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PYRIMIDINE SULPHONAMIDE DERIVATIVES AS CHEMOKINE RECEPTOR MODULATORS

The present invention relates to certain heterocyclic compounds, processes and
intermediates used in their preparation, pharmaceutical compositions containing them and
their use in therapy.

Chemokines play an important role in immune and inflammatory responses in
various diseases and disorders, including asthma and allergic diseases, as well as autoimmune
pathologies such as rheumatoid arthritis and atherosclerosis. These small secreted molecules
are a growing superfamily of 8-14 kDa proteins characterised by a conserved cysteine motif.
At the present time, the chemokine superfamily comprises three groups exhibiting
characteristic structural motifs, the C-X-C, C-C and C-X3-C families. The C-X-C and C-C
families have sequence similarity and are distinguished from one another on the basis of a
single amino acid insertion between the NH-proximal pair of cysteine residues. The C-X3-C
family is distinguished from the other two families on the basis of having a triple amino acid
insertion between the NH-proximal pair of cysteine residues. _

The C-X-C chemokines include several potent chemoattractants and' activators of
neutrophils such as interleukin-8 (IL-8) and neutrophil-activating peptide 2 (NAP-2).

The C-C chemokines include potent chemoattractants of monocytes and
lymphocytes but not neutrophils. Examples include human monocyte chemotactic proteins 1-
3 (MCP-1, MCP-2 and MCP-3), RANTES (Regulated on Activation, Normal T Expressed
and Secreted), eotaxin and the macrophage inflammatory proteins 1ol and 1 (MIP-1c and
MIP-1p).

The C-X3-C chemokine (also known as fractalkine) is a potent chemoattractant and
activator of micro glia in the central nervous system (CNS) as well as of monocytes, T cells,
NK cells and mast cells.

Studies have demonstrated that the actions of the chemokines are mediated by
subfamilies of G protein-coupled receptors, among which are the receptors designated CCR1,
CCR2, CCR2A, CCR2B, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9Y, CCR10 and
CCR11 (for the C-C family); CXCR1, CXCR2, CXCR3, CXCR4 and CXCRS5 (for the C-X-C
family) and CX3CR1 for the C-X;5-C family. These receptors represent good targets for drug
development since agents which modulate these receptors would be useful in the treatment of

disorders and diseases such as those mentioned above.
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In our PCT patent application WO 2004/011443 we disclosed amino-substituted
pyrimidine sulfonamides for use as modulators of chemokine receptors.

The present invention now provides a compound of formula (1), or a

pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof:

wherein R! is a group selected from Cs_scarbocyclyl, Cy salkyl, C; salkenyl and C, salkynyl;
wherein the group is optionally substituted by 1, 2 or 3 substituents independently selected
from fluoro, nitrile, -OR*, -NR°R®, -CONR’R®, -COOR’, -NR*COR’, -SR"’, -SOR",
-SO,NR’R®, -NR®SO,R’, phenyl or heteroaryl; wherein phenyl and heteroaryl are optionally
substituted by 1, 2 or 3 substituents independently selected from halo, cyano, nitro, -OR%, -
NR’R?, -CONR’R®, -COOR’, -NR*COR’, -SR", -SO,R'’, -SO,NR’R’, -NR*SO.R’,
Ci.salkyl and trifluoromethyl;

X is -CH,-, a bond, oxygen, sulphur, sulphoxide, or sulphone;

R? is Cscarbocyclyl, optionally substituted by 1, 2 or 3 substituents independently selected
from: fluoro, -OR*, -NR’R® -CONR’R®, -COOR’, -NR*COR’, -SR", -SO,R"’, -SO,NR’R®,
-NR*SO,R’;

or R? is a 3-8 membered ring optionally containing 1, 2 or 3 atoms selected from O, S, -NR®
and whereby the ring is optionally substituted by 1,2 or 3 substituents indepedently selected
from Cy.salkyl, fluoro, -OR?, -NR’R® -CONR’R®, -COOR’, -NR*COR’, -SR", -SO,R ",
-SO;NR’R®, -NR*SO,R’;
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or R?is phenyl or heteroaryl, each of which is optionally substituted by 1, 2 or 3 substituents
independently selected from halo, cyano, nitro, -OR*, -NR°RS, -CONR’® RS, -NR®COR’, -
SO,NR’R®, -NR®SO,R’, C,.alkyl and trifluoromethyl;
or R? is a group selected from C galkyl, C, salkenyl or Cp¢alkynyl wherein the group is
substituted by 1, 2 or 3 substituents independently selected from hydroxy, amino, C,_salkoxy,
C1.salkylamino, di(C,.¢alkyl)amino, N-(Cy.calkyl)-N —(phenyl)amino, N-C.salkylcarbamoyl,
N,N-di(C.¢alkyl)carbamoyl, N-(C; salkyl)-N —(phenyl)carbamoyl, carboxy, phenoxycarbonyl,
~NR*COR’, -SO,R"’, ~SO,NR’R® ,—NR*SO,R’ and -CONR’R;

R®is trifluoromethyl or a group-NRSRﬁ,

or R? is phenyl, napthyl, monocyclic or bicyclic heteroaryl wherein a heteroring may be
partially or fully saturated and one or more ring carbon atoms may form a carbonyl group, and
wherein each phenyl or heteroaryl group is optionally substituted by 1, 2 or 3 substituents
independently selected from halo, cyano, nitro, phenyl, heteroaryl, -OR*, -NR’R®, -CONR’R®,
-COR", , -COR?--COOR’, -NR*COR’, -SR", -SO;R"’, -SO,NR’R’, -NR’SOR’,
trifluoromethyl or C;alkyl [optionally further substituted by 1, 2 or 3 substituents
independently selected from halo, cyano, nitro, -OR”, -COOR®, -COR?, -NR"R",
-CONR"™R", -NR*¥COR"’, -SO,R?, -SO,NR*R"’, NR"®*SO,R", pheny! or monocyclic or
bicyclic heteroaryl, wherein a heteroring may be partially or fully saturated; and wherein each
phenyl or heteroaryl group is optionally substituted by 1, 2 or 3 substituents independently
selected from halo, cyano, nitro, -OR?, -NR°R®, -CONR’R®, -COR”"-COOR’, -NR*COR’,
-SR!, -SOZRIO, -SO,NR’R®, -NR*SO,R’, heteroaryl, Cy.¢alkyl (optionally further
substituted by 1, 2 or 3 substituents independently selected from halo, cyano, nitro, -ORY,
-COOR, -COR”, -NR'"*R", -CONR"*R", -NR'*COR", -SO,R*, -SO,NR"*R",
NR'*SOR".

or R? is a group selected from Cj_scarbocyclyl, Cy salkyl, Cy.¢alkenyl and Ca.salkynyl whereby
the group is optionally substituted by 1, 2 or 3 substituents independently selected from halo,
-OR?, -NR°R®, -CONR’R?, -COR",-COOR’, -NR*COR’, -SR"’, -SO,R"®, -SO,NR’R’,
-NR®SO,R’, phenyl or monocyclic or bicyclic heteroaryl, wherein a heteroring may be

partially or fully saturated; and wherein each phenyl or monocyclic or bicyclic heteroaryl
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group is optionally substituted by 1, 2 or 3 substituents independently selected from halo,
cyano, nitro, -OR*, -NR’R®, -CONR’R, -COR”-COOR’, -NR®*COR’, -SR'®, -SO,R'°,
-SO,NR’R®, -NR*SO,R’, C, 6alkyl, or trifluoromethyl;

R* is hydrogen or a group selected from C;.galkyl and phenyl, wherein the group is optionally
substituted by 1 or 2 substituents independently selected from halo, phenyl, -OR"! and -
NR!ZR 3.

R’ and R® are independently hydrogen or a group selected from C;.¢alkyl and phenyl and
monocyclic or bicyclic heteroaryl, wherein a heteroring may be partially or fully saturated,
wherein the group is optionally substituted by 1, 2 or 3 substituents independently selected
from halo, phenyl, -OR",-NR"R*¢, -COOR", -CONR"R'S, -NR">COR', -SO,R, -
SO;NR"R'® and NR”SO,R®,

or

R’ and R® together with the nitrogen atom to which they are attached form a 4- to
7-membered saturated heterocyclic ring system optionally containing a further heteroatom
selected from oxygen , -SO- (where n =0, 1 or 2) and nitrogen atoms, in which the ring is
optionally substituted by 1, 2 or 3 substituents independently selected from phenyl, heteroaryl,
-OR™, -COR?, -COOR™, -NR"R'®, -CONR"R'S, -NR”COR'?, -SO,R"’, -SO,NR""R",
NR15802R16 or Cy-galkyl (optionally further substituted by 1 or 2 or 3 substituents
independently selected from halo, ~NRR!® and -OR" or cyano, nitro, -OR% s -COORZO,
-COR”, -NR"R", -CONR"R", -NR"*COR", -SO,R*, -SO,NR"*R"*, and NR'*SO,R"
groups).

R' is hydrogen or a group selected from C,¢alkyl or phenyl, wherein the group is optionally
substituted by 1, 2 or 3 substituents independently selected from halo, phenyl, -OR" and -
NRPR'S; and each of R”, R, R®, R*, R'2, R}, R R"S, R!®, R" is independently hydrogen,
Ci-salkyl or phenyl.

R', R", and R* are hydrogen or a group selected from Calkyl or heteroaryl (wherein a
heteroring may be partially or fully saturated) or phenyl, wherein the group is optionally

substituted by 1, 2 or 3 substituents independently selected from halo, nitro, -CN, -OR*, -
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NR®R’, -CONR’R’, -COR"'-COOR’, -NR*COR’, -SR'’, -SO,R'’, -SO,NR’R’,
-NR®SO,R’, C;salkyl or heteroaryl.

Certain compounds of formula (1) are capable of existing in stereoisomeric forms.
It will be understood that the invention encompasses all geometric and optical isomers of the
compounds of formula (1) and mixtures thereof including racemates.

The synthesis of optically active forms may be carried out by standard techniques
of organic chemistry well known in the art, for example by synthesis from optically active
starting materials or by resolution of a racemic form. Similarly, the above-mentioned activity
may be evaluated using the standard laboratory techniques referred to hereinafter.

Within the present invention it is to be understood that a compound of formula (1)
or a salt, solvate or in vivo hydrolysable ester thereof may exhibit the phenomenon of
tautomerism and that the formulae drawings within this specification can represent only one
of the possible tautomeric forms. It is to be understood that the invention encompasses any
tautomeric form and mixtures thereof and is not to be limited merely to any one tautomeric
form utilised within the formulae drawings. The formulae drawings within this specification
can represent only one of the possible tautomeric forms and it is to be understood that the
specification encompasses all possible tautomeric forms of the compounds drawn not just
those forms which it has been possible to show graphically herein.

It is also to be understood that certain compounds of formula (1) and salts thereof
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.

The present invention relates to the compounds of formula (1) as hereinbefore
defined as well as to the salts thereof. Salts for use in pharmaceutical compositions will be
pharmaceutically acceptable salts, but other salts may be useful in the production of the
compounds of formula (1) and their pharmaceutically acceptable salts. Pharmaceutically
acceptable salts of the invention may, for example, include acid addition salts of the
compounds of formula (1) as hereinbefore defined which are sufficiently basic to form such
salts. Such acid addition salts include for example salts with inorganic or organic acids
affording pharmaceutically acceptable anions such as with hydrogen halides (especially
hydrochloric or hydrobromic acid of which hydrochloric acid is particularly preferred) or with
sulphuric or phosphoric acid, or with trifluoroacetic, citric or maleic acid. Suitable salts

include hydrochlorides, hydrobromides, phosphates, sulphates, hydrogen sulphates,
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alkylsulphonates, arylsulphonates, acetates, benzoates, citrates, maleates, fumarates,
succinates, lactates, tartrates, oxalates, methanesulphonates or p-toluenesulphonates.
Pharmaceutically acceptable salts of the invention may also include basic addition salts of the
compounds of formula (1) as hereinbefore defined which are sufficiently acidic to form such
salts. Such salts may be formed with an inorganic or organic base which affords a
pharmaceutically acceptable cation. Such salts with inorganic or organic bases include for
example an alkali metal salt, such as a lithium, sodium or potassium salt, an alkaline earth
metal salt such as a calcium or magnesium salt, an ammonium salt or an organic amine salt,
for example a salt with methylamine, dimethylamine, trimethylamine, triethylamine,
piperidine, morpholine or tris-(2-hydroxyethyl)amine. Other basic addition salts include
aluminium, zinc, benzathine, chloroprocaine, choline, diethanolamine, ethanolamine,
ethyldiamine, meglumine, tromethamine or procaine.

The present invention further relates to an in vivo hydrolysable ester of a
compound of formula (1). An in vivo hydrolysable ester of a compound of formula (1) which
contains carboxy or hydroxy group is, for example a pharmaceutically acceptable ester which
is cleaved in the human or animal body to produce the parent acid or alcohol. Such esters can
be identified by administering, for example, intravenously to a test animal, the compound
under test and subsequently examining the test animal’s body fluid.

Suitable pharmaceutically acceptable esters for carboxy include C,_salkoxymethyl
esters for example methoxymethyl, C;.salkanoyloxymethyl esters for example
pivaloyloxymethyl, phthalidyl esters, Cs.scycloalkoxycarbonyloxyCi_salkyl esters for example
1-cyclohexylcarbonyloxyethyl; 1,3-dioxolen-2-onylmethyl esters for example
5-methyl-1,3-dioxolen-2-onylmethyl; and C,.salkoxycarbonyloxyethyl esters, for example
1-methoxycarbonyloxyethyl and may be formed at any carboxy group in the compounds of
this invention.

Suitable pharmaceutically-acceptable esters for hydroxy include inorganic esters
such as phosphate esters (including phosphoramidic cyclic esters) and o-acyloxyalkyl ethers
and related compounds which as a result of the in vivo hydrolysis of the ester breakdown to
give the parent hydroxy group/s. Examples of a-acyloxyalkyl ethers include acetoxymethoxy
and 2,2-dimethylpropionyloxymethoxy. A selection of in-vivo hydrolysable ester forming
groups for hydroxy include C;-joalkanoyl, for example acetyl; benzoyl; phenylacetyl;

substituted benzoyl and phenylacetyl, C;-jpalkoxycarbonyl (to give alkyl carbonate esters), for
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example ethoxycarbonyl; di-(C;-s)alkylcarbamoyl and N-(di-(C;-4)alkylaminoethyl)-N-
(Ci-4)alkylcarbamoyl (to give carbamates); di-(C;-4)alkylaminoacetyl and carboxyacetyl.
Examples of ring substituents on phenylacetyl and benzoyl include aminomethyl, (C;.
s)alkylaminomethyl and di-((C;-4)alkyl)aminomethyl, and morpholino or piperazino linked
from a ring nitrogen atom via a methylene linking group to the 3- or 4- position of the benzoyl
ring. Other interesting in-vivo hydrolysable esters include, for example, RAC(0)O(C.6)alkyl-
CO-, wherein R* is for example, benzyloxy-(Ci-s)alkyl, or phenyl). Suitable substituents on a
phenyl group in such esters include, for example, 4-(C;-4)piperazino-(Ci-4)alkyl, piperazino-
(C;-4)alkyl and morpholino-(Ci-4)alkyl.

In this specification the term “alkyl” includes both straight-chain and branched-
chain alkyl groups. However references to individual alkyl groups such as “propyl” are
specific for the straight chain version only and references to individual branched-chain alkyl
groups such as t-butyl are specific for the branched chain version only. For example,
“C3alkyl” includes methyl, ethyl, propyl and isopropyl and examples of “C;salkyl” include
the examples of “Cy.;alkyl”and additionally t-butyl, pentyl, 2,3-dimethylpropyl, 3-
methylbutyl and hexyl. Examples of “Cj.salkyl” include the examples of “C.¢alkyl” and
additionally heptyl, 2,3-dimethylpentyl, 1-propylbutyl and octyl. An analogous convention
applies to other terms, for example “Cs.¢alkenyl” includes vinyl, allyl, 1-propeny! , 2-butenyl,
3-butenyl, 3-methylbut-1-enyl, 1-pentenyl and 4-hexenyl and examples of *“Csalkynyl”
includes ethynyl, 1-propynyl, 3-butynyl, 2-pentynyl and 1-methylpent-2-ynyl.

“Cy.scarbocyclyl” is a saturated, partially saturated or unsaturated, monocyclic ring
containing 3 to 7 carbon ring atoms wherein a -CHp- group can optionally be replaced by a
-C(0O)-. Suitable examples of “carbocyclyl” are cyclopropyl, cyclopentyl, cyclobutyl,
cyclohexyl, cyclohexenyl, 4-oxocyclohex-1-yl and 3-oxocyclohept-5-en-1-yl.

The term “halo” refers to fluoro, chloro, bromo and iodo.

Examples of “Cy.salkoxy” include methoxy, ethoxy, propoxy, iSOpropoxy,
butyloxy, pentyloxy, 1-ethylpropoxy and hexyloxy. Examples of “Cjalkylamino” include
methylamino, ethylamino, propylamino, butylamino and 2-methylpropylmino. Examples of
“di(C.salkyl)amino” include dimethylamino, N-methyl-N-ethylamino, diethylamino, N-
propyl-N-3-methylbutylamino. Examples of “N-(C;.salkyl)-N-(phenyl)amino” include N-
methyl-N-phenylamino, N-propyl-N-phenylamino and N-(2-methylbutyl)-N-phenylamino.
Examples of “N-(Csalkyl)carbamoyl” are N-methylcarbamoyl, N-ethylcarbamoyl and N-(2-
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ethylbutylcarbamoyl. Examples of “N-(Cy.¢alkyl)-N-(phenyl)carbamoyl” include N-methyl-N-
phenylcarbamoyl, N-butyl-N-phenylcarbamoyl and N-(3-methylpentyl)-N-(phenyl)carbamoyl.
Examples of “N,N-di(C,salkyl)carbamoyl” include N, N-dimethylcarbamoyl, N-methyl-N-
ethylcarbamoyl and N-propyl-N-(2-methylbutyl)carbamoyl. Examples of “C;.alkylthio”
include methylthio, ethylthio, propylthio, butylthio and 2-methylbutylthio.

“Heteroaryl” is a monocyclic or bicyclic aryl ring, containing 5 to 10 ring atoms of
which 1, 2, 3 or 4 ring atoms are chosen from nitrogen, sulphur or oxygen. Examples of
heteroaryl include pyrrolyl, furanyl, thienyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, isoxadiazolyl, oxadiazolyl, isothiadiazolyl,
thiadiazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, pyridinonyl,
pyrimidindionyl, benzfuranyl, benzthieno, indolyl, benzimidazolyl, benzoxazolyl,
benzthiazolyl, indazolyl, benzisoxazolyl, benzisothiazolyl, benztriazolyl, quinolinyl,
isoquinolinyl, 4H-chromen-4-onyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and
naphthiridinyl. Conveniently heteroaryl is selected from imidazolyl, pyrazolyl, thiazolyl,
isoxazolyl, furanyl, thienyl, isoxazolyl, or indazolyl. Fully saturated heterocyclic rings include
examples such as oxetanyl, azetidinyl, pyrrolidinyl, tetrahydrofuranyl, isoxazolidinyl,
tetrahydropyranyl, piperidinyl, piperazinyl, piperazinonyl, morpholinyl, thiomorpholinyl,
thiomorpholinyl-1-oxide, thiomorpholinyl-1,1-dioxide, oxazinanonyl, quinuclidinyl,
homopiperidinyl and homopiperazinyl, 9-methyl-3,9-diazabicyclo[4.2.1]nonanyl and
tetrahydropyridinyl.

Examples of “a 3-8 membered ring optionally containing 1, 2 or 3 atoms selected
from O, S and NR®” include oxetanyl, azetidinyl, benzodiazolyl, pyrrolidinyl,
tetrahydrofuranyl, isoxazolidinyl, tetrahydrothiophenyl, tetrahydropyranyl, piperidinyl,
piperazinyl, piperazinonyl, morpholinyl, thiomorpholinyl, thiomorpholinyl-1-oxide,
thiomorpholinyl-1,1-dioxide, oxazinanonyl, quinuclidinyl, homopiperidinyl and
homopiperazinyl tetrahydrodioxanyl. Examples of “a 4- to 7-membered saturated
heterocyclic ring system” include azetidinyl, pyrrolidinyl, isoxazolidinyl, piperidinyl,
piperazinyl, piperazinonyl, homopiperazinyl, thiomorpholinyl, thiomorpholinyl-1-oxide,
thiomorpholinyl-1,1-dioxide, oxazinanonyl, quinuclidinyl and morpholinyl,

Where optional substituents are chosen from “1, 2 or 3” groups it is to be

understood that this definition includes all substituents being chosen from one of the specified
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groups or the substituents being chosen from two or more of the specified groups. An
analogous convention applies to substituents chosen from “1 or 2” groups.
Convenient values of R!, R2, R3, and X are as follows:
R' is Cysalkyl, wherein the group is substituted by phenyl optionally substituted by 1, 2 or 3
substituents independently selected from fluoro, chloro, bromo, methoxy, methyl and
trifluoromethyl.
X is -CH»-, a bond, oxygen , sulphur, sulphoxide, or sulphone;
R? is C}.salkyl wherein the group is optionally substituted by 1, 2 or 3 substituents
independantly selected from C,_gsalkoxy, hydroxy and fluoro; or
R? is a 5-6 membered ring optionally containing 1,2 or 3 heteroatoms selected from O, S, -
NR?® and wherby the ring is optionally substituted by —~OR®.
R?is Csgcarboceyclyl, Cygalkyl, —NR5R6, phenyl, monocyclic or bicyclic heteroaryl wherein a
heteroring may be partially or fully saturated and one or more ring carbon atoms may form a
carbonyl group, and wherein each phenyl or heteroaryl group is optionally substituted by 1, 2
or 3 substituents independently selected from cyano, heteroaryl, -OR4, -NRSRG, -CONR5R6,
-COR”,, , -COR?, -NR®COR?, -SO,R'®, -SO,NR’R®, C,.salkyl [optionally further substituted
by 1, 2 or 3 substituents independently selected from -OR* , -COR?, -NR"*R"’, -CONR"*R"
pheny! or monocyclic or bicyclic heteroaryl, wherein a heteroring may be partially or fully
saturated; and wherein each phenyl or heteroaryl group is optionally substituted by 1, 2 or 3
substituents independently selected from nitro, - R?, -NR’R®, -NR®*COR®, heteroaryl,
Ci.salkyl (optionally further substituted By 1, 2 or 3 substituents independently selected from
cyano, —OR2°).
Convenient values of R*-R' are as follows:
R* is hydrogen or Cj¢alkyl;
R’ and R° are a group selected from Cy.salkyl or R’ and R® together with the nitrogen atom to
which they are attached form a 4- to 7-membered saturated heterocyclic ring optionally
containing a further heteroatom selected from oxygen and nitrogen atoms.
R’ R, R%, R", R'2, R R"R™ R', R" are independently hydrogen, C;.salkyl or phenyl.
Convenient values of R'®-R* are as follows:
R'®, R" and R are hydrogen, phenyl, heteroaryl, or C;.galkyl (optionally further substituted
by NR*R).

2
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Preferred values of Rl, R2, R3, and X are as follows:
R'is Cisalkyl (such as —CH,-, -(CHy),-, -(CHy)3-, <CH(CH3)- or -CH,(CH3)CH,-) wherein
the group is substituted by phenyl optionally substituted by 1, 2 or 3 substituents
independently selected from fluoro and chloro. Benzyl is particularly preferred.
X is -CHj-, a bond, oxygen, or sulphur. Oxygen is particularly preferred.
R? is Cy.g alkyl, such as Cy4 alkyl, wherein the group is optionally substituted by 1 or 2
substituents independently selected from C;.zalkoxy (such as methoxy, ethoxy,
cyclopropyloxy or isopropyloxy), hydroxy and fluoro, hydroxy is particularly preferred; or
R? is a 5-membered ring optionally containing a heteroatom selected from O or -NR® and
wherby the ring is optionially substituted by —OR®.
R’ is Cy.salkyl (such as methyl, ethyl, isopropyl or cyclopropyl) or -NR’R® (such as
azetidinyl, pyrolidinyl, morpholinyl, piperidinyl, piperazinyl) or phenyl or a monocyclic or
bicyclic heteroaryl group (such as 1-methylimidazolyl or 1,2-dimethylimidazolyl).

Preferred values of R*-R"7 are as follows:

R* is hydrogen, or Cy.3alkyl (such as methyl, ethyl, cyclopropyl or isopropyl)
R’ and R® are a group selected from Ci.;alkyl (such as methyl and ethyl) or R’ and RS to gether
with the nitrogen atom to which they are attached form a 4- to 6-membered saturated
heterocyclic ring (such as azetidinyl, pyrolidinyl, piperidinyl) or optionally containing a
further heteroatom selected from oxygen (such as morpholinyl) or nitrogen (such as .
piperazinyl).
R’,R%, R, R", R”2 R R™R", RS, R" are independently hydrogen, or C.alkyl (such as
methyl or ethyl).

Preferred values of R'®-R are as follows:
R", R and R? are hydrogen or C,.salkyl (optionally further substituted by NR*R®).

Such values may be used where appropriate with any of the definitions, claims or
embodiments defined hereinbefore or hereinafter.

Particular compounds of the invention include:
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[2-hydroxy- 1-(hydroxymethyl)ethoxy]-4-
pyrimidinyl]-1-azetidinesulfonamide
R,S) N-[2-[[(2,3-difluorophenylymethyl]thio]-6-[3,4-dihydroxybutyl]pyrimidin-4-yl]azetidine-

1-sulphonamide; and
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N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[3-hydroxy-2-(hydroxymethyl)propyl] pyrimidin-
4-yljazetidine- 1-sulphonamide
N-(2-[(2,3-difluorobenzyl)thio]-6- { [(1R,2R)-2-hydroxy-1-methylpropyl]oxy }pyrimidin-4-
yl)azetidine- 1-sulfonamide: and
N-(2-[(2,3-difluorobenzyl)thio]-6-{ [(1S,2S5)-2-hydroxy- 1 -methylpropyl]oxy } pyrimidin-4-
yl)azetidine- 1-sulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[[(2S5)-2,3-dihydroxypropyl]oxy]-4-pyrimidinyl]-1-
azetidinesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[2-hydroxy- 1-(hydroxymethyl)- 1-methylethoxy]-4-
pyrimidinyl]-1-azetidinesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl}-
2-thiazolesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy- 1-methylethoxy]-4-pyrimidinyl]-
4-pyridinesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy- 1-methylethoxy]-4-pyrimidinyl]-
1-piperazinesulfonamide N-[2-[[(2,3-difluorophenyl)methyl]jthio]-6-[(1R)-2-hydroxy-1-
methylethoxy]-4-pyrimidiny1]-1,6-dihydro- 1-methyl-6-oxo-3-pyridinesulfonamide
N-[2-[[(2,3-difluorophenyl)ymethyl]thio]-6-[(1R)-2-hydroxy- 1-methylethoxy]-4-pyrimidinyl}-
1-azetidinesulfonamide N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-
methylethoxy]-4-pyrimidinyl}-methanesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy- 1-methylethoxy]-4-pyrimidinyl]-
4-morpholinesulfonamide .

N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy- 1-methylethoxy]-4-pyrimidinyl]-
1-pyrrolidinesulfonamide ‘
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl}-
cyclopropanesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl]-
1-methyl-1H-imidazole-4-sulfonamide
N-[2-[{(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]azetidine-1-sulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]piperazine- 1-sulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]-1-methyl —1H-imidazole-

4-sulfonamide
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N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-{[(1R,2R)-2,3-dihydroxy-1-methylpropyl]oxy }-4-
pyrimidinyl]-1-azetidinesulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio}-6-[[(1R,2R)-2,3-dihydroxy-1-methylpropyl]oxy]-4-
pyrimidinyl]-methanesulfonamide ‘

N-[2-[[(2,3-Difluorophenyl)ymethyl]thio]-6-{ [(1R,25)-2,3-dihydroxy-1-methylpropyl]oxy }-4-
pyrimidinyl]- 1-azetidinesulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-{ [(1R,25)-2,3-dihydroxy- 1-methylpropyl]oxy }-4-
pyrimidinyl]-1-piperazinesulfonamide
5-(azetidin- 1-ylcarbonyl)-N-{2-[(2,3-difluorobenzyl)thio]-6-[(1R)-2-hydroxy-1-
methylethoxy]pyrimidin-4-yl}furan-2-sulfonamide
Each of the above mentioned compounds and the pharmaceutically acceptable salts,

solvates or in vivo hydrolysable esters thereof, taken individually is a particular aspect of the
invention.

The present invention further provides a process for the preparation of compounds
of formula (1) as defined above which comprises:

(a) treating a compound of formula (2a):

XR?
fl“
1
S
] N)\S,R
(2a)

wherein R', R? and X are as defined in formula (1) and L is a leaving group such as halogen
with sulfonamides (R*SO,NH,) where R® is as defined in formula (1).
and optionally thereafter (i), (ii), (iit), (iv), or (v) in any order:
1) removing any protecting groups;
ii) converting the compound of formula (1) into a further compound of formula (1)
iii) forming a salt
iv) forming a prodrug
v) forming an in vivo hydrolysable ester.
Reaction of compounds of formula (2a) wherein R!, R?* and X are as defined in

formula (1) with sulfonamides (R*SO,NH,), where R? is as defined in formula (1), can be
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carried out in the presence of a suitable base, solvent and catalyst heated thermally or by
microwaves. Examples of suitable bases include metal carbonates such as those from cesium,
potassium, lithium or sodium. Most preferably Cesium carbonate is used. Suitable solvents
include toluene and ethers such as anisole, tetrahydrofuran, 1,4-dioxane, glyme and diglyme.
Preferably 1,4-dioxane is used. The temperature of the reaction can be performed between
10°C and 120°C, preferably at 100°C. Examples of suitable catalysts include a suitable
palladium(0) source such as palladium tris(dibenzylideneacetone)dipalladium(0) (Pd,(dba)s ),
or tetrakistriphenylphosphinepalladium (Pd(Phs)s) (either in 0.01-0.5 mol equivalents) in the
presence of a suitable ligand such as (9,9-dimethyl-9H-xanthene-4,5-diyl)bis[diphenyl-
phosphine (Xantphos), or 2-dicyclohexyl-phosphino-2’-(N,N-dimethylamino)biphenyl or 2-
dicyclohexyl-phosphino-2’,4’,6’-tri-isopropyl, 1,1’-biphenyl (XPHOS) (either in 0.01-0.5 mol
equivalents). Preferably the catalyst combination is tris(dibenzylideneacetone)dipalladium(0)
(Pdy(dba); ) with 2-dicyclohexyl-phosphino-2’,4’,6’-tri-isopropyl, 1,1’-biphenyl (Xphos) in
0.01-0.5 mol equivalents in 1,4-dioxane at 100°C with cesium carbonate as the base;

or (b) treating a compound of formula (2b):
L

~ "N

O“S,,O L g

R \l}l N™ S
PG
(2b)
wherein R! and R? are as defined in formula (1), L is a leaving group such as

halogen, PG is a convenient protecting group or hydrogen and where X is oxygen or sulphur,
with alcohols HOR? or thiols HSR? respectively wherein R? is as defined in formula (1) in the
presence of a suitable base and solvent,

and optionally thereafter (i), (i1), (iii), (iv), or (v) in any order:
i) removing any protecting groups;
ii) converting the compound of formula (1) into a further compound of formula (1)
iii) forming a salt
iv) forming a prodrug
v) forming an in vivo hydrolysable ester.

Examples of suitable bases include the alkali metal hydrides such as Na or K, or metal

alkoxides such as Lij, Na or K-tert-butoxide, alkali metal hexamethyldisilazides such as Li, Na
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or K-hexamethyldisilazide, or metal carbonates such as Na, K, Cs. Suitable solvents include
N,N-dimethylamides, 1-methyl-2-pyrolidinone, toluene and ethers such as anisole,
tetrahydrofuran, 1,4-dioxane, glyme and diglyme.

Also, compounds of formula (1) wherein R'and R® are as defined in formula (1), L is a
leaving group such as halogen, PG is a convenient protecting group or hydrogen and X is -
CH,- or a bond, can be prepared from compounds of formula (2b) wherein R? is as defined in
formula (1) by treatment with a suitably protected alkene under “Heck coupling” type reaction
conditions (Synlett, 2003, no 8 pp1133-1136) or with a suitably protected boronic acid or
ester under “Suzuki coupling” type reaction conditions (JACS, 1999, no 121, pp9550-9561,
JACS 2001, no 123, pp10099-10100) in the presence of a suitable palladium catalyst, ligand,
salt, base and solvent with thermal or microwave heating.

For “Heck” type couplings, examples of suitable palladium catalysts, salts, bases and
solvents include tris(dibenzylideneacetone)dipalladium(0) (Pd,(dba)s ), or palladium di-
acatate (Pd(OAc),); added salts include potassium chloride, tetra-n-butylammonium chloride;
and bases include tri-n-butylamine or di-isopropylethylamine; and solvents include N,N-
dimethylformamide or N-methyl-pyrrolidin-2-one.

For “Suzuki” type couplings, examples of suitable palladium catalysts, ligands, salts,
bases and solvents include palladium di-acetate; with ligands tri-cyclohexylphosphine, or
2,2’bis-dicyclohexyl-phosphino-1,1’-biphenyl or di-t-butyl-phosphino-1,1’-biphenyl or tri-t-
butylphosphine; with salts potassium phosphate (K3PO) or potassium fluoride in solvents
tetrahydrofuran or 1,4-dioxane.

Compounds of formula (2a) wherein R', and R? are as defined in formula (1), and
X is oxygen or sulphur can be prepared from compounds of formula (3) wherein R'is as
defined in formula (1) and L is a leaving group such as halogen by treatment with alcohols

HOR? or thiols HSR? wherein R? is as defined in formula (1) in the presence of a suitable

L
2

;

L \N)\s’R

3

base and solvent.
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Examples of suitable bases include the alkali metal hydrides such as Na or K, or metal
alkoxides such as Li, Na or K-tert-butoxide, alkali metal hexamethyldisilazides such as Li, Na
or K-hexamethyldisilazide, or metal carbonates such as Na, K, Cs. Suitable solvents include
N, N-dimethylamides, 1-methyl-2-pyrolidinone, ethers such as tetrahydrofuran, 1,4-dioxane,
glyme and diglyme. Preferably sodium hydride in tetrahydrofuran at ambient to reflux
temperature is employed.

Also, compounds of formula (2a) wherein R'and R? are as defined in formula (1), and
X is -CHj- or a bond can be prepared from compounds of formula (3) wherein R'is as
defined in formula (1) and L is a leaving group such as halogen, by treatment with a suitably
protected alkene under “Heck coupling” type reaction conditions (Synlett, 2003, no 8 pp1133-
1136) or with a suitably protected boronic acid or ester under “‘Suzuki coupling” type reaction
conditions (JACS, 1999, no 121, pp9550-9561, JACS 2001, no 123, pp10099-10100) in the
presence of a suitable palladium catalyst, ligand, salt, base and solvent with thermal or
microwave heating.

For “Heck” type couplings, examples of suitable palladium catalysts, salts, bases and
solvents include tris(dibenzylideneacetone)dipalladium(0) (Pdz(dba)s ), or palladium di-
acatate (Pd(OAc),); added salts include potassium chloride, tetra-n-butylammonium chloride;
and bases include tri-n-butylamine or di-isopropylethylamine; and solvents include N,N-
dimethylformamide or N-methyl-pyrrolidin-2-one. Preferably palladium di-acetate, with salt
tetra-n-butylammonium chloride, with base tri-n-butylamine in solvent NN,-
dimethylformamide at 95°C is employed.

For “Suzuki” type couplings, Examples of suitable palladium catalysts, ligands, salts,
bases and solvents include palladium di-acetate; with ligands tri-cyclohexylphosphine, or
2,2’bis-dicyclohexyl-phosphino-1,1’-biphenyl or di-t-butyl-phosphino-1,1’-biphenyl or tri-t-
butylphosphine; with salts potassium phosphate (K3sPOy) or potassium fluoride in solvents
tetrahydrofuran or 1,4-dioxane. Preferably palladium di-acetate with ligand 2,2’ bis-
dicyclohexyl-phosphino-1,1’-biphenyl with salt potassium phosphate (K3PO4) in solvent
tetrahydrofuran at reflux temperature is employed.

Compounds of formula (2b) wherein R! and R® are as defined in formula (1), L is a
leaving group such as halogen and PG is a suitable protecting group or halogen may be
prepared by reaction of compounds of formula (3), wherein R' is as defined in formula (1)

and L is a leaving group such as halogen with sulfonamides (R*SO,NHPG) where R is as



10

15

20

25

WO 2006/024823 PCT/GB2005/003257

-16-
defined in formula (1) and PG is a suitable protecting group or hydrogen, in the presence of a
suitable base, solvent and catalyst heated thermally or by microwaves.
and optionally thereafter (i) or (it) in any order:
i) adding any protecting groups;
ii) converting the compound of formula (2b) into a further compound of formula (2b)
Examples of suitable bases include the alkali metal hydrides such as Na or K, or

metal alkoxides such as Li, Na or K-tert-butoxide, alkali metal hexamethyldisilazides such as
Li, Na or K-hexamethyldisilazide, or metal carbonates such as Na, K, Cs. Suitable solvents
include acetonitrile, tetrahydrofuran, 1,4-dioxane, glyme and diglyme. The temperature of the
reaction can be performed between 10°C and 120°C. Examples of suitable catalysts include a
suitable palladium(0) source such as tetrakistriphenylphosphinepalladium (Pd(Phs)s4) or
tris(dibenzylideneacetone)dipalladium(0) (Pd,(dba)s ) in the presence of a suitable ligand such
as (9,9-dimethyl-9 H-xanthene-4,5-diyl)bis[diphenyl-phosphine (Xantph‘os), or 2-
dicyclohexyl-phosphino-2’-(N,N-dimethylamino)bipheny] or 2-dicyclohexyl-phosphino-
2’,4’,6’-tri-isopropyl, 1,1’-biphenyl (XPHOS).

Compounds of formula (3) wherein R! is as defined in formula (1) and L is halo gen
may be prepared from compounds of formula (3) wherein R' is as defined in formula (1) and
L is OH by reaction with a halogenating agent such as phosphorous oxychloride. The

reaction may be carried out in the presence of N, N-dimethylaniline at reflux.

Compounds of formula (3) wherein R! is as defined in formula (1) and L is OH;
L
@)
L \NJ\SH
4)

may be prepared from compounds of formula (4) wherein L is OH by reaction with
alkylhalides (R'A) where R' is as defined in formula (1) and A is halogen in the presence of a
suitable base and solvent.

Examples of suitable bases include the alkali metal hydroxides such as Li, Na, or K, or
metal carbonates such as Li, Na, K or Cs, or metal acetates such as Li, Na, K or Cs, or metal
alkoxides such as Li, Na, K tert-butoxide. Suitable solvents include water, N, N-

dimethylamides, 1-methyl-2-pyrolidinone, ethers such as tetrahydrofuran, 1,4-dioxane, glyme
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The present invention also provides a pharmaceutical composition comprising a
compound of formula (1), or a pharmaceutically acceptable salt, solvate or in vivo
hydrolysable ester thereof, as hereinbefore defined, in association with a pharmaceutically
acceptable adjuvant, diluent or carrier.

The invention further provides a process for the preparation of a pharmaceutical
composition of the invention which comprises mixing a compound of formula (1), or a
pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof, as hereinbefore
defined, with a pharmaceutically acceptable adjuvant, diluent or carrier. The pharmaceutical
compositions may be administered topically (e.g. to the lung and/or airways or to the skin) in
the form of solutions, suspensions, heptafluoroalkane aerosols and dry powder formulations;
or systemically, e.g. by oral administration in the form of tablets, capsules, syrups, powders or
granules, or by parenteral administration in the form of solutions or suspensions, or by
subcutaneous administration or by rectal administration in the form of suppositories or
transdermally. Preferably the compounds of the invention are administered orally.

In addition to their use as therapeutic medicines, the compounds of formula (1)
and their pharmaceutically acceptable salts, solvate or in vivo hydrolysable esters are also
useful as pharmacological tools in the development and standardisation of in vitro and in vivo
test systems for the evaluation of the effect of chemokine modulation activity in labatory
animals such as cats, dogs, rabbits, monkeys, rats and mice, as part of the search for new
therapeutic agents.

The invention further relates to combination therapies wherein a compound of
formula (1) or a pharmaceutically acceptable salts, solvate or in vivo hydrolysable ester
thereof, or a pharmaceutical composition or formulation comprising a compound of formula
(1) is administered concurrently or sequentially with therapy and/or an agent for the treatment
of any one of asthma, allergic rhinitis, cancer, COPD, rheumatoid arthritis, psoriasis,
inflammatory bowel disease, irritable bowel syndrome, osteoarthritis or osteoporosis.

In particular, for the treatment of the inflammatory diseases rheumnatoid arthritis,
psoriasis, inflammatory bowel disease, irritable bowel syndrome, COPD, asthma and allergic
rhinitis the compounds of the invention may be combined with agents such as TNF-a
inhibitors such as anti-TNF monoclonal antibodies (such as Remicade, CDP-870 and
D.sub2.E.sub7.) and TNF receptor immunoglobulin molecules (such as Enbrel.reg.), non-

selective COX-1 / COX-2 inhibitors (such as piroxicam, diclofenac, propionic acids such as
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naproxen, flubiprofen, fenoprofen, ketoprofen and ibuprofen, fenamates such as mefenamic
acid, indomethacin, sulindac, apazone, pyrazolones such as phenylbutazone, salicylates such
as aspirin), COX-2 inhibitors (such as meloxicam, celecoxib, rofecoxib, valdecoxib and
etoricoxib) low dose methotrexate, lefunomide; ciclesonide; hydroxychloroquine, d-
penicillamine, auranofin or parenteral or oral gold. For inflammatory bowel disease and
irritable bowel disorder further convenient agents include sulphasalazine and 5-ASAs, topical
and systemic steroids, immunomodulators and immunosuppressants, antibiotics, probiotics
and anti-integrins.

The present invention still further relates to the combination of a compound of the
invention together with a leukotriene biosynthesis inhibitor, 5-lipoxygenase (5-LO) inhibitor
or 5-lipoxygenase activating protein (FLAP) antagonist such as zileuton; ABT-761; fenleuton;
tepoxalin; Abbott-79175; Abbott-85761; N- (5-substituted)—thjophene—2-alkylsulfonamjdes;
2,6-di-tert-butylphenol hydrazones; methoxytetrahydropyrans such as Zeneca ZD-2138; the
compound SB-210661; pyridinyl-substituted 2-cyanonaphthalene compounds such as L-
739,010; 2-cyanoquinoline compounds such as L-746,530; indole and quinoline compounds
such as MK-591, MK-886, and BAY x 1005.

The present invention still further relates to the combination of a compound of the
invention together with a receptor antagonist for leukotrienes LTB.sub4., LTC.sub4.,
LTD.sub4., and LTE.sub4. selected from the group consisting of the phenothiazin-3-ones
such as L.-651,392; amidino compounds such as CGS-25019c¢; benzoxalamines such as
ontazolast; benzenecarboximidamides such as BIIL 284/260; and compounds such as
zafirlukast, ablukast, montelukast, pranlukast, verlukast (MK-679), RG-12525, Ro-245913,
iralukast (CGP 45715A), and BAY x 7195.

The present invention still further relates to the combination of a compound of the
invention together with a PDE4 inhibitor including inhibitors of the isoform PDEA4D.

The present invention still further relates to the combination of a compound of the
invention together with a antihistaminic H.subl. receptor antagonists such as cetirizine,
loratadine, desloratadine, fexofenadine, astemizole, azelastine, and chlorpheniramine.

The present invention still further relates to the combination of a compound of the
invention together with a gastroprotective H.sub2. receptor antagonist.

The present invention still further relates to the combination of a compound of the

invention together with an o.subl.- and o.sub2.-adrenoceptor agonist vasoconstrictor
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sympathomimetic agent, such as propylhexedrine, phenylephrine, phenylpropanolamine,
pseudoephedrine, naphazoline hydrochloride, oxymetazoline hydrochloride, tetrahydrozoline
hydrochloride, xylometazoline hydrochloride, and ethylnorepinephrine hydrochloride.

The present invention still further relates to the combination of a compound of the
invention together with anticholinergic agents such as ipratropium bromide; tiotropium
bromide; oxitropium bromide; pirenzepine; and telenzepine.

The present invention still further relates to the combination of a compound of the
invention together with a f.subl.- to B.sub4.-adrenoceptor agonists such as metaproterenol,
isoproterenol, isoprenaline, albuterol, salbutamol, formoterol, salmeterol, terbutaline,
orciprenaline, bitolterol mesylate, and pirbuterol; or methylxanthanines including
theophylline and aminophylline; sodium cromoglycate; or muscarinic receptor (M1, M2, and
M3) antagonist.

The present invention still further relates to the combination of a compound of the
invention together with an insulin-like growth factor type I (IGF-1) mimetic.

The present invention still further relates to the combination of a compound of the
invention together with an inhaled glucocorticoid with reduced systemic side effects, such as
prednisone, prednisolone, flunisolide, triamcinolone acetonide, beclomethasone dipropionate,
budesonide, fluticasone propionate, and mometasone furoate.

The present invention still further relates to the combination of a compound of the
invention together with an inhibitor of matrix metalloproteases (MMPS), i.e., the stromelysins,
the collagenases, and the gelatinases, as well as aggrecanase; especially collagenase-1 (MMP-
1), collagenase-2 (MMP-B), collagenase-3 (MMP-13), stromelysin-1 (MMP-3), stromelysin-2
(MMP-10), and stromelysin-3 (MMP-11) and MMP-12.

The present invention still further relates to the combination of a compound of the
invention together with other modulators of chemokine receptor function such as CCR1,
CCR2, CCR2A, CCR2B, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCR10 and
CCRI11 (for the C-C family); CXCR1, CXCR3, CXCR4 and CXCRS (for the C-X-C family)
and CX3CR1 for the C-X3-C family.

The present invention still further relates to the combination of a compound of the
invention together with antiviral agents such as Viracept, AZT, aciclovir and famciclovir, and

antisepsis compounds such as Valant.
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The present invention still further relates to the combination of a compound of the
invention together with cardiovascular agents such as calcium channel blockers, lipid
lowering agents such as statins, fibrates, beta-blockers, Ace inhibitors, Angiotensin-2 receptor
antagonists and platelet aggregation inhibitors.

The present invention still further relates to the combination of a compound of the
mvention together with CNS agents such as antidepressants (such as sertraline), anti-
Parkinsonian drugs (such as deprenyl, L-dopa, Requip, Mirapex, MAOB inhibitors such as
selegine and rasagiline, comP inhibitors such as Tasmar, A-2 inhibitors, dopamine reuptake
inhibitors, NMDA antagonists, Nicotine agonists, Dopamine agonists and inhibitors of
neuronal nitric oxide synthase), and anti- Alzheimer's drugs such as donepezil, tacrine, COX-2
inhibitors, propentofylline or metryfonate.

The present invention still further relates to the combination of a compound of the
invention together with (i) tryptase inhibitors; (ii) platelet activating factor (PAF) antagonists;
(iit) interleukin converting enzyme (ICE) inhibitors; (iv) IMPDH inhibitors; (v) adhesion
molecule inhibitors including VLA-4 antagonists; (vi) cathepsins; (vii) MAP kinase
inhibitors; (viii) glucose-6 phosphate dehydrogenase inhibitors; (ix) kinin-B.subl. - and
B.sub2. -receptor antagonists; (x) anti-gout agents, e.g., colchicine; (xi) xanthine oxidase
inhibitors, e.g., allopurinol; (xii) uricosuric agents, e. g., probenecid, sulfinpyrazone, and
benzbromarone; (xiii) growth hormone secretagogues; (xiv) transforming growth factor
(TGFB); (xv) platelet-derived growth factor (PDGF); (xvi) fibroblast growth factor, e.g., basic
fibroblast growth factor (bFGF); (xvii) granulocyte macrophage colony stimulating factor
(GM-CSF); (xviii) capsaicin cream; (xix) Tachykinin NK.subl. and NK.sub3. receptor
antagonists selected from the group consisting of NKP-608C; SB-233412 (talnetant); and D-
4418; (xx) elastase inhibitors selected from the group consisting of UT-77 and ZD-0892; (xxi)
TNFO converting enzyme inhibitors (TACE); (xxii) induced nitric oxide synthase inhibitors
(iNOS) or (xxiii) chemoattractant receptor-homologous molecule expressed on TH2 cells,
(CRTH2 antagonists).

The compounds of the present invention may also be used in combination with
osteoporosis agents such as roloxifene, droloxifene, lasofoxifene or fosomax and
immunosuppressant agents such as FK-506, rapamycin, cyclosporine, azathioprine, and

methotrexate:.
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The compounds of the invention may also be used in combination with existing
therapeutic agents for the treatment of osteoarthritis. Suitable agents to be used in
combination include standard non-steroidal anti-inflammatory agents (hereinafter N SAID's)
such as piroxicam, diclofenac, propionic acids such as naproxen, flubiprofen, fenoprofen,
ketoprofen and ibuprofen, fenamates such as mefenamic acid, indomethacin, sulindac,
apazone, pyrazolones such as phenylbutazone, salicylates such as aspirin, COX-2 inhibitors
such as celecoxib, valdecoxib, rofecoxib and etoricoxib, analgesics and intraarticular therapies
such as corticosteroids and hyaluronic acids such as hyalgan and synvisc and P2X7 receptor
antagonists.

The compounds of the invention can also be used in combination with existing
therapeutic agents for the treatment of cancer. Suitable agents to be used in combination
include:

(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 5-fluorouracil and tegafur, raltitrexed,
methotrexate, cytosine arabinoside, hydroxyurea, gemcitabine and paclitaxel (Taxol®);
antitumour antibiotics (for example anthracyclines like adriamycin, bleomycin, doxorubicin,
daunomycin, epirubicin, idarubicin, mitomycin-C, dactinomycin and mithramycin);
antimitotic agents (for example vinca alkaloids like vincristine, vinblastine, vindesine and
vinorelbine and taxoids like taxol and taxotere); and topoisomerase inhibitors (for example
epipodophyllotoxins like etoposide and teniposide, amsacrine, topotecan and camptothecin);
(i1) cytostatic agents such as antioestrogens (for example tamoxifen, toremifene, raloxifene,
droloxifene and iodoxyfene), oestrogen receptor down regulators (for example fulvestrant),
antiandrogens (for example bicalutamide, flutamide, nilutamide and cyproterone acetate),
LHRH antagonists or LHRH agonists (for example goserelin, leuprorelin and buserelin),
progestogens (for example megestrol acetate), aromatase inhibitors (for example as
anastrozole, letrozole, vorazole and exemestane) and inhibitors of So-reductase such as
finasteride;

(iii) Agents which inhibit cancer cell invasion (for example metalloproteinase inhibitors like

marimastat and inhibitors of urokinase plasminogen activator receptor function);
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(iv) inhibitors of growth factor function, for example such inhibitors include growth factor
antibodies, growth factor receptor antibodies (for example the anti-erbb2 antibody
trastuzumab [Herceptin™(] and the anti-erbbl antibody cetuximab [C225]) , farnesyl
transferase 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-
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) antiangiogenic 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
avf33 function and angiostatin);
(vi) vascular damaging agents such as Combretastatin A4 and compounds disclosed in
International Patent Applications WO 99/02166, W000/40529, WO 00/41669, W0O01/92224,
W002/04434 and W002/08213;
(vii) antisense therapies, for example those which are directed to the targets listed above, such
as ISIS 2503, an anti-ras antisense;
(viii) gene therapy appr(;aches, including for example approaches 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; and
(ix) immunotherapy approaches, including for example ex-vivo and in-vivo approaches to
increase the immunogenicity of patient tumour 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 transfected immune cells such as
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cytokine-transfected dendritic cells, approaches using cytokine-transfected tumour cell lines

and approaches using anti-idiotypic antibodies.
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Pharmacological Data

Ligand Binding Assay
[**1]IL-8 (human, recombinant) was purchased from Amersham, U.K. with a specific

activity of 2,000Ci/mmol. All other chemicals were of analytical grade. High levels of
hrCXCR2 were expressed in HEK 293 cells (human embryo kidney 293 cells ECACC No.
85120602) (Lee et al. (1992) J. Biol. Chem. 267, pp16283-16291). hrCXCR2 cDNA was
amplified and cloned from human neutrophil mRNA. The DNA was cloned into PCRScript
(Stratagene) and clones were identified using DNA. The coding sequence was sub-cloned into
the eukaryotic expression vector ReCMV (Invitrogen). Plasmid DNA was prepared using
Quiagen Megaprep 2500 and transfected into HEK 293 cells using Lipofectamine reagent (Gibco
BRL). Cells of the highest expressing clone were harvested in phosphate-buffered saline
contaming 0.2%(w/v) ethylenediaminetetraacetic acid (EDTA) and centrifuged (200g, Smin.).
The cell pellet was resuspended in ice cold homogenisation buffer [10mM HEPES (pH 7.4),
1mM dithiothreitol, 1mM EDTA and a panel of protease inhibitors (ImM phenyl methyl
sulphony] fluoride, 2ug/ml soybean trypsin inhibitor, 3mM benzamidine, 0.5ug/ml leupeptin
and 100pg/ml bacitracin)] and the cells left to swell for 10 minutes. The cell preparation was
disrupted using a hand held glass mortar/PTFE pestle homogeniser and cell membranes
harvested by centrifugation (45 minutes, 100,000g, 4°C). The membrane preparation was
stored at -70°C in homogenisation buffer supplemented with Tyrode’s salt solution (137mM
NaCl, 2.7mM KClI, 0.4mM NaH,PO,), 0.1%(w/v) gelatin and 10%(v/v) glycerol.

All assays were performed in a 96-well MultiScreen 0.45um filtration plates
(Millipore, U.K.). Each assay contained ~50pM ['*I]IL-8 and membranes (equivalent to
~200,000 cells) in assay buffer [Tyrode’s salt solution supplemented with 10mM HEPES (pH
7.4), 1.8mM CaCl,, 1mM MgCl,, 0.125mg/ml bacitracin and 0.1%(w/v) gelatin]. In addition,
a compound of formula (I) according to the Examples was pre-dissolved in DMSO and added
to reach a final concentration of 1%(v/v) DMSO. The assay was initiated with the addition of
membranes and after 1.5 hours at room temperature the membranes were harvested by
filtration using a Millipore MultiScreen vacuum manifold and washed twice with assay buffer
(without bacitracin). The backing plate was removed from the MultiScreen plate assembly,
the filters dried at room temperature, punched out and then counted on a Cobra y-counter.

The compounds of formula (I) according to the Examples 1 — 156 were found to
have pICso values of greater than (>) 5.0.
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Intracellular Calcium Mobilisation Assay

Human neutrophils were prepared from EDTA-treated peripheral blood, as previously
described (Baly et al. (1997) Methods in Enzymology 287 pp70-72), in storage buffer
[Tyrode’s salt solution (137mM NaCl, 2.7mM KCl, 0.4mM NaH,POy) supplemented with
5.7mM glucose and 10mM HEPES (pH 7.4)].

The chemokine GROo. (human, recombinant) was purchased from R&D Systems
(Abingdon, U.K.). All other chemicals were of analytical grade. Changes in intracellular free
calcium were measured fluorometrically by loading neutrophils with the calcium sensitive
fluorescent dye, fluo-3, as described previously (Merritt et al. (1990) Biochem. J. 269, pp513-
519). Cells were loaded for 1 hour at 37°C in loading buffer (storage buffer with 0.1%(w/v)
gelatin) containing SuM fluo-3 AM ester, washed with loading buffer and then resuspended in
Tyrode’s salt solution supplemented with 5.7mM glucose, 0.1%(w/v) bovine serum albumin
(BSA), 1.8mM CaCl, and 1mM MgCl,. The cells were pipetted into black walled, clear
bottom, 96 well micro plates (Costar, Boston, U.S.A.) and centrifuged (200g, 5 minutes, room
temperature).

A compound of formula (I) according to the Examples was pre-dissolved in
DMSO and added to a final concentration of 0.1%(v/v) DMSO. Assays were initiated by the
addition of an Asoconcentration of GROO and the transient increase in fluo-3 fluorescence
(Agx =490nm and Agp, = 520nm) monitored using a FLIPR (Fluorometric Imaging Plate
Reader, Molecular Devices, Sunnyvale, U.S.A)).

The compounds of formula (I) according to the Examples were tested and found to
be antagonists of the CXCR?2 receptor in human neutrophils.

The invention will now be illustrated by the following non-limiting Examples in
which, unless stated otherwise:

6] when given Nuclear Magnetic Resonance (NMR) spectra were measured on a
Varian Unity Inova 300 or 400 MHz spectrometer. 'H NMR data is quoted in the
form of delta values for major diagnostic protons, given in parts per million (ppm)
relative to tetramethylsilane (TMS) as an internal standard.

(i) Mass Spectrometry (MS) spectra were measured on a Finnigan Mat SSQ7000 or

Micromass Platform spectrometer.
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the title and sub-titled compounds of the Examples and methods were named using

the ACD/Name program (version 4.55) from Advanced Chemical Development
Inc, Canada.

Normal phase column chromatography and normal phase HPLC was conducted

using a silica column. Reverse phase High Pressure Liquid Chromatography

(HPLC) purification was performed using either a Waters Micromass LCZ with a

Waters 600 pump controller, Waters 2487 detector and Gilson FC024 fraction

collector or a Waters Delta Prep 4000 or a Gilson Auto Purification System, using

a Symmetry, NovaPak or Ex-Terra reverse phase silica column.

The following abbreviations are used:

AcOH
CHCl3
DCM
DMF
DMSO
Et,O
EtOAc
MgSO,
NMP
THF
H,0
NH;

acetic acid

chloroform
dichloromethane
N,N-dimethylformamide
dimethylsulfoxide
diethyl ether

ethyl acetate
magnesium sulfate
1-methylpyrrolidin-2-one
tetrahydrofuran

water

ammonia
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Example 1
N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[2-hydroxy-1-(hydroxymethyl)ethoxy]-4-
pyrimidinyl]-1-azetidinesulfonamide

OH

O/(/OH
O‘\ ’IO /EKN F
C/N/S\N N//ks/\©/F

To a suspension of N- [2-[[(2,3-difluorophenyl)methyl] thio]-6-[(2-phenyl-1,3-dioxan-5-
yDoxy]-4-pyrimidinyl]- 1-azetidinesulfonamide (the product of step 1v) (220 mg) in methanol
(5 ml)/ water (0.1 ml) was added pyridinium p-toluenesulfonate (20 mg) and the mixture was
stirred at ambient temperature for 1.5 hour, then at reflux for 20 hour. The reaction mixture
10 was evaporated, suspended in water and extracted with ethyl acetate (x2). The combined
organic layers were dried with magnesium sulfate, filtered and evaporated. The residue was
purified by column chromatography on silica gel using a 98:2 mixture of methylene chloride
and methanol as eluent to give the title compound as a white solid. Yield: 120mg
MS: APCI(+ve) 463, [M+H"]
15 'H NMR: (DMSO) & 2.13 (quintet, 2H), 3.57 (m, 4H), 3.89 (t, 4), 4.44 (s, 2H), 4.78 (t, 2H),
5.13 (quintet, 1H), 6.15 (s, 1H), 7.17 (dq, 1H), 7.36 (dq, 1H), 7.45 (dt, 1H), 11.11 (bs, 1H);

The intermediates for this compound were prepared as follows:
i) 2-[(2,3-Difluorobenzyl)thio]lpyrimidine-4,6-diol
20 To a slurry of 2-mercaptopyrimidine-4,6-diol (55.6g) in water (735ml) was added sodium
acetate (47.4g) with stirring forming a complete solution over 20 minutes. A solution of 2,3-
difluorobenzyl bromide (80g) in acetonitrile (73.5ml) was then added dropwise over 15
minutes and the resulting mixture heated at 40°C with stirring for 18h. After cooling to
ambient temperature the resulting precipitate was then filtered and washed with H,0 (1L)
25 before drying in vacuo at 100°C to afford the subtitle compound as a cream solid.
Yield: 101.5g.
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'"H NMR: § (DMSO) 7.74 (1H, s), 7.39 - 7.32 (2H, m), 7.21 - 7.15 (1H, m), 4.48 (2H, s).

i) 4,6-Dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine

To a mixture of the the subtitle product of step i) (101.5g) with benzyltriethylammonium
chloride (8.6g) in 1,2-dimethoxyethane (550ml) was added phosphorus oxychloride (70ml)
and the mixture heated at 85°C for Sh. The reaction was allowed to cool and solvents and
excess phosphorus oxychloride were removed in vacuo before partitioning between ethyl
acetate and ice water. The layers were separated and the dried (MgSQs) organics
concentrated in vacuo to afford the crude product as a pale brown oil which solidified on
standing. The crude product was purified by column chromatography (4% EtOAc / iso-
hexane) to yield the subtitle compound as a white solid. Yield: 90g.

'H NMR: & (DMSO) 7.74 (1H, s), 7.39-7.32 (2H, m), 7.21-7.15 (1H, m) 4.48 (2H, s)

iii) 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2-phenyl-1 ,3-dioxan-5-yl)oxy]-
pyrimidine

To a solution of 2-phenyl-1,3-dioxan-5-0l (484mg) in anhydrous tetrahydrofuran (10ml) at
0°C was added 60% sodium hydride (110mg) and the mixture was heated to reflux for 25
minutes. On allowing to cool to ambient temperature 4,6-Dichloro-2-[(2,3-
difluorobenzyl)thio]pyrimidine (the product of step (ii) (75 mg) was added and the reaction
was heated to reflux for a further 90 minutes. The reaction mixture was allowed to cool,
diluted with water and extracted with ethyl acetate (x3). The combined organic layers were
dried with magnesium sulfate, filtered and evaporated. The residue was purified by column
chromatography on silica using a 95:5 to 90:10 mixture of iso-hexane and ethyl acetate as
eluent to give the sub-title compound as a white solid. Yield: 350mg

MS: APCI(+ve) 451 [M+H"]

iv) N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[(2-phenyl-1,3-dioxan-5-yl)oxy]-4-
pyrimidinyl]-1-azetidinesulfonamide

A mixture of azetidine-1-sulphonamide (420mg),
tris(dibenzylideneacetone)dipalladium (0) (71 mg), 2-dicyclohexylphosphino-2°,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (37mg), cesium carbonate (380mg) and 4-chloro-2-[[(2,3-
difluorophenylymethyl}thio]-6-[(2-phenyl-1,3-dioxan-5-yl)oxy]-pyrimidine (350mg) in
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anhydrous dioxane (8ml) was heated to reflux in a microwave at 100°C, 300W, open vessel
with cooling for 10 minutes. The reaction mixture was diluted with methylene chloride,
filtered through arbocel and the filtrate evaporated. The residue was purified by column
chromatography on silica using a 80:20 to 70:30 mixture of iso-hexane and ethyl acetate as
eluent to give the sub-title compound as a white solid.
Yield: 220mg.
MS: APCI(+ve) 551 [M+H"]

Example 2
(R,S) N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[3,4-dihydroxybutyllpyrimidin-4-
yl]azetidine-1-sulphonamide

\ 7/

A solution of N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[2-(2,2-dimethyl[1,3]dioxolan-4yl)-
ethyl]-pyrimidin-4-yl]azetidine-1-sulphonamide (the product of step iii) (43mg) and
pyridinium para-toluenesulphonate (43mg) in methanol (1ml) and one drop of water was
heated at 60°C for 1.5h. The solution was cooled and the solvent evaporated under reduced
pressure. The residue was dissolved in dichloromethane and washed with water, dried
(MgSO,) and the solvent evaporated under reduced pressure. The residual yellow solid was
purified by preparative plate chromatography eluting with ethyl acetate. The isolated product
was dissolved in dichloromethane and the solvent evaporated at room temperature under
reduced pressure to give the title product as a white solid. Yield 20mg.

MS: APCI(-ve) 459 [M-1]

'H NMR: § (DMSO) 11.18 (s,1H), 7.44 (t,1H), 7.33 (q,1H), 7.14 (m,1H), 6.66 (s,1H),
4.57(d,1H), 4.51 (t,1H), 4.45 (s,2H), 3.93 (t,4H), 3.41 (m,1H), 3.26 (m,1H), 2.71 (m,1H), 2.65
(m,1H), 2.12 (p,2H), 1.82 (m,1H), 1.53 (m,1H).
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The intermediates for this compound were prepared as follows:

i) (cis/trans) 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thiol-6-[2-(2,2-
dimethyl[1,3]dioxolan-4-yl)- vinyl]-pyrimidine

A mixture of 4,6-dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (product of example 1 step
ii) (0.5g), tris(dibenzylideneacetone)dipalladium(0) (45mg), 2,2-dimethyl-4-vinyl-1,3-
dioxolane(630mg), tri-n-butylamine (610mg) and tetra-n-butylammonium chloride (460mg)
in anhydrous N,N-dimethylformamide (6.5ml) were heated at 90°C for 3h. then stirred at
room temperature overnight. The reaction mixture was partitioned between ethyl acetate and
water. The organic phase was washed with water and brine, dried (MgSOs) and the solvent
evaporated under reduced pressure. The residue was purified by flash silica-gel
chromatography eluting with 10% diethyl ether in iso-hexane to give the sub-title compound
as a yellow viscous oil. Yield: 98mg.

MS: APCI (+ve) 399 [M+1]

ii) (R,S) 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[2-(2,2-dimethyl[1,3]dioxolan-
4-yl)ethyl]- pyrimidine

A solution of the product of step i) (96.8mg) in ethanol (10ml) was hydro genated over
platinum oxide (5mg) at 3 atmospheres over 2 days. Further platinum oxide (20mg) was
added and the mixture was hydrogenated for further 3 days at 5 atmospheres. The catalyst
was filtered (Celite) and the filtrate evaporated under reduced pressure. The residue was
purified by flash silica-gel chromatography eluting with 10% diethyl ether in iso-hexane to
give the sub-title compound as a viscous oil. Yield: 33mg.

MS: APCI (+ve) 401 [M+1]

iii) (R,S) N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[2-(2,2-dimethyl[1,3]dioxolan-4yl)-
ethyl]-pyrimidin-4-yl]azetidine-1-sulphonamide

A solution of the product of step ii) (47mg), tris(dibenzylideneacetone)dipalladium(0) (6mg),
azetidine- 1-sulphonamide (62mg), 2-dicyclohexyl-phosphino-2°,4’,6’-tri-isopropyl,1,1’-
biphenyl (XPHOS) (6mg) and cesium carbonate (52mg) in anhydrous dioxane (1ml) was

heated at 100°C for 45min. The reaction mixture was partitioned between ethyl acetate and
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water. Acetic acid (0.2ml) was added and the separated organic phase was washed with water
and brine, dried (MgSQ,) and the solvent evaporated under reduced pressure. The residue
was purified by flash silica-gel chromatography eluting with 40% ethyl acetate in iso-hexane

to give the sub-title compound as a yellow viscous oil. Yield: 46mg.
MS: APCI (+ve) 501 [M+1]

Example 3
N-[2-[[(2,3-djﬂuor0phenyl)methyl]thio]-6-[3-hydroxy-2-(hydroxymethyl)propyl]

pyrimidin-4-yl]azetidine-1-sulphonamide

A solution of N-[2-[[(2,3-difluorophenyl)methyl]jthio]-6-[(2,2-dimethyl-1,3-dioxan-5-
yDmethyl]-4-pyrimidinyl]azetidine-1-sulphonamide (the product of step ii) (78mg) and
pyridinium para-toluenesulphonate (79mg) in methanol (1.8ml) and one drop of water was
heated at 60°C for 15min. The solution was cooled and the solvent evaporated under reduced
pressure. The residue was dissolved in dichloromethane and washed with 2N hydrochloric
acid and water, dried (MgSO,) and the solvent evaporated under reduced pressure to give a
viscous yellow oil (17mg). The aqueous washings were combined, the pH adjusted to 5 with
aqueous sodium bicarbonate and then extracted with ethyl acetate. The organic solution was
dried (MgSO,) and the solvent evaporated under reduced pressure. The residual viscous oil
was dissolved in dichloromethane and the solvent evaporated at room temperature under
reduced pressure to give the title product as a white solid. Yield 62mg.

MS: APCI (-ve) 459 [M-1]

'H NMR: § (DMSO) 11.17 (s,1H), 7.44 (t,1H), 7.33 (m,1H), 7.14 (m,1H), 6.65 (s,1H), 4.45
(s,4H), 3.92 (t,4H), 3.38 (m,4H), 2.57 (d,2H), 2.12 (p,2H), 1.98 (,1H)
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The intermediates for this compound were prepared as follows:

i) 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2,2-dimethyl-1,3-dioxan-5-
yDmethyl]pyrimidine

A solution of 0.5M 9-borabicyclo[3.3.1]nonane (9-BBN) in tetrahydrofuran (17.12ml) and
2,2-dimethyl-5-methylene- 1,3-dioxane (Tet. Lett. (1988) 29 (45) 5703 — 5706) (1.3g) was
heated at 45°C for 18h. The solution was cooled and added to mixture of palladium(II)
acetate, potassium phosphate (1.16g), (biphenyl-2-yl)dicyclohexyl- phosphine (0.14g) and
4,6-dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (1.5g) stirred under nitrogen. The
mixture was heated in a microwave at 70°C, 250W for a total of 1.5h, then 70°C on a hot-plate
for 2 days. The reaction mixture was adsorbed onto silica-gel, the solvent evaporated under
reduced pressure and the residue purified by flash silica-gel chromatography eluting with 20%
ethyl acetate in iso-hexane to give a yellow oil. The oil was further purified by flash silica-gel
chromatography eluting with dichloromethane to give the sub-title product as a viscous oil.
Yield: 110mg.

MS: APCI (-ve) 399 [M-1]

ii) N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2,2-dimethyl-1,3-dioxan-5-y)methyl]-4-
pyrimidinyl]azetidine-1-sulphonamide

A solution of the product of step i) (109mg), tris(dibenzylideneacetone)dipalladium(0)
(14mg), azetidine-1-sulphonamide (145mg), 2-dicyclohexyl-phosphino-2’,4’,6’-tri-
isopropyl,1,1’-biphenyl (XPHOS)(14mg) and cesium carbonate (120mg) in anhydrous
dioxane (2.3ml) was heated at 100°C for 45min. The reaction mixture was partitioned
between ethyl acetate and water. Acetic acid (0.2ml) was added and the separated organic
phase was washed with water and brine, dried (MgSQOs) and the solvent evaporated under
reduced pressure. The residue was purified by flash silica-gel chromatography eluting with
40% ethyl acetate in iso-hexane to give the sub-title compound as a yellow viscous oil.
Yield: 78mg.

MS: APCI (-ve) 499 [M-1]
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Example 4
N-(2-[(2,3-difluorobenzyl)thio]-6-{[(1R,2R)-2-hydroxy-1-methylpropyl]oxy }pyrimidin-4-
yl)azetidine-1-sulfonamide

/E\_/OH
N : '
O\\S/IO /&\l\ I F
C/N’ \” N~ S

The title compound was prepared according to the procedure outlined in example 1 step (iv)

using a mixture of azetidine-1-sulfonamide (150mg), tris(dibenzylideneacetone)dipalladium

(0) (25 mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (25mg),

cesium carbonate (244mg) and (2R,3R)-3-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-
10 yl}oxy)butan-2-ol (200mg) in anhydrous dioxane (10ml). Purification was by reverse phase

HPLC eluting with acetonitrile / aq. 0.1% ammonium acetate mixtures to give title compound

as a white solid. Yield: 79mg

MS: APCI (+ve) 461 [M+1]

'H NMR: § (CDCl;) 7.26-7.22 (1H, m), 7.10-6.99 (2H, m), 6.33 (1H, s), 5.07 -5.00 (1H, m),
15 4.37 (2H, s), 4.02 (4H, t), 3.89-3.82 (1H, m), 2.25 (2H, quintet), 1.26-1.21(6H, m)

The intermediates for this compound were prepared as follows:

i) (2R,3R)-3-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}oxy)butan-2-ol

20 To a solution of (2R,3R)-butane-2,3-diol (250mg) and 4,6-Dichloro-2-[(2,3-
difluorobenzyl)thio]pyrimidine (the product of example 1 step (ii)) (427mg) in anhydrous
tetrahydrofuran (20ml) at ambient temperature was added 60% sodium hydride (33.4mg).
After stirring for 15 minutes the reaction mixture was partitioned between aq. ammonium
chloride solution and ethyl acetate. The organics collected, dried (MgSOy) and solvents

25 removed under vacuo to give the subtitle compound as colourless gum. Yield: 525mg.
MS: APCI(+ve) 361 [M+H"]
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Example 5
N-(2-[(2,3-difluorobenzyl)thio]-6-{[(15,25)-2-hydroxy-1-methylpropyl]oxy }pyrimidin-4-
yl)azetidine-1-sulfonamide

PTNY

5 The title compound was prepared according to the procedure outlined in example 4 using a
mixture of azetidine- 1-sulfonamide (150mg), tris(dibenzylideneacetone)dipalladium (0) (25
mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (25mg), cesium
carbonate (244mg) and (28,35)-3-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-
yl}oxy)butan-2-ol (200mg) in anhydrous dioxane (10ml). Purification was by reverse phase

10 HPLC eluting with acetonitrile / aq. 0.1% ammonium acetate mixtures to give title compound
as a white solid. Yield: 60mg
MS: APCI (+ve) 461 [M+1]
'H NMR: § (CDCl) 7.25-7.21 (1H, m), 7.10-6.99 (2H, m), 6.32 (1H, s), 5.07 —5.00 (1H, m),
4.37 (2H, s), 4.02 (4H, t), 3.88-3.81 (1H, m), 2.26 (2H, quintet), 1.26-1.21(6H, m)

15

The intermediates for this compound were prepared as follows:

i) (25,35)-3-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}oxy)butan-2-ol
The subtitle compound was prepared according to the procedure outlined in example 4 step (i)
20 using (25,35)-butane-2,3-diol (250mg) and 4,6-Dichloro-2-[(2,3-
difluorobenzyl)thio]pyrimidine (the product of example 1 step (ii)) (427mg) in anhydrous
tetrahydrofuran (20ml) and 60% sodium hydride (33.4mg) to give the subtitle compound as a
colourless gum. Yield: 440mg.
MS: APCI(+ve) 361 [M+H"]
25
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Example 6
N-[2-[[(2,3-difluorophenyl)methyl]thie]-6-[[(2R)-2,3-dihydroxypropylloxy]-4-

pyrimidinyl]-1-azetidinesulfonamide

~~OH
A ~N
Q\S:p /&N\ P F
C/N’ ‘H N~ S

To a solution of N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(25)-1,4-dioxaspiro[4.5]dec-2-

a1

ylmethoxy]-4-pyrimidinyl]- 1-azetidinesulfonamide (the product of step ii) (0.34g) in
methanol (5mL)/ H,O (0.1mL) was added pyridinium p-toluenesulfonate (78mg) and the
mixture was stirred at reflux for 2h and then ambient temperature for 20h. The reaction

10 mixture was evaporated, suspended in H,O and extracted with EtOAc (x2). The combined
organic layers were dried (MgSQy), filtered and evaporated. The residue was purified by
column chromatography on silica gel using DCM/MeOH (98:2) as eluent to give the title
compound as a white solid. Yield: 0.15g
MS: APCI(+ve) 463 [M+H"]

15 'H NMR: § (DMSO) 2.13 (quintet, 2H), 3.42 (m, 2H), 3.77 (m, 1H), 3.82 (t, 4H), 4.16 (dd,
1H), 4.35 (dd, 1H), 4.46 (s, 2H), 4.67 (t, 1H), 4.97 (d,1H), 6.16 (s, 1H), 7.17 (m, 1H), 7.35
(m, 1H), 7.44 (m, 1H), 11.13 (br s, 1H);

The intermediates for this compound were prepared as follows:

20
i) 4-chloro-2-[[(2,3-difluorophenyl)methyl]thiel-6-[(2S5)-1,4-dioxaspiro[4.5]dec-2-
ylmethoxy]-pyrimidine
The subtitle compound was prepared according to the procedure outlined in example 1 step
iii) using (25)-1,4-dioxaspiro[4.5]decane-2-methanol (0.46g) and 4,6-Dichloro-2-[(2,3-

25 difluorobenzyl)thio]pyrimidine (the product of example 1 step (ii) (0.75g) in THF (8mL) and
60% sodium hydride (39mg) to give the subtitle compound as a pale yellow solid. Yield:
0.70g.

MS: APCI(+ve) 403/405 [M+H"]
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ii) N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[(2S)-1,4-dioxaspiro[4.5]dec-2-ylmethoxy]-
4-pyrimidinyl]j-1-azetidinesulfonamide

The subtitle compound was prepared according to the procedure outlined in example 1 step
iv) using a mixture of azetidine- 1-sulfonamide (prepared according to patent WO
2004/011443, 0.25g), tris(dibenzylideneacetone)dipalladium (0) (83mg), 2-
dicyclohexylphosphino-2°,4’,6’-tri-isopropyl- 1,1’-biphenyl (XPHOS) (43mg), cesium
carbonate (0.44g) and 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2S)-1,4-
dioxaspiro[4.5]dec-2-ylmethoxy]-pyrimidine (0.40g) in dioxane (8mL). Purification was by
column chromatography on silica gel using EtOAC/isohexane (1:9 to 1:2 gradient) as eluent
to give the subtitle compound as a pale yellow oil. Yield: 0.34g

MS: APCI(+ve) 543 [M+H*]

Example 7
N-[2-[[(2,3-diﬂu0rophenyl)methyl]thio]-6-[[(2S)-2,3-dihydroxypropyl]oxy]-4-
pyrimidinyl]-1-azetidinesulfonamide

0 OH

N
Q§p |/J\I\OHF i

To a solution of N-[2-[[(2,3-difluorophenyl)methyl] thio]-6-[[(4R)-2,2-dimethyl-1,3-dioxolan-
4-yllmethoxy]-4-pyrimidinyl]-1-azetidinesulfonamide (the product of step ii) (0.48 g)in
methanol (5 mL)/ H,0O (0.1mL) was added pyridinium p-toluenesulfonate (0. 12g) and the
mixture was stirred at reflux for 2h. The reaction mixture was evaporated, suspended in H,O
and extracted with EtOAc (x2). The combined organic layers were dried MgSOy), filtered
and evaporated. The residue was triturated with DCM to give the title compound as a white
solid. Yield: 0.30g

MS: APCI(+ve) 463 [M+H*]

'H NMR: § (DMSO) 2.15 (quintet, 2H), 3.42 (m, 2H), 3.77 (m, 1H), 3.90 (t, 4H), 4.17 (dd,
1H), 4.35 (dd, 1H), 4.46 (s, 2H), 4.67 (t, 1H), 4.98 (d,1H), 6.16 (s, 1H), 7.16 (mn, 1H), 7.34
(m, 1H), 7.44 (m, 1H), 11.13 (br s, 1H);
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The intermediates for this compound were prepared as follows:

i) 4-chloro-2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[[(4R)-2,2-dimethyl-1,3-di0xolan-4-
yllmethoxy]-pyrimidine

The subtitle compound was prepared according to the procedure outlined in example 1 step
iii) using 2,2-dimethyl-(4R)-1,3-dioxolane-4-methanol (0.26g) and 4,6-Dichloro-2-[(2,3-
difluorobenzyl)thio]pyrimidine (the product of example 1 step ii) (0.50g) in THF (5mL.) and
60% sodium hydride (79mg) to give the subtitle compound as a clear, colourless oil. Yield:
0.47g.

MS: APCI(+ve) 403/405 [M+H"]

ii) N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[[(4R)-2,2-dimethyl-1,3-dioxolan-4-
yllmethoxy]-4-pyrimidinyl]-1-azetidinesulfonamide

The subtitle compound was prepared according to the procedure outlined in example 1 step
1v) using a mixture of azetidine-1-sulfonamide (prepared according to patent WO
2004/011443, 0.24g), tris(dibenzylideneacetone)dipalladium (0) (0.11 2), 2-
dicyclohexylphosphino-2°,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (55mg), cesium
carbonate (0.57g) and 4-chlor0-2-[[(2,3—diﬂuorophenyl)methyl]thio]-6-[[(4R)-2,2-dimethy1-
1,3-dioxolan-4-ylJmethoxy]-pyrimidine (0.47g) in dioxane (8mL). Purification was by
column chromatography on silica using EtOAc/isohexane (3:7) as eluent to give the subtitle
compound as a pale yellow solid. Yield: 0.49g

MS: APCI(+ve) 503 [M+H"]

Example 8
N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[[(2R)-2,3-dihydroxy-1,l-dimethylpropyl]oxy]-

4-pyrimidinyl]-1-azetidinesulfonamide
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L Y8

To a suspension of N—[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[1-[(4R)-2,2-dimethyl-1,3-
dioxolan-4-yl]-1-methylethoxy]-4-pyrimidinyl]- 1 -azetidinesulfonamide (the product from
step iii) 0.34g) in DCM (9mL) was added iron (IIT) chloride hexahydrate (0.61g) and the
mixture was stirred at ambient temperature for 35min. The reaction mixture was diluted with
sat. sodium hydrogencarbonate solution and extracted with DCM (x3). The combined organic
layers were dried (MgSOs), filtered and evaporated. The residue was purified by column
chromatography on silica gel using MeOH/DCM (99:1 to 98:2 gradient) as eluent to give the
title compound as a white foam. Yield: 0.20g

MS: APCI(+ve) 489 [M+H"]

'H NMR: § (DMSO) 1.41 (s, 3H), 1.44 (s, 3H), 2.16 (quintet, 2H), 3.32 (m, 1H), 3.56 (m,
1H), 3.87 (m, 1H), 3.91 (t, 4H), 4.46 (m, 3H), 4.98 (d, 1H), 6.06 (s, 1H), 7.18 (m, 1H), 7.37
(m, 1H), 7.42 (m, 1H), 11.06 (br s, 1H)

The intermediates for this compound were prepared as follows:

i) a,a-2,2-tetramethyl-(4R)-1,3-dioxolane-4-methanol

To anhydrous cerium (III) chloride (8.1g of heptahydrate dried under high vacuum at 150°C
for 20h) was added THF (10mL) then methyllithium (1.6M, 11.7mL) and the reaction mixture
was stirred at ambient temperature for 10min. A solution of 2,2-dimethyl-(4R)-1,3-dioxolane-
4-carboxylic acid methyl ester (1g) in THF (5mL) was added and the mixture was stirred at
ambient temperature for 1.5h. The reaction mixture was quenched by a slow addition of H,0
(10mL) and then extracted with Et,O (x2). The combined organic layers were dried
(MgSOy), filtered and evaporated to afford the subtitle compound as a yellow oil. Yield:
0.40g.

'H NMR: § (CDCL) 1.16 (s, 3H), 1.24 (s, 3H), 1.37 (s, 3H), 1.46 (s, 3H), 3.83 (m, 1H), 3.96
(m, 2H)
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ii) 4-chloro-2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[1-[(4R)-2,2-dimethyl-1,3-dioxolan-4-
yl]-1-methylethoxy]-pyrimidine

The subtitle compound was prepared according to the procedure outlined in example 1 step
1ii) using a,0-2,2-tetramethyl-(4R)- 1,3-dioxolane-4-methanol (0.32g) and 4,6-Dichloro-2-
[(2,3-difluorobenzyl)thio]pyrimidine (the product of example 1 step ii) (0.56g) in THF (5mL)
and 60% sodium hydride (80mg) to give the subtitle compound as a pale yellow oil. Yield:
0.43g.

'H NMR: § (CDCl) 1.16 (s, 3H), 1.24 (s, 3H), 1.55 (s, 3H), 1.57 (s, 3H), 3.87 (dd, 1H), 4.02
(dd, 1H), 4.35 (t, 1H), 4.41 (s, 2H), 6.38 (s, 1H), 7.04 (m, 2H), 7.26 (m, 1H)

iii) N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[1-[(4R)-2,2-dimethyl-1,3-di0xolan-4-yl]-1-
methylethoxy]-4-pyrimidinylj-1-azetidinesulfonamide

The subtitle compound was prepared according to the procedure outlined in example 1 step
iv) using a mixture of azetidine- 1-sulfonamide (prepared according to patent WO
2004/011443, 0.20g), tris(dibenzylideneacetone)dipalladium (0) (9 1mg), 2-
dicyclohexylphosphino-2°,4°,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (42mg), cesium
carbonate (0.49g) and 4-chlor0-2-[[(2,3-d'1ﬂuorophenyl)methyl]thio]-6-[1-[(4R)-2,2-dimethy1—
1,3-dioxolan-4-yl]- 1-methylethoxy]-pyrimidine (0.43g) in dioxane (8mL). Purification was
by column chromatography on silica gel using EtOAc/isohexane (2:8) as eluent to give the
subtitle compound as a pale yellow foam. Yield: 0.43g

MS: APCI(-ve) 529 [M+H]

Example 9
N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[[(25)-2,3-dihydroxy-l,l-dimethylpropyl]oxy]-
4-pyrimidinyl]-1-azetidinesulfonamide

o OH

00O SN OH F
N l
F
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To a suspension of N- [2-[[(2,3-diﬂuorophenyl)methyl]thjo]-6-[1-[(4S)-2,2-dimethyl-1,3-
dioxolan-4-yl]- 1-methylethoxy]-4-pyrimidinyl]-1-azetidinesulfonamide (the product from
step iii) (0.37g) in DCM (10mL) was added iron (III) chloride hexahydrate (0.66g) and the
mixture was stirred at ambient temperature for 1h. The reaction mixture was diluted with sat.
sodium hydrogencarbonate solution and extracted with DCM (x3). The combined organic
layers were dried (MgSOsy), filtered and evaporated. The residue was purified by column
chromatography on silica gel using a MeOH/DCM (99:1 to 98:2 gradient) as eluent to give
the title compound as a white solid. Yield: 0.16g
MS: APCI(+ve) 489 [M+H"]
'H NMR: & (DMSO) 1.42 (s, 3H), 1.44 (s, 3H), 2.15 (quintet, 2H), 3.33 (m, 1H), 3.56 (m,
1H), 3.87 (m, 1H), 3.90 (t, 4H), 4.44 (m, 3H), 4.98 (d, 1H), 6.06 (s, 1H), 7.17 (m, 1H), 7.36
(m, 1H), 7.41 (m, 1H), 11.06 (br s, 1H)

The intermediates for this compound were prepared as follows:

i) a,0-2,2-tetramethyl-(45)-1,3-dioxolane-4-methanol

To anhydrous cerium (III) chloride (8.1g of heptahydrate dried under high vacuum at 150°C
for 20h) was added THF (10mL) then methyllithium (1.6M, 11.7mL) and the reaction mixture
was stirred at ambient temperature for 10min. A solution of 2,2-dimethyl- -(45)-1,3-
dioxolane-4-carboxylic acid methyl ester (1g) in THF (5SmL) was added and the mixture was
stirred at ambient temperature for 1.5h. The reaction mixture was quenched by a slow
addition of H,O (10mL) and then extracted with Et,O (x2). The combined organic layers
were dried (MgSOs), filtered and evaporated to afford the subtitle compound as a yellow oil.
Yield: 0.75g.

'H NMR: & (CDCl) 1.15 (s, 3H), 1.24 (s, 3H), 1.38 (s, 3H), 1.43 (s, 3H), 3.84 (m, 1H), 3.97
(m, 2H)

ii) 4-chloro-2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[1-[(4S)-2,2-dimethyl-1,3-dioxolan-4-
yl]-1-methylethoxy]-pyrimidine

The subtitle compound was prepared according to the procedure outlined in example 1 step
iii) using a,a-2,2-t¢tramethyl—(4S)-1,3-dioxolane-4-methanol (0.32¢g) and 4,6-Dichloro-2-
[(2,3-difluorobenzyl)thio]pyrimidine (the product of example 1 step ii) (0.56g) in THF (5mL)
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and 60% sodium hydride (80mg) to give the subtitle compound as a colourless oil. Yield:
0.37g.

'H NMR: § (CDCl) 1.15 (s, 3H), 1.24 (s, 3H),.1.55 (s, 3H), 1.57 (s, 3H), 3.88 (dd, 1H), 4.02
(dd, 1H), 4.35 (t, 1H), 4.41 (s, 2H), 6.38 (s, 1H), 7.03 (m, 2H), 7.26 (m, 1H)

iii) N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[1-[(4S)-2,2-dimethyl-1,3-dioxolan-4-yl]-l-
methylethoxy]-4-pyrimidinyl]-1-azetidinesulfonamide

The subtitle compound was prepared according to the procedure outlined in example 1 step
iv) using a mixture of azetidine- 1-sulfonamide (prepared according to patent WO
2004/011443, 0.17g), tris(dibenzylideneacetone)dipalladium (0) (78 mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (40mg), cesium
carbonate (0.42g) and 4-chlor0-2-[[(2,3-diﬂu0ropheny1)methyl]thio]-6-[1-[(4S)—2,2-dimethy1-
1,3-dioxolan-4-yl]- 1-methylethoxy]-pyrimidine (0.37g) in dioxane (8mL). Purification was
by column chromatography on silica gel using EtOAc/isohexane (2:8 to 3:7 gradient) as
eluent to give the subtitle compound as a pale yellow oil. Yield: 0.37g

MS: APCI(-ve) 529 [M+H]

Example 10
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[2-hydroxy-1-(hydroxymethyl)-1-
methylethoxy]-4-pyrimidinyl]-1-azetidinesulfonamide

OH

Y
0 0 EN F
\\I/ R
F
s

To a suspension of N—[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[(2,2,5-trimethy1— 1,3-dioxan-5-
yDoxy]-4-pyrimidinyl]-1-azetidinesulfonamide (the product from step ii) (0.46g) in DCM
(15mL) was added iron (III) chloride hexahydrate (0.85g) and the mixture was stirred and
ambient temperature for 30min. A saturated solution of sodium hydrogencarbonate was added

and then extracted with DCM (x4). The combined organic layers were dried (MgSO0,),
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filtered and evaporated. The residue was purified by column chromatography on silica gel
using a MeOH/DCM (99:1 to 98:2 gradient) as eluent to give the title compound as a white
foam. Yield: 100mg

MS: APCI(-ve) 475 [M+H]

"H NMR: § (DMSO) 1.43 (s, 3H), 2.15 (quintet, 2H), 3.63 (dd, 2H), 3.73 (dd, 2H), 3.92 (t,
4H), 4.44 (s, 2H), 4.78 (t, 2H), 6.09 (s, 1H), 7.17 (m, 1H), 7.36 (mn, 1H), 7.43 (m, 1H), 11.06
(s, 1H)

The intermediates for this compound were prepared as follows:

i) 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2,2,5-trimethyl-1,3-dioxan-5-yl)oxy]-
pyrimidine

The subtitle compound was prepared according to the procedure outlined in example 1 step
iii) using 2,2,5-trimethyl-1,3-dioxan-5-o0l (as prepared in Synthesis, 1998, p879) (0.29g) and
4,6-Dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the product of example 1 step ii) (0.51g)
in THF (5mL) and 60% sodium hydride (80mg) to give the subtitle compound as a yellow oil.
Yield: 0.44g.

'H NMR: § (CDCl) 1.16 (s, 3H), 1.24 (s, 3H), 1.53 (s, 3H), 3.85 (d, 2H), 4.14 (d, 2H), 4.38
(s, 2H), 6.48 (s, 1H), 7.04 (m, 2H), 7.26 (m, 1H)

ii) N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2,2,5-trimethyl-1,3-dioxan-5-yl)oxy]-4-
pyrimidinyl]-1-azetidinesulfonamide

The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of azetidine- 1-sulfonamide (prepared according to patent WO
2004/011443, 0.22g), tris(dibenzylideneacetone)dipalladium (0) (97mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.52g) and 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2,2,5-trimethyl-1,3-
dioxan-5-yl)oxy]-pyrimidine (0.44g) in dioxane (10mL). Purification was by column
chromatography on silica gel using EtOAc/isohexane (2:8 to 3:7 gradient) as eluent to give
the subtitle compound as a pale yellow oil. Yield: 0.46g

MS: APCI(+ve) 517 [M+H"]
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Example 11
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-

pyrimidinyl]-2-thiazolesulfonamide

5 To a solution of 2-[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2-thiazolylsulfonyl)amino]-4-
pyrimidinylJoxy]-(2R)-propanoic acid ethyl ester (the product from step ii) (0.11g) in THF
(3mL) was added lithium borohydride (2M solution in THF, 0.23mL) and the mixture was
mixture was stirred at ambient temperature for 20h. The reaction mixture was cooled to 0°C,
quenched with 0.5M HCl solution and the aqueous was extracted with EtOAc (x2). The

10 combined organic layers were dried (MgSOa), filtered and evaporated. The residue was
purified by column chromatography on silica gel using MeOH/DCM (99:1 to 98:2 gradient)
as eluent to give the title compound as a white solid. Yield: 15mg
MS: APCI(+ve) 475 [M+H']

'H NMR: § (CDCL) 1.44 (d, 3H), 3.72 (m, 2H), 4.34 (q, 2H), 5.25 (m, 1H), 5.29 (s, 1H), 6.43

15 (s, 1H), 7.03 (m, 2H), 7.17 (t, 1H), 7.66 (s, 1H), 7.98 (s, 1H)

The intermediates for this compound were prepared as follows:

i) 2-[[6-chloro-2-[[(2,3-diﬂuorophenyl)methyl]thio]-4-pyrimidinyl]oxy]-(2R)—propanoic
20 acid ethyl ester

The subtitle compound was prepared according to the procedure outlined in example 1 step

iii) using 2-hydroxy-(2R)-propanoic acid ethyl ester (1.45mL) and 4,6-Dichloro-2-[(2,3-

difluorobenzyl)thio]pyrimidine (the product of example 1 step ii) (3g) in THF (40mL) and

60% sodium hydride (0.55g) to give the subtitle compound as a clear, colourless oil. Yield:
25 2.85g.

MS: APCI(+ve) 389/391 [M+H']
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ii) 2-[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2-thiazolylsulfonyl)amino]-4-
pyrimidinyl]oxy]-(2R)-propanoic acid ethyl ester
The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of 2-thiazolesulfonamide (0.17g), tris(dibenzylideneacetone)dipalladium
(0) (64mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-bipheny! (XPHOS) (33mg),
cesium carbonate (0.34g) and 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinyl]oxy]-(2R)- propanoic acid ethyl ester (0.27g) in dioxane (5mL). Purification was
by column chromatography on silica using EtOAc/isohexane (1:9 to 1:1 gradient) as eluent to
give the subtitle compound as a pale yellow oil. Yield: 0.11g
MS: APCI(+ve) 517 [M+H"]

Example 12
N-[6-(difluoromethoxy)-2-[[(2,3-diflucrophenyl)methyl]thio]-4-pyrimidinyl]-1-
azetidinesulfonamide

F

)

The title compound was prepared according to the procedure outlined in example 1 step (iv)

O)\F

SN F
0. .0
;S:H/Q\S/\@F

using a mixture of azetidine-1-sulphonamide (prepared according to patent WO 2004/011443,
0.11 g), tris(dibenzylideneacetone)dipalladium (0) (0.10g), 2-dicyclohexylphosphino-2°,4°,6’-
tri-isopropyl-1,1’-biphenyl (XPHOS) (60mg), cesium carbonate (0.26g), 4-chloro-6-
(difluoromethoxy)-2-[[(2,3-difluorophenyl)methyl]thio]-pyrimidine (product of step ii)
(0.18g) and anhydrous dioxane (SmL). Purification was by column chromatography on silica
gel using EtOAc/isohexane (3:7) as eluent and the relevant fractions were evaporated. The
resulting oil was triturated with diethyl ether/iso-hexane to give the title compound as a white
solid. Yield: 70mg

MS: APCI(+ve) 439 [M+H")
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'H NMR: & (DMSO) 2.13 (quintet, 2H), 3.93 (t, 4H), 4.50 (s, 2H), 6.30 (s, 1H), 7.19 - 7.12
(m, 1H), 7.45 - 7.30 (m, 2H), 7.79 (¢, 1H), 11.53 (s,1H)

The intermediates for this compound were prepared as follows:

i) 6-(difluoromethoxy)-2-[[(2,3-difluorophenyl)methyl]jthio]- 4-pyrimidinol

To a solution of 2-[[(2,3-difluorophenyl)methyl]thio]-4,6-pyrimidinediol

(3g) in DMF (30mL), cesium carbonate (4.3g) and chlorodifluoro-acetic acid sodium salt
(1.9g) was added. The resulting mixture was heated at 100°C for 2h. The reaction mixture
was cooled then diluted with H,O and extracted with EtOAc. The organic layer was washed
with HyO and dried (MgSO,), filtered and evaporated. Purification was by column
chromatography on silica gel using EtOAc/isohexane (2:8) as eluent to give the subtitle
compound as a white solid. Yield: 0.4g

MS: APCl(+ve) 421 [M+H")

'H NMR: § (DMSO) 4.53 (s, 2H), 7.13 - 7.22 (m, 1H), 7.30 - 7.42 (m, 2H), 7.75 (t, 1H)

ii) 4-chloro-6-(difluoromethoxy)-2-[{(2,3-difluorophenyl)methyl]thio]-pyrimidine

To a solution of 6-(difluoromethoxy)-2-[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinol
(product of step i) (0.4g) in 1,2-dimethoxyethane was added benzyltriethylammonium
chloride (3mg) and phosphorous oxychloride (0.23mL). The resulting mixture was heated to
reflux for 16 hours. The reaction mixture was cooled then diluted with H,O and extracted
with EtOAc. The organic layer was washed with H,O and dried (MgSO,), filtered and
evaporated. Purification was by column chromatography on silica gel using EtOAc/isohexane
(2:8) as eluent to give the subtitle compound as a clear, colourless oil. Yield: 0.35g

'H NMR: § (DMSO) 4.54 (s, 2H), 7.12 - 7.22 (m, 2H), 7.25 (s, 1H), 7.30 - 7.42 (m, 2H), 7.81
(t, 1H)
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Example 13
N-[2-[[(2,,3-diﬂuorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl]- 4-pyridinesulfonamide

O/'g\/OH

° 0@\ F
@rS\N v STjF
H
N~

5 To a solution of N—[2—[[(2,3—diﬂuorophenyl)methyl]thio]-6-[(1R)—1-methyl—2-
(triphenylmethoxy)ethoxy]-4-pyrimidinyl]-4-pyridinesulfonamide (the product from step iv).
(100mg) in MeOH (10mL) was added p-toluenesulfonic acid (31mg) and anisole (0.15g). The
reaction was then stirred at room temperature for 18h. The reaction was partitioned between
EtOAc (100mL) and H,0 (100mL). The aqueous layer was then further extracted with EtOAc

10 (2x100mL). The combined organic layers were dried (MgSO,), filtered and evaporated. The
residue was purified by reverse phase HPLC using a TFA (0.2%)/MeCN to give the title
compound as a white solid. Yield: 50mg.

MS: APCI(+ve) 496 [M+H"]
'H NMR: § (DMSO) 1.13 (d, 3H), 4.30 (s, 2H), 5.06-5.12 (m, 1H), 6.0 (s, 1H), 7.07-7.38 (m,

15 3H), 7.84 (d, 2H), 8.86 (d, 2H)

The intermediates for this compound were prepared as follows:

i) 4-pyridinesulfonamide ,

20 A solution of 4-pyridinethione (3.33g) in ¢.HCI (22.5mL) and H,O (6mL) was bubbled with
chlorine gas at room temperature for 3h. The reaction mixture was then poured onto ice (15g),
and the slurry was then transferred to ice-cold 0.88 ammonia (120mL). This mixture was then
stirred at room temperature overnight before being concentrated in vacuo until solid began to
precipitate. At this point the reaction mixture was cooled overnight in the refrigerator and the

25 solid collected by filtration as a yellow solid. Yield: 1.51g,

'H NMR: § (DMSO) 7.73 (s, 2H), 7.75 (d, 2H), 8.84 (d, 2H)
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ii) (2R)-1-(triphenylmethoxy)-2-propanol
To a suspension of (2R)-1,2-propanediol (1.9mL) in toluene (20mL) was added triethylamine
(8.3mL) and 4-dimethylaminopyridine (32mg). The mixture was ice-cooled and 1,1',1"
(chloromethylidyne)tris-benzene (6.6g) was added and the mixture stirred at ambient
temperature for 20h. The reaction mixture was diluted with toluene then extracted with
ammonium chloride solution (x2), then brine (x1) and the organic layer was dried (MgSO,),
filtered and evaporated. The resulting oil was triturated with iso-hexane to give subtitle
compound as a white solid. Yield: 4g
'"H NMR: § (CDCh) 1.09 (d, 3H), 2.34 (d, 1H), 2.97 (dt, 1H), 3.15 (dd, 1H), 3.97 (m, 1H),
7.23 (m, 3H), 7.28 (m, 6H), 7.45 (m, 6H)

iii) 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-1-methyl-2-
(triphenylmethoxy)ethoxy]-pyrimidine

The subtitle compound was prepared according to the procedure outlined in example 1 step
(iii) using (2R)-1-(triphenylmethoxy)-2-propanol (1.35g) and 4,6-Dichloro-2-[(2,3-
difluorobenzyl)thio]pyrimidine (the product of example 1 step (ii) (1g) in THF (15mL) and
60% sodium hydride (0.18g) to give the subtitle compound as a pale yellow oil. Yield: 1.8g.
MS: APCI(+ve) 589 [M+H']

iv) N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-1-methyl-2-
(triphenylmethoxy)ethoxyl-4-pyrimidinyl]-4-pyridinesulfonamide

A mixture of 4-pyridinesulfonamide (the product from step 1) (0.21g),
tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-2’,4°,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.66g) and 4- chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-[( 1R)-1-methyl-2-(triphenylmethoxy)ethoxy]-pyrimidine (the
product from step iii) (0.40g) in dioxane (20mL) was heated at reflux in a microwave at
100°C, 300W, open vessel with cooling for 3h. The reaction mixture was diluted with DCM,
filtered through arbocel and the filtrate evaporated. The residue was purified by reverse phase
HPLC using a TFA (0.2%)/MeCN system to give the title compound as a yellow solid. Yield:
0.21g.

MS: APCI(+ve) 711 [M+H']
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TH NMR: § (DMSO) 8.85 - 8.76 (m, 2H), 7.83 - 7.73 (m, 2H),7.26 - 7.17 (m, 18H), 6.03 (s,
1H), 5.44 - 5.35 (m, 1H), 4.29 (s, 2H), 3.08 - 3.01 (m, 2H), 1.22 - 1.14 (m,3H)

Example 14
N-[2-[((2,3-difluorophenyl)methyl]thio]-6-ethoxy-4-pyrimidinyl]-1-azetidinesulfonamide

o
O\\ ',O ﬁN F
Y

The title compound was prepared according to the procedure outlined in example 1 step iv)
using a mixture of azetidine- 1-sulfonamide (prepared according to patent WO 2004/011443,
0.17g), tris(dibenzylideneacetone)dipalladium (0) (75mg), 2-dicyclohexylphosphino-2°,4’,6’-
tri-isopropyl-1,1°’-biphenyl (XPHOS) (40mg), cesium carbonate (0.40g) 4-chloro-2-[[(2,3-
difluorophenyl)methyljthio]-6-ethoxy-pyrimidine (the product from step i) (0.26g)) in
dioxane (5mL). Purification was by column chromatography on silica gel using
EtOAc/isohexane (1:9) as eluent to give the title compound as a white solid. Yield: 0.17g
MS: APCI(+ve) 417 [M+H"]

'H NMR: § (DMSO) 1.27 (t, 3H), 2.13 (quintet, 2H), 3.90 (t, 4H), 4.34 (q, 2H), 4.47 (s, 2H),
6.12 (s, 1H), 7.15 (m, 1H), 7.33 (m, 1H), 7.42 (m, 1H), 11.11 (br s, 1H)

The intermediate for this compound was prepared as follows:

i) 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-ethoxy-pyrimidine

To a solution of 4,6-Dichloro-2-{(2,3-difluorobenzyl)thio]pyrimidine (0.50g) in ethanol
(5mL) was added 60% sodium hydride (72mg) and the reaction mixture was stirred at
ambient temperature for 6h. The mixture was diluted with H,O and extracted with EtOAc
(x2). The combined organic layers were dried (MgSQy), filtered and evaporated to give the
subtitle compound as a clear, colourless oil. Yield:0.53g

MS: APCI(+ve) 317/319 [M+H"]
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Example 15
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-ethoxy-4-pyrimidinyl]-1-
piperazinesulfonamide

To a solution of 4-[[[2-[[(2,3-difluorophenyl)methyl]thio]-6-ethoxy-4-
pyrimidinyl]amino]sulfonyl]- 1-piperazinecarboxylic acid-1,1-dimethylethyl ester (the product
from step ii) (0.24g) in DCM (2mL) was added trifluroacetic acid (2mL) and the reaction
mixture was stirred at ambient temperature for 2.5h. The reaction mixture was evaporated,
the residue was azeotroped with DCM (x2) and then purified by reverse phase HPLC eluting
with acetonitrile / aq. 0.2% trifluoroacetic acid mixtures to give title compound as a white
solid. Yield: 0.18g

MS: APCI(+ve) 446 [M+H"]

'H NMR: § (DMSO) 1.28 (t, 3H), 3.18 (m, 4H), 3.44 (m, 4H), 4.36 (q, 2H), 4.47 (s, 2H), 6.05
(s, 1H), 7.18 (m, 1H), 7.37 (m, 2H), 8.73 (br s, 1H), 11.33 (br s, 1H)

The intermediate for this compound was prepared as follows:

i) 4-(aminosulfonyl)-1,1-dimethylethyl ester-1-piperazinecarboxylic acid

To a solution of 1,1-dimethylethyl ester-1-piperazinecarboxylic acid (2.94g) in dioxane
(40mL) was added sulfamide (4.0g). The reaction mixture was then heated at reflux for 24 h.
The reaction mixture was allowed to cool before being reduced in vacuo. The residue was
separated between EtOAc (300mL) and H,O (300mL) and the aqueous was further extracted
(2x300mL) with EtOAc. Combined organic layers were dried (MgSQa), filtered and
evaporated. The residue was purified by column chromatography on silica gel using
EtOAc/isohexane (1:1) as eluent to give the subtitle compound as a white solid. Yield: 2.03g.
'H NMR: 6§ (DMSO) 1.41 (s, 9H), 2.89 (t, 4H), 3.40 (t, 4H), 6.81 (s, 2H)
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ii) 4-[[[2-[[(2,3-diﬂuorophenyl)methyl]tﬁio]-6-ethoxy-4-pyrimidinyl]amino]sulfonyl]-1-
piperazinecarboxylic acid-1,1-dimethylethyl ester
The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of 4-(aminosulfonyl)- 1-piperazinecarboxylic acid-1,1-dimethylethyl
ester (the product from step i) (0.29g), tris(dibenzylideneacetone)dipalladium (0) (67mg), 2-
dicyclohexylphosphino-2’,4,6’-tri-isopropyl-1,1 -biphenyl (XPHOS) (35mg), cesium
carbonate (0.36g) and 4-chloro—2-[[(2,3-diﬂuorophenyl)methyl]thio]-6—ethoxy—pyr'1mjdine
(the product from example 14, step i) (0.23g) in dioxane (5mL). Purification was by column
chromatography on silica using EtOAc/isohexane (1:9 to 1:3 gradient) as eluent to give the
subtitle compound as a yellow oil. Yield: 0.25g
MS: APCI(-ve) 544 [M+H]

Example 16
N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-(2,2,2-triﬂuoroethoxy)-4-pyrimidinyl]-1-

azetidinesulfonamide

F
0O
/\§F
S U
C/N/S\{_\',l N/ S/\©/F

The title compound was prepared according to the procedure outlined in example 1 step iv)
using a mixture of azetidine- 1-sulfonamide (prepared according to patent WO 2004/011443,
0.14g), tris(dibenzylideneacetone)dipalladium (0) (60mg), 2-dicyclohexylphosphino-2’,4’,6’-
tri-isopropyl-1,1’-biphenyl (XPHOS) (30mg), cesium carbonate (0.32g) 4-chloro-2-[[(2,3-
difluorophenyl)methyl] thio]-6-(2,2,2-trifluoroethoxy)-pyrimidine (the product from step i)
(0.24g) in dioxane (SmL). Purification was by column chromatography on silica gel using
EtOAc/isohexane (1:9 to 2:8 gradient) as eluent to give the title compound as a white solid.
Yield: 0.11g

MS: APCI(+ve) 471 [M+H"]

'H NMR: § (DMSO) 2.1 (quintet, 2H), 3.83 (t, 4H), 4.51 (s, 2H), 5.03 (q, 2H), 6.22 (s, 1H),
7.16 (m, 1H), 7.36 (m, 1H), 7.42 (m, 1H), 11.33 (s, 1H)
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The intermediate for this compound was prepared as follows:

i) 4-chloro-2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-(2,2,2-triﬂu0roethoxy)-pyrimidine
The subtitle compound was prepared according to the procedure outlined in example 1 step
iii) using 2,2,2-trifluoroethanol (0.16mL) and 4,6-Dichloro-2-[(2,3-
difluorobenzyl)thio]pyrimidine (the product of example 1 step ii) (0.60g) in THF (6mL) and
60% sodium hydride (94mg) to give the subtitle compound as a clear, colourless oil. Yield:
0.6g.

'H NMR: § (DMSO) 4.54 (s, 2H, 5.14 (m, 2H), 7.13 (s, 1H), 7.19 (m, 1H), 7.37 (m, 2H)

Example 17
N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-(2,2,2-triﬂuoroethoxy)-4-pyrimidinyl]-1-

piperazinesulfonamide

HN\) HJ\/L/L ﬁ/

To a solution of 4-[[[2-[[(2,3-diﬂuorophenyl)methyl]thio]~6—(2,2,2—triﬂuoroeth0xy)-4—
pyrimidinyl]amino]sulfonyl]- 1-piperazinecarboxylic acid-1, 1-dimethylethyl ester (the product
from step i) (0.21g) in DCM (2mL) was added trifluroacetic acid (2mL) and the reaction
mixture was stirred at ambient temperature for 4h. The reaction mixture was evaporated, the
residue was azeotroped with Et;O (x2) and then purified by reverse phase HPLC eluting with
acetonitrile / aq. 0.2% trifluoroacetic acid mixtures to give title compound as a white solid.
Yield: 0.14g

MS: APCI(+ve) 500 [M+H*]

'H NMR: § (DMSO) 3.17 (m, 4H), 3.50 (m, 4H), 4.51 (s, 2H), 5.06 (q, 2H), 6.17 (s, 1H),
6.96-7.42 (m, 3H), 8.82 (br s, 2H)

The intermediate for this compound was prepared as follows:
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i) 4-[[[2—[[(2,3-diﬂuorophenyl)methyl]thio]-6-(2,2,2-triﬂuoroethoxy)-4-
pyrimidinyl]amino]sulfonyl}-1-piperazinecarboxylic acid-1,1-dimethylethyl ester
The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of 4-(amino sulfonyl)-1-piperazinecarboxylic acid-1,1-dimethylethyl
ester (the product from example 15, step i), 0.40g), tris(dibenzylideneacetone)dipalladium (0)
(91mg), 2-dicyclohexylphosphino-2’,4’ ,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (48mg),
cesium carbonate (0.49¢g) and 4-chloro-2-{[(2,3-difluorophenyl)methyl]thio]-6-(2,2,2-
trifluoroethoxy)-pyrimidine (the product from example 16, step i) (0.37g) in dioxane (6mL).
Purification was by column chromatography on silica gel using EtOAc/isohexane (1:9 to 2:8
gradient) as eluent to give the subtitle compound as a yellow solid. Yield: 0.22¢
MS: APCI(-ve) 598 [M+H]

Example 18
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-(1,1-dimethylethoxy)-4-pyrimidinyl]-1-

azetidinesulfonamide

The title compound was prepared according to the procedure outlined in example 1 step iv)
using a mixture of azetidine-1-sulfonamide (prepared according to patent WO 2004/011443,
0.16g), tris(dibenzylideneacetone)dipalladium (0) (70mg), 2-dicyclohexylphosphino-2’,4’,6’-
tri-isopropyl-1,1°-biphenyl (XPHOS) (36mg), cesium carbonate (0.37g) and 4-chloro-2-
[[(2,3-difluorophenyl)methyl]thio]}-6-(1,1-dimethylethoxy)-pyrimidine (the product from step
1) (0.26g) in dioxane (6mL). Purification was by column chromatography on silica gel using
EtOAc/isohexane (1:9 to 2:8 gradient) as eluent to give the title compound as a white solid.
Yield: 0.28¢g

MS: APCI(-ve) 443 [M+H]

'H NMR: 6 (DMSO) 1.48 (s, 9H), 2.16 (quintet, 2H), 3.92 (t, 4H), 4.46 (s, 2H), 6.03 (s, 1H),
7.17 (m, 1H), 7.35 (m, 1H), 7.42 (m, 1H), 11.05 (br s, 1H)
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The intermediate for this compound was prepared as follows:

i) 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-(1,1-dimethylethoxy)-pyrimidine

To a solution of 4,6-Dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the product of example
1 step ii) (2g) in THF (20mL) was added potassium tert-butoxide (0.8g) and the reaction
mixture was stirred at ambient temperature for 20h. Further potassium tert-butoxide (0.8g)
was added and the reaction mixture was stirred at ambient temperature for 4h. The mixture
was diluted with H,O and extracted with EtOAc (x3). The combined organic layers were
washed with H,O and dried (MgSO,), filtered and evaporated. The resulting oil was purified
by column chromatography on silica gel using MeOH/DCM (99:1 to 98:2 gradient) as eluent
to give the subtitle compound as a clear, colourless oil. Yield: 0.68g

TH NMR: § (DMSO) 1.50 (s, 9H), 4.47 (s, 2H), 6.70 (s, 1H), 7.19 (m, 1H), 7.37 (m, 2H)

Example 19
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[[2-hydroxy-1-(hydroxymethyl)ethyl]thio]-
pyrimidin-4-yl]azetidine-1-sulfonamide

OH

L on
~
O\\S”O/E\/)N\ i F
C/N' ‘u N~ S

A solution of N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2-phenyl-1,3-dioxan-5-yl)thio]
pyrimidin-4-yl]azetidine- 1-sulfonamide (the product of step ii) (0.11g) and pyridinium para-
toluenesulfonate (99mg) in methanol (5mL) and H,O (2 drops) was heated at 60°C for 1h.
The solution was cooled and the solvent evaporated under reduced pressure. The residue was
dissolved in EtOAc, washed with H,O, dried (MgSQ,) and filtered. The solvent was
evaporated under reduced pressure and the residue was purified by flash chromatography on
silica gel, eluting with EtOAc/iso-hexane (8:2) to give the subtitle product as a yellow gum.

The gum was dissolved in DCM and methanol, filtered through charcoal and the filtrate
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evaporated under reduced pressure. The residual solid was dried under high vacuum at 40°C
to give the title product as a white solid. Yield: 50mg
MS: APCI(-ve) 477 [M-H]
'H NMR: § (DMSO) 2.13 (m, 2H), 3.66 (octet, 4H), 3.92 (t, 5H), 4.49 (s, 2H), 4.99 (t, 2H),
6.65 (s, 1H), 7.17 (m, 1H), 7.36 (m, 2H), 11.18 (s, 1H).

The intermediates for this compound were prepared as follows:

i) 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(2-phenyl-1,3-dioxan-5-
yDthio]pyrimidine

Sodium methoxide (0.1mL of 25 — 30% methanol solution) was added to a solution of ethyl
S-(2-phenyl-1,3-dioxan-5-yl)ethanethioate (0.12g; prepare according to the procedure in
Chem. Pharm. Bull., 2000, 48, (5), p694-707) in THF (2mL). After stirring for 15min, the
product of Example 1, step ii) (0.12g) was added. The reaction mixture was stirred at room
temperature for 18h. The solvent was evaporated under reduced pressure and the residue
purified by flash chromatography on silica gel, eluting with Et;O /iso-hexane (1:9) to give the
subtitle product as a beige solid. Yield: 0.18g.

MS: APCI(+ve) 467/469 (M+H]

ii) N-[Z-[[(2,3-Diﬂuorophenyl)methyl]thio]-6-[(2-phenyl-1,3-dioxan-5-y1)thio]pyrimidin-
4-yl]azetidine-1-sulfonamide

The subtitle compound was prepared from azetidine-1-sulfonamide (prepared according to
patent WO 2004/011443, 0.11g) and 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[ (2-
phenyl-1,3-dioxan-5-yl)thio]pyrimidine (the product of step 1) (0.17g) according to the
procedure outlined in Example 1, step iv). The residue was purified By flash chromatography
on silica gel, eluting with EtOAc/iso-hexane (2:8) to give the subtitle compound as a
colourless oil. Yield: 0.11g

MS: APCI(+ve) 567 [M+H]
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Example 20
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[ (1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl]- 1-piperazinesulfonamide

O/;\/OH

HN :

5 To a solution of 4-{[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-
methylethoxy]-4-pyrimidinylJamino]sulfonyl], 1,1-dimethylethyl ester1-piperazinecarboxylic
acid (the product of step ii) (0.23g) in DCM (3mL) was added trifluoroacetic acid (3mL) . The
reaction mixture was then stirred at room temperature for 1h . The solvent was removed and
the residue purified by reverse phase HPLC using a TFA (0.2%)/MeCN method to give the

10 title compound as a white solid. Yield: 77mg
MS: APCI(+ve) 476 [M+H"]
'H NMR: & (DMSO) 1.13 (d, 3H), 3.01-3.05 (m, 4H), 3.13-3.17 (m, 4H), 4.34-4.41 (m, 2H),
4.79 (s, 1H), 4.97-5.05 (m, 1H), 5.84 (s, 1H), 7.10-7.16 (m, 1H), 7.27-7.34 (m, 1H), 7.39-7.45
(m, 1H)

15 The intermediates for this compound were prepared as follows:

(i) 4-[[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[ (1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyljJamino]sulfonyl], 1,1-dimethylethyl esterl-piperazinecarboxylic acid
A mixture of 4-(aminosulfonyl)-1,1-dimethylethyl ester- 1-piperazinecarboxylic acid (the
20 product of example 15 step i) (0.40g), tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (1g) and (2R)- propanoic acid-2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinyljoxy]-, ethyl ester (the product from example 11 step i) (0.40g) in dioxane (20mL)
was heated at reflux in a microwave at 100°C, 300W, open vessel with cooling for 20min. The
25 reaction was filtered through arbocel and then separated between EtOAc (200mL) and H,O
(200mL) and the aqueous was then further extracted with EtOAc (2x200mL). The combined
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organic layers were dried (MgSQy), filtered and evaporated to give the subtitle compound as a
clear oil.

Yield: 0.93g.

MS: APCI(+ve) 618 [M+H']

(i), 4-[[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinylJamino]sulfonyl]-, 1,1-dimethylethyl esterl-piperazinecarboxylic acid

To a solution of 4-[[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-
methylethoxy]-4-pyrimidinyl]amino]sulfonyl], 1,1-dimethylethy] ester-1-
piperazinecarboxylic acid (the product from step i) (0.93g) in THF (20mL) was added 2M
LiBH, in THF (3.0mL). The reaction mixture was then heated in a microwave at SOOC, 300w,
open vessel with cooling for 10min. The reaction mixture was then quenched with 2N HCl
and the volatiles evaporated. The residue was then separated between EtOAc (200mL) and
H,O (200mL), the aqueous was then further extracted with EtOAc (2x200mL). The combined
organic layers were dried (MgSOs), filtered and evaporated and the residue purified by
reverse phase HPLC using a TFA (0.2%)/MeCN method to give the title compound as a clear
oil.

Yield: 0.23g.

MS: APCI(+ve) 576 [M+H"]

Example 21
N-[6-(difluoromethoxy)-2-[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinyl]-1-methyl-

1H-imidazole-4-sulfonamide
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The title compound was prepared according to the procedure outlined in example 1 step (iv)
using a mixture of 1-methyl-1H-imidazole-4-sulfonamide (0.25g),
tris(dibenzylideneacetone)dipalladium (0) (0.10g), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (60mg), cesium carbonate (0.26g), 4-chloro-6-
(difluoromethoxy)-2-[[(2,3-difluorophenyl)methyl]thio]-pyrimidine (product of example 12,
step ii) (0.18g) and anhydrous dioxane (Sml). Purification was by tituration with
methanol/DCM. The resulting white solid was diluted with H,O and extracted with EtOAc.
The organic layer was washed with H,O (x2) then brine and dried (MgSOs), filtered and
evaporated. The resulting oil was triturated with methanol/DCM to give the title compound as
a white solid. Yield: 15mg
MS: APCI(+ve) 464 [M+H"]
'H NMR: § (DMSO) 3.67 (s, 3H), 4.45 (s, 2H), 6.38 (s, 1H), 7.10-7.18 (m, 1H), 7.30-7.40 (m,
2H), 7.70 (t, 1H), 7.82 (s, 1H), 8.08 (s, 1H)

Example 22
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[ (1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl}-1,6-dihydroe-1-methyl-6-o0xo-3-pyridinesulfonamide

A<_-OH
BN
O\\ ,’O I N F

To a solution of N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-1-methyl-2-
(triphenylmethoxy)ethoxy]-4-pyrimidinyl]-1,6-dihydro-1-methyl-6-oxo-3-
pyridinesulfonamide (the product from step ii) (0.16g) in MeOH (10mL) was added p-
toluenesulfonic acid (50mg) and anisole (0.22g). The reaction was then stirred at room
temperature for 18h. The reaction was partitioned between EtOAc (100mL) and H,O
(100mL). The aqueous layer was then further extracted with EtOAc (2x100mL). Combined
organic layers were dried (MgSOy), filtered and evaporated. The residue was purified by
reverse phase HPLC using TFA (0.2%)/MeCN to give a white solid. Yield: 9mg.
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MS: APCI(+ve) 499 [M+H"]
'HNMR: 5 (CD;0D) 1.12 (d, 3H), 3.47 (s, 3H), 3.50-3.53 (m, 2H), 4.30-4.33 (m, 2H), 5.08-
5.19 (m, 1H), 5.95 (s, 1H), 6.45 (d, 1H), 6.93-7.11 (m, 2H), 7.14-7.21 (m, 1H), 7.69-7.74 (m,
1H), 8.39 (d, 1H)

The intermediates for this compound were prepared as follows:

i) [(1,6-dihydro-1-methyl-6-oxo-3-pyridinyl)sulfonyl]-, 1,1-dimethylethyl ester carbamic
acid

Chlorosulfonyl isocyanate (6ml.) was added dropwise to a solution of 2-methyl-2-propanol
(6.5mL) in DCM (75mL) at 0°C. After Smin, 1-methyl-2(1H)-pyridinone (9mL) was added
dropwise followed by N,N-diisopropylethylamine (14.5mL) also added dropwise. The
reaction mixture was then allowed to warm to room temperature over 18h. H,O (100mL) was
added to the reaction mixture and the organic layer was separated. The aqueous was then
further extracted with DCM (2x100mL). The combined organic layers were dried (MgSOy),
filtered and evaporated to give the subtitle compound as a pale yellow oil. Yield: 7¢

'H NMR: § (CDCl) 1.45 (s, 9H), 3.62 (s, 3H), 6.60-6.64 (m, 1H), 7.69-7.74 (m, 1H), 8.21-
8.24 (m, 1H)

ii) 4-pyridinesulfonamide-N-[2-[[(2,3-diﬂuorophenyl)methyl]thio]-6-[(1R)-1-methyl-2-
(triphenylmethoxy)ethoxy]-4-pyrimidinyl]

A mixture of [(1,6-dihydro-1-methyl-6-0x0-3-pyridinyl) sulfonyl]-, 1,1-dimethylethyl ester
carbamic acid (the product from step i) (0.60g), tris(dibenzylideneacetone)dipalladium (0) (50
mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1 ’-biphenyl (XPHOS) (50mg), cesium
carbonate (1 g) and 4- chloro-2-{[(2,3-difluorophenyl)methyl]thio]-6-[(1R)- 1-methyl-2-
(triphenylmethoxy)ethoxy]-pyrimidine (the product of example 13 step iii), 0.40g) in dioxane
(20mL) was heated at reflux in a microwave at 100°C, 300W, open vessel with cooling for 3h.
The reaction mixture was diluted with DCM, filtered through arbocel and the filtrate
evaporated. The residue was purified by reverse phase HPLC using a TFA (0.2%)/MeCN
system to give the subtitle compound as a yellow solid. Yield: 0. 12g.

MS: APCI(+ve) 741 [M+H"]
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'H NMR: § (DMSO) 1.16-1.23 (m, 3H), 3.06 (d, 2H), 3.35 (s, 3H), 4.33-4.41 (m, 2H), 5.39-
5.47 (m, 1H), 6.06 (s, 1H), 6.47 (d, 1H), 7.04-7.11 (m, 2H), 7.17-7.34 (m, 17H), 7.67-7.71 (m,
1H), 8.54-8.56 (m, 1H)

Example 23
2-[[6-[(1-azetidinylsulfonyl)amino]-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinyljoxy]-(2R)-propanoic acid ethyl ester

C/N

The title compound was prepared according to the procedure outlined in example 1 step (iv)

0]
N F
2 1L
S = F
- \H N S/\©/

using a mixture of azetidine- 1-sulfonamide (prepared according to patent WO 2004/011443,
0.61g), tris(dibenzylideneacetone)dipalladium (0) (0.15g), 2-dicyclohexylphosphino-2’,4’,6’-
tri-isopropyl-1,1’-biphenyl (XPHOS) (105mg), cesium carbonate (0.77g), 2-[[6-chloro-2-
[{(2,3-difluorophenyl)methyl]thio]-4-pyrimidinyl]oxy]-(2R)-propanoic acid ethyl ester (the
product of example 11, step ) (0.61g) and dioxane (15mL). Purification was by column
chromatogfaphy on silica gel using MeOH/DCM (5:95) as eluent, followed by reverse phase
HPLC (symmetry as the stationary phase and TFA/acetonitrile as the mobile phase) to give
the title compound as a white solid. Yield: 46mg

MS: APCI(+ve) 489 [M+H"]

'H NMR: § (DMSO) 1.12 (t, 3H), 1.49 (d, 3H), 2.14 (quintet, 2H), 3.92 (t, 4H), 4.05 - 4.16
(m, 2H), 4.42 (dd, 2H), 5.26 (q, 1H), 6.21 (s, 1H), 7.12 - 7.21 (m, 1H), 7.31 - 7.41 (m, 2H),
11.24 (s, 1H)
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Example 24
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[ (1R)-2-hydroxy-1-methylethoxy]-4-

pyrimidinyl]- 1-azetidinesulfonamide

5 To a suspension of 2-[[6-[(1-azetidinylsulfonyl)amino]-2-[[(2,3-difluorophenyl)methyl]thio]-
4-pyrimidinylJoxy]-(2R)-propanoic acid ethyl ester, (the product of example 23) (0.40g) in
THF (10mL) was added 2M lithium borohydride in THF (0.82mL) dropwise and the mixture
was stirred at ambient temperature for 20h. The reaction mixture was cooled to 0°C and
quenched with 1M aqueous hydrochloric acid. The resulting mixture was extracted with

10 EtOAc (x2). The combined organic layers were washed with 1M aqueous hydrochloric acid
then brine and was dried (MgSOs), filtered and evaporated. The residue was purified by
column chromatography on silica gel using EtOAc/isohexane (1:1) as eluent. The resulting oil
was triturated with DCM to give the title compound as a white solid. Yield: 0.25g
MS: APCI(-ve) 445 [M-H]

15 'H NMR & (CD30D) 1.15 (d, 3H), 2.11 (quintet, 2H), 3.54 (d, 2H), 3.88 (t, 4H), 4.36 (dd,
2H), 5.16 (dt, 1H), 6.12 (s, 1H), 6.93 - 7.12 (;m, 2H), 7.22 - 7.31 (m, 1H)

Example 25
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(15)-2-hydroxy-1-methylethoxy]-4-

20 pyrimidinyl]-1-azetidinesulfonamide
J_on

~
0. .0 N F
;siN | //k F

C/N N N~ 'S
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The title compound was prepared according to the procedure outlined in example 24 using 2-
[[6-[(1-azetidinylsulfonyl)amino]-2-[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinyl]oxy]-
(25)-propanoic acid,ethyl ester, (the product of step ii) (0.28g), THF (8mL) and 2M lithium
borohydride in THF (0.57mL). Purification was by column chromatography on silica using
EtOAc/isohexane (2:3) as eluent to give the title compound as a white solid. Yield: 0.15g
MS: APCI(-ve) 445 [M-H]
'H NMR: § (CD30D) 1.27 (d, 3H), 2.23 (quintet, 2H), 3.66 (d, 2H), 4.00 (t, 4H), 4.48 (dd,
2H), 5.28 (q, 1H), 6.24 (s, 1H), 7.05 - 7.23 (m, 2H), 7.33 - 7.43 (m, 1H)

The intermediates for this compound were prepared as follows:

i) 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio)-4-pyrimidinylloxy]-(2S)-propanoic
acid ethyl ester

The subtitle compound was prepared according to the procedure outlined in example 1 step
iii) using 4,6-Dichloro-2-[(2, 3-difluorobenzyl)thio]]pyrimidine (product of example 1 step ii)
(0.77g), THF (15mL), 2-hydroxy-(2S)-propanoic acid ethyl ester (0.40mL) and 60% sodium
hydride (0.14g) to give the subtitle compound as a clear, colourless oil. Yield:1g

MS: APCI(+ve) 389/391 [M+H"]

'H NMR: 8 (DMSO) 1.13 (t, 3H), 1.51 (d, 3H), 3.99 - 4.17 (m, 2H), 4.37 - 4.50 (m, 2H), 5.28
- 5.38 (m, 1H), 7.02 (s, 1H), 7.13 - 7.23 (m, 1H), 7.28 - 7.42 (m, 2H)

ii) 2-[[6-[(1-azetidinylsulfonyl)amino]-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinylJoxy]-(2S)- propanoic acid ethyl ester

The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of azetidine-1-sulfonamide (prepared according to patent WO
2004/011443, 0.13g), tris(dibenzylideneacetone)dipalladium (0) (58mg), 2-
dicyclohexylphosphino-2’,4°,6’-tri-isopropyl-1,1°’-biphenyl (XPHOS) (42mg), cesium
carbonate (0.31g), 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinyljoxy]-
(25)-propanoic acid ethyl ester (product of step 1) (0.25g) and dioxane (10mL). Purification
was by column chromatography on silica gel using EtOAc/isohexane (3:7) as eluent to give
the subtitle compound as clear, colourless oil. Yield: 0.28g

MS: APCI(+ve) 489 [M+H"]
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Example 26
2-[[6-[(1-azetidinylsulfonyl)amino]-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinyl]oxy]-(2R)- propanamide

C/N

To a solution of 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinylJoxy]-(2R)-

0]
SN F
O\\ //O f\/‘\
S Z F
- \N N S/\©/

propanoic acid ethyl ester (the product of example 23) (103mg) in methanol (§mL) ammonia

gas was bubbled through at 0°C. The resulting mixture was stirred in a sealed tube at ambient

temperature for 48h. The solvent was evapourated under reduced pressure and the resulting
10 solid was triturated with ether to give the title compound was a white solid. Yield: 88mg

MS: APCI(+ve) 460 [M+H")

'H NMR: & (DMSO) 1.43 (d, 3H), 2.13 (quintet, 2H), 3.91 (t, 4H), 4.45 (dd, 2H), 5.21 (q,

1H), 6.23 (s, 1H), 7.13 - 7.20 (m, 2H), 7.31 - 7.43 (m, 2H), 7.59 (s, 1H), 11.17 (s, 1H)

15 Example 27
2-[[6-[(1-azetidinylsulfonyl)amino]-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinyljoxy]-N-methyl-(2R)-propanamide

H

o) NS
O
\\S// P F

20 To a solution of 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinylJoxy]-(2R)-
propanoic acid ethyl ester (the product of example 23) (100mg) in ethanol (1.5mL) was added
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8M methylamine in ethanol. The resulting mixture was stirred in a sealed tube at ambient
temperature for 16h. The solvent was evaporated under reduced pressure. Purification was by
reverse phase HPLC (symmetry as the stationary phase and TFA/acetonitrile as the mobile
phase) to give the title compound as a white solid. Yield: 60mg
MS: APCI(+ve) 474 [M+H']
'H NMR: § (DMSO) 1.41 (d, 3H), 2.14 (quintet, 2H), 2.57 (d, 3H), 3.92 (t, 4H), 4.43 (dd,
2H), 5.26 (q, 1H), 6.23 (s, 1H), 7.12 - 7.21 (m, 1H), 7.30 - 7.41 (m, 2H), 8.00 - 8.07 (m, 1H),
11.18 (s, 1H)

Example 28
2-[[6-[(1-azetidinylsulfonyl)amino]-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinyl]oxy]-(2R)- propaneic acid

C/N

To a solution of 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinylJoxy]-(2R)-

OH
O/\”/
O
N
S = F

propanoic acid ethyl ester (the product of example 23) (0.24g) in methanol (1mL) was added
1M aqueous sodium hydroxide (1mL). The resulting mixture was stirred at ambient
temperature for 16h. The reaction mixture was acidified using 2M aqueous HC], then
extracted with EtOAc (x2). The combined organics were washed with brine then dried
(MgSOsy), filtered and evaporated. The resulting oil was triturated with DCM/iso-hexane to
give the title compound was a white solid. Yield: 0.20g

MS: APCI(-ve) 459 [M-HT]

'H NMR: § (DMSO) 1.49 (d, 3H), 2.13 (quintet, 2H), 3.91 (t, 4H), 4.43 (dd, 2H), 5.23 (q,
1H), 6.19 (s, 1H), 7.12 - 7.21 (m, 1H), 7.30 - 7.42 (m, 2H)
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Example 29
N-[2-[{(2,3-difluorophenyl)methyl]thio]-6-[ (1R)-2-hydroxy-1-methylethoxy]-4-

pyrimidinyl]-methanesulfonamide

S The title compound was prepared according to the procedure outlined in example 24 using a
mixture of 2-{[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(methylsulfonyl)amino}-4-
pyrimidinyl]Joxy]-(2R)-propanoic acid ethyl ester, (the product of step i) (0.28g), THF (8mL)
and 2M lithium borohydride in THF (1.3mL). Purification was by reverse phase HPLC
(symmetry as the stationary phase and TFA/acetonitrile as the mobile phase). The resulting oil

10 was triturated with toluene, DCM, then ether/iso-hexane to give the title compound as a white
solid. Yield: 0.18g
MS: APCI(-ve) 440 [M-H']
'H NMR: & (DMSO) 1.17 (d, 3H), 3.29 (s, 3H), 3.47 - 3.50 (m, 3H), 4.47 (dd, 2H), 5.09 - 5.18
(m, 1H), 5.99 (s, 1H), 7.13 - 7.21 (m, 1H), 7.29 - 7.43 (m, 2H), 11.14 (s, 1H)

15

The intermediate for this compound was prepared as follows:

i) 2-[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(methylsulfonyl)amino)-4-
pyrimidinyl]Joxy]- (2R)-propanoic acid ethyl ester

20 The subtitle compound was prepared according to the procedure outlined in example 1 step
iv) using a mixture of methanesulfonamide (93mg), tris(dibenzylideneacetone)dipalladium (0)
(71 mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (52mg),
cesium carbonate (0.38g), 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinyl]oxy]-(2R)-propanoic acid ethyl ester (the product of Example 23 step i) (0.30g)

25 and dioxane (10mL). Purification was by column chromatography on silica using

EtOAc/isohexane (1:1) as eluent to give the subtitle compound as an oil. Yield: 0.28¢
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MS: APCI(+ve)448 [M+H"]

Example 30
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl]- 4-morpholinesulfonamide

Q Y

The title compound was prepared according to the procedure outlined in example 24 using a

mixture of 2-[[2-[[(2,3-difluorophenyl)methyl]jthio]-6-[(4-morpholinylsulfonyl)amino]-4-

02
®)
I

pyrimidinylJoxy]-(2R)-propanoic acid ethyl ester, (the product of step i) (0.34g), THF (8mL)
and 2M lithium borohydride in THF (1mL). Purification was by reverse phase HPLC
(symmetry as the stationary phase and ammonium acetate/acetonitrile as the mobile phase) to
give the title compound as a white solid. Yield: 0.25g

MS: APCI(-ve) 475 [M-H7]

'H NMR: § (DMSO) 1.16 (d, 3H), 3.11 (s, 4H), 3.42 - 3.53 (m, 2H), 3.59 (t, 4H), 4.43 (dd,
2H), 4.84 (t, 1H), 5.10 (q, 1H), 5.98 (s, 1H), 7.12 - 7.19 (m, 1H), 7.29 - 7.37 (m, 1H), 7.39 -
7.45 (m, 1H)

The intermediate for this compound was prepared as follows:

i) 2-[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(4-morpholinylsulfonyl)amino]-4-
pyrimidinyl]oxy]-(2R)-propanoic acid ethyl ester

The subtitle compound was prepared according to the procedure outlined in example 1 step
iv) using a mixture of 4-morpholinesulfonamide (prepared according to patent WO
2004/011443, 0.19g), tris(dibenzylideneacetone)dipalladium (0) (71 mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (52mg), cesium
carbonate (0.38g), 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinyl]Joxy]-
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_(2R)-propanoic acid ethyl ester (the product of Example 23 step i) (0.30g) and dioxane

(10mL). Purification was by column chromatography on silica gel using EtOAc/isohexane
(1:1) as eluent to give the subtitle compound as an oil. Yield: 0.34g
MS: APCI(+ve) 519 [M+H*] |

Example 31
N-[2-[[(2,3-difluerophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl]-1-pyrrolidinesulfonamide

The title compound was prepared according to the procedure outlined in example 24 using a
mixture of 2-[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1-pyrrolidinylsulfonyl)amino]-4-
pyrimidinyljoxy]-(2R)-propanoic acid ethyl ester, (the product of step i) (0.38g), THF (8mL)
and 2M lithium borohydride in THF (1.3mL). Purification was by reverse phase HPLC
(symmetry as the stationary phase and TFA/acetonitrile as the mobile phase). The resulting oil
was titurated with methanol, toluene, DCM, then ether/iso-hexane to give the title compound
as a white solid. Yield: 0.15g

MS: APCI(-ve) 459 [M-H]

'H NMR: § (DMSO) 1.16 (d, 3H), 1.75 - 1.82 (m, 4H), 3.27 - 3.38 (m, 4H), 3.44 - 3.51 (m,
2H), 4.45 (dd, 2H), 5.10 - 5.18 (m, 1H), 5.97 (s, 1H), 7.13 - 7.20 (m, 1H), 7.29 - 7.42 (m, 2H),
10.91 (s, 1H)

The intermediate for this compound was prepared as follows:

i) 2-[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1-pyrrolidinylsulfonyl)amino]-4-
pyrimidinyl]oxy]-(2R)-propanoic acid ethyl ester
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The subtitle compound was prepared according to the procedure outlined in example 1, step
iv) using a mixture of 1-pyrrolidinesulfonamide (prepared according to patent WO
2004/011443, 0.19g), tris(dibenzylideneacetone)dipalladium (0) (71 mg), 2-
dicyclohexylphosphino-2°,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (52mg), cesium
carbonate (0.38g), 2-[[6-chlor0-2-[[(2,3-diﬂuoropheny1)methyl]thio]'-4-pyrimidinyl]oxy]—
(2R)-propanoic acid ethyl ester (the product of Example 23 step i) (0.30g) and dioxane
(10mL). Purification was by column chromatography on silica gel using EtOAc/isohexane
(1:1) as eluent to give the subtitle compound as an oil. Yield: 0.38g
MS: APCI(+ve) 475 [M+H"]

Example 32
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[ (1R)-2-hydroxy-1-methylethoxy]-4-

pyrimidinyl]-cyclopropanesulfonamide

O/’\/OH
e (1
S< Vz F
S5 A~
The title compound was prepared according to the procedure outlined in example 24 using 2-
[[6-[(cyclopropylsulfonyl)amino]-2-[[(2,3-difluorophenyl)ymethyl]thio]-4-pyrimidinylJoxy]-
(2R)-propanoic acid ethyl ester, (the product of step i) (0.30g), THF (8mL) and 2M lithium
borohydride in THF (2mL). Purification was by reverse phase HPLC (symmetry as the
stationary phase and TFA /acetonitrile as the mobile phase). The resulting oil was triturated
with methanol, toluene, DCM, then ether/iso-hexane to give the title compound as a white
solid. Yield: 0.20g
MS: APCI(-ve) 430 [M-H]
'"H NMR: § (DMSO) 1.00 - 1.10 (m, 4H), 1.17 (4, 3H), 2.93 - 3.04 (m, 1H), 3.47 - 3.50 (m,
2H), 4.47 (s, 2H), 5.08 - 5.20 (m, 1H), 6.06 (s, 1H), 7.11 - 7.21 (m, 1H), 7.28 - 7.45 (m, 2H),
11.10 (s, 1H)
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The intermediate for this compound was prepared as follows:

i) 2-[[6-[(cyclopropylsulfonyl)amino]-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinyl]oxy]-(2R)-propanoic acid ethyl ester

The subtitle compound was prepared according to the procedure outlined in example 1, step
iv) using a mixture of cyclopropanesulfonamide (prepared according to patent WO
2003/099274, 0.14g), tris(dibenzylideneacetone)dipalladium (0) (71 mg), 2-
dicyclohexylphosphino-2’,4’,6-tri-isopropyl-1,1’-biphenyl (XPHOS) (52mg), cesium
carbonate (0.38g), 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinylJoxy]-
(2R)-propanoic acid ethyl ester (the product of Example 23 step i) (0.30g) and dioxane
(10mL). Purification was by column chromatography on silica gel using EtOAc/isohexane
(1:1) as eluent to give the subtitle compound as an oil. Yield: 0.30g

MS: APCI(+ve) 503 [M+H']

Example 33
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl]-1-methyl-1H-imidazole-4-sulfonamide

O
2llllll
O
I

o0 (Y]
A\
Neanaasd

\=N

The title compound was prepared according to the procedure outlined in example 24 using 2-
[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[[(1-methyl-1H-imidazo I-4-yl)sulfonyl]amino]-4-
pyrimidinylJoxy]-(2R)-propanoic acid ethyl ester (the product of step i) (0.28g), THF (8mL)
and 2M lithium borohydride in THF (0.81mL). Purification was by reverse phase HPLC
(symmetry as the stationary phase and TFA/acetonitrile as the mobile phase). The resulting oil
was triturated with toluene, methanol, then ether/iso-hexane to give the title compound as a
white solid. Yield: 0.12g

MS: APCI(-ve) 470 [M-H]
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'H NMR: § (DMSO) 1.14 (d, 3H), 3.46 (m, 2H), 3.67 (s, 3H), 4.39 (t, 2H), 5.01 - 5.14 (m,
1H), 6.17 (s, 1H), 7.09 - 7.19 (m, 1H), 7.27 - 7.42 (m, 2H), 7.80 (s, 1H), 8.01 (s, 1H), 11.55
(s, 1H)

The intermediate for this compound was prepared as follows:

i) 2-[[2-[[(2,3-difluorophenyl)methyl]thio]-6-[[(1-methyl-1H-imidazol-4-
yDsulfonylJamino]-4-pyrimidinyl]oxy]- (2R)-propaneic acid ethyl ester

The subtitle compound was prepared according to the procedure outlined in example 1, step
iv) using a mixture of 1-methyl-1H-imidazole-4-sulfonamide (0.19g),
tris(dibenzylideneacetone)dipalladium (0) (71 mg), 2-dicyclohexylphosphino-2°,4°,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (52mg), cesium carbonate (0.38g), 2-[[6-chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-4-pyrimidinylJoxy]-(2R)-propanoic acid ethyl ester (the product
of Example 23 step i) (0.30g) and dioxane (10mL). Purification was by column
chromatography on silica gel using EtOAc/isohexane (1:1) as eluent to give the subtitle
compound as an oil. Yield: 0.28¢g

MS: APCI(+ve) 514 [M+H"]

Example 34
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1S)-2-ethoxy-1-(hydroxymethyl)ethoxy]-4-

pyrimidinyl]-1-azetidinesulfonamide

O

/E\/OH
| SN F
o
NI/
S ~ F

NTOSN N)\S/\©/
L] H
To a solution of N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-[[(1,1-
dimethylethyl)dimethylsilyljoxy]- 1-(ethoxymethyl)ethoxy]-4-pyrimidinyl]- 1-

azetidinesulfonamide, (product from step v) (0.79g) in THF (10mL) was added a 1M solution

of tetrabutylammoniumfluoride in THF (2.4mL) with stirring, at ambient temperature, for
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72h. The reaction mixture was diluted with H,O and extracted with EtOAc (x2). The organic
layer was washed with H,O then brine and dried (MgSOsy), filtered and evaporated. The
resulting oil was purified by reverse phase HPLC (symmetry as the stationary phase and
TFA/acetonitrile as the mobile phase) then titurated with DCM followed by ether/iso-hexane
to give the title compound as a white solid. Yield: 0.28g
MS: APCI(-ve) 489 [M-H]
'H NMR: § (DMSO) 1.06 (t, 3H), 2.13 (quintet, 2H), 3.36 - 3.46 (m, 2H), 3.54 - 3.59 (m, 4H),
3.91 (t, 4H), 4.46 (dd, 2H), 4.88 (t, 1H), 5.25 (quintet, 1H), 6.12 (s, 1H), 7.12 - 7.19 (m, 1H),
7.30 - 7.38 (m, 1H), 7.40 - 7.45 (m, 1H), 11.14 (s, 1H)

The intermediates for this compound were prepared as follows:

i) (4R)- 4-(ethoxymethyl)-2,2-dimethyl-1,3-dioxolane

To a solution of 2,2-dimethyl-1, 3-dioxolane-4-methanol (1.5g), in dimethylfomylamide
(30mL), 60% sodium hydride (0.50g) was added portion-wise at 0°C then warmed to ambient
temperature. Iodoethane (3.5mL) was added to the mixture at 0°C then stirred for 16h at room
temperature. The reaction mixture was filtered then the filtrate was diluted with H,O and
extracted with EtOAc. The organic layer was washed with H,O (x2) then brine and dried
(MgSQs), filtered and evaporated. Purification was by column chromatography on silica gel
using BtOAc/Et;O (1:1) as eluent to give the subtitle compound as clear, colourless oil. Yield:
ig .

'H NMR: § (DMSO) 1.10 (t, 3H), 1.27 (s, 3H), 1.32 (s, 3H), 3.32 - 3.50 (m, 4H), 3.54 - 3.62
(m, 1H), 3.93 - 4.01 (m, 1H), 4.11 - 4.20 (m, 1H)

ii) (25)-3-ethoxy-1,2-propanediol

A solution of (4R)- 4-(ethoxymethyl)-2,2-dimethyl-1,3-dioxolane (product from step i) (1g) in
80% glacial acetic acid (30mL) was stirred at ambient temperature for 48h. The solvent was
evaporated, azeotroped with methanol, ethanol and toluene then redissolved in DCM, dried
(MgSOs,), filtered and evaporated to give the subtitle compound as a yellow oil. Yield: 0.55g.
'H NMR: § (DMSO) 1.10 (t, 3H), 3.22 - 3.44 (m, 6H), 3.54 (quintet, 1H), 4.45 (t, 1H), 4.58
(d, 1H)
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iii) (2R)- 1-[[(1,1-dimethylethyl)dimethylsilylJoxy]-3-ethoxy-2-propanol
To a solution of (25)-3-ethoxy-1,2-propanediol (product from step ii) (0.50g) in DCM (30mL)
was added tert-butyldimethylsilyl chloride (0.88g), triethylamine (0.43mL) and 4-
(dimethylamino)pyridine (31mg) at 0°C. The solution was then warmed to ambient
temperature and stirred for 16h. The reaction mixture diluted with H,O and extracted with
EtOAc. The organic layer was washed with brine and evaporated. Purification was by column
chfomatography on silica gel using EtOAc/isohexane (2:8) as eluent to give the subtitle
compound as an oil. Yield: 0.69g
'H NMR: § (DMSO) 0.07 (s, 6H), 0.90 (s, 9H), 1.14 (t, 3H), 3.28 - 3.65 (m, 7H), 4.70 (d, 1H)

iv) 4-chloroe-2-{[(2,3-difluorophenyl)methyl]jthio]-6-[(1R)-2-[[(1,1-
dimethylethyl)dimethylsilyljoxy]-1-(ethoxymethyl)ethoxy]-pyrimidine

The subtitle compound was prepared according to the procedure outlined in example 1 step
iv) using 4,6-Dichloro-2-[(2, 3-difluorobenzyl)thio]pyrimidine (product of example 1 step ii)
(0.43g), (2R)-1-[[(1,1-dimethylethyl)dimethylsilylJoxy]-3-ethoxy-2-propanol (product of step
iii) (0.47g), THF (20mL) and 60% sodium hydride (67mg), to give the subtitle compound as a
colourless oil. Yield: 0.7g

MS: APCI(+ve) 505/507 [M+H"]

'H NMR: & (DMSO) 0.03 (s, 6H), 0.80 (s, 9H), 1.09 (t, 3H), 3.39 - 3.50 (m, 2H), 3.60 (d, 2H),
3.75 - 3.81 (m, 2H), 4.49 (s, 2H), 5.35 - 5.44 (m, 1H), 6.90 (s, 1H), 7.14 - 7.23 (m, 1H), 7.32 -
7.43 (m, 2H)

v) N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-[[(1,1-
dimethylethyl)dimethylsilyl]oxy]-1-(ethoxymethyl)ethoxy]-4-pyrimidinyl]-1-
azetidinesulfonamide

The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of azetidine- 1-sulfonamide (prepared according to patent WO
2004/011443, 0.29g), tris(dibenzylideneacetone)dipalladium (0) (0.13g), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (93mg), cesium
carbonate (0.68g), 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-[[(1,1-
dimethylethyl)dimethylsilyl]oxy]-1-(ethoxymethyl)ethoxy]-pyrimidine (the product of step
iv) (0.70g) and dioxane (15mL). Purification was by column chromatography on silica gel
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using EtOAc/isohexane (3:7) 70:30 as eluent, to give the title compound as a white solid.
Yield: 0.22¢g

MS: APCI(+ve) 605 [M+H"]

'H NMR: § (DMSO) 0.02 (s, 6H), 0.84 (s, 9H), 1.04 - 1.11 (in, 3H), 2.08 - 2.18 (m, 2H), 3.53
- 3.59 (m, 2H), 3.72 - 3.77 (m, 2H), 3.86 - 3.94 (m, 4H), 3.99 - 4.07 (m, 2H), 4.49 (s, 2H),
5.34 (s, 1H), 6.14 (s, 1H), 7.10 - 7.20 (;m, 1H), 7.29 - 7.45 (m, 2H), 11.17 (s, 1H)

Example 35
N-[2-[{(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yllazetidine-1-

sulfonamide

O/
~N F

O\\S//O /Q F
C/N/ \u N~ S

The title compound was prepared according to the procedure outlined in example 1, step iv).
A mixture of azetidine- 1-sulfonamide (prepared according to patent WO 2004/011443, 0.15
g), tris(dibenzylideneacetone)dipalladium (0) (44mg), 2-dicyclohexylphosphino-2’4’6’-tri-
iso-propyl-1,1’biphenyl (44mg), cesium carbonate (0.36g) and 4-chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of step i) (0.23g) in dioxane
(7.2mL). Acetic acid (0.67mL) was added and the reaction mixture was extracted with
EtOAc (x3). The combined organic layers were washed with H,O, dried (MgSOy), filtered
and the solvent evaporated under reduced pressure. The residue was purified by flash column
chromatography on silica gel using EtOAc/isohexane (3:7) as eluent. The resulting solid was
further purified by trituration with iso-hexane and dried under high vacuum at 40°C to give
the title compound as a pale yellow solid. Yield: 0.29 g.

MS: APCI(+ve) 403 [M+H]

'H NMR: § (DMSO) 2.12 (m, 2H), 3.9 (m, 7H), 4.49 (s, 2H), 6.15 (s, 1H), 7.16 (m, 1H), 7.39
(m, 2H), 11.12 (s, 1H).

The intermediate for this compound was prepared as follows:
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i) 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine

To a stirred solution of 4,6-Dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the product of
Example 1, step ii) (5g) in dry methanol (40mL) was added 60% sodium hydride (0.68g)
batchwise over Smin. The reaction mixture was stirred for 5h, H,O added and the solvents
were partially evaporated. The residue was extracted with EtOAc which was washed with
H,0, dried (MgSOs) and the solvent evaporated under reduced pressure. The residue was
purified by flash chromatography on silica gel, eluting with Et,O /iso-hexane (5:95) to give
the subtitle compound as a white solid. Yield: 4.05g.

MS: APCI(+ve) 303/305 [M+H]

Example 36
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]piperazine-1-

sulfonamide, trifluoroacetate salt

KTy

1,1-Dimethylethyl 4-[2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-y]
sulfamoyl]piperazine-1-carboxylate (the product of step i) (0.36g) and trifluoroacetic acid
(1mL) in dichloromethane (4mL) were stirred at room temperature for 30min. The solvent
was evaporated under reduced pressure and the residue was azeotroped with toluene (3x).
The residual pale yellow solid was triturated with EtOAc, filtered and dried at 40°C under
high vacuum to give the title compound as a cream solid. Yield: 0.24g.

MS: APCI(+ve) 432 [M+H]

'H NMR: § (DMSO) 3.17 (m, 4H), 3.40 (m, 4H), 3.90 (s, 3H), 4.49 (s, 2H), 6.08 (s, 1H), 7.18
(m, 1H), 7.38 (m, 2H).

The intermediates for this compound were prepared as follows:
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i) 1,1-Dimethylethyl 4-[2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxy pyrimidin-4-

yl sulfamoyl]piperazine-1-carboxylate.

The subtitle compound was prepared from 1,1-dimethylethyl 4-sulfamoylpiperazine-1-
carboxylate (the product of example 15, step i), 0.22g) and 4-Chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of Example 35, step i) (0.25g)
according to the procedure outlined in Example 1, step iv). The crude material was purified by
column chromatography on silica gel using EtOAc/isohexane (2:8) as eluent. Yield: 0.36g
MS: APCI(-ve) 530 [M-H]

'H NMR: § (CDCL) 1.45 (s, 9H), 3.27 (t, 4H), 3.48 (t, 4H), 3.94 (s, 3H), 4.40 (s, 2H), 6.23 (s,
1H), 7.04 (m, 2H), 7.22 (m, 1H).

Example 37
4-Acetyl-N-[2-[[(2,3-difluorophenyl)methy]thio]-6-methoxypyrimidin-4-yl]piperazine-1-
sulfonamide
e
@)
0O 0 SN F

Acetic anhydride (0.78mL) was added to a mixture of N-[2-[[(2,3-
Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]piperazine-1-sulfonamide,
trifluoroacetate salt (the title product of Example 36, 0.84g) and N,N-diisopropylethylamine
(1mL) in DCM (5mL). The reaction mixture was stirred at room temperature for 30min and
the solvent evaporated under reduced pressure. The residue was dissolved in EtOAc which
was washed with aqueous citric acid, H,O, dried (MgSOs) and the solvent evaporated under
reduced pressure. The residue was purified by flash chromatography on silica gel, eluting
with EtOAc to give the title compound as a white solid. Yield: 78mg.

MS: APCI(+ve) 474 [M+H]
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'H NMR: § (DMSO) 1.98 (s, 3H), 3.20 (m, 4H), 3.87 (s, 3H), 3.32 (br d, 4H), 4.48 (s, 2H),
6.07 (s, 1H), 7.17 (m, 1H), 7.33 (m, 1H), 7.42 (t, 1H), 11.18 (s, 1H).

Example 38
5 N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yllmorpholine-4-
sulfonamide
O/

The title compound was prepared from morpholine-4-sulfonamide (prepared according to
patent WO 2004/011443, 0.20g) and 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-

10 methoxypyrimidine (the product of Example 35, step i) (0.25g) according to the procedure
outlined in Example 1, step iv). The crude material was purified by column chromatography
using EtOAc/isohexane (2:8) as eluent. Yield: 0.26¢.

MS: APCI(+ve) 433 [M+H] :
'H NMR: & (DMSO) 3.17 (t, 4H), 3.59 (t, 4H), 3.88 (s, 3H), 4.48 (s, 2H), 6.09 (s, 1H), 7.17

15 (m, 1H), 7.34 (m, 1H), 7.43 (t, 1H), 11.17 (s, 1H).

Example 39
N-[2-[[(2,3-Diﬂuorophenyl)methyl]thio]-6-methoxypyrimidin—4-yl]methane-sulfonamide

Iiﬁ

20 The title compound was prepared from methane sulfonamide (0.11g) and 4-Chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of Example 35, step 1) (0.25g)
according to the procedure outlined in Example 1, step iv). The crude material was purified by

column chromatography using EtOAc/isohexane (2:8) as eluent. Yield: 0.12g.
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MS: APCI(+ve) 362 [M+H]

'H NMR: § (DMSO) 3.28 (s, 3H), 3.87 (s, 3H), 4.49 (s, 2H), 6.03 (s, 1H), 7.17 (m, 1H), 7.37
(m, 2H), 11.14 (s, 1H).

5 Example 40
N-[2-[[(2,3-Difluorophenyl)methyl]thio)-6-methoxypyrimidin-4-yl]-1-methyl -1H-

imidazole-4-sulfonamide

The title compound was prepared from 1-methyl-1H-imidazole-4-sulfonamide (0.19g) and 4-

10 Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of Example
35, step i) (0.25g) according to the procedure outlined in Example 1, step iv). The crude
material was purified by column chromatography using EtOAc/isohexane (2:8) as eluent.
Yield: 0.11g.

- MS: APCI(+ve) 428 [M+H]

15 'H NMR: § (DMSO) 3.67 (s, 3H), 3.83 (s, 3H), 4.41 (s, 2H), 6.20 (s, 1H), 7.15 (m, 1H), 7.36
(m, 2H), 7.78 (s, 1H), 8.00 (s, 1H), 11.55 (s, 1H)

Example 41
N-[2-[{(2,3-Difluorophenyl)methyl]thio]-6-[(S)-isoxazolidin-4-yl)oxy]pyrimidin-4-
20 yllazetidine-1-sulfonamide
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1,1-Dimethylethyl (S)-4-[6-(azetidine-1-sulfonylamino)-2-[[(2,3-difluorophenyl)
methyl]thio]pyrimidin-4-yloxy]isoxazolidine-2-carboxylate (the product of step ii) (0.14g)
and trifluoroacetic acid (1mL) in dichloromethane (2mL) were stirred at room temperature for
30min. The solvent was evaporated under reduced pressure and the residue was azeotroped
with toluene (3x). The residue was purified by reverse phase HPLC eluting with acetonitrile /-
0.1% aqueous ammonium acetate mixtures to give the title compound as a white solid. Yield:
80mg.
MS: APCI(+ve) 458 [M+H]
'"H NMR: § (DMSO) 7.37 (m, 2H), 7.18 (m, 1H), 6.16 (s, 1H), 5.65 (bm, 1H), 4.49 (s, 2H),
3.91-3.81 (bs+t, 6H), 3.01 (bs, 1H), 2.13 (m, 2H).

The intermediates for this compound were prepared as follows:

i) 1,1-Dimethylethyl (S)-4-[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]pyrimidin-4-
yloxy]-isoxazolidine-2-carboxylate.

To a stirred solution of 4,6-Dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the product of
Example 1, step ii) (0.25g) and 1,1-dimethylethyl (S)-4-hydroxyisoxazolidine-2-carboxylate
(0.16g) in dry THF (5mL) was added 60% Sodium hydride (0.034g) over Smin. The reaction
mixture was stirred and heated at 60°C for 7 days, H,O was added and the solvents were
partially evaporated. The residue was extracted with EtOAc which was washed with H0,
dried (MgSO4) and the solvent evaporated under reduced pressure. The residue was purified
by flash chromatography on silica gel, eluting with Et,O /iso-hexane (1:9) to give the subtitle
compound as a gum. Yield: 0.15g.

MS: APCI(+ve) 460/462 [M+H]

ii) 1,1-Dimethylethyl (S)-4-[6-(azetidine-1-sulfonylamino)-2-[[(2,3-difluorophenyl)
methyl]thio]pyrimidin-4-yloxyJisoxazolidine-2-carboxylate.

The subtitle compound was prepared from azetidine-1-sulfonamide (prepared according to
patent WO 2004/011443, 0.22g) and 1,1-Dimethylethyl (S)-4-[6-chloro-2-[[(2,3-
difluorophenyl)methyl]thio]pyrimidin-4-yloxy]-isoxazolidine-2-carboxylate (the product of
step i) (0.13g) according to the procedure outlined in Example 1, step iv). The crude material

was purified by column chromatography using EtOAc/isohexane (2:8) as eluent. Yield: 0.14¢
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MS: APCI(-ve) 558 [M-H]

Example 42
N-[6-((R)-2-amino-1-methylethoxy)-2-[[(2,3-Difluorophenyl)methyl]thio]pyrimidin-4-

yllazetidine-1-sulfonamide

The title compound was prepared from 1,1-dimethylethyl [(R)-2-[6-azetidine-1-sulfonyl
amino)-2-[[(2,3-difluorophenyl)methyl]thio]pyrimidin-4-yloxylpropyl }carbamate (0.26g) (the
product of step ii) according to the procedure outlined in Example 41. The crude material was
purified by column chromatography using EtOAc/isohexane (2:8) as eluent. Yield: 0.11g
MS: APCI(+ve) 446 [M+H]

'H NMR: § (DMSO) 1.19 (d, 3H), 1.97 (m, 2H), 2.99 (m, 2H), 3.58 (t, 4H), 4.38 (q, 2H), 5.15
(s, 1H), 5.97 (s, 1H), 7.12 (m, 1H), 7.30 (m, 1H), 7.43 (t, 1H), 7.49 (br s, 3H).

The intermediates for this compound were prepared as follows:

i) 1,1-Dimethylethyl [(R)-2-[6-chlore-2-[[(2,3-difluorophenyl)methyl]thio]pyrimidin-4-
yloxy]propyl]lcarbamate

The subtitle compound was prepared from 1,1-dimethylethyl ((R)-2-hydroxypropyl)
carbamate (0.15g) and 4,6-Dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the product of
Example 1, step ii) (0.25g) according to the procedure outlined in Example 41, step i) with
heating at 45°C for 18h. The crude material was purified by column chromatography using
EtOAc/isohexane (2:8) as eluent. Yield: 0.23g.

MS: APCI(-ve) 444/446 [M-H]
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ii) 1,1-Dimethylethyl [(R)-2-[6-azetidine-1-sulfonylamino)-2-[[(2,3-difluorophenyl)
methyl]thio]pyrimidin-4-yloxy]propy]carbamate
The subtitle compound was prepared from azetidine- 1-sulfonamide (prepared according to
patent WO 2004/011443, 0.11g) and 1,1-Dimethylethyl [(R)-2-[6-chloro-2-[[(2,3-
difluorophenyl)methyl]thio]pyrimidin-4-yloxy]propyl]carbamate (the product of step i) (0.2g)
according to the procedure outlined in Example 1, step iv). The crude material was purified by
column chromatography using EtOAc/isohexane (2:8) as eluent. Yield: 0.14g
MS: APCI(-ve) 544 [M-H]

Example 43
N-[(R)-2-[6-[azetidine-1-sulfonylamino]-2-[[(2,3-difluorophenyl)methyl]thio] pyrimidin-
4-yloxy]propyl]lacetamide

To a suspension of N-[6-((R)-2-amino- 1-methylethoxy)-2-[[(2,3-
Difluorophenyl)methyl]thio]pyrimidin-4-yl]azetidine- 1-sulfonamide (the title product of
Example 42) (0.05g) in dichloromethane (10mL) was added pyridine (0.02mL), followed by
acetic anhydride (0.02mL). The mixture was stirred overnight at room temperature. Pyridine
(0.02mL) and acetic anhydride (0.02mL) were added and the reaction mixture was stirred for
a further 2h. Pyridine (1.0mL) and acetic anhydride (0.50mL) were added and the reaction
mixture was stirred for a further 2h. The reaction mixture was diluted with dichloromethane,
washed with aqueous citric acid, H,0, dried (MgSO), filtered and the solvent evaporated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel using 40% EtOAc in isohexane as eluent. The isolated product was further purified by
reverse phase HPLC eluting with acetonitrile / aq. 0.1% ammonium acetate mixtures to give
the title compound as a white solid. Yield: 55mg.

MS: APCI(-ve) 486 [M-H]
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'H NMR: § (DMSO) 1.11 (d, 3H), 1.80 (s, 3H), 1.96 (m, 2H), 3.20-(m, 2H), 3.55 (¢, 4H), 4.34
(q, 2H), 5.02 (m, 1H), 5.88 (s, 1H), 7.12 (m, 1H), 7.29 (m, 1H), 7.41 (t, 1H), 7.99 (t, 1H).

Example 44
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(R,S)-2-dimethylamino-1-methylethoxy]

pyrimidin-4-yl]azetidine-1-sulfonamide

jvi,

The title compound was prepared from azetidine- 1-sulfonamide (prepared according to patent
WO 2004/011443, 0.15g) and 2-[[6-chloro-2-[[(2,3-difluorophenyl)ymethyl]thio]-4-
pyrimidinyl]Joxy]-N,N-dimethyl-1-propanamine (the product of step i) (0.29g) according to
the procedure outlined in Example 1, step iv). The reaction product was purified by reverse
phase HPLC eluting with acetonitrile / aq. 0.1% ammonium acetate mixtures to give the title
compound as a pale yellow solid. Yield: 0.30g

MS: APCI(+ve) 474 [M+H]

'H NMR: § (DMSO) 1.17 (4, 3H), 2.07 (in, 2H), 2.24 (s, 6H), 2.44 (m, 1H), 2.64 (m, 1H),
3.79 (t, 4H), 4.24 (t, 2H), 5.27 (m, 1H), 6.00 (s, 1H), 7.15 (m, 1H), 7.33 (m, 1H), 7.42 (t, 1H).

The intermediate for this compound was prepared as follows:

i) 2-[[6-chloro-2-[[(2,3-diflucrophenyl)methyl]thio]-4-pyrimidinyl]oxy]-N,N-dimethyl-1-
propanamine

The subtitle compound was prepared according to the procedure outlined in Example 41 step
i) using 1-dimethylamino-2-propanol (80mg), 4,6-Dichloro-2-[(2,3-
difluorobenzyl)thio]pyrimidine (the product of Example 1 step ii) (0.25g) and 60% sodium
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hydride (30mg) in THF (2mL) at room temperature for 2d to give the subtitle compound as a
pale yellow gum. Yield: 0.29g.
MS: APCI(+ve) 374 [M+H]

Example 45
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-{[ (1R,2R)-2,3-dihydroxy-1-
methylpropyl]oxy }-4-pyrimidinyl]-1-azetidinesulfonamide

To a solution of N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-1-[(4R)-2,2-dimethyl-1,3-
dioxolan-4-yllethoxy]-4-pyrimidinyl]- 1-azetidinesulfonamide (the product of step vi) (0.13g)
in DCM (5mL) was added iron (III) chloride hexahydrate (0.26g). The reaction mixture was
stirred at ambient temperature for 1.5h, then saturated aqueous sodium bicarbonate (1mL) was
added. The layers were separated and the aqueous material extracted with DCM (x3) and
ethyl acetate (x3). The combined organic extracts were washed with saturated aqueous
sodium chloride, dried MgSOy), filtered and evaporated. The residual pale yellow solid was
slowly precipitated from DCM, filtered and the resulting material washed with minimal cold
DCM (2 x 1mL) to afford the title compound as a white powder. Yield: 64mg.

MS: APCI(+ve) 477 [M+H"]

'H NMR: § (CDCl) 1.33 (d, 3H), 2.27 (quintet, 2H), 2.55 (d, 1H), 3.61 - 3.70 (m, 2H), 3.74 -
3.82 (m, 1H), 4.02 (t, 4H), 4.31 - 4.41 (m, 2H), 5.32 (quintet, 1H), 6.34 (s, 1H), 6.98 —7.24
(m, 3H).

The intermediates for this compound were prepared as follows:

i) (2S,3R)-3-(Benzyloxy)-2-hydroxybutanoic acid
To a solution of (2S,3R)-2-amino-3-benzyloxy-butyric acid (1.1g) in 2M sulfuric acid
(6.31mL) was added dropwise over 2h a solution of sodium nitrite (0.65g) in water (6mL),
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keeping the internal temperature of the reaction below 0°C. The reaction mixture was stirred
at -5°C for 6h then allowed to warm to room temperature overnight. The mixture was adjusted
to pH 4 with 50% aqueous sodium hydroxide then ethyl acetate was added. The mixture was
stirred vigorously and acidified to pH 2 with concentrated sulfuric acid. The layers were
separated and the aqueous layer extracted with further ethyl acetate (x2). The combined
organic extracts were washed with saturated aqueous sodium chloride, dried (MgSQ,), filtered
and evaporated to give the subtitle compound as a yellow crystalline solid which was used
without further purification. Yield: 0.84g.
MS: APCI(+ve) 211, [M+H"]
'H NMR: & (300 MHz, CDCL) 1.31 (d, 3H), 3.99 - 4.05 (m, 1H), 4.16 (d, 1H), 4.51 (d, 1H),
4.69 (d, 1H), 7.22 - 7.38 (m, SH).

ii) (2R,3R)-3-(Benzyloxy)butane-1,2-diol

To a solution of (2S,3R)-3-(benzyloxy)-2-hydroxybutanoic acid (the product of step i) (0.79g)
and trimethyl borate (0.67mL) in anhydrous tetrahydrofuran (4mL) at 0°C was added
dropwise borane-dimethyl sulfide complex (3mL, 2M in tetrahydrofuran). The reaction
mixture was stirred at room temperature overnight, then further borane-dimethyl sulfide
complex (3mL, 2M in tetrahydrofuran) was added at 0°C and the reaction mixture stirred at
room temperature for a further 2d. The mixture was cooled to 0°C and methanol (10mL)
slowly added. When effervescence had ceased, the volatiles were evaporated, further
methanol added and the mixture concentrated again to give the subtitle compound as a yellow
oil which was used without further purification. Yield: 0.68g.

MS: APCI(+ve) 197, [M+H"]

'"H NMR: § (CDCL) 1.25 (d, 3H), 2.17 (t, 1H), 2.77 (d, 1H), 3.52 - 3.77 (m, 4H), 4.43 (d, 1H),
4.69 (d, 1H), 7.27 - 7.39 (m, SH).

iii) (4R)-4-[(1R)-1-(Benzyloxy)ethyl]-2,2-dimethyl-1,3-dioxolane

A stirred solution of (2R,3R)-3-(benzyloxy)butane-1,2-diol (the product of step ii) (0.68g), p-
toluene sulfonic acid monohydrate (34mg) and 2,2-dimethoxypropane (0.43mL) in toluene
(10mL) was heated to reflux for 30min, then anhydrous sodium sulfate was added and reflux
continued for 2.5h. The reaction mixture was allowed to cool and diluted with EtOAc and

saturated aqueous sodium bicarbonate and the layers separated. The organic extract was
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washed with brine, dried (MgSOs), filtered and evaporated. The residue was purified by
column chromatography on silica gel using EtOAc/isohexane (1:9 to 1:1 gradient) as eluent to
give the subtitle compound as a colourless liquid. Yield: 0.46g.
'H NMR: § (CDCl;) 1.13 (d, 3H), 1.37 (s, 3H), 1.42 (s, 3H), 3.60 (quintet, 1H), 3.71 (dd, 1H),
3.99 (dd, 1H), 4.15 (quintet, 1H), 4.64 (d, 1H), 4.67 (d, 1H), 7.24 - 7.38 (m, 5H).

iv) (1R)-1-[(4R)-2,2-Dimethyl-1,3-dioxolan-4-yl]ethanol

Ammonia (c. 50mL) was condensed at -78°C into a three-necked flask which had been oven-
dried overnight, and to it was added a solution of (4R)-4-[(1R)-1-(benzyloxy)ethyl]-2,2-
dimethyl-1,3-dioxolane (the product of step iii) (0.39g) in tetrahydrofuran (7.5mL). Sodium
was added in small pieces until the reaction mixture was dark blue, then it was allowed to
warm to -40°C and kept at this temperature for 1.5h, during which time further sodium was
added when the blue colour faded. The reaction mixture was quenched with excess solid
ammonium chloride and allowed to warm to room temperature. Ether (20mL) was added
followed by water, cautiously (10mL). The layers were separated and the aqueous layer
extracted with further ether (x3). The combined organic extracts were washed with saturated
aqueous sodium chloride, dried (MgSOs,), filtered and evaporated to give the subtitle
compound as a pale yellow liquid which was used without further purification. Yield: 0.24¢.
"H NMR: § (CDCh) 1.16 (d, 3H), 1.37 (s, 3H), 1.44 (s, 3H), 3.67 - 3.77 (n, 2H), 3.93 (q, 1H),
4.00 - 4.05 (m, 1H).

v) 4-Chloro-2-[(2,3-difluorobenzyl)thio}-6-{(1R)-1-[(4R)-2,2-dimethyl-1,3-dioxolan-4-
yllethoxy }pyrimidine

To a solution of (1R)-1-[(4R)-2,2-dimethyl-1,3-dioxolan-4-yl]ethanol (the product of step iv)
(0.24g) in dry THF (10mL) at 0°C was added in portions sodium hydride (91mg as 60%
dispersion in mineral oil) followed in portions by 4,6-dichloro-2-[(2,3-
difluorobenzyl)thio]pyrimidine (the product of example 1 step ii) (0.50g). The reaction
mixture was stirred at room temperature for 48h then quenched with saturated aqueous
ammonium chloride (10mL) and diluted with ethyl acetate. The layers were separated and the
aqueous layer extracted with further ethyl acetate. The combined organic extracts were

washed with brine, dried (MgSOy), filtered and evaporated. The residue was purified by
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column chromatography on silica gel using EtOAc/isohexane (1:19 to 1:9 gradient) as eluent
to give the subtitle compound as a pale yellow solid. Yield: 0.42g.
MS: APCI(+ve) 417/419 [M+H"]
'H NMR: § (CDCl) 1.24 (d, 3H), 1.36 (s, 3H), 1.40 (s, 3H), 3.74 (dd, 1H), 4.03 (dd, 1H),
4.21 (q, 1H), 4.40 (s, 2H), 5.28 (quintet, 1H), 6.44 (s, 1H), 6.98 - 7.11 (m, 2H), 7.26 - 7.31
(m, 1H).

vi) N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-1-[(4R)-2,2-dimethyl-1,3-dioxolan-4-
yllethoxy]-4-pyrimidinyl]-1-azetidinesulfonamide

A mixture of azetidine-1-sulphonamide (prepared according to patent WO 2004/011443,
0.20g), tris(dibenzylideneacetone)-dipalladium (0) (33mg), 2-dicyclohexylphosphino-2°,4°,6’-
tri-isopropyl-1,1’-biphenyl (XPHOS) (17mg), cesium carbonate (0.18g) and 4-chloro-2-
[[(2,3-difluorophenyl)-methyl]thio]-6-[(2-phenyl-1,3-dioxan-5-yl)oxy]-pyrimidine (the
product of step v) (0.15g) in dioxane (SmL) was heated at reflux in a microwave at 100°C,
300W, open vessel with cooling for 25min. Saturated aqueous ammonium chloride was added
and the resulting mixture extracted with ethyl acetate. The combined organic extracts were
washed with brine, dried (MgSOsa), filtered and evaporated. The residue was purified by
column chromatography on silica gel using EtOAc/isohexane (1:19 to 3:7 gradient) as eluent
to give the subtitle compound as a yellow oil. Yield: 0.14g.

MS: APCI(+ve) 517 (M+H"]

'H NMR: § (CDCls) 1.23 (d, 3H), 1.38 (s, 3H), 1.43 (s, 3H), 2.25 (quintet, 2H), 3.77 (dd, 1H),
3.98 - 4.09 (m, 5H), 4.24 (q, 1H), 4.37 (s, 2H), 5.30 (quintet, 1H), 6.32 (s, 1H), 6.98 - 7.11
(m, 2H), 7.20 - 7.26 (m, 1H).

Example 46
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[[(1R,2R)-2,3-dihydroxy-1-methylpropyl]oxy]-

4-pyrimidinyl]-methanesulfonamide

/"\/OH
5\
O\\ "O I \jl\ OH F
~ = F
S N~ "N~ s
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To a solution of N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-1-[(4R)-2,2-dimethyl-1,3-
dioxolan-4-yljethoxy]-4-pyrimidinyl]-methanesulfonamide (the product of step i) (0.23g) in
DCM (5mL) was added iron (III) chloride hexahydrate (0.25g). The reaction mixture was
stirred at ambient temperature for 2h then saturated aqueous sodium bicarbonate (2mL) was
added. The layers were separated and the aqueous material extracted with DCM (x3) and
ethyl acetate (x3). The combined organic extracts were washed with brine, dried (MgSO,),
filtered and evaporated. The residual yellow solid was precipitated from 10% DCM in Et,0,
filtered and the resulting material washed with minimal Et,O (2 x 1mL) to afford the title
compound as a white powder. Yield: 24mg.
MS: APCI(+ve) 436, [M+H"]
'H NMR: § (DMSO) 1.19 (d, 3H), 3.29 (s, 3H), 3.36 - 3.40 (m, 2H), 3.46 - 3.53 (m, 1H), 4.43
(d, 1H), 4.48 (d, 1H), 4.54 - 4.57 (m, 1H), 4.88 (d, 1H), 5.16 - 5.24 (m, 1H), 5.98 (s, 1H), 7.12
-7.19 (m, 1H), 7.29 - 7.43 (m, 2H), 11.10 (s, 1H).

The intermediate for this compound was prepared as follows:

i) N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-1-[(4R)-2,2-dimethyl-1,3-dioxolan-4-
Yllethoxy]-4-pyrimidinyl]-methanesulfonamide

A mixture of methanesulfonamide (0.11g), tris(dibenzylideneacetone)dipalladium (0) (26mg),
2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (14mg), cesium
carbonate (0.14g) and 4-chloro-2-[[(2,3-difluorophenyl)-methyl}jthio]-6-[(2-phenyl-1,3-
dioxan-5-yl)oxy]-pyrimidine (the subtitle product of example 46 step v) (0.12g) in dioxane
(6mL) was heated at reflux in a microwave at 100°C, 300W, open vessel with cooling for
15min. Saturated aqueous ammonium chloride was added and the resulting mixture extracted
with ethyl acetate. The combined organic extracts were washed with brine, dried (MgSO0s),
filtered and evaporated. The residue was purified by column chromatography on silica gel
using EtOAc/isohexane (1:19 to 3:7 gradient) as eluent to give the subtitle compound as a
yellow oil. Yield: 0.12g.

MS: APCI(+ve) 476 [M+H"]

'H NMR (CDCls) § 1.23 (d, 3H), 1.37 (s, 3H), 1.42 (s, 3H), 3.22 (s, 3H), 3.76 (dd, 1H), 4.04
(dd, 1H), 4.23 (q, 1H), 4.38 (s, 2H), 5.30 (quintet, 1H), 6.23 (s, 1H), 6.97 - 7.11 (m, 2H), 7.22
- 7.28 (m, 1H).
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Example 47
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-{[(1R,25)-2,3-dihydroxy-1-methylpropyl]oxy}-
4-pyrimidinyl]-1-azetidinesulfonamide

/:\(OH
0, .0 |\)N\ OH F
NN F
C/N S\ s/\©/
H
5

To a solution of N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-1-[(4S)-2,2-dimethyl-1,3-
dioxolan-4-yl]ethoxy]-4-pyrimidinyl]- 1-azetidinesulfonamide (the product of step i1) (0.13g)
in DCM (5mL) was added iron (III) chloride hexahydrate (0.24g). The reaction mixture was
stirred at ambient temperature for 1h, then saturated aqueous sodium bicarbonate (10mL) was

10 added. The layers were separated and the aqueous material extracted with DCM (3 x 10mL)
and EtOAc (3 x 10mL). The combined organic extracts were washed with saturated sodium
chloride, dried (MgSOy), filtered and evaporated. The residual pale yellow solid was slowly
precipitated from DCM, filtered and the resulting material washed with minimal cold DCM (2
x 1mL) to afford the title compound as a white powder. Yield: 45mg.

15 MS: APCI(+ve) 477 [M+H"]
'H NMR: 8 (CDCl) 1.36 (d, 3H), 2.27 (quintet, 2H), 2.34 (br s, 1H), 2.67 (d, 1H), 3.59 - 3.65
(m, 1H), 3.67 - 3.78 (m, 2H), 4.02 (t, 4H), 4.36 (s, 2H), 5.23 (quintet, 1H), 6.31 (s, 1H), 7.00
-7.10 (i, 2H), 7.19 — 7.23 (m, 1H).

20 The intermediates for this compound were prepared as follows:

i) 4-chloro-2-[(2,3-difluorobenzyl)thio]-6-{(1R)-1-[(45)-2,2-dimethyl-1,3-dioxolan-4-
yllethoxy }pyrimidine
The subtitle compound was prepared according to the procedure outlined in example 1 step

25 (iii) using (1R)-1-[(4S)-2,2-dimethyl-1,3-dioxolan-4-yl]ethanol (prepared according to Liebigs.
Ann. Chem. 1987, 7-14) (0.25g) and 4,6-Dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the
product of example 1 step ii) (0.53g) in THF (20mL) and 60% sodium hydride (80mg). Crude
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material was purified by column chromatography on silica gel using EtOAc/isohexane (1:3)
as eluent to give the subtitle compound as a clear, colourless oil. Yield: 0.37g.
MS: APCI(+ve) 417/419 [M+H"]

if) N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-1-[(4S)-2,2-dimethyl-1,3-dioxeolan-4-
yllethoxy]-4-pyrimidinyl]-1-azetidinesulfonamide

A mixture of azetidine-1-sulphonamide (prepared according to patent WO 2004/011443,
0.16g), tris(dibenzylideneacetone)-dipalladium (0) (33mg), 2-dicyclohexylphosphino-2’,4’,6’-
tri-isopropyl-1,1’-biphenyl (XPHOS) (17mg), cesium carbonate (0.28g) and 4-chloro-2-
[[(2,3-difluorophenyl)-methyl]thio]-6-[(2-phenyl-1,3-dioxan-5-yl)oxy]-pyrimidine (the
product of step i) (0.25g) in dioxane (10mL) was heated at reflux in a microwave at 100°C,
300W, open vessel with cooling for 20min. Saturated ammonium chloride was added and the
resulting mixture extracted with EtOAc. The combined organic extracts were washed with
saturated aqueous sodium chloride, dried (MgSQOs), filtered and evaporated. The residue was
purified by column chromatography on silica gel using EtOAc/isohexane (3:7) as eluent to
give the subtitle compound as a yellow oil. Yield: 0.13g.

MS: APCI(+ve) 517 [M+H"]

Example 48
N-[2-[[(2,3-Difluorophenyl)methyl]thio}-6-{[(1R,25)-2,3-dihydroxy-1-methylpropyljoxy}-

4-pyrimidinyl]-1-piperazinesulfonamide

0,0 [ N TOH F

A solution of tert-butyl 4-{[(2-[(2,3-difluorobenzyl)thio]-6-{ (1R)-1-[(45)-2,2-dimethyl-1,3-
dioxolan-4-yl]ethoxy }pyrimidin-4-yl)amino]sulfonyl }piperazine- 1-carboxylate (the product
of step i) (0.23g) in 10% trifluoroacetic acid/DCM (5mL) was stirred at room temperature for

1h. The mixture was evaporated to dryness in vacuo. The resulting crude oil was purified by
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reverse phase HPLC (75% to 5% gradient of 0.1% aqueous ammonium acetate in acetonitrile
as eluent) to give the title compound as a white solid. Yield: 40mg.
MS: APCI(+ve) 506 [M+H"]
'H NMR 3 (DMSO) 1.14 (d, 3H), 2.99 - 3.05 (n, 4H), 3.11 - 3.17 (m, 4H), 3.25 - 3.40 (m,
2H), 3.54 - 3.61 (m, 1H), 4.34 (d, 1H), 4.41 (d, 1H), 4.54 (br 5,1H), 4.81 (d, 1H), 5.03 (dq,
1H), 5.82 (s, 1H), 7.09 - 7.16 (m, 1H), 7.26 - 7.35 (m, 1H), 7.43 (dd, 1H)

The intermediate for this compound was prepared as follows:

i) tert-butyl 4-{[(2-[(2,3-difluorobenzyl)thio]-6-{(1R)-1-[(4S)-2,2-dimethyl-1,3-dioxolan-
4-yl]ethoxy }pyrimidin-4-yl)amino]sulfonyl}piperazine-1-carboxylate

The subtitle compound was prepared from 1,1-dimethylethyl 4-sulfamoylpiperazine-1-
carboxylate (the product of example 15, step 1), 0.26g) and 4-chloro-2-[(2,3-
difluorobenzyl)thio]-6-{(1R)-1-[(45)-2,2-dimethyl-1,3-dioxolan-4-yljethoxy }pyrimidine (the
product of Example 47, step i) (0.21g) according to the procedure outlined in Example 1, step
iv). Yield: 0.28g

MS: APCI(-ve) 644 [M-H]

Example 49
5-(azetidin-1-ylcarbonyl)-N-{2-[(2,3-difluorobenzyl)thio]-6-[(1R)-2-hydroxy-1-
methylethoxy]pyrimidin-4-yl}furan-2-sulfonamide

To a solution of 5-(azetidin-1-ylcarbonyl)-N-{2-[(2,3-difluorobenzyl)thio]-6-[(1R)-1-methyl-
2-(triphenylmethyloxy)ethoxy]pyrimidin-4-yl }furan-2-sulfonamide (the product of step iv)
(0.24g) in methanol (5mL) was added para-toluenesulfonic acid hydrate (58mg) and anisole
(0.34mL). After stirring at room temperature for 2d, H,O (5SmL) was added and the mixture



10

15

20

25

30

WO 2006/024823 PCT/GB2005/003257

-95.
extracted with EtOAc (3 x 10mL). The combined organic layers were washed with brine
(10mL), dried (MgSOQ,), filtered and evaporated to dryness in vacuo. The resulting crude solid
was purified by reverse phase HPLC (50% to 5% gradient of 0.1% aqueous ammonium
acetate in acetonitrile as eluent) to give the title compound as a white solid. Yield: 10mg.
MS: APCI(+ve) 541 [M+H"]
'H NMR 8 (CDCl;) 1.28 (d, 3H), 2.39 (quintet, 2H), 3.70 (dd, 1H), 3.76 (dd, 1H), 4.20 (t,
4H), 4.33 (d, 1H), 4.37 (d, 1H), 4.51 (t, 2H), 5.31 (dquintet, 1H), 6.41 (s, 1H), 6.99-7.08 (m,
2H), 7.11 (d, 1H), 7.17-7.22 (m, 1H), 7.21 (d, 1H)

The intermediates for this compound were prepared as follows:

i) methyl 5-[(tert-butylamino)sulfonyl]-2-furoate

To a solution of methyl 5-(chlorosulfonyl)-2-furoate (3.0g) in DCM (100mL) was added tert-
butylamine (3.6mL). After stirring at room temperature for 2 days the mixture was filtered
through a pad of celite, washing with DCM (2 x 10mL). The filtrate was evaporated to
dryness in vacuo. The resulting crude residue was purified by column chromatography using
EtOAc/isohexane (2:8) as eluent to give the subtitle compound as a foam. Yield: 2.75g.

MS: APCI(-ve) 260 [M-H]

ii) S-(azetidin-1-ylcarbonyl)-N-(tert-butyl)furan-2-sulfonamide

To a solution of methyl 5-[(zert-butylamino)sulfonyl]-2-furoate (the product of step i) (2.15g)
in methanol (80mL) was added azetidine (1.15mL). After stirring at room temperature for Sh
the mixture was evaporated to dryness in vacuo. The resulting residue was partitioned
between EtOAc (50mL) and H,O (50mL). The separated organic layer was dried (MgSOs),
filtered and evaporated to dryness in vacuo. The resulting crude material was purified by
column chromatography (EtOAC as eluent) to give the subtitle compound as a pale yellow
oil. Yield: 3g.

MS: APCI(+ve) 287 [M+H"]

iii) 5-(azetidin-1-ylcarbonyl)furan-2-sulfonamide
A solution of 5-(azetidin- 1-ylcarbonyl)-N-(tert-butyl)furan-2-sulfonamide (the product of step

ii) (3g) in trifluoroacetic acid (90mL) was stirred at room temperature. After 18h the mixture
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was evaporated to dryness in vacuo. The resulting oil was triturated with Et,O and filtered to
give the subtitle compound as a white solid. Yield: 1.75g.

MS: APCI(+ve) 231 [M+H"]

iv) 5-(azetidin-1-ylcarbonyl)-N-{2-[(2,3-difluorobenzyl)thio]-6-[(1R)-1-methyl-2-
(triphenylmethyloxy)ethoxy]pyrimidin-4-yl}furan-2-sulfonamide

The subtitle compound was prepared from 5-(azetidin- 1-ylcarbonyl)furan-2-sulfonamide (the
product of step iii) (0.40g) and 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-1-
methyl-2-(triphenylmethoxy)ethoxy]-pyrimidine (the product of Example 13, step iii) (0.41g)
according to the procedure outlined in Example 1, step iv). Yield: 0.25g

MS: APCI(-ve) 781 [M-H]

Example S0
N-(tert-butyl)-5-[({2-[(2,3-difluorobenzyl)thio]-6-[ (1R)-2-hydroxy-1-
methylethoxy]pyrimidin-4-yl}amino)sulfonyl]-2-furamide

O/E\\/OH

SN F
N//ks i

0,.0 |
QA 0. S
T
H

To a solution of ethyl (2R)-2-({6-[({5-[(tert-butylamino)carbonyl]-2-furyl } sulfonyl)amino]-2-
[(2,3-difluorobenzyl)thio]pyrimidin-4-yl }oxy)propanoate (the product of step iii) (0.25g) in
THF (10mL) was added a solution of lithium borohydride (0.6mL, 2.0M in hexanes) dropwise
at 0°C. The mixture was warmed to room temperature and stirred for 18h. After cooling to
0°C, 1N HC1 (20mL) was added slowly, and the mixture extracted with EtOAc (3 x 20mL).
The combined organic layers were dried (MgSOs), filtered and evaporated to dryness in
vacuo. The resulting crude oil was purified by reverse phase HPLC (75% to 5% gradient of
0.2% aqueous trifluoroacetic acid in acetonitrile as eluent) to give the title compound as a
white solid. Yield: 90mg.

MS: APCI(-ve) 555 [M-H]
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'H NMR 8 (CDCL): 1.27 (d, 3H), 1.44 (s, 9H), 3.69 (dd, 1H), 3.75 (dd, 1H), 4.33 (d, 1H),
4.38 (d, 1H), 5.26-5.33 (m, 1H), 6.23 (br s, 1H), 6.32 (s, 1H), 6.98-7.08 (m, 2H), 7.09 (d, 1H),
7.17-7.21 (m, 1H), 7.23 (d, 1H)

The intermediates for this compound were prepared as follows:

i) N-(tert-butyl)-5-cyanofuran-2-sulfonamide

A solution of 5-formylfuran-2-sulfonic acid sodium salt (2.97g), and hydroxylamine
hydrochloride (1.05g) in H,O (1.35mL) and acetic acid (21mL) was heated at 60°C for 4h.
After cooling to room temperature the solvent was removed in vacuo. The crude residue was
triturated with Et,O (3 x 50mL) and dried under high vacuum to give a crude pale brown
solid. A solution of this material (3.7g) in phosphorusoxychloride (100mL) was heated at
60°C for 18h. After cooling to room temperature the mixture was partitioned between ice-
water (100mL) and EtOAc (100mL). The aqueous layer was separated and further extracted
with EtOAc (2 x 100mL). The combined organic phases were washed with brine (100mL),
dried (M'gSO4), filtered and evaporated to dryness in vacuo to give a crude brown oil. To a
solution of this crude oil (1.6g) in DCM (85mL) was added tert-butylamine (1.8mL). After
stirring at room temperature for 2 days the mixture was filtered through celite, washing with
DCM (2 x 20mL). The filtrate was evaporated to dryness in vacuo. The resulting crude
material was purified by column chromatography using EtOAc/isohexane (2:8) as eluent to
give the subtitle compound as a pale yellow oil. Yield: 1.0g.

MS: APCI(-ve) 227 [M-H]

ii) 5-(aminosulfonyl)-N-(tert-butyl)-2-furamide

A solution of N-(tert-butyl)-5-cyanofuran-2-sulfonamide (the product of step i) (1.0g) in
trifluoroacetic acid (30mL) was stirred at room temperature for 24h. The mixture was
evaporated to dryness in vacuo to leave a crude yellow oil that was triturated with Et;O and
filtered to give the subtitle compound as a white solid. Yield: 0.25g.

MS: APCI(-ve) 245 [M-H]

iii) ethyl (2R)-2-({6-[({5-[(tert-butylamino)carbonyl]-2-furyl}sulfonyl)amine]-2-[(2,3-
difluorobenzyl)thio]pyrimidin-4-yl}oxy)propanoate
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The subtitle compound was prepared according to the procedure outlined in example 1 step
(1v) using a mixture of 5-(aminosulfonyl)-N-(tert-butyl)-2-furamide (0.25g),
tris(dibenzylideneacetone)dipalladium (0) (58mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (30mg), cesium carbonate (0.65g) and 2-[[6-chloro-2-
[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinyljoxy]-(2R)- propanoic acid ethyl ester
(product of Example 11 step i) (0.26g) in dioxane (10mL). Purification was trituration with
Et,0 to give the subtitle compound as a white solid. Yield: 0.25g

MS: APCI(+ve) 599 [M+H")

Example 51
5-cyano-N-{2-[(2,3-difluorobenzyl)thio]-6-[(1R)-2-hydroxy-1-methylethoxy]pyrimidin-4-
yl}furan-2-sulfonamide

To a solution of 5-cyano-N-{2-[(2,3-difluorobenzyl)thio}-6-[(1R)-1-methyl-2-
(triphenylmethyloxy)ethoxy]pyrimidin-4-yl } furan-2-sulfonamide (the product of step ii)
(0.15g) in methanol (SmL) was added para-toluenesulfonic acid hydrate (39mg) and anisole
(0.23mL). After stirring at room temperature for Sh, H,O (5mL) was added and the mixture
extracted with EtOAc (3 x 10mL). The combined organic layers were washed with brine
(10mL), dried (MgSQs), filtered and evaporated to dryness in vacuo. The resulting crude solid
was purified by reverse phase HPLC (75% to 5% gradient of 0.1% aqueous ammonium
acetate in acetonitrile as eluent) to give the title compound as a white solid. Yield: 20mg.
MS: APCI(-ve) 481 [M+H']

'H NMR & (CDCL): 1.28 (d, 3H), 3.71 (dd, 1H), 3.76 (dd, 1H), 4.34 (d, 1H), 4.38 (d, 1H),
5.29-5.33 (m, 1H), 6.31 (s, 1H), 7.00-7.11 (m, 2H), 7.15 (d, 1H), 7.18-7.21 (m, 1H), 7.24 (d,
1H)

The intermediates for this compound were prepared as follows:
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i) 5-cyanofuran-2-sulfonamide

A solution of N-(tert-butyl)-5-cyanofuran-2-sulfonamide (the product of example 50, step 1)
(1.0g) in trifluoroacetic acid (30mL) was stirred at room temperature for 24h. The mixture
was evaporated to dryness in vacuo to leave a crude yellow oil that was triturated with Et;O
and filtered. The filtrate was evaporated to dryness in vacuo to give the subtitle compound as
a pale yellow oil. Yield: 0.29g.

MS: APCI(-ve) 171 [M-H']

ii) 5-cyano-N-{2-[(2,3-difluorobenzyl)thio]-6-[(1R)-1-methyl-2-
(triphenylmethyloxy)ethoxy]pyrimidin-4-yl furan-2-sulfonamide

The subtitle compound was prepared from 5-cyanofuran-2-sulfonamide (the product of step 1)
(0.29g) and 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[ (1R)-1-methyl-2-
(triphenylmethoxy)ethoxy]-pyrimidine (the product of Example 13, step ii) (0.15g) according
to the procedure outlined in Example 1, step iv). Purification was by column chromatography
on silica gel using EtOAc/isohexane (1:4 to 2:3 gradient) to give the subtitle compound as a
pale yellow solid. Yield: 0.25g

MS: APCI(-ve) 723 [M-H]

Example 52
N-{2-[(2,3-Diftuorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-pyrimidin-2-ylpiperazine-1-
sulfonamide
e
AN
0O O | N F

The title compound was prepared according to the procedure outlined in example 1 step (iv)
using a mixture of 4-pyrimidin-2-ylpiperazine-1-sulfonamide (0.24g),
tris(dibenzylideneacetone)dipalladium (0) (60mg), 2-dicyclohexylphosphino-2°,4’,6’-tri-
isopropyl-1,1°’-biphenyl (XPHOS) (31mg), cesium carbonate (0.32g) and 4-Chloro-2-[[(2,3-
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difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of Example 35, step i) (0.20g)
in dioxane (6ml). The crude material was purified by column chromatography using
EtOAc/isohexane (2:8 to 1:1 gradient) as eluent to give the title compound as a pale yellow
foam. Yield: 0.19g.

MS: APCI(+ve) 510 [M+H]
'H NMR: § (DMSO) 3.26 (m, 4H), 3.77(m, 4H), 3.86 (s, 3H), 4.47 (s, 2H), 6.08 (s, 1H), 6.67
(t, 1H), 7.13 (m, 1H), 7.33 (m, 1H), 7.40 (dt, 1H), 8.37 (d, 2H), 11.16 (bs, 1H)

The intermediate for this compound was prepared as follows:

i) 4-Pyrimidin-2-ylpiperazine-1-sulfonamide

The subtitle compound was prepared according to the procedure outlined in example 15 step
i) using 2-piperazin-1-ylpyrimidine (3.0g) and sulfamide (1.2g) in dioxane (30mL) to give the
subtitle compound as a white solid. Yield: 2.06g.

"H NMR: § (DMSO) 3.00 (t, 2H), 3.83 (t, 2H), 6.68 (t, 1H), 6.81 (bs, 1H), 8.39 (d, 2H)

Example 53
N-{5-[({2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl }Jamino)sulfonyl]-4-methyl-
1,3-thiazol-2-yl}acetamide

Ve

0,0 [N\
H S ‘\S'lN N&ks F
_\E)N“<\NI H

The title compound was prepared according to the procedure outlined in example 1 step (iv)
using a mixture of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]acetamide (0.25g),
tris(dibenzylideneacetone)dipalladium (0) (64mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (33mg), cesium carbonate (0.69g) and 4-Chloro-2-[[(2,3-
difluorophenylymethyl]thio]-6-methoxypyrimidine (the product of Example 35, step i) (0.21g)
in dioxane (6ml). The crude material was purified by column chromatography using
EtOAc/isohexane (2.5:7.5 to 4:6 gradient) as eluent to give the title compound as a pale
yellow solid. Yield: 85mg.
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MS: APCI(+ve) 502 [M+H]

'H NMR: § (CDCl3) 2.26 (s, 3H), 2.57 (s, 3H), 3.90 (s, 3H), 4.38 (s, 2H), 6.32 (s, 1H), 7.03
(m, 2H), 7.19 (dt, 1H)

The intermediates for this compound were prepared as follows:

i) N-{5-[(tert-Butylamino)sulfonyl]-4-methyl-1,3-thiazol-2-yl}acetamide

To a suspension of 2-(acetylamino)-4-methyl-1,3-thiazole-5-sulfonyl chloride (1.0g) in DCM
(10ml) was added tert-butylamine (0.92ml) and the mixture was stirred at room temperature
for 2d. The mixture was diluted with H,O and extracted with DCM (x3). The combined
organic extracts were dried (MgSOs), filtered and evaporated to give the subtitle compound as
a beige foam. Yield 1.1g.

MS: APCI(+ve) 292 [M+H]

ii) N-[5-(Aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]acetamide

A solution of N-{5-[(tert-butylamino)sulfonyl]-4-methyl-1,3-thiazol-2-yl }acetamide (1.1g) in
TFA (10ml) was stirred at room temperature for 3d. The mixture was evaporated, redissolved
in TFA (10ml) and stirred for a further 1d. On evaporation the resulting oil was azeotroped
with DCM (x2) and triturated with Et;O to give the subtitle compound as a beige solid. Yield
0.7g.

MS: APCI(+ve) 236 [M+H]

Example 54
2-Amino-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-methyl-1,3-

thiazole-5-sulfonamide

XN F
0,0 |
L2 L I
HzN‘QI H
N

The title compound was prepared according to the procedure outlined in example 1 step (iv)

using a mixture of 2-amino-4-methyl-1,3-thiazole-5-sulfonamide (0.23g),
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tris(dibenzylideneacetone)dipalladium (0) (73mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (38mg), cesium carbonate (0.39g) and 4-Chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of Example 35, step 1) (0.24g)
in dioxane (6ml). The crude material was purified by column chromatography using

5 EtOAc/isohexane (2:8 to 4.5:5.5 gradient) as eluent and trituration with Et;O to give the title
compound as a beige solid. Yield: 0.15g.
MS: APCI(+ve) 460 [M+H]
'H NMR: & (DMSO) 2.42 (s, 3H), 3.91 (s, 3H), 4.56 (s, 2H), 6.07 (s, 1H), 7.18 (dq, 1H), 7.35
(m, 2H), 7.55 (bs, 2H), 11.91 (bs, 1H)

10

The intermediate for this compound was prepared as follows:

i) 2-Amino-4-methyl-1,3-thiazole-5-sulfonamide
A suspension of N-[5-(aminosulfonyl)-4-methyl-1,3-thiazol-2-yl]acetamide (the product from
15 Example 53, step ii) (0.44g) in hydrazine hydrate (1.5ml) was stirred at room temperature for
4h. The mixture was diluted with H,O and extracted with EtOAc (x4). The combined organic
extracts were dried (MgSQ,), filtered and evaporated to give the subtitle compound as an off-
white solid. Yield 0.23g.
MS: APCI(+ve) 194 [M+H]
20
Example 55
N-(2-[(2,3-Difluorobenzyl)thio]-6-{[(1R,2S)-2,3-dihydroxy-1-
methylpropylloxy }pyrimidin-4-yl)methanesulfonamide

OH
o/\[
N
0. ,0 M OH F
\ z F

25 To a solution of N-(2-[(2,3-difluorobenzyl)thio]-6-{(1R)-1-[(45)-2,2-dimethyl-1,3-dioxolan-4-
yllethoxy }pyrimidin-4-ylymethanesulfonamide (0.23g) in MeOH (2ml) was added TFA

(0.4ml) and the reaction was stirred at room temperature for 20h. The mixture was
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evaporated, suspended in saturated sodium carbonate solution and then re-acidified to pHS
with glacial acetic acid with stirring. The resulting solid was collected, washed with H,O and
dried to give the title compound as a cream solid. Yield 0.17g.
MS: APCI(+ve) 436 [M+H]
'H NMR: § (DMSO) 1.18 (d, 3H), 3.26 (s, 3H), 3.36 (t, 2H), 3.62 (quintet, 1H), 4.45 (quintet,
2H), 4.60 (t, 1H), 4.93 (d, 1H), 5.17 (quintet, 1H), 5.97 (s, 1H), 7.17 (m, 1H), 7.35 (m, 1H),
7.40 (m, 1H)

The intermediate for this compound was prepared as follows:

i) N-(2-[(2,3-Difluorobenzyl)thio]-6-{(1R)-1-[(4S)-2,2-dimethyl-1,3-dioxolan-4-
yllethoxy }pyrimidin-4-yl)methanesulfonamide

The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of methane sulfonamide (0.25g), tris(dibenzylideneacetone)dipalladium
(0) (55mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (29mg),
cesium carbonate (0.30g) and 4-chloro-2-[(2,3-difluorobenzyl)thio]-6-{(1R)-1-[(45)-2,2-
dimethyl-1,3-dioxolan-4-yl]ethoxy }pyrimidine (the product of Example 47, step i) (0.25g) in
dioxane (5ml). The crude material was purified by column chromatography using
EtOAc/isohexane (2:8) as eluent to give the subtitle compound as a yellow oil. Yield: 0.25g.
MS: APCI(+ve) 476 [M+H]

Example 56
N-(2-[(2,3-Difluorobenzyl)thio]-6-{[ (1R,2S)-2,3-dihydroxy-1-
methylpropyl]oxy }pyrimidin-4-yl)morpholine-4-sulfonamide

OH

> ,I )\
(\ H

O

To a solution of N-(2-[(2,3-difluorobenzyl)thio]-6-{(1R)-1-[(4S5)-2,2-dimethyl-1,3-dioxolan-4-
yl]ethoxy }pyrimidin-4-yl)morpholine-4-sulfonamide (0.20g) in MeOH (2ml) was added TFA
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(0.4ml) and the reaction was stirred at room temperature for 20h. The mixture was
evaporated, suspended in saturated sodium carbonate solution and then re-acidified to pH5
with glacial acetic acid with stirring. The resulting solid was collected, washed with H,O and
dried to give the title compound as a white solid. Yield 0.15g.
MS: APCI(+ve) 507 [M+H]
'H NMR: § (DMSO) 1.18 (d, 3H), 3.18 (m, 4H), 3.33 (m, 2H), 3.60 (m, 5H), 4.44 (q, 2H),
4.60 (t, 1H), 4.89 (d, 1H), 5.20 (quintet, 1H), 6.03 (s, 1H), 7.16 (m, 1H), 7.38 (m, 2H), 11.13
(bs, 1H)

The intermediate for this compound was prepared as follows:

i) N-(2-[(2,3-Difluorobenzyl)thio]-6-{(1R)-1-[(45)-2,2-dimethyl-1,3-dioxolan-4-
yl]ethoxy }pyrimidin-4-yl)morpholine-4-sulfonamide

The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of 4-morpholine sulfonamide (prepared according to patent WO
2004/011443) (0.15g), tris(dibenzylideneacetone)dipalladium (0) (55mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (29mg), cesium
carbonate (0.30g) and 4-chloro-2-[(2,3-difluorobenzyl)thio]-6-{(1R)-1-[(45)-2,2-dimethyl-
1,3-dioxolan-4-yl]ethoxy }pyrimidine (the product of Example 47, step i) (0.25g) in dioxane
(5ml). The crude material was purified by column chromatography using EtOAc/isohexane
(1:9 to 2.5:7.5 gradient) as eluent to give the subtitle compound as an off-white foam. Yield:
0.20g.

MS: APCI(+ve) 547 [M+H]

Example 57
N-[2-[(2,3-Difluorobenzyl)thio]-6-(methylthio)pyrimidin-4-yllmethanesulfonamide
7~
S
0,.0 | /'\L T
S Z F
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A mixture of methane sulfonamide (0.22g), tris(dibenzylideneacetone)-dipalladium (0)
(33mg), 2-dicyclohexylphosphino-2°,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (17mg),
cesium carbonate (0.58g) and 4-chloro-2-[(2,3-difluorobenzyl)thio]-6-(methylthio)pyrimidine
(the product of step i) (0.38g) in dioxane (10mL) was heated at 100°C for 18h. The mixture
was cooled and saturated ammonium chloride was added and the resulting mixture extracted
with EtOAc. The combined organic extracts were washed with saturated aqueous sodium
chloride, dried (MgSOy), filtered and evaporated. The residue was purified by reverse phase
HPLC eluting with acetonitrile / aq. 0.1% TFA mixtures to give the title compound as a white
solid. Yield: 30mg. ‘
MS: APCI(+ve) 378 [M+H"]
'"H NMR (CDCl) § 2.52 (3H, s), 3.21 (3H, 5), 4.44 (2H, s), 6.73 (1H, 5), 6.99-7.10 (2H, m),
7.21-7.24 (1H, m)

The intermediate for this compound was prepared as follows:

i) 4-chloro-2-[(2,3-difluorobenzyl)thio]-6-(methylthio)pyrimidine

To a solution of 4,6-dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the product of example
1 step ii) (1.54g) in THF (50mL) was added sodium methanethiolate (0.39g). The mixture was
allowed to warm to room temperature and stirring continued for 2h. Saturated ammonium
chloride was added and the resulting mixture extracted with EtOAc. The combined organic
extracts were washed with saturated aqueous sodium chloride, dried (MgSO,), filtered and
evaporated to give the subtitle compound as a pale yellow solid. Yield: 1.51g.

MS: APCI(-ve) 317/319 [M-H1]

Example 58
N-[2-[(2,3-Difluorobenzyl)thio]-6-(methylthio)pyrimidin-4-yl]azetidine-1-sulfonamide
e
B
o.of N ¥

s A F
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A mixture of azetidine- 1-sulfonamide (prepared according to patent WO 2004/011443,
0.32g), tris(dibenzylideneacetone)-dipalladium (0) (33mg), 2-dicyclohexylphosphino-2’,4°,6’-
tri-isopropyl-1,1’-biphenyl (XPHOS) (17mg), cesium carbonate (0.58g) and 4-chloro-2-[(2,3-
difluorobenzyl)thio]-6-(methylthio)pyrimidine (the product of example 57, step 1) (0.38g) in
dioxane (10mL) was heated at 100°C for 18h. The mixture was cooled and saturated
ammonium chloride was added and the resulting mixture extracted with EtOAc. The
combined organic extracts were washed with saturated aqueous sodium chloride, dried
(MgSOy), filtered and evaporated. The residue was purified by reverse phase HPLC eluting
with acetonitrile / aq. 0.1% ammonium acetate mixtures to give the title compound as a white
solid. Yield: 50mg.
MS: APCI(+ve) 419 [M+H"]
'"H NMR (CDCl) 6 2.25 (2H, quintet), 2.51 (3H, s), 4.01 (4H, t), 443 (2H, s), 6.81 (1H, s),
6.98-7.10 (2H, m), 7.21-7.24 (1H, m)

Example 59
N-[2-[(2,3-Difluorobenzyl)thio]-6-(methylthio)pyrimidin-4-yllmorpholine-4-sulfonamide

7~
e

(\N/S\H N s/\©/ -

0.
A mixture of 4-morpholinesulfonamide (prepared according to patent WO 2004/011443,
0.39g), tris(dibenzylideneacetone)-dipalladium (0) (33mg), 2-dicyclohexylphosphino-2’,4’,6’-
tri-isopropyl-1,1’-biphenyl (XPHOS) (17mg), cesium carbonate (0.58g) and 4-chloro-2-[(2,3-
difluorobenzyl)thio]-6-(methylthio)pyrimidine (the product of example 57, step 1) (0.38g) in
dioxane (10mL) was heated at 100°C for 18h. The mixture was cooled and saturated
ammonium chloride was added and the resulting mixture extracted with EtOAc. The
combined organic extracts were washed with saturated aqueous sodium chloride, dried
(MgSOy), filtered and evaporated. The residue was purified by reverse phase HPLC eluting
with acetonitrile / aq. 0.1% ammonium acetate mixtures to give the title compound as a white
solid. Yield: 30mg.
MS: APCI(+ve) 449 [M+H"]
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'H NMR (CDCl) § 2.51 (3H, s), 3.30 (4H, t), 3.72 (4H, 1), 4.43 (2H, 5), 6.73 (1H, 5), 7.00-
7.10 (2H, m), 7.21-7.24 (1H, m)

Example 60
N-[2-[[(2,3-Difluorophenyl)methyljthio]-6-{[(1R,2R)-2,3-dihydroxy-1-
methylpropyl]oxy }-4-pyrimidinyl]-1-morpholinesulfonamide

To a solution of N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-1-[(4R)-2,2-dimethyl-1,3-
dioxolan-4-yl]ethoxy]-4-pyrimidinyl]- 1-morpholinesulfonamide (the product of step 1)
(0.17g) in DCM (5ml) was added iron (III) chloride hexahydrate (0.25g). The reaction
mixture was stirred at room temperature for 3h after which time further iron (III) chloride
hexahydrate (0.25g) was added. After a further 3h saturated aqueous sodium bicarbonate
(1ml) was added. The layers were separated and the aqueous material extracted with DCM
(x3) and EtOAc (x3). The combined organic extracts were washed with saturated aqueous
sodium chloride, dried with sodium sulfate, filtered and evaporated. The residual solid was
purified by reverse phase HPLC (gradient 25-95% acetonitrile in 0.2% aqueous TFA) to
afford the title compound as a white powder. Yield: 23mg

MS: APCI(+ve) 507 [M+H"]

'H NMR: § (400 MHz, CDCl3) 1.31 (d, 3H), 3.29 - 3.32 (m, 4H), 3.60 - 3.80 (m, 7H), 4.36
(V2Abq, 1H), 4.36 (Y2Abq, 1H), 5.31 (quintet, 1H), 6.23 (s, 1H), 6.99 - 7.10 (m, 2H), 7.20 -
7.23 (m, 1H).

The intermediate for this compound was prepared as follows:

i) N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-1-[ (4R)-2,2-dimethyl-1,3-dioxolan-4-
yl]ethoxy]-4-pyrimidinyl]-1-morpholinesulfonamide
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A mixture of morpholine-4-sulfonamide (prepared according to patent WO 2004/011443,
0.239g), tris(dibenzylideneacetone)-dipalladium (0) (33mg), 2-dicyclohexylphosphino-
2’4 ,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (17mg), cesium carbonate (0.176g) and 4-
chloro-2-[(2,3-difluorobenzyl)thio]-6-{ (1R)-1-[(4R)-2,2-dimethyl-1,3-dioxolan-4-
yl]ethoxy }pyrimidine (the product of example 45 step vii) (0.150g) in anhydrous dioxane
(6ml) was heated at reflux in a microwave at 100°C, 300W, open vessel with cooling for 20
min. Saturated aqueous ammonium chloride was added and the resulting mixture extracted
with EtOAc. The combined organic extracts were washed with saturated aqueous sodium
chloride, dried with sodium sulfate, filtered and evaporated. The residue was purified by
column chromatography on silica using a 1:19 to 2:3 mixture of EtOAc and iso-hexane as
eluent to give the subtitle compound as a yellow gum. Yield: 0.165g
MS: APCI(+ve) 547 [M+H"]

Example 61
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-{[(1S,2R)-2,3-dihydroxy-1-methylpropyl]oxy }-

4-pyrimidinyl]-1-azetidinesulfonamide

To a solution of N-(2-[(2,3-difluorobenzyl)thio]-6-{(15)-1-[(2R)-1,4-dioxaspiro[4.5]dec-2-
yllethoxy }pyrimidin-4-yl)azetidine- 1-sulfonamide (the product of step ii) (43mg) in DCM
(4ml) was added iron (III) chloride hexahydrate (73mg). The reaction mixture was stirred at
room temperature for 2h after which time further iron (IIT) chloride hexahydrate (40mg) was
added. After 3d at —18 °C, H,O and DCM were added. The layers were separated and the
aqueous material extracted with further DCM. The combined organic extracts were washed
with saturated aqueous sodium chloride, dried with sodium sulfate, filtered and evaporated.
TFA (1ml) and DCM (4ml) were added to the residue and the reaction mixture stirred at room
temperature for 2d. The mixture was partitioned between saturated aqueous sodium

bicarbonate and DCM, then neutralised with 2M aqueous hydrochloric acid, the layers
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separated and the aqueous material extracted with further DCM. The DCM extracts were
allowed to slowly evaporate and the resulting solid washed with minimal cold DCM to afford
the title compound as a white powder. Yield: 11mg
MS: APCI(+ve) 477 [M+H"]
'H NMR: & (300 MHz, CDCl3) 1.36 (d, 3H), 2.27 (quintet, 2H), 3.59 - 3.65 (m, 1H), 3.68 -
3.78 (m, 2H), 4.02 (t, 4H), 4.37 (s, 2H), 5.23 (quintet, 1H), 6.31 (s, 1H), 6.99 - 7.11 (m, 2H),
7.19 - 7.23 (m, 1H).

The intermediates for this compound were prepared as follows:

i) 4-Chloro-2-[(2,3-difluorobenzyl)thio]-6-{(15)-1-[(2R)-1,4-dioxaspiro[4.5]dec-2-
yllethoxy }pyrimidine

A solution of (15)-1-[(2R)-1,4-dioxaspiro[4.5]dec-2-yl]ethanol (prepared according to J. Org.
Chem. 1995, 60, 585-587, 0.183 g of ~2:1 mixture of diastereomers) in dry THF (5ml) was
cooled to 0°C and to it was added (in portions) sodium hydride (46mg as 60% dispersion in
mineral oil) followed in portions by 4,6-dichloro-2-(2,3-difluoro-benzylsulfanyl)-pyrimidine
(product of example 1 step ii, 0.252 g). The reaction mixture was stirred at room temperature
for 24h then quenched with saturated aqueous ammonium chloride (2ml) and diluted with
EtOAc. The layers were separated and the aqueous layer extracted with further EtOAc. The
combined organic extracts were washed with saturated aqueous sodium chloride, dried with
sodium sulfate, filtered and evaporated to leave a yellow oil which was purified by column
chromatography on silica using a 0.5 to 4% mixture of EtOAc in iso-hexane as eluent to
afford the subtitle compound as a white solid. Yield: 0.10g

MS: APCI(+ve) 457/459 [M+H']

ii) N-(2-[(2,3-Difluorobenzyl)thio]-6-{(15)-1-[(2R)-1,4-dioxaspiro[4.S]dec-2-

yllethoxy }pyrimidin-4-yl)azetidine-1-sulfonamide

A mixture of azetidine-1-sulfonamide (prepared according to patent WO 2004/011443,
0.131g), tris(dibenzylideneacetone)-dipalladium (0) (22mg), 2-dicyclohexylphosphino-

2’ 4,6’ -tri-isopropyl-1,1’-biphenyl (XPHOS) (11mg), cesium carbonate (0.117g) and 4-
chloro-2-[(2,3-difluorobenzyl)thio]-6- { (15)-1-[(2R)-1,4-dioxaspiro[4.5]dec-2-

yl]ethoxy }pyrimidine (the product of step i) (0.100g) in anhydrous dioxane (5ml) was heated
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at reflux in a microwave at 100°C, 300W, open vessel with cooling for 15min. Saturated
aqueous ammonium chloride was added and the resulting mixture extracted with EtOAc. The
combined organic extracts were washed with saturated aqueous sodium chloride, dried with
sodium sulfate, filtered and evaporated. The residue was purified by column chromatography
on silica using a 1:19 to 3:7 mixture of EtOAc and iso-hexane as eluent and then by reverse
phase HPLC (gradient 25-95% acetonitrile in 0.1% ammonium acetate) to give the subtitle
compound as a colourless gum. Yield: 43mg
MS: APCI(+ve) 557 [M+H"]

Example 62
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]-4-

ethanesulfonylpiperazine- 1-sulfonamide

7\

The title compound was prepared from 4-ethanesulfonylpiperazine- 1-sulfonamide (the
product of step i) (0.31g) and 4-chloro-2-[[(2,3-difluorophenylymethyl]thio]-6-
methoxypyrimidine (the product of Example 35, step i) (0.25g) according to the procedure
outlined in Example 1, step iv). The crude material was purified by column chromatography
using EtOAc / isohexane (1:1) as eluent. Yield: 0.37g

MS: APCI (+ve) 524 [M+H"]

'H NMR: § (DMSO) 1.17 (t, 3H), 3.06 (q, 2H), 3.23 (d, 4H), 3.28 (d, 4H), 3.88 (s, 3H), 4.48
(s, 2H), 6.06 (s, 1H), 7.17 (m, 1H), 7.33 (m, 1H), 7.42 (t, 1H), 11.22 (bs, 1H).

The intermediate for this compound was prepared as follows:

i) 4-Ethanesulfonylpiperazine-1-sulfonamide
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To a solution of 1-ethanesulfonylpiperazine (1.0g) in dioxane (10ml) was added sulfamide
(0.51g). The reaction was then heated at 100°C for 24h. The reaction was allowed to cool
before being concentrated in vacuo. The residue was stirred in Et,O for 4h and the mixture
filtered to give the product as a white solid. Yield: 1.3g.
'H NMR: § (DMSO) 1.21 (t, 3H), 3.02 (t, 4H), 3.09 (q, 2H), 3.28 (t, 4H), 6.89 (s, 2H).

Example 63
N-[2-[[(2,3-Difluorophenyl)methyljthio]-6-methoxypyrimidin-4-yl]-3-oxopiperazine-1-

sulfonamide

C..0 | h
S //I\ F
0 §(\N N N s
()
The title compound was prepared from 3-oxopiperazine-1-sulfonamide (the product of step i)
(0.22g) and 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product
of Example 35, step i) (0.25g) according to the procedure outlined in Example 1, step iv).
The crude material was purified By column chromatography using EtOAc / isohexane (1:1) as
eluent to give a white solid. This solid was dissolved in EtOAc and Et,O and extracted with
IN sodium hydroxide. The basic solution was washed with Et,0, acidified with dilute
hydrochloric acid and extracted with EtOAc. The organic solution was washed with H,O,
dried MgSQy) and the solvent evaporated in vacuo to give the product as a yellow foam.
Yield: 40mg
MS: APCI (+ve) 446 [M+H"]
'H NMR: § (DMSO) 3.19 (s, 2H), 3.43 (t, 2H), 3.80 (s, 2H), 3.88 (s, 3H), 4.48 (s, 2H), 6.03
(s, 1H), 7.17 (g, 1H), 7.34 (m, 1H), 7.41 (m, 1H), 8.07 (s, 1H), 11.29 (s, 1H).

The intermediate for this compound was prepared as follows:

i) 3-Oxopiperazine-1-sulfonamide
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The subtitle compound was prepared according to the procedure outlined in Example 62 step
i) using 2-oxopiperazine (0.5g) and sulfamide (0.45g) to give a beige solid. Yield: 0.83g.
'H NMR: 8 (DMSO) 3.14 (t, 2H), 3.25 (t, 2H), 3.50 (s, 2H), 7.02 (s, 2H), 8.04 (s, 1H).

5 Example 64
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]-1,1-

dioxothiomorpholine-4-sulfonamide

0=5
6/
The title compound was prepared from 1,1-dioxothiomorpholine-4-sulfonamide (0.31g,

10 McManus, J.M. et al, J. Med. Chem (1965) 8 766-776) and 4-chloro-2-[[(2,3-difluorophenyl)
methyl]thio]-6-methoxypyrimidine (the product of Example 35, step i) (0.25g) according to
the procedure outlined in Example 1, step iv). The crude material was purified by column
chromatography using EtOAc / isohexane (1:1) as eluent. Yield: 0.48g
MS: APCI (+ve) 481 [M+H"]

15 'H NMR: § (DMSO) 3.24 (bt, 4H), 3.71 (bm, 4H), 3.89 (s, 3H), 4.49 (s, 2H), 6.01 (s, 1H),
7.17 (m, 1H), 7.34 (m, 1H), 7.40 (t, 1H).

Example 65
4-0-{6-[(Azetidin-1-ylsulfonyl)amino]-2-[(2,3-difluorobenzyl) thio]pyrimidin-4-yl}-2,5-
20 dideoxy-D-threo-pentitol



10

15

20

25

30

WO 2006/024823 PCT/GB2005/003257

-113-
To a solution of 4-O-{6-[(azetidin- 1-ylsulfonyl)amino]-2-[(2,3-difluorobenzyl)thio]
pyrimidin-4-y1}-2,5-dideoxy-1,3-0-(4-methoxybenzylidene)-D-threo-pentitol (the product
from step vii) in MeOH (9ml) was added TFA (1ml) dropwise. The reaction mixture was
stirred at room temperaturefor 18h. The reaction mixture was reduced in vacuo and the
residue redissolved in EtOAc (20ml) before reducing in vacuo directly onto silica and
purifying by column chromatography on silica gel 50%EtOAc/50% iso-hexane to give the
title compound as a white solid. Yield: 32 mg
MS: APCI(-ve) 489 [M+H]
'"H NMR: § (DMSO) 1.25-1.29 (m, 3H), 1.73-1.80 (m, 2H), 2.25 (q, 2H), 3.88-3.96 (1, 3H),
4.02 (t, 4H), 4.32-4.40 (m, 2H), 5.12-5.20 (m, 1H), 6.32 (s, 1H), 6.99-7.10 (m, 2H), 7.21-7.25
(m, 1H)

The intermediates for this compound were prepared as follows:

i) (2R)-2-{[tert-Butyl(diphenyl)silyl]Joxy }propanoic acid

To a solution of (2R)-2-hydroxypropanoic acid (5g) in DMF (20ml) was added TBDPSCI
(33.0g) and imidazole (16.4g). The reaction was then stirred overnight at RT. The reaction
was partitioned between EtOAc (200ml) and H,O (200ml). The organics were recovered and
washed with 10% citric acid (200ml), H,O (200ml) and finally brine (200ml). The organics
were then collected, dried (MgSQy) before being reduced in vacuo. The residue was dissolved
in MeOH (200ml), cooled in an ice bath and potassium carbonate (6.9g) in H,O was added.
After stirring at room temperaturefor 6h the solvent was removed in vacuo and the residue
diluted with H,O (100ml). The pH was then adjusted to pH 4 with 10% citric acid, and the
aqueous extracted three times with EtOAc (3 x 200ml). The organics were collected dried
MgSO, before reducing in vacuo to give the subtitle compound as a colourless oil. Yield: 7.5g
MS: APCI(-ve) 327, [M+H]

ii) Ethyl (4R)-4-{[tert-butyl(diphenyl)silyl]Joxy}-3-oxopentanoate

To a solution of (2R)-2-{[tert-Butyl(diphenyl)silyl]oxy }propanoic acid (the product from step
i, 7.85g) in THF (300ml) was added CDI (4.26g) and the reaction was stirred at room
temperaturefor approximately 15 mins. In a separate flask (71.7ml) of a 1M heptane solution
was added to a solution of ethyl hydrogen malonate (9.47g) in THF (300ml) at 0°C. This
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solution was then allowed to warm to RT. The acyl imidazole solution was then transferred to
the flask which contained the magnesium salt and the reaction was monitored for the next 2d.
When the reaction was complete it was quenched by the addition of 250ml of sat. aq NH4Cl
solution. The reaction mixture was then extracted with Et;O (3x200ml). The combined
organics were dried (MgSO,), filtered and reduced to yield a clear oil which was purified by
column chromatography on silica gel 4%EtOAc/96% iso-hexane. This gave the subtitle
compound as a colourless oil. Yield: 2.0g
'H NMR: § (DMSO) 1.03 (m, 9H), 1.11-1.19 (m, 6H), 3.31 (s, 2H), 4.07 (q, 2H), 4.23-4.31
(m, 1H), 7.37-7.52 (m, 6H), 7.57-7.66 (1, 4H)

iii) 4-O-[tert-Butyl(diphenyl)silyl]-2,5-dideoxy-D-glycero-pentitol

To a solution of Ethyl (4R)-4-{[tert-butyl(diphenyl)silylJoxy }-3-oxopentanoate (the product
from step ii) (2.0g) in THF (100ml) was added 2M LiBH4 in THF (12ml) The reaction was
then stirred at room temperaturefor 18h. Saturated ammonium chloride (200ml) was added to
the reaction mixture to quench any remaining LiBH4. The reaction mixture was then extracted
using EtOAc (3x200ml). The organics were recovered and dried (MgSO,) before reducing in
vacuo. The residue was purified by column chromatography on silica gel 30% EtOAc/70%
iso-hexaneto yield the subtitle compound as a clear oil. Yield: 540mg

'H NMR: § (CDCI3) 1.00-1.03 (m, 3H), 1.07 (s, 9H), 1.61-1.68 (i, 2H), 3.63-3.84 (m, 4H),
7.36-7.47 (m, 6H), 7.65-7.70 (m, 4H)

iv) 4-O-[tert-Butyl(diphenyl)silyl]-2,5-dideoxy-1,3-0-(4-methoxybenzylidene)-D-glycero-
pentitol

To a solution of 4-O-[tert-butyl(diphenyl)silyl]-2,5-dideoxy-D-glycero-pentitol (the product
from step iii) (0.60g) and 1-(dimethoxymethyl)-4-methoxybenzene (0.30g) in DCM (60ml)
was added tosic acid (60mg). The reaction was the stirred at room temperaturefor 3h before
addition of more 1-(dimethoxymethyl)-4-methoxybenzene (0.61g) and a further 2h stirring at
RT. The reaction was worked up by reducing directly onto silica and purifying by flash
column chromatography on silica gel 10% EtOAc/90% iso-hexane. This yielded the subtitle
compound as a clear colourless oil. Yield: 0.45g

MS: APCI(+ve) 477, [M+H"]
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v) (1R)-1-[2-(4-Methoxyphenyl)-1,3-dioxan-4-yl]ethanol
To a solution of 4-O-[tert-Butyl(diphenyl)silyl]-2,5-dideoxy-1,3-O-(4-methoxybenzylidene)-
D-glycero-pentitol (the product from step iv, 0.40g) in THF was added TBAF (2.76ml). The
reaction was then allowed to stir at room temperaturefor 18h. The reaction mixture was then
reduced directly onto silica and purified by column chromatography on silica gel 25%
EtOAc/75% iso-hexane. This gave the subtitle compound as a clear colourless oil. Yield:
0.19¢g
MS: APCI(+ve) 239 [M+H"]

vi) 2-0-{6-Chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}-1,4-dideoxy-3,5-0-(4-
methoxybenzylidene)-D-threo-pentitol
4-0-{6-Chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}-2,5-dideoxy-1,3-0-(4-
methoxybenzylidene)-D-erythro-pentitol

To a solution of (0.18g) (1R)-1-[2-(4-Methoxyphenyl)-1,3-dioxan-4-yl]ethanol and 4,6-
Dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the product of example 1 step (i), 0.25g) in
anhydrous THF (10ml) at room temperaturewas added 60% sodium hydride (38mg). After
stirring for 18h the reaction mixture was partitioned between H,O (50ml) solution and EtOAc
(150ml). The organics were separated and the aqueous layer was re-extracted with EtOAc
(2x150ml) The organics collected, dried (MgSOs) and solvents removed in vacuo to give the
subtitle compound as a colourless oil. The residue was then purified by column
chromatography on silica gel 10%EtOAc/90% iso-hex aneto separate the two

diastereoisomers

2-0-{6-Chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}-1,4-dideoxy-3,5-0-(4-
methoxybenzylidene)-D-threo-pentitol

'H NMR: § (CDCI3) 1.36 (d, 3H), 1.52-1.59 (m, 1H), 1.83-1.96 (m, 1H), 3.80 (s, 3H), 3.90-
3.98 (m, 1H), 4.26-4.30 (m, 1H), 4.40 (s, 2H), 5.28-5.33 (m, 1H), 5.47 (s, 1H), 6.43 (s, 1H),
6.88 (d, 2H), 6.96-7.10 (m, 2H), 7.24-7.29 (m, 1H), 7.37 (d, 2H). Yield: 0.15g.

4-0-{6-Chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}-2,5-dideoxy-1,3-0-(4-
methoxybenzylidene)-D-erythro-pentitol
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'H NMR: § (CDCI3) 1.32 (d, 3H), 1.52-1.59 (m, 1H), 1.86-1.98 (m, 1H), 3.79 (s, 3H), 3.91-
4.01 (m, 1H), 4.26-4.31 (i, 1H), 4.40 (s, 2H), 5.35-5.41 (m, 1H), 5.46 (s, 1H), 6.43 (s, 1H),
6.86 (d, 2H), 6.96-7.09 (m, 2H), 7.25-7.30 (m, 1H), 7.34 (d, 2H). Yield: 0.20g.

vii) 2-0-{6-[(Azetidin-1-ylsulfonyl)aminoe]-2-[(2,3-difluorobenzyl)thiolpyrimidin-4-yl}-
1,4-dideoxy-S,5-0-(4-methoxybenzy]idene)-D-threo-péntitol

A mixture of Azetidine-1-sulfonamide (73mg), tris(dibenzylideneacetone)dipalladium (0) (50
mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.14g) and 2-O-{6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}-1,4-
dideoxy-3,5-0-(4-methoxybenzylidene)-D-threo-pentitol (the product of example 65 step vi
the diastereoisomer which eluted first) (0.145g) in dioxane (10mL) was heated at reflux in a
microwave at 100°C, 300W, open vessel with cooling for 30min. The reaction mixture was
partitioned between aq. ammonium chloride solution (50ml) and EtOAc (150ml). The
organics were separated and the aqueous layer was re-extracted with EtOAc (2 x150 ml). The
organics collected, dried (MgSOs) and solvents removed in vacuo to give the subtitle
compound as a yellow solid. Yield: 0.45g.

MS: APCI(+ve) 609 [M+H"]

Example 66
4-0-{6-[(Azetidin-1-ylsulfonyl)amino]-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}-2,5-

O/\(O/H
SBY
S Z F
C/N/ \H N S

To a solution of 4-0-{6-[(azetidin-1-ylsulfonyl)amino]-2-[(2,3-difluorobenzyl)thio]

dideoxy-D-erythro-pentitol

0,..,0

NS/

pyrimidin-4-y1}-2,5-dideoxy-1,3-0-(4-methoxybenzylidene)-D-erythro-pentitol (the product
from step i) in MeOH (9ml) was added TFA (1ml) dropwise. The reaction mixture was stirred

at room temperaturefor 18h. The reaction mixture was reduced in vacuo and the residue



10

15

20

25

30

WO 2006/024823 PCT/GB2005/003257

-117-
redissolved in EtOAc (20ml) before reducing in vacuo directly onto silica and purifying by
column chromatography on silica 50%EtOAc/50% iso-hexane to give the title compound as a
white solid. Yield: 12 mg
MS: APCI(+ve) 489 [M+H"]
'H NMR: § (DMSO) 1.29 (d, 3H), 1.72-1.77 (m, 2H), 2.26 (q, 2H), 3.83-3.94 (m, 2H), 3.99-
4.07 (m, 5H), 4.37 (s, 2H), 5.18-5.24 (m, 1H), 6.32 (s, 1H), 6.99-7.10 (m, 2H), 7.20-7.24 (m,
1H)

The intermediate for this compound was prepared as follows:

i) 4-0-{6-[(Azetidin-1-ylsulfonyl)amino]-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}-2,5-
dideoxy-1,3-0-(4-methoxybenzylidene)-D-erythro-pentitol

A mixture of azetidine-1-sulfonamide (0.13g), tris(dibenzylideneacetone)dipalladium (0) (50
mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.23g) and 4-0-{6-Chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}-2,5-
dideoxy-1,3-0-(4-methoxybenzylidene)-D-erythro-pentitol (the product of example 65 step vi
the diastereoisomer which eluted second) (0.20g) in dioxane (10mL) was heated at reflux in a
microwave at 100°C, 300W, open vessel with cooling for 30mins. The reaction mixture was
partitioned between aq. ammonium chloride solution (50ml) and EtOAc (150ml). The
organics were separated and the aqueous layer was re-extracted with EtOAc (2 x150 ml). The
organics collected, dried (MgSQOs) and solvents removed in vacuo to give the subtitle
compound as a yellow solid. Yield: 0.50g.

MS: APCI(+ve) 609.9 [M+H"]
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Example 67
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl] 4-methyl-piperazine-1-sulfonamide

v:zHJﬁ Acr

5 To a solution of N-{2-[(2,3-difluorobenzyl)thio]-6-[(1R)-1-methyl-2-(trityloxy)ethoxy]
pyrimidin-4-yl }-4-methylpiperazine- 1-sulfonamide (the product from step ii) (100 mg) in
DCM (3 ml) was added TFA (3ml) dropwise. The reaction was then allowed to stir at room
temperaturefor the following 3h until complete. The reaction was then reduced in vacuo and
the resulting residue was purified by preparative HPLC to yield the title compound as a white

10 solid. Yield: 45 mg
MS: APCI(+ve) 490 [M+H"]
'"H NMR: § (DMSO) 1.27 (d, 3H), 2.31 (s, 3H), 2.50 (t, 4H), 3.36 (t, 4H), 3.67-3.77 (m, 2H),
4.31-4.41 (m, 2H), 5.26-5.32 (m, 1H), 6.24 (s, 1H), 7.00-7.10 (m, 2H), 7.19-7.24 (m, 1H)

15 The intermediates for this compound were prepared as follows:

i) 4-Methylpiperazine-1-sulfonamide

To a solution of 1-Methylpiperazine (1.58 g) in dioxane was added sulfamide (4.0 g) and the

reaction mixture was then heated at reflux in dioxane for 18h. The reaction mixture was then
20 reduced in vacuo and the residue partitioned between EtOAc (100 ml) and H,O (100 ml). The

organics were separated and the aqueous layer was re-extracted with EtOAc (2 x100 mi).

Organics were combined, dried (MgSOs) and reduced in vacuo to give the subtitle compound

as a white solid. Yield: 640 mg

'H NMR: 8§ (DMSO) 2.18 (s, 3H), 2.37 (t, 4H), 2.94 (t, 4H), 6.74 (s, 2H)

25
i) N-{2-[(2,3-Difluorobenzyl)thio]-6-[(1R)-1-methyl-2-(trityloxy)ethoxy]pyrimidin-4-yl}-

4-methylpiperazine-1-sulfonamide
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A mixture of 4-Methylpiperazine-1-sulfonamide (the product from step 1) (0.64g),
tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-2’,4°,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.55 g) and 4- chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-[( LR)- 1-methyl-2-(triphenylmethoxy)ethoxy]-pyrimidine ((the
product of example 13 step iii), 0.50g) in dioxane (40mL) was heated at reflux in a
microwave at 100°C, 300W, open vessel with cooling for 1h. The reaction mixture was
diluted with DCM, filtered through arbocel and the filtrate evaporated. The residue was
purified by reverse phase HPLC using a TFA (0.2%)/MeCN system to give the subtitle
compound as a yellow solid. Yield: 0.22g.
"H NMR: § (CDCh) 1.27 (d, 3H), 2.21 (s, 3H), 2.33-2.47 (m, 4H), 3.24-3.35 (m, 4H), 4.29-
4.42 (m, 2H), 5.42-5.54 (m, 1H), 6.26 (s, 1H), 6.93-7.08 (m, 2H), 7.18-7.31 (m, 10H), 7.37-
7.41 (m, 6H)

Example 68
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl]-1,4-diazepane-1-sulfonamide

HN\)N/S “J\/i* U

To a solution of N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-1-methyl-2-

YNN)

(trityloxy)ethoxy]-4-pyrimidinyl]- sulfamoyl-1,4-diazepane-1-carboxylic acid fert-butyl ester
(the product of step ii, 100 mg) in DCM (3 ml) was added TFA (3ml) dropwise. The reaction
was then allowed to stir at room temperaturefor the following 3h until complete. The reaction
was then reduced in vacuo and the resulting residue was purified by preparative HPLC to
yield the title compound as a white solid. Yield: 62 mg

MS: APCI(+ve) 490 [M+H"]

'H NMR: § (DMSO) 1.13 (d, 3H), 1.90-1.97 (m, 2H), 3.34-3.55 (m, 10H), 4.36-4.42 (m, 2H),
5.02-5.08 (m, 1H), 5.77 (s, 1H) ), 7.11-7.18 (m, 1H), 7.29-7.36 (m, 1H), 7.37-7.44 (m, 1H)
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The intermediates for this compound were prepared as follows:

i) 4-Sulfamoyl-1,4-diazepane-1-carboxylic acid tert-butyl ester

To a solution of 1,4-Diazepane-1-carboxylic acid tert-butyl ester (3.16 g) in dioxane (40ml) was
added sulfamide (4.0 g) and the reaction mixture was then heated at reflux for 18h. The
reaction mixture was then reduced in vacuo and the residue partitioned between EtOAc (100
ml) and H,O (100 ml). The organics were separated and the aqueous layer was re-extracted
with EtOAc (2 x100 ml). Organics were combined, dried (MgSOs) and reduced in vacuo to
give the subtitle compound as a white solid. Yield: 427 g

'"H NMR: (DMSO) & 1.40 (s, 9H), 1.70-1.77 (m, 2H), 3.12-3.23 (m, 4H), 3.32-3.44 (m, 2H),
6.72 (s, 2H)

ii) N-{2-[(2,3-Diftuorobenzyl)thio]-6-[ (1R)-1-methyl-2-(trityloxy)ethoxy]pyrimidin-4-yl}-
4-pyrimidinyl] sulfamoyl-1,4-diazepane-1-carboxylic acid tert-butyl ester

A mixture of 4-Sulfamoyl-1,4-diazepane-1-carboxylic acid tert-butyl ester (the product from
step 1) (0.84g), tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-
2’ 4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.55 g) and 4-
chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)- 1-methyl-2-(triphenylmethoxy)ethoxy]-
pyrimidine (the product of example 13 step iii), 0.50g) in dioxane (20mL) was heated at
reflux in a microwave at IOOOC, 300W, open vessel with cooling for 3h. The reaction mixture
was then reduced in vacuo and the residue partitioned between EtOAc (100 ml) and H,O (100
ml). The organics were separated and the aqueous layer was re-extracted with EtOAc (2 x100
ml). Organics were combined, dried (MgSOs) and reduced in vacuo and the resulting residue
was purified by prep HPLC to give the subtitle compound as a clear colourless oil. Yield:
0.11g

'H NMR: (CDCL) 8 1.27 (d, 3H), 1.43 (s, 9H), 1.88 (quintet, 2H), 3.09-3.16 (m, 1H), 3.24-
3.30 (m, 1H), 3.34-3.53 (m, 8H), 4.28-4.44 (m, 2H), 5.47-5.54 (m, 1H), 6.03-6.11 (m, 2H),
6.93-7.08 (m, 2H), 7.18-7.30 (m, 10H), 7.35-7.41 (m, 6H)
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Example 69
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl ]-4-ethyl-piperazine-1-sulfonamide

o~ OH

A
0, ,0 /(kN F
(\N/S\N N/)\S/\©/F
H
[ "~
5

To a solution of ethyl(2R)-2-[(2-[(2,3-Difluorobenzyl)thio]-6-{[(4-ethylpiperazin-1-

yl)sulfonyl]amino }pyrimidin-4-yl)oxy]propanoate (the product from step i) (0.72g) in THF

(10 ml) was added 2M LiBH, in THF (1.3 ml). The reaction was then stirred for 18h at RT.

Saturated NH4Cl1 (150 ml) was then added to the reaction mixture which was extracted with
10 DCM (3x150 ml). Organics were combined, dried (MgSOs) and reduced in vacuo and the

resulting residue was purified by prep HPLC to give the title compound as a white solid.

Yield: 45 mg

MS: APCI(+ve) 504 [M+H"]

'H NMR: (CDCI3) & 1.15 (d, 3H), 1.24 (t, 3H), 3.13 (q, 2H), 2.50 (t, 4H), 3.36 (t, 4H), 3.67-
15 3.77 (m, 2H), 4.31-4.41 (m, 2H), 5.32-5.26 (m, 1H), 6.24 (s, 1H), 7.00-7.10 (m, 2H), 7.19-

7.24 (m, 1H)

The intermediate for this compound was prepared as follows:

20 i) Ethyl (2R)-2-[(2-[(2,3-difluorobenzyl)thio]-6-{[(4-ethylpiperazin-1-
yDsulfonyl]amino}pyrimidin-4-yl)oxy]propanoate
To a solution of 1-Ethylpiperazine (1 g) in dioxane (10 ml) was added sulfamide (0.746 g)
and the reaction mixture was then heated at reflux in dioxane for 72h. The reaction mixture
was purified by loading onto SCX and eluting with (200 ml) MeOH/NH3. The eluent was then
25 reduced in vacuo to yield 4-Ethylpiperazine-1-sulfonamide as a white solid. A mixture of 4-

ethylpiperazine- 1-sulfonamide (0.289g), tris(dibenzylideneacetone)dipalladium (0) (50 mg),
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2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.628 g) and 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinyIJoxy]-(2R)-propanoic acid ethyl ester ((the product of example 5 step i), 0.50g) in
dioxane (10mL) was heated at reflux in a microwave at 100C, 300W, open vessel with
cooling for 30min. The reaction mixture was then reduced in vacuo and the residue was
partitioned between EtOAc (150 ml) and H,O (100 ml). The organics were separated and the
aqueous layer was re-extracted with EtOAc (2 x150ml). Organics were combined, dried
(MgS0,) and reduced in vacuo to give the subtitle compound as a yellow solid. Yield: 0.720 g
MS: APCI(+ve) 546 [M+H"]

Example 70
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl ] -4-(4-pyridyl)piperazine-1-sulfonamide

O/:\/OH

NIRA

’/\ S\N N/)\S F

N/
o~
N =

To a solution of ethyl(2R)-2-[(2-[(2,3-Difluorobenzyl)thio]-6- { [(4-pyridin-4-

Qol\N F

ylpiperazine)sulfonyl]amino }pyrimidin-4-yl)oxy]propanoate (the product from step 1)
(0.72g) in THF (10 ml) was added 2M LiBH, in THF (1.3 ml). The reaction was then stirred
for 18h at RT. Saturated NH4ClI (150 ml) was then added to the reaction mixture which was
extracted with DCM (3x150 ml). Organics were combined, dried (MgSOs) and reduced in
vacuo and the resulting residue was purified by prep HPLC to give the title compound as a
white solid. Yield: 10 mg

MS: APCI(+ve) 553 [M+H"]

'"H NMR: (DMSO) 8 1.16 (d, 3H), 3.37-3.41 (m, 4H), 3.46-3.51 (m, 2H), 3.75-3.79 (m, 4H),
4.40-4.48 (m, 2H), 5.11-5.17 (m, 1H), 6.01 (s, 1H), 7.13-7.21 (m, 3H), 7.31-7.39 (m, 2H),
8.28 (d, 2H)
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The intermediate for this compound was prepared as follows:

i) Ethyl (2R)-2-[(2-[(2,3-difluorobenzyl)thio]-6-{[(4-pyridin-4-ylpiperazin-1-
yDsulfonyl]amino }pyrimidin-4-yl)oxy]propanoate

5 To a solution of 1-pyridin-4-ylpiperazine (1.23 g) in dioxane (10ml) was added sulfamide
(0.746 g) and the reaction mixture was then heated at reflux in dioxane for 72h. The reaction
mixture was purified by loading onto SCX and eluting with (200 ml) MeOH/NH3. The eluent
was then reduced in vacuo to yield 4-pyridin-4-ylpiperazine-1-sulfonamide as a white solid. A
mixture of 4-pyridin-4-ylpiperazine- 1-sulfonamide (0.260g),

10 tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-2°,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.438 g) and 2-[[6-chloro-2-
[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinyl]oxy]-(2R)-propanoic acid ethyl ester ((the
product of example 5 step i), 0.350g) in dioxane (10ml) was heated at reflux in a microwave
at 100C, 300W, open vessel with cooling for 30 mins. The reaction mixture was then reduced

15 in vacuo and the residue was partitioned between EtOAc (150 ml) and H,O (100 ml). The
organics were separated and the aqueous layer was re-extracted with EtOAc (2 x150ml).
Organics were combined, dried (MgSOs) and reduced in vacuo to give the subtitle compound
as a yellow solid. Yield: 0.720 g
MS: APCI(+ve) 595 [M+H"]

20
Example 71
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl ]-(3R)-3-ethylpiperazine-1-sulfonamide

\
\\ '

I/\N,\ F

25 To a solution of ethyl(2R)-2-[(2-[(2,3-difluorobenzyl)thio]-6-{ [((3R)-3-

ethylpiperazine)sulfonyl]amino }pyrimidin-4-yl)oxy]propanoate (the product from step 1)
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(0.71g) in THF (10 ml) was added 2M LiBH, in THF (1.3 ml). The reaction was then stirred
for 18h at RT. Saturated NH,ClI (150 ml) was then added to the reaction mixture which was
extracted with DCM (3x150 ml). Organics were combined, dried (MgSOy) and reduced in
vacuo and the resulting residue was purified by prep HPLC to give the title compound as a
white solid. Yield: 70 mg
MS: APCI(+ve) 504 [M+H"]
"H NMR: (CDCl) & 0.87 (t, 3H), 1.28 (d, 3H), 1.53-1.63 (m, 1H), 1.63-1.73 (m, 1H), 2.79-
2.88 (m, 1H), 2.95-3.08 (m, 2H), 3.61-3.80 (m, 4H), 3.97-4.05 (m, 1H), 4.08-4.16 (m, 1H),
4.33-4.44 (m, 2H), 5.28-5.36 (m, 1H), 6.28 (m, 1H), 6.99-7.12 (m, 2H), 7.19-7.24 (m, 1H)

The intermediate for this compound was prepared as follows:

i) Ethyl (2R)-2-[(2-[(2,3-difluerobenzyl)thio]-6-{[((3R)-3-ethylpiperazine-1-
sulfonamide)sulfonyl]Jamino }pyrimidin-4-yl)oxy propanoate

To a solution of (3R)-3-ethylpiperazine (0.5g) in dioxane (10ml) was added sulfamide
(0.373g) and the reaction mixture was then heated at reflux in dioxane for 3d. The reaction
mixture was purified by loading onto SCX and eluting with (200 ml) MeOH/NH3. The eluent
was then reduced in vacuo to yield (3R)-3-ethylpiperazine-1-sulfonamide as a white solid. A
mixture of (3R)-3-ethylpiperazine- 1-sulfonamide (0.260g),
tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-2’,4°,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.438 g) and 2-[[6-chloro-2-
[[(2,3-difluorophenyl)methyl]thio]-4-pyrimidinyl]oxy]-(2R)-propanoic acid ethyl ester ((the
product of example 5 step i), 0.350g) in dioxane (10ml) was heated at reflux in a microwave
at 100C, 300W, open vessel with cooling for 30min. The reaction mixture was then reduced
in vacuo and the residue was partitioned between EtOAc (150 ml) and H,O (100 ml). The
organics were separated and the aqueous layer was re-extracted with EtOAc (2 x150ml).
Organics were combined, dried (MgSOs) and reduced in vacuo to give the subtitle compound
as a yellow solid. Yield: 0.705 g

MS: APCI(+ve) 546 [M+H"]
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Example 72
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl ]- (3R,5S)-3,5-dimethylpiperazine-1-sulfonamide

5 To a solution of Ethyl(2R)-2-[(2-[(2,3-difluorobenzyl)thio]-6- {[((3R,55)-3,5-
dimethylpiperazine)sulfonyljamino }pyrimidin-4-yl)oxy]propanoate (the product from step i),
0.50g) in THF (10 ml) was added 2M LiBH,4 in THF (0.9 ml). The reaction was then stirred
for 18h at RT. Saturated NH4Cl (150 ml) was then added to the reaction mixture which was
extracted with DCM (3x150 ml). Organics were combined, dried (MgSOs) and reduced in

10 vacuo and the resulting residue was purified by prep HPLC to give the title compound as a
white solid. Yield: 80 mg
MS: APCI(+ve) 504 [M+H"]
'H NMR: (DMSO) 8 1.13 (d, 6H), 3.01-3.21 (m, 2H), 3.37-3.57 (i, 4H), 4.33-4.43 (m, 2H),
4.76-4.81 (m, 2H), 4.97-5.05 (m, 1H), 5.81 (s, 1H), 7.09-7.17 (m, 1H), 7.26-7.35 (m, 1H),
15 7.39-7.45 (m, 1H)

The intermediate for this compound was prepared as follows:

i) Ethyl (2R)-2-[(2-[(2,3-difluorobenzyl)thio]-6-{[((3R,55)-3,5-
20 dimethylpiperazine)sulfonyllamino }pyrimidin-4-yl)oxylpropanoate
To a solution of (2R,65)-2,6-dimethylpiperazine (1g) in dioxane (10ml) was added sulfamide
(0.746g) and the reaction mixture was then heated at reflux in dioxane for 72h. The reaction
mixture was partitioned between EtOAc (150ml) and H,O (150ml) and the aqueous re-
extracted with EtOAc (2x150ml). Organics were collected dried and reduced in vacuo to yield
25 (3R,55)-3,5-dimethylpiperazine-1-sulfonamide as a white solid (0.29g). A mixture of (3R,55)-
3,5-dimethylpiperazine-1-sulfonamide (0.29g), tris(dibenzylideneacetone)dipalladium (0) (50
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mg), 2-dicyclohexylphosphino-2°,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.628 g) and 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinylJoxy]-(2R)-propanoic acid ethyl ester (the product of example 5 step i), 0.5g) in
dioxane (10mL) was heated at reflux in a microwave at 100°C, 300W, open vessel with

5 cooling for 30min. The reaction mixture was then reduced in vacuo and the residue was
partitioned between EtOAc (150 ml) and H,O (100 ml). The organics were separated and the
aqueous layer was re-extracted with EtOAc (2 x150ml). Organics were combined, dried
(MgSOy) and reduced in vacuo to give the subtitle compound as a yellow solid. Yield: 0.940 g
MS: APCI(+ve) 546 [M+H']

10

Example 73
N-{2-[(2,3-Difluorobenzyl)thio]-6-[(1R)-2-hydroxy-1-methylethoxy]pyrimidin-4-yl}-9-

methyl-3,9-diazabicyclo[4.2.1]nonane-3-sulfonamide

A_OH
A
o0 1]
- _S< F

15 To a solution of ethyl (2R)-2-[(2-[(2,3-difluorobenzyl)thio]-6-{[(9-methyl-3,9-

diazabicyclo[4.2.1]non-3-yl)sulfonylJamino }pyrimidin-4-yl)oxy]propanoate (the product

from step i), 0.35g) in THF (10ml) was added 2M LiBH4 in THF (0.6ml). The reaction was

then stirred for 18h at room temperature. Saturated NH4C1 (150ml) was then added to the

reaction mixture which was extracted with DCM (3x150ml). Organics were combined, dried
20 (MgSOy) and reduced in vacuo and the resulting residue was purified by prep HPLC to give

the title compound as a white solid. Yield 20mg

MS: APCI(+ve) 530 [M+H"]

"H NMR: (CDCLs) & 1.27 (d, 3H), 1.32-1.40 (m, 2H), 1.65-1.80 (m, 4H), 2.54 (s, 3H), 2.91-

3.05 (m, 2H), 3.39-3.48 (m, 2H), 3.65-3.75 (m, 2H), 4.03-4.11 (m, 1H), 4.16-4.24 (m, 1H),
25 4.32-4.46 (m, 2H), 5.22-5.28 (m, 1H), 6.19 (s, 1H), 6.98-7.08 (m, 2H), 7.20-7.32 (m, 1H)



WO 2006/024823 PCT/GB2005/003257

-127-

The intermediate for this compound was prepared as follows:

i) Ethyl (2R)-2-[(2-[(2,3-difluorobenzyl)thiol-6-{[(9-methyl-3,9-diazabicyclo[4.2.1]non-3-
yDsulfonyl]amino }pyrimidin-4-yl)oxy]propanoate
5 To a solution of 9-methyl-3,9-diazabicyclo[4.2.1]nonane (0.56g) in 1,4-dioxane (10ml) was

added sulfamide (0.37g) and the reaction mixture was then heated at reflux in 1,4-dioxane for
72h. The reaction mixture was purified by loading onto SCX and eluting with 7N NH3/MeOH
(200ml). The eluent was then reduced in vacuo to yield 9-methyl-3,9-
diazabicyclo[4.2.1]nonane-3-sulfonamide (0.13g) as a yellow solid. A mixture of 9-methyl-

10 3,9-diazabicyclo[4.2.1]nonane-3-sulfonamide (0.13g), tris(dibenzylideneacetone)dipalladium
(0) (50mg), 2-dicyclohexylphosphino-2’,4°,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg),
cesium carbonate (0.31g) and 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-4-
pyrimidinylJoxy]-(2R)-propanoic acid ethyl ester (the product of example 5 step i), 0.25g) in
1,4-dioxane (10mL) was heated at reflux in a microwave at 100°C, 300W, open vessel with

15 cooling for 30min. The reaction mixture was then reduced in vacuo and the residue was
partitioned between EtOAc (150ml) and H,O (100ml). The organics were separated and the
aqueous layer was re-extracted with EtOAc (2 x150ml). Organics were combined, dried
(MgSO,) and reduced in vacuo to give the subtitle compound as a yellow solid. Yield 0.35 g
MS: APCI(+ve) 572 [M+H"]

20
Example 74
N-[2-[[(2,3-Difluorophenyl)methyl}thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-
pyrimidinyl ]-(3S)-3-methylpiperazine-1-sulfonamide

" e oy

25 To a solution of Ethyl (2R)-2-[(2-[(2,3-difluorobenzyl)thio]-6-{[((3S)-3-methylpiperazine-1-

sulfonamide)sulfonyl]amino }pyrimidin-4-yl)oxy]propanoate (the product from step 1)

(0.94¢g) in THF (10 ml) was added 2M LiBH, in THF (1.8 ml). The reaction was then stirred
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for 18h at RT. Saturated NH,4C1 (150 ml) was then added to the reaction mixture which was
extracted with DCM (3x150 ml). Organics were combined, dried (MgSO,) and reduced in
vacuo and the resulting residue was purified by prep HPLC to give the title compound as a
white solid. Yield: 35 mg
MS: APCI(+ve) 490 [M+H"]
'"H NMR: (CDCl) 8 1.36 (d, 3H), 1.61 (d, 3H), 2.81-3.03 (m, 3H), 3.20-3.39 (m, 4H), 3.67-
3.84 (m, 2H), 4.22-4.44 (m, 2H), 5.29-5.37 (m, 1H), 6.18 (s, 1H), 7.02-7.11 (m, 2H), 7.13-
7.19 (m, 1H)

The intermediate for this compound was prepared as follows:

i) Ethyl (2R)-2-[(2-[(2,3-diﬂuor0benzyl)thio]-6-{[((3S)-3-

methylpiperazine)sulfonyl]amino }pyrimidin-4-yl)oxy]propanoate

To a solution of (25)-2-methylpiperazine (0.914¢g) in dioxane (10ml) was added sulfamide
(0.746g) and the reaction mixture was then heated at reflux in dioxane for 3d. The reaction
mixture was partitioned between EtOAc (150ml) and H,O (150ml) and the aqueous re-
extracted with EtOAc (2x150ml). Organics were collected dried and reduced in vacuo to yield
(35)-3-methylpiperazine-1-sulfonamide as a white solid (0.27g). A mixture of (35)-3-
methylpiperazine-1-sulfonamide (0.27g), tris(dibenzylideneacetone)dipalladium (0) (50 mg),
2-dicyclohexylphosphino-2°,4°,6’-tri-isopropyl-1,1°-biphenyl (XPHOS) (50mg), cesium
carbonate (0.628 g) and 2-[[6-chloro-2-[[(2,3-difluorophenyl)methyl]thio}-4-
pyrimidinylJoxy]-(2R)-propanoic acid ethyl ester ((the product of example 5 step i), 0.50g) n

dioxane (20mL) was heated at reflux in a microwave at 100°C, 300W, open vessel with

~ cooling for 30 mins. The reaction mixture was then reduced in vacuo and the residue was

partitioned between EtOAc (150 ml) and H,O (100 ml). The organics were separated and the
aqueous layer was re-extracted with EtOAc (2 x150ml). Organics were combined, dried
(MgS0,) and reduced in vacuo to give the subtitle compound as a yellow solid. Yield: 0.940 g
MS: APCI(+ve) 532 [M+H"]
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5 Example 75
N-(2-[(2,3-Difluorobenzyl)thio]-6-{[ (1R,2R)-2-hydroxy-methylpropyl]oxy }pyrimidin-4-
yD)-1,4-diazepane-1-sulfonamide

02
O
T

o)

.0 | \)N\ F
( NSNS F
e J

N-(2-[(2,3-Difluorobenzyl)thio]-6-{ [(1R,2R)-2-hydroxy-methylpropylJoxy }pyrimidin-4-yl)-
10 tert-butyl 4-(aminosulfonyl)-1,4-diazepane- 1-carboxylate (1.6g) was dissolved in DCM
(30ml) and stirred until in solution. To this solution was added TFA (30ml). The reaction was
then allowed to stir at room temperatureovernight. The reaction was then reduced in vacuo
and the resulting yellow residue purified by HPLC to give the title compound as a white solid.
Yield: 76mg
15 MS: APCI(+ve) 504 [M+H']
'"H NMR: (DMSO) 8 1.04 (d, 3H), 1.14 (d, 3H), 1.96-2.02 (m, 2H), 3.16-3.24 (m, 2H), 3.41-
3.45 (m, 4H), 3.66-3.74 (m, 2H), 4.41-4.49 (m, 2H), 4.99-5.05 (m, 1H), 5.09 (s, 1H), 7.14-
7.23 (m, 1H) , 7.31-7.40 (m, 2H), 8.65-8.72 (m, 2H)

20 The intermediate for this compound was prepared as follows:

i) N-(2-[(2,3-Difluorobenzyl)thio]-6-{[ (1R,2R)-2-hydroxy-methylpropylJoxy }pyrimidin-

4-yl)-tert-butyl 4-(aminosulfonyl)-1,4-diazepane-1-carboxylate

A mixture of 4-sulfamoyl-1,4-diazepane-1-carboxylic acid tert-butyl ester (the product from
25 example 68 step i) (0.541g), tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-

dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium

carbonate (0.55 g) and (2R,3R)-3-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-
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yl}oxy)butan-2-ol (the product of example 4 step i), 0.541g) in dioxane (40mL) was heated at
reflux in a microwave at 100°C, 300W, open vessel with cooling for 15 mins. The reaction
mixture was then reduced in vacuo and the residue separated between DCM (200 ml) and
H,0 (150 ml). The organics were separated and the aqueous layer was re-extracted with DCM
(2 x 200ml). Organics were combined, dried (MgSOs) and reduced in vacuo and the resulting
residue was purified by prep HPLC to give the subtitle compound as a yellow oil. Yield: 1.6g
MS: APCI(+ve) 604 [M+H"]

Example 76
N-(2-[(2,3-Difluorobenzyl)thio]-6-{[(1R,2R)-2-hydroxy-methylpropylloxy }pyrimidin-4-
yl)- (3R,55)-3,5-dimethylpiperazine-1-sulfonamide

O/:\/OH
N =
O\ /O I N F
\S/\

To a solution of (2R,65)-2,6-Dimethylpiperazine (1g) in dioxane (10ml) was added sulfamide
(0.746g) and the reaction mixture was then heated at reflux in dioxane for 3d. The reaction
mixture was partitioned between EtOAc (150ml) and H,O (150ml) and the aqueous re-
extracted with EtOAc (2x150ml). Organics were collected dried and reduced in vacuo to yield
(3R,59)-3,5-dimethylpiperazine- 1-sulfonamide as a white solid (1.05g). A mixture of (3R,55)-
3,5-dimethylpiperazine- 1-sulfonamide (0.541g), tris(dibenzylideneacetone)dipalladium (0)
(50 mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg),
cesium carbonate (0.731 g) and (2R,3R)-3-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-
4-yl}oxy)butan-2-ol ((the product of example 4 step i), 0.541g) in dioxane (40mL) was heated
at reflux in a microwave at 100°C, 300W, open vessel with cooling for 20min. The reaction
mixture was then reduced in vacuo and the residue separated between DCM (200 ml) and
H,O (200 ml). The organics were separated and the aqueous layer was re-extracted with DCM
(2 x 200ml). Organics were combined, dried (MgSOs) and reduced in vacuo and the resulting
residue was purified by prep HPLC to give the title compound as a white solid. Yield: 80mg
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MS: APCI(+ve) 518 [M+H']
'H NMR: (CDsOD) 8 1.16 (d, 3H), 1.22 (d, 3H), 1.33 (d, 6H), 2.89-2.96 (m, 2H), 3.37-3.48
(m, 2H), 3.78-3.85 (m, 1H), 3.99-4.04 (mn, 2H), 4.40-4.50 (m, 2H), 5.09-5.16 (m, 1H), 5.99 (s,
1H) , 7.07-7.21 (m, 2H), 7.30-7.36 (m, 2H)

Example 77
N-(2-[(2,3-Difluorobenzyl)thio]-6-{[(1R,2R)-2-hydroxymethylpropylloxy }pyrimidin-4-

yl)- piperazine-1-sulfonamide

HN\)

N-(2-[(2,3-difluorobenzyl)thio]-6-{[(1R,2R)-2-hydroxymethylpropyl]oxy }pyrimidin-4-yI)
tert-butyl 4-(aminosulfonyl)piperazine-1-carboxylate (1.45g) was dissolved in DCM (10ml)
and allowed to stir at room temperatureuntil homogeneous. TFA (10ml) was then slowly
added and the reaction mixture stirred overnight. The reaction mixture was reduced in vacuo,
dissolved in MeOH and purified by prep HPLC to give the title compound as a white solid
Yield: 25mg

MS: APCI(+ve) 490 [M+H']

'H NMR: (DMSO) & 1.02 (d, 3H), 1.09 (d, 3H), 3.01-3.05 (m, 4H), 3.14-3.18 (n, 4H), 3.64-
3.71 (m, 2H), 4.32-4.42 (m, 2H), 4.69-4.73 (m, 1H), 4.87-4.94 (m, 1H), 5.84 (s, 1H), 7.10-
7.17 (m, 1H) , 7.27-7.34 (m, 1H), 7.40-7.46 (m, 1H)

The intermediate for this compound was prepared as follows:

i) N-(2-[(2,3-Difluorobenzyl)thio]-6-{[ (1R,2R)-2-hydroxymethylpropyl]oxy }pyrimidin-4-
yl) tert-butyl 4-(aminosulfonyl)piperazine-1-carboxylate

A mixture of 4-(Aminosulfonyl)-1,1-dimethylethyl ester-1-piperazinecarboxylic acid
(0.663g), tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-
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2’ 4 6 -tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.731 g) and
(2R ,3R)-3-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl joxy)butan-2-ol ((the
product of example 4 step i), 0.541g) in dioxane (40mL) was heated at reflux in a microwave
at 100°C, 300W, open vessel with cooling for 1.5h. The reaction mixture was then reduced in
vacuo and the residue partitioned between EtOAc (200 ml) and H,O (200 ml). The organics
were separated and the aqueous layer was re-extracted with EtOAc (2 x 200ml). Organics
were combined, dried (MgSO4) and reduced in vacuo to give the subtitle compound as a
yellow solid. Yield: 1.45g
MS: APCI(+ve) 590 [M+H"]

Example 78
N-(2-[(2,3-Difluorobenzyl)thio]-6-{[(1R,2R)-2-hydroxymethylpropyl]oxy }pyrimidin-4-
yD-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide

)

X111
“““2
@)
I

0, ,0 | ~N F
H'\(:Ej/s\tli N/)\S/\©/F

N-(2-[(2,3-Difluorobenzyl)thio]-6- { [(1R,2R)-2-hydroxymethylpropylJoxy }pyrimidin-4-yl) 2-
(trifluoroacetyl)-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide (the product from step iii),
0.54g) was added to a solution of 7N NH; in MeOH (20ml), sealed and stirred at room
temperaturefor 1h. The reaction was reduced in vacuo and the resulting residue purified by
prep HPLC to give the title compound as a white solid. Yield: 180mg

MS: APCI(+ve) 537 [M+H"]

"H NMR: (DMSO) 8 0.98 (d, 3H), 1.04 (d, 3H), 2.95 (t, 2H), 3.30 (t, 2H), 3.60-3.67 (m, 1H),
4.22 (s, 2H), 4.25-4.27 (m, 2H), 4.78-4.85 (m, 1H), 5.63 (s, 1H), 7.09-7.15 (m, 1H) , 7.21-
7.23 (m, 1H), 7.26-7.39 (m, 2H), 7.56-7.61 (m, 2H)

The intermediates for this compound were prepared as follows:

i) N-(tert-Butyl)-2-(trifluoroacetyl)-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide
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To a solution of 2-(trifluoroacetyl)-1,2,3,4-tetrahydroisoquinoline-7-sulfonyl chloride (3g) in
DCM (50ml) was added 2-methylpropan-2-amine (1.73g). The reaction was then allowed to
stir at room temperature 18h. The reaction was partitioned between H,O (100ml) and DCM
(100ml). The organics were separated and the aqueous layer was re-extracted with DCM (2 x
200ml). Organics were combined, dried (MgSOs) and reduced in vacuo to give the subtitle
compound as colourless oil. Yield: 3.56g
'"H NMR: (DMSO) § 1.10 (s, 9H), 2.95-3.02 (m, 2H), 3.80-3.86 (m, 2H), 4.79-4.86 (m, 2H),
7.37-7.49 (m, 2H), 7.63-7.72 (m, 1H)

ii) 1,2,3,4-Tetrahydroisoquinoline-7-sulfonamide

N-(tert-Butyl)-2-(trifluoroacetyl)- 1,2,3,4-tetrahydroisoquinoline-7-sulfonamide (the product
from step i), 1.78g) was dissolved in TFA and stirred at room temperaturefor 96h. The
reaction was reduced in vacuo and the residue purified by column chromatography on silica
gel 50% EtOAc/50 % iso-hexane to give the subtitle compound as a white solid. Yield: 0.65g
'H NMR: (DMSO) 8 2.95-3.02 (i, 2H), 3.80-3.86 (m, 2H), 4.80-4.85 (i, 2H), 7.38-7.43 (m,
1H), 7.64-7.77 (m, 2H)

iii) N-(2-[(2,3-Difluorobenzyl)thio]-6-{[(1R,2R)-2-hydroxymethylpropylloxy }pyrimidin-
4-yl) 2-(trifluoroacetyl)-1,2,3,4-tetrahydroisoquinoline-7-sulfonamide

A mixture of 1,2,3,4-Tetrahydroisoquinoline-7-sulfonamide (the product from step ii), 0.65g),
tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-2°,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.731 g) and (2R,3R)-3-({6-
chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl }oxy)butan-2-ol (the product of example 4
step 1), 0.432g) in dioxane (40mL) was heated at reflux in a microwave at 100°C, 300W, open
vessel with cooling for 20min. The reaction mixture was then reduced in vacuo and the
residue separated between DCM (100 ml) and H,O (100 ml). The organics were separated and
the aqueous layer was re-extracted with DCM (2 x 100ml). Organics were combined, dried
(MgSQ,) and reduced in vacuo and the resulting residue was purified by column
chromatography on silica 50% EtOAc/50 % iso-hexane to give the subtitle compound as a
clear oil. Yield: 0.54g

MS: APCI(+ve) 633 [M+H"]
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Example 79
N-{2-[(2,3-Difluorobenzyl)thio]-6-[(15)-2-hydroxy-1-
(isopropoxymethyl)ethoxy]pyrimidin-4-yl}-1-methyl-1H-imidazole-4-sulfonamide

5 The title compound was prepared according to the procedure outlined in example 34 using N-
{6-[(1R)-2-{[tert-butyl(dimethyl)silylJoxy }-1-(isopropoxymethyl)ethoxy]-2-[(2,3-
difluorobenzyl)thio]pyrimidin-4-yl1}-1-methyl-1H-imidazole-4-sulfonamide (the product from
step (v) (90mg) in THF (5mL) and 1M solution of tetrabutylammoniumfluoride in THF
(0.28mL) to give the title compound as a white solid. Yield: 30mg.

10 MS: APCI(+ve) 530 [M+H"]
'H NMR:(DMSO) & 0.98 - 1.04 (m, 6H), 3.47 - 3.56 (m, 4H), 3.67 (s, 3H), 4.40 (s, 2H), 5.14
(g, 1H), 6.17 (s, 1H), 7.07 - 7.18 (m, 1H), 7.28 - 7.41 (m, 2H), 7.79 (d, 1H), 8.00 (d, 1H),
11.57 (s, 1H)

15 The intermediates for this compound were prepared as follows:

i) (4R)-4-(isoPropoxymethyl)-2,2-dimethyl-1,3-dioxolane

To a solution of 2,2-dimethyl-1, 3-dioxolane-4-methanol (2g), in DMSO (50mL), powdered

potassium hydroxide was added portionwise at 0°C then warmed to room temperature. 2-
20 Iodo-propane (43mL) was added to the mixture at 0°C then stirred for 72h at room

temperature. The reaction mixture was diluted with H,O and extracted with EtOAc. The

organic layer was washed with H,O then brine (x2) and dried (MgSOs,), filtered and

evaporated to give the subtitle compound as clear, colourless oil. Yield: 2g

'H NMR:(DMSO) & 1.08 (d, 6H), 1.26 (d, 3H), 1.31 (s, 3H), 3.30 - 3.43 (m, 2H), 3.51 - 3.61
25 (m, 2H), 3.94 - 4.00 (m, 1H), 4.08 - 4.15 (m, 1H)
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ii) (25)-3-isoPropoxypropane-1,2-diol

Acetyl chloride was added dropwise into a solution of MeOH (30mL) at 0°C with stirring for
5 min. A solution of (4R)-4-(isopropoxymethyl)-2,2-dimethyl-1,3-dioxolane (1.7g) (the
product from step (i), in MeOH (30mL), was added dropwise to the reaction mixture. The
solution was then warmed to room temperature and stirred for 2h. The reaction mixture was
evaporated to give the subtitle compound as clear oil. Yield: 0.8¢

'H NMR:(DMSO) & 1.07 (dd, 6H), 3.21 - 3.37 (m, 4H), 3.47 - 3.55 (m, 2H)

iii) (2R)-1-{[tert-Butyl(dimethyl)silyljoxy }-3-isopropoxypropan-2-ol

The subtitle compound was prepared according to the procedure outlined in example 34 step
iii) using (25)-3-isopropoxypropane-1,2-diol (0.80g) (the product from step (i) in DCM
(10mL), tert-butyldimethylsilyl chloride (1.59g), triethylamine (1.43mL) and 4-
(dimethylamino)pyridine (50mg) at 0°C to give the subtitle compound as a clear, colourless
oil. Yield: 1.86g

'H NMR:(DMSO) & 0.07 (s, 6H), 0.91 (s, 9H), 1.11 (d, 6H), 3.26 - 3.35 (m, 2H), 3.37 - 3.45
(m, 2H), 3.49 - 3.61 (m, 2H), 4.63 (d, 1H)

iv) 4-[(1R)-2-{[tert-Butyl(dimethyl)silyl]oxy}-1-(isopropoxymethyl)ethoxy]-6-chloro-2-
[(2,3-difluorobenzyl)thio]pyrimidine

The subtitle compound was prepared according to the procedure outlined in example 1 step
iii) using 4,6-Dichloro-2-[(2, 3-difluorobenzyl)thio]pyrimidine (product of example 1 step ii)
(0.46g), (2R)-1-{[tert-butyl(dimethyl)silylJoxy }-3-isopropoxypropan-2-ol (product of step iii)
(0.66g), THF (SmL) and 60% sodium hydride (80mg), to give the subtitle compound as a
colourless oil. Yield: 0.56g

MS: APCI(+ve) 519/521 [M+H"]

v) N-{6-[(1R)-2-{[tert-Butyl(dimethyl)silylloxy}-1-(isopropoxymethyl)ethoxy]-2-[(2,3-
difluorobenzyl)thiolpyrimidin-4-y1}-1-methyl-1H-imidazole-4-sulfonamide

The subtitle compound was prepared according to the procedure outlined in example 1 step

(iv) using a mixture of azetidine- 1-sulfonamide (prepared according to patent WO
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2004/011443) (0.19g), tris(dibenzylideneacetone)dipalladium (0) (0.53g), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (39mg), cesium
carbonate (0.28g), 4-[(1R)-2-{[tert-butyl(dimethyl)silyl]oxy }-1-(isopropoxymethyl)ethoxy]-
6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidine
(the product of step iv) (0.3g) and dioxane (15mL). Purification was by column
chromatography on silica gel using EtOAc/iso-hexane (2:8) 50:70 as eluent, to give the title
compound as a white solid. Yield: 90mg
MS: APCI(+ve) 645 [M+H']

Example 80
N-{2-[(2,3-Difluorobenzyl)thio]-6-[(1R)-2-hydroxy-1-methylethoxylpyrimidin-4-yl}-1,2-
dimethyl-1H-imidazole-4-sulfonamide '

The title compound was prepared according to the procedure outlined in example 11 using a
mixture of ethyl (2R)-2-[(2-[(2,3-difluorobenzyl)thio]-6- { [(1,2-dimethyl- 1 H-imidazol-4-
yDsulfonyl]amino }pyrimidin-4-yl)oxy]propanoate (the product from step (i) (0.25g), lithium
borohydride (2M solution in THF, 0.48mL) and THF (6mL). Purification was by reverse
phase HPLC (symmetry as the stationary phase and TFA/acetonitrile as the mobile phase)
then titurated with Toluene, DCM and then Et,0O /iso-hexane to give the title compound as a
white solid. Yield: 44mg |

MS: APCI(+ve) 486 [M+H"]

'"H NMR:(DMSO) 8 1.14 (d, 3H), 2.27 (s, 3H), 3.44 - 3.49 (m, 2H), 3.56 (s, 3H), 4.41 (s, 2H),
5.02 - 5.14 (m, 1H), 6.11 (s, 1H), 7.08 - 7.20 (m, 1H), 7.25 - 7.43 (m, 2H), 7.92 (s, 1H), 11.44
(s, 1H)

The intermediate for this compound was prepared as follows:
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i) Ethyl (2R)-2-[(2-[(2,3-difluorobenzyl)thio]-6-{[(1,2-dimethyl-1H-imidazol-4-
yl)sulfonyl]amino }pyrimidin-4-yl)oxy]propanoate
The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of 1,2-Dimethyl-1H-imidazole-4-sulfonic acid amide (0.19g),
tris(dibenzylideneacetone)dipalladium (0) (56mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (41mg), cesium carbonate (0.32g), 2-[[6-chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-4-pyrimidinyljoxy]-(2R)-propanoic acid ethyl ester (the product
of example 11 step 1) (0.24g) and dioxane (20mL). Purification was by column
chromatography on silica gel using DCM /MeOH (100:1 to 90:10 gradient) as eluent, to give
the title compound as a pale yellow solid. Yield: 0.25g
MS: APCI(+ve) 528 [M+H']

Example 81
2-{4-[2-(2,3-Difluore-benzylsulfanyl)-6-methoxy-pyrimidin-4-ylsulfamoyl]-piperazin-1-

yl1}-N,N-dimethyl-acetamide
O/
A
~Z
‘/\N/S\H N S
N
07N~

To a solution of N,N-Dimethyl-2-piperazin-1-yl-acetamide (0.51g), in dioxane (20mL) was
added sulfamide (0.29g). The reaction mixture was then heated at reflux for 24 h. The
reaction mixture was allowed to cool before being reduced in vacuo to give the intermediate
compound as an off white solid. Yield: 0.65g

The title compound was prepared according to the procedure outlined in example 1 step (iv)
using a mixture of the above intermediate compound (0.38g),
tris(dibenzylideneacetone)dipalladium (0) (92mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (67mg), cesium carbonate (0.49g), 4-Chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of example 35 step i) (0.30g)

and dioxane (10mL). Purification was by reverse phase HPLC (symmetry as the stationary
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phase and TFA/acetonitrile as the mobile phase) then titurated with MeOH followed by DCM
to give the title compound as a white solid. Yield: 0.24g
MS: APCI(+ve) 517 [M+H"]
'H NMR:(CD30D) & 3.00 (s, 3H), 3.02 (s, 3H), 3.41 - 3.53 (m, 4H), 3.64 - 3.80 (m, 4H), 3.97
(s, 3H), 4.29 (s, 2H), 4.54 (s, 2H), 6.09 (s, 1H), 7.08 - 7.25 (m, 2H), 7.33 - 7.41 (m, 1H)

Example 82
4-Pyridin-4-ylmethyl-piperazine-1-sulfonic acid [2-(2,3-difluoro-benzylsulfanyl)-6-
methoxy-pyrimidin-4-yl]-amide

The title compound was prepared according to the procedure outlined in example 81 using a
mixture of 1-Pyridin-4-ylmethyl-piperazine (0.53g), sulfamide (0.29g) and dioxane (20mL).
Followed by tris(dibenzylideneacetone)dipalladium (0) (92mg), 2-dicyclohexylphosphino-
2’ 4°,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (67mg), cesium carbonate (0.49g), 4-Chloro-2-
[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of example 35 step 1)
(0.30g) and dioxane (10mL). Purification was by reverse phase HPLC (symmetry as the
stationary phase and TFA/acetonitrile as the mobile phase) then titurated with MeOH
followed by DCM to give the title compound as a white solid. Yield: 0.23g

MS: APCI(+ve) 523 [M+H"]

'"H NMR:(CD30D) & 2.77 (t, 4H), 3.47 (t, 4H), 3.96 (s, 3H), 4.01 (s, 2H), 4.51 (s, 2H), 6.13
(s, 1H), 7.07 - 7.24 (i, 2H), 7.34 - 7.42 (m, 1H), 7.99 (d, 2H), 8.76 (d, 2H)
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Example 83
5 4-(Tetrahydro-furan-2-ylmethyl)-piperazine-1-sulfonic acid [2-(2,3-difluoro-
benzylsulfanyl)-6-methoxy-pyrimidin-4-yl]-amide

7~
SN F
(\S:S'%/Ez\/)\s/\@f
N N
O

The title compound was prepared according to the procedure outlined in example 81 using a
mixture of 1-(tetrahydrofuran-2-yl)-1-piperazine (0.51g), sulfamide (0.29g) and dioxane

10 (20mL). Followed by tris(dibenzylideneacetone)dipalladium (0) (92mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1°’-biphenyl (XPHOS) (67mg), cesium
carbonate (0.49g), 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine (the
product of example 35 step i) (0.30g) and dioxane (10mL). Purification was by reverse phase
HPLC (symmetry as the stationary phase and TFA/acetonitrile as the mobile phase) then

15 titurated with Toluene, MeOH followed by DCM to give the title compound as a white solid.
Yield: 0.15g
MS: APCI(+ve) 516 [M+H"]
'H NMR:(CD30D) & 1.53 - 1.67 (m, 2H), 1.92 - 2.03 (m, 2H), 2.10 - 2.22 (m, 1H), 3.13 -
3.96 (m, 11H), 3.99 (s, 3H), 4.21 - 4.34 (m, 1H), 4.55 (s, 2H), 6.08 (s, 1H), 7.08 - 7.25 (m,

20 2H), 7.32 - 7.40 (m, 1H)
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Example 84
4-(3-Dimethylamino-propyl)-piperazine-1-sulfonic acid [2-(2,3-difluoro-benzylsulfanyl)-
5 6-methoxy-pyrimidin-4-yl]-amide

O/

SN F
aavs

The title compound was prepared according to the procedure outlined in example 81 using a

N
7\

mixture of N, N-dimethyl-3-piperazi-1-ylpropan-1-amine (0.51g), sulfamide (0.29g) and
dioxane (20mL). Followed by tris(dibenzylideneacetone)dipalladium (0) (92mg), 2-

10 dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (67mg), cesium
carbonate (0.49g), 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine (the
product of example 35 step i) (0.30g) and dioxane (10mL). Purification was by reverse phase
HPLC (symmetry as the stationary phase and TFA/acetonitrile as the mobile phase) then
titurated with Toluene, MeOH followed by DCM to give the title compound as a white solid.

15 Yield: 0.14g
MS: APCI(+ve) 517 [M+H"]

"H NMR:(DMSO) 8 1.85 - 2.00 (m, 2H), 2.48 - 2.53 (m, 10H), 2.78 (s, 6H), 3.02 - 3.11 (m,
2H), 3.90 (s, 3H), 4.49 (s, 2H), 6.12 (s, 1H), 7.13 - 7.22 (m, 1H), 7.30 - 7.44 (m, 2H)
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5 Example 85
Piperazine-1,4-disulfonic acid [2-(2,3-difluoro-benzylsulfanyl)-6-methoxy-pyrimidin-4-
yll-amide dimethylamide

\

N;‘S'LN )\
NN

The title compound was prepared by adding dimethyl sulfamoyl chloride to a solution of N-
10 [2-[[(2,3-Difluorophenyl)ymethyl]thio]-6-methoxypyrimidin-4-yl]piperazine- 1-sulfonamide,
trifluoroacetate salt (the product from example 36) (0.25g) in DCM (5mL). Purification was
by reverse phase HPLC (symmetry as the stationary phase and TFA/acetonitrile as the mobile
phase) then titurated with Toluene, DCM followed by Et,O to give the title compound as a
white solid. Yield: 0.11g
15 MS: APCI(+ve) 539 [M+H']
"H NMR:(DMSO) 82.73 (s, 6H), 3.16 - 3.30 (m, 8H), 3.88 (s, 3H), 4.48 (s, 2H), 6.07 (s, 1H),
7.11 - 7.20 (m, 1H), 7.29 - 7.45 (m, 2H), 11.28 (s, 1H)
Example 86
{4-[2-(2,3-Difluoro-benzylsulfanyl)-6-methoxy-pyrimidin-4-ylsulfamoyl]-piperazin-1-yl}-

20 acetic acid
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The title compound was prepared by adding 1M NaOH (1mL) to a solution of {4-[2-(2,3-
Difluoro-benzylsulfanyl)-6-methoxy-pyrimidin-4-ylsulfamoyl]-piperazin-1-yl }-acetic acid
ethyl ester (the product from step i) (0.31g) in MeOH (1mL). Purification was by reverse
phase HPLC (symmetry as the stationary phase and TFA/acetonitrile as the mobile phase)
then titurated with Toluene, DCM followed by Et;O to give the title compound as a white
solid. Yield: 85mg
MS: APCI(+ve) 490 [M+H"]
'H NMR:(CD30D) § 2.99 - 3.05 (m, 4H), 3.39 (s, 2H), 3.46 - 3.53v(m, 4H), 3.92 (s, 3H), 4.47
(s, 2H), 6.10 (s, 1H), 7.05 - 7.24 (m, 3H), 7.35 (t, 1H)

The intermediate for this compound was prepared as follows:

i) {4-[2-(2,3-Difluoro-benzylsulfanyl)-6-methoxy-pyrimidin-4-ylsulfamoyl]-piperazin-1-
yl}-acetic acid ethyl ester '

The subtitle compound was prepared by adding 60% sodium hydride (0.18g) portionwise to a
solution of N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]piperazine-1-
sulfonamide, trifluoroacetate salt (the product from example 36) (0.53g) and ethyl 2-
bromoacetate (0.36mL) in THF (10mL). The reaction mixture was diluted with H>O and
extracted with EtOAc. The organic layer was washed with brine and evaporated to give the
subtitle compound as an oil.

MS: APCI(+ve) 518 [M+H"]

Example 87

4-(2-Hydroxy-ethyl)-piperazine-1-sulfonic acid [2-(2,3-difluoro-benzylsulfanyl)-6-

methoxy-pyrimidin-4-yl]-amide

The title compound was prepared according to the procedure outlined in example 24 using a

mixture of {4-[2-(2,3-Difluoro-benzylsulfanyl)-6-methoxy-pyrimidin-4-ylsulfamoyl]-
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piperazin-1-yl}-acetic acid ethy] ester (the product from example 86 step i) (0.31g) lithium
borohydride (1M solution in THF) (1.2mL) in THF (SmL). Purification was by reverse phase
HPLC (symmetry as the stationary phase and NH;OAc/acetonitrile as the mobile phase) then
titurated with Toluene, MeOH followed by DCM to give the title compound as a white solid.
Yield: 13mg
MS: APCI(+ve) 476 [M+H"]
'H NMR:(CD30D) & 2.52 - 2.61 (m, 6H), 3.34 (t, 4H), 3.65 (t, 2H), 3.91 (s, 3H), 4.47 (s, 2H),
6.14 (s, 1H), 7.04 - 7.19 (m, 2H), 7.35 (t, 1H)

Synthesis of examples 88-107
Examples 88-107 were synthesised using the following procedure:-

To a solution of the aldehyde (0.2 mmol) in NMP (0.8 mL), N-[2-[[(2,3-
Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yljpiperazine- 1-sulfonamide
trifluoroacetate salt (the product from example 36) (65mg) was added as an NMP solution
(0.4ml) followed by resin bound cyanoborohydride (88mg) and acetic acid (1.8uL). The
reaction mixture was agitated for 48 h, then filtered to remove the resin followed by
centrifugal evaporation to dryness. The product was purified by LCMS directed purification

(XTerra as the stationary phase and ammonia/acetonitrile as the mobile phase) to give the title

compound.
0, .0 =N F
N | N/)\s/\©/ F
A
R
Example Example R M/Z
number [M+H]
88 N-{2-[(2,3-Difluorobenzyl)thio]-6- H _( 512
methoxypyrimidin-4-yl}-4-(1H- &)N
imidazol-2-ylmethyl)piperazine-1-
sulfonamide
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89

N-[4-({4-[({2-[(2,3-
Difluorobenzyl)thio]-6-
methoxypyrimidin-4-
yl}amino)sulfonyl]piperazin-1-

yl}methyl)phenyl]acetamide

ZT

SN

578

90

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl }-4-(2,3-
dihydroxypropyl)piperazine-1-

sulfonamide

505

91

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl }-4-(3-
furylmethyl)piperazine- 1-sulfonamide

A

511

92

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl}-4-(1,3-thiazol-
2-ylmethyl)piperazine- 1-sulfonamide

7

Z
—~

528

93

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl }-4-[(4-oxo-4H-
chromen-3-yl)methyl]piperazine-1-

sulfonamide

589

94

N-{2-[(2,3-Difluorobenzylthio]-6-
methoxypyrimidin-4-yl }-4-(1H-pyrazol-
3-ylmethyl)piperazine- 1-sulfonamide

511

95

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl1}-4-[3-
(dimethylamino)-2,2-
dimethylpropyl]piperazine-1-

sulfonamide

544

96

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl}-4-(1,2,3-
thiadiazol-4-ylmethyl)piperazine-1-

sulfonamide

529
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97

4-{[1-(2-Cyanoethyl)-1H-pyrrol-2-
ylJmethyl}-N-{2-[(2,3-
difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl }piperazine-1-

sulfonamide

563

98

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-y1}-4-[4-hydroxy-
3-(hydroxymethyl)benzyl]piperazine-1-

sulfonamide

OH H

567

99

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl}-4-[(1,3,6-
trimethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-

yl)methyl]piperazine-1-sulfonamide

597

100

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl}-4-{[2-
(dimethylamino)pyrimidin-5-

ylJmethyl }piperazine- 1-sulfonamide

566

101

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl}-4-[(3-
morpholin-4-yl-1H-pyrazol-5-

yD)methyl]piperazine- 1-sulfonamide

596

102

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-y1}-4-[(1-methyl-
1H-1,2,4-triazol-5-yl)methyl]piperazine-

1-sulfonamide

526

103

N-{2-[(2,3-Difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl}-4-(5-hydroxy-

2-nitrobenzyl)piperazine- 1-sulfonamide

OH

ON

582
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104 N-{2-[(2,3-Difluorobenzyl)thio]-6- N 511
methoxypyrimidin-4-yl}-4-(1H- %:\\N
imidazol-4-ylmethyl)piperazine-1-
sulfonamide

105 N-{2-[(2,3-Difluorobenzyl)thio]-6- N/§rﬁ 588
methoxypyrimidin-4-yl}-4-[4-(1H- NN
1,2,4-triazol- 1-yl)benzyl]piperazine- 1- \©\
sulfonamide

106 2-[4-({4-[({2-[(2,3- INH 594

2
o
Difluorobenzyl)thio]-6- o)\/ \@\

methoxypyrimidin-4-
yl}amino)sulfonyl]piperazin-1-

yl}methyl)phenoxyJacetamide

methoxypyrimidin-4-y1}-4-[(3,5-

107 N-{2-[(2,3-Difluorobenzyl)thio]-6- /,\\,\/\OT 540
/

dimethylisoxazol-4-

yDmethyl]piperazine- 1-sulfonamide

Example 108
N-{2-[(3-Chloro-2-fluorobenzyl)thio]-6-methoxypyrimidin-4-yl }piperazine-1-

o
o LI
o:/é’_H N S/\©/CI

The title compound was prepared according to the procedure outlined in example 15 using

sulfonamide

tert-butyl 4-[({2-[(3-chloro-2-fluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]piperazine- 1 -carboxylate (the product from step ii) (0.26g), trifluoroacetic
acid (0.5mL) and DCM (10mL). Purification was by reverse phase HPLC (Symmetry as the
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stationary phase and TFA/acetonitrile as the mobile phase) then triturated with MeOH
followed by Et,0 to give the title compound as a white solid. Yield: 40mg
MS: APCI(+ve) 448 [M+H")
'H NMR:(DMSO) 8 3.15 - 3.24 (m, 4H), 3.36 - 3.48 (m, 4H), 3.92 (s, 3H), 4.50 (s, 2H), 6.10
(s, 1H), 7.22 (t, 1H), 7.49 - 7.63 (m, 2H), 8.74 (s, 1H)

The intermediates for this compound were prepared as follows:

i) 4-Chloro-2-[(3-chloro-2-fluorobenzyl)thio]-6-methoxypyrimidine

The subtitle compound was prepared according to the procedure outlined in example 35 Step
(i) using 4,6-dichloro-2-[(3-chloro-2-fluorobenzyl)thio]pyrimidine

(prepared according to patent WO 2004/011443) (0.65 g), methanol (8mL) and 60% sodium
hydride (88mg). Yield: 0.57g.

'H NMR:(CDCh) & 3.93 (s, 3H), 4.41 - 4.43 (m, 2H), 6.43 (s, 1H), 6.99 - 7.05 (m, 1H), 7.25 -
7.32 (m, 1H), 7.40 - 7.46 (m, 1H)

ii) tert-Butyl 4-[({2-[(3-chloro-2-fluorebenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]piperazine-1-carboxylate

The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using 4-chloro-2-[(3-chloro-2-fluorobenzyl)thio]-6-methoxypyrimidine (the product from
step i) (0.26g), 4-(aminosulfonyl)-1,1-dimethylethyl ester- 1-piperazinecarboxylic acid (the
product of example 15 step i) (0.23g), tris(dibenzylideneacetone)dipalladium (0) (73mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (53mg), cesium
carbonate (0.33g), and dioxane (8mL). Purification was by column chromatography on silica
gel using EtOAc/isohexane (2:8 to 3:7 gradient) as eluent to give the subtitle compound as a
white solid. Yield: 0.26g

MS: APCI(-ve) 546 [M-H]
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Example 109
N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-3-hydroxyazetidine-1-

sulfonamide

0, .0 N
SN /”\ F

The title compound was prepared according to the procedure outlined in example 34 using 3-
{[tert-butyl(diphenyl)silyl]oxy }-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}azetidine-1-sulfonamide (the product from step ii) (0.29g) and 1M solution of
tetrabutylammoniumfluoride in THF (5mL). Purification was by reverse phase HPLC
(symmetry as the stationary phase and TFA/acetonitrile as the mobile phase) then triturated
with MeOH, Et,0 followed by iso-hexane to give the title compound as a white solid. Yield:
40mg

MS: APCI(+ve) 419 [M+H"]

'H NMR:(DMSO) 8 3.70 (t, 2H), 3.86 (s, 3H), 3.97 (t, 2H), 4.29 - 4.39 (m, 1H), 4.46 (s, 2H),
5.79 (d, 1H), 6.16 (s, 1H), 7.10 - 7.18 (m, 1H), 7.32 (q, 1H), 7.41 (t, 1H), 11.23 (s, 1H)

The intermediates for this compound were prepared as follows:

i) 3-(tert-Butyl-diphenyl-silanyloxy)-azetidine-1-sulfonamide

The subtitle compound was prepared according to the procedure outlined in example 15 step
(i) using 3-(tert-butyl-diphenyl-silanyloxy)-azetidine (prepared according to patent WO
2003/072557) (0.93g), dioxane (20mL) and sulfamide (0.34g). Isolation was by filtration to
remove excess sulfamide, the filtrate was then reduced in vacuo to give the subtitle compound
as a brown oil. Yield: 1.2g

MS: APCI(-ve) 389 [M-H]
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ii) 3-{[tert-Butyl(diphenyl)silyl]oxy }-N-{2-[(2,3-difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl}azetidine-1-sulfonamide
The subtitle compound was prepared according to the procedure outlined in example 1 step
(iv) using a mixture of 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine
(the product of example 35 step i) (0.16g), 3-(tert-butyl-diphenyl-silanyloxy)-azetidine-1-
sulfonamide (the product from step i) (0.17g), tris(dibenzylideneacetone)dipalladium (0)
(33mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (24mg),
cesium carbonate (0.16g) and dioxane (8mL). Purification was by column chromatography on
silica gel using BtOAc/isohexane (1:9 to 2:8 gradient) as eluent to give the subtitle compound
as a yellow oil. Yield: 0.12g
MS: APCI(+ve) 657 [M+H']

Example 110
N'-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-N-[2-(dimethylamino)ethyl]-
N-methylsulfamide

The title compound was prepared according to the procedure outlined in example 1 step (iv)
using a mixture of 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine (the
product of example 35 step i) (0.35g), N-[2-(dimethylamino)ethyl] -N-methylsulfamide
(prepared according to procedure outlined in Org.Letts 2004, 6 (16), 2705-2708) (0.18g),
tris(dibenzylideneacetone)dipalladium (0) (73mg), 2-dicyclohexylphosphjn0-2",4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (53mg), cesium carbonate (0.39g) and dioxane (20mL).
Purification was by reverse phase HPLC (symmetry as the stationary phase and
TFA/acetonitrile as the mobile phase) then titurated with MeOH followed by Et;O to give the
title compound as a white solid. Yield: 0.12g

MS: APCI(+ve) 448 [M+H"]

'H NMR (DMSO) § 2.84 (6H, s), 2.86 (3H, s), 3.33 (2H, t), 3.57 (2H, ), 3.93 (3H, s), 4.53
(2H, s), 6.05 (1H, s), 7.16 - 7.24 (1H, m), 7.32 - 7.45 (2H, m)



WO 2006/024823 PCT/GB2005/003257

-150-

Example 111
N-(2-[(2,3-Difluorobenzyl)thio]-6-{[(1R,2R)-2-hydroxymethylpropyl]oxy }pyrimidin-4-
yl)-(2S)-2-methylpiperazine-1-sulfonamide

S<
K\N/ N N/)\S/\©/F
H
HN\/K

N-(2-[(2,3-difluorobenzyl)thio]-6-{ [(1R,2R)-2-hydroxymethylpropyl]Joxy }pyrimidin-4-yI)
tert-butyl 4-(aminosulfonyl)piperazine- 1-carboxylate (the product from step ii),0.65g) was
dissolved in DCM (15ml) and allowed to stir at room temperatureuntil homogeneous. TFA
(15ml) was then slowly added and the reaction mixture stirred overnight. The reaction
10 mixture was reduced in vacuo, dissolved in MeOH and purified by prep HPLC to give the title
compound as a white solid
Yield 105mg
'H NMR: (DMSO) 3 1.04 (d, 3H), 1.14 (d, 3H), 1.27 (d, 3H), 2.82-2.91 (m, 1H), 2.97-3.06
(m, 1H), 3.19-3.27 (m, 2H), 3.36-3.44 (m, 1H), 3.67-3.77 (m, 2H), 4.14-4.21 (m, 1H), 4.41-
15 4.50 (m, 2H) , 4.98-5.05 (m, 1H), 5.91 (s, 1H), 7.14-7.21 (m, 1H) , 7.31-7.41 (m, 2H), 11.28
(s, 1H)
MS: APCI(+ve) 504.1 [M+H"]

The intermediates for this compound were prepared as follows:

20
i) tert-Butyl (3S)-4-(aminosulfonyl)-3-methylpiperazine-1-carboxylate
To a solution of (25)-2-methylpiperazine-1-sulfonamide (0.5g) in dioxane (40ml) was added
sulfamide (0.288g) and the reaction mixture was then heated at reflux in the microwave at
100°C, 300W, open vessel with cooling for 4 in dioxane. The reaction mixture was

25 partitioned between DCM (100ml) and H,O (100ml) and the aqueous re-extracted with DCM
(2x100ml). Organics were collected dried and reduced in vacuo to give the subtitle compound

as a clear colourless oil (745mg)
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'H NMR: (DMSO) & 1.11 (d, 3H), 1.40 (s, 9H), 2.84-3.13 (m, 3H), 3.32 (5, 2H), 3.64-3.72 (m,
1H), 3.78-3.93 (m, 1H), 6.80 (s, 2H)

i) N-(2-[(2,3-Difluorobenzyl)thio]-6-{[(1R,2R)-2-hydroxymethylpropylloxy }pyrimidin-4-
yl)-tert-butyl (35)-4-(aminosulfonyl)-3-methylpiperazine-1-carboxylate

A mixture of tert-butyl (3S)-4-(aminosulfonyl)-3-methylpiperazine-1-carboxylate ((the
product from step i), 0.373g), tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.488 g) and (2R,3R)-3-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-
yl}oxy)butan-2-ol ((the product of example 4 step i), 0.361g) in dioxane (20ml) was heated at
reflux in a microwave at 100°C, 300W, open vessel with cooling for 1.5k. The reaction
mixture was then reduced in vacuo and the residue separated between EtOAc (200 ml) and
H,0 (200 ml). The organics were separated and the aqueous layer was re-extracted with
EtOAc (2 x 200ml). Organics were combined, dried (MgSOy) and reduced in vacuo to give
the subtitle compound as a yellow solid

Yield 0.65g

MS: APCI(+ve) 604.5 [M+H"]

Example 112
N-[2-[(2,3-Difluorobenzyl)thio]-6-(2-hydroxyethoxy)pyrimidin-4-yllmethanesulfonamide

OH
O/\/
N F
O\\ /' |
i N/)\S F

A mixture of methanesulfonamide (0.228g), tris(dibenzylideneacetone)dipalladium (0) (50

mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.585 g) and 2-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl Joxy)ethanol
((the product step i), 0.400g) in dioxane (20ml) was heated at reflux in a microwave at 100°C,
300W, open vessel with cooling for 30 mins. The reaction mixture was then reduced in vacuo

and the residue separated between DCM (150 ml) and H,O (100 ml). The organics were
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separated and the aqueous layer was re-extracted with DCM (2 x 150ml). Organics were
combined, dried (MgSO,) and reduced in vacuo and the resulting residue was purified by prep
HPLC to give the title compound as a white solid. Yield: 102mg
'H NMR: (DMSO) & 3.28 (s, 3H), 3.63-3.68 (m, 2H), 4.29 (t, 2H), 4.47 (s, 2H), 4.87 (t, 1H),
6.03 (s, 1H), 7.13-7.19 (m, 1H), 7.31-7.43 (m, 2H), 11.12 (s, 1H)
MS: APCI(+ve) 391.9 [M+H"]

The intermediate for this compound was prepared as follows:

i) 2-({6-Chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}oxy)ethanol

To a solution of 4,6-dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine ((the product of example
1 step ii), Sg) and ethylene glycol (1.517g) in THF (100ml) was added NaH (1.3g) slowly and
the reaction was then allowed to stir overnight at RT. The reaction mixture was then
partitioned between EtOAc (200 ml) and H,0 (200 ml). The organics were separated and the
aqueous layer was re-extracted with EtOAc (2 x 200ml). Organics were combined, dried
(MgSO,) and reduced in vacuo and the resulting residue was purified by column
chromatography on silica gel 10% EtOAc/90% iso-Hex to give the subtitle compound as a
clear oil. Yield: 2.4g

MS: APCI(+ve) 332/334 [M+H"]

'H NMR: (DMSO) & 3.90-3.95 (m, 2H), 4.42 (s, 2H), 4.45-4.48 (m, 2H), 6.48 (s, 1H), 6.98-
7.10 (m, 2H), 7.24-7.30 (m, 1H)

Example 113
N-[2-[(2,3-Difluorobenzyl)thio]-6-(2-hydroxyethoxy)pyrimidin-4-yl] piperazine-1-

sulfonamide

/\/OH

O O SN F

‘/\NjS’:N | N/)\S/\Crlz
HN H

To a solution of N-[2-[(2,3-diflucrobenzyl)thio]-6-(2-hydroxyethoxy)pyrimidin-4-yl] tert-
butyl 4-(aminosulfonyl)piperazine-1-carboxylate ((the product from step i), 0.70g) in DCM
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(20ml) was added TFA (20ml). The reaction was then stirred at room temperaturefor 18h.
The reaction was then reduced in vacuo and the residue dissolved in 7N NH3/MeOH (20ml)
and stirred at room temperature for 1h. The reaction was then reduced in vacuo and the
residue purified by prep HPLC to give the title compound as a white solid. Yield: 33mg
MS: APCI(+ve) 462 [M+H"]
'"H NMR: (DMSO) § 3.01-3.05 (m, 4H), 3.13-3.17 (m, 4H), 3.60-3.64 (m, 2H), 4.16 (t, 2H),
4.38 (m, 2H), 4.79 (s, 1H), 5.87 (s, 1H), 7.09-7.17 (1, 1H), 7.26-7.35 (m, 1H), 7.41-7.46 (m,
1H)

The intermediate for this compound was prepared as follows:

i) N-[2-[(2,3-Difluorobenzyl)thio]-6-(2-hydroxyethoxy)pyrimidin-4-yl] tert-butyl 4-
(aminosulfonyl)piperazine-1-carboxylate

A mixture of 4-(aminosulfonyl)-1,1-dimethylethy] ester- 1-piperazinecarboxylic acid (the
product from example 15 step i) (0.637g), tris(dibenzylideneacetone)dipalladium (0) (50mg),
2-dicyclohexylphosphino-2’,4°,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.385 g) and 2-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl Joxy)ethanol
(the product from example 112 step ii), 0.400g) in dioxane (20ml) was heated at reflux in a
microwave at 100°C, 300W, open vessel with cooling for 30 mins. The reaction mixture was
then reduced in vacuo and the residue separated between DCM (150 ml) and H>O (100 ml).
The organics were separated and the aqueous layer was re-extracted with DCM (2 x 150ml).
Organics were combined, dried (MgSO4) and reduced in vacuo to give the subtitle compound
as a yellow solid. Yield: 0.70g

MS: APCI(-ve) 560 [M-H]

'H NMR: (DMSO) & 3.28 (s, 3H), 3.63-3.68 (m, 2H), 4.29 (t, 2H), 4.47 (s, 2H), 4.87 (t, 1H),
6.03 (s, 1H), 7.13-7.19 (m, 1H), 7.31-7.43 (m, 2H), 11.12 (s, 1H)

Example 114
N-[2-[(2,3-Diﬂuor0benzyl)thio]-6-(2-hydroxyethoxy)pyrimidin-4-yl]morpholine-4-

sulfonamide
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A mixture of morpholine-4-sulfonamide (prepared according to patent WO 2004/011443,
0.399g), tris(dibenzylideneacetone)dipalladium (0) (50mg), 2-dicyclohexylphosphino-

2,4’ ,6’-tri-isopropyl-1,1°-biphenyl (XPHOS) (50mg), cesium carbonate (0.585 g) and 2-({6-
chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl }oxy)ethanol (the product from example
112 step ii), 0.400g) in dioxane (20ml) was heated at reflux in a microwave at 100°C, 300W,
open vessel with cooling for 30 mins. The reaction mixture was then reduced in vacuo and the
residue separated between DCM (150 ml) and H,O (100 ml). The organics were separated and
the aqueous layer was re-extracted with DCM (2 x 150ml). Organics were combined, dried
(MgSOs) and reduced in vacuo and the resulting residue purified by prep HPLC to give the
title compound as a white solid. Yield: 0.15g

MS: APCI(+ve) 463 [M+H"]

'H NMR: (DMSO) 8 3.18 (t, 4H), 3.60 (t, 4H), 3.66 (t, 2H), 4.30 (t, 2H), 4.47 (s, 2H), 4.88 (s,
1H), 6.10 (s, 1H), 7.13-7.20 (m, 1H), 7.31-7.38 (m, 1H), 7.39-7.44 (m, 1H)

Example 115
N-[2-[(2,3-Difluorobenzyl)thio]-6-(2-hydroxyethoxy)pyrimidin-4-yl]-azetdine-1-

sulfonamide

A mixture of azetidine- 1-sulfonamide (0.33g, prepared according to patent WO2004/011443),
tris(dibenzylideneacetone)dipalladium (0) (50mg), 2-dicyclohexylphosphino-2’,4’ ,6°-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.585 g) and 2-({6-chloro-2-
[(2,3-difluorobenzyl)thio]pyrimidin-4-yl }oxy)ethanol ((the product from example 112 step ii),
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0.400g) in dioxane (20ml) was heated at reflux in a microwave at 100°C, 300W, open vessel
with cooling for 30 mins. The reaction mixture was then reduced in vacuo and the residue
separated between DCM (150ml) and H,O (150ml). The organics were separated and the
aqueous layer was re-extracted with DCM (2 x 150ml). Organics were combined, dried
(MgSO;) and reduced in vacuo and the resulting residue purified by prep HPLC to give the
title compound as a white solid. Yield: 0.13g
MS: APCI(+ve) 433 [M+H"]
'H NMR: (DMSO) §2.13 (quintet, 2H), 3.65-3.68 (m, 2H), 3.91 (t, 4H), 4.30 (t, 2H), 4.47 (s,
2H), 4.91 (s, 1H), 6.16 (s, 1H), 7.13-7.19 (m, 1H), 7.30-7.38 (m, 1H), 7.40-7.45 (m, 1H),
11.13 (s, 1H)

Example 116
N-{2-[(2,3-Difluorobenzyl)thio]-6-isopropoxypyrimidin-4-yl}azetidine-1-sulfonamide

o/‘\
o. /ofN F
\S/\

C/N/ N N/)\S/\©/F

A mixture of azetidine-1-sulfonamide (0.327g), tris(dibenzylideneacetone)dipalladium (0) (50
mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.585 g) and 4-chloro-2-[(2,3-difluorobenzyl)thio]-6-isopropoxypyrimidine (the
product from step i), 0.400g) in dioxane (20ml) was heated at reflux in a microwave at 100°C,
300W, open vessel with cooling for 30 mins. The reaction mixture was then reduced in vacuo
and the residue separated between DCM (150 ml) and H>O (150 ml). The organics were
separated and the aqueous layer was re-extracted with DCM (2 x 150ml). Organics were
combined, dried (MgSQOy) and reduced in vacuo and the resulting residue purified by prep
HPLC to give the title compound as a white solid. Yield: 0.18g

MS: APCI(+ve) 432 [M+H"]

'H NMR: (DMSO) §1.31 (d, 6H), 2.26 (quintet, 2H), 4.02 (t, 4H), 4.41 (s, 2H), 5.33 (septet,
1H), 6.32 (s, 1H), 6.98-7.10 (m, 2H), 7.18-7.28 (m, 1H)
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The intermediate for this compound was prepared as follows:

i) 4-Chloro-2-[(2,3-difluorobenzyl)thio]-6-isopropoxypyrimidine

To a solution of 4,6-dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine ((the product of example
1 step ii), 3g) in propan-2-ol (20ml) was added NaH (0.43g) slowly and the reaction was then
allowed to stir overnight at RT. The reaction mixture was then partitioned between DCM
(100ml) and H,O (100ml). The organics were separated and the aqueous layer was re-
extracted with DCM (2 x 100ml). Organics were combined, dried (MgSOs) and reduced in
vacuo to give the subtitle compound as a pale yellow solid. Yield: 1.8g

'H NMR: (DMSO) § 1.26 (d, 6H), 4.45 (s, 2H), 5.23-5.32 (m, 1H), 6.77 (s, 1H), 7.14-7.22 (m,
1H), 7.31-7.39 (m, 2H)

Example 117
(3S)-3-Amino-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl }pyrrolidine-1-

sulfonamide

HN
To a solution of tert-butyl {(35)-1-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]pyrrolidin-3-yl }carbamate (the product from step ii), 0.75g) in DCM
(10ml) was added TFA slowly. The reaction then stirred at room temperaturefor 18h. The
reaction was reduced in vacuo and the residue purified by prep HPLC to give the title
compound as a white solid. Yield: 70mg
MS: APCI(+ve) 432 [M+H"]
'"H NMR: (DMSO) $1.89-2.02 (m, 1H), 2.07-2.20 (m, 1H), 3.30-3.56 (m, 4H), 3.74-3.81 (m,
1H), 3.82 (s, 3H), 4.43 (s, 2H), 5.89 (s, 1H), 7.12-7.20 (m, 1H), 7.28-7.43 (m, 2H)

The intermediates for this compound were prepared as follows:
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i) tert-Butyl [(3S)-1-(aminosulfonyl)pyrrolidin-3-yllcarbamate
To a solution of tert-butyl (3S)-pyrrolidin-3-ylcarbamate (1.3g) in dioxane (50ml) was added
sulfamide (1.55g) and the reaction was heated at 110°C for 18h. The reaction mixture was
then partitioned between DCM (150ml) and H,O (100ml). The organics were separated and
the aqueous layer was re-extracted with DCM (2 x 150ml). Organics were combined, dried
(MgSO,) and reduced in vacuo to give the subtitle compound as a pale yellow solid. Yield:
1.44g
'"H NMR: (DMSO) 3 1.39 (s, 9H), 1.67-1.77 (m, 1H), 1.98-2.07 (m, 1H), 2.82-2.87 (m, 1H),
3.06-3.13 (m, 1H), 3.15-3.22 (m, 1H), 3.30-3.35 (m, 1H), 3.93-4.00 (m, 1H) , 6.72 (s, 2H)

ii) tert-Butyl {(35)-1-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]pyrrolidin-3-yl}carbamate

A mixture of tert-butyl [(3S)-1-(aminosulfonyl)pyrrolidin-3-yl]carbamate (the product from
step i), 0.525g), tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-
2’ 4 6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.429 g) and 4-
Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine ((the product from
example 35 step i), 0.400g) in dioxane (20ml) was heated at reflux in a microwave at 100°C,
300W, open vessel with cooling for 40 mins. The reaction mixture was then reduced in vacuo
and the residue separated between DCM (150 ml) and H,O (150 ml). The organics were
separated and the aqueous layer was re-extracted with DCM (2 x 150ml). Organics were
combined, dried (MgSOs) and reduced in vacuo to give the subtitle compound as a yellow
solid. Yield: 0.75¢g

MS: APCI(-ve) 530 [M-H]]

Example 118
(3R)-3-Amino-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}pyrrolidine-1-

sulfonamide
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To a solution of tert-butyl {(3R)-1-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]pyrrolidin-3-yl }carbamate (0.75g) in DCM (10ml) was added TFA (10ml)
slowly. The reaction then stirred at room temperaturefor 18h. The reaction was reduced in
vacuo and the residue purified by prep HPLC to give the subtitle compound as a white solid.
Yield: 0.17g
'H NMR: (DMSO) $1.89-2.02 (m, 1H), 2.07-2.20 (m, 1H), 3.30-3.56 (m, 4H), 3.74-3.81 (m,
1H), 3.82 (s, 3H), 4.43 (s, 2H), 5.89 (s, 1H), 7.12-7.20 (m, 1H), ), 7.28-7.43 (m, 2H)
MS: APCI(+ve) 431.9 [M+H"]

The intermediates for this compound were prepared as follows:

i) tert-Butyl [(3R)-1-(aminosulfonyl)pyrrolidin-3-ylJcarbamate

To a solution of tert-butyl (3R)-pyrrolidin-3-ylcarbamate (1.3g) in dioxane (50ml) was added
sulfamide (1.55g) and the reaction was heated at 110°C for 18h. The reaction mixture was
then partitioned between DCM (100 ml) and H,O (100 ml). The organics were separated and
the aqueous layer was re-extracted with DCM (2 x 100ml). Organics were combined, dried
(MgSOs) and reduced in vacuo to give the subtitle compound as a pale yellow solid. Yield:
1.69g

'H NMR: (DMSO) 8 1.39 (s, 9H), 1.68-1.76 (m, 1H), 1.98-2.07 (m, 1H), 2.82-2.87 (m, 1H),
3.06-3.13 (m, 1H), 3.15-3.22 (m, 1H), 3.29-3.35 (m, 1H), 3.92-4.00 (m, 1H) , 6.72 (s, 2H)

ii) (3S)-3-Amino-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}zerz-butyl
[(35)-1-(aminosulfonyl)pyrrolidin-3-ylJcarbamate

A mixture of tert-butyl [(3S)-1-(aminosulfonyl)pyrrolidin-3-yl]carbamate (0.525g),
tris(dibenzylideneacetone)dipalladium (0) (50mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.429 g) and 4-Chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product from example 35 step 1),
0.400g) in dioxane (20ml) was heated at reflux in a microwave at 100°C, 300W, open vessel
with cooling for 40 mins. The reaction mixture was then reduced in vacuo and the residue
separated between DCM (150 ml) and H,O (150 ml). The organics were separated and the
aqueous layer was re-extracted with DCM (2 x 150ml). Organics were combined, dried

(MgSO,) and reduced in vacuo to give the title compound as a yellow solid. Yield: 0.77g
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MS: APCI(-ve) 539 [M-H']

Example 119
(3R)-3-Amino-N-{2-[(2,3-difluorobenzyl)thio}-6-methoxypyrimidin-4-yl }pyrrolidine-1-

sulfonamide

/s' )\

N\) o'
To a solution of tert-butyl (3R)—4—[({2-[(2,3-d1ﬂuorobenzyl)t}uo]-6-methoxypyrimidin-4-
yl }amino)sulfonyl)-3-methylpiperazine- 1-carboxylate (0.75g) in DCM (10ml) was added
TFA (10ml) slowly. The reaction then stirred at room temperaturefor 18h. The reaction was
reduced in vacuo and the residue purified by prep HPLC to give the title compound as a white
solid. Yield: 0.27g
MS: APCI(+ve) 446 [M+H"]
'H NMR: (CDCh) & 1.43 (d, 3H), 3.07 (t, 1H), 3.15 (d, 1H), 3.26 (d, 1H), 3.33 (d, 1H), 3.60
(t, 1H), 3.86 (d, 1H), 3.95 (s, 3H), 4.30-4.37 (m, 1H), 4.42 (s, 2H), 6.01 (s, 1H), 6.99-7.10 (m,
2H), 7.19-7.22 (m, 1H)

The intermediates for this compound were prepared as follows:

i) tert-Butyl (3R)-3-methylpiperazine-1-carboxylate

To a solution of (2R)-2-methylpiperazine (1g) in THF (10ml) was added di-tert-butyl
dicarbonate (1.45g). The reaction mixture was allowed to stir at room temperaturefor 18h.
The reaction mixture was then partitioned between DCM (100 ml) and H>O (100 ml). The
organics were separated and the aqueous layer was re-extracted with DCM (2 x 150ml).
Organics were combined, dried (MgSOs) and reduced in vacuo to give the subtitle compound
as a clear oil. Yield: 1.1g

'H NMR: (DMSO) 8 0.92 (d, 3H), 1.38 (s, 9H), 2.57-2.70 (m, 1H), 2.76-2.81 (m, 1H), 2.87-
2.99 (m, 1H), 3.66-3.74 (m, 4H)
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ii) tert-Butyl (3R)-4-(aminosulfonyl)-3-methylpiperazine-1-carboxylate
To a solution of tert-butyl (3R)-3-methylpiperazine-1-carboxylate ((the product from step 1),
1.1g) in dioxane (60ml) was added sulfamide (1.06g) and the reaction was heated at 110°C
for 18h. The reaction mixture was then partitioned between DCM (150ml) and H,O (150ml).
The organics were separated and the aqueous layer was re-extracted with DCM (2 x 150ml).
Organics were combined, dried (MgSQy) and reduced in vacuo to give the subtitle compound
as a pale yellow oil. Yield: 1.44g
'H NMR: (DMSO) § 1.10 (d, 3H), 1.39 (s, 9H), 3.00-3.11 (m, 3H), 3.27-3.31 (m, 2H), 3.63-
3.71 (m, 1H), 3.79-3.87 (m, 1H), 6.79 (s, 2H)

iii) zert-Butyl (3R)-4-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]-3-methylpiperazine-1-carboxylate

A mixture of tert-butyl (3R)-4-(aminosulfonyl)-3-methylpiperazine-1-carboxylate ((the
product from step ii), 0.554g), tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-
dicyclohexylphosphino-2’,4°,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.429 g) and 4-Chloro-2-[[(2,3-difluorophenyl)methyljthio]-6-methoxypyrimidine
(the product from example 35 step i), 0.400g) in dioxane (20ml) was heated at reflux in a
microwave at 100°C, 300W, open vessel with cooling for 60 mins. The reaction mixture was
then reduced in vacuo and the residue separated between DCM (150 ml) and H,O (100 ml).
The organics were separated and the aqueous layer was re-extracted with DCM (3 x 150ml).
Organics were combined, dried (MgSOs) and reduced in vacuo to give the subtitle compound
as a yellow oil. Yield: 0.75g

MS: APCI(-ve) 543 [M-H]

Example 120
(3S)-3-Amino-N-{2-[(2,3-diﬂuorobenzyl)thio]-6-methoxypyrimidin-4-yl}-(28)—2-

methylpiperizine-1-sulfonamide
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To a solution of tert-butyl (35)-4-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]-3-methylpiperazine-1-carboxylate (0.75g) in DCM (10ml) was added
TFA (10ml) slowly. The reaction was then stirred at room temperaturefor 18h. The reaction
was reduced in vacuo and the residue purified by prep HPLC to give the title compound as a
white solid. Yield: 0.18¢g
MS: APCI(+ve) 446 [M+H"]
'H NMR: (CDCL) & 1.43 (d, 3H), 3.07 (t, 1H), 3.15 (d, 1H), 3.26 (d, 1H), 3.33 (d, 1H), 3.60
(t, 1H), 3.86 (d, 1H), 3.95 (s, 3H), 4.30-4.37 (m, 1H), 4.42 (s, 2H), 6.01 (s, 1H), 6.99-7.10 (m,
2H), 7.19-7.22 (m, 1H)

The intermediates for this compound were prepared as follows:

i) tert-Butyl (3S5)-4-(aminosulfonyl)-3-methylpiperazine-1-carboxylate

To a solution of tert-butyl (35)-3-methylpiperazine-1-carboxylate

(0.5g) in dioxane (40ml) was added sulfamide (0.29g) and the reaction was heated at 110°C
for 18h. The reaction mixture was then partitioned between DCM (150 ml) and H,O (150 ml).
The organics were separated and the aqueous layer was re-extracted with DCM (2 x 150ml).
Organics were combined, dried (MgSOs) and reduced in vacuo to give the subtitle compound
as a pale yellow oil. Yield: 0.66g

'H NMR: (DMSO) & 1.10 (d, 3H), 1.40 (s, 9H), 3.00-3.11 (m, 3H), 3.26-3.34 (m, 2H), 3.63-
3.71 (m, 1H), 3.79-3.87 (m, 1H), 6.79 (s, 2H)

ii) tert-Butyl (35)-4-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]-3-methylpiperazine-1-carboxylate

A mixture of tert-butyl (35)-4-(aminosulfonyl)-3-methylpiperazine-1-carboxylate (0.372g),
tris(dibenzylideneacetone)dipalladium (0) (50mg), 2-dicyclohexylphosphino-2’,4,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.286 g) and 4-Chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine ((the product from example 35 step 1),
0.373g) in dioxane (20ml) was heated at reflux in a microwave at 100°C, 300W, open vessel
with cooling for 60min. The reaction mixture was then reduced in vacuo and the residue

separated between DCM (150ml) and H,O (100ml). The organics were separated and the
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aqueous layer was re-extracted with DCM (3 x 150ml). Organics were combined, dried
(MgSO,) and reduced in vacuo to give the subtitle compound as a yellow solid. Yield: 0.65g
MS: APCI(-ve) 544 [M-H]

Example 121
N-[6-Methoxy-2-[(2-phenylethyl)thio]pyrimidin-4-yl]azetidine-1-sulfonamide
7~
0]
~N

A solution of N-[(4-methoxyphenyl)methyl]-N- [6-methoxy-2-[(2-phenylethyl)thio]
pyrimidin-4-yl]azetidine- 1-sulfonamide (the prouct of step iii, 0.17g) in DCM (1ml) and TFA
(2ml) was stirred at room temperature for 18h. The solvent was evaporated under reduced
pressure. The residue was recrystallised from EtOAc and iso-hexane to give the title product
as a white solid. Yield: 50mg.

MS: APCI (+ve) 381 [M+H]

'H NMR: § (DMSO) 2.12 (quintet, 2H), 3.00 (m, 2H), 3.35 (m, 2H), 3.91 (t, 7H), 6.13 (s,
1H), 7.23 (m, 1H), 7.29 (m, 4H), 11.04 (bs, 1H).

The intermediates for this compound were prepared as follows:

i) N- [2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]-N-[(4-
methoxyphenyl)methyl]azetidine-1-sulfonamide

60% Sodium hydride (0.42g) was added to a solution of N-[2-[[(2,3-difluorophenyl) methyl]
thio]-6-methoxypyrimidin-4-yl]azetidine- 1-sulfonamide (the product of Example 35) (3.82g)
in anhydrous DMF (38ml) stirred at 0°C under nitrogen. The reaction mixture was stirred for
a further 15min when 4-methoxybenzylchloride (2.98g) was added dropwise over one min
followed by potassium iodide (1.66g). After stirring at room temperature for 18h. the
reaction mixture was partitioned between EtOAc and H,O. The aqueous layer was separated
and further extracted with EtOAc (2x). The combined organic extracts were washed with

H,0, dried (MgSO,), filtered and the solvent evaporated under reduced pressure. The residue



10

15

20

25

WO 2006/024823 PCT/GB2005/003257

-163-
was purified by flash column chromatography on silica gel using EtOAc/iso-hexane (2:8) as
eluent. The product was further purified by flash column chromatography on silica gel using
DCM/Visohexane (6:4) as eluent to give the subtitle product as a white solid. Yield: 2.4g.
MS: APCI (+ve) 523 [M+H] |

i) N-[2-[[(2,3-Difluorophenyl)methyl]sulfonyl]-6-methoxypyrimidin-4-yl]-N-[(4-
methoxyphenyl)methyl]azetidine-1-sulfonamide

A muxture of the product of step 1) (3.3g) and mCPBA (1.1g) in DCM was stirred at room
temperature for 5h. The reaction mixture was washed with aqueous sodium thiosulfate
solution (3 x 100ml; 15g/100ml), aqueous NaHCQO;, H,O, dried (MgSO,) and filtered. The
solvent was evaporated under reduced pressure to give the subtitle product as a yellow foam.
Yield: 3.18g.

~MS: APCI (+ve) 555 [M+H]

iii) N-[(4-Methoxyphenyl)methyl]-N- [6-methoxy-2-[(2-phenylethyl)thio] pyrimidin-4-
yl]azetidine-1-sulfonamide

60% Sodium hydride (29mg) was added to a solution of the product of step ii) (0.36g) and 2-
phenylethylthiol (0.1g) in anhydrous DMF (4ml) stirred under nitrogen. The reaction mixture
was stirred for 18h., diluted with EtOAc and washed with H,O. The separated organic
solution was dried (MgSQy), filtered and the solvent evaporated under reduced pressure. The
residue was purified by flash column chromatography on silica gel using Et,O/isohexane (3:7)
as eluent to give the product as a white solid. Yield: 0.17g.

MS: APCI (+ve) 501 [M+H]

Example 122
N-{6-Methoxy-2-[[(pyridin-4-yl)methyl]thio]pyrimidin-4-yl }azetidine-1-sulfonamide

-~
O

o i SN
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The title compound was prepared from N-[(4-methoxyphenyl)methyl]-N- [6-methoxy-2-
[[(pyridin-4-yl)methyl]thio] pyrimidin-4-yl]azetidine-1-sulfonamide (the product of step i)
(46mg) by the procedure outlined in Example 121. The crude material was purified by
preparative plate chromatography using EtOAc with 0.5% of 7N NH3/MeOH as eluent to give
the title product as a white solid. Yield: 31mg.
MS: APCI (+ve) 368 [M+H]
'"H NMR: § (DMSO) 2.09 (bt, 2H), 3.84 (bm, 7H), 4.39 (bs, 2H), 6.11 (bs, 1H), 7.47 (bs, 2H),
8.48 (bs, 2H).

The intermediate for this compound was prepared as follows:

i) N-[(4-Methoxyphenyl)methyl]-N- [6-methoxy-2-[[(pyridin-4-yl)methyl]thio]
pyrimidin-4-yl]azetidine- 1-sulfonamide

60% NaH (27mg) was added batchwise to a solution of 4-pyridylethanethiol hydrochloride
(60mg) in anhydrous DMF (2ml) stirred under nitrogen. After 30min. the subtitle product of
Example 121 step ii) (0.2g) was added. The reaction mixture was stirred for a further 18h.
KOtBu (40mg) was added and after 30min. a further quantity of KOtBu (40mg) was added.
After 10min, KOtBu (40mg) followed by 4-pyridylmethyl bromide hydrobromide (96mg)
were added. The reaction mixture was stirred for Smin., diluted with EtOAc and washed with
H,0 and aqueous Na,COs. The separated organic solution was dried (MgSOsa), filtered and
the solvent evaporated under reduced pressure. The residue was purified by flash column
chromatography on silica gel using EtOAc/iso-hexane (7:3) as eluent to give the product as a
yellow gum. Yield: 46mg.

MS: APCI (+ve) 488 [M+H]

Example 123
N-{2-[[(2-Cyanophenyl)methyl]thio]-6-methoxypyrimidin-4-yl}azetidine-1-sulfonamide
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The title compound was prepared from N- [2-[[(2-cyanophenyl)methyl]thio]-6-methoxy
pyrimidin-4-yl]-N-[(4-methoxyphenyl)methyl]-azetidine- 1-sulfonamide (60mg) (the product
of step i) by the procedure outlined in Example 121. The crude material was purified by
preparative plate chromatography using EtOAc/isohexane (3:7) as eluent to give the title
product as a yellow gum. Yield: 31mg.

MS: APCI (+ve) 392 [M+H]

'H NMR: § (DMSO) 2.12 (quintet, 2H), 3.90 (m, 7H), 4.59 (s, 2H), 6.15 (s, 1H), 7.47 (t, 1H),
7.66 (t, 1H), 7.84 (m, 2H), 11.13 (bs, 1H).

The intermediate for this compound was prepared as follows:

i) N- {2-[[(2-Cyanophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]-N-[(4-methoxy-
phenyl)methyl}azetidine-1-sulfonamide

The subtitle compound was prepared from the product of Example 121 step ii) (0.20g) and (2-
cyanophenyl)methyl bromide (78mg) by the procedure outlined in Example 122 step i). The
crude material was purified by flash column chromatography on silica gel using
EtOAc/isohexane (3.5:6.5) as eluent to give‘ the product as a gum. Yield: 60mg

MS: APCI (+ve) 512 [M+H]

Example 124
N-{6-Methoxy-2-[(phenylmethyl)thio]pyrimidin-4-yl}azetidine-1-sulfonamide
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The title compound was prepared from N-[(4-methoxyphenyl)methyl]-N-[2-[(phenylmethyl)
thio]-6-methoxypyrimidin-4-yl]azetidine- 1-sulfonamide (the product of step i) (46mg) by the
procedure outlined in Example 121. The crude material was purified by preparative plate
chromatography using EtOAc/isohexane (3:7) as eluent to give the title product as a gum.
Yield: 18mg.

MS: APCI (+ve) 367 [M+H]

'H NMR: § (DMSO) 2.04 (quintet, 2H), 3.74 (t, 4H), 3.81 (s, 3H), 4.36 (s, 2H), 6.02 (s, 1H),
7.23 (m, 1H), 7.30 (i, 2H), 7.48 (d, 2H).

The intermediate for this compound was prepared as follows:

i) N-[(4-Methoxyphenyl)methyl]-N-[6-methoxy-2-[(phenylmethyl)thio]pyrimidin-4-
yl]azetidine-1-sulfonamide

KOtBu (46mg) was added to a mixture of the product of Example 121 step ii) (0.20g) and
phenylmethylthiol (50mg) in DMF (3ml) stirred under nitrogen. After 2.5h, 60% NaH
(12mg) was added. The reaction mixture was stirred for a further 18h,, diluted with EtOAc
and washed with HZO' The separated organic solution was dried (MgSOQy), filtered and the
solvent evaporated under reduced pressure. The residue was purified by flash column
chromatography on silica gel using EtOAc/isohexane (2:8) as eluent to give the product as a
gum. Yield: 45mg.

MS: APCI (+ve) 487 [M+H]

Example 125
N-{6-Methoxy-2-[[2(-pyrazin-2-yl)ethyl]thio]pyrimidin-4-yl }azetidine-1-sulfonamide
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The title compound was prepared from N-[(4-methoxyphenyl)methyl]-N-[6-methoxy-2-[2-
[(pyrazin-2-yl)ethyl]thio]pyrimidin-4-yl]azetidine- 1-sulfonamide (the product of step 1)
(44mg) by the procedure outlined in Example 121. The crude material was purified by flash
column chromatography on silica gel using EtOAc/isohexane (7:3) as eluent to give the
product as a white solid. Yield: 15mg.

MS: APCI (+ve) 383 [M+H]

'H NMR: 8§ (DMSO) 2.12 (quintet, 2H), 3.22 (t, 2H), 3.43 (t, 2H), 3.72 (t, 4H), 3.80 (s, 3H),
5.98 (s, 1H), 8.49 (s, 1H), 8.58 (s, 1H), 8.63 (s, 1H).

The intermediate for this compound was prepared as follows:

i) N-[(4-Methoxyphenyl)methyl]-N-[6-methoxy-2-[(pyrazin-2-ylethyl)thio]pyrimidin-4-
yl]azetidine-1-sulfonamide

The subtitle compound was prepared from the product of Example 121 step ii) (0.20g) and 2-
(pyrazin-2-yl)ethanethiol (57mg) by the procedure outlined in Example 124 step i). The
crude material was purified by flash column chromatography on silica gel using
EtOAc/isohexane (1:1) as eluent to give the product as a gum. Yield: 44mg.

MS: APCI (+ve) 503 [M+H]

Example 126
N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-1,4-diazepane-1-sulfonamide

HN

7~
O‘\ ,,O EN F
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A solution of tert-Butyl 4-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl}-1,4-diazepane-1-carboxylate (the product of step i, 0.22g) i 1:1
TFA:methanol (6ml) was stirred at room temperature for 3h then the volatiles evaporated and
7M ammonia in methanol (5ml) added to the residue. The solution was stirred for 30min then
the volatiles evaporated and the resulting solid washed with methanol, DCM, dimethyl
sulfoxide and H,O to afford the title compound as a white powder. Yield: 51mg
MS: APCI(+ve) 446 [M+H"]
'H NMR: § 4DMSO) 1.90 - 1.98 (2H, m), 3.17 (4H, t, J = 6.0 Hz), 3.36 (2H, t, ] = 5.9 Hz),
3.49 (2H, t, T = 5.8 Hz), 3.77 (3H, 5), 4.41 (2H, ), 5.78 (1H, 5), 7.11 - 7.19 (1H, m), 7.28 -
7.37 (1H, m), 7.42 - 7.46 (1H, m).

The intermediate for this compound was prepared as follows:

i) tert-Butyl 4-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}amino)sulfonyl)]-
1,4-diazepane-1-carboxylate

A mixture of tert-Butyl 4-(aminosulfonyl)-1,4-diazepane-1-carboxylate (the product of
example 75, 0.277g), tris(dibenzylideneacetone)-dipalladium (0) (45mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (24mg), cesium
carbonate (0.242g) and 4-chloro-2-[[(2,3-difluorophenyl)methyl] thio]-6-methoxypyrimidine
(the product of example 35 step i, 0.15g) in anhydrous dioxane (6ml) was heated at reflux in a
microwave at 100°C, 300W, open vessel with cooling for 15min. Saturated aqueous
ammonium chloride was added and the resulting mixture extracted with EtOAc. The
combined organic extracts were washed with saturated aqueous sodium chloride, dried with
sodium sulfate, filtered and evaporated. The residue was purified by column chromatography
on silica using a 1:19 to. 3:7 mixture of EtOAc and iso-hexane as eluent to give the subtitle
compound as a yellow oil. Yield: 0.223g

MS: APCI(+ve) 546 [M+H']

Example 127
(3R,SS)-N-{2-[(2,3—Diﬂuorobenzy1)thio]-6-methoxypyrimidin-4-y1}-3,5-dimethylpiperazine-

1-sulfonamide
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A mixture of (3R,55)-3,5-dimethylpiperazine- 1-sulfonamide (the product of example 72,
0.26g), tris(dibenzylideneacetone)-dipalladium (0) (61mg), 2-dicyclohexylphosphino-2’,4’,6’-
tri-isopropyl-1,1’-biphenyl (XPHOS) (32mg), cesium carbonate (0.32g) and 4-chioro-2-
[[(2,3-difluorophenyl)methyl}thio]-6-methoxypyrimidine (the product of example 35 step i,
0.20g) in anhydrous dioxane (8ml) was heated at reflux in a microwave at 100°C, 300W, open
vessel with cooling for 15min. Saturated aqueous ammonium chloride (5ml) and EtOAc (Sml)
were added, followed by H,O. The layers were separated and the organic layer extracted with
H,0 (x3). The organic layer was discarded and the combined aqueous extracts exhaustively
extracted with further EtOAc. These extracts were combined, washed with saturated aqueous
sodium chloride, dried with sodium sulfate, filtered and evaporated. The resulting solid was
washed with HO to afford the title compound as a white solid. Yield: 0.111g
MS: APCI(+ve) 460 [M+H"]
'"H NMR: § (300 MHz, DMSO) 1.15 (d, 6H), 2.44 - 2.51 (m, 2H), 3.08 - 3.23 (m, 2H), 3.57
(dd, 2H), 3.78 (s, 3H), 4.43 (s, 2H), 5.84 (s, 1H), 7.12 - 7.19 (m, 1H), 7.29 - 7.38 (m, 1H),
7.45 - 7.50 (m, 1H).

Example 128
3-Amino-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl } azetidine-1-sulfonamide

O/
O\‘ "O/fj\l\ I
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H
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A solution of tert-butyl {1-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]azetidin-3-yl }carbamate (the product of step ii, 0.48g) and TFA (2ml) in
methanol (6ml) was stirred at room temperature for 1.5h then the volatiles evaporated and 7M

ammonia in methanol (6ml) added to the residue. The solution was stirred for 2h then the
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volatiles evaporated and the residue purified by column chromatography on silica using a 2-
8% mixture of methanol in DCM and then further purified by reverse phase HPLC (gradient
5-95% acetonitrile in 0.1% aqueous ammonium acetate) to afford the title compound as a
white solid. Yield: 73mg
MS: APCI(+ve) 418 [M+H"]
'H NMR: § (300 MHz, DMSO) 3.64 (dd, 2H), 3.75 - 3.83 (m, 1H), 3.79 (s, 3H), 3.90 (t, 2H),
4.43 (s, 2H), 5.93 (s, 1H), 7.12 - 7.19 (m, 1H), 7.28 - 7.38 (m, 1H), 7.43 - 7.48 (m, 1H).

The intermediates for this compound were prepared as follows:

i) tert-Butyl [1-(aminosulfonyl)azetidin-3-yl]Jcarbamate

A solution of tert-butyl azetidin-3-ylcarbamate hydrochloride (prepared according to J.
Antibiot. 1986, 39, 1243-1256, 0.755 g), Proton-Sponge® (0.85g) and sulfamide (0.42 g) in
dioxane (23ml) was heated at reflux for 48h. The residue was partitioned between H,O and
EtOAc, and the aqueous layer then extracted with further EtOAc (x4). The combined organic
extracts were washed quickly with 2M aqueous hydrochloric acid (x3) then with saturated
aqueous sodium bicarbonate, H,O and saturated aqueous sodium chloride, dried with sodium
sulfate, filtered and evaporated to afford the subtitle compound as a pale brown powder.
Yield: 0.44 g

'H NMR: & (300 MHz, DMSO) 1.38 (s, 9H), 3.55 (t, 2H), 3.82 (t, 2H), 4.09 - 4.18 (m, 1H),
6.87 (s, 2H), 7.53 (d, 1H).

ii) tert-Butyl {1-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]azetidin-3-yl }carbamate

A mixture of tert-butyl [1-(aminosulfonyl)azetidin-3-yl]carbamate (0.50g),
tris(dibenzylideneacetone)-dipalladium (0) (0.12g), 2-dicyclohexylphosphino-2’,4°,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (63mg), cesium carbonate (0.65g) and 4-chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of example 35 step i, 0.400g)
in anhydrous dioxane (17ml) was heated to reflux in a microwave at 100°C, 300W, open
vessel with cooling for 15min. Saturated aqueous ammonium chloride was added and the
resulting mixture extracted with EtOAc. The combined organic extracts were washed with

saturated aqueous sodium chloride, dried with sodium sulfate, filtered and evaporated. The
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residue was purified by column chromatography on silica using a 1:19 to 3:7 mixture of
EtOAc and iso-hexane as eluent to give the subtitle compound as a yellow oil. Yield: 0.48g
MS: APCI(+ve) 518 [M+H"]

Example 129
N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-3-hydroxy-3-methylazetidine-

1-sulfonamide

O/
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A mixture of 3-hydroxy-3-methylazetidine-1-sulfonamide (0.25g) (prepared according to
patent WO 2004/011443), tris(dibenzylideneacetone)-dipalladium (0) (13mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (10mg), cesium
carbonate (0.68g) was treated with a solution of 4-Chloro-2-[[(2,3-difluorophenyl)methyl]
thio]-6-methoxypyrimidine (the product of example 35 step i) (0.4g) in dioxane (10ml) and
the whole then heated at reflux for 30min. H,O (10ml) was added followed by IN
hydrochloric acid solution (5Sml) and the resulting mixture extracted with EtOAc. The
combined organic extracts were washed with saturated aqueous sodium chloride, dried
(MgSOy), filtered and evaporated. The residue was purified by column chromatography on
silica gel using EtOAc/DCM (1:4) as eluent to give the subtitle compound as a white solid.
Yield: 0.5g.
MS: APCI(+ve) 433 [M+H"], APCI(-ve) 431 [M-H']
'H NMR §(DMSO): 1.28 (s, 3H), 3.70 (d, 1H), 3.80 (d, 1H), 3.85 (s, 3H), 4.30 (s, 2H), 5.70
(s, 1H), 6.10 (s, 1H), 7.18 (m, 1H), 7.35 (dd, 1H), 7.43 (t, 1H), 11.20 (bs, 1H)

Example 130
3-Amino-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-3-methylazetidine-1-

sulfonamide
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A solution of N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-3-hydroxy-3-
methylazetidine-1-sulfonamide (the product from example 129, 0.2g) in THF (5ml) was
treated with diisopropylethylamine (0.45ml) and methanesulfonylchloride 0.1 1ml) under
nitrogen.

The whole was stirred at room temperature for 4h. The solvents were then evaporated in
vacuo to drynéss and the residue treated with 7N ammonia in methanol (9ml) and then heated
in a sealed vessel at 75°C for 48h. The volatiles were then evaporated in vacuo and the residue
purified by silica gel chromatography eluting with 10% methanol in DCM to give the subtitle
product as a colourless gum. This was triturated with Et,O and iso-hexane mixtures and
filtered to give the title product as a white solid. Yield: 50mg.

MS: APCI(+ve) 432 [M+H'], APCI(-ve) 430 [M-H]]

'H NMR & (CDCl): 1.45 (s, 3H), 2.90 (bs, 2H), 3.80 (q, 4H), 3.94 (s, 3H), 4.40 (s, 2H), 6.30
(s, 1H), 7.10 (m, 1H), 7.20 (m, 2H)

Example 131
N-{2-[(2,3-Diﬂuorobenzyl)thio]-6-methoxypyrimidin-4-y1}-3-methyl-3-

(methylamino)azetidine-1-sulfonamide

e
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A solution of N-{2-[(2,3-diﬂuorobenzyl)thio]-6-meth0xypyrimidin-4-yl}-3-hydroxy-3-
methylazetidine- 1-sulfonamide (the product from example 129, 0. 16g) in THF (8ml) was
treated with diisopropylethylamine (0.5ml) and methanesulfonylchloride (0.113ml) under

nitrogen.
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The whole was stirred at room temperature for 16h. The mixture was then treated with 33%
methylamine in ethanol (10ml) and then heated in a sealed vessel at 70°C for 24h. The
volatiles were then evaporated in vacuo and the residue purified by silica gel chromatography
eluting with 10% methanol in DCM to give the subtitle product as a colourless gum. This was
triturated with ethanol and filtered to give the title product as a white solid. Yield: 57mg.
MS: APCI(+ve) 446 [M+H"], APCI(-ve) 444 [M-H']
'"H NMR 8(DMSO): 1.33 (s, 3H), 2.35 (s, 3H), 3.60 (d, 2H), 3.80 (s, 3H), 3.85 (d, 2H), 4.40
(s, 2H), 5.92 (s, 1H), 7.10 (i, 1H), 7.30 (m, 1H), 7.40 (m, 1H)

Example 132
N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-glycylpiperazine-1-

sulfonamide, hydrochloride salt
N
0, ,0 l N F
(\ ~S< /)\ F

A solution of tert-butyl (2-{4-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]piperézin-1-y1}-2-ox0ethy1)carbamate (the product of step ii, 0.19g) in
10% TFA/DCM (5mL) was stirred at room temperature for 3h. The solution was evaporated,
and then redissolved in 4N HCI in dioxane (2mL) and MeOH (8mL). Evaporation gave a
crude residue that was triturated in Et,O, filtered and dried in a vacuum oven at 40°C
overnight to give the title compound as a white solid. Yield: 140mg.

MS: APCI(-ve) 487 [M-H']

'H NMR (DMSO) § 3.20-3.27 (4H, m), 3.41-3.46 (2H, m), 3.53-3.58 (2H, m), 3.86 (2H, s),
3.88 (3H, s), 4.48 (2H, s), 6.09 (1H, s), 7.13-7.21 (1H, m), 7.37-7.44 (2H, m), 8.06 (2H, br s),
11.26 (1H, br s)

the intermediates for this compound were prepared as follows
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i) N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]piperazine-1-
sulfonamide, hydrochloride salt
A solution of N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]piperazine-
1-sulfonamide, triflucroacetate salt (the product of example 36, 0.6g) in 4N HCl/dioxane
(2mL) and Et,O (20mL) was stirred at room temperature for 20min. The resulting suspension
was filtered and the residue dried in a vacuum oven at 40°C for 2h to give the subtitle
compound as a white solid. Yield: 0.55g.
MS: APCI(+ve) 432 [M+H"]

ii) tert-Butyl (2-{4-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]piperazin-1-yl}-2-oxoethyl)carbamate

To a solution of N-(tert-butoxycarbonyl)glycine (0.11g) in DMF (10mL) was added 1,3-
Dicyclohexycarbodiimide (0.14g) and 1-hydroxybenzotriazole hydrate (94mg). After stirring
at room temperature for 1h, a solution of N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-
methoxypyrimidin-4-yl]piperazine- 1-sulfonamide, hydrochloride salt (the product of step i,
0.27g) and N-methylmorpholine (78uL) in DMF (5mL) was added dropwise and stirring
continued at room temperature for 24h. The mixture was filtered, rinsed with DCM and the
filtrate evaporated. The crude material was purified by column chromatography on silica gel
using EtOAc/isohexane (3:2) as eluent to give the subtitle compound as a foam. Yield: 0.24g
MS: APCI(-ve) 587 [M-H]

Example 133
4-B-Alanyl-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}piperazine-1-

sulfonamide, hydrochloride salt

The title compound was prepared from tert-butyl (3-{4-[({2-[(2,3-difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl }amino)sulfonyl]piperazin- 1-y1}-3-oxopropyl)carbamate (the product
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of step i, 0.22g) according to the procedure outlined in example 132 to give a white solid.
Yield: 0.15g.
MS: APCI(+ve) 503 [M+H"]
'H NMR (DMSO) § 2.66 (2H, 1), 2.98 (2H, q), 3.19-3.26 (4H, m), 3.45-3.49 (2H, m), 3.51-
3.54 (2H, m), 3.88 (3H, s), 4.48 (2H, s), 6.08 (1H, s), 7.14-7.20 (1H, m), 7.31-7.39 (1H, m),
7.40-7.44 (1H, m), 7.72 (2H, br s), 11.24 (1H, br s)

The intermediate for this compound was prepared as follows:

i) tert-Butyl (3-{4-[({2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}amino)sulfonyl]piperazin-1-yl}-3-oxopropyl)carbamate

The subtitle compound was prepared from N-(tert-butoxycarbonyl)B-alanine (0.12g)
according to the procedure outline in example 132, step ii). The crude material was purified
by column chromatography on silica gel using EtOAc/isohexane (3:2) as eluent to give the
subtitle compound as a foam. Yield: 0.22g

MS: APCI(-ve) 601 [M-H]

Example 134
N-(2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl)-1,2,3,4-

tetrahydroisoquinoline-7-sulfonamide

o~
0. ’,o ﬁN F
(OCERaaCY

N-(2-[(2,3-difluorobenzyl)thio]-6- methoxypyrimidin-4-yl) 2-(trifluoroacetyl)-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide (0.805g) was added to a solution of 7N NH3 in MeOH
(20ml), sealed and stirred at room temperaturefor 2h. The reaction was reduced in vacuo and
the resulting residue purified by prep HPLC to give the title compound as a white solid. Yield:

70mg
MS: APCI(+ve) 479 [M+H"]



10

15

20

25

WO 2006/024823 PCT/GB2005/003257

-176-
'H NMR: (DMSO) & 3.01-3.08 (m, 2H), 3.35-3.42 (m, 2H), 3.83 (s, 3H), 4.33-4.40 (m, 2H),
4.38 (s, 2H), 6.06 (s, 1H), 7.09-7.20 (m, 1H), 7.31-7.40 (m, 2H), 7.44-7.50 (m, 1H), 7.78-7.87
(m, 2H) , 9.00-9.09 (m, 2H)

The intermediate for this compound was prepared as follows:

i) N-(2-[(2,3-Difluorobenzyl)thio]-6- methoxypyrimidin-4-yl) 2-(trifluoroacetyl)-1,2,3,4-
tetrahydroisoquinoline-7-sulfonamide

A mixture of 1,2,3,4-tetrahydroisoquinoline-7-sulfonamide (the product from example 78 step
ii, 0.61g), tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-

2’4’ ,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.43g) and, 4-
Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product from example
35 step i, 0.4g) in dioxane (20ml) was heated at reflux in a microwave at 100°C, 300W, open
vessel with cooling for 3h. The reaction mixture was then reduced in vacuo and the residue
partitioned between DCM (150 ml) and H,O (150 ml). The organics were separated and the
aqueous layer was re-extracted with DCM (2 x 150ml). Organics were combined, dried
(MgSOy) and reduced under to give the subtitle compound as a yellow solid. Yield: 0.81g
MS: APCI(+ve) 575 [M+H"]

Example 135
N-(2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl)-(2S,5R)-2,5-

dimethylpiperazine-1-sulfonamide

o/
: O\‘ ’/O f\\N F
‘/\N/S\H N/)\S/\©/F

HN

To a solution of (2R,55)-2,5-dimethylpiperazine (2g) in dioxane (100ml) was added sulfamide
(2.5g) and the reaction mixture was then heated at reflux in dioxane (100ml) for 72h. The
reaction mixture was partitioned between EtOAc (150ml) and H,O (150ml) and the aqueous

re-extracted with EtOAc (2x150ml). Organics were collected, dried and reduced in vacuo to
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give (25,5R)-2,5-dimethylpiperazine- 1-sulfonamide as a white solid (1.2g). A mixture of
(2S,5R)-2,5-dimethylpiperazine-1-sulfonamide (0.38g),
tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (0.43g) and, 4-Chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product from example 35 step i),
0.4g) in dioxane (20mL) was heated at reflux in a microwave at 100°C, 300W, open vessel
with cooling for 4h. The reaction mixture was then reduced in vacuo and the residue
partitioned between DCM (150ml) and H,O (150ml). The organics were separated and the
aqueous layer was re-extracted with DCM (2 x 150ml). Organics were combined, dried
(MgSOy) and reduced in vacuo to give a yellow solid. This residue was then purified by prep
HPLC to give the title compound as a white solid. Yield: 9mg
MS: APCI(+ve) 460 [M+H"]
'H NMR: (DMSO) § 1.05 (d, 3H), 1.23 (d, 3H), 2.58-2.67 (m, 1H), 2.72-2.80 (m, 1H), 3.01-
3.54 (m, 4H), 3.77 (s, 3H), 4.40 (s, 2H), 5.83 (s, 1H), 7.07-7.21 (m, 1H), 7.24-7.47 (m, 2H)

Example 136
N-(2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl)-4-
(aminomethyl)benzenesulfonamide

O/

N
O\\ 0 I N F

A mixture of 4-(aminomethyl)benzenesulfonamide (0.37g),

NH,

tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium carbonate (1.0g) and, 4-Chloro-2-[[(2,3-
difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product from example 35 step 1),
(0.25g) in dioxane (20ml) was heated at reflux in a microwave at 100°C, 300W, open vessel
with cooling for 3h. The reaction mixture was then reduced in vacuo and the residue

partitioned between DCM (150ml) and H,O (150ml). The organics were separated and the
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aqueous layer was re-extracted with DCM (2 x 150ml). Organics were combined, dried
(MgSOy) and reduced in vacuo to give a yellow solid. This solid was then purified by prep
HPLC to give the title compound as a white solid. Yield: 19mg
MS: APCI(+ve) 453 [M+H"]
'H NMR: (DMSO) & 3.83 (s, 3H), 4.09-4.14 (m, 2H), 4.37 (s, 2H), 6.08 (s, 1H), 7.09-7.22 (m,
1H), 7.31-7.38 (m, 2H), 7.66 (d, 2H), 7.98 (d, 2H), 8.16-8.24 (i, 2H)

Example 137
N-{2-[[(3-Fluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl }azetidine-1-sulfonamide

The title compound was prepared from N-{2-[[(3-fluorophenyl)methyl]thio]-6-
methoxypyrimidin-4-yl}-N-[(4-methoxyphenyl)methyl]azetidine- 1-sulfonamide (the product
of step iv) (42mg) by the procedure outlined in Example 121. The crude material was
purified by preparative plate chromatography using EtOAc/isohexane (4:6) as eluent to give
the title product as a gum. Yield: 22mg.

MS: APCI (+ve) 385 [M+H]

'H NMR: § (DMSO) 2.10 (quintet, 2H), 3.87 (m, 7H), 4.41 (s, 2H), 6.12 (s, 1H), 7.07 (m,
1H), 7.33 (i, 3H), 11.11 (bs, 1H).

The intermediates for this compound were prepared as follows:

i) N-[(4-Methoxyphenyl)methyl]-N-[6-methoxy-2-[[(2,3,4-trifluorophenyl)methyl]
thio]pyrimidin-4-yl]azetidine-1-sulfonamide

The subtitle compound was prepared from N-[6-Methoxy-2-[[(2,3,4-
trifluorophenyl)methyl]thio]pyrimidin-4-yl]azetidine- 1-sulfonamide (the product of Example
146, (5.1g) by the procedure outlined in Example 121 step i). The crude product was purified
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by flash column chromatography on silica gel using EtOAc/isohexane (2:8) as eluent to give
the product as an oil. Yield: 4.2g.
MS: APCI (+ve) 541 [M+H]

ii) N-[(4-Methoxyphenyl)methyl]-N-[6-methoxy-2-[[(2,3,4-trifluorophenyl)methyl]
sulfonyl]pyrimidin-4-yl]azetidine-1-sulfonamide

The subtitle compound was prepared from N-[(4-Methoxyphenyl)methyl]-N-[6-methoxy-2-
[[(2,3,4-trifluorophenyl)methyl] thio]pyrimidin-4-yl]azetidine-1-sulfonamide (the subtitle
product of step i), (4.2g) by the procedure outlined in Example 121 step ii). The crude
product was purified by flash column chromatography on silica gel using EtOAc / isohexane
(1:1) as eluent to give the product as a white foam. Yield: 3.3g.

MS: APCI (+ve) 573 [M+H]

iii) N-[6-Methoxy-2-thiopyrimdin-4-yl}-N-[(4-methoxyphenyl)methyl]azetidine-1-
sulfonamide

NaSH (40mg) was added to a solution of N-[(4-Methoxyphenyl)methyl]-N-[6-methoxy-2-
[[(2,3,4-trifluorophenyl)methyl] sulfonyl]pyrimidin-4-yl]azetidine-1-sulfonamide (the subtitle
product of step ii), (0.10g) and stirred in water (1ml) under nitrogen at 95°C for 45min. NaSH
(40mg) followed by DMF (1ml) were added. The reaction mixture was stirred for a further
1.5h at 95°C, cooled, acidified with dilute HCI and extracted with EtOAc. The separated
organic solution was washed with water, dried (MgSOy), filtered and the solvent evaporated
under reduced pressure to give the subtitle product as a clear oil.

Yield: 90mg

MS: APCI (+ve) 397 [M+H]

iv) N-[2-[[(3-Fluorophenyl)methyl]thio]-6-methoxy pyrimidin-4-yl]-N-[(4-methoxy-
phenyl) methyl]-azetidine-1-sulfonamide

60% NaH (8mg) was added to a solution of N-[6-Methoxy-2-thiopyrimdin-4-yl]-N-[(4-
methoxyphenyl)methyl]azetidine-1-sulfonamide (the subtitle product of step iii), (90mg) in
anhydrous DMF (1ml). After stirring under nitrogen for Smin (3-fluorophenyl)methyl
bromide (42mg) was added. The reaction mixture was stirred at room temperature for a

further 18h and then diluted with EtOAc. The separated organic solution was washed with
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water, dried (MgSQy), filtered and the solvent evaporated under reduced pressure. The crude
material was purified by flash column chromatography on silica gel using EtOAc/isohexane
(3:7) as eluent to give the product as a gum. Yield: 47mg
MS: APCI (+ve) 505 [M+H]

Example 138
N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-pyrrolidin-1-ylpiperidine-1-

O/
N
o. .0 rN F
/O\]/S\N N/)\S/\©/F
H
Q”

The title compound was prepared according to the procedure outlined in example 129 using

sulfonamide

4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine (the product of example
35 step i) (0.3g), tris(dibenzylideneacetone)-dipalladium (0) (20mg), 2-
dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (15mg), cesium
carbonate (0.70g) and 4-pyrrolidin- 1-ylpiperidine- 1-sulfonamide (the product from step 1),
(0.4g). The resulting crude material was purified using silica gel chromatography eluting with
5% methanol in DCM and trituration with Et,O to give the title compound as a white solid.
Yield: 0.27g

MS: APCI(+ve) 500 [M+H"], APCI(-ve) 498 [M-H]

'H NMR §(DMSO) 3 1.60 (m, 2H), 1.90 (bs, 4H), 2.10 (d, 2H), 3.10 (m, 5H), 3.70 (d, 4H),
3.90 (3, 3H), 4.50 (s, 2H), 6.05 (s, 1H), 7.20 (m, 1H), 7.40 (m, 2H)

The intermediates for this compound were prepared as follows:

i) 4-Pyrrolidin-1-ylpiperidine-1-sulfonamide
A mixture of 4-pyrrolidin-1-ylpiperidine (0.67g) and sulfamide (0.46g) were heated at 115 °C
in dry 1,4-dioxane (30ml) for 16h. The solvents were evaporated in vacuo and the residue

partitioned between EtOAc (containing a little methanol) and H,O. The organic phase was
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collected and the aqueous layer further extracted with EtOAc(x2). The combined organic
phases collected, dried (MgSO,) and the solvent evaporated. The residue was triturated with
Et,0 and filtered to give the subtitle product as a beige solid. Yield: 0.43g
'H NMR §(DMSO) 8 1.50 (m, 2H), 1.70 (i, 4H), 1.90 (m, 2H), 2.05 (m, 1H), 2.50 (m, 2H),
2.60 (m, 2H), 3.40 (m, 4H), 6.70 (s, 2H)

Example 139

N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-3-morpholin-4-ylazetidine-1-
sulfonamide

(\N

0]
A solution of N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-3-hydroxyazetidine-
1-sulfonamide (the product from example 109) (0.28g) in DCM (10ml) was treated with
triethylamine (0.8ml) and methanesulfonylchloride (0.9 ml) under nitrogen. After heating the
mixture at 50°C for 16h the reaction mixture was partitioned between DCM and aqueous
NaHCO:;. The organic extracts were dried (MgSOs), filtered and the solvent evaporated under
reduced pressure. To a solution of the resulting residue in MeOH (10mL) and morpholine
(8ml) K,COj5 (0.19g) was added and heated at 80°C for 16h. The reaction mixture was then
partitioned between EtOAc and H,O The organic extracts were washed with brine, dried
(MgSQy), filtered and the solvent evaporated under reduced pressure. The residue was
purified by reverse phase HPLC (symmetry as the stationary phase and NH4OAc/acetonitrile
as the mobile phase) then titurated with Et,O to give the title compound as a white solid.
Yield: 15mg
MS: APCI(+ve) 488 [M+H"]
'H NMR §(DMSO) 2.23 (s, 4H), 3.00 - 3.08 (m, 1H), 3.51 (t, 4H), 3.76 - 3.81 (m, 4H), 3.87
(s, 3H), 4.49 (s, 2H), 6.10 (s, 1H), 7.12 - 7.19 (m, 1H), 7.29 - 7.38 (m, 1H), 7.44 (t, 1H)
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Examples 140 - 145

Examples 140 -145 were synthesised using the following procedure: -

PCT/GB2005/003257

The title compounds, tabulated below, were prepared from the appropriate 2-thio substituted

N-[(4-methoxyphenyl)methyl]-N-[6-methoxy-2-thio]pyrimidin-4-yl]azetidine- 1-sulfonamides

5 (the products of step i) by the procedure outlined in Example 121. The crude materials were

purified by mass directed purification.

-
O

' H

o oN
O\\ ‘s
'S\N N/)\S/R

pyrimidin-4-yl]azetidine- 1-sulfonamide

NC

Example Example R’ M/Z
Number [M-H]
140 N-[2-[[(2-Fluorophenyl)ymethyl]thio]-6-methoxy 383
pyrimidin-4-yl]azetidine-1-sulfonamide @(QA
F
141 N-[6-Methoxy-2-[[(pyridin-3-yl)methyl]thio] . 366
pyrimidin-4-yl]azetidine- 1-sulfonamide |
NS
N
142 N-[6-Methoxy-2-[[(pyridin-2-yl)methyl]thio] y 366
pyrimidin-4-yl]azetidine-1-sulfonamide |
NP2
143 N-[6-Methoxy-2-[[(thiazol-4-yl)methyl]thio] 372
pyrimidin-4-yl]azetidine-1-sulfonamide N
4 \
S
144 N-[2-[[(4-Cyanophenyl)methyl]thio]-6-methoxy 390
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145 N-[2-[[(4-Methanesulfonylphenyl)methyl]- 443
thio]-6-methoxypyrimidin-4-yl]Jazetidine-1-
sulfonamide \S
O// W

The intermediates for compounds 140 -145 were prepared as follows:

i) Thio-substituted N-[(4-Methoxyphenyl)methyl]-N-[6-methoxy-2-thio]pyrimidin-4-
yl]azetidine-1-sulfonamides

Sodium thiolate (30mg) was added to a solution of N-[(4-Methoxyphenyl)methyl]-N-[6-
methoxy-2-[[(2,3,4-trifluorophenyl)methyl] sulfonyl]pyrimidin-4-yl]azetidine-l-su]fonamide
(the product of Example 137 step ii) (0.15g) stirred in anhydrous DMSO under nitrogen.
After 30min, the appropriate bromide or chloride (see R’ in the table below) (0.81mM) was
added. The reaction mixture was stirred for a further 30min, diluted with water and the
product extracted with EtOAc. The separated organic solution was washed with water, dried
(MgSO0,), filtered and the solvent evaporated under reduced pressure. The crude products
were purified by flash column chromatography on silica gel using mixtures of
EtOAc/isohexane as eluent to give the products, Examples 140 i) - 145 1), tabulated below.

O/

o | SN
O\\ G ,
IS‘N N//I\S/R

)

o~

Example Example R’ M/Z

Number [M+H]
140(i) [ N-[2-[[(2-Fluorophenyl)methyl]thio]-6-methoxy 505

pyrimidin-4-yl]-N-[(4-methoxyphenyl) methyl]-

azetidine-1-sulfonamide F
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141(i) | N-[(4-Methoxyphenyl)methyl]-N-[6-methoxy-2- > 488
[[(pyridin-3-yl)methyl]thio]pyrimidin- 4-y1]- - |
azetidine-1-sulfonamide N

142(i) | N-[(4-Methoxyphenyl)methyl]-N-[6-methoxy-2- 488
[[(pyridin-2-yl)methyl]thio]pyrimidin-4-yl]- ~ |
azetidine-1-sulfonamide XN

143() | N-[(4-Methoxyphenyl)methyl]-N-[6-ethoxy-2- 494
[[(thiazol-4-yl)methyl]thio Jpyrimidin-4-yl]- N
azetidine-1-sulfonamide ( \

S

144(i) | N-[2-[[(4-Cyanophenyl)methyl]jthio]-6-methoxy 512
pyrimidin-4-yl}-N-[(4-methoxy-
phenyl)methyl]-azetidine-1-sulfonamide NC

145() | N-[2-[[(4-Methanesulfonylphenyl)methyl]- 565
thio]-6-methoxypyrimidin-4-yl] N-[(4-methoxy
phenyl)methyl]-azetidine-1-sulfonamide \//5\\

Example 146
N-[6-Methoxy-2-[[(2,3,4-trifluorophenyl)methyl]thio]pyrimidin-4-yl]azetidine-1-
sulfonamide
7~
o)

The title compound was prepared from 4-Chloro-6-methoxy-2-[[(2,3,4-
trifluorophenyl)methyl]thio]pyrimidine (the subtitle product of step iii) (7.2g) by the
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procedure outlined in Example 1 step iv). The crude material was purified by recrystallisation
from isohexane/EtOAc to give the product as a yellow solid. Yield: 5.1g.
MS: APCI (+ve) 421 [M+H]
'H NMR: § (DMSO) 8 2.13 (quintet, 2H), 3.88 (s, 3H), 3.90 (t, 4H), 4.46 (s, 2H), 6.15 (s,
1H), 7.32 - 7.24 (m, 1H), 7.53 - 7.46 (m, 1H), 11.13 (s, 1H)

The intermediates for this compound were prepared as follows:

i) 2-[[(2,3,4-Trifluorophenyl)methyl]thio]pyrimidine-4,6-diol

The subtitle compound was prepared from 2-thiopyrimidine-4,6-diol (80.0g) and (2,3,4-
trifluorophenyl)methyl bromide (125g) by the procedure outlined in Example 1 step 1).
Yield: 150g.

'H NMR: § (DMSO) 4.41 (s, 2H), 5.22 (bs, 1H), 7.30 (m, 1H), 7.49 (m, 1H).

ii) 4,6-Dichloro-2-[[(2,3,4-trifluorophenyl)methyl]thio]pyrimidine

The subtitle compound was prepared from the subtitle product of step i) (150g) by the
procedure outlined in Example 1 step ii). The crude material was purified by flash column
chromatography on silica gel using EtOAc/isohexane (3:7) as eluent to give the product as a
white solid. Yield: 70g.

'H NMR: § (CDCl) 4.37 (s, 2H), 6.91 (m, 1H), 7.06 (s, 1H), 7.26 (m, 1H).

iii) 4-Chloro-6-methoxy-2-[[(2,3,4-trifluorophenyl)methyl]jthio]pyrimidine

The subtitle compound was prepared from the subtitle product of step ii) (25.0g) by the
procedure outlined in Example 35 step i). The crude material was purified by recrystallisation
from isohexane to give the product as white crystals. Yield: 16.4g.

MS: APCI (+ve) 321/323 [M+H]

Example 147
N*-2{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-N-methyl-N-(1-
methylpiperidin-4-yl)sulfamide
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N
N 0 ~N F
,S"O I //l\ F
’TH N~ TS

The title compound was prepared from N-methyl-N-(1-methylpiperidin-4-yl)sulfamide (the
product of step i) (0.26g) and 4-chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-
methoxypyrimidine (the product of Example 35, step i) (0.25g) according to the procedure
outlined in Example 1, step iv). The crude material was purified by column chromatography
using BtOAc / MeOH (9:1 to 8.5:1.5) as eluent. Yield: 0.17g

MS: APCI (+ve) 474 [M+H]

'H NMR: § (DMSO) 1.50 (bd, 2H), 1.66 (m, 2H), 2.02 (t, 2H), 2.20 (s, 3H), 2.67 (s, 3H), 2.84
(bd, 2H), 3.63 (m, 1H), 3.82 (s, 3H), 4.44 (s, 2H), 5.90 (s, 1H), 7.14 (q, 1H), 7.33 (q, 1H),
7.41 (t, 1H).

The intermediate for this compound was prepared as follows:

i) N-Methyl-N-(1-methylpiperidin-4-yl)sulfamide

A solution of 1-methyl-4-(methylamino)piperidine (2.6g) and sulfamide (4.0g) in 1,4-dioxane
(30ml) was heated at 110°C for 18h. The reaction mixture was cooled, the solvent evaporated
under reduced pressure and the residue dissolved in water. The aqueous solution was
extracted with EtOAc which was washed with a small volume of saturated aqueous brine,
dried (MgSOy4) and the solvent evaporated under reduced pressure to give the subtitle product
as a pale yellow solid. Yield : 1.5g

"H NMR: 8 (CDCl) 1.80 (m, 4H), 2.04 (dt, 2H), 2.27 (s, 3H), 2.79 (s, 3H), 2.91 (bd, 2H),
3.74 (quintet, 1H), 4.44 (bs, 2H).

Example 148

N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl }-4-morpholin-4-ylpiperidine-
1-sulfonamide
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Q0 | N F
H
™y
S

Sodium triacetoxyborohydride (0.48g) was added to a solution of N-{2-[(2,3-
difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-oxopiperidine- 1-sulfonamide (the product
of step iii) (0.249g), morpholine (0.2mL) and 2M aqueous acetic acid (0.5mL) in DCM
(12mL). The mixture was stirred at room temperature for 18h then 2M aqueous sodium
hydroxide (10mL) added to the residue. The mixture was shaken vigorously then acidified to
pH 8 with 2M aqueous hydrochloric acid and extracted with ethyl acetate. The combined
organic extracts were washed with saturated aqueous sodium chloride, dried with sodium
sulfate, filtered and evaporated. The residue was purified by column chromatography on silica
using a 3:7 to 1:0 mixture of ethyl acetate and iso-hexane as eluent then precipitated slowly
from methanol, filtered and washed with further methanol to afford the title compound as a
pale yellow solid. Yield: 53mg

MS: APCI(+ve) 516 [M+H"]

'H NMR: 8 (300 MHz, DMSO) 1.26 - 1.41 (m, 2H), 1.76 - 1.83 (m, 2H), 2.28 (t, 1H), 2.41 -
2.44 (m, 4H), 2.83 (t, 2H), 3.52 - 3.58 (m, 4H), 3.68 (d, 2H), 3.88 (s, 3H), 4.49 (s, 2H), 6.07
(s, 1H), 7.14 - 7.21 (m, 1H), 7.31 - 7.47 (m, 2H).

The intermediates for this compound were prepared as follows:

i) 1,4-Dioxa-8-azaspiro[4.5]decane-8-sulfonamide

A solution of 1,4-dioxa-8-aza-spiro[4.5]decane (2 mL) and sulfamide (1.65g) in 1,4-dioxane
(28mL) was heated at reflux for 48h, then the volatiles were evaporated to afford the title
compound as a pale yellow solid. Yield: 3.4g

"H NMR: § (300 MHz, DMSO) 1.71 (dd, 4H), 3.08 (dd, 4H), 3.91 (s, 4H), 6.77 (s, 2H).
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ii) N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-1,4-dioxa-8-
azaspiro[4.5]decane-8-sulfonamide
A mixture of 1,4-dioxa-8-azaspiro[4.5]decane-8-sulfonamide (the product of step 1), (0.29g),
tris(dibenzylideneacetone)-dipalladium (0) (61mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-
isopropyl-1,1’-biphenyl (XPHOS) (32 mg), cesium carbonate (0.32g) and 4-chloro-2-[[(2,3-
difluorophenylymethyl]thio]-6-methoxypyrimidine (the product of example 35 step i, 0.20g)
in anhydrous dioxane (8mL) was heated at reflux in a microwave at 100°C, 300W, open
vessel with cooling for 15min. Saturated aqueous ammonium chloride was added and the
resulting mixture extracted with ethyl acetate. The combined organic extracts were washed
with saturated aqueous sodium chloride, dried with sodium sulfate, filtered and evaporated.
The residue was purified by column chromatography on silica using a 1:19 to 2:3 mixture of
ethyl acetate and iso-hexane as eluent to give the subtitle compound as a yellow foam. Yield:
0.27g
MS: APCI(+ve) 489 [M+H"]

iii) N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-oxopiperidine-1-
sulfonamide
N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-1,4-dioxa-8-azaspiro[4.5]decane-
8-sulfonamide (the product of step ii) (0.85g) was heated to 50°C in a mixture of 2M aqueous
hydrochloric acid (17mL) and THF (17mL). After 24h, the reaction was allowed to cool to
room temperature then diluted with ethyl acetate, the layers separated and the organic material
washed with saturated aqueous sodium bicarbonate, water, saturated aqueous sodium
chloride, dried with sodium sulfate, filtered and evaporated to afford the subtitle compound as
a yellow oil. Yield: 0.83g

MS: APCI(+ve) 445 [M+H"]

Example 149

N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-(4-methylpiperazin-1-
yDpiperidine-1-sulfonamide
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A solution of 1-methyl-piperazine (0.13mL) in DCM (2mL) was added to a solution of acetic
acid (0.03mL) and N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-
oxopiperidine-1-sulfonamide (the product of example 148, step iii) (0.10g) in DCM (2mL).
The solution was stirred at room temperature for 1h then sodium triacetoxyborohydride
(0.24g) was added in portions. The mixture was stirred at room temperature overnight then
the DCM was evaporated and 3M aqueous sodium hydroxide (6mL) added to the residue. The
mixture was shaken vigorously then acidified to pH 8 with 2M aqueous hydrochloric acid and
extracted with ethyl acetate. The combined organic extracts were washed with water,
saturated aqueous sodium chloride, dried with sodium sulfate, filtered and evaporated. The
residue was purified by reverse phase HPLC (gradient 25 - 95% acetonitrile in 0.1% aqueous
ammonium acetate) to afford the title compound as a white powder. Yield: 22mg

MS: APCI(+ve) 529 [M+H"]

'H NMR: § (300 MHz, DMSO) 1.26 - 1.42 (m, 2H), 1.75 - 1.78 (m, 2H), 2.25 - 2.77 (m,
11H), 2.27 (s, 3H), 3.63 (d, 2H), 3.84 (s, 3H), 4.46 (s, 2H), 6.01 (s, 1H), 7.13 - 7.20 (m, 1H),
7.31 - 7.40 (m, 1H), 7.43 - 7.48 (m, 1H).

Example 150

N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-hydroxypiperidine-1-

sulfonamide

o/

N
Q\S//O I/)N\ | F
H
HO
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From the crude material obtained after work up to prepare N-{2-[(2,3-difluorobenzyl)thio]-6-
methoxypyrimidin-4-yl}-4-morpholin-4-ylpiperidine-1-sulfonamide (Example 148), a second
product was also isolated. This was further purified by reverse phase HPLC (gradient 25 -
95% acetonitrile in 0.1% aqueous ammonium acetate) to afford the title compound as a white
powder. Yield: 33mg
MS: APCI(+ve) 447 [M+H"]
'H NMR: § (300 MHz, DMSO) 1.33 - 1.44 (m, 2H), 1.70 - 1.76 (m, 2H), 3.00 - 3.08 (m, 2H),
3.41 - 3.49 (m, 2H), 3.57 - 3.64 (m, 1H), 3.89 (s, 3H), 4.49 (s, 2H), 4.75 (d, 1H), 6.08 (s, 1H),
7.14 - 7.21 (m, 1H), 7.32 - 7.47 (m, 2H), 11.07 (s, 1H).

Example 151

4-Azetidin-1-yl-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl }piperidine-1-
sulfonamide

\

4 )\
C/N

Azetidine hydrochloride (0.11g) was added to a solution of acetic acid (0.025mL) and N-{2-
[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-oxopiperidine-1-sulfonamide (the
product of example 148, step iii) (0.10g) in DCM (4mL). The solution was stirred at room
temperature for 1h then sodium triacetoxyborohydride (0.24g) was added in portions. The
mixture was stirred at room temperature overnight then 3M aqueous sodium hydroxide (6mL)
added to the residue. The mixture was shaken vigorously then acidified to pH 8 with 2M
aqueous hydrochloric acid and extracted with ethyl acetate. The combined organic extracts
were concentrated then methanol (1mL) was added and the resulting suspension filtered. The
solid was washed with water, methanol and ethyl acetate to afford the title compound as a
white powder. Yield: 47mg

MS: APCI(+ve) 486 [M+H"]
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'H NMR: § (300 MHz, DMSO) 1.15 - 1.26 (m, 2H), 1.69 - 1.78 (m, 2H), 2.01 - 2.09 (m, 2H),
2.47 - 3.51 (m, 9H), 3.83 (s, 3H), 4.45 (s, 2H), 5.96 (s, 1H), 7.13 - 7.20 (m, 1H), 7.30 - 7.39
(m, 1H), 7.43 - 7.48 (m, 1H).

Example 152

N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-(ethylamino)piperidine-1-

sulfonamide

O/

O O N F
\ 7/ I
/\N
H

Ethylamine (0.56mL of 2M solution in methanol) was added to a solution of acetic acid
(0.025mL) and N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-oxopiperidine-
1-sulfonamide (the product of example 148, step iii) (0.10g) in DCM (4mL). The solution was
stirred at room temperature for 1h then sodium triacetoxyborohydride (0.24g) was added in
portions. The mixture was stirred at room temperature overnight then 3M aqueous sodium
hydroxide (6mL) added to the residue. The mixture was shaken vigorously then acidified to
pH 8 with 2M aqueous hydrochloric acid and extracted with ethyl acetate. The combined
organic extracts were concentrated then methanol (1mL) was added and the resulting
suspension filtered. The solid was washed with water, methanol and ethyl acetate to afford the
title compound as a very pale yellow powder. Yield: 52mg

MS: APCI(+ve) 474 [M+H"]

'H NMR: § (300 MHz, DMSO) 1.17 (t, 3H), 1.41 - 1.52 (m, 2H), 1.96 - 2.01 (m, 2H), 2.57 -
2.61 (m, 2H), 2.94 (q, 2H), 3.00 - 3.08 (m, 1H), 3.55 (d, 2H), 3.74 (s, 3H), 4.40 (s, 2H), 5.84
(s, 1H), 7.11 - 7.18 (m, 1H), 7.28 - 7.36 (m, 1H), 7.44 - 7.49 (m, 1H).

Example 153

4-(Cyclopropylamino)-N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-
yl}piperidine-1-sulfonamide
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A solution of cyclopropylamine (0.08mL) in DCM (2 mL) was added to a solution of acetic
acid (0.025mL) and N-{2-[(2,3-difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}-4-
oxopiperidine-1-sulfonamide (the product of example 148, step iii) (0.10g) in DCM (2mL).
The solution was stirred at room temperature for 1h then sodium triacetoxyborohydride
(0.24g) was added in portions. The mixture was stirred at room temperature overnight then
3M aqueous sodium hydroxide (6mL) added to the residue. The mixture was shaken
vigorously then acidified to pH 8 with 2M aqueous hydrochloric acid and extracted with ethyl
acetate. The combined organic extracts were washed with water, saturated aqueous sodium
chloride, dried with sodium sulfate, filtered and evaporated. The crude material was purified
by reverse phase HPLC (gradient 25 - 95% acetonitrile in 0.1% aqueous ammonium acetate)
to afford the title compound as a white powder. Yield: 21mg

MS: APCI(+ve) 486 [M+H']

'H NMR: § (300 MHz, DMSO) -0.02 - 0.17 (m, 4H), 0.90 - 1.04 (m, 2H), 1.53 - 1.58 (m, 2H),
1.85 - 1.92 (m, 1H), 2.40 - 2.48 (m, 3H), 3.21 (d, 2H), 3.48 (s, 3H), 4.10 (s, 2H), 5.63 (s, 1H),
6.77 - 6.84 (m, 1H), 6.95 - 7.03 (m, 1H), 7.07 - 7.12 (m, 1H).

Example 154

N-[2-[(2,3-Difluorobenzyl)thio]-6-(3-hydroxypropoxy)pyrimidin-4-yl]piperazine-1-
sulfonamide

O/\/\OH

O‘\ ,,0 ﬁN F
SAaaavs
HN

To a solution of tert-butyl 4-({[2-[(2,3-difluorobenzyl)thio]-6-(3-hydroxypropoxy)pyrimidin-
4-yl]amino } sulfonyl)piperazine-1-carboxylate (the product from step ii), 0.83g) in DCM



10

15

20

25

30

WO 2006/024823 PCT/GB2005/003257

-193-
(5ml) was added TFA (5ml) slowly. The reaction was then stirred at room temperaturefor
18h. The reaction was reduced in vacuo and the residue purified by prep HPLC to give the
title compound as a white solid. Yield 160mg
MS: APCI(+ve) 476 [M+H"]
'H NMR: (DMSO) & 2.52 (q, 2H), 3.19 (t, 4H), 3.44 (t, 4H), 3.52 (t, 2H), 4.38 (t, 2H), 4.49 (s,
2H), 4.59 (s, 1H), 6.07 (s, 1H), 6.99 (s, 1H), 7.14-7.24 (m, 1H), 7.31-7.45 (m, 2H)

The intermediates for this compound was prepared as follows:

(i) 3-({6-Chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}oxy)propan-1-ol

To a solution of 4,6-dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the product of example
1 step ii), 3g) and propane-1,3-diol (1.1g) in THF (50ml) was added NaH (390mg) slowly and
the reaction was then allowed to stir at room temperaturefor 18h. The reaction mixture was
then partitioned between DCM (150ml) and H,O (100ml). The organics were separated and
the aqueous layer was re-extracted with DCM (2 x 150ml). Organics were combined, dried
(MgSO0,) and reduced in vacuo to give the subtitle compound as a yellow oil. Yield 2.9g

MS: APCI(+ve) 347/349 [M+H']

ii) tert-Butyl 4-({[2-[(2,3-difluorobenzyl)thio]-6-(3-hydroxypropoxy)pyrimidin-4-
yllamino}sulfonyl)piperazine-1-carboxylate

A mixture of 4-(aminosulfonyl)-1-piperazinecarboxylic acid-1,1-dimethylethyl ester (the
product from example 15, step i), 0.4g), tris(dibenzylideneacetone)dipalladium (0) (50 mg), 2-
dicyclohexylphosphino-2’,4°,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.43g) and 3-({6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}oxy)propan-1-
ol (the product from step i), 0.4g) in 1,4-dioxane (40ml) was heated at reflux in a microwave
at 100°C, 300W, open vessel with cooling for 3h. The reaction mixture was then reduced in
vacuo and the residue separated between DCM (150ml) and H,O (150ml). The organics were
separated and the aqueous layer was re-extracted with DCM (2 x 150ml). Organics were
combined, dried (MgSO,) and reduced in vacuo to give the subtitle compound as a yellow
solid.Yield 0.83g

MS: APCI(+ve) 576 [M+H"]
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Example 155
N-{2-[(2,3-Difluorobenzyl)thio]-6-methoxypyrimidin-4-yl}piperidine-4-sulfonamide

-~
N
O\\ ,,O EN F
S\H N/)\S F
HN

A mixture of piperidine-4-sulfonamide (0.33g), tris(dibenzylideneacetone)dipalladium (0) (50
5 mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.43g) and, 4-Chloro-2-[[(2,3-difluorophenyl)methyl]thio]-6-methoxypyrimidine
(the product from example 35 step i), 0.4g) in dioxane (20ml) was heated at reflux in a
microwave at 100°C, 300W, open vessel with cooling for 2h. The reaction mixture was then
reduced in vacuo and the residue partitioned between DCM (100ml) and H,O (100ml). The
10 organics were separated and the aqueous layer was re-extracted with DCM (2 x 100ml).
Organics were combined, dried (MgSO,) and reduced in vacuo and the resulting yellow
residue was purified prep HPLC to give the title compound as a white solid. Yield 13mg
MS: APCI(+ve) 431 [M+H"]
'H NMR: (DMSO) & 1.74-1.86 (m, 2H), 2.00-2.10 (m, 2H), 2.73-2.85 (m, 2H), 3.24-3.60 (m,
15 3H), 3.73 (s, 3H), 4.40 (s, 2H), 5.71 (s, 1H), 7.09-7.18 (m, 1H), 7.25-7.36 (mn, 1H), 7.42-7.50
(m, 1H)

The intermediates for this compound was prepared as follows:

20 i) Benzyl 4-(aminosulfonyl)piperidine-1-carboxylate
To a solution of 0.88 NH;3 (50ml) was added benzyl 4-(chlorosulfonyl)piperidine-1-
carboxylate (4g) and the reaction stirred for 72h at RT. The reaction was then extracted with
DCM (3x150ml). Organics were recovered, dried (MgSOs) and reduced in vacuo to give the
subtitle compound as a clear oil. Yield 3.3g

25 'H NMR: (DMSO) 81.40-1.52 (m, 2H), 1.97-2.03 (m, 2H), 2.81-2.92 (m, 2H), 3.01-3.09 (m,
1H), 4.07-4.12 (m, 2H), 5.07 (s, 2H), 6.77 (s, 2H), 7.28-7.40 (m, SH)
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ii) Piperidine-4-sulfonamide
Benzyl 4-(aminosulfonyl)piperidine-1-carboxylate (the product from step i), 3.3g) was
dissolved in MeOH (20ml). To this solution was added acetic acid (0.5ml) and a catalytic
amount of Pd/C. The reaction mixture was subjected to a pressure of 5 bar under an
atmosphere of hydrogen gas for 18h at RT. The reaction was filtered through celite and the
filtrate was reduced in vacuo to give the subtitle compound as a white solid. Yield 1.7g
'H NMR: (DMSO) 81.46-1.57 (m, 2H), 1.91-1.98 (m, 2H), 2.48-2.57 (m, 2H), 2.85-2.93 (m,
1H), 3.05-3.10 (m, 2H), 5.38 (s, 2H), 6.71 (s, 1H)

Example 156
N-(2-[(2,3-Difluorobenzyl)thio]-6-{[ (trans)-2-hydroxycyclopentyl]oxy }pyrimidin-4-
yl)azetidine-1-sulfonamide

N
0..0 |
C/N/S‘H N/)\S F

A mixture of azetidine-1-sulfonamide (0.27g), tris(dibenzylideneacetone)dipalladium (0) (50
mg), 2-dicyclohexylphosphino-2’,4’,6’-tri-isopropyl-1,1’-biphenyl (XPHOS) (50mg), cesium
carbonate (0.43g) and (trans)-2-{6-chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-
yl}cyclopentanol (the product from step i), 0.50g) in dioxane (20ml) was heated at reflux in a
microwave at 100°C, 300W, open vessel with cooling for 1h. The reaction mixture was then
reduced in vacuo and the residue partitioned between DCM (150ml) and H,O (150ml). The
organics were separated and the aqueous layer was re-extracted with DCM (2 x 150ml).
Organics were combined, dried (MgSO,) and reduced under vacuo and the resulting residue
purified by prep HPLC to give the title compound as a white solid. Yield 74mg

MS: APCI(+ve) 473 [M+H']

'"H NMR: (DMSO0)3 1.61-1.84 (m, 4H), 2.02-2.18 (m, 2H), 2.26 (q, 2H), 4.01 (t, 4H), 4.11-
4.18 (m, 1H), 4.38 (s, 2H), 4.98-5.03 (m, 1H), 6.34 (s, 1H), 6.98-7.11 (m, 2H), 7.17-7.24 (m,
1H)
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The intermediate for this compound was prepared as follows:

(i) (trans)-2-{6-Chloro-2-[(2,3-difluorobenzyl)thio]pyrimidin-4-yl}cyclopentanol

To a solution of 4,6-dichloro-2-[(2,3-difluorobenzyl)thio]pyrimidine (the product of example
1 step ii), 2.3g) and (trans)-cyclopentane-1,2-diol (1g) in THF (50ml) was added NaH (0.30g)
slowly and the reaction was then allowed to stir for 18h at RT. The reaction mixture was then
partitioned between DCM (150ml) and H,O (100ml). The organics were separated and the
aqueous layer was re-extracted with DCM (2 x 150ml). Organics were combined, dried
(MgSO;) and reduced in vacuo and the resulting clear oil was purified by column
chromatography on silica gel EtOAc/iso-Hexane (2:8) to give the subtitle compound as a clear
colourless oil. Yield 0.94g

MS: APCI(+ve) 373/375 [M+H"]
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1. A compound of formula (1)
x’Rz
N
N
o..,0 |
NI/ 1
~ = R
RN N/‘\S/
5 ¢))

wherein R’ is a group selected from Cs scarbocyclyl, Cy.galkyl, C,¢alkenyl and Csalkynyl;
wherein the group is optionally substituted by 1, 2 or 3 substituents independently selected
from fluoro, nitrile, -OR*, -NR’R’, -CONR’R®, -COOR’, -NR*COR’, -SR*’, -SO,R",
-SO,NR’R®, -NR*SO,R’, phenyl or heteroaryl; wherein phenyl and heteroaryl are optionally

10 substituted by 1, 2 or 3 substituents independently selected from halo, cyano, nitro, -OR* -
NR’R®, -CONR’R®, -COOR’, -NR*COR’, -SR', -SO;R", -SO,NR’R®, -NR*SO,R’,
Ci.salkyl and trifluoromethyl;

X is -CH,-, a bond, oxygen, sulphur, sulphoxide, or sulphone;
15
R? is Cs.scarbocyclyl, optionally substituted by 1, 2 or 3 substituents independently selected
from: fluoro, -OR*, -NR’R® -CONR’R’, -COOR’, -NR*COR’, -SR'’, -SO,R"®, -SO.NR’R’,
-NR*SO,R’;
or R? is a 3-8 membered ring optionally containing 1, 2 or 3 atoms selected from O, S, -NR®
20 and whereby the ring is optionally substituted by 1,2 or 3 substituents indepedently selected
from C,salkyl, fluoro, -OR*, -NR’R® -CONR’R’, -COOR’, -NR*COR’, -SR", -SO.R"°,
-SO,NR’R®, -NR*SO,R’;
or R?is phenyl or heteroaryl, each of which is optionally substituted by 1,2 or 3 substituents
independently selected from halo, cyano, nitro, -OR“, -NRSRG, -CONRSRG, -NR8COR9, -
25 SOzNRSRG, -NR®%S 02R9, Ci.6alkyl and trifluoromethyl;
or R? is a group selected from C galkyl, C;.¢alkenyl or C,.¢alkynyl wherein the group is

substituted by 1, 2 or 3 substituents independently selected from hydroxy, amino, C;.salkoxy,
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Ci.salkylamino, di(C;.¢alkyl)amino, N-(Cy.salkyl)-N —(phenyl)amino, N-C¢alkylcarbamoyl,
N,N-di(C;.¢alkyl)carbamoyl, N-(C;.salkyl)-N —(phenyl)carbamoyl, carboxy, phenoxycarbonyl,
~NR®COR’, -SO;R"’, -SO,NR’R® ,—NR*SO,R’ and -CONR’R’;
R? is trifluoromethyl or a group-NRSRG,
or R? is phenyl, napthyl, monocyclic or bicyclic heteroaryl wherein a heteroring may be
partially or fully saturated and one or more ring carbon atoms may form a carbonyl group, and
wherein each phenyl or heteroaryl group is optionally substituted by 1, 2 or 3 substituents
independently selected from halo, cyano, nitro, phenyl, heteroaryl, -OR*, -NR’R®, -CONR’R®,
-COR", , -COR®,--COOR’, -NR*COR’, -SR", -SO;R"’, -SO,NR’R’, -NR*SO,R’,
trifluoromethyl or C,.¢alkyl [optionally further substituted by 1, 2 or 3 substituents
independently selected from halo, cyano, nitro, -OR?, .COOR®, -CORZO, NR®RY,
-CONR'"®RY, -NR®COR"’, -SO,R?, -SO,NR"®*R"’, NR**SO,R", pheny1 or monocyclic or
bicyclic heteroaryl, wherein a heteroring may be partially or fully saturated; and wherein each
phenyl or heteroaryl group is optionally substituted by 1, 2 or 3 substituents independently
selected from halo, cyano, nitro, -OR?, -NR°R?, -CONR’R®, -COR”-COOR’, -NR*COR’,
-SR', -SOzRIO, —SOzNR5R6, -NRSSOZRg, heteroaryl, Cy.salkyl (optionally further
substituted by 1, 2 or 3 substituents independently selected from halo, cyano, nitro, -OR% s
-COOR?, -COR”, -NR"*R", -CONR"R"”, -NR'*COR"’, -SO,R*, -SO,NR"*R",
NR'"*SO.R”.
or R? is a group selected from C3-7carbocyc,1y1, Cisalkyl, C,¢alkenyl and C;6alkynyl whereby
the group is optionally substituted by 1, 2 or 3 substituents independently selected from halo,
-OR*, .NR°R®, -CONR’R®, -COR",-COOR’, -NR’COR’, -SR"’, -SO;R"’, -SO.NR’R’,
-NR®SO,R’, phenyl or monocyclic or bicyclic heteroaryl, wherein a heteroring may be
partially or fully saturated; and wherein each phenyl or monocyclic or bicyclic heteroaryl
group is optionally substituted by 1, 2 or 3 substituents independently selected from halo,
cyano, nitro, -OR*, -NR’R®, -CONR’R®, -COR”-COOR’, -NR*COR’, -SR'’, -SO,R",
—SO;NR5R6, -NRSSOZRQ, Ci.6alkyl, or trifluoromethyl;
R* is hydrogen or a group selected from Ci.alkyl and phenyl, wherein the group is optionally
substituted by 1 or 2 substituents independently selected from halo, phenyl, -OR" and -
NRI2R'3:
R® and R® are independently hydrogen or a group selected from C.galkyl and phenyl and

monocyclic or bicyclic heteroaryl, wherein a heteroring may be partially or fully saturated;



10

15

20

25

30

WO 2006/024823 PCT/GB2005/003257

-199-
wherein the group is optionally substituted by 1, 2 or 3 substituents independently selected
from halo, phenyl, -OR™,-NR"R"¢, -COOR", -CONR"*R"®, -NR"’COR'®, -SO,R", -
SO,NR"R'® and NR"’SO,R";
or
R’ and R® together with the nitrogen atom to which they are attached form a 4- to
7-membered saturated heterocyclic ring system optionally containing a further heteroatom
selected from oxygen , -SO()- (where n =0, 1 or 2) and nitrogen atoms, in which the ring is
optionally substituted by 1, 2 or 3 substituents independently selected from phenyl, heteroaryl,
-OR™, -COR®, -COOR", -NR”R'¢, -CONRR'S, -NR®COR'?, -SO,R"’, -SO,NR"R",
NR"SO,R"® or C;-galkyl (optionally further substituted by 1 or 2 or 3 substituents
independently selected from halo, ~NRPR!® and -ORY or cyano, nitro, -OR%® s -COOR20,
-COR?, -NR®*R", .CONR"*RY, -NR'*COR", -SO,R?, -SO,NR*R'’, NR"*SO,R" groups);
R'?is hydrogen or a group selected from C.salkyl or phenyl, wherein the group is optionally
substituted by 1, 2 or 3 substituents independently selected from halo, phenyl, -OR" and -
NRR'; and each of R, R®, R®, R", R'?, R®, R R, R'"®, R" is independently hydrogen,
Ci.salkyl or phenyl.
R'®, R", and R? are hydrogen or a group selected from C;_alkyl or heteroaryl (wherein a
heteroring may be partially or fully saturated) or phenyl, wherein the group is optionally
substituted by 1, 2 or 3 substituents independently selected from halo, nitro, -CN, -OR?, -
NR®R’, -CONR®R’, -COR”'-COOR’, -NR*COR’, -SR"’, -SO,R"’, -SO,NR'R’,
-NR®SO,R’, Cy.salkyl or heteroaryl

or a pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof:

2. A compound, pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester
thereof according to claim 1 wherein R' is C;_galkyl substituted by phenyl which is optionally
substituted by 1, 2 or 3 substituents independently selected from fluoro, chloro, bromo,

methoxy, methyl and trifluoromethyl.

3. A compound, pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester

thereof according to claim 1 wherein X is selected from -CH,-, a bond, oxygen and sulphur.
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4. A compound, or a pharmaceutically acceptable salt, solvate or in vivo hydrolysable
ester thereof according to claim 1 wherein R? is C; galkyl optionally substituted by 1, 2 or 3
substituents independantly selected from C;.¢alkoxy, hydroxy and fluoro; or
R” is a 5-6 membered ring optionally containing 1,2 or 3 heteroatoms selected from O, S, -

NR?® and wherby the ring is optionally substituted by —OR".

5. A compound, pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester
thereof according to claim 1 wherein R? is C3 scarbocyclyl, Cy.galkyl, -NR’RS, phenyl,
monocyclic or bicyclic heteroaryl wherein a heteroring may be partially or fully saturated and
one or more ring carbon atoms may form a carbonyl group, and wherein each phenyl or
heteroaryl group is optionally substituted by 1, 2 or 3 substituents independently selected
from cyano, heteroaryl, -OR*, -NR’R®, -CONR’R®, -COR", , -COR?, -NR*COR’, -SO,R"°,
-SO,NR’RS, Cy.salkyl [optionally further substituted by 1, 2 or 3 substituents independently
selected from -OR?, -COR®, -NR"R", -CONR'"®R", phenyl or monocyclic or bicyclic
heteroaryl, wherein a heteroring may be partially or fully saturated; and wherein each phenyl
or heteroaryl group is optionally substituted by 1, 2 or 3 substituents independently selected
from nitro, -OR?’, -NRR®, -NR]COR’, heteroaryl, Cy.¢alkyl (optionally further substituted by

1, 2 or 3 substituents independently selected from cyano, -OR%.

6. A compound selected from the group consisting of:
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[2-hydroxy-1-(hydroxymethyl)ethoxy]-4-
pyrimidinyl]-1-azetidinesulfonamide

R,S) N-[2-[[(2,3-difluorophenyl)methyljthio]-6-[3,4-dihydroxybutyl]pyrimidin-4-yl]azetidine-
1-sulphonamide; and
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[3-hydroxy-2-(hydroxymethyl)propyl] pyrimidin-
4-yl]azetidine-1-sulphonamide

N-(2-[(2,3-difluorobenzyl)thio]-6-{ [(1R,2R)-2-hydroxy-1-methylpropyl]oxy} pyrimidin-4-
yl)azetidine-1-sulfonamide: and
N-(2-[(2,3-difluorobenzyl)thio]-6-{[(15,25)-2-hydroxy-1-methylpropylJoxy } pyrimidin-4-
yl)azetidine-1-sulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[[(25)-2,3-dihydroxypropyl]oxy]-4-pyrimidinyl]-1-

azetidinesulfonamide
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N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[2-hydroxy-1-(hydroxymethyl)-1-methylethoxy]-4-
pyrimidinyl]-1-azetidinesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl]-
2-thiazolesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl]-
4-pyridinesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl]-
1-piperazinesulfonamide N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-
methylethoxy]-4-pyrimidinyl]-1,6-dihydro-1-methyl-6-oxo-3-pyridinesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl]-
1-azetidinesulfonamide N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-
methylethoxy]-4-pyrimidinyl]-methanesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl]-
4-morpholinesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]jthio]-6-[ (1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl]-
1-pyrrolidinesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl]-
cyclopropanesulfonamide
N-[2-[[(2,3-difluorophenyl)methyl]thio]-6-[(1R)-2-hydroxy-1-methylethoxy]-4-pyrimidinyl]-
1-methyl-1H-imidazole-4-sulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]azetidine-1-sulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]piperazine- 1-sulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-methoxypyrimidin-4-yl]}-1-methyl ~1H-imidazole-
4-sulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-{ [(1R,2R)-2,3-dihydroxy-1-methylpropyl]oxy}-4-
pyrimidinyl]-1-azetidinesulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-[[(1R,2R)-2,3-dihydroxy-1-methylpropyl]oxy]-4-
pyrimidinyl]-methanesulfonamide
N-[2-[[(2,3-Difluorophenyl)methyl]thio]-6-{ [(1R,25)-2,3-dihydroxy-1-methylpropyljoxy}-4-
pyrimidinyl]-1-azetidinesulfonamide
N-[2-[[(2,3-Difluorophenylymethyl]thio]-6-{ [(1R,2S)-2,3-dihydroxy-1-methylpropylloxy}-4-

pyrimidinyl]-1-piperazinesulfonamide
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5-(azetidin-1-ylcarbonyl)-N- {2-[(2,3-difluorobenzyl)thio]-6-[(1R)-2-hydroxy-1-
methylethoxy]pyrimidin-4-yl}furan-2-sulfonamide

or a pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof.

7. A compound, or a pharmaceutically acceptable salt, solvate or in vivo hydrolysable

ester thereof according to any one of claims 1 to 6 for use as a medicament.

8. A compound, or a pharmaceutically acceptable salt, solvate or in vivo hydrolysable
ester thereof according to any one of claims 1 to 6 for use as a medicament for the treatment
of asthma, allergic rhinitis, COPD, inflammatory bowel disease, osteoarthritis, osteoporosis,

rheumatoid arthritis, or psoriasis..

9. A compound, or a pharmaceutically acceptable salt, solvate or in vivo hydrolysable
ester thereof according to any one of claims 1-6, for use as a medicament for the treatment of

cancer.

10. The use of a compound, or a pharmaceutically acceptable salt, solvate or in vivo
hydrolysable ester thereof, according to any one of claims 1 to 6 in the manufacture of a
medicament for the treatment of human diseases or conditions in which modulation of

chemokine receptor activity is beneficial.

11.  The use of a compound, or a pharmaceutically acceptable salt, solvate or in vivo
hydrolysable ester thereof, according to any one of claims 1 to 6 in the manufacture of a
medicament for the treatment of asthma, allergic rhinitis, COPD, inflammatory bowel
disease, irritable bowel syndrome, osteoarthritis, osteoporosis, rheumatoid arthritis, or

psoriasis.

12. The use of a compound, or a pharmaceutically acceptable salt, solvate or in vivo
hydrolysable ester thereof, according to any one of claims 1 to 6 in the manufacture of a

medicament for the treatment of cancer.
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13. A pharmaceutical composition comprising a compound, or a pharmaceutically
acceptable salt, solvate or in vivo hydrolysable ester thereof according to any one of claims 1

to 6: and a pharmaceutically-acceptable diluent or carrier.

14. A process for the preparation of a compound according to claim 1 or a
pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof, which
comprises the steps of:

(a) treating a compound of formula (2a):

XR?
jo
S _R'
L N)\S
(2a)

wherein R}, R%, R®and X are as defined in formula (1) and L is a leaving group with a
sulfonamide of formula R*SO,NH, where R? is as defined in formula (1);
and optionally thereafter, one or more of steps (i), (ii), (iii), (iv), or (v) in any order:
i) removing any protecting groups;
ii) converting the compound of formula (1) into a further compound of formula (1)
iii) forming a salt

iv) forming a prodrug

20 v) forming an in vivo hydrolysable ester;

or

(b) treating a compound of formula (2b):

(2b)

25 wherein R! and R? are as defined in formula (1), L is a leaving group, PG is a protecting

group or hydrogen and where X is oxygen or sulphur, with alcohols HOR? or thiols HSR®
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respectively wherein R is as defined in formula (1) in the presence of a suitable base and
solvent,
and optionally thereafter, one or more of steps (1), (ii), (iii), (iv), or (v) in any order:
1) removing any protecting groups;
ii) converting the compound of formula (1) into a further compound of formula (1)
iii) forming a salt
iv) forming a prodrug

v) forming an in vivo hydrolysable ester.

15. A compound of the formula (2a)

| XR?
£

1

L \N/J\S’R

(22)
wherein R!, R? and X are as defined in formula (1) and L is a leaving group, provided that
when R' is benzyl, X is oxygen, R2 is methyl then L is not chlorine or when R' is benzyl, X is

a bond, R2 is propyl then L is not chlorine.

16. A combination therapy which comprises administering a compound of formula (1) or
a pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof, or a
pharmcaceutical composition or formulation comprising a compound of formula (1),

concurrently or sequentially with other therapy and/or another pharmaceutical agent.
17. A combination therapy as claimed in claim 16 for the treatment of asthma, allergic
rhinitis, COPD, inflammatory bowel disease, irritable bowel syndrome, osteoarthritis,

osteoporosis, rheumatoid arthritis, or psoriasis.

18. A combination therapy as claimed in claim 16 for the treatment of cancer.
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19. A pharmaceutical composition which comprises a compound of formula (1) or a
pharmaceutically acceptable salt, solvate or in vivo hydrolysable ester thereof, in conjunction

with another pharmaceutical agent.

20. A pharmaceutical compositon as claimed in claim 19 for the treatment of asthma,
allergic rhinitis, COPD, inflammatory bowel disease, irritable bowel syndrome, osteoarthritis,

osteoporosis, rheumatoid arthritis, or psoriasis.

21. A pharmaceutical composition as claimed in claim 19 for the treatment of cancer.



INTERNATIONAL SEARCH REPORT Application No

PCT7GB2005/003257
A. CLASSIFICATION OF SUBJECT MATTER
€C07D403/12 C07D417/12 CO7D401/12 A61K31/5377

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols}

co7D

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Electronic data base consulled during the international search (name of data base and, where practical, search terms used)

EPO-Internal, BEILSTEIN Data, CHEM ABS Data, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 2004/018435 A (ASTRAZENECA AB; 1-21
ASTRAZENECA UK LIMITED; EBDEN, MARK,
RICHARD; MEGHANI,)

4 March 2004 (2004-03-04)

claims 1-24

Y WO 2004/011443 A (ASTRAZENECA AB; 1-21
ASTRAZENECA UK LIMITED; EBDEN, MARK,
RICHARD; MEGHANI,)

5 February 2004 (2004-02-05)

cited in the application

claims 1-21

A WO 03/059893 A (ASTRAZENECA AB; BAXTER, 1-21
ANDREW; JOHNSON, TIMOTHY; KINDON,
NICHOLAS; RO) 24 July 2003 (2003-07-24)
claims 1-156

Sy

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Spedial categories of cited documents : .
P 9 'T* later document published after the international filing date

or priority date and not in conflict with the application but
cited to understand the principle or theoty underlying the
invention

*A* document defining the general state of the art which is not
considered to be of particular relevance

‘E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to
'L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to estabilish the publication date of another *y* document of ; . f ; "
rion " e particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered 1o involve an invenlive slep when the
*O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior 1o the inlernational filing date but in the art.
later than the priority date claimed *&" documeni member of the same patent family
Date of the aclual completion of the international search Date of mailing of the intemational search report
23 January 2006 03/02/2006
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, .
Fax: (+31-70) 340-3016 Kyriakakou, G

Form PCT/ISA/210 {second shest) (January 2004)

page 1 of 2



INTERNATIONAL SEARCH REPORT Application No
PCT7GB2005/003257

C.(Continuation) DOCUMENTS CONSIDERED TQ BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 01/58906 A (ASTRAZENECA AB; BONNERT, 1-21
ROGER; HUNT, FRASER; WILLIS, PAUL)

16 August 2001 (2001-08-16)

claims 1-17

Form PCT/ISA/210 (continuation of second sheet) (January 2004)

page 2 of 2



application No.

INTERNATIONAL SEARCH REPORT PCT/6B2005/003257

Box It Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. m Claims Nos.: -
because they relate to subject matter not required to be searched by this Authority, namely:

Although claims 16-19 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the alleged
effects of the compound/composition.

2. D Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4, I::l No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)




INTERNATIONAL SEARCH REPORT Application No
PCT7GB2005/003257
Patent document Publication Patent family Publication

cited in search report date member(s) date
WO 2004018435 A 04-03-2004 AU 2003255819 Al 11-03-2004
EP 1539713 Al 15-06-2005
US 2006004030 Al 05-01-2006
WO 2004011443 A 05-02-2004 AU 2003281684 Al 16-02-2004
BR 0312967 A 14-06-2005
CA 2493785 Al 05-02-2004
CN 1681795 A 12-10-2005
EP 1527051 Al 04-05-2005
JP 2005538099 T 15-12-2005
WO 03059893 A 24-07-2003 AU 2003201802 Al 30-07-2003
' BR 0306922 A 09-11-2004
CA 2472204 Al 24-07-2003
CN 1639132 A 13-07-2005
EP 1467976 Al 20-10-2004
JP 2005521650 T 21-07-2005
WO 0158906 A 16-08-2001 AT 255584 T 15-12-2003
AU 3255601 A 20-08-2001
DE 60101372 D1 15-01-2004
DE 60101372 T2 14-10-2004
EP 1257555 Al 20~11-2002
JP 2003522191 T 22-07-2003

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

