M~-H)~, (ES*) 583 (M+H)®.

EJEMPLO 28

ESter terc-butilico del &cido (1-{2-[(2-fluoro-~4-yodo-

fenil)amino]tieno[2,3-b]piridina-3-carbonil}azetidin-3-~

i1lmetil) carbémico

Se prepard a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), 1l-hidroxibenzotriazol (98 mg, 0,72 mmol),

¢



( J

10

20

25

30

35

15

WO02007/088345 PCT/GB2007/000310
-49 -

N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de
1-(3-dimetilaminopropil)~3-carbodiimida (139 mg, 0,72
mmol) vy 3-(BOC-aminometil)-azetidina (135 mg, 0,72
mmol), por el método del Ejemplo 22. El1 compuesto del
titulo se evapord en éter para dar una espuma incolora
dura (75 mg, 36%). &y (CDCls) 8,25 (1H, dd, J 1,5, 4,7
Hz), 7,67 (1B, 4d, J 1,5, 8,1 Hz), 7,46-7,41 (214, m),
7,38-7,33 (1H, m), 7,22 (1H, dd, J 4,7, 8,1 Hz), 4,59
(14, br s), 4,15-4,09 (2H, m), 3,80-3,75 (2H, m), 3,32
(2H, m}, 2,78-2,74 (1H, m), 1,35 (9H, s), LCMS RT 3,41
minutos, (ES”) 581 (M-H)~, (ES*) 583 (M+H)"*.

EJEMPLO 29

Ester terc-butilico del &cido 3-({2-[(2-fluoro-4-yodo-

fenil)aminoltieno[2,3-blpiridina-3-carbonil}amino(aze-

tidina-l-carboxilico

Se prepard a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), 1-hidroxibenzotriazol (98 mg, 0,72 mmol),
N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de
1-(3-dimetilaminopropil)~3-carbodiimida (139 mg, 0,72

: mmol) y 1-BOC~3-aminoazetidina (125 mg, 0,72 mmol), por

el método del Ejemplo 22. E1 compuesto del titulo se
recristalizdé en éter/hexanos para dar un polvo de color
crema (116 mg, 57%). &y (CDCl;) 8,38 (1H, dd, J 1,2, 4,7
Hz), 7,90 (1H, dd, J 1,2, 8,1 Hz), 7,56-7,53 (2H, m),
7,45~7,40 (1H, m), 7,35 (lH, dd, J 4,7, 8,1 Hz), 6,19

1(1H, d, J 6,9 Hz), 4,89-4,84 (1H, m), 4,44-4,38 (2H,
tos, (ES”) 567 (M~-H)~, (ES) 569 (M+H)®.

EJEMPLC 30

[3-(Aminometil)azetidin-1-il]-{2-[(2-fluoro-4-yodo-

fenil)amino]tieno[2,3-blpiridin-3-il}-metanona

Una solucidén del Ejemplo 28 (65 mg, 0,11l mmol) en DCM

(7 ml) se tratd con acido trifluorocacético (3 ml) y se

‘agitd durante 1 h a t.a. La mezcla de reaccién se con-
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centré a vacio para dar una goma amarilla, que se di~
solvié en agua (25 ml) y se basificé a pH 10 con carbo-
nato délSodio, La solucién acuosa se extrajo con meta-
nol‘al 5% en DCM (4 x 25 ml), y los extractos se re-
unieron, se_secaroﬁ a continuacibén (NapSO4), se filtra-
ron y se concentraron a vacio. El producto bruto se so-
metid a cromatografia en columna (Si0z, 4:1 DCM/metanol)
para dar el compuesto del titulo como un sélido gomoso
que se triturd en éter para dar un polvo de color crema
(34 mg, 63%). Oy (DMSO-dg¢) 8,31 (1H, w), 7,93 (1H, m),
7,72 (1€, dd, J 1,5, 10,5 Hz), 7,55 (1iH, m), 7,37 (1H,
dd, J 4,6, 8,1 Hz), 7,29-7,24 (14, m), 4,88 (2H, br s),
4,03-3,97 (24, m), 3,71-3,67 (2H, m), 2,65 (1H, m),
2,70-2,68 (24, m), LCMS RT 2,93 minutos, (ES™) 481
(M~H)", (ES') 483 (M+H)".

EJEMPLO 31

[ (2R) ~Pirrolidin-2~ilmetil]lamida del dcido 2~ (2~

fluoro-4-clorofenil)aminoltieno{2,3~-blpiridina~3—-

carboxilico

Una solucién- del Compuesto Intermedio 10 (135 mg, 0,23
mmol) en metanol (2 ml) se traté con HClL 4M en 1,4-
dioxano (5 ml) y se agité a t.a. durante 30 minutos. La
mezcla de reaccidén se concentrdé a vacio para dar una
goma amarilla, que se disolvié en agua (25 ml). La so-
iucién acuosa se lavd con étef (2 x 25 ml), y se basi-
ficé luego a pH 11 con hidréxido de amonio acuoso al
25%. La solucidén acuosa se extrajo con DCM (2 x 25 ml),
y los extractos orgénicos se reunieron, se secaron
(NazS04), se filtraron y se concentraron a vacio. El
producto bruto se sometid a cromatografia en columna
(S102, 91:8:1 DCM/metanol/hidrdéxido de amonio acuoso al
25%) para dar el compuesto del titulo, que se liofilizd

/durante una noche en acetonitrilo/agua para dar un pol-

vo de color crema (73 mg, 65%). Oy (DMSO~dg¢) 10.63 (1H,

s), 9.12 (1H, br s), 8.37 (1H, dd, J 1.7, 8.0 Hz), 7.84
(1§, dd, J 1.7, 4.7 Hz), 7.47 (1H, dd, J 2.0,, 10.4
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Hz), 7.42-7.38, (1H, m), 7.17-7.11, (1H, m), 7.00 (1H,
dd, J 4.7, 8.0 Hz), 3.68-3.61, (1H, m), 3.51-3.49, (2H,
m), 3.17-3.12, (2H, m), 2.28-1,62 (4H, m). LCMS RT 2,42
minutos, (ES™) 495 (M-H)~, (ES*) 497 (M+H)"*.

EJEMPLO 32

[(28)-Pirrolidin-2-ilmetil}amida del acido 2-[(2-

fluoro=-4~yodofenil)amino]ltieno{2,3-blpiridina-3-

carboxilico

Se prepard a partir del Compuesto Intermedio 11 (139
mg, 0,23 mmol) por el método del Ejemplo 31. Se obtuvo
el compuesto del titulo como un polvo de color crema
(81 mg, 70%). &y (DMSO-de¢) 10.63 (1H, s), 9.12 (1lH, br
s), 8.37 (1H, dd, J 1.7, 8.0 Hz), 7.84 (1H, dd, J 1.7,
4,7 Hz), 7.47 (1H, dd, J 2.0, 10.4 Hz), 7.42-7.38 (1H,
m), 7.17-7.11 (1H, m), 7.00 (14, dd, J 4.7, 8.0 Hz),
3.68-3.61 (1H, m), 3.51-3.49 (2H, m), 3.17-3.12 (2H,
m), 2.28-1.62 (4H, m). LCMS RT 2.42 minutos, (ES) 495
(M=H), (ES") 497 (M+H)".

EJEMPLO 33

Ester terc-butilico del &cido (38)-3-({2-[(2-fluoro-4-

yodo-fenil)amino]tieno[2,3-b]lpiridina-3-

. carbonil}amino) ~piperidina-l-carboxilico

Se prepard a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), l-hidroxibenzotriazol (98 mg, 0,72 mmol),
N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de

" 1-(3-dimetilaminopropil)-3-carbodiimida (139 mg, 0,72
mmol) y (8)-1-BOC-3-aminopiperidina (145 mg, 0,72 mmol)

por el método del Ejemplo 22. Se obtuvo el compuesto

fdel titulo como un sélido gomoso amarillo (131 mg, 61%).
&y (CDClz) 11.34 (1lH, s), 8.36-8.34 (1H, m), 7.90-7.88

(14, m), 7.55-7.52 (2H, m), 7.45-7.42 (1H, m), 7.32-
7.29 (1H, m), 5.32 (1H, br s), 4.31 (1H, m), 3.83-3.78
(2H, m), 3.46-3.42 (1H, m), 3.17 (1H, m), 1.89-1.73
(2H, m), 1.67 (2H, m), 1.47 (9H, s). LCMS RT 4.04 minu-
tos, (ES") 597 (M+H)'.
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EJEMPLO 34

Ester terc-butilico del A&cido (3R)-3-({2-[(2-fluoro~4-

yodofenil) amino]tieno[2,3-blpiridina-3~-carbonil]amino) -

piperidina-l-carboxilico

Se prepard a partir del Compuesto Intermedio 7 (150 mg,
0,86 mmol), 1-hidroxibenzotriazol (98 mg, 0,72 mmol),
N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de
1-(3-dimetilaminopropil)-3-carbodiimida (139 mg, 0,72
mmol) y (R)-1-BOC-3-aminopiperidina (145 mg, 0,72 mmol)
por el método del Ejemplo 22. Se obtuvo el compuesto
del titulo como un sélido gomoso de color rosa palido
(136 mg, 63%). &y (CDCls) 11,34 (1H, s), 8.36-8.34 (1H,
my, 7.90-7.88 (1H, m), 7.55-7.52 (2H, m), 7.45-7.42
(l1H, m), 7.32-7.29 (1H, m), 5.32 (1H, br s), 4.31 (1lH,
m), 3.83-3.78 (2H, w), 3.46-3.42 (1H€, m), 3.17 (1H, m),
1.89-1.,73 (2H, m), 1.67 (2H, m), 1.47 (9H, s). ICMS RT
4.03 minutos, (ES™) 597 (M+H)'.

EJEMPLO 35

Dihidrocloruro de [(3S)-piperidin-3-iljamida del Aacido

- 2-[(2-fluoro-4-yodofenil)amino]tieno[2, 3-b]piperidina-

3-carboxilico

| Una solucién del Ejemplo 33 (120 mg, 0,20 mmol) en me-

tanol (2 ml) se tratd con HCl 4M en 1,4~dioxano (5 ml)
y se agité a t.a. durante 3 h. La mezcla de reaccidén se

evapordé a vacio para dar el compuesto del titulo como
‘un sélido gomoso amarillo, que se triturdé en éter para
dar un polvo amarillo (112 mg, 98%). Sy (DMSO-dg) 10.38
"(l1H, s), 9.04-8.92 (2H, m), 8.38 (1H, dd, J1 . 3, 4.6
‘Hz), 8.17-8.14 (2H,’m), 7.75 (14, dd, J 1.8, 10.4 Hz),

7.61-7.58 (1H, m), 7.44 (lH, dd, J 4.6, 8.2 Hz), 7.42-

7.36 (1H, m), 4.09 (1H, m), 3.34-3.31 (1H, m), 3.21-
'3.17 (1H, m), 2.94-2.79 (2H, m), 1.91 (2H, m), 1.74-
'1.61 (2H, m). LCMS RT 2.38 minutos, (ES*) 497 (M+H)*.
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EJEMPLO 36

Dihidrocloruro de [(3R)-piperidin-3-illamida del acido

2—[(2—fluoro—4—yodofenil)amino]tieno[2,3—b]9;ridina—3—

carboxilico

Se prepard a partir del Ejemplo 34 (126 mg, 0,21 mmol)
por el método del Ejemplo 35. El compuesto del titulo
se obtuvo como un polvo amarillo (115 mg, 96%). &y
(DMSO-dg) 0.38 (1H, s), ©.04-8.92 (2H, m), 8.38 (1H, dd,
J 1.3, 4.6 Hz), 8.17-8.14 (2H, m), 7.75 (1H, dd, J 1.8,
10.4 Hz), 7.61-7.58 (1H, m), 7.44 (1H, dd, J 4.6, 8.2
Hz), 7.42-7.36 (1H, m), 4.09 (1H, m), 3.34-3.31 (1H,
m), 3.21-3.17 (1H, m), 2.94-2.79 (2H, m), 1.91 (2H, m),
1.74-1.61 (2H, m). LCMS RT 2.38 minutos, (ES") 497
(M+H) *.

EJEMPLO 37

Ester terc-butilico del 4&cido (1-{2-[ (2~fluoro-4-

. yodofenil)amino]tieno[2,3-b]piridina-3-carbonil}-(3R)~

pirrolidin-3-il)carbamico

Se prepard a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), l-hidroxibenzotriazol (98 mg, 0,72 mmol),

1 N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de
? 1-(3-dimetilaminopropil)-3-carbodiimida (139 mg, 0,72
1 mmol) y (R)-3-(BOC-amino)-pirrolidina (186 mg, 0,72
- mmol), por el método del Ejemplo 22. El producto bruto
' se sometié a cromatografia en columna (810, 3:2 hexa-
1nos:EtOAc) para dar el compuesto del titulo, que se e-
ivaporé en éter para dar una espuma incolora dura (110
.mg, 52%). &y (CDCls) 9.03 (1H, s), 8.28 (1H, dd, J 1.5,
4.7 Hz), 7.56 (1H, dd, J 1.5, 8.1 Hz), 7.43-7.39 (2H,
‘'m), 7.34-7.29 (1H, m), 7.22-7.18 (1H, m), 4.50 (1H, br
's), 4.16-4.14 (1H, m), 3.71 (1H, dd, J 6.2, 11.8 Hz),

3.63-3.56 (2H, m), 3.30 (lH, dd, J 5 .1, 11.8 Hz),

'2.19-2.12 (1H, m), 1.86-1.77 (1H, m), 1.35 (9H, s).
LCMS RT 3.33 minutos, (ES”) 581 (M-H"), (ES") 583 (M+H)*.
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EJEMPLO 38

Lster terc-butilico del A&cido (1-{2-[(2~-fluoro-4-

yodofenil)amino]tieno[2,3-b]piridina-3~carbonil-(38S)-

pirrolidin-3-1il) carbamico

Se prepard a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), l-hidroxibenzotriazol (98 mg, 0,72 mmol),
N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de
1-(3-dimetilaminopropil)-3-carbodiimida (139 mg, 0,72
mmol) y (8)-3-(BOC-amino)-pirrolidina (186 mg, 0,72
mmol), por el método del Ejemplo 37. Se obtuvo el com-
puesto del titulo como una espuma incolora dura (125
mg, 59%). &y (CDCli) 9.03 (1H, s), 8.28 (1H, dd, J 1.5,
4.7 Hz), 7.56 (1H, dd, J 1.5, 8.1 Hz), 7.43-7.39 (2H,
m), 7.34-7.29 (1H, m), 7.22-7.18 (1H, m), 4.50 (1H, br
s), 4.16-4.14 (1H, m), 3.71 (lH, dd, J 6.2, 11.8 Hz),
3.63-3.56 (2H, m), 3.30 (1H, dd, J 5.1, 11.8 Hz), 2.19-
2.12 (lH, m), 1.86-1.77 (14, m), 1.35 (9H, s). LCMS RT
3.33 minutos, (ES™) 581 (M-H) , (ES*) 583 (M+H)*.

EJEMPLO 39

Ester terc-butilico del 4cido  (1-{2-[(2-fluoro-4-
yodofenil)amino]tieno[2,3-blpiridina-3-carbonil}azeti-

i din-3-il)-carbamico

}Se prepard a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), l-hidroxibenzotriazol (98 mg, 0,72 mmol),

N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de

i1—(3-dimetilaminopropil)—3—carbodiimida (139 mg, 0,72
‘mmol) y 3-(BOC-amino)azetidina (125 mg, 0,72 mmol), por
rel método del Ejemplo 22. El producto bruto se sometid
'a cromatografia en columna (SiO;, 3:1 hexanos/EtOAc) pa-
‘ra dar el compuesto del titulo, que se evapord en éter
para dar un polvo de color crema(l00 mg, 49%). &y

(cpCls) 10.11 (1H, s), 8.35 (1H, dd, J 1.5, 4.7 Hz),
7.76 (1H, dd, J 1.5, 8.1 Hz), 7.55-7.51 (2H, m), 7.47-

7.41 (1H, m), 7.31 (1H, dd, J 4.7. 8.1 Hz), 4.95 (1H,
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br s), 4.52 (1H, br s), 4.46-4.40 (2H, m), 4.01-3.96
(2H, m), 1.45 (9H, s). LCMS RT 3.47 minutos, (ES”) 567
M-H)~, (ES*) 569 (M+H)".

EJEMPLO 40

Ester terc-butilico del &cido 4-({2-[(2-fluoro-4-yodo-

enil)amino]ltieno[2,3-blpiridina-3~carbonil}amino)pipe-

idina-l~carboxilico

Se prepard a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), 1-hidroxibenzotriazol (98 mg, 0,72 mmol),
N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de
1-(3-dimetilaminopropil)-3-carbodiimida (139 mg, 0,72
mmol) y 4-amino-1~BOC-piperidina (145 mg, 0,72 mmol)
por el método del Ejemplo 22. El preoducto bruto se ad-
sorbié sobre Si0O; y se sometid a cromatografia en colum-

i na (8i0z, 2:1 hexanos/EtOAc) para dar el compuesto del

titulo, gue se evapord en éter para dar escamas de co-

lor crema (97 mg, 45%). 8 (CDCls) 11.18 (1H, s), 8.36
20

7.55-7.53 (2H, m), 7.46~7.41 (1H, m), 7.32 (1H, dd, J

' 4.7. 8.2 Hz), 5.74 (1H, d, J 7.6 Hz), 4.27-4.20 (1H,

(1H, dd, J 1.4, 4.7 Hz), 7.81 (1H, dd, J 1.4, 8.2 Hz),

m), 4.15-4.11 (2H, m), 3.03-2.96 (2H, m), 2.15-2.10

" (2H, m), 1.50 (94, s), 1.45 (2H, m). LCMS RT 3.95 minu-
_tos, (ES”) 567 (M-H), (ES*) 569 (M+H)*.

EJEMPLO 41

[ (3R) -3-Aminopirrolidin-1~il]-{2-[ (2~fluoro-4-yodo-
.Fenil)minoltieno[2,3-b]lpiridin-3-il}-metanona

‘Preparada a partir del Ejemplo 37 (100 mg, 0,17 mmol)
‘siguiendo el método del ejemplo 35. Se obtuvo el com-
puesto del titulo como un polvo amarillo (100 mg,
iquant.). 8y (DMSO-ds) 9.29 (1H, s), 8.36 (1H, dd, J 1.5,
4.7 Hz), 8.29 (3H, s), 7.91-7.89 (1H, m), 7.72 (1H, dd,

J 1.8, 10.4 Hz), 7.55-7.52 (1H, m), 7.37 (1H, dd, J

4.7, 8.1 Hz), 7.24-7.19 (1H, m), 3.79-3.72 (1H, m),

3.70-3.58 (2H, m), 3.51-3.38 (2H, m), 2.20-2.13 (1H,
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m), 2.01-1.97 (1H, m). LCMS RT 2.24 minutos, (ES”) 481
(M-H"), (ES*) 483 (M+H)®.

EJEMPLO 42

[(35)-3-Aminopirrolidin~-1-i1]-{2-[(2-fluoro-4-yodo-
fenil)aminoltieno[2,3-b]piridin-3-il}metanona

Se preparbé a partir del Ejemplo 38 (115 mg, 0,20 mmol)
siguiendo el métodc del Ejemplo 35. Se obtuvo el com-
puesto del titulo como un polvo amarillo (109 mg, 99%).
&z (DMSO-dg) 9.29 (1H, s), 8.36 (1H, dd, J 1.5, 4.7 Hz),
8.29 (3H, s), 7.91-7.89 (lH, m), 7.72 (1H, dd, J 1.8,
10.4 Hz), 7.55-7.52 (1H, m), 7.37 (iH, dd, J 4.7, 8.1
Hz), 7.24-7.19 (1H, m), 3.79-3.72 (1H, m), 3.70-3.58
(2H, m), 3.51-3.38 (2H, m), 2.20-2.13 (1H, m), 2.01-
1.97 (1H, m). LCMS RT 2.24 minutos, (ES") 481 (M-H)",
(ES™) 483 (M+H)".

EJEMPLO 43

(Piperidin~4-il)amida del acido 2=[(2~fluoro-4-

yodofenil)~amino]tieno[2,3-blpiridina-3-carboxilico

Preparada a partir del Ejemplo 40 (87 mg, 0,15 mmol)

- siguiendo el método del Ejemplo 35. Se obtuvo el compu-
" esto del titulo como un polvo amarillo (80 mg, 96%). &y

(DMSO-de¢) 10.31 (1H, s), 8.84 (1H, m), 8.68 (1H, m),

1 8.38 (1H, dd, J 1.3, 4.6 Hz), 8.24 (1K, d, J 7.5 Hz),
. 8.09 (1H, dd, J 1.3, 8.2 Hz), 7.74 (1H, dd, J 1.8, 10.5
Hz), 7.59-7.57 (1H, wm), 7.44 (l1H, dd, J 4.7, 8.2 Hz),
7.39-7.34 (1H, m), 4.05-3.97 (1H, m), 3.32-3.27 (2H,
'm), 3.03-2.87 (2H, m), 2.00-1.97 (2H, m), 1.82-1.71

(2H, m). LCMS RT 2.40 minutos, (ES”) 495 (M-H)~, (ESY)

497 (M+H)*.

EJEMPLO 44

3-Aminoazetidin-1-il)-{2-[(2-fluoro~-4-yodofenil)amino]-

tieno[2,3-b]piridin-3-il]-metanona
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Preparada a partir del Ejemplo 392 (90 mg, 0,16 mmol)
por el método del Ejemplo 30. La mezcla de reaccidn se
concentré a vacio para dar una goma amarilla, que se
disolvié en metanol (5 ml) y agua (5 ml) y se basificd
a pH 10 con hidréxido de amonio ag. al 25%. La solucidn
acuosa se concentrd a vacio sobre Si0,, y el producto
bruto se sometidé a cromatografia en columna (SiO,,
95:4:1 DCM/metanol/hidrdéxido de amonio aqg. al 25%). E1
compuesto del titulo se liofilizd durante una noche en
acetonitrilo/metanol/agua para dar un polvo de color
crema (31 mg) 42%). Oy (DMSO~dg) 8.33 (1H, dd, J 1.5,
4.7 Hz), 7.94 (1H, dd, J 1.5, 8.1 Hz), 7.73 (1H, dd, J
1.9, 10.5 Hz), 7.54 (1H, ddd, J 0.9, 0.9, 8.4 Hz), 7.38
(1H, dd, J 4.7, 8.1 Hz), 7.31-7.26 (1H, m), 4.23-4.11
(2H, m), 3.72-3.59 (3H, m). LCMS RT 3.00 minutos, (ES")
467 (m-H)~, (ES") 469 (M+H)".

EJEMPLO 45

. Bis(2-hidroxietil)amida del A&cido 2-[(2-fluoro-4-yodo-

fenil)aminol]tieno[2,3-blpiridina~3-carboxilico

Preparada a partir del Compuesto Intermedio 7 (150 mg,
136 mmol), l-hidroxibenzotriazol (98 mg, 0,72 mmol), N-
metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de 1-

- (3-dimetilaminopropil)~-3-carbodiimida (139 mg, 0,72
‘fmmol) y dietanolamina (76 mg, 0,72 mmol) por el método
‘del Ejemplo 22. El producto bruto se sometidé a cromato-
2graa‘fiz-l en columna (Si0;, EtOAc, 2 veces) para dar el
.compuesto del titulo, que se liofilizd durante una no-
che en acetonitrilo/agua para dér un polvo de color
‘crema (62 mg, 34%) oy (DMSO-ds) 8.79 (1H, br s), 8.38
(1H, dd, J 1.5, 4.7 Hz), 7.77 (1H, dd, J 1.5, 8.1 Hz),
7.67 (1H, dd, J 1.9, 10.5 Hz), 7.69-7.46 (1H, m), 7.38
1(1H, dd, J 4.7, 8.1 Hz), 7.18-7.12 (1H, m), 4.83 (2H,

br s), 3.30 (8H, s). LCMS RT 3.01 minutos, (ES*) 502
(M+H) . '

EJEMPLO 46
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{2=[(2=Fluoro-4-yodofenil)aminoltieno[2,3-b]piridin-3-

11}-(3-hidroxiazetidin-1-il)-metanona

Preparada a partir del Compuesto Intermedio 7 (225 mg,
0,54 mmol), l-hidroxibenzotriazol (147 mg, 1,08 mmol),
N-metilmorfolina (0,16 ml, 1,48 mmol), hidrocloruro de
1-(3-dimetilaminopropil)-3-carbodiimida (208 mg, 1,08
mmol) e hidrocloruro de 3-hidroxiazetidina (120 mg,
1,08 mmol) por el método del Ejemplo 22. Después de
cromatografia, se recristalizdé el compuesto del titulo
en metanol/éter para dar un polvo blanco (125 mg, 49%).
29 (DMSO-dg) 9.60 (1H, s), 8.35-8.34 (1H, m), 7.94 (1H,
dd, J 1.4, 8.1 Hz), 7.75-7.71 (1H, m), 7.57-7.54 (1H,
m), 7.41-7.37 (lH, m), 7.31-7.25 (1H, m), 5.68 (1H, d,
J 6.0 Hz), 4.47-4.44 (1H, m), 4.21-4.16 (2H, m), 3.79-
3.74 (2H, m). LCMS RT 3.31 minutos, (ES') 470 (M+H)®*.

EJEMPLO 47

{2~[ (2=-Fluoro-4-yodofenil)amino]tieno{2,3-b]lpiridin-3-

il}-[(3R)-3-hidroxipirrolidin-1~il]-metanona

Preparada a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), l-hidroxibenzotriazol (98 mg, 0,72 mmol),

. N-metilmorfolina (0,11 ml, 0,992 mmol), hidrocloruro de

1-(3-dimetilaminopropil) -3-carbodiimida (139 mg, 0,72
mmol) y (R)-3-hidroxipirrolidina (63 mg, 0,72 mmol) por

i el método del Ejemplo 22. Después de cromatografia, se

' 1iolifizé el compuesto del titulo durante una noche en

acetonitrilo/agua para dar un polvo de color crema (116

- mg, 66%). &y (DMSO-dg) 9.20 (1H, s), 8.35 (1H, dd, J
1.5, 4.7 Hz), 7.81 (1H, dd, J 1.5, 8.1 Hz), 7.67 (1H,

'dd, g 1.9, 10.5 Hz), 7.50~7.47 (1H, m), 7.36 (1H, dd, J

4.7, 8.1 Hz), 7.17-7.11 (1H, w), 4.91 (1H, s), 4.22
(1H, s), 3.54-3.30 (3H, m), 3.21-3.17 (1H, m), 1.90-
- 1.74 (2H, m). LCMS RT 3.18 minutos, (ES") 484 (M+H)".

EJEMPLO 48
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{2-[ (2-Fluoro-4-yodofenil)amino]tieno[2,3-b]piridin—-3-

i1}-[(38)-3~hidroxipirrolidin-l-il]-metanona

Preparada a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), 1l-hidroxibenzotriazol (98 mg, 0,72 mmol),
N-metilmorfolina (0,11 ml, 0,99 mmol), hidrocloruroc de
1-(3-dimetilaminopropil)-3-carbodiimida (139 mg, 0,72
mmol) y (8)-3-hidroxipirrolidina (63 mg, 0,72 mmol, por
el método del Ejemplo 47. El compuesto del titulo se
obtuvo como un polvo de color crema (105 mg, 60%). &y
(DMSO-dg) 9.20 (1H, s), 8.35 (1H, dd, J 1.5, 4.7 Hz),
7.81 (1H, dd, J 1.5, 8.1 Hz), 7.67 (1H, dd, J 1.9, 10.5
Hz), 7.50-7.47 (lH, m), 7.36 (l1H, dd, J 4.7, 8.1 Hz),
7.17-7.11 (1H, m), 4.91 (1H, s), 4.22 (1H, s), 3.54-
3.30 (3H, m), 3.21~3.17 (1H, m), 1.90-1.74 (2H, m).
LCMS RT 3.17 minutos, (ES") 484 (M+H)*,

EJEMPLO 49

{2-[(2-Fluoro-4-yodofenil)aminoltieno[2,3-b]piridin-3-

il}=[2~-(hidroximetil)~piperidin-1-il]-metanona

Preparada a partir del Compuesto Intermedio 7 (150 mg,

0,36 mmol), 1-hidroxibenzotriazol (98 mg, 0,72 mmol),
! N-metilmorfolina (0,11 ml, 0,92 mmol), hidrocloruro de
" 1-(3-dimetilaminopropil) -3-carbodiimida (139 mg, 0,72
t mmol) y 2-piperidinametanol (83 mg, 0,72 mmol), por el
- método del Ejemplo 22. Después de cromatografia, se re-
. cristalizé el compuesto del titulo en EtOAc/hexanos pa-

ra dar un polvo amarillo palido (44 mg, 24%). &y (DMSO-
de¢, 130°C) 8.38 (1H, dd, J 1.5, 4.7 Hz), 7.83 (1H, dd, J

1.5, 8.0 Hz), 7.59 (1H, dd, J 1.9, 10.5 Hz), 7.47 (1H,
'd, J 8.5 Hz), 7.35 (lH, dd, J 4.7, 8.0 Hz), 7.16 (1H,
'dd, J 8.8, 8.8 Hz), 4.30 (1H, br s), 4.21 (1H, m), 3.89

(1H, m), 3.65-3.60 (1H, m), 3.51-3.47 (1H, m), 3.03-
2.97 (iH, m), 1.74-1.72 (1H, m), 1.65-1.56 (4H, m),
71.37 (1H, m). LCMS RT 2.86 minutos, (ES") 510 (M-H)~,
(ES*) 512 (M+H)".

EJEMPLO 50
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{2-[{2-Fluoro-4-yodofenil)aminoltieno[2,3-blpiridin~-3-

i1}-[(38)-3-(hidroximetil)morfolin~4-il]-metanona

Preparada a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), 1l-hidroxibenzotriazol (98 mg, 0,72 mmol),
N-metilmorfolina (0,11 ml, 0,92 mmol), hidrocloruro de
1- (3-dimetilaminopropil)-3-carbodiimida (139 mg, 0,72
mmol) y (38)-3-(hidroximetil)morfolina (85 mg, 0,72
mmol), por el método del Ejemplo 22. Después de croma=-
tografia, el compuesto del titulo se liofilizd durante
una noche en acetonitrilo/agua para dar un polvo de co-
lor crema (81 mg, 44%). &y (DMSO-dg, 120°C) 8.37-8.36
(l1H, m), 7.85-7.83 (lH, m), 7.60 (1H, dd, J 1.8, 10.5
Hz), 7.49-7.47 (1H, m), 7.35 (1H, dd, J 4.7, 8.0 Hz),
7.15 (1, dd, J 8.7, 8.7 Hz), 3.92 (1H, m), 3.85 (1H,
d, J 11.6 Hz), 3.80-3.77 (1H, m), 3.70-3.67 (1H, m),
3.65-3.56 (2H, m), 3.48-3.45 (1H, m), 3.34 (1H, m),
3.27-3.21 (1H, m). LCMS RT 2.60 minutos, (ES7) 512 (M-
H) , (ES*) 514 (M+H)".

EJEMPLO 51

. Ester terc-butilico del &cido 4-{2-[(2-fluoro-4-yodo-

, fenil)amino]tieno(2,3-b]lpiridina~-3-carbonil}-(3R)-3-

(hidroximetil)piperazina-l—~carboxilico

Preparada a partir del Compuesto Intermedio 7 (150 mg,
0,36 mmol), 1l-hidroxibenzotriazol (98 mg, 0,72 mmol),

;meetilmorfolina (0,11 ml, 0,99 mmol), hidrocloruro de

1-{3-dimetilaminopropil)-3-carbodiimida (139 mg, 0,72

" mmol) y (2R)-4-BOC-2- (hidroximetil)piperazina (157 mg,
0,72 mmol), por el método del Ejemplo 22. El producto
"bruto se sometidé a cromatografia en columna (Si0;, 1:1

hexanos/EtOAc) para dar el compuesto del titulo, que se

evapord en éter para dar una espuma dura de color rosa

palido (95 mg, 43%). Oy (DMSO-ds, 120°C) 8.53 (1H, br

s), 8.38-8.37 (l1H, m), 7.86-7.84 (1H, m), 7.60 (1H,

dd, J 1.7, 10.5 Hz), 7.49 (11I, d, J 8.5 Hz), 7.36 (1H,
'dd, J 4.7, 8.0 Hz), 7.19-7.15 (1H, dd, J 8.5, 8.7 Hz),
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4.52 (1H, br s), 4.16 (11-1, m), 3.95 (1H, d, J 13.5
Hz), 3.88-3.81 (2H, m), 3.49-3.43 (2H, m), 3.14-3.10
(14, m), 3.02-2.95 (1H, m), 1.43 (9H, s). LCMS RT 2.98
minutos, (ESY) 613 (M+H)*.

EJEMPLO 52

2-[(2-Fluoro~-4-yodofenil)amino]tieno[2,3-b]lpiridina-7-

oxido )
Se suspendidé el Ejemplo 8 (250 mg, 0,55 mmol) en una
mezcla de etanol (20 ml) y agua (10 ml). Se afiadid
hidréxido de litio hidratado (24,0 mg, 0,57 mmol) y la
mezcla se calenté a reflujo durante 24 horas. Después

~de concentracién y liofilizacién, la mezcla se purificéd
}por cromatografia (silice, diclorometano y luego MeOH
.al 2% en diclorometano). Se obtuvo el compuesto del ti-
‘tulo como un sdélido blanquecino (50 mg, 24%). 8y (DMSO-

dg) 9.42 (1H, br s), 8.13 (1H, dd, J 0.7, 6.2 Hz), 7.69

(1H, dd, J 1.9, 10.7 Hz), 7.54-7.51 (2H, m), 7.39-7.32

(2H, m), 6.73 (lH, s). LCMS (ES*) RT 2.84 minutos, 387
(M+H) *.

EJEMPLO 53

2-[ (2-Fluoro-4~yodofenil)amino]-N-[2~ (morfolin-4-il) -
etiljtieno[2,3~b]lpiridina-3-carboxamida

Preparada a partir del Ejemplo 1 (250 mg, 0,50 mmol) vy
4-(2-aminoetil)morfolina (292 mg, 2,24 mmol) por el mé-
todo del Ejemplo 5. Después de cromatografia (5% meta-
npl, 95% diclorometano) se obtuvo el compuesto del ti-
tulo como un sélido blanguecino (140 mg, 47%). &y
(CDC1;) 11.43 (1H, br s), 8.36 (1, dd, J 1 .4, 4.7 Hz),
8.03 (iH, dd, J 1.4, 8.2 Hz), 7.55-7.51 (2H, m), 7.44
(l1H, dad, J 8 .2, 8.2 Hz), 7.32 (l1H, dd, J 4.7, 8.2 Hz),
6.84 (1H, br s), 3.80~3.77 (4H, m), 3.67-3.62 (2H, m),
2.73-2.69 (2H, m), 2.62-2.59 (4H, m). LCMS (ES') RT 2.37
minutos, 527 (M+H)*.
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EJEMPLO 54

2-[4-({2-[(2~Fluoro~4-yodofenil)amino]tieno[2,3-blpiri-

din-3-il}carbonil)piperazin-l-illetanol

Se prepard a partir del Ejemplo 1 (250 mg, 0,56 mmol) y
N- (2-hidroxietil)piperazina (292 mg, 2,24 mmol) por el
método del Ejemplo 5. Después de cromatografia (5% me-~
tanol, 95% diclorometano) se obtuvo el compuesto del
titulo como un sbélido blanco (86 mg, 29%). 3y (DMSO-dg)
9.13 (1H, br s), 8.36 (1H, dd, J 1.5, 4.7 Hz), 7.80
(14, dd, J 1.5, 8.1 Hz), 7.68 {14, dd, J 1.9, 10.5 Hz),

+ 7.49-7.45 (1H, m), 7.37 (1H, dd, J 4.7, 8.1 Hz), 7.10
. (14, dd, o 8.7, 8.7 Hz), 4.37 (1H, t, J 5.4 Hz), 3.50-

3.40 (6H, m), 2.37-2.33 (6H, m). LCMS (ES*) RT 2.16 mi-
nutos, 527 (M+H)*.

EJEMPLO 55

3~-(1,4-Diazepan~-l-ilcarbonil)-N-(2-fluoro—~4-yodofenil) -

tienol[2,3-b]piridin-2-amina

Preparada a partir del Ejemplo 1 (250 mg, 0,56 mmol) y
homopiperazina (224 mg, 2,24 mmol) por el método del
Ejemplo 5. Después de cromatografia (metanol al 10-15%
en diclorometano) se obtuvo el compuesto del titulo co-
mo un s6lido amarillo pélido (180 mg, 64%). &8y (CDCls)
8.99 (1H, br s), 8.34 (l1H, dd, J 1.6, 4.7 Hz), 7.74
(1H, ad, J 1.6, 8.1 Hz), 7.47-7.43 (2H, m), 7.35 (1H,
dd, J 8.5, 8.5 Hz), 7.28-7.22 (1H, m), 4.30-4.10 (1H,
br m), 3.95-3.80 (1H, br m), 3.39-2.86 (6H, br m),
2.17-1.77 (3H, br m). LCMS (ES") RT 2.17 minutos, 497
(M+H) *. '

EJEMPLO 56

N?[S—(Dimetilamino)-Z,2—dime§i;g;opil]*2—[(2—fluoro-4—
yddofenil)amino]tieno[2,3—b]piridina-3—carboxamida
Preparada a partir del Ejemplo 1 (250 mg, 0,56 mmol) y
N,N,2,2-tetrametil-1, 3~-propanodiamina (292 mg, 2,24
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mmol) por el método del Ejemplo 5. Después de cromato-
grafia (5% metanol, 95% diclorometano) se obtuvo el
compuesto del titulo como un sélido amarillo palido (60
mg, 20%). 8y (DMSO-dg) 10.81 (1H, br s), 9.10 (1H, br
s), 8.24-8.21 (2H, m), 7.69-7.65 (1H, m), 7.55-7.52
(1H, m), 7.37-7.31 (2H, m), 3.29-3.27 (2H, m), 2.50-
2.37 (8H, br m), 0.96 (6H, s). LCMS (ES*) RT 2.39 minu-
tos, 527 (M+H)*.

EJEMPLO 57

. 2=[(2~Fluoro-4~yodofenil)amino] ~N-[3~(morfolin-4-il) -

" propilltieno(2,3-b]piridina-3-carboxamida

3Preparada a partir del Ejemplo 1 (250 mg, 0,56 mmol) vy

4- (3~aminopropil)moxrfolina (323 mg, 2,24 mmol) por el
método del Ejemplo 5. Después de cromatografia (5% me-

~tanol, 95% diclorometano) se obtuvo el compuesto del
‘titulo como un sélido amarillo palido (115 mg, 38%). dy
- (CDCl3) 11.29 (1H, br s), 8.36 (lH, dd, J 1.4, 4.7 Hz),
'7.99 (1H, dd, J 1.4, 8.2 Hz), 7.63~7.51 (2H, m), 7.47-
7.41 (1H, m), 7.33-7.29 (14, m), 7.12 (1H, br s), 3.70-
'3.64 (2H, m), 3.60-3.56 (4H, m), 2.58-2.54 (2H, m),

2.49-2.46 (4H, m), 1.90-1.82 (2H, m). LCMS (ES") RT 2.34
minutos, 541 (M+H)".

EJEMPLO 58

N;(2—Fluoro~4—yodofenil)—3—(piperazin—l-ilcarbonil)—

tieno(2,3-b]piridin-2-amina

Se disolvié piperazina (3,90 g, 45,2 mmol) en tolueno
seco (100 ml) bajo nitrdégeno. La mezcla se puso en un
bafio de agua a 20°C y se afiadié lentamente trimetilalu-
minio (2,0M en tolueno, 22,6 ml, 45,2 mmol). Después de
10 minutos, se afiadi6é el Ejemplo 1 (4,00 g, 0,56 mmol).
La mezcla se calentd a 100°C bajo nitrdégeno durante 6
horas. Después de enfriar a la temperatura ambiente, se
vertié la mezcla sobre una suspensidén espesa de silice
(100 g) en cloroformo (400 ml) y metanol (200 ml). Des-
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pués de agitar durante 10 minutos, se dejé la mezcla en
reposo durante una noche. La filtracidn, y concentra-
cién del disolvente organico a vacio, dieron un mate-
rial bruto, que se purificd por trituracidn con dietil-
&ter (50 ml), filtracién y lavado con dietil-éter (20
ml). El compuesto del titulo se aisld como un sélido
amarillo (3,56 g, B82%), gque podia utilizarse para pro-
cesos quimicos ulteriores. La sal dihidrocloruro del
compuesto del titulo se prepard por disolucidén de la
base libre (1,60 g, 3,32 mmol) en diclorometano (30 ml)
y metanol (5 ml). Se afiadié HCl en éter (2,0M, 3,34 ml,
6,70 mmol) y la mezcla se concentrd a vacio. La tritu-
racién con dietil-éter (40 ml) y filtracidén dio la sal
dihidrocloruro del compuesto del titulo (1.80 g, 98%),
&s (DMSO~dg) 9.75 (0.25H, br s), 9.43 (1.75H, br s),
9.30 (lH, s), 8.36 (1H, dd, J 1.6, 4.7 Hz), 7.87 (1lH,
dd, J 1.6, 8.1 Hz), 7.72 (1H, dd, J 1.9, 10.6 Hz), 7.53
(1H, m), 7.39 (1H, dd, J 4.7, 8.1 Hz), 7.22 (l1H, dd, J
8.5, 8.5 Hz), 3.75-3.58 (4H, m), 3.17-3.06 (4H, m). LCMS
(ES*) RT 2.19 minutos; 483 (M+H)".

EJEMPLO 59

[4-({2~[(2-Fluoro-4-yodofenil)amino]tieno{2, 3~

blpiridin-3-il}carbonil)-piperazin-l-il]acetato de eti-

1o

. Se disolvid el Ejemplo 58 (300 mg, 0,62 mmol) en diclo-
rometano (10 ml) y se afladieron trietilamina (94 ul,
0,65 mmol) y clorocacetato de etilo (56 pl, 0,65 mmol).

La mezcla se calentd a reflujo durante 12 horas. Des-
pués de enfriar y repartir entre diclorometano y agua
(25 ml de cada uno), se secdé la capa organica (NazSQ4) y

.se concentrd a vaclio. La purificacién por cromatografia

(silice, 3% metanol, 97% diclorometano) dio el producto

como un aceite, que se disolvié en dietil-éter (5 ml) y

‘se concentré a alto vacio para dar el compuesto del ti-

tulo como un sélideo blanco (240 mg, 68%). dy (CDCls)
9.11 (iH, br s), 8.37 (1H, dd, J 1.5, 4.7 Hz), 7.71
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(1, dd, J 1.5, 8.1 Hz), 7.53-7.49 (214, m), 7.40 (1H,
dd, J 8.4, 8.4 Hz), 7.32-7.28 (1H, m), 4.21 (2H, q, J 7
.1 Hz), 3.75-3.61 (4H, m), 3.31 (2H, s), 2.79-2.62 (4H,
m), 1.29 (34, t, J 7.1 Hz). LCMS (ES') RT 3.26 minutos,
569 (M+H)".

EJEMPLO 60

Acido [4~({2-[(2-fluoro-4-yodofenil)amino]tieno[2,3-b]-

piridin-3-il}carbonil)piperazin-l-iljacético

Se disolvié el Ejemplo 59 (213 mg, 0,375 mmol) en eta-
nol (7 ml) y agua (7 ml). Se afladidé hidréxido de sodio
(15,0 mg, 0,375 mmol) y la mezcla se agitd a la tempe-
ratura ambiente durante 18 horas. La liofilizacién dio
el compuesto del titulo como su sal de sodio (200 mg,
99%). Oy (DMSO-~dg) 9.29 (1H, br s), 8.22-8.17 (1H, br

m), 7.68 (1H, br d4, J 8.0 Hz), 7.56 (1H, br d, J 10.4

Hz), 7.40 (l1H, br d, J 8.6 Hz), 7.28-7.20 (1lH, br m),
7.07 (14, dd, J 8.6, 8.6 Hz), 3.42-3.38 (4H, m), 2.65
(2H, s), 2.37-2.35 (4H, m). LCMS (ES*) RT 2.64 minutos,

. 541 (M+H)*.

EJEMPLO 61

(3R)~3~[ ({2-[ (2-Fluoro-4-yodofenil)amino]l-tieno[2, 3~

. blpiridin-3~il}carbonil)amino]lpirrolidina~l-carboxilato

. de terc-butilo

Se prepard a partir del Ejemplo 1,6 (250 mg, 0,56 mmol) y
(R)-3=-amino-l~-terc-butoxicarbonilpirrolidina (417 mg,

2,24 mmol) por el método del Ejemplo 5. Después de cro-
‘matografia (25% acetato de etilo, 75% diclorometano) se
obtuvo el compuesto del titulo como un sélido blanque-
cino (45 mg, 13%). &y (DMSO-dg¢) 10.27 (1H, br s), 8.35

(14, dd, J 1.4, 4.7 Hz), 8.23 (1H, br d, J 6.5 Hz),
8.06 (1H, dd, J 1.4, 8.2 Hz), 7.74 (1H, dd, J 1.9, 10.5
Hz), 7.57 (lH, 4, J 8.5 Hz), 7.43 (1H, dd, J 4.7, 8.2
Hz), 7.36 (1H, d4d, J 8.6, 8.6 Hz), 4.46-4.40 (1H, br

in), 3.57-3.54 (l1H, m), 3.52-3.30 (3H, m), 2.15-2.05
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(1H, br m), 1.95-1.85 (1H, br m), 1.41 (9H, s). LCMS
(ES*) RT 3.70 minutos, 583 (M+H)*.

EJEMPLO 62

(38)~3-[({2-[(2~Fluoro=-4-yodofenil)amino]tieno[2,3-b]-
piridin-3-il}-carbonil)amino]pirrolidina-l-carboxilato

de terc-butilo

Se prepard a partir del Ejemplo 1 (250 mg, 0,56 mmol) y
(S)-3-amino-l-terc-butoxicarbonilpirrolidina (417 mg,
2,24 mmol) por el método del Ejemploc 5. Después de cro-
matografia (25% acetato de etilo, 75% diclorometano) se
obtuvo el compuesto del titulo como un sélido blanque-
cino (190 mg, 58%). &y (DMSO-dg) 10.27 (1H, br s), 8.35
(1H, dd, J 1.4, 4.7 Hz), 8.23 (1H, br d, J 6.5 Hz),
8.06 (1H, dd, J 1.4, 8.2 Hz), 7.74 (1H, dd, J 1.9, 10.5
Hz), 7.57 (1H, d, J 8.5 Hz), 7.43 (1lH, dd, J 4.7, 8.2
Hz), 7.36 (l1H, dd, J 8.6, 8.6 Hz), 4.46-4.,40 (1lH, br
m), 3.57-3.54 (1H, m), 3.52-3.30 (3H, m), 2.15-2.05
(1, br m), 1.95-1.85 (1H, br m), 1.41 (9H, s). LCMS
(ES*) RT 3.70 minutos, 583 (M+H)".

EJEMPLO 63

2-[(2-Fluoro-4-yodofenil)amino] -N-[ (3R) -pirrolidin-3-

illtieno[2,3-blpiridina-3-carboxamida

Se disolvid el ejemplo 61 (40 mg, 0,069 mmol) en diclo-
rometano (3 ml) y se afiadidé HCl en dioxano (4,0M, 1,0
ml, 4,0 mmol). La mezcla se agitdé a la temperatura am-
biente durante 18 horas. El sdélido resultante se separd
por filtracidén y se secd a vacio a 40°C para dar la sal
dihidrocloruro del compuesto del titulo (28 mg, 73%). &y
(DMSO~dg¢) 10.44 (1H, br s), 9.25 (2H, br m), 8.37-8.31
(2H, m), 8.21 (1H, dd, J 1.3, 8.2 Hz), 7.76 (1lH, dd, J
1.8, 10.4 H=z), 7.61 (1H, d, J 8.5 Hz), 7.45-7.39 (2H,

(14, m), 2.09-1.98 (1H, m). LCMS (ES*) RT 2.30 minutos,
483 (M+H) ™.

%3
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EJEMPLO 64

2-[(2-Fluoro-4-vodofenil)amino]~N-[ (3S)-pirrolidin-3-
illtieno[2,3-b]piridina-3~-carboxamida

Se disolvidé el Ejemplo 62 (170 mg, 0,069 mmol) en di-
clorometano (4 ml) y se afladié HCl en dioxano (4,0M,
4,0 ml, 16,0 mmol). La mezcla se agitd a la temperatura
ambiente durante 18 horas. El sdlido resultante se

se-
pard por filtracidén y se secdé a vacio a 40°C para dar
la sal dihidroclorurc del compuesto del titulo {150 mg,
92%). d®y (DMSO-dg) 10.44 (1H, br s), 9.25 (2H, br m),
8.37-8.31 (2H, m), 8.21 (1H, dd, J 1.3, 8.2 Hz), 7.76
(14, dd, J 1.8, 10.4 Hz), 7.61 (1H, d, J 8.5 Hz), 7.45-
7.39 (2H, m), 4.61-4.57 (1H, m), 3.45-3.23 (4H, m),
2.27-2.15 (1H, m), 2.09-1.98 (1H, m). LCMS (ES*) RT 2.30
minutos, 483 (M+H)".

EJEMPLO 65

2-[(2-Fluoro-4-yodofenil)amino]~N-(l-metilpiperidin-4-
il)tieno[2,3-b]piridina-3-carboxamida

Preparada a partir del Ejemplo 1 (250 mg, 0,56 mmol)
4-amino~l-metilpiperidina (255 mg, 2,24 mmol)

Y
por el
método del Ejemplo 5. Después de cromatografia (10% me-

tanol, 90% diclorometano) el material bruto se disolvid
en diclorometano (2 ml) y se afadidé HCl 2,0M en dietil-
éter (2 ml). El sélido resultante se separdé por filtra-
cidén para dar la sal dihidrocloruro del compuesto del
titulo como un sélido amarillo (145 mg, 44%). &y (DMSO-
dg) 10.62 (1H, br s), 10.37 (0.8H, s), 10.26 (0.2H, s),
8.40-8.36 (1H, m), 8.31-8.28 (0.8H, m), 8.22-8.20
(0.2H, m), 8.19-8.16 (0.2H, m), 8.10-8.07 (0.8H, m),
7.75-7.71 (11-1, m), 7.59-7.56 (1H, m), 7.47-7.31 (2H,
m), 4.05 (1H, br m), 3.45-3.05 5H, m), 2.70 (3H, d, J

6.0 Hz), 2.03-1.85 (4H, m). LCMS (ES*) RT 2.34 minutos,
511 (M+H)*.
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1,18 mmol) y la mezcla de reaccién se agitd durante 1
hora més a la temperatura ambiente. Se vertid la mezcla
de reaccién sobre agua y se extrajo en acetato de eti-
lo. La fase orgénica se lavdé con salmuera, se secd
(sulfato de magnesio) y se concentrdé a vacio. El pro-
ducto bruto se purificé por cromatografia (SiO,; metanol
al 10% en acetato de etilo), dando el producto requeri-
do como un sdélido amarillo palido (64 mg). &y (DMSO-dg)
9.41 (1H, s), 8.20 (1H, dd, J 5.9, 1.0 Hz), 7.74 (1H,
dd, J 10.3, 1.9 Hz), 7.57-7.54 (1H, m), 7.48-~7.38 (2H,
m), 7.22 (1H, t, J 8.6 Hz), 3.47 (3H, s), 3.17 (3H, s).
LCMS (ES') RT 2.70 minutos, 474 (M+H)*.

EJEMPLO 69

(N-Metoxi~N-metil)amida del &cido 2-[(2-fluoro~-4-yodo-
fenil)amino]tieno[2,3-b]lpiridina-3-carboxilico

Se calentaron el Ejemplo 68 (64 mg, 0,13 mmol) y trife-
nil~fosfina (177 mg, 0,68 mmol) en THF (1 ml) a 65°C
durante una noche. Se afiadié tricloruro de fésforo (34
mg, 0,39 mmol) y la mezcla de reaccién se agitdé a la
temperatura ambiente durante 90 minutos. Se extinguid
la reaccién con solucién de hidrogenocarbonato de so-
dio, y el producto se extrajo en DCM, se secd. (sulfato
de magnesio) y se concentrd a vacio. Después de HPLC
preparativa, se obtuvo el producto requerido (10 mg)
como un sélido blanquecino. &y (DMSO-dg) 9.23 (1H, s),
8.35 (1H, dd, J 4.7, 1.6 Hz), 7.84 (1H, dd, J 8.1, 1.6
Hz), 7.70 (1H, dd, J 10 .3, 1.9 Hz), 7.53 (1H, d, J 8.4
Hz), 7.37 (1H, dd, J 8.1, 4.7 Hz), 7.22 (1H, t, J 8.6
Hz), 3.47 (3H, s), 3.20 (3H, s). LCMS (ES') RT 3.23 mi-
nutos, 458 (M+H)".

EJEMPLO 70

{2—[(2-Fluoro—4—yodofenil)amino]tieno[2,3—b]piridin—3—

il}~[(2R) -2~ (hidroximetil)-piperazin-1-il]-metanona
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Una solucidén del Ejemplo 51 (80 mg, 0,13 mmol) en meta-
nol (2 ml) se tratdé con HCl 4M en 1,4-dioxano (5 ml) vy
se agité a t.a. durante 3 h. La mezcla de reaccidén se
concentré a vacio para dar una goma amarilla, que se
disolvié en metanol (20 ml) y agua (5 ml), y se alcali-
nizé luego a pH 11 con hidréxido de amonio ag. al 25%.
La solucidén acuosa se extrajo con DCM (3 x 25 ml), vy
los extractos orgénicos se reunieron, se secaron
(NayS04), se filtraron y se concentraron a vacio. E1
producto bruto se sometidé a cromatografia en columna
(5i02, 95:4:1 DCM/metanol/hidréxido de amonio aqg. al
25%) para dar el compuesto del titulo como una mezcla
de dos rotameros, que‘se liofilizaron durante una noche
en acetonitrilo/agua para dar un polvo de color crema
(63 mg, 94%). Oy (DMSO-dg, 120°C, contiene rotameros)
8.37-8.36 (1H, m), 8.29-8.28 (0.44H, m), 8.33 (0.56H,
dd, J 1.4, 8.0 Hz), 7.75 (0.44H, dd, J 1.8, 10.0 Hz),
7.68-7.66 (0.44H, m), 7.58 (0.56H, dd, J 1.9, 10.5 Hz),
7.48-7.44 (1H, m), 7.39-7.33 (1H, m), 7.17~7.13 (0.56H,
m), 4.31-4.29 (1H, m), 4.00 (1H, m), 3.74-3.60 (2H, m),
3.10-2.83 (3H, m), 2.76-2.65 (2H, m), 2.60-2.53 (1H,
m). LCMS RT 2.07 y 1.95 minutos, (ES*) 513 (M+H)®.
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REIVINDICACIONES

1. Un compuesto de férmula (I), o una sal farmacéuti-
5 camente aceptable, solvato o N-6xido del mismo:

R?
M
en donde
‘ : R representa hidrégeno, haldgeno o alquilo Ci-g;
R? representa halégeno o alquilo Ci-g;
10 R? representa hidrdégeno, ciano, -CO;R?, -CONRPR® o -
CON (OR®) R%;

R* representa alquilo Ci-g;
RP representa hidrégeno; o alquilo Ci.¢, cicloalquilo
C3-v, cicloalquil Cz-7~alquilo (C;_e) , arilo, aril-
15 alquilo(C;-¢), heterocicloalquilo Cj3.7, heterocicloalquil

Ci-7—alquilo (Ci-g), heterocarilo. 0o hetercaril-
. alquilo(Ci-g), pudiendo estar cualquiera de dichos gru-
“ pos sustituido opcionalmente con uno o mds sustituyen-
: tes; y
20 ' R® representa hidrégeno o alquilo C;-¢ (sustituido
. | opcionalmente con hidroxi); o

R® y R°, cuando se consideran junto con el Atomo de
nitrégeno al cual estdn unidos ambos, representan aze-
tidinilo, pirrolidinilo, piperidinilo, morfolinilo,

25 tiomorfolinilo, piperazinilo, homopiperidinilo, homo-

\ morfolinilo u homopiperazinilo, pudiendo estar cual-
| 5 quiera de dichos grupos sustituido opcionalmente con
uno o mas sustituyentes.
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2. Un compuesto de acuerdo con la reivindicacién 1, en
donde R® representa hidrégeno; o alquilo C;-s, cicloal~
quil Cz-7-alguilo(Ci-g), heterocicloalquilo C3z.7 © hetero-
cicloalquil Cjz-;—alquilo(Ci-s), pudiendo estar cualquiera
de dichos grupos sustituido opcionalmente con uno o mas
sustituyentes.

3. Un compuesto de acuerdo con la reivindicacién 1, en
donde el resto ciclico -NRPR® representa azetidin-1l-ilo,
pirrolidin-l-ilo, piperidin-1l-ilo, morfolin-4-ilo, pi-
perazin-l1-ilo u homopiperazin-l-ilo, pudiendo estar
cualquiera de dichos grupos sustituido opcionalmente

con uno o mas sustituyentes.

4. Un compuesto de acuerdo con una cualquiera de las
reivindicaciones anteriores, en donde los sustituyentes
en RP, o en el resto ciclico —NRﬁﬁ, se seleccionan de
alquilo Cji.g, alcoxi Cj-¢-alquilo(Ci-g), hidroxi, hidroxi-
alquilo(Cj-g) , amino, amino-alquilo(Cj-g), carboximetilo,
alcoxicarbonilo Cz.s, alcoxicarbonil Cj.¢—alquilo(Ci-g),
di-alquilamino(Ci-¢), alcoxicarbonilamino Czs y alcoxi-
carbonilamino Cj.g—alquilo (Ci-g) .

5. Un compuesto de acuerdo con la reivindicacién 1,
representado por la férmula (II), y sales, solvatos vy
N-6xidos farmacéuticamente aceptables del mismo:

en donde
R'? representa halégeno; y

R® es como se define en la reivindicacién 1.
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6. Un compuesto de acuerdo con la reivindicacién 5, en

donde R'? representa bromo o yodo.

7. Un compuesto de acuerdo con la reivindicacidén 1,
como se describe especificamente en esta memoria en uno
cualquiera de los ejemplos.

8. Una composicidén farmacéutica gque comprende un com-
puesto de férmula (I) como se define en la reivindica-
cién 1, o una sal, solvato o N-6xido farmacéuticamente
aceptable del mismo, en asociacién con un vehiculo far-

macéuticamente aceptable.

9. El uso de un compuesto de fbérmula (I) como se defi-
ne en la reivindicacién 1, o una sal, solvato o N-déxido
farmacéuticamente aceptable del mismo, para la fabrica-
cién de un medicamento para el tratamiento y/o la pre-
vencién de trastornos para los cuales estd indicada la
administracién de un inhibidor selectivo de MEK.

10. Un método para el tratamiento y/o la prevencién de
trastornos para los cuales estd indicada la administra-
cibébn de un inhibidor selectivo de MEK, que comprende
administrar a un paciente que se encuentra en necesidad
de dicho tratamiento una cantidad eficaz de un compues-
to de férmula (I) como se define en la reivindicacién
1, o una sal, solvato o N-6xido farmacéuticamente acep-
table del mismo.

M®
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BOGOTA - COLOMBIA

PODER
Yo (nosotros) UCB PHARMA, S.A.

dom|c1llado(s) en 60, Allée de la Recherche, B-1070 Bruselas,
Bélgica |

Nombro(amog) a: JUAN PABLO CADENA SARMIENTO
y/o CARLOS H. PALACIO EASTMAN y/c MARTIN E.
TORRES CARDOZO, de Bogota, Colombia, apoderados
verdaderos y legales con poder especial, amplio y suficiente,
para recabar de las oficinas y autoridades colombianas
administrativas, judiciales y de policla, en cualquier instancia
0 recurso, la obtencién de patentes de invencidn, registros
de marcas, disefios industriales, modelos de utilidad,
depdsitos de nombres comerciales, lemas comerciales y
ensefias, registros de derechos de autor y contratos sobre
los mismos,  obtenciébn de ceriificados de obtentor de
variedades  vegetales, asfl como sus prémogas,
renovaciones, anotaciones de traspaso, cambios de
nombre, domicilio y/o direccién; elaborar, tramitar y registrar

= contratos de licencia y licencias de cualesquiera clases;

intervenir como demandante o-como demandado en
cualquier instancia y recurso ante cualquier juez,
corporacion, funcionario publico o autoridad en acciones
judiciales, administrativas y de policla tales como:
oposiciones al registro de marcas; acciones de caducidad,
cancelacion y nulidad; acciones reivindicatorias, acciones
derivadas de la obtencién o explotacion de licencias;
acciones de competencia desleal; demandas penales;
acciones de indemnizacién de perjuicios, reclamos vy
observaciones a solicitudes de patentes, disefios
industriales, modelos de utilidad, en el ejercicio de medidas
cautelares y en otras acciones o medidas similares.

A este éfecto, lo(s) faculto(amos) para elevar solicitudes,

formular, descripciones, enmiendas, protestas,
declaraciones, oposiciones, cancelaciones, nulidades,
apelaciones y reclamos; pagar impuestos, cuotas

gravamenes prescritos por la ley; renunciar o desistir a

. derechos concedidos o en curso de concesion; recibir toda

clase de documentos y valores, dando el descargo
respectivo, y, en general, para dar ante dichas autoridades
fodos los pasos necesarios al efecto indicado y tomar todas
las medidas que creyeren conducentes al resguardo de mis
(nuestros intereses), con todas las demas facultades legales
necesarias

(nuestros)
recibir noﬂﬁcacnones y de3|gn
extrajudlclales
Otorgado y-firmado en Bruselas

hoy i de

POWER OF ATTORNEY

I (We) UCB PHARMA, S.A.

domiciled in 60, Allée de la:Recherche, B-1070 Brussels,
Belgium

Hereby appoints JUAN PABLO CADENA SARMIENTO
and/or CARLOS H. PALACIO EASTMAN and/or MARTIN
E. TORRES CARDOZO, of Bogota, Colombia, my (our)
true and lawful attorneys with special, ample and sufficient
power to obtain from the Colombian administrative, judicial
and police offices and authorities, in any instance, privileges
of patents of invention, registration of trademarks, industrial
designs and utility models; registration of commercial
names, slogans and emblems, registration of copyright and
contracts related thereto, cerificates of obtainers of
vegetables varieties, as well as extensions, renewals and
recordal of assignments and changes of name, domicile
and/or address related to the above; to prepare, prosecute
and register licenses of any kind; to act as plaintiff or
defendant in any instance or recourse, and before any
judge, corporation, public official or authority in judicial,
administrative and police actions, such as: oppositions to
the registration of trademarks; caducity, cancellation and
nullity actions; claim actions derived from the obtaining or
exploitation of licenses, action of unfair competition; criminal
proceedings, actions for payment of damages: claims or
observations on patent applications, models, industrial
designs and utility models; in the exercise of preventive
measures and in other actions or similar proceedings.

To that effect they hereby empowered to file applications,
formulate descriptions, amendments, protests, declarations,
oppositions, cancellations, nullities, appeals and claims; to
pay taxes, quotas and assessments prescribed by law,
renounce or waive the rights granted or in the process of
granting; to receive all kinds of documents and valuables,
giving the respective release of receipt, and, in general, to
take before said authorities the necessary steps to such
effect, and any measures that they may deem pertinent to
the safeguard of my (our) interest(s) with all the other
necessary legal powers.

g power includes the faculty to ratify or confirm desist,
settle and compromise on my (our) behalf, and to substitute
this power in whole or Jjerpart and to revoke substitutions. At
the same time_.t"(We) hereby appoint JUAN PABLO

day of July 2007



CERTIFICADO NOTARIAL (SOCIEDAD)

Hoy | de de
personalmente comparecié ante mfi Allen NORRIS

a quien conozco, y de quien me consta que firmé el anterior
documento, debidamente juramentado declard y dijo que él
(ella) es &l Apoderado y Representante Legal

de UCB PHARMA, S.A.

Sociedadf legalmente constituida para un periodo de
duracion ique alin no ha terminado; que el declarante esta
autorizado por dicha compafiia para conferir este poder; que
el sello estampado por él al pie de tal poder, en nombre y
representacion de la expresada compafifa, es el sello oficial
de ella; y que el objeto para el cual se confiere este

.. Instrumento esta comprendido dentro del objeto social de la
" sociedad.

El suscrito Notario hace constar gue tuvo a fa vista las
pruebas de la existencia de la sociedad.

Estado &e
con fecha

y que quﬁen confiere el presente poder es su representante.

Notario Publico (seilo)

CERTIFICADO NOTARIAL
PERSONA NATURAL

Hoy de -de , comparecio(eron) ante mj

a quien (es) conozco y me consta que es(s
persona(s) firmante(s) del documento qugg
quien(es) declara(n) que otorgan el mismo pa
prop6sifos que en él se expresan.

Notario Publico (sello)

0

Ay b Y .

NOTARIAL CERTIFICATE (CORPORATION)
|
On this QO day of M of 007 personally 1
n NOR

appeared before me Alle

-

to me known, and known to me to be the person who
signed the foregoing instrument who being by me duly

sworn did depose and say that he (she) is the Proxy and

Legal Representative

of UCB PHARMA, S.A.

Which is legally constituted for a term not yet expired, that
deponent is authorized by said Company to confer this
Power of Attorney: that the seal affixed hereunto by the
deponent in the name and on behalf of said Corporation is
the corporate seal thereof; and that the purpose for which
this instrument is granted is included within the corporate
purpose of company.

The undersigned Notary Public attests that he has seen the
documents that prove the existence of the company.

State of PAlewsee
under date of 2O "ac.._Q._Q Loy

and that he (she) who grants the present power of attorney

Damjen TTE
; H&%@l terde notaris

: 30 Verenigingstraat
Bruxelles 1000 Brussel

NATURAL PERSON

On this
personall _appeared before me

day of of

0 is(are) known to me and who | attest executed the
foregoing document and he (they) declared he (they)

grant(s) the documeqt for the uses and purposes therein |

expressed .

Notary Public (Seal)




e

TRADUCCION AL ESPANOL del Documento de Poder otorgado por UCB

PHARMA, S.A., con domicilio en Allée de la Recherche 60 B — 1070 Bruselas,
|

Bélgica.

ITIay un sello que dice:
|

ALLEN NORRIS
Apoderado y representante legal

Hay un sello que dice:

Damien Hisette
Notario Asociado — Geassocieerde notaris
Rue de I'Association 30 Verenigingstraat
Bruxelles 1000 Bruselas

I;LIay'un sello que dice:
Damien Hisette

Notario Asociado de Bruselas
Geassocieerde notaris et Brussel

APOSTILLA
- (Convencién de la Haya de Octubre 5 de 1961)
1. Pais: Bélgica

Este documento piblico
2. ha sido firmado por: Hisette, Damien
3. actuando en capacidad de: Notario

4. lleva el sello/timbre de: No

5. en Bruselas

Cooperacion para el Desarrollo

8. No. 9805070720744644

9. Sello/timbre: 10. Firma
hay un sello que dice:

SERVICIO PUBLICO FEDERAL
DE ASUNTOS EXTRANJEROS
COMERCIO EXTERIOR Y COO- (FIRMA)

7. por el Servicio Publico federal de Asuntos extranjeros, Comercio exterior y

PERACION PARA EL DESARROLLO  Jean-Paul Lignier
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REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Bogoté,
2020

Doctor (a)

CADENA SARMIENTO JUAN PABLO
Apoderado(a) y/o Representante de
UCB PHARMA S.A.

REFERENCIA Radicacidén No. 8 80917
Soliecitud internacional PCT/GB2007/000310
Fecha inicio fase nacional 31/08/2008
Tramite 11
Evento 378
Actuacién 430

Oficio No. - 12161

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Decﬂsién 486 de la Comisién de la Comunidad Andina, articulo 27 del Tratado de
Cooperaqién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La |solicitud no contiene la copia del documento en que consta la cesidén del
derecho a la patente del inventor al solicitante o a su causante, conforme a lo
estable¢ido por el articulo 26 literal k) de la Decisidn 486 de la Comisidn de la
Comunidad Andina. Cuando se trate de documentos otorgados en el extranjero, estos
deberin legalizarse de conformidad con lo dispuesto por los articulos 259 y 260 del
cédigo de Procedimiento Civil. Cuando se trate de las declaraciones a gque hace
referencia la Regla 4.17 ii) del Tratado de Cooperacidn en Materia de Patentes
PCT., el alcance de las tales declaraciones se determinara segin indiquen
claramente una cesién de derechos del inventor al solicitante o su causante, de
conformidad con lo dispuesto en el numeral 5.2.15 del Capitulo Quinto, Titulo X de
la Circ?lar Unica de Superintendencia de Industria y Comercio.

En cumplimiento de lo dispuesto por el articulo 39 de la Decisidn 486, se le
requieré para gque dentro del té&rmino de dos meses siguientes a la fecha de
notificacién del presente oficio, complete los requisitos anteriormente enunciados.
En case de no dar cumplimiento al presente requerimiento, la solicitud se
considerara abandonada y perderd su prelacidén.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del! capitulo quinto del tulo primero de la Circular Unica No.1l0 de 2001.

6pEDES DE AVERGEL
1sién de Nuevas Creaciones

ALIX CARMENZA
Jefe de la di

El ant or requerimiento fue notificado por fijacién en lista de

fecha 2’ b SET. 2008

adpall




