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INDOLES USEFUL IN THE TREATMENT OF INFLAMMATION

Field of the Invention

This invention relates to novel pharmaceutically-usetul compounds, which
compounds are useful as inhibitors of enzymes belonging to the membrane-
associated proteins in the eicosanoid and glutathione metabolism (MAPEG)
family. Members of the MAPEG family include the microsomal
prostaglandin E synthase-1 (mPGES-1), 5-lipoxygenase-activating protein

(FLAP), leukotriene C,4 synthase and microsomal glutathione S-transierases

(MGST1, MGST2 and MGST3). The compounds are of potential utility 1n
the treatment of inﬂalﬁma.tory diseases including respiratory diseases. The

invention also relates to the use of such compounds as medicaments, to

pharmaceutical compositions containing them, and to synthetic routes for

their production
Background of the Invention

There are many diseases/disorders that are inflammatory in their nature.

“One of the major problems associated with existing treatments of

inflammatory conditions 1s a lack of efﬁcacy and/or the prevalence of side

effects (real or perceived).

Inflammatory diseases that affect the population include asthma,

inflammatory bowel disease, rheumatoid arthritis, osteoarthritis, rhinitis,

conjunctivitis and dermatitis.

Inflammation is also a common cause of pain. Inflammatory pain may arise
for numerous reasons, such as mfection, surgery or other trauma.

Moreover, several diseases including malignancies and cardioavascular

PCT/GB2005/002391
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diseases are known to have inflammatory components adding to the

symptomatology of the patients.

Asthma is a disease of the airways that contains elements of both
inflammation and bronchoconstriction. Treatment regimens for asthma are
based on the severity of the condition. Mild cases are either untreated or are
only treated with inhaled -agonists which affect the bronchoconstriction
element, whereas patients with more severe asthma typically are-treated

regularly with inhaled corticosteroids which to a large extent are anti-

inflammatory in their nature.

Another common disease of the airways with mnflammatory and
bronchoconstrictive components is chronic obstructive pulmonary disease
(COPD). The disease is potentially lethal, and the morbidity and mortality
from the condition 1s considerable. At present, there 1s no known

pharmacological treatment capable of changing the course of the disease.

The cyclooxygenase (COX) enzyme exists in two forms, one that 1s
constitutively expressed in many cells and tissues (COX-1), and one that 1s
induced by pro-inflammatory stimuli, such as cytokines, during an

inflammatory response (COX-2).

COXs metabolise arachidonic acid to the unstable intermediate
prostaglandin H, (PGH;). PGH, 1s further metabolised to other
prostaglandins including PGE,, PGF,,, PGD,, prostacyclin and
thromboxane A,. These arachidonic acid metabolites are known to have
pronounced physiological and pathophysiological activity including pro-

inflammatory effects.

PCT/GB2005/002391
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PGE, in particular is known to be a strong pro-inflammatory mediator, and
is also known to induce fever and pain. Consequently, numerous drugs
have been developed with a view to inhibiting the formation of PGE,,
including “NSAIDs” (non-steroidal antiinflammatory drugs) and “coxibs™

(selective COX-2 inhibitors). These drugs act predominantly by mhibition
of COX-1 and/or COX-2, thereby reducing the formation of PGE,.

However, the inhibition of COXs has the disadvantage that it results in the
reduction of the formation of all metabolites of arachidonic acid, some of
which are known to have beneficial properties. In view of this, drugs which
act by inhibition of COXs are therefore known/suspected to cause adverse
biological effects. For example, the non-selective inhibition of COXs by
NSAIDs may give rise to gastrointestinal side-effects and atfect platelet and
renal function. Even the selective inhibition of COX-2 by coxibs, whilst

reducing such gastrointestinal side-effects, 1s believed to give rise. to

cardiovascular problems.

An alternative treatment of inflammatory diseases that does not give rise to
the above-mentioned side effects would thus be of real benefit in the clinic.
In particulaf, a drug that inhibits (preferably selectively) the transtormation
of PGH, to the pro-inflammatory mediator PGE, might be expected to
reduce the inflammatory response in the absence of a corresponding

reduction of the formation of other, beneficial arachidonic acid metabolites. '

Such inhibition would accordingly be expected to alleviate the undesirable

side-effects mentioned above.

PGH, may be transformed to PGE, by prostaglandin E synthases (PGES).
Two microsomal prostaglandin E synthases (mPGES-1 and mPGES-2), and

one cytosolic prostaglandin E synthase (cPGES) have been described.

PCT/GB2005/002391
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The leukotrienes (LTs) are formed .from arachidonic acid by a set of
enzymes distinct from those in the COX / PGES pathway. Leukotriene B4
is known to be a strong proinflammatory mediator, while the cysteinyl-
containing leukotrienes C4, Dy and E; (CysLTs) are mainly very potent
bronchoconstrictors and have thus been implicated mn the pathobiology of
asthma. The biological activities of the CysLTs are mediated through two
receptors designated CysLT, and CysLT,. As an alternative to steroids,
leukotriene receptor antagonists (LTRas) have been developed in the
treatment of asthma. These drugs may be given orally, but do not control
inflammation satisfactorily. The presently used LTRas are highly selective
for CysLT,. It may be hypothesised that better control of asthma, and
possibly also COPD, may be attained if the activity of both of the CysLT
receptors could be reduced. This may be achieved by developing
unselective LTRas, but also by inhibiting the activity of proteins, e.g.
enzymes, involved in the synthesis of the CysL'Ts. Among these proteins,
5-lipoxygenase, 5-lipoxygenase-activating protem (FLAP), and leukotriene
C, synthase may be mentioned. A FLAP inhibitor would also decrease the

formation of the proinflammatory L'1B,.

mPGES-1, FLAP and leukotriene C; synthase belong to the membrane- ‘
associated proteins in the eicosanoid and glutathjoné metabolism (MAPEG)
family. Other members of this family include the microsomal glutathione
S-transferases (MGST1, MGST2 and MGST3). For a review, c.f. P.-J.
Jacobsson et al in Am. J. Respir. Crit. Care Med. 161, S20 (2000). It 1s well
known that compounds prepared as antagonists to one of the MAPEGs may
also exhibit inhibitory activity towards other family members, c.f. J. H
Hutchinson et al in J. Med. Chem. 38, 4538 (1995) and D. Claveau ef a/ 1n
J. Immunol. 170, 4738 (2003). The former paper also describes that such

compounds may also display notable cross-reactivity with proteins in the

PCT/GB2005/002391
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arachidonic acid cascade that do not belong to the MAPEG family, e.g. 5-

lipoxygenase.

Thus, agents that are capable of inhibiting the action of mPGES-1, and thus
reducing the formation of the specific arachidonic acid metabolite PGE,, are
likely to be of benefit in the treatment of inflammation. Further, agents that
are capable of inhibiting the action of the proteins mvolved in the synthesis

of the leukotrienes are also likely to be of benefit in the treatment of asthma
and COPD.

Prior Art

Certain specific 1(N)-phenylindole-2-carboxylate derivatives have been
disclosed by Rajur et al n Ind. J. Chem Sécrion B: Organic Chemistry
Including Medicinal Chemistry, 31B, 551 (1992) as chemical mtermediates
useful in the synthesis of antiallergic agents. The use of these intermediates

in the treatment of inflammatory disorders is not suggested in this

document.

Various indole-2-carboxylates, and derivatives thefeof, have been disclosed
in international patent applications WO 01/30343, WO 96/03377, WO
01/00197 and WO 99/33800, US patents Nos. 5,189,054 and 4,960,786,
European patent application EP 483 881 and Italian Patent No. 1303260.
However, none of these documents disclose or suggesi the use of the indole-

2-carboxylates in the treatment of inflammation.

Similar indole-2-carboxylates have been disclosed for potential use 1n the
treatment of inflammation in international patent applications WO
99/07678, WO 99/07351, WO 00/46198, WO 00/46197, WO 00/46195,
WO 00/46199, WO 96/18393, WO 02/30895, WO 99/05104, WO 01/32621

PCT/GB2005/002391
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and WO 2005/005415, US patents Nos. 5,081,145 and 5,081,138 and
European patent applications EP 166 591 and EP 985 666. However, none
of these documents disclose such compounds in which an aromatic group 1s

directly attached to the ring system via the indole nitrogen.

International patent application WO 94/13662 and European patent
application EP 186 367 also mention indoles for potential use in the
treatment of inflammation. However, these documents do not mention or

suggest compounds in which the benzenoid moiety of the mdole 1is

substituted with an aromatic ring.

International patent applications WO 94/14434, WO 99/43672, WO
08/08818, WO 99/43654 and WO 99/43651 and US patents Nos. 6,500,853
and 6,630,496 also describe structurally similar indoles for such potential
use. However, there is no specific disclosure in any of these documents of

indole-2-carboxylates in which an aromatic group is directly attached via

the indole nitrogen.
Disclosure of the Invention

According to the invention there is provided a compound of formula I,

R3_
TN : |
C(O)OR
RN TN
s R

wherein

PCT/GB2005/002391
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X represents H or a halo group;

R' represents an aryl group or a heteroaryl group, both of which groups are

optionally substituted by one or more substituents selected from A;

one of the groups R”, R>, R® and R’ represents an aryl group or a heteroaryl
group (both of Whjch are optionally substituted by one or more substituents
selected from A) and:

a) the other groups are independently selected from hydrogen, G', an
aryl group, a heteroaryl group (which latter two groups are optionally
substituted by one or more substituents selected from A), C,.¢ alkyl and a
heterocycloalkyl group (which latter two groups are-optionally substituted

by one or more substituents selected from G' and/or Z'); and/or

b) any two other groups which are adjacent to each other are optionally

linked to form, along with two atoms of the essential benzene ring in the
compound of formula I, a 3- to 8-membered ring, optionally containing 1 to
3 heteroatoms and/or 1 to 3 double bonds, which ring 1s itself optionally

substituted by one or more substituents selected from halo, R®, -OR® and

=Q:

A represents, on each occasion when mentioned above:

[) an aryl group or a heteroaryl group, both of which are optionally
substituted by one or more substituents selected from B; |

II) = C,;5 alkyl or a heterocycloalkyl group, both of which are optionally
substituted by one or more substituents selected from G' and/or Z';

[I) aG' group; or

[V) two A substituents may be linked together to form, along with at
least two (e.g. adjacent) atoms of the aryl or heteroaryl group to which the
two A substituents are attached, a further 3- to S-membered ring, which ring

optionally contains 1 to 3 (e.g. 1 or 2) hetereoatoms and/or 1 to 2 (e.g. 1)

PCT/GB2005/002391
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double bonds, and which is optionally substituted by halo or C,; alkyl,
which latter group is optionally substituted by halo;

R® represents, on each occasion when mentioned above:

I) hydrogen;

[I) an aryl group or a heteroaryl group, both of which are optionally
substituted by one or more substituents selected from B; or

1) C,5 alkyl or a heterocycloalkyl group, both of which are optionally

substituted by one or more substituents selected from G' and/or Z';

G’ represents, on each occasion when mentioned above, halo, cyano, -Nj,
-NO,, -ONO, or -A'-R’;

wherein A' represents a single bond or a spacer group selected from
-C(O)A%, -S(0),A’-, -N(R*)A*- or -OA’-, in which:

A% and A° independently represent a single bond, -O-, N(R®)- or -C(O)-;

A* and A’ independently represent a single bond, -C(O)-, -C(O)N(R®)-,

-C(0)0-, -S(0),- or -S(0),N(R")-;

: : 7
7' represents, on each occasion when mentioned above, =0, =5, =NOR’,

=NS(0),NR*)(R"), =NCN or =C(H)NO;;

B represents, on each occasion when 1ﬁen.tioned above:

[) an aryl group or a heteroaryl group, both of which é}re optionally
substituted by one or more substituents selected from G*, methylenedioxy,
difluoromethylenedioxy and/or dimethylmethylenedioxy;

IT) C,5 alkyl or a heterocycloalkyl group, both of which are optionally
substituted by one or more substituents selected from G* and/or Zz;

IH) a G* group; or

[V) methylenedioxy, difluoromethylenedioxy or dimethylmethylene-

dioxy;
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G’ represents, on each occasion when mentioned above, halo, cyano, -Nj,
"NO,, -ONO- or -A°-R’;

wherein A° represents a single bond or a spacer group selected from
-C(0)A'-, -S(0),A%-, N(R')A’- or -OA'’-, in which:

A’ and A°® independently represent a single bond, -O-, NR'™)- or -C(O)-;
A’ and A'" independently represent a single bond, -C(O)-, -C(O)N(R]O)-,
-C(0)0-, -S(0)y- 0r -S(0):NR )

. . 9
7° represents, on each occasion when mentioned above, =0, =S, =NOR”,

=NS(0),NR')(R’) , =NCN or =C(H)NO;;

R’ R® R’ and R'’ are independently selected from:

1) hydrogen;

11) an aryl group or a heteroaryl group, both of which are optionally
substituted by one or more substituents selected from G°, methylenedioxy,
difluoromethylenedioxy and/or dimethylmethylenedioxy;

iii)  C,.g alkyl or a heterocycloalkyl group, both of which are optionally
substituted by G° and/or 7°: or

any pair of R” and R®, or R’ and RIO, may, for example when present on the
same or on adjacent atoms, be linked together to form with those, or other
relevant, atoms a further 3- to 8-membered ring, optionally containing 1 to 3
heteroatoms and/or 1 to 3 double bonds, which ring 1s optionally substituted

by one or more substituents selected from G’ and/or Z°;

G’ represents, on each occasion when mentioned above, halo, cyano, -Nj,
NO,, -ONO, or -A""-R"";

wheren A" represents a single bond or a spacer group selected from
C(O)A"-, -S(0),A"-, -N(R')A™- or -OA"-, in which:

A" and A" independently represent a single bond, -O-, “N(R'%)- or -C(O)-;

PCT/GB2005/002391
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A% and AP independently represent a single bond, -C(O)-, -C(O)N(Ru)-,
'C(O)O': ‘S(O)n" Of "S(O)nN(RIE)';

. . 1]
b represents, on each occasion when mentioned above, =0, =S, =NOR ",

=NS(0),NR'"*)R") , =NCN or =C(H)NO;

“n represents, on each occasion when mentioned above, 1 or 2;

R'' and R'* are independently selected from:

1) hydrogen,;

11) C,. alkyl or a heterocycloalkyl group, both of which groups are
optionally substituted by one or more substituents selected from halo, C;4
alkyl, -N(R)(R'), -OR") and =0; and |

i)  an aryl or heteroaryl group, both of which are optionally substituted
by one or more substituents selected from halo, C;_4 alkyl, NR")R™) and
-O(R"): or

any pair R'' and R'* may, for example when present on the same or on
adjacent atoms, be linked together to form with those, or other relevant,
atoms a further 3- to 8-membered ring, dptionally containing 1 to 3
heteroatoms and/or 1 to 3 double bonds, which ring 1s optionally substituted

by one or more substituents selected from halo, C,.; alkyl, N(RP)R™,
-O(R") and =0;

R and R'* are independently selected from hydrogen and C,_4 alkyl, which

latter group is optionally substituted by one or more halo groups;

or a pharmaceutically-acceptable salt thereot,

PCT/GB2005/002391
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provided that, when R’, R* and R’ all represent H, R> represents

unsubstituted phenyl, R° represents ethyl, and X represents H or Cl, then R’

does not represent 2,4-dimitrophenyl,

which compounds and salts are referred to heremafter as “the compounds of

the imvention”.

Pharmaceutically-acceptable salts include acid addition salts and base
addition salts. Such salts may be formed by conventional means, for
example by reaction of a free acid or a free base form of a compound of
formula 1 with one or more equivalents of an appropriate acid or base,
optionally 1n a so]ﬁent, or in a medium in which the salt 1s insoluble,
followed by removal of said solvent, or said medium, using standard
techniques (e.g. in vacuo, by freeze-drying or by filtration). Salts may also
be prepared by exchanging a counter-ion of a compound of the invention in

the form of a salt with another counter-ion, for example using a suitable 10n

exchange resin.

Compounds of the invention may contain double bonds and may thus exist
as E (entgegen) and Z (zusammen) geometric isomers about each mdividual

double bond. All such isomers and mixtures thereof are included within the

scope of the mvention.

Compounds of the invention may also exhibit tautomerism. All tautomeric

forms and mixtures thereof are included within the scope of the invention.

Compounds of the invention may also contain one or more asymmetric
carbon atoms and may therefore exhibit optical and/or diastereoisomerism.
Diastereoisomers may be separated using conventional techmiques, e.g.

chromatography or fractional crystallisation. The various stereoisomers

PCT/GB2005/002391
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may be isolated by separation of a racemic or other mixture of the
compounds using conventional, e.g. fractional crystallisation or HPLC,
techniques. Alternatively the desired optical 1somers may be made by
reaction of the appropriate optically active starting materials under
conditions which will not cause racemisation or epimerisation (1.e. a ‘chiral
pool’ method), by reaction of the appropriate starting material with a “chiral
auxiliary’ which can subsequently be removed at a suitable stage, by

derivatisation (i.e. a resolution, including a dynamic resolution), for

~example with a homochiral acid followed by separation of the

diastereomeric derivatives by conventional means such as chromatography,

or by reaction with an appropriate chiral reagent or chiral catalyst all under
conditions known to the skilled person. All stereoisomers and mixtures

thereof are included within the scope of the mmvention.

Unless otherwise specified, C,_, alkyl groups (where q 1s the upper limit of
the range) defined herein may be straight-chain or, when there 1s a sufficient
number (i.e. a minimum of two or three, as appropriate) of carbon atoms, be
branched-chain, and/or cyclic (so forming a C;, cycloalkyl group).
C; cycloalkyl groups that may be mentioned include monocyclic or
bicyclic alkyl groups, which cycloalkyl groups may further be bridged.
Further, when there is a sufficient number (i.e. a minimum of four) of
carbon atoms, such groups may also be part cyclic. Such alkyl groups n'lay‘
also be saturated or, when there is a sufficient number (i.e. a minimum of
two) of carbon atoms, be unsaturated (forming, for example, a Csq4
cycloalkenyl, a Cg cycloalkynyl or, more particularly, a C,4 alkenyl or a
C,.q alkynyl group). Further, in the case where the substituent 1s another
cyclic compound, then the cyclic substituent may be attached through a

single atom on the cycloalkyl group, forming a so-called “spiro”-compound.

The term “halo”, when used herein, includes fluoro, chloro, bromo and 10do.

PCT/GB2005/002391
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Heterocycloalkyl groups that may be mentioned include those in which at
least one (e.g. one to four) of the atoms in the ring system 1s other than
carbon (i.e. a heteroatom), and in which the total number of atoms m the
ring system is between three and twelve (e.g. between five and ten).
Further, such heterocycloalkyl groups may be saturated or unsaturated
containing one or more double and/or triple bonds, forming for example a
Cyq (e.g. C3,) heterocycloalkenyl (where g 1s the upper limit of the range)
or a Cs., heterocycloalkynyl group. C,4 heterocycloalkyl groups that may
be mentioned include aziridinyl, azetidinyl, dihydropyranyl, dihydropyridyl,
dihydropyrrolyl (including 2,5-dihydropyrrolyl), dioxolanyl (including 1,3-
dioxolanyl), dioxanyl (including 1,3-dioxanyl and 1,4-dioxanyl), dithianyl
(including  1,4-dithianyl), dithiolanyl = (including 1,3-dithjolan3fl),
imidazolidinyl, imidazolinyl, morpholinyl, oxetanyl, oxiranyl, piperazinyl,

piperidinyl, pyranyl, pyrazolidinyl, pyrrolidinonyl, pyrrolidinyl, pyrrolinyl,

. quinuclidinyl, sulfolanyl, 3-sulfolenyl, tetrahydropyranyl, tetrahydrofuranyl,

tetrahydropyridyl, thietanyl, thiiranyl, thiolanyl, thiomorpholinyl, trithianyl
(including 1,3,5-trithianyl), tropanyl and the like. Other heterocycloalkyl
ogroups that may be mentioned include 7-azabicyclo[2.2.1]heptanyl, 6-

azabicyclo[3.1.1]heptanyl, 6-azabicyclo-[3.2.1]octanyl, 8-azabicyclo[3.2.1]-

octanyl, 7-oxabicyclo[2.2.1}heptanyl and 6-oxabicyclo[3.2.1]octanyl.

Heterocycloalkyl groups that may be mentioned include monocyclic and
bicyclic heterocycloalkyl groups, which groups may further be bridged.
Substituents on heterocycloalkyl groups may, where appropriate, be located
on any atom in the ring system including a heteroatom. Further, in the case
where the other substituent is another cyclic compound, then the cyclic

compound may be attached through a single atom on the heterocycloalkyl

group, forming a so-called “spiro”-compound. The point of attachment of

heterocycloalkyl groups may be via any atom in the ring system including

(where appropriate) a heteroatom (such as a nitrogen atom), or an atom on
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any fused carbocyclic ring that may be present as part of the ring system.

Heterocycloalkyl groups may also be in the N- or 5- oxidised form.

For the avoidance of doubt, the term “bicyclic”, when employed n the
context of cycloalkyl and heterocycloalkyl groups refers to such groups 1in
which the second ring is formed between two adjacent atoms of the first
ring. The term “bridged”, when employed i the context of cycloalkyl or
heterocycloalkyl groups refers to monocyclic or bicyclic groups in which

two non-adjacent atoms are linked by either an alkylene or heteroalkylene

chain (as appropriate).

Aryl groups that may be mentioned ﬁlclude Ce.13 (e.g. Cg.q9) aryl groups.
Such groups may be monocyclic or bicyclic and have between 6 and 13
(e.g. 10) ring carbon atoms, in which at least one ring is aromatic. Ce.j3 aryl
groups include phenyl, naphthyl and the like, such as fluorenyl and, more
particularly, 1,2,3.4-tetrahydronaphthyl, indanyl, and indenyl. The poimnt of
attachment of aryl groups may be via any atom of the ring system.
However, when aryl groups are bicyclic or tricyclic, they are preferably

linked to the rest of the molecule via an aromatic ring.

Heteroaryl groups that may be mentioned include those which have between
5 and 10 members. Such groups may be monocyclic, bicyclic or tricyclic,
provided that at least one of the rings is aromatic and wherein at least one
(e.g. one to four) of the atoms in the ring system is other than carbon (1.e. a
heteroatom). Heterocyclic groups that may be mentioned include acridinyl,
benzimidazolyl, benzodioxanyl, benzodioxepinyl, benzodioxolyl (including
1,3-benzodioxolyl),  benzofuranyl,  benzofurazanyl,  benzothiazolyl
(including  2,13-benzothiazolyl), benzoxadiazolyl ~(including  2,1,3-
benzoxadiazolyl), benzoxazinyl (including 3,4-dihydro-2#-1,4-

benzoxazinyl),  benzoxazolyl, = benzimidazolyl, = benzomorpholinyl,
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benzoselenadiazolyl (including 2,1,3-benzoselenadiazolyl), benzothienyl,
carbazolyl, chromanyl, cinnolinyl, furanyl, imidazolyl, midazo}l,2-
alpyridyl, indazolyl, indolinyl, indolyl, isobenzofuranyl, isochromanyl,
1soindolinyl, isoindolyl,. isoquinolinyl,  1sothiaziolyl,  1soxazolyl,
naphthyridinyl (including 1,5-naphthyridinyl and 1,8-naphthyridinyl),
oxadiazolyl  (including  1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl and
1.3.,4-oxadiazolyl), oxazolyl, phenazinyl, phenothiazinyl, phthalazinyl,
pteridinyl, purinyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidmyl,
pyrrolyl, quinazolinyl, quinolinyl, quinolizinyl, quinoxalinyl, tetrahydro1so-
quinolinyl  (including 1,2,3.4-tetrahydroisoquinolinyl and  5,6,7.8-
tetrahydroisoquinolinyl),  tetrahydroquinolinyl (including 1,2,3,4-
tetrahydroquinolinyl  and 5.6,7,8-tetrahydroquinolinyl), tetrazolyl,
thiadiazolyl  (including  1,2,3-thiadiazolyl,  1,2,4-thiadiazolyl  and
1,3,4-thiadiazolyl), thiazolyl, thiéchromanyl, thienyl, triazolyl (including
1,2,3-triazolyl, 1,2,4-triazolyl and 1,3,4-triazolyl) and the like. Substituents
on heteroaryl groups may, where appropriate, be located on any atom in the
ring system including a heteroatom. The point of attachment of heteroaryl
groups may be via any atom in the ring system including (where
appropriate) a heteroatom (such as a nitrogen atom), or an atom on any
fused carbocyclic ring that may be present as part of the ring system.
However, when heteroaryl groups are bicyclic or tricyclic, they are
preferably linked to the rest of the molecule via an aromatic ring.

Heteroaryl groups may also be in the N- or S- oxidised form.

Heteroatoms that may be mentioned include phosphorus, silicon, boron,
tellurium, preferably, selenium and, more preferably oxygen, mtrogen

and/or sulfur.
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For the avoidance of doubt, optionally substituted methylenedioxy groups,

when attached to a ring system, are formed between any two adjacent atoms

of the ring system.

For the avoidance of doubt, in cases in which the identity of two or more
substituents in a compound of the invention may be the same, the actual
identities of the respective substituents are not in any way interdependent.
For example, in the situation in which R', and any one of R” to R’, both
represent aryl groups substituted by one or more C,_s alkyl groups, the alkyl
groups in question may be the same or different. Similarly, when groups.
are substituted by more than one substituent as defined herein, the identities
of those individual substituents are not to be regarded as being
interdependent. For example, when R' represents e.g. an aryl group
substituted by G' in addition to, for example, C;.5 alkyl, which latter group
is substituted by G', the identities of the two G' groups are not to be

regarded as being interdependent.

Compounds of the invention that may be mentioned include those
hereinbefore defined, in which, when R' represents phenyl substituted by
one or more (e.g. two) A groups and A represents G', then:
i) G' represents halo, cyano, -N3, -ONO, or -A'-R’; and/or
11) when G' represents -NO», then R® represents:

I) hydrogen;

1) an aryl group or a heteroaryl group, both of which are

optionally substituted by one or more substituents selected from B;

Oor

1) methyl, C;¢ alkyl or a heterocycloalkyl group, all of which

are optionally substituted by one or more substituents selected from

G' and/or Z'.

PCT/GB2005/002391



N

10

I

25

30

WO 2005/123673

CA 02570363 2006-12-14

17

Further compounds of the invention that may be mentioned include those in
which:

A% and A’ independently represent a single bond, -O- or “N(R®)-;

Z' represents, on each occasion when mentioned above, =0, =NOR’,
=NS(0),N(R*)(R"), =NCN or =C(H)NO;

A” and A® independently represent a single bond, -O- or -N(R °)-;

| : : B . 9
77 represents, on each occasion when mentioned above, =0, =NOR’,

=NS(0),N(R'")R") , =NCN or =C(H)NO»;
A'? and A" independently represent a single bond, -O- or N(R'%)-; and/or
7’ represents, on each occasion when mentioned above, =0, =NOR "',

=NS(O),N(R)R") , =NCN or =C(H)NO..

Preferred compounds of the invention include those 1n which:

G' represents halo, cyano, -Nj, -NO, or AR’

A* and A° independently represent a single bond, -C(O)-, C(O)N(R®)- or
-C(0)0O-;

7! represents =NOR’, =NCN or, preferably, =O;

G’ represents cyano, -Nj or, more preferably, halo, -NO; or AR’

A® represents N(R')A- or -OA'-;

A’ represents _C(O)N(R'")-, -C(O)O- or, more pfeferably, a single bond or
-C(O)-;

A" represents A’ and, preferably, a single bond;

7° represents =NOR” or =NCN or, more preferably, =O;

G’ represents halo, -NO; or AR

A" represents a single bond, -C(O)A ", -N(R”)A14 or -0A":

A'* represents a single bond or -O-;

A'" and A" independently represent -C(O)- or, more preferably, a single
bond;
7’ represents =0,

n represents 2;
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when either of R!!' and R'* represent optionally substituted C;.¢ alkyl, the
optional substituent is one or more halo groups;
when either of R and R'® represent optionally substituted C,4 alkyl, the

optional substituent 1s one or more fluoro groups.

Preferred compounds of the invention include those 1n which R' and (when
they represent an aryl or heteroaryl group) R2 R3, R and/or R represent an
optionally substituted phenyl, naphthyl, pyrrolyl, furanyl, thienyl, pyrazolyl,
imidazolyl (e.g I-imidazolyl, 2-imidazolyl or 4-imidazolyl), 'oxazolyl,
isoxazolyl, thiazolyl, pyridyl (e.g. 2-pyridyl, 3-pyridyl or 4-pyndyl),
indazolyl, indolyl, indolinyl, isoindolinyl, quinolinyl, 1,2,3.,4-
tetrahydroquinolinyl, 1Isoquinolinyl, 1,2,3,4-tetrahydroisoquinolinyl,
quinolizinyl, benzofuranyl, isobenzofuranyl, chromanyl, benzothienyl,
pyridazinyl,  pyrimidinyl,  pyrazinyl, indazolyl,  benzimidazolyl,
quinazolinyl, qumoxalinyl, 1.3-benzodioxolyl, benzothiazolyl, and/or
benzodioxanyl, group. Other groups that may be mentioned nclude
optionally substituted 5,6,7,8-tetrahydroquinolinyl, 5,6,7,8-
tetrahydroisoquinolinyl and tetrazolyl. Particularly preferred values include

optionally substituted quinolinyl and pyrimidinyl and, more particularly,

phenyl, naphthyl and pyridyl.

Optional substituents on such R' R? R’, R* and R’ groups are preferably
selected from:

cyano;

-C(ON(RPR';

heterocycloalkyl, such as a nitrogen-containing 4- to 8-membered (e.g. 5- to
6-membered) heterocycloalkyl group, optionally contaiming one or more

unsaturations and optionally substituted by one or more halo or C;_; alkyl

groups;
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heteroaryl, such as a 5- or 6-membered nitrogen-containing heteroaryl
group, optionally substituted by one or more halo or C,; alkyl groups; or
are more preferably selected from:

-NO»;

halo (e.g. fluoro, chloro or bromo);

C, alkyl, which alkyl group may be linear or branched (e.g. C,.4 alkyl
(including methyl, ethyl, n-propyl, 1sopropyl, n-butyl, isobutyl or #-butyl),
n-pentyl, isopentyl, n-hexyl or isohexyl), cyclic (e.g. cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl), part-cyclic'(e.g. cyclobutylmethyl or
cyclopropylmethyl), unsaturated (e.g. ethylene, 1l-propenyl, 2-propenyl,
1-butenyl, 2-butenyl, 3-butenyl, l-pentenyl, 2-pentenyl, 4-pentenyl or 5-
hexenyl) and/or optionally substituted with one or more groups selected
from halo (e.g. fluoro, so forming fluoromethyl, difluoromethyl or
trifluoromethyl), -C(O)OR " and -OR**;

-OR";

“N(R")R'; and

-S(O)les;

wherein R and R'® independently represent, on each occasion when
mentioned above, H, a heterocycloalkyl group optionally substituted by one
or more C,4 alkyl groups (such as a 4-methylpiperazinyl group) or C,
alkyl (such as cyclopentyl, cyclopropyl or, preferably, methyl, ethyl,
ethylene,  n-propyl, isopropyl, n-butyl,  1sobutyl, t-butyl  or
cyclobutylmethyl), which latter group 1s optionally substituted by one or
more substituents selected from halo (e.g. fluoro) groups (so forming, for
example, a fluoromethyl, difluoromethyl or triﬂuoroinethyl group), -OR ",
NR'®R', -C(O)OR' and -C(O)NR"™)R";

wherein R'7, R'® and R'? independently represent, on €ach occasion when
mentioned above, H, C,¢ alkyl (such as methyl, ethyl, n-propyl, 1sopropyl,
n-butyl, isobutyl, +-butyl), which alkyl groups are optionally substituted by

one or more halo (especially fluoro) groups; or
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R'"® and R are linked to form a 4- to 8-membered ring optionally
containing a further 1 to 2 heteroatoms (e.g. a pyrrolidinyl or a piperazinyl

eroup), which ring 1s optionally substituted by a C,;.; alkyl group (such as

methyl).
Preferred values of R° include C,4 alkyl and, particularly, H.

Preferred values of X include H, Cl and Br.

More preferred compounds mclude those 1n which:

R' represents an aryl group such as a phenyl or naphthyl (e.g. 2-naphthyl)
group or a heteroaryl group such as a quinolinyl or, preferably, a pyridyl
aroup, both of which are optionally substituted by one or two A groups;

R represents G' or, more preferably, hydrogen;

R® and R® independently represent G' or, more preferably, hydrogen, an aryl
group such as a phenyl group or a heteroaryl group such as a pyrimidinyl or,
preferably, a pyridyl group, which latter two groups are optionally
substituted by one or two A groups;

at least one of R and R” represents optionally substituted aryl or heteroaryl,'
and up to one other represents G' or, more preferably, hydrogen;

when R’ or R® represents an aryl or heteroaryl group, then the other
substituents on the essential benzene ring in the compound of formula I (1.e.
R’ R’ and R’ or'R'4 (as appropriate)) independently represent H or G' (e.g.
halo (such as chloro), cyano, methyl, methoxy, trifluoromethyl or
trifluoromethoxy);

A represents G';

G' represents cyano, halo (e.g. bromo, fluoro or, more particularly, chloro)
or, more preferably, -NO, or -AI-R7;

A' represents -.C(O)A*- or, more preferably, a single bond, -S(0),A’-,
NRYHA* or -0A’-;
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A° represents -N(RS)-;
A° represents a single bond;
A® represents a single bond or -C(O)-;

A’ represents a single bond;

R’ represents hydrogen, optionally branched, optionally unsaturated and/or
optionally cyclic Cy.4 alkyl, or a heterocycloalkyl group (such as a nitrogen-
containing heterocycloalkyl group optionally containing one or two double
bonds, so forming for example a piperidinyl, pyrrolidinyl, morpholinyl
aroup or, more preferably a piperazinyl group), which latter two groups are
optionally substituted by one or more substituents selected from G’

R® represents hydrogen or C,4 alkyl, which latter group 1s optionally
substituted by one or more substituents selected from G ;

G’ represents halo (especially fluoro) or -ARY;

A" represents a single bond, -C(O)A]‘2 , -N(Rlz)- or -O-;

A'* represents -O- or N(R'")-;

R'' represents hydrogen or C,.; alkyl (such as methyl or ethyl); or

R'" and R' are linked to form a 5- to 6-membered ring optionally
containing one further heteroatom (further to the nitrogen atom to which R’

and R'? are attached), for example a nitrogen heteroatom, and which ring 1s

optionally substituted by a C,_; alkyl (e.g. methyl) group.

Especially preferred compounds of the invention are wherein:

R° represents H;

R' represents a phenyl group, optionally substituted, for example by halo
(e.g. chloro), -A'-R’ or -NO, (e.g. optionally substituted, for example in the
4-position, by a -A'-R’ or a -NO, group and optionally further substituted,
for example in the 3-position, by a -NO, group). In such instances, A' may
represent _OA’-, a single bond or a -S(O)2A3- group. When A' represents
-OA’-, A’ is preferably a single bond and R’ is preferably C,. alkyl, such as
cyclopropyl, cyclopentyl or, more particularly, methyl, ethyl, isopropyl,
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isobutyl, #-butyl or cyclobutylmethyl, optionally substituted by one or more
G° groups. In such instances G’ may represent halo (especially fluoro) or
AR"  wherein A'' preferably represents -C(O)A"?, -0OA”- or
N(R'A'™- in which A’ and A" are preferably single bonds and A’ is
preferably -O- or N(R'9)-. In the instance when A" represents -OR''-, R"
is preferably H, when A" represents -N(R'*)R ', R'" and R'® are preferably
linked to form a 5-membered ring, such as a pyrrolidine ring, when A
represents -C(O)OR ", R'' is preferably H and when A'" represents
-C(O)N(R'HR"', then R'" and R'? are preferably linked to form a 6-
membered ring, optionally containing a further nitrogen heteroatom, such as
a piperazine ring, which ring is optionally substituted by a C,. alkyl, such
as a methyl, group. When A' represents a single bond, R’ may represent a
C,s (e.g. C,3) alkyl group, such as a cyclohexyl or, more particularly, a
methyl or ethylene group, both of which are optionally substituted by one or
more G° group. In such instances, G° may represent halo (especially
fluoro), or a A'R'"  group, wherein A'' is preferably a
-C(O)A"*- group, in which A" preferably represents -O- and R'" is
preferably H. When A’ represents —S(O)2A3 -, A is preferably a single bond
and R’ may represent a C;; alkyl group, such as ethyl or, preferably,
methyl, or R’ may also represent a heterocycloalkyl group, such as a
piperazine group, optionally substituted by G, wherein G’ is preferably
AMLRM S AM g preferably a single bond and R’ may represent a C;, alkyl
group, such as a methyl group.  Thus R' may represent a 4-
cyclopropoxyphenyl, 4-cyclopentoxyphenyl, 4-cyclopentoxy-3-nitrophenyl,
4-isopropoxy-3-nitrophenyl, 4-chlorophenyl, 3,5-dichlorophenyl, 4-cyclo-
hexylphenyl or, more particularly, 4-isopropoxyphenyl, 4-ethoxj/phenyl, 4.-
isobutoxyphenyl, 4-cyclobutylmethoxyphenyl, 4-methoxy-phenyl, 4-(2-
methyl-1-(pyrrolidin-1-yl)propan-2-yloxy)phenyl, 4-(1 -hydroxy-2-methyl-
propan-2-yloxy)phenyl, 4-trifluoromethoxyphenyl, 4-methylsulfonylphenyl,
4-methy1-'3-nitropheny1, 4-trifluoromethylphenyl, 4-(2-carboxypropan-2-
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yloxy)phenyl, 4-(2-carboxyvinyl)phenyl, 4-nitro-phenyl, 4-(2-methyl-1-(4-
methylpiperazin-1-yl)propan-2-yloxy)phenyl, 4-(4-methylpiperazin-1-
ylsulfonyl)phenyl or a phenyl group;

R' may also be a 2-naphthyl group, optionally substituted, for example in
the 6-position by a single -A'-R’ group. In such instances, A' may
represent -OA’-, in which A’ is a smgle bond and R’ represents C; 3 alkyl,
such as an optionally branched propyl group, so forming, for example a 6-
1sopropoxynaphthalen-2-yl or 2-naphthyl group;

R may also be a quinolinyl (e.g. 3-quinolinyl) groﬁp;

R' may alternatively represent a 2- or 3-pyridyl group, substituted at the

meta or, preferably, para-position relative to the pomnt of attachment of the

" R! group to the indole ring with a single substituent selected from -A'-R’.

In such instances, A' may represent N(R®)A®- or, more particularly, -OA"-
or a single bond. When A’ represents -OA-, A’ is preferably a single bond
and R’ may represent C,_s (e.g. C;3) alkyl, such as cyclopentyl or, more

particularly, ethyl or 1sopropyl. When A' represents a single bond, R’ may

represent C;; alkyl, such as ethyl or, preferably, methyl, which group 1is
optionally substituted by G°, in which G’ is halo (e.g. fluoro) or,
particularly, -OR!" and R'' may represent C,_; élkyl, such as ethyl. When
A' represents -N(R®)A*, A* is preferably a single bond, R® is preferably
hydrogen and R’ may represent C, alkyl, such as cyclic Cs_5 alkyl (e.g.
cyclopentyl). Thus R' may also represent a 6-cyclopentoxypyrid-3-yl, 5-
cyclopentylaminopyrid-2-yl,  S-trifluoromethylpyrid-2-yl  or,  more
particularly, a 5-ethoxymethylpyrid-2-yl or 6-1sopropoxypyrid-3-yl group;
when R represents G' G! represents halo (e.g. chloro), cyano, methyl,
trifluoromethyl or, more preferably, -NO, or -AI-R7, in which A’ .is
NRMHA*. In such instances, A* may represent a single bond or a -C(O)-
group, R® represents H and R’ represents H or C,_; alkyl, such as methyl. In
this respect, R* may represent H, -N(H)C(O)Me or -NH,; ‘
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R> represents H or a phenyl group optionally substituted by one or more
(e.g. two) groups selected from halo (e.g. chloro) and -A'-R’ (e.g.
substituted at the 3- or, more particularly, 4-position by a single AR’
group). In such mstances, A' may represent -C(0)A%-, in which case A°
represents -N(R°)- and R’ and R® independently represent hydrogen, or A
may, more preferably, represent a single bond or “OA’-, in which A’ is a

single bond, and R’ represents C;¢ alkyl, such as methyl, isopropyl, t-butyl

or hexyl (especially cyclohexyl) optionally substituted by one or more G

groups in which G° is halo, such as fluoro, to form, for example, a 4-
chlorophenyl, 3,5-dichlorophenyl, 2,4-dichlorophenyl, 4-carbamoylphenyl
group or, more particularly, a 4-tert-butylphenyl, 4-1sopropoxyphenyl, 4-
trifluoromethylphenyl, 4-triﬂuor0methoxypheny1 or 4-cyclohexylphenyl
group;

R’ may alternatively represent a 2- or 3-pyridyl group, substituted at the
meta or, preferably, para-position relative to the poiﬁt of attachment of the
R> group to the indole ring with a single substituent selected from halo (e.g.
chloro) or, more preferably, -A'-R’. In such Instances, A' may represent
N(R>A*, in which A* represents a single bond, R® represents hydrogen
and R’ represents C¢ alkyl, such as cyclic Cs.5 alkyl (e.g. cyclopentyl) or,
A' may, more particularly represent a single bond or _OA’-, in which A is a
single bond and R’ represents a heterocycloalkyl (such as a 5-membered

nitrogen containing heterocycloalkyl ring optionally containing a double

~ bond (e.g. 3,4,5,6-tetrahydro-2H-pyridyl)) or, more particularly a Cy.s (e.8.

C,.;) alkyl, such as cyclopentyl or, more particularly, methyl or 1sopropyl
optionally substituted by one or more G? groups in which G’ is halo such as
fluoro, to form for example a 5-chloropyrid-2-yl, 5-cyclopéntylaminopyrid-

2-yl, 6-cyclopentoxypyrid-3-yl, 6-(piperidin-1-yl)pyridin-3-yl or, more

- 'particularl_y, a 5-trifluoromethylpyrid-2-yl or 6-isopropoxypyrid-3-yl group;

R’ may alternatively represent pyrimidinyl group (e.g. 2-pyrimidinyl),

optionally substituted, for example at the meta or, more particularly, para
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position relative to the point of attachment of the R> group to the indole
ring, with a single substituent selected from halo (e.g. bromo) and -A'-R’, in
which A' preferably represents a single bond and R’ represents C,_; alkyl
(e.g. propyl) or a heteroaryl group, for example a nitrogen-containing '
heteroaryl group such as pyridyl (e.g. 2-pynidyl). - Thus R’ may also
represent 5-bromopyrimidin-2-yl, 5-propylpyrnimidin-2-yl or S-(pyridin-2-
yl)pyrimidin-2-yl; |

R* represents H, a pyridyl group or a phenyl group, which latter group may
be substituted at the 3- or, more particularly, 4-position with a single -A'-R’
ogroup. In such mstances, A' may represent -OA’-, in which A’ is a single
bond and R’ represents C;.4 alkyl, such as isopropyl, optionally substituted
by one or more G’ groups in which G’ is halo, such as fluoro, so forming,
for example, a 4-1sopropoxyphenyl group;

R° represents H.

Particularly preferred compounds of the invention include those of the

examples described hereinafter.

Compounds of the invention may be made in accordance with techniques

that are well known to those skilled in the art, for example as described

hereinafter..

According to a further aspect of the invention there 1s provided a process for

the preparation of a compound of formula I, which process comprises:

(i) for compounds of formula I wherein X represents halo, reaction of a
compound of formula I wherein X represents H, with a reagent or mixture
of reagents known to be a source of halide 1ons. For example, tfor bromide
ions, N-bromosuccinimide may be employed, for iodide 1ons, 1odine or a

mixture of Nal and N-chlorosuccinimide may be employed, for chloride
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jons, N-chlorosuccinimide may be employed and for fluoride 1ons, 1-
(chloromethyl)-4-fluoro-1,4-diazoniabicyclo[2.2.2 Joctane bis(tetrafluoro-
borate) may be employed. This reaction may be carried out in a suitable

solvent (e.g. acetone, benzene or dioxane) under conditions known to the

skilled person;

(ii) for compounds of formula I wherein X represents H, reaction of a

compound of formula 11,

R2

R3 '
\'/g/%vC(O)ORS 1
R4/\'/\H

R5

wherein R*, R’ R* R’ and R® are as hereinbefore defined, with a compound

of formula 111,
R'T [11

wherein L' represents a suitable leaving group such as as chloro, bromo,
iodo, a sulfonate group (e.g. —OS(O)ZCF3,_ -0S(0),CH;, -OS(0),PhMe or a

nonaflate) or -B(OH), and R' is as hereinbefore defined, for example

‘optionally in the presence of an.appropriate metal catalyst (or a salt or

complex thereof) such as Cu, Cu(OAc),, Cul (or Cul/diamine complex),
Pd(OAc),, Pdy(dba); or NiCl,, and an optional additive such as Et;N,
pyridine,  N,N’-dimethylethylenediamine, ~ PhsP, 2,2 '-bis(diphenyl-
phosphino)-1,1'-binaphthyl, xantphos, Nal or an appropriate crown ether
such as 18-crown-6-benzene, in the presence of an appropriate base such as

NaH, Et;N, pyridine, N,N'-dimethylethylenediamine, Na,CO;, K,COs,
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K4PO,, Cs,CO;, t-BuONa or -BuOK (or a mixture thereof), in a suitable
solvent (e.g. dichloromethane, dioxane, toluene, ethanol, 1sopropanol,
dimethylformamide, ethylene glycol, ethylene glycol dimethyl ether, water,
dimethylsulfoxide, acetonitrile, dimethylacetamide, N-methylpyrrolidinone,
tetrahydrofuran or a mixture thereof) or in the absence of an additional
solvent when the reagent may itself act as a solvent (e.g. when R' represents
phenyl and L' represents bromo, i.e. bromobenzene). This reaction may be
carried out at room temperature or above (e.g. at a high temperature, such as

the reflux témperature of the solvent system that is employed) or using

microwave irradiation;

(iii) for compounds of formula I wherein X represents H, reaction of a

compound of formula IV,

SN
ST N—c0)0r] !
SN

\
R1

wherein L’ represents L' or [.2, in which L* represents a suitable leaving
group such as chloro, bromo, iodo, -B(OH), or a protected derivative
thereof, for example a 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl group, 9-
borabicyclo[3.3.1]nonane (9-BBN), -Sn(alkyl); (e.g. -SnMes or -SnBus), or
a similar group known to the skilled person, and L’ is attached to one or
more of the carbon atoms of the benzenoid ring of the indole, and the
remaining positions of the benzenoid ring are substituted with 1 to 3
(depending on the number of L3 substituents) R*-R’ substituents, R*-R’
represents any one of the substituents, 1.e. Rz, R’ , R® and R’, that are already
present in that ring (as appropriate), and L' R R, R, R* R’ and R° are as

hereinbefore defined, with a compound of formula V,
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wherein R* represents Rz, R3, R*or R’ (as appropl‘iate), and L’ représents
L' (when L’ represents L") or L (when L’ represents L"), as hereinbefore
defined. The skilled person will appreciate that L' and L” will bé mutually
compatible. This reaction may be performed, for example in the presence
of a suitable catafyst system, e.g. a metal (or a salt or complex thereof) such
2s Cul. PACL, PA/C, PA(OAC),, PA(PhsP)Cly, PA(PhsP),, Pds(dba)s or NiCls
and an additive such as #-BuiP, (CsHj );P, PhsP, AsPh;, P(o-Tol)s, 1,2-
bis(diphenylphosphino)ethane, 2.2'-bis(di-tert-butylphosphino)-1,1'-
biphenyl, 2,2'-bis(diphenylphosphino)-1,1'-bmaphthyl, 1,1°-bis(diphenyl-
phosphinoferrocene), 1,3-bis(diphenyl-phosphino)propane or xantphos,
together with a suitable base such as, Na,CO;, K;PO,, Cs,CO;, KOH,
NaOH, K-CO;, CsF, Et;N, (i-Pr),NEt, ~-BuONa or 7-BuOK (or mixtures
thereof) in a suitable solvent such as dioxane, toluene, ethanol,

dimethylformamide,  ethylene  glycol  dumethyl  ether,  water,

dimethylsulfoxide, acetonitrile, dimethylacetamide, N-methylpyrrolidinone,

tetrahydrofuran or mixtures thereof. The reaction may be carried out for
example at room temperature or above (e.g. at a high temperature such as
the reflux temperature of the solvent system) or using microwave
irradiation. The skilled person will appreciate that when L° or L* (of the
compounds of formulae IV and V, respectively, represent halo, such
coiﬁpounds may first be activated by:

' (I) forming the corfesponding Grignard reagent under standard
conditions known to those skilled in the art (e.g. employing
magnesium or a suitable reagent such as a mixture ot C,_¢ alkyl-Mg-
halide and ZnCl, or LiCl), followed by reaction with a compound of

formula IV or V (as appropriate), optionally in the presence of a
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catalyst (e.g. FeCl;) under conditions known fo those skilled in the
art;, or
(II) torming the corresponding lithiated compound under halogen-
lithium exchange reaction conditions known to those skilled in the
art (e.g. employing n-BuLi or 7-Buli in the presence of a suitable
solvent (e.g. a polar aprotic solvent, such as THF)), followed by
reaction with a compound of formula I'V or V (as appropriate).
T'he skilled person will also appreciate that the magnesium of the Grignard
reagent or the iithium of the lithiated species may be exchanged for a
different metal '(i.e. a transmetallation reaction may be performed), for
example to zinc (e.g. using ZnCl,) and the intermediate so formed may then
be subjected to reaction with a compound of formula IV or V (as

appropriate) under conditions known to those skilled in the art, for example

such as those described above;

Compounds of formula I, may be prepared by reaction of a compound of

formula VI,

AN
| N C(O)OR°® VI

3M\H

wherein L°, R*-R” and R° are as hereinbefore defined with a compound of
formula V as hereinbefore defined, for example under conditions such as
those described hereinbefore in respect of preparation of compounds of

formula I (process step (ii1)) above.

Compounds of formula IV, may be prepared by reaction of a compound of

formula VI with a compound of formula III as hereinbefore defined, for
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example under reaction conditions such as those described hereinbetore in

respect of preparation of compounds of formula I (process step (11)) above.

Compounds of formula IV 1n which L’ represents L° may be prepared by
5  reaction of a compound of formula IV in which L’ represents L', with an

appropriate reagent for the introduction of the L° group. This conversion

may be performed by methods known to those skilled in the art, for

example:

1) compounds of formula IV, m which L is 4,4,5,5-tetra1neth3fl-1,3,2-—

10 dioxaborolan-2-yl may be prepared by reaction of . the reagent
bis(pinacolato)diboron with a compound of formula IV in which L
represents L', for example under reaction éonditions such as those
described hereinbefore in respect of preparation of compounds of
formula I (process step (1)) above;

15 1) compounds of formula IV, in which L’ represents -B(OH), may be
prepared by reaction of a corresponding compound of formula IV in
which L’ represents halo by reaction with, for example, boronic acid
or a protected derivative thereof (e.g. bis(pinacolato)diboron or
triethyl borate) followed by (1f necessary) deprotection under

20 standard conditions. The skilled person will appreciate that the
coinpound of formula TV in which L’ represents halo may first need
to be converted to the cofresponding Grignard reagent, or another
metal (e.g. via a transmetallation. reaction), for example under
conditions such as those described in respect of preparation of

25 - compounds of formula I (process step (111)) above; or

(111) compounds of formula IV 1in which L’ represents a halo group may
be prépared by reaction of a corresponding compound of formula IV
in which L’ represents a different halo group, for example employing
a suitable source of halide 1ons such as those described hereinbetore
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