| PI PERI DI NE- AND PI PERAZI NE SUBSTI TUTED N- HYDROXYFORMAM DES AS | NHI Bl TORS
OF MEl" ALLO PROTEI NASES The present invention relates to conpounds usef ul
in the inhibition of netalloproteinases and in particular to
pharmaceutical conpositions conprising these, as 5 well as their use. The
conpounds of this invention are inhibitors of one or nore netall oproteinase
enzynes. Metall oproteinases are a superfam |y of proteinases (enzynes)
whose nunbers in recent years have i ncrleased dramatically. Based on
structural and functional considerations these enzynes have been
classified into famlies and subfamlies as 10 described in N.M Hooper
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MW 11), matrilysin (MW7), netalloelastase (MW 12), enanelysin (MW 19),
the MI- MWPs Tieviesdnt inxgvongelaasio tempiivis upgful idenspbiiopsifn or adamal ysin
or MDC fam |y which 1s includes the secretases and sheddases ,s_ucrrhas TNF
conver t i nGEHIPIRINEROARS 19 PAHGU AT RApHArmAFRYtSU COMRPSHIOTS COTRRAR thess asde
enzynes sugch .aseRReo0l | agen processing proteinase (PCP); and other

net al | opr ot el nases such as aggrecanase, the endothelin converting enzyne
fam |y and t ke edigh@imriasifnhie meatibh ag iBRILIOR df aik loy mdveradtdippratighsrases are
believed to be inportant in a plethora of physiological disease 20

pr ocesseserdymesi Mespllapreiegmges 3re gtpeifamily slprhtearasentanypmis) mse nopirerst |
bone formationt and.uterine r 1Elmdel.l i@gslguranﬂ g_snst [ua i.on.. Tai s i s based
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substr at egorsidethiidas Bkt 8i8ines r&r«etbeé}gaxgsgﬁk@ﬁ% Fa QNS ddBfamilies as

Met al | oprotei nases are also believed to be inportant in the processing, or
secr et ondesofibdai il M. dhbopend D4 FEBSEL értenediidat -6r Exasnpdés almétaliapoteliR€4s0Si S
25 factor, (TNF); and. the Post transl ati gnal proteolysis processilcig/,I or

~ sheddi ng,-mﬁk“dﬁ fhst BETEARE loprotetnases (MMP) such as the collagenases (MMP1, P§,

MMP13), the gelatinases (MMP2, MMPY), the stromelysins (MMPS,' MMP10, MMP11]),
matrilysin (MMP7), metalloelastase (MMP12), enamelysin (MMP19), the MT-MMPs
(MMP14, MMP15, MMP16, MMP17); the reprolysin or adamalysin or MDC family which
15 inciudes the secretases and sheddases such as TNF converting enzymes (ADAM10 and
TACE); the 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.
Metalloproteinases are believed to be important in a plethora of physiological disease
10  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 and fibronectin. Metalloproteinases are also believed to be important in the
processing, or secretion, of biological important cell mediators, such as tumour necrosis
35 factor (TNF); and the post translational proteolysis processing, or shedding, of biclogically
important membrane proteins, such as the low affinity IgE receptor CD23 (for 2 more
complete list see N. M. Hooper et a/., (1997} Biochem J. 321:265-279).
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



i nportant nenbrane proteins, such as the low affinity |IgE receptor CD23
(for a nore conplete list see NN M Hooper et al., (1997) Bi ochem J.

321: 265-279). Metal |l oprotei nases have been associated with many di sease
conditions. Inhibition of the activity of one or nore netall oproteinases
may well be of benefit in these disease 7 conditions, for exanple: various
inflammatory and all ergi c di seases suchsas, inflanmmtion of the joint
(especially rheumatoid arthritis, osteoarthritis and gout), inflanmmtion of
the ogastro-intestinal tract (especially inflammatory bowel disease,

ul cerative colitis and gastritis), inflammtion of the skin (especially
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atheroscelerosis; and chronic obstructive pulmonary diseases, COPD (for example, the role
of MMPs such as MMP12 is discussed in Anderson & Shinagawa, 1999, Current Opinion
15 in Anti-inflammatory and Immunomodulatory Investigational Drugs, 1(1): 29-38).
A number of metalloproteinase inhibitors are known; different classes of compounds
may have different degrees of potency and selectivity for inhibiting various
metalloproteinases. We have discovered a new class of compounds that are inhibitors of
metalloproteinases and are of particular interest in inhibiting MMP-13, as well as MMP-9.
20 The compounds of this invention have beneficial potency and/or pharmacokinetic
properties. |
MMP13, or collagenase 3, was initially cloned from a ¢cDNA library derived from a
breast tumour [J. M. P. Freije et al. (1994) Joumal of Biological Chemistry 269(24):16766-
16773]. PCR-RNA analysis of RNAs from a wide range of tissues indicated that MMP 13
25 expression was limited to breast carcinomas as it was not found in breast 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
MMP13 has been detected in transformed epidermal keratinocytes [N. Johansson et al.,

(1997) Cell Growth Differ. §(2):243-250], squamous cell carcinomas {N. Johansson ez al.,



MW 13, or collagenase 3, was initially cloned froma cDNA |ibrary derived
froma breast tunour [J. M P. Freije et al. (1994) Journal of Bi ol ogical
Chem stry 269(24):16766- 167731. PCR-RNA analysis of RiNAs froma w de

range of tissues indicated that MW 13 25 expression was limted to breast
carcinomas as it was not found in breast fibroadenomas, normal or resting

manmary gl and, placenta, |liver, ovary, uierus, prostate or parotid gland
or in breast cancer cell lines (T47-D, MCF-7 and ZR75- 1). Subsequent to
this observation MW 13 has been detected in transforned epidernal
keratinocytes [N. Johansson et al. (1997) Cell Gowmh Differ.
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and in malignant epithelia growth in skin carcinogenesis. Recen publ i shed
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ti ssues. For _instance, consistent with MW 13's substrate specificity and
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per| odontitis as it has been localised to the epitheliumof chronically
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Pathol . (1996) 3. Clin. Invest. 97(3):761-768; O. Lindy et al., (1997) Arthritis Rheum
is  40(8):1391-1399]; and during the aseptic loosening of hip replacements [S. Imai et a/.,
(1998) J. Bone Joint Surg. Br. 80(4):701-710]. MMP13 has also been implicated in
chronic adult periodontitis as it has been localised to the epithelium of chronically
“inflamed mucosa human gingival tissue [V. I. Uitto et al., (1998) Am. J. Pathol
152(6):1489-1499] and in remodelling of the collagenous matrix in chronic woun—ds M.
20 Vaalamo ez al., (1997) I. Invest. Dermatol. 109(1):96-101].
MMPO (Gelatinase B; 92kDa TypelV Collagenase; 92kDa Gelatinase) is a secreted
protein which was first purified, then cloned and sequenced, in 1989 (S.M. Wilhelm et a/
{1989) J. Biol Chem. 264 (29): 17213-17221. Published erratum in J. Biol Chem. (1990)
265 (36): 22570.). A recent review of MMPS provides an excellent source for detailed
25 information and references on this protease : T.H. Vu & Z. Werb (1998) (In : Matrix
Metalloproteinases. 1998. Edited by W.C. Parks & R.P. Mecham. pp1l5 - 148.
Academic Press. ISBN 0-12-545090-7). The following peints are drawn from that review
by T.H. Vu & Z. Werb (1998).



152(6):1489-1499] and in renodelling of the collagenous matrix in chronic
wounds [M 20 Vaalano et al., (1997) J. Invest. Dermatol. 109(t):96- 10 1
]. MW9 (Celatinase B; 92kDa Typel V Col | agenase; 92kDa Gel atinase) is a
secreted protein which was first purified, then cloned and sequenced, in
1989 (SSM Wlhelmet al (1989) J. Biol Chem 264 (29): 17213-17221.
Publ i shed erratumin J. Biol Chem (1990) 265 (36): 22570.). A recent
revi ew of MVWP9 provides an excellent source for detailed 25 information and
references on this protease : T.H Vu & Z. Werb (1998) (In: Mtrix
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i nduced in these sane cells and in other cell types by several nediators,

i ncl udi ngxpesxposiithe colls torgowtl fastorsorgytvitinest Abessrage the sexeahddhiators dftpsse are
the sanme nediators often 5.inplicated in initiating an inf tQr
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enzyne. € proteases require Is activation In vivo are not known.

The bal aRgs iRy avevIdMRImee ThEproteaes tegwired fymiisi sstilatidohariveeguhat ed in
vivo by interaction with TIMP-I (Tissue Inhibitor of Metalloproteinases
-1), a natewnl The brxdangerdfagtiveoVpRR egrans iMporpelengymgds fustheneegaiates iri vied by
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Type N ?rlrl‘go--lt-g gSti\\r{e ISI(I)\Lﬂl’g gnedntsh;e presence of TIMP-1 combine to determine the amount of
catalytically active MMP9 which is present at a local site. Proteolytically active MMP9
attacks substrates which includt: gelatin, elastin, and native Type IV and Type V collagens;
15 it has no activity against native Type I collagen, proteoglycans or laminins.
There has been a growing body of data implicating roIres for MMP9 in various
physiological and pathological processes. Physiological roles include the invasion of
embryonic trophoblasts through the uterine epithelium in the early stages of embryonic
implantation; some role in the growth and development of bones; and migration of
20 inflammatory cells from the vasculature into tissues. Increased MMP9 expression has
observed in certain pathological conditions, thereby implicating MMP9 in disease
processed such as arthritis, tumour metastasis, Alzheimer's, Multiple Sclerosis, and plaque

rupture in atherosclerosis leading to acute coronary conditions such as Myocardial

Infarction.

WO-99/38843 claims compounds of the general formula

B-X-(CHy)m - (CR'R?), - W - COY



15 it has no activity against native Type | collagen, proteoglycans or

| arni ni ns. There has been a growi ng body of data inplicating roles for MVW9
in various physiological and pathol ogi cal processes. Physiol ogical roles
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In a first aspect of the invention we now provide compounds of the formula I

/N R1
B—X N*Sd?T/
/N\

HO™ ‘cHO [

wherein B represents a phenyl group monosubstituted at the 3- or 4-position by halogen or

trifluoromethyl, or disubstituted at the 3- énd 4-positions by halogen (which may be the -

same or different); or B represents-a 2-pyridyl or 2-pyridyloxy group monosubstituted at

the 4-, 5- or 6~ position by halogen, triflucromethyl, cyano or C1-4 alkyl; or B represents a
15 4-pynmidinyl group optionally substituted at the 6- position by halogen or C1-4 alkyi;

X represents a carbon or nitrogen atom;

R1 represents a trimethyl-1-hydantoin C2-4alkyl or a trimethyl-3-hydantoin C2-4alkyl
20  group; pienyl or C2-4alkylphenyl monosubstituted at the 3- or 4-position by halogen,
trifluoromethyl, thio or C1-3alkyl or C1-3 alkoxy; phenyl-SO2NHC2-4alkyl; 2-pyridyl or
2-pynidyl C2-4alkyl; 3-pyridyl or 3-pyridyl C2-4alkyl; 2-pyrimidine-SCH2CH2; 2- or 4-
pynimidinyl C2-4alkyl optionally monosubstituted by one of halogen, trifluoromethyl, C1-
3 alkyl, C1-3 alkyloxy, 2-pyrazinyl optionally substituted by halogen or 2-pyraﬁnyl C2-
35 4alkyl optionally substituted by halogen;



| wherein B represents a phenyl group nonosubstituted at the 3- or
4-position by halogen or trifluoronethyl, or disubstituted at the 3- and
4-positions by hal ogen (which nay be the sanme or different); or B
represents a 2-pyridyl or 2-pyridyloxy group nono substituted at the 4-,
5- or 6- position by halogen, trifluoronethyl, cyano or -4 alkyl; or B
represents a is 4-pyrimdinyl group optionally substituted at the 6-
position by hal ogen or Cl-4 al kyl; X reﬁ%esents a carbon or nitrogen atom
Rl represents a trimethyl-I-hydantoin C2-4al kyl or a trimethyl-3-hydantoin
C2- 4al kyl 20 group; phenyl or C2- 4a|ky|pheny| nonosubsti t ut ed at the 3- or

4-position by .h en rlfI goneth | kyl or -3

al koxy; plr‘%@?fﬁusi ‘%ﬁéﬁ g%ﬂeg? ezmﬁkjlrbgﬁ)}'f% 5(/:Dr %1%%;11‘3302 4al kyI 3-pyri dyl
or 3-pyridyl C2-4alkyl; 2- pyrlnldine SCH2CHZ; 2 or 4- pyrlnldlnyl

C2- 4al kyl optionally nonosubstituted by one of hal ogen, trifl uoronethyl,

Cl - 3 al kyl, P&fdrdd addiydundy of Grepyvaionyre thptd whakinyanydnetortmdredf the hal ogen
or 2 pyra2|nyl C2 25 4al kyl optionally substituted by hal ogen; 6 Any al kyl
groups ouftliovéas appive nay be straight chain or branched. Preferred

ds of _th
Col owfng. apbisrestis PohPRdicRel JR bRl AaROeBRyEbr SRRy okl
4- br omph@%ds?r o2 %%ha)hw RBRSHs i tutlr AYKd AYr 50poRtibY EbdhydsOX¥hloro-2-

nonosubst i tuted at - ‘or 5- position such as 5-chloro-2- pyridyl,

5- br ono- prydylds'-lbrorﬁe-mpmdgl Z—fﬂ)gume%#byn@lxi‘r—mﬂummmbvh%pyﬁdpym@;aho -2-
5- cyano- 2- rldyl -2-pyridyl: especially 4-fluorophenyl
5-chl or o- P Aetip- %mq%f#,| IBFOARY ﬁgflu-ozq ?Yld%cglof‘l“@ B?qdé(g%gent s a

2- pyr L dy! %%@%?%ﬁvﬁ%ﬁﬁ%@i "I di myl ot hyl (optional Iy monosubsti tuted by
fluoripe), 2x @prededtys niticgemytopt;opyl, 2-(2-

R is 3-chlorophenyl, 4-chlorophenyl, 3-pyridyl, 2-pyridylpropyl, 2- or 4-
pyrimidinylethy! (optionally monosubstituted by fluorine), 2- or 4-pyrimidinylpropyl, 2-(2-
pyrimidinyl)propy! (optionally monosubstitued by fluorine); espectally 2-
pyrimidinylpropyl, 2-(2-pyrimidinyl)propyl (optionally monosubstitued by fluorine) or 5-

is  fluoro-2-pynmidinylethyl.

For compounds of formula [, a particular subgroup is représented by compounds
wherein B is a phenyl group monosubstituted at the 3- or 4-position by halogen or
trifluoromethyl, or disubstituted at the 3- and 4-positions by halogen (which may be the

20  same or different); or B is a 2-pyridyl or 2-pyridyloxy group monosubstituted at the 5- or
6- position by halogen, trifluoromethyl or cyano; or B is a 4-pyrimidinyl group optionally
substituted at the 6- position by halogen or C1-4 alkyl; X is a carbon or nitrogen atom; R1
is a trimethyl-1-hydantoin C2-4alkyl or a timethyl-3-hydantoin C2-4alkyl group; or Rl is
a phenyl or C2-4alkylpheny! monosubstituted at the 3- or 4-position by halogen,

25 trifluoromethyl, thio or C1-3alkyl or C1-3 alkoxy; or R1 is phenyl-SO2ZNHC2-4alkyl, or
R1 is 2-pytidyl or 2-pyridyl C2-4alkyl; or R1 is 3-pyridyl or 3-pyridyl C2-4alkyl; or Rl is
2-pyrimidine-SCH2CH2; or R1 is 2- or 4-pyrimidiny! C2-4alkyl optionally
monosubstituted by one of halogen, trifluoromethyl, C1-3 alkyl, C1-3 alkyloxy, 2~
pyrazinyl or 2-pyrazinyl C2-4alky; any alkyl group may be straight chain or branched.



pyrimdinyl)propyl (optionally nonosubstitued by fluorine); especially 2-
pyrirnidinyipropyl, 2-(2-pyrimdinyl)propyl (optionally nonosubstitued by
fluorine) or 5- 1s fluoro-2-pyrimdinylethyl. For conpounds of forrmula 1, a
particul ar subgroup is represented by conpounds wherein B is a phenyl
group nonosubstituted at the 3- or 4-position by hal ogen or

trifluoronmethyl, or disubstituted at the?3- and 4-positions by hal ogen
(which nmay be the 20 sane or different); 'or Bis a 2-pyridyl or
2-pyridyl oxy group nmonosubstituted at the 5- or 6- position by hal ogen,
trifluoronethyl or cyano; or Bis a 4-pyrimdinyl group optionally

substi tut ed al‘mkl'i‘%e@ pdREGtdd R d:wpga@%cgﬁﬁghb%m%sﬂanalnmber éfglﬁ)samsﬂg B or
nitrogen atom Rl a trinethyl-I-hydantoin C2-4
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phenyl - SOZNH 4a| kyl; or R is 2-pyridyl or 2-pyridyl C2-4alkyl; or Rl is
3 pyridyl BY8%Byridyl C2-4alkyl: or RL is 2-pyrinidine-SCH2CH2; or RL is

- or pyri I I y Iogen
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including for, %P@Lﬁprgaﬁed that the compounds according to the invention can contain one
or more asymmetrically substituted carbon atoms. The presence of one or more of these
asymmetric centres (chiral centres) in a compound of formula I can give rise to
1s  stereoisomers, and in each case the invention is to be understood to extend to all such
stereoisomers, including enantiomers and diastereomers, and mixtures including racemic
mixtures thereof.
In the examples we disclose the isolation and characterisation of certain enantiomers.
Enantiomers may be prepared by the reaction of racemic material with a chiral auxilliary,
20 separation of the diastereomers formed using chromatography, followed by subsequent
cleavage of the chiral auxilliary. The diastereomer eluted second from the column (using
conditions herein described) and subsequently cleaved gives the more active enantiomer
when tesied. In each case we believe the active enantiomer has S stereochemistry but do
not wish to be limited by this initial determination. The active enantiomer is characterised
35 by its derivative being eluted second from the separation column. Use of different
compounds of formula I, alternative columns and/or different solvents may affect the
elution order of the most active enantiomer.
In the examples we disclose the isolation and characterisation of certain diastereomers.

Chromatographic separation and subsequent testing revealed that the more active



10 formation of diastereoneric derivatives having convenient optically
active auxiliary species followed by separation and then cl eavage of the
auxiliary species. It will be appreciated that the conmpounds according to
the invention can contain one or nore asymetrically substituted carbon
atons. The presence of one or nore of these asymetric centres (chiral
centres) in a conpound of formula | canggive rise to 15 stereoi soners, and
in each case the invention is to be understood to extend to all such
stereoi soners, including enantionmers and di astereoners, and m xtures
including racemc mxtures thereof. In the exanples we disclose the
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of fornula I wit chiral centres we believe the active enantiomer
the compounds of the formula I represents.an independent and particular embodiment of
the invention. Whilst we do not wish to be bound by theoretical considerations, the
compounds of the invention are believed to show selective inhibition for any one of the

5  above indications relative to anjr MMP1 inhibitory activity, by way.of non-limiting |
example they may show 100-1000 fold selectivity over any MMP1 inhibitory activity.

Certain compounds of the invention are of particular use as aggrecanase inhibitors te.
inhibitors of aggrecan degradation. Certain compounds of the invention are of particular
use as inhibitors of MMP9 and/or MMP12.

20 The compounds of the invention may be provided as pharmaceutically acceptable
salts. These include acid addition salts such as hydrochloride, hydrobromide, citrate and
‘maleate salts and salts formed with phosphoric and sulphuric acid. In another aspect
suitable salts are base salts such as an alkali meta] salt for example sodium or potassium,
an alkaline earth metal salt for exainple calcium or magnesium, oerrga.nic amine salt for

25 example triethylamine.

They may also be provided as in vivo hydrolysable esters. These are pharmaceutically
acceptable esters that hydrolyse in the human body to produce the parent compound. Such
esters can be identified by administering, for example intravenously to a test animal, the

compound under test and subsequently examining the test animal’s body fluids. Suitable



has S, S stereochem stry but do not wish to be limted by this initial
determ nation. Where tautoners exist in the conpounds of formula |, we

di sclose all individual tautoneric forns and conbi nati ons of these as

i ndi vi dual specific enbodinents of the invention. to As previously
outlined the conpounds of the invention are netall oprotei nase inhibitors,
in particular they are inhibitors of MW13. Each of the above indications
for the conpounds of the forrmula | represents an i ndependent and
particul ar enbodi nent of the invention. Whilst we do not wish to be bound

by theoretical cqnsiderations, the co unds of the invention are believed
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and for hydroxy i nclude . . . . .
parenteral, buccal, nasal, vaginal or rectal adminstration or by inhalation. For thesz:
purposes the compounds of this invention may be formulated by means known in the art
into the form of, for example, tablets, capsules, aqueous or oily solutions, suspensions,
i5 emulsions, creams, ointments, gels, nasal sprays, suppositories, finely divided powders or
aerosols for inhalation, and for parenteral use (including intravenous, intramuscular or
infusion} sterile aqueous or oily solutions or suspenstons or sterile emulsions.
In addition to the compounds of the present invention the pharmaceutical composition
of this invention may also contain, or be co-admimstered (simultaneously or sequentially)
20 with, one or more pharmacological agents of value in treating one or more disease
conditions referred to hereinabove.
The pharmaceutical compositions of this invention will normally be administered to
humans so that, for example, 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
35 doses as necessary, the precise amount of the compound received and the route of
administration depending on the weight, age and sex of the patient being treated and on the
particular disease condition being treated according to principles known in the art.

Typically unit dosage forms will contain about 1 mg to 300 mg of a compound of this

mvention.



formyl and acetyl, especially acetyl. In order to use a conpound of the
formula | or a pharmaceutically acceptable salt or in vivo hydrol ysabl e
ester thereof for the therapeutic treatnment (including prophylactic 5
treatnment) of mammal s including humans, it is normally formulated in
accordance wth standard pharnmaceutical practice as a pharmaceutica
conposition. Therefore in another aspect“fhe present invention provides a
pharmaceutical conposition which conprises a conmpound of the forrmula | or
a pharmaceutically acceptable salt or an in vivo hydrol ysable ester and
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preferably of 0.5 to 30 ng/kg body weight) is received. This daily dose
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which process comprises reacting a compound of the formula Il with an appropriate
15 compound of the formula RICHO to yield an alkene of formula III, which is then
converted to a2 compound of formula IV, which is a precursor to compound I, and
optionally thereafter forming a pharmaceutically acceptable salt or in vivo hydrolysable

ester of the compound of formula I, as set out below:



Typically unit dosage forms will contain about I ng to 500 ng of a conpound
of this invention. 10 Therefore in a further aspect, the present invention
provi des a conmpound of the formula | or a pharnaceutically acceptable salt
or in vivo hydrol ysabie ester thereof for use in a nethod of therapeutic
treatnment of the human or aninmal body. In particular we disclose use in
the treatnment of a disease or condition ngdiated by MW 13 ) and/or 5
aggrecanas e and/or MVWP9 and/or MI%P 12. In yet a further aspect the
present invention provides a nethod of treating a netall oproteinase
medi at ed di sease condition which conprises admnistering to a warm bl ooded
animel a therapeutically effeofiva amunt of a conpound ef;4he formula I or
a pharmaceutical ly acceptBbi salN—OSCbmﬂaivo+hydroRm§§g € ester thereof
Metal |oproteinas e 10 nediate Ysease conditions include arthritis (such
as osteoarthritis), atherosclerosis, chroruic obstructive pul nonary

di seases (COPD). In another Hspect the present,'invention provides a
process for preparing a conmpound of the formula | or a pharnaceutically
acceptable salt or in vivo hydrol ysabl e ester ¥Yhereof which process

conprises reacting a conmpound of the fornmula -1l with an appropriate 15
conpound of the formula RI CHOto yield | kene of -Egrnula 11, which
is then converted to a conpﬁﬁnd of %QL?ﬁIaI%$_ St'a precursor to
compound 1, and optionally r

ereafter Q_E;pg a pRarmaceutically
acceptable salt or in vivo hydrol ysabie eSter of the conpound of fornula

1, as set out below Il /\ B-XfNSO2 M + R1L 11 111

Y

R1
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| B—X N—so;\(
H
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A compound of formula II is conveniently prepared by reacting a 'compound of formula V
s with a compound of formula VI, wherein B’ is a precursor of B and X' represents X or a
precursor of X or an activated form of X suitable for reaction with B'. II may also be

prepared ﬁ'om'compound V1 as shown below:



VzB-XNSO2RL Iv NHOH | B---X N-SO2~R1 N HO CHO A conpound of formul a
Il is conveniently prepared by reacting a conpound of fornmula V 5 with a
conmpound of forrmula VI, wherein B is a precursor of B and Xrepresents X or
a precursor of X or an activated formof X suitable for reaction with B'.
Il may al so be prepared fromconmpound VII as shown below T ,CHOr -~ Ri
~-~ BXNS12 V1B + X~NSOZ M VBt2XNS2 M It f VII It will be
appreciated that many of the relevant starting naterials are comrercially

. L]
Vi B + X N—SO,Me v

B—X N—SO,Me
I
B—X N VI
N/

It will be appreciated that many of the relevant starting materials are commercially
available. In addition the following table shows details of aldehyde intermediates and their

corresponding registry numbers in Chemical Abstracts.

RCHO Chermical Abstracts Registry Numbers
3-(2-pyrimidinylthio)-propionaldehyde 155957-56-5
3-(2-pyrazinyl)butyraldehyde 177615-94-0
3-phenylsulphonylamido-propanal 57483-28-0

- 4-(4-methoxyphenyl}-butyraldehyde 160093-24-3
4-(3-methoxyphenyl)-butyraldehyde 113504-55-5

Aldehvdes without Chemical Abstracts Registry Numbers

3-(2-pyrimidyl) propionaldehyde. To a solution of 2-Bromopyrimidine (7.95 g, 0.05 M)

10 in acetonitrile (150 mL) was added propargylalcohol (4.2 g, 0.075 M ), bis-
(triphenylphosphine)-palladium(IT}chloride (750 mg, 1 mM), copper iodide (100 mg, 0.5



avai lable- In addition the follow ng table shows details of al dehyde
internediates and their corresponding registry nunbers in Chem cal
Abstracts. 5 RCHOChem cal Abstracts Registry Nunbers
3-(2-pyrimdinylthio)-propi onal dehyde1l55957- 56-5

3-(2-pyrazinyl)butyral dehydel77615-94-0

3- phenyl sul phonyl am do- pr opanal 57483- 28-0
4-(4-nethoxypheny|)-butyraldehyde160093-25i3

4- ( 3- met hoxyphenyl ) - but yr al dehyde113504- 55-5 Al dehvdes wi t hout Chemi cal
Abstracts Registry Nunbers 3-(2- rirnid |) propional dehyde. To a solution

O oarnomor) hdltllenlidmfiR G5, 035K ol e By AR QA bekdBnletRGie b 08 %o

(tri phenyl pheaphismeiddpdnapatiowdtlof pedaesy] deobdiF0. 1ng.0.038 MiMbis-copper i odi de
(100 ng, 0.5 13 nM and triethylamne (25nL. 0.25 M and the m xture was
stirred andripbemdphesphingepslindiv(Ihebioside AV Sadglit § onk) ardmoppdr ioflidp( P arggy |

al cohol (2 0. 038 . bis-. (triphenyl phosphine)-pal | adj un(11)chl oride (375
moe 005 i P TV ED bR ALTD RS [ aR P BLeDH PR sied Herheabaddh T0RC fhi

reaction mxtufigoMii Buvas stirred and heated at 70C for s an additionall
hour. The reaction m xture was evaporated to dryness and the residue which

was pre- adsoThegeatioh mistiutd @as ewpboia! ogirapheshd Heuédianr whith wakhyd. acetate
gave 3-(2-pyrimdyl) prop-2-yn-3-ol as a yellow solid 4.45 g (66 % . NWR
(CDCl 3) 2. &dsergd anyto silies, ¢tppmatperaphed. Elutipi widh) eth@l ®efate? paver 3-(2-pRrifmodyidl MH}

R L e A R e e Gl
s 11t ored R oag el s o PHETRERT, pe o oS The reaction mxture
10 3-(2-pynimmdyl) prop-2-yn-1-ol (4.45 g, 0.033 M) was dissolved in ethyl acetate (140
mL), 10 % Pd/C (890 mg) was added and the mixture stirred under an atmosphere of
hydrogen for 6 hours. The reaction mixture was filtered thrbugh Celite and the filtrate
evaporated to give 3-(2-pyrimidyl) propan-1-ol as a yellow oil, 4.15 g (91 %). NMR
(CDCl3) 2.1 (2H, m), 3.2 (24, 1), 3.8 (2H, v), 72 ( LH, 1), 8.7 ( 2H, d) MS found MH"
15 139 |
3-(2-pyrimidyl) propan-1-ol was oxidized to give 3~(2-pyrimidy!) propionaldehyde
using the following Swern conditions. To oxalyl chloride (14.3ml) dissolved in
dichloromethane (700ml) was added DMSO (21.3ml), maintaining the temperature below
-60°C. After 15 minutes the alcohol (20.8g) dissolved in dichioromethane (20ml)} was
20 slowly added followed 30 minutes later by triethylamine (125ml). After 15 minutes the
reaction mixture was allowed to warm to room temperature when water (100ml) was
added. The solvents were separated and the organic layer was washed with water (3 x
150ml), dried (MgSO,) and evaporated to give an oil which was purified by flash column
chromatography eluting with ethyl acetate / methanol (5%) to give the product (8.71g,

35 43%) as an oil. NMR CDCL 3.0 (2H, t), 3.4 (2H, t), 7.1 (1H, t), 8.7 (2H, d), 9.9 (1H, s).
Using the procedure described above the following aldehydes were prepared:

4-(2-pyrimidyl) butyraidehyde by using 3-butyn-1-ol in place of propargylalcohol



evaporated to give 3-(2-pyrimdyl) propan-l-ol as a yellowoil, 4.15 g (91
%. NWVR (CDC13) 2.1 (2H, m, 3.2 (2H, t), 3.8 (2H, t), 7.2 (I H t), 8.7
(2H, d) Ms found M+ s 139. 3-(2-pyrimdyl) propan-l-ol was oxidized to
give 3-(2-pyrimdyl) propional dehyde wusing the follow ng Swern conditions.
To oxalyl chloride (14.3nl) dissolved in dichloronethane (700m) was added
DVMSO (21.3rnl), maintaining the tenperatldre below -60C. After 15 m nutes

t he al cohol (20.8g) dissolved in dichloronethane (20nl) was 20 slowy added
followed 30 mnutes |ater by triethylamne (125nml). After 15 rrinutes the
reacti on mxture was towarmto roomtﬁméeratur? when wat er
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Usi ng the 3p1r(b@t,elﬁt}@9ae($02rﬂ)bed above the foI I owi ng aI dehydes ver e prépar ed:
4- . (2-pyrimd é;) but yral dehyde by usi 3- but n-1-ol in Iace of

pr opar gyl al C(ﬁ\'ll rpmzmwﬁbebt‘fféi@"éeg F-tsmg)—' rQH@PQ’EEHmWP @eﬁ 1 H m, 3.0

2H, 2
EISI ngm2 bt%é%%nzl@tnee zﬁc}t 3p &E% ‘0 ILEPg cg%fgyortplgﬁ)p%lnggﬂmg@l%@& s% (s,
l ) 8 Gts (194), .56 m, BHYA.49idn, 1H)2.808:,28D)( 5 (n,HH), 1.86 18, 68). 2H), 2.92 (t,

2H) 4- (2-pyrazinvl) butyral dehyde by using 2-bronopyrazine in place of 2-
br om)pyrl m didne-aiftha@ometyylpiriolidinn2yDhstanef by newgrigstloret¢-omidtorppgrimidine

) 196 (EAS BTy aurher P1PRT BRI A b RN RIS B0 A By ol g 2.
E“L?Lﬁlﬁpty et R BT RO e R PR s oy e P A T
(CDC13) (@,. ISH,IS,S-U.HH) 3.18.(92 AH, J % 7, 75 HzR2060Hz)d, 2 H, 4~ 6.1, 6.1 Hz), 2.21 (m,
3H). :
4-(5-fluoropyrimidin-2-y)butanal by using 2-chloro-5-fluoro-pyrimidine {CAS
registry number 62802-42-0] in place of 2-bromopyrimidine and 3-butyno-1-ol in place of
15 propargyl alcohol '"H NMR (CDCl3) : 9.90 (s, I H), 8.52 (s, 2 H, /= 5.0 Hz), 7.47, .3.47
{m, 2 H), 3.33 (dd, 2 H, /=6.8, 6.8 Hz), 3.02 (m, 2 H).
4-{4-methoxypyrimidin-2-vl}butanal by using 2-chloro-4-methoxy-pyrimidine [CAS
registry number 22536-63-6] in place of 2-bromopyrimidine and 3-butyno-1-ol in place of
propargyl alcohol 'H NMR (CDCl;) : 9.80 (s, 1 H), 8.34 (d, | H,/=5.0Hz), 6.55(d, 1 H,
0 J=5.0Hz),3.97 (s, 3 H),2.91 (dd, 2 H, /= 6.8, 6.8 Hz), 2.58 (m, 2 H), 2.20 (m, 2 H)
4-(5-ethylpyrimidin-2-yl)butanal by using 2-chloro-5-ethyl-pyrimidine {CAS
registry number 111196-81-7] in place of 2-bromopyrimidine and 3-butyno-1-ol in place
of propargyl alcohol 'H NMR (CDCl3) : 9.79 (s, 1 H), 8.51 (s, 2 H), 2.99(dd, 2 H, J =74,
7.4 Hz),2.54 (m, 4 H),2.17 {p,l H,/=7.4Hz), 1.04 (t, 2 H, /= 7.2 Hz).
25 5-(2-pyrimidyl)pentanal by using 2-bromopyrimidine and ét—penryn-l—ol in place of
propargul alcohol: NMR (CDCL;) 9.8 (1H, s), 8.65 (2H, m), 7.1 (1H, m), 3.0 (2H, m), 2.5
(2H, m), 1.9 (2H, m), 1.7 (2H, m).



H J =50 H).3.11 (dd, 2 H, J= 7.5, 7.5 Hz), 2.60 (dd, 2 H, J= 6.1,

), 2.2 (m 3 H). 4-(5-fluoropyrimdin-2-vl)butanal by using

| oro-5-fluoro-pyrimdine [CAS registry nunber 62802-42-0] in place of

onmopyri m di ne and 3- butyno 1-ol in place of 15 propargyl alcohol 1H

NR(CDCIS) ©9.90 (s, I H, 852 (s, 2 H, J— 5 0 Hz), 7.47,.3.47 (m 2 H),
.33 (dd, 2 H J =6.8. 6.8Hz), 3.02 (Eg 4- (4- met hoxypyri x

i di n- 2-yl)butanal by using 2-chl oro-4-nethoxy- pyrl m dine [CAS registry

nunber 22536-63-6] in place of 2-bronmopyrimdine and 3-butyno-Il-ol in place
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al cohol 'H (CbC13) : 9.79 (s, I H, 851 (s, 2 H, 2.99 (dd, 2. H J =

7.4, 7.4 H), 254 (m 4 H, 217 (p, | H J=7.4H), 1.04 (t, 2 H J =

7.2 Hz). as 5-(2-pyrimdyl)pentanal by using 2-brornopyrimdine and
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dissolved in .triethylam ne ( 250m ) under argon. (’Ph

0. 006M Culand )thged wh d@blotorsapnea e Soimbined-organiophdsas asm dridd £aM ) wer e
added and- the m. X was i Ted ag anbi ent tenperature for 18hrs. After
evapor ati o T8 4 ¥ 0ein ?re(mdé’ﬁ‘ pi} a5 chppamaiertaphedapigtiog withdsedexdneh

di chl or OWEHB?PfcetaT@lE?I @@W@lcﬂﬁﬁz @hloro-4-pyrimidy! )-3-butyn-1-ol as an oil - (3.3g) NMR
(CDClL;).d8.5,(d 1H); 7.3, (_d 1H);3.9,(t2H ); 2.8, (m 2H ); 1.6, (s 1H ). Mass Spec

found MH+ 183 . This material was hydrogenated as described above , but in the
presence of 1 equivalent of triethylamine, to give the required saturated alcohol which

.15 - was oxidised using the previously described Swern oxidation to give the required 4-( 4-
pyrimidyl )-butan-1-al . NMR CDCl; d9.8,(s 1H); 9.1; (s lH); 8.5, (d 1H); 7.1, (d 1H);
2.8, (t 2H); 2.5, (t2H); 2.1, (m 2H). Mass spec found MH- 149.

3-(5-fluoropyrimidin-2-yl)propanal. To a stirred solution of (£)-1-ethoxy-3-(5-

20  fluoropyrimidin-2-y{)prop-2-enyl ethyl ether and (£)-1-ethoxy-3-(5-fluoropyrimidin-2-
yhprop-2-enyl ethyl ether (9.7 g, 43 mmol) in dry ethanol (100 ml) at room temperature
under an atmosphere of argon, was added 10% palladium on activated charcoal (1.0 g).
The reaction flask was then evacuated and filled with hydrogen gas. The mixture was then
stirred for 18 hours at room temperature. The reaction was then filtered through a pad of

25 celite and evaporated under reduced pressure to give a yetlow oil (8.7 g, 89%). To a
solution of this oil (15 g, 66 mmol) in THF (200 ml) at room temperature was added an
aqueous solution of hydrochloric acid (36 ml of a 2M solution, 72 mmol) and the reaction

‘was stirred at room temperature for 3 hours. The reaction was then diluted with ethyl

acetate (100 ml) and the pH of the mixture brought to pH = 9 by the addition of agueous



gani ¢ phases were dried and i o evaporated to dryness. The residual oil was
chrom ato graphed, eluting with iso-hexane/ ethyl acetatel:l to yield 4-(2
chl oro-4-pyrimdyl )-3-butyn-I-ol as an oil ( 3.3g) NMR (CDC13) d 8-5, (d
IH ; 7.3, (dIH; 3.9, (t 2H); 2.8 (m2H; 1.6, (s IH). Mass Spec

found -NwMt+ 183 . This material was hydrogenated as described above, but in
the presenceof | equivalent oftriethylaidbne, to give the required saturated
al cohol which 15 was oxidised using the previously described Swem

oxi dation to give the required .4-( 4- pyrinidyl) but an-1 -al . NVRCDC13
do.8,(slH;9.1 dl ;. 2.5, (t2H);

2.1, (neH)sod mé@ragen Fﬁgﬂémfglmn (sgﬂ e A LP&rBBy TRkt Q“-‘BE&WSI. To

a stirred % Jléz)e%y )Lh;g.s%)ex cteghhﬁx%ﬁyﬁ a@:?tﬁ.?eQB X ldDO ml). The combined organic

quoropyr| prop enyl et

(2)-1-et f@&ﬁcéw&e':}e tHdaQirRAYNi2b8 Olf) Nfikered lahd ERPpoLateDihdeL tdiibedPprBSfurd & %vtg: 43

inmol) in dry ethanol (100 m) at roomtenperature under an atnosphere of
ar gon, wek(atldenpyitigall-glpropamsl (e g) whichdvashaed Bfatlhmétfu@hg)punﬁfh@orr eHct i on

St 1 TOMASRRG0 £ 4D o Ceitbly AtDr &3 e & Rabtrancuior hon 1B ea "

t hr ough a.p d6%fHZ)5 celite and evaporated under reduced pressure to give a
yel | ow oi | ?8 89% . To a solution of this oil (15 66 nrnol) in THF
(200 mM) at roomtenperature was added an aqueous solution of hydrochloric
acid (36 M of a 2Msolution, 72 mmol) and the reaction was stirred at
room t enper akher seaxtlgg nBatereal mats obtaengddicthie dollovais g timshodd iNowtsethtigntaf 2eettgro-

acetate ( of the H t he

addi tion %8“%&? %i@w d}“&’@%ﬁ Gggﬁ%g?f%lggb& B’S?P %‘ﬁﬁ'r ated, 100
Lhe k! t tihe phas X th

et hyI acet'%lg%{ [S?%M{?[ ?00&%mf§?#ﬁgqc§%bl4%g% ollpgg%? g?@g}i‘r{l ract gf{%ezr' gﬁﬁ]ﬁ u‘é"'“ ed

(Na2SO4) , drf INIE N @) mbpureien ponatesgheredddry eguaesapidass seqrettiallyi sodid

3-(5-fluoropyrimdin-2- ropanal (16 g) which was used w thout further

pur.f.cam%ﬁﬁsmmncesbw(ﬁﬁ mma), gefrgednylgmppnivgn ghonde (13.21g, 683nmel)(qd, 2

H J=6. 9 %1s?ml_%)enylphgspbgn%gpall%dfdmdl) chloride (2.4 g, 3.4 mmol). ‘The resulting
mixture was then heated to 120°C for 3 hours. The reaction was then cooled to room
15 temperature and was diluted with water (100 ml) and diethy! ether (150 ml). This mixture
was then ﬁlt.ered through a pad of celite. The layers were separated-and the aqueous phase
extracted with diethyl ether (3 x 100 ml). The combined organic extracts were then dried
(MgSQ,), filtered and evaporated under reduced pressure. Flash chromatography (silica
gel, 10% ethyl acetate in hexanes) then gave the product as a pale yellow oil and a 3:1
20 mixture of £:Z isomers (9.7 g, 63%).
E-isomer: 'H NMR (CDCl;) : 8.53 (s, 2 H), 6.99 (dd, | H,J=15.4, 4.1 Hz), 6.86 (d, 1
H, J=15.4Hz),5.14(d, 1 H, J=4.1 Hz), 3.56 (m, 4 H), 1.24(t,6 H, /= 7.1 Hz)
Z-isomer: '"H NMR (CDCl;) : 8.57 (s, 2 H), 6.65(d, 1 H,/=12.1Hz),649 (d, | H,J
=75Hz), 6.09(dd, 1 H,J=12.1, 7.5 Hz), 3.70 (m, 4 H), 1.21 (t, 6 H, /= 7.1 Hz)
25 |
An analogous method was used to prepare the following aldehydes using the

appropriately substituted 2-chloro-pyrimidine:



= 6.9, 6.9 Hz). The starting material was obtained by the foll ow ng nethod:
To a solution of 2-chloro- 5-fluoro-pyrimdine [CAS registry nunber
62802-42-0] (9.0 g, 68 mmol) and 1 io

tributyl stannyl -3, 3-di et hoxyprop-1-ene (42.8 g, 102 nmmol, 5:1 m xture of
E:Z isoners) in dry DVF (140 m ) under an atnosphere of dry argon, was
added sequentially solid potaSS|un1carb0ﬂ@te (9.4 g, 68 mmol),

t et raet hyl ammoni um chloride (11.2 g, 68 nmmol) and

bi s(tri phenyl phosphi ne)pal |l adiun(ll) chloride (2.4 g, 3.4 mmol). The
resulting mxture was then heated to 120C for 3 hours. The reacti on was

then cool eg-(Home@@RXYpPrikediRel-l)pFepand ' MMV | @!_t)eﬂ?\/\@fsh éy\@t}?)r 8(3kQQ, My sand

diethyl ether (150 nil). This mxture was then filtered through a’ pad of
celite. The 3.4y, lsfép’aﬂ’ét"edehncPIt(hé HpGetfusidphdls & = BAL 1. a6z d. 90i 84,
d| et hyl ett}?{g( % The conbi ned organic extracts were then dried
(MgSH™) , I ea4 d aporat ed under reduced pressure. Flash

chr omat ogr £ cel nesy o4 hen ,ga t he
broduct - as 8 hirfelorbispey i rmiR Eb LS55 1 R CBEREN o Ren i ESo )
63% . B isomgu= SHMR;'@@@EHBH J—%@&zﬁswﬁ(dhl)zfﬁj%%éd@lgm) ,oﬂd %% )
4.1 Hz), 6.86 (d, H J = 15.4 Hz), (m 4
H, 1.24 (’f63§'5I-$H3)—71H2) leorrer HNI\/R(CDCIS) : 857(3 2 H,

6. 65 (d, 49 (d, = 7,5 H), 6.09 (dd, 1 H J =
12. 1, (7 5 ILTﬁHi"e ‘ W“Az‘ﬂﬁpfﬁpﬂ%f‘ %[ HM‘I]-I(CQCB) '79f)1 k)l B 3;(&@ (EraHdgotis
nethod was;qds eqy t epan I I t t el
substi t ut e(éMQ gihlngglgpgrglP% r%ge{éa 2 {%6%&]22—@3?? QH jw?l@%ogghéfi /
NVR (CDC13)H,/&=82HA, 1 H. 8.34 (d, 1 H J =8.4 H), 6.55 (d, I H J
7,4 Hz), 3.91 (s, 3 H, 3.28 (dd, 2 H, J= 7.4, 7.4 Hz).2.99 (dd, 2 H J
7.4, 7% Hz). 3-(4-trifluoronethylpyrimdin-2-yl)propanal' H NVR (CDC 3)

9.92 (s, js,gl)sqr?mgt%y(-‘ilipI'UPanal hydantoin

A solution of 3,5,5-trimethyl hydantoin [CAS (6345-19-3)] (3.5g, 0.025mol), 2-(2-

15 bromoethyl}-1,3-dioxolane (4.8ml, 0.041mol}, K.CO5 (8.5, 0.062mol),
benzyltﬁmethylamr_nonium chloride (2.23g, 0.012mol) in MeCN (100ml) was refluxed
together for 24hrs. Allowed the reaction to cool to RT and filtered, the filrate was
evaporated in vacuo. The residue was taken mto DCM then washed with water (3(3),
before evaporating in vacuo. The residue was azeotroped with toluene (X3) to afford a

20  yellow oil (5.4g). The oil was then stirred in THF (30ml) with conc. HCi (4ml) at RT for
20hrs. Neutralised with aqueous NaHCO3 and extracted with DCM (X8). The combined
organics were dried over Na,;SQy and evaporated in vacuo to afford a yellow oil (4.3g)

'H NMR (CDCls) : 9.82 (s, 1H), 3.62 (t, 2H), 3.04 (s, 3H), 2.90 (m, 2H), 1.37 (s, 6H).



s 1H J=50Hz), 7.47 (d, I H J=5.0 Hz), 3.43 (dd, 2 H J= 6.8, 6.8
Hz).3.07 (dd, 2 H J =6.8, 6.8 Hz). 3-(5-ethyl pyrimdin-2-yl)propanal'H
NVR (CDC13) @ 9.91 (s, I H, 8.49 (s, 2 H, 3.31 (dd, 2 H J =6.9, 6.9
Hz).2.98 (dd, 2 H J =6.9, 6.9 Hz), 2.61 (g, 2 H J=7.6 H), 1.26 (t, 3
H J=7.6 H). la 3,5 5-trinmethyl -|-propanal hydantoin A sol ution of
3,5,5-trinethyl hydantoin [CAS (6345-19-18)] (3.5g, 0.025nmpl), 2-(2- 15

bronoet hyl ) -1, 3-di oxol ane (4.8nml, 0.041npl), K-C03 (8.5g, 0.062nol),

benzyl tri met hyl anmoni um chl oride (2.23g, 0.012nol) in MeCN (100m ) was
refluxed together for 24hrs. Al lowed the reaction to cool to RT and
filtered, thetfimethygr Epygpanabixdanisited i n vacuo. The residue was taken into
DCM t hen washed with water (X3), before evaporating in vacuo. The residue
was azeotroped with toluene (X3) to afford a 20 yellow oil (5.4g). The oi
was then stirrgd in THE (30nml) with conc. HO (4nl) at RT for 20hrs.
Neut ral i sedhw t\h aqueous NaHCO3 and extracted with DCM (X8). The conbi ned
or gani cs drNéH\evenb%P-,SO4 and evaporated in vacuo to afford a yell ow
oil (4.39) (CDC13) =t ' 9.82 (s, 1H), 3.62 (t, 2H), 3.04 (s, 3H), 2.90
(m 2H), 1.37 (s;q6H) . 18 1,5,5-trinmethyl-3-propanal hvdantoin O NO/ N4
1,5,5-trinethy|hy8antoin [ CAS (6851-81-6)] (5.0Qg, 35.0ml) was added to a
m xture of] 5 $uiNaehyiHydaftdie, [CAS2B51E 1 -6)T &t G, piitmolamds Eddad 1o &rtixturaod
stirred under Argon. The m xture was warned to 30C before addi ng_acrolein

(2.35m8) Na®Wty0-Daad 2¥ennehcetebiic) exbEEE P RUEETNEIFAE oM fas
al | owed t (I)nigt_%?é whOwRinand ke &efaS&ing 2L &8I 3 90 owly. and the reaction

exotherms to 45°C. The reaction was allowed to cool to RT and stirred for a further 2hrs.

AcOH (0.136ml, 2.4mmol) and silica gel (3.5g) were added to the mixture before
evaporaring en vacuo. The product on silica was chromatagraphed on a silica column

o (eluant :5% acetone/DCM ) to afford a clear oil (6.2g). Further purification of the residue
on alumina (eluant :DCM ) afforded a clear oil (2.7g). 'H NMR (CDCl;) : 9.78 (s, 1H),
3.88 (t, 2H), 2.86 (s, 3H), 2.82 (m, 2H), 1.37 (s, 6H). '

In an analogous manner 1,5,5-trimethyl-3-butanal hydantoin was prepared [M+H 213].

15

3-(3-chlorophenyl)butyraldehyde. A mixture of 3-chloroiodobenzene (2.38g), palladium

acetate (20 mg), sodium bicarbonate (1.01g) and crotyl alcohol (1.28 ml) in N-
methylpyrrolidone (4 m!) was stirred and heated at 130°C for 2 hours. The reaction
mixture was allowed to cool, water (50 ml) was added and the mixture was extracted with
20 diethyl ether (2X50 ml). The combined organic extracts were dried and the residue
obtained on removal of the solvent was purified by chromatography through silica eluting

with a mixture of ethyl acetate and methylene chloride (1:20) to give the title compound as

an oil, yield 519 mg, M-H = 181

25 3-(2-pyridyDbutyraldehyde. Prepared by Swem oxidation of the corresponding alcohol

(CAS 90642-86-7).



AcOH (o. 136ml, 2.4minol) and silica gel (3.59) were added to the m xture
before evaporating en vacuo. The product on silica was chromatagraphed on
a silica colum LO (eluant :5% acetone/DCM to afford a clear oil (6.29).
Further purification of the residue on alumna (eluant :DCM af forded a
clear oil (2.7g). |HNW (CDC13) : 9.78 (s, |I H, 3.88 (t 2H), 2.86 (s,
3H), 2.82'(m 2H), 1.37 (s, 6H). In an anlé’l ogous manner
|,5,5-trinethyl-3-butanal hydantoin was prepared [ MtH 213]. |5 3- 3-chloro
heu |)butvral deh de. A m xture of 3-chl oroi odobenzene (2.38g), palladium
acetate (20 ng), sodium bicarbonate (1.01 g) and crotyl alcohol (1.28 m)
in N nethylpyrrolidone (4 mM) was stirred and heated at 130C for 2 hours.
The react i Go(5-fllioropy Eintidg-2lyp@sh410 cool, water (50 nl) was added and the
m xture was extracted wih 20 diethyl et her (2X50 m). The conbi ned organic
extracts were dried and the residue obtained on renoval of the solvent was
purified by chromatography throggh Iica eluting with a mxture of ethyl
acetate and nethyl ene chloride (120) No give the title conpound as an
oil, yield 519 ng, M H=181 25 342- |d}|)but ral deh de. Prepared by Swern
oxi dation of the correspondi ng al c 2-86-7). 19 3-(5-flu
oropyriznidin-2-yl)butarai 5 Concentrate@ hydrochloric acid (I m was added
to a stirring_sol ution of 2-

-( 1 .3 -
di oxol ah- 2-yi 53011°%HH§E9491Y€{9?§1[<]I10§319¥4 Usnoppraddediionestiting g))lutiom of 2-[2-(1,3-

t et r ahydr ofijik g1, Ol Edq) e@g@_ r tir fo IS then
added solid sodi um ydrpg%lgln ]rgg%ug% &lhg& f ﬁ‘-‘fgfgﬁﬂé"i{ﬂ%(&%

pour ed ontUnhlemempbmec&amdirfodgbommemhedsdﬂd ib&ﬁrh)ﬂydro%@@&%@mﬁgﬁgom )
t he conbi ned g{u}gémggs were dried over S . and evaporated in vacuo 10 to

afford 3- (B9 A R SRR AL hemsbinga apfh Masheplerith ety
W t hout f uddehes (3x90|1|i1|1)f teadonined organics were dried over Na,SQ, and evaporated in vacuo

10 to afford 3-(5- ﬂuoropymmdm—"-yl)butanal (300mg, 35%) which was used without further

purification. -

The starting material was prepared as follows:

ts 2-[2-(1,3-dioxolan-2-yl)-1-methylethyl]-5-fluoropyrimidine

=
\(\ N
=
N)\(\ro
O\)
To a stimng suspension of activated “Rieke” zinc in tetrahydrofuran (2iml, 1.53M) was
2 added 2-(2-bromopropyl)-1,3-dioxolane (6.6g) in tetrahydrofuran (50ml), a rise in

temperature from 21°C to 40°C was observed, heated at 40°C for 1 hour then allowed to
ool to ambient temperature before adding 2-chloro-5-fluoropyrimidine (3 g)and [1,2-
Bis(diphenylphosphino)-propane]dichloronickel(Il) chloride (368 mg). The mixture was
stirred at ambient temperature for 4 hours then filtered through a pad of celite and the

35 filtrate evaporated under reduced pressure. Flash chromatography (silica gel, haxane-25%




The starting material was prepared as follows: is

2-[2-(1, 3-di oxol an-2-yl )-1-methyl ethyi]-5-fluoropyrimdin.e FN To a
stirring suspension of activated "Ri eke" zinc in tetrahydrofuran (21ni,
1.53M was 20 added 2 -(2-bromopropyl)- 1,3 -dioxo lane (6.6g) in
tetrahydrofuran (50nl), a rise in tenpergpure from21 Cto 40C was
observed, heated at 40C for | hour then allowed to cool to anbient

t enperature before adding 2-chloro-5-fl uoropyrim dine (3g) and [1, 2-

Bi s(di phen hosphi nQ) - pr opane] di chl or oni ckel ). ¢chl ori 3 .., JThe

i xtur & vl P GeERr Hex B2l BERE & it 6° p Gty 2 ek 1 PtRual
through a pRE&®S: £&l [ eHand7i (A1 2&3,?3.665@79@,&%;09&@13@@ hdep) sedyaed
pressure. Flash chronat ography (silica gel, haxane-25% 20 ethyl acetate in
hexanes) tHén lgaudddhdlpd edidt3Bgn/a 23al(étyBl |l ow oi |l (1.1g); 1H NWVR (d6-
DVMSO) : 8.81 (s, 2H), 4.73 (dd, IH), 3.66-3.87 (m 4H), 3.21-3.30 (m 1H),
2.19 (ddd, 1IH), 1.83 (ddd, 1H), 1.27(d, 3H);mz 213 (M+l). 5

2- (2- br or opyNBYdhopropyd-03cdionélake ot onal dehyde (9.18g, 108mml) was added
dropwi se to a stirring solution of bronotrinethylsilane (24g, 156rnnol) at
0C, stirred for 1 hour at OC then warned t@ roomtenperature and stirred
for a further 1 hour. Ethylene glycol [(9.5d¢, 1%rnsn.ol) and p-

t ol unesul phonic acid (100ng) was add n solution was heated to
reflux, water was renoved by use Bf Dean and Stark apparatus. On
conpletion the mxture was cooled to roomtenperature and washed with
aqueous sodi unhydrogen carbonate solution (saturated, 2x50 m ). The residue

was puri f i @@wdnaldehgte®. st 08matdl omad Aidgh \deopv i@ tolbstirring selution of

br omopropyl ) -1, 3-di oxgl ane (18. $g, 40-42C @nm_Hg,, 89% , H NWVR ( 13) :
5.05 (dd, trepotymethylailane (g, 13qpImal) emébfi%énzrﬁ? f&%*}%ﬁﬁz@"%&ﬂ?f@ 1©2.03

(ddd, 3H) 1m§15.7tgm§9rau§b}md éﬁyﬁ@awr QAIH S B NRIE NG Rnl 3880l @. 5, §BGEJI NS p-

fol |l om ng al dehydes using the

- tolunesulphonic acid (100mg) was added and the solution was heated to reflux, water was
removed by use of Dean and Stark apparatus. On completion the mixture was cooled to
room temperature and washed with aqueous sodiumhydrogen carbonate solution
(saturated, 2x50 ml).The residue was purified by vacuum distillation to give 2-(2-

15 bromopropyl)-1,3-dioxolane (18.8g, 40-42°C @1mm Hg, 89%)

'H NMR (CDCL) : 5.05 (dd, 1H), 4.18-4.33 (m, 1H), 3.84-4.0 (m, 4H), 2.25 (ddd,

1H), 2.03 (ddd, 1H), 1.75 (d, 3H).

An analogous method was used to prepare the following aldehydes using the

20  appropriately substituted 2-chloro-pyrimidine and 1,3-dioxolane:

3-(5-chloropyrimidin-2-yl)propanal

25 '"H NMR (CDCl) : 9.90 (s, 1H), 8.60 (s, 2H), 3.32 (dd, 2H), 3.04 (dd, 2H).



20 appropriately substituted 2-chloro-pyrimdine and 1, 3-di oxol ane: 3-(5-ch
| oropyrirnidin-2-yl)propan al d 0 25 "H NWVR (CDC13) : 9.90 (s, 1H), 8.60
(s, 2H), 3.32 (dd, 2H), 3.04 (dd, 2H). 2 3-(5-chloropyrimdin-2-yl)butanal
ad "N'"HNW (CDCI3) : 9.85 (s, 1H), 8.60 (s, 2H), 3.65 (m IH, 3.14 (dd,
1H, 2.75 5 (dd. I H, 1.39 (d. 3H. 3-(2-(6-Chloro vrazinvi)l ro anal N
IOi O CL N 3-[2-(6-Chloropyrazinyl)]propanal diethyl acetal (200 ng, 0.82
nmol ) was treated with 2N hydrochloric acid (450 0) in ter-rahydrofuran
(2.5 mM) at roomtenperature for 18h. After adjusting the pHto 8 using
sat urated agueous sodi um bi carbonate, the reaction was |Is extracted (x3)
w th ethyl ag€b-abbrapdriiidinez-ghbutmatlri ed (anyhdrous sodi um sul fate),
filtered and concentrated in vacuo to give the title conpound as a dark
brown oil (137 ng, 98%. This material was used w thout further
purification. "H NVR (CDCI3) 5 9. &3 (1 .\s); 8.4 (2H, 2 x s); 3.5 (2H, t);
3.0 (2H, t). 20 The starting materialf wasNobtai ned by the foll ow ng
nmet hod: 3-(2-(6-Chl oropyrazinyl)]prop nal/di et hyl aﬂetal 25 N

N
O

'H NMR (CDCLy) : 9.85 (s, 1H), 8.6 (s. 2H), 3.65 (m, 1H), 3.14 (dd, 1H), 2.75
s (dd, 1H), 1.39 (4, 3H).

3-[2-(6-Chloropyrazinyl)jpropanal

N
/[ \l/\/
10 — @]
N =

3-[2-(6-Chloropyrazinyl)]propanal diethyl acetal (200 mg, 0.82 mmol) was treated with 2N

hydrochloric acid (450 ul) in terrahydrofuran (2.5 mi) at room temperature for 18h. After
adjusting the pH to 8 using saturated aqueous sodium bicarbonate, the reaction was

ts  extracted (x3) with ethyi acetate and the organics dried (anyhdrous sodium sulfate), filtered
and concentrated in vacuo to give the title compound as a dark brown oil (137 mg, 98%).
This material was used without further purification. ..

'"H NMR (CDCl3) § 9.85 (1H. 5); 8.4 (2H, 2 x s); 3.5 (2H, 1); 3.0 (2H, v).
2 The starting material was obtained by the foliowing method:

3-[2-(6-Chloropyrazinyl)jpropanal diethyl acetal

f =
25 CI/\\N/ O\/



Il \ CN~/ 7) 3-[2-(6-Chioropyrazinyl)]propynal diethyl acetal, (5.5 g,
22.9 mol) in ethanol (55 m) was degassed with argon and platinum (1V)
oxide (52 ng, 0.23 nrnol) added. The reaction vessel was evacuated and an
at nosphere of hydrogen was introduced. After 2 days the 5 reaction m xture
was concentrated in vacuo and purified b); fl ash chromat ography, eluting
with a gradient of 0 - 50% ethyl acetate?®n iso-hexane, to give 3-[2-(6-
Chl oropyrazi nyl )] propanal diethyl acetal as a pale yellowoil (1.17 g, 21
%. "HNW (CDC13) 6 8.4 (1H, s); 8.35 (IH, s); 4.5 (1H, t); 3.75-3.55 (2H,
m; 3.55-3.4 (2H, ra); 2.9 (2H, dd); 2.1 (2H,.dd); 1.2 (6H, t). Lo 3- (2
-(6-Chl o ropyrazinyl)] propynal diethyl acetal 15 Nci N~ ,off To a

sol-ution of i ' . i 0

i ot hyl " acelafe R Rl fioh) Qo RS 1, 2w GP RSP [3KED

t enper at urﬁsmgﬁse@w&t@&pm BlaBibuma T YPsxive s 2@desl23 mmol) added. The reaction

bi s(tri phenyl phosphi ne)pal | adiun(11) dichloride 594 ng, 0.13 nmmol) and 20
copper (| )vessatlivde e¢dchareg,and.af Zztmmsphere 6 Diydoveed Vs intrddichy.| Afteri hdays 4he? |
33.6 nenol). The reaction was stirred at roomtenperature over night. The
sol vent WASRCHERBUEEIE Wy Sersntaked ip yacyeadppefisd by riiash chypmyategrpphy, Eluting

chr omat ogr aph l uti ke h 0%, et h etate .in.i hexane, to give
3-[2- (6- cif? %ﬁ %Fé‘irt Hgﬁ)‘ %%F’“o%‘éﬁ%%ceé‘ee %%‘hggaé’tea{o “s"pé'[?fg?'l ow oi | (660 ng,

41% . 25" 16 \ woli(19; Y. ; 3.9-3.75
(2 H/? ‘n): %&1%&9@?&?&0@)&1?&1 ?leg:lgr (a§§Ht,l11 ?S)Ba Pale ditbw 911127, £194). S)

'Y NMR (CDCl3) 8 8.4 (1H, s); 8.35 (1H, s); 4.5 (1H, t); 3.75-3.55 (2H, m); 3.55-3.4 (2H,
m); 2.9 (2H, dd); 2.1 (2H,.dd); 1.2 (6H, t).

3-[2-{6-Chloropyrazinyl)]propynal diethy! acetal

N
2
fo N
- N'\\\r,o\/

O\//

15

To a solution of 2,6-dichloropyrazine (1 g, 6.7 mmol) and propionaldehyde diethyl acetal
(1.1 ml, 7.4 mmol) in acetonitrile (10 ml) at room temperature under an atrnosphere of
argon was added bis(triphenylphosphine)palladium(II) dichloride (4 mg, 0.13 mmol) and
20 copper (I) iodide (51 mg, 0.27 mmol), followed by triethylamine (4.7 ml, 33.6 mmol). The
reaction was stirred at room temperature over might. The solvent was removed in vacuo
and the residue purified by flash chromatography, eluting with 10-20% ethyl acetate in 1s0-
hexane, to give 3-[2-(6-Chloropyrazinyl)]propynal diethyl acetal as a yellow oil (660 mg,
41%).
35 'HNMR (CDCls) 8 8.6 (1H, s); 8.55 (1H, s); 5.5 (1H, s); 3.9-3.75 (2H, m); 3.7-3.4 (2H,
m); 1.25 (6H, t)
nv/s (EIM) 241/243 (MH").



ms (El+) 241/243 (M+). 2” An alternative process for preparing a conpound
of the formula | or a pharmaceutically acceptable salt or in vivo
hydr ol ysabl e ester thereof conprises reacting a conpound of the fornula I
with a conpound of the fornula RICOOR to yield a conpound of the formula
VI1I, converting this to a conpound of the formula IX, 5 converting the
conpound of formula I X to an al kene of fommula 111, which is then

converted to a conpound of formula IV, which is a precursor to conpound I,
and optlonally thereafter formng a pharmaceutically acceptable salt or in

Vi vo hydr ol yoal SrerSRHInBlest e SOIRRNIToALOLOT TS doniify BEL OUL Dl OW

Appropriate eSters o or milFa y“or otherw se

co avai | abpkarfifacsmycaly apt@ﬁme@hwcsﬂ :ﬁguvoftg;rdnﬂmﬁm &teralieredtaloapides RaOEROAN €
to that described |n.Exanp . It will be appreciated that it is

possi bl e t epraBREhYt té@tf@rn%# Ht"ﬁlé“ £ 6PRAPERIRT tooRhB FePRRRIC yieldas
previ ously g§¥ u I al kyl ,
ar al kyl , ccﬁgé oar y‘%f ﬁel? ?:20 @I%%%wgh‘i %E‘%@%ﬂrﬁl&ghe rﬂrﬂPan_f&_ S22 NR1
A X B--- §(N- Saviettingie compound of formula IX to an alkene of formula III, which is then
converted to a compound of formula IV, which is a precursor to compound I, and
optionally thereafter forming a pharmaceutically acceptable salt or in vivo hydrolysable

ester of the compound of formula I, as set out below.

Appropriate esters of the formula R1COOR may be commercially or otherwise
10 available or may be produced using, for example, an analogous procedure to that described
in Example 10. It will be appreciated that it 1s possible to use any ester of the formula
er COOR (wherein R1 is as previousiy deﬁﬁed):- R may be any group including, for
exarmple, alkyl, aralkyl, heteroaryl etc.



1l RL B-X JANNSO2 RL IV B- X NSO NHOH 1-~ RL | B- XN -SO' N HO CHO 25
The conpounds of the invention nmay be eval uated for exanple in the

foll ow ng assays: |solated Enzyne Assays Matrix Metallo roteinase famly

i ncludi ng for exanple MW13. Reconbi nant human proMVP 13 nmay be expressed
and purified as described by Kriauper et at. [V. Knauper et al.,, (1996)
The Bi ochemi cal Journal 271:1544-1550 (2996)]. The purified enzyme can be
used to nonitor inhibitors of activity as follows: purified to proMwP 13 is
activated using 1mM am no phenyl mercuric acid (APMA), 20 hours at 21 C
the activated MsMP 11.25ng per assay) is incubated for 4-5 hours at 35C
in assay bufferg(Q § M%I pH 7. 2iegyi@i ning 0.1 M NaCl, 20mM CaCl2,
0. 02 nmM zndCl and 5‘V (W V¥ Brij "35 u5| ng the synthetic substrat e

7- met hoxycoumari n- 4 acetyl. Pro. Leu.dy.Leu. N3

- (2, 4-di ni trophenyyjj) - L 2, 3-di am noproplonyl.Ala. Arg.NH, 15 in the presence
or absence of inhibitors. Activi tyﬁi s determ ned by neasuring the

/N R1
Vil B—X N~so/2\[(
AN 5

/ \ N 7R1
m B—X N—Sd;\vf

NHOH

HO CHO



fluorescence at 1.ex 328nmand ~.em 393nm Percent inhibition is calculated
as follows: % Inhibition is equal to the [FluorescencePlus inhib;cox -

Fl uor eseencebackground] divided by the (Fluorescence,,;,,. inhibitor -

Fl uor escenceb=,,,,,,,d]. A simlar protocol can be used for other expressed
and purified pro MWs using 20 substrates and buffers conditions optinal
for the particular MW, for instance as gescribed in C. G aham Knight et
al ., (1992) FEBS Lett. 296(3):263-266. Adamalysin famly including for
exanpl e TNF convertase The ability of the compounds to inhibit proTNFa
convertase enzynme may be assessed 25 using a partially purified, isolated
enzyme assay, Thdeorpayiie o Pehcrigy wlibaingbhel dvalieidieor BB antheF6lidwiRgl as
described by K. M Mhler et al., (1994) Nature 370:218-220. The purlfled
enzynme act&gaysy and inhibition thereof is determ ned by incubating the
partially purified enzynme in the presence or absence of test conpounds
using the substrate 26 4',5' -Di net hoxy-fl uoresceinyl Ser.Pro.Leu. A a.G n.
Ala. Val . A28 B S5 A9 QIS(4 (3- succinimd-I-yl)-fluorescein)-NH2 in
assay buff , pH 7.4 containing 0.1% (wv) Triton X-100 and
2m M CaLl12), at 26C for 18 hours. The anobunt of inhibition is determ ned
as for MVP 1 S except lex 490rmand A er. 5 30tu-n were used. The substrate
5 was syntM@ﬁiséﬂefaBOlﬂmtdtiow favhly ]lgemdiimﬁ)rmampjé MME13ubstrate was
assenbl ed on Fnoc- nk VB ystyrene resin eith r rranually or on an

aut omat ed pe Cd’é“@%’i’t‘ Wz groM} Iét%?'?’dl%ﬁ%]@ﬁ%gﬁ%%dp \ASHgstrHsd bye of

F ' t | ety '
hoxal | uor CoRLnar (HETD Pae R i p e Nl "Wﬁg%liﬁé’ﬁfﬁ%n ol d
excess of FmgurHlddrazaat daramugﬂawmo‘ﬁam 1r@1ﬂﬂto|?§ 6f Z-tvey @s el se plef&oupl ed.

The follow ng side chain protection strat eg?/ was enpl oyed; Ser’ (But),
GLn5( Tra t yprpMMP 98151&59%@5 panPh iV agenopliedy! figrduriglapid (GPMUR X r20tholuys at

reati ng cReCEeuts Mve LT Mene aealiRp B S Poka dorChieei n” so
obt ai ned Vﬂ%ﬁ&}ﬁe@k&@'mné-m,tmﬁts {dihairing 02N NAC1, 20mM CaCl2, 0.02 M ZaCl

and 0.05% (w/v) Bri) 35 using the synthetic substrate 7-methoxycoumarin-4-

ylyacetyl.Pro.Leu.Gly.Leu N-3-(2 4-dinitrophenyl)-L-2,3-diaminopropionyl. Ala. Arg NH>
(s  1nthe presence or absence of inhibitors. Activity 1s determined by measuring the
fluorescence at Aex 328nm and rem 393nm. Percent inhibition is calculated as follows: %
Inhibition is equal to the [Fluorescencepu inhivitor - FlUOTESCENCE ackground] divided by the
{Fluorescenceminus inhibitor = F 1UOT€SCENCEackground]-
A similar protocol can be used for other expressed and purified pro MMPs using
20  substrates and buffers conditions optimal for the particular MMP, for instance as described

m C. Graham Knight et al., (1992) FEBS Lett. 296(3):263-266.

Adamalysin family including for example TNF convertase

The ability of the compounds to inhibit proTNFa convertase enzyme may be assessed
25 using a partially purified, isolated enzyme assay, the enzyme being obtained from the
membranes of THP-1 as described by K. M. Mohler et a/., (1994) Nature 370:218-220.
The purified enzyme activity and inhibition thereof is determined by incubating the

partially purified enzyme in the presence or absence of test compounds using the substrate



70C wth 1.5-2 equivalents of 4',5' -di net hoxy-fl uorescein-4(5)-carboxylic
acid (Khanna is & Ul man, (1980) Anal Bi ochem 108:156-161) which had been
preactivated with diisopropyl carbodiim de and 1-hydroxybenzotriazole in
DVF] . The di net hoxyfl uorescei nyl - pepti de was then sinultaneously
deprotected and cleaved fromthe resin by treatnent with trifluoroacetic
acid containing 5% each of water and trig %hyIS|Iane The

di met hoxyf | uor escei nyl - pepti de was isol ated by evaporation, trituration
with diethyl 20 ether and filtration. The isolated peptide was reacted with
4- (N-mal ei m do)-fluorescein in DM containing diisopropylethylamne, the

product pugisf.Dg@ethbx RittidRlseeidosdd Mgl { § D o
agueous acetic acid. The prodgc% ﬂmflya}ngﬁéaflggﬁé?ﬁgg{dpﬁl Bgi%%l El‘é&%gggﬁ@]
ami no aci dsueniimsi- b-yl)2Budatosig NSy hsdssat BSCEFHS0RM Tvis HCIOpH Thecdreitppgnds  of
the invention as inhibitors of aqgrecan degradatlon may be assayed using
met hods f of-1 %t Erwased 08mnd Fenl @aﬂlﬂsm&wﬁrE8h®rsAThe|ameuntanfmmb(tm98)

CBteoarthrJtls and Cartl H:.214- 1999) Jour of Biql
Cheni st ry, IS SSFFIFES fe VERRCGRE ct"h'ég aﬁw Tba @%&‘iﬁr%‘é‘iﬁg ﬁgﬁéﬁi tateh e

pot ency, of &oﬁ;ﬁ ct I n be
determ snedwas g{sétg:g;é%gﬁf%%m‘% @3\7&)8& ? ah%rﬁhea%%r ret tv&?é%ﬁﬁ%ﬁcng&@I ochem
99: 340- 345NHiRilak MBIH-pofysteésd desipreithet masenl1gGiriov dnyautdmaed béﬁtid%%?ﬁth@ﬁ&@ d

activity s Test as an agent to inhibit menbrane sheddases such as TNF
conver t asebyT¥igndapd metlgﬂdéﬁnwh‘eng@rm@mdfnufc ?-trmng aciisend iGoberzotriagbi- biyl- t he

cel lul ar S NFa ion.ma sed in THP-1 cell s
usi ng an L’I(I{g& ﬁo&% lr'rgf“é%ég rophe ﬁiﬁg? RPERE BRI 1
Mohler et jalsiq 4( éPQQ%IdI\&%HgS%f%mo@ﬁm%Qand Birg. | 4! @151}3'3% tﬂ%
processing or shedding of other rane nol ecul 65 such as t hose descri bed
toin N Moub-kadpé'ﬂleéd)llc&ilmo s(d]&:gihﬁi)n Boactemsrdes?da? Ghpbyed; By (Bearf est ed
using appropciate ekl, lines an gtiuh]sujtable ,Antibodies to detect the
shed prot e(l}lﬁ (Trityl), Arg Y(Pmc or be) Ser (Trityl), Cys' (Trnityl). Following assembly, the
N-terminal Fmoc-protecting group wastemoved by treating the Fmoc-peptidyl-resin with
in DMF. The amino-peptidyl-resin so obtained was acylated by treatment for 1.5-2hr at
70°C with 1.5-2 equivalents of 4',5'-dimethoxy-fluorescein-4(5)-carboxylic acid [Khanna -
‘15 & Ullman, (1980) Anal Biochem. 108:156-161) which had been preactivated with
diisopropylcarbodiimide and 1-hydroxybenzotriazole in DMF]. The
dimethoxyfluoresceinyl-peptide was then simultaneously deprotected and cleaved from the
resin by treatment with triflucroacetic acid containing 5% each of water and triethylsilane.
The dimethoxyfluoresceinyl-peptide was isolated by evaporation, trituration with diethyl
20 ether and filtration. The isolated peptide was reacted with 4-(N-maleimido)-fluorescein in
DMF containing diisopropylethylamine, the product purified by RP-HPLC and finally

isolated by freeze-drying from aqueous acetic acid. ' The product was characterised by

MALDI-TOF MS and amino acid analysis.

25 Natural Substrates

The activity of the compounds of the invention as inhibitors of aggrecan degradation
may be assayed using methods for example based on the disclosures of E. C. Amer et al.,
(1998) Osteoarthritis and Cartilage 6:214-228; (1999) Journal of Biological Chemistry,
274 (10), 6594-6601 and the antibodies described therein. The potency of compounds to



Test as an agent to inhibit cell based invasion The ability of the conpound
of this invention to inhibit the mgration of cells in an is invasion assay
may be determ ned as described in AL Albini et al., (1987) Cancer Research
47: 3239- 3245. Test as an agent to inhibit whole bl ood TNF sheddase acti vi
The ability of the conpounds of this invention to inhibit TNFa production
is assessed 20 in a human whol e bl ood assay where LPS is used to stinulate
the rel ease of TNFa. Heparinized (i QOUnit’s/m ) human bl ood obtained from
volunteers is diluted 1:5 with nmedium (RPM 1640 + bi carbonate, penicillin,
streptonycin and glutamne) and incubated (16011) with 20l of test corrpound
(triplicategs) o}

hur 1 £ 1 od { SSeR Seaer PRl EntEleterdinddls ReiByg - CAAig R A 25
coli. 0111BEdettf197) ﬁgmmmﬁbmeaﬁlg@r_r'dmgcﬁm) Each assay includes controls of
di l uted bl ood i ncubated wth nmedium alone (6 wells/plate) or a knowmn TNFa
inhibitor as standard. The plates are then incubated for 6 hours at 37C

(hum di fied . ipcubat r) centrifuged, (2000rpmfor 10 mn, 4C), plasm

har vest ed 1 ib: £ 3 L@phvtsma.aﬁamwmm ceri.ufta.ss:se based achyitybef or e subsequent
anal ysi g f@st"q}IF v EL 14585 18 agent to inhibit in
vitro cartitage de e S F %% s i nvention

to inhibit thﬁdﬁgﬁlﬁda{ﬂh@@oﬂ oﬁrﬁ‘tﬁs‘, onHi@ﬁlWe%Hof’?E Hﬂliﬂ tarﬂ@@ s
cartilage can be assessed esisjentl ally as descrc: bedlb ?( ﬁwg&g%lﬁﬂ?ey et

al ., (19977NEa@c¢;émt@n m33hes838es488 in B‘Pl?ﬁhcemhxmhgmnsnsme@tdemt fedse@ B he
cl earance OEE t| es a a‘;@avall bi | Iéé of the conpounds of this

i nvention ggl\ylavs(gie%gq: Ay MRMHSE ef &ot(1 YD) NsueEs\ AR 24Ri22A- ln k simsids t he
synthetic £gUBSW 1%;:@5%&%3/0? sﬁpﬁ‘ﬁ% OF oLt SL1 Ltral.n\e/:%llc}ieclzlﬁe!.‘s%uc as'vt%(s)sse described

spectronetric analysi s
to in N. M. Hooper et al,, (1997) Blochem. J. 321:265-279 may be tested using appropriate

cell lines and with suitable antibodies to detect the shed protein.

Test as an agent to ichibit cell based invasion

The ability of the compound of this invention to inhibit the migration of cells in an
15 invasion assay may be determined as described in A. Albini e al., (1987) Cancer Research

47:3239-3245,

Test as an agent to inhibit whole blood TNF sheddase activity

The ability of the compounds of this invention to inhibit TNFa production is assessed

20 in a human whole blood assay where LPS is used to stimulate the release of TNFa.
Heparinized (10Units/ml) human biood obtained from volunteers is diluted 1:5 with
medium (RPMI1640 + bicarbonate, penicillin, streptomycin and glutamine) and incubated
(160pl) with 20ul of test compound (triplicates), in DMSQ or appropriate vehicle, for 30
min at 37°C in 2 humidified (5%C02/95%air} incubator, prior to addition of 20ul LPS (E.

25 coli. 0111:B4; final concentration 10pg/ml). Each assay includes controls of diluted blood
incubated with medium alone (6 wells/plate) or 2 known TNFae inhibitor as standard. The
plates are then incubated for 6 hours at 37°C (humidified incubator), centrifuged
(2000rpm for 10 min; 4°C ), plasma harvested (50-100ul) and stored in 96 well plates at
-70°C before subsequent analysis for TNFa concentration by ELISA.



10 generic test which can be used to estimate the cl earance rate of
conpounds across a range of species. Animals (e,g. rats, nmarnpbsets) are
dosed iv or po with a soluble formulation of conmpound (such as 20% w v
DMSO, 60% w v PEG400) and at subsequent tine points (e.g. 5, 15, 30, 60,
120, 240, 480, 720, 1220 mns) the blood sanples are taken from an
appropriate vessel into | QU heparin- Pl &ma fractions are obtained
following centrifugation 15 and the plasma proteins precipitated with
acetonitrile (80% w v final concentration). After 30 mns at -20C the

pl asma proteins are sedi n| ent ed by centrl fugation and the supernatant
fracti on ileseehpoeg p adeaedaiionpeed vac. The sedinent is

econlTuureq i sespy bul e s uksmbent L rPLased iy Sy
concentrat, g%cﬁr? 3?9{!&?6?%& He ts%ﬁ@ﬁf‘tﬁ&%e[&ﬂ bg%seg&g eQ%HQH'*PQS 46sripdengoi ng

eval uatlon erl a stituted plasna extracts are

assessed forM. B@&bﬁle@r}étanctl!?% Bibthem J0323630p88nd present in the original
pl asma sanple is calculated using the concentration-response curve taking
into ascount the total plasma dilution factor. In vivo assessnment 25 Test
as an_ant iphblMmarganianifeaesbi [ity of the conpounds of this invention as ex

vivo TNFa 1 nhibitors | s assessed in r at r| ef roups ,of | e
Wetar A der Iiae i baskemararopsots pheoe bt ahtie SRS stRE (o
rats) or %&&n\l,ﬁ*Ah%kwo];ﬁm&ﬁ&c%hyh%nich@s@paﬁﬂa e@tvﬁxchwl@esethg syR@EQE al

(p.o.), intraperitoneal p.), “subcutaneous (s.c.). Ninety mnutes |ater
rats are salbstrats wdyﬂbouson@tcanatlvglm@bﬁrmémsﬁaP¢f-‘®'nHt§ftn Cozlgg Bres out via

the posterior.vers vae 29 of . sadi um-hepar od... Bl ood
e PR o el S SRR TR el e R Bl P M HSRRELOLTL D 2t )
mn at 4CgRgeddhe A!ﬁﬁﬁé&?&i £GaR] maBesels) azeedbsad w&gﬁ vm:asullnsmmulanaﬁsay of
their effect” on TNFa pro Ucti on by LPS-stimul ated hunman bl ood.. The rat

pl asma  sanpiposndfch AudRH WK @Ms@u 0% wivRE{ A0 and At B sHEBH TS PRINE

f | | ood
(5 then adtigers a0d ian 2Bt R 2 e i o RERPIES & BRef RN 00

appropriate vessel into 10U heparin. Plasma fractions are obtained following centrifugation

15 and the plasma proteins precipitated with acetonitrile (80% w/v final concentration). After
30 mins at -20°C the plasma proteins are sedimented by centrifugation and the supematant
fraction is evaporated to dryness using a Savant speed vac. The sediment is reconstituted in
assay buffer and subsequently analysed for compound content using the synthetic substrate
assay. Briefly, a compound concentration-response curve is constructed for the compound

2 undergoing evaluation. Serial dilutions of the reconstituted plasma extracts are assessed for
activity and the amount of compound present in the original plasma sample is calculated

using the concentration-response curve taking into account the total plasma dilution factor.

In vivo assessment

25 Test as an anti-TNF agent

The ability of the compounds of this invention as ex vivo TNFa inhibitors is assessed
in the rat. Briefly, groups of male Wistar Alderley Park (AP) rats (180-21 Og) are dosed
with compound (6 rats) or drug vehicle (10 rats) by the appropriate route .g. peroral

(p.0.), intraperitoneal (i.p.), subcutaneous (s.c.). Ninety minutes later rats are sacrificed

3  using a rising concentration of CO5 and bled out via the posterior vena cavae into 5 Units



plate is incubated for 30 mn at 37C (humdified incubator). LPS (25I;
final concentration 10p.g/m) is added to the wells and incubation
continued for a further 5.5 hours. Control wells are incubated with 25ul
of medium alone. Plates are then centrifuged for 10 mn at 2000 rpm and
2000 of the supernatants are transferred to a 96 well plate and io frozen
at -20C for subsequent analysis of TNF centration by ELISA Data

anal ysis by dedi cated software cal cul ates for each conpound/ dose: Percent

i nhibition of TNFa= Mean TNFa (Cbntrols) - Mean TNFa (Treated) X 100 Nban

TNF Co 1 h i Vi f
2 an antiStapihet BsobRRlm o Rl FPN SRAM i LR RRY, R0t e 2SR e
def i ned by, BooErpal F&NtNRM ﬁt4°@'and thd Bafvdsted- plEXRs AY¥REN ai‘-‘b@‘) C8f§7 sublsBquedt S

nodel acid soluble native type 11 collagen causes polyarthritis ih rats
when adm risstyarfeheir aff&0 oEﬂé{f?tdprodmcmmﬂzyeLESadmuMmﬂhur&mbﬂoad Tlandt plagms can
be used to induce arthritis in mice and primtes. Test as an anti-cancer
agent Act isanplesare hawstped hiow of gachsamnlean eddedigenet mabea@@gersséﬂéll

el 'aﬁ' BB RS s i it 1T et (e R e 1
Hbner et gl i Bbsiiact 383455 140 hNOECRIG, SYposs s, ARl or dam June 16

- 19 1998) The 1 nvention w strat’e t"'not Timted by the

fol | owi ng doxesmplatien | ER@EMPLE allddd {olthé Mﬂé dndoinEebEBph bRt HEdfeF a Fiftedr 5.5
sul fonyl met hyl) - 4-. pyrimdin-2-yl butyl ]-N s hydroxyfornman de To a stirred

sol ution dpuls Coptrol(failsate bﬁ@h@ip‘h@ﬁ Q@Fa@llﬁlcﬁl@ﬂﬁ Périgd aretthsr gengrifuged

for 10 min at 2000 rpm and 2001 of the supernatants are transferred to a 96 well plate and

10 frozen at -20°C for subsequent analysis of TNF concentration by ELISA.

Data analysis by dedicated software calculates for each compound/dose:

- Percent inhibition of TNFo= Mean TNFa (Controls) — Mean TNFa { Treated) X 100
Mean TNFo (Controls)
L5

Test as an anti-arthritic agent

Activity of a compound as an anti-arthritic is tested in the collagen-induced arthritis
(CIA) as defined by D. E. Trentham et al., (1977) J. Exp. Med. 146,:857. In this model
acid soluble native type I1 collagen causes polyarthritis in rats when administered in
20  Freunds incomplete adjuvant. Similar conditions can be used to induce arthritis in mice and

primates.

Test as an anti-cancer agent

Activity of a compound as an anti-cancer agent may be assessed essentially as
25 descnibed in I. J. Fidler (1978) Methods in Cancer Research 1_5_:399-439, using for example
the B16 cell line (described in B. Hibner et al., Abstract 283 p75 10th
NCI-EORTC Symposium, Amsterdam June 16 — 19 1998).



Ea pyrim din-2-yl butyl] hydroxylarnine (497ng, 1.Onrnol) in THE (5.0M) and
formc acid (2.5nm), cooled to 0C, was added a preforned m xture of acetic
anhydride (566i, 6.0mmol) and formc acid (2.0m). The m xture was stirred
at OCfor I hour and allowed to conme to roomtenperature. The sol vents
were renoved by rotary evaporation and the residue purified by

chromat ography (50g Silica Bond Elute, spuent 0-+15% Met hanol / 15

Di chl oromet hane), pure fractions evaporated, and crystallised from hot

ethyl acetate to give N[

1- ([ 4- (4- br opmphea PPt A2 boalsthi-amul H&tmilte)crﬁzk; XTI WHAE Exayiphut Y1 ] - N-
hydr oxyf ormam de as a white crystalline powder (262ng, 5 179%. ﬁNR,(3OON+E
DMSO-d6) 8/ ppm 9.87 (s, IH), 9.55 (s, IH), 870 (m 2H), 8.29 (s, 1HY),
7.98 (s, 1H), 7.33 (m 3H), 6.92 (dd, 2H), 4.68 (m IH), 4.13 (in, 1HY),
3.55-3. 31 5H, partially obscured), 3.25-3.09 (m 7H, partially
obscured)T—21S86=%50 (rn, 4H). * rotameric signals Ms: ES'', (MH)+= 512,
514 (Br |¥q1Qpe(Petdmsphenthpirdratino@lfanykidthll) wapypregarBdibagyf-o-l ows : 25
i) To a solution of I-(4-bronophenyl)pi perazine hydrochloride (5.09 g, 18.3
mol ) s arlydrokgformphagiidé ne (7.67 m) in dichloromethane (100 m) was added
met hanesul fonyl 31 chloride (2.83ml , 36.3 nmoi) dropw se. The m xture was
stirred for I hour at room tenperature then dichloronmethar e (100rnl) was
added. The organics were wa wi tm\waffer (2x), brine and dried (Na2SO4)
and evaporated in vacuo &b“;:f§}+mwgzgmfﬁ ich crystallised from Et hanol
and washed with diethyl ethe 0o gi I o(4 nophenyl )-4 5

(et hanesul f onyl ) pi perazine (4.74 g, 8 10 i el as a white fluffy powder.
1H NMR (300MHz CDCI3) 6/ppm 7.38 (d, 2H), 5.91 (& 2, 3.21 (m 8H), 2.89
(s, 3H Ms: ESt, (MrH)}= 318 , 320 (Br isetope pattern) ii) To the

1- (4- bronophenyl) - 4- (net hanesul f onyl ) pi perazi ne (90Z2ngy, 2. 0mvl) Eo
suspended i n anhydrous THE (I 5m ), under N trogen, cooled to between -20
and -30C

To a stirred solution of ¥N-[1-([4-(4-bromophenyi)piperazino]suifonylmethyl)-4-

10 pyrimidin—Z-ylbutyl]hydroxylaminé (497mg, 1.0mmel) in THF (5.0ml) and formic acid
(2.5ml), cooled to 0°C, was added a preformed mixture of acetic anhydride (566ul,
6.0mmol) and formic acid (2.0rrﬂ). The mixture was stirred at 0°C for | hour and allowed
to come to room temperature. The sol\;ents were removed by rotary evaporation and the |
residue purified by chromatography (50g Silica Bond Elute, eluent 0—+15% Methanol /

15 Dichloromethane), pure fractions evaporated, and crystallised from hot ethyl acetate to
give N-[1-([4-(4-bromophenyl)piperazino]sulfonylmethyl)-4-pyrimidin-2-ylbutyl]-N-
hydroxyformamide as a white crystalline powder (262mg, 51%).

NMR (300MHz DMSO-dg) 8/ppm: 9.87 (s, 1H*), 9.55 (s, 1H*), 8.70 (m, 2H), 8.29 (s,
1H*), 7.98 (s, 1H*), 7.33 (m, 3H), 6.92 (dd, 2H), 4.63 (m, 1H*), 4.13 (m, 1H*), 3.55-3.31

20 (m, 5H, partially obscured), 3.25-3.09 (m, 7H, partially obscured), 1.80-1.50 (m, 4H).

* rotarneric signals

MS: ES", (M+H)"= 512, 514 (Br Isotope Pattern)

The starting material was prepared as follows :
25 i) To a solution of 1-(4-bromophenyl)piperazine hydrochloride (5.05 g, 18.3 mmol)

and triethylamine {7.67 ml) in dichloromethane (100 ml) was added methanesuifonyl



was added sequentially Lithiumbis(trirnethylsilyl)alnide (1.OMin THF,
4.0M), Chlorotrinethylsilane (217ng, 2. Omol, 253111) and
4-pyrimdin-2-yl butanal (300ng, 2.0mvol). The m xture was stirred at -20C
for 1 hour, quenched with saturated anmonium chloride solution and all owed
to stand at anbient tenperature overnight. The 1ls solvents were renoved in
vacuo and the residue partitioned betweenydichl oromethane (15nl) and water
(5mL), the organics separated and chromatograrnined (509 Silica Bond

Elute, eluted with 0-k 100% Ethyl Acetate / Hexane gradient) to give the
2-(5-[4-(4- bronophenyl) pi perazi no] sul fonyl pent-4-enyl)pyrimdine as a

whi t e crystchloridaé?. ﬁ&mér 3@B mr@B YUnwpwid bticahtbrurd vdYStirEStor | KdVER) Epnft51l, 453
(Br |sotope atte iij), To a_ stirred solution of the

2- ((E)-5- el igrﬁ%@ﬂaﬁz(lr@@}rémam@dqﬁem=mzoaarqﬂ»ngmsﬁedi\ﬂm
451ny, x | am ne (50% solution in
\(/vate;Tg 5008@?’8' Fﬂ;w %ure s%lvgéf‘ o??’é‘? {fﬁt VRF @()‘fXFé’l%SQMr‘@uﬁmmved
in 25 vacu RARed t LV, e

br onnphenylax)ygl per a%o?glgp?%%ﬁ I %&%ﬂﬁ@%ﬁ?&%@%pe gé,y% “t‘ 2 I}j‘i"“""Jf"*‘gliueﬂ}glr4-

2-yl but y1 | tpethaneyptldomil)pepdrdSaaty. 74 g,Lﬁamuyﬁeaa) as%)wh@e AESY powdMrH) += 484, 486

(Br isot opp at t ern$ 32 EXAMPLE 2
[1-([4-(5-ch Mtz 023913) é@p@? équBn(@I} 2t fofy (d, REDNY.R) (85 §8), f2lagoe oy i i d

in-2-yl) pmp)ﬁ§+ N’l\mlﬁ OXIYI %mBr 1sotope pattern'}l N%-S N

ii) To the 1-(4—bromophenyl)—4—(methanesuifonyl)piperazine (902mg, 2.0mmol)

10 suspended in anhydrous THF (I5ml), under Nitrogen, cooled to between -20 and -30°C
was added sequentially Lithium bis(trimethylsilyl)amide (1.0M in THF, 4.0ml),
Chlorotrimethylsilane (21 7mg, 2.0mmol, 253p1) and 4-pyrimidin-2-ylbutanal (300mg,
2.0mmol). The mixture was stirred at -20°C for 1 hour, quenched with saturated -
ammonium chloride solution and atlowed to stand at ambient temperature overnight. The

1s - solvents were removcd in vacuo and the residue partitioned between dichioromethane
(15ml) and water (5mi), the organics separated and chromatogrammed (50g Silica Bond
Elute, eluted with 0—100% Ethyl Acetate / Hexane gradient) to give thé 2-(5-[4-(4-
bromophenyl)piperazino]sulfonylpent-4-enyl)pyrimidine as a white crystalline material
(75%9mg, 84%Yield)

2 MS: ES", (M+H)'= 451, 453 (Br isotope pattern)

1i1) To a stirred solution of the 2-((E)—5-[4-(4-‘01:0mophenyl)pipera.zino]sulfonylpent-4~
enyl)pyrimidine (451mg, 1.0mmol) in THF (10ml) was added Hydroxylamine (50%
solution in water, 500ul) and the mixture stirred overnight. The solvents were removed in
25 vacuo, azeotroping with toluene (3x) to give the N-[1-([4-(4-
bromophenyl)piperazino]sulfonylmcthyl)-4-pyrjmidin-2-ylbutyl]hydroxylamine (497mg,
quantitative)

MS: ES”, (M+H)"= 484 , 486 (Br isotope pattem)



ONTr ,0 O Acetic anhydride (0.51nl) was added directly to formc acid
(2.0m) which had been cooled to OC and then added a sol ution of
2-[4-[4-(5-chl oropyridi n-2-

yl ) pi perazi no] sul f onyl - 3- (hydr oxyam no) but yl ] - 5- quoropyrrnldrne (0. 4859)
in tetrahydrofuran (1 Irnl). The solution was stirred at roomtenperature
for 3 hours and then io evaporated in vagyo, the resulting residue was
azeotroped with toluene and then it was dissolved in nethanol and heated
to 40C for 30 mnutes. The solution was evaporated to dryness and then
added diethylether and stirred at roomtenperature for 10 m nutes, solid
filtered, EixpedPLE Yacuo to give
N-[I-([4-(B=chtoropyridin-2-yl)piperazi no] sul fonyl rnethyl) -

3- (5- f | uorMgy«([4(Fchio2 oy viginelypipir imide suifémyimattyde3- (i“mmSgr)yrmpdeZIru 155
C. 15 NWR (d6-DMSQ 373 K): 2.20 (m 2H), 2.95 (m 2H), 3.23 (dd, 1H), 3.30
(m 4H), ah@ropwd,\’-hnd)mméoeea € 4H), 4.42 (vbs, 1H), 6.88 (d, IH), 7.59
(dd, 1H),8.05 (vbs, 1H), 8.12 (dd, 1 H), 8.71 (s, 2H), 9.40 (vbs, 1 H;mz
473 (ML). The starting material was prepared as olloms : 20 (i)

|- (5-chloropyridin-2-yl)-4- (nethylsulfonyl zrne (0.600g) was stirred

in anhydrous tetra r\f ram\( 22,51 ) under Ar on then cooled to -10C
before the addit® of hi uprB's lyl)am de (4.8 m of a 1. QM
solution in tetrahyd ran TheC>n1 ture mes stirred at -10C for 30

m nutes and a sol ution of drethylc ormphosphate (0.345m ) was added. The
m xture was stirred at -10C for 15 nutes and then 3-(5 25

fl uoropyri m di n-2-yl ) propanal (0.334g) was added, stirred at -10C for a
further 30 A d¢usicemhydiide (0L Xl eavaddeal ditaseid td formbr atid @.OraDwhielrhed et e
and then was washed with 33 aqueous anmoni um chloride and extracted W th
et hyl acetcapled tTRECHng dhgnc addpger solyieaneof Zgk4-d(Soshdgro

yl)piperazino]sulfonyl-3-(hydroxyamino)butyl]-5-flucropyrimidine (0.485g) m

tetrahydrofuran (11ml). The solution was stirred at room temperature for 3 hours and then

10~ evaporated in vacuo, the resulting residue was azeotroraed with toluene and then it was
dissolved in methanol and heated to 40°C for 30 minutes. The solution was evaporated to
dryness and then added diethylether and stirred at room temperature for 10 minutes, solid
filtered, dried in vacuo to give N-[1-([4-(5-chloropyridin-2-yl)piperazino]sulfonylmethyl})-
3-(5-fluoropyrimidin-2-yl)propyl]-N-hydroxyformamide, (0218g) , mp154-135 °C.

15 NMR (d6-DMSO 373 °K): 2.20 (m, 2H), 2.95 (m, 2H), 3.23 (dd, 1H), 3.30 (m, 4H), 3.49
(dd, 1H), 3.60 (m, 4H), 4.42 (vbs, 1H), 6.88 (d, 1H), 7.59 (dd, 1H),8.05 (vbs, 1H), 8.12
(dd, 1H), 8.71 (s, 2H), 9.40 (vbs, 1H);mV/z 473 (M+1).

The starting material was prepared as follows :

20 (i) 1-(5-chloropyridin-2-yl)-4-(methylsulfonyl)piperazine (0.600g) was stirred in
anhydrous tetrahydrofuran (22 ml) under Argon then cooled to —_10°C before the adciton
of lithinm bis(trimethylsilyl)amide (4.8 ml of a 1.0M solution in tetrahydrofuran). The
mixture was stirred at -10°C for 30 minutes and a solution of diethylchlorophosphate
(0.345ml) was added. The mixture was stirred at -10°C for 15 minutes and then 3-(5-

35 fluoropyrimidin-2-yl)propanat (0.334g) was added, stirred at -10°C for a further 30

minutes. The mixture was allowed to warm to room temperature and then was washed with



Purification of the residue on silica eluting with 70% et hyl acetate 30%
hexane afforded a 6:4 m xture of

2-((E)-4-[4-(5-chl oropyridi n-2-yl)pi perazi no] sul fonyl but-3-enyl)-5 5
fluoropyrimdine and 2 -((2)-4- [4- (5-chloropyri din- 2 -yl)piperazino]
sul fonyl but - 3-enyl )-5- fluoropyrimdine (0.44g). LH NWR (CDCl13): 8.55 (d,
1H), 8.48, (s, 1H), 7.46, (dd, 1H), 6.85,54(m 1H, 6.60, (d, 1H), *6.45,
(m IH, 6.15, (d, IH, *6.03, (d, 1H), 3’61 (m 4H), 3.28, (m 2H), 3.15,
(m 4H), *2.81', (m 2H); M5 (ES+): 412.3(MH). io * Denotes m nor isoner.
(i1) To a solution of

2-((E)-4-[4q &&u§@r&idﬁ@%ﬁ@hl&r&eﬁhﬂ RikBEieT Witk kil e AMMe-o35anic layers were

enyl)-5-fl uoropyr| m di ne and

2-((2) - 4- [ driedoedrMmBpyr i di n- 2-y1) pi peraziino] sul fonyl but - 3-

enyl ) - 5- fluoropyrlrnl di ne (0.448), in tetrahydrofuran (5 nl), was added
hydr oxyl anfHE li%tloelwféﬁ resnslse o5 SBIFESULInEOV il Y%{q)ethylrh@tzm: ﬁ@%rleems affbidedad

f 18 h h_ Et 6! ted
ot um o RRoRraee o8P LA SRt ot gﬁ”@ Wﬁ%&g% Bt o 2504
and evapor ghgg yﬁmY:ﬁﬁé'Qn& o( @33@[42 f[—éhlB @/ﬁd W&lﬂb&u?ﬁbn but— nyl)-5-

yI ) pi per azi no] suI fonyl - r oxyam no uoropyrim [0 2@? g).
"H NWVR (CDﬂ,ﬁ&)apyﬁmAﬁné@z;%jl) 8.08 (d IH) 7 39 (dd, 1H), 6. 55 (d 1H),
5.76 (bs, 20 3.59 4 3. 46 1 3.42 2H), 3.33 4
24;03% ﬂj{ ;Lfﬁ}H)I*Z\éRéﬁ%)‘ b @ H)lsls ot mg 196, 6, (. .85, (H)mvszgeséoﬂé‘ a0,
oD S B4, GRAPELE 3 el o R OTBRCSYS £ REERRE S (s,

*2.81, (m, 2H); MS (ES+): 412.3(MH").

10 * Denotes minor isomer.

(i1) To a solution of 2-((£)-4-[4-(5-chloropyridin-2-yl)piperazino]sulfonylbut-3-
enyl)-5-fluoropyrimidine and 2—((2)—4-.[4-(5-chloropyridin-z—yl)piperazino]sulfonylbut—B—
enyl)-5-fluoropyrimidine (0.44g), in tetrahydrofuran (5 ml), was added hydroxylamine

15 (1.0ml, 50 % aqueous solution). The mixture was stirred for 18 hours and then diluted with
EtOAc(10ml) and washed with saturated ammonium chloride solution(10ml). The organic
layer was dried over Na,SO, and evaporated in vacuo to give 2-[4-[4-(5-chloropyridin-2-
yl)piperazino]sulfonyl-3-(hydroxyamino)butyl]-5-fluoropyrimidine(0.483g).

'H NMR (CDCl;): 8.45 (s, 2H), 8.08 (d, 1H), 7.39 (dd, 1H), 6.55 (d, 1H), 5.76 (bs, 2H),

20 3.58 {m, 4H), 3.46 (m, 1H), 3.42 (m, 2H), 3.33 (m, 4H), 3.10 (m, 4H), 2.82 (m, 1H), 2.15 |

(m, 1H), 2.01 (m, 1H); MS (ES+): 445.3(MH").



R1 nptmethod in Exanple to5-Cl-2-PyridylN,5,5-trirnethyl-3- 517.32

hydant oi NnCH2CH2 (5- Cl-2- C4-d -phenyl 474. 3 pyridyl) oxy

5-Cl-2-Pyridyl N3,5,5-trimethvl- | -517.31 !5hydant oi nCH2CH2 (5- Cl- 2-

C2- Pyrirnidi nyl CH2CH2470. 3 pyri dyl ) oxy

5- C1- 2- Pyri dyl N2- pyri m di ne- SCH2CH2487 (5-Br-2-C2-Pyri m di nyl CH2CH2CH2528. 2
20pyri dyl )oxy 5-Cl-2-Pyridyl N3- (OCH2Ph) - Ph311

3, 4-di d - phenyl N2- Pyri m di nyi CH2CH2CH2502

4- C1- phenyl N2- Pyri m di nyl CH2CH2CH2468 5- CE- 2- Pyri dyl N3- CF3- Ph493

254- Cl - phenyl N3- Pyri dyt 397. 42 5- Cl- 2- Pyri dyl N4- CF3- Ph493

5-Cl -2-Pyri PIIRibphenyl 431 35 5- Cl-2-Pyridyl N2- Pyrazi nyl CH2CH2CH24692

5- Cl- 2- Pyri dyl N2- Pyrazi nyl CH2CH2455. 42 :
The following compounds were prepared

/ N\ R1
B—X N—-—SO;Y
H

-’ N N
C CHO
5
B X RI mpt M+H  Prepared
using
method in
Example
to  5-Cl-2-Pyndyl N 1,5,5-trimethyl-3- 5173 2
| hydantoinCH2CH2 |
(5-Ci-2- C  4-Cl-phenyl 474.3 1
pyridyl)oxy ’
5-Cl-2-Pyridyl N 3,5,5-tnmethyi-1- 517.3 1
15 hydantoinCH2CH2
(5-Cl-2- C  2-PyrimidinvICH2CH?2 470.3 1
pyridyl)oxy
5-Cl-2-Pytidyl 2-pynimidine-SCH2CH?2 487 1
{5-Br-2- C  2-PyrimidinylCH2CH2CH?2 528.2 1
20 pyridyDoxy ‘
5-Cl-2-Pyndyl N  3-(OCH2Ph)-Ph 531 1
3,4-diCl-phenyl N  2-PynmidinviICH2CH2CH?2 502 1
4-Cl-phenyl N 2-PyrimidinylCH2CH2CH?2 468 1
3-Cl-2-Pynidyl N  3-CF3-Ph 493 1
a5 4-Cl-phenyi N 3-Pyrdyl 397.4 2
5-Cl-2-Pyndyl N  4-CF3-Ph 493 1
5 ~CI—.2-Pyridyl N 3-Thiophenyvl 431 1



3- A - phenyl N2- Pyri m di nyl CH2CH2CH2468. 42

6- Me- 4- N2- Pyri rni di nyl CH2CH2CH2450. 52 5pyri m di nyl

5- cyano- 2- N2- Pyrazi nyl CH2CH2CH2460. 52 pyri dyl N2-Pyrazi nyl CH2CH2446. 52
5-cyano-2- 10pyridyl N2-Pyrim di nyl CH2CH24381 4- F- Ph

5- CF3- 2- Pyri dyl N2- Pyri m di nyl CH2CH24891 5- cyano- 2- N2- Pyri m di nyl CH2CH24461
pyridyl N2-Pyrim di nyl CH2CH2CH25031 5- CF3:2- Pyri dyl

155- C1- 2- Pyri dyl N4- Pyri m di nyl CH2CH2CH24691

4- F- PhC2- Pyri m di nyl CH2CH2CH24512 4- F- PhC2- Pyi i m di nyl CH2CH24372

5- C1-2-Pyridyl N2-. (4- MeO 4852 205- Cl1- 2- PyridyICPyzirnidinyI)CHZCHZ 4682

2- Pyrim di angl- ﬂﬂg,gdg,mz N Cl-2pivtindWEIE2cRyCcHRNI di nyl CH2CHZ240A42

5- Cl- 2- Pyri dyl N2- (4- CF3- Pyrl m di nyl )-5232 5--Cl-2 -Pyridyl NCH2CH2 . 4832

5-Cl-2-Pyridyl 2-PyrazinylCH2CH2 4554 2
3-Cl-phenyl N 2-PyrimidinylCH2CH2CH?2 4684 2
6-Me-4- N 2-PyrimidinylCH2CH2CH?2 4505 2
5 pyrimidinyl
5-cyano-2- N  2-PyrazinylCH2CH2CH2 460.5 2
pyridyl
5-cyano-2- N 2-PyrazinylCH2CH?2 4465 2
pyridyl
v 4-F-Ph N 2-PyrimidinylCH2CH2 438 1
5-CF3-2-Pynidyl N  2-PynimidinylCH2CH?2 489 1
S-cyano-2- N 2-PyrimidinylCH2CH2 446 1
pyridyl
5-CF3-2-Pyridyl N  2-PyrimidinylCH2CH2CH2 - 503 1
5. 5-Cl2-Pyridyl N 4-PyrimidinylCH2CH2CH2 469 1
4-F-Ph C  2-PyrimidinylCH2CH2CH2 451 2
4-F-Ph C  2-PyrimidinylCH2CH?2 437 2
5-Cl-2-Pyridyl N  2-(4-MeO- 485 2
Pyrimidinyl)CH2CH?2
20 5-Cl-2-Pyridyl C  2-Pyrimidiny!lCH2CH2CH?2 468 2
5-Cl-2-Pyridyl C  2-PyrimidinylCH2CH? 454 2
5-Cl-2-Pyridyl N  2-(4-CF3-Pyrimidinyl)- 523 2
CH2CH?
5-Cl-2-Pyridyl N 2-(5-Ethyl- 483 2
25 Pyrimidinyl)CH2CH2
5-Cl-2-Pyridyl N 2-(4-MeO- 499 2
Pyrimidinyl)CH2CH2CH?2
5-cyano-2- N  2-(4-MeO- 490 2
pyridy! Pyrimidinyl)CH2CH2CH?2



2- (5- Et hyl -

5-cyano- 2- NPyri m di nyl ) CH2CH2CH2 4902 2- (4- MeO
pyridyl Pyrim di nyl ) CH2CH2CH2 36 5- Cl- 2- Pyridyl N2-(5-F- 487 2
Pyrirnidiryl)CH2CH2 CH2 S-Br-2-Pyridyl N2- (4CF3- 583 2 Pyrr;

.idinyl ) CH2CH2CH2 5S- Cl1- 2- Pyri dyi N2- (4CF3- 537 2 Pyri mi di nyl ) CH2CH2CH2

5-cyano-2- N2- (4CF3- 528 2 pyndyl Pyrim digayl ) CH2CH2CH2

t 05- C1- 2- Pyri dyi N2- (5-Et hyl - 497 2 Pyrirnidinyl) CH2CH2CH2

5-Br- 2- Pyri dyl N2- (5- Et hyl - 541/ 543 2

4]

15

20

5-Cl-2-Pyridyl

5-Br-2-Pyridyl

5-Cl-2-Pyridyl

5-cyano-2-

pyridyl
5-Cl-2-Pyridy]

5-Br-2-Pyridyl

5-cyano-2-
pyndyl
4FPh
5-C1-2-Pyridyl
4-F-Ph

4-F-Ph
4-F-Ph
4-F-Ph

4-Cl-Ph
6-Cl-2-
pynmidinyl
5-Cl-2-Pyndyl
5-cyano-2-
pyridyl
5-cyano-2-

N

2-(5-F-
Pyrimidiny)CH2CH2CH?2
2-(4CF3-
Pyrimidinyl)CH2CH2CH2
2-(4CF3-

Pyrimidinyl) CH2ZCH2CH?2
2-(4CF3-
Pyrimidinyl)CH2CH2CH2
2-(5-Ethyl-
Pyrimidiny)CH2CH2CH?2
2-(5-Ethyl-

Pyrimidinyl) CH2CH2CH2
2-(5-Ethyl- |
Pyrimidinyl)CH2CH2CH2
PhSO2NHCH2CH?2
PhCH(Me)CH2
1,5,5-trimethyi-3-
hydantoinCH(Me)CH?2
4-MeO-PhCH(Me)CH2
3-MeO-PhCH(Me)CH?2
1,5,5-wimethyl-3-
hydantoinCH(Me)CH2
3-Cl-PhCH(Me)CH2
2-pyrazinylCH(Me)CH2

2-pyridylCH(Me)CH2
2-pyridylCH(Me)CH2

2-pyrazinylCH(Me)CH2

64-65

77-79

79-81

25Pyri ni di nyl ) CH2CH2 5- C1- 2- Pyri dyl N2- ( 4- MeO- 4992

487

583

537

528

497

541/543

488

515

480
480

500,502

470

468
459

460

(L]

[}



Pyrim di nyl ) CH2CH2CH2 5-cyano-2- N2-(5-Ethyl- 488 2

pyridyl Pyrim di nyl) CH2CH2CH2 i s4- F- PhNPhSO2NHCH2CH2515 1

5- C1- 2- Pyri dyl CPhCH( Me) CH264- 652 4- F- PhN1, 5, 5-tri met hyl - 3- 851

hydant oi nCH( Me) CH2 4- F- PhN4- MeO- PhCH( Me) CH2480 1

204- F- PhN3- MO PhCH( Me) CH2480 1 4-F-PhCl, 5,5-trimethyl -3- 77-791

hydant oi nCH( Me) CH2 4- Cl - PhN3- C1- PhCH( Me) 500, 502 1

6- Cl - 2- N2- pyrazi nyl CH( Me) CH279- 81470 1 25pyri m di nyl

5- C1-2- Pyridyl N2- pyri dyl CH( Me) CH2468 2 5-cyano-2- N2-pyri dyl CH( Me) CH2459 2
pyridyl 5-cyano-2-N2-pyrazinyl CH(Me) CH280460 2 37 Pyri dyl

N2- Pyrirni dbﬁydﬁHZCHZCHZCH2474. 51

S-CN-2-Pyiidyl N 2-PyrimidinyiCH2CH2CH2CH? 4745 1
4-Cl-Phenyl N 2-PyrimidinylCH2CH2CH2ICH?2 48245 |
5-Cl-2-Pyridyl N 2-PyrimidinylCH2CH2CH2CH? 4834 |
5 5-Cl2-Pyridyl N 4-Cl-Phenyl 4593 |
5-F2-Pyidyl N 2-PyrimidinylCH2CH2CH? 4532 2
5-F-2-Pyridy! N 2-(5-F-Pyrimidiny)CH2CH?2 4571 2
5-Br-2-Pyridyl N 2-(5-F-Pyrimidinyl)CH2CH2 517/519 2
4-Cl-Pheny! N 2-(5-F-Pyrimidinyl)CH2CH? 4721 2
o 5-CN-2-Pyridyl N  2-(5-F-Pyrimidinyl)CH2CH2 464.18 2
5-CF3-2-Pyridyl N  2-(5-F-Pyrimidinyl)CH2CH2 507.14 2
5-Cl-2-Pynidyl N 2-(5-Br-Pynmidinyl)CH2CH?2 333/535 2
5-F-2-Pyridyl N 2-(5-Br-Pyrimidiny)CH2CH? 517/519 2
4-F-Phenyl N  2-(5-Br-Pyrimidiny)CH2CH2 S16/518 2
5 5-F-2-Pyridyl N 2-(5-Me-Pyrimidiny)CH2CH2 4534 2
4-Cl-Pheny! N 2-(5-Me-Pyrimidiny)CH2CH2 4684 1
S-Br2-Pyridyl N  2-(5-Me-Pyrimidinyl)CH2CH?2 513/515 2
5-CF3-2-Pyridyl N 2-(5-Me-Pyrimidinyl)CH2CH?2 503.4 2
5-F-2-Pyridyl N 2-(4-CF3-Pyrimidinyl)CH2CH?2 507.06 2
% 4-Cl-Phenyl N 2-(4-CF3-Pyrimidinyl) CH2CH? 5219 2
5-CF3-2-Pyridyl N 2-(4-CF3-Pyrimidinyl)CH2CH?2 55695 2
5-Br2-Pyridyl N 2-(4-CF3-Pyrimidinyl)CH2CH? 566/568 2
5.Cl-2-Pyridyl N 2-(5-Cl-Pyrimidinyl)CH2CH2 489/491 2
5-Br2-Pyridyl N 2-(5-Cl-Pyrimidinyl)CH2CH? 532534 2
% S-F-2-Pyridyl N 2-(5-Cl-Pyrimidinyl)CH2CH2 473 2
4-F-Phenyl N 2-(5-Cl-Pyrimidinyl)CH2CH?2 a2 2
4-Cl-Phenyl N 2-(5-Cl-Pyrimidinyl)CH2CH? 488/490 2
5-Br-2-Pyridyl N 2-(5-Br-Pyrimidinyl)CH2CH2 576/578 2

/580



5- CNF 2- Pyri dyl 4-Cl - Phenyl N2- Pyri ni di nyl CH2CH2CH2CH2482. 45|

5- C1- 2- Pyri dyl N2- Pyri : ni di nyl CH2CH2CH2CH2483. 41
55- Cl - 2- Pyri dyl N4- Cl - Phenyl 459. 3|

5- F- 2- Pyri dyl N2- Pyri ni di nyl CH2CH2CH2453. 22

5- F- 2- Pyri dyl N2- (5- F- Pyri ni di nyl ) CH2CH2457. 12

5-Br-2-Pyridyl Nr2-(5-F-Pyrirnidinyl)CH2 £8H2517/ 5192

4- Cl - Phenyl N2- (5- F- Pyri m di nvl ) CH2CH2472. 12

LU5- CN- 2- Pyri dyl N2- (5- F-Pyri m di nyI ) CH2CH2464. 18
5- CF3-2-Pyridyl N2- (5-F-Pyrimdin CH2CH2507. 142
5- C1- 2- Pyr4 Gyiéhrzn)(% Br-%rl & dnyBeHRE%ED
5-F-2-Pyridyl N2- (5-Br-Pyr-imdi nyI ) CH2CH2517/ 5192
4- F- Phenyl N2- (5- Br- Pyri m di nyl ) CH2CH2516/ 5182

155- F- 2- Py i-fivh Me- 453. 42
4-Cl -Phenyl?gy ggﬁ?%nﬁnyé:%%&g}[ 24%?211

5- Br - 2- Pyrm-OFBN&eﬁﬁ Me- Ryr i mi-diyrisnlidiGHPERT RIS 52
5- CF3- 2- Pyri dyl N2- (5- Me- Pyrimi din I)CHZCHZSOB 42
5- F- 2- Pyr i4dBt-Riertd - CF3- Ryr i m-ti-RyH yraMdapbSHi2 62

204- Cl - Phen 4- CE3- Ryri vl ) CH

5- CF3- 2- %@N‘ﬁh&hiwlw Pypar gfigflﬁ%“} @%52
5-Br-2-Pyrj d 4- CF3- r| rpéln)ﬂghlg, 1582
5-C -2- grl dth\%’)& a - Prg?ll r nls(:jil nyl ) CH2 2489/ 4912
5- Br - 2- Pyrd-dp3RBeh- C1- Ryri nd-(H-RyiyrictidnyDEBRCFEA 2

5-F-2- Pyr|4hél N2- (5- C1- Pyrim di nyl ) CH2CH24732

4- F- Phenyl

- (5- C1- Pyri ridiny) ) CH2CR2488) 4002, 4inviCH2CH2

4-Cl-Ph N 2-PyrimidinylCH2CH2
5-Me-2-Pyridyl N 2-PyrimidinylCH2CH2CH2
5-Me-2-Pyridyl N 2-PyrimidinylCH2CH2

4FPh N 2-PyrazinylCH2CH2CH2
4-F-Ph N (6-Cl-2-pyrazinyl) CH2CH2
4F-Ph N 5-F-2-PyrimidinylCH(CH3)CH2
4-Cl-Ph N 2-PyrazinylCH(CH3)CH2
4-F-Ph C  5-F-2-PyrimidinylCH(CH3)CH2

10

Phs- c:1 Pyri &Y di AyPyerseriGH2es- o - Phengi N

531/533

/535
479/481
502
518.3
506.34
472.38
506.4

468
469

o

N

3% ]

(B

[\

The starting piperazine and piperidine sulphonamides required for the synthesis of

compounds were available commercially or were prepared as shown below:



5-Br-2-Pyridyl N2- (5-Br-Pyrimdinyi)CHCH2576/ 5782 /580 38

4-C - Phenyl N2- (5-Br-Pyrim di nyl ) CH2CH2531/ 5332 1535

5- CN- 2- Pyri dyl N3- (5- Pyri dyl ) CH2CH2479/ 4812

4- CF3- Phenyl N2- Pyri m di nyl CH2CH2CH25022

54- Br - Phenyl N2- (5- F- Pyri m di nyl ) CH2CH2518. 32 3, 4-Di

Cl - Phenyl N2- (5- F- Pyri m di nyl ) CH2CH2506. 342

3-Cl - Phenyl N2- (5- F-Pyrim di nyl ) CH2CH2472. 382

4- CF3- Phenyl N2- (5- F- Pyri rni di nyl ) CH2CH2506. 42

4- F- PhN2- Pyr i m di nyl CH2CH287- 891 3, 4-di - C - PhN2- Pyri zmi di nyl CH2CH24891

4- Cl - PhN2- Pyt itioRbeeyid tiimetienesuifenyi mpesagineN2- Pyri ni di nyl CH2CH2CH24491
5- Me- 2- Pyridyl N2- Pyri m di nyl CH2CH24351 4- F- PhN2- Pyr azi nyl CH2CH2CH24521

4- F- PhN( 6- C1- 2- pyr azi nyl ) CH2CH291- 922

4- F- PhN5- F- 2- Pyri m di nyl CHB)/CFISZMS- 42 4-Cl - PhN2- Pyr azi nyl CH( CH3) CH24681
4- F- PhC5- F- 2-Pyrim di @ﬁ—c« CH24682, M® The starting piperazi ne -and

pi peri di ne sul phonam des™Tequi red’ for the synthesis of conpounds were
avail abl e commercially or were prepared as shown bel ow. 39

1- (4-f 1l uorophenyl) 4- (et hanesul f ouyl ) pi per azi ne

5 To a solution of 1-(4-fluorophenyl)piperazine (35 g, 194 mmol) and pyridine (17.5ml) in

dry dichloromethane (200 ml) at 0°C was added methanesulfony! chloride (20 ml , 258
mmol) dropwise. The mixture was stirred for 3 hours at room temperatﬁre. The mixture
. was washed with water and extracted with dichloromethane (2 x 100 ml). The organic
layers were dried with MgSO, and evaporated in vacuo. The residue was triturated and
te = -washed with methanol to give 1-(4-fluorophenyl)-4-(methanesulfonyl)piperazine (39.35 g)
as white crystals.
"H NMR (CDCl;): 7.00 (m, 2H), 6.90 (fn, 2H), 3.40 (m, 4H), 3.20 (m, 4H), 2.83 (s, 3H).

The aryl/heteroarylpiperazines and piperidines used as starting materials were

15 commercially available or are described in the scientific literature.

1-(6-chloropyrimidin-4-yl)}-4-mesylpiperazine
A mixture of 4,6-dichloropyrimidine (39.4g), I-mesylpiperazine hydrochloride (53.7g) and
triethylamine (116ml) in ethanol (500ml) was stirred at reflux temperature for 4 hours.

20 The mixture was then stirred at room temperatﬁe for 12 hours. The solid, which had
separated, was collected by filtration, shurry washed with ethanol (2x80ml, 160ml) then
with diethyl ether (150ml), and dried to give 1-(6-chloropyrimidin-4-yi)-4-
mesylpiperazine as a cream solid (71.9g). mp 200-202°C
NMR (d6-DMSO): 2.88 (s, 3H), 3.18 (m, 4H), 3.80 (m, 4H), 7.04 (s, 1H), 8.38 (m, 1H);

25 m/z 277.3 (M+]).

Using an analogous procedure 1-mesylpiperazine hydrochloride, CAS( 161357-89-7),

was reacted with the appropriate chloropyridine to give the following compounds:



To a solution of 1-(4-fluorophenyl)piperazine (35 g, 194 mol) and pyri di ne
(17.5 M) in dry dichloronethane (200 mM) at OC was added net hanesul f onyl
chloride (20 m , 258 mmol) dropwi se. The m xture was stirred for 3 hours
at roomtenperature. The m xture was washed with water and extracted with
di chl oronet hane (2 x 100 ml). The organic |ayers were dried with MgSO4 and
evaporated in vacuo. The residue was trif#rated and to washed wi th nethanol
to give 1-(4-fluorophenyl)-4-(nethanesul fonyl)pi perazine (39.35 g) as
white crystals. "H NWR (CDC13). 7.00 (m 2H), 6.90 (m 2H), 3.40 (m 4H),
3.20 (m 4H), 2.83 (s, 3H). The aryl/heteroaryl pi perazi nes and pi peri di nes
used as starting materials were 15 cornnercially available or are
described in the scientific literafure.

1- (6-chl oropyrim di u-4-yl R—8& negyt+ptoer,azi ne A m xture of

4, 6-di chl oropyri m di ne (39.4@}7/1- syl pi perazi ne hydrochl ori de (55.7g) and
tri et hyl app-re—{336m)—tr—ethanol—(500nt)—was—stTTTed at Teftux tenperatune
for 4 hours. zo The mxt@®e was then stirl[red at room mdapdrddure for 12
hours. The—sotTd,—which had Séparated, Was collected by filtration, slurfry
washed with ethanol §&t@opridyi6Oml) then! with diethyl e/Rer (150ml), ang
dried to give 1-(6-chlLoropyr.imdin-4-yl)-i4- nesylpipera;h%e as a cream
solid (71[99). np 200-bnse (d6-DNBO - 2. 88 (s 3H) 398 (m 4y 3 do
(m 4H), [7.04 (s, 1|_59CN§2—§§H£1£1“ 1H; 25imz 277.3 (M 9g7 Using an

anal ogous! procedure1-resyhprperaztne—hy

coyrpPrpPpCtTazT Tt ||‘y rObh{ Ufldc, O"\\S( 161357' 89' 7),
was reacted with the5@§g£ﬁﬁhhqte chl oropyridine to gi va2e/822f ol | ow ng
conmpounds*—40—0 71— RN NS5-CA3S O Rz (VF1.)

2-(4-piperidinyloxy) -5-chloropyridine

s 1) NaH (2.88g, 66mmol, 55% dispersion in mineral oil) was stirred in dry DME (200ml),
under Argon. A mixture of 2,5- dichioropyn'dine (8.87g, 60mmol) and 4- .
hydroxypiperidine {6.67g, 66mmol) dissolved in dry DME (200ml) was added to the NaH
suspension dropwise, OVer a period of 30 minutes. After complete addition the reaction is
heated to 82°C for 48 hrs, maintaining the Argon blanket. The reaction was slowly

o quenched with water before removing most of the THF. Extracted the aqueous with DCM
(x3). The organic layers were dried with Na;SO, and evaporated in vacuo to afford 2-(4-
piperidinyloxy) -5-chloropyridine as a yellow oil (12.7g, quantitative).
' NMR (DMSO): 8.17 (d, 1H), 7.76 (dd, 1H), 6.81 (d, 1H), 4.96 (m, 1H), 2.93 (m, 2H),
2.53 (m, 2H), 1.91 (m, 2H), 1.46 (m, 2H); MS (ES+): 213.3 (MH"), 225.3 (MNa").

In an analogous manner 2-(4-piperidinyloxy) -5-bromopyridine was prepared MH~+
2573 ‘



5-C1- 2-pyridyl 276 5- CF3-2-pyridyl 310 5-CN- 2- pyri dyl 267

5-Br-2-pyridyl 320/ 322 2-(4-. pi peridinyloxy) -5-chloropyridine s i) NaH
(2.88g, 66mmol, 55@6d|sper5|on in mneral oil) was stirred in dry DVE
(200m), under Argon. A mxture of 2,5- dichloropyridine (8.87g, 60mmmol)
and 4- hydroxypi peridine (6.67g, 66nnDI) di ssolved in dry DMVE (200nl) was
added to the NaH suspension dropwi se, oyier a period of 30 mnutes. After
conplete addition the reaction is heated to 82C for 48 hrs, maintaining
the Argon bl anket. The reaction was slowy to quenched with water before

removi ng nEeANVPPLE RE EEfiugb¥t racted the aqueous with DCM (x3). The organic
layers were dried W th Na2S™ and evaporated in vacuo to afford 2-(4-

pi peri di nyl 5-chloropyridine as a yellow oil (12.7 quantitative). 'H

NI\/R ( DVBOYY- {@gii (4H-(bﬁh)lompyraile@dyl)mnfrazen@iui(f@pyl}mrth -@@xrmudmﬂz- 2.93

(m 2H), 5 2H), 1.46 (m 2H); M5 (ES+): 213.3 (MH),
225. 3 (I\/Nzﬁ)}) %fgwwgpﬁxgﬁog% [Hs manner 2-(4-pi peridi nyl oxy)
-5-bronmopyri di ne was prepared M+ 257.3 41 EXAMPLE 4 - resolution N-[(1S)-
i-({ [4-(5- chloropyrldln 2-yl) pi perazi . noj SU|fonyI}nethyI) 4- (pyrimdin-2-

yl)butyl]- bLQg?§ﬂ¥VFQF \jj/ T~ NN \ ,f\,ﬁxzﬁjiv]

o'f N y
ge

To.the carbamate 1 (3.8g, 5.66mmol) dissolved in THF (76ml) was added methanol
(76ml), followed by water (38mi), and to this solution was added lithium hydroxide
monchydrate (2.37g, 56.6rnmol). After stirming for 2 hours at room temperature the

10 solvents were removed under reduced pressure and the residue dissolved in water (250ml),
washed with ethyl acetate (200ml) and diethylether (2 x 250ml). Saturated aqueous -
ammonium chloride was addéd until the aqueous layer was approximately pH 8 and it. was
then extracted with dichloromethane (3 x 250ml). The combined dichloromethane extracts
were dried (MgSO,) and evaporated to give the product as a white powder (2.2g, 83%),).

15 Chiral HPLC using a Chiralpak AS column showed the product had been isolated in
96%ee (believed to have S stereochemistry). Mpt (from EtOH) 124.5-126.5°C ;
[a]p® =-17.2 (MeOH); NMR CDCl;d 9.9 (br s, 1H)*; 8.7 (m, 2H); 8.5 (s, 1H)*; 8.1 (br
s, 1H); 8.0 (s, 1H)*; 7.5 (dd, 1H); 7.2 (m, 1H); 6.6 (d, 1H); 4.9 (m, 1H)*; 4.2 {m, [H)*;
3.7-3.5 (m, 4H); 3.5 (m, 1H)*; 3.4-3.2 (m, 4H); 3.3 (m, LH)*; 3.1-2.9 (m, 3H); 2.0-1.6 (m,

0 4H). MS for CeHzsCINgOLS (M+H) caled 469, found 469.

* rotameric signals



5(1) 0/-\ oN NNSNJ ON OHII To the carbamate 1 (3.8g, 5.66muol)
di ssolved in THE (76nl) was added nethanol (76nl), followed by water
(38nl), and to this solution was added |ithium hydroxi de nonohydrate -
(2.37g9, 56.6mmmol). After stirring for 2 hours at roomtenperature the 10
sol vents were renoved under reduced pressure and the residue dissolved in
water (250rrtl), washed with ethyl aceté&le (200nl) and diethylether (2 x
250nl). Saturated aqueous ammonium chloride was added until the aqueous

| ayer was approximately pH 8 and it was then extracted with

di chl oronesfegre (3 x 250ml). The conbi ned di chl oronet hane extracts were

dried (M and evaporated to give the product as a white powder (2.2g,
83% . 15 Chiral HPLC ugj ng a Chlralpak AS col d t he product had
been i sol at.ed/i have S—ﬁ::geech ; Ngfrom

Et OH) 124.5-1 N5C\_J[@]ng -15 (I\/EO—l) CDE3 'mjm*
8.7 (m 2H): 8.5 (s | HFf "®. 1 (W s, 8.0 (s, IH)’N(: 5 (dd, :
7.2 (m IH; 6.6 (d, 1H° 4. 9(n1IFrF*A (m IH)*; 327 E%OUn 4W 3.5
(m 1H*: 3.4-3.2 (m 4H: 3.3 (m IH*; 3.1-2.9 (m 3H)" 1.6 (m 20
4H). M5 for CE9H/5@N6O4AS (M+H) cal cd 469, found 469. * taﬁerlc signal s
ON ON OO Phf

To the reverse ﬁydroxamatn 2 (18.76g, 40mmol) dissoived in dichloromethane (300ml)

and cooled to 0°C was added triethylamine (10.4m!, 75mmol) followed by (4S)-4-Benzyl-
s 2-oxazolidinone-3-carbonyl chloride (10.55g, 44mmol)[CAS number 139149-49-8]. After

stixriﬁg for 3 hours at -3 - 0°C the mixmure was washed with water (250ml), dried

(MgSO04), and evaporated to give a beige foam (27.1g). The diastereomers were separated

using preparative hplc eluting with ethyl acetate / EtOH (5%). The more polar

diastereomer was isolated in 35% yield. MS for C3oH;4CIN,O;S (M+H) caled 672, found
1o 672

Compound 2 was prepared using the methods given in Example 2: (M+H 469), mpt 131-
134°C ; NMR (DMSO) 5.8 (1H, br), 8.7 (2H, m), 8.3 and 7.9 (1H, s), 8.1 (2H, s), 7.6 (1H,
m), 6.9 (1H, m), 4.1 (1H, br m), 3.6 (4H, m), 3.2 (6H, m), 2.8 (2H, m), 1.8 (4H, m)

15



42 Step AO A/ \ANNSN JQ~N If N ONO C~Y}--NNSOIGCo0 NPh (2)
To the reverse hydroxamate 2 (18.76g, 40movl) dissolved in dichl oromet hane
(300m) and cooled to OC was added triethylam ne (10.4nl, 75nrnol)

foll owed by (4S)-4-Benzyl 5 2-oxazolidi none-3-carbonyl chloride (10.55g,

44 nol ) [ CAS nunber 139149-49-8]. After stirring for 3 hours at -3 - 0C
the m xture was washed with water (250mL)43 dried (MySO4), and evaporated to
give a beige foam (27.1g). The di astereonmers were separated using
preparative hplc eluting with ethyl acetate / EtOH (5% . The nore pol ar

di astereonmer was isolated in 35%yield. M for C30H34C1N707S (M+H) cal cd
672, found EXSVMIRE SCompound 2 was prepared using the methods given in
Exarrple 2: (MFH 469), npt 131- 134C; NWR (DVMSO 9.8 (1 H, br), 8.7 (2H,
m, 83 and 7.9 (1 H s), 81 (2H, s) 7.6 (1H mM, 6.9 (1 H mM, 4.1 (1

H br m, 3.6, Qﬁhogms’ manrter {PiHat tpil/cn fn ﬁxirg;h'e 4he fojrlvo@m( éﬂymﬁ&xnﬁé ware

produced:

N-[(18)~1-({[4-(5-bromopyridin-2-yl)piperazino]sulfonyl}methyl)-4-(pyridin-2-
yl)butyl)-V-hydroxyformamide

10 NMR CDCl;d 11.9 (brs, IH)*; 8.5 (s, L H)*; 8.5-8.4 (m, 1H); 8.2 (m, 1H); 8.1 (s, IH)*;
7.8-7.7 (m, 1H); 7.6 (m, 1H); 7.3-7.2 (m, 2H); 6.6 (m, 1H); 5.0-4.9 (m, 1H)*; 4.3-4.2 (m,
1H)*; 3.7-3.6 (m, 4H); 3.6 {m, 1H)*; 3.4-3.3 (m, 4H); 3.3 {(m, 1H)*; 3.1 (dd, 1H)*, 2.9 (m,
I1H)*, 2.9-2.8 (m, 2H); 2.1-1.6 (m, 4H). MS for C;0HBrNsO4S (M+H) calcd 514, found
514.

15 * rotamneric signals
[a]p> = -14 (c=2.3, MeOH)

The racemic starting material was prepared using the method given in Exampie 2. M+H =

512/514.

0 N-{(18)-1-({[4-(5-chloropyridin-2-yl)piperazino]sulfonyl} methyl)-3-(5-
fluorepyrimidin-2-yl)propylj-V-hydroxyformamide

| F
N/
C'@N N— E/\/\)J
—N

— o X



EXAMPLE 5 In an anal ogous manner to that given in Exanple 4 the follow ng
conpounds were produced: 5 iV

{(1'S)-1-(([4-(5-bronopyridin-2-yl)pi perazi no] sul fonyl } net hyl)-4-(pyridiu-2-
~yl)b utyl]-Nhydroxyformamuide NN-S4 =N1 | O fo NVR CDC13 d 11.9 (br. s,
Il H*; 85 (s, I H*; 85-84 (m | H; 82 (rn, IH; 81 (s, | H*-)
7.8-7.7 (m 1H); 7.6 (m IH; 7.3-7.2 (M 2H); 6.6 (m IH; 5.0-4.9 (m
IH*;, 4.3-4.2 (m 1H)*; 3.7-3.6 (m 4H); 3.6 (m 1H)*; 3.4-3.3 (m 4H
3.3 (m 1H)*; 3.1 (dd, IH*, 2.9 (m 1H*, 2928(m 2H); 2.1-1.6 (m

i 5 TR SR BSGOIS (A el e S f oy 519 15/ 2 BhaTH
TS gy e jod Srendmomamia § /A B e B0
f 1 uor opyr i HyVi=05.8; 26 Y#2)p5. apydd, - INHhy ehrlae; f7or HeyyBa8 (NdN- B, X=5-35.0HK),13.24 0
(dd, 1 H, J=14.6, 43 Hz), 2.93 (m, 2 H), 2.16 (m, 2 H).
s MS (ESI): 473 (MHD
aq=-11.03 (MeOH, c = 1.242}.

The racemic starting material was prepared in Example 2.

N-[(18)-1-({{4-(4-fluorophenyl) pipefazino]sulfonyl}methyl)-4—(pyri_midin-2-yl)b utyl]-
10 N-hydroxyformamide

o
o \
/N N
F N N—8——
\ /|l H 0
o)
\[/N ,
l\
| N\/)

M+H 452.44; NMR CDCl; d 9.9 (br s, 1H)*; 8.7 (m, 2H); 8.5 (s, IH)*; 8.05 (s, IH)*; 7.2
(m, 1H); 7.0-6.9 (m, 4H); 4.9 (m, 1H)*; 4.2 (m, 1H)*; 3.5-3.4 (m, 4H); 3.5 {m, 1H)*; 3.2-
s 3.1(m, 4H); 3.3 (m, 1H)*; 3.1-2.9 (m, 3H); 2.0-1.6 (m, 4H).
* rotameric signals
The racemic starting material was prepared using the method given in Example 3. NMR
(DMSO) 10.0 (1H, brs), 8.6 (2H, m), 8.2 (1H, d), 7.2 (1H, m), 6.9 (4H, m), 4.9 and 4,2
(1H, br), 3.4 (6H, m), 3.0 (6H, m), 1.9 (4H, m).

20



44 1H NVR (DMBO, 373K): 9.44(br s, 1H, 8.70 (s, 2 H, 8.10 (d, 1 H, J=
2.6 Hz), 8.05 (br s, | H, 7.57 (dd, 1 H J =9.1, 2.6 Hz), 6.86 (d, | H,
J=9.1H), 440 (br's, 1 H, 3.50(dd, 4 H J =53 50 H), 3.47 (dd,
| H J =14.6, 7.4 H), 3.28 (dd, 4 H J =5.3, 5.0 H), 3.24 (dd, | H J
- 14.6, 4.3 Hz), 2.93 (m 2 H), 2.16 (m 2 H). M5 (ESI): 473 (M#) ad =

-11.03 (MeOH, ¢ = 1.242). The racernic garting material was prepared in
Example 2. N [(IS)-1-({ [4-(4-fluorophenyl) pi perazi nnjsul fonyl I

met hyl )-4-(pyri.mdin-2-yi)butylj- io N hydroxyformamde 0 OIV ~~-S 00
M-H 452.44; NVMR CDC13 d 9.9 (br s, IH*; 8.7 (in, 2H); 8.5 (s, IH*; 8.05
(s, 1H)*;EXABIPLEM - ¢hricduatde@dpbiresobutiéh)) ; 4.9 (m 1H*; 4.2 (m 1H).*;
'3.5-3.4 (zn, 4H); 3.5(m 1 H *; 3.2- 15 3.1(m 4H; 3.3 (m 1H*; 3.1-2.9
(m 3H); 2.0-1.6 (m 4H) * rotaneric signals The racem c starting nmateri al

T A e M Gl
b LA i 1 2.
CLI)’ omat ogﬁgﬁﬁrc r%gg?uéﬁg&ﬁ;ﬁ‘[ dgefg‘% ﬁid( 1-12446- wﬂyﬁ(ﬁﬂz

[4.-(5 CWl)}ﬁwiﬁlﬂﬂﬁnyi})rfﬂtﬁ;ﬂb-az(pm’kmﬂmﬂQﬁhmr})pmﬂﬁsﬂy}ir&)(fmmm_i@ n- 2-
yl)propyli-N ;ydroxyforxnairtide and N-[(1A)-1-([(4-(5-chloropyridin-2

& N “/\‘ \)\/j
W

CI—C\>7 N—

O

N-[1-({[4-(5-chloropyridin-2-yl)piperazinosulfonyl} methyl)-3-(pyrimidin-2-yl) propyl]-N-

hydroxyformamide prepared in a racemic form was separated into single enantiomer forms
10 by chromatographic separation on a column packed with Chiralpak AD No. ADO0OCJ-

HK002 and eluted with ethanol. Biological activity lies in the compound eluted second

from the column - assumed to have S stereochemistry.

1¥ enantiomer eluted MH+ 455.
1s 2% enantiomer eluted MH+ 455.

The racemic starting material was prepared using the method given in Example 2.

MH+ = 455. NMR (DMSQ) 9.9, 9.6 (1H brs), 8.6 (2H, m), 8.3 and 7.9 (1H, s), 8.1 (1H,
dd), 7.3 (14, m), 6.9 (1H, d), 4.7 and 4.2 (1H, broad m}, 3.6 (4H, m), 3.4-3.2 (6H, m), 2.8
1 (2H,m), 2.1 (ZH, m).



5

y| ) pi per azi noj sul fonyl } et hyl ) - 3- (pyri mi di n- 2-yl ) propy! | - N- hydr oxyf or mani de
A C /-\ o 11 NNS \--/ it Oo NNSvII \ /--- 0 A /NNN5QNOC
ONT I-(([4-(5-chloropyridin-2-yl)piperazinol sul fonyl }

met hyl ) - 3- (pyri m di n-2-yl ) propyl]-N hydroxyformam de prepared in a racenic
formwas separated into single enantionergsforns to by chromatographic
separation on a colum packed with Chiral pak AD No. ADOOCJ] HKOO2 and el uted
wi th ethanol. Biological activity lies in the conpound eluted second from
the colum - assuned to have S stereochem stry. I5: enantioner eluted VHO
455. 15 2d enantionmer eluted N 41i+ 455. The racem c starting material was
prepared using the nethod given in Exanple 2. M E+ = 455. NMR (DVMSO) 9.9,
9.6 (1H br EXAMPLE 73 fprthyr expmples ¢f ghopmatographic peselutiony gd), 7.3 (1 H,
m, 6.9 (I H d), 4.7 and 4.2 (1 H broad m, 3.6 (4H m, 3.4-3 -2 (6H,

m, 2.8

The following compounds were resolved using the conditions given in Example 6:

N-[(18)-1-({[4-(3-trifluoromethylpyridin-2-yl)piperazino}sulfonyl} methyi)-3-
(pyrimidin-2-yl)propyl}-/V-hydrexyformamide and V-{(1R)-1-({[4-(5-
trifluoromethylpyridin-2-yl)piperazino]sulfonyl} methyl)-3-(pyrimidin-2-yl)propyl]-/V-
hydroxyformamide

10

1*' enantiomer eluted M+H 489.5.
2% anantiomer eluted M+H 489.5.

s The racemic starting material was prepared in Example 3.



20 (2H, m, 2-1 (2H, m 46 EXAVPLE 7 - further exanples of chromatographic
resolution The foll ow ng conpounds were resol ved using the conditions given
in Exanple 6: s N ((I S)-1-({

[4-(5-trifluorornethyl pyridin-2-yl)piperazino] sulfonyl}neth yl)-3-
(pyrimd n-2-yl)propyl]-N hydroxyformam de and N- [(1R)-1-({ [4-(5-
trifluoronethyl pyridin-2-yl)piperazi no] sukfonyl }

met hyl ) - 3- (pyrim di n- 2 yl)propyl]-N hydroxyformamde i0 1- '\ o 11 CF, -('
-NNS\ / u 0 aN| ol s enantiomer eluted MrH 489.5. 2"d enanti oner
el uted M+H racem.c.starting nmaterial was prepared in Exanple
3. 47 N-[( 1@?113311{ ‘irz%j%rﬁ%’i’%‘ ?dil}PlQef;?F'}lB Isylippyh) H’th}’ Apyrymyjdin-2-

ni et hyl) - 4- Y i de_and N—[(lR) 1-({

[ 4- (5 br or opyr d?o:&}}ﬂ}}rgﬂlnﬂié all.'i\hp Rfﬁi(y ?[4 (npﬂnomcpyn‘?i

%' ) Pl per gZ'ﬂmnﬁwafzmyédlfmiyhuharhﬂ)@wriﬂxﬂw-z%WWWMW&&@M@ mam de

I\ N . §
arON N—Sm £ 7N _n v N
= 5\ / (I:I) M h}\g + BFQN ™ ﬁ/\r \/\f ﬁ
o~ \" o o N~
o 1

1* enantiomer eluted M+H 513/515.
2" enantiomer eluted M+H 513/515.
The racemic starting material was prepared using the method outlined in Example 2: M+H

513/515.



O'NOI!" O5N NN-5+00 NNOON1 ~J 1'1 1 ON, 01 sr enantioner
el uted MrH 513/515. 2nd enantioner eluted MrH 513/515. The racemc
starting material was prepared using the nethod outlined in Exanple 2: M-H
513/ 515. 10 48 EXAMPLE 8 The foll owi ng conpounds were prepared RL a-- X
N-SO , N HOCHO 5 48

EXAMPLE 8

The following compounds were prepared

/N R1
B—X N—SO/_,_\[/
— N

HO "CHO
5
B X R1 : mpt M+H Prepared
using
method in
Example
10 (5-Cl-2- C  2-PyrimidinylCH2CH2CH?2 484 4
pyridyl)oxy (S enantiomer)
5-CF3-2-Pynidyl N 2-PynmidinylCH2CH2CH?2 141- 503 4
| (S enantiomer) 142 |
4-F-Phenyl N  2-(5-F -Pyrimidiﬂyl)CHZCHZ 45624  6**
15 (S enantiomer)
4-F-Phenyl N  2-(5-F-Pyrimidinyl)CH2CH2 456.2 2
4-Br-Ph N  2-PyrazinylCH{CH3)CH2 ‘ 512 1
mixed diastereomers 3:1 (A:B)
4-Cl-Ph C  2-PyrazinylCH(CH3)CH2 467 1
Diastereomer A
4-Ci-Ph C  2-PyraznylCH(CH3)CH2 467 1
mixed diastereomers 1:2 (A:B)
4-Br-Ph C  2-PyrazinylCH(CH3)CH2 ' 511 1
mixed diastereomers 3:1 (A:B)
5-Cl1-2-Pyndyl N  5-F-2-PyrimidinylCH(CH3)CH2 487 1

mixed diastereomers 1:2 (A:B)

4-Cl-Ph N  5-F-2-PyrimidinylCH(CH3)CH2 157-9 1



Prepared BX Rlnpt MtHusi ng nethod in Exanple io(5-Cl-2- C 2-Pyrim

I di nyl CH2CH2CH2 4844 pyridyl)oxy(S enantioner) 5-CF3-2-Pyridyl N

2- Pyrim di nyl CH2CH2CH2141- 5034 (S enantioner) 142 4-F-Phenyl N

2- (5-F-Pyrimdinyl)CH2CH2456. 246** 15(S enanti oner) 4-F-Phenyl N

2- (5-F-Pyrimdinyl)CH2CH2456. 22 4-Br-PhN 2-Pyraz inyl CH(CH3) CH2 5121 m xed
di astereoners 3:1 (A B) 4-Cl-PhC 2-Pyraz% nyl CH(CH3) CH2 4671 Di astereomer A
4-Cl - PhC 2-Pyraz inyl CH(CH3) CH2 4671 m xed di astereoners 1:2 (A B)

Diastereomer A

4-Cl-Ph N  5-F-2-PynmudinylCH(CH3)CH2 164-7 1
Diastereomer B

4-Br-Ph N 5-F-2-PyrimidinylCH(CH3)}CH2 167-9 1
Diastereomer A

4-Br-Ph N 5-F-2-PyrimidinylCH(CH3)CH2 183-5 1
Diastereomer B

4-Cl-Ph C  5-F-2-PynmidinylCH(CH3)CH2 195-8 l
Drastereomer A

4-Cl-Ph C  5-F-2-PyrimidinylCH(CH3)CH2 155-8 L
Diastereomer B

3,4-di-Cl-Ph N  5-F-2-PyrmidimylCH(CH3)CH2 172-3 .
Diastereomer A

.3,4-di-Ci-Ph N  -5-F-2-PyrimidinylCH(CH3)CH2 172-3 ~ 1

Diastereomer B

5-CN-2-Pyridyl N  5-F-2-PyrimidinylCH(CH3)CH2 478 1
Diastereomer A

4-F-Ph N (8)5-F-2- 470 7
Pyrimidinyl CH(CH3)CH2

(S enantiomer)
4-F-Ph N  (R,S)-PyrazinylCH({CH3)CH2 452 4

(S enantiomer)-

In the above Table:

** indicates the compound (S enantiomer) prepared by the method in Example 6 using

column Chiralpak AD (250mmx4.6mm) No. ADooCE-JJ122 and eluent MeOH/MeCN

15/85;




4-Br-PhC 2-Pyraz inyl CH(CH3) CH2 5111 m xed di astereoners 3:1 (A B)
5-Cl1-2-Pyridyl N 5-F-2-P yrimdi nyl CH(CH3) CH2 4871 m xed di astereoners 1:2
(A:B) 4-Cl-PhN 5-F-2-Pyrimdi nyl CH(CH3) CH2157-91 49 4-C - PhNDi ast ereoner A
164-71 5-F-2-Pyrimdi nyl CH(CH3) CH2 4-Br-PhNDi ast ereoner B 167-9
5-F-2-Pyrim di nyl CH(CH3) CH2 4-Br-PhNDi ast ereoner A 183-5
5-F-2-Pyrimdi nyl CH(CH3) CH2 4- Cl- PhCDi astsr eoner B 195-8
5-F-2-Pyrimdinyl CHLCH3) CH2 4-d - PhCDi ast er eoner A 155-8
5-F-2-Pyrimdinyl CH CH3) CH2 3, 4-di - - PhNDi ast ereoner B
Diastereomers A and B refer to the order of elution from a silica column eluted with 3-
5% ethanol in dichloromethane (diastereomer A is the first fraction to elute, diastereomer

B the second).

EXAMPLE 9

We provide NMR data for the following compounds listed in Example 8:

N-[(18)-1-({[4-(5-trifluoromethylpyridin-2-yl)piperazino}sulfonyl} methyl)-4-

10 (pyrimidin-2-yl)butylj-V-hydroxyformamide

FF 2
I LD
| - °

@)
NMR .CDCIs § 10.1 {brs, 1H)*; 8.7 (m, 2H); 8.5 (s, 1H)*; 8.4 (brs, 1H); 8.1 (s, LH)*; 7.7
(dd, 1H); 7.2 (m, 1H); 6.7 (d, 1H); 4.9 (m, LH)*; 4.2 (m, 1H)*; 3.9-3.7 (m, 4H); 3.6 (m
s 1H)*; 3.4-3.2 (m, 4H); 3.3 (m, 1H)*; 3.1-2.9 (m, 5H); 2.0-1.6 (m, 4H). * rotameric signals.

N-({[4-fluorophenyipiperazinojsuiphonyl} methyvl)-3-[(5-fluoropyrimidin-2-yl)propyl]-

N-hydroxyformamide

® 14 NMR (DMSO, 373K) : 9.46 (brs, 1 H), 8.75 (s, 2 H), 7.08-6.96 (m, 4H), 4.42 (brs,

1H), 3.50 (dd, J=14.8, 7.5 Hz. 1H), 3.35 (m, 4H), 3.28 (dd, /= 14.8, 4.4 Hz, 1H), 3.18
(m, 4H), 2.97 (m, 2H), 2.21 {m, 2H).



T R

172-31 5-F-2-Pyrimdinyl CH(CH3) CH2 3, 4-di - C1- PhNDi ast ereoner A 172-31
5-F-2-Pyrirnidinyl CH CH3) CH2 5-CN-2-Pyri dyl NDi ast ereomer B 478 1
5-F-2-Pyrimdi nyl CH CH3) CH2 4-F- PhNDi astereonmer A 470 7 (S) 5-F-2-

Pyrim di nyl CH(CH3) CH2 4-F-PhN(S enantioner) 452 4

(R S)-Pyrazinyl CH(CH3) CH2 (S enantioner) In the above Table: indicates the
conpound (S enantioner) prepared by the rrgghod i n Exanple 6 using colum
Chi ral pak AD (250manx4. 6mm) No. ADooCE-JJ122 and el uent McOH MeCN 15/ 85;
50 Diastereoners A and B refer to the order of elution froma silica colum
eluted with 3- 5% ethanol in dichloronmethane (diastereonmer Ais the first

fraction tq eh¥ 6 16)-834-ChRPIBEenpipPa3 RS0 Hhonyd} methyl)-3-[(3R or 35)-(5-

fluoropyrimidin-2-yl)butyl]-N-hydroxyformamide (single diastereomer A)

5 IHNMR (CDCI3) (2 rotamers in approximately equal proportions}): 8.72 (s, 0.5H), 8.57
(d, 2H), 8.25 (s, 0.5H), 7.89 (s, 0.5H),-7.23 (dd, 2H), 6.83 (dd, 2H), 4.94 (sext, 0.5H), 4.30
(m, 0.5H), 3.57 {dd, 0.5H), 3.44 (m, 2H), 3.37 (m, 2.5H), 3.16 (m, 5.5H), 3.02 (dd, 0.5H),
2.52 (ddd, 0.5H), 2.35 (ddd, 0.5H), 2.02 (dt, 0.5H), 1.89 (ddd, 0.5H), 1.40 (dd, 3H);

o N-[(1R or 15)-({[4-bromophenylpiperazino]sulphonyl}methyl)-3-{(3R or 38)-(5-

ﬂuoropyrimidin_—Z—yl)butyl}-‘J-hydroxyfmjmamide (single diastereomer A)

-

N

(J
S

1H NMR (CDCI3) (2 rotamers in approximately equal proportions): 8.72 (s, 0.5H), 8.57

s (d, 2H), 8.25 (s, 0.5H), 7.89 (s, 0.5H), 7.38 (dd, 2H), 6.80 (dd, 2H), 4.94 (sext, 0.5H), 4.30
(m, 0.5H), 3.57 (dd, 0.5H), 3.44 (m, 2H), 3.37 (m, 2.5H), 3.16 (m, 5.5H), 3.02 (dd, 0.5H),
2.52 (ddd, 0.5H), 2.35 (ddd, 0.5H), 2.02 (dt, 0.5H), 1.89 (dt, O.SH), 1.40 {dd, 3H);

O=W0=0

T
o
N7~ Me
\)\)\]/N
i\j\
N
N




EXAMPLE 9 W provide NVR data for the foll ow ng conmpounds listed in Exanple
8. Nt(1l S)-1-({ E4-(5-trifluoronethyl pyridin-2-yl)piperazinolsul fonyl}
met hyl)-4- to (pyrimdin-2-yl)butyl}-NY hydroxyformam de N, NVR CDC13 8

10.1 (br s, 1H*; 8.7 (m 2H); 8.5 (s, IH*; 84 (br s, 1H; 8.1 (s, 1H*;
7.7 (dd, 1 H; 7.2 (m I H; 6.7 (d, 1 H; 49 (m 1H* 4.2 (m | H *;
3.9-3.7 (m 4H); 3.6 (m 15 1H)*; 3.4-3.22(m 4H); 3.3 (m 1H*; 3.1-2.9
(m 3H); 2.0-1.6 (m 4H). * rotaneric signals. N ((

4-f | uor ophenyl pi per azi no] sul phonyl } net hyl )-3-((5-f| uor opyri m di n-2-yl) propy
| }- NY hydroxyformamde F N O N NNS 20 0 'H NWR (DVsO 3731) : 9.46
(br s, | HN [($R7o} S+ ({24 Ich],orc?pl%yﬁnﬂ@n(imu]sflﬂbhmfbfl}ékﬂetﬁll?f)-ﬁ[(aﬁ15938)3(550 (dd
J=14.8. 7. 1 335(m 4H), 3.28 (dd, J 14.8 4 Hz, 1H),

(m 4H), 2 ﬂgibrt(mﬁmg -Lzylmutgm\f Mro:&fam@@@ Eingle d;astereomer A)

1S) - ({14- chl or ophenyl pi per azi no] sul phonyl } net hyl )-3-[ (3R or 3S)-(5-
fluoropyrimdin-2-yl)butyl}- N-hydroxyforrram de (single diastereoner A) 0 O
N10

M | lN/C

Il Me
5 N
N ||\/K)\r X
o |
o £

o

ci

s 1H NMR (CDCI3) (2 rotamers in approximately equal proportions): 8.69 (s, 0.5H), 8.57
(d, QH), 8.25 (s, 0.5H), 7.89 (s, 0.5H), 7.27 (obscured), 7.13 (dd. 2H), 4.91 (sext, 0.5H),
4.30 (m, 0.5H), 3.87 (m, 2H), 3.57 (dd, 0.5H), 3.35 (dd, 0.5H), 3.18 (m 1.5H), 3.00 (dd,
0.5H), 2.85 (m, 2H), 2.55 (m, 1.5H), 2.35 (ddd, OSH) 206(dt 0.5H), 1.88 (m, 2.5H), 1.7
(obscured) 1.40 (dd, 3H);

10
N-[(1R or 15)-({[3,4-dichlorophenylpiperazino|sulphonyl} methyl)-3-[(3R or 38)-(5-
fluoropyrimidin-2-y)butyl}-N-hydroxyformamide -(single diastereomer A)

s 1H NMR (CDCI3) (2 rotamers in approximately equal proportions): 8.62 (s, 0.5H), 8.55
(d, 2H), 8.22 (s, 0.5H), 7.86 (s, 0.5H), 7.28 (m, 1H), 6.95 (m, 1H)}, 6.73 (m, 1H), 4.92
(sext, 0.5H), 4.30 (m, 0.5H), 3.57 (dd, 0.5H), 3.44 (m, 2H), 3.37 (m, 2.5H), 3.16 (. 5.5H),
3.02 (dd, 0.5H), 2.52 (ddd, 0.5H), 2.37 (ddd, 0.5H), 2.04 (dt, 0.5H), 1.89 (dt, 0.5H), 1.40
(dd, 3H); '

20



NN Ol NOC 1H NWR (CDC13) (2 rotamers in approxi mately equal
proportions): 8.72 (s, 0.5H), 8.57 (d, 2H), 8.25 (s, 0.5H), 7.89 (s,
0.5H),-7.23 (dd, 2H), 6.83 (dd, 2H), 4.94 (next, 0.5H), 4.30 (m O0.5H),
3.57 (dd, 0.5H), 3.44 (m 2H), 3.37 (m 2.5H), 3.16 (m 5.5H), 3.02 (dd,
0.5H), 2.52 (ddd, 0.5H), 2.35 (ddd, 0.5H), 2.02 (dt, 0.5H), 1.89 (ddd,
0.5H), 1.40 (dd, 3H); to NN[(1R or .

1S) - ({[ 4- br onmophenyl pi per azi no) snl phonylf}Jnet hyl)-3-[ (3R or 3S)-(5 fluoropy
rixnidin-2-yl)butyl]-N hydroxyformam de (single diastereomer A) F 1H NWR
(CDC13) (2 rotamers in approximtely equal proportions): 8.72 (s,

(s, 0.5H),
8.57 is : 2 ., O0.5H)..7.89 (s. OB5 : dd,
20y, a0 YR or B ey Rty ey Sl b i GR g
3.37 (m i R e (si i , 2.35
(add, o sig-tiprogy itz 3ppibu S o5t ridaatite (cpsplp st o O (i R or
1S)-(([ 4-chl orophenyl pi peridi no] sul phorryi }nethyl)-3-[(3R or 3S)-(5-
fluoropyrimdin-2-yl)butyl]-N hydsoxyformam de (single diastereomer A) Cl 5
1H NVMR (CDC13) (2 rotamers in apptxd gptely equal proportions): 8.69 (s,
0.5H), 8.57 (d, 2H), 8.25 (s, @.5H),17.89 (s, 0.5H), 7.27 (obscured), 7.13
(dd, 2H), 4.91 (sext, 0.5H) g m 0.3H), 3.87 (m 2H), 3.57 (dd,

0.5H), 3.35 (dd, 0.5H), m 1.5H),%380 (dd, 0.5H), 2.85 (m 2H)),
2.55 (m 1.5H), 2.35(}@,510.%), 2.06 (dt, 0.5H), 1.88 (m 2.5H), 1.7

(obscured), 1.40 (dd#3Hj; 10 N-[(1R or

19)-U [53’ 41-I-Id1|\I(Ii/rL]E|1 (()(EI%pC%e)n(%lrgtiaPn%Esai%i a%%losﬁrlngg?yngqlu%l lﬁaﬁggilo%é)?é.[?(l?ls? 0% H)3,§)5-5((E§,-
2H), 8.41 (s, [H), 8.22 (s, 0.5H), 7.86 (s, 0.5H), 7.65 (m, 1H), 6.61 (dd, 1H}), 4.92 (m,
0.5H), 4.30 (m, 0.5H), 3.78 (m, 4H), 3.57 (dd, 0.5H), 3.38 (m, 2H), 3.30 (m, 2.5H), 3.16
(m, 1.5H), 3.02 (dd, 0.5H), 2.52 (m, 0.5H), 2.37 (m, 0.5H), 2.04 (dt, 0.5H), 1.84 (dt, 0.5H),

1.40 (dd, 3H);

N-[( IS)~({{4—(4-ﬂu0rophenylpiperazino]sulphoufl}methyl)d:[( 38)-(5-
fluoropyrimidin-2-yl)butyl]-N-hydroxyformamide

o

s 1H NMR (DMSO-d6): 9.9, 9.53 (2s, 1H), 8.78 (s, 2H), 7.98 (d, 1H), 7.12-6.91 (m, 4H),
4.8,4.17 (25, 1H), 3.13 (m, 4H), 3.0 (m, 1H), 1.86 (m, 1H), 1.22 (m, 3H).



fl uoropyrinidin-2-yl)butyl]-N hydroxyfornram de (single diastereoner A) 0 o
LN(O M 11 N 11 11 F 15 1H NWR (CDC] 3) (2 rotaners in approximtely equal
proportions): 8.62 (s, 0.5H), 855 (d, 2H), 8.22 (s, 0.5H), 7.86 (s,
0.5H), 7.28 (m 1H), 6.95 (m 1H), 6.73 (m IH), 4.92 (sext, 0.5H), 4.30
(m 0.5H), 3.57 (dd, 0.5H), 3.44 (m 2H), 3.37 (m 2.5H), 3.16 (m 5.5H),
3.02 (dd, 0.5H), 2.52 (ddd, 0.SH), 2.37 ddd, O SH), 2.04 (dt, 0.5H), 1.89
(dt, 0.5H). 1.40 (dd, 3H); 20 53 N-{(1R or

1S)-(((4-(5-cvanopyridi n-2-yl ) pi perazi nol sul phonvl } net hyl )-3-[ (3R or 3S)-
(5-fluoropyrisnidin-2-yl)butyll-N bydroxyformam de (single diastereonmer A)
5 1H NWR ((EDO&B])PI(EIﬂot amers in approxi mately equal proporti ons): 8.72 (s,
0.5H), 855% , 8.41 (s, 1H), 8.22 (s, 6 (s, 0.5H), 7.65
(m 1 H, 8-6i- (ﬂ@hloronlbenyapqum -1- ﬁ]syﬁpnyidn@@hx (e @lle'opsr"ﬂghem 4H) ,

3.57 (dd 0.5 30 5H), 3.16 1.5H), 3.02 (dd,
0.5H), 2. 5!“?@%&9’&?%&%’?“?%“0.5%&? 2.04H% dt | 0.5H§,m 1.84H% dt | -0.5|(—|),

1.40 (dd, 3H); to N-{(
1S)-({[4- (4-f | uorophenyl pi perazi nol sul phonyl } met hyl )-3-[(3S
fluoropyrimdin-2-yl)butyll-N hydroxyformam de is 1H NWVR (
9.53 (2s, 1H), 8.78 (s, 2H), 7.98 (d, IH), 7.12-6.91 (m 4

C /0
Ci N N—S
./ M

O N
|-1o’jI

(5-
O d6): 9.9,

To formic acid (400 ul, 10.8 mmol} at 0 °C was added acetic anhydride (102 ul, 1.1
. mmol) and the mixture was then stirred at RT for 15 minutes. The mixnre was then re-
cooled to 0°C, and a solution of I-(4-chlorophény1)-4- {{4-(5-chloropyridin-3-yl)-2-
(hydroxyamino)bgtyi]sulfonyl}piperazine (100 mg, 0.22 mmol) in THF was added
o dropwise via syringe. After stirring at RT for 1.5 hours, volatiles were rerﬁoved in vacuo,
-and the residue was azeotroped with toluene (A2 mL). The residue was then dissolved in
methanol (5 mL) and stirred at 40 °C for 1 hour. After cooling to RT, the solvent was
evaporated, and the residue dissolved in methanol (0.5 mL}). Diethyl ether (5 mL) was then
added and the cloudy suspension stirred at RT for 1 hour. The solid that precipitated was
15 filtered, washed with diethyl ether and dried in vacuo, to give the title compound as an off-
white solid (48 mg, 0.099 mmol).
'H NMR (DMSO, 373K) : 9.55 (brs, 1 H), 8.43 (d, 1 H), 8.41 {d, ! H), 8.17 (brs,
1H), 7.76 {dd, 1 H), 7.25 (m, 2 H), 6.96 (m, 2H), 4.35 (brs, I1H), 3.49(dd, 1 H), 3.34 (m, 4
H), 3.25 (m, 5H), 2.67 (m, 2 H), 2.02 (m, 2 H). ‘

20 MS (ESI): 487.06, 489.04, 490.08 (MH" 2 x Cl)



4.8, 4.17 (2s, 1H, 3.13 (m 4H), 3.0 (m 1H), 1.86 (m 1H), 1.22 (rn, 3H).
54 EXAMPLE 10 1-(4 [4-(4-chl orophenyl) pi perazin-1

-y1] sui fonyl }met hyl ) - 3- (5-chl oropyri di n-3- yl) propyl (hydroxy)formam de Cr
CLO NNSONHOS5O0NTo formc acid (400 1, 10.8 nmmol) at 0 C was added
acetic anhydride (102 t1, 1.1 mol) and the m xture was then stirred at RT
for 15 mnutes. The mxture was then re- sgooled to 0 C, and a solution of
1- (4-chl orophenyl)-4- ((4-(5-chloropyridin-3-yl)-2-

(hydr oxyam no) but yl ] sul fonyl ) pi perazine (100 ng, 0.22 mml) in THE was
added 10 d I,.S€ Vi I tirring at RT for 1.5 hours,

vol atil es m&gggaﬁgjﬁon\}g%ﬁ%i#a\g%gﬁgg& %gr’]fgﬁf)ﬁ}é’ resi due was azeotroped with
toluene (2 nl}) delBEsSicllRop@sdinh®ydrepaosee in nethanol (5 nl) and
stirred at 40 C for 1 hour. After cooling to RT, the solvent was

evapor ated, and the residue dissolved in nethanol (0.5 nL). D ethyl ether
(5 m.) was then added and the cloydy suspension stirred at RT for | hour.
The solid that precipitated was is filtered, washed with diethyl ether and
dried in vacuo, to give the title ound as an off- white solid (48 ny,
0.099 nmmol). "H NWR (DVSO, 373K) [; | H, 8.43 (d, 1 H), 8.41

(d, I H, 8.17 (br s, N OFEt

3
4

5 To a stirred solution of ethyl (2£)-3-(5-chloropyridin-3-yl)prop-2-enoate (338 mg,
1.6 mmol) [CAS number 163083-45-2] in dry ethanol (10 mL) at 0 °C under an atmosphere
of argon was added solid sodium borohydride (67 mg, 1.75 mmol). The reaction mixture
was allowed to warm to room temperature and stirred for four hours, whereupon additional

-sodivm borohydnde (67 mg, 1.75 mmol) was added. After stirring for an additional
10 eighteen hours, saturated aqﬁeous ammonium chloride solution (5 mL) was added. |
Volatiles were removed in vacuo, and the residue partitioned betwe.en water (10 mL) and
| ethyl acetate (10 mL). The layers were separated and the aqueous phase extracted with
ethyl acetate (3 x 10 mL). The combined organic extracts were then dried (MgSO;),
filtered and concentrated in vacuo. Flash chromatography (silica gel, 20% to 100% ethyl
ts  acetate in hexane) gave the title compound (132 mg, 0.62 mumnol) and the saturated alcohol
(70 mg).
'"H NMR (CDCl;3) : 8.43 (m, 1 H), 8.34 (m, 1H), 7.55 (m, 1H), 4.16 (q, 2H), 2.96
(dd, 2H), 2.63 (dd, 2H).

20 (ii) 1-{[4-(4-chlorephenyl)piperazin-1-yl]sulfonyl}-4-(3-chioropyridin-3-
yl)butan-2-one
Cl
~

0 I

o— N p-d N
N/

0 0



1H, 7.76 (dd, 1 H, 7.25 (m 2 H), 6.96 (m 2H), 4.35 (br s, 1H), 3.49
(dd, I H, 3.3 (m 4 H), 3.25 (m 5H), 2.67 (m 2 H, 2.02 (m 2 H. 20
M5 (ES1): 487.06, 489.04, 490.08 (MH 2 x C) 55 The starting material was
prepared as follows: (i) ethyl 3-(5-chloropyridin-3-yl)propancate C N OEt
O 5 To a stirred solution of ethyl

(2E) - 3-(5-chl oropyridi n-3-yi)prop-2-enoategs (338 ng, 1.6 mmol) [ CAS nunber
163083-45-2] in dry ethanol (10 nL) at O C under an atnosphere of argon
was added solid sodi um borohydride (67 ng, 1.75 nmol). The reaction m xture

was al | ovwed to WBf Mstied 9&&1&&1‘?HP?—r(@cho?Oéﬂ{&g%ﬁ%(rﬁcletﬁ')elétﬂfro#glf)k!{pcﬁ‘Qh'ﬂeZ?.B5 mg,

wher eupon additional sodi um borohydrid was added.
After stirrQ.3gmiwol) iradryddHdF (7.0 mal) 401 @1C¢yhhdee an hrgonsatme sthareay exchdded dogsvise

amoni um chl ori de sol ution (5. ded. . Volatiles wer empved i
vacua, and /fe* F@gv@aéssaﬁtﬁﬂg}ﬁ'ﬂ)éﬁﬁﬁiﬂaﬁbﬂl aef-b@ﬂéomlyn %@{ﬁeﬁbm@gt ate
(10 m). Thﬁlels?){ﬁ{?ﬁl»\gfsr ntfleﬁ SRAEALAHis 0P AR AR A0URINBRES ] s%Mtfoﬂ%ff%ﬂanB-F@a

et hyl acetate (3 ). The conbi ned organic extracts were then“drie
(MyS™M) 5 fehldrepyediniidylgpopantata?d g MEcmomol)RnASRE Chmbyresas greapldygeq si | i ca

GeT. 20 ei00 Livlod Ses abed R hetane) gave e Litle, somgiad, (192
E Eind, | 2::')') ’ %831?1'0515@ 3diinutds BFofedingdflenchedlRith Saruddd aqheSB antiHbhiudtdhiortied3
1-{[ 4- (4- chbltiopli2mil)) Viopesiteszvere fembyeduinfwaays, Jand iSresidho mop pxtrattad-@ith
yl) butan- Z(ﬂ-ﬂ%ll% x 5 mL). The combined organic extracts were washed with water (10 mL) and
0 brine (10 mL) before being dried, (MgSQy), fiitered and concentrated in vacuo. Flash
chromatography (silica gel, 50% ethyl acetate in hexane) gave the title compound (228 mg,
0.52 mmol) and recovered ethyl 3-(5-chloropyridin-3-yl)propanoate (74 mg, 0.35 mmol).
'H NMR (CDCl;) : 8.46 (m, 1 H), 8.38 (m, 1 H), 7.58 (m, 1 H), 7.21 {(m, 2 H), 6.83
(m, 2 H), 3.96 (s, 2 H),3.37 (m, 4 H), 3.17 (m, 6 H), 2.95 (dd, 2 H),

5 'MS (ESI): 442.07, 444.06, 445.1 (MH" 2 x CI).

(ii1) 1-{[4-{(4-chlorophenyl)piperazin-1-yl]sulfonyl}-4-(5-chloropyridin-3-
yl)butan-2-ol

Cl
=
0 I
/ Nl N
Cl N N—-IS!
N/ O OH
) To a stirred solution of 1-{{4-(4-chlorophenyl)piperazin-1-yl]sulfonyl}-4-(5-

chloropyridin-3-yl)butan-2-one {228 mg, 0.51 mmol) 1n a mixed solvent sjrstem of
CH,Cl/MeOH (1:1, 5 mL) at RT was added solid sodium borohydride in one portion. The
reaction was stirred for 40 minutes before being quenched with aqueous hydrochloric acid
(1 M, 2 mL). The layers were then separated and the aqueous phase extracted with CH,Cl,
25 {3 x 5mL). The combined organic extracts were dried, (MgSO,), filtered and concentrated
in vacuo. The crude product was then filtered through a plug of silica gel, eluting with 50%

ethyl acetate in hexane to give the title compound (111 mg, 0.25 mmol).



Ol 56 To a stirred solution of

1- (4-chl orophenyl) - 4- (net hyl sul fonyl ) pi perazine (235 ng, 0.85 mmol) in dry
THE (7.5 nL) at -10 C under an argon atnosphere was added dropw se over 4
m nutes a solution of LiHWDS (1.71 nL of a 1.0 Msolution in THF, 1.71
mmol ). The solution was then stirred at this tenperature for 40 mnutes. A
solution of ethyl 3-(5 5 chloropyridin-3- yl)propanoate (201 ng, 0.94 mol)
in THE (1 nL) was then added dropw se vi# cannula over a period of 5

m nutes. The reaction was stirred at -10 C for an additional 30 m nutes
bef ore being quenched with saturated aqueous ammoni um chloride solution (5
rnL). Vol atiles \BedeMRe@DES) i 4V &oub H)ahdO thel HesT.oemmwaE),ek i Gt 2H), @ &h

12 3 571 201, SOIEOR LD P08 | Sl A TED o LB il

concentrat edqi n vacuo. Flash chronatography (silica gel, 50%ethyl acetate
in hexane) gave the title conpound (228 ng, 0.52 nmmol) and recovered et hyl
3- (5- chloropyrldln 3-yl)propanoate (74 nmg, 0.35 mmol). :'H NNR (Cbd 3)
8.46 (m .83 (m 2
020k (s o i) tEuuipraBtentp P st kot sty Baaty 35 15 e
(ESI): 442 Q7nsdifdh@fipddbink (Mt 2 x C). (iil) 1-{

[4-(4- chlorophenyl)plpera2|n 1-yl] sul fonyl}-4-(5-chl oropyridin- 3-
yl)butan-2-ol CE OH 20 To a stirred solution of

1-{[4- (4-chl or ophenyl ) pi perazin-1-yl]sul fonyl}-4-(5-

chl oropyri di n-3-yl ) butan-2-one (228 ng, 0.51 mml) in a nlxéa sol vent
systemof CH2C ,IMeOH (1:1, 5 nL) at RT was added solid sodium borohydri de
in one portion. The reaction was stirred for ép m nutes b orq bei ng

quenched wi th aqueous hydrochl orig aci g—\ x N
Cl N N—S
/g

To a stirred solution of 1-{[4-(4-chlorophenyl)piperazin-1-yl}sulfonyl}-4-(5-

10 chloropyridin-3-yl)butan-2-ol (111 mg, 0.25 mmeol) tn dry CH,CL, (2.5 mL) at RT was
added under an atmosphere of argon, trimethylamine hydrochloride (2 mg, 0.02 mmeol},
triethylamine (5 2 ul, 0.25 mmol), then methanesulfonyl chloride (21 pl, 0.25 mmol)}. The
reaction was stirred for 30 mins at RT, then quenched by addition of saturated agueous
sodium bicarbonate solution (5 mL). The layers were separated and the aqueous phase

15 extracted with ethyl acetate (3 x 6 mL). The combined organic extracts were then dried,
(MgSQy), filtered and concentrated in vacuo. The residue was then dissolved in CH,Cl,
(2.5 mL) and treated with triethylamine (100 pl, 1.36 mmol). After 30 minutes, the
reaction was quenched by addition of saturated aqueous sodium bicarbonate solution (5
mL). The layers were separated and the aqueous phase extracted with ethyl acetate (3 x 6

20 mL). The combined organic extracts were then dried, (MgSQOa,), filtered and concentrated

in vacuo. The crude material was used in the next step.

MS (ESI): 446.06, 428.06, 430.07 (MH" 2 x C1)



(1M 2 nL). The layers were then separated and the aqueous phase extracted
wth CH2A, 25 (3 x 5 nL). The conbi ned organic extracts were dried,
(MgS™), filtered and concentrated in vacuo. The crude product was then
filtered through a plug of silica gel, eluting with 50% ethyl acetate in
hexane to give the title conmpound (111 ng, 0.25 mmol). 57 'H NWR (CDC13) :
8.47 (m 1 H, 840 (m 1 H, 7.59 (m Lg, 7.21 (m 2H), 6.86 (m 2 H),
4.2 (m 1 H, 3.45 (i, 4 H, 3.24 (rn, E H, ---.11 (m 2H), 2.88 (rn, 2
H, 1.89 (m 2 H. 5 (iv)

1- (4-chl oropheny[)-4-(j (1 E)-4-(5-chloropyridin-3-yl)but-1- enyl] suifonyl}
pi perazin -&4_chli Wlefd4S9ctldrdpyAltin-3-y1)-2-

1-{{4-(4c§rg?b hgﬁgfﬁgﬁgggazﬂnﬁl-yl}sgffonylsz-(S-co

chl or opyr (@Y drokysmiboibanylButfbnyl} gipengyin®. 25 nrnol ) in dry CHICL, (2.5 nl)

at RT was added under an atnosphere of argon, trinethylam @ hydrochl oride
(2 mg, 0.02 mol ), triethylarnine (52 }J.1, 0.25 mmol),
nmet hanesul fonyl chloride (21 41, 0.25 mnol). The reacti

bi car bonat e sol ution (5 niL). | ayefs werells
phase is extracted with & : ¥ . TThe €onbi hed organic
extracts were then dried, gsot), f red~and goncentrated in vacuo. The
resi due was then dissolved in CH2Cl2 (2.5 HNd oeat ed with
triethylamne (100 |, 1.36 mol). After 30 mi nutes, the reaction was
quenched by addfd i efirraf schatanr oftle:-cdorepbsnydod { HihEhide@rdhdorap mridiotuy on-1-5

nL). The | ayers _were . separated d t he. agueous ex d with ethyl
MSRRPRL A S PRt by & 4 et B A oL T8 o 0 A P
(MS™H4) , fsbfufti%gﬁlh?%%(xgﬁﬁﬁ@@@zrrﬁw%b%ia udHRG Wekti b En Gatédle TRB &ktigh vi@s used

in the next step. S[): 446.0 428. 06, 430.07 (MH 2 x d) .
stirred for 3 hours at RT before being quenched with saturated aqueous ammonium

t b aqueous

chloride solution (5 mL).The layers were separated and the aqueous phase extracted with
ethyl acetate (3 x 10 mL). The combined organic extracts were then dried, (MgS0Oy), -
w0 filtered and concentrated in vacuo. The residue was then purified by flash chromatography

(silica, 100% ethyl acetate). to give the title compound (100 mg, 0.22 mmol).



58 (v) 1-(4-chi orophenyl)-4-{[4-(5-chloropyridin-3-yl)-2-

(bydr oxyam no) but yl [ sul fonyl } pi perazine CI C OHNOHNN--S \ / 11 To a
stirred solution of 1-(4-chlorophenyl)-4- { .

[ (1E)-4-(5-chloropyridin-3-yl)but-1- 5 enyl]sul fonyl}pi perazine (crude from
previous step), in THE (10 nL) at RT was added a sol ution of hydroxyl am ne
(2 mL, 50% aqueous solution in water). The reaction was stirred for 3
hours at RT before being quenched with safur at ed aqueous ammoni um chl ori de
solution (5 nL).The | ayers were separated and the aqueous phase extracted
with ethyl acetate (3 x 10 nlL). The conbi ned organic extracts were then
dried, (MgS™, 10 filtered and concentrated in vacua. The residue was then
purified by flash chromat ography .(silica, 100% ethyl acetate) to give the
title conpqgggnﬁ§90 ng, 0.22 mmol). 59 CLAIMS: What we claimis: s 1. A
conpound o rmula | or a pharmaceutically acceptable salt or an in
vivo hydr Whysakd daiesiser thereof R B- fN-S02 N HOB ECHO z wherein

s 1. Acompound of the formula I or a pharmaceutically acceptable salt or an in vivo

hydrolysable ester thereof
/ \ R1
B—X N—so’z\]/
/N\
HO CHO I
wherein
10 B is a phenyl group monosubstituted at the 3- or 4-position by halogen or

trifluoromethyl, or disubstituted at the 3- and 4-positions by halogen (which may be the
same or different); or B is a 2-pyridyl or 2-pyridyloxy group monosubstituted at the 4-, 5-
or 6- position by halogen, cyano or C1-4 alkyl; or B is a 4-pyrimidinyl
group optionally substituted at the 6- position by halogen or C1-4 alkyl;

15 X is a carbon. atom,;

R1 is a trimethyl-1-hydantoin C2-4alky! or a trimethyl-3-hydantoin C2-4alkyl group;
or R1 is phenyl or C2-4aikylphenyl monosubstituted at the 3- or 4-position.by halogen,
trifluoromethyl, thio or C1-3alkyl or C1-3 alkoxy; or R1 is phenyl-SO2ZNHC2-4alkyl; or
R1 is 2-pyridyl or 2-pyridyl C2-4alkyl; or R1 1s 3-pyridyl or 3-pyridyl C2-4alkyl; or R1 1s

20 2-pyrimidine-SCH2ZCHZ; or R1 is 2- or 4-pyrimidinyl C2-4alky! optionally
monosubstituted by one of halogen, trifluoromethyl, C1-3 alkyl, C1-3 alkyloxy, 2-
pyrazinyl optionally substituted by halogen or 2-pyrazinyl C2-4alkyl optionally substituted
by halogen.



'O Bis a phenyl group nonosubstituted at the 3- or 4-position by hal ogen
or trifluoronethyl, or disubstituted at the 3- and 4-positions by hal ogen
(which nmay be the sanme or different); or Bis a 2-pyridyl or 2-pyridyl oxy
group nonosubstituted at the 4-, 5 or 6- position by hal ogen, cyano or C
1-4 alkyl; or Bis a 4-pyrimdinyl group optionally substituted at the 6-
position by halogen or Cl-4 alkyl; ES Xis a carbon- atom Rl is a
trimethyl-1-hydantoin C2-4al kyl or a triﬁ%thyl-s-hydantoin C2- 4al kyl group;
or Rl is phenyl or C2-4al kyl phenyl nonosubstituted at the 3- or 4- position
by hal ogen, trifluoromethyl, thio or C 1-3 alkyl or C1 -3 al koxy; or

i s phenyl - SOZ HC2- 4al Rl .i.s 2-pyri dyl .

is 3-pyridy @P%W(r%mlmﬁfdéfglc@ﬁn Fgﬁ)y?gfa‘?ﬁgc%m%n)%%eﬁ%me%&é&éé—@—g

Rl is 2- l optionally nonosubstituted by one of
hal ogen, qﬁpﬁﬂg%%gﬂ%?%y &e%?f&%hgykyl Cl -3 al kyl oxy, 2- pyrazinyl
optionally subgd Ibh&n@ﬁgﬂfb)ﬂpimdm;gﬁhstmutcaﬂpt;hhazbny-lpoﬁiﬁodbylhylogepbf onal | y
substituted by halogen. 60 2. A corrgound as claimed in claim1 or

phar naceuttrifaptopeshod con disphstigyed atgh n&m%4vp$8°ﬂ%§/ldh%?5@a@1‘édb@?)épe f-bﬁer eof

hal ogert orsaint o AT PUNRATE ¥ SEvaRt i PrBAaOLeop miso st eRati T Y 1y
hal ogen (vgﬂfsgsn BRYy 61 S sane or Cﬁfc{xﬁﬁ@r&hw(&rmgyﬂxﬁuﬁn APy SpHonsly

2- pyridyl oxy group - nmongsubstituted at t posi ti‘on by hal ogén, or

cyano; or sBbétfufed4t mere-rpodilnlanlbygramgenwtﬂlemalkm substituted at the 6-
position by halogen or C 1-4 alkyl; X is a carbon atom Rl is a

trimethyl-|- Wcﬁamwbmcz 4al kyhBtogt; a trinet hyl - 3- hydant oi n C2-4al kyl group;
RN SR T T
or RL | %%yls pﬁ%ﬁ'ﬂ%ﬂlﬁﬂbheﬂl monosubstituted at the 3- or 4-position by halogen,

trifluoromethyl, tﬁio or C1-3alkyl or C1-3 alkoxy; or R1 is phenyl-SO2NHC2-4alkyl; or

R1 is 2-pyridyl or 2-pyridyl C2-4alkyl; or R1 is 3-pyridyl or 3-pyridyl C2-4alkyl; or R1 is

2-pyrimidine-SCH2CH2; or R1 is 2- or 4-pyrimidinyl C2-4alkyl optionally

monosubstituted by one of halogen, trifluoromethyl, C1-3 alkyl, C1-3 alkyloxy, 2-

15 pyrazinyl or 2-pyrazinyl C2-4alkyl.

3. A compound as claimed in claim 1 or a pharmaceutically acceptable salt or an in vivo
Hydrolysable ester thereof wherein B is selected from 4-chlorophenyl, 4-fluorophenyl. 4-

»  bromophenyl, 4-trifluorophenyl, 5-chloro-2-pyridyl, 5-bromo-2-pyridyl, 5-fluoro-2-
pynidyl, . 5-cyano-2-pyridyl, 5-methyl-2-pyndyl.

4. A compound as claimed in claim 3 or a pharmaceutically acceptable sait-or an 1n vivo

25 hydrolysable ester thereof wherein B is 4-fluorophenyl or 5-chloro-2-pyridyl.



Rl is 2-pyridyl or 2-pyridyl C2-4alkyl; or. R is.3-pyridyl or 3-pyridyl
C2-4al kyl; or Rl is 2-pyrimdine-SCH2CH2; or Rl is 2- or 4-pyrimdinyl
C2-4al kyl optionally nonosubstituted by one of halogen, trifluoromethyl, C
1-3 alkyl, C 1-3 alkyloxy, 2 i5 pyrazinyl or 2-pyrazinyl C2-4alkyl. 3. A
compound as clainmed in claim1 or a pharnaceutically acceptable salt or an
in vivo hydrolysable ester thereof wherein Bis selected from

4- chor ophenyl , 4-fluorophenyl, 4- 20 bromBphenyl, 4-trifluorophenyl,
5-ch|oro-2-pyridy|, 5- br ono- 2- pyridyl, 5-fluoro- 2 pyridyl,

5- cyano- 2- pyri dyl, 5 met hyl - 2-pyridyl. 4. A conpound as clainmed in claim3

or a pharmacegutic a ble salt or in vivo 25 hydrolysable ester
t her eof vvherg };’i’o ‘ﬁg“r H’éﬂﬂ%o@%ﬁhﬂ"'@v@uﬁ ¢Apimsyqr a gharmaceyticallypound

as cl ai ned Iibcefnybl@@at of ait hﬁvﬂb%’(ﬂﬁ%‘%aﬁé @steisthefeoﬁwﬁa%rnnﬁpwéel&?éd' fom 3-
acceptable salt or an in vivo h ysabl e ester thereof wherein R is

sel ected fr ofhl tyoplaqﬂwbréﬁhlemphenyi émmﬂblph%rnymdylwomln%ypr @pmmwlepindmw
2- 4- ,
o pyr i m 6 ny\Cpbity St fthonbBBLEONS, VAMBAGETDS G Sy idiiBlob ) 26 O

by fluori ne)pyrﬁmdmyljmmpyidnphmllgcmahmmustmrte(tb)aﬂmr&e))r a phar maceutical ly
acceptable salt or an in vivo hydrol ysable ester thereof wherein Rl is
2-pyrimdinyl propyl, 2-(2 pyrimdinyl)propyl (optionally nonosubstituted by
fluorine) or 5-fluoro-2- pyrimdinylethyl. 7. A conpound as clained in
claim6 or a pharpmaceutically accep table salt or an in vivo hydrolysable
ester thereot whef&emPRand as %ﬂ“ﬁ‘ﬁﬁl s lainhy Pp# Bharmaceytically asegpiabltisalior @n e ned

in claiml ojv@d RRafIREAN! iGRE! YnReenlRblif S8 t 0" 28 P{Hﬁr‘%}pﬁp?ﬂ 2-(2-

hydrol ysabl e "est ef thereof wherein the conpound of t S
exenpl i fi ed pysapidingDpropylA Eeptipoallyd mwnesubittetddi nbxc| dluorige)or om  5- ﬂu0r0-2—

phar maceut i Cﬁ]ﬂn%dﬁ%‘y?feﬁﬂr‘.abl e salt or an in vivo

7. A compound as claimed in claim 6 or a pharmaceutically acceptable salt or an in

vivo hydrolysable ester thereof wherein R1 is 2-pyrimidinylpropyl.

8. A compound as claimed in claim 1 or a pharmacentically acceptable salt or an in vivo
hydrolysable ester thereof wherein the compound of the formula [ is as exemplified

herein.

9. A compound as claimed in claim 8 or a pharmaceutically acceptable salt or an in vivo
hydrolysabie ester thereof wherein the compound is selected from N-[1-([4-(4-
bromophenyl)piperazino]sulfonylmethyl)-4-pyrimidin-2-ylbutyl]-¥-hydroxyformamide, N-
[1-{[4-(5-chloropyridin-2-yl)piperazino]sul fonylmethyl)-3-(5-fluoropyrimidin-2-
yl)propyl]-N-hydroxyformamide, N-[(1S)-1-({[4-(5-chloropyridin-2-
yDpiperazino]sulfonyl} methyl)-4-(pyrimidin-2-yl)butyl]}-N-hydroxyformamide, N-[(1S)-1-
({[4-(5-bromopyridin-2-yl)piperazino]sulfonyl} methyl)-4-(pyndin-2-yl)butyl]-N-
hydroxyformamide, N-[(1S)-1-({[4-(5-chloropyridin-2-yl)piperazino]sulfonyl} methyl)-3-



hydr ol ysabl e ester thereof wherein the conpound is selected from
N-[1-([4-(4-
br onophenyl ) pi per azi no] sul f onyl met hyl ) - 4- pyri m di n-2-yl butyl ] - Ai - hydr oxyf or
nanlde N

-([4-(5-chl oropyridin-2-yl)pi perazi no] sul fonyl net hyl )-3-(5-fl uoropyrimdin
-2- yl') propyl ] - N-hydr oxyformam de, N-[(32S)-1-({ [4-(5-chloropyridin-2-
yl ) pi perazi no] sul fonyl }
met hyl ) - 4- (pyri m di n-2-yl)butyl]-N hydroxyformam de, N-[(] S)-1-
({[4-(5-bronopyridin-2-yl)piperazino] sul fonyl } met hyl)-4-(pyridin-2-yl)butyl
1 - N hydr ot pRiinitén- Igfr&pyli N—hydroxyformamlde N-[(18)-1-({[4-(4-
S)-1-({[4-(5-chloropyridi n-2- i perazi no] sul fonyl }nmethyl)-3 62

]£|5 fl UOL oﬁymnophmym)pﬁasjim]??idnyl}wwdxyfﬁmrdmﬁﬂdﬁuw‘F\( hydreyyforppmjde, ( 4-
uor ophe era2|n sul fpo
met hy| ')O 4Ny f,f ry - M%Wﬁﬁfw}ﬁ%hﬂm({mnsﬁm + - (4
4- (5-chl a S rimdin-2 -
3[/I )ér opy|f151?\1p¥%@%¥ Xglip ﬁ hgﬁ{e 'ﬁl— f(ﬂ) PI&; gg P}(fgﬁ)t@{chl or O[(’)S?/I din-2 s
yl ) pl pﬁr g; gl:éﬂinbm%hﬂﬁnemly)) ﬁ@y@mmum-mynp?opyu)mawﬂyfd\dmﬁa@xyf or mani de
5- br onopyri di n- 2-yl ) pi perazi no] sul fonyl )
nethyl) 4- (pyrlmdln 2- 1o yl)butyl ]-Nhydroxyformamde, N-[( 1 R)-1-({
[ 4- (5-bronmopyridin-2 yl)piperazi no] sul fonyl }
met hyl ) - 4- (pyri m di n-2-yl ) butyl]-N hydroxyformam de, W( {
[ 4-f 1 uor ophenyl pi per azi no] sul phonyl }nethyl)- 3-
[ (5-fluoropyrimdin-2-yl)propyl]-N hydroxyformamde, N-[( | Ror I S)-( {

4is chl reabRRIBMD f RA) A-(pyrimidin-2-
55 s T e A T R ar 191

[ 4- br ompﬂémwbmﬁhydmmfwmmmw IR)- h‘\éf[l‘ry(l5)br®n0[>m& 3

5 SR 2 AL B oo e e Bkl o 1 9

3S) - (5-fluoropyrimdin-2-yl)butyl]- N—hydroxyformamde N[(1 Ror I S-({
[ 3, 4-di chl or ophenyl pi per azi no] sul phonyl } nmethyl) 20 3-[(3R or

3S) - (5-fluoropyrimdin-2- yI ) but yIN- (mﬁyﬂr@hyﬁﬁprmmzdm]sxﬂbtﬁd%methil) 3-

- g)S) ( E [54f fﬁéfﬂgﬁ]po%glx gyl)pwpu t@@%ﬂﬁfﬂ%% h?\hérlﬂ}iﬁ %[(4- 1 s? R( ? r [ 4- (4-

15 chlorophenylpiperazino]sulphonyl} methyl}-3-[(3R or 38)-(5-fluoropyrimidin-2-yl)butyl]-
N-hydroxyformamide, N-[(1R or 1S)-({[4-bromophenylpiperazino}sulphonyl} methyl)-3-
[(3R or 3S)-(5-fluoropyrimidin-2-yl)butyl}-N¥-hydroxyformamide, N-[(1R or 18)-({[ 4-
.chlorophenylpiperidino}sulphonyl}methyl)-3-[(3R or 38)-(5-flucropyrimidin-2-yl)butyl]-
N-hydroxyformamide, N-[(1R or 1S)-({[3,4-dichlorophenylpiperazino]sulphonyl} methyl)-

20 3-[(3R or 38)-(5-fluoropyrimidiri-2-yl)butyl]-N-hydroxyformamide, N-[(1R or 15)-({[4-(5-
cyanopyridin-2-yl)piperazino]sulphonyl} methyl)-3-{(3R or 35)-(5-fluoropyrimidin-2-
yDbutyl]-N-hydroxyformamide, N-[{ 18)-({[4-(4-
fluorophenylpiperazinojsulphonyl } methyl)-3-[( 38)-(5-fluoropyrimidin-2-yl)butyl]-N-
hydroxyformamide, 1-({[4-(4-chlorophenyl)piperazin-1-yljsulfonyl} methyl)-3-(5-

25  chloropyridin-3-yl)propyl(hydroxy)formamide.



f | uor ophenyl pi per azi no] sul phonyl } met hyl ) - 3- [ (

3S) - (5-fluoropyrimdin-2-yl)butyl]-N hydroxyformam de,

1- ({[4- (4-chl orophenyl ) pi perazi n-1-yl ] sul fonyl }nmethyl)-3-(5 25

chl oropyri di n-3-yl ) propyl (hydroxy)formam de. 63 10. A conpound as cl ai ned
in any one of the previous clains or &%ﬁharnaceutically acceptabl e salt or
an in vivo hydrol ysabl e ester thereof erein the conmpound of fornmula | is
the nost active enantioner. 11. A conpound as clained in any one of the
previous clainms or a pharmaceutically acceptable salt or an in vivo

hydrol ysabl e ester thereof wherein the conmpound of fornula | is the S
enanti omefg, or ANSmPoshRAMim@AH anyléhe o (RNFEMBGEYLEr 2GRERRREN My Whi ch
conprises a conpound of the formul"a | as <clainmed 1n any one of the

previ ous askceritzhle salt o aphmvivadediolysable gstergberpefabiescin thetcompound ofifornpily o

hydr ol ysalbll ﬁ[eergés Ect}v@%BﬁQi%m%Pd a pharmaceutically acceptable carrier. 13. A
conpound of "The T ormila as clainmed in any one of clains 1 to 11 or a
pharmaceutically acceptable salt or in vivo hydrol ysable ester thereof for
use in a nethod of therapeutic treatnent of the human or ani mal body. 14.
A compound of the forrmula | as clainmed in any one of clains | to 11 or a

phar maceuti cal A%oﬁ?ﬁﬁﬁiﬁ@lzﬁm@@kr{ a:_i?[oﬂerbf\fﬁé/ ey QhivRaR laphashREutidary eof for
use as a therapeutic agent. 15. The use of a conmpound of the formula | as

cl ai med i #ceigblesalt esfanda xivediydrolysabllg ester thereqfivdienie thetcomppund efdeamilabl e sal t
or in vi Vlc’ns@é@@a}{ﬁ@rg&%ﬁ'ﬂ{e%%'%ﬁa%ioﬁ@rer eof in the preparation of a
or

medi canent use in the treatnent of a disease condition nediated by one
or nore netall oprotei nase enzynes. 64 16. The use of a conpound of the
formula | as clained in any one of clainms 1 to 11 or a pharmaceutically
acceptable salt or in vivo hydrol ysabl e precursor thereof in the

12. A pharmaceutical composition which comprises a compound of the formula I as

claimed in any one of the previous claims or a pharmaceutically acceptable salt or an in

vivo hydrolysable ester thereof and a pharmaceutically acceptable carrier.

13. A compound of the formula I as claimed in any one of claims 1 to 11 or a
pharmaceutically acceptable salt or in vivo hydrolysable ester thereof for use in a method

of therapeutic treatment of the human or animal body.

14, A compound of the formula I as claimed in any one of claims | to 11 or a
pharmaceutically acceptable salt or in vivo hydrolysable ester thereof for use as a

therapeutic agent.

15. The use of a compound of the formula I as claimed in any one of claims 1 to 11 or
a pharmaceutically acceptable salt or in vivo hydrolysable precursor thereof in the
preparation of a medicament for use in the treatment of a disease condition mediated by

one or more metalloproteinase enzymes.



preparation of a nedicanent for use in the treatnent of a di sease condition
nedi ated by one or nore of the follow ng enzynes: MW1l3, aggrecanase,
MWP9, MWP12. 17. The use of a conpound of the formula | as claimed in any
one of clainms 1 to 11 or a pharmaceutically acceptable salt or in vivo
hydrol ysabl e precursor thereof in thec,preparation of a nmedicanment for use
inthe treatnment of arthritis. 18. The use of a conpound of the fornula |
as claimed in any one of clains 1 to 11 or a pharmaceutically acceptable
salt or in vivo hydrol ysabl e precursor thereof in the preparation of a
medi canent for use in the treatnment of atherosclerosis. 19. The use of a
conmpound . t hene & ¥ h Borhpdtiihd ©F fleTBighuld] AMYaiRBE irfdny Gndbi®aitnstiQo 1l opr @
pharmaceutically acceptable salt or in vivo hydrol ysabl e precursor thereof
in the pt®banmecewisallf ageeptalilecspient i yivoy Bedrplysabipe precutsenriisreodfin dthe oni ¢
obstructi ry.qdi 5 : : i onpound
of the. 1 Rt HediHeRE R e O deuell PEEHSeas Lo ERARLA 1

hydr ol ysatreer @astreof tht éolleefingduzghes MMBEY; aggraqanaseMMEBERMMREY2.2a conpound of
the formula Il with a conpound of the formula RI1 CHO to yield an al kene of
the formula 111, converting the alkene to a conpound of the fornula IV,
and then converting the 5 conpound of fornmula IV to a conpound of the

formula I, _and optionally thereafter form ng a pharnmaceutically acceptable
salt or iH-vi vBhensaobp geapruadebtheforsuls has claimed inany one of gpims| 10|11 0| | as

set out belawm Beutiély 3RepMBlesdtlof id Vg RdrblysdBieXphicaSbr theteot ih te

preparation of a medicament for use in the treatment of arthritis.

18. The use of a compound of the formula I as claimed in any one of claims 1 to 11 or
a pharmaceutically acceptable salt or in vivo hydrolysable precursor thereof in the

preparation of a medicament for use in the treatment of atherosclerosis.

19.  The use of a compound of the formula I as claimed in any one of claims 1 to 11 or
a pharmaceutically acceptable salt or in vivo hydrolysable precursor thereof in the
preparation of a medicament for use in the treatment of chronic obstructive pulmonary

diseases.



|l aNHOH 2 ,RL | B---X NSO N HO CHO is 21. A process for preparing a
conpound of the formula | or a pharmaceutically acceptable salt or in vivo
hydr ol ysabl e ester thereof which process conprises reacting a conpound of
the formula Il with a conpound of the fornula RL COOR to yield a conpound
of the formula VIII, converting the conpound of formula VIIl to a conpound
of the formula I X, converting the conpou%s of fornmula | X to an al kene of
the forrmula 111, converting the 66 al kene to a conmpound of the fornmula IV,
and then converting the conpound of formula IV to a conpound of the

Sal T or i n v SRRSO PHeE B G IGRn R HEdHGEUAG OBt PREFHERINoHly BFaep S et
out  bel ow: saBoKin viNoHy@rdsablFdstdrtherddf wifichIpré¥eds MmifPises tefcfig £ compoiiB of
the formula I with a compound of the formula RICHO to yield an alkene of the formula
[11, converting the alkene to a compound of the formula [V, and then converting the
s compound of formula IV to a compound of the formula I, and optionally thereafter forming
a pharmaceutically acceptable salt or in vivo hydrolysable ester of the compound of

formula [, all as set out below:

B—X  N—SO,Me +  gq-°10

| ™\ R1
i B—X = N—30O. X~

/N R1
\Y B—X  N—SO,

+

/N R1
1 B—X N—SO’ZY
s N

HO  “CHO

NHOH

o 2I. A process for preparing a compound of the formula ! or a pharmaceutically acceptable
salt or in vivo hydrolysable ester thereof which process comprises reacting a compound of
the formula II with a compound of the formula RICOOR to yield a compound of the
formula VIII, converting the compound of formula VIII to a compound of the formula IX,

converting the compound of formula IX to an alkene of the formula III, converting the



-\ ~R1 !lIl BB XNSO2 alV B-XNSO 2 NHOHRL 51 B- X

66

alkene 10 a compound of the formula IV, and then converting the compound of formula IV
to a compound of the formula I, and optionally thereafter forming a pharmaceutically

acceptable salt or in vivo hydrolysable ester of the compound of formula I, all as set out

below:

B—X N—SO,Me +  RI1COOR

| $

| /SN R1
Vil B—X N-—SO/ZY
/ 5

———

/ \ A R
/\/
i B—X N-—SQO
\._/

/\ R1
I B—X  N—SG, Y~

HO CHO



