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QUINAZOLINONE DERIVATIVES AND THEIR USE AS B-RAF INHIBITORS

The invention relates to chemical compounds, or pharmaceutically acceptable salts
thereof, which possess B-Raf inhibitory act1v1ty and are accordingly useful for their
anti-cancer actmty and thus in methods of treatment of the human or animal body. The
invention also relates to processes for the manufacture of said chemical compounds, to
pharmaceutical compositions containing them and to their use in the manufacture of
medicsments of use in the production of an anti-cancer effect in a warm-blooded animal such
as man. ' | |

The classical Ras, Raf, MAP protein kinase/extracellular signal —regulated kinase
kinase (MEK), extracellular signal —regulated kinase (ERK) pathway plays a central role in

the regulation of a variety of cellular functions dependent upon cellular context, including'

cellular proliferation, differentiation, survival, immortalization and angiogenesis (reviewed in

Peyssonnau){ and Eychene, Biology of the Cell, 2001, 93,3-62). In this pathway, Raf family
members are recruited to the plasms membrane upon binding to guanosine triphosphate
(GTP) loaded Ras resulting in the phosphorylation and activation of Raf proteins. Activated .
Rafs then phosphoryléte and activate MEKS, which in turn phosphorylate and activate ERKSs.
Upon activation, ERKSs translocate from the cytoplasm to the n'ucleus‘resulting in the
phosphorylation and regulation of activity of transcribtion factors such as Elk-1 and Myec.
The Ras/Raf/MEK/E_RK pathWay has been report.ed to contribute to the tumorigenic
phenotype by inducirig immortalisation, growth factor-independent growth, insensitivity to
growth-inhibitory signals, ability to invade and metastasis, stimulating angiogenesis and
inhibition of apoptosis (reviewed in Kolch et al., Exp.Rev. Mol. Med., 2002, 25 April,
http://www‘.expertreviews.org/020043 86h.htm). In fact, ERK phosphorylation is enhanced in
approximately 30% of all hﬁman tumours (Hoshino et al., Oncogene, 1999, 18, 813-822).

- This may be a result of overexpression and/or mutation of key members of the pathway.

Three Raf serine/threonine protein kinase isoforms have been reported Raf-1 /c-Raf,

| B-Raf and A-Raf (reviewed in Mercer and Pritchard, Biochim. Biophys. Acta, 2003, 1653,

25-40), the genes for which are thought to have arisen from gene dﬁplication. All three Raf
genes are expressed in most tissues with high-level expression of B-Raf in neuronal tissue and
A-Raf in urogenital tissue. The highly homologous Raf-family members have overlapping but
distinct biochemical activities and biological functions (Hagemann and Rapp,‘ Expt. Cell Res.

1999, 253, 34-46). Expression of all three Raf genes is required for normal murine
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development however both c-Raf and B-Raf are required to complete gestation. B-Raf -/-
mice die at E12.5 due to vascular haemorrhaging caused by increased apoptosis of endothelial
cells (Wojnowski et al., Nature Genet., 1997, 16, 293-297). B-Raf is reportedly the major |

isoform involved in cell proliferation and the primary iarget of oncogenic Ras. Activating -

- somatic missense mutations have been identified exclu’é,ively_for B-Raf, occurring witha -

frequency of 66% in malignant cutaneous melanomas (Davies et al., Nature, 2002, 417, 949- ” _

954) and also present in a wide range of human cancers, including but not limited to papillary ~

thyroid tumours (Cohen et al., J. Natl. Cancer Inst., 2003, 95, 625-627), cholangidcarcinomas
(Tannapfel et al., Gut, 2003, 52, 706-7_1 2), colon and ovarian cancers (Davies et al., Nature,
2002, 417, 949-954). The most frequent mutation in B-Raf (80%) is a glutamic acid for valine

substitution at position 600. These mutations increase the basal kinase activity of B-Raf and

are thought to uncouple Raf/MEK/ERK signalling from upstream proliferation drives

including Ras and growth factor receptbr activation resulting in constitutive activation of

ERK. Mutated B-Raf proteins are transforming in NIH3T3 cells (Davies et al., Nature, 2002,
417, 949-954) and melanocytes (Wellbrock et al., Cancer Res., 2004, 64, 2'338-2342) and

'have also been shown to be essential for melanoma cell viability and transformation

(Hingorani et al., Cancer Res., 2003, 63, 5198-5202). As-a key driver of the Raf/MEK/ERK
signalling cascade, B-Raf represents a likely point of intervention in tumours dependent on
this pathway. . ' |

Accordingly, the present invention provides a compound of formula (I):

. (’*ﬁ IWY

@)
wherein:
Ring A is carbocyclyl or heterocyclyi; wherein if said heterocyclyl conta{ns an -NH-
moiety that nitrogen may be optionally substituted by a group selected from RS

R! is a substituent on carbon and is selected from halo, nitro, cyano, hydroxy, amino,

- carboxy, carbamoyl, mercapto, sulphamoyl,'C1_6alkyl, C;.¢alkenyl, Cy.salkynyl, C,salkoxy,

C,.salkanoyl, C;.¢alkanoyloxy, N-(C,.¢alkyl)amino, N,N-(C,.salkyl);amino,
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Ci.salkanoylamino, N-(C,.¢alkyl)carbamoyl, N,N-(C, salkyl),carbamoyl, C;.salkylS(O),
wherein a is 0 to 2, Cysalkoxycarbonyl, N-(C,.salkyl)sulphamoyl,
N,N-(C,.salkyl),sulphamoyl, V- -(Cl.éalkoxy)sulphdmoyl,
N-(C.salkyl)-N-(Cy.salkoxy)sulphamoyl, C;.¢alkylsulphonylamino, carbocyclyI-R7- or -
heterocyclyl-R%-; whérein R' may be optionally substituted on carbon by one or more R’; and
wherein if said heterocyclyl contains an -NH- moiety that nitrogen may be optionélly _
substituted by a group.selected.frbm R'; | | |

n is selected from 0.—4; wherein the values of R' may be the same or differenf;

R’ is selected from hydrogen, halo, nitro, cyano, hydroxy, amino, carboxy, carbamoyl,
mercaptd, sulphamoyl, Cy.¢alkyl, C, ¢alkenyl, C;.¢alkynyl, C;.salkoxy, C;.salkanoyl,
Ci.¢alkanoyloxy, N-(C,.salkyl)amino, MN-(Cl;salkyl)zainino, Ci.¢alkanoylamino,
N—(C1-5alkyl)c5:bamoy1, N,N-(Cy.salkyl)scarbamoyl, Cy_¢alkylS(O), whereinais 0 to 2,
Cl;éalkoxycarbonyl, N-(C 1-6alkyl)sulphamoyl, NN—(CI .6alkyl)zsulphamoyl,
C,.¢alkylsulphonylamino, carbocyclyl-R''- or heterocyclyl;Rlz-; wherein R” may be _
optionally substituted on carbon by one or;more R"; and wherein if said h'etero'cyclyl contains -
an -NH- moiety that nitrogen may be optionally substituted by a group selected from R";

X is NRY or O; | o |

one of A,E,Gand J is C which is attached to X of formula (I); the other three ei_re
independently selected from CR' or N; |

R*and R are independently selected from hydrogen, halo,.nitro, cyano, hydroxy, -

- amino, carboxy, carbamoyl, mercapto, sulphamoyl, C;.salkyl, Cz-galkenyl, Carealkynyl, -

25

30

Ci.alkoxy, C).galkanoyl, C;.salkanoyloxy, N-(C;.salkyl)amino, N,N-(C.salkyl),amino,
C1.6alké.noylamino,. N-(Cyalkyl)carbamoyl, N,N-(C,.salkyl),carbamoyl, C,.¢alkylS(O), |
whérein ais 0 to 2, C,_galkoxycarbonyl, N-(C,.salkyl)sulphamoyl,
N,N-(C.salkyl),sulphamoyl, C;.alkylsulphonylamino, carbocyélyl-R”- or heterocyclyl-R'%-;
wherein R and Rl(’ independently of each other may be optionally substituted on carbon by
one or more R'?; and wherein if said heterodyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by a group selected from R}

R*, R® and R” are independently selected from hydrogen, C,.salkyl, Ci.ealkanoyl,
Ci.¢alkylsulphonyl, C;.salkoxycarbonyl, carbamoyl, carbocyclyl, heterocyclyl,
N-(C_salkyl)carbamoyl and N,N-(C,.¢alkyl)carbamoyl; wherein R*, R and R"® independently.

of each other may be optionally substituted on carbon by one or more R*';
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the bond “ ™ “between the -NR- and -CR>- of formula (I) is etther (i) a single bond
wherein R’ is as defined above, or (ii) a double bond wherein R’ is absent;

R, R13 R" and R* are 1ndependently selected from halo, nitro, cyano, hydroxy,
amino, carboxy, carbamoyl, mercapto, sulpharnoyl, C;_éaucyl, Cs.salkenyl, Cy.salkynyl,
C,.salkoxy, Cl_éalkanoyl, Ci.¢alkanoyloxy, N—(C1-6a11<yl)amind, N,N-(C,_galkyl),amino,
C1-6a1kanoylémiho, N-(C,.¢alkyl)carbamoyl, N, N-(C,.salkyl),carbamoyl, C.salkylS(O),
wherein a is 0 to 2, C1.6alkoxyéarbonyl, Cl_salkoxycarbonylamino,' N-(C,.salkyl)sulphamoyl,
N,N-~(C,.galkyl);sulphamoyl, C, salkylsulphonylamino, carbocyclyl-R**- or heterocyclyl-R%-;
wherein R®, R", R" and R?' independently of each other may be optionally substituted on
carbon by one or more R**; and wherein if said heterocyclyl contains an -NH- moiety t_h'cit
nitrogen may be optionally substituted by a group selected from R%;

R’, R®, R RZ R R™ R* and R® are independently selected from a direct bond,

-0-, -N(R®)-, -C(0)-, -NR*)C(O)-, -C(O)N(R?)-, -S(0)s-, -SO,N(R**)- or -N(R**)SOy-;

wherein R26, R27, st, R? and R¥ is hydrogen, C 1.6alkoXycarbony1 or Cyealkyl and s is 0-2;
| R® R, R“, R? and R® are independently selected from C1_6alkyl, Ci.salkanoyl,

Ci.¢alkylsulphonyl, C,.salkoxycarbonyl, carbamoyl, N¥(C1_5alky1)carbémoyl,

N,N-(C,_alkyl)carbamoyl, benzyl, benzyloxycarbonyl, benzoyl and phenylsulphonyl;

R is seleét_ed from halo, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl,
amino, carboxy, carbamoyl, mercapto, sulphamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N—methylfN-ethylamind;
acetylaminb N—methylcarbamoyl N-ethylcarbamoyl, N, N-dimethylcarbamoyl,
N,N-diethylcarbamoyl, N-methyl- N-ethylcarbamoyl methylthio, ethylthlo methylsulphmyl
ethylsulphinyl, mesyl, ethylsulphonyl methoxycarbonyl, ethoxycarbonyl,
N-methylsulphamoyl, N-ethylsulphamoyl, N,N- dlmethylsulphamoyl N,N- dlethylsulphamoyl
or N-methyl- N—ethylsulphamoyl
or a pharmaceutically acceptable salt thereof.

In a further aspect of the present invention there is provided a compound of formula
(I) (as depicted above) wherein:

Ring A is carbocyclyl or heterocyclyl; wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by a group selected from R;

R' is a substituent on carbon and is selected from halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto, sulphamoyl, C,.¢alkyl, C,¢alkenyl,
Ca.salkynyl, C;.salkoxy, C,.salkanoyl, C;.¢alkanoyloxy, N-(C1-6alkyl)amino;
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N,N-(C,.salkyl)zamino, C,.¢alkanoylamino, N-(Ci.salkyl)carbamoyl, ‘
N,N-(C.galkyl),carbamoyl, C,_satkylS(O), wherein a is 0 to 2, C, salkoxycarbonyl,
N-(C\.¢alkyl)sulphamoyl, N;N-(C.¢alkyl),sulphamoyl, Cl-ﬁalkylsulphonylaminb,v V

~ carbocyclyl-R’- or heterocyclyl-R%-; wherein R' may be optionally substituted on carbon by
ycly y n R

one or more R’; and wherein if said heterocyclyl contains an -NH- moiety that nitrogen may
be loptionally substituted by a group selected from R,
| n is selected from 0-4; wherein the values of R' may be the same or different;

R’ is seleéted from hydrogen, halo, nitro, cyano, hydroxy, trifluoromethoxy, amino,
carboxy, carbanioyl, mercapto, sulphamoyl,. Ci.ealkyl, Cygalkenyl, Cy.salkynyl, Cl.églk()xy,
C,.salkanoyl, C;galkanoyloxy, N—(Cl-salkyl)amino', N,N-~(C, ¢alkyl),amino, ’
.Cl_(,alkanoylamino, N-(Cy.¢alkyl)carbamoyl, N,N-(Cl_(,alkyl)zcarbambyl, Ci.6alkylS(O).
wherein a is 0 to 2, C,¢alkoxycarbonyl, N—(Cx.éalkyl)sulphamoyl; | '
N,N-(Ci.salkyl),sulphamoyl, Cy_galkylsulphonylamino, carbocyclyl-R''- or heterocyclyl-R'%;
wherein R? may be optionélly substituted on carbon by one or more R'; and wherein if said |
heterocyclyl contains an -NH- moiety that nitrogen may be optionally substituted by a group
selected from R'*; . | '

X is NR" or O; ,

.one of A, E, G and J is C which is attached to X of formula (I); the other three are
independently selected from CR"orN; | _

R® and R are independently selected from hydrogen, halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto, sulphamoyl, C,-Galkyl, Cg-}galkenyl,v _

C,.¢alkynyl, C).¢alkoxy, C;.calkanoyl, C,.¢alkanoyloxy, N-(C;.salkyl)amino,

N,N-(C.galkyl),amino, C, alkanoylamino, Nj(Cl_salkyl)carbamoyl,

N,N-(C.¢alkyl),carbamoyl, C,.¢alkylS(O), wherein a is 0 to 2, C;.salkoxycarbonyl,
N-(C,.salkyl)sulphamoyl, N,N—(C1.(,alkyl)zsulphamoyl, Cl.(,alkylsulphovnylamino,v
carbocyclyl-R”— or heterocyclyl-R‘s-; wherein R® and R'® indepeﬁdenﬂy of each other may be.
optionally substituted on carbon by one or more R'; and wherein if said hetefocyclyl contains
an -NH- moiety that nitrogen may be optionally substituted by a group selected from RY;

R*, R® and R"® are independently selected from hydrogen; Ci.alkyl, C).¢alkanoyl;
C,.salkylsulphonyl, C,.¢alkoxycarbonyl, carbamoyl, N-(C,.salkyl)carbamoyl and ‘ |
N,N-(C,.¢alkyl)carbamoyl; wherein R* R’ and R independently of each other may be .

optionally substituted on carbon by one or more R*;
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d“ ™ "between the -NR’- and -CR?- of fbrmula (D) is either (i) a single bond

the bon
wherein R’ is as defined above, or (ii) a double bond wherein R? is absent;

-~ R%, R®, RY and R are independently selected from halo, nitro, cyano, hydroxy,

_trifluoromethoxy, amino, cé.rboxy, carbamoyl, mercapto, sulphamoyl, C,_salkyl, C;.¢alkenyl,

Casalkynyl, C,.salkoxy, Cl_salkanoyl, C,.¢alkanoyloxy, N-(C,.¢alkyl)amino,
N,N-(C,.salkyl);amino, C1-6alkanoylamiﬁo, N-(Cy.salkyl)carbamoyl,
MN-(Cl.salkyl)zcafbamoyl, C,.6alkylS(O), wherein a is 0 to 2, Cl.saU(oxycarbdnyl,
N-(Cy.salkyl)sulphamoyl, N,N=(C,.salkyl),sulphamoyl, Cl-ﬁalkylsulphonylamino,
carbocyclyl-R?- or heterocyclyl-R*-; wherein R®, R'>, R'® and R¥ independently of éach
other may be optionally substituted on carbon by one or more R24' aﬁd wherein if said
heterocyclyl contams an -NH- moiety that nitrogen may be optionally substltuted by a group
selected from R”; : _ . ‘

R’ Rs, Ru, Ru, R”, Rls, R* and R* afe independently selected from a direct bond, .
-0-, NR®)-, -C(0)-, -N(RY)C(O)-, -C(O)N(R?)-, -8(O)s-, -SO,N(R?)- or -N(R*)SO,-;
wherein R*, R? R® R* and R* is hydrogen or Ciealkyl and s is 0-2;.

R6, Rm, R“, R? and R* are independently selected from C,.salkyl, C1-5a1kanoy1,
Ci.¢alkylsulphonyl, C, ¢alkoxycarbonyl, carbamoyl, N-(C,.salkyl)carbamoyl,
N;N-(C,.¢alkyl)carbamoyl, benzyl, benzyloxycarbonyl, benzoyl and phenylsulphonyl;

R is selected from halo, nitro, cyano, hydroxy, trifluoromethoxy, triﬂiloromethyl,

amino, carboxy, carbamoyl, mercapto, sulphamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,

acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, N, N-dimethylcarbamoyl,
N,N-diethylcarbamoyl, N-methyl-N-ethylcarbamoyl methylthio, ethylthio, methylsulphinyl,

“ethylsulphinyl, mesyl, ethylsulphonyl methoxycarbonyl, ethoxycarbonyl,

N-methylsulphamoyl, N-ethylsulphamoyl, N, N- dlmethylsulphamoyl N, N—dlethylsulphamoyl
or N-methyl-N-ethylsulphamoyl;
or a pharmaceutically acceptable salt thereof. )

| In this specification the term “alkyl” includes both straight and branched chain alkyl
groups. References to individual alkyl groups such as “propyl” afe speciﬁé for the straight
chain version only and references to individual branched chain alkyl groups such as
‘isopropyl’ are specific for the branched chain version only. For example, “C;_galkyl” includes

Ci.aalkyl, Cisalkyl, propyl, isopropyl and ¢-butyl. A similar convention applies to other
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radicals, for example “phenylC, salkyl” includes phenylC,_4alkyl, benzyl, 1-phenylethyl and
2-phenylethyl. The térm “halo” refers to fluoro, chloro, bromo and iodo. -

Where optional substituents are chosen from “one or more” gfoups it is to be
understood that this definition includes all substituents being chosen from one of the specified
groups or the substituents being chosen from two or more of the specified groups.

A “heterocyclyl” is a saturated, partially saturated or unsaturated, mono or bicyclic

ring containing 4-12 atoms of which at least one atom is chosen from nitrogen, sulphur or

oxygen, which may, unless. otherwise specified, be carbon or nitrogen Iinked,‘wherein a-CH,- .
group can optionally be replaced by a -C(O)-, and a ring sulphur atom may be optionally
oxidised to form the S-oxides. Examples and suitable values of the tenn.“heteroéyclyl” are

morpholino, piperidyl, pyridyl, pyranyl, pyrrolyl, pyrazolyl, isothiazolyl, indolyl, quinolyl,

~ thienyl, 1,3-benzodioxolyl, thiadiazolyl, piperazinyl, thiazolidinyl, pyrrolidinyl, -

thiomorpholino, pyrrolinyl, homopiperazinyl, 3,5-dioxapipéridinyl, tetrahydropyfanyl,
imidazolyl, pyrimidyl, pyrazinyl, pyridazinyl, isoxazolyl, N-methylpyrrolyl, 4-pyridone,
1-isoquinolone, 2-pyrrolidone, 4-thiazolidone, pyridine-N-oxide and quinoline-N-oxide. A
particular ex/ample of the term “heterocyclyl” is pyrazolyl. In one aspect of the invention é
“heterocyclyl” is a saturated partially saturated or unsaturated, monocyclic ring contammg 5
or 6 atoms of which at least one atom is chosen from nitrogen, sulphur or oxygen, it may,
unless otherwise specified, be carbon or nitrogen linked, a -CH,- group can optlonally be
replaced by a -C(O)-and a ring sulphur atom méy be optionally oxidised to form the S-oxides.

- A “carbocyclyl” is a saturated, partially saturated or unsaturated, mono or bicyclic

-carbon ring that contains 3-12 atoms; wherein a -CH,- group can optjbnally be replaced by a

-C(0)-. Particularly “carbocyclyl” is a monocyclic ring containing 5 or 6 atoms ora bicyclic

| ring containing 9 or 10 atoms. Suitable values for “carbocyclyl” include cyclopropyl,

cyclobutyl, 1-oxocyclopentyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, phenyl,‘
ﬁaphthyl, tetralinyl, indanyl or 1-oxoindanyl. A particular example of “carbocyclyl” is phenyl.
An example of “C,.¢alkanoyloxy” is acetoxy. Examples of ‘;C1.6alkoxycarbonylff
include methoxycarbonyl, ethoxycarbonyl, n- and #-butoxycarbonyl. Examples of
“Ci.salkoxy” include methoxy, ethoxy and propoxy. Examples of “C1-6alkan0ylamiﬁo”
include formamido, acetamido and propionylamino. 'Examples of “C\.salkylS(O), wherein a is
0 to 2” include fnethylthio ethylthio, methylsulphinyl ethylsulphinyl, mesyl and
ethylsulphonyl. Examples of “C,_salkanoyl” include propionyl and acetyl Examples of

“N-(C\.alkyl)amino” include methylamino and ethylamino. Examples of
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“N,N-(C,.¢alkyl),amino” include di-N-methylamino, di-(N-ethyl)amino and .
N-ethyl-N-methylamino. Examples of “Ca-salkenyl” are vinyl, allyl and 1-propenyl. Examples
of “Cy.¢alkynyl” are ethynyl, 1-propynyl and 2-propynyl. Examples of
“N-(C\.salkyl)sulphamoyl” are N-(methyl)sulphamoyl and N-(ethyl)sulphamoyl. Examples of
“N-(C.salkyl);sulphamoyl” are N,N- (d1methy1)sulphamoyl and
N-(methyl)-N-(ethyl)sulphamoyl. Examples of “N-(Cl_6alkyl)carbaﬁ10y1” are
N-~(C,.salkyl)carbamoyl, methylaininocarbonyl and ethylaminocarbonyl. Examples of
“N,N-(Ci.salkyl),carbamoyl” are N,N-(CMalkyl)zcarbamoyl, dimethylaminocarbonyl and
methylethylaminocarbényl. Examples of “C,.salkylsulphonyl” are mesyl, ethylsulphonyl and

-isopropylsulphonyl. Examplles of “C).galkylsulphonylamino” are mesylamino,

ethylsulphonylamino and 1sopropylsu1phonylam1n0 Examples of
“N-(C.salkoxy)sulphamoy!” include N-(methoxy)sulphamoyl and N-(ethoxy)sulphamoyl
Examples of “N-(Ci.salkyl)-N-(Ci.¢alkoxy)sulphamoyl” N-(methyl)-N- (methoxy)sulpharnoyl
and N-(propyl)-N-(ethoxy)sulphamoyl. »

A suitable pharmaceutically acceptable salt of a corhpound of the invention is, for
example, an acid-addition salt of a compound of the invention which is sufﬁcien.tlyA basic, for
example, an acid-addition salt with, for example, an inorganic or organic acid, for ekafnple
hydrochloric, hydrobromic, ‘sulphuric, phosphoric, trifluoroacetic, citric or maleic acid. In
addition a suitable pharmaceutically acceptable salt of a compound of the invention which is
sufficiently acidic is an alkali métal salt, for example a sodium or potassium salt, an alkaline

earth metal salt, for éxample a calcium or magnesium salt, an ammonium salt or a salt with an .

‘organic base which affords a physiologically-acceptable cation, for éxample a salt with.

‘ methjrlamine dimethyiamine tfimethylamine, piperidine, morpholine or

tris-(2-hydroxyethyl)amine.

Some compounds of the formula (I) may have ch1ral centres and/or geometric

. isomeric centres (E- and Z- isomers), and it is to be understood that the invention

encompasses all such optical, diastereoisomers and geometric isomers that possess B-Raf
inhibitory activity. The invention further relates to any and all tautomeric forms of the
compounds of the formula (I) that possess B-Raf inhibitory activity.

" Itis also to be understood that certain compounds of the formula (I) can exist in
solvated as well as unsolvated forms such as, for example, hydrated forms. It is to be
understood that the invention encompasses all such solvated forms which possess B-Raf

inhibitory activity.
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Particular values of variable groups are as follows. Such values may be used where

appropriate with any of the definitions, claims or embodiments defined hereinbefore or

" hereinafter.

Ring A is carbocyclyl.

Ring A is heterocjzclyll.

Ring A heterocyelyl; wherein if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by' a group selected from R®.

Ring A heterocyclyl; wherein if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substitufed by a group selected from R®; wherein R® is Cisalkyl.

Ring A is phenyl, thienyl, pyridyl or thiazolyl.

Ring A is phenyl, thienyl, pyridyl, thiazolyl, isoxazolyl, furyl, 1,3-benzodioxolyl,
pyrazblyl indolyl, 2,3-dihydrobenzofuranyl, imidaié[l 2-alpyridinyl or pyrimidinyl; wherein

~said pyrazolyl may be optlonally substituted on mtrogen by a group selected from R®; wherein -

R%is C;. salkyl.
Ring A is phenyl, thienyl, pyridyl, thiazolyl, isbxazolyl, furyl, 1,3-benzodioxolyl,
pyrazolyl, indolyl, 2,3-dihydrobenzofuranyl, imidazo[1,2-a]pyridinyl or pyrimidinyl; wherein

said pyrazolyl may be optionally substituted on nitrogen by a group selected from R®; wherein

- R% is methyl or ¢-butyl.

20

Ring A is phenyl, thien-2-yl, thien-3-yl, pyrid-2-yl, pyrid-3-yl, pyrid-4-yl, thiazol-4-yl,
isoxazol-3-yl, 1,3-benzodioxol-5-yl, fur-2:yl, 1-methylpyrazol-3-yl, 1-methylpyrazol-5-yl, -
1-t-butylpyrazol-5-yl, indol-5-yl, indol-6-yl, 2,3-dihydr6benzoﬁ1ran-7-y1,

- imidazo[1,2-a]pyridin-2-yl or pyrimidin-4-yl.

25

30

Ring A is phenyl. .

R' is a substituent on carbon and is selected from halo, hydroxy; Ci.salkyl, C,.salkoxy
or C, 6alkoxycarbonyl wherein R' may be optionally substituted on carbon by one or more
R’; wherein

R’ is selected from halo, cyano, N,N-(C,. 6a1kyl)2armno or heterocyclyl R -; and

R? is selected from a dlrect bond. i

R'isa substltuent on carbon and is seledted from halo, hydroxy, cyano, sulphamoyl,
Ci.¢alkyl, Cy¢alkenyl, C.¢alkynyl, Ci.¢alkoxy, N, N—(Cl'-salkyl)zcarbamoyl, <C1_(,alkylS(O)a
wherein a is 0 to 2, Cy.alkoxycarbonyl, N-(Cy_salkyl)sulphamoyl,
N,N-(C,.¢alkyl);sulphamoyl, N-(C;.salkyl)-N-(C,.¢alkoxy)sulphamoyl, carbocyclyl- R7 or

heterocyclyl-R®-; wherein R' may be optionally substituted on carbon by one or more R’; and
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wherein if said heterocyclyl contains an -NH- moiety that nitrogen may be optionally
substituted by a group selected from R';

? is selected from halo, cyano, hydroxy, carboxy, C.salkyl, C1 -salkoxy,
N,N-(Csalkyl)2amino, N-(C,_galkyl)carbamoyl, N,N-(C,.¢alkyl),carbamoyl, C;_6alkylS(O)a
wherein a is 0 to 2, carbocyclyl-R*- ‘or heterocyclyl-R*-; wherein R® may be optionally
substituted on carbon by one or more R**; and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by a group selected from R%; |

R, RS, R* and R* are ihdependently» selected from a direct bond, -O-, -N(st)-,
-C(O)-, -S(O)s- or -N(R**)S0;-; wherein R? and R* are independently selected from
hydregen or Cy.¢alkoxycarbonyl; and s is 2; - o

"R and R* are 1ndependently selected from C, ¢alkyl;

R* is hydroxy.-

Rl'isa substituent on carbon and is selected frdm chloro, hydroxy, methyl, isopropyl,
methoxy, ethoxy or methoxycarbonyl; wherein R' may be optlonally substltuted on carbon by
one or more R’; wherein | '

R’ is selected from fluoro, cyano, dimethylamino or pyrrolidinyl.

R! fs a substituent on carbon and is selected from fluoro, chloro, bromo, hydroxy,
cyano, sulphamoyl, methyl, ethyl, propyl, isopropyl, 1,1-dimethylpropyl, -butyl, ethenyl,
1,1-dimethylprop-2-ynyl, 3,3-dimethylbut-1-ynyl, propynyl, 3-methylbut-1-ynyl, methoxy,
ethoxy, propoxy, N, N- -dimethylcarbamoyl, mesyl, methoxycarbonyl, N-(methyl)sulphamoyl,
N-propyl-N-methylsulphamoyl, N, N-dimethylsulphamoyl,
N-(methyl)-N—(methoxy)s_ulphamoyl, cyclopropyl-R’-, azetidinyl-R®-, morpholino-R®- or
piperidinyl-R®-; wherein R! may be optionally substituted on carbon by one or more R9; and
wherein said piperidinyl may be optionally substituted on nitrogen by a group selected from
R

' R’ is selected from fluoro, cyano, hydroxy, carboxy, methyl, mefhoxy, dimethylamino,
N-(methyl)carbamoyl, N,N-dimethylcarbamoyl, methyithio mesyl, cyclopropyl-R*-, |
piperazinyl- R 2., morpholino-R%- , tetrahydrofuranyl-R*-, piperidinyl-R%- azepanyl R®- 0
pyrrohdmyl R*-; wherein R may be optionally substituted on carbon by one or more R24
and wherein said plperazmyl or pyrrolidinyl may be optionally substituted on nitrogen by a
group selected from R*’; | ’
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R’, R®, R* and R” are independently selected from a direct bond, -O-, -N(R%)-,
-C(0)-, -S(0)s- or -N(R*"S0,-; wherein R?® and R*® are independently selected from

‘hydrogen or t-butoxycarbonyl; and s is 2;

leo and R* are selepted,from methyl;
R¥ is hydroxy.

_ R' is a substituent on carbon and is selected'ﬁom' 1-methyl-1-cyanoethyl,
triﬂuorbmethyl, chloro, methoxycarbonyl, 2-dimethylaminoethoxy, methoxy, hydroxy and
2-pyrrolidin-1-ylethoxy. |

R is a substituent on carbon and is selected from fluoro, chloro, bromo, hydroxy,
cyano, sulphamoyl, methyl, trifluoromethyl, cyclopropylaminomethyl, methylthiorlnethyl,i .
mesylmethyl, dimethylaminomethyi, 1-(cyclopropyl)-1 —hydroxymethyl,
N-cyclopropyl-N-(¢-butoxycarbonyl)aminomethyl, l-methylpiperazin—4~ylmethyl,
1-hydroxy-1-cyclopropylethyl, l-met'hyl-ll -cyanoethyl, 2-methoxy-1,1-dimethylethyl,
1-carboxy-1-methylethyl, 1,1-difluoroethyl, 2-(dimethylamino)-l ,1-dimethyl-2-oxoethyl,
3-(dimethylamino)propyl, 1,1-dimethylpropyl, #-butyl, methoxy, _
N-methylcarbamoylmethoxy, 2-(dimethy1amin0)ethoky, 2-(pyrrolidin-1-yl)ethoxy,
2-(methoxy)ethoxy, 2-(1 -methylpyrrolidin—Z-yi)ethoxy, 2-(piperidin-1-yl)ethoxy,
2-(azepan-1-yl)ethoxy, 2-(morpholino)ethoxy, 3-(1-methylpiperazin-4-yl)propoxy,

~methoxycarbonyl, morpholinocarbonyl, N,N-dimethylsulphamoyl,

20 .
. l-methylpiperidin-4-yloxy, N, N-dimethylcarbamoyl, cyclopropyl, piperidin-1-yl, morpholino, .

N-(2,3—dihydroXypropyl)—N—methylsulphamoyl, N-(methyl)-N-(methoxy)sulphamoyl,

1-cyclopropylethenyl, 3-(4-methylpiperazin-1-yl)prop-1-yn-1-yl, 3,3-dimethylbut-1-yn-1-yl,
cyclopropylethynyl, 3-hydroxy-3-methylbut-1-yn-1-yl, 1,1 -dimethylp;op-2-yn— 1-yl,

. 3-(dimethylamino)prop-1-yn-1-yl, mesyl, cyclopropylaminosulphonyl,

25

30

azetidin-1-ylsulphonyl, morpholinosulphonyl, tetrahydrofur-2-ylmethylaminosulphbnyl, '
2-(hydroxymethyl)piperidin-1-ylsulphonyl, 3-(hydroxymethyl)piperidin-1 -ylsulphonyi or
4-(hydroxymethy1)pip eridin-1-ylsulphonyl.
» R' is a substituent on carbon and is selected from 1-methyl-1-cyanoethyl.

n is selected from 0-2; wherein the values of Rl may be the same or different.

n is selected from 1-2; wherein the values of R' may be the same or différent.

nis2. '

nis 1.

nisO0.
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R? is selected from hydrogen.
X is NR®.
X1s 0.
- Xis NR" or O; wherein
5 - R 1s selected from hydrogen or C1 salkyl; wherein R15 may be optlonally substituted
on carbon by one or more R
R? is selected from carbocyclyl-Rzz-;
R* is a direct bond.
X is NR" or O; wherein
10 RY s selected from hydrogen or methyl; wherein R'> may be optionally substitﬁted on
. carbon by one or more R*; |
R* is Selected from cyclopropyl.
Xis NR15 or O; wherein
R" is selected from hydrogen, methyl or cyclopropylmethyl
15 . oneofA,E, G and J is C which is attached to X of formula (I); the other three are all
CR' or two are CR'® and one is N.
one of A, E, Gand J is C Wthh is attached to X of formula (I); the other three are all
CR'® or two are CR'® and one is N; wherein R'® is hydrogen.
_ G i1s C which is attached to X of formula (I).
20 E is C which is attached to X of formula (I).
A and J are CR'® wherein R'® is hydrogen.
R'® is hydrogen.
Eis CR".
Eis N.
25 " Gis CR'.
 is hydrogen or Ci.salkyl.
R’ is selected from hydrogen Ci.salkyl, N-(C,.¢alkyl)amino, N,N-(C,.alkyl),amino or
C1.6alkylS(O), wherein a is 0; wherein R? may be optionally substituted on carbon by one or
~ more ng; wherein ‘ |
30 v R" is hydroxy.
R’ is selected from hydrogen, methyl, N-(ethyl)amino, N,N-dimethylamino or
methylthio; wherein R® may be optionally substituted on carbon by one or more R'%; wherein

R" is hydroxy.
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R’ is hydrogen or methyl.”

R’ is selected from hydrogen, methyl, N-(2- hydroxyethyl)ammo N,N-dimethylamino
or rnethylthxo '

RYis selected from hydrogen or C.salkyl; wherein R* may be optlonally substituted on
carbon by one or more R ; wherein

R* is selected from hydroxy, carbocyclyl R*- or heterocyclyl-R B_; wherein R*' may
be optionally substituted on carbon by one or more R?*,;

R* and R® are a direct bond;

R** is methyl.

R*is selected from hydrogen, C, 6a1kyl or carbocyclyl wherein R may be optionally -
substituted on carbon by one or more R*';

R?! is selected from hydroxy, amino, C, (,alkoxycarbonylammo carbocyclyl-R Zor

heterocyclyl-R?-; wherein R*' may be optionally substituted on carbon by one or more R*;
. yely _

and wherein if said heterocyclyl contains an -NH- moiety that nitrogen may be optiOﬁally
substituted by e group selected from R%; |
R* and R® are a direct bond; '
’ R24 is methyl; and
 is Cy.¢alkyl or benzyloxycarbonyl.
- R%is selected from hydrogen, methyl, ethyl or propyl wherein R* may be optionally
substituted on carbon by one or more R*; wherein .
R*! is selected from hydroxy, cyclopropyl, 1,3-diox61any1 or morpholino; wherein R*!
may be optionally substituted on carbon by one or more R*;
R* is methyl. | ‘
R* is selected from hydrogen, metl-lyl, ethyl, propyl or cyclopropyl; wherein R* may be
optionally substituted on carbon by one or more R*; A
R?*! is selected from hydroxy, amino, t-butoXycarboriylamino, cyclopropyl,
l;3-dioxolan-4-y1, piperidinyl or morpholino; wherein R*! may be optionally substituted on

carbon by one or more R?**; and wherein said plpendmyl may be optionally substituted on

nitrogen by a group selected from R*’;

" R*is methyl; and
R% is methyl or benzyloxycarbonyl.
R* is hydrogen, methyl, ethyl, 3-morpholinopropyl, cyclopropylmethyl,
2,2-dimethyl-1,3-dioxolan-4-ylmethyl, 2,3-dihydroxypropyl or 2-hydroxyethyl.
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R* is selected from hydrogen, methyl, 1-methylpiperidin-3-ylmethyl,
cyclopropylmethyl, 2,2-dimethyl-1,3-dioxolan-4-ylmethyl, piperidin-4-ylmethyl,
1-benzyloxycarbonylpipidin-4-ylmethyl, ethyl, 2-hydroxyethyl, 3-aminopropyl, |
3-(t-butoxycarbonylamino)propyl, 3-morpholinopropyl, 2,3-dihydroxypropyl and
cyclopropyl. | ‘ »

the bond “ ™ "between the -NR’- and -CR- of formula (I) is a single bond wherein

R’ is as defined above.

the bond “ ™ “hetween thé -NR’- and -CR3— of formula (i) is a double bond wherein
R’is abseﬁt. 4

. Therefore in a further aspect of the invention there is provided a compound of formula
@) (as dep1cted above) wherein:

Ring A is carbocyclyl or heferocyclyl; -‘

- R'is a substituent on carbon and is selected from halo, hydroxy, Calkyl, C;.salkoxy
or C;.¢alkoxycarbonyl; wherein R' may be optionally substituted on carbon by one or more
R’: ° , . .

n is selected from 1-2; wherein the values of R' may be the same or different;

R?is selected from hydrogen; | '

? is hydrogen or C. 5alky1

R* is selected from hydrogen or Cy.galkyl; wherem R* may be optlonally substituted on
carbon by one or more R*;

X is NR" or O;

one of A,E,GandJisC Wthh is attached to X of formula (I); the other three are all
CR'S or two are CR]6 and one is N

the bond * ~ ”between the NR5 and CR of formula (I) is a double bond whereln

R’ is absent;
. R’ is selected from halo, cYano N,N- (Cl salkyl),amino or heterocyclyl-R%-;
A R" is selected from hydrogen or C.¢alkyl; wherein R"’ may be optionally substituted

on carbon by one or more R*;

R? is selected from hydroxy, carbocyclyl-R*- or heterocyclyl R”-; wherem R*! may
be optionally substltuted on carbon by one or more R**;

R* and R? are a direct bond;

R* is methyl;
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or a pharmaceutically acceptable salt thereof. ‘

Therefore in a further aspect of the invention there is provided a compound of formula
(D) (as depicted above) wherein:

‘Ring A is carbocyclyl or heterocyclyl;

~ Rlisa substituent on carbon and is selected from halo, hydroxy, C,ealkyl, C,salkoxy
or C; galkoxycarbonyl; wherein R' may be optionally substituted on carbon by one or more
R’;
- nis selected from 1-2; wherein the values of R' may be the same or different;

R? is selected from hydrogen; . '

R?is hydrogen or C,; galkyl;

R*is selected from hydrogen or Cy.salkyl; wherein R* may be optlonally substituted on

' carbon by one or more Rz1

X is NR" or O;
one of A, E, G and J is C which is attached to X of formula (T); the other three are all
CR' or two are CR1 and one is N

the bond « " “hetween the -NR5 and CR of formula (I) is a double bond wherein
% is absent; ‘

R’ is selected from halo, cyano, N,N-(C;. (,alkyl)zamino or heterocyclyl-R*-;

R" is selected from hydrogen or C1 salkyl; wherein R"? ‘may be optionally. substltuted
on carbon by one or more R*;

R is hydrogen » ‘

R*! is selected from hydroxy, carbocyclyl-R*- or heterocyclyl-R*- wherem R21 may
be optlonally substituted on carbon by one or more R**;

22 and R® are a direct bond;

R24 is methyl,
or a pharmaceutically aeceptable salt thereof. ,

Therefore in a further aspect of the invention there is provided a compound of formula
(I) (as depicted above) wherein: '

Ring A carbocyclyl or heteroeyclyl; wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by a group selected from R6;

, ' R' is a substituent on carbon and is selected from halo, hydroxy, cyano, sulphamoyl,

Ci.salkyl, Cy.¢alkenyl, C_z.galkynyl,' Ci.salkoxy, N,N-(C,.salkyl);carbamoyl, C;.salkylS(O),
wherein a is 0 to 2, Cy.alkoxycarbonyl, N-(Cy_salkyl)sulphamoyl,
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N,N-(C.¢alkyl),sulphamoyl, N-(C.salkyl)-N-(Cy.alkoxy)sulphamoyl, carbocyclyl-R’- or

: heteroc clyl-R®-; wherein R' may be o tionally substituted on carbon by one or more R’; and
: y y p
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wherein if said heterocyclyl contains an -NH- moiety that nitrogen may be optlonally
substituted by a group selected from R'%
n s selected from 0-2; wherein the values of R' may be the same or different;
R? is hydrogen;
- Xis NR" or O;
| “one of A E, Gand Jis C which is attached to X of formula (I); the other three are all
CR'® or two are CR'® and one is N;

R is selected from hydrogen, C, 6alky1 N—(C1 -salkyl)amino, N,N-(C, 6a1kyl)2am1no or
C\.salkylS(0), wherein a is 0; wherein R? may be optlonally substituted on carbon by one or
more R";

R* is selected ﬁom hydrogen, C,; 6alkyl or carbocyclyl wherein R* may be optlonally

substltuted on carbon by one or more R*';

the bond « ™ "between the -NR’- and -CR>- of formula (I) is a double bond wherein

'R’ is absent;

RSis Ciealkyl; _
R’ is selected from halo, cyano, hydroxy, carboxy, Ci.salkyl, C;.salkoxy,

N, N-(C1 salkyl),amino, N-(C,.¢alkyl)carbamoyl, N,N-(C, 6alkyl)zcarbamoyl Ci.6alkylS(0O),

wherein a is 0 to 2, carbocyclyl R*%- or heterocyclyl-R%-; wherein R’ may be optionally
substituted on carbon by one or more R*; and wherein if said heterocyclyl contains an -NH- ‘ )
moiety that nifrogen may be optionally substituted by a group selected from R%;

| R, R®, R* and R® are independently selected from a direct bond, -O-, -N(R26)-,.

-C(0)-, -S(0)s- or -N(R*)S0,-; wherein R?® and R*® are independently selected from -

hydrogen or C,.salkoxycarbonyl; and s is 2;
R' and R are independently selected from Ciealkyl or benzyloxycarbonyl
R" is selected from hydrogen or C1.¢alkyl; wherein R'® may be optionally substituted
on carbon by one or more RZI; '
16 is hydrogen;
% is hydroxy; | _
R?! is selected from hydroxy, amino, Cl.salkoxycarbonylamino, carbocyclyl-R*- or

heterocyclyl-R**-; wherein R*' may be optionally substituted on carbon by one or more R*,;
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and wherein if said heterocyclyl contains an -NH- moiety that nitrogen may be optionally

‘substituted by a group selected from R*; and

R* is hydroxy or methyl;

- or a‘pharmaceutically acceptable salt thereof.

Therefore in a further aspect of the invention there is provided a compound of formula
(D) (as depicted above) wherein: -

“Ring A is phenyl, thienyl, pyridyl or tﬂiazolyl;

R! is a substituent on carbon and is selected frorh 1-methyl-1-cyanoethyl,
trifluoromethyl, chloro, methoxycarbony.l, 2-dimethylaminoethoxy, methoxy, hydroxy and
2-pyrrolidin-1-ylethoxy; . - ’ ‘ o

n is selected from 1-2; Wher_ein. the values of R' may vl')e the same or different;

R%is hydrogen; |

X is NR" or O;

one of A, E, G and J is C which is attached to X of formula (I); the other three are all
CR'® or two are CR'® and one is N;

?is hydrogen or methyl;

R*is hydrogen, methyl, ethyl, 3-morpholinopropyl, cyclopropylmethyl

2,2-dimethyl-1,3-dioxolan-4-ylmethyl, 2,3-d1hydroxypropyl or 2-hydr0xyethyl; and

the bond “ ~ "between the -NR’- -and -CR?- of formula (I) is a double bond wherein
Sis absent; ‘
R 1s selected from hydrogen, methyl or cyclopropylmethyl;
ora pharmaceutlcally acceptable salt thereof |

Therefore in a further aspect of the 1nvent10n there is provided a compound of formula

" (I) (as depicted above) wherein:

Ring A is phenyl, thienyl, pyridyl or thiazolyl;

R' is a substituent on carbon and is selected from 1-methyl-1-cyanoethyl,
triftuoromethyl, chloro, methoxycarbonyl, 27dimethylamihoethoxy, methoxy, hydroxy and
2-pyrrolidin-1-ylethoxy; | |

n is selected from 1-2; wherein the values of R' may be the same or different;

R?is hydrogen;

X isNR" or O;

one of A, E, G and J is C which is attached to X of formula (I); the other three‘are all
CR' or two are CR'® and one is N; |
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R® is hydrogen or methyl,
R* is hydrogen, methyl, ethyl, '3-morpholinoprop'yl, cyclopropylmethyl,

2,2-dirriethyl—1,3~dioXolan-4-y1methyl, 2,3-dihydroxypropyl or 2-hydroxyethyl;

10

15

20

25

30.

the bond “ ™~

"between the -NR’- and -CR>- of formula (I) is a double bond wherein
R’ is absent;l |

R" is selected from hydrogen, methyl or cyclopropylmethyl;

R'® is hydrogen; | ”
ora pharmaceutically acceptable salt thereof.

Therefore in a further aspect of the 1nvent10n there is provxded a compound of formula

‘(I) (as depicted above) wherein:

"Ring A is phenyl, thien-2-yl, thien- 3-y1 pyr1d-2 yl, pyrid- 3-yl pynd 4-yl, th1azol-4-yl,
isoxazol-3-yl, 1,3-benzodioxol-5-yl, fur-2-yl, 1-methylpyrazol-3-yl, 1-methylpyrazol-5- yl
1-t-butylpyrazol-5-yl, indol-5-yl, indol-6- yl, 2,3- dlhydrobenzofuran -7-yl,
imidazo[1 ,2-a]pyr1d1n-2-yl or pyrimidin-4-yl;

| R! is a substituent on éarbon ahd is selected from fluoro, chloro, bromo, hydrbxy,
cyano, sﬁlphamoyl, methyl, trifluoromethyl, cyclopropylaminomethyl, methylthiomethyl,
mesylmethyl, dimethylaminomethyl, 1-(cyclopropyl)-1-hydroxymethyl,
N-cyclopropyl-N-(t-butoxycarbonyl)aminomethyl, 1-methylpiperazin-4-ylmethyl,
1-hydroxy- 1.-cycllopropvylethyl, 1-methyl-1-cyanoethyl, 2-methoxy-1,1-dimethylethyl,
1-carboxy-1-methylethyl, 1,1-difluoroethyl, 2-(dimethy1amin6)-1 ,1-dimethyl-2-oxoethyl,
3-(dimethylamino)propyl, 1,1-dimethylpropyl, z-butyl, methoxy,
N-methylcarbaﬁloylmethoxy, 2-(dimethylamino)ethoxy, 2-(pyrrolidin-1-yl)ethoxy,
2-(methoxy)ethoxy, 2-(1 -methylpyrrolidin-2-yl)ethoxy, 2-(piperidin-1-yl)ethoxy,
2-(azepan-1-yl)ethoxy, 2-(morpholino)ethoxy, 3-(1-methylpiperazin-4-yl)propoxy,
methoxycarbonyl, morpholinocarbonylA, N,N—dimethylsulphﬁmoyl,
N-(2,3-dihydroxypr_opyl)-N-methylsulphainoyl, N-(methyl)-N-(methoxy)sulphamoyl,
1-methylpiperidin-4-yloxy, N, N-dimethylcarbamoyl, cyclopropyl, piperidin-1-yl, morpholino,
1-cyclopropylethenyl, 3;(4-methylpiperazin- 1-yD)prop-1-yn-1-yl, 3,3-dimethylbut-1-yn-1-yl,
cyclopropylethynyl, 3-Hydroxy-3-methylbut-1-yn-l-yl, 1,1-dimethylprop-2-yn-1-yl,
3-(dimethylamino)prdp- 1-yn-1 -yl‘, mesyl, cyclopropylaminosulphonyl,
azetidin- 1-ylsulphonyl, morpholinosulphonyl, tetrahydrofur-2-ylmethylaminosulphonyl,
2-(hydroxymethyl)piperidin-1-ylsulphonyl, 3-(hydroxymethyl)piperidin- 1-ylsulphonyl or

- 4-(hydroxymethyl)piperidin-1 ;ylsulphonyl;
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n is selected from 0-2; wherein the values of R' may be the same or different;
R is hydrogen;
X isNR" or O;
one of A, E, G and J is C which is attached to X of formula (I); the other three are all
5 CR!®or two are CR'® and one is N; _
R? 'is selected from hydrogen, methyl, N-(2-hydroxyethyl)amino, N, N-dimethylamino
- or methylthio; |
R* is selected from hydrogen, methyl, I-methylpiperidin-3-ylmethyl, |
cyclopropylmethyl, 2,2-dimethyl-1 ,3-dioxolan—4-ylmet}ryl, piperidin-4-ylmethyl,
10 - 1-benzyloxycarbonylpipidin-4-ylmethyl, ethyl, 2-hydroxyethyl, 3-aminopropyl,
: 3;(t-butoxycarbonylarnino)propyl, 3-morpholinopropyl, 2,3-dihydroxypropyl and
cyclopropyl; ' ‘ o

the bond © ~ “between the -NR’- and -CR- of formula (D) is a double bond wherein
- 'R’ is absent; and ‘ |
15 RY is selected from hydrogen, methyl or cyclopropylmethyl;
'R'® is hydrogen; o '
ora bharmaceutically acceptable salt thereof.
In another aspect of the invention, preferred compounds of the invention are any one
of Examples 1, 55, “69, 80, 85, 90,_ 95, 100, 103 or 111 or a pharmaceutically acceptable sélt
20 thereof. ' | -
In another aspeét_of the invention, preferred cbmpounds of the invention are any one
of the Examples or a pharmaceuticaﬂy acceptable salt thereof. |
Another aspect of the present invention provides a process for preparing a compound
. of formula (I) or a pharmaceutically acceptablé salt thereof which process (wherein variable |
25 are, unless otherwise specified, as defined in formula (I)) comprises of:

Process a) reacting an amine of the formula (II)
2

R
Me EI{S
N. _R3
O S hd
H,N x—+ || I
\\J N\R4



WO 2006/024834

-20-

with an acid of formula (I1X):

®R), OH

(1ID)

or an activated acid derivative thereof;

5 Process b) reacting a compound of formula (Iv):

Me

with an compound of formula (V):

R
N. _R3
Y
L+ |
O3y Mg
| 0
0 M

wherein L 1s a displaceable group;

L2

R
<R>@)L i

v

PCT/GB2005/003334

Process c) reacting a compound of formuila (VI) wherein L is a displaceable group:

Tz ‘

(VD)

15 wherein L is a displaceable group; with an coinpound of formula (VII):
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| o
Procesé d) for compounds of formula (I) wherein R* is no‘t hydrogen; reacting a corhpound of
formula (I) wherein R* is hydrogeﬁ with a compound of formuia (VIIL):

| RL

(VIID)

wherein L is a displaceable group and R* is not hydrogen;
Process e)' for compounds of formula (I) wherein X is NR'° and R"? is ~CH,-C;.¢alkyl
optionally substituted on carbon by one or"more R*'; reacting a compound of formula (I)

wherein X is NR'® and R"? is hydrogen with a corhpound of formula (IX):

oL

R" 'H
(IX)

wherein R" is C,_salkyl optionally substituted on carbon by one or more R?';

Process f) for compounds of formula (I) wherein X is NR'® and R" is not hydrogen,; reacting
a compound of formula (I) wherein X isNR'"> and R" is hydrogen with a compbund of
formula (X): | |
R"”-L
X)
wherein L is a displaéeable group and R" is not hydrogen;

and thereafter if necessary: }

i) converting a compound of the formula (I) into another compound of the formula (I);

ii) removing any protecting groups;

- 1ii) forming a pharmaceutically acceptable salt.

25

L is a displaceable group, suitable values for L are for example, a halo for example a

chloro or bromo.

Specific reaction conditions for the above reactions are as follows.
Process a) Amines of formula (II) and acids of formula (III) may be coupled together in

the presence of a suitable coupling reagent. Standard peptide coupling reagents known in the -
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art can be employed as suitable coupling reagents, or for example carbonyldiimidazole and
dicyclohexyl-carbodiimide, optionally in the presence of a catalyst such as
dirnethylaminopyridine or 4-pyrrolidinopyridine, optiorrally in the presence of a base for
example triethylamine, pyridine, or 2,6-di-alkyl-pyridines such as 2,6-lutidine or
2,6-di-tert-butylpyridine. Suitable solvents include dimethylacetamide, dichloromethene :
benzene, tetrahydrofuran and dimethylformamide. The coupling reaction may conveniently be
performed at a temperature in the range of -40 to 40°C.

Suitable activated acid derlvatrves include acid halides, for example acid chlor‘ides,
and active esters, for example pentafluorophenyl esters. The reaction of these types of

compounds with amines is well known in the art, for example they may be reacted in the ,

" presence of a base, such as those described above, and in a suitable solvent, such as those

described above. The reaction may conveniently be performed at a temperature in the range of
-40 0 40°C.

Amines of formula (II) may be prepared according to Scheme I

2.

: N -
: - 5
R ' ’ Conditions as Me ll{
Me Process b) & ) ' N. _R?} H,PdC
+ V) : g \( (1)
: . ON X+ | -
O,N XH - Oy Nige -
(la) | | @) O
| o : Scheme 1

Compounds of formula (I1a) and (LX) are commercially available compounds or they
are known in the literature or they may be prepared by standard processes known i in the art.
Process b) and Process ¢)  Compounds of formula (IV) and (V) and compounds of formula
(VD) and (VII) can be reacted together by coupling clrerru'stry utilizing‘ an appropriate catalyst
and ligand such as Pdy(dba); and BINAP respectively and a suitable base such as sodiurn tert-
butoxide. The reaction usually requires thermal conditions often in the range of 80 °C to
100 °C.

Compounds of fomrula (IV) may be prepared according to Scheme 2:
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9
2 R l I
R Conditions of - M
process a) 0 ¢ Deprotection
+ @ap — m
' N XP;
H,N XPg R, H o :
(IVa) (IVb)
Scheme 2

wherein Pg is a suitable protecting group.

Compounds of formula (VI) may be prepared according to Scheme 3:

2

2 ' . R
R , Conditions of ‘ M
: e
Me . process a) » 0
+ am — :
f N L
HN L R, H
5 (Via) (VIb)
~ Scheme 3

wherem Pg is a suitable protecting group.
~ Compounds of formula (IVa), (V), (VIa) and (VII) are cornmer01a11y available
compounds, or they are . known in the literature or they may be prepared by standard processes
10 known in the art.
Process d) Compounds of formula (I) and (VIII) can be reacted together in solvents such
as DMF or CH3CN in the presence of a base such as K,COj; or Cs,CO;. The reaction usually -
requires thermal conditions in the range of 50 °C to 100 °C.
~ Compounds of formula (VIII) are commercially available compounds, or they are
15 known in the literature or they may be prepared by standafd pfocesses known in the art.
Processe)  Compounds of formula (I) and (IX) can be reacted by standard reductive
amination chemistry utilizing an appropriate solvent such as THF, dichloroethane or CH;CN,
in a pH range of 6-8 using a reducing agent such as sodium triacetoxyborohydride or sodium
cyanoborohydride. The reaction is typically accomplished at 25 °C. This reaction can also be
20 échieved by utilizing formic acid. The reaction usually requires therfnal conditions such as 70
°C. A
Compounds of formula (IX) are commercially available compounds, or they are

known in the literature or they may be prepared by standard processes known in the art.
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Process f) Compounds of formula (I) and (X) can be reacted together in various solvents

such as DMF or CH;CN in the presence of a base such as K,CO; or Cs,COs. The reaction

- usually requires thermal conditions in the range of 50 °C to 100 °C. .

Compounds of formula (X) are commercially available compounds, or they are known
in the literature or they may be prepared by standard processes known in the art.

It will be appreciated that certain of the various ring substituents in the compoﬁnds of
the present invention may be introduced by standard aromatic substitution reactions or
generated by conventional functional group modifications either prior to or immediately
following the processes mentioned above, and as such are included in the process aspect of
the invention. Such reactions and modifications inélude, for example, introduction of a
substituent by means of an aromatic substitution réaction, redﬁgtion of substituents, alkylation -
of substituents and oxidation of substituents. The reagents and reaction conditions for such
procedures are well known in the chemical art. Particular examples of aromatic substitution
reactions include the introduction ofa nitro group using concentrated nitric acid, the
introduction of an acyl group uéing,' for example, an acyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group
using én alkyl halide and Lewis acid (s_uch as aluminium trichloride) under Friedel Crafts
conditions; and the introduction of a halogeho group. Particular examples of modifications
include the reduction of a nitro group to an amino groﬁp by for example, catalytic

hydrogenation with a nickel catalyst or treatment with iron in the presence of hydrochloric

- acid with heating; oxidation of alkylthio to alkylsulphinyl or alkylsulphonyl.

' It will also be appreciated that in some of the reactions mentioned herein it may be
necessary/desirable to protect any sensitive groups in the compounds. The iﬁstances where
protection is necessary or desirable and suitable methods for protection are known to. those
skilled in the art. Conventional protecting groups may be used ir; acéoi‘dance with standard
practice (for iilustration see T.W. Green, Protective Groups in Organic Synthesis, John Wiley
and Soﬁs, 1991). Thus, if reactants include groups such as amino, carboxy or hydroxy it may
be desirable to protect the group in some of the reactions mentiohed herein.

A suitablé protecting group for an amino or alkylamino group is, for example, an acyl
group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group, for example a
methoxycarbonyl, ethoxycarbonyl or -butoxycarbonyl group, an arylmethoxy_carbonyl group,
for example benzyloxycarbonyl, or an aroyl group, fdr example benzbyl. The depro’tecﬁon

conditions for the above protecting groups necessarily vary with the choice of protecting
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group. Thus, for example, an acyl group such as an alkanoyl or alkoxycarbonyl group or an
aroyl group may be removed for example, by hydrolysis with a suitable base such as an alkali
metal hydroxide, for example lithium or sodium hydroxide. Alternatively an acyl .group such

as a t-butoxycarbonyl group may be removed, for example, by treatment with a suitable acid

as hydrochloric, sulphuric or phosphoric acid or trifluoroacetic acid and an

arylmethoxycarbonyl group such as a benzyloxycarbonyl group may be removed, _for
example, by hydrogenation over a catalyst such as palladium-on-carbon, or by treatment with
a Lewis acid for example boron tris(trifluoroacetate). A suitable alternative protecting gfoup |
for a primary amino group is, for example, a phthaloyl group which may be removed by ‘
treatment with an alkylamine, for example dimgthylaininopropylamine, or with hydrazine.

* A suitable protecting group for a hydroxy group is, for example, an acyl group, for

example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an -

~ arylmethyl group, for example benzyl. The deprotection conditions for the above protecting -

grotips will necessarily vary with the choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with
a suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide.

Alternatively an arylmethyl group such as a benzyl group may be removed, for example, by .

‘hydrogenation over a catalyst such as palladium-on-carbon. .

A suitable protecting group for a carboxy group is, for example, an esterifying group,

for example a methyl or an ethyl group which may be removed, for example, by-hydrolysis

~ with a base such as sodium hydroxide, or for'exiample a t—bufyl group which may be removed, -

for example, by treatment with an acid, for example an organic acid such as trifluoroacetic
acid, or for exampie a benzyl group which may be removed, for example, by hydrogenation
over a catalyst sﬁch as palladium-on-carbon. o

The protecting groups may be removed at any convenient stage in the synthesis using
conventional techniques well known in the chemical art.

As stated hereinbeforé the éompounds defined in the present invention possesses
anti-cancer activity which is believed to arise from the B-Raf inhibitory activity of the
compound. These properties may be assessed, for example, using the procedure set out
below:- '

B-Raf in vitro ELISA assay

Activity of human recombinant, purified wild type His-B-Raf protein kinase was

determined in vitro using an enzyme-linked immunosorbent assay (ELISA) assay format,
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which measures phosphorylation of the B-Raf substrate; Human recombinant, purified
His-derived (detagged) MEK 1. The reaction utilized 2.5nM B-Raf, 0.15pM MEK1 and 10uM
adenosine triphosphate (ATP) in 40mM N-(2-hydroxyéthyl)piperazine-N’-(2aethanesulfonic
acid hemisodium salt (HEPES), SmM 1,4-dithio-DL-threitol (DTT), 10mM MgCl,, ImM
ethylenediaminetetraacetic acid (EDTA) and 0.2M NaCl (1x HEPES buffer), with or without
compound at various concentrations, in a total reéction volume of 25pl in 384 well plates. B-
Raf and compound were preincubated in 1x HEPES buffer for 1 hour at 25 °C. Reactions
were initiated with addition of MEK1 and ATP in 1x HEPES buffer and incubated at 25°C
for 50 minutes and reactions stopped by addition of 10ul 175mM EDTA (final concentration
50mM) in | x HEPES buffer. 5ul of the assay mix was then diluted 1:20 into 50mM EDTA in
1 x HEPES buffer, transferred to 384 well blaqk high protein binding plates and incubated for
12 h at 4 °C. Plates were washed in tris buffered saline containing 0.1% Tween20 (TBST),
blocked with 50p1 Superblock (Pierce) for 1 hour at 25 °C , washed in TBST, incubated with
50ul rabbit polyclonal anti-phospho-MEK antibody (Cell Signaling) diluted 1:1000 in TBS
for 2 h at 25 °C , washed with TBST, incubated with 50pl goat anti-rabbit horseradish
peroxidase -linked antibody (Cell Signaling)'diluted 1:2000 in TBS for 1 hour at 25 °C and
washed with TBST. 50lpl of fluorogenic peroxidase substrate (Quantablu - Pierce) was added
and following incubation for 45-60 mins, S0ul QuantabluSTOP (Pierce) was added. Blue
fluorescent product wa§ detected at excitation 325 nm and emission 420 nm using a TECAN
Ultra plate reader. Data was graphed and ICses calculated using Excel Fit (Microsoft). |
When teéted in the above in vitro assay, the compounds of the present invention

exhibited activity less than 30 uM. For example the following results were obtained:

Example No ' ICso (uM) -
4 - 10.186

7 ' : : 0.347

33 | ’ 1.93

According to a further aspect of the invention there is provided-a pharmaceutical
composition which comprises a compound of the formula (I), or a pharmaceutically
acceptable salt thereof, as defined hereinbefore, in associatibn with a
pharmaceutically-acceptable diluent or carrier.

The composition may be in a form suitable for oral administration, for example as a

tablet or capsule, for parenteral injection (including intravenous, subcutaneous, intramuscular,
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intravascular or infusion) as a sterile so'lution; suspension or emulsion, for topical
administration as an ointment or cream or for rectal administration as a suppository.

In general the above compositions may be prepared in a conventional manner using
conventional excipients. '

The compound of formula (I) will normally be administered to a warm-blooded
animal at a unit dose within the range 1-1000 mg/kg, and this normally provides a
therapeutically-effectivé.dése. Preferébly a daily dose in the range of 10-100 mg/kg is
employed. However the daily dose will necessarily be varied depending upon the host treated,
the particular route in administration, and the severity of the illness being treated.
Accordingly the op.timum dosage may be determined by the practitioner who is treating any
particuiar patient. _ | |

- According to a further aspect of the present invention there is provided a.compound of

the formula (I), or a pharmaceutically acceptable salt thereof, as defined hereinbefore for use

‘ina method of treatment of the human or animal body by therapy.

We have found that the compounds defined in the present invention, or a
pharmaceutically acceptable salt thereof, are effective anti-cancer agents which bropeﬁy is
bel'ieved.to arise from their B-Raf inhibitory properties. Accordingly the compounds of the
present invention are expected to be useful in the treatment of diseases or medical conditions
mediated alone or in part by B-Raf, i.e. the compounds may be used to produce a B-Raf
inhibitory effect in a warm-blooded animal in need of such treatment.

Thus the compounds of the present invention provide a method for treating cancer
characterised by inhibition of B-Réf, i.e. the compounds may be used to produce an anti-
cancer effect mediated alone or in part by the inhibition of B-Raf. . |

Such a compound of the invention is expected to possess a wide range of anti-cancer
properties as activating mutations in B-Raf have been observed in many human cancers,
including but not limited to, melanoma, papillary thyroid tumours, cholangiocarcinomas,
‘colon, ovarian and lung cancers. Thus it is expected that a compound of the invention will
possess anti-cancer activity against these cancers. It is in addition expected that a compound
of the present invention will possess activity against a fange of leukaemias, lymphoid
mélignancies and solid tumours such as carcinomas and sarcomas in tissues such as the liver,
kidney, bladder, prostate, breast and pancreas. In particular such compounds of the invention
are expected to slow advantageously the growth of primary and recurrent solid tumours of, for

example, the skin, colon, thyroid, lungs and ovaries. More particularly such compounds of the
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invention, or a pharmaceutically acceptable salt thereof, are expected to inhibit the growth of
those primary and recurrent solid tumours which are associated with B-Raf, especially those
tumours which are significantly dependent on B-Raf for their growth and spread, including
for example, certain tumours of the skin, colon, thyroid, lungs and ovaries. Particularly the
compounds of the present invention are useful in the treatment of melanomas.

- Thus according to this aspect of the invéntion there is provided a compouﬁd of the

formula (I), or a pharmaceutically acceptable salt thereof, as defined hereinbefore for use as a

medicament.
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According to a further aSpect of the invention there is provided the use of a compound
of the formula (I), or a pharmaceutically acceptable salt thereof, as defined hereinbefore in the
manufacture of a medicament for use in the production of a B-Raf inhibitory. effect in a
warm-blooded animal such as man. |

ACcofding to this aspect of the invention there is providéd the use of a compound of
the formula (I), or a pharmaceutically acceptable salt thereof, as defined hereinbefore in the
manufacture of a medicament for use in the production of an anti-cancer effect in a |
warm-blooded animal such as.man.

According to a further feature of the ihvention, there is provided the use of a
compound of the formula (I), or a pharmaceutically acceptable salt thereof, as defined herein
before in the manufacture of a medicament for use in the treatment of melanoma, papillary
thyroid tumours, cholangiocarcinomas, colon cancer, ovarian cancer, lung cancer, leukaemias,
lymphoid malighan_cies, carcinomas and safcomas in the liver, kidney, bladder, prostate,
breast and pancreas, and primary and recurrent solid tumours of the skin, colon, thyroid, lungs |
and ovaries.. |

According to a further aspect of the invention there is provided the use‘ of a compound
of the formula (I), or a pharmaceutically acceptable salt thereof, as déﬁned hereinbefore in the
production of a B-Raf inhibitory effect in a warm-blooded animal such as man.

According to this aspect of the invention there is provided the use of a compound of
the formula (I), or a pharmaceutically acceptable salt thereof, as defined hereinbefore in the
production of an anti-cancér effect in a warm-blooded animal such as man. |

According to a further feature of the invention, there is provided the use of a
compound of the formula (I), or a pharmaceutically acceptable salt thereof, as defined herein
before in the treatment of melanoma, papillary thyroid tumours; cholangiocarcinomas, colon

cancer, ovarian cancer, lung cancer, leukaemias, lymphoid malignancies, carcinomas and
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sarcomas in the liver, kidney, bladder, prostate, breast and pancreas, and primary and
recurrent solid tumours of the skin, colon, thyroid, lungs and ovaries.

According to a further feature of this aépéct of the invention there is provided a
method for producing a B-Raf inhibitory effect in a warm-blooded animal, such as man, in -
need of such treatment which comprises administering to said animal an éffective_ amount of a
compound of formula (I), or a pharmaceutically acceptable salt thereof, as defined above.

According to a furtl_ier feature of this aspect of the invention there is provided a
method for producing an anti-cancer effect in a warm-blooded animal, such as man, in need of
such treatment which comprises administering to said animal an effective amount of a
compound of formula (I), or a pharmaceutically acceptable salt thereof, as defined above.

According to an additicj)nal.feature of this aspect of the invention there is provided a
method of treating melanoma, papillary thyroid tumours, cholangiocarcinomas, colon cancer,
ovarian cancer, lung cancer, leukaemias,'lymphoid'malignancies, carcinomas and sarcomas in

the liver, kidney, bladder, prostate, breast and pancreas, and primary and recurrent solid

‘tumours of the skin, colon, thyroid, lungs and ovaries, in a warm-blooded animal, such as

man, in need of such treatment which comprises administe'ring' to said animal an effective
amount of avvcompound of formula (I) or a pharmaceutically acceptable salt thereof as defined
herein before. '

In a further aspect of the inventidnn there is provided a pharmaceﬁtical'composition
which comprises a compound of the formula (I), or a pharmaceutically acceptable salt thereof,
as defined herein before in association with a pharmaceutically-acceptable diluent or carrier
for use in the production of a B-Raf inhibitory effect in a warm-blooded animal such as man.

In a further aspect of the invention there is provided a pharmaceutical composition
which comprises a compound of the formula (I), or a pharmaceutically acceptable salt thereof,'
as defined herein before in association with a pharmaceutically-acceptable diluent or carrier
for use in the production of an anti-cancer effect in a warm-biodded animal such as man.

In a further aspect of the invention there is provided a pharmaceutical composition
which comprises a compound of the formula (I), or a pharmaceutically acceptable salt thereof,

as defined herein before in association with a pharmaceutically-acceptable diluent or carrier

for use in the treatment of melanoma, papillary thyroid tumours, cholangiocarcinomas, colon

cancer, ovarian cancer, lung cancer, leukaemias, lymphoid malignancies, carcinomas and

sarcomas in the liver, kidney, bladder, prostate, breast and pancreas, and primary and
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recurrent solid tumours of the skin, colon, thyroid, lungs and ovaries in a warm-blooded

animal such as man.

The B-Raf inhibitory treatment defined hereinbefore may be applied as a sole therapy
or rﬁay involve, in addition to the compound of the invention, conventional surgery or
radiotherapy or chemotherapy. Such chemotherapy may include one or more of the following
categories o'f anti-tumour agents :-

(i) - antiproliferative/antineoplastic drugs-and combinations thereof, as used in medical
oncology, such as alkylating agents (for example cis-platin, carboplatin, cyclophosphamide,
nitrogen mustard, melphalan, chlorambucil, busulphan and nitrosoureas); antimetabolites (for
example antifolates such as fluoropyrimidines like S-ﬂuofouracil and tegafur, raltitrexed,
methotrexate, cytosine arabinoside aﬁd hydroxyurea; antitumour antibiotics (for example
énthracyclines like adriamycin, bleomycin, doxorubicin, dauhornycin, epirubicin, idarubicin,
mitomycin-C, dactinomycin and mithramycin); antimitotic agents (for example vinca
alkaloids like vincristine,_vinblasting, vindesine and vinorelbine and taxoids like taxol and
taxotere); and topoisomerase inhibitors (for example epipodophyllotoxins like etopoéide and
teniposide, amsacrine, topotecan and camptothecin); | '

(i1) cytostatic agents such as ‘antibestr(_)gens (for example tamoxifen, toremifene,
raloxifene, droloxifene and iodoxyfene), oestrogen receptor down regulators (for example
fulvestrart), antiahdrogens (for example bicalutamide, flutamide, nilutamide and cyproterone
acetate), LHRH antagonists or LHRH agonists (for example goserelin, leuprorelin and
busérelin), progestogens (for example megestrol acetate), aroniatase inhibitors (for example
as anastrozole, letrozole, vorazole and exemestane) and i_nhibitors'of Sa-réductase such as
finasteride; | .

(i)  Agents which inhibit cancer cell invasion I(for example metalloproteinﬁse inhibitors
like marimastat and inhibitors of urokinase plasminogen activator receptor function);

(iv)  inhibitors of growth factor function, for example such inhibitors include growth factor
antibodies, growth factor feceptor antibodies (for example the anti-erbb2 antibody
trastuzumab [Herceptin™] and the anti-erbb1 antibody cetuximab [C225]), farnesyl

transferase inhibitors, MEK inhibitors, tyrosine kinase inhibitors and serine/threonine kinase

‘inhibitors, for example inhibitors of the epidermal growth factor family (for example EGFR

family tyrosine kinase inhibitors such as N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-
morpholinopropoxy)quinazolin-4-amine (gefitinib, AZD1839), N-(3-ethynylphenyl)-6,7-
bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib, OSI-774) and 6-acrylamido-N—(3-chloro-'
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4-fluorophenyl)-7-(3-morpholinopropoxy)quinazolin-4-amine (CI 1033)), for example
inhibitors of the platelet-derived growth factor family and for example inhibitors of the
hepatocyte growth factor family;

V) antiaﬁgiegenic agents such as those which inhibit the effects of vascular endothelial
growth factor, (for example the anti-vascular endothelial cell growth factor antibody
bevacizumab [Avastin™], compounds such as those disclosed in International Patent
Applications WO 97/22596, WO 97/30035, WO 97/32856 and WO 98/13354) and |

compounds that work by other mechanisms (for example linomide, inhibitors of integrin.

‘avP3 function and angiostatin);

(vi)  vascular damaging agents such as Combretastatin A4 and compounds disclosed in
International Patent Applications WO 99/02166, WOOO/40529, WO 00/41669, W0O01/92224,

- W002/04434 and W0O02/08213;
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(vii) antisense therapies, for example those which are dlrected to the targets listed above, such
as ISIS 2503 an anti-ras antlsense

(vii1) gene therapy approaches, including for example appfoaches to replace aberrant genes

- such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene-directed enzyme pro- -drug

therapy) approaches such as those using cytosine deaminase, thymidine kinase or a bacterial
nitroreductase enzyme and approaches to increase patient tolerance to chemotherapy or
radiotherapy such as multi-drug resistance gene therapy; -

(ix)vi'mmu.hotherapy approaches, including for example ex-vivo and in-vivo approaches. to
increase the immunogenicity of patient tumbuf cells, such as transfection With cytokines such -

as interleukin 2, interleukin 4 or granulocyte-macrophage colony stimulating factor,

' approaches to decrease T-cell anergy, approaches using transfécted immune cells such as

cytokine-transfected dendritic cells, approaches using cytokine-transfected tumouf cell lines

“and approaches using anti-idiotypic antibodies;

(%) cell cycle inhibitors including for example CDK inhibitiors (eg flavopiridol) and other
inhibitors of cell cycle checkpoints (eg checkpoint kinase); inhibitors of aurora kinase and
other kinases involved in mitosis and cytokinesis regulation (eg mitotic kinesins); and histone
deacetylase inhibitors; and ‘

(xi) endothelin antagonists, including endothelin A antagonists, endothelin B antagomsts and
endothelin A and B antagonists; for example ZD4054 and ZD1611 (WO 96 40681),
atrasentan and YM598.

Such conjoint treatment may be achieved by way of the simultaneous, sequential or
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separate dosing of the individual components of the treatment. Such combination products
employ the compounds of this invention within the dosage range described hereinbefore and
the other pharmaceutically-active agent within its approved dosage range.

In addition to their use in therapeutic medicine, the compounds of formula (I) and

* their pharmaceutically acceptable salts are also useful as pharmacological tools in the

development and standardisation of in vitro and in vivo test systems for the evaluation of the
effects of inhibitors of B-Raf in laboratory animals such as cats, dogs, rabbits, monkeys, rats
and mice, as part of the search for new therapeutlc agents.

In the above other pharmaceutical composition, process, method, use and medicament
manufacture features, the alternative and preferred embodiments of the compounds of the
invention described herein also apply. |

Examples

The invention will now be lllustrated by the following non limiting examples in

' which, unless stated otherw1se

(i) temperatures are given in degrees Celsius (°C); operations were carried out at room or

ambient temperature, that is, at a temperature in the range of 18-25°C;

(i) organic solutions were dried over anhydrous sodium sulphate; evaporation of solvent was

carried out using a rotary evaporator under reduced pressure (600 4000 Pascals
4.5-30mmHg) with a bath temperature of up to 60 °C;

(111) in general, the course of reactions was followed by TLC and reaction times are gwen for

‘illustration only;

(iv) final products had satisfactory proton nuclear magnetic resonance (NMR) spectra and/or '

mass spectral data;

(v) yields are given for illustration only and are not necessarily those which oan' be obtained
by diligent process deve'lopmen‘t; preparations were repeated if more material was required;
(vii) when given, NMR data is in the form of delta values for major diagnostic protons, given
in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal standard,
determined at 400 MHz usinbg perdeuterio dimethyl sulphoxide (DMSO-dg) as solvent unless
otherwise indicated; - |

(vii) chemical symbols Have their usual meanings; SI units and symbols are used,;

(viii) solvent ratios are given in volume:volume (v/v) terms; and

(ix) mass spectra were run with an electron energy of 70 electron volts in the chemical

ionization (CI) mode using a direct exposure probe; where indicated ionization was effected
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by electron impact (EI), fast atom bombardment (FAB) or electrospray (ESP); values for m/z
are given; generally, only ions which indicate the parent mass are reported; and unless
otherwise stated, the mass ion quoted is (MH)";

(x) where a synthesis is described as being analogous to that described in a previous example

the amounts used are the millimolar ratio equivalents to those used in the previous example; * "
(xi) the following abbreviations have been used: :
HATU | 0-(7-azabenzotr1azol I-y)-N,N,N’,N - tetramethyluronlum
| hexaﬂuorophosphate
THF tetrahydrofuran; -
DMF  N.N-dimethylformamide;
EtOAc ~ ethyl acetate; | ‘ ,
Pd,(dba); tris(dibenzylideneacetone)dipalla_diurh 0);
BINAP ' (+/-)-2,2’-bis(diphenylphosphino)-1,1’-binaphthyl;
EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride;
HOBt ' hydroxybenzotriazole; |
TFA triﬂuordaCétic acid;
Deoonluo‘rTM ' 1,1- [(triﬂuoro&“—sulfanyl)imino]bis(Z—methoxyethane);
- DCM dichloromethane; énd |
. DMSO dlmethylsulphomde

(xu) “ISCO” refers to normal phase flash column chromatography using 12g and 40g pre- _

packed silica gel cartridges used according to the manufacturers instruction obtained from

~ ISCO, Inc, 4700 superior street Lincoln, NE, USA.; -

(xiii) “Reverse phase Gilson” or “Gilson HPLC” refers to a YMC-AQC18 reverse phase
HPLC Column with dimension 20mm/100 and 50mm/250 in water/acetonitrile with 0.1%
TFA as mobile phase, obtained from Waters Corporation 34, Maple street, Milford MA,USA;
and

(xiv) Parr Hydrogenator or Parr shaker type hydrogenators are systems for treating chemicals

 with hydrogen in the presénce of a catalyst at pressures up to 5 atmospheres (60 psig) and

temperatures to 80 °C.
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" 3-(1-Cyano-1-methylethyl)-N- {4-methyl-3-[(3-methyl-4-0x0-3.4-dihydroquinazolin-6-

vaminolphenyl}benzamide

A stirred mixture of N-(3-amino-4-methylphenyl)-3-(1-cyano-1-

methylethyl)benzamide (Method 87; 100 mg, 0.341 mmol), ‘6.~bromo-3-rnethquuinazolin-
4(3H)-one (Method 104; 82 mg, 0.341 mmol), sodium fert-butoxide (99 mg, 1.03 mmol),
BINAP (21 mg, 0.034 mmol) in toluene (2 ml) was treated with sz(dbﬁ.)} (16 mg, 0.017

mmol). The reaction mixture was heated to 80 °C fo; 12 h. The reaction was then quenched .
with 10% NaOH(aq) and extracted with EtOAc. The organics were dried with NaCl(sat) and

then Na;SO4(s) and removed under reduced préssure. The resulting solid was purified by

column chfomatography utilizing an ISCO system (10% MeOH in EtOAc) to give 91 mg
(59%) of a light yellow solid. NMR: 10.28 (s, 1H), 8.57 (s, 1H), 8.00 (s, 1H), 7.90 (d, 1H),
7.78 (s, 1H), 7.72 (d, 2H), 7.44 (m, 3H), 7.25 (d, 1H), 3.46 (s, 3H), 2.17 (s, 3H), 1.72 (s, 6H);
 m/z452. | ’ | |

Examples 2-29

The following compounds were prepared by the procedure of Example 2, using the

indicated starting materials.

Ex | Compound NMR m/z SML

2 | 3-(1-Cyano-1-methyl 10.29 (s, 1H), 8.34 (s, 1H), 8.20 (s, | 452 Method
ethyl)-N-{4-methyl-3- 1H), 8.02 (s, 1H), 7.93 (m, 2H), 7.80 87 and
[(3-methyl-4-0x0-3,4- (s, 1H), 7.74 (d, 1H), 7.59 (m, 1H), Method |
dihydroquinazolin-7- 7.51 (s, 1H), 7.29 (d, 1H), 7.05 (s, 105
yl)amino]phenyl} 1H), 6.79 (s, 1H), 3.42 (s, 3H), 2.19
benzamide (s,3H), 1.74 (s, 6H)

3 3-(1-Cyano-1-fnethyl 10.23 (s, 1H), 8.03 (m, 2H), 7.99 (m, | 438 Method |
ethyl)-N- {4-methyl-3- 1H), 7.89 (d, 1H), .7.74 (s, 1H), 7.72 87 and
[(4-0x0-3,4-dihydro (d, 1H), 7.56 (m, 2H), 7.43 (m, 2H), Method
quinazolin-6-yl)amino} 7.38 (d, 1H), 7.23 (d, 1H), 2.19 (s, 106
phenyl}benzamide 3H), 1.74 (s, 6H)




4-methylphenyl}

benzamide

(s, 6H), 1.24 (t, 3H)
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14 | 3-(1-Cyano-1-methyl 11.94 (s, 1H), 10.21 (s, 1H), 7.99 (s, | 452 Method

ethyl)-N-{4-methyl-3- 1H), 7.88 (d, 1H), 7.84 (s, 1H), 7.71 87 and
[(2-methyl-4-0x0-3,4- (m, 2H), 7.56+(t, 1H), 7.40 (m, 4H), Method
dihydroquinazolin-6- 7.21 (d, 1H), 3.46 (s, 3H), 2..17 (s, 107
ylaminoJphenyl} | 3H), 1.72 (s, 6H)
benzamide |

5 .| N-{4-Methyl-3-[(3- 10.37 (s, 1H), 8.23 (m, 2H), 8.14 (s, |453 Method
methyl-4-0x0-3,4- 1H), 7.99 (s, 1H), 7.94 (4, 1H), 7.75 ' 88 and
dihydroquinazolin-6- (m, 2H), 7.54 (d, 1H), 7.43 (m, 3H), Method
yl)amino]phenyl}-3- 7.24 (d, 1H), 3.44 (s, 3H), 2.18 (s, 104

| (trifluoromethyl) | 3H)
benzamide . A |

6 | 4-Chloro-N-{4-methyl-3- | 10.43 (s, 1H), 8.33 (s, 1H), 8.21 (d, | 488 Method
[(3-methyl-4-0x0-3,4- = | 1H), 8.14 (s, 1H), 7.99 (s, 1H), 7.89 89 and
dihydroquinazolin-6- (d, 1H), 7.72 (s, 1H), 7.54 (d, 1H), | Method
yl)amino]phenyl}-3- 7.43 (m, 3H), 7.24 (d, 1H), 3.44 (s, 104 |

‘ (triﬂuofomethyl) 3H), 2.18 (s, 3H)
benzamide ‘ v A

7 | 3-(1-Cyano-1-methyl 10.23 (s, 1H), 8.14 (s, 1H), 7.98 (m, | 565 Method
ethyl)—N—(4-methyl-.3- 2H),7.89 (d, 1H), 7.72 (m, 2H), 87 and
{[3-(3-morpholin-4- 7.55 (m, 2H), 7.42 (m, 3H), 7.23 (4, Method'
ylpropyl)-4-oxo0-3,4- 1H), 3.95 (t, 2H), 3.47 (t, 4H), 2.27 116 -
dihydroquinazolin-6- (m, 6H), 2.17 (s, 3H), 1.82 (m, 2H),

'| ylJamino}phenyl) | 1.72 (s, 6H)
benzamide ‘ .

8 [ 3-(1-Cyano-1-methyl - 10.22 (s, 1H), 8.16 (s, 1H), 7.98 (m, | 466 Method
ethyl)-N-{3-[(3-ethyl-4- | 2H), 7.89 (d, 1H), 7.72 (m, 2H), 87 and
0x0-3,4-dihydro 7.55 (m, 2H), 7.42 (m, 3H), 7.23 (d, Method
quinazolin—é-yl)aﬁlino]- 1H), 3.95 (q,.2H), 2.17 (s, 3H), 1.72 117
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Ex | Compound NMR m/z SM

9 |3-(1-Cyano-1- 10.23 (s, 1H), 8.18 (s, 1H), 7.99 (s, | 492 Method
methylethyl)-N-(3-{[3- 2H), 7.89 (d, 1H), 7.72 (m, 2H), 87 and
(cyclopropylmethyl)-4- 7.55 (m, 2H), 7.42 (m, 3H), 7.23 (d, Method
0x0-3,4-dihydro 1H), 3.78 (d, 2H), 2.17 (s, 3H), 1.72 118
quinazolin-6-ylJamino}- | (s, 6H), 1.22 (m, 1H), 0.46 (m, 2H),
4-methylphenyl) 0.39 (m, 2H)
benzamide ’ ’ ‘

10 | 3-(1-Cyano-1-methyl | 10.28 (m, 1H), 8.66 -(s, 1H), 8.15(s, |[453 | Method

ethyl)-N-{4-methyl-3- | 1H), 8.02 (s, 1H), 7.93 (m, 2H), 7.74 | 87 and
[(3-methyl-4-0x0-3,4- (d, 1H), 7.61 (m, 2H), 7.50 (m, 1H), Method |
_ dihydropyridb[3,4—d] ' 7.25 (d; 1H), 7.16 (s, 1H), 2.20 (s, | 108
pyrimidin-6-yl)amino] 3H), 2.08 (s, 3H), 1.75 (s, 6H)

phenyl}benzamide ,

11 | 3-(1-Cyano-1-methyl 10.25 (s, 1H), 10..00 (s, br, 1H), 8.30 | 538 Method
ethyl)-S-[Z-_ (s, br, 1H), 8.05 (s, br, 1H), 7.75 (s, 90 and
(dimethylamino)ethoxy]- | 1H), 7.65 (s, 1H), 7.50 (m, 2H), 7.37 Method
N-{4-methyl-3-[(3- (m, 3H), 7.20 (m, 2H), 4.40 (t, 2H), 104
methyl-4-oxo0-3,4- 3.50 (t, 2H), 3.44 (s, 3H), 2.85 (s,

| dihydroquinazolin-6-yl) | 6H), 2.15 (s, 3H), 1.70 (s, 6H)
amino]phenyl} " |
benzamide _

12 | 3-(Cyano-dimethyl- 10.30 (s, 1H), 8.39 (s, 1H), 8.20 (s, |[481 . | Method
methyl)-5-methoxy-N-[4- | br, 1H), 7.90 (s, 1H), 7.65’(m, 2H), ' 91 and -
methyl-3-(3-methyl-4- 7.52 (m, 4H), 7.35 (m, 2H), 4.05 (s, Method
0x0-3,4-dihydro- 104

quinazolin-6-ylamino)-

phenyl]-benzamide

3H), 3.55 (s, 3H), 2.35 (s, 3H), 1.90
(s, 6H) '
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Ex | Compound NMR m/z SM

13 | 5-(1-Cyano-1-methyl ' 10.17 (s, 1H), 8.14 (s, 1H), 7.98 (s, | 458 | Method
ethyl)-N-{4-methyl-3- | 1H), 7.88 (d, 1H), 7.68 (d, 1H), 7.54 92 and
[(3-methyl-4-0x0-3.4- | (d, 1H), 7.43 (s, 2H), 7.39 (dd, 1H), Method
dihydroquinazolin-6- 7.28 (d, 1H), 7.22 (d, 1H), 3.45 (s, 104
yl)amino]phenyl} 3H), 2.16 (s, 3H), 1.77 (s, 6H)
thiophene-2-carboxamide | ‘ _

14 6-(1-Cyano-1.-methyl 10.22 (s, 1H), 8.16 (m, 1H), 8.11 (d, | 453 Method
ethyl)-N-{4-methyl-3- | 1H), 8.05 (m, 2H), 7.84 (d, 1H), | 94and
[(3-methyl-4-ox0-3,4- | 7.82 (d, 1H), 7.54 (d, 1H), 7.40 (m, Method

__dihydroquinazolin-é- | 3H),7.28 (4, 1H), 3.43 (s, 3H), 2.17 104
yl)amino]phenyl} (s, 3H), 1.79 (s, 6H)
pyridine-2-carboxamide o '

15 | 4-(1-Cyano-1- 10.20 (s, 1H), 822 (s, 1H), 8.14 (d, |458 | Method
methylethyl)-N-{4- 1H), 8.01 (s, 1H), 7.82 (d, 1H),‘7.69 93 and
methyl-3-[(3-methyl-4- | (d, 1H), 7.57 (d, 1H), 7.44 (s, 1H), Method
ox0-3 4-dihydro | 738 (m, 2H), 7.24 (s, 1H) 3.45 (s, 104

'quinazolin-6—y1)amino] -3H), 2.17 (s, 3H), 1.69 (s, 6H)

» phenyl}thiophene-Z- . ’
carboxamide | .

16 | 4-Chloro-3-(1-cyano-1- 10.24 (s, 1H), 8.11 (s, 1H), 7.91 (m, | 486 Method |’

| methylethyl)-N- {4- 3H), 7.65 (d, 2H), 7.48 (dd, 1H), 95 and
methyl-3-[(3-methyl-4- | 7.37 (s, 2H), 7.34 (m, 1H), 7.17 (d, Method
0x0-3,4-dihydro 1H), 3.39 (s, 3H), 2.12 (s, 3H), 1.78 104
quinazolin-6-yl)amino] (s, 6H)
phenyl}benzamide

17 | 3-(1-Cyano-1-methyl 10.22 (s, 1H), 8.06 (s, 1H), 8.00 (m, | 552 - Method
ethyl)-N-[3-(3-[22- | 2H),7.89 (d, 1H), 7.72 (m, 2H), 87 and
dimethyl-1,3-dioxolan-4- | 7.55 (m, 2H), 7.44 (m, 3H), 7.23 (d, Method
yl)methyl]-4-oxo-3,4- 1H), 4.37 (m, 1H), 4.15 (dd, 1H), 124

dihydroquinazolin-6-
yl}amino)-4-
methylphenyl]benzamide

4.00 (m, 2H), 3.70 (dd, 1H), 2.17 (s,
3H), 1.72 (s, 6H), 1.31 (s, 3H), 1.21
(s, 3H)
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ylamino)-phenyl]-5-[3-
(4-methyl-piperazin- 1-
yl)-propoxy]-benzamide

3.20 (s, 3H), 2.85 (s, 3H), 2.45 (m,
4H), 2.20 (m, 5H), 1.75 (s, 6H).
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Ex | Compound - NMR m/z SM

18 | 3-(Cyano-dimethyl- 10.20 (s, 1H), 8.35 (s, 1H), 8.15 (s, | 538 Method
methyl)-5-methyl br, 1H), 7.75 (s, 1H), 7.65 (s, 1H), 96 and
carbamoylmethoxy-N-[4- | 7.60 (d, 1H), 7.45 (m, 4H), 7.35 (s, Method
methyl-3-(3-methyl-4- 1H), 7.26 (d,' 1H), 4.60 (s, 2H), 3.50 104. -
0x0-3,4-dihydro- (s, 3H), 2.70 (d, 3H), 2.20 (s, 3H),
quinazolin-6-ylamino)- | 1.72 (s, 6H) |
phenyl]-benzamide

19 3—(1-Cyano-1-methy1A 11.25 (s; 1H), 10.40 (s, 1H), 8.70 (s, | 580 Method

: .ethy'l)—N-{4-méthyl-3- 1H), 8.30 (s, br, 1H); 7.85 (s, 1H), 97and |
[(3-methyl-4-0x0-3,4- 7.70 (m, 2H), 7.60 (s, llH), 7.45 (m, Method
dihydroquinazolin-6- 3H), 7.30 (m, 2H), 4.60 (m, 2H), 104
yl)amino]phenyl}-5-(2- | 3.98 (m, 4H), 3.55 (m, 4H), 3.25 (m,
morpholvin-'4-ylethoxy) 2H), 3.20 (s, 3H), 2.20 (s, 3H), 1.75
benzamide - (s, 6H).

120 | 3-(Cyano-dimethyl- 10.10 (s, I_H), 6.30 (s, br, 1H), 8.10 | 578 Method
methyl)-N-[4-.rnethyl-(3- (s, 1H), 7.90 (s, br, 1H), 7.60 (s, 98 é.hd
| methyl-4-oxo0-3,4- 1H), 7.55 (s, lH), 7.45 (d, 1H), 7.40 Method
dihydro-quinazolin-6- | (s, 1H), 7.30 (m, 3H), 7.15 (m, 2H), 104 -
ylamino)-phenyl]-5-(2- 4.30 (m, 2H), 3.40 (m, 4H), 3.3_0 s, -

. piperidin-l-yl-ethoxy)F 3H), 2.90 (m, 2H), 2.10 (s, 3H), 1.70
benzamide ‘ (m, 2H), 1.60 (m, 9H), 1.30 (m, 1H).

21 | 3-(Cyano-dimethyl- 110.25 (s, 1H), 8.30 (s, 1H), 8.06 (s, | 607 Method
methyl)-N-[4-methyl-3- | br, 1H), 7.80 (s, 1H), 7.62 (s, 1H), 99 and
(3-methyl-4-0x0-3,4- 7.56 (d, 1H), 7.40 (m, 4H), 7.20 (m, Method
dihydro-quinazolin-6- 2H), 4.20 (m, 2H), 3.30 (m, 6H), 104
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Ex | Compound NMR m/z SM

22 | 3-(Cyano-dimethyl- 10.05 (s, 1H), 8.30 (s, 1H), 7.50 (s, | 578 Method
methyl)-N-[4-methyl-3- | 1H), 7.40 (m, 2H), 7.25 (m, 4H), 100 and
(3-methyl-4-ox0-3,4- 7.00 (m, 2H), 3.25 (m, 7H), 2.80 (m, Method
dihydro-quinazolin-6- 2H), 2.60 (s, 3H), 2.10 (m, 1H), 2.00 104
ylamino)-phenyl]-5-[2- | (s, 3H), 1.70 (m, 2H), 1.50 (m, 8H)
(1-methyl-pyrrolidin-2-
yl);ethoxy]-benzamide

23 | 3-(2-Azepan-1-yl- 110.35 (m, 2H), 8.45 (s, 1H), 8.20 (s, | 592 Method
ethoxy)-5-(cyano- br, 1H), 7.80 (s, 1H), 7.75 (s, IH), 101 and
diniethyl-methyl)—N—[4- . 7.65 (m, 2H), 7.50 (m, 3H), 7.35 (m, Method
methyl-3-(3-methyl-4- 2H), 4.55 (t, 2H), 3.50 (m, 2H), 3.45 104
oxo-3,4-dihydro- (s, 3H), 3.29 (m, 4H), 2.25 (s, 3H),
quinazolin-6-ylamino)- | 1.60-1.90 (m, 14H) "
phenyl]-benzamide

24 | 3-(Cyano-dimethyl- 10.20 (s, 1H), 8.37 (s, 1H), 8.15 (s, | 525 Method
methyl)-5-(2-methoxy- | br, 1H), 7.82 (s, 1H), 7.65 (rh, 2H), 102 and
ethoxy)-N-[4-methyl-3- 7.50 (m, 4H), 7.30 (m, 2h), 4.22 (t, Method
(3-methyl-4-0x0-3,4- 2H), 3.75 (t, 2H), 3.50 (s, 3H), 3.36 .| 104
dihydro-quinazolin-6- | (s, 3H), 2.23 (s, 3H), 1.78 (s, 6H) |
ylamino)-phenyl]- | '
benzamide

25 | 3-(Cyano-dimethyl- 10.41-10.33 (m, 2h), 8.44 (s, 1H), | 564 Method
methyl)-N-[4-methyl-3- | 8.19 (s, br, 1H), 7.83 (s, 1H), 7.69- 103 and
(3-methyl-4-0x0-3,4- 7.33 (m, 8H), 3.45 (s, 3H), 3.40-3.14 Method
dihydro-quinazolin-6- (m, 4H), 2.86 (m, 3h), 2.3‘4-2..1’4 (m, 104

ylamino)-phenyl]v-S -(1-
methyl-piperidin-4-

yloxy)-benzamide

7H), 1.95 (m, 1H), 1.79 (s, 6H)




WO 2006/024834 PCT/GB2005/003334
-40-

Ex | Compound NMR m/z SM

26 | tert-Butyl {3-[6-[(5-{[3- 595 Method
(l-cyano-l-methylethyl) 87 and
benzoyl]amino}-2- Method.
methylphenyl)amino]-4- 123
oxoquinazolin-3(4H)-
yl]propyl}carbamate : ‘ .

27 | 3-(1-Cyano-1-methyl - 10.29 (s, I.H), 8.25 (m, 1H),.8.00 (m, | 586 Method
ethyl)-N-[4-methyl-3-- 1H), 7.90 (d, 1H), 7.78 (m, 1H), 87 and
({3-[(1-methylpiperidin- 17.72 (d, 2H), 7.56 (m, 2H), 7.41 (m, | Method
3-yl)methyl]-4-oxo0-3,4- | 3H), 7.24 (d, 2H), 2.67 (m, 3H), 121 '
dihydroquinazolin-6- 2.17 (s, 3H), 3.44 (s, 3H), 1.80 (m,
y1}amino)phenyl]- 4H), 172 (s, 6H), 1.22 (m, 2H)
benzamide | ‘ |

28 | Benzyl 4-{[6-[(5-{[3-(1- 669 Method
cyano-1-methylethyl) | 87 and
benzoyl]amino}-2- Method
methylphenyl)amino]-4- 1122
oxoquinazolin-3(4H)-
yl]methyll}piperidine— 1-
carboxylate . _ .

29 | 3-(1-Cyano-1- 10.23 (s, lH), 8.03 (m, 1H), 7.98 (m, | 478 _‘Method
methyiethyl)-N-{3-[(3- 2H), 7.89 (d, 1H), 7.72 (m, 2H), 87 and
cyclopropyl-4-oxo-3,4- 7.56 (t, lH), 7.51(d, 1H), 7.41 (ﬁl, E Method
dihydroquinazolin-6- 3H), 7.24 (d, 2H), 3.19 (m, 1H), 110
yl)amino]-4-methyl 2.17 (s, 3H), 1.72 (s, 6H), 0.99 (m, -
phenyl}-benzamide 2H), 0.90 (m, 2H)

Examg- le 30

3-(1 -Cvé‘no-l -methylethyD)-N-(3-{[3-( 2,3-dihydroxvprop\/l)—4-oxo—3,4-dihydroquinazolin—6-

yllamino}-4-methylphenyl)benzamide
A stirred mixture of 3-(1-cyano-1-methylethyl)-N-[3-({3-[(2,2-dimethyl-1,3-dioxolan-

4-yl)methyl]-4-oxo-3,4-dihydroquinazolin-6-y1} amino)-4-methylphenyl]benzamide (Example
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17; 129 mg, 0.440 mmol) in THF (3 ml) was treated with 3 M HCI (3 ml) at 25 °C for 30 min.
The reaction mixture was quenched with 10% NaOH(aq) and extracted with EtOAc. The
organics were dried with NaCl(sat) and then Na;SO4(s) and removed under reduced pressure
to provide 107 mg (86%) of a white solid. NMR: 10.22 (s, 1H), 7.98 (m, 3H), 7.89 (d, 1H),
7.72 (m, 2H), 7.55 (m, 2H), 7.43 (m, 3H), 7.23 (d, 1H), 4.99 (d, 1H), 4.72 (t, 1H), 4.23 (dd,
1H), 3.74 (m, 1H), 3.63 (dd, 1H), 3.38 (m, 2H), 2.17 (s, 3H), 1.72 (s, 6H); m/z 512.

Example 31 .
3-(1 -Cyano-1-methy1ethvl)-N—( 3-{[3-(2-hydroxyethyl)-4-0x0-3.4-dihydroguinazolin-6-

vi] amino} -4-methylphenyl)benzamide

A stirred mixture of N-(3-amino-4-methylphenyl)-3-(1-cyano-1-
methylethyljbenzamide (Method 87, 129 mg, 0.440 mmol), 6-bromo-3-(2- {[fert-
butyl(dimethyl)silylJoxy}ethyl) quinazolin-4(3H)-one (Method 120; 150 mg, 0.441 mmol),
sodium tert—butoxide (127 mg, 1.32 mmol), BINAP (27 mg, 0.044 mmol) in toluene (3 ml)
was treated with Pdy(dba)s (20 mg, 0.022 mmol). The reaction mixture was heated to 80 °C
for 12 h. The reaction was then quenched with 10% NaOH(aq) and extracted with EtOAc.
The organics were dried with NaCl(sat) and then Na;SOa(s). The organics were remoVed
under reduced pressure and the resulting solid was treatéd with 6 M HCl (5 ml) and stirred for |
5 min at 25 °C. The reaction was then quenched with 10% NaOH(aq) and extracted wifh
EtOAc. The'organics were dried with NaCl(sat) and then Na;SO4(s) and removed under -

. reduced pressure. The resulting solid was purified by column chromatography utilizing an |

ISCO system (10% MeOH in EtOAc) to give 125 mg (59%) of a light yellow solid. NMR:
10.23 (s, 1H), 8.03 (s, 1H), 7.98 (m, 2H), 7.89 (d, 1H), 7.72 (m, 2H),,7.55 (m, 2H), 7.42 (m,
3H), 7.23 (d, 1H), 4.91 (t, 1H), 3.97 (t, ZH), 3.62 (q, 2H), 2.17 (s, 3H), 1.72 (s, 6H); m/z 482.

Example 32 ,
3-(Cyano-dimethyl-methyl)-N- {4-methyl-3-[cyclopropylmethyl-(3-methyl-4-0x0-3 .4-

dihydro-quinazolin-6-yl)-amino]-phenyl }-benzamide
A solution of 3-(1-cyano-1-methylethyl)-N- {4-methyl-3-[(3-methyl-4-0x0-3,4-

dihydrﬁoquinazolin-6-yl)amino]phenyl}benZamide (Example 1; 100 mg, 0.22 mmol) and 1 ml
of cyc'lopropanecarbaldehyde in 1 ml of formic acid was stirred at 70 °C for 12 h. 6N HCl(aq)
(5 ml) was then added to the mixture. The solution was extracted with ether. The pH of the
aqueous layer was then adjusted to pH12 with 10% NaOH(aq) and extracted with DCM (3 x
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30 ml). The organics were removed under reduced pressure and the resulting solid was
purified by column chromatography utilizing an ISCO system (DCM-methanol-ethylamine),
then by Gilson (0.1% TFA in acetonitrile and water) to give 37 mg of light yellow solid
(33.3%). NMR: 10.15 (s, 1H), 7.90 (s, 1H), 7.80 (s, lH), 7.75 (d, 1H), 7.55 (m, 3H), 7.40 (t,

5 1H), 7.30 (d, 1H), 7.20 (d, 1H), 6.95 (d, 1H), 6.85 (d, 1H), 3.42 (d, 1H), 3.20 (s, 3H), 1.90 (s,
3H), 1.55 (s, 6H), 0.90 (m, 1H), 0.26 (m, 2H), 0.05 (m, 2H); m/z 505.

Exampie 33 _
The following compound was prepared by the procedure of Example 32, using 3-(1-

10 cyano-1 -fngthylethyl)-N—_ {4-methyl-3-[(3-methyl-4-0x0-3 ,4-dihydroquinazolin-6-yl)amino]
phenyl}benzamide (Example 1) and the indicated starting material.

Ex. | Compound NMR m/z | SM
33 3-(Cyano-dimethyl- 10.29 (s, 1H), 8.20 (s, 1H), 465 | formalaldehyde
methyl)-N-{4- 7.98 (s, 1H), 7.85 (d, 1H), ' '

methyl-3-[methyl-(3- | 7.45-7.79 (m, SH), 7.30 (s, 1h),
methyl-4-0x0-3,4- | 7.05 (s, 1H), 6.95 (d, 1H), 3.50
dihydro-quinazolin-6- | (s, 3H), 3.20 (s, 3H), 2.00 (s,
y)-amino]-phenyl}- | 3H), 1.62 (s, 6H)

benzamide

Example 34 . v
3-(1-Cyano-1-methylethyl)-5-hydroxy-N- {4-methyl-3-{(3-methyl-4-0x0-3 4-

15 dihydroquinazolin-6-yl)amino]phenyl}benzamide.

A solution of 3-(cyano-dimethyl-methyl)-S—methoxy-N-[4-methyl-3-(3-methyl-4-6xo-
* 3,4-dihydro-quinazolin-6-ylamino)-phenyl]-benzamide (Example 12) in 1M BBr; in DCM
was stirred at 25 °C for 4 h. Crushed ice was then added to the mixture slowly. The pH of the -
resulting solution was adjusted to pH12 with IN NaOH(aq) and the organic layer was
20 separated and discarded. The water layer was then acidified with 10% HCl(aq) to pH 6~7 and
the fine dark red solid was collected by vacuum filtration. Pﬁriﬁcation utilizing a reverse
p'has.e Gilson (0.1% TFA in acetonitrile and water) provided 210 mg of light yellow solid
(27% for two steps) as desired product. NMR: & 10.10 (s, 1H)? 9.95 (s, br, 1H), 8.20 (s, 1H),
8.00 (s, br, 1H), 7.70 (s, 1H), 7.50 (d, 1H), 7.36 9m, 4H), 7.20 (m, 2H), 7.05 (s, 1H), 3.45 (s,
A25 3H), 2.10 (s, 3H), 1.62 (s, 6H); m/z 467.
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Example 35
3-(1-Cyano-1-methylethyl)-N- {4-methyl-3-[(3-methyl-4-0x0-3.4- dlhydroqulnazohn 6-

vllammo]phenyi 5-(2-pyrrolidin-1-ylethoxy)benzamide

A suspension of 3-(1-cyano- l-methylethyl) 5-hydroxy-N- {4 methyl 3-[(3-methyl-4-
oxo-3,4-dlhydroqumazolm—6-yl)am1no]phenyl}benzamlde (Example 34; 120 mg, 0.257
mmol), 1-(2-chloro-ethyl)-pyrrolidine hydrochloride (52 mg, 0.308 mmol), K,CO5 (355 r_ng;
2.57 mmol) énd sodium iodide (4 mg, 0.0257 rhmol) in acetone (10 ml) was heated to reflux
for 4 h. The salt was removed by ﬁltraﬁion and washed with acetone. The filtrate was
concentrated. under reduced pressure and the residue was purified by a Gilson HPLC (6. 1%
TFA in acetbnitrile and water) to provide 55 mg ofa light yellow solid (38%). NMR: 8 10.30
(s, 1H), 9.95 (s, br, 1H), 8.25 (s, ﬁ-I) 8.05 (s, br, 1H), 7.80 (s, 1H), 7.70 (s, 1H), 7.45 (m, 5H),
7.30 (m, 2H) 4.43 (m, 2H) 3.50 (m, 4H), 3.15 (m, 2H) 2.25 (s, 3H), 2.10 (m, 2H), 1.95 (m,

2H), 1.80 (s, 6H); m/z 564.

Examg' le 36 .
3-(1-Cyano-1-methylethyl)-N- {4-methyl-3-[( 3-methyl-4-0x0-3 ,4-dihvdroquinazolin—6-

yDoxylphenyl}benzamide

A solution of 6-(5-amino-2-methylphenoxy)-3-methquuinazolin-4(3H)-one (Méthod
109; 150 mg, 0.471 mmol), 3-(l-cyano-l-methylethyl)benzoic acid (Method 40; 89 mg, 0.471 |
mmol) and diisopropylethylamine (246 uL, 1.41 mmol, 3.0 equiv) in 2 ml of DMF was .
treated with HATU (215 mg, 0.565 mmol, 1.2 equiv). The reaction stirred at 50 °C for 12 h. '
The reaction was quenched with H,O and extracted with EtOAc. The organics were dried |
with NaCl(sat) and then Na;SO4(s) andvremoved under reduced pressure. The resulting- solid
was purified by column chrorhatography utilizing an ISCO system (EtOAc-hexane, 4:1) to
give 114 mg of light yellow solid (45%). NMR: 10.34 (s, 1H), 8.30 (s, 1H), 7.97 (s, 1H), 7.88
(d,.lH), 7.73 (m, 2H), 7.56 (m, 4H), 7.36 (m, 2H), 3.45 (s, 3H), 2.14 (s, 3H), 1.71 (s, 6H); m/z
553.

‘Examples 37-103

The following compounds were prepared by the procedure of Example 36, using 6-(5-
ami‘no-2-methylphenoxy)-3-methquuinazolin—4(3H)-one (Method 109) or 6-[(5-amino-2-
methylphenyl)amino]-3-methylquinazolin-4(3H)-one (Method 232) and the appropriate
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starting materials. Compounds were purified by column chromatography using reverse or

normal phase chromatography. .

Ex. | Compound NMR . m/z | SM
37 Methyl 3-[({4-methyl-3- | 10.49 (s, 1H), 8.47 (s, 1H), 8.31 (s, [ 444 | Method 109
[(3-methyl-4-0x0-34- | 1H), 8.16 (d, 1H), 8.14 (d, 1H), and 3-
dihydro quinazolin-6- 7.75 (d, 1H), 7.66 (d, 1H), 7.61 (d, (methoxy-
yloxy] phenyl}amino) | 1H), 7.55 (m, 2H), 7.35 (m, 2H), carbonyl)-
carbonyl]benzoate 3.88 (s, 3H), 3.45 (s, 3H), 2.14 (s, | benzoic acid
| 3H) |
38 5-(1-Cyano-1-methyl 10.30 (s, 1H), 8.31 (s, 1H), 8.20 (s, | 459 Method 109
| ethyl)-N-{4-methyl-3¥ | 1H), 7.88 (s, 1H), 7.72 (d, 1H), and Method
[(3-methy1—4-oxo-3,4- 7.56 (m, 2H), 7.49 (s, 1H), 7.35 144
dihydro quinazolin-6- (m, 1H), 7.26 (s, 1H), 3.45 (s, 3H),
yDoxy]phenyl} thiophene | 2.13 (s, 3H), 1.76 (s, 6H)
-2-carboxamide _ | ‘
39 2-(1-Cyano-1-methyl 10.15 (s, 1H), 8.45 (s, 1H), 8.31 (s, | 460 | Method 109
| ethyl)-N-{4-methyl-3- 1H), 7.74 (d, 1H), 7.65 (dd, 1H), and Method
- | [(3-methyl-4-0x0-3 4- 7.58 (d, 1H), 7.54 (d, 1H), 7.38 (s, 47
Adihydro quinazolin-6- 1H), 7.34 (s. 1H), 3.45 (s, 3H),
yloxy]phenyl}-1,3- -2.14 (s, 3H), 1.87 (s, 6H)
| thiazole-4-carboxamide } _ ‘
140 4-Chloro-N-{4-methyl-3- | 10.53 (s, 1H), 8.32 (m, 2H), 8.20 | 489 - Method 109
[(3-methyl-4-0x0-3,4- (d, 1H), 7.89 (d, 1H), 7.74 (d; 1H), and 4-
dihydroquinazolin-6- 7.56 (m, 3H), 7.37 (m, 2H), 3.45 chloro-3-
yloxy]phenyl}-3- (s, 3H), 2.15 (s, 3H) (trifluorome
(trifluoromethyl) thyl)
benzamide benzoic acid
41 2-Chloro-N-{4-methyl-3- | 10.48 (s, IH), 8.02 - 8.15 (m, 4H), [ 487 | Method 232
[(3-methyl-4-0x0-3,4- 7.94 (d, 1H), 7.75 (s, 1H), 7.50 - and 2-
dihydroquinazolin-6- 7.56 (m, 1H), 7.40 - 7.47 (m, 3H), Chloro-5-
yl)amino]phenyl}-5- 7.24 (d, 1H), 3.43 (s, 3H), 2.17 (s, (triﬂuorom§:
(trifluoromethyl) 3H) ' thyl)benzoic
benzamide acid
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Ex. | Compound NMR m/z { SM

42 2-Fluoro-N-{4-methyl-3- | 10.52 (s, 1H), 8.14 (s, 1H), 7.92 - | 471 | Method 232
[(3-methyl-4-0x0-3,4- | 8.06 (m, 3H), 7.66 (s, 1H), 7.57 (d, and 2-
dihydroquinazolin-6- 2H), 7.52 (s, 1H), 7.32 - 7.46 (m, Fluoro-5-
yl)amino]phenyl}-5- . | 4H), 7.23 (d, 1H), 3.43 (s, 3H), (trifluorome |
(trifluoromethyl) 1 2.16 (s, 4H) ' thyl)benzoic
benzamide ' acid

43 3-Fluoro-N-{4-methyl-3- | 10.47 (s, 1H), 8.01 - 8.14 (m, 4H), | 471 [ Method 232
'[(3-methy1-4—oxo-3,4- 7.93 (d, 1H), 7.74 (s, 1H), 7.49 - and 3-
dihydroquinazolin-6- 7.55 (m, 1H), 7.37 - 7.47 (m, 3H), Fluoro-5-
yl)amino]jphenyl}-5- 723 (d, 1H), 3.44 (s, 3H), 2.17 (s, (trifluorome |
.(triﬂuoromethyl') 3H). thyl)benzoic |
benzamide | . acid

44 | 4-Fluoro-N-{4-methyl-3- | 10.41 (s, 1H), 8.31 (s, 2H), 8.13 (s, | 471 | Method 232
[(3-methyl-4-0x0-3,4- 1H), 8.01 (s, 1H), 7.69 (s, 2H), and 4-

- dihydroquihazolin-6- 7.53 (s, 1H), 7.42 (s, 3H), 7.23 (s, Fluoro-3-
yl)amino]phenyl}-3- 1H), 3.44 (s, 3H), 2.18 (s; 3H) (triﬂuorome
(trifluoromethyl) .thyl)benzoic
benzamide - acid

45 1-Methyl-N- {4-methyl- ~ | 10.33 (s, 1H), 8.14 (s, 1H), 8.01 (s, | 457 | Method 232
3-[(3-methyl-4-0x0-3,4- | 1H), 7.67 (s, 1H), 7.48 - 7.56 (m, and 1-
dihydroquinazolin-6- -' 2H), 7.39 - 7.45 (m, 3H), 7.23 (d, Methyl-3-
yl)amino]phenyl}.-’a’- | 1H), 4.12 (s, 3H),A3.44 (s, 3H), (triﬂﬁorome
(trifluoromethyl)-1H- 2.17 (s, 3H) ‘ _ thyl)-1H-
pyrazole-5-carboxamide pyrazole-5-

carboxylic

acid
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4-0x0-3,4-dihydro

quinazolin-6-yl)amino]

phenyl}benzamide .

7.48-7.38 (m, 3H), 7.20 (d, 1H),
3.43 (s, 3H), 2.16 (s, 3H), 1.49 (s,

-46 -
Ex. | Compound . NMR m/z | SM
46 1-tert-Butyl-3-methyl-N- | 10.47 (s, 1H), 8.79 (s, 1H), 7.56 - | 445 | Method 232
{4-methyl-3-[(3-methyl- | 7.70 (m, 3H), 7.41 (dd, 1H), 7.26 - and 1-tert-
4-0x0-3,4-dihydro 7.35 (m, 2H), 7.17 (d, 1H), 3.45 (s, Butyl-3-
quinazolin-6- SH), 2.10 (s, 3H), 2.08 (s, 3H), “methyl-1H-
| yDaminoJphenyl}-1H- | 1.50 (s, 9H) pyrazole-5-
pyrazole-5-carboxamide carboxylic
_ acid
-47 tert-Butyl cyclopropyl[4- 622 | Method 232
| [({4-methyl-3-[(3- | and Method
methyl-4-0x0-3,4- lag
dihydroquinazolin-6- |
yl)amino]phenyl}amino)
carbonyl]-2-
(trifluoromethyl)benzyl]
carbamate
48 3-(3,3-Dimethylbut-1- 10.22 (s, 1H), 8.16 (s, 1H), 7.95 (s, | 465 | Method 232
yn-1-yl)-N-{4-methyl-3- | 1H), 7.88 (s, 1H), 7.83 (d, 1H), and Method
[(3-methyl-4-0x0-3,4- | 7.74 (d, 1H), 7.55-7.38 (m, 6H), 149
dihydroquinazolin-6- .| 7.20 (d, 1H), 3.44 (S', 3H), 2.16 (s,
ylDamino]phenyl} 3H), 1.19 (s, 9H)
benzamide
149 3-(3-Hydroxy-3- 10.20 (s, 1H), 8.15 (s, 1H), 7.96 (s, | 467 | Method 232
methylbut-1-yn-1-yl)-N- | 1H), 7.88 (s, 1H), 7.85 (d, 1H), | and Method
{4-methyl-3-[(3-methyl- | 7.73 (d, 1H), 7.55-7.50 (m, 3H), 50

6H)
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Ex. | Compound NMR m/z | SM

50 3-(Cyclopropylethynyl)- | 10.19 (s, 1H), 8.14 (s, 1H), 7.98 (s, | 449 | Method 232
N-{4-methyl-3-[(3- 1H), 7.90 (s, 1H), 7.83 (d, 1H), | and Method
methyl-4-0x0-3,4- 7.75 (d, 1H), 7.557.39 (m, 6H), 51 |
dihydroquinazolin-6- 7.20 (d, 1H), 3.44 (S, 3H), 2.16 (s,
yl)amino]phenyl} 3H), 1.58-1.51 (m, 1H), 0.92-0.87
benzamide (m, 2H), 0.77-0.73 (m, 2H)

51 5-(1-Cyano-1- 10.53 (s, 1H), 9.08 (d, 1H), 8.94 453 | Method 232
methylethyl)-N-{4- (d, 1H), 8.59 (s, 1H), 8.39 (t, 2H), | and Method
methyl-3-[(3-methyl-4- | 7.77 (d, 1H), 7.62 (d, 1H), 7.49- 55 -
oxo-34-dihydro | 7.42 (m, 3H), 7.24 (d, 1H), 3.48 (s,
quinazolin—6-yl)dmino] 3H), 2.18 (s, 3H), 1.78 (s, 6H)
phenyl}nicotinamide " ‘

52 N-{4-Methyl-3-[(3- 10.24 (s, 1H), 8.48 (d, 1H), 8.44 471 | Method 232
methyl-4-0x0-3,4- (d, 1H), 8.14 (s, 1H), 7.98 (s, 1H), and Method
dihydroquinazolin-6- 7.73 (d, 1H), 7.68 (t, 1H), 7.54 (d, 54 '
yl)amino]phenyl}-5- 1H), 7.43-7.39 (m, 3H), 7.22 (d,

‘morpholin-4- 1H), 3.77-3.73 (m, 4H), 3.44 (s,
ylnicotinamide 3H),-3.25-3.22 (m, 4H), 2.17 (s,
3H)

53 N-{4-Methyl-3-[(3- 10.16 (s, 1H), 8.37-8.35 (m, 2H), |469 | Method 232
methyl-4-0x0-3,4- 8.08 (s, 1H), 7.93 (s, 1H), 7.67 (d, and Method
dihydroquinazolin-6- 1H), 7.59 (t, 1H), 7.47 (d, 1H), 52
yl)amino]phenyl}-5- 7.37-7.34 (m, 3H), 7.16 (d, 1H),
piperidin-1- 3.42 (s, 3H), 3.22-3.18 (m, 4H),
ylnicotinamide 2.11 (s, 3H), 1.56-1.50 (m, 6H)

54 N-{4-Methyl-3-[(3- 10.05 (s, 1H), 8.13 (s, 1H), 7.97 (s, | 469 | Method 232
methyl-4-0x0-3,4- 1H), 7.75 (d, 1H), 7.53 (d, 1H), and Method
dihydroquinazolin-6- 7.43-7.38 (m, 4H), 7.28-7.19 (m, 53

yl)amino]phenyl}-3-

piperidin-1-ylbenzamide

3H), 7.11-7.09 (m, 1H), 3.44 (s,
3H), 3.22-3.17 (m, 4H), 2.16 (s,
3H), 1.60-1.50 (m, 6H)
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Ex. | Compound NMR . m/z | SM
55 2-(1-Cyano-1- 10.46 (s, 1H), 8.77 (d, 1H), 8.14 | 453 | Method 232
methylethyl)-N- {4- (s, 1H), 8.00 (s, 1H), 7.95 (s, 1H), and Method
“methyl-3-[(3-methyl-4- | 7.82 (d; 1H), 7.72 (d, 1H), 7.54 (4, 184
0x0-3,4-dihydro 1H), 7.44-7.40 (m, 3H), 7.25 (d,
| quinazolin-6-yl)amino] 1H), 3.44 (s, 3H), 2.18 (s, 3H),
phenyl}isonicotinamide | 1.74 (s, 6H)
56 3-Cyclopropyl-N-{4- 10.10 (s, 1H), 8.13 (s, 1H), 7.98 (s, | 426 | Method 232
| methyl-3-[(3-methyl-4- | 1H), 7.75 (d, 1H), 7.65 (d, 1H), and Method
0x0-3,4-dihydro 7.57-7.52 (m, 2H), 7.44-7.33 (m, 56
quinazolin-6-yl)amino] | 4H), 7.27-7.19 (m, 2H), 3.44 (s,
phenyl}benzamide 3H), 2.16 (s, 3H), 2.01-1.95 (m,
| 1H), 1.01-0.94 (m, 2H), 0.76-0.71
(m, 2H)
57 N-{4-Methyl-3-[(3- 10.24 (s, 1H), 8.14 (s, 1H), 7.99- 499 Method 232
| methyl-4-0x0-3,4- 7.94 (m, 3H), 7.75 (d, 1H), 7.59- and Method
| dihydroquinazolin-6- 7.52 (m, 3H), 7.44;7.38 (m, 3H), |57
ylhamino]phenyl}-3- 7.22 (d, 1H), 3.75-3.73 (m, 4H),
(morpholin-4- 3.44 (s, 3H), 3.25-3.20 (m, 4H),
ylcarbonyl)benzamide 2.17 (s, 3H) ‘ v
58 N,N-Dimethyl-N'-{4- 10.23 (s, 1H), 8.13 (s, 1H), 7.99- [ 457 | Method 232
méthyl—3-[(3-methyl-4- 1793 (m, 3H), 7.75 (d, 1H), 7.59- and Method
0x0-3,4-dihydro 7.39 (m, 6H), 7.21 (d, 1H), 3.44 (s, 58
quinazolin-6-yl)amino] | 3H), 2.99 (s, 3H), 2.90 (s, 3H),
phenyl}isophthalamide | 2.17 (s, 3H) . .
59 3-(1-Cyano-1- 10.19 (s, 1H), 8.14 (s, 1H), 7.98 (s, | 457 Method 232
methylethyl)-1-methyl- | 1H), 7.67 (d, 1H), 7.54 (d, lH), » and Method
N-{4-methyl-3-[(3- 7.42-7.39 (m, 3H), 7.22 (d, 1H),

methyl-4-ox0-3,4-
dihydroquinazolin-6-~
ylamino]phenyl}-1H-

pyrazole-5-carboxamide

7.10 (s, 1H), 4.03 (s, 3H), 3.44 (s,
3H), 2.17 (s, 3H), 1.66 (s, 6H)

59
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Ex. | Compound NMR m/z | SM

60 5-(1-Cyano-1-methyl 10.03 (s, 1H), 8.13 (s, 1H), 197 (s, | 457 | Method 232
ethyl)-1-methyl-N-{4- IH), 7.78 (4, 1H), 7.53 (d, 1H), and Method
methyl-3-[(3-methyl-4- | 7.42-7.39 (m, 3H), 7.18 (d, 1H), 60
0x0-3,4-dihydro 6.78 (s, 1H), 4.08 (s, 3H), 3.44 (s,
quinazolin-6-yl)amino] | 3H), 2.15 (s, 3H), 1.77 (s, 6H) =
phenyl}-1H-pyrazole-3- | |
cérboxamide - A

61 5-(1-Cyano-1- 10.02 (s, 1H), 8.14 (s, 1H), 7.97 (s, | 443 | Method 232

| methylethyl)-N- {4- 1H), 7.69 (d, 1H), 7.53 (d, 1H), and Method
methyl-3-[(3-methyl-4- | 7.45-7.35 (m, 3H), 7.28 (d, 1H), 61
oxo0-3,4-dihydro. 7.22 (d, 1H), 6.65 (d, 1H), 3.44 (s,
quinazolin-6-yl)amino] 3H), 2.17 (s, 3H), 1.72 (s, 6H)
phenyl}-2-furamide | . .

62 5-(1-Cyano-1- | 9.99 (s, 1H), 8.28 (d, 1H), 8.14 (s, | 459 | Method 232
methylethyl)-N-{4- 1H), 7.97 (s, 1H), 7.70 (d, 1H), | and Method
methyl-3-[(3-methyl-4- | 7.65 (d, 1H), 7.53 (d, 1H), 7.43- 146
0x0-3,4-dihydro 7.36 (m, 3H), 7.21 (d, 1H), 3.4 (s,
quinazolin-6-yl)amino] | 3H), 2.16 (s, 3H), 1.77 (s, 6H)
phenyl}thiophene-3- o
carboxamide , '

63 5-(1-Cyano-1- 10.71 (s, 1H), 8.19 (d, 1H), 8.02 444 | Method 232

| methylethyl)-N-{4- (s, 1H), 7.74 (d, 1H), 7.54 (d, 1H), and Method
methyl-3-[(3-methyl-4- | 7.44-7.39 (m, 3H), 7.53 (d, 1H), 62
| ox0-3 4-dihydro 7.22(d, 1H), 7.07 (s, 1H), 3.45 (s,
quinazolin-6-yl)amino] 3H),V2.l7 (s, 3H), 1.78 (s, 6H)
phenyl}isoxazole-3- '
carboxamide

64 5-Bromo-N- {4-methyl-3- 465 | Method 232
[(3-methyl-4-0x0-3,4- and 5-
dihydroquinazolin-6- Bromo
yl)amino]phenyl} nicotinic
nicotinamide acid
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Ex. | Compound NMR m/z | SM

65 | 3-(Aminosulfonyl)-N-{4- | 10.41 (s, 1H), 8.34 (m, 1H), 8.13 | 464 | Method 232
methyl-3-[(3-methyl-4- | (m, 2H), 7.98 (m, 2H), 7.72 (m, and Method
0x0-3,4-dihydro 2H), 7.53 (d, 1H), 7.45 (m, 5H), 171
quinazolin-6-yl)amino] | 7.22 (d, 1H), 3.44 (s, 3H), 2.17 (s,
phenyl}benzamide | 3H) '

66 3-{[4-(Hydroxymethyl) | 10.42 (s, 1H), 8.32 (m, 1H), 8.16 562 | Method 232
piperidin-1-yl]sulfonyl}- | (m, 2H), 7.98 (m, 2H), 7.73 (m, and Method
N- {4-methyl-3-[(3i~ 2H), 7.54 (d, 1H), 7.44 (m, 3H), 172
methyl-4-o0x0-3,4- 7.23 (d, 1H), 4.78 (m, 1H), 3.90
dihydroquinazolin-6-yl) | (m, 1H), 3.67 (m, 1H), 3.44 (m,
amino]phenyl} - 4H), 2.98 (m, 1H), 1.70 (m, 1H),
benzamide 1.42 (m, 3H), 1.15 (m, 2H)

67 3-{[3-(Hydroxymethyl) | 10.44 (s, 1H), 8.25 (m, 1H), 8.20 | 562 | Method 232
piperidin-1-yljsulfonyl}- | (m, 1H), 8.14 (m, lH) 7.99 (m, and Method
N-{4-methyl-3-[(3- 1H), 7.89 (m, 1H), 7.79 (m, 1H), 173
methyl-4-ox0-3,4- 7.75 (m, 1H), 7.54 (d, 1H), 7.4 |
dihydroquinazolin-6- (m, 3H), 7.23 (d, 1H), 4.58 (m,
yDaminolphenyl} | 1H), 3.65 (m, 1H), 3.54 (m, 1H),
benzamide 3.44 (s, 3H), 3.28 (m, 1H), 3.14

- (m, 1H), 2.24 (m, 1H), 2.18 (s,
3H), 1.97 (m, 1H), 1.68 (m, 1H),
1.51 (m, 1H), 0.84 (m, 1H)

68 3-{[2-(Hydroxymethyl) | 10.42 (s, 1H), 8.23 (m, 2H), 8.14 562 | Method 232
piperidin—l;yl]sulfonyl}- (m, 1H), 7.98 (m, 1H), 7.89 (d, and Method
N-{4-methyl-3-[(3- 1H), 7.76 (m, 2H), 7.52 (d, 1H), ) 174

mevthyl-4-oxd-3,4-

"dihydroquinazolin-6-

yl)amino]phenyl}

benzamide

7.43 (m, 3H), 7.23 (d, 1H), 4.46
(m, 1H), 3.66 (m, 2H), 3.44 (s,
3H), 3.18 (m, 2H), 2.21 (m, SH),
1.68 (m, 2H), 1.26 (m, 1H), 1.14
(m, 2H)
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Ex. ( Compound NMR m/z | SM
69 3-{[Methoxy(methyl) 10.46 (s, 1H), 8.34 (m, 2H), 8.14 508 - | Method 232
aminoJsulfonyl}-N-{4- (m, 1H), 7.99 (m, 2H), 7.83 (m, and Method
methyl-3-[(3-methyl-4- | 1H), 7.74 (m, 1H), 7.54 (d, 1H), 175
0xo—3,4-dihydro || 744 (m, 3H), 7.23 (d, 1H), 3.73 (s,
quinazolin-6-yl)amino] | 3H), 3.44 (s, 3H), 2.75 (s, 3H),
phenyl}benzamide 2.18 (s, 3H) - |
70 3-{[(2,3-Dihydroxy 10.47 (s, 1H), 8.24 (m, 2H), 8.14 | 552 | Method 232
propyl)(methyl)amino] | (m, 1H), 7.93 (m, 2H), 7.78 (m, ‘ | and Method |
sulfonyl}-N-{4-methyl- | 2H), 7.53 (d, 1H), 7.44 (m, 3H), 1176
_ 3-[(3-methyl—4-oxo-3,4- 7.23 (d, 1H), 4.89 (m, 1H), 4.64
dihydroquinazolin-6- (m, 1H), 3.62 (m, 1H), 3.44 (s,v
yl)amino]phenyl} 3H), 3.30 (m, 2H), 3.10 (m, 1H),
benzamide 2.85 (m, 1H), 2.76 (s, 3H), 2.18 (s,
[ |
71 N-{4-Methyl-3-[(3- 10.42 (s, 1H), 8.31 (m, 1H), 8.16 | 548 | Method 232
methyl-4-0x0-3,4- (d, 1H), 8.14 (m, 1H), 7.97 (m, . | and Method
dihydroquinazolin-6- 2H), 7.86 (t, 1H), 7.73 (m, 2H), 177
yl)amino]phenyl}-3- 7.54 (d, 1H), 7.43 (m, 3H), 723
. {[(_tetraﬁydrofuran-Z- | (d, 1H), 3.78 (m, 1H), 3.63 (m,
ylmethyl)amino] 1H), 3.53 (m, 1H), 3.44 (s, 3H),
sulfonyl}benzamide 2.78 (m, 2H), 2.18 (s, 3H), 1.81
(m, 1H), 1.73 (m, 2H), 1.50 (m,
1H) | |
72 N-{4-Methyl-3-[(3- 10.45 (s, 1H), 8.28 (4, 1H), 8.21 534 | Method 232
methyl-4-0x0-3,4- (m, 1H), 8.14 (m, 1H), 8.00 (m, and Method
dihydroquinaz.olin~6—' 1H), 7.91 (d, 1H), 7.80 (t, IH), 178

yl)amino]phenyl}-3-
(morpholin-4-ylsulfonyl)

benzamide

7.75 (m, 1H), 7.54 (d, 1H), 7.44
(m, 3H), 7.24 (4, 1H), 3.62 (m,
4H), 3.44 (s, 3H), 2.88 (m, 4H),
2.18 (s, 3H) ‘
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Ex. | Compound NMR m/z | SM

73 3-(Azetidin-1- 10.51 (s, 1H), 8.30 (m, 2H), 8.15 | 504 | Method 232
ylsulfonyl)-N-{4-methyl- | (m, 1H), 8.02 (m, 1H), 7..98 (d, and Method

| | 3-[(3-methyl-4-ox0-3,4- | 1H), 7.83 (t, 1H), 7.76 (m, 1H), 179
dihydroquinazolin-6- 7.54 (d, 1H), 7.44 (m, 3H), 7.24
yhaminolphenyl} | (d, 1H), 3.69 (t, 4H), 3.4 (s, 3H),
benzamide 2.18 (s, 3H), 1.98 (m, 2H)

74 3-[(Cyclopropylamino) 10.48 (s, 1H), 8.35 (m, 1H), 8.21 504 Method 232
sulfonyl]-N-{4-methyl-3- | (d, 1H), 8.04 (d, 1H), 7.98 (d, 1H), and Method
[(3-methyl-4-0x0-3,4- 7.76 (m, 2H), 7.54 (d, 1H), 7.44 170 |
dihydroquinazolin-6- (m, 3H), 7.23 (d, 1H), 3.44 (s, 3H), |
yl)amino}phenyl} 2.18 (s, 3H), 2.10 (m, 1H), 0.46.
benzamide (m, 2H), 0.36 (m, 2H) |

75 3-[(Dimethylamino) 10.43 (s, 1H), 8.24 (m, 2H), 8.14 | 492 | Method 232
sulfonyl]-N-{4-methyl-3- | (m, 1H), 7.98 (m, 1H), 7.92 (d, and Method
[(3-methyl-4-0x0-3,4- 1H), 7.76 (m, 2H), 7.54 (d, 1H), 169 -
dihydroquinazolin-6- | 7.44 (m, 3H), 7.24 (d, 1H), 3.44 (s, |
yDaminoJphenyl} 3H), 2.63 (s, 6H), 2.18 (s, 3H)

| benzamide ' o
76 - | N-{4-Methyl-3-[(3- 10.55 (s, 1H), 8.46 (m, 1H), 827 463 | Method 232
| methyl-4-0x0-3 4- (d, 1H), 8.14 (m, 1H), 8.10 (d, and3-
dihydroquinazolin-6- IH), 8.04 (d, 1H), 7.77 (m, 2H), (methyl
yl)amino]phenyl}-3- 7.53 (d, 1H), 7.44 (m, 3H), 7.23 sulfonyl)-
(methylsulfonyl) (d, 1H), 3.44 (s, 3H), 3.28 (s, 3H), benzoic acid
benzamide 2.18 (s, 3H)

77 6-Methyl-N-{4-methyl- | 10.36 (s, 1H), 8.14 (s, 1H), 8.00 (s, | 400 | Method 232
3-[(3-methyl-4-0x0-3,4- | 1H), 7.87 - 7.95 (m, 3H), 7.50 (dd, and 6-
dihydroquinazolin-6- 3H), 7.44 (s, 2H), 7.23 (4, 1H), .Methylpyrid
yl)amino]phenyl} 3.44 (s, 3H), 2.59 (s, 3H), 2.18 (s, | ine-2-
pyﬁdine—i—carboxamide 3H) carboxylic

acid
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0x0-3,4-dihydro
quinazolin-6-yl)amino]

phenyl}benzamide

3.44 (s, 3H), 2.17 (s, 3H), 1.70 (s,
6H)

-53-
Ex. | Compound NMR m/z | SM
78 | 4-Methoxy-N-{4-methyl- | 10.32 (s, 1H), 8.28 (d, 1H), 8.20 483 | Method 232
| 3-[(3-methyl-4-ox0-3 4- | (s, 1H), 8.14 (s, 1H), 8.06 (s, 1H), and 4-

. dihydroquinazolin-6- 7.75 (s, 1H), 7.50 - 7.55 (m, 1H), Methoxy-3-
yl)amino]phenyl}-3- 7.35 - 7.47 (m, 4H), 7.21 (d, 1H), (trifluorome
(trifluoromethyl) 3.95 (s, 3H), 3.44 (s, 3H), 2.17 (s, thyl)benzoic
benzamide 3H) ‘ » acid

79 Z;Methyl—N- {4-methyl- | 10.56 (s, 1H), 8.14 (s, 1H), 8.00 467 | Method 232
3-[(3-methyl-4-0x0-3,4- | (d, 2H), 7.78 - 7.89 (m, 2H), 7.64 and2-
dihydroquinazolin-6- (s, 1H), 7.49 - 7.57 (m, 1H), 7.41 Methy!-5-
yl)amino]phenyl}-5- (s, 1H), 7.37 (d, 1H), 7.20 - 7.28 | (trifluorome
(trifluoromethyl) (m, 1H), 3.44 (s, 3H), 2.16 (s, 3H) thyl)benzoic
benzamide acid

| 80 | 3-(1-Cyano-1-methyl 10.26 (s, 1H), 8.13 (m, 1H), 7.97 | 470 | Method 232 -
'| ethyl)-5-fluoro-N-{4- (m, 1H), 7.87 (t, 1H), 7.75 (m, and Method
methyl-3-[(3-methyl-4- | 1H), 7.72 (d, 1H), 7.60 (m, 1H), 208
0x0-3,4-dihydro 7.54 (d, 1H), 7.42 (m, 3H), 7.24
quinazolin—6-yl)amiho] (d, 2H), 3.44 (s, 3H), 2.18 (s, 3H),
phenyl}benzamide 1.73 (s, 6H) .

81 3-(2-Methoxy-1,1- ,10.11 (s, 1H), 8.13 (m, 1H), 7.97 | 471 | Method 232
dimethylethyl)-N-{4- (m, 1H), 7.87 (t, 1H), 7.74 (m, and Method
methyl-3-[(3-methyl-4- | 2H), 7.52 (m, 2H), 7.42 (m, 4H), 209
0x0-3,4-dihydro 7.22 (d, 1H), 3.44 (s, 3H), 3.39 (s,
quinazolin-6-yl)amino] 2H), 2.17 (s, 3H), 1.28 (s, 6Hj

| phenyl}benzamide . |

82 5-(1-Cyano-1-methyl 10.38 (s, 1H), 8.13 (m, 1H), 7.98 | 470 | Method 232
ethyl)-2-fluoro-N-{4- (m, 1H), 7.68 (m, 3H), 7.52 (d, | and Method
methyl-3-[(3-methyl-4- | 1H), 7.39 (m, 4H), 7.22 (d, 1H), 64
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Ex. | Compound NMR m/z | SM

83 3-[2-(Dimethylamino)- | 10.16 (s, 1H), 8.21 (m, 1H), 8.00 | 498 | Method 232
1,1-dimethyl-2-0xo (m, 1H), 7.80 (m, 1H), 7.74 (d, and Method
ethyl]-N- {4-methyl-3- 1H), 7.73 (t, 1H), 7.54 (d, 1H), 65
[(3-methyl-4-0x0-3,4- 7.48 (t, 1H), 7.42 (m, 3H), 7.32
dihydfoquinazolin-6- (m, 1H), 7.22 (d, 1H), 3.45 (s, 3H),
yl)amino]phenyl} 2.79 (bs, 3H), 2.42 (bs, 3H).,‘ 2.17
benzamide | (s, 3H), 1.46 (s, 6H)

:84 3-(1-Cyano-1-methyl 10.23 (s, 1H), 8.13 (m, 1H), 8.00 © | 470 | Method 232
ethyl)-4-fluoro-N-{4- (m, 1H), 7.94 (m, 2H), 7.72 (m, and Method |
methyl-3-[(3-methyl-4- | 1H), 7.53 '(d, 1H), 7.43 (m, 4H)‘, 66

| oxo0-3,4-dihydro 7.23 (d, 1H), 3.4 (s, 3H), 2.17 (s,

quinazblin—6-yl)amino] 3H), 1.77 (s, 6H)
phenyl}benzamide |

85 3-(1-Cyano-1-methyl 10.43 (s, 1H), 8.16 (m, 1H), 7.99 470 | Method 232
ethyl)-2-fluoro-N-{4- (m; 1H), 7.67 (d, 1H), 7.61 (m, and Method
methyl-3-[(3-methyl-4- | 2H), 7.53 (d, 1H), 7.43 ( m, 4H), 1185
oxo-3,4-dihydrd 7.23 (d, 1H), 3.44 (s, 3H), 2.17 (s,
quinazolin-6-yl)amino] 3H), 1.76 (s, 6H) |
phenyl}benzamidé

86 .| 2-{2-Fluoro-3-[({4- 10.34 (s, 1H), 8.18 (m, lH), 8.00 | 489 | Method 232
methyl-3-[(3-methyl-4- (m, l.H), 7.68 (d, 1H), 7.53 (d, and Method

1 ox0-3,4-dihydro 1H), 7.49 (m, 2H), 7.41 (m, 1H), 186

quinazolin-6-yl)amino] 7.37 (m, 2H), 7.26 (t, 1H), 7.21 -
phenyl}amino)carbonyl] | (d, 1H), 3.45 (s, 3H), 2.16 (s, 3H),
phenyl}-2-methy] 1.48 (s, 6H) |
propanoic acid

87 2-Chloro-N- {4-methyl-'3- 10.55 (s, 1H), 8.13 (m, 1H), 7.99 487 | Method 232
[(3-methyl-4-0x0-3,4- (m, 1H), 7.95 (m, 1H), 7.87 (m, and 2-
dihydroquinazolin-6- 1H), 7.64 (m, 2H), 7.53 (d, 1H), Chloro-3-
yl)amino]phenyl}-3- 7.38 (m, 3H), 7.22 (d, 1H), 3.44 (s, (triﬂudrome
(trifluoromethyl) 3H), 2.16 (s, 3H) thyl)benzoic
benzamide ' acid
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0x0-3,4-dihydro
quinazolin-6-yl)amino]

phenyl}benzamide

1H), 3.45 (s, 3H), 2.16 (s, 3H),
1.82 (s, 1H), 1.40 (s, 3H), 0.89 -
0.74 (m, 1H), 0.41 - 0.25 (m, 3H)

-55-

Ex. | Compound NMR m/z | SM |

88 2-Fluoro-N-{4-methyl-3- | 10.55 (s, 1H), 8.13 (m, 1H), 7.94 471 | Method 232
[(3-methyl-4-0x0-3,4- (m, 3H), 7.65 (m, 1H), 7.52 (m, and 2-
dihydroquinazoliﬁ-6- 2H), 7.42 (m, 2H), 7.35 (m, 1H), Fluoro-3- -
yDaminoJphenyl}-3- | 7.23 (d, 1H), 3.4 (s, 3H), 2.16 (s, (trifluorome
(triﬂuorbmethyl) 3H) thyl)benzoic
benzamide _ , acid

89 N-{4-Methyl-3-[(3- 10.61 (s, 1H), 9.32 (d, 1H), 8.32 455 | Method 232

| methyl-4-o0xo0-3,4- (d, 1H), 8.14 (m, 1H), 8.00 (m, | and Method
dihydroquinazolin-6-yl) | 1H), 7.83 (d, 1H), 7.55 (d, 1H), 67
amino]phenyl}-2- 7.46 (m, 3H), 7.27 (d, 1H), 3.45
(trifluoromethyl) (s, 3H), 2.20 (s, 3H)
pyrimidine-4-
carboxamide

90. 4-Dimethy1amin0m_ethyl-_ 10.90 (s, br, 1H, HCI), 10.40 (s, 509 | Method 232
'N-[4-methyl-3-(3- 1H), 8.46-7.20 (m, 11H), 4.45 (s, and Method
methyl-4-oxo-3,4- ‘ .2H), 3.40 (s, 3H), 2.70 (s, 6H), 68
dihydro-quinazolin-6- 2.10 (s, 3H)
ylamino)-phenyl]-3-
triﬂuoromethyl- .
benzamide L

91 Behzo[1,3]dioxole-5- 10.05 (s, 1H), 8.20-7.10 (m, 11H), [ 428 | Method 232

| carboxylic acid [4- 6.15 (s, 2H), 3.50 (s, 3H), 2.21 (s, and
methyl-3-(3-methyl-4- 3H) Piperonylic
0x0-3,4-dihydro- acid
quinazolin-6-ylamino)-

‘ phenyl]amide

92 3-(1-Cyclopropyl-1- 7.99 (s, 2H), 7.77 - 7.57 (m, 3H), {468 | Method 232
hydroxyethyl)-N-{4- 7.43 (d, 3H), 7.37 - 7.30 (m, 2H), and Method
methyl-3-[(3-methy1—4- 7.26 (d, 1H), 7.12 (d, 1H), 5.40 (s, 69
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Ex. | Compound NMR m/z | SM

93 3-[Cyclopropyl(hydroxy) | 10.17 (s, 1H), 8.28 (s, 1H), 8.04 (s, | 454 | Method 232
methyl]-N-{4-methyl-3- | 1H), 7.91 (s, 1H), 7.82 - 7.73 (m, and Method
[(3—methy1—4-0x0—3,4- 2H), 7.55 (d, 2H), 7.48 - 7.38 (m, 70
dihydroquinazolih—G- 4H), 7.22 (d, 1H), 4.02 (d, 1H),
yl)amino]phenyl} 3.46 (s, 3H), 2.16 (s, 3H), 1.12 -
benzamide 0.98 (m, 1H), 0.47 - 0.32 (m, 4H)

94 3-(1,1-Dimethylpropyl)- | 10.12 (s, 1H), 8.22 (s, 1H), 8.01 (s, | 454 | Method 232
N-{4-methyl-3-[(3- 1H), 7.83 - 7.79 (m, 1H), 7.78 - and Method
methyl-4-0x0-3 4- 17.70 (m, 2H), 7.56 - 7.50 (m, 2H), 20
dihydroquinazolin-6- 7.45 - 7.39 (m, 4H), 7.22 (d, 1H),
yl)amino]phenyl} 3.44 (s, 3H), 2.16 (s, 3H), 1.64 (q,

| benzamide 2H), 1.27 (s, 6H), 0.61 (t, 3H)
95 3-(1,1-Dimethylprop-2- | 10.18 (s, 1H), 8.25 (s, 1H), 8.04 (s, 450 | Method 232
yn-1-yl)-N- {4-methyl—3- 2H), 7.82 - 7.71 (m, 3H), 7.57 - and Method
- [(3-methyl-4-o0x0-3,4- 7.46 (m, 2H), 7.46- 7.39 (m, 4H), 219
dihydroquinazolin-6- 7.24 (d, 1H), 3.44 (s, 3H), 3.28 (s, |
‘yl)amino]phenyl}. 1H), 2.17 (s, 3H), 1.55 (s, TH)
| benzamide ' ' ‘

96 3-(1,1-Difluoroethyl)-N- 10.31 (s, 1H), 8.30 (s, 1H), 8.09-— | 448 | Method 232
{4-methyl-3-[(3-m'ethy1-l 8.01 (m, 3H), 7.79 -7.73 (m, 2H), and Method
4-0x0-3,4-dihydro 7.63 (t, 1H), 7.58 - 7.54 (m, 1H), 71
quinazolin-6-yl)amino] | 7.47 - 7.41 (m, 3H), 7.24 (d, 1H),
phenyl}beniamide 3.46 (s, 3H), 2.17 (s, 3H), 2.01 (4,

3H) | A

97 Sodium {3-(1-Cyano-1-. { 10.22 (s, 1H), 8.53 (s, 1H), 7.84 (s, | 551 Method 232
methylethyl)-5-[({4- 2H), 7.77 (s, 1H), 7.63 (s, 1H), ahd Method
methyl-3-[(3-methyl-4- | 7.57 (d, 1H), 7.48 - 7.39 (m, 3H), 72 '

0x0-3,4-dihydro
quinazolin-6-yl)amino]
phenyl}amino)carbonyl]
phenyl} methane

sulfonate

7.25 (d, 1H), 3.80 (s, 2), 3.47 (s,
3H), 2.17 (s, 3H), 1.72 (s, 6H)
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dihydroquinazolin-6-
yl)amino]phenyl}-5-[3-
(4-methylpiperazin-1-
"yDprop-1-yn-1-

yllbenzamide

1H), 3.55 (s, 2H), 3.46 (s, 3H),
3.36 (s, 3H), 2.50 - 2.60 (m, 4H),

| 2.2-2.4 (m, 4H), 2.17 (s, 3H) 2.18

(s, 3H), 1.73 (s, 6H)

-57-

Ex. | Compound NMR ‘ m/z | SM

98 3-(1-Cyano-1-methyl 10.24 >(s, 1H), 8.28 (s, 1H), 7.86 (s, | 511 | Method 232
ethyl)-N-{4-methyl-3- 1H), 7.81 (s, 1H), 7.74 (s, 1H), and Method
[(3-methyl-4-0x0-3,4-~ | 7.65 (s, 1H), 7.58 - 7.52 (m, 1H), 73
dihydroquinazolin-6- 7.46 - 7.37 (m, 3H), 7.24 (d, 1H),
yl)amino]phenyl}-S- " 3.79 (s, 2H),.3.45 (s, SH), 2.17(s,

[(methylthio)methyl] 3H), 1.97 (s, 3H), 1.73 (s, 6H)
benzamide | _

99 3-(1-Cyano-1-methyl 10.23 (s, 1H), 8.14 (s, 1H), 7.99 (s, | 564 | Method 232
ethyl)-V- {4;methy1-3- 1H), 7.88 (s, 1H), 7.80 (s, 1H), and Method
[(3-methyl-4-0x0-3,4- 7.74 (s, 1H), 7.64 (s, 1H), 7.50 - 74
dihydroquinazolin-6- 7.58 (m, 1H), 7.36 - 7.47 (m, 3H),
yljamino]phenyl}-S-[(4- 7.24 (d, 1H), 3.59 (s, 2H), 3.45 (s,
methylpiperazin-1- 3H), 3.34 (s, 2H), 3.16 (s, 1H), |
yl)methyl]benzamide 2.5-2.6 (m, 2H), 2.42 - 2.51 (m,

4H), 2.32 (s, 3H), 2.18 (s, 3H), -
R | 1.73 (s, 6H) -

100 | 3-(1-Cyano-1-methyl -10.65 (s, 1H), 10.41 (s, 1H), 8.46 | 509 | Method 232
ethyl)-5- (s, 1H), 8.09 (s, 2H), 7.97 (s, 1H), and Method
[(dimethylamino) 7.77 (s, 1H), 7.60 - 7.45 (s, 4H), 75
methyl]-N-{4-methyl-3- | 7.26 (d, 1H), 4.38 (s, 2H), 3.44 (s,

[(3-methyl-4-0x0-3,4- | 3H), 2.70 - 2.58 (m, 6H), 2.19 (s,
dihydroquinazolin-6- 3H), 1.76 (s, 6H) - '
yl)amino]phenyl} |

| benzamide , :

101 | 3-(1-Cyano-1-methyl 10.32 (s, 1H), 8.16 (s, 1H), 7.99 (s, | 588 | Method 232
ethyl)-N-{4-methyl-3- | 3H), 7.75 (s, 2H), 7.51 - 7.60 (m, and Method"
[(3-methyl-4-0x0-3,4- - 1H), 7.40 - 7.50 (m, 3H), 7.24 (d, 77
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Ex. | Compound NMR m/z | SM
102 | 5-Methyl-N-{4-methyl- | 10.32 (s, 1H), 8.87 (s, 1H), 8.57 (s, 400 Method 232
3-[(3-methyl-4-0x0-3,4- | 1H), 8.14 (s, 1H), 8.07 (s, 1H), and 5-
dihydroquinazolin-6- 8.00 (s, 1H), 7.74 (s, 1H), 7.54 (d, Methylpyrid
yl)amino]phenyl} 1H), 7.43 (s, 3H), 7.22 (d, 1H), ine-3-
nicotinamide 3.44 (s, 3H), 2.36 (s, 3H), 2.17 (s, carboxylic
3H) acid
103 | 3-tert-Butyl-N-{4- 10.21 (s, 1H), 8.14 (s, 1H), 7.99 (s, | 441 | Method 232 |
| methyl-3-[(3-methyl-4- 1H), 7.87 (é, 1H), 7.83 (d, 1H), and Method
oxo-3,4-dihydro 775 (d, 1H), 7.55-7.40 (m, 6H), 187
quinazolin-6-yhjamino] | 7.18 (d, 1H), 3.43 (s, 3H), 2.15 (s, |
| phenyl} benzamide 3H), 129 (s, 9H)
104 | 4-Chloro-N-{4-methyl-3- | 10.63 (s, 1H), 8.68 (d, IH), 8.14  [419 | Method 232
[(3-methyl-4-0x0-3,4- (s, 1H), 8.09 (s, 1H), 7.98 (s, 1H), | and 4-
dihydroquinazolin—6- 7.90 (s, 1H), 7.80 (d, 1H), 7.49 - Chloropyrid
yl)amino]phenyl} 7.56 (m, 2H), 7.41 - 7.48 (m, 2H), ine-2-
pyridine-2-carboxamide | 7.22 (d, 1H), 3.4 (s, 3H), 2.18 (s, carboxylic
| 3H) acid
105 | 4-Methyl-N-{4-methyl- | 10.30 (s, 1H), 8.08 - 8.20 (m, 3H), | 466 | Method 232
3-[(3-methyl-4-0x0-3,4- | 7.98 (s, 1H), 7.74 (s, 1H), 7.50 - | and 4-
dihydroquinazolin-6- - | 7.60 (m, 2H), 7.39 - 7.46 (m, 3H), Methyl-3-
yl)amino]p'henyl}-3- 7.22 (d, 1H), 3.44 (s, 3H), 3.34 (s, (trifluorome
(trifluoromethyl) ' 3H), 2.17 (s, 3H) tﬁyl}benzoic
benzamide ‘ acid
106 | N-{4-Methyl-3-[(3- 11.44 (s, 1H), 10.09 (s, 1H), 8.13 | 423 | Method 232
methyl-4-0x0-3,4- (s, 1H), 8.00 (d, 2H), 7.81 (s, 1H), and 1H-
dihydroquinazolin-6- 7.61 (s, 2H), 7.40 - 7.56 (m, 5H), Indole-6-
yl)amino]phenyl}-1H- 7.20 (d, 1H), 6.50 (s, 1H), 3.44 (é, carboxylic
indole-6-carboxamide 3H), 2.17 (s, 3H) acid
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Ex. | Compound NMR _ m/z. | SM
107 | 3-Cyano-N-{4-methyl-3- | 10.33 (s, 1H), 8.36 (s, 1H), 8.11- {409 | Method 232
[(3-methyl-4-0x0-3,4- | 8.24 (m, 2H), 7.96 - 8.08 (m, 2H), and3-
dihydroquinazolin-6- 7.65-7.79 (m, 2H), 749 - 7.59 Cyanobenzo
yl)amino]phenyl} (m, 1H), 7.38 - 7.47 (m, 3H), 7.23 ic acid
benzamide (d, 1H), 5.75 (s, 1H), 3.44 (s, 3H), |
2.18 (s, 3H) |
108 | 1,3-Dimethyl-N-{4- 9.85 (s, 1H), 8.13 (s, 1H), 7.95 (s, 402 Method 232
methyl-3-[(3-methyl-4- | 1H), 7.80 (s, 1H), 7.53 (d, 1H), | and 1,3-
0x0-3,4-dihydro 7.38 - 7.46 (m, 3H), 7.16 (d, 1H), Dimethyl-
quinazdlin—é-yl)amino] 6.50 (s, 1H), 3.80 (s, 3H), 3.44 (s,‘ 1H-- .
phenyl}-lH-pyrazdle—S- 3H), 2.27 (s, 3H), 2.15 (s, 3H) pyrazole-5-
carboxamide - | carboxylic
. ‘ : _ : acid
109 | 4-Fluoro-3-methyl-N-{4- | 10.12 (s, 1H), 8.13 (s, 1H), 7.98 (s, | 416 | Method 232
methyl-3-[(3-methyl-4- - | 1H), 7.86 (d, 1H), 7.73 - 7.82 (m, and 4-
0x0-3 4-dihydro 2H), 7.48 - 7.58 (m, 1H), 7.36 - Fluoro-3-
quinazolin-6-yl)amino] 7.46 (m, 3H), 7.17 - 7.30 (m, 2H), methylbenz
phenyl}benzamide 3.35 (s, 3H), 2.29 (s, 3H), 2.17 (s, -oic acid
| W |
110 | 4-Methoxy-3-methyl-N- | 9.95 (s, 1H), 8.13 (s, 1H), 7.96 (s, | 428 | Method 232
{4-methyl-3-[(3-methyl- | 1H), 7.72 - 7.83 (m, 3H), 7.53 (d, and 4-
4-0x0-3,4-dihydro 1H), 7.38 - 7.46 (m, 3H), 7.19 (d, Methoxy-3-
quinazolin-6-yl)amino] 1H), 7.02 (d, 1H), 3.84 (s, 3H), methylbenz
phenyl} benzamide 3.44 (s, 3H), 2.17 (4, 6H) oicacid
ill N-{4-Methyl-3-[(3- 9.69 (s, 1H), 8.13 (s, 1H), 8.01 (s, | 426 | Method 232
methyl-4-0x0-3,4- 1H), 7.74 (s, 1H), 7.48 - 7.58 (m, and 2,3-
dihydroquinaiolin—é— © | 2H),7.35-7.44 (m, 3H), 7.19 - Dihydro-1-
yDamino]phenyl}-2,3- | 7.31 (m, 2H), 6.90 - 6.99 (m, 1H), benzofuran-
dihydro-1-benzofuran-7- | 4.71 (t, 2H), 3.44 (s, 3H), 3.24 4, 7-carboxylic
carboxamide 2H), 2.15 (s, 3H) acid
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Ex. | Compound NMR m/z .SM

112 | N-{4-Methyl-3-[(3- 11.37 (s, 1H), 10.04 (s, 1H), 8.22 | 423 | Method 232
methyl-4-0x0-3,4- (s, 1H), 8.13 (s, 1H), 7.98 (s, 1H), and 1H-
dihydroquinazolin-6- 7.81 (s, 1H), 7.69 (d, 1H), 7.40 - Indble—S-
yl)amino]phenyl}-lH- 7.55 (m, 6H), 7.20 (d, 1H), 6.55 (s, carboxylic
indole-5-carboxamide 1H), 3.44 (s, 3H), 2.17 (s, 3H) acid

113 | 8-Methyl-N-{4-methyl- | 9.95 (s, 1H), 8.39 - 8.51 (m, 2H), |438 | Method 232

' 3-[(3-methyl-4-0x0-3,4- | 8.14 (s, 1H), 7.99 (s, 1H), 7.89 (s, and 8-
dihydroquinazolin-6- 1H), 7.41 - 7.56 (m, 4H), 7.12 - | Methylimid
yhamino]phenyl} 7.24 (m, 2H), 6; 89 (t, 1H), 3.44 (s, azo(1,2-
imidazo[1,2-a]pyridine- 3H), 2.55 (s, 3H), 2.17 (s, 3H) 1 alpyridine-
2-carboxamide | 2-carboxylic
acid

Examg‘le 114

3-(1-Cyano-1-methylethyl)-N-[3-({2-[(2-hydroxyethyl)amino]-3-methyl-4-0x0-3.4-
dihydroquinazolin-6-yl}amino)-4-methylphenyl]benzamide ‘

3-Chloroperoxybenzoic acid (0.073 g, 0.33 mmol) was added to a stirring solution of

3-(1 -cyano-l -methylethyl)-N-(4-methy1—3- {[3-methyl-2-(methylthio)-4-0x0-3,4-
dihydroquinazolin-6- yl]ammo}phenyl)bcnzamlde (Example 122; 0.070 g, 0.14 mmol) in 5 ml
DCM at 25 °C for 30 min. The reaction mixture was concentrated under reduced pressure. 2-
Aminoethanol was added to the crude residue and the reaction mixture was stirred at 80 °C

for 30 min. The crude mixture was concentrated under reduced pressure and purified by

reverse phase semi preparatory HPLC. NMR (300 MHz): 10.14 (s, 1H), 7.92 (s, 1H), 7.83 (d,

1H), 7.61 - 7.70 (m, 2H), 7.47 - 7.55 (m, 1H), 7.35 (d, 2H), 7.19 - 7.28 (m, 1H), 7.13 (d, 1H),
7.04 (s, 1H), 6.87 (s, 1H), 3.4 - 3.64 (m, 4H), 3.35 (s, 3H), 2.11 (s, 3H), 1.67 (s, 6H); m/z

511.

. Example 115

20

The following compound was prepared by the procedure of Example 114 using the
appropriate starting material and 3-(1-cyano-1-methylethyl)-N—(4-methyl-3-{[3-rhethyl—2—
(methylthio)-4-0x0-3,4-dihydroquinazolin-6-yl]Jamino} phenyl)benzamide (Example 122).
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Ex. | Compound " | 'THNMR : m/z | SM

115 | 3-(1-Cyano-1- 10.14 (s, 1H), 7.92 (s, 1H), 7.83 | 495 | dimethylamine
mefhylethyl)—N-(S- (d, 1H), 7.62 - 7.68 (m, 2H),

{[2-(dimethylamino)- | 7.47 - 7.54 (m, 1H), 7.26 - 7.35
3-methyl-4-oxo0-3,4- | (m, 2H), 7.21 (s, 1H), 7.14 (d,
dihydroquinazolin-6- | 1H), 7.04 (s, 1H), 6.86 (s, 1H),
yllamino}-4-methyl | 3.38 (s, 3H), 2.75 (s, 6H), 2.1

phenyl)benzamide (s, 3H), 1.67 (s, 6H)

Example 1 16 _
5-[3-(Dimethylamino)prop-1-yn-1-y1]-N-{4-methyl-3-[(3-methyl-4-0x0-3 4-

dihydroquinazolin-6-yl)amino]phenyl}nicotinamide

To a 50 ml round bottom flask charged with a magnetic stir bar was added 5-bromo-N-

: ‘{4-methyl—3-[(3-methyl-4-oxo-3,4—dihydroquinazoliri-6-yl)amino]phenyl}nicotinamide

(Example 64; 0.200 g, 0.43 mmol) and CH;CN (2 ml). Triethylamihe (0.38 ml, 2.15 mmol_)
was added followed by N,N-dimethylprop-2-yn-1-amine (0.14 g, 1.72 rn‘mol). With stirring
Pd(PPhs)4 (0.100 g, 0.086 mmol) and Cul (0.009 g, 0.043 mmol) were added and the reaétion
was warmed to 60 °C for 4 h. The reaction was then diluted withv EtOAc (~ 25 ml), filtered
through a pad of SiO,, and concentrated in vacuo. The crude product was purified on 40 g
5102 using EtOAc-MeOH (10:1) as eluent giving 0.138 g of the title compound as a white
solid (69 %); m/z 467. ‘ ‘ '

Example 117
5-[3-(Dimethylamino)propyl]-N-{ 4-méthyl-3 -[(3-methyl-4-0x0-3.4-dihydrogquinazolin-6-

vl)amino]phenvl}nicotinamide

A 50 ml round bottom flask was charged with a magnetic stir bar, 5-[3-
(dimethylamino)prop-1-yn-1-yl]-N-{4-methyl-3 -[(3-methyl-4-ox0-3,4-dihydroquinazolin-6-

'yDamino]phenyl}nicotinamide (Example 116; 0.05 g, .107 mmol), MeOH (5 ml), and 10%

Pd/C (0.05 g). The reaction mixture was purgedwith hydrogen and placed under a hydrbgen
atmosphere with a balloon. The mixture was allowed to stir at 25 °C for 12 h before being
filtered throﬁgh a bed of Celite and concentrated in vacuo. The crude product was purified on
40 g SiO; using EtOAc-MeOH (5:1) as eluent giving 0.045 g the title compound as an off -
white solid (89 %). NMR: 10.68 (s, 1H) 10.33 (s, 1H) 9.10 (d, 1H) 8.80 (d, 1H) 8.52 (s, 2H)
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8.17 (s, 1H) 7.80 (d, 1H) 7.55 - 7.68 (m, 1H) 7.40 - 7.54 (m, 2H) 7.26 (d, 1H) 3.47 (s, 3H)
2.97 - 3.09 (m, 2H) 2.81 (t, 2H) 2.72 (d, 7H) 2.18 (s, 3H) 2.07 (d, 1H); m/z 472.

Example 118
The following compound was prepared by the procedure of Example 117 using the

appropriate starting material.

Ex. | Compound '"H NMR m/z |SM
118 | 3-(1-Cyano-1-methyl 10.08 (s, 1H), 8.23 (d, 1H), 7.78 (m, 535 | Example
ethyl)-N-(4-methyl-3-{[4- | 1H), 7.68 (d, 1H), 7.56 (m, 1H), 7.49 28
0x0-3-(piperidin-4-yl (m, 2H), 7.36 (m, 2H), 7.22 (m, 2H),
methyl)-3,4-dihydro 17.16 (m, 1H), 7.02 (d, 1H), 3.65 (m,
. quinazolin-6-yljamino} '2H), 3.05 (m, 2H), 2.52 (m, 2H), 1.94
phenyl)benzamide | (s, 3H), 1.53 (m, 10H), 1.30 (m, 1H)

Examg_ le 119

1-3-[(3-methyl-4-0x0-3.4-dihydroquinazolin-6-

yDamino]phenyl}benzamide

Upon purification of 3-(1-cyclopropyl-1-hydroxyethyl)-N- {4-methyl-3-[(3-methyl-4-
oxo-3,4-dihydroquinazolin-6-yl)amino]phenyl} benzamide (Example 92) utilizing a Gilson
HPLC (0.1% TFA in CH3CN and water), the title compound was formed by the elimination of
the hydroxyl group from the TFA present in the purification solvents. NMR; 7.99 (s, 2H),

7.71 - 7.57 (m, 3H), 7.43 (d, 3H), 7.37 - 7.30 (m, 2H), 7.26 (d, 1H), 7.12 (d, 1H), 5.40 (s, 1H),
3.45 (s, 3H), 2.16 (s, 3H), 1.82 (s, 1H), 1.40 (s, 3H), 0.89 - 0.74 (m, lH)‘, 0.41 - 0.25 (m, 3H); .
m/z 450.

Example 120
4-[( Cvcloproleamino)methvl] -N-{4-methyl-3-[(3-methyl-4-0x0-3 ,4-dihvdroquinaiolin-6- ‘

_yDamino]phenyl}-3-(trifluoromethyl )benzamidé

A solution of tert-butyl cyclopropyl[4-[({4-methyl-3-[(3-methyl-4-0x0-3,4-
dihydroquinazolin-6-yl)amino]phenyl} amino)carbonyl]-2-(trifluoromethyl)benzyl]carbamate

'(Example 47;0.088 g, 0.14 mmol) in 4 N HCl in 1,4-dioxane was stirred at 25 °C for 45 min.

The reaction mixture was concentrated under reduced pressure to give the desired product.
NMR: 10.47 (s, 1H), 8.53 (s, 1H), 8.22 - 8.32 (m, 2H), 8.09 (d, 1H) 7.73 (d, 1H) 7.57 (d, 1H)
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7.39 - 7.45 (m, 2H).7.36 (d, 1H) 7.20 (d, 1H) 4.36 (s, 2H) 3.43 (s, 3H) 2.69 (m, 1H) 2.12 (s,
3H) 0.87 - 0.97 (m, 2H) 0.64 - 0.74 (m, 2H); m/z 522.

| Example 121

The fol.lowirig compound was prepared by the procedure of Example 120 using the

appropriate starting material.

Ex. | Compound "H NMR ‘ m/z | SM
121. 3—‘[6-[(5-{[3-(1— 10.32 (s, 1H), 8.54 (m, 1H), 7.96 | 532 | Example 26
Cyano-1-methyl | m, 3H),7.75 (m, 2H), 7.60 (m,
ethyl)benzoyl]amino} 2H), 7.43 (m, 2H), 7.25 (d, 1H),
2-methylphenyl) | 3.98 (m, 2H), 2.80 (m, 2H), 2.17
amino]-4-oxo (s, 3H), 1.99 (m, 2H), 1.73 (s,
quinazolin-3(4H)- 6H) -
yl]propan-1-aminium -
' chloride

- Example 122

10

15

20

3-(1-Cyano-1-methylethyl)-N-(4-methyl-3- {{3-methyl-2-( methvlthio)—_4-oxo-3 4-

dihydroquinazolin-6-yl]amino}phenyl)benzamide

A mixture of N-(3-amino-4-methylphenyl)-3-(1-cyano-1-methylethyl)benzamide

V(Method 87; 0.26 g,l 0.88 mmol), 6-bromo-3-methyl-2-(methylthio)quinazolin-4(3H)-one

(Method 182; 0.25 g, 0.88 mmol), caesium carbonate (0.857 g, 2.63 mmol), BINAP (0.040 g,
0.088 mmol) and Pd,(dba); (0.055 g, '0_.044 mmol) in 1,4-dioxane (6 ml) was stirred at 100 °C -
for 15 h. The reaction mixture was filtered over Celite, concentrated and purified on silica gel.

m/z 498.

Preparation of Starting Materials

Method 1 -

3-Cyéﬁomethyl-benzoic acid methyl ester ,
A suspension of methyl-3-(bromomethyl)benzoate (13.5 g, 58.9 mmol) and sodium

cyanide (4.33 g, 88.4 mmol) in DMF (25 ml) and water (1 ml)-was stirred at 75 °C for 5 h.
The reaction mixture was quenched with water (50 ml) and extracted with EtOAc (3 x 100
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ml). The combined organics were dried and concentrated under reduced pressure. The
resulting residue was purified by column chromatography utilizing an ISCO system (hexane-
EtOAc) to give7.2 g (70%) of colourless oil. NMR: 7.90 (s, 1H), 7.86 (d, 1H), 7.60 (d, 1H),
7.50 (m, 1H), 4.10 (s, 2H), 3.80 (s, 3H); m/z 175.

Methods 2-18 | |
The following compounds were prepared by the procedure of Method 1, using the

appropriate SM and sodium cyanide.

Meth | Compound . - | m/z | SM

2 Methyl 3-(benzyloxy)-5-(cyanomethyl)benzoate - 283 | Method 136

3 Methyl 3-(cyanomethyl)-5-methoxybenzoate 206 | Method 137

4 Methyl 4-(cyanomethy1)thiophene-2—carBoxylate o 182 | Method 152
5 Ethyl 2-(cyanomethyl)-1,3-thiazole-4-carboxylate 197 | Method 157

6 Methyl 4-chloro-3-(cyanomethyl)benzoate 210 | Method 156

7 Methyl 5-(cyanomethyl)nicotinate - 177 | Method 159

8 Methyl 3-(cyanomethyl)-1-methyl-1H-pyrazole-5- A 180 | Method 160

carboxylate | ' '
9 | Methyl 5-(cyanomethyl)-1-methyl-1H-pyrazole-3- - | 180 | Method 161
‘ ca’rboxylafe ‘ ! | |

10 | Methyl 5-(cyanomethyl)-2-furoate | 166 | Method 162

11 Methyl 5-(cyanomethyl)isoxazole-3-carboxylate | 167 | Method 163

12 [4-({[tert-Butyl(diphenyl)silylJoxy}methyl)-2- - 393 | Method 153

thienyl]acetonitrile ‘

13 (3-Bromo-5-fluorophenyl)acetonitrile 215 | Method 138

14 Methyl 5-(cyanomethyl)-2-fluorobenzoate 1195 Method 164

15 Methyl 3-(cyanomethyl)-4-fluorobenzoate ' 194 | Method 168

16 (2-Fluoro-3-methylphenyl)acetonitrile . ' -~ 1 150 | 1-(Bromo

' ‘ methyl)-2-
| fluoro-3--
methylbenzene
17 Methyl 3-(cyanomethyl)-5-methylbenzoate 190 | Method 1 66.
18 Methyl 3-bromo-5-(cyanomethyl)benzoate 255 | Method 139
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Method 19

3-(1-Cyano-1-methylethyl)benzoic acid methyl ester

PCT/GB2005/003334

A solution of 3-cyanomethyl-benzoic acid methyl ester (Method 1; 7.2 g, 41.1 mmol)

in DMSO (80 ml) was treated with sodium hydride (60%, 4.9 g, 123.3 mmol, 3 eq). Methyl

iodide was then added dropwise at 0 °C. The reaction mixture was stirred at 25 °C for 12 h..

The reaction mixture was then quenched with water (200 ml) and extracted with EtOAc. The

combined organics were dried and concentrated under reduced pressure. The crude product

was purified by column chromatography utiliz_ing an ISCO system (hexane-EtOAc) to give
5.5 g (66%) of a colourless oil. NMR: 8.05 (s, 1H), 7.90 (d, 1H), 7.75 (d, 1H), 7.55 (m, 1H),
3.80 (s, 3H), 1.62 (s, 6H); m/z 203. - ' ’

Methods 20-39

The following compounds were prepared by the procedure of Method 19, using the

appropriate SM and methyl iodide.

Meth { Compound m/z | SM

20 - | 3-Benzyloxy-5-(cyano-dimethyl-methyl)-benzoic acid methyl | 310 | Method 2
ester ' ' | |

21 3-(Cyano-dimethyl-methyl)-5-methoxy-benzoic acid methyl 234 | Method 3
ester |

22 2-Methyl-2-(2-thienyl)propanenitrile | 152 | 2-Thienyl .

V : ‘ | acetonitrile .

23 Methyl 4-(1-cyano-1 -methylethyl)fhiophene-2-carboxy1ate 210 | Method 4

24 | Methyl 4-chloro-3-(1-cyano-1-methylethyl)benzoate 238 | Method 6

25 Ethyl 2-(1-cyano-1-methylethyl)-1,3-thiazole-4-carboxylate 225 | Method 5

26 Methyl 5-(1-cyano-1-methylethyl)nicotinate . 205 | Method 7

27 | Methyl 3-(1-cyano-1-methylethyl)-1-methyl-1H-pyrazole-5- | 208 | Method 8

: carboxylate .

28 | Methyl 5-(1-cyano-1-methylethyl)-1 -ﬁlethyl- 1H-pyrazole-3- | 208 | Method 9
carboxylate -

29. | Methyl 5-(1-cyano- 1-methylethyl)-2-furoate 194 | Method 10

30 | Methyl 5-(1-cyano-1 -methylethyl)isoxazole-3-carboxylate 195 | Method 11
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Meth | Compound m/z | SM
31 2-[4-({[tert-Butyl(diphenyl)silylJoxy} methyl)-2-thienyl]-2- - | 421 | Method 12
methylpropanenitrile |
132 2-(3-Bromo-5-fluorophenyl)-2-methylpropanenitrile 243 Method 13 -
33 Mgthyl 2-(3-bromophényl)-2—methy1propanoate 258 | Method 149
34 2-(3-Bromophenyl)-2-methylpropyl methyl ether 244 | Method 134
35 Methyl 5-(1-cyano-1-methylethyl)-2-fluorobenzoate 222 | Method 14
36 | Methyl 3-(1-cyano-1-methylethyl)-4-fluorobenzoate 222 | Method 15
37 2-(2-Fluoro-3-methylphenyl)-2-methylpropanenitrile 178 | Method 16
38 Methyl 3-(1-cyano-1-methylethyl)-5-methylbenzoate 218 | Method 17
39 Méthyl 3-bromo-5-(1-cyano-1-methylethyl)benzoate 283 | Method 18
Method 40

3( 15Cyano-1-fnethylethvl)benzoic acid

A solution of 3-(1-cyano-1-methylethyl)benzoic acid methyl ester (Method 19; 5.5 g,

27.1 mmol) in 100 ml of THF-MeOH-H,O (3:1:1) was treated with lithium hydroxide (1.95

g) in 20 ml water. The mixture was stirred at 25 °C for 12 h. The solvents were removed

under reduced pressure and the residue was diluted with water and acidified with 10% HCl to

pH = 1-3. The resulting white solid (4.83 g, 94%) was filtered, washed with water, and dried.
NMR: 13.00 (s, 1H), 7.95 (s, 1H), 7.80 (d, 1H), 7.65 (d, 1H), 7.45 (m, 1H), 1.60 (s, 6H); m/z

189.

Methods 41-77

appropriate SM and lithium hydroxide.

The following compounds were prepared by the procedure of Method 40, using the

Meth | Compound m/z | SM
41 3-(Benzyloxy)-5-(methoxycarbonyl)benzoic 287 Method 130
acid :
42 3-Methoxy-5-(methokycarbonyl)benzoic acid 211 ‘5-Met‘hoxy—isophthalic acid
‘ /| dimethyl esfer
43 3-(Cyano-dimethyl-methyl)-5-methoxy-benzoic | 220 | Method 21
acid
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Meth | Compound m/z | SM

44 3-(Cyano-dimethyl-methyl)-5-(2- 277 | Method 141

dimethylamino-ethoxy)-benzoic acid

45 4-(1-Cyano-1-methylethyl)thiophene-2- 196 | Method 23

carboxylic acid

46 4-Chloro-3-(1-cyano-1-methylethyl)benzoic 224 | Method 24

acid

| 47 2-(1-Cyano-1-methylethyl)-1,3-thiazole-4- ' 197 | Method 25 -

carboxylic acid

48 Methyl 4-{[(tert- , 260 | Method 180
butoxycarbonyl)(cycloprbpyl)amino]methyl}-3-
(triﬂuoromethyl)benioate

49 3-(3,3-Dimethylbut-1-yn-1-yl)benzoic acid 203 | Method 188

50 3-(3-Hydrqu—3-methylbut-1-yn—l-yl)benzoic 205 | Method 189

acid
51 3-(Cyclopropylethynyl)benzoic acid 187 | Method 190
52 5-Piperidin-1-ylnicotinic acid v 207 | Method 192
53 3-Piperidin-1-ylbenzoic acid 206 | Method 193
54 - | 5-Morpholin-4-ylnicotinic acid _ | 209 | Method 194
55 5-(1-Cyano-1-methylethyl)nicotinic acid 191 | Method 26
56 3-Cyclopropylbenzoic acid . | 163 | Method 235
57 3-(Morpholin-4-ylcarbonyl)benzoic acid 236 | Method 85
58 3-[(Dimethylamino)carbonyl]benzoic acid 194 | Method 86
59 3-(1-Cyano-1-methylethyl)-1-methyl-1H- 194 | Method 27
| pyrazole-5-carboxylic acid . - |
60 5-(1-Cyano-1-methylethyl)-1-methyl-1H- 194 | Method 28
pyrazole-3-carboxylic acid ' '
61 5-(1-Cyano-1-methylethyl)-2-furoic acid 180 | Method 29
62 5-(1-Cyano-1-methylethyl)isoxazole-3- 181 | Method 30

carboxylic acid

63 2-(3-Bromophenyl)-2-methylpropanoic acid 244 | Method 33
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Meth | Compound m/z | SM

64 5-(1-Cyano-1- methylethyl) 2-fluorobenzoic 208 | Method 35
ac;d

65 3-[2-(Dimethylamino)-1,1-dimethy1—2- 236 | Method 233
oxoethyl]benzow acid .

66 3-(1-Cyano-1- methylethyl) -4-fluorobenzoic 208 | Method 36
acid ‘

67 A 2-(Trifluoromethyl)pyrimidine-4-carboxylic 193 Methyl 2-
écid (tﬁﬂuoromethyl)pyrirnidine-

- . , ) o 4-carboxylate »
68 4-Dimethylam_inomethyl-3-triﬂuofomethyl- 247 | Method 214
| benzoic acid | _ »

69 3-(1—Cyclopropyl-l-hydroxyethyl)benzoic acid | 207 | Method 222 -

70 3-[Cycloprbpyl(hydroxy)methyl]benzoic acid 192 | Method 223

71 . | 3-(1,1-Difluoroethyl)benzoic acid | 186 | Method 224

72 Sodium [3-carboxy-5-(1-cyano-1- 283 | Method 225 -

| methylethyl)phenyl]methanesulfonate

73 3-(1-Cyano-1-methylethyl)-5- 249 | Method 226
[(methylfhio)methyl]benzoic acid

74 3-(1-Cyano-1-methylethyl)-5-[(4- 301 | Method 215

_ methylpiperazin-1-yl)methyl]benzoic acid _

75 | 3-(1-Cyano-L-methylethy)-5- 246 | Method 216
[(dimethylamino)methyl]benzoic ac1d

76 3-Bromo-5-(methoxycarbonyl)benzoic acid 259 | Dimethyl 5-

| , | bromoisophthalafc :

77 . | 3-(1-Cyano-1-methylethyl)-5-[3-(4- 325 | Method 227
methylpiperazin- 1 -yl)pfop- 1-yn-1-yl]benzoic
acid

Method 78

3-(1 -CVano- 1-methylethyl)-N-(4-methyl-3-nitro-phenyl)benzamide

A mixture of 4-methyl-3-nitroaniline (2.74 g, 18 mmol), 3-(1-cyano-1-methylethyl)
5 benzoic acid (Method 40; 3.4 g, 18 mmol), EDCI (6.9 g, 36 mmol), HOBt (2.43 g, 18 mmol)
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and diiéopropyl ethyl amine (3.48 g, 27 mmol) in DMF (30 ml) was stirred at 25 °C for 12 h.

The reaction mixture was diluted with DCM and then washed with water. The organic phase

was dried with NaCl(sat) and then Na;SOa(s). The solvent was removed by reduced pressure

and the resulting product was purified by column chromatography utilizing an ISCO system
5 (hexane-EtOAc) to give 4.4 g (53%). NMR: 10.50 (s, 1H), 8.40 (s, 1H), 7.40-7.95 (m, 6H),
320 (s, 3H), 1.65 (s, 6H); m/z 323. R |

Methods 79-86

The following compbunds were prepafed by the procedure of Method 78, using thé
10 appropriate SM. '

Meth | Compound ' - m/z | SM

79 | 3-(Cyano-dimethyl-methyl)-5-(2-dimethylamino- | 411 | Method 44
ethoxy)-N-(4-methyl—3-nitro-’phenyl}benzamide |

80 3-(Cyano-dimethyl-methyl)-5-methoxy-N-(4- 354 | Method 43
methyl-3-nitro-phenyl)-benzamide ' |

81 | N-(4-Methyl-3-nitrophenyl)-5-(1-cyano-1- 330 | Method 144
methylethyl).thiophenev-2-carboxamide : _

82 N-(4-Methyl-3-nitrophenyl)-4-(1-cyano-1- 330 Method 45
methyléthyl)thiophene—2—carboxamide ,

83 N-(4-Methyl-3 -nitrophényl)-6-( 1 -cyéno- 1- 325 | Method 155

| methylethyl)pyridine—2—carboxamide

84 N-(4-Methyl-3-nitrophenyl)-4-chloro-3-(1- 1358 | Method 46
cyano-1-methylethyl)benzamide

85 Methyl 3-(morpholin-4-ylcarbonyl)benzoate 251 | Morpholine and 3-

| ' (methoxycarbonyl)-

benzoic acid

86 Methyl 3-[(dimethylamino)carbonyl]benzoate 208 | Dimethylamine and 3-
| (methoxycarbonyl)-

benzoic acid
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Method 87
N-(3-Amino-4-methylphenyl)-3-(1-cyano-1-methylethyl)benzamide

A suspension of 3-(1-cyano—1-methylethyl)-N-(4-methy1-3-nitro-phenyl)beﬁzamide
(Method 78; 4 g, 13.9 mmol) and 5% Pd on carbon in hydrazine hydrate (100 ml) and ethanol
(100 ml) was heated to reflux for 3 h, then stirred at 80 °C for 12 h. The Pd/C was removed

by filtration and the filtrate was concentrated under reduced pressure. The residue was

B ‘purified by column chromatography using an ISCO system (hexane-EtOAc) to give 37¢g

(91%) of an orange gum. NMR: 9.95 (s, 1H), 8.00 (s, 1H), 7.90 (d, 1H), 7.70 (d, 1H), 7.55 (m,
1H), 7.05 (s, 1H), 6.80-6.87 (m, 2H), 4.85 (s, 2H), 2.05 (s, 3H), 1.85 (s, 6H); m/z 293.

Methods 88-103

The following compounds were prepared by the procedure of Method 87 using the

apprbpriate SM.
Meth | Compound o m/z | SM
88 | N-(3-Amino-4-methylphenyl)-3-(trifluoromethyl) benzamide 294 | Method
e
89 N-(3-Amino-4-methylphenyl)-4-chloro-3-(trifluoromethyl) 330 | Method
benzamide : 112

90 N-(3-Amino-4-methyl-phenyl)-3-(cyano-dimethyl-methyl)-5- | 381 | Method 79

(2-dimethylamind—ethoxy)—bénzamide '

91 N-(3-Amino-4-methyl-phenyl)-3-(cyano-dimethyl-methyl)-5- | 324 | Method 80

methoxy-benzamide

92 N-(3-Amino-4-methylphenyl)-5-(1-cyano-1-methylethyl) 300 | Method 81

thiophene-2-carboxamide

93 N-(3-Amino-4-methylphenyl)-4-(1-¢yano-1-methylethyl) 300 | Method 82

thiophene-2-carboxamide

94 N-(3-Amino-4-methylphenyl)-6-(1-cyano-1- 295 | Method 83
methylethyl)pyridine-2-carboxamide '

95 N-(3-Amino-4-methylphenyl)-4-chloro-3-(1-cyano-1- 329 | Method 84
| methylethyl)benzamide |

96 N-(3-Amino-4-methyl-phenyl)-3-(cyano-dimethyl-methyl)-5- | 380 | Method

methylcarbamoylmethoxy-benzamide 199
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Meth | Compound m/z | SM

97 N-(3-Amino-4-methylphenyl)-3-(1-cyano-1-methylethyl)-5-(2- | 423 | Method
morpholin-4-ylethoxy)benzamide ' | 200

98 N-(3-Amino-4-methylphenyl)-3-(1-cyano-1-methylethyl)-5-(2- | 422 | Method
piperidin-1-ylethoxy)benzamide _ | 201

99 N-(3 -Amino—4-methy1pheny1)-3-(1 -cjano-l -methylethyl)-5-[3- | 450 | Method
‘ (4-methylpiperazin-1 -yl)pfopoxy]benzamide | 202

100 N-(3-Amino-4-methylphenyl)-3-(1-cyano-1-methylethyl)-5 -[2- 421 | Method -

(1-methylpyrro1idin—2-yl)ethoxy]benzamide 203

101 N-(3-Amino-4-methylphenyl)-3-(2- azepan- 1-ylethoxy)-5- (1 - 435 | Method
cyano-1 -methylethyl)benzamlde 204

102 N-(3:Amino-4-methylphenyl)-3-(1-cyano-1- methylethyl) 5-(2- | 368 | Method
methoxyethoxy)benzamide 205

103 N-(3-Amino-4-methylphenyl)-3-(1-cyano-1-methylethyl)-5- | 407 | Method
213

[(1-methylpiperidin-4-yl)oxy]benzamide -

Method 104

6-Bromo-3-methylquinazolin-4( 3H)—ohe

2-Amino-5-bromobenzoic acid (5.00 g, 0.023 mol) was reacted with N-

methylformamide (40 ml) at 180 °C for 12 h. The reaction was quenched with H,O and the

resulting precipitate was collected by vacuum filtration to give 5.26 g (95%) of a yellow-
white solid; m/z 240. '

Methods 105-110

The following compounds were prepared by the procedure of Method 104, using the

approprlate amino-benzoic acid (commerc1ally available unless otherwise 1ndlcated) and the

‘appropriate formamide as startlng materials.

Meth | Compound , ‘mz | SM _

105 7-Chloro-3 -ﬁlethquuinazolin-4(3H)- 195 | Methyl 2-Amino-4-chlorobenzoate
one |

106 6-Bromoquinazolin-4(3H)-one | 226 | 2-Amino-5-bromobenzoic acid




10

15

WO 2006/024834 PCT/GB2005/003334

-72-

Meth | Compound m/z | SM

107 6-Bromo-2—methquuinaquin-4(31—1)- 240 | 2-Amino-5-bromobenzoic acid

one

108 6-Chloro-3-methylpyrido[3,4- - 195 | Method 127
d]pyrimidin-4(3H)—one | _ ’

109 6-(5-Amino-Z-methylphenoxy)—S- 283 | Method 129
methylquinazolin-4(3H)-one | -

110 6-Bromo-3-cyclopropylquinazolin- 266 2-Amino-5-bromobehzoic acid and
4(31—))—one . Method 228 -

Method 111 » ,
N-(4-Methyl-3 -nitrophenyl)-?;-triﬂuorometh?lbenzamide

A solution of 4-mefhyl-3-nitro-phenylar_nine (3.64 g, 24 mmol) and 3-trifluoromethyl
benzoyl chloride (5 g, 24 mmol) in DCM (100'1&11) was treated with triethylamine (4.85 g, 48
mmol). The mixture was stirred at 25 °C for 20 min. The reaction was then quenched with
water (50 ml) and stirred for 15 min. The solid was collected by vacuum filtration and washed
with hexane. A second.crop of solid was collected from the filtrate to giV'e a total yield of 7.78
g (100%) of white-light yellow solid. NMR: 7.35 (m, 1H), 7.66 (m, IH) 7.87 (m, 2H), 8. 15
(m, 2H), 8.40 (s, lH) 10.62 (s, 1H); m/z 324. ‘

Methods 112-113 ,
The following compounds were prepared by the procedure of Method 111, usmg the

appropriate benzyl chloride and amine.

Meth | Compound _ m/z | SM
112 4-Chloro-N-(4-methyl-3-nitrophenyl)- | 362 | 4-Chloro-3-(trifluoromethyl)benzoyl
3-(trifluoromethyl)benzamide , _chloride (Method 114) and 4-‘methyl—
‘ | 3-nitro-phenylamine
113 | 2-(3-Bromophenyl)-N,N,2- ‘271 Method 115 and dimethylamine
trimethylpropanamide R
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Method 114
4-Chloro-3-(trifluoromethyl)benzovl chloride

A solution of 4-chloro-3-(trifluoromethyl)benzoic acid (1.02 g, 4.54 mmol), oxalyl
chlo;ide (0.59 ml, 6.81 mmol, 1.5 equiv) and catalytic DMF (50 ml) in DCM (10 ml) was

stirred at 25 °C for 12 h. The solvents were removed under reduced pressure. The resulting

produét was utilized without further purification; m/z 244.

Method 115 ‘
The following compound was prepared by the procedure of Method 114 using the

appropriate starting materials.

Meth | Compound . o m/z | SM

115 | 2-(3-Bromophenyl)-2-methylpropanoyl chloride 263 | Method 63 -
Method 116

6‘-Bromo_-'3-( 3-morpholin-4-ylpropyl)quinazolin-4(3 H)-one .

| 6-Bromoquinazolin-4(3H)-one (Method 106; 200 mg, 0.889 mol) and K,CO; (369 |
mg, 2.67 mmol, 3.0 equiv) was reacted with 4-(3-chloropropyl)morpholine (145 mg, 0.889
,mrhol) in DMF (3 ml)-at 50 °C for 12 h. The reaction was quenched with H,O and extracted
with EtOAc. The organics were dried by NaCl(sat) then Na,SO4(s) The solvents were
removed under reduced pressure. The resulting solid (306 mg, 96%) was used without further

purification; m/z 353.

Methods 117-123

The following compounds were prepared by the procedure of Method 116, using 6-
bromoquinazolin-4(3H)-one (Method 106) and the appropriate alkyl halide as starting’

materials.
Meth | Compound . | ‘ m/z | SM
117 6-Bromo-3-ethylquinazolin-4(3 H)-one- . 254 | Ethyl iodide
118 6-Bfomo-3 -(cyclopropylmethyl)-quinazolin-4(3H)- | 280 | Cyclopropylmethyl
4 one ' . | bromide
119 6—Bromo-3-(2,3-dihydroxypropyl)-quinazolih- 300 | 3-Bromo-1,2-

4(311)-one propanediol
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Meth | Compound m/z | SM
120 6-Bromo-3-(2- {[tert-butyl(dimethyl)silyl]Joxy}ethyl) | 384 | (2-Bromoethoxy)-tert-
| quinazolin-4(3H)-one : butyl-dimethylsilane

121 = | 6-Bromo-3-[(1-methylpiperidin-3- - 1337 | 3-(Chloromethyl)-1-
yl)methyl]quinazolin-4(3H)-one . o ' méthylpiperidine

122 Benzyl 4-[(6-bromo—4-oxoquinazolih-3(4H)— ' 457 | Method 206
yl)methyl]piperidine-1-carboxylate

123 tert-Butyl [3-(6-bromo-4-oxoquinazolin-3(4H)- 383 | Method 207
yl)propyl] carbamate | |

~ Method 124

6-Bromo-3-[(2.2-dimethyl-1,3-dioxolan-4-yl)methyl u.inazolin-4 3.
* A solution of 6-bromo-3-(2,3-dihydroxypropyl)-quinazo1in-4(3H)-orie (Method 119;

300 mg, 1.00 mmol) in 2,2-dimeth0xypropane (5 ml) was treated with p-toluenesulfonic acid
(50 mg). The reaction stirred for 15 min and was4then qﬁenched with 10% NaOH(aq). The
reaction mixture was 'ext'racted with EtOAc, and the organics were dried by NaCl(sat) then |
Na,S04(s). The organics were concentrated under reduced pressure. The resulting solid was
purified by column chromatdgraphy using an ISCO system (hexane-EtOAc, 1:1) to give 276
mg (81%) of an off-white solid; m/z 340. |

Method 125

(6-Chloro-pyridin-3-yl) cgrbamic acid tert-butyl ester .

A solution of 2-chloro-5-amino-pyridine (8.7 g, 67.7 mmol) ih dioxane (85 ml) was
treated with tert-butyl carbonic anhydride (16.2 g, 74.4 mmol). The resulting pale solution |
was heated to 80 °C for 10 h. Th;a solvents were removed under reduced pressure to yield the

desired product as white solid; m/z 229.

Method 126

5- tert-Butoxulrbonyl amino-2-chloro-isonicotinic acid -

- A solution of (6-chloro-pyridin- -3-yl) carbamic acid tert-butyl ester (Method 125; 4.0
g, 17.5 mmol) in ether (40 ml) at —-78 °C was treated with N,N,N,N-tetramethyl ethylene
diamine (0.78 ml, 5.25 mmol) via a syringe followed by drop-wise addition of a solution of n-

BuLi (1.6M, 32.8 ml, 52.5 mmol). The resulting deep coloured solution was kept at 78 °C
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for 1 hour. The reaction mixture was then warmed to 0 °C for 10 min and then cooled to

-78 °C. COx(g) was bubbled through the solution for 20 min and the resulting mixture was -

 stirred for 10 min at 25 °C. The solvent was removed under reduced pressure. The resulting

residue was treated with 1N HCl solution (60 ml) resulting in a solid precipitate that was

collected by filtration; m/z 273.

" Method 127

10
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5- Amlno 2-chloro-isonicotinic acid

’ A solution of 5-tert-butoxycarbonyl amino-2-chloro-isonicotinic acid (Method 126
2} 06 'g, 7.6 mmol) in methanol (10 ml) at 0 °C was treated with a solution of HCI in dioxane
(4N, 2.3 ml). The resulting cloudy solution stirred at 25 °C for 1 hour. The solvent was

evaporated under reduced pressure to afford the desired product; m/z 173.

Method 128 _
5-(2-Methyl- 5 mtrophenoxv) 2- mtrobenzmc ac1d

5-Fluoro-2-nitrobenzoic acid (827 mg, 5.40 mmol), 2-methyl-5-nitrophenol (1.00 g,
5.40 mmol) and K,€CO; (2.21 g, 16.02 mmol, 3.0 equiv) were dissolved in DMF (10 ml) The -
reaction was heated to 100 °C for 48 h. The reaction was quenched with 10% HCl(aq) and
extracted with EtOAc. The organics were dried with NaCl(sat) then Na;SO4(s). The solvents

were then removed under reduced pressure to give the desired material: 1.72 g, 99%; m/z 319.

Method 129

2-Amino-5-(5-amino-2-methylphenoxy)benzoic acid
5-(2-Methyl-5-nitrophenoxy)-2-nitrobenzoic acid (Method '1.28; 1.72 g, 5.40 rhmol)

was dissolved in MeOH (10 rﬁl). Pd on carbon (30%) (100 mg) was then added. The reaction

was then placed on a Parr hydrogenator at 50 psi for 5 h. The reaction mixture was then

filtered through celite and the solvents were removed under reduced pressure to give a brown

solid (1.30 g, 93%); m/z 259.

Method 130

~ 5-Benzyloxy-isophthalic acid dimethyl ester

A solution of dimethyl 5-hydroxyisophthahte (10.5 g, 50 mmol) in 50 ml of DMF was
treated with benzyl bromide (7.3 ml, 60 mmol) dropwise. The reaction stirred for 12 h at 25
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°C ﬁnder nitrogen atmosphere. The reaction mixture was quenched with crushed ice and the
resulting solid was collected by vacuum filtration. The solid was washed with water and air

dried to provide the desired product (14 g, 95%). NMR: & 8.2 (s, 1H), 7.9 (s, 1H), 7.2-7.6 m,
SH), 7.2 (s, 1H), 5.2 (s, 2H), 3.9 (s, 6H): m/z 301.

Method 131

3 Benzyloxy-5-hydroxymethyl- benzmc acid methyl ester

A solution of 3-(benzyloxy)-5- (methoxycarbonyl)benzmc acid (Method 41;4.5¢,15.7 ‘-
mmol) in THF (30 ml) was treated with BH;-dimethyl sulfide (2.0 M in THF, 9.5 ml, 19

mmol) dropwise under nitrogen at 0 °C. The mixture was stirred at 0 °C for 30 min then

 heated up to 60 °C for 6 h. The reaction was quenched with H,O (5 ml) and the resulting

mixture was concentrated under reduced pressure. The residue was then purified by column
chromatography utilizing an ISCO system (EtOAc-Hexane) to give 3.73 g (87%) of
colourless oil. NMR: & 7.70 (s, 1H), 7.40-7.68 (m, 7H), 5.55 (t, 1H), 5.38 (s, 2H), 4.70 (d,
2H) 4.01 (s, 3H); m/z 273.

Methods 132-135 :
The following compounds were prepared by the procedure of Method 131 using the

. appropriate SM and BH;.
Meth .Compound _ . m/z | SM -
132 3-Hydroxymethyl-5-methoxy-benzoic acid methyl 197 | Method 42
ester : o
133 (3-Bromo-S-ﬂuorophenyl)methanol 206 | 3-Bromo-5-
| fluorobenzoic
aeid |
134 2-(3-Bromophenyl)-2-methylpropan-1-ol 230 | Method 63
135 | Methyl 3-bromo-5-(hydroxymethyl)benzoate - 246 | Method 76

20

25

Method 136

3-Benzyloxy-5-methanesulfonyloxymethyl-benzoic écid methyl ester

A solution of 3-benzyloxy-5-hydroxymethyl-benzoic acid methyl ester (Method 131;
3. 73 g, 14 mmol) in DCM (20 ml) was cooled to 0 °C. To this solution, triethylamine (4.2 g,
42 mmol, 3eq) and methane sulfonyl chloride (3.19 g, 28 mmol, 2eq) were added
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respectively. The mixture was stirred at 25 °C for 2 h. The resulting salts were removed by
filtration and washed with DCM and hexane. The filtrate was concentrated under reduced
pressure and then purified by column chromatography utilizing an ISCO system (EtOAc-
hexane) to give 3.79 g of a colourless oil as the desired product (77%). NMR: 8 7.12—7.40 (m,

'8H), 5.05 (s, 2H), 4.91 (s, 2H), 3.60 (s, 3H), 3.00 (s, 3H); m/z 351.

Methods 137-139

The following compounds were prepared by the procedure of Method 136 using the
appropriate SM and methane sulfonyl chloride.

Meth | Compound ’ - |m/z | SM
137 3-Methanesulfonyloxymethyl-5-methoxy-benzoic acid methyl - | 275 | Method ‘
ester - 132
1138 3-Bromo-5-fluorobenzyl methanesulfonate 284 Method-
| B EE
139 Methyl 3-bromo-5-{[(methylsulfonyl)oxy]methyl}benzoate 324 | Method
135
Method 140

3( Cvano-dimethyl—methvl)-S -hydrbxv-benzoic acid methyl ester

A suspension of 3-benzyloxy-5-(cyano-dimethyl-methyl)-benzoic acid methyl ester
(Method 20; 1.7-g, 5.5 mmol) in MeOH (20 ml) was treated with 10% Pd on carbon (80 mg).
The reaction was then placed on a Parr'hydrogenator at 48 psi for 3 h. The reaction mixture
was then filtered through celite and the solvents were removed under reduced pressure to give

a white solid 1.2 g (100%). NMR: & 7.60 (s, 1H), 7.36 (s, 1H), 7.20 (s, 1H), 3.88 (s, 3H), 1.72

- (s, 6H); m/z 220.

20

25

Method 141

3-(Cyano-dimethyl-methyl)-5-(2-dimethylamino-ethoxy)-benzoic acid methyl ester

A suspension of 3-(cyano-dimethyl-methyl)-5-hydroxy-benzoic acid methyl ester
(Method 140; 500 mg, 2.283 mmol), 2-(dimethyl amino) ethyl chloride hydrochloride (427
mg, 2.9.7 mol, 1.3 eq), K;,COs (3.15 g, 22.8 mmol, 10 eq) and sodium iodide (35 mg, 0.23
mmol, 0.1 eq) in acetone was heated to reflux for 5 h. The salt was removed by filtration, and

the filtrate was concentrated to yield 662 mg (100%) of light yellow oil as desired product.




WO 2006/024834 » PCT/GB2005/003334

-78 -

NMR: 8 7.75 (s, 1H), 7.50 (s, 1H), 7.40 (s, 1H), 4.20 (t, 2H), 3.95 (s, 3H), 2.70 (t, 3H), 2.28

(s, 6H), 1.75 (s, 6H). m/z 290.

Method 142
2-(5-Formyl-2-thienyl)-2-methylpropanenitrile
A solution of 2-methyl-2-(2-thienyl)propanenitrile (Method 22; 260 mg, 1:71 mmol)

- in THF (5.8 ml) was cooled to —78 °C. To the cooled reaction was added 1.26 ml of tert-butyl

10

lithium (1.7 M solution in pentanes) drop wise. The resulting bright yellow mixture was
allowed to stir for 1 h before DMF (0.330 ml, 4.27 mmol) was added. The reaction was stirred
for 6 h at —78 °C before being quenched by the addition of 25 ml of NH4Cl(sat). The resulting

mixture was extracted with EtOAc. The combined organic phase was washed with NaCl(sat),

- dried with MgSO4(s), and concentrated under reduced pressure giving 271 mg of the title

15

20

25

compound (88 %) as a colourless oil; m/z 180. -

Method 143
The following compound was prepared by the procedure of Method 142 using the
appropriate SM.

Meth | Compound m/z | SM
1143 | 4-({[tert-Butyl(diphenyl)silyl]oxy} methyl)thiophene-2- 381 | Method
carbaldehyde o E : 147

Method 144
5-(1-Cyano-1-methylethylthiophene-2- carboxvhc acid

A solution of 2-(5- -formyl-2-thienyl)-2- methylpropanemtrlle (Method 142; 0.271 g,
1.51 mmol) in tertlary butyl alcohol (7.5 ml) and 2-methyl-2-butene (4.5 ml) was treated

dropwise with an aqueous pre-mixed solution of NaClO, (1.22 g, 13.60 mmol) and NaH,PO,
(1.45 g, 10.57 mmol) in H,0 (7ml). The reaction mixture was stirred for 30 min at 25 °C
before the volatiles were removed under reduced pressure. The produét was washed with
NaHCOs(sat) (1 x 50 ml) and extracted with EtOAc: The combined organic phase was

~ washed with NaCl(sat) (50 ml), dried with MgSOu(s), and concentrated under reduced
pressure giving ‘0.265 g of the title compound (90 %) as a white solid; m/z 196.
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. Methods 145-146.
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The following compounds were prepared by the procedure of Method 144 using the

appropriate SM.
Meth | Compound h . m/z | SM
145 | 4-({[tert-Butyl(diphenyl)silyl]oxy} methyl)thmphene 2- 397 | Method
' carboxylic acid ’ , j 143
146 _5-(1—Cyano—1-methyletﬁyl)thiobhene%-carboxylic acid 180 [ Method -
' 196

Method 147
tert-Butyl(diphenyl)(3-thienylmethoxy)silane
A solution of 3-thienylmethanol (5.0 g, 43.8 mmol) and imidazole (8.94 g, 131 A4

mmol) in DMF (86 ml) was treated with tert—butylchlorodlphenyls1lane (15.0 g, 54. 7 mmol) at
0 °C. The reaction stirred for6 h at 25 °C before bemg quenched by the addition 0f 250 ml
NH4C1(sat). The resulting mixture was extracted with EtOAc. The combined organic phase
was washed once with NaCl(sat) (100 ml), dried with MgSO4(s), and éoncentrated under
reduced pressure. The crude reaction product was punﬁed by column chromatography
utilizing an ISCO system (hexanes-EtOAc, 10:1) giving 14.8 g of the title compound as a
colourless oil (96 %); m/z 353.

Method 148 ,
Methyl 4-(hydroxymethyl)thiophene-2-carboxylate

A solution of 4-( {[tert—butyl(diphényl)silyl]oXy}methyl)thiophehe-Z-carboxylic acid
(Method 145; 0.900 g, 2.27 mmol) in MeOH (50 ml) was treated with concentrated HCI (1.0
ml). The reaction was heated at reflux for 12 h and then concentrated under reduced pressure.
The crude reaction product was washed with NaHCOjs(sat) (100 ml) and extracted with
'EtOAc. The organic phése was dried with MgSOu(s) and concentrated under reduced
préssure. The product was puriﬁéd by column chfomatdgraphy utilizing an ISCO system ,
(hexanes-EtOAc, 3:1) giving 0.190 g of the title compound as a colourless oil (50 %); m/z
173. '
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Methods 149-151
The following compounds were prepared by the procedure of Method 148 using the

appropriaté starting materials.

Meth Compound m/z | SM

149 Methyl (3-bromophenyl)acetate 230 | (3-Bromophenyl)-acetic acid
150 Methyl 2-fluoro-5-methylbenzoate | 169 | 2-Flouro-5-methyl benzoic acid
151 Methyl 3-acetylbenzoate 179 | 3-Acetylbenzoic acid

5 Method 152
Methyl 4-(bromomethyl)thiophene-2-carboxylate
A solutien of methyl 4-(hydroxymethyl) thiophene—2;carboxylate (Method 148; 0.191
g, 1.10 mmol) in THF (5 ml) Was treated with phosphorous tribromide (0.357 g, 1.32 mmol).
The reaction was stirred for 1 h at 25 °C before being quenched NaHCOs(sat) (10 ml). The -

10 reaction mixture was extracted with EtOAc and the combined ofganic phase was dried with
‘MgSO4(s) and concentrated under reduced pressure. The prodﬁct was purified by column
“chromatography utilizing an ISCO system (hexanes-EtOAc, 10:1) giving 0.155 g of the title

compound as a yellow oil (60 %); m/z 236.

15 Method 153
The following compound was prepared by the procedure of Method 152 using the

appropriate SM.
Meth | Compound S |m/z | SM
153 | {[5-(Bromomethyl)-3- 251 | [4-({[tert- »
thienyl]methoxy} (tert- ' | butyl(diphenyl)éilyl]oxy}methyl)—
butyl)diphenylsilane ' " | 2-thienylJmethanol (Method’197) -
Method 154

20 2-Methvl-2-(6-methvlpvridin—2-yl)propanenitrilé'

A solution of 2-ﬂuoro'—6_-methylpyridine (1.00 g, 9.00 mmol) and 2-
methylpropanenitrile in toluene (30 ml) was treated with potassium hexamethyldisilazide
(13.5 mmol) and the reaction was refluxed for 1 h before being cooled to 25 °C. The reaction
was then quenched with saturated aqueous NH,Cl (50 ml) and the mixture was extracted with

25 EtOAc. The combined organic phase was dried with MgSOy(s) and concentrated under
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reduced pressure. The product was purified by column chromatography utilizing an ISCO
system (hexanes-EtOAc, 5:1) giving 0.990 g of the title compound as a colourless oil (70 %);
m/z 162.

Method 155
6-(1-Cyano- 1-methylethyDpyridine-2-carboxylic acid

A solution of 2-methy1-2-(6-methylpyridi_n-2-yl)pfopanenitrile (Method 154; 0.850 g,

5.30 mmol) in pyridine (50 ml) was treated with selenium dioxide (2.64 g, 23.87 mmol). The
_reaction was heated to reflux for 72 h. After this time, the pyridine was removed by

distillation and the resulting residue was washed with EtOAc (200 ml) and H,O (100 ml). The
organic phaée was washed with 1N HCl and then NaCl(sat). The organic phase was dried with
MgSO4(s) and concentrated under reduced pressure. The product was purified by column
chromatography utilizing an ISCO system (EtOAc-MeOH, 10:1) giving 0.313 g of the title
compound as a white solid (32 %) m/z 191. | |

Method 156
Methyl 3-(bromomethyl)-4-chlorobenzoate -

A solution of methyl 4-chloro-3—m§thylbenzoate (2.50 g, 13.54 mmol) and N-
bromosuccinimide (3.00 g, 16.93 mmol) in carbon tetrachloride (50 ml) was. treated with
azobisisobutyronitrile (500 mg. The solution was heated to 80 °C for 4 h before being cooled
to 25 °C. The reaction‘ mixture was ﬁltercd' through a pad of celite and the filtrate Was
éoncentrated under reduced pressure. The product was purified by column chromatography

utilizing an ISCO system (hexanes-EtOAc, 10:1) giving 2.70 g of the title compound as a

 white solid (76 %); m/z 264.

- 25

Methods 157-168

The following compounds were prepared by the procedure of Method '156..using the

appropriate SM. ‘
Meth | Compound m/z | SM
157 | Ethyl 2-(bromomethyl)-1,3-thiazole-4- | 251 | Ethyl 2-(methyl)-1,3-thiazole-4-
carboxylate | , - | carboxylate
158 | Methyl 4-(bromomethyl)-3- 298 | Methyl 4-methyl-3-
(trifluoromethyl)benzoate (trifluoromethyl)benzoate
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Meth { Compound m/z | SM
159 Methyl 5-(bromomethyl)nicotinate 231 | Methyl 5-methylnicotinate
160 | Methyl 3-(bromomethyl)-1-methyl-1H- | 234 | Methyl 1,3-dimethyl-1H-pyrazole-
pyrazole-5-carboxylate 5-carboxylate
161 Methyl 5-(bromomethyl)-1-methyl-1H- | 234 | Methyl 1,5-dimethyl-1H-pyrazole-
pyrazole-3-carboxylate _ 3-carboxylate
1162 Methyl 5-(bromomethyl)-2-furoate 220 | Methyl 5-methyl-2-furoate A
163 Methyl 5-(bromomethyl)isoxazole-3- 221 | Methyl 5-methylisoxazole-3-
carboxylate | carboxylate
164 Methyl 5-(bromomethyl)-2- 248 | Method 150
fluorobenzoate ' | |
165 4-Bromomethyl-3-trifluoromethyl- 297 | Method 211
benzoic acid methyl ester
166 - | Methyl 3-(bromomethyl)-5- 244 | Methyl 3,5-dimethylbenzoate
| methylbenzoate o | '
1167 Methyl 3-(bromomethyl)-5-(1-cyano-l- ‘297 Method 38
inethylethyl)benzbate | |
168 Methyl 3-(bromomethyl)-4- 248 | Method 210
fluorobenzoate
_Method 169

A solution of 3-(chlorosulfonyl) benzoic acid (2.60 g, 12 mmol) in DCM (20 ml) was

treated with dimethylamine (2.0 M in THF, 20 ml, 40 mmol, 3.3 equiv). After 30 min, the

reaction was quenched with 10% HCI and extracted with EtOAc. The organics were washed

with NaCl(sat) and then dried with Na;S04(s). The organics were fhen removed under

reduced pressure to give 1.80 g, 65%; m/z 229.

Methods 170-179

appropriate starting material.

The following compounds were prepared by the procedure of Method 169, using the

Meth

Compound

m/z | SM
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Meth | Compound ’ m/z | SM

170 | 3-[(Cyclopropylamino)sulfonyl]benzoic acid 241 | Cyclopropylamine

171 | 3-(Aminosulfonyl)benzoic acid 202 | Ammonia

172 [ 3-{[4-(Hydroxymethyl)piperidin-1- : 300 | Piperidin-4-
yl]sulfonyl}benzoic acid - ' ‘ | ylmethanol

173 | 3-{[3-(Hydroxymethyl)piperidin-1- 1300 | Piperidin-3-

' yl]-sul'foriyl}benzoic acid - ylméthanol

173 |3 (2 (Hydroxymethylpiperidin-1- 300 | Piperidin-2-

yl]sulfonyl}benzoic acid ylmethanbl

175 | 3-{[Methoxy(methyl)amino}sulfonyl}benzoic acid 246 | (Methoxyamino)-

methane

1176 | 3-{[(2,3-Dihydroxypropyl)(methyl)amino]sulfonyl} | 304 3-(Methylamino)

benzoic acid ’ - ‘ propane-1,2-diol
177 | 3-{[(Tetrahydrofuran-2- o 286 | (Tetrahydrofuran-2-
ylméthyl)amino]sulfonyl}benzoic acid | ylmethyl)amine
178 | 3-(Morpholin-4-ylsulfonyl)benzoic acid : 272 | Morpholine
179 | 3-(Azetidin-1-ylsulfonyl)-benzoic acid 241 | Azetidine

Method 180
Methyl 4-{ ((tert-butoxvcarbonvl)(cvclopronvlmmmdmethyl} -3- (tnﬂuorometthbenzoate

A mixture of methyl 4—[(cyclopropylammo)methyl]-3-(tnﬂuoromethyl)benzoate
(Method 234; 0.80 g, 0.29 mmol), di-tert-butyl dicarbonate (0.70 g, 0.32 mmol) and K,COs.
(1.21 g, 0.87 mmol) was stirred in T HF (12 ml) and water (4 ml) at 25 °C for 4.5 h and the
solvents were removed under reduced pressure. The crude residue was taken up in EtOAc,
washed with water, NaCl(sat), dried, filtered and concen_tréted under reduced pressure. |

Purification by chromatography (SiO;) afforded the desired product; m/z 374.

Method 181
6-Bromo 3-methyl-2-thioxo-2.3-dihydroquinazolin-4( lHl-one

A solution of 2-amino-5-bromobenzoic acid (2.0 g, 9.26 mmol) and methyl
isothiocyanate (0.63 ml, 9.26 mmol) in acetic acid (20 ml) was StlITCd at 120 °C for 3 h. The
reaction mixture was concentrated under reduced pressure. The residue was taken up in

diethyl ether, filtered and washed twice with diethyl ether to give 1.47 g (59%); m/z 272.
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Method 182
6-Bromo-3-methyl-2-(methylthio)quinazolin-4(3 H)-one

Iodomethane (0.51 ml, 8.13 mmol) was added to a stirring solution of 6-bromo-3-
methyl-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (Method 181; 1.47 g, 5.42 mmol)in 1 N
sodium hydroxide (20 ml) and acetone (50 ml) was stirred at 25 °C for 30 min. The resultant

solids were collected by vacuum filtration and washed with diethyl ether; m/z 286.

Method 183

2-Methyl-2-(4-methylpyridin-2 ll)propanemtnle

A 100 ml round bottom flask fitted with a reflux condenser was charged with 2- fluoro-

4Qmethylpyr1d1ne (1.00 g, 9.00 mmol), 2-methylpropanenitrile (2.48 g, 36 mmol), and toluene

- (30 ml). Potassium Hexamethyldisilazide (13.5 mmol) was added and the reaction was

refluxed for 1 h. before being cooled to 25 °C. The reaction was then quenched with

~ NH,4Cl(sat) (50 ml) and the mixture was extracted with EtOAc (2 x 50 ml). The combined

15
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organic phase was dried with MgSO, and concentrated in vacuo to yield the crude reaction
product which was purified on 40 g SiO; hexanes-EtOAc (5:1) as eluent giving 0.870 g of the

title compound as a colourless oil (60 %); m/z 161.

Method 184
2-(1-Cyano-1-methylethyl)isonicotinic acid:

A 50 ml three neck flask equipped with a reflux condenser was charged with 2-
methyl-2-(4-methylpyridin-2-yl)propanenitrile (Method 183; 0.870 g, 5.43 mmol), and water
(15 ml). The reaction mixture was heated to 60 °C and KMnOQj, (4.3 g, 27 ﬁlm’ol) was added.
The reactioh was heated to reflux for 2 h, and was then filtered through a bed of Celite. The
pH was adjusted to 4 by the careful addition of 1N HCl and the aquebus phase was extrécted
‘with EtOAc (4 x 25 ml). The organic phase was dried with MgSO4 and concentrated in vacuo
to yield the crude reaction product which was purified on 40 g SiO; using EtOAc-MeOH
'(10:1) as eluent giving 0.700 g of the title compound as a white solid (68 %); m/z 191.

Methods 185-186
The following compounds were prepared by the procedure of Method 184, using the

appropnate starting material.
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Meth | Compound m/z | SM
185 | 3-(1-Cyano-1-methylethyl)-2-fluorobenzoic acid 208 | Method 37 -
186 | 3-(1-Carboxy-1-methylethyl)-2-fluorobenzoic acid ' 227 | Method 37
187 [ 3-tert-Butylbenzoic acid 179 | 1-tert-Butyl-3-
' methylbenzene

' Formed as a by-product of Method 185

Method 188 .
Ethyl 3-(3,3-dimethylbut-1-yn-1-yl)benzoate

Ethyl 3-bromobenzoate (0.500 g, 2.18 mmol) was dissolved in CH3CN (' 8.70 ml).

Triethylamine (1.53 ml, 10.9 mmol) was added followed by 3,3-dimethylbut-1-yne (0.27 g, .
3.27 mmol). With stirring Pd(PPhs)q (0.25 g, 0.21 mmol) and Cul (0.083 g, 0.436 mmol) were
added and the reaction was warmed to 60 °C for 4 h. The reaction was then diluted with

EtOAc (~ 50 ml), filtered through a pad of SiO;, and concentrated in vacuo. The crude

10 product was purified on 40 g SiO; using hexanes-EtOAc (10:1) as eluent giving 0.45 g of the

title compound as a colourless oil (91 %); m/z 231.

Methods 189-191
- The following compounds were prepared by the procedure of Method 188, using the

15 appropriate starting materials.

Meth | Compound |m/z | SM
189 | Ethyl 3-(3-hydroxy-3-methylbut-1-yn-1-yl)benzoate | 233 | 2-Methylbut-3-yn-2-ol
' ‘ | | and ethyl 3-
_ bromobenzoate
190 | Ethyl 3-(cyclopropylethynyl)benzoate 215 | Ethynylcyclopropane
' | and ethyl 3-
bromobenzoate
191 | Methyl 3-(1-cyano-1-methylethyl)-5-(3- 258 | Prop-2-yn-1 -'oI and
hydroxyprop-1-yn-1-yl)benzoate Method 39
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Method 192
Methyl S-piperidin-1-ylnicotinate

A 25 ml round bottom flask was charged with methyl 5-bromonicotinate (0.500 g,
2.31 mmol), piperidine (0.305 g, 3.46 mmol), and toluene (5 ml).*Caesium carbonate (2.25 g,

*6.93 mmol), palladium (II) acetate (52 mg, 0.23 mmol), and BINAP (0.287 g, 0.46 mmol)

were then added. The reaction was heated to 80 °C for 8 h before being diluted with EtOAc (~
50 ml), filtered through a pad of SiO,, and concentrated in vacuo. The crude product was

purified on 40 g SiO, using EtOAc as eluent giving 0.376 g of the title compound as a
colourless oil (74 %); m/z 221.

Methods 193-194

- The following compounds were prepared by the procedure of Method 192, using the

appropriate starting material.

Meth. | Compound . |m/z | SM

193 Methyl 3-piperidin-1-ylbenzoate 220 | Piperidine
194 Methyl 5-morpholin-4-ylnicotinate - 223 | Morpholine
Method 195

2-[ 4-Q{mroxymethyl)-2-thienv1]~2-methyl@opanenit_rile
'THF (25 ml) was added to 2-[4-({[tert-butyl(diphenyl)silyl]oxy} methyl)-2-thienyl]-2-
methylpropanenitrile (Method 31; 0.880 g, 2.10 mmol). A 1 M solution of

tetrabutylammonium fluoride in THF (5.25 mmol) was added dropwise via syringe and the
reaction was allowed to stir for 12 h at 25 °C before being quenched with NH,Cl(sat) (50 ml). -

The reaction mixture was extracted with EtOAc (2 x 50 ml) and the combined organic phase

- was dried with MgSO4 and concentrated in vacuo to yield the crude reaction product which

was purified on 40 g SiO, using hexanes- EtOAc (2:1) as eluent giving 0.270 g of the title

compound as a colourless oil (71 %). m/z 182.

Method 196
2-(4-Formyl-2-thienyl)-2-methylpropanenitrile

- ToDMSO (0.277 g, 3.55 mmol) was added 10 ml of DCM. The reaction was cooled
to —78 °C and oxalyl chloride (0.225 g, 1.78 mmol) was added dropwise via syringe and the

reaction was allowed to stir for 30 min at this temperature. A 1 M solution of 2-[4-
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(hydroxymethyl)-2-thienyl]-2-methylpropanenitrile (Method 195; 0.270 g, 1.48 mmol) in
DCM was then added dropwise via syringe and the reaction was allowed to stir for 30 min at
this temperature. Triethylamine (0.718 g, 7.40 mmol) was then added and the reaction was
allowed to waﬁn_to 25 °C with stirring over 1 h before being quenched with NaHCO;(sat)
(250 ml). -The reaction mixture was then extracted with EtOAc (2 x 50 ml) and the combined

organic phase was dried with MgSO, and concentrated in vacuo to yield the crude reaction.

Method 197
[4-(§ [tert-But\Ll(diphenvl)silvl]dxy}methvl)-Z-thienvl]rnethanol

- 4-({[tert-Butyl(diphenyl)silylJoxy } methyl)thiophene-2-carbaldehyde (Method 143;
3.99 g, 10.48 mmol) was dissblved in MeOH (50 ml). With stirring, NaBH, (0.792 g, 20.96

- mmol) was added in one portion. After 1 h, the reaction was carefully quenched with a

solution of NH4Cl(sat) (~250 ml). The resulting mixture was extracted with EtOAc (3 x 125
ml). The combined organic phase Was,Washéd with NaCl(sat) (250 ml), dﬁed with MgSQOy,
and concentrated in vacuo giving the crude reaction product which was purified on 120 g SiO,
using hexanes-EtOAc (5:2) as eluent giving 3.99 g of the title compound as a colourless oil

(98 %). m/z 384.

Method 198

.' 3-(Cyano-dimethyl-methyl)-5-hydroxy-N-( 4-methvl}3 -nitro-phenyl)-benzamide

A solution of 3-(cyano-dirnethyl-methyl)-5-methoxy-N-(4-methy1-3-nitro-phenyl)-
benzamide (Method 80; 353 mg, 1 mmol) in 1M BBr; in DCM (5 ml) was stirred at 25 °C for
1 h. Crushed ice was then slowly added to the mixture, and then 1N NaOH was added to
adjust thé pH t010. The organic léyer was then separated and discarded. The water layer was

then acidified with 10% HCl aq to pH 1~3, and the resulting solid was collected by vacuum

filtration to give 311 mg (91.7%) of the title compound. NMR: 10.45 (s, 1H), 10.00 (s, br,

1H), 8.41 (s, 1H), 7.95 (d, 1H), 7.40 (m, 2H), 7.25 (s, 1H), 7.08 (s, 1H), 2.45 (5, 3H), 1.65 (s,
6H); m/z 339. ’
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Method 199
-3-(Cyano-dimethyl-methyl)-5-methylcarbamoylmethoxy-N-(4-methyl-3-nitro-phenyl)-

benzamide

A suspénsion of 3-(cyano-dimethyl-methyl)-5-hydroxy-N-(4-methyl-3-nitro-phenyl)-
benzamide (Method 198; 180 mg, 0.53 mmol), 2-chloro-N-methyl acetamide (68 mg, 0.64
mmol), K;CO; (731 mg, 5.3 mmol) and sodium iodide (80 mg, 0.53 mmol) in 10 ml of
acetone and 1,4-dioxane (1:1) was heated to reflux for 4 h. The resulting salt was filtered and

washed with acetone. The filtrate and washings were concentrated under reduced pressure,

 and the residue was purified with an ISCO system (hexane-EtOAc), to give 169 mg (77.9%)
_of the title compound as white solid. NMR: 10.55 (s, 1H), 8.42 (s, 1H), 8.15 (s, br, 1H), 7.96

(d, 1H), 7.70 (s, 1H), 7.50 (m, 2H), 7.35 (s, 1H), 4.55 (s, 2H), 3.29 (s, 3H), 2.68 (d, 3H), 1.70

(s, 6H); m/z 410.

15

* Methods 200-205

The following compounds were prepared by the procedure of Method 199, using the
appropriate starting material and 3-(cyano-dimethyl-methyl)-5-hydroxy-N-(4-methyl-3-nitro-.
phenyl)-benzamide (Method 198) -

Meth | Compound ' ‘ m/z | SM

200 | 3-(1-Cyano-1-methylethyl)-N-(4-methyl-3- | 454 | 4-(2-
nitrophenyl)-5 -(2-morpholin-4- : Chloroethyl)morpholine
ylethoxy)benzamide o

] 201 3-(1-Cyano-1-methylethyl)-N-(4-methyl-3- | 452 | 1-(2-

nifrophenyl)-5-(2—piperidin—1 - ‘ ' Chloroethyl)piperidine
ylethoxy)benzamide |

202 3-(1-Cyano-1;methylethyl)-N-(4-methy1-3- 480 | 1-(3-Chloropropyl)-4-
nitrophenyl)-5-[3-(4-methylpiperazin-1- : metHylpiperazine
yl)propoxyJbenzamide | '

203 | 3-(1-Cyano-1-methylethyl)-N-(4-methyl-3- | 451 { 2-(2-Chloroethyl)-1-

| nitrophenyl)-5-[2-(1-methylpyrrolidin-2- -| methylpyrrolidine

yl)ethoxy]benzamide , '

204 | 3-(2-Azepan-1-ylethoxy)-5-(1-cyano-1- 465 | 1-(2-
methylethyl)-N-(4-methyl-3- | Chloroethyl)azepane

nitrophenyl)benzamide
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205 3-(1-Cyano-1-methylethyl)-5-(2- 398 | 1-Chloro-2-
methoxyethoxy)-N-(4-methyl-3- A methoxyethane
nitrophenyl)benzamide

Method 206

Benzyl 4-(iodomethyl)piperidine-1-carboxylate

Triphenylphosphine (7.87 g, 30 mmol) and imidazole (2.05 g, 30 mmol, 1.5 equiv) in
5 DCM at 0 °C under Ar was treated with I (7.61 g, 30 mmol, 1.5 equiv). After 5 min, benzyl
4-(hydroxymethyl)tetrahydro-1(2H)-pyridinecarboxylate (5.00 g, 20 mmol) in DCM was =
_ added. The reaction was stirred for 1 h and then quenched with 10% HCI. The reaction
- mixture was extracted with EtOAc and the organic léyer was washed with NaHCO;(sat). The
organics were dried with NéCl(sat) and Na;SO4(s) and then removed ﬁnder reduced pressure.
10 The residue was then purified by column chromatography utilizing an ISCO system (EtOAc-
hexane) to givé 6.20 g (86%) of a white s‘olid; m/z 360.

Method 207 ‘
The following compound was prepared by the procedure of Method 206, using the.

15 appropriate starting materials

Meth | Compound ‘ , m/z |SM
207 tert-Butyl (3-iodopropyl)carbamate 286 | tert-Butyl (3-

hydroxypropyl)carbamate

Method 208 |
3-(1-Cyano-1-methylethyl)-5-fluorobenzoic acid

2-(3-Bromo-5-fluorophenyl)-2-methylpropanenitrile (Method 32; 258 mg, .1.07 mmol)
20 in THF (10 ml) at —78 °C under Ar was treated with #-BuLi (1.7 M in pentane, 2.13 mmol, 2.0
equiv). The reaction stirred for 15 min and then COx(g) was bubbled through the reaction
mixture. After 10 min, the reaction was quenched with 10% NaOH and .extraéted with EtOAc.
The aqueous layer was acidified with 10% HCl and extracted with EtOAc. The organics were
dried with NaCl(sat) and Na,SO4(s) and then removed under reduced pressure; m/z 208.
25
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Method 209 |
The following compound was prepared by the procedure of Method 208, using the

appropriate starting material.

Meth | Compound m/z | SM
209 3-(2-Methoxy-1,1-dimethylethyl)benzoic acid 209 | Method 34

Method 210
Methyl 4-ﬂuoro-3-methylbenzoate

To a stirring solution of 47ﬂuoro-3-methylbénzoic acid (5.0 g, 0.032 mol) and K,CO;
(9.0 g 0.064 mol) in 80 ml DMF was added iodomethane (2.4 ml, 0.038 mol). The reaction
mixture was allowed to stir at 25 °C for 15 h. The DMF was removed under reduced pressure
and the resulting residue was washed with EtOAc and H,O. The organic layer was dried and

the solvent was removed under reduced pressure. m/z 169.

 Method 211

- The following compounds were prepared by the procedure of Method 210, using the

appropriate starting material.
Meth | Compound - : m/z | SM
211 4-Methyl-3-trifluoromethyl-benzoic acid 218 | 4-Methyl-3-
| methyl ‘ | trifluoromethyl-
' benzoic acid

Method 212

4-lodo-1-methylpiperidine '

‘ ' 4-Chloro-1-methyl-piperidine hydrochloride (4 g, 23.5 mmol) was dissolved in 40 ml
of K;COs solution. The solution was extracted with EtOAc (3 x 50 ml}. The combined
extracts were dried and concentrated under reduced pressure to about 50 ml. Nal (3.55g, 23.7
mmol) was then added to the solution and the suspension was stirred at 25 °C for 30 min. |
Water was added and the organic layer separated and dried. The organics were concentrated

to give the title compound as a yellow oil.
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Method 213 | v
3-(Cyano-dimethyl-methyl)-N-(4-methyl-3-nitro-phenyl)-5-(1-methyl-piperidin-4-yloxy)-

benzamide '

" To é cooled suspension of NaH (60% dispersed in mineral oil) (32 mg, 0.79 mmol) in
DMF (4 ml) was added dropwise a solution of ;’;-(cyano-dimethyl-methyl)—5-hydroxy-N-(4-'
methy1-3—nitro-phenyl)-benzamide (Method 198; 268 mg, 0.79 mmol) in DMF (2 ml). Then
'44iod6-l-methyl-biperidine (Method 212; 178 mg, 0.79mmol) in DMF (2 ml) was added. The
reaction mixtur_'e wés heated to reflux for 12 h. After cooling to 25 °C, water (20 ml) was |
added to the mixtﬁre. The resulting solution was extracted with EtOAc (3 x 30 ml). The

combined extracts were dried and concentrated under reduced pressure. The resulting residue

. was then purified by a Gilson HPLC (0. l% TFA in acetonitrile and water) to yield 60 mg

15

20

(17%) of the title compound m/z 436.

Method 214 -

‘4-Dimethylaminomethyl-3-trifluoromethyl-benzoic acid methyl ester

A mixture of 4-bromomethyl-3-trifluoromethyl-benzoic acid methyi ester (Method
165; 400 mg, 1.35 mmol), dimethyl amine (2.0 M in THF) (2 ml, 4 mmol) and K,CO; (373
mg, 2.7 mmol) in CH3CN (10 ml) was stirred at 25 °C for 1h. The temperature was then
raised to 80°C over 1 h and stirred at this temperature for 3 h. The reaction mixture was

cooled to 25°C and washed with DCM. The organics were concentrated under reduced

~ pressure, and the resulting residue was purified by column chromatography utilizing an ISCO

- system (hexane-EtOAc) to yield the title compound as a colourless oil 230mg (65.3%). NMR:

- 8.25(d, 1H), 8.20 (s, 1H), 7.95 (d, IH), 3.90 (s, 3H), 3.60 (s, 2H), 2.18 (s, 6H); m/z 261.

25

Methods 215-216
The followmg compounds were prepared by the procedure of Method 214, using the

appropnate starting materials

Meth | Compound - ' m/z | SM

215 | Methylt 3-(1-cyano- -methylethyl) 5-{4- | 315 | Method 167 and N-methyl
methylpiperazin-1-yl)methyl]benzoate piperazine |

216 | Methyl 3-(1-cyano-1-methylethyl)-5- .| 260 | Method 167 and dimethylamine
[(dimethylamino)methyl]benzoate
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Method 217
Methyl 3-[3-(trimethylsilyl)prop-2-yn-1-yllbenzoate

Trimethylsilyl acetylene (2.4 ml, 17.0 mmol) was added to a solution of methyl 3-
(bromomethyl)benzoate (3.0 g, 13.1 mmol), Pd;dbaz (300 mg, 0.3 mmol), triphenylphosphine
(343 mg, 1.3 mmol), CsCO5 (6.0 g, 18.3 mmol), and Cul (1 87 mg, 1.0 mmol) in THF (50
ml). The'rea('::tioAn mixture was stirred for 12 h at 5>O °C. After allowing the mixture to cool
back to 25 °C, it was then diluted with EtOAc (~ 100 ml) and washed with NaCl(sat). The
mixture was then filtered through a pad of celite, dried and concentrated in vacuo. The crude
product was purified on SiO; using hexanes-EtOAc 4:1 as eluent giving 2.2.g (67 %). as
product. H NMR (300 MHz): 8.03 (s, 1H), 7.92 (d 1H), 7.57 (d, 1H), 7.40 (t, 1H) 3.93 (s,
3H), 3.71 (s, 2H), 0.21 (s, 9H).

. Method 218
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Methyl 3-[1,1-dimethyl-3-(trimethylsilyDprop-2-yn-1-yl benzoate
A solution of methyl 3-[3_—(trirnethylsilyl)pfop-z-yn-1~y1]benzoate (Method 217; 350
mg, 1.28 mmol) in THF (6 ml) was treated with NaHMDS (2.8 ml, 2.81 mmol) at —78 °C.

Iodomethane (0.2 ml) was added and the reaction mixture was warmed to 25 °C and stirred

. for an additional 2 hr. The reaction mixture was then quenched with NH4C1(sat) solution and

- extracted with EtOAc. The combined organics were dried and concentrated under reduced

pressure. The crude product was purified by column chromatography ut1hzmg an ISCO
system (hexane-EtOAc)_ to give 200 mg (52%) of desired product. H NMR (300 MHz): 8.25
(s, 1H), 7.91 (d, 1H), 7.78 (d, 1H), 7.40 (t, 1H), 3.92 (s, 3H), 1.62 (s, 6H), 0.23 (5, 9H).

Method 219
3-(1.1-Dimethylprop-2-yn-1-ylYbenzoic acid

To a solution of methyl 3-[1,1-dimethyl-3-(trimethylsilyl)prop-2-yn-1-yl]benzoate
(Method 218; 110 mg, 0.36 mmol) in a solvent s&stem of THF .(4 ml), MeOH (2 ml) and H,0
(2 ml) was added lithium hydroxide (26 mg, 1.09 mfnol) and the reaction mixture was stirred
at 25 °C for 12 h. The reaction mixture was diluted with EtOAc and water. The aqueous layer
was separated and then was acidified with 10% HCI and subsequently extracted with EtOAc.
The combined extracts were dried to give 60 mg (88 %) of desired product; m/z 188.
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Method 220
3-(1.1 —Dimefhvlpropyl)benzoic acid

3-(1,1-Dimethylprop-2-yn-1-yl)benzoic acid (Method 219; 170 mg, 0.90 mmol) in
MeOH (5 ml) was treated with Pd/C (17 mg). The reaction mixture was stirred for 12 h undér

an atmosphere of Hydrogen gas at 25 °C. The mixture was filtered through celite, and the
solvent was removed under reduced pressure to yield the desired product (150 mg, 86 %); m/z

192.

Method 221

Ethyl 3-(cyclopropylcarbonvyl)benzoate

To a solution of ethyl 3-iodobenzoate (1.8 ml, 10.0 .mmol) in THF (40 ml) at -78 °C,
isopropyl magnesium chloride (Z.OM, 7.0 ml, 14.0 mmol) was added. After 30 mins of
stirring, CuCN (1.1 g, 12.0 mmol) and LiCl (1 0 8, 24.0 mmol) were added simultaneously.
After 20 min, cyclopropane éarbonyl chloride (3.0 ml, 33.0 mmol) was added, and then the -
reaction mixture was warmed to 25 °C over 1 h. The mixture was diluted with EtOAc and
washed sequentially With NH4Cl(sat) and NaCl(sat). The organics'lwére dried, and the
solvents removed under reduced pressure. The crude product was purified by column
chromatography utilizing an ISCO-system (hexane-EtOAc) to yield 1.2 g (50 %). H NMR
(300 MHz): 8.66 (s, 1H), 8.22 (d, 1H), 8.17 (d, 1H), 7.55 (t, 1H), 4.40 (g, 2H), 2.76 - 2.67 (m,
1H), 1.40 (t, 3H), 1.29 - 1.21 (m, 2H), 1.12 - 1.01 (m, 2H). |

Method 222

Ethyl 3-(1 -cvclopfopvl- 1 -hvdroxvethyl)b enzoate

To a solution of ethyl 3-(cyélopropylcarbonyl)benzoate (Method 221; 363 mg,. 1.66
mmol) in THF (6 ml) at =78 °C, methyl magnesium bromide (3.0M, 0.73 ml, 2.16 mmol) was .
added. After 3 h, the mixture was diluted with EtOAc and then washed sequentially with
NH4Cl(sat) and then NaCl(sat). The organics were dried, and the resulting material was
purified by column chrométography utilizing an ISCO system (hexane-EtOAc) toyield1.2 g
(50 %) of the desired product. H NMR (300 MHz): 8.19 (s, 1H), 7.92 (d, 1H), 7.72 (d, 1H),
740 (t, 1H), 4.37 (g, 2H), 1.78 (s, 1H), 1.51 (s, 3H), 1.38.(t,~3H),v 1.32 - 1.21 (m, 1H), 0.46-

0.37 (m, 4H).
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Method 223
Ethyl 3-[cyclopropyl(hydroxy)methyllbenzoate

To a solution of ethyl 3-(cyclopropylcar_bonyl)benante (Method 221; 363 mg, 1.66
mmol) in EtOH (5 ml) at 25 °C, NaBH, (70 mg, 1.86 mmol) was added. After 4 h, the |
mixture was diluted with EtOAc and then washed sequentially with NH4Cl(sat) and then
NaCl(sat). The organics were dried, and the résulting material was purified by column |
chromatography utilizing an ISCO system (hexane-EtOAc) to yield 210 mg (77 %) of the
desired product. H NMR (300 MHz): 8.07 (s, 1H), 7.95 (d, 1H), 7.61 (d, 1H), 7.41 (t, 1H),
4.36 (q, 2H), 4.04 (d, 1H), 2.16 (s, 1H), 138 (t, 3H), 1.27 - 115 (m, 1H), 0. 66 - 0.54 (m, 2H)
0.52-0.36 (m, 2H).

2

Method 224

15

Methyl 3-(1,1-difluoroethyl )benzoaté

A solution of methyl 3-acetylbenzoate (Method 151; 700 mg, 3.9 mmol) in 5 ml of -

DeoxoFluor™ was stirred for 12 h at 85 °C. The reaction mixture was then added to a

- NaCl(sat) solution. The aqueous mixture was extracted with EtOAc. The organics were dried,

20
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and the resulting material was purified by column chromatography utilizing an ISCO system .
(hexane-EtOAc) to yield a clear oil (396 mg, 50 %). H NMR (300 MHz): 7.96 (s, 1H), 7.86
(d, 1H), 7.50 (d, 1H), 7.31 - 7.22 (m, 1H), 3.73 (s 3H), 1.74 (¢, 3H).

Method 225
Sodium [3-(1-cyano-1-methylethyl)-5-(methoxycarbonyl)phenyllmethanesulfonate

A solution of methyl 3-(bromomethyl)-5-(1-cyano-1-methylethyl)benzoate (Method

- 167; 230 mg, 0.777 mmol) in acetone (5 ml) and water (5 ml) was added sodium sulfite. The

mixture was stirred at reflux. The solvents were removed under reduced pressure to give the

* product; m/z 297.

Method 226
Methyl 3-(1-cyano-1-methylethyl)-5-[(methylthio)methyllbenzoate

A solution of methyl 3-(bromomethyl)-5-(1-cyano-1-methylethyl)benzoate (Method
167, 80 ing, 0.27 mmol) in EtOH (1 ml) was added sodium sulfite. The mixture was stirred at

reflux. The solvents were removed under reduced pressure to give the product; m/z 263.
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Method 227 |
Methyl 3-@-cyano- I-methylethyl)-5-[3-(4-methylpiperazin-1-yprop-1-yn-1-yllbenzoate

To a solution of methyl 3-(1-cyand-l-methylethyl)>5-(3 -hydroxyprop-1-yn-1-
yl)benzoate (Method 191; 115 mg, 0.447 mmol) and triethylamine (81 pL, 0.581 mmol) in
DCM was added methane sulfony! chloride (52 uL, 0.671 mmol). The reaction mixture was
allowed to stir for 15 min at 25 °C. The solvent was femoved under reduced pressure and the
residue was dissolved in EtOAc. The organics were washed with NaCl(sat) and then dried.
The solvents were removed under reduced pressure to provide 149 mg (quantitative yield) of
the desired intermediate. The material was then dissolved in DCM (3 ml). Triethylamine (190
uL, 1.34 mmol) and N-methyl piperazine were then added to the mixture and stirred for 12 h:

The solvents were removed under reduced pressure and the resulting material was purified by

| column chromatography utilizing an ISCO system (DCM-MeOH) to Yield 50 mg (33%) of

15
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"desired product; m/z 339.

Method 228

N-Cyclopropylformamide

Cyclopropylamine (5.0 ml, 72 mmol) and methyl formate (4.5 ml, 72 mmol) were
added together and heated to reflux. After 12 h, the excess starting materials v_vere'removed

under reduced pressure and the material was utilized directly.

Method 229

. tert-Butyl (4-methy1-3-nitrophenyl)carbamate

A solution of 4-methyl-3-nitroaniline (10.0 g, 0.066 mol) was dissolved in THF (25
ml) at 65 °C. Di-tert-butyl dicarbonate (17.2 g, 0.079-mol, 1.2 equiv) in THF (20'ml) was

‘added dropwise over 30 min. The mixture was then refluxed under nitrogen for 12 h. The

reaction was cooled to 25 °C and the solvent was removed under reduced pressure to give a

brown oil. The oil was dissolved in hexane-EtOAc (4:1) and 30 g of silica gel was added to

. the solution. The solution was stirred for 5 min and the silica was removed by filtration. The

silica was then repeatedly washed with hexane-EtOAc (4:1) until no further product was |
detected. The solvents were combined and concentrated under reduced pressure. The resulting
yellow solid was washed with hexane and air dried to give 14.2 g of the desired product |
(85%). NMR (300 MHz): 8.07 (s, 1H), 7.53 (d, 1H), 7.26 - 7.30 (m, 1H), 6.66 (s, 1H), 2.55 (s,
3H), 1.55 (s, 9H). ’
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Method. 230 _
tert-Butyl (3-amino-4-methylphenyl)carbamate

A solution of tert-butyl (4-rriethyl-3-nitrophenyl)carbamate (Method 229; 10.0 g, 39.6
mmol) was dissolved in EtOH (220 mi). The solution was treated with 10% Pd/C (650 mg)

and placed on a Parr Hydrogenator at 50 psi of hydrogen for 12 h. The resulting solution was

filtered through celite and the solvent was removed under reduced pressure to give 8.68 g

(98%). NMR (300 MHz): 6.86 - 6.98 (m, 2H), 6.48 (d, 1H), 6.36 (s, 1H), 3.59 (s, 2H), 2.09 (s,

3H), 1.42- 150 (m, 9H).

Method 231
tert—Butxl {4- rnethll 3-[(3-methyl-4-0x0-3.4-dihydroquinazolin-6-

imlno]phenﬂ}carbamate .

A stirred Imxture of zert-butyl (3-ammo-4-methylphenyl)carbamate (Method 230, 3.08
g, 0.0135 mmol), 6 bromo -3-methylquinazolin-4(3 H)-one (Method 104 3.24g,0.0135
mmol) C52C03 (13.20 g, 0.0405 mol, 3.0 equiv), BINAP (841 mg, 1. 35 mmol, 5 mol%) i in
dioxane (50 ml) was treated with Pd,(dba); (618 mg, 0.675 mmol). The reaction mixture was

heated to 80 °C for 12 h. The reaction was then quehched with 10% NaOH(aq) and extracted

with EtOAc. The organics were dried with NaCl(sat) and then Na,SO4(s). The organics were
removed under reduced pressure and the resulting solid was treated with DCM (100 ml). The

resulting precipitate was collected by vacuum filtration (3.00 g, 58'%); m/z 387.

Method 232

- A stirred mixture of tert-butyl {4-methy1-3-[(3émethyl-4-oxo-3’4—dihydroquinazolin—
-yl)ammo]phenyl}carbamate (Method 231; 3.00 g, 7.78 mmol) in DCM (30 ml) was treated
with TFA (30 ml). The solvents were removed under reduced pressure The resulting solid
was treated with 10% NaOH(aq) and extracted with EtOAc. The organics were dried with
NaCl(Sat) and then Na;SQ4(s). The organics were then removed under reduced pressure (2.18
g, 99%); m/z 280. | |
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Method 233

~ Methyl 3-[2-(dimethylamino)-1,1-dimethyl-2-oxoethyl]benzoate

2-(3-Bromoph_enyl)-N,N;Z-tn'methylpropanamide (Method 113; 202 mg, 0.748 mmol),
MeOH (35 pl, 7.48 mmol, 10.00 equiv), Pd(OAc); (17 mg, 0.075 mmol, 10 mol%), Mo(CO)s
(296 mg, 1.12 mmol, 1.5 equiv), Cs2CO; (365 mg, 1.12 mmol, 1.5 equiv) and BINAP (47 mg,
0.075 mmol, 10 mbl%) in toluene-CH;CN 1:1 (2 'ml) was heated at 90 °C under Ar for 12 h.
The reaction was quenched with 10% NaOH and extracted with EtOAc. The organics were
.dried with NaCl(sat) and Na;SOq(s) and then ré;noved under fedﬁced pressure. The residue
was then purified by column chromatography utilizing an ISCO system (EtOAc-hexane) to
give 50 mg (27%) of the desired product; m/z 250. | '

Method 234 - ‘ _
_Methyl 4-[(cyclopropylamino)methyl]-3-(trifluoromethyl)benzoate ‘

A suspension of methyl 4-(bromomethyl)-3-(trifluoromethyl)benzoate (Method 158,
0.85 g, 2.86 mmol), cyclopropylamine (0.82 g, 41.3 mmol) and K,CO; (1.19 g, 8.58 mmol) in
CH;CN (15 ml) was stirred at 45 °C for 15 h. The reaction mixture was concentrated under

reduced pressure and puriﬁed 6n silica gel; m/z 274.

Method 235

Methvl 3-cyclopropylbenzoate

To a 100 ml round bottom flask charged with a magnetic stir bar and DCM (20 ml)

| was added 12.3 ml of diethyl zinc (I‘M in hexanes). The reaction mixture was cooled to Ob‘_’C

and trifluoroacetic acid (1.40 g, 12.3 mmol) was added dropwise via syringe. The reaction
was stirred at this temperature for 20 mins followed by the addition of CH,I, (3.30 g, 12.3

mmol). The reaction mixture waé stirred for 20 mins before méthyl 3-vinylbenzoate (1.00 g,

- 6.16 mmol) was added. The reaction was then allowed to warm to 25 °C with stirring for 3 h.

before being queriched by the addition of ~50 ml of saturated aqueous NH,Cl. The mixture

was poured into a sepratory funnel and the aqueous‘ phase was further extracted with DCM (3
X 50 ml). The combined organic extract was dried with MgSO, and concentrated in vacuo to
yield the crude reaction product which was purified on 120 g SiO; using hexanes-EtOA(; 10:1

as eluent giving 1.01 g of the title compound as a colourless oil (94 %); m/z 177.
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Claims
1. A compound of formula (I):
. Rz
Me R
0] _ 111 .
A
®) N x+ |
" O3y Nps
0
@D
wherein:

ng A is carbocyclyl or heterocyclyl; wherein if said heterocyclyl contams an ~NH-
m01ety that nitrogen may be optionally substituted by a group selected from RS;

‘R is a substituent on carbon and is selected from halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, C1-6alkyl, Ca.¢alkenyl, C,alkynyl, C,.salkoxy,
Cl_salka_ﬁoyl, Cl-éalkanbyloxy, N-(Ci.alkyl)amino, N,N-(C,.galkyl),amino,
Ci.salkanoylamino, N-(C,.¢alkyl)carbamoyl, N, N-(C,salkyl);carbamoyl, C1_6a]k.ylS(O)a
Wherein ais0to 2, C\.5alkoxycarbdnyl,'N;(C|-Galkyl)sulphamoyl,
N,N-(C1-5allcyl)zsulphamoyl,'N—(Cl-;aikéxy)sulphamoyl,
N-(C1.6alkyl)'-N-(C1-5alkoxy)sulphamoy1, C1.salkylsulphonylamino, carbocyclyl-R’- or
heterocyclyl-st; wherein R' may be opﬁonally substituted on carbon by one or-more R’; and
wherein if said heterocyclyl contains an -NH- moiety that nitrogen may be optionally
substituted by a group selected from R'; '

n is selected from 0-4; wherein the values of R' may be the same or different;

R is selected from hydrogen, halo, nltro cyano, hydroxy, amino, carboxy, carbamoyl,
mercapto sulphamoyl, Cy.alkyl, C,. salkenyl C2 salkynyl, C. (,alkoxy, Cisalkanoyl,
Ci.salkanoyloxy, N-(C,.salkyl)amino, N,N-(C,¢alkyl),amino, C‘.salkanoylammo,
N-(Cy_salkyl)carbamoyl, N,N~(C.salkyl),carbamoyl, C,.¢alkylS(O), wherein a is 0 to 2,
C.salkoxycarbonyl, N-(C;.salkyl)sulphamoyl, N,N-(C,.¢alkyl);sulphamoyl,
Ci.salkylsulphonylamino, carbo.cyclyl-R'“- or heterocyclyl-R'%-; wherein R* may be
optionally substituted on carbon by one or more R"; and wherein if said hetefocyclyl contains
an -NH- moiety that nitrogen may be optionally substituted by a group selected from R*;

X is NR¥ or O;
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one of A, E, G and J is C which is attached to X of formula (I) the other three are
1ndependent1y selected from CR'® or N;

R® and R'® are independently selected from hydrogen, halo, nitro, cyano, hydroxy,
amino, carboxy, carbamoyl, mercapto, sulphamoyl, C,_galkyl, C,.salkenyl, C;¢alkynyl,
Ci.salkoxy, Ci.salkanoyl, Cj.salkanoyloxy, N- (C\. salkyl)ammo N N-(Cj_¢alkyl)2amino,
C.salkanoylamino, N-(C;.¢alkyl)carbamoyl, MN-(C1-6a1kyl)2carbamoyl, Ci-6alkylS(O),
wherein a is 0 to 2, C1-6alkoxycarbony1, N—(Cl-s_alkyl)sulphamoyl,
N,N-(C\.salkyl),sulphamoyl, C,_alkylsulphonylamino, carbocyclyl-R'- or heterodyclyl-liillg-;‘
Wheréin R® and R'¢ independently of each other fnay be optionally substituted oﬁ carbon by

one or more R'?; and wherein if said heterocyclyl contains an -NH- m01ety that nitrogen may'

be optionally substituted by a group selected from R%,

R R’ and R" are independently selected from hydro'gen,_Cl.salkyl, Cisalkanoyl,
Ci.salkylsulphonyl, C\.salkoxycarbonyl, carbamoyl; carbocyclyl, heterocyclyl,
N-(Cysalkyl)carbamoyl and N,N-(C, galkyl)carbamoyl; wherein R*, R’ and R"® independently

of each other may be optionally substituted on carbon by one or more R*;

the bond “ ™ “between the -NR- and -CR®- of foﬁnula (D) is either (i) a single bond -
wherein R’ is as defined above, or (ii) a double bond wherein R® 1s absent;

R’, R®, R and R are indepéndently selected from halo, nitro, cyano, hydroxy,
amino, carboxy, carbamoyl, mercapto, sulphémoyl, Cisalkyl, Cy¢alkenyl, C2_5aH<Ynyl;
C1_5alkoxy; Ci.salkanoyl, C,.salkanoyloxy, N-(C;.galkyl)amino, N,N-(C;.salkyl);amino,
Cisalkanoylamino, N-(C,.¢alkyl)carbamoyl, N,N-(Cialkyl),carbamoyl, C,.¢alkylS(O),
wherein a is 0 tb 2, Cy.¢alkoxycarbonyl, C;.salkoxycarbonylamino, N-(C;.salkyl)sulphamoyl,

~ N,N-(Cj.galkyl)sulphamoyl, Csalkylsulphonylamino, carbocyclyl-R*- or heterocyclyl-R*-; -
p : y

wherein R®, R'"®, R'® and R*! independehtly of each other may be optionally substituted on
carbon by one or more R**; and wherein if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group selected from R*’; '
R’, R%, R", R", R, R*® R?? and R® are independently selected from a dlrect bond,
-0-, -NR)., -C(0)-, -N(R”)C(O)-, -C(O)NR?)-, -S(0)s-, -SON(R™)- or -N(R*)SO5-;
wherein R*, RY, st, R* and R* is hydrogen, Ci.salkoxycarbonyl or Calkyl and s is 0-2;
R®, R, R", R and R* are independently selected from C,.galkyl, C,.galkanoyl,
Ci.salkylsulphonyl, C1-6alk6xyéarbonyl, carbamoyl, N-(C,.salkyl)carbamoyl,
N,N-(Ci.¢alkyl)carbamoyl, benzyl, benzyloxycarbonyl, benzoyl and phenylsulphonyl;
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R* is selected from halo, nitro, cyano, hydroxy, trifluoromethoxy, trifluoromethyl,
amino, carboxy, carbamoyl, mercapto, sulphamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino, diethylamino, N-methyl-N-ethylamino,
acetylamino, N-methylcarbamoyl, N-ethylcarbamoyl, N,N—dimethylcafbamoyl, |
N,N-diethylcarbamoyl, N-methyl-N-ethylcarbamoyl, methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, meeyl ethylsulphonyl, methoxycarbonyl, ethoxycarbonyl, |
N-methylsulphamoyl N—ethylsulphamoyl N N—dlmethylsulphamoyl N,N- dlethylsulpharnoyl
or N-methyl-N—ethylsulphamoyl

or a pharmaceutically acceptable salt thereof.

2. A compound of formula (I), or a pharmaceutically acceptable salt thereof, as claimed
in claim 1 wherein Ring Alis phenyl, thienyl, pyridyl, thiazolyl, isoxazolyl, furyl,
1 3-benzodioxolyl pyrazolyl, indolyl, 2,3-dihydrobenzofuranyl, imidazo[1,2-a]pyridinyl or

~ pyrimidinyl; wherein said pyrazolyl may be optionally substituted on nitrogen by a group

15
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selected from R6 wherein R% is C 1-6alkyl.

3. A compound of formula (D), or a pharmaceutically acceptable salt thereof, as claimed
in either claim1 or claim 2 wherein:

 Rlisa substituent on carbon and is selected from halo, hydroxy, cyano, sulphamoyl
Ci.salkyl, C,¢alkenyl, Cz 6a1kyny1 Cu,alkoxy, N,N-(C,. (,alkyl)zcarbamoyl C 6alkylS(O)a
wherein a is 0 to 2, C, 6alkoxycarbony1 N-(C,.salkyl)sulphamoyl,

| N,N-(C1_6a1kyl)zsulphamoyl, N-(C\.¢alkyl)-N-(C.galkoxy)sulphamoyl, carbocyclyl-R’- or

heterocyclyl-R®-; wherein R' may be optionally substituted on carbon by one or more R%; and

wherein if said heterocyclyl contains an -NH- moiety that nitrogen may be optionally -
substituted by a group selected from R'%;

R’ is selected from halo, cyano, hydroxy, carboxy, C.l-salkyl, C,.salkoxy,
N,N-(Cy.salkyl),amino, N-(C).salkyl)carbamoyl, N,N—(Cl_salkyl)zcarbarneyl, Ci-salkylS(O)a
whereina is 0 to 2, carbocyelyl-Rzz- or hete_rocy'clyl-RB-; wherein R’ may be optionally
substituted on carbon by one or more R*; and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by a group selected from R%; -

R7, R® R* and R® are independently selected from a direct bond, -O-, -N(R26)-,
-C(0)-, -S(0)s- or -N(R*)SO,-; wherein R* and R* are independently selected from
hydrogen or Cl-qukoxycarBonyl; and s is 2;
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R'® and R® are independently selected from C;.¢alkyl;
2% is hydroxy.

4. A compound of formula (I), or a phénnaceutically acceptable salt thereof, as claimed
in any one of claims 1-3 wherein n is selected from 0-2; wherein the values of R' may be the

same or different.

5 A coinpound of formula (I), or a pharmaceutically aoceptable salt thereof, as claimed

in any one of claims 1-4 wherein R? is hydrogen.

6. 'A compound of formula (X), or a pharmaceutically acceptable salt thereof, as claimed
in any one of claims 1-5 wherein:

X is NR" or O; wherein

R" is selected from hydrogen or Cy. 6a1kyl wherein R'® may be optlonally substituted
on carbon by one or more RZ' _ '

R* is selected from carbocyclyl-R-;

R* s a direct bond.

7. A compound of formula (I), or a pharmaceutically acceptable salt thereof, as claimed
in any one of claims 1-8 wherein one of A, E, G and J is C which is attached to X of formula

(I; the other three are all CR'® or two are CR'® and one is N; wherein RS is hydrogen.

8; A compound of formula (I), or a pharmaceutically acceptable salt thereof, as clalmed
in any one of claims 1-7 wherein: _ '

R’ is selected from hydrogen, C,.¢alkyl, N-(C;.¢alkyl)amino, ]\’,N—(C,-eélkyl)zamino or
C.6alkylS(O), wherein a is 0; wherein R® may be optionally substituted on carbon by one or-
more R'%; wherein

R" is hydroxy.

9. A compound of formula (I), or-a pharmaceutically acceptable salt thereof, as claimed |
in any one of claims 1-8 wherein: |

R* is selected from hydrogen, C,¢alkyl or carbocyclyl wherein R* may be optionally

substituted on carbon by one or more R?';
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R*! is selected from Hydroxy, amino, C; galkoxycarbonylamino, carbocyclyl-R*- or
heterocyclyl-R*-; wherein R?' may be optionally substituted on carbon by one or more R?*;
and wherein if said heterocyclyl contains an -NH- moiety that nitrogen may be optionally
substitufed by a group selected from R%;

22 and R® are a direct bond;
R* is methyl; and
R* is Cy.galkyl or benzyloxycarbonyl.

10. A compound of formula (I), or a pharmaéeutica‘lly acceptable salt thereof, as claimed

in any one of c1a1ms 1-9 wherein the bond “ ™ “between the -NR°- and -CR’- of formula [OR

is a double bond wherem R’ is absent.

11. A compound of formula (I):

T2

RY),

(V)

wherein: 7 ) . . .

Ring A is phenyl, thien-2-yl, thien-3-yl, pyrid-2-yl, pyrid-3-yl, pyrid-4-yl, thiazol-4-yl,
isoxazol-3-yl, 1 3-ben20dioxol-5-);l fur-2- yl, 1-methylpyrazol-3-yl, 1-methylpyrazol-5-yl,
1-¢- butylpyrazol 5-yl, indol-5-yl, indol-6- yl 2,3- d1hydrobenzoﬁ1ran-7 -yl,
1m1dazo[1 ,2-a]pyridin-2- yl or pyrimidin-4-yl;

R'is a substituent on carbon and is selected from fluoro, chloro, bromo, hydroxy,
cyano, sulphamoyl, methyl, trifluoromethyl, cyclopropylaminomethyl, methylthiomethyl,
mesylmethyl, dimethylaminomethyl, 1-(Cyclopropyl)-1-hydroxymethy1,
N-cyclopropyl-N-(t-butoxycarbonyl)aminomethyl, 1-methylpiperazin-4-ylmethyl,
l-hydroxy-l-cyclopropylethyl l-methyl-l-cyanoethyl 2-methoxy-1,1- dimethylethyl
1-carboxy-1-methylethyl, 1,1- dlﬂuoroethyl 2-(dimethylamino)-1,1-dimethyl-2- oxoethyl

- 3-(dimethylamino)propyl, 1,1-dimethylpropyl, ¢-butyl, methoxy,

N-methylcarbamoylmethoxy, 2-(dimethylamino)ethoxy, 2-(pyrrolidin-1-yl)ethoxy,
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2-(methoxy)ethoxy, 2-(1-methylpyrrolidin-2-yl)ethoxy, 2-(piperidih- 1-yDethoxy,

2—(azepaf1— 1-yl)ethoxy, 2-(morpholino)ethoxy, 3-(1-methylpiperazin-4-yl)propoxy,
methoxycarbonyl, morpholinocarbonyl, N,N-dimethylsulphamoyl,

N-(2,3- d1hydroxypropy1)-N—methylsulphamoyl N-(methyl)-N-(methoxy)sulphamoyl

1- methylplperldln -4-yloxy, N,N- d1methy10arbamoyl cyclopropyl, piperidin-1-yl, morpholino,
1- cyclopropylethenyl 3-(4-methylpiperazin-1 -yl)prop 1-yn-1-yl, 3,3-dimethylbut-1-yn-1-yl,

" cyclopropylethynyl, 3-hydroxy-3-methylbut-1-yn-1-yl, 1,1- dlmethylprop 2-yn-1-yl,

3- (dlmethylammo)prop 1-yn-1-yl, mesyl, cyclopropylammosulphonyl
azetidin-1-ylsulphonyl, morphohnosulphonyl tetrahydrofur-Z-ylrnethylaminosulphonyl
2-(hydroxymethyl)piperidin-1-ylsulphonyl, 3- (hydroxymethyl)plpendm 1-ylsulphonyl or |
4- (hydroxymethyl)plpendm- -ylsulphonyl
“nis selected from 0-2; wherein the values of R' may be the same or different;

Rzlis hydrogen;

XisNR" or O;

“one of A,E, G and JisC Wthh is attached to X of formula (I); the other three are all

- CR' or two are CR'® and one is N;

20

25

R’ is selected from hydrogen, methyl, N—(2-hydroxyethy1)amina, N,N-dimethylamino
or methylthio; o
- R 1s selected from hydrogen, methyl, 1-methylpiperidin-3-ylmethyl,
cyclopropylmethyl, 2,2-dimethyl-1 ,3-dioxolaﬁ-4-y1methyl, piperidin-4—ylniéthyl,
1-benzyloxycarbonylpipidin—4—ylmethyl ethyl, 2-hydroxyethyl, 3-aminopropy1 '
3- (t-butoxycarbonylammo)propyl 3-morpholinopropyl, 2,3- dlhydroxypropyl and

-cyclopropyl;

the bond “ ™ petween the -NRS- and -CR?- of formula (I) is a double bond wherein .
R’ is a_bsent' and
RY is selected from hydrogen, methyl or cyclopropylmethyl
§is hydrogen,;

ora pharmaceutlcally acceptable salt thereof.
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12. A compound of formula (I):
_ .
Me R’
(O | R
‘ Y
, N X+ |
RY, H ~ N
N ] R4
0)
®

selected from:
5 3-(1 ;1 -dimethylprop-2-yn-1-yl)-N- {4-methyl-3-[(3-methyl-4-ox0-3 ,4-dihydfoquinazolin—6-
yl)amino]phenyl}benzamide; |
3-(1-cyano- 1-methy1ethyl)-N- {4- methyl 3-[(3- methyl 4-0x0- 3 A- d1hydroqu1nazolm-6-
yl)ammo]phenyl}benzamlde
3-(1-cyano-1-methylethy!)-5-fluoro-N- {4- methyl 3 [(3-methyl-4-oxo0- 3 4- d1hydroqu1nazohn-
10 6- yl)am1no]phenyl}benzam1de
3-(1 -Cyano- 1-methylethyl)-5- [(dlmethylammo)methyl]-N— {4- methyl 3-[(3-methyl-4-oxo0- 3,4-
dlhydroqulnazolm 6- yl)ammo]phenyl}benzamlde '
- 4-dimethylaminomethyl-N-[4- methyl 3-(3-methyl-4-0x0-3 4 -dihydro- qu1nazolm—6 ylamlno)-
phenyl]-3- trlﬂuoromethyl benzamlde
15 2- (l-cyano 1-methylethyl)-N-{4-methyl-3-[(3-methyl-4-ox0-3,4- dlhydroqumazohn 6-
ylhamino]phenyl} isonicotinamide;
3-(1-cyano-1-methylethyl)-2- ﬂuoro-N— {4- methyl 3-[{(3-methyl-4- -0X0- 3,4- dlhydroqumazohn-
6-yl)amino]phenyl} benzamide;
N-(3-{[3-(3- ammopropyl) 4-0x0-3,4-dihydroquinazolin-6-yljamino}-4- methylphenyl) 3-(1-
20 cyano-1- methylethyl)benzamlde
3- {[methoxy(methyl)amino]sulfonyl}-N- {4- methyl 3-[(3-methyl-4-0x0-3,4-
| dlhydroqumazolm-6-y1)am1no]phenyl}benzamlde; and
: 3-tert-butyl-N- {4-methyl-3-[(3-methyl-4-oxo0-3,4-dihydroquinazolin-6-
yl)amino]phenyl}benzamide;

25 or a pharmaceutically acceptable salt thereof.
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13, A process for preparing a compound of formula (I) or a pharmaceutically acceptable
salt thereof which process, wherein variable are, unless otherwise specified, as defined in

claim 1, comprises of:

Process a) reacting an amine of the-formula (IX)
2,

R
Me 1|{5 -
: N. R’
E//A \(
H,N X—+ |
2 ’ G N N\ 4
~J R
5 | 0
. 3D
with an acid of formula (III): -
' ’ 0
RY), a o
| (1)
10 or an activated acid derivaﬁve‘thereof;
Process b) reacting a compound of formula (IV):
o : 2
C Me
- 0O
w2 W
| | av)
with an compound of formula (V):
RS
|
N, _R?
L+ |
Ny Nage
15 Y
V)

wherein L is a displaceable group;
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Process ¢) reacting a compound of formula (VI) wherein L is a displaceable group:

2
R
ﬁm
0
(R])n@)k i t
| oD

wherein L is a displaceable group; with an compound of formula (VII):

A _N.__R’>
HX— | \]/

Uy R

, . (VD)
Process d) for compounds of formula (I) wherein R* is not: hydrogen; reacting a compound of
formula (I) wherein R* is hydrogen with é compound of formula (VIII):
RL
(Vi)

“whereinL is a disblaceabl‘e group and R? is.not hydrogen;

Process e) for compounds of formula (I) wherein X is NR” and R" is —CH,-Cy¢alkyl
optionally substituted on carbon by one or more R?!; reacting a compouhd of formula (I)

wherein X is NR' and R'® is hydrogen with a compound of formula (IX):
0

15 l]\

R. H
o (IX)
wherein R" is C,.salky! optionally substituted on carbon by one or more R*;-
Process f) for compounds of formula (I) wherein X is NR'® and R" is not hydrogen; reacting
a compound of formula (I) wherein X is NR'® and R'® is hydrogen with 2 compound of
formula (X):
I RE-L
X)
wherein L is a displaceable group and R" is not hydrogen;

and thereafter if necessary:
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i) converting a compound of the formula (I) into another compound of the formula (I);
il) removing any protecting groups;

iii) forming a pharmaceutically acceptable salt.

14. A pharmaceutical composition which comprises a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as claimed in any one of claims 1-12, in association

with a pharmaceutically-acceptable diluent or carrier.

15. A compound of the formula (I), or a pharmaceutically acceptable salt thereof, as -

claimed in any one of claims 1-12; for use as a medicament.
16.  The use of a compound of the formula (I), or a pharmaceutically acceptable ‘salt‘
thereof, as claimed in any one of claims 1-12, in the manufacture of a medicament for use in

the production of a B-Raf inhibitory effect in a warm-blooded animal such as man.

17. The use of a compound of the formula (I), or a pharmaceutically acceptable salt

~ thereof, as claimed in any one of claims 1-12, in the manufacture of a medicament for use in

20

25

30

the production of an anti-cancer effect in a warm-blooded animal such as man.

18.  The use of a compound of the formula (D, ora phafmaceutically acceptable salt
thereof, as claimed in any one of claims 1-12, in the manufacture of a medicament for use in

the treatment of melanoma, papillary thyroid tumours, cholangiocarcinomas, colon cancer,

_ ovarian cancer, lung cancer, leukaemias, lymphoid malignancies, carcinomas and sarcomas in

the liver, kidney; bladder, prostate, breast and pancreas, and primary and recurrent solid

tumours of the skin, colon, thyroid, lungs and ovaries.

19. A method for producing a B-Raf inhibitory effect in a warm-blooded animal, such as
man, in need of such treatment which comprises administering to said animal an effective
amount of a compound of formula (I), or a pharmaceutically acceptable salt thereof, as

claimed in any one of claims 1-12.

20. A method for producing an anti-cancer effect in a warm-blooded animal, such as man,

in need of such treatment which comprises administering to said animal an effective amount
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- of a compound of formula (I), or a pharmaceutically acceptable salt thereof, as claimed in any

one of claims 1-12.

21. A method of treating melanoma, papillary thyroid tumours, cholangiocarcinomas,
colon cancer, ovarian cancer, lung cancer, leukaemias, lymphoid malignancies, carcinomas
and sarcomas in the liver, kidney,AblvaddeAr prostate, breast and pancreas, and primary and
recurrent solid tumours of the skin, colon, thyroid, lungs and ovaries, in a warm- blooded
animal, such as man, in need of such treatment which comprises administering to said animal
an effective amount of a compound of formula (I) or a pharmaceutically acceptable salt

thereof, as claimed in any one of claims 1-12.

2. A pharmaceutical composition which comprises a compound of the formula (I), or a

pharmaceutically acceptable salt thereof, as claimed in any one of claims 1-12, in association

with a pharmaceutlcally -acceptable diluent or carrier for use in the productlon of a B-Raf

inhibitory effect in a warm-blooded animal such as man.

23. A pharmaceutical composition which comprises a compound of the formula (I), or a
pharmaceutically acceptable salt thereof, as claimed in any one of claims 1-12, in association
with a pharmaceutically- acceptable diluent or carrier for use in the production of an

antl-cancer effectina warm-blooded ammal such as man.

24, A pharmaceutical composition which comprises a compound of the formula (I), or a
pharniaéeutiqally acceptable salt thereof, as claimed in any one of claims 1-12, in association
with a phé.nnaceutically-acceptable diluent or carrier for use in the treatment of melahoma,
papillary thyroid tumoufs, cholangiocarcinomas, colon cancer, ovarian cancer, lung cancer,
leukaemias, lymphoid malignancies, carcinomas and sarcomas in the liver, kidney, bladder,
prostate, breast and pancreas, and primary and recurrent solid tumours of the skin, colon,

thyroid, lungs and ovaries in a warm-blooded animal such as man.
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