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astacin family which include enzymes such as procollagen processing proteinase (PCP); and
other metalloproteinases such as aggrecanase, the endothelin converting enzyme family and
the angiotensin converting enzyme family.

20
Metalloproteinases are believed to be important in a plethora of physiological disease
processes that involve tissue remodelling such as embryonic development, bone formation
and uterine remodelling during menstruation, This is based on the ability of the
metalloproteinases to cleave a broad range of matrix substrates such as collagen, proteoglycan

25 and fibronectin. Metalloproteinases are also believed to be important in the processing, or
secretion, of biological important cell mediators, such as tumour necrosis factor (TNF); and
the post translational proteolysis processing, or shedding, of biologically important membrane
proteins, such as the low affinity IgE receptor CD23 (for a more complete list see N, M.
Hooper et al., (1997) Biochem J. 321:265-279).

30
Metalloproteinases have been associated with many disease conditions. Inhibition of the
activity of one or more metalloproteinases may well be of benefit in these disease conditions,

for example: various inflammatory and allergic diseases such as, inflammation of the joint
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15 have different degrees of potency and selectivity for inhibiting various metalloproteinases.
The present inventors have discovered a new class of compounds that are inhibitors of
metalloproteinases and are of particular interest in inhibiting collagenase 3 (also known as
MMP-13). The compounds of this invention have beneficial potency and/or pharmacokinetic
properties.

20
Collagenase 3 (MMP13) was initially cloned from a cDNA library derived from a breast
tumour [J. M. P. Freije et al. (1994) Journal of Biological Chemistry 269(24):16766-16773).
PCR-RNA analysis of RNAs from a wide range of tissues indicated that collagenase 3
{MMP13) expression was limited to breast carcinomas as it was not found in breast

25 fibroadenomas, normal or resting mammary gland, placenta, liver, ovary, uterus, prostate or
parotid gland or in breast cancer cell lines (T47-D, MCF-7 and ZR75-1). Subsequent to this
observation collagenase 3 (MMP13) has been detected in transformed epidermal
keratinocytes [N. Johansson et al., (1997) Cell Growth Differ. 8(2):243-250], squarmous cell
carcinomas [N, Johansson et al., (1997) Am. J. Pathol. 151(2}:499-508] and epidermal

30 tumours [K. Airola ef al., (1997) I, Invest. Dermatol. 109(2):225-231]. These results are
suggestive that collagenase 3 (MMP13} is secreted by transformed epithelial cells and may be

involved in the extracellular matrix degradation and cell-matrix interaction associated with



2s fibroadenomas, normal or resting manmary gl and, placenta, liver, ovary,
uterus, prostate or parotid gland or in breast cancer cell lines (T47-D,
MCF-7 and ZR75-1). Subsequent to this observation collagenase 3 (MAT13) has
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These results are suggestive that collagenase 3 (MVIP13) is secreted by
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Vaalamo et al., (1997) J. Invest, Dermatol. 109(1):96-101].

20 Compounds which inhibit the action of metalloproteinases, in particular collagenase 3 (MMP
13) are described in WO 00/12478, WO 00/75108 and WO 01/62742. Included among these
reported inhibitors are aryl/heteroaryl piperazine sulfonylmethyl substituted
N-hydroxyformamide compounds in which the aryl ring is substituted by a number of
possible substituents, including inter alia alkoxy and aryloxy. There is no disclosure that the

25 alkoxy or aryloxy substituent in such compounds may itself further be substituted.

Substituted atkoxy or aryloxy aryl/heteroaryl piperazine sulfonylmethyl substituted
N-hydroxyformamide compounds as inhibitors of matrix metalloproteinases are encorpassed
within the general disclosure of WO 99/38843. Among the numerous possible substituents

30 for the alkoxy group listed is halogen. No such alkoxy substituted compound is disclosed,
however and indeed, the onlty N-hydroxyformamide compound specifically disclosed is
N-{1S-[4-(4-Chlorophenyl) piperazine-1-sulfonylmethyl}-2-methylpropyl }-N-
hydroxyformamide.



reported inhibitors are aryl/heteroaryl piperazine sulfonyl nethyl
substituted N hydroxyfornmam de conpounds in which the aryl ring is
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or a pharmaceutically acceptable salt, prodrug or solvate thereof,
wherein ring B represents a monocyclic aryl ring having six ring atoms or a monocyclic
heteroaryl ring having up to six ring atoms and containing one or more ring heteroatoms
wherein each said heteroatom is nitrogen;

15 R2 represents a group selected from C1-6 alkyl or aryl, which said group is substituted by one
or more fluorine groups;
nis 1, 2 or 3; and
R1 represents an optionally substituted group selected from C1-6 alkyl, C5-7 cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, C1-6 alkyl-aryl, Cl-6alkyl-heteroaryl, C1-6 alkyl-

20 cycloalkyl or Cl-6alkyl-heterocycloalkyl.

As used herein, the term ‘aryl’ means an aromatic carbocylic radical with one or two rings
having up to ten ring atoms, such as phenyl or naphthyl. Where a single ring aromatic
carbocyclic radical is intended, this is denoted a ‘monocyclic aryl ring’. Where it is intended

25 that an aryl ring has six ring atoms, this is specified.



or nore fluorine groups; nis 1,20r3; and R represents an optionally
substituted group selected fromCl-6 al kyl, C5-7 cycl oal kyl,

het erocycl oal kyl , aryl, heteroaryl, d-6 alkyl-aryl, C -6alkyl-heteroaryl,

Cl -6 al kyl 2o cycloal kyl or d -6al kyl -heterocycl oal kyl. As used herein, the
term'aryl' means an aromatic carbocylic radical wth one or two rings
having up to ten ring atoms, such as phenyl or naphthyl. Were a single ring

aromatic car h@pm@bob@ﬁ adical is intended, this is denotp@ql,:@zogmmycl i C
aryl ring'. Were it is intended s that an aryl ring has six ring atons,

this is specified. WD 2005/000822 PCT/ GB2004/ 002702 -5 'Heteroaryl' refers
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The term “halogen” includes fluorine, chlorine, bromine and iodine, and in particular is

fluorine.

15
Unless otherwise indicatcd., the term ‘C1-6 alkyl’, when used alone or in combination, refers
to a straight or branched chain alkyl moiety having from one to six carbon atoms, including
methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, pentyl, hexyl and the like. ‘CI-4 alkyl’ will
be understood accordingly to mean a straight or branched chain alkyl moiety having from one

20 to four carbon atoms,

The term ‘cycloalkyl® refers to a saturated alicyclic moiety having five, six or seven carbon
atoms and includes, for example, cyclopentyl and cyclohexyl. A heterocycloalkyl ring refers
to a saturated five, six or seven membered ring comprising one or more ring heteroatoms,

25 which may be the same or differcnt,' selected from N, O and S and includes for example

piperidinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl.

‘Optionally substituted’ is used herein to indicate optional substitution by the group or groups
specified at any suitable available position. '

0
Suitably, ring B is 2 monocyclic aryl ring having six ring atoms such as phenyl or a
monocyclic heteroaryl ring having up to six ring atoms and containing from one to four

nitrogen ring atoms, such as pyridinyl or pyrimidinyl, triazinyl or tetrazinyl.



20 to four carbon atons. The term'cycloal cyl' refers to a saturated
allcyclic noiety having five, six or seven carbon atons and includes, for
exanpl e, cycl opentyl and cycl ohexyl. A heterocycloalkyl ring refers to a
saturated five, six or seven nenbered ring conprising one or nore ring

het er oat ons, 25 which nay be the sane or different, selected fromN, 0 and S
and includes for exanple piperidinyl, pyrrolidinyl, tetrahydrofuranyl,
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substituted by one or nore fluorine groups. 15 Preferably R2 is substituted
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having six ring atoms (such as phenyl), substituted by one or more fluorine groups, but is
preferably a C1-6 alkyl, especially C1-4 alkyl, group (such as methyl and especially ethyl)
substituted by one or more fluorine groups.

15

Preferably R2 is substituted by one to five fluorine groups, especially by three or four fluorine
groups,

In one preferred embodiment, R2 is C1-6 alkyl, especially C1-4 alkyl, substituted by three or

20 four fluorine groups.
One preferred value for R2 is CF2CHF2.
In another particularly preferred embodiment, R2 is CH2CF3,

Suitably, nis 1 or 2 and is preferably 1. Preferably, the substituent R20- on ring B is para to

the ring junction,

R1 is suitably an optionally substituted group selected from C1-4 alkyl (such as methyl or
3¢ ethyl), aryl having six ring atoms (such as phenyl), five to six membered heterocycloalkyl
ring comprising one or two ring heteroatoms, which may be the same or different, selected

from N, O and S (such as piperidiny! or tetrahydropyranyi) or C1-4 alkyl-heteroaryl wherein
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preferred enbo@iandfitora Rl-‘ﬁaklwhmfamrllwp éﬁfmgl up toFis Ilpg atoms pedicompbaing osnt , R1
is a tetrahy n%;;ﬁ)% W is In anot her
preferred eni%@@?réﬁ%xgt%g hih gﬁﬁbﬂl éI(|c))ryr |&§%|S%$Mg%€%%?bo%?lsonal ly

substi t ut ed Omnilhéulpﬂ}lmtﬁ%thﬂ/hetqwaﬁlgﬂnme preferred value for Rl is
2-pyrimdinyl-CH2CH2-. Another particularly preferred value for R is
2-pyrimdinyl -CH2CH2CH2-. 20 Suitable optional substituents for Rl include
one or nor# Qr@ep@fﬁimde@b‘?@ému&l i§ gnsgstigedf r om

In one preferred embodiment, R1 is a tetrahydropyranyl group, especially
4-tetrahydropyranyl.

15 In another preferred embodiment, R1 is a C2-3alkyl-pyrimidinyl group, optionally substituted
on the pyrimidiny! ring.

One preferred value for R1 is 2-pyrimidinyl-CH2CH2-. Another particularly preferred value
for R1 is 2-pyrimidinyl-CH2CH2CH2-,

20
Suitable optional substituents for R1 include one or more groups independently selected from
NO2, CF3, CN, halogen, C1-4alkyl, carboxy(C1-4)alkyl, cycloalkyl,-OR4, -SR4, C1-4alkyl
substituted with -OR4, SR4 (and its oxidised analogues), NR4, N-Y-R4, or Cl-4alkyl-Y-NR4
where R4 is hydrogen, C1-6 alkyl, aryl, heteroaryl or C1-6 alkyl-aryl, each independentiy

25 optionally substituted by halogen, NO2, CN, CF3, C1-6 alkyl,
-5-C1-6 alkyl, -SO-C1-6 alkyl, -SO2-C1-6 alkyl or C1-6 alkoxy; and Y is selected from -
$02- and -CO-.

Where R1 in the compounds of formula (I) is substituted, this is preferably by one or two

30 substituents, which may be the same or different, selected from C1-4 alkyl, halogen, CF3 and
CN. A preferred substituent is halogen, particularly fluorine, Preferably where R1 is
substituted, it is monosubstituted. One preferred value for R1 in the compounds of formula (T)
where R1 is substituted is 5-F-2-pyrimidinyl-CH2CH2-



NO2, CF3, CN, hal ogen, Cil-4alkyl, carboxy(d -4)alkyl, cycloal kyl,-0OR4, -SR4,
C -4al kyl substituted with -OR4, SR4 (and its oxidi sed anal ogues), NR4,
N-Y-R4, or C-4alkyl-Y-NR4A where R4 is hydrogen, C1-6 al kyl, aryl,
heteroaryl or -6 al kyl-aryl, each independently 25 optionally substituted
by hal ogen, NO02, CN, CF3, Cl-6 alkyl, -S-Cl-6 alkyl, -SOd-6 alkyl,
-S02-C -6 alkyl or -6 alkoxy; and Y is selected from- SO2- and -CO.
Where Rl in t kg sedgegnds of forrmula (1) is substitutedpciipsodsBozRiel er ably
by one or two 30 substituents, which may be the sane or different, selected
fromd -4 al kyl, halogen, CF3 and CN. A preferred substituent is hal ogen,
particularly fluorine. Preferably where 1 is substituted, it is

nonosubstitu r i )f rmula (1)
where R 15 SopLpr ety HeL Bny B nd et bl s i RSB 53 3

PCT/ GB2004/ 08RG R2 if the eothpoubds A Bpriwentinenll bhselected eo antoisesid stedbalint ur e of t he
substi tuents'l?dg uabl@% m{u d by Rl and/or R2 in the conpounds of the

i nvention w B €&P so as to avoid sterically undesirable
conbinations. 5 In one preferred group of conpounds according to the

i nventi on, j ) f ups; n
is 1; ring sg% An% %éeﬁr efi gmﬁgl)fcgﬁ—légfx{dk%&@%g%? %Fnégﬁbﬁjﬁ%%llsé a sg%%l ?Ic[fgal |y
substituted bymmp ﬁvesﬁluonnegrquenlISHenngbswbbwhlpmﬁnyliongymmmyﬁwdﬁg isne or two
ring' heter : N, O
and S, or a %%t ﬁ'ﬁﬁ' suk}lmh%et er)"c[)aér?)ginregrg%% m%ﬁ'dgén{}ﬁ ﬂﬁg%prﬁ?lﬁ%ﬁé%? ‘Sgrrég nd
conpri sing oh@ergatonmwélc}lmaebemc@m omiiffecermt setlcs:tcrrlsf;oan ft)raeds,amre Qir4ad;ky1 ferent,

sel ected frop . €4 Ng.
Particularly pr eafrgrgr%eﬁg n% u{rcr’g cor :&?}%&%&F&ﬂ%& nventr@@trtr&éﬁ hl%i S
group are tOhUJerebqthesawﬂﬁrochlfﬁfpni selwtnddmmN,thm@cS.opﬁqndlmb@mtedmehb by hal ogen,
especially fLéﬂé}BJ:ﬁ%ng.w Speci fic conmpounds include FF FFOFO

Particularly preferred compounds according to the invention within this group are those in
which R1 is unsubstituted or is substituted by halogen, especially fluorine.
15

Specific compounds include

20
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F/, O/ NO1 ON N~F~0O VON 10 Foo 0, N F~-ONL-\NII &N O F 15
WO 2005/ 000822 PCT/ GB2004/ 002702 -12- 4 QON> F FT-' N,0< 00 om FN
O ONT ;~ry~ ~ry IW F4 -NONFF O NN\ ONFNO- F O 10 Were the
conmpounds according to the invention contain one or nore asymmetrically
substituted carbon atons, the invention includes all stereoisoners,
I ncl udi ng enanti oners and

WO 2005/000822 PCT/GB2004/002702

-12-

o S
N 27 N
F%_/O{N)_CN g\)\/\lﬂf\;

10

‘Where the compounds according to the invention contain one or more asymmetrically
substituted carbon atoms, the invention includes all sterecisomers, including enantiomers and
diastereomers, and mixtures including racemic mixtures thereof. Tautomers and mixtures

15 thereof are also included.

Racemates may be separated into individual enantiomers using known procedures (cf.
Advanced Organic Chemistry: 3rd Edition: author J March, p104-107). A suitable procedure
involves formation of diastereomeric derivatives by reaction of the racemic material with a

20 chiral auxiliary, followed by separation, for example by chromatography, of the diastereomers

and then cleavage of the auxiliary species.

Without wishing to be limited by initial determinations, it is believed that in the present case
the active enantiomer has S stereochemistry. This is based on comparison with related

25 compounds for which the absolute configuration has been confirmed. Accordingly, the



di astereoners, and m xtures including racem c m xtures thereof. Tautoners
and m xtures 15 thereof are also included. Racemates may be separated into
i ndi vi dual enantioners using known procedures (cf. Advanced Organic

Chem stry: 3rd Edition: author 7 March, pl04-107). A suitable procedure

i nvol ves formation of diastereoneric derivatives by reaction of the racemc
material with a 20 chiral auxiliary, followed by separation, for exanple by
chr omat ogr aphyyg Risdudas; di astereoners and then cl eavage pph/dghRsdiank ! | ary
species. Wthout wshing to be limted by initial determnations, it is
believed that in the present case the active enantioner has S

stereochem stry. This is based on conparldson with rel ated 25 conpounds for

which the a canf | ' X j ' ; t he WO
2005/ 000822 PH A0 AM AL RN EEORRR A RY, itk diities, P
given in t hehoeewerphes reematevof 4ny colpdund accardingde tha inventionisarwentesol ved i they
racemate of gny;GQ gpagﬂ&ger?@ﬁtﬂé Qfeﬂﬂgd bfridelGbdve Eﬁlﬁreca@’gv' MadtRR fheh Nt O the
i ndi vi dual enantioners by e method outlined above and the nore active
enant i omer c@rdantifed bylaesuitabdrassalyi withobtthanesd o determaing sksalpte ophfignoations: he need to
determ ne absol ute configurations. 5 The conmpounds according to the
invention may be provided as pharmaceutically acceptable salts. Suitable
phar maceut i CBieloympawéyrcedsiling toethe igvéntics maebdraeddestar phammesentically sasepitbieal i net al
salt  for exappl&;He h%ac%cﬁié}%@éﬁp&ﬁ]fcgﬁfstiﬂlﬁgbﬂe saldlshehl49an BXAIRA sgpl Ci1um
or magnesium an organic amnée salt for exanple triethylamne, norpholine,
N- net hyl pi pefior ekiample sodiun-ap talkglingicpalr indtirksalt fon examplecalcivan erapaapesitm, 4.,

NN- di benzyl e J; ?Eﬁﬁ@ ' r I e g anot her aspect,

wher e theyco%t%%gaﬁﬁ I Cl e‘:'nt?jlg':tgl/lgl asn|9 ’C?O@ﬁ%ﬁ&}s{%w %dnilléthl ude acid P

addi ti on sal¥-sthylpiperidine, protdinen dibernzplavingt BN-dibeneiiei daming ofragup asids &,

hydr obr om d i , et phﬂﬁ I

sul phuric agei'xér.ﬁ bﬁi@fﬁggl %narﬁg{)tg&%rgpgglp 85%%&%0%@%%5?%‘? m or n&mgﬁé(b%sqjg?e

conpounds whnd#dearid additoncialjssuch asroefhapesulphonateofumartrrhstieriioridé. formula (1).

These may b%lyﬁfo"a‘}?ﬁﬁ 9'ci{?éiﬁ%9aﬁl:\é%%a 9&?@%0:&@* Qﬁﬂ'ghos Hafc %(a%?ﬁy@hﬁd ié?ﬂ?”t ion further -
ocess a to 0 a

provides a p or the preparation o oun or mu (1) as
defined above, or a pharmaceutically acceptable salt, prodrug or solvate

t her eof ,

W §iftable prodrugs of compounds of formula (I) are compounds which are hydrolysed ir vivo

to form compounds of formula (I). These may be prepared by conventional methods.

The present invention further provides a process for the preparation of a compound of formula
(I) as defined above, or a pharmaceutically acceptable salt, prodrug or solvate thereof, which
20 comprises:

converting the appropriate hydroxyamino compound of the formula (IV)

Ry
@)
/N / (
N N-—-80; NHOH

(R20)n
(wherein R2, n, ring B and R1 are as defined in formula (I))
into a compound of formula (I) by formylation with an appropriate mixed anhydride ;
25 and thereafter, if necessary:
converting the compound obtained into a further compound according to the invention and/or

forming a pharmaceutically acceptable salt or prodrug or solvate of the compound.



20 conprises: converting the appropriate hydroxyam no conpound of the
formula (I1V) RLF (IV) $ NNNSO2 NHOH V (R20)n (wherein R2, n, ring B and
Rl are as defined in fornmula (1)) into a conmpound of forrmula (1) by
formylation with an appropriate m xed anhydride ; 25 and thereafter, if
necessary: converting the conpound obtained into a further conpound
according to the invention and/or form ng a pharnaceutically acceptable
salt or prodryg Bbsee@bvate of the conmpound. WO 2005/ 0008272:GB&sbd/66B2904/ 002702
-14 The fornylation process may suitably be perfornmed by reacting the
compound of formula(lV) wth the m xed anhydride prepared fromreaction of
formc acid and acetic anhydride. The rlaction is conveniently perforned in

the presencerpqfy, I%Efg BdL&s iy ShitidlG Be AStobRed ByGebhgdthe cobRuALSFTEIPABAIVG

preferably carried Ina suitable inert solvent or diluent, such as s

di chl or onet hithethe POy antrydridet prepayed fropureashomefdomic arid adsestisraphydrids, Thee range,

for exanpl e, y ?ymmg Mic 18Y siRB aPfceRidkad. from the
nreacgﬁl(h%mﬁ e?t rmul a (ﬁ?% plfe%nméf%&l\&ig/ I(il- SO% ) ‘

correspondi ene o : ) ' ) _ (R20)n to (wherein
R2, n, B andltRreagtien igprofroshilyeseriedquip p suitable ineytsahyemt 19t dipnt $56BEY be prepared

fromthe  ¢ofiLRSBRRHARIDENTBPERhy@bIAN AU hh brhborathle 11 the rmg HYRxdrhple, (R20) N
0°C to 50°C.

Compounds of formula (IV) may be prepared from the corresponding alkene of formula (III)

/.‘/—\_/:/ o
L/

B20m

10 (wherein R2, n, B and R1 are as defined in formula (I))which may itself be prepared from the

corresponding compound of formula (I}
N N—SOMe (D

R20m .
(wherein R2, n and ring B are as defined in formula (I))by reaction with an appropriate
compound of the formula RiCHO (wherein R1 is as defined for formula(I)) or by reaction
15 with an appropriate ester to give a ketone, followed by reduction to the corresponding alcohol
and dehydration. It will be appreciated that the compound of formula (I) may be in the form
of the E- or Z- isomer, or as a mixture of both, The structure as shown in formula (TI) is not

intended to imply limitation to any particular geometrical isomerism around the double bond.

» Compounds of formulae (IIf) and (IV) may be prepared using known techniques by methods
analogous to those described in WO 00/12478, WO 00/75108 and WO 01/62742 above.
Examples of preparation methods for certain of these compounds are given hereinafter in the

examples.



(wherein R2, n and ring B are as defined in formula (I))by reaction with an
appropriate conpound of the fornmula RLCHO (wherein R is as defined for
formula(])) or by reaction 15 with an appropriate ester to give a ketone,
foll owed by reduction to the correspondi ng al cohol and dehydration. It wll
be appreciated that the compound of forrmula (I1l) may be in the form of the
E- or Z- isoner, or as a mxture of both. The structure as shown in formula
(1) is not Wi({i%@sq,g& toinply limtation to any parti ¢gk@B0e6eRsri cal

| someri sm aroun tﬁe oubl e bond. 20 Conpounds of forrmulae (111) and (I1V)
may be prepared using known techni ques 2& met hods anal ogous to those
described in WO 00/ 12478, WO 00/ 75108 an@- WO 01/ 62742 above. Exanpl es of
preparation el LveBrder ei nafter in
the exanpl e‘gaﬁ%g%o%g%g@%k%d g%ﬁl}oggg%gb%%f%&ﬁof)%goﬁnds of formula
(11), (111))ingentort. Sphcifir componns’ obfaana@iinsluiéir t her aspect of the invention.
Specific conmpognds of formula (Il) inclpude: FF F-~ Ol FAON v '"Nv N N-

| ~lgl 00 F\F /o FFOFON FrC,¥ ONH .L~N1 I~11Il OO0 5
Exanpl es of 5';_ parat | thods for t e-~conpyun are given hereinafter in
t he exanpl es. /
i R
K/N\H K/N\
i~ “~
o )
F F F
)\‘/O F O SN
F F \©\ - ~
QX I
1\/N\“ I\/N\g
B~ I
O 0

Examples of preparation methods for these compounds are given hereinafter in the examples.

Compounds of formula (I) can be converted into further compounds of formula (I) using
standard procedures conventional in the art.

10
It will be appreciated that the preparation of compounds of formula (I) may involve, at
various stages, the addition and removal of one or more protecting groups. The protection
and deprotection of functional groups is described in ‘Protective Groups in Organic
Chemistry', edited by J.W.F. McOmie, Plenum Press (1973) and 'Protective Groups in

15 Organic Synthesis', 2nd edition, T.W., Greene and P.G.M. Wuts, Wiley-Interscience (1991).

The compounds of the invention are metalloproteinase inhibitors, in particular they are
inhibitors of collagenase 3 (MMP13) and therefore are indicated in the treatment of diseases
or conditions mediated by metalloproteinase enzymes including arthiritis (such as

20 osteoarthiritis), atherosclerosis and chronic obstructive pulmonary diseases (COPD) as
discussed above, In particular, the compounds of the invention are indicated in the treatment

of diseases or conditions mediated by collagenase 3 (MMP13). A particular advantage of the



Compounds of fornula (1) can be converted into further conmpounds of fornula
(1) using standard procedures conventional in the art. 10 It will be
appreci ated that the preparation of conpounds of fornmula (1) may involve, at
vari ous stages, the addition and renoval of one or nore protecting groups.
The protection and deprotection of functional groups is described in
Trotective Groups in Organic Chemstry', edited by J.WF. MOnre, Plenum
Press (1973) oosidbdRb£Cct i ve Groups in 15 Organi ¢ Synt hegigaeoaieoedi tion,
T.W Geene and P.GM Wits, Wley-Interscience (1991). The conpounds of
the invention are netall oproteinase inhibitors, in particular they are

i nhi bitors of coll agenase 3 (MvIP13) arni#-t herefore are indicated in the
treat ment of S Iy Lels Raggyenzynes

i ncl udi ng arf@kgﬁ%g% suc aggg%é%sq;ﬁeelgge%ﬂflgﬁa%? at euglrog%%o& s and
chroni c obst pwcotherenemlibproreénasesdi seases (COPD) as di scussed above. In
particul ar, the conpounds of the invention are indicated in the treatnent

of diseases or conditions nediated by collagenase 3 (MW13). A particular
advant age of Acdoehrmzm&mwzmemmwtmmpmmkse@omm glse 3

i nhibitors a E2dvn ed

sel ectivi ty ﬁ’g@g?w &EH}‘ H};\A%P r?g%%ﬁsg Ac rb?g?lng tgﬂegf %slrﬁa?ﬁe\gr aspect,

t heref ore, tiﬂ@vq)ioemmﬂlbnamemthm@v#m@bad}bonpound of s fornula (1), or a
pharmaceutical |y acceptable salt, prodrug or sol vate t hereof, as defined

above for use in therapy of the human or ani nal The invention al so
provi des t heTheseveotionzlsommyiries theyse ¢farcampeund of formgpa Qﬁl phapheaeecatically | y

accept abl S g toabRlsa i or QYA Erb DA @ffod BSvelRluld 1Rt ARANS ol 1 L NE

manuf act ure of 'a b1 C use 1 n therapy be appreciated
that "t herlapgﬂedl%ﬁm@ifpmbuﬁb@ap}’pr ophyl axi s" unless otherw se indicated. The
ternms "therapeutic" and "therapeutically” will be understood accordingly. is
In a yet further aspect the present invention provides a method of treating

a net al | opr olt&ilhzesepresiptad tretedheaipy alendneludes | rroRbilasin| wiese othprviss dnglicated.
admi ni steri nghét&m@“tﬁ@r%ﬁ@u@&%qeﬁe umly%ntb@%ﬁm&'a%&ajygl?ffect' ve amount

of a conmpound of th ornul a r a phar nmaceut i cally

15 In a yet further aspect the present invention provides a method of treating a metalloproteinase
mediated disease condition which comprises administering to a warm-blooded animal a
therapeutically effective amount of a compound of the formula (I) or a pharmaceutically

acceptable salt , prodrug or solvate thereof,

20 It will be appreciated that dosage administered will vary depending on the compound
' employed, the mode of administration, the treatment desired and the disorder indicated.
Typically, a daily dose of 0.5 to 75 mg/kg body weight (and preferably of 0.5 to 30 mg/kg
body weight) is received. This daily dose may be given in divided doses as necessary, the
precise amount of the compound received and the route of administration depending on the
25 weight, age and sex of the patient being treated and on the particular disease condition being
treated according to principles known in the art.

The compounds of formula (T) and pharmaceutically acceptable salts, prodrug and solvates
thereof may be used on their own but will generally be administered in the form of a
so pharmaceutical composition in association with a pharmaceutically acceptable adjuvant,

diluent or carrier.



acceptabl e salt, prodrug or solvate thereof. 20 It will be appreciated that
dosage admi nistered will vary depending on the conpound enployed, the node
of admi nistration, the treatnment desired and the di sorder indicated.
Typically, a daily dose of 0.5 to 75 ng/ kg body wei ght (and preferably of
0.5 to 30 ng/ kg body weight) is received. This daily dose may be given in
di vi ded doses as necessary, the precise anmount of the conpound received and
the route of 1L NI ti on depending on the 25 wei ght, of the
pati ent beingagggngghgnd on the particul ar di sease con |t|3%ﬂﬁg?ﬁ% treated
according to principles known in the art. The conpounds of fornula (1) and
phar maceutical ly acceptable salts, prodrif and sol vates thereof may be used

on their own_but will general e admnistered .in the f.orm of .
phar maceuti c ‘“‘B@?FBU%Y%F?JH;‘?‘#%%%(?@F%YQ%ﬂpm?fméucp Fia e ﬁo'glgflﬁﬂfs %ccept abl e
adj uvant,  dicbrpdiind 6F foduld ()¢ br a METRZREHRCAGGSRPtaFETHCRDAMG /0D Oitvithered Tn The

present inventian therefore al so.provides ar.maceutical conposition
conpri si ng aaSSE‘Bﬁtf?BG‘H'E‘ a@ﬁ“@&?q’fﬁ?agg(afc)e’?ta Faﬁu‘%ﬁacrh%%teoﬁf @41y acceptabl e
salt, prodrug or solvate thereof in associ-ation with a pharmaceutically
acceptabl e adjuvant, djluent or carrier. s The L i cal itions
of the invent ihﬁﬂharﬁéfe‘ﬂigdé:awp?ﬁlt%@ti?é °1“%6%?%?%?%%%’&%%%?&1}%%“&?%% | gease
condi ti on t hatr the dijeSsedslitfoadhat o if desiadd to frent, fancampplebjpyrabtopical, pagitaral |

parenteral,  buccal, nasal, vaginal or. rectal adm tion or .by

i nhal ati on. @B?Cdfﬁaééle"aﬁ’tﬁ‘gl& §°§§9 ?%Bnm@[ﬂ%%ﬁ?ﬁ &g’a%?ont ﬁ}s%%ﬁ' Vi g s ?85 rtlh%rray be
formul at ed byompands df fsvedntor ey ber formutdtal bynseahoknowofin the fud intethe fiqpinef,
tabl ets, capsul es, .a us or oily solutia suspensi.o .e i Qns,
creams, io o?%Fﬁ%H#%ggggr%?“H%sﬁwé§%P&?@?°@§%B&§ﬂ§%§§%§£a¥?%gﬁ%g Vi ded
powder s or jQa@inhaatss gdly hasalrsfralys sippositories) Andypdivided mwidens at aanssels fomintalatiomg

i ntravenous, _intranuscuyl ar.or Jinfusion) sterile a 1.Ql | utions
or suspensi oﬁrsly%)F Pg?ng‘?# & (gﬁ{ﬁdlsfl SHEYR®> é{%rélln %m'cglr%r %gﬁ?#(gn)g{éﬁ%gﬂn gss%f t he
present i nvenily axuticheorpispenyins ot stardd enqdsigssi ti on of the is invention may

al so contain, or be co-adm nistered (sinultaneously or sequentially) wth,
one or nore pharnacol ogi cal agents of value in treating one or nore di sease
condi ti ons r éf aditied td the conipoumsds of thp ipeeadnk invemtipg the pbanyecehibraheompobibiorcafitieai n

about 1 ng 15t Cl)nvglg)t%n I;:rl%y gfsc gon?a?nr,r%lo Blcnccti)-administercd (simultaneously or sequentiaily) with, one

or more pharmacological agents of value in treating one or more disease conditions referred to
above, Typically unit dosage forms will contain about 1 mg to 500 mg of a compound

according to the invention.

20 The activity and selectivity of the compounds according to the invention may be determined
using an appropriate enzyme inhibition test as described in WO (0/12478, WO 00/75108 and
WO 01/62742. Collagenase 3 (MMP13) inhibitory activity may be assessed, for example,

using the procedure set out below:-

25 Recombinant human proMMP13 may be expressed and purified as described by Knauper et
al. [V. Knauper et al., (1996) The Biochemical Journal 271:1544-1550 (1996)]. The purified
enzyme can be used to monitor inhibitors of activity as follows: purified proMMP13 is
activated using 1mM amino phenyl mercuric acid (APMA), 20 hours at 21°C; the activated
MMP13 (11.25ng per assay) is incubated for 4-5 hours at 35°C in assay buffer (0.1M Tris-

30 HCI, pH 7.5 containing 0.1M NaCl, 20mM CaCl12, 0.02 mM ZnCl and 0.05% (w/v) Brij 35
using the synthetic substrate 7-methoxycoumarin-4- yl)acetyl.Pro.Leu.Gly.Leu.N-3-(2,4-
dinitropheny!)-L-2,3-diaminopropionyl.Ala.Arg.INH; in the presence or absence of inhibitors.
Activity is determined by measuring the fluorescence at Aex 328nm and Aem 393nm. By



according to the invention. 20 The activity and selectivity of the conpounds
according to the invention may be determ ned using an appropriate enzyne
inhibition test as described in WO 00/12478, WD 00/ 75108 and WD 01/62742.
Col | agenase 3 (MLVIP13) inhibitory activity may be assessed, for exanple,

usi ng the procedure set out below 25 Reconbinant human proMWP13 may be
expressed and purified as described by Knauper et al. [V. Knauper et at,
(1996) The Bi Qe apddsh, Journal 271:1544-1550 (1996)]. TherRwhdohbRs, enzyne
can be used to nonitor inhibitors of activity as follows: purified proMw13
is activated using 1mM am no phenyl nmercuric acid (APMA), 20 hours at 21C
the activated MW13 (11.25ng per assay}l& s incubated for 4-5 hours at 35C
in assay buf kMo e coftfaiint 0Bh@hDE: Qn blpiEflod ;RAIM CaQl 2,
0.02 nmv Znﬂ&%\#r%.ﬂ%%l \5? I% ] c§5 usi %g the gynt het i ?:/%.substr_ate

7- et hoxy couwiel the IC50ychr) beodstoymingd, chis Bgureipejng the inhibitor concgntration at which the

di ni trophenyl ) -1- 2.3 cl am gfd,onyl . Ala. Arg. NH2 in the presence or absence
of inhibi torin%y&%%ﬁﬁyﬁ%%ﬁ}]‘%aggterm ned by neasuring the fluorescence at Xex
328nm and Tem 393nm By WO 2005/ 000822 PCT/ GB2004/ 002702 -18 measuring the
activity a 1P pRLiaCORGER SIRhRPB gic pRipRHLNE b Boal ofife MeaABAL €d fTom
whi ch the %gggcanﬁglg&étg{?@rm néad, thi_%lcf ipggre bei ng tg% [ n?]i bi t or

concent r at i owillaary¢asding tedheirstustire baidn gererals cpmpquadh af de inyentgndemonitigtenj | | pe
appr eci at edwéop en&s@girﬁﬁ'ﬁﬂogy%i%%sﬁ@tamﬂﬁém) el BSveQbsal BECSO BRREIMABoR N t he

i nvention vary according to their sfructure but In general , compounds
of the i nventh¢ mnza®iiond60ade The bllpuige teblsahavy 1P Bruresfor anepietantaliveas

det er m ned beéletf%ﬁga@g@%ﬂg-Jo%%qn%ﬁ&ﬁmemieansmé Rbovk B&ay.ange 0.01 to

1000nM The fo e shows IC50 tfigures for a representative
sel ection ®f conpounds according to the invention when tested in the above

assay. to Conpoufithoafid FBERbENI0- 1 CS 2b 0.24 R dRn0 5 3.6

2b 0.24
2f 13.0
5 3.6
15 7a 0.12
Tc . 0.19
7f 2.8
8b 1.5
8g 4.0

20
A compound of the Formula I may be used in combination with other drugs and therapies
used in the treatment of disease states which would benefit from the inhibition of
metalloproteinases, in particular collagenase 3 (MMP13). For example, a compound of the
Formula I could be used in combination with drugs and therapies used in the treatment of

25 rheumatoid arthritis, asthma, inflammatory bowel disease, multiple sclerosis, AIDS, septic
shock, congestive heart failure, ischaernic heart disease, psoriasis and the other disease states
mentioned earlier in this specification.

For example, by virtue of its ability to inhibit metalloproteinases, a compound of the

Formula I is of value in the treatment of certain inflammatory and non-inflammatory diseases

30 which are currently treated with a cyclooxygenase-inhibitory non-steroidal anti-inflammatory
drug (NSAID) such as indomethacin, ketorolac, acetylsalicyclic acid, ibuprofen, sulindac,
tolmetin and piroxicam. Co-administration of a compound of the Formula I of the present

invention with a NSATD can result in a reduction of the quantity of the latter agent needed to



ls 7a 0.12 7c 0.19 7f 2.8 8b 1.5 8g 4.0 20 A conpound of the Formula I
may be used in conbination with other drugs and therapies wused in the
treatment of disease states which would benefit fromthe inhibition of

nmet al | opr ot ei nases, in particular collagenase 3 (MW13). For exanple, a
compound of the Fornula | could be used in conbination with drugs and
therapies used in the treatnent of 2s rheumatoid arthritis, asthmg,

i nfl anmat ory Reywbsddbssease, nultiple sclerosis, AIDS, septicghoosbRals,
congestive heart failure, ischaem c heart disease, psoriasis and the other
di sease states nentioned earlier in this specification. For exanple, by
virtue of its ability to inhibit netall optotei nases, a conpound of the

Formul a | i s @ %alite kit et TRALUYRAY 11@fihdo@ bf fivétsd dd BB ERfMtheNSAID
non- i nflam*raf’ory di seases 30 whi ch are currently treated with a

cycl ooxygenasish pngrstopintestipaleiacta are regpers) Thusapcording tamiethsr fpatifed MENSAI D) such
as i ndomet hagj,LhioK fefy 1913%8@%@&& a%@dtfcﬁ%%%t%iﬁ%ﬁ balich b&ﬁp@g% £Ebmpdithd TERC,

tolmetin and piroxi cam i ' a conpound the Formula | of

nistrati on
the present Formpladt orarphaimapeusicalgArmpebla stlicheeaf, ip gonjunchien eradsixtys with
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produce a therapeutl fect. Thereby the |ikelihood of adverse side-effects
from t he NSAPiBmagefrabgacgepatiodiNESF FaEar ef fect s are reduced. Thus according

to a further f _ez@tcéﬂiﬁ)ugcﬁ pftﬂ@Foﬂnﬂngﬁa&%o B%E@wi@mﬁitﬁﬂiﬂﬁﬂo@ 2P UBERUhi cal
conposition which conprises a conpound of the Formula I, "or a

phar maceut i chibjfornf chepnaysnesd-Bpaxygentfér eof , in conjunction or adm xture with a

s cycl ooxygenasg chfiubi bahY FERRS bR Qst 6 usddinithd tHaln@AN BBt EY Sithas and a
phar maceuti cal | y-accegt_ able diluent or carrier. A conpound of the Fornula I

may al so be theesatgil iR compfrinagippriith ayianhyitispgenseh B golnmetholFiXBEL or of the
enzyme 5-11 pgxyge BSfenicillinamine, and in conditions such as osteoarthritis in combination with
steroids.
A compound of the Formula I may also be administered in degradative diseases, for
example osteoarthritis, with chondroprotective, anti-degradative and/or reparative agents such

15 as Diacerhein, hyaluronic acid formulations such as Hyalan, Rumalon, Arteparon and
glucosamine salts such as Antril.

A compound of the Formula [ may be used in the treatment of asthma in combination
with antiasthmatic agents such as steroids, bronchodilators and Jeukotriene antagonists.
In particular, for the treatment of the inflammatory diseases rheumatoid arthritis,

20 osteoai‘thﬂtis, psoriasis, inflammatory bowel disease, chronic obstructive pulmonary disease,
asthma and allergic rhinitis a compound of the present invention may be combined with
agents such as TNF-o 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/ COZX-2 inhibitors (such as piroxicam, diclofenac,

25 propionic acids such as naproxen, flubiprofen, fenoprofen, ketoprofen and ibuprofeﬁ,
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—pcnjcillaminq', auranofin or parenteral or oral gold.

30 The present invention still fusther relates to the combination of a2 compound of the
Formula I 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)-thiophene-2-alkylsulfonamides;



A conpound of the Fornmula | may al so be used in the treatnent of conditions
such as 10 rheumatoid arthritis in conbination wwth antiarthritic agents
such as gold, nethotrexate, steroids and penicillinamne, and in conditions
such as osteoarthritis in conmbination with steroids. A compound of the
Formula | may al so be adm nistered in degradative di seases, for exanple
osteoarthritis, with chondroprotective, anti-degradative and/or reparative
agents such i.acerhein, hyaluronic acid formul ati | 3yal an,
Runmal on, Arte%?r%ﬁs@r? gl ucosam ne salts such as Antri F@P&Bi&éﬁ%@ﬁ?}d of the
Formula | may be used in the treatnent of asthma in conbination wth
antiasthmatic agents such as steroids, #Ponchodilators and | eukotriene

ant agoni st s. | t gt@@gh hdhEas 705 d. 2 BTIBY 9%, Ynedi S€ASES
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rhinitis a r 9 Y] F‘Qﬂﬁﬁ 1o WdpBundggent s
such as TNFC’E:é %ggiog{rng&gﬁc gﬁnélhﬁ?éﬁ% Jrirki)ir.lgg%:/non% a od| es (nsuch as
Reni cade, msméaumﬁsamn@gmcws and TNF receptor i munogl obulin
?gtgﬁu;gsm Such 3 prEY fffenlicifieh, %ﬁ&% Rihd dpfnfpiontot’a GifohaloP DI t 0T S
napr oxen, f | ufsirpulef @aqthewoqbrafrequtokenazpmsiﬁ@ﬂe@nfdenebW@ﬂ% LTCf whémat es such as

mef enami ¢ acj jad M elBeed R pBRPCR e Y BRTACIGRIAMER 20

phenylbutazone saf es such as as NI birtors
mel oxi cam cwtheadxed 392,ra@ﬁ@u@m@ouwchIsw@mgﬁ&%mcmqma sucloe® dose

et hot r exat € alzazm%geﬁ@cmsm s Q26 go BN D RUBDURICBRHBNAR, mfls RENT €1 11 am ne.

aur anofin or parent eral or ora e present vention still further
rel ates tomtdaérl@@ﬁtnbhéc@&tomx@ulastcmwpvd@ﬂdvedﬁkasﬁéﬂ( FEOREA2$25 RgANE: with a

| eukotri ene Pﬂﬁé&(?&éﬁiﬁﬂ i Pi A9, ,7&€AI | poxygenase (5-LO inhibitor or

5-1i poxygenase activating protein P) ant agoni st such as zil euton;
ABT- 761; fenl eut @he pretegpimyerition; stxmmﬁtet mk@ﬂ% the Nobnbinetigpgfa compound of the

N- (5-substit |
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met hoxyt et r ahydr 8pypresent lsmhora&;ﬂlzgﬁ@w aEDfOZh%@mbﬂmon elrpeneindgBthe 10661
pyridi nyl - sufgtinh Pogdne winanaRARRLIRIFERE1 CREROURHS oS bucRSs betirizine,

loratadine, desloratadine, fexofenadine, astemizole, azelastine, and chiorpheniramine.

The present invention stﬂ] further relates to the combmatlon of a compound of the
Formula I together with a gastroprotective H.sub2, receptor antagonist.
The present invention still further relates to the combination of a compound of the
20 Formula I together with an o..subl.- and o.sub2.-adrenoceptor agonist vasoconstrictor
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
25 Formula I 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
Formula I together with a B.subl.- to B.sub4.-adrcn6ccptor agonists such as metaproterenol,
isoproterenol, isoprenaline, albuterol, salbutamol, formoterol, salmeterol, terbutaline,
30 orciprenaline, bitolterol mesylate, and pirbuterol; or methylxanthanines including
theophylline and aminophylline; sodium cromoglycate; or muscarinic receptor (M1, M2, and

M3) antagonist.



739, 010; 2-cyanoqui nol i ne conmpounds such as L-746,530; indole and quinoline
conpounds such as MK-591, MK-886, and BAY x 1005. 5 The present invention
still further relates to the combination of a conpound of the Formula I
together with a receptor antagonist for |eukotrienes LTB.sub4., LTC sub4.,
LTD. sub4., and LTE. sub4. selected fromthe group consisting of the
phenot hi azi n- 3-ones such as L-651,392; am di no conpounds such as

CGS- 25019c; bapze<aseari nes such as ontazol ast; benzenepar/gpwodmotiaari des such
as BILL 284/260; and conpounds such as io zafirlukast, ablukast,

nont el ukast, pranlukast, verlukast (M-679), RG 12525, Ro- 245913 I ral ukast
(CGEP 45715A), and BAY x 7195. The preseﬁ% i nvention still further relates to

the conbination efe ;ﬁes@&@m&%ﬁ% @il FhrbiRr refal MlthedomblrAG& dtQrcompbind af HOEA
inhibitor including rnhibitors of the isoform PDE4D. The present invention
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cetirizine, |oratadi ne, desloratadi ne, fexofenadine, astem zol e,
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gastroprotective H sub2. receptor antagonis he present invention still

%
further rel dvdsonde ﬂh@a%ﬁﬁoﬁﬁ’ﬁt&ﬁnﬁpoﬁmt&@%@{m ‘of the 20 Fornula |

together with anTﬁ’eﬁk&@ﬁtm@ﬂﬁjorﬁsnﬂlfﬁﬁ}crﬁﬁfeﬁmmbmaﬁ@%ﬂa&bmﬁaﬁﬂ(wmﬂrl ctor
synpat hom neti c agent, such as propyl hexedri ne, phe%l ephri ne,

pheny! pr oparfSrag? legethes wiih Qthermedators of cherprkdne spSeRier RPEHB SHfgs CH&

oxynet azol i Y@CI@(@CRQJQ' QURLE CORBL CERY,HRBOCCRE CdeCQR81|C§IIR91€CRX0’hrﬂﬁEt azol i ne
hydrochl ori d and et hyl nor eg)l ﬁhrl ne hydr ochl oride. The present M;vent i on

STil T £ ur oharCRid) or the OV farmily WUt Grd-C Smikd ul o |
t oget her W tad axtcrehe} hoer-c fagpnt s such as | pratropi um brom de; tiotropium

brom de; oxitropium brom de; pirenze and tel enze i ne. Th resent

i nvention still FRERIFERt “FvéP‘é‘ine%‘uthﬂ{eﬁr@E%WWbBﬁ“?ﬂ f&"&B’ﬁﬂﬂgﬁgmﬁ)f t he ]
Formul a | t%ﬁhlhenogétﬁéawah@hum,gem& Such s Bikdadpt, AT, QEICIGEIR bR fadEicloVis afd such as
net aproterenol,, .isoprotere |soprenaI|ne al but erol, sal butanol,

f or not er ol , @%Hﬁ@m?‘mdf E"}CBGf ¥plante 30 orci prenal i ne, bi tol t er ol rresyl ate,
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lowering agents such as statins, fibrates, beta-blockers, Ace inhibitors, Angiotensin-2 receptor

Q

antagonists and platelet aggregation inhibitors,
The present invention still further relates to the combination of a compound of the
20 Formula I 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 renptake
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
25 inhibitors, propentofylline or metryfonate.
The present invention still further relates to the combination of a compound of the
.Formula I together with (i) tryptase inhibitors; (ii) platelet activating factor (PAF) antagonists;
(iii) interleukin converting enzyme (ICE) inhibitors; (iv) IMPDH inhibitors; (v) adhesion
molecule inhibitors including VI.A-4 antagonists; (vi) cathepsins; (vii) MAP kinase
30 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
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still further relates to the conbination of a conpound of the Fornula I
together with an insulin-like growmth factor type I (1G-1) mmetic. The
present invention still further relates to the conbination of a conmpound of

the Fornmula | together with an inhal ed glucocorticoid with reduced systemc
side effects, such as 5 predni sone, prednisolone, flunisolide,

tri anti nol one vaewbomwoxde, becl onet hasone di propi onate, |lrodeBomioR702
fluticasone propionate, and nonetasone furoate. The present invention stil
further relates to the conbination of a gonpound of the Formula | together
w th ot her nodul at ors of chenoki ne receﬁ@br function such as CCRl, CCR2,

(For the O G B XA i CXCRE (or e CooeC Tami 1Y)
or the GC famly); ; CR3, an or .t he. C X- am |y
and CX3CR1 ff&“ﬁ’c"ﬁbgf@l’%@C@f@ﬁ%%%%%&%ﬁ?@%@@% sup Ftlmgff%(ﬁI Ther

relt ates Ito t(m%-cgpm:ﬂfai) icﬂi\a)aiaﬁ cﬁal?quZ$ﬁuﬁyﬁﬁnNKGs_ubEQﬁdiTNKasubif’.tr&g}ﬂbﬂﬁer V\A;jt h
anti viral adgents sucC as I race , ., agCl ] MmeLclovlr, an

anti sepsi s %%%ﬁﬁ?l%ﬁéﬁo’ééhe\%‘g@ﬁ?@ﬂ“gg ?ﬁgg%g&gﬁﬁ%%ﬁ%éﬁ%t@éﬁ“ﬁ P-turther
rel g_t es tos }M@S;Qm%aﬁka@eiiﬂ{ﬁbiﬁfs saleaeml yeonli gﬁfuplknbtgilstiﬂr_glchﬂmﬂ‘-a{ @d;zggestmemm th

cardl ovascu agents sucC as .cal C nanne ocKer s I pl d. owerl ng
agents such %?ﬁﬁ‘faﬁ%,en’fyimﬁr‘él‘@?fs @gﬁgg&"‘d’g iodpegd m,&'&(ém'i“?ﬁﬁyﬂtg?% rtbitors

Angi ot ensi N-@ENOSGE pixal) cheithhgerait séceptaritbnPlopb el eileca ek praatd onTHNbRI t ors. The

pr esent invigﬁlg,%g still Lurther relates to the conbination of a conpound of
the 20 For WBEBSHEr with ONS agents such as anti depressants (such as

sertraline), antiAcofpblaldds®eFafinull Ligsy (HWe bsed$n cRidiRiyd with od@parosiRequi p,
rasagiline, conP inhibitors

M rapex, MAOB inhibitors _such as, sel eginhe an | ] ,
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ant agoni st s,agMitcaich md mia?hﬁyci@@ﬁﬂtﬁﬁpd 'ﬂelea@[ﬁﬁijﬁgﬁ@, ﬂﬂdndéliﬂﬂ:iebdt&.orﬁ of
neuronal nitric qQxi de synthase anti - Al zhei ner' rygs .such as
donepezil, tacri 2‘e°,°mwkﬂ/?%th§%°ﬁ2“m1ﬁ%?yoﬁls‘3,b°ﬂ?e o ’ﬁ?ﬁ?’f nggﬁ’f]s“r?ﬁt ryfonate, )
The present thédwenttd apentsior the tkatmeft@f ostelaAlirkly, Bdtableagatbbaaieddn of a conpound
of the

combination include standard non-steroidal anti-inflammatory agents (hereinafter NSATD's)
15 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 phenylbutazdnc, 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
20 antagonists.
A compound of the Formula I can also be used in combination with existing therapeutic
agents for the treatrnent of cancer. Suitable agents to be used in combination include:
(1) antiproliferative/antineoplastic drugs and combinations thereof, as used in medical
oncology, such as alkylating agents (for example cis-platiﬁ, carboplatin, cyclophosphamide,
25 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, bieomycin, doxorubicin,
daunomycin, epirubicin, idarubicin, mitomycin-C, dactinomycin and mithramycin);
30 antimitotic agents (for example vinca atkaloids 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);



Formula | together with (i) tryptase inhibitors; (ii) platelet activating
factor (PAF) antagonists; (iii) interleukin converting enzynme (ICE)
inhibitors; (iv) IMPDH inhibitors; (v) adhesion nolecule inhibitors

i ncl udi ng VLA-4 antagonists; (vi) cathepsins; (vii) MAP ki nase 30
inhibitors; (viii) glucose-6 phosphate dehydrogenase inhibitors; (ix)
kinin-B.subl. - and B.sub2. -receptor antagonists; (x) anti-gout agents,
e.g., col chi civpeposfordslz xant hi ne oxi dase inhibitors, e.gcr/caiobgpem: nol

(xii) uricosuric agents, e.g., probenecid, sulfinpyrazone, and
benzbromarone; (xiii) growth hornone secretagogues; (xiv) transformng
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di cl of enac, propionic acids such as naproxen, flubi profen, fenoprofen,
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ant agoni st s.
morpholinopropoxy)quinazolin-4-amine (gefitinib, AZD1839), N-(3-ethynylphenyi)-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

20 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 WQ 97/22596, WO 97/30035, WO 97/32856 and WO 98/13354) and

25 compounds that work by other mechanisms (for example linomide, inhibitors of integrin
owvP3 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, W001/92224,
WO002/04434 and W002/08213;

30 (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 approaches, including for example approaches to replace aberrant genes
such as aberrant p53 or aberrant BRCA1 or BRCA2, GDEPT (gene-directed enzyme pro-drug



A compound of the Fornmula | can also be used in conbination with existing
therapeutic agents for the treatnment of cancer. Suitable agents to be used
in conbination include: (i) antiproliferative/antineoplastic drugs and

conmbi nati ons thereof, as used in nedical oncology, such as al kyl ating
agents (for exanple cis-platin, carboplatin, cyclophospham de, as nitrogen
must ard, nel phal an, chl oranbucil, busul phan and nitrosoureas);
antlnetabollteﬁgﬁmgmm@xanple antifol ates such as f 1 uor opyirigehfbtRs:! | ke
5-fluorouracil and tegafur, raltitrexed, nmnethotrexate, cytosine

ar abi nosi de, hydroxyurea, genctitabine and paclitaxel (Taxol(r)); antitunour
antibiotics (for exanple anthracyclines” % ke adri anmycin, bleonycin,

doxor ubi ci n, therﬂp;f‘w Hehdd su@Pls iR ind cytodi dsRinfadd, thiind@RMGIall dea beAGTal NoNMyci n
and m thranycin antimtotic agents (for _ exanp vinca al kal oids 1i ke

vi ncri stine, mv?fﬁ‘ij‘F‘é%qqnﬁEm %qdr'?ﬂggi‘ch%‘ t&ﬁ’ﬂreas\?lpﬁ%ﬁﬂéq"l?ﬁﬁ‘ée e BeRBERAPY ST | | ke t axol

and taxot er epdioetapy éﬁﬂ?éssrﬁﬂﬁfdﬁfg%ismﬂb?eh@&&aﬂ @fid exanpl e
eplpodophyllotOX|ns i ke etop05| e and_teni posi de, ansacrine, topotecan and

canpt ot heci nf§f%) I YEHYCRBZE MFI@%@HFWIF@?'V“’O?BC! I-Yiyo $pFdehesii ¢ agent s

such as antiagsdst &gﬁﬁﬁuﬁcfgeﬁmey@meﬁt tRGRXEENsSfich hOkMBRERA SvithlcHloRkésisBdHe,
drol oxi fene and i odoxyfene), ‘oestrogen receptor down regulators (for exanple

ful vest r ant )as inteflepkin Aeintsgedin 4 prgrany %F@CIBPIE‘&? eplonyisHaLlating feAeh de,

nilutam de afgroadhRd BldeéRRE TASE btk &) apprdadiRbudsl P618HEd iSantine bélRELaoni sts (for
exanpl e goserelin, leuprorelin and buserelin), s progesto%ens (for exanple

megest rol ac@tokingfransfectnsuiendsisicicrllsi Bptoathes ysingicywkinpmiprsiosted

| etrozol e, VRHAFERbRhANEinS MRy atiRacks| Nhi bi tors of 5a- reduct ase such as
finasteride; (il IB) Agents which_ inhibit cancer cell invasion (for exanple

net al | opr 0fei nas PWH%‘%‘?%*’&P?W‘? qase sugh FQmRinalian PradRets eay; 2 cerBoBf ofihe ki nase

pl asm nogen Rkl 2vRhin 'ﬁfé%@ég@ kanbslfBéribedhercih %dthé@thér%hﬁia&éﬁﬁ&ll?factgfcovw h
factor function, for exanple such inhjbitors include gromﬂh fact or

anti bodi es, WGFBWHNEEPRPVedLiomse BLea PeRsHEAl B if sosfe hen g gembipatien er pp2
ant i body trﬁmﬁmﬁﬁﬂﬁhn g@pti nTn] and the anti-erbbl antibody cetuxi nmab
[C225]) , farnesyl transferase inhibitors, tyrosine kinase |nh|b|tors and
seri ne/ t hr eoni ne’khepgh a compaups phipe! OTF’B]taI‘Sé’;E‘%"r‘ﬁI Yeofivalle #y atherapegtic a8p® f&pi der nal

growt h f aqt Qfse fnafirhbldokied arﬁ%ﬁm(ﬂhcﬂ@:nﬁnf &N Ao dsHPRhdABvek f iddeiiAR@td Nhi bitors
such as N-(3-chl oro-4-fl uorop hen%/ ) - 7- et hoxy- 6- ( 3-

inhibit the effects of a metalloprofeinase. Thus, it is useful as pharmacological standard for

use in the development of new biological tests and in the search for new pharmacological

agents.



mor phol i nopr opoxy) qui nazol i n-4-am ne (gefitinib, AZD1839),

N- ( 3- et hynyl phenyl ) -6, 7- bi s(2- nmet hoxyet hoxy) qui nazol i n-4-am ne (erlotinib,
OSl -774) and 6-acryl am do- N-( 3-chl or o-

4-f | uorophenyl ) -7-(3-nor phol i nopr opoxy) qui nazol i n-4-am ne (Cl 1033)), for
exanple inhibitors of the platelet-derived growh factor famly and for
exanpl e inhibitors of the 20 hepatocyte growh factor famly; (v)

ant i angi ogeni Gyaaedfsssasuch as those which inhibit the efgd-@&isSn@borascul ar
endothelial growh factor, (for exanple the anti-vascul ar endothelial cell
growt h factor anti body bevacizumab [ Avasti nTM, conpounds such as those
disclosed in International Patent Appli¥ations WO 97/ 22596, WO 97/30035, WO
97/ 32856 and .13 T Tl t her mechani sns
(for exanpl eT |H%?n&#ﬁ%ﬁﬁg%%t?%ﬁ&ﬂp?o#?g%#ﬁ@ av(?gx%rll%ti on and

angi ostatin); (vi) vascul ar damagi ng agents such as Conbretastatin A4 and

conpounds di W [ Welal: : j I ,

000/ 40529, b D51 s B R 898 ns 0 ap (B VSRR ET i 1
anti sense t hmethpd sssiescfibed in tadipdraiue poknewatn ©eskilled chi¢mistoor dekctibedtihtiet ar get s

|1 sted aboyery itk ne @i, kilatoRtd roRiRte §85; AikisSPAREmedisilddnd Nt her APy
approaches, Tncluding for exanple app oaches t o repl ace aberrant genes such
as aberrant ¢5@spondinhregistantunBRGEAl CemiBREhsractlSDEPT (gene-directed enzyne
pro-drug WO 2005/ 000822 PCT/ GB2004/ 002702 -24 therapy) approaches such as

t hose usi ng cytosi ne deam nase, thym di ne kinase or a bacteri al
nitroreductase enzyme and approaches to increase p&himieal Abgifagisance to

chenot herapy or radiotherapy such as nulti-drug rq@% GEpENe therapy;

and (ix) inmmunotherapy approaches, including for exanple ex-vivo and in-vivo
appr oaches t diogo2ri¢-(methysulfonylipinetaivgeyiippiimidingf pat i eft791ubd8r cells, such as

transfecti on.inhuh o6 K | as interleukin 2, j "Lewkin 4 or
ed{xhhgjgﬁé}gcﬁe}#ﬁc g@gtﬁﬁéé?é‘. hivees ey

granul ocyt e- meicr op y stimulating factor, approaches to decrease
T-cel | aner gypyrapigindabiiesalusi ng transfected i mune ced4l-8¢8h as

cytokine-tr a{l@l@?&ﬁ&dﬂﬁﬂg%}%%a&a I's, approaches usi g@swt;@gi ne-transfected
tunour cell li'ne and approaches using anti-idiotypic anti bodies.
In the Examples, nuclear magnetic resonance (NMR) spectra were measured at room
10 temperature on a BRUKER DPX spectrometer operating at a field strength of 400 MHz,
unless otherwise stated. The spectra were referenced to an internal deuterium lock.
Mass spectroscopy (MS) spectra were measured on a Micromass MZD (electrospray)

spectrometer.

1s The following abbreviations are used:-
DCM dichloromethane
THF tetrahydrofuran
LHMDS lithium hexamethyldisilazide
DMSO  dimethylsulphoxide

20 TFA trifluroacetic acid



10 If fornulated as a fixed dose such conbi nati on products enploy a conpound
of the Formula | within the dosage range described herein and the other
pharmaceuticall y-active agent within its approved dosage range. Sequenti al
use is contenpl ated when a conbination fornulation is inappropriate.

Al t hough a conpound of the Fornula | is primarily of value as a therapeutic
agent for is use in warm bl ooded animals (including man), it is also useful

whenever it | svomoguesel to inhibit the effects of a netegricapnoieimase.
Thus, it is useful as pharmacol ogical standard for use in the devel opnent
of new biological tests and in the search for new pharnacol ogical agents.
WO 2005/ 000822 PCT/ GB2004/ 002702 -25 TH& invention is further illustrated
by the fol | caxsamypegne | i mting exanples. The relevant starting materials are

comercially_avarlabl e or may bhe de by_any convenient.  nethod as described
el ] ot e atiet G-kt i b Lo ere oS e e bt e s
Exanpl es hergjsiforlyme@giduty@Foddagideol | owi ng tabl e shows details of
internediates and their  correspondi ng registry nunbers in Chem cal

Abstracts. Chemi cal Abstracts Registry Nunbers

5-10do- 2-[ 4- (net hyl sul fonyl ) pi perazi n-1-yl ] ;r')_?/ri @ di ne 497915-65-8 et hyl
4-pyrimdin-2-yl butanoat e 459818-75-8 4- pyHQyi di n- 2yLhut anal 260441-10-9

et hyl 3-pyrim din-2-yl propanoat 98¥8=v60 th the éﬁpl es, nucl ear
magneti c resonance (NWR) gﬁgp@ v me 0 tenperature on a
BRUKER DPX spectroneter Bperating Mt a Tieldd strength of 400 MHz, unl ess

ot herwi se stated. The spegtra were referenced to an internal deuteriuml ock.
Mass spectroscopy (MS) spectra were neasured on a M cronmass MZD

(el ectrospray) spectrometer. is The follow ng abbreviations are used:- DCM
di chi or onet ﬁl%/m'grmic acid (114 ml,, 3.03 mol) at 0°C was added acetic anhydride (28.6 mL, 0.303 mol)

and the mixture was stirred at RT for 10 minutes. The reaction was then recooled to 0°C, and
added to a solution of 2-(4-{[2-(hydroxyamino)-5-pyrimidin-2-ylpentyl]sulfonyl }piperazin-1-

10 y1)-5-(2,2,2-trifluoroethoxy)pyrimidine (30.6 g, 60.5 mmol) and formic acid (114 mL, 3.03
mol) in THF (600 mL). The reaction was brought to room temperature and sti:rcd for one
hour, Volatiles were then removed in vacuo, and the residue azeotroped with toluene (2 x 300
mL). The residue was then dissolved in methanol (300 mL) and heated to 40°C for one hour,
The solution was then cooled to room temperature and concentrated in vacuo. The residue

15 was then purified by flash chromatography (silica gel, 10% MeOH in EtOAc) to give the

racemic compound as a pale orange foam (22.94 g, 43 mmol, 71%).

The racemic mixture was separated by chiral HPLC using conditions shown below:

Column 20 ym Chiralpak AD, Merck 100 mm

Eluent MeCN/MeOH 90/10 (7 min, isocratic) MeCN/MeOH 90/10
(step) MeCN/MeOH 85/15 (10 min, isccratic) MeCN/MeOH
85/15 (gradient, 1 min) MeCN/EtQH 85/15 (isocratic, 37 min).

Flow 120 m{/min

20 The single enantiomers can be obtained in a crystalline form using the following procedure.
40g of the title compound were stirred with ethanol (50 mL) at room temperature for 30

minutes. Solvent was remove in vacuo. The resulting solid was stirred in acetone (20 mL) at

room temperature for 24 hours. Solvent was removed by a stream of Argon and then in vacuo.



THE tetrahydrofuran LFIMDS |ithium hexanethyl di silazide DVSO

di net hyl sul phoxi de 20 TFA trifluroacetic acid WO 2005/ 000822

PCT/ GB2004/ 002702 -26- EXAMPLE 1 Hydroxy{ (1S)-4-pyrimdin-2-y1-1-[({
4-[5-(2,2,2-trifluoroethoxy)pyrimdin-2-yl]pi perazin-I- vyl

}sul fonyl)nethyl] butyl }formamide 0O HOF O >N' Np N s F To formc acid
(114 nm., 3.03 nol) at OC was added acetic anhydride (28.6 nL, 0.303 nol)

and the m xt U WeSwehirred at RT for 10 m nutes. The r qaeidadke¥@s:t hen
recooled to 0C, and added to a solution of 2-(4-{

[ 2- (hydroxyam no) - 5- pyri m di n- 2-yl pentyl ] sul fonyl }pi perazin-1 io
yl)-5-(2,2,2-trifluoroethoxy)pyrimdine-430.6 g, 60.5 nmmol) and form c acid

(114 m., 3. | i ' oom
t enper at ur e gﬁgﬁgﬁPPFEaB Epﬁgggsﬂh%a?yﬁggﬁgﬁngg@ﬁgﬁi2 8ﬁﬁﬁgﬂ%ge " in vacuo,
and the resitibitdZ2804.70 pd HNi43? bwl LEKS. T92my4 BDG.471dd, 1 2% @stde Was t hen

di ssol ved i t:ha ' .heated to 40C for one hour. The
TR0l 0, Triind

sol uti on wa room t €hperature and concentrated in vacuo. The
resi due 1s 8 (E$Ip3340r (MHBO by flash chromat ography (silica gel, 10% MeOH
I n Et OAc) EQ4ﬁhﬁ§4%?%1 racem ¢ conmpound as a pal e orange foam (22.94 g, 43
nmol , 719 . e racem c m xture was separated by chiral HPLC using

condi tions shown below. Colum 20 pm Chiral pak AD, Merck 100 mm El uent

(10 min, i sodrapiy R SRR AR 20 Cne ) 1 omi 1) WOONELGH 85115
(isocratic, 37 mn).
To a stirred suspension of 5-iodo-2-[4-(methylsulfonyl)piperazin-1-yl]pyrimidine (25.0g, 67.9
10 mmol), benzyl alcohol (125 mL.), 1,10-phenanthroline (2.45 g, 20 mol%), and cesium
carbonate was added copper (I) iodide (12.9 g, 67.9 mmol) and the reaction heated to 110°C
for 90 minutes then cooled to room temperature. DCM (250 mL) was then added and the
insolubles filtered off through a pad of celite. The cake was washed with DCM (250 mL) and
the DCM filtrates washed with water. The aqueous phase was then back extracted with more
15 DCM (500 mL), the combined DCM extracts washed with brine (500 mL), dried (MgSO,),
filtered and concentrated in vacuo to a dark brown sludge. This was then purified by flash
chromatography (silica gel, 50% EtOActhexanes) to give 5-(benzyloxy)-2-[4-
(methylsulfonyl)piperazin-1-yl]pyrimidine as an off white solid (14.2 g, 40.7 mmol, 60%).
'H NMR (CDCls) : 8.20 (s, 2 H), 7.49 (m, 5 H), 5.05 (s, 2 H), 3.88 (m, 4 H), 3.30 (m, 4 H),
20 2.79 (s, 3 H);
MS (ESI): 349.08 (MH).

5-(benzyloxy)-2-[4-(methylsulfonyl)piperazin-1-yl]pyrimidine (57.9 g, 0.17 mol) was
dissolved in TFA (600 mlL) and the reaction heated to reflux, with stirring, for 7 hours then
25 cooled to room temperature. The TFA was then in vacuo and the residue azeotroped with
toluene (2 x 300 mL). The resulting solid was triturated with DCM, filtered off, washed with
ether and dried to give 2-[4-(methylsulfonyl)piperazin-1-yl]pyrimidin-5-ol as a pale yellow
solid (54.4 g, .15 mol, 88%, TFA salt).
'H NMR (DMSO-D6) : 8.02 (s, 2 H), 3.68 (m, 4 H), 3.12 (m, 4 H), 2.86 (s, 3 H).
30 ‘
To a stirred suspension of 2-[4-(methylsulfonyl)piperazin-1-yl)pyrimidin-5-ol (53.5 g, 0.145
mol), K,CO3 (100.1 g, 0.725 mol) in acetone (1 L) was added 2,2,2-trifluoro ethyl
nonafluorobutanesulphonate (78 g, 0.203 mol) and the reaction heated to 60°C for 6 hours



Flow 120 mM/m n w The single enantionmers can be obtained in a crystalline
formusing the follow ng procedure. 40g of the title conpound were stirred
with ethanol (50 nL) at roomtenperature for 30 minutes. Solvent was renove
in vacua. The resulting solid was stirred in acetone (20 nL) at room
tenperature for 24 hours. Solvent was renoved by a stream of Argon and then
in vacua 25 WD 2005/000822 PCT/ GB2004/ 002702 -27 t-H NVR (DVSO- D6, 373K):
9.39 (br a, 1wb)heosBee2z (d, 2H), 8.32 (s, 2 H), 8.15 (brepsr/chzobdoo7oy. 28 (t, 1
H, 4.70 (q, 2 H, 4.39 (br s, I H, 3.79 (m 4 H, 3.47 (dd, 1 H, 3.29 (m
4 H, 3.17 (dd,1 H, 2.91 (m 2 H, 1.75 (m 4 H; M (ESI): 534.01 (MR);

s Mot 129-133C. The starting materi al \Aﬁ'prepared as follows: To a stirred
Suspensi on Ghennblfe dorh bupikiohy o kel Pl erad Ten illed s it ne (25, 09,

67.9 io mmol), benzyl alcghol (125 ni), 1,10-ph t hrol.ine
mol %, and CYEROTAC 1R dRBeRal e °¥&ﬂ%¥%ﬁ$@%§%@%éﬂ@ﬂd§%§ré@ 9 mol )
and the reaqﬁ%%lé&ua&@& With bgMI(mgnLj 6mEfkdr fibice GashBeRite Brirde 0 ML, tidua

t enperature was t hen added an es fi ed of f
through a péﬁlﬁ@ﬂc@ﬁ@@éﬂd FoReenizsied ’%“%&Y@g ﬁn“??ﬁhﬁﬁiﬁgﬂﬂg’@ ]aﬂﬁ'g t he DCM
filtrates y\@@b@dnﬂuo&&m@mymﬁb@aﬁampmte@bms(am@,% IBBQIM [vagk extract ed with

1 e ( MySOASNMR DGR 1402 EbrieEr A T0 RBa it Bh 36 QA ! udge,

Thi s was t heys msn): 84106k lash chromat ogr aphy (silica gel, 50%

Et OAc/ hexanes) to gi ve 5-( enzyl oxy) - 2-[ 4-

(met hyl sul fonyl ) pi perazin-1-yl]pyrimdine as an off white solid (14.2 g,
40.7 mol, 60%. "'HNWR (CDC13) : 8.20 (s, 2 H, 7.499 (m 5 H), 5.05 (a, 2
H, 3.88 (mMénéd1 3.30 (m 4 H, 20 2.79 (s, 3 H; M (ESI): 349.08 (MN.
5- (benzyl oxy)-2-[4- (net hyl sul fonyl ) pi perazin-1-yl]pyrinmidine (57.9 g, 0.17
nol) was u'di’Rmhuaikubpenéfﬁﬁof(zﬁ[@qmaih)dsﬂfmdylbﬂimrazﬁab—yh]-driz,EEat ed toreflux, with

stirring, fqLg/f AQUES L 0Shine (8.05 g, 23.6 mmol) in THE (175 mL) at -78°C was added

LHMDS (47.2 mL, 47.2 mmol) dropwise and the reaction stirred for 15 minutes. A solution
of ethyl 4-pyrimidin-2-ylbutanoate (5.5 g, 28.3 mmol) in THF (50 mL) was then added at -
78°C, warmed to -20°C and stirred for 2 hours. The reaction was then quenched by addition

15 of a saturated solution of NH,CI (250 mL), extracted twice with EtOAc (2 x 250 mL),
combined organics were washed with brine (250 mL), dried (MgSQO,), filtered and
concentrated in vacuo to give a yellow solid. This was then purified by flash chromatography
(silica gel, 50% EtOAc/hexanes) to giveS-pyrimidin-2-yl-1-({4-{5-(2,2,2-
trifluoroethoxy)pyrimidin-2-yl]piperazin-1-yl } sulfonyl)pentan-2-one as an off white solid

20 (9.47g, 19.4 mmol, 82%).
"H NMR (CDCl:): 8.66 (d, 2 H), 8.16 (s, 2 H), 7.12 (t, 1 H), 4.30 (m, 2 H), 4.00 (s, 2 H), 3.82
(m, 4 H), 3.34 (m, 4 5}, 2.98 (t, 2 H), 2.85 (t, 2 H), 2.16 (m, 2 H);
MS (BSI): 489.02 (MH).

25 To a stirred solution of 5-pyrimidin-2-yl-1-({4-[5-(2,2,2-trifluoroethoxy)pyrimidin-2-
yllpiperazin-1-yl}sulfonyl)pentan-2-one (9.47 g, 19.4 mmol) in DCM/MeOH (100 mL/100
mL) was added NaBH, (807 mg, 21.3 mmol) portionwise and the reaction stirred at room
temperature. The reaction was then quenched by addition of a saturated solution of NH,Cl
(250 mL} and the organics removed in vacuo. The aqueous residue was then extracted with

30 EtOAc (2 x 250 mL), combined organics washed with brine (250 mL), dried (MgSQy),
filtered and concentrated in vacuo to give 5-pyrimidin-2-yl-1-({4-[5-(2,2,2-



25 cooled to roomtenperature. The TFA was then in vacua and the residue
azeotroped with toluene (2 x 300 nL). The resulting solid was triturated
with DCM filtered off, washed with ether and dried to give

2-[4- (et hyl sul fonyl ) pi perazin-1-yl]pyrimdin-5-ol as a pale yellow solid
(54.4 g, 0.15 nol, 88% TFA salt). '"H NWR (DVSO-D6) : 8.02 (s, 2 H), 3.68
(m 4H, 3.12 (m 4 H, 2.86 (s, 3 H. 30 To a stirred suspension of

2- [ 4- (et hyl sylof.omuhosp Perazi n-1-yl [ pyri m din-5-ol (53. pefgploddhProz MI ),
K2CO3 (100.1 g, 0.725 nol) in acetone (1 L) was added 2,2, 2-trifluoro ethyl
nonaf | uor obut anesul phonate (78 g, 0.203 nol) and the reactl on heated to 60C
for 6 hours V\D 2005/ 000822 PCT/ GB2004/ 02702 . -28 then cooled to room

tenperature.,  dhe 1,63 tly%%ldm b fertfiy igsu%ﬁ lp(ex?t&?ﬁloﬁﬁ‘l&lﬁésﬁﬂd(bﬁé‘

evapor at ed to rynes artitioned between m.) and
wat er (500 lrﬂt@mmelxt?ﬁ%ct ed W|th DCM (500 nl), conbined or ganl CS washed with
brine (500 |4§€ filtered and concentrated in vacua to give
2[4(rrethy|su| p1 per 2|n1yI] 5- 5(2,2,2-trifluoroethoxy)pyrimdine

as an off white SO|Id (45.3g, 0.133 mol, 92%. 'H NWR (CDC13): 8.15 (s, 2

A -[5- - din-2M5 (ESI) :
3 41. 08 IVE'E E]O'Ic‘f?al : Od %h%%ng -ggyilgllljigl %ﬁl gh [§ f(ﬂ 2 U%lu%ﬁ)egh%xy)ﬁyﬂiglmn M5 ( )
2- [ 4- (et hyIﬁblphmwl})p}smgﬂpw@.gwﬂ](g50 ggs;,_s nmol), trefiylasrinetlBasty B9 r i i di ne

(8.05 9. 23. 6 g0l Al ool (6% ol fifoslfoh, PR (B FbmhalL, 47, 2

mmol ) dropvvlse reactron stirre f AUt es.— A sol'ution ’of et hyl
4-pyrim din- 'lzmyq‘rabmnaw@ammd(ﬁo(@ fgr 1m@tenmcmtﬂr®me@matmﬁn¢m€@fﬂéh6 added
at - 78C, d t hen
quenched by a Tlhé(;rr?acl%g of a ?5% {l}grgga%gdwﬁlu??%rn(%q‘ E%%g&ﬂs H?E extracted
twice wtho Ebimed(\@ﬂw(ﬂﬁ@ZQ@LryL) T ndynbieed TSN axiiacts W\@Shﬁlshﬁtbw {30bri ne

§/gI5Povrr/L )sol i (r}{]ﬁT ﬁ%@g@l@){)heh&ég&&?% Il%ﬂg%tﬁ?{% Eﬂ}tB%%v@er(% g[(}la -%gy!ﬁ?gllgiz:lgaagel
50% Et OAc/ hestgeneb¥n-i-ollsyilfows }gigerdzin- brwhéza 942-h1ﬂ1(o{rapﬂ[05y)92mmdgw as an orange
trifluoroet I}gm/%gpmrgl, f@.éjhxﬂmﬁ"lbfd‘i)p' perazin-1-yl }sul fonyl ) pent an-2-one as an
off white sQ MS (ESI): 472.49 (MH").
15
To a stirred solution of 2-(4-{[(1E)-5-pyrimidin-2-ylpent-1-en-1-yl]sulfonyl }piperazin-1-yl)-
5-(2,2,2-trifluoroethoxy)pyrimidine (8.79 g, 18.6 mmol) in THF (90 mL} was added 50%
aqueous solution of hydroxylamine (18 mL) and the reaction stirred at room temperature for 2
houfs. A saturated solution of NH4Cl (200 mL) was then added and then this was extracted
20 twice with extracted with EtOAc (2 x 250 mL), combined organics washed with brine (250
mL), dried (MgSOy), filtered and concentrated in vacuo to give 2-(4-{[2-(hydroxyamino)-3-
pyrimidin-2-ylpentyl]sulfonyl } piperazin-1-yl)-5-(2,2,2-trifluoroethoxy)pyrimidine as a pale
yellow solid (8.96 g, 17.7 mmol, 95%).
MS (ESI): 506.05 (MH).

Method 2

To a stirred suspension of 2—[4-(methylsulfonyl)piperazin-1-y1]-5—(2,2,2-
trifluoroethoxy)pyrimidine (850 mg, 2.50 mmol) in THF (25 mL.) at -78°C was added
LHMDS (5.5 mL, 5.5 mmol) dropwise and the reaction stirred for 15 minutes. Diethyl

30 chlorophosphate (0.4 mlL,, 2,75 mmol) was then added and stirred for 15 minutes. The
solution was then treated drop wise with a solution of 4-pyrimidin-2-ylbutanal (413 mg, 2.75
mmol) in THF (5 mL), allowed to warm to -20°C and stirred for 1 hour. The reaction was then



20 (9.47g, 19.4 mol, 82% . 'H NWR (CDC13): 8.66 (d, 2 H), 8.16 (s, 211),
7.12 (t, 1 H, 430 (m 2 H, 400 (s, 2 H, 3.82 (m 4H, 3.3 (m 4 H,
2.98 (t, 2 H, 2.8 (t, 2 H, 2.16 (m 2 H; M (ESI): 489.02 (M¥). 2s To a
stirred solution of
5-pyrimdin-2-yl-1-({4-[5-(2,2,2-trifluoroethoxy)pyrimdin-2-

yl ] pi perazi n-1-yl }sul fonyl ) pentan-2-one (9.47 g, 19.4 mmol) in DCM MeOH (100
m./100 ) waso zwsleds2DlaBH4 (807 ng, 21.3 mmol) porti onvcsa@dedAg reaction
stirred at room tenperature. The reaction was then quenched by ad ition of
a saturated solution of NHAC1L (250 nlL) and the organics renoved in vacua.
The aqueous residue was then extracted wth 30 Et OAc (2 x 250 nmL), conbined
or gani cs washgfni fyhaltibNe a(saé&cemm&l{ df@IiLCi\qa‘IM), ex&dctea%eslwmmﬂtom

concentrated i n vacuo to give 5-pyrimdi 6 é WO
2005/ 000822 (PEHEBED gapHotRuganics ygre washed widh biine (100 ), aed 155, Berea

trifluoroet mdyarewa@m J&a?o Mlglvelagem@zmminsywa‘swh%%ﬂéd)b@eﬁmn 2-ol as a
WhlteSO|Id§ 91.13 5 To.a
stirred sol o@;@to&aphm@hca gel, 50% EtOAc. exanes) to give 2 (4- {[(lE)-S-pynnndm-Z-ylpcnt-l-

5-pyrimdip e%-lyﬁ sﬁ{f&;ﬁ»?p&égﬁ@-l%{lﬂﬁ-(ﬂﬂ - hﬂl@b@&h&@)@ﬁ&y&ﬂéﬂs diyBHodv solid (1.13g,

yl ] pi perazin-1 onyl ) pentan-2-ol (9.10 6 mmol), triethylandne
(13 n, 93. (?39%1’1)9@1’? DCM (200 nl) at OC was added met hanesul fonyl chl ori de
(2.16 m, 279 @RIPUI249 FheHreaction was stirred at 0C for 15 minutes, warnmed
to roomtenperature and stirred for 16 hours. The reaction m xture was then
washed with water (200 nL) and the aqueous back to extracted with DCM (200
nm). The condigied Ma%ﬁ&@&&&g%@(ﬂﬁ@h@ﬂmﬂ&éﬂ&ncbﬂd}ﬂnﬁcﬁﬁ@ nm), dried

(I\/gSO4) filtered and concentrated in vacuo to give 2- Sn
[ (I E) - 5- pyt i vigeaiyHsuionyl }piperazin-1-y1)-5-(2,2 2—mﬂuoroethoxy)gymmdme d subsequently

yl pent-1-en Hydﬁék;}{%w)ﬁfp?ﬂbﬁcﬁh-@@f-ﬁ-{d{m{i@{iﬂ &ﬁuéﬁe@m@ﬁyﬁhﬁ&ﬂgfyﬂ%&%h’)pyrl m din
e as an oran? 18 nmol 0% ESI) 49 (Mr). 15
To a stirred ggquk)raﬁhﬂ}bugl}(fwr{amde via same procedure’ as in Method 1
[ (I E)-5-pyrimdin-2-ylpent-1-en-1I-yl]sul fonyl}piperazin-1-yl)-
5-(2,2, 2-triggamappebhoxy) pyrimdine (8.79 g, 18.6 mol) in THE (90 nL) was
added 50%

The {ollowing compounds were also prepared.

15

F HO CHO

No. X R1 M+H Prepared using
method 1 or 2

a Cc 2-Pyrimidinyl CH2CH2CH?2 532.98 2

b C 2-Pyrimidinyl-5-FluoroCH2CH?2 537.10 2

c C 4-Tetrahydropyranyl 497.02 1

d N 2-Pyrimidinyl CH2CH2 519.88 2

e N 2-Pyrimidinyl-5-FluoroCH2CH2 537.89 2

f N 4-Tetrahydropyranyl 498.09 1



aqueous sol ution of hydroxylamne (18 nL) and the reaction stirred at room
tenperature for 2 hours. A saturated solution of NHACL(200 nmL) was then
added and then this was extracted 20 twice with extracted with Et OAc (2 X
250 nl), conbined organics washed with brine (250 nlL), dried (MyS™),
filtered and concentrated in vacuo to give 2-(4-{ [2-(hydroxyam no) - 5-

pyrim di n-2-yl pentyl ]sul fonyl } pi perazin-1-yl)-5-(2,2,2-trifluoroethoxy)pyrim
i dine as a pawe wosebdsow solid (8.96 g, 17.7 nmol, 959% . pdviBceia&lop270506. 05
(Agi'). 25 Method 2 To a stirred suspension of

2-[4- (et hyl sul fonyl ) pi perazin-1-yl] -5-_% 2,2, 2- trifluoroethoxy)pyrimdine
(850 ng, 2.50 mml) in THE (25 nL) at -73C was added LHVDS (5.5 nm., 5.5
mrol ) dr opWEXRAMPDEBhe reaction stirred for 15 mnutes. Diethyl 3o

chl or ophosphat.e 4 nm,. 2.7 ed.and. sfi.rr oy 15

m nut es. Thgﬁ’&?@g@{‘93@%@?%@’%4{%&@’%&%oﬁg@gy@ﬁ*ﬁm?'giﬂlﬁ%z gl(r)l1r of

4- pyri m di nyBsolfohyidastmllpiopiBfomgamide 75 mmol) in TIIF (5 nl), allowed to warm
to -20C and stirred for 1 hour. The reaction was then WD 2005/ 000822

PCT/ GB2004/ 002702 -30 quenched by addition of a saturated sol ution of NH4C
(100 nL), extracted twicePMth EtOQAc (2 x 100 nl), cqnbined organics were
washed with brine (100 rrL)f-,—\dri (Myz&A) | (I?fi I teredN/’gﬁj concentrated in
vacuo to give a yellow ofl. @kKs Nt heN-Bu+ [ Led f¥ash chromat ography
(silica gel, 50% Et OAc/ hexanes)-tRg Qi 2 94-{;(“ E)-§-pyri m di n- 2-yl pent - |
5 en-1-yl]sul fonyl) pi perazin-1-yl)-5-(2, 2, @pthjl uor oet hoxy) pyri mdi ne as a
yellow solid (1.13g, 2.39 mmol, 96% . M5 (E 1):11472.49 (M 4). This was then
el aborat ed through to 2-(4-{ [2-(hydroxyam no)-Eprri mdin-2 io

yl pentyl ] sukd, @ﬂéyﬁk{-j&rmm{ ﬁ)?lgil%gll_ﬂg)f’é%gad%m%@c%tﬁc{ %@*ﬁi&’@fﬂ%ﬁb@)ﬂoﬁﬁi i ne and

subsequent |y oxy yrimdin-2-y [
5-(2, 2, 2- t r tfelmintusevdetiayddey RT ferd Ommioutes, The pined 2nhydtide was then recooled to

Y Sl LoDV o bty ddabi ok s bRSH BB o1 AB- (Y RS i) A4 BR8N 0d 1.

trifluoroethoxy)pyridin-2-yl]piperazin-1-yl }sulfonyl)butylJpyrimidine (16.32 g, 33.3 mmol)

10 in DCM (170 mL) and formic acid (65 mL, 1.7mol). The reaction was brought to room

| ternperature and stirred for one hour. Volatiles were then removed in vacuo, and the residue
azeotroped with toluene (2 x 50 mL). The residue was then dissolved in MeOH/DCM (1:1,
250 mL) and stirred overnight at room temperature. The solution was then concentrated in
vacuo, and paftitioned between DCM (250ml) and sat, NaHCO; (250 mL). The DCM layer

15 was then filtered ﬂlrougﬁ silica gel (20g) washing with 5% MeOH/DCM and the volatiles
removed in vacuo to give the racemic title compound as a pale yellow foam (15.68 g, 302

mmol, 91%).

The racemic mixture (86.5 g) was separated into enantiomers by chiral HPLC using the
20 following conditions:
Column 20 pm Chiralpak AD, Merck 100 mm
Eluent MeCN/MeQH 90/10 (17 min, isocratic) MeCN/MeOH 90/10
(step) MeCN/EtOH 90/10 (8 min, isocratic) MeCN/EtOH 90/10
(gradient, 1 min) MeCN/EtOH 85/15 (isocratic, 39 min).
Flow 120 mV/min

Concentrated in vacuo to a foam, Crystallised from hot ethanol (430 mlL.), filtered and
washed with ethanol and ether. Dried to give the title compound as a white crystalline solid
(28 g, 54 mmol).



The foll ow ng conmpounds were al so prepared. 15 ~X F -- (" \N- -SO2ZR1L N F
HOCHO No. X R1 MtH Prepared using nethod | or 2 a C 2-Pyrim di nyl CH2CH2CH2
532.98 2 b C 2-Pyrimdinyl-5-FluoroCH2CH2 537.10 2 c¢ C 4-Tetrahydropyranyl
497.02 1 d N 2-Pyrimdinyl CH2CH2 519.88 2 e N

2-Pyritnidinyl-5-Fl uoroCH2CH2 537.89 2 f N 4-Tetrahydropyranyl 498.09 1 WO
2005/ 000822 PCT/ GB2004/ 002702 -31- EXAMPLE 3 Hydroxy{

(1S) - 3- pyri m WbReodnsokz21- [ ({4-[5-(2, 2, 2-trifl uoroet hoxy) pyréstionnBzyd | pi per azi

n-1- yl) sulfonyl)neth yl]propyl) formam de O / ~~, IN F Oa FF N ~-/
N OHONL O s To formc acid (54 m, 1.4nol) at 8C was added acetic
anhydride (11 nL, 100 mmol) and -32-

'H NMR (DMSO, 373K): 9.41 (s, 1 H), 8.66 (d, 2 H), 8.07 (s, 1 H), 7.99 (d, 1H), 7.38 (dd, 1
H), 7.26 (t, 1 H), 6.83 (d, 1 H), 4.61 (q, 2 H), 4.45 (B, 1 H), 3.51 (t, 4 H), 3.47 (d, 1 H), 3.27
(t, 4 1), 3.24 (d, 1 H), 2.91 (t, 2 H), 2.17 (m, 2 H);
MS (ESI): 519 (MEY);

s Mpt 149-151°C.

The starting material was prepared as follows:

A vigorously stirred suspension of 1-(5-bromopyridin-2-yl)piperazine (CAS number 73406~

10 97-0,116 g, 479 mmol), 1,10-phenanthroline (17.3 g, 96 mmol), Cesium carbonate (312 g,
960 mmol) and Copper (1) iodide (91 g, 480 mumol) in benzyl alcohol (960 mL) was stirred at
120 °C under an inert atmosphere for 24 hours, adding further aliquots of copper () iodide (5
x 91 g) every hour.

Cooled to 40°C and diluted with DCM (1L), stirring at room temperature for 30 minutes.

15 Filtered through celite, washing well with DCM (500 mL). The fractions were washed with
NaOH (2M, 300 mL), combined and extracted with HCI (2M, 5 x 1L). The combined acidic
extracts were washed with DCM (500 mL), cooled to 0°C and extracted into DCM (1 L),
basifying slowly with NaOH (~46 wt%) to pH10. The aqueous layer was further extracted
with DCM (2 x 500 mL) and the volatiles removed in vacuo, to give 1-[5-(benzyloxy)pyridin-

20 2-yl]piperazine as a black liquor (104 g, 278 mmol @ 72 wt%, 58%).

"H NMR (CDCl3) : 8.0 (d, 1 H), 7.2 (dd, 1 H), 6.3 (d, 1 H), 5.0 (s, 2 H), 3.50 (s, 8H), 1.48 (s,
9H),3.4(B,5H),3.0(8B,4H);
MS (ESI): 270 (M.

25 A stirred solution of of 1-[5-(benzyloxy)pyridin-2-yl]piperazine (104 g, 278 mmol) in CHyCla
(1.1 L) at 0°C was treated sequentially with triethylamine (94 mL, 672 mmol) and
methanesulfonyi chloride (31 mL, 400 mmol). The reaction was brought to room temperature
and stirred for 3 hour. The reaction was then diluted with DCM (3 L) and washed with water
(1L), HCI (0.5 M, 2 x 800 mL) and sat. NaHCO3 (800 mL), back-extracting with DCM (500

30 mL)., The combined organic extracts were then dried (MgSOy), filtered and concentrated in
vacuo to give 1-[5-(benzyloxy)pyridin-2-ylj-4-(methylsulfonyl)piperazine as a dark liquor
(120 g, 278 mmol @ 81 wt%, 100%).



the m xture was stirred at RT for 10 m nutes. The m xed anhydri de was then
recooled to 8C, and added to a solution, pre-cooled to 0C

2-[ 3- (hydroxyam no)-4-({4-[5-(2, 2, 2-

trifl uoroethoxy)pyridin-2-yl]piperazin-I-yl}sul fonyl)butyl]pyrimnmdine (16.32
g, 33.3 mol) ioin DCM (170 m.) and formc acid (65 nL, 1.7nol). The
reacti on was brought to room tenperature and stirred for one hour.

Vol ati | es werwotzbveecgmoved i n vacuo, and the residue pzepotiemation th
toluene (2 x 50 nmL). The residue was then dissolved in MeOH DCM (1:1, 250
m.) and stirred overni ght at roomterrperature The sol ution was then
concentrated in vacua, and partitioned" Betvveen DCM (250nmL) and sat. NaHCO3
(250 ). Theg W(éﬁ@%@(d\/\@ﬂ%tmr(mfsm ,eneddthHReeb (&illH)cxo0Ee) 2 K)209)
washing with 5% MOH e volatiles renoved in vacuo to give the
raceni ¢ tit13&55dbAFBARtakTh 28486 Hel | ow foam (15.68 g, 302 mol, 91 %).

The racemcm@gﬁgﬁ;&( g) was separated into enantioners by Chl ral HPLC
usi ng the I'Towi hg ¢ondi tions: Colum 20 p.m Chiral pak AD, Merck 100 mm
Fl uent MeCN MeCH 90/10 (17 mn, isocratic) McCN MeOH 90110 (step) McCN Et OH
90/10 (8 mn. 5«5&92&29@4%8%&%%%%)&@%&& 190.g, 378thid)) Weddksbive! 85/ 15

(isocratic, m/mn Concentrated in vacuo to a foam

Crystallis ecln ﬂ%l@ b} angitheargantion hested i tpfluy, with shirdpe. £ hasdhragodlrd B ¥ hanol

and et her. hRebnir® BHeVERA R8s théd ok Wﬁlﬁma&e&eéiﬁﬂetaﬁaoﬁb tv@ih'td'lﬁﬁi&e%l)' id
(28 g, 54 rrrml VIO 2005/ 000822 PCT/ GB2004/ 002702 - 32 Dl\@o 373K)
9.41 (s, 1 P)300giugeTheyesujtingliquer s dilufed with WCMAL %m%b‘mdﬂqy"ly ﬂF“%% {9, 1 H),

:7))- 421? E Ei’ % 8 v3th@ak. (\IEHth U))O o) Othe(s@spendidn)was fitéhed, (WBshell whith watkr, adinifdum 4 H)
VB (ESI): % I\(IN‘Wethef@Wedﬂg"iéidc(mW@“Jé?”é(DPlP?Fﬁz%gtYQPF&{;q Mﬁ”ﬁﬁ’&‘%ﬁr ed as

foll ows: solid (69 g, 270 mol, 97%).

'H NMR (DMSO-D6): 7.7 (d, 1 H), 7.1 (dd, 1 H), 6.75 (d, 1 H), 3.45 (t, 4 H), 3.2 (t, 4 H),
2.85(s,3 H);
MS (ESI): 257 (MH").

15
To a stirred suspension of 6-[4-(methylsulfonyl)piperazin-1-yljpyridin-3-ol (69 g, 270 mmol),
K3CO3 (112 g, 810 mmol) in acetone (1.8 L) was added 2,2,2-trifluoroethyl
nonafluorobutanesulphonate and/or 2,2,2-trifluoroethyl triflucromethanesulphonate (total 324
mmol) and the reaction stirred for 18 hours at room temperature. The reaction mixture was

20 then filtered and the filtrate evaporated to dryness. The residue was extracted between DCM
(2.5 L, 500 mL) and water (1.5 L, 300 mL), extracted with DCM (500 mL}, dried (MgSQ4)
and filtered, Concentrated in vacuo, diluting with EtOH, to a low volume, filtered and dried to
give 1-(methylsulfonyl)-4-[5-(2,2,2-trifluoroethoxy)pyridin-2-yl]piperazine as an off white
solid (62g, 183 mmol, 68%).

25 'HNMR (CDCl): 8.0 (d, 1 H), 7.25 (dd, 1 H), 6.65 (d, 1 H), 4.3 (g, 2 H), 3.6 (t, 4 H), 3.35 t,
4H),2.8(s,3H);
MS (ESI): 340 (MH").

To a stirred suspension of 1-(methylsulfonyl)-4-[5-(2,2,2-trifluoroethoxy)pyridin-2-

30 yl]piperazine (13.3 g, 39.2 mmol) in THF (200 mL) at -70°C was added LHMDS (75 mL, 75
mmol) drop wise and the reaction stirred for 20 minutes. A solution of ethyl 3-pyrimidin-2-
ylpropanoate (9.2 g, 51 mmol) in THF (55 mL) was then added at -70°C, warmed to -20°C

and stirred for 2 hours. The reaction was then quenched by addition of a saturated solution of



A vigorously stirred suspension of 1-(5-bronopyridin-2-yl)piperazine (CAS
nunber 73406- 1o 97-0, 116 g, 479 mmol), 1,10-phenanthroline (17.3 g, 96
mmol ), Cesium carbonate (312 g, 960 mmol) and Copper (1) iodide (91 g, 480
mol ) in benzyl alcohol (960 nm.) was stirred at 120 C under an inert

at nosphere for 24 hours, adding further aliquots of copper (1) iodide (5 x
91 g) every hour. Cooled to 40C and diluted with DCM (1L), stirring at room

tenperature f@ipaBhdsputes. is Filtered through celite, pggBhidfoomb! W th
DCM (500 nlL). The fractions were washed with NaOH (2M 300 ni), conbined

and extracted with HC1 (2M 5 x 1L). The conbined acidic extracts were
washed with DCM (500 nlL), cooled to OC &4d extracted into DCM (1 L),

basi fyi I th
oxtraotod virct Gl Ryt el B0 ) o iRg Uipgti e MR 1 give
1-[5- (benzylmttyl)rpljt(15@|M)2mcﬁ{§mg§@4)@&5@&1&#&0%9311&&@41 #okctatqgye ayallow g, 278

| @72 wt%. 6.3 (d, 1
m) 50 (s g&ﬁ%chg% Wgtes i 26% és% h??thers(l_é’o éﬂg zﬁlégrz{%nd 6 ((E 3
270 (MbT). ?@asb&@ﬂlthlscétbxmlaludﬂmthgl"Qﬂ“PYﬂmldm 2yl 1-((4-[5-(2,2.2- (1 -
1-[5-(benz [ e
at 0C was §r SOV Sl ot BleRRRL M ulrifiolien SR R vifs Sl
met hanesul f oaypE-2atmadr8260. (31 nl, 400 nmol ). The reaction vvas brought to room

(5D) and valhO i PRRER AR ) TR B R RIS R IR oo

(800 ni), baZ:H),éﬂﬁlfSa@ﬂrﬂgSmHH{)[)@EMt(SED?J%Q(tnﬂD 386 2dBirbi ned organic
extracts Werﬁsgﬁﬁﬂéﬁ (l\/gSO4) filtered and concentrated in vacuo to
gi ve 1-[5-(benzy oxy% yri d| n-2-yl]-4-(nmethyl sul fonyl)pi perazine as a dark
l'i quor (220 g, 278 nmol @81 wt % 100% . WD 2005/000822 PCT/ GBZOO4/ 002702

: 3?’ 5HOEIN(RS (ﬂ}%%%d soévﬁ.]sog fg-’py%[:lﬂ%na 31-13&?-([5722, ,Z-Qﬂu?%e&%f)%l{ 2E-S| ) 6322 (d, 1
(NI1t). s 1-Ypipetreinzdyy]beifynybhtdi-d-ope (15 e, X mmphjn % QWQ@/I@W@L)W@S( 120 g,
278 mol ) Waa?ldgi ﬁaﬁﬁh\(@gz g, 15.8 mmol) portionwise and the reaction stizred at room temperature '
' for 45 minutes. The reaction was then quenched by addition of a saturated solution of NH4Cl]
15 (100 mL), diluted with water (150 ml) and extracted with DPCM (3 x 200 ml.), combined
organics dried (brine, MgSOy), filtered and concentrated in vacuo. Triturated with ether,
filtered and dried to give 4-pyrimidin-2-yl-1-({4-[5-(2,2,2-trifluorcethoxy)pyrimidin-2-
yl)piperazin-1-yl}sulfonyl)butan-2-ol as a cream solid (13.8 g, 29.0 mmol, 92%).
MS (BESD: 476 (MH").
20
To a stirred solution of the 4-pyrimidin-2-yl-1-({4-[5-(2,2,2-trifluoroethoxy)pyridin-2-
yllpiperazin-1-yl }sulfonyl)butan-2-ol (13.7 g, 28.8 mmol) in DCM (250 mL) at 0°C was
added methanesulfonyl chloride (2.68 mL, 34.6 mmol). The reaction was stirred at 0°C for 20
minutes before dropwise addition of triethylamine (18.1 mL, 129 mmol). Warmed to room
25 temperature and stirred for 16 hours, The reaction mixture was then diluted with DCM (1 L),
washed with water (150 mL) and dried (brine, MgSO,), filtered and concentrated in vacuo.
The residue was then purified by flash chromatography (silica, 0 - 5% MeOH in DCM) to
give 2-[(3E)4-({4-[5-(2,2,2-trifluoroethoxy)pyridin-2-yl]piperazin-1-yl } sulfonyl)but-3-en-1-
ylipyrimidine as a yellow solid (11.9 g, 18.6 mmol, 90%).
30 MS (ESD: 458 (MH).

To a stirred solution of 2-[(3E)-4-({4-[5-(2,2,2-trifluoroethoxy)pyridin-2-yl]piperazin-1-
yl }sulfonyl)but-3-en-1-yl}pyrimidine (10.9 g, 23.7 mmol) in THF (200 mL) was added 50%



in TFA (1.3 L) and the reaction heated to reflux, wth stirring, for 3 hours
then cooled to room tenperature. The TFA was then renpved in vacuo and the
resi due azeotroped with toluene (2 x 300 nlL). The resulting |iquor was
diluted with DCM (100 nL) and slowy neutralised to pH38 with sat. NaHCGO3
(700 m.). The suspension was filtered, washed with water, m ninumto DCM and
ether and dried to give 6-[4-(nethylsul fonyl)pi perazin-1-yl]pyridin-3-o0ol as
a bei ge solido(2680ms2270 nol, 97% . 'H NVR (DVBO D6): ¥cricBthpadbiod , 7.1
(dd, 1 H, 6.75 (d, 113), 3.45(t, 4 H, 3.2 (t, 4 H, 285 (s, 3H; M
(ESI'): 257 (M9). is To a stirred susp%smn of

6- [ 4- (et hyl sul f onyl ) pi per azi n-1-yl ] pyridin-3-ol (69 g, 270 mol), K203

(112]c Ig 818 aﬁﬁ&ﬂu& sdlﬁhoﬁ@ﬁhﬁﬂﬁy(a}huﬁ (LI)mIMaﬂtdalcbdem&fl tidh Rin2d trbdh temperaturyfor 2

nonaf | uor o ate and/ or ri.fl uor

trifl uoronet &'ﬁe ae gﬁﬁ e Vet g?rbﬁddwdws) %ﬁﬁgﬂcﬁfg}(’\“@a}%?fa‘ﬁﬁ:ix P4 for 18
Pprrs at rOQﬂuHﬁmxBﬁﬂ&,M O4)Iﬂ1&r¢’d&?ﬂtmméhugte&ﬁrwmumng(i [Blueyurd A dxiyhhinc)ed an((jzt ge
iltrate ev t si due ct et.ween :
L 500 Ly " SRt uom oS S e A o O BB . P | o

(MySO™4) aﬂq;eﬂwkcﬂdqﬂllgcﬁmﬁeﬁhmla%%j in vacuo, diluting with EtOH, to a |ow

vol une, flltﬁ%ﬁfgﬁ aqg dto give
1- (et hyl sul 13 1 (2, 2, 2- trlfluoroethoxy)pyrldln 2-yl ] pi perazine as an
off white SO|Id (62g, 183 mml 68% . 25 'H NWR (CDClB) 8.0 (d, 1 H, 7.25

dad, 1 , 6,65 3.35 (t,
E1I—|) , 2. 8|(-|)s, 3! t‘mf@é ilﬁéﬁlgwqiﬁh‘yas a’§§§’f §°§I?‘¥.sd suspensi on( of

1- (nethylsulfonyl) 4-15-(2,2,2-trifluoroethoxy)pyridin-2 30 yI]piperazine

I P oo 2R 417 BG Y B AR AR L et hyl

3- pyri m di n«(23 g\d78rmompelngragased(ad atbve) in THF(#HIN L) an EIS—E,\((ﬁadﬁdd)dmmsdahen added

quenchod by Bt faiens® SHFTHEG L obftrfion 1P St onara bad . | "

PCT/ GB2004/ Q1¢d@iethylIhlorophosphate (11.3 mL, 78 mmol) and stirred for 1 hour. The solution was
treated drop wise with a solution of 3-(2-pyridinyl)propaldehyde (12 g, 88.1 mmol) in THF

15 (290 mL) and then allowed to warm to 0°C over 3 hours before being quenched with a
solution of hydroxylamine (41 ml., 50% aqueous solution in water, 680 mmol). The reaction
was stirred for 16 hours at RT. The reaction was washed with sat. NH4Cl (250 mL) back-
extracting with ethyl acetate (250 mL). The combined organic extracts were then dried (brine
and MgSOy), filtered and concentrated in vacuo. The residue was then triturated with ether

20 for 1 hour, filtered and dried to give 2-[3-(hydroxyamino)-4-({4-{5-(2,2,2-
trifluoroethoxy)pyridin-2-yl]piperazin-1-yl }sulfonyl)butyl}pyrimidine (31.5 g, 64.3 mmol, 95
%).

'H NMR (CDCly): 8.65 (d, 2 H), 8.0 (d, 1 H), 7.25 (dd, 1 H), 7.15 (t, 1 H), 6.65 (d, 1 H), 4.3
(q,2H),3.55(m, 6 H),3.4 (t,4H),3.2(t,2H),29(d, 1 H),2.25(m, 1 H), 2.1 (m, 1 H);
25 MS (ESD): 491 (MH".



NHACL(250 L), extracted twice with EtQAc (3 x 250 m ), conbined organics
were washed with brine (250 nL), dried (MgSO4), filtered and concentrated
in vacuo to give a yellow solid. The solid was stirred for 20 mnutes in
20% i soHexane/ ether (100 nL), filtered and washed with isoHexane and dri ed
to give 4-pyrimdin-2-yl-1-({4-[5-(2,2,2 5
trifluoroethoxy)pyridin-2-yljpiperazin-I|-yl}sul fonyl)butan-2-one as an off
white solid (Wb.2&s0@s2232. 2 mmol, 82% . 'H NVR (CDCL3): BcoHchmp4/dazmd, 7. 95
(d, 1 H, 7.2 (dd, 111), 7.1 (t, 1 H, 6.6 (d, 1 H, 4.30 (q,
2H),4.15(s,2H),3.55(t,4|—|),3.4(t,4|—|),3.3%%t,2H),3.3(t,2H); M5 (EST): 472
(111 14). 10 To a stirred solution of ™%

4-pyrim di n-Biapptels ({4-[5-(2, 2, 2- trifluoroethoxy)pyridin 2-

(300 i) aigﬁiym@ SRR TET ot R N s

stirred at r@gmyaﬁ,cm%%w eth@iforkmidenut es.  The reaction was then quenched
by addition of a saturated soI ution of NHACL 1s (100 mL), diluted with water

(150 n) and extracted with DCM (3 x 200 ni), conbined organics dried
(brine, MgS™), filtered gnd r_c:oncentrated in vacuo. Triturated with ether,

filtered and dried to give o
4-pyrimdin-2-yl-1-({4-] uoroethoxy)pyrlmdln 2-
yI]plperazm1y|}su|fon|)b an 2 reamsolld(1389, 29. 0 mmol ,

o
929 . MS (EST): 476 20 To a stirred sdpfuti
4-pyrimdin-2-yl-1-({4-[5-(2, 2, 2- tnfl@r‘%xy) yrl(aln 2-
yl ] pi perazi n-1- yl}sulfonyl)butan 2- ol ; |) in DCM (250 nL) at
0C was added net hanesul fonyl chloride (2. 68 | ). The reaction
was stirred at OC for 20 m nutes before dropw se additOon’ of triethylam ne

(18.1 m, 429 mml). Warmed to room 25 tenperature and stirred for 16 hours.
The reaction mxture was then diluted with DCM (1 L), washed with water

et duc was THIF FEFEPPENSY rIak The bR Ao SR TR+ "sooreoH in

to gi yBethyllsulfonyl}-4-[4-(1,1,2,2-tetrafluoroethoxy)phenyl]piperazine (52.9 g, 0. 1 mol)ina

DCM)
2 030 4 ChalelBachdih b T 088 RSENIEVE) S Mk R B sl fony!

10 formic acid (19 mL) and acetic anhydride (65 mL). The mixture was stirred at room

u..

temperature overnight. The solvents were then evaporated to low volume and the residue
partitioned between dichloromethane (500 mL) and saturated sodium hydrogen carbonate
solution. The organic layer was separated, dried (MgSOy), filtered and concentrated to an oil.
This was then stirred overnight in methanol (500 mL.) and then concentrated to yield the

15 monoformylated product as a white solid. The solid contained a few impurities therefore it
was stirred in diethyl ether for 4 hours before being filtered and dried to yield hydroxy[(1S5)-
2-({4-14-(1,1,2,2-tetrafluoroethox y)phenyl]piperazin-1-yl } sulfonyl)-1-(tetrahydro-2 H-pyran-
4-yl)ethyllformamide. (51.41 g, 92%).

20 Hydroxy[(15)-2-({4-[4-(1,1,2,2-tetrafluoroethoxy)phenyl]piperazin-1-yl } sulfonyl)-1-
(tetrahydro-2H-pyran-4-yl)ethyl]formamide (51.4 g) was dissolved in hot methanol (80 mL)
and then allowed to cool slowly overnight to room temperature. The white crystalline solid
was filtered and dried. This solid was then stirred in isopropanol (190 mL) for 24 hours
before being filtered and dried at 50°C overnight. The crystalline material was washed with

25 diethyl ether and redried for 2 days.



30 M5 (EST): 458 (Mi'). To a stirred solution of 2-[(3E)-4-({
4-[5-(2,2,2-trifluoroethoxy)pyridin-2-yl]piperazin-| -

yl }sul fonyl)but-3-en-1-yl]pyrimdine (10.9 g, 23.7 mmol) in THE (200 nlL) was
added 50% WO 2005/ 000822 PCT/ GB2004/ 002702 -35 aqueous sol ution of

hydroxyl am ne (11 nlL) and the reaction stirred at roomtenperature for 2
hours. Water (100 nL) was then added and then this was extracted with Et QAc
(3 x 100 nlL) wanes@bised (brine, MySO4), filtered and concmabiadmeioi n vacuo
to give 2-[3-(hydroxyam no)-4- ({
4-15-(2,2,2-trifluoroethoxy)pyridin-2-yl]piperazin-I|-yl
sulfonyl)butyl]pyrlmdl ne as a pale )?Tlow solid (11.1 g, 22.6 nmmol,

6(V$ | :\/B (ESH)NL&QEN@M)S) ¢>bs ﬁlﬂr@asbl(yﬁl 8, 8.30h@d Sive Kt HNY, 7Et@H, a), 708 K epar ed
as ol | OWs:

1- (et hyl sul ‘*)’cﬁﬂfsl G HAJQ 5 4@2“@3 §5 E)lrli f) %ré? G F DA A3 33 OOFh ek Bfne (23

g, 67.8 mTD|H dgrgp@(qul ®s1.2peMe)m) n THE (450 rnL) at -65C, was added drop
wise a solution of LiHVDS in THE (149 nrL, 1.OM solution, 149 nmol).

Stirred for M3EDRM : Added di et hyl chl or ophosphate (11.3 ni, 78 mmol)

and stirred M@r17§-1wgr- The solution was treated drop wise with a solution
of 3-(2-pyridinyl)propal dehyde (12 g, 88.1 mmol) in THE is (290 nL) and then
allowed to warmto OC over 3 hours before being quenched with a solution of

hydr oxyl ar nimig sfafthg Haterial0Ovasasepaed ss f5ldwdt i on in water, 680 nmmol). The
reaction was sti rred for 16 hours at RT. The reacti on was washed with sat.

NH4Cl (250 nL) back- extracting with ethyl acetate (250 nL). The conbi ned
or gani ¢ ext r aBlomoEkRaftudRRthdkybetkehd (CASNunibeH6S8ESONY, 12k 0.04aMp thagtissolved

concentrated in va ...The reS|duewa th triturat h et 0 for 1
our c 1 1 Ere e PR s o o Smp g PSR TP (AT PEtpE (B0
tri 1;5 I4ugr oet r@gyyngmsstumsamwxh]whtaﬁﬂﬂal%g, Iomtr}ﬁlﬂmanx&axb@tayﬂ Hipyltaidintn-teii- n<295( ? édS
g, nmo
1H, 7.15 (c{lbeniyhgﬁ/r?e aget%@w%gné)ivc%a%d% %tm'%chét%g ﬁ}oﬁ §°‘§§3 c?q(Jﬁd agg{ p‘;_grbc‘lg
H, 3.2 .(t , the 1hl§olub?e Hatésthl (vlashi)l w&h huefig)) ThE fitbrate Rasleviratdd tbldiyness tdveld ESI )
491 (M17). c\r/u\%e% uty ZP 9498,21?2,5) tetr oroe o;?ﬁéh%nﬁ]p%pe?aging-1-carboxy1ate. Yield 15.36g
15 (92%).
'H NMR (CDCL5): § 7.10 (D, 2H), 6.90 (D,2H), 5.90 (TT,1H), 3.60 (M,4H), 3.15 (M,4H),
1.50 (5,91H);

MS (ES): 323.0 (MH-t-BUTYL).

20 Crude r-butyl 4-[4-(1,1,2,2-tetrafluoroethoxy)phenyl]piperazine-1-carboxylate
(15.30g,0.04M) was dissolved in DCM (150 ml) and TFA (30 ml) was added. The mixture
was stirred at room temperature overnight, evaporated to dryness and azeotroped with
toluene. The residue was partitioned between ethyl acetate and saturated sodium bicarbonate
solution and the organic phase was collected, dried over MgSOy, filtered and evaporated to

25 dryness to yield 1-[4-(1,1,2,2-tetrafluoroecthoxy)phenyl]piperazine as a solid (10.97g, 98%)
'H NMR (CDCly): § 7.15 (d, 2H), 6.90 (d, 2H), 5.90 (t, 1H), 3.35 (m, 8H);

MS (ES): 279.0.

1-[4-(1,1,2,2-tetrafluoroethoxy)phenyllpiperazine (10.95g, 0.04) was dissolved in BCM
30 (500ml) and triethylamine (18.5 ml, 0.13mol) was added. The mixture was cooled to 0°C
and methane sulphonyl chloride (7.4 ml, 0.048mol) added. Allowed to reach ambient

temperature and stirred overnight. The reaction mixture was washed with water and the



-36- Exanple 4

Hydroxy[ (1S)-2-({4-[4-(1,1, 2, 2-tetrafl uoroet hoxy) phenyl ] pi perazi n-1 -yl
}sulfonyl)-1- (tetrahydro-2H pyran-4-yl)ethyl]formamde 0 o- F N~ OHO NO
ONyS OO 5 To a ice-cooled solution of 1-{

[ (2S) - 2- (hydr oxyam no) - 2- (t et rahydr o- 2H pyr an- 4-

yl)ethyl ] sul fonyl }-4-14-(1,1, 2, 2-tetrafl uoroet hoxy) phenyl ] pi perazi ne (52.9
g, 0.1 nol) iwoacosmiexad sol vent system of THE / form c pci/asidsobzzéz 20 nl)
was added a preformed m xture of io formc acid (19 nL) and acetic anhydride
(65 nmL). The m xture was stirred at room tenperature overnight. The

sol vents were then evaporated to | ow voP¥me and the residue partitioned

bet ween di chyonRERLDB6IRCESD Medber 38, SMltetidahe Bvapodicd 1 diyiken JBB rsindIoNat e
solution. The organic Iaaler was separated, dried (MSO4), filtered and

concent r at edoidwasngiallised from gthoped topyiekhl-Grsthylsstionet-F-d 23 n et hanol (500

nL) and theQetféﬁ@@r@é!ﬁd’x?}pﬁ&gﬁ]ﬁipwaﬁh@astahﬂﬁté SolidD Yol @134 @8 g%) product as a white
solid. The solid contalned a few i n}%urltles therefore i irred in
|

fo t _was_s
di et hyl et heHNMR (@Hoif I-1564.3HS 08I (it @l SatvdetDeds 5%-4I§I?=é18c§s-
hydr oxy[ (18)smy2- ({4-[4- (1,1, 2, 2-tetrafl uoroet hoxy) phenyl ] pi perazi n-1-yl
}sul fonyl)-1I-(tetrahydro-2H pyran- 4-yl)ethyl]formam de. (51.41 g, 92%. 20
Hydr oxy[ ( 1S)MSES)-ASF 26 (MHD, 2, 2-t et r af | uor oet hoxy) phenyl ] pi perazin-1-yl }sul fo
nyl)-1- (tetrahydro-2H pyran-4-yl)ethyl]formam de (51.4 g) was dissolved in
hot methanol (80 nm.) and then allowed to cool slowy overnight to room
t enper at ur e. Th¥ hdmethylswfopyly-444(1.1. Ae-tefsflyogoethpgyphenyllpiperazinen 438 WWEmeM s sol i d

was then st iy Bekoivia s> ARI ABANEIT GAPRAY T bR 20RO E: uPBEAIEnliphRg 1 ter ed

and dried at over ni e crystalline material was washed with 25

di et hyl etihdrOM printion @f it We(trimeghyisdyDapisiein GHF § 5h&0lp0.tismaR a9 added 2702
with cooling to —30°C and the mixture added a solution of methyl-tetrahydro-2H-pyran-4-
carboxylate (CAS Number 110238-91-0) in THF (2 ml). This was allowed to reach room
temperature and stirred for 2 hours. The reaction was quenched with saturated NH,Cl
solution and diluted with H>O and ethyl acetate. The organic phase was collected, dried over

15 MgSOq, filtbrcd and evaporated to dryness to yield crude 2-({4-[4-(1,1,2,2-
tetrafluoroethoxy)phenyl]piperazin-1-yl }sulfonyl)-1-(tetrahydro-2 H-pyran-4-yl)ethanone.
(3.64 g, 97%)

"H NMR (CDCL): 8 7.15 (d, 2H), 6.95 (d, 2H), 5.90 (tt, 1H), 4.05 (s, 2H), 4.00 (m, 2H) 3.50
20 (m, 6H), 3.25 (m, 4H), 2.95 (m, 1H), 1.85 (m, 2D, 1.70 (m, 2H); '
MS (BS): 469.08 (MH™).

Crude 2-({4-[4-(1,1,2,2-tetrafluoroethoxy)phenylJpiperazin-1-yi } sulfonyl)- 1-(tetrabydro-2H-
pyran-4-ylethanone {3.60g,0.008M) was dissolved in DCM (120 m!) and methanol (40 ml) at

25 ambient temperature and sodium borohydride (334 mg, 0.0088mol) was added. Stirred for 2
hours, added H;O (250m!) and extracted with DCM. Collected the organic phase, dried over
MgSO0q, filtered and evaporated to dryness to yield 2-({4-[4-(1,1,2,2-
tetrafluoroethoxy)phenyl]piperazin-1-y! }sulfonyl)-1-(tetrahydro-2H-pyran-4-yi)ethanol (3.6
g, 95 %).

30 'HNMR (CDCL): 8 7.15 (d, 2H), 6.90 (d, 2H), 5.90 (tt, 1H), 4.00 (m, 2H), 4.00 (m, 1H) 3.45
(m, 4H), 3.40 (m, 2H), 3.25 (m, 4H), 3.10 (m, 2H), 3.05 (m, 1H), 1.75 (m, 2H), 1.50 (m, 3H);
MS (ES): 471.08 (MH).



-37 "HNWR (DMSO-D6): 9.95 and 9.60 (1 H, s), 8.30 and 8.00 (1 H, s), 7.15
(2 H d, 7.05 (2 H d), 6.75 (1 H tt), 4.45 and 3.85 (1 H, t), 3.85 (2 H,
m, 3.40 (2 H mM, 3.25 (10 H mM, 1.75 (2 H m, 1.50 (1 H mM, 1.25 (2 H,
m; M5 (ES) 514 (M'); 5 Mot 175-176C. The starting material was prepared
as follows: 1-Bronp-4-tetrafl uoroethoxybenzene (CAS Nunber 68835-05-9, 12g,
0. 044M was dissolved io0 in toluene (250m ) under an argon atnosphere.

N- Boc - pi per awones@& Nunber 57260-71- 6, 9.79g, O0.053KyT/GBmdiaemet - but oxi de
(5.93g, 0.062M, BINAP (96 ng) and dipalladiumtri- dibenzylidene acetone
(96ngy) were added. Stirred at 80C for 4 jfours, cooled and filtered off the
i nsol uble material (washing with toluen€jy. The filtrate was evaporated to
dryness to yi-gHd4-(Gl2lleertaflbarogthoxy)phenyljpiperazin-1-yl}sulfonyl)-1-(tetrahydro-2H-pyran-
4-14-(1,1,2,2-tetrafl wo oxy).phenyil.] Qi i.ne-l -.car,box . Yield
15.36g 15 (9 -X}QC%M% (W@%“é%é:d%é&%i%ﬁ%@@?%é“Bﬁtgf(lﬁi?’é‘\é{kﬁ%. 90 (TT, 1H),
3. 60 (M 4H) ,mi.Mmo{)Mad hi)ded. The iixt{ifs, verslpoolddSo 0 ESInd nZBBnOsudnyl-cBofide ) . 20
Crude t-buty ot s .

4-[4-(1,1,2, boumy O P A VR S 05 AR (P RSLAS PeEmght, WiRlsh s agped and

(15. 30g, 0. 940 orgaric phzsseparaie off) ADENMVEAMBSdr flteraddnd 8vapér3@d i drynesesto gidhied. The
mxture was, stirr rog Lot rated to dryness
and azeotr o?é@%ltzﬁzqc?@uﬁré’ﬁ@?}%gﬁgg#ngéﬁ)'\{\tla&{éaﬂk%p:zﬁ‘?e%%gﬁ bet ween et hyl

acet at e and Watnyladfenyl pimtrazimebiYodd (diiat 86.6%)0l ut i on and the organi ¢ phase was

1101 o, BRGRIEBORE 3 by Fern o o8 302 Gel Safteatl 198 2y °
"H NVR_( CDCIRY); 3667285308 (m3H), 2. HGAMR) LT (2HFD, ESS@AM; 1H, 3.35 (m 8H); NS

(ES): 279.0..,1-14-(1, -tetrafl uoroet hoxy)phenyl ] pi perazi ne (10. 95g,
0.04) was ‘%li%%&%'e‘@ﬁ%u%' 30 (500ml) and triethylanine (18.5 m, 0.13nol)

was added. The m xture was cooled to 0C and nethane sul phonyl chloride (7.4
overni ght . ThE G Rac o rer e R Bt SR " e
yDvinyl]sulfonyl}piperazine (3.13 g, 0.007mol) was dissolved in THF (50 ml) and 50%
hydroxylamine in H,O (12 ml) was added. Stirred at ambient temperature overnight,
15 quenched with saturated NH4Cl solution and extracted with ethyl acetate. The organic phase
was dried over MgSO4, filtered and evaporated to dryness to yield racemic 1-{[2-
(hydroxyamino)-2-(tetrahydro-2H-pyran-4-yljethyl]sulfonyl } -4-[4-(1,1,2,2~
tetrafluoroethoxy)phenyl]piperazine This was separated into its enantiomers using an AD
Chiralpak chiral prep HPLC column and eluting with 20% methanol/acetonitrile . The second
20 compound off the column gave the required enantiomer, 1-{[{2S)-2-(hydroxyamino)-2-
(tetrahydro-2H-pyran-4- yl)ethyl]sulfonyl}-4-[4-(1,1,2,2-tetrafluoroethoxy)phenyllpiperazine.
"H NMR (CDCls): 8 7.2 (d, 2H), 6.9 (d, 2H), 5.9 (tt, 1H), 3.85 (m, 2H), 3.5-3.1 (m, 11H),
3.05 (m, 2H), 1.951.8 (dd, 2H), 1.6 (d, 2H), 1.35 (m, 2H);
MS (ES): 485.92 (MH+).

23



WO 2005/ 000822 PCT/ GB2004/ 002702 -38 organi c phase collected, dried over
MySc4, filtered and evaporated to dryness. The residual solid was
crystallised fromethanol to yield 1-(nethylsulfonyl)-4-[4-(1,1, 2, 2-

t et raf |l uor oet hoxy) phenyl ] pi perazine as a white solid. Yield 12.3g (78.5% 'H
NVR (CDC 3): S 7.15 (d, 2H), 6.95 (d, 2H), 5.9 (tt,1H), 3.35 (m4H), 3.3
(m4H), 2.8 (s, s 3H); M5 (ES): 357.26 (MS). The

1- (et hyl sul fwoydeseebsd24- (1, 1, 2, 2-t et raf | uor oet hoxy) phenpttiesperazine (2. 85g,
0.008npl) was dissolved in anhydrous THE (200 ml) and cooled to -10C under
an argon atnosphere. io0o 1.0OM sol ution_g l'ithiumbis(trinmethylsilyl)am de
in THE (17.6nl, 0.0176nol) was added with cooling to -30C and the m xture
added a solution of methyl-tetrahydro-2H pyran-4- carboxylate (CAS Number
110238-91- O)EXAMELES 2 nj|). This was allowed to reach room tenperature and

Sol ut on andORPRIA SR P A EB0 A EERYP RIS RS P Gani ¢ phase was

col | ected, di}jseltbnoNettiyljf@mbipdet, filtered and evaporated to dryness to yield
crude 2-({4-[4-(1,1,2,2- tetrafluoroethoxy)phenyl]piperazin- |-yl

sul fonyl)-1-(tetrahydro-2H pyran-4-yl)ethanone. (3.64 g, 97% 'H NWR
(CbC13): S 7.15 (d, 2H), 6.95 (d, 211), 5.90 (tt,1H), 4.05 (s, 2H), 4.00 (m
2H) 3.50 20 (m 613), & 25 (m 411), 2.95 (m 1H), 1.85 (m 211), 1.70 (m
2H); M5 (ES): 469.08 ( : d

2-({4-14-(1,1,2,2-tetr henyl | pi perazin-1-yi }
sul fonyl)-1-(tetrahydr -2H-prr 3 ‘,, ) et hanone (3.60g,0.008M was dissol ved
in DCM (120 m ) and net hanol (40 N aty anbi ent t ature and sodi um
bor ohydri de (334 ng, 0.0088npl) was add| t Orred f ours, added H20
(250mL) and extracted with DCM Col |l ect _eNel Se, dried over
MSH, filtered and evaporated to dryness to Yy eId 2-({4-[4-(1,1, 2, 2-
tetrafl uoroet hoxy) phenyl ] pi perazi n-1 -yl }sul fo% t et rahydro- 2H pyran-4-y
| Yethanol (3.6 g, 95 %. 30 'H NWMR (CDC13): S d 2H), 6.90 (d, 2H),
5.90 (tt, slH), 4.00 (m 211), 4.00 (m 1H) 3.45

This compound was prepared using the method given in Example 4

'H NMR (CDCls): 8.45 and 8.2 (d, 1H), 7.4 (m, SH), 7.15 (d, 2H), 6.85 (d, 2H), 5.9 (tt, 1H),
10 5.5 (d, 1H), 3.4 (brs, 4H), 3.3 (s2H), 3.15 (br, 4H).

The intermediate 1-[(-2-phenylvinyl)sulphonyl]-4-{4-(1,1,2,2-

tetrafluoroethoxy)phenyl]piperazine was prepared as shown below:

15 1-4-(1,1,2,2-tetrafluoroethoxy)phenyljpiperazine (1.39 g, 0.005mol) was dissolved in DCM
(250 ml) and triethylamine (2.1 ml, 0.015mol) was added. This was cooled to 0°C and styrene
sulphonyl chloride (CAS Number 52147-97-4, 1.11 g, 0.0055mol) was added. Allowed to
reach ambient temperature and stirred ovemight, Washed with H,O and separated off the
organic phase. Dried over MgSQ,, filtered and evaporated to dryness to an oil which was

20 purified by flash column chromatography (Merck 9385 silica), eluting with 80% iso-
hexane/ethyl acetate to yield 1-[(-2-phenylvinyl)sulphonyl]-4-[4-(1,1,2,2-
tetrafluoroethoxy)phenyllpiperazine as a yellow solid. Yield 650 mg (25%)

"H NMR (CDCls): 8 7.5 (m,3H), 7.4 (m,3H), 7.15 (d.2H), 6.9 (d,2H), 6.7 (d,1H), 5.85 (tt,1H),
3.4 (m4H), 3.25 (m,4H);



(m 4H, 3.40 (m 2H), 3.25 (m 4H), 3.10 (m 2H), 3.05 (m 1H), 1.75 (m
2H), 1.50 (m 3H); M (ES): 471.08 (MR). WD 2005/ 000822 PCT/ GB2004/ 002702
-39 2-({ 4-[4-(1,1, 2, 2-tetrafl uoroet hoxy) phenyl ] pi perazi n- 1-yl

sul fonyl)-1-(tetrahydro-2H pyran- 4-yl)ethanol (3.6g,0.008M was dissolved
in DCM (100m ) and triethylamne (5.58 nl,0.04nol) was added. The m xture
was cooled to OC and net hane sul phonyl chloride (0.94nl, 0.012M added with
stirring at rwomosewgerat ure overni ght. Water was addedremGB2904002500r gani c
phase separated off, dried over MygSoa, filtered and evaporated to dryness to
yield 1-[4-(1,1,2,2-tetrafl uoroethoxy) Eenyl ]-4-{

[ (E)-2-(tetrahydro-2H pyran-4- yl)vi nyI'F ul fonyl } pi perazine. Yield (3.15 g,
86.69% . 'H NMREs:R933) viS+). 1 (d,2H), 6.9 (d,2H), 6.75 (dd, 1H), 6.1 (d, 1H),
5.85 (tt,1H), 4.0 (m 211), 3.4 (m2H), 3.25 (m8H), 2.5 (m1H), 1.7 (m
2H), 1.55 (m2H); io M5 (ES): 452.88 (MH).

1-[4-(1,1, 2, 2-tetrafl uoroet hoxy) phenyl]-4-1 [(E)-2-(tetrahydro-2H pyran-4-
yl)vi nyI]suLﬁ%&_peram ne (3.13 g, 0.007nmol) was dissolved in THE (50 m)
and 50% hy $ne in HO (12 mM) was added. Stirred at anbient

t enperature qu @éﬂﬁﬁedghgh Qhitijon and
extracted w ﬁg&?ﬁgd%ace 2%‘?Té}ﬁzﬂgﬂﬁﬁt&éhﬁ<gse -as gi]})gd ovér M504,
filtered andgllewfopppiatthyibutyl)eyamide to yi el d racemc 1-{ [2-

(hydroxyam no) - 2- (tetrahydr o- 2H pyran-4-yl)ethyl ] sulfonyl }-4-[4-(1,1, 2, 2-
tetrafl uoroet hoxy) phenyl ] pi perazine This was separated into its enantioners
using an AD Chiral pak €hiFal prep HPLC colum and eluting with 20%

met hanol | acetonitrile . Qeceng 20 conpound of f the colum gave the
required enantioner, 1F{ | ZSdroxyarri no) - 2- (tetrahydro-2H pyran-4-
yl)ethyl]sul fonyl } -4-14-(1, 1, - I@(?\a]fl uor oet hoxy) phenyl ] pi perazine. 'H
NVR (CDC13): S 7.2 (d, 2H), 6.9 (d, %6.9 (tt, 1H), 3.85 (m 2H),
3.5-3.1 (m 11H, 3.05 (m 2H), 1,9 , 2H), 1.35 (m
2H); M5 (ES): 485.92 (MH). 25 WO 2005/ 00D82 PCT/ GB 0\05002702

Hom
0

This compound was prepared using the method given in Example 4

MS (ES): 550.03 (MH").

10
The intermediate 2-[5-({4-[4-(1,1,2,2-tetrafloroethoxy)phenyl]piperazin-1-yl } sulphonyl)pent-

4-en-1-yl]pyrimidine was prepared as shown below:

1-(methylsulfonyl)-4-[4-(1,1,2,2-tetrafluoroethoxy)phenyl Jpiperazine (356 mg, 0.001mol)

15 was dissolved in anhydrous THF (100 ml) and cooled to —10°C under an argon atmosphere.
1.0mol solution of lithium bis-(trimethylsilyl)amide in THF (2.2 ml, 0.0022moi) was added
and stirred at —10°C for 30 minutes, followed by addition of diethylchlorophosphate (0.15 ml,
0.001mol) with stirring at —10°C for a further 30 minutes. A solution of 2-pyrimidinyi-4-
butyraldehyde in anhydrous THF (5 ml) was added, the mixture stirred at —10°C for 60

20 minutes and while still cold the reaction was quenched with saturated NE4Cl solution.
Following dilution with H;O and ethyl acetate, the organic phase was collected, dried over
MgSO,, filtered and evaporated to dryness to yield an oil. Purification by flash column
chromatography (Merck9385 silica), eluting with ethyl acetate gave 2-[5-({4-{4-(1,1,2,2-
tetrafloroethoxy)phenyllpiperazin-1-yl}sulphonyl)pent-4-en-1-yllpyrimidine, Yield 230 mg

25 (47%).



-40- EXAMPLE 5 Hydroxy[ 1-phenyl - 2- ({ :

4-14-(1,1, 2, 2-tetrafl uoroet hoxy) phenyl ] pi perazin-1- yl }
sulfonyl)ethyl]fornamde O FFI / NO N11 11 ON HC)’ Il 50 This
conmpound was prepared using the method given in Exanple 4 'H NVR (CDC13):
8.45 and 8.2 (d, 1H), 7.4 (m 5H), 7.15 (d, 2H), 6.85 (d, 211), 5.9 (tt,
1H, io0 5.5 (d, 1H, 3.4 (br s, 4H, 3.3 (s2H), 3.15 (br, 411). The

i nt ermedi at e Wweol26esBeophrenyl vi nyl ) sul phonyl ] - 4-[4-(1, 1, 2P@F/GB2004/002702
tetrafl uoroet hoxy) phenyl ] pi perazi ne was prepared as shown below '5
1-[4-(1,1,2,2-tetrafl uoroet hoxy) phenyl ]% perazine (1.39 g, 0.005nmol) was
dissolved in DCM (250 m) and triethyl fil ne (2.1 m, 0.015nol) was added.

Thi s was codt{mmﬁ@hp@@ @] m'g eme{s 18yt phoz), ﬁsimtdmndez (A8, \BIchED), 4.05

52147-97- 4, ach anbi ent
ﬁFPﬁ 3&5@%&02% ng'ﬁﬂ’c?}ﬁ'eparat ed off the

tenperature %@sf?@@é%@@?
or gani ¢ phasgs @ﬂg MySOH4, f| | tered and evaporated to dryness to an
oi | which was purl (}by flash col unm chronmat ography (Merck 9385
silica), eluting with 80% iso- hexane/ethyl acetate to yield

1- [ (- 2- phenydwdmef ksul phonyl ] -4-[4-(1,1, 2, 2-

t et raf | uor oet hoxy) phenyl ] pi perazine as a yellow solid. Yield 650 ng (25% 'H
NVR ( CDC13) : T fflldwifigtordpoundé whre(aSo3ththesifedl5 (d, 2H), 6.9 (d,2H), 6.7 (d, 1H),
5.85 (tt,1H), 3.4 (m4H) 3 25 (m4H) WO 2005/ 000822 PCT/ GB2004/ 002702

-41

_ ik CL

4

HO )
o
No. R Racemate or S MH+ Prepared
enantiomer using method
in example

a 2-PyrimidinylCH2CH2CH2 S enantiomer  550.00 61

b 5-F-2-PyrimidinylCH2ZCH2  Racemate 554.17 6

c 5-F-2-Pyrimidiny]CH2CH2 S enantiomer  553.94 61

d 2-Pyrimidinyl CH2CH?2 Racemate 535.98 6

€ 2-PyrimidinylCH2CH2 S enantiomer  535.98 611

f ethyl Racemate 457.95 6

g methyl Racemate 443.97 6

I enantiomer separated by an OJ chiral prep HPLC column, eluting with methanol
10
II enantiomer separated by an AD chiralpak prep HPLC column, eluting with
20%methanol/ acetonitrile



M5 (ES): 445.27 (hMt). EXAVPLE 6 Hydroxy{

4-pyrimdin-2-yl-1-[({4-[4-(1,1, 2, 2-tetrafl uoroet hoxy) phenyl ] pi perazin-I|- s
yl }sul fonyl)methyl Jbutyl }formamide F F F ON, &1 I N OHOA NJ O This
conmpound was prepared using the nethod given in Exanple 4 M (ES): 550.03
(MH4). 10 The internediate 2-[5-({

4-14-(1,1,2,2-tetrafl oroet hoxy) phenyl ] pi perazin-1-yl } sul phonyl) pent -
4-en-1-yl ] pyrwohebsmmsaas prepared as shown bel ow PCT/GB2004/002702

1- (et hyl sul fonyl)-4-[4-(1,1, 2, 2-tetrafl uoroet hoxy) phenyl ] pi perazi ne (356

ng, 0.001nol) is was dissolved in anhydrous THE (100 nil) and cooled to -10C
under an argon atnosphere. 1. Onol sol uf?on of 1ithium

bis-(trinmet g NpyEgam de in THE (2.2 nl, 0.0022npl) was added and stirred
at -10C for 730 mnutes, followed by addition of diethylchlorophosphate (0.15

m, 0.001ngh fdmbmg%binf)édnagw&ts pepeed Qdesdribediih PrRViod exEinfled.€S. A sol ution of
2-pyrimdinyl-4- butyral dehyde I n anhydrous THE (5 nl) was added, the

m xture stirred at -10C for 60 20 mnutes and while still cold the reaction
was quenched w th saturat edcﬁh@o olgtion. Following dilution with H20 and
ethyl acetate, the organic phase wa | ected, dried over MSOH4, filtered
and evaporated to dryness to yield urification by flash col um
chromat ography (Merck9385 silica), eluti wijt iy ethyl acetate gave
2-[5-({4-[4-(1,1, 2, 2- N.U R

tetrafl oroet hoxy) phenyl ] pi perazi n- 1-yl } sul phon;‘?ﬂ ) pant - 4-en-1-yl ] pyri m di ne.
Yield 230 ng 25 (47% . WO 2005/ 000822 PCT/ GB2604/.682702 -42 'H NWR
(CDC13): 8.8 (d,2H), 7.2 (s, 1H), 7.1 (d,2H), 6% (d,2H), 6.2 (d,2H), 5.8
(tt,IH, 4.05 (br,I11), 3.25 (br,SH), 3.05 (m211),92.3 (m 1H), 2.05
(m2H, 1.4 (m 2H);

No. R MH* Prepared using
method in example

a Racemate 2-PyrimidinylCH2CH2 | 517.99 6

b S enantiomer 2-PyrimidinylCH2CH2 518.12 61

c Racemate 5-F-2-PyrimidinylCH2CH2 | 535.88 6

d S enantiomer | 5-F-2-PyrimidinylCH2CH2 | 536.00 6 I

e Racemate 2-PyrimidinylCH2CH2CH2 | 531.88 6

f S enantiomer | 2-PyrimidinylCH2CH2CH2 | 532.04 61

g S enantiomer 4-tetrahydropyran 496,10 4 11

I Separated on a Chiralpak AD column, eluting with 10% MeOH, MeCN

Il Separated on a Chiralpak AD column, eluting with 15% MeOH, MeCN

IIl Separated at the hydroxylamine stage on a a Chiralpak AD column, eluting with 20%
10 MeQOH, MeCN



M5 (ESI): 489 (M+). EXAMPLE 7 The follow ng conpounds were al so
synthesised FFFO FN11 ON HOO No. R Racemate or S Mk Prepared
enanti onmer using nethod in exanple a 2-Pyrimdinyl CH2CH2CH2 S enanti oner
550.00 61 b 5-F-2-Pyrimdinyl CH2CH2 Racenate 554.17 6 ¢

5-F-2-Pyrimdinyl CH2CH2 S enantionmer 553.94 611 d 2-Pyrim dinyl CH2CH2
Racemate 535.98 6 e 2-Pyrimdinyl CH2CH2 S enanti onmer 535.98 611 f ethyl
Racemat e 457.Q8 26s06s3€t hyl Racemate 443.97 6 | enanti opercssmaoated by an
Q) chiral prep HPLC colum, eluting with nmethanol 10 Il enantiomer
separated by an AD chiral pak prep HPLC colum, eluting with 20%ret hanol/
acetonitrile WD 2005/ 000822 PCT/ GB2004/ 82702 -43- EXAMPLE 8 The fol | owi ng

compounds  Wefig RGP AR artS: HES Gyntiied wWalpRpR RYsucexanpl es.  CF3----i0

1-(methylsulfonyl)-4-[4-(2,2,2-trifluoroethoxy)phenyljpiperazine

| CFsﬁ

T

k/ N\Sone

Potassium carbonate (22.89 g, 166 mmol) and 2,2,2-trifluoroethyl trifluoromethanesulfonate
(16.0 g, 69 mmol) were added to a solution of 4-bromopheno} (9.57 g, 55 mmol) in acetone
(200 mL). The reaction was stirred at room temperature overnight then filtered and
concéntrated at 300 mbar, 30°C to remove the acetone. This yielded 1-bromo-4-(2,2,2-

10 trifluoroethoxy)benzene as a waxy solid (>100% yield as some acetone still present).
'H NMR (DMSO-Dg), 8: 7.50 (2 H, d), 7.05 (2 H, d), 4.75 (2 H, q).

1-bromo-4-(2,2,2-trifluoroethoxy)benzene (14.5 g, 57 mmol) was dissolved in toluene
(250ml) under an argon atmosphere. tert-Butyl piperazine-1-carboxylate (12.7 g, 68 mmol),

15 sodium terz-butoxide (7.6 g, 79.5 mmol) rac-2,2"-bis(diphenylphosphino})-1,1'-binaphthyl (200
mg, 0.32 mmol) and tris(dibenzylideneacetone)dipalladinm(0) (200 mg, 0.2 mmol) were
added and the reaction heated to 80°C for 4 hours. The mixture was then cooled and filtered
through Celite to yield crude rert-butyl 4-[4-(2,2,2-trifluoroethoxy)phenyllpiperazine-1-
carboxylate (32.47 g).

20 '"HNMR (400 MHz, CDCl3): § 6,90 (4 H, s), 4.30 (2 H, q), 3.60 (4 H, m), 3.05 (4 H, m), 1.45
(9 H,s);

m/z (ES) 305 (MH" - ‘Bu).

Crude rert-butyl 4-[4-(2,2,2-triflucroethoxy)phenyl]piperazine-1-carboxylate
25 (32.47 g, approx 57 mmol) was dissolved in DCM (300ml) and TFA (69 mL) was added. The
reaction was stirred at room temperature overnight then evaporated to dryness, azeotroping

with toluene. The residue was partitioned between DCM and saturated sodium bicarbonate



R R ON11 ON HOO 5 No. RIWH Prepared using nethod in exanple a
Racemate 2-Pyrim di nyl CH2CH2 517.99 6 b S enantioner 2-Pyrim di nyl CH2C112
518.12 6 | ¢ Racemate 5-F-2-Pyrimdinyl CH2CH2 535.88 6 d S enanti omer
5-F-2-Pyrimdinyl CH2CH2 536.00 6 Il e Racemate 2-Pyri m di nyl CH2CH2CH2
531.88 6 f S enantioner 2-Pyrimdinyl CH2CH2CH2 532.04 6 | g S enanti oner
4-tetrahydropyran 496.10 4 111 | Separated on a Chiral pak AD columm, eluting

wi th 10% MeOHwolMbdshoost? Separated on a Chiral pak AD col gepgesbiléebag W th 15%
MeOH, MeCN Il Separated at the hydroxyl am ne stage on a a Chiral pak AD
columm, eluting with 20% to MeOH, MeCN WD 2005/ 000822 PCT/ GB2004/ 002702

-44 The starting material for these synt4feses was prepared as foll ows:

1- (et hyl sul -] 4-. = t [ 1D i GR3\ O
G S0t s OB T ol ke dad i MOUARI ARKALPIGA B BRERAIAR0 yilE
2, 2, 2-tri f | ublo@i2Btrifluerpéthaxyiphenyhlaiperating sasolkd (13.48 g, 91%)

"H NMR (400 MHz, CDCl): 8 6.90 (4 H, 5), 4.30 (2 H, q), 3.30 (8 H, m);

MS (ES) 261 MH".

1-[4-(2,2,2-trifluoroethoxy)phenyllpiperazine (13.48 g, 50 mmol) was dissolved in DCM (500
mL) and cooled to 0°C. Triethylamine (29 mL, 0.2 mol) was added, followed by the
dropwise addition of methanesulfonyl chloride (4.2 mL, 55 mmol). The reaction was then
allowed to warm to room temperature and stir overnight, before being quenched by the

10 addition of water. The layers were separated, and the organic phase dried (MgSO4), filtered
and concentrated. The residue was recrystallised from hot ethanol to give pure
1-(methylsulfonyl)-4-[4-(2,2,2-trifluoroethoxy)phenyl]piperazine (3.3 g, 18%).
"H NMR (CDCL): & 6.90 (4 H, 5), 4.30 (2 H, 9), 3.40 (4 H, m), 3.20 (4 H, m), 2.85 3 H, s);
m/z (BES) 339 MH".

15



(16.0 g, 69 mml) were added to a solution of 4-bronophenol (9.57 g, 55
nmml) in acetone (200 nL). The reaction was stirred at roomtenperature
overnight then filtered and concentrated at 300 nbar, 30C to renove the
acetone. This yielded 1-bronp-4-(2,2,2- io trifluoroethoxy)benzene as a waxy
solid (>100% vyield as sone acetone still present). 'H NVR (DVSO D6), 8:
7.50 (2 H d), 7.05 (2 H d), 4.75 (2 H q).

1- br ono- 4- ( 2,20 200800822 uor oet hoxy) benzene (14.5 g, 57 mMROTYGERBM/OE'®sol ved i n
toluene (250nml) under an argon atnosphere. ten-Butyl

pi perazi ne-|-carboxylate (12.7 g, 68 ), 1s sodiumtert-butoxide (7.6 g,
79.5 mml) rac-2,2'-bis(di phenyl phosphi no)-1, 1' - bi napht hyl (200 ng, 0.32
mmol ) and tris(di benzyli deneacet one) dCBAIMAdi um(0) (200 ngy, 0.2 mmmol) were
added and the reaction heated to 80C for 4 hours. The m xture was then
cooled and filtered through Celite to yield crude ten-butyl

4-14- (2, 2, 24t r kfdompoumetohfoxyylplienyl | pi per azi ne-1 - carboxylate (32.47 g). 20
"H NMR (400 MHz, CDC13): S 6.90 (4 H s), 4.30 (2 H qfup3.60 (4 H m, 3.05
(4H m, .45 (9 H s); mz (ES) 305 (MMBu). Crude/tert-butyl :
4-[4-(2,2,2-trifluoroethoxy)phenyl] pi perazi ne-| +garbaxyl ate 2s (32.47 g,
approx 57 mmol) was dissolved in DCM (300nl) and TFA 69 nL) was added. The

reacti on was stirred at rog agper at ur rnlg t he Rporated to
dryness, azeotroping wth tol ueie. é re5|h *bs partitioned between DCM
AS 2004/ 002702 -45

and saturated sodi um bic
sol ution. The organi c phage :epara ed, |ed|kwgscn), filtered and
concentrated to yield ' i oet hoxy) phenyl ] pi perazine as a
solid (13.48 g, 91%R2aGINNVR (400 MHz, CDC13): S 6.90 (4 H, s, 4.30 (2 H
q), 3.30 (8 H m; M (ES) 261 M. s
1-[4-(2,2,2-trifluoroethoxy)phenyl ] pi perazine (13.48 g, 50 mmol) was

di ssol ved i'&rP@M&Q&waﬂ@—%c&}ﬁéﬂﬂ&s@ﬁ|;§<§hr&d§br9@vat3_ﬂ1%ﬁ6ﬂ1y| anmine (29 nL, 0.2 nol)

was added, followed by the dropw se additiaon of nmethanesul fon L chl ori de
(4.2 mL, 55 v\fhﬁﬁ*n)nng-ﬁ]@pr'e@a@taln&qo%gc g having six ring atoms or a monoc%: c

heteroaryl ring having up to six ring atoms and containing one or more ring heteroatoms

wherein each said heteroatom is nitrogen;
10 R2 represents a group selected from C1-6 alky! or aryl, which said group is substituted by one
or more fluorine groups;
nis 1,2 or 3; and .
R1 represents an optionally substituted group selected from C1-6 alkyl, C5-7 cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, C1-6 alkyl-aryl, C1-6alkyl-heteroaryl, C1-6 alkyl-
15 cycloalkyl or Cl-6alkyl-heterocycloalkyl.

2, A compound according to claim 1 wherein B is monpcyclic aryl ring having six ring
atoms or a monocyclic heteroaryl ring having up to six ring atoms and containing from one to
four nitrogen ring atoms.

20

3. A compound according to claim 1 or claim 2 wherein ring B is phenyl, pyridinyl or

pyrimidinyl.

4. A compound according to any preceding claim wherein R2 is a C1-6 alkyl group
25 substituted by one to five fluorine groups,



allowed to warmto roomtenperature and stir overnight, before being
quenched by the lo addition of water. The layers were separated, and
organi ¢ phase dried (MgSO4), filtered and concentrated. The residue

recrystalli

sed from hot ethanol to give pure

t he
was

1- (met hyl sul fonyl)-4-[4-(2,2,2-trifluoroethoxy)phenyl] pi perazine (3 3 0,

-46 CLAI M5

nonocyclic s

or nore ring heter

represents

18%. "H NWR (CDC13): S 6.90 (4 H s), 4.30 (2 H q), 3.40 (4 H, , 3.20 (4
H m, 2.85 (&oHossdoszz N (ES) 339 MW 1s WO 2005/000823cFE§£ﬁ?%9@£/002702
1. A conpound of formula (1) CHO HO- N N N~ [ R20)n (1) 5
or a pharmaceutically acceptable salt, prodrug or solvate thereof, wherein
ring B represents a nonocyclic aryl rinﬁﬁhaving six ring atons or a
sNCHELRANE adchilthaNa N b Qaifl el 2 BBty BRI RERL NG ONe
at ons ererr each sald heteroatomi1s nitrogen; in R2
dugpmsigpoue| ected from A -6 al kyl or aryl, which said group is
substituted by one or nore fluorine groups; nis 1, 2 or 3; and R
C5-7

represents
cycl oal kyl,
Cl- 6al kyl -

an optionally substituted groug selected fromCl-6 al kyl,
6. hatcempaype kasatdiag|to claimy$ whinein BP ieihs/gronrCICRRCHIES - ar yi
eteroaryl, Cl-6 aIkyI I s cycl oal kyl or

d - 6al kyl - heterocycloalkyl 2. A conpound according to claim1 where
ih AT

nmonocycl i c

dr yA cpipayné aeppidipeds slain Fyjherein B s thy grgu

having up to six ring atons and containing fromone to

1]

15

20

30

8, A compound according to any preceding claim wherein nis 1.

9, A compound according to any preceding claim wherein R1 is an optionally substituted
group selected from C1-4 alkyl, ary} having six ring atoms, a five to six membered
heterocycloalkyl ring comprising one or two ring heteroatoms, which may be the same or
different, selected from N, O and 8 or a C1-4 alkyl-heteroaryl group wherein the heteroaryl

has up to six ring atoms and comprises one or two ring heteroatoms selected from N, O and S

10. A compound according to claim 9 wherein R1 is an optionally substituted five to six
membered heterocycloalkyl ring comprising one or two ring heteroatoms, which may be the
same or different, selected from N, O and S, or a Cl1-4alkyl-heteroaryl group having up to six
ring atoms and comprising one or more heteroatoms, which may be the same or different,

selected from N, O and S, optionally substituted on the heteroaryl ring.

11. A compound according to claim 9 or 10 wherein R1 is unsubstituted.

12. A compound according to claim 9 or 10 wherein R1 is substituted by one ortwo
substituents, which may be the same or different, selected from C1-4 alkyl, halogen, CF3 and
CN.

13. A compound according to claim 12 wherein R1 is substituted by fluorine.

14. A compound according to claim 11 or claim 13 wherein R1 is tetrahydropyranyl, 2-
pyrimidinyl-CH2CH2-, 2-pyrimidinyl-CH2CH2CH?2- or 5-F-2-pyrimidinyl-CH2CH?2-.

in Bis

lic heteroaryl ring



four nitrogen ring atonms. 20 3. A conpound according to claim1l or claim2
wherein ring B is phenyl, pyridinyl or pyrimdinyl. 4. A conpound according
to any preceding claimwherein R2 is a Cl-6 al kyl group 25 substituted by
one to five fluorine groups. WO 2005/000822 PCT/ GB2004/ 002702 -47 S. A
conpound according to any preceding claimwherein R2 is substituted by three
or four fluorine groups. 6. A conpound according to claim5 wherein R2 is
the group - GkQGleHeds22 5 7. A conmpound according to cl apgwvéedagisizn R2 is
the group -CH2CF3. 8. A conpound according to any preceding claimwherein n
is 1l to 9. A conpound according to any SiE>recedi ng claimwherein Rl is an
optionally substituted group select ed #¥om Cl1-4 al kyl, aryl having six ring

atoms, a fivye AQofpondBEBRERo clligt BRREICRO A GiYd alky@bARIE] thysina ¢ fiee or t wo
ring heteroatops, which may be the sane or differ selected . fromN, O

A y D& nt.,
and S or a €ponpe goRps; nfsch: &ing B phegylRYH BY’?‘fmfi’r?&Fﬂ‘gtPér‘%Q’r@Rm“%s up to six
ring atons gibghitGedBVd t6 8K ibefid hbtcycloalyfigRbaphidigorsel sieg from N, 0 and

S 15 10. A conpound according to claim9 erein RL is_an opi.i l.l'y
subst i t ut edh§trggiomsy, which maydhs i sage Freiiérahy FC(S‘?QI%E‘XFP r?ﬁ@dg'dﬁrrﬂrfti'lgﬂ one or

two ring heh&édayiQidup habing Bp MRy B aldde andediprieihg dhd drefiiketersdidres whidh f rom N,
0 and S, or a (O -4al kyl - heteroaryl f%;roup hav]i ng. up. to sj X . ri atons and
conpri si ng 81W&LHNe fasReT AHfeamb selenied C%“@a%roﬂé’%@%{%e T fferent, 20
sel ected fr@amhrylQingnd S, optionally substituted on the heteroaryl ring.

11. A compound according to claim9 or 10 wherein Rl is unsubstituted. 12. A
conpound according to claim9 or 10 wherein Rl is substituted by one or two

25 substi t uggt & phaihd@btidBYoriRsiticolPHEInDE cotipbhey Fiérmukai)pated from CL- 4
al kyl, hal ogen, CFBaﬁmd CN, . . .
10 pharmaceutically acceptable salt, prodrug or solvate thereof, as claimed in any one of claims 1

to 15 in association with a pharmaceutically acceptable adjuvant, diluent or carrier.

17. A process for the preparation of a pharmaceutical composition as claimed in claim 16
which comprises mixing a cornpound of formula (I), or a pharmaceutically acceptable salt,
15 prodrog or solvate thereof, as defined in any one of claims 1 to 15 with a pharmaceutically

acceptable adjuvant, diluent or carrier.

18. A compound of formula (I), or a pharmaceutically acceptable salt, prodrug or solvate
thereof, as claimed in any one of claims 1 to 15 for use in therapy.

20
19. Use of a compound of formula (I), or a pharmaceutically acceptable salt, prodrug or
solvate thereof, as claimed in any one of claims 1 to 15 in the manufacture of a medicament
for use in the treatment of a disease condition mediated by one or more metalloproteinase

enzymes.

20. Use of a compound of formuia (), or a pharmaceutically acceptabie salt, prodrug or
solvate thereof, as claimed in any one of claims 1 to 15 in the manufacture of a medicament

for use in the treatment of a disease condition mediated by collagenase 3.

30 21. Use of a compound of formula (I) or a pharmacentically acceptable salt, prodrug or
solvate thereof as claimed in any one of claims 1 to 15 in the manufacture of a medicament

for use in the treatment of an obstructive airways disease.



13. A compound according to claim 12 wherein Rl is substituted by fluorine.
so 14. A conpound according to claim1ll or claim 13 wherein R is
tetrahydropyranyl, 2- pyrimdinyl-CHCH2-, 2-pyrim dinyl-CH2CH2CH2- or
5-F-2-pyrimdi nyl - CH2CH2-. WD 2005/ 000822 PCT/ GB2004/ 002702 -48 15. A
compound according to claim1l wherein R2 is Cl1-6 al kyl, substituted by one
to five fluorine groups; nis 1; ring Bis phenyl, pyridinyl or pyrimdinyl
and Rl is an OpPRUBA0ERE substituted five to six nmenber erCek®esmoyed oal kyl
ring conprising one or two ring heteroatons, which may be the sanme or
different, selected fromN, 0 and S, or Cl- 4al kyl 5 heteroaryl group
having up to six ring atons and conprising one or nore heteroatons, which
may be the sameUsyacehrfihg toaidim 23 pblecdireitle bfsonotiNe aidwaye disSse 3pkthaa at dhyonic
substituted on the heteroaryl ring. 16. A pharnaceutical conposition

conpri si ng aglés ﬁﬁ@%“”ﬁ%}%ﬁ?‘a (1), or a io pharmaceutically acceptable
salt, prodng or solvate thereof, as clainmed in any one of clains 1 to 15 in
association wth a_.pharnaceuticall y accept abl dj uv iluent or carrier.
1378 pr ocesEh g RETRARA LA 23 ThREAeE ey attpMis i ERE A7 0 C! B e
in claiml6 sodutectheredip cladwed itrkoyiong ofclaimeb muitin die nisaufattina of & nedicament
pharmaceutical | y .agceptable salt. . .is prodrug or solvate thereof, as defined
in any one oﬁ’rg‘%/cdf]ﬁfeh%a?]:’fmlqgo%m 1:[sphar maceutically acceptabl e adjuvant,

di luent or carrier. 18. A compound of fornula (1), or a pharmaceutically

accept abl e sg ty, _prodrug or | vat t hereof, .as.clained in a e of
clains 1 to %{5 rgsgrc’%ﬁg%m #“?thtgﬁ% 2 afg?%@lsdém% Y 8°€ tﬁ%s tdprgﬁ%gggrqrml a (1),
or a phar macsinatecthdrbof as cleiept dhiny opabficlaips bt 1gn G masolstat ef ¢ medieanfent as
clainmed in ne,.qf cl aj 15.in the manufacture of a nedi canent for
use in them{ramég%rlrlgﬁht%ug?tmgnt”?sa%"a}g%l%gomrfdi tion nediated by one or nore

met al'l opr ot ei nase enzynes. 25 20. Use of a conpound of formula (1), or a

pharmaceutically acceptable salt, prodrug or solvate thereof, as clained in
any one of cd’aifnprogess for the proparatien ofacompand pifopula (Dresch phamesqeutically

acceptable salt, prodrug or solvate thereof, which comprises:

converting the appropriate hydroxyamino compound of the formula (IV)



for use in the treatnment of a disease condition nedi ated by col |l agenase 3.
30 21. Use of a conpound of fornmula (1) or a pharmaceutically acceptable
salt, prodrug or solvate thereof as clainmed in any one of claims 1 to 15 in
the manufacture of a medicament for use in the treatment of an obstructive
ai rways di sease. WO 2005/ 000822 PCT/ GB2004/ 002702 -49 22. Use according to
claim 21, wherein the obstructive airways disease is asthma or chronic
obstructive pYNhBFHP2i sease. 23. Use of a conpound of PFEEEOHIR™Y or
pharmaceutically acceptable salt, prodrug or s solvate thereof as clai rred in
any one of clains | to 15 in the manufaggure of a nedicanment for use in the
treatnent of osteoarthritia. 24. Use of a conpound of forrmula (1) or a
pharmaceutically acceptable salt, prodrug or solvate Rther eof as clainmed in
any one of claims 1 to 15 _jn the manufacture of a_med canent o for use in
the treatnment of atherogClerosjs. 25/ A pxocess A#or the preparation of a
conpound of fornula (1)f ory,a pharoageuti cal I_y_ ccept%‘f salt, prodrug or

i i Se¢s: ca;:verti;ang e appr at e hydr oxyam no
XD 2005 2 PCT/ GB2004/ 002702 -50 B N-S02
NHOH (R20O)n (whep@cgn .~ ring B and Rl are as defined in fornula (1))
into a conpound o rrula (I') by fornylation with an appropriate m xed
anhydri de; mhﬁemanmb[Q/amMrmdsﬂeﬁncdarfommg(mut one or nore of the
foll owi ng: s, = | n npound
accordi ng tOmo%gl %/uélﬁtglf%n n?@%’%}étﬂ%gp ar ceu#%‘%:ﬁﬁ?dfcdgccept abl e
salt or prodnﬂgpmaltpﬂluaaf&r@ﬁnymgaomwmd:onEfo]éomwpound of formula (I I)
N -SO2Mme

( &9&& g the compound obtained into a further compound according to the invention and/or
forming a pharmaceutically acceptable salt or prodrug or solvate of the compound.

26. A compound of formula (II)

@—N N—-SOMe - @
n_/
®20m

10 wherein R2, n and ring B are as defined in formula (I) in claim 1.

27. A compound of formula (III)

Boer ol

wherein R2,n, ring B and R1 are as defined in formula (I) in claim 1.
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lo wherein R2, n and ring B are as defined in formula (1) inclaiml. 27. A
compound of formula (111) Rl $ NONSO02 (RROn wherein R2,n, ring B and R
are as defined in formula (1) inclaiml. is W 20051000822

PCT/ GB2004/ 002702 -51- 28. A conpound of formula (IV) Ry qv) $ N /~ z
NHOH (R20)n wherein R2, n, ring B and RI are as defined for formula (1) in

claim 1.
WO 2005/000822 PCT/GB2004/002702

-51-
28. A compound of formula (IV)

N N— 2 NHOH
(R20)n

wherein R2, n, ring B and R1 are as defined for formula (I} in claim 1.



