WO 01/10834 PCT/ GB00/ 03078 1 Antibacterial Agents This invention relates
to novel hydroxam c acid and N-fornmyl hydroxylam ne derivatives having
anti bacteri aW@ﬁflbéékty’ to et hods of treatnent using sucl} Tﬁt.?lfw}%b g]s and
to pharmaceutical and veterinary conpositions conprising suc compounds.
Background to the Invention Many cl asses of antibacterial agents are known,
I ncl uding the penicillins and cephal ospbri ns, tetracyclines, sulfonam des,
nonobact ans, fl uoroqui notones and qU| nal ones, am nogl ycosi des,

gl ycopepti des, macrolides, polyrfytibacterialAgentsi des, tri met hhopri m and

chl or anpheni col . The fundamental mechanisms of action of these

anti bacterial classes vary. Bacterial resistance to many known
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Streptococci, ~ Mycobacteria and Enterococci, resistant str |ns have

evol vedl ar |0§§IPQMﬂd%-h makes: them parti cul arI y difficult to eradicate.
Exanpl es of such strains are nethicillin resistant Staphyl ococcus aureus
(MRSA), nmethicillin resistant coagul ase negative Staphylococci (MRCNS),
penicillin Bﬁgmdtoﬁterlagenimcus pneuroni ae and mul tiply resistant
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enzymatic inactivation of the antibiotic hydrol ysis or by formation of
quinolones, aminoglycosides, glycopeptides, macrolldes polymyxins, lincosamides,
trimethoprim and chloramphenicol. The fundamental mechanisms of action of these

antibacterial classes vary.

Bacterial resistance to many known antibacterials is a growing problem. Accordingly
there is a continuing need in the art for altemnative antibacterial agents, especially
those which have mechanisms of action fundamentally different from the known
classes.

Amongst the Gram-positive pathoggns, such as Staphylococci, Streptococci,
Mycobacteria and Enterococci, resistant strains have evolved/arisen which makes:
them particularly difficult to eradicate. Exa}nples of such strains are methicillin
resistant Staphylococcus aureus (MRSA), methicillin resistant coagulase negative -
Staphylococcl (MRCNS), penicillin resistant Streptococcus pneumoniae and mumply
reslstant Enterococcus faecium. '

Pathogenic bacteria are often resistant to the aminoglycoside, p-lactam (penicillins
and cephalosporins), and chloramphenioél types of antibiotic. This resistance
invoives the enzymatic inactivation of the antibiotic by hydrolysis or by formation of
inactive derivatives. The B-lactam {penicillin and cephalosporin) family of antibiotics
are characterised by the presence of a f-lactam ring structure. Resistance to this |



I nactive derivatives. The fl-lactam (penicillin and cephal osporin) famly
of antibiotics are characterised by the presence of a |l3-lactamring
structure. Reebmicazce to this WO 01110834 PCT/ GBOO 03078 pcx/éBoviobors of
antibiotics in clinical isolates is nbost conmmonly due to the production of
a -"penicillinase" (f3-lactamase) enzyng by the resistant bacterium which
hydrol yses the f3-lactamring thus elimnating its antibacterial activity.
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Vanconyci n-r esj st ant, nt er.ococci ,are _particularly hazardous in that they
are frequethe %&&%ﬂ%%&ﬂm%ﬂmﬁ%@@@%ﬁﬂéh@%m and are inherently
resistant to nost antibiotics. Vanconycin works by binding to the term nal
D Ala-D-Al a residues of the cell wall peptidiogtycan precursor. The
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antibacterial agents with novel nobdes of action that are effective against
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concerned are antibacterial with respect to a range of bacteria, wth
: residues to D-Ala-D-lac thus reducing the affinity for vancomycin.

in view of the rapid emergence of multidrug-resistant bacteria, the development of
antibacterial agents with novel modes of action that are effective against the growing
number of resistant bacteria, particularly the vancomycin resistant enterococci and
B-lactam antibiotic-resistant bacteria, such as methicillin-resistant Staphylococcus

aureus, is of utmost importance.

Brief Description of the Invention

This invention is based on the finding that certain hydroxamic acid and N-formyl
hydroxylamine derivatives have antibacterial activity, and makes available a new
group of antibacterial agents. it has been found that the compounds with which this
invention is concerned are antibacterial with respect to a range of bacteria, with
potency against Gram-positive organisms generally being greater than against
Gram-negatives. Many of the compounds of the invention show activity against
bacteria responsible for respratory infections, such as Streptococcus pneumoniae
and Haemophilus influsnzae.

Although it may be of interest to establish the mechanism of action of the



pot ency agai nst Gram positive organi sns generally being greater than

agai nst G amnegatives. Many of the conpounds of the:invention show
activity ayeomaes34 bacteria responsible for respratory i nPCUGBWMANT8 such as
Streptococcus pneunoni ae and Haenophlius influenzae. Al though it may be of
interest to establish the nechani smofzaction of the WO 01/ 10834

PCT/ GB00/ 03078 3 conpounds with which the invention is concerned, it is
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into a pol ypeptide. Consequently, N-fornylnethionine is always present at
the N -term nus of a nascent bacterial polypeptide. However, nost mature
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attractive tadrget for antibacterial )t herapy. The isolation and
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a crucial step in bacterial protein biosynthesis and the enzyme responsible, PDF, is
essential for normal bacterial growth. Although the gene encoding PDF (def) is
present in all pathogenic bacteria for which sequences are known (Meinnel etal., J.
Mol. Biol, 266:939-49, 1997), it has no eukaryotic counterpart, making it an attractive
target for antibacterial chemotherapy.

The isolation and characterisation of PDF has been facilitated by an understanding
of the importance of the metal ion in the active site (Groche et al., Biophys.

Biochem. Res. Commun., 246:324-6, 1998). The Fe* form is highly active in vivo
but is unstable when isolated due to oxidative degradation (Rajagopalan et al., J.
Biol. Chem. 273:22305-10, 1998). The Ni** form of the enzyme has specific activity
comparable with the ferrous enzyme but is oxygen-insensitive (Ragusa et al., J. Mol.
Biol. 1998, 280:515-23, 1998). The Zn* enzyme is also stable but is aimost devoid
of catalytic activity (Rajagopalan et al., J. Am. Chem. Soc. 119:12418-12419, 1997).

Several X-ray crystal structures and NMR structures of E. coli PDF, with or without
bound inhibitors, have been published (Chan et al., Biochemistry 36:13904-9, 1997;
Becker et al., Nature Struct. Biol. 5:1053-8, 1998; Becker et al., J. Biol. Chem.



Bi ochem Res. Commun., 246:324-6, 1998). The Fey  formis highly active in
vivo but is unstable when isolated due to oxidative degradation

(Raj agopal an veborloszs J. Biol. Chem 273:22305-10, 1998). pdigchéolozo7gor m of

the enzyne has specific activity conparable with the ferrous enzyne but is
oxygen-insensitive (Ragusa et al., J. M Bi ol . 1998, 280:515-23, 1998).

The Ztf enzynme is also stable but is al st devoid of catalyti c act ivity
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1998; Hao etheptho Iystﬁ'a‘hﬁhﬁghﬁétiib{cm 8:4712-9, 1999; Dardel et al., J. Mt.
Bi ol . 280:501-13; 1998; O Connell et al., J. Bionol. NWR 13: 311 24, 1999),

indicating simlarities in active site georretry to rretatloprotel nases such
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1999) . Howe¥eh lo M@nvégﬂ@ii?&ostrem'ﬁ@ ﬁéﬁéf"’-ﬁg 1799) matal hindingigroup are
rmcromolar inhibitors of PDF. Peptide aldehydes such as calpeptin (N-Cbz-Leu-

norleucinal) have also been shown to inhibit PDF (Durand et al., Arch. Biochem.
Biophys., 367:297-302, 1999). However, the identity of the metal binding group and
its spacing from the rest of the molecule (“recognition fragment”) has not been
studied extensively. Furthermore, non-peptidic PDF inhibitors, which may be
desirable from the point of view of bacterial cell wall permeability or oral
bioavailability in the host species, have not been identified.

Related Prior Art
Certain N-formyl hydroxylamine derivatives have previously been claimed in the
patent publications listed below, although very few examples of such compounds

have been specifically made and described:

EP-B-0236872 (Roche)

WO 92/09563 (Glycomed)

WO 92/04735 (Syntex)

WO 95/19965 (Glycomed)

WO 95/22966 (Sanofi Winthrop)



its spacing fromthe rest of the nolecule ("recognition fragnent") has not
been studied extensively. Furthernore, non-peptidicsPDF inhibitors, which
may be dweioUasBe fromthe point of view of bacterial cBFT/GROSOTS
perneability or oral bioavailability in the host species, have not been
identified. Related Prior Art CertainsN-fornyl hydroxylam ne derivatives:
have previously been clainmed in the patent publications |isted bel ow,

al t hough verwd 9g/337000! es§m‘,cﬁé)ch conpounds have been specifically nade
and descri bed: EP-B-0236872 (Roche) WD 92/09563 (d yconed) WD 92/04735
(Syntex) WONSBBBRNTI1(Q yE3YRiEX) WO 95/ 22966 (Sanofi W nt hrop) WO 01/10834

PCT/ GB00/ 030 95/ 3 WD 96/ 23791 (Syntex) WD 96/ 16027

( Synt exl| Agou%)gé/\%ggw OS%%?%%P@?)E otech) WO 97/18207 (DuPont Merck)
WD 98/ 38179 W& 87/08783c one (BiistoBiotethy3 (Labs Jaques Logeais) The

phar maceuti cgl L] ascri.bed t N-fornyl hydroxyl am ne derivatives
in. those p%llégéﬁzbﬁs is (IPHE"HWFT to inhibit matrix metalloproteinases
(MWPs) and i gyo98/BB17ases [(ElBaWelRbmie)mour necrosis factor (TNF), and

hence the treatnment of diseases or conditions nedi ated by those enzynes,
such as cancWO28#7868unat dl-abs Jaques Logeais)

The pharmaceutical utility ascribed to the N-formyl hydroxyl_amine derivatives in
those publications is the ability to inhibit matrix metalloproteinases (MMPs) and in
some cases release of tumour necrosis factor (TNF), and hence the treatment of
diseases or conditions mediated by those enzymes, such as'cancer and rheumatoid
arthritis.

In addition to these, US-A-4,738,803 (Roques et al.) also discloses N-formyi
hydroxylamine derivatives, however, theée compounds are disclosed as
enkephalinase inhibitors and are proposed for use as anﬁdépressants and
hypotensive agents. Also, WO 97/38705 (Bristol-Myers Sq'ulbb) discloses certain N-
formyl hydroxylamine derivatives as en'kephalinase and angiotensin converting
enzyme inhibitors.

Our copending International Patent Application No. WO 29/39704 describes and
claims, inter alia, the use of a compound of formula (i} or a pharmaceutically or

veterinarily acceptable salt thereof in the preparation of an antibacterial composition:

o
H N A
\g’ 0}
R, O .

wherein R, represents hydrogen, C,-C, alkyl or C,-C, alkyl substituted by one or
more halogen atoms; R, represents a substituted or unsubStituted C,-C; alkyi,




arthritis. In addition to these, US-A-4,738,803 (Roques et al.) also

di scl oses N-fornyl hydroxylam ne derivatives, however, these conpounds are
di scl osed as weokmpdaal i nase i nhibitors and are. proposed fper/dho60558

anti depressants and hypotensive agents. Al so, WD 97/38705 (Bristol-Mers
Squi-bb) discloses certain N fornyl hydrpoxylam ne derivatives as

enkephal i nase and angi ot ensi n converti ngé) enzyne i nhi bitors. Qur copending

I nternation hcal | : 99/ 39704 scr es and cl ai s,
interalia, %é%‘%‘&ﬁ%ﬁ@ﬁ%a‘mﬁmua f’l‘; ?fﬁﬁ?rﬂiﬁ%?f cally or
veteri nari | formalagjA)pbt @Bsal t thereof in the prepar at lon of an anti bacteri al
conposition: OHR2Z HNA 1 O R wherein R represents hydrogen, Cl-C6

al kyl or Cl-C6 al kyl substituted by one or nore hal ogen atons; R2
represents a substituted or unsulgttuted Cl-CB al kyl, Wc) 01/10834

PCT/ GBOO 03078 { 6 cycl oal kﬁ(C C6 aI kyl)- v aryl (C C6 al kyl)- group;
and A represents a group of Re), or (IB); N~R5 NR5 R4 R6 (1A
(1B) wherein R4 represents chain of a natuNBRgr non- nat ur al

al pha am no acid, and R5 and wh n taken together with the nitrogen atom
to which they are

(1A) (1B)

wherein R, represents the side chain of a natural or non-natural alpha amino acid,
and R; and R; when taken together with the nitrogen atom to which they are
attached form an optionally substituted saturated heterocyclic ring of 3 tc 8 atoms
which fing is optionally fused to a carbocyclic or second heterocyclic ring.

Very many hydroxamic acid derivatives are known. Many have been disclosed as
having matrix metalloproteinase (MMP) inhibitory activity, and thus to be potentially
useful for the treatment of diseases mediated by MMPs, for example cancer,
arthritides, and conditions involving tissue remodeling such as wound healing, and
restenosis. In addition our International Patent Application No. WO 99/59568
describes the use of analogues of the N-formylhydroxylamine derivatives of WO
99/39704 (wherein the N-formylhydroxylamine group is replaced by a hydroxamic
acid group) in the preparation of an antibacterial composition.

Brief Description of the Invention

This invention relates to a group of antibacterially active hydroxamic acid and and N-
formyl hydroxylamine compounds which differ in structure from those of intemnational
Patent Applications Nos. WO 99/69568 and WO 99/39704, principally in the nature
of the -NR;R; group (see formulae (1), (/A) and {IB) above and the hydroxamic acid
analogues thereof). In those applications, the term "optionally substituted” as used in
relation to the saturated heterocyclic ring formed by R;, R; and the nitrogen to which
they are attached is defined as meaning certain specific substituents. In the present



attached forman optionally substituted saturated heterocyclic ring of 3 to
8 atons which ring is optionally fused to a carbocyclic or second :
het er ocyciw@owiossg. Very many hydroxam ¢ aci d derivati veecargaobmsaars. Many
have been disclosed as having matrix netal |l oproteinase (MW) irihibitory
activity, and thus to be potentially quseful for the treatnment of diseases -
nmedi ated by MWs, for exanple cancer, arthritides, and conditions

i nvol vin AR i u g ' tenosis. In
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the use béterocytlisgingsofd totSatornsiwhicly rihg i optionally fused do a\catbocyslicdr WO

99/ 39704 _(wherein t N_fqr oyl hydr | am ne.group.is . .replaced by a

hydr oxan?ém"aaeterﬁ?ygﬁﬁfnggpme %&é%ﬁ a8y ‘Bﬁergﬁp ité%% %?rf"g?e%%posi tion.
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anti bacterially active hydroxam ¢ acid and and N- fornyl hydroxylam ne

conpoundandhhydrpxamicracids; ¢f the inyeptignsalsmbelieyed to,distinguish.theipsesent pat ent
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hydr oxanad. aci d anal ogues thereof). In those applications, the term
"optionally substituted" as used in relation to the saturated heterocyclic
ring formed by R5, Rg and the nitrogen to which they are attached is

defi ned aetaﬁaaa'egujiggenbaiheiﬁmbﬁi C substituents. In the present WO
01110834 ) ) .conpounds, th roup,.-NRSR6 is al so an
opt i onal The prasept ipventionprevides a8 gompeiiad g f,cgﬂ‘l? @n.q5 aphasmageically,@t whi ch

ring is HRAYH I WydFé BPSUIGatethéreof S€CONd heterocyclic ring, but
t he substgia%hent sé‘gl‘:réc Iffer eh?t fromthose permtted by WD 99/59568 and WD

99139704. The group -NRS5R6 of the N fornyl hydroxylam nes and hydroxam c
acids of the invention i Rl s@ believed to distinguish the present
conmpounds from those kno i nJit he MWP, TNF, ACI%" and enkephal i nase

i nhi bi tor a A )

R,
wherein

Q represents a radical of formula -N(OH)CH(=0) or formula -C(=O)NH(OH),

R, represents hydrogen, C,-C, alkyl or C,-C, alkyl substituted by one or more
halogen atoms, or, except when Q is a radical of formula -N{OH)CH(=0), a hydroxy,
C,-C, alkoxy, C,~C, alkenyloxy, amino, C,~C, alkylamino, or di-{ C,-C, alkyl)amino .

group;

R, represents a substituted or unsubstituted C,-C, alkyl, cycloalkyl(C,-C, alkyl)- or
aryl(C,-C alkyl)- group;

and A represents a group of formula (l1A), or (liB):



art. Detailed description of the invention The present invention provides a
conpound of fornmula (11), or a pharmaceutically or veterinarily acceptable
sal t, hydrat qygousiesirate thereof QA (11) R2 wherein Q rrEIVGBION3I038 a
radical of formula -N(OH)CH(=O) or fornula -C(=ONH(OH); R, represents
hydr.ogen, Cl-C6 al kyl or Cl-C6 al kyl sub§titut ed by one or nore hal ogen
atons, or, except when Qis a radical of fornmula -N(OH) CH(=O, a hydroxy,
Cl- C6 al koxy, C1-C6 al kenyl oxy, am no, C,-C6 al kylam no, or di-( Cl-C6

al kyl)am no group; R2 represeqts a substituted or unsubstituted Cl-C6

al kyl, cycl oal kyl (C, C6 al or aryl(C -C6 alkyl)- group; and A
represents a group of f 1AyRsor (11B); WO 01/10834 PCTJGB00/ 03078

8 O~a RN~ NRSR6 R4 N(I | B) wher RRsr epresents the side
chain of a natural or non-natur all al pha am no* acid, and R5 and R6 when
taken together with the nitrBgenRgomto which they are attached forma
saturated heterocyclic first ring of 5 to 7 atons which is optionally

fused to a saturated or unsaturated carbocycli r heterocyclic second ring
of 5to 7 MA? (e}

wherein R, represents the side chain of a natural or non-natural alpha amino acid,
and R and R; when taken together with the nitrogen atom to which they are
attached form a saturated heterocyclic first ring of 5 o 7 atoms which is optionally
fused to a saturated or unsaturated carbocyclic or heterocyclic second ring of Sto 7
atoms; characterised in that

(a) the said second ring is substituted by (C,-Cs)alkyl, (CCg)alkenyl,
(C,~Co)alkynyl, (C,-C,)alkoxy, hydroxy, mercapto, (C,-C,)alkyithio, halo, amino,
trifluoromethyl, oxo, nitro, -COOH, -CONH, -COR?, -COOR®, -NHCOR?, -CONHRA,
-NHR*, -NR*RE, or -CONR*R®wherein R* and R® are independently a (C,-C;)alkyl
group; and/or

(b) the said first or second ring is substituted by a group of formula (HC),
provided that the first ring is not substituted by phenoxy, benzyl or benzyl substituted
by (C,-Cq)alkyl, (C-C)alkoxy, phenoxy, hydroxy, mercapto, (C,~Cy)alkylthio, amino,
halo, trifiuoromethyl, nitro, -COOH, -CONH, -COR*, -COOR*, -NHCOR?*, -CONHR?, -
NHR?*, -NRARE, or -CONR*R®wherein R* and R® are independently a (C,-C;)alkyl

group,
—i—(Alk1)m-(X)p-(Alk2)n——Z (iC)

wherein
m, p and n are independently 0 or 1;



atons; characterised in that (a) the said second ring is substituted by
(C -CB)al kyl, (Cz C5) al kenyl, (C2-CS)al kynyl, (C,-CB)al koxy, hydroxy,

mer capt o, WOUIA@8Y al kyl t hi o, hal o, ami no, trifluoronet BdT/GBoom3078i tr O,
-COOH, -CONH2, - COR', -COOR', -NHCORM, -CONHR', -NHRA, -NRARB, or -CONK"R8
wherein R' and RB are independently & (C, -CB)al kyl group; and/or (b) the .
said first or second ring is substituted by a group of formula (11C),
provided that the first ring is not substituted by phenoxy, benzyl or
benzyl substituted by (C -C6)al kyl, (C, -CB)al koxy, phenoxy, hydroxy,

mer capt oz repegsents) alhwdioxyigioum o adhenyihr hetarocydlia oing 0 Sitg 7, atoms which COOH,

- CONHz - : 'a@@?ﬁd = - - 2N\RA or - CONRARBwher ei n
RA and rc'en [ eSe6%5%8@%‘%w%§%%?’5§ﬁ%¥9"9 E&FONA AJK2) ; --Z
(11  wingrafiSrtoMatpmand n are i ndependently 0 or 1; WO 01/10834

PCT/ GB00/ 03078 9 Z represents, a hydroxy group, or a phenyl or
heterocyclic ring of 5 to 7 atons which 1is optionally fused to a saturated

or unsatakoirRCAIRIRA ety Rpréitnt RSIAL Co.CS agIMle shdiggle0! 5 tO 7 atorms

Al k' and Al k2 independentl’y represent div Yl ene radicals; X
represents -0-, -S-, -S(O-, -5(02)-, -C(=0 -, -NH, -NRr where R7 is C,-C3

L MRS SDF, o O TR i B B 0

and wherein
AIK', Alk* and Z when Z is not a hydroxy group independently are optionally
substituted by | o

(C,-Colalkyl, (C-Co)alkenyl, or (C,-C,)alkynyl,

phenyl, or halophenyl,

trifluoromethyl, |

monocyclic 5 or 6-membered hetrocyclic,

benzyl, or halophenyimethyl, | _

hydroxy, phenoxy, (C,-Cg)alkoxy, or hydroxy(C,-C)alkyl,
mercapto, (C,-Cg)alkyithio or mercapto(C,-Cg)alkyl, |
0X0, '

nitro,

cyano (-CN)

halo (bromo, chloro, fluoro, or iodo)

-COOH, or -COORA,

-CONH,, -CONHRA, or -CONR"R®?

-COR*?, -SO,R*,

-NHCORA,

-NH,, -NHR*, or -NR*R®,
wherein R* and R® are independently a (C,-C,) alkyl
group, R* and R® taken together with the hitrogen
atom to which they are attached form a 5- or 6-




(C -0C6)al kyl, (C2-C6)al kenyl, or (C2 C6)al kynyl, phenyl, or hal ophenyl,
trifltuoronmethyl, nonocyclic 5 or 6-nenbered hetrocyclic, benzyl, or

hal ophenyl netywulo18¥4r oxy, phenoxy, (C, -GC6)al koxy, or hydrgoqyésaonsdsal kyl ,
mercapto, (C,-C6)alkyithio or mercapto(C, -C6)al kyl, oxo, nitro, cyano
(-CN) halo (brono, chloro, fluoro, or iogo) -COON, or -COORA,

- CONH2, - CONHRA, or- CONRARB - CORA, -SO02RA, -NHCORA, -NH2, -NHRA, or

-NRARB, wherein RA and RB ar.e .l al kyl group, RA and
RB taken together with th '§‘$§§%P%&§'ﬁéﬁfmiﬁiﬁ‘%%8y are attached forma
5- or 6 WO 01/10834 PCTI G3{m¥tihded By (C{CT,ydikyl,i Hyaroxgl, dret er ocyclic ring which

may be substituted b , C3) al kyl, hydroxy, or hydroxy(C, -C3)al kyl. A
subset of csmm%ﬁ“ e invention consists of those of foMa (I1) as
defined above wherein :

A subset of compounds of the invention consists of those of formula (Il) as defined
above wherein :

(a) the said second ring is substituted by (C,-C,)alkyl, (C,-C,)alkenyl,
(C,-Cs)alkynyl, (C,-C,)alkoxy, hydroxy, mercapto, (C,-C;)alkyithio, amino,
trifiuoromethyl, oxo, nitro, -COOH, -CONH, -COR?, -COOR*, -NHCOR®, -<CONHRA,
-NHR*, -NR*R®, or -CONR*R® wherein R* and R® are independently a (C,-C,)alkyl
group; and/or

(b) the said first or second ring is substituted by a group of formula (liC),
provided that the first ring is not substituted by phenoxy, benzy or benzyl substituted
by (C,-C,)alkyl, (C,-Cs)alkoxy, phenoxy, hydroxy, mercapto, (C,-C,)alkylthio, amino,
halo, triflucromethyl, nitro, -COOH, -CONH, -COR*, -COOR*, -NHCOR?, -CONHR?, -
NHR*, -NR*RE, or -CONR*R®wherein R* and R® are independently a (C,-C,)alkyl

group,
—HAK, (), (A—Z  (IC)

wherein
m, p and n are independentiy 0 or 1;

Z represents, a hydroxy group, or a phenyl or heterocyclic ring of 5 to 7 atoms which
is optionally fused to a saturated or unsaturated carbocyclic or heterocyclic second

ring of 5 to 7 atoms

Alk' and Alk? independently represent divalent C,-C, alkylene radicals;



(a) the said second ring is substituted by (C, -C6)al kyl, (C2 CO) aikenyl,
(C2 Co6)al kynyl, (C, -0C6)al koxy, hydroxy, nercapto, (C-C6)alkylthio, am no,-
trifluoroN¥QeNI08340x0, nitro, -COOH, -CONHa- CORA, - COORAPCE/GBIMBY7S - CONHRA,
-NHRA, - NRAR$, or- CONRARBwherein R' and RB are independently a (C, -C6)alkyl
group; and/or (b) the said first or gecond ring is substituted by a group .
of formula (11 C), provided that the first ring is not substituted by
phenoxy,X Wésénwﬁwesq%(muES(UJ-LUCREIO)J))N!@Q-N@)W!H%|R7 uf e,-cCanghKoxy.
phenoxy, hydroxy, nercapto, (C, - C)a kylthio, am no,
trifiuoromethyl, nitro, -COOH -CONHZ-CORA, - COCRA, -NHCCRA - CONHRA, -
NHRA, - faln - CONRARBwherein RA and RB are independently a (C, -C6)al kyl
group, - (X)p (AIk2)"-Z (I11C) wherein m p and n are
| ndepend%ih‘t. IAkZ@ndiZ wherzz |sa|mtca§wr®<y grotyy ildepgndentlyrare @ptionaliyeny|  or
heterocy éf ge@of 5to atons which is optionally fused to a saturated
unsat "é’ bocyclic or het erocyclic second ring of 5 to 7 atons
AI k' and Al k4Ci- R CAC)atkéMib'orSERE, JaikyayIe Nt Cl-C3 al kyl ene radicals; WD
01/ 10834 PCT/ Ggmg)eggms 1 x@epsegeﬂ)tasw-i’-, -S, -S(0-, -S(02)-
~(=0) -, - NHPhenylrorhalppteYlR7 is C -C3 alkyl: and wherein Alk', Alk2 and Z
when Z is notmfﬁlgg&g% g|y group independently are optlonal |y substitut ed by
(C, -Co)al kyl ?l’kenyl or (C2-Cog)al kynyl, ' phenyl, or hal ophenyl,
monocychc 5 or 6-membered hetrocyclic, |

benzyl,
hydroxy, phenoxy, or (C,-C;)alkoxy,
mercapto, or (C,-C¢)alkylthio,
.0X0, -
nitro,
-COOH, or -COORA,
-CONH, -CONHR*, or -CONR*R®
-CORA,
-NHCORA,
-NH,, -NHR*, or -NR*R®,
wherein R* and R® are independently a (C,-C,) alkyl group,

In another aspect, the invention provides a method for the treatment of bacterial
infections in humans and non-human mammals, which comprises administering to a
subject suffering such infection an antibacterially effective dose of a compound of
formula (1) as defined above. |

In a further aspect of the invention there is provided a method for the treatment of
bacterial contamination by applying an antibacterially effective amount of a

compound of formula (il) as defined above to the site of contamination.

The compounds of formula (}1) as defined above may be used as component(s) of




trifluoronethyl, nonocyclic 5 or 6-nmenbered hetrocyclic, benzyl, hydroxy,
phenoxy, or (C, -C6)al koxy, nercapto, or (C, -C6)al kylthio, oxo, nitro,
-COCH, or - CRdAnosseONHz - CONHRA, or - CONRARB - CORA, - NH@ORASBoo/a3vlE,
-NHRA, or-NRARB, wherein RA and RB are independently a (Cl-C6) al kyl group,
I n another aspect, the invention providg % a method for the tréatnent of
bacterial infections in humans and non-human nmamal s, whi ch conpri ses

admi ni steri e g‘?ﬁa‘ c?ég}h Bréﬂ{ni‘e%}éggiafé}ﬁ%' nfection an antibacterially

effective a conpound 0 ) as defined above. In a
further aspect of the invention there is provided a nethod for the

cf fect fve bR yotEsis BRL b eonarounds itheak b %&w%&n&gﬁ‘n@%&%ﬁ%ﬁsﬁ%& ne

site of conhags dt@ﬁﬁbi&&nﬁ%@%%b@ﬁcﬁn@&m é%):o Eomﬁ‘ﬂ& above may
be used as conponent (s 01/ 10834 PCT/GB 78 " 12 anti bacteri al

cl eani ng orefticienthy mﬂz@ugmtb@ bagterial call walb ﬁmmwpundsrmcn are hightpounds
12 R B 8 i e v B8 =
for use in accordance with the invention. It is to be expected that the antibacterial
potency of compounds which are potent inhibitors of the PDF enzyme in vitro, but
are poorly celt penetrant, may be improved by their use in the form of a prodrug, ie a
structurally modified analogue which is converted to the parent molecule of formula
(11}, for example by enzymic action, after it has passed through the bacterial cell wall.

As used herein the term “(C,-C,)alkyl” means a straight or branched chain alkyl
moiety having from 1 to 6 carbon atoms, including for example, methyl, ethyl, n-
propyi, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl and n-hexyl.

As used herein the term “divalent (C,-C,)aikylene radical” means a saturated
hydrocarbon chain having from 1 to 3 carbon atoms and two unsatisfied valencies.

As used herein the term “(C,-C,)Jalkenyl” means a straight or branched chain atkenyl
moiety having from 2 to 6 carbon atoms having at least one double bond of either E
or Z stereochemistry where applicable. The term includes, for example, vinyl, allyi,
1- and 2-butenyl and 2-methyl-2-propenyi.

As used herein the term "C,-C, alkynyl” refers to straight chain or branched chain
hydrocarbon groups having from two to six carbon atoms and having in addition one
triple bond. This term would include for example, ethynyl, 1-propynyl, 1- and 2-
butynyl, 2-methyl-2-propynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 2-hexynyl, 3-
hexynyl, 4-hexynyl and 5-hexynyl.

As used herein the term “cycloalkyl® means a saturated alicyclic moiety having from



efficiently pass through the bacterial cell wall. Thus, conmpounds which are
highly active as inhibitors of PDF in vitro and which penetrate bacterial
cells arev@ou1o834 ed for use in accordance with the i nPETGRIO30E s to be
expected that the antibacterial potency of conpounds which are potent
inhibitors of the PDF enzyne in vitrg but are poorly cell penetrant, my
be inmproved by their use in the formof a prodrug, le a structurally

modi fi ed-ggabes Hﬁ)tﬁé"aﬁd]mcﬁ:dég \Toeéxamblé, Tycloprapyt, @ytlobltyh aytippsityf, or mul a

(rr), for exa X enzym c action, after it has passed through t he
bact er i gyclehexy W‘HP'P eptﬂsa'lﬂs‘é’ﬁbﬁﬁlﬁllm n the term"(C, -06)al kyl" neans a
straight or branched chain alkyl noiety having froml to 6 carbon atons,
i ncluding for exanple, nethyl, ethyl, n- propyl, isopropyl, n-butyl,

i sobutylAs usedhemmlﬂ;etermb'hetprqaryl“ refers 0 a Hn or 6- membiered\aramatic fing ei n t he

t "di t C3) a d t { b
Chai n naenRgIg O o TR eRafs: MiBrande SXRc SRRt e atiepl Bl o " as
used hepgirbiyi, hﬁudtaeélm béﬁa a?kmzblyl IBy/Rdisolyd, iSoXazioflissthia2oRf)ched chal n

al kenyl " " noi et aving from carbgon atonms having at Ieast one doubl e
bond of trig2o0kybt Edﬁéﬁlyg%ﬂ@ﬁaht!MWF Pyligaziayl.pysmidiagt eyrazitwht er m i ncl udes,
for exa%ﬁn vinyl, allyl, 1- and 2-butenyl and 2-nethyl -2-propenyl. As
used her&in Y he term”C2 Ce al kenyl" refers to straight chain or branched
chain hydrocarbon groups having fromtwo to six carbon atons and having in

ddi ti Dl i . le, ethynyl,
L br opy Ay use ieeih she [RiAAIGPd ebm Bo@thE o Harsfoly ot I © 5% ey
4- pent yf"Métero%d?leéy detinedabdvexarityin, paﬁdﬂl@fﬁiﬁdus&hﬂ-?&n&ﬂmw aro@tiveed her ei n

the term"cycloal kyl " nmeans a saturated alicycljic noiety havipng from WO
01/ 1083mon@rpwlemchc Hng epndaining 1998 oammé %QW?RQEH%&C* Hg"b%arrpl e,

gggfgggﬁ%m ©), ARG for LXaMPREPINGIYI, fufafiyl, B8] pipeldihh ARiZolANd
oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, pyrazolyl, pyridinyl, pyrrolidinyl,
pyrimidinyi, morpholinyl, piperazinyl, indolyl, morpholinyl, benzofuranyl, pyranyl,
isoxazolyl, benzimidazolyl, methylenedioxyphenyl, maleimido and succinimido

groups.

.Unless otherwise specified in the context in which it occurs, the term “substituted” as
applied to any moiety herein means substituted with up to four substituents, each of
which independently may be (C,-C¢)alkyl, (C,-Cs)alkoxy, hydroxy, mercapto, (C;-
C,)alkyithio, amino, halo (including fiuoro, chloro, bromo and iodo), trifluoromethyl,
nitro, -COOH, -CONH, -COR*, -COOR?, -NHCOR®, -CONHR*, -NHR*, -NR*R®, or -
CONRAR® wherein R* and R® are independently a (C,-C)alkyl group

As used herein the terms “side chain of a natural alpha-amino acid” and “side chain
of a non-natural alpha-amino acid” mean the group R* in respectively a natural and
non-natural amino acid of formula NH,-CH(R*)-COOH.

Examples of side chains of natural alpha amino acids include those of alanine,
arginine, asparagine, aspartic acid, cysteine, cystine, glutamic acid, histidine, 5-



As used herein the term"heteroaryl"” refers to a 5- or 6- nenbered aromatic

ring containing one or nore heteroatons;. Illustrative of such groups are
thienyl, furwoeipgssrolyl, imdazolyl, benzimdazolyl, thigartsobesers
pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, thiadiazolyl, oxadiazolyl,

pyri-di nyl, pyridazinyl, pyrimdi nyI pyraﬁ nyl, triazinyl. As used herein
the unqualified term"heterocyclyl"™ or " erocyclic" includes

aromt o or MPARE B Ry, s, eRe IR RGBT B ror e
het er oat ons @ﬁé@ﬂéﬁdm&rﬁmﬁe seNnérlﬁlré%mrienﬁ'&lMdbﬁ% ﬁﬁbsnﬁé%@ -QanBQHﬂc

furanyl, thienyl, piperidinyl, imdazolyl,” oxazolyl, isoxazo
t hi azol yI t Bp dﬁ-ﬂmny-iﬂ-blﬂw(aa@ﬁ4-dthfQ*Un’y¢nqulgmmmlhomMne oqeyrl m di nyl ,

nmor phol i ny) |.N h é?' hoI | n benzof uranyl, pyranyl,
i soxazol yl , ' BT "f‘i"gnﬁpé o pep €. el ei mi do and succi ni i do
gr oups. UnI ess otherw se specified in the cont ext in which it occurs, the

term "substituted” appl i ed to any noiety herein nmeans substituted with
up to four sﬂbﬁ?‘i‘ﬁl@ﬁ%"@' arpipe jacis sid Q\H‘%‘Fﬁ Vhiga sertaifunctional substituentscral ky! |

C, -06)al k | udi
1£I uoro? achIO)(;rE)é? éf}ggoﬁﬂngﬁgsfb@gg Hyt rifl uor%t ﬁhém&ﬁhpﬁ%@@l gggﬁgly" netaang
- CONH2, - CORAgroups@e'in argmimeﬂysme,cgtmm aelmmarticmﬁyptophan, GISNEABB wWher ei n
RA and R8 t al kyl . As h the t
"G Go.chai n' 5P SREANER. Sostel e @oe suck it ional S RRluorE S potonally
non-natural bephstestedno aci d" nmean the group R' in respectively a natural

and non-natural am no acid of fornula NH2- CH(Rx)- COON. Exanpl es of side
chains of natural alpha amno acids include those of alanine, arginine,

aspar agi ne, dol . stidine, 5

aspar agi ne, - 4@, fn e siie chiflsbiiion-riatihil dipfia afinid &R wiEh Eontlin
functional substituents, for example amino, carboxyl, hydroxy, mercapto, guanidyl,
imidazolyl, or indolyl groups, such functional substituents may optionally be

protected.

The term “protected” when used in relation to a functional substituent in a side chain
of a natural or non-natural alpha-amino acid means a derivative of such a
substituent which is substantially non-functional. The widely used handbook by T. W.
Greene and P. G. Wuts "Protective Groups in Organic Synthesis" Second Edition,
Wiley, New York, 1991 reviews the subject. For example, carboxyl groups may be
esterified (for example as a C,-C, alkyl ester), amino groups may be converted to
amides (for example as a NHCOC,-C, alkyl amide) or carbamates (for example as
an NHC(=0)0C,-C; alkyl or NHC(=O)OCH,Ph carbamate}, hydroxyl groups may be
converted to ethers (for example an OC,-C, alkyl or a O(C,-C, alkyl)phenyl ether) or
esters (for example a OC(=0)C,-C; alkyl ester) and thiol groups may be converted to
thioethers (for example a tert-butyl or benzyt thioether) or thioesters (for example a
SC(=0)C,-C; alkyl thioester).

There are several actual or potential chiral centres in the compounds according to
the invention because of the presence of asymmetric carbon atoms. The presence



hydr oxyl ysi ne, 4=hydroxyproline, isoleucine, |eucine, |ysine, nethionine,
phenyl al ani ne, praline, serine, threonine, tryptophan, tyrosine, valine, a
am noadi pWoO 012884, a- ami no-n-butyric acid, 3, 4-di hydr oxPEHERP080TNI ne,
honoserine, a nethylserine, omthine, pipecolic acid, and thyroxine. In
natural al pha-am no acid side chains ghich contain functional substituents;
for exanple am no, carboxyl, hydroxy, nercapto, guanidyl, imdazolyl, or

i ndol yl ofogevind aaﬁnmtﬁ&rmmsmnismé&&-seqb Al rifhSerF usbst@:aa&bmeﬁs #hhd,
tryptophan, histidine, serine, threonine, tyrosine, and cysteine, such

funct i onBlorwgmmhem%wﬁya@pehmaentpe ﬂ'bem\(ﬁf@@ﬂ includesiall$ugh, in the side
chai ns Oatagfépe@?&}férglanﬁl rﬁ%r@ﬂhgfbof‘ r%ﬁ@ tﬁg ekl 'gterég&ﬁﬁgﬂgﬁgﬁl ayl |

substi tuéen or exanple am no, car roxy, Wer cap
i m dazol grﬂthe@arbamchibgicayrymgnhe Rigcdupflsnﬁ;thaboﬁthescdnbdm atoemtarrying thept i onal | y

b tected T t tegt | at f t |
cubst 1 L uBRETUR GYRER VBRI |55 S a6t dpe Bivonh PR CAIPSNBIRG Siifho aci

means a drvadymiRetfit) BRCh a substituent which is substantially
non-func lonal.” The w dely used handbook by T. W Geene and P. G Wits
"Protective Goups in Oganic Synthesis" Second Edition, - Wley, New York,

1991 revl cb%oﬁ é%‘heuﬁi&ﬁﬂ&ﬁ‘aml e, carboxyl groups may be esterifled

(for exarrp € as'a ester), am no groups may be converted to
am des (for exanple as a NHCOCL-C6 al kyl am de) or carbamates (for exanpl e

conygﬂcﬁ'éa)qeo@%%@ %PX&“@Q@%@B"&W %r%ﬁgmy%@ eﬁ/ g@éﬁ%?r oups may

aI kyl)phsfyérr@j.her) or esters (for exanple a OC(=0)C,-Cg al kyl ester) and
thi ol groups may be converted to thioethers (for exanple a tart-butyl or
benzyl thioether) or thioesters (for exanmple a SC(=0C, -Cg al kyl

t hi oesteh) W%r%&nﬁﬁé‘era' actual or potential chiral centres in the
conpounds2according to

optionally substituted C,-C; alkyl, C,-C; alkenyl, C,-C, alkynyl or cycloalkyl;

phenyl(C,-C, alkyl)-, phenyl(C,-C, alkenyl)- or phenyl(C,-C, alkynyl)-
optionally substituted in the phenyl ring;

cycloalkyl(C,-C, alkyl)-, cycloalkyl(C;-C, alkenyl)- or cycloalkyl(C,-C, alkynyl)-
optionally substituted in the cycloalkyl ring;

heterocyclyl(C,-C, alkyl)-, heterocyclyl(C4-C; al kenyl)- or heterocyclyl(ca-c
alkynyl)- optionally substituted in the heterocyclyl ring; or

CHs(CHz),,O(.CHz)q- or CH,(CH,),S(CH,),-, wherein pis 0,1, 2 or 3 and q is1,
2o0r3.

‘Specific examples of R, groups include |
methyl, ethyl, n- and iso-propyl, n- and iso-butyl, n-pentyl, iso-pentyl 3-methyl-
but-1-yl, n-hexyl, n-heptyl, n-acetyl, n-octyl, methylsuifanylethyi,
ethylsulfanylfnethyl. 2-methoxyethyl, 2-ethoxyethyl, 2-ethoxymethyl, 3-




the invention because of the presence of asymretric carbon atons. The

presence WO 01/10834 PCTI GBOO 03078 15 of several

asymmetric carbon atons

gives rise t@ohhsaber of diastereoisoners with R or S steefqrmetenysstry at

each

chiral centre. The invention includes all such diastereoisoners and

m xt.ures thereof. Currently, the preferrlgd stereoconfiguration of t

carbon atomcarrying the R2 group is R

t he

R4 group

the R group

currently prefeéerred. may

al kyl, C3-CQ0 al kyclghexytCzydepentylineihyl.syclopentylef

(
(

phenyl (C3-C6 al

t he phenyl

he

hat of the carbon atom carrying

Ry, peviRroR o arn o DR N S - DRIFRR A | o | R

may be, for exagpligy, 3 Emgﬁjpggﬁgw@.z. .?% bﬁ%@?ﬁlﬂl,%opbuﬁr, ogen is

1
or exanp

(r:]ycl oal ky: (IC?C C&gﬁ%ﬂlhbydmtémwmet?ﬂFbggthy&;o&ﬁ(ﬁ-ﬁ-y!ﬂ)mhylycI oal kyl
et erocycly , - C6 al -, heteroc enyl)- .or

het er ocycl yl ( C3Pipgridip bylyp w[a@i@?"em&wﬁweﬂ- *‘W?‘WWWCI yl
ring; or CH3(CH K;E,?ﬁ Rehibrobd ' \ , 2 or 3
and g is 1, 2 é%rﬂ%ﬁ.sggﬁ%hgpﬁlc x(zﬁ’mg of R %%@%@%&gﬁﬂﬁl et hyl,
n- and i so- pr opwethexybenzili so- butyl, n-pentyl, iso-pentyl 3-nmethyl- but

1-yl,

n- hexyl ,

n- heptyl, n-acetyl, n-octyl, nethylsulfanylethyl,

et hyl sul fanyl net hyl , 2-net hoxyet hyl, 2-ethoxyethyl, 2-ethoxynethyl, 3

Presently preferred groups at R, are (C,-C,)alkyl-, cycloalkyimethyl-, (C,-
C,)alkyl-S-(C,-C,)alky}-, or (C,-C;)alkyl-O-(C,-C,)atkyl-, especially n-propyl, n-
butyl, n-pentyl, cyclopentyimethyl, cyclopentylethyl, cyclohexylmethyl or
cycliohexylethyl.

R, may be, for example

the characterising group of a natural o amino acid, for example benzyl, or 4-
methoxyphenyimethyl, in which any functional group may be protected, any
amino group may be acylated and any carboxy! group present may be
amidated; or

a group -[AIK],R, where Alk is a (C,-C,)alkylene or (C,-C,)alkenylene group
optionally interrupted by one or more -O-, or -S- atoms or -N{R,,)- groups
[where R,, is a hydrogen atom or a {C,-C,)alkyl group], nis0 or1, and R, is
hydrogen or an optionally substituted phenyt, aryl, heterocyciyl, cycloalkyl or
cycloalkenyl group or (only when n is 1) R, may additionally be hydroxy,
mercapto, (C,-C,)alkylithio, amino, halo, trifluoromethyl, nitro, -COOH, -
CONH, -COOR*, -NHCORA, -CONHR?, -NHR*, -NR"R®, or -CONR*R®
wherein R* and R® are independently a (C,-C,)alkyl group; or

a benzyl group substituted in the phenyl! ring by a group of formula -
OCH,COR, where R, is hydroxyl, amino, (C,-C,)alkoxy, phenyl(C,-C,)alkoxy,

ional 'y substituted Cl-C8

|cyclopeptiprapd, - c6 al kyl ) -,

5. 3 SR S, AR rop A Bl o T

ring;



WO 0111083- PCT/ GB00/ 03078 16 hydroxypropyl, allyl,

3- phenyl prop-3-en-1-yi, prop-2-yn-1-yl, 3-phenyl prop-2- yn-1 yl,

3- (2- chl omspdraanssks) prop- 2 yn-1-yi, but-2-yn-1-yl, cydopePE€T/GB00/a3978| ohexyl ,
cyci opentyl met hyl, cycl opentyl ethyl, cyclopentyipropyl, cyclohexyl nethyl,
cyct ohexyl et hyl, cycl ohexyi propyl. fygan 2-yl methyl, furan-3 nethyl, .
t et rahydr of uran- 2-yl net hyl , tetrahydrofuran-2-ylnmethyl, piperidinylnethyl,

 phenyi | (cds LT Bt ' P
et hoxy bhe i1 PRSI W (P'- el pamiFe, PHOACTCoRIMAINSOF  and -
met hoxybenzyl . Presently preferred groups at R are (C, -C$)alkyl -,
| oal kyl net_hyl.- ; - . . I .
(B G5yl ky! -2erochlel B el pdif Piaettiied or ono- or o 1
cycl opent y| mesubgtitutetin ltive heteydoytiivring wittrhalb evitrb airbosly, (C,-Calkomjieny| et hyl _

R4 may be, for exanple, the characterisi rou f.a natural a,am no acid,
for exanpl e BYARG (Cire)alkanpy mmbwugt‘&y)ﬁlke‘- ﬁvm Byl aMS: i onal

group may be gy i -(cas Tyt any car boxyl
group pr esent(@rﬁg?y%% e;%agaal‘lt(eél; %r a g#kgu i% ki All%sﬂﬁe@yAl kis a

(C, - C8)al kyl MW(Q@«)@B%NWWWEOT G Ge)alivinhenyimethylupe ed by one
or nore -0-, or-S atons or-N(R12)- groups [where R 2 'S a hydrogen atom
or a (C -C6)alkyl group], nis O or 1, and R9 is hydrogen or an optionally

substituted phgrwp, -CRR,R, inadtsiclncycl yl, cycl oal kyl or cycl oal kenyl group
or (only when nis 1 addi ti opal | e hydr ox rc 0,
(G, S06) A kyl thio, Hﬁa-@y@f’d&iﬁ#m@aﬁ MW&WPPX@%@?&%
CONH2, - QO™ - NHERzIkenyl LB, alkyhi BhenyREAEBalkyr, (€11 Rbaliy; or

R, is hydrogen and R, and R, are independently phenyl or heteroaryl
such as pyridyl; or

R. is hydrogen, (C,-Cg)alkyl, (C,-Cg)alkenyt, (C,-C¢)alkynyl, phenyl(C,-
Ce)alkyl, or (C;-C;)cycloalkyl, and R, and R, together with the carbon
atom to which they are attached forma 3to 8 membered cycloalkyl or
a 5- to 6-membered heterocyclic ring; or

R,, R, and R, together with the carbon atom to which they are attached
form a tricyclic ring (for example adamantyl); or

R, and R, are each independently (C,-Cg)alkyl, (Cz-CG)alkenyl, (C-
Cy)alkynyl, phenyl(C,-Cg)alkyl, or a group as defined for R, below cther
than hydrogen, or R, and R, together with the carbon atom to which
they are attached form a cycloalkyl or heterocyclic ring, and R, is
hydrogen, -OH, -SH, halogen, -CN, -CO,H, (C,-C,)perfluoroalkyl, -
CH,OH, -CO,(C,-Cy)alkyl, -O(C,-C¢)alkyl, -O(C,-C;)alkenyl, -S(C,-
C,)alkyl, -SO(C,-Cy)alkyl, -S0O,(C,-C,) alkyl, -S(C,-Cg)alkenyl, -SO(C,-
C,)alkenyl, -SO,(C,-C,)alkenyl or a group -Q-W wherein Q represents a



wherein RA and RB are independently a (C, C6)al kyl group; or a benzyl group
substituted in the phenyl ring by a group of fornmula - OCH2COR8 where R is

hydroxyl, amy@edesss- C6) al koxy, phenyl (C C6) al koxy, WO 0]%&(})@%

PCT/ GBOQ 03078 17 (C, - C6) al'kyl ani no, di ((C, -C6) al kyl ) ani ng. 1 cors078

phenyl (C, - C6) al kyl ami no; or a heterocyclic(C, -C6)al kyl group, either being
unsubstituted or mono- or di- substitutd8 in the heterocyclic ring with

hal o, nitro, carboxy : )al koxy, cyano, (C, -C6)al kanoyl,
trifluoromethyl (C, - éBé‘ng > %ytﬁ%s@f Tm\?Vr&messntsqmeI%) al kyl ani no,
di - (C, - Co) al kyl am nogp, t @G z | kvl bR alﬂ%jﬁg wC, - C6) al kyl
mer capt o( C, - C6) al kyl po?ﬁ%@t@fa‘?&’ﬁ%ﬁ@?@nﬁﬁqeﬁo 0 l@"g‘g‘:&up - CRCRbRC in
whi ch: each of Re, RE:lcloatiemy, (Co@alsycidalikenylaliylchetermaryl ofhetefgamyiikyl, ( C2-
C6) al kenyl , (C2-C6) al . phenyi -C6) al kyl . (C3- cycl oal kyl; or Re
i s hydrogen and Ra aﬂ@ﬁ%h&f’% ﬁﬂ%‘%ﬁ‘&ﬂﬂ!ﬁ%ﬁ?ﬂam?ﬁﬁ%ﬁgﬁygﬁ MO ch as
pyridyl; or F ~ is hydbsitisnts (ndepérdentl %Ieck%@@)@&&&%haloé&?—, -ER) al kynyl,
phenyl (C, - C6) al kyl, (ar (ngj&) %gl oale%él and R and together with the
carbon atom to whi cFAHeCRlE SRl eCONB..TCONH(CoCa)alihyCOMH(Ey-c| oal ky!
or a 5- to 6-nenber elcio clol | N9 ar t wth
the carbon atomto vme?aclﬁﬁ%hey ar (ka:l I%?H éﬁ‘é%‘%?roﬁir%n%o §R¥'r %dgﬁsiaﬂgﬁnsﬁ%for
(egnpcles)e ?garmlnt yl( )Cz @e)aR&La&O(G%bCaaIMe@?;(ﬁfﬂegwmmzl WNHL-NIRD, T, e
- al kenyl , : ; r,.a up as_define

for R bel ow ot her f@%’%}%%’é@wgayéaéﬁﬂga@'gﬁkﬁépfﬁ%{aﬂ@%%?Qzar bon
at ngt o which they epalkehyl(CLac])dyeloalkyl, (G LCIadoEIkeRyl, PRESYI OFBEAZE 11 NG,
an . s

Examples of partiéular R, groups include methyl, ethyl, benzyl, 4-chlorobenzyl, 4-

hydroxybenzyl, phenyl, cyclohexyl, cyclohexylmethyl, pyridin-3-yimethyl, tert-

butoxymethyl, naphthylmethyl, iso-butyl, sec-butyl, tert-butyl, 1-benzytthio-1-

methylethyl, 1-methyithio-1-methylethyl, 1-mercapto-1-methylethyt, 1-methoxy-1-

methylethyl, 1-hydroxy-1-methylethyl, 1-fluoro-1-methylethyl, hydroxymethyl, 2-

hydroxethyl, 2-carboxyethyi, 2-methylcarbamoyiethyl, 2-carbamoylethyl, and 4-

aminobutyl. Presently preferred R, groups include tert-butyl, iso-butyl, benzyl,

isopropyl and methyl.

R; and R; taken together with the nitrogen atom to which they are attached form a
saturated 5- to 7-membered monocyclic N-heterocyclic first ring which is attached
via the N atom, and which is optionally fused to a saturated or unsaturated
carbocyclic or heterocyclic second ring of 5 to 7 atoms. One or more additional ring
hetero atoms such as nitrogen may be present in the first ring. Examples of such
first rings are 1-pyrrolidinyl, piperidin-1-yl, 1-piperazinyl, hexahydro-1-pyridazinyl,
morpholin4-yi, tetrahydro-1,4-thiazin-4-yl, tetrahydro~1,4-thiazin-4-yl 1-oxide,
tetrahydro-1,4-thiazin-4-y! 1,1-dioxide, hexahydroazipino, thiomorpholino, diazepino,
thiazolidinyl or octahydroazocino. Presently preferred are piperidin-1-yl and 1-
piperazinyl. The substituent (IIC) may be present on a ring carbon atom or a ring
nitrogen atom of the first or second rings.



hydrogen, -OH, -SH, hal ogen, -CN, -CO2H, (C, -C4)perlluoroal kyl, - CH2CH,
-C2(C, -C6)ai kyl, - C, -0C6)al kyl, -Q(C2-Co6)al kenyl, -S(C, - C6)alkyl,

- SO C, - Co)WPRY10834 SO2( C, - CB) . al kyl, -S(C2-C6) al kenyl , - BET/GBOO3BI®,| kenyl ,
-S2(C2-C6) al kenyl or a group -Q Wwherein O represents a WO 01/ 10834
PCT/ GB00O/ 03078 18 bond or -0-, -5-, 650 or -SO2- and Wrepresents a
phenyl, phenyl al kyl, (C3-C8)cyc toal kyl, (C3-Cs)cydoal kyl al kyi, (C4

C8) cycl oal kenyl , (C4-C3)cycl oal kenyl al kyl , heteroaryl or heteroaryl al kyl
group, which group Wmay optionally _be substjtuted by one or nore

subst i t ukrthe substitdent(tie) (fors whege dafinitionbenzyl cettain sustituled benzyly, - cooH,

-C02(C, - 5 - s CHO,
[Goo (1 Bgiy arf baeal Ak Ay k"R ioppndeilytepresgit i cple
bgo( |Ci< - l(Xthdf ~(CHRORLE, ‘"f‘E? lﬁa*ﬂfwhemmﬁ ?(alNEHP, is A Nki@yy- bies fer example -N( ( C,
- NH - - 2 LC2-
Co) al kyn§i=OL S50 I ilimigees a8 ok and Mo BsNEGSy st AlE. 1
Exanpl escéitaiid’d $doondringhittsgenpihe -OE=0F or %{O}%‘lof (I8 iy bétinked to that
4-chl orobenzyl, 4- hydroxybenzyl, phengl, cycl ohexyl, cydohexyl net hyl,
pyri di n- Gog nitegen|in apamide prsuiRRonamide bonthht hyl net hyl , i so- but yl ,

sec-butyl, tert butyl, 1-benzylthio-I|- nethylethyl,
| -met hyl t hi o-1-methyl ethyl, 1-nercapto-I|-nethylethyl, 1-met hox?'/- 1-
met hyl et hythe substitenk{iQ) Mt and pmay gl be Q,Isodhat-the groumZ istdirectly linked

A L I e (U A
tert-butyl, iso-butyl, benzyt, isopropyl and methyl. RS and R6 taken
safur at ein 8 PrefBed b e BHERIP O ey, Be Subsivat (EHERS e i <
at t achedgormyla -CH,Z, -0Z, or -(C=0)Z wherein (subject to the exclusion of benzyl, certain

substituted benzyls, and bhen_oxy) Z is a phenyl, 3,4-methylenedioxyphenyl,

morpholinyl, pyrimidinyl, 1,2,3-thiadiazolyl, 1,4-thiazolyl, bénz__pfuranyl, furanyl,

thienyl, pyranyl, pyrrolyl, pyrazolyl, isoxazolyl, or pyridyl ring which may optionally be

substituted as specified. In particular, Z may be a phenyl, 3,4-methylenedioxyphenyt,

morpholinyl, pyrimidin-2-yl, 1,2,3-thiadiazol-5-vi, 1-,4—thiazol-__5fyl, benzofuran-2-yi, 2-

or 3-furanyl, 2- or 3-thienyl, 2- or 3-pyranyl, 2-, 3- or 4-pyrrolyl, 3-, 4- or 5-pyazolyl,

3-, 4- or 5-isoxazolyl, or 2-, 3- or 4-pyridyl ring any of which may optionally be

substituted as specified in the broad description of the compounds of the invention.

In the compounds of formula (Il) as defined above wherein Q is a radical of formula -
C(=O)NH(OH) the radicals R,, R,, and A may be any of those discussed ubove in
relation to compounds (l1) wherein Q is a radical of formula -N(OH)CH(=0).
However, in addition, R, may be, for example, a hydroxy, methoxy, ethoxy, n-
propyloxy, allyloxy, amino, methylamino, dimethylamino, ethylamino, or diethylamino

group.

Specific examples of substituents (lIC) include those present in the compounds
specifically named, and/or exemplified herein.




via the N atom and which is optionally fused to a saturated or unsaturated
carbocyclic or heterocyclic second ring of 5 to 7 atons. One or nore

addi ti onal rwogvidset ero atons such 'as nitrogen nmay be pr ecemBoio3oishe fir st
ring. Exanples of such first rings are 1-pyrrolidinyl, piperidin-1-yl,

1- pi-per azi nyl, hexahydro-1-pyri dazi nyl 150, TOT phol i n-4- A,

tetrahydro-1, 4-thiazin-4-yl, tetrahydro-1, 4-thiazin-4-yl 1-oxide,
tetrahydro-1, 4-thiazin-4-yl 1, 1-dioxide, hexahydroazi pi no, thionorpholino,
di azepi no, thiazolidinyl or octahydroazocino. Presently preferred are

pi peri di n- 1Examplesiof spegifipesrapounds. of THecinsenitivni dra thdse(df it Exayiples herginent on

a ring carhon at or.a rin nitroge tomof the first ,or second rings.
WO, 01/ 10833"&@%@@6}%‘9’ e%lﬁac?'ﬁp?w 3“6@‘4’?0@ oy wherein Chisaps

definition i : | uded)
A and A R O O O Yishossd s B balpystbcn sk

0

- (CH2CHR) - .the gquivalentpompatiad whereis Qs arhydpoxamate radicah yCEHOINHOH isaalsd e -
=0)- or - ) 0 or .1, and when the -NRSRB first

rci(ng) cont ﬁ%@%ﬁ@ﬁ%&n‘ggﬁwdﬁ%? a—'O)- or -S(02)- of (I 10 may

be linked to that ring nitrogen in an am de or sul phonam de bond.. In the
substi tuent IC), m n apd nmpy all be O, so that the group Z is directly
linked to !%r%émeﬁﬁgmow&qf%«? Hé.eml"?ﬁ' 'Hdﬁg%#gsﬁes&'eé’tﬂgs@m the e8P conpounds of
the inventi ; i S ] .CH2zZ, -Qz, or
Msnsﬁr%bf%ﬁ@bhﬁd@éﬁfcﬁﬂdiﬂ 1133 (tl@? agéé ﬁ%’}’ @IZ&

-(C=0O Z wherein ubject to the exclusi‘on o cértain substituted
benzyls, and phenoxy) Z is a phenyl, 3, 4-nethyl enedi oxyphenyl,
nmor phol i nyl, pyrimdinyl, 1,2,3-thiadiazolyl, 1,4-thiazolyl, benzonuranyI ,

furanyl, thienyl, pyranyl, pyr Y. pyrazodpyl, i so@azoRy! , rOr ~NyT Meyl
ring which mayj optiongj | subsg i tuted asjfspeci fi gd. Inpr\tﬁular, Z
may be a ph N l phenyl /H f ;

pyrim’din-2-y|,i§;H iHdi -5-yi, 1,4-thiaélql- 1 befgzofuran 2 yl, 2-



or 3-furanyl, 2- or 3-thienyl, 2- or 3-pyranyl, 2-, 3- or 4-pyrrolyl, 3-,
4- or 5-pyazolyl, 3-, 4- or 5-isoxazolyl, or 2-, 3- or 4-pyridyl ring any-
of which YQ0¥W8#onal |y be substituted as specified i nPENEBHBATS
description of the conpounds of the invention. |In the conpounds of fornula
(I'l) as defined above wherein Qis a ppdical of fornula - C(=O NH(OH) the
radicals R, R2, and A may be any of those discussed ubove in relation to
conmpounds (11) wherein Qis a radical of formula -N(OH)CH(=0). However, in
addition, R may @e, for eaarrpl e, a hydroxy, dgyethoxy, gthoxy, n- propyl oxy,
al Iyl oxy, am no, t hyl amjpo, di nethyl am no,’gihyl am np, or diethylam no

N

group. Specifi (Cﬂ I tuents (I present in the
conmpounds speclficdglly [na , and/ or exe i fied hgrein. WDO|01/ 10834
PCT/ GBOO 03078 20 @Mamm,es cis4#c compoun@d o

t he\_n ngi,az are
t hose of the Exanples herg' I n those Exanpl es, V\/nqng)a conmpound of
formula (11) above wherei nNQ Is an N- fornyi hydroxyl am ne radi cal
-N(OH)CH(=O) is disclosed, it is to be understood that the equivalent
conmpound wherein Qis a hglroxamate radical -C(=ONH@H) is also a
speci fic conmpoundiof the ifjhvention, and vicefyersa. Pfjeferred conpounds of

the inventi ong ted fro upy~C | ng of
conmpounds of fornulke (il D) (rfg a (11w -H(1ry: 01 Y—"%OOR4
rNoo'Y'Z NHI NI@N B R AAD) (HE) 9@ R Ny~

(iy) (Hz)

wherein _ :

R, is n-propyl, n-butyl, n-pentyl, cyciopentyimethyl, cyclopentylethyi,
cyclohexylmethyl or cyclohexyiethyl;

R, is tert-butyl, iso-butyl, benzyl or methyl;

Y is -CH,, -O- or (C=0)-; and

Zjs a phenyl, 3.4-ﬁ\ethylenedioxyphehyl. morpholinyl, pyrimidinyl, 1,2,3-thiadiazoly},
1.4-thiazolyl, benzofuranyl, furanyl, thienyl, pyranyl, pyrrolyl, pyrazolyl, isoxazolyl, or
pyridyl ring; in particular, a phenyl, 3,4-methylenedioxyphenyl, morpholinyl,
pyrimidin-2-yl, 1,2,3-thiadiazol-5-yl, 1.4-thiazol-5-yl, benzofuran-2-yl, 2-or 3-furanyl,
2- or 3-thienyl, 2- or 3-pyranyl, 2-, 3- or 4-pyrrolyl, 3-, 4- or 5-pyazolyl, 3-, 4- or 5-
isoxazolyl, or 2-, 3- or 4-pyridy! ring, which may optionally be substituted as specified
in the general description of compounds of the invention.

Particular compounds of the invention, preferred for their potency against organisms
which infect the respiratory system, include N-[1S-(4-benzo[1,3]dioxol-5-yimethyl-
piperazine-1-carbonyl )—2,2-dimethyl-propyl]-ZR-cycldpentylmethyl-3-(formyl-hydroxy-
amino)-propionamide and N-{1S-(4-Benzo[1,3]dioxol-5-yimethyl-piperazine-1-
carbonyl)-2,2-dimethyl-propyl}-2R-cyclopentylmethyl-N-hydroxy-succinamide




O&R2 N4 RAHO r ZHHORA rN'y HORN NJ (1iF) (111G WD 01/10834
PCT/-GB00/ 03078 21 OO~ O HANNHNN---- Lal 1 OHR2 Y OH/NAY/Z
(11W (11 X) <%o@uisossdHO Y-- ay HON Y-)A pp Z (11Y) (11 Z2)PCTHRNOBIIER2 i S
n- propyl, n-butyl, n-pentyl, cyclopentyl nethyl, cyclopentylethyl,

cycl ohexyl net hyl or cycl ohexyl ethyl; R4 iétart butyl, iso-butyl, benzyl or
methyl; Y is -CHZ , -0- or -(C=O-; and I s a phenyl,

3, 4- et hyl en r Ladi ,
L4 thi ayoly COBEHIRRLY BRI e R o yemiid i 4
pyaazol yl, i s;sr&pa;ebﬂy,deproteqﬁug it YO-protexged NFfopay!{N-bwraxyamnp Iaempbund of

3, 4- net hyI enedi oxyphenyl nmor phol inyl, pyrimdin

2-yl, 1,2, 3- t el Ay 5- yI 1, 4-thi azol - 5- yl, benzofuran 2-yl, 2-or

3- furanyl 2- or 3-thi enyl 2- or 3-pyranyl, 2- 3- or 4-pyrrolyl, 3-, 4-
or 5- pyazonI 3-, 4- or 5- isoxazolyl, or 2- - or 4-pyridyl ring, which
may optlonally be substituted as spea2; iRad |n the general description of

conpounds of the invention.
j{l/ )

in which R,, R,, and A are as defined in general formula (1) and R, is a hydroxy
protecting group removable to leave a hydroxy group by hydrogenolysis or
hydrolysis. Benzyl is a preferred R group for removal by hydrogenolysis, and tert-
butyl and tetrahydropyrany! are preferred groups for removal by acid hydrolysis.

Compounds of the invention in which Q is a hydroxamic acid group may be prepared
by reacting the parent compound wherein Q is a carboxylic acid group (llIA)

R,

HOOC A
(I1A)

R,

with hydroxytamine or an N- and/or O-protected hydroxylamine, and thereafter
removing any O- or N-protecting groups

Compounds of formula (I11) or (HIA) may be prepared by causing an acid of formula

(V) or (IVC) or an activated derivative thereof to react with an amine of formula
(IVA) or (IVB)

OR25 Ry ?
HZN\HLT ~Rs HNRGR,
Re Rs

(IV) (tVA) (IVB)



Particul ar conpounds of the invention, preferred for their potency against
organi sns which infect the respiratory system include N[1 .
S- (4- benzawbby/dissh oxol - 5-yl met hyl - pi per azi ne- 1- car bonylpcr/cB00/03078

-2, 2-di met hyl - propyl ] - 2R- cycl opent yi net hyl - 3- (f or nyl - hydr oxy-

am no) - propi onam de and N [1S-(4- Bené?)[ 1, 3] di oxol - 5-yl met hyl - pi per azi ne- 1-.
carbonyl ) -2, 2-di net hyl - propyl] 2R cycl opentyl net hyl - N - hydr oxy-succi nam de
WO 01/10834 PCT/ GBOO 03078 22 Conpounds of the invention in which Qis an
N fornyl hydroxyam no group may be prepared by deprotecting an O protected
N-f or myl - N- hydr oxy®ni no conpound of formula (111): ?R25 R2 HN A (111} 0
R in wihich R, and A are as defined in general fornmula (1) and Ris a
hydr oxy R renovabl e to | eave a hydroxy group by

hydr ogenol ysi s drol ysi(BdC)Benzyl is a preferred R2. group for renoval
by hydrogenol ysits, apd tent butyl and tetrahydropyranyl are preferred
groups for r enoVal by acid hydrolysis. Conpounds of the invention in which
Qis a hydroxam c acid group nay be prepared by reacting the parent

conmpound ,wher ei n s a carboxylic acid grou I11TA), R2 HOOC A (I11A) R
with hymﬂﬁﬁ%&oﬁmﬁ“&kéﬂ%%#e&%'ﬁ BF&H&?WHP&J)/P’SG?%@?* am
t her eaf is@pstituents in R; Rz, Ry, R, and R, which are potentially reactive in the coupling

reaction may themselves be protected from such reaction, and R is as defined in

relation to formula (Ill) above, and optionally removing protecting groups R, R, R,,
Rs, and R;.

Compounds of formula (IVA), (IVB) and (IVC) are prepared by standard literature
methods, and many are commercially available.

Compounds of formula (IV) may be prepared by N-formylation, for example using

acetic anhydride and formic acid, or 1-formylbenzotriazole, of compounds of formula
V) |
ORys Ro
HN y ™

R,O

wherein R,, R, and R, are as defined in relation to formula (lif) and Y is either a

chiral auxiliary or an OR,; group wherein R, is hydrogen or a hydroxy protecting
group. In the case where Y is an OR,; group or a chiral auxiliary the hydroxy
protecting group or auxiliary is removed afier the formylation step to provide the
compound of formula (IV). Suitable chiral auxiliaries include substituted
oxazolidinones which may be removed by hydrolysis in the presence of base.



renoving any 0- or N-protecting groups Compounds of formula (ill) or (II1A)
may -be prepared by causing an acid of formula (I1V) or (IVC) or an
activated deglpyitdsye thereof to react with an ami ne of foroWGBOVABIEA) or
(I1VB) ORR5 R 0O RN R6 HNOHIN HNRSBR6 1 OO R4 Rs (1V) (IVA) (1VB) WO
01/ 10834 PCT/ GB00/ 03078 23 R2 R25000 {(IVC) )1_1 Y OHR Owherein R R2,
R4, R5, and RB are as defined in gener formula (11) except that any

b R h ' h
connl 1 ng. Aseapaind SroenwakiStryBIYy ey BB pithaBbe by dibhef of dn bRARLSV T " ne
is as def| efdpforﬁ@iaa%lyn to fornul a above, and optlonal ly removing (111)

protecting groups R R4, R5, and R6. Conpounds of formula (1VA), (I1VB)
and (1VC) are prepared by staRarR. |iterature nethods, and many are

commercially available. 1.. |Oorrp unds of MLWI a (1V) may be prepared by
N-fornylation, for exanple udN eL¥c anthydride and formic acid, or
1-fornyl benzotri azol e, of conpoundsflof fornul a.

Ry 0
wherein R,, R,, and R, are as defined above, and Y is either an OR group as
defined above or a chiral awxdliary. Reducing agents include certain metal hydrides
{eg sodium cyanoborchydride in acetic acid, triethylsilane or borane/pyridine) and
hydrogen in the presence of a suitable catalyst. Following the reduction when the
group Y is a chiral auxiliary it may be optionally converted to a OR group.

A compound of general formula (VII) can be prepared by reaction of a p-keto

carbonyl compound of general formula (Vil)

wherein R,, R;, and Y are as defined above, with an O-protected hydroxylamine.

B-keto carbonyl compounds {VIil) may be prepared in racemic form by formylation or
acylation of a carbonyl compound of general formuta (IX)

R,

‘\U/Y (IX)

O



(V) " RS R HNYN O Rl wherein R® R2 and R25 are as defined in

relation to fornmula (Ill1) and Y is either a chiral auxiliary or an OR as -
group whéy@9pmiogs4 | s hydrogen or a hydroxy protecting QCIGR0HINT® he case

where Y is an OR group or a chiral

or auxiliary is renoved after the foggryl ation step to provide the
of formula (1V). Suitable chiral auxiliaries include substituted

oxazol iﬂhé\@ﬁﬁﬁér&ﬁ& Yharets dfinba EBERS] with @whgbuﬁa éfgela.eféi?o WP of base.

WD 01/10834 P

| GB0OO/ 03078 24 A conpound of general fornu

auxi liary the hydroxy protecting group

conpound

may be

prepared by reduction of an gxinmeqof general formula (VII) OR25 R2 L11_ Y
Rl O wherein R1, R2, arﬁ’ﬁes are as defined above, and Y is either
an OR26 group as defined above| or a clgkyal auxil.iary. Reducing agents

(VI 1)

i ncl ude certain netal
triethylsilane or borane/pyridine) and

sui t abl

gener al

conpoun

hydri des R{ eg sodi um cyanobor ohydri de in acetic acid,
hydrogen in the presence of a

e catalyst. Followi ng the reduction when the group Y is a chiral
auxi | i awherein Rpis ascdefinedabave and &hisar leaving greupcRychagaschatogeh aratihoxynd of

o be prepared by reaction of a p-keto carbonyl
g to %@%&%&%o"f"% a (Vill) o

The Examples herein provide further details of routes and methods for the
preparation of compounds of the invention. '

Salts of the compounds of the invention include physiologica_lly acceptable acid
addition salts for example hydrochlorides, hydrobromides, smphates, methane
sulphonates, p-toluenesulphonates, phosphates, acetates, citrates, succinates,
lactates, tartrates, fumarates fénd maleates. Salts may also bie 'formed with bases,
for example sodium, potassium, magnesium, and calcium sélltsj.

Compositions with which the invention is concerned may be prepared for
administration by any route consistent with the pharmacokinetic properties of the
active ingredient(s). '

Orally administrable compositions may be in the form of tablets, capsules, powders,
granules, lozenges, liquid or gel preparations, such as oral, t_opical, or sterile
parenteral solutions or suspensions. Tablets and capsules fpr.brai administration
may be in unit dose presentation form, and may contain conventional excipients
such as binding agents, for eXample syrup, acacia, gelatin, sorbitol, tragacanth, or
polyvinyl-pyrrolidone; fillers for example lactose, sugar, maii&étarch, calcium
phosphate, sorbitol or glycine; tabletting lubricant, for exampie magnesium stearate,
talc, polyethylene glycol or silica; disintegrants for example potato starch, or
acceptable wetting agents such as sodium lauryl sulphate. The tablets may be
coated according to methods well known in normal pharmaceutical practice. Oral
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Y RL Owherein R1, R2, and Y are as defi ned above, with an

O protected hydroxylam ne. |3-keto carbonyl compounds (Vill) may be
prepared i n %a6pfHsss fOrmby fornylation or acylation of g ? (y,},
conpound of general fornmula (IX) R Y (IX) O WO 01/10834 PCT/ GB00/ 03078
25 .wherein R2 and Y are as defined abov% wi th a conpound of general

formula (X) OQI (X) wherein R is a

group such
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defi ned above and Qis a | eaving
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non-aqueous vehicles (which may include edible oils), for example aimond oil,

fractionated coconut oil, oily esters such as glycerine, propylene glycol, or ethyl

alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic
acid, and if desired conventional flavouring or colouring agents.

Safe and effective dosages for different classes of patient and for different disease
states will be determined by clinical trial as is required in the art. it will be understood

that the specific dose level for any particular patient will depend upon a variety of
factors including the activity of the specific compound employed, the age, body
weight, general health, sex, diet, time of administration, route of administration, rate
of excretion, drug combination and the severity of the particular disease undergoing

therapy.

The following examples illustrate embodiments of the invention. Note that the
"Preparative Example A" does not describe the preparation of a compound of the

invention, but is included to provide details of synthetic routes and methods for the
preparation of compounds of the invention

"H and *C NMR specira were recorded using a Bruker DPX 250 spectrometer at
250.1 and 62,.9MHz, respectively. Mass spectra were obtained using a Perkin Eimer
Sciex APl 165 spectrometer using both positive and negative ionisation modes.
Infra-red spectra were recorded on a Perkin Eimer PE 1600 FTIR spectrometer.
Analytical HPLC was performed on a Beckman System Gold, using Waters Nova
Pak C18 column (150 mm, 3.9 mm) with 20 to 90 % solvent B gradient (1 ml/min) as
the mobile phase. [Solvent A: 0.05% TFA in 10% water 90% methanol; Solvent B:



active ingredient(s). Orally adm nistrable conpositions may be in the form
of tablets, capsules, powders, granules, |ozenges, |iquid or gel ‘
prepar at i oW9,014e8h as oral, topical, or sterile parent ePEI/GBWOIBons or
suspensi ons. Tablets and capsules for oral adm nistration nmay be in unit
dose presentation form and may contaigy conventional excipients such as

bi ndi ng agents, for exanple syrup, acacia, gelatin, sorbitol, tragacanth,
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aqueous ¢leteatio) WasHZ30iMMs.  sol utions, enul sions, syrups or elixirs, or
may be presented as a dry product for reconstitution with water or other
suitabl e vehicle before use. Such liquid preparations nmay contain
convent i kel followinhg abbeevialions heve bepa ngedthroughout, for exanpl e sorbitol,
syrup, nethyl cellul ose, glucose syrup, gelatin hydrogenated edible fats;
enul si fying agents, for exanple lecithin, sorbitan nonool eate, or acaci a;
non- aqued@Mvehi cl Dichlosbinethamey i ncl ude edible oils), for exanple al nond
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dose level "Tor any p atrent will depend upon a variety of
HPLC High performance liquid chromatography
LRMS Low resolution mass spectrometry
NMR Nuclear magnetic resonance
RT Retention Time
TLC Thin layer chromatography
TFA Trifluoroacetic acid
THF Tetrahydrofuran
Example 1

2R-{(Formyl-hydroxy-amino)-methyl}-hexanoic acid {1S-[4-{4-methoxy-
benzoyl)-piperidine-1-carbonyl]-2,2-dimethyl-propyl}-amide




factors including the activity of the specific conpound enpl oyed, the age,
body weight, general health, sex, diet, tine of adm nistration, route of
adm ni strati wohornegse of excretion, drug conbination and POE/GROWeINE y of
the particul ar di sease undergoing therapy. The foll ow ng exanpl es
illustrate enbodi nents of the invention,,Note that the "Preparative
Exanpl e A" does not describe the prepar 5§| on of a conpound of the
invention, but is included to provide details of synthetic nmutes and

met hods for the preparation of conpounds of the invention 'H and 13C NWR
spectra were recorded using a Bru DPX 250 spectroneter at 250.1 and
62. 9VHz, respectively. Mass spectrja were obtai ned using a Perkin El ner

Sci ex APl 165 spectroneter uHngeboth sitive and negative ionisation
nodes. Infra-red spectra.,weﬂ.e [ coij(ieﬁon a Perkipn Ebwmer PE 1600 FTIR
spectroneter. Analytical LCwaq[ pekEt o a Bfckman System Gol d,
using Waters Nova Pak Cl8 @olumql . QM th 20 to 90 % sol vent
B gradient (1 mmin) as the nobil e phase. fvent A: 0.05% TFA in 10%
wat er 90% net hanol ; Sol vent B: WD 01/10834 PCTY GBOO 03078 27 0.05% TFA in
10% met hanol 90% , detection wavel ength at 230 nm Preparative HPLC was

per f or med a.(G1son autoprep instru i delta

pr ep- pak c%‘ﬁ"@g@’(‘&%‘fﬂ‘}%"%}’a% Wédﬁo%sgﬁ%g %reg{?sto sol vent B
gradient (6 m/mn) as the nobile phase. [Solvent A water; Solvent B:
met hanol ], UV detection was at 230 mgghemeet f ol | owi ng abbrevi ati ons have
been used throughout: DCM Di chl or onet hane DEAD

Di et hyl - azo-di chl orocar boxyl at e EDC

N Et hyl - N - ( 3-di et hyl am ngpr opyl ) car bodi i m de hydrochl ori de
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and conditions: A. piperidine, HCHO, EtOH,80°C, O/N; B.‘BuCOCI, EtN then 3-lithio4-
benzyl-5,5-dimethyl-oxazolidin-2-one; C. H,;NOBzl, room temp., O/N then pTsOH, EtOAc; D. LIOH,
aq. THF, 0°C; E. formic acetic anhydhide, ELN, THF; F. PfpOH, EDC, HOBY, THF; G. amine, CHCl,,
H. cycichexene, Pd/C, EXOH.

0
HO OH StepA OH StepB rj StepC n N»*O
o O o) o o 5\
Ph

Step A: 2-Butyl acrylic acid

To a solution of n-butyimalonic acid (17.2 g, 107 mmol) in ethanol (200 ml) was added
piperidine (12.76 ml, 129 mmol) and 37% aq. formaldehyde (40.3 ml, 538 mmol). The



HOAt 1- Hydroxy-7-aza-benzotriazole HOBt 1-Hydroxybenzotriazole HPLC High
performance |iquid chromatography LRVMS Low resol ution nass spectronetry
NVR Nucl ewmoamagpaet i c resonance RT Retention Tine TLC TeRCwveGBeyeso7s
chromat ography TFA Triffuoroacetic acid THE Tetrahydrofuran Exanple I 2R
[ (For nyl - hydr oxy- ani no) - net hyl ] - hexa?y' c acid (1S-[4-(4- et hoxy. .
benzoyl ) -pi peridi ne-lI -carbonyl]-2,2-d Dethyl-propyl)-am de WO 01/10834

T ORI e T i b 8 R S B SR
SWCH O redisscived over Bhoar.DYhe reéactiah Riixttte was Stirréi ap B0SCovamightthen F OBzi
F BADA %o‘é"ﬂo %_c'm?{e'\rln;%rgture. The solvents were removed under reduced pressure and
the residue was dissolved in ethyl acetate (200 ml), washed successively with 1 M
hydrochloric acid and brine, dried over anhydrous magnesium sulfate and filtered. The
filtrate was concentrated fo give the title compound as a clear oil (13.37 g, 97%). 'H-
NMR; & (CDCl,), 6.29 (1H, s), 5.65 (1H, s), 2.34-2.28 (2H, m), 1.54-1.26 (4H, m), 0.94
(3H,t,J=7.1 Hz). '

Step B: 4S-Benzyl-34(2-butyl-acryloyl)-5,5-dimethyl-oxazolidin-2-one

2-Butyl acrylic acid (21.5 g, 168 mmol) was dissolved in dry THF (500 ml) and cooled
to -78 °C under a blanket of argon. Triethylamine (30 mi, 218 mmol) and pivaloyl
chioride (21 ml, 168 mmol) were added at such a rate fhat the temperature remained
below -60 °C. The mixture was stirred at -78 °C for 30 minutes, warmed to room
temperature for 2 hours and finally cooled back to -78 °C.

In a separate fiask, 45-benzyl-5,5-dimethyl-oxazolidin-2-one was dissoved in dry THF
(500ml) and cooled to -78 °C under a blanket of argon. n-Butyllithium (2.4 M solution
in hexanes, 83 ml, 200 mmol) was added slowly and the mixture was stirred for 30
minutes at room temperature. The resulting anion was tranferred via a cannula into the
original reaction vessel. The mixture was allowed to warm to room temperature and
was stimed ovemight at room temperature. The reaction was quenched with 1 M
potassium hydrogen carbonate (200 ml) and the solvents were removed under reduced
pressure. The residue was partitioned between ethyl acetate and water. The organic
layer was washed with brine, dried over anhydrous magnesium sulfate, filtered and
concentrated under reduced pressure to give an orange oil. TLC analysis revealed the
presence of unreacted chiral auxiliary in addition to the required product. A portion of
the material (30 g) was dissolved in dichloromethane and flushed through a silica pad
to give pure title compound as a yellow oil (25.3 g). 'H-NMR; & (CDCl,), 7.31-7.19 (5H,
m), 5.41 (2H,s), 4.51 (1H, dd, J = 9.7 & 4.2 Hz), 3.32 (1H, dd, J = 14.2 & 4.2 Hz), 2.82




OOOHFI F. FOEWOH gOYN Stop Oi NJNone H\ O\l Rents and
actions: A piperidnme, MHO EtOH 8 C, OVN, B.3BuCOC, Et3N then 3- ithio-9-
benzyl 5, 5- dworeinéssp zolidin-2-ore; C. lij , roomtetra, ¥yGBios079TSCH,
EtOAc; D. UGH, aq. THF, OIC, E fommt acetic a hydride, Et3N, THF, F.
PfpCH ED, HOBt, THF;, G amne, C- Cl o H cydohexens, Pd/C, EtO-l Step
A. 2-Butyl acryl ic acid To a solution of n-butylmalonic acid (17.2 g, 107
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29 sol uti o(BH@s; osat(ea 1, d =80.1Eiz)uSong chiralcdudiiaryewas eoverpd bytflashipgeheed and
gradual |y red|s§%@£ ver, 1 hour. The reaction m xture was stirred at 80
C over ni ghSMEREA 209 r opom t enperature. The sol vents were renoved
under reduced pressure and the residue was dissolved in ethyl acetate (200
m ), washed successively wwth 1 M hydrochloric add and brine, dried over

anhydrous kemEsidSBeneyl-3t3-(henzyloxyaming-mathyl)-hexaneyl}-5,5mlimethylecnt r at ed t o

the t 7 g, 979 1IH NWVR, b (CDCl3
gl 2 (1eH I%@ﬁ?ﬁg(ﬁ“?e&%ﬂg&é@&@# g, 1, 5/04-1. 26 (4H, rr),( 0. 94)
(3H, t, .1 Hz). Step B:

acr EFP?LC%&@FM wbiaro ek siareliing ne 18, 5 ol e

cool ed tomiféy G.tH@isén mwmﬁé (130 mzaTrﬁms b AkiEE oléRight at robn MOI )
it oY aereadd

and pival oyl chloride mml) were added at such a rate that the
t enper at ur é&emperatusedThe muxture was dsssolved in ethyl acetate and the solution was washed

with 1 M hydrochloric acid, 1 M sodium carbonate and brine, dried over anhydrous
magnesium sulfate and filtered. The filtrate was concentrated under reduced pressure
to afford a pale yellow oil (25.3 g) which was shown by NMR and HPLC analysis to
contain 4S-benzyl-3-[2-(benzyloxyamino-methyl)-hexanoyl}-5,5-dimethyl-oxazolidin-2-
one {(ca. 82% d.e.) along with a trace of starting material. The product was combined
with another batch (26.9g, 76% d.e.) and dissolved in ethyl acetate (200 ml). p-
Toluenesulfonic acid (22.7 g, 119 mmol) was added and the mixture was cooled to 0
°C. The title compound was obtained as a white crystalline solid by seeding and
scratching. Yield: 25.2g, (34%, single diastereoisomer). A second crop (14.7 g, 20%,
single diastereoisomer) was also obtained. 'H-NMR;5 (CDCL,), 7.89 (2H, d, J = 8.2 HZ),
7.37-7.12 (10H, m), 7.02 (2H, d, J = 6.9 Hz), 5.28-5.19 (2H, m), 4.55 (1H, m), 423 (1H,
m), 3.93 (1H, m), 3.58 (1H, m), 2.58 {1H, m), 2.35 (3H, s), 1.67-1.51 (2H, m), 1.29-1.16
(4H, m), 1.26 (3H, s), 1.11 (3H, s), 0.80-0.75 (3H, m).

Step D: 2R-(Benzyloxyamino-methyl)-hexanoic acid

48-Benzyl-3-{2R-{benzyloxyamino-methyl}-hexanoyl}-5,5-dimethyl-oxazolidin-2-one p-
toluenesulfonic acid salt {26.2 g, 40.2 mmof) was partitioned between ethyl acetate and
1 M sodium carbonate. The organic phase was dried over anhydrous magnesium
sulfate, filtered and evaporated under reduced pressure. The residual oil was dissolved
in THF (150 mf) and water (50 mi), cocled to 0 °C and treated with lithium hydroxide



bel ow -60 C. The m xture was stirred at -78 C for 30 mnutes, warned to
room tenperature for 2 hours and finally cooled back to -78 C. In a '
separ at e fWQIKIOSHS- benzyl - 5, 5- di net hyl - oxazol i di n- 2- one REECHMM3GYed in dry
THE (500m ) and cool ed t6°78 C under ‘a bl anket™of argon. n-Butyllithium
(2.4 Msolution in hexanes, 83 m, 28p nmmol) was added slowy and the

m xture was stirred for 30 m'nutes at roomtenperature. The resulting
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di ssol ved in di ch| oronet hane_and flu meé(c a silica gi ve pure

tltle cofpERAUnd as a pigurigss efl K7Q957§%g) QPI()cﬁae?_a(?ﬁ br s)17;8419 (5H,

25 Vo, FOINBhe TR0 BMLARTR B 1R Bpra TRk m 110140 Gy . D * ¢
2. 40- 2. 34.3@H22rt#H, ) a8d 0.9220.888HM). 1.43 (31-1, s), 1.27 (3H s), o 01

(3H t, J =7.1 Hz). Sonme chiral auxiliary was recovered by flushing the
silica pad with nethanol. Step C: 4S-Benzyl -3-[2-(benzyl oxyam no

net hyl ) - E@m-[gaenﬁywﬁ;-mﬁnylmmtm thyl)}-hexanoie dcrd uenesul foni ¢ acid
salt) 4S-Benzyl (2-butyl -acryl oyi } 5, 5-di met hyl - oxazol i din 2-one (19.8 g,
62.8 nml) was nixed wth Obenzyl hydroxyl amne (15.4 g, 126 mml) and

s tC ie[ ;fg P gﬁg% gr F{f%tdﬂéﬁmyl)m&aﬁhé%fﬂw@g .92 Moffit drp €L D!
' THF (300 ml) was added formlc acetic anhydride (26.8 mi, 0.31 mol) at 0°C.
Triethylamine (18.5 ml, 0.13 mol) was added and the reaction was stirred for 1 h at 0
°C and 60 h at room temperature. The solvent was removed in vacuo to yield the title
compound as a yellow oil (33.6 g, 99%) which was used in Step F without further
purification. 'H-NMR; (CDCl,, rotamers), 8.20-8.08 (0.7H, br s), 8.07-7.92 (0.3H, br s),
7.50-7.25 (5H, br m), 5.07-4.70 (2H, br m), 3.95-3.52 (2H, br m), 2.90-2.66 (1H, br s),

1.72-1.20 (6H, br m), 1.00-0.78 (3H, br s). LRMS: +ve ion 280 [M+1].

Step F: 2R-{(Benzyloxy-formyl-amino)-methyi]-hexanocic acid pentafluoro-
phenyl ester

To a solution of 2R-[(Benzyloxy-formylamino)-methyl)}-hexanoic acid (7.8 g, 19.9 mmol)
in dry THF (500 ml) was added pentafluorophenol (44.3 g, 0.24 mol), EDC (27.7 g, 0.14
mol) and HOBt (16.2 g, 0.12 mol). The reaction was stired overnight at room
temperature. The solvent was removed in vacuo and the residue was dissolved in ethyl
acetate, washed successively with 1 M sodium carbonate (3 x 500 mi) and water (1 x
500 ml), dried over anhydrous magnesium sulfate and filtered. The solvent was
removed in vacuo to yield a yellow oil (60 g) that was purified by flash chromatography




with 1 Mhydrochloric acid, I M sodium carbonate and brine, dried over
anhydrous nmagnesium sulfate and filtered. The filtrate was concentrated
under reduceweigessdre to afford a pale yellow oil (25. 3pgrrcebesiswas
shown by NWVR and HPLC analysis to contain

4S- benzyl - 3-[ 2- (benzyl oxyam no- net hyl ) - gxanoyq-5, 5- di met hyl - oxazolidin 2-
one (ca. 82%d.e.) along with a trace of starting material. The product was
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dried polystyrene resin for Shrs. The mixture was filtered and solvent was removed under
reduced pressure. Mass spectrometric analysis showed presence of pentafiuorophenol,
so the residue was dissolved in methanol (Sml) and an excess of A-26 carbonate resin
was added. The mixture was stirred ovemight before filtration and removal of solvent
under reduced pressure to afford the title compound as a brown oil (358 mg,
0.60mmol). LRMS: +ve ion 594 [M+H].

Step H: 2R-[(Formyi-hydroxy-amino)-methyi}-hexanoic acid {1S-[4-{4-methoxy-
benzoyl)-piperidine-1-carbonyl]-2,2-dimethyl-propyl}-amide

2R-{(Benzyloxy-formyl-amino}-methyl]-hexanoic acid {1S-[4-(4-methoxy-benzoyl)-
piperidine-1-carbonyl]-2,2-dimethyl-propyl}-amide {358mg, 0.60 mmol) was dissolved
in ethanol (6 ml). Cyclohexene (0.60ml) was added and the mixture placed under a
blanket of argon. A suspension of 10% palladium on charcoal (40mg) in ethy! acetate
(1 ml) was added and the mixture was stirred at 70°C for Shrs. The reaction mixture
was cooled and the catalyst removed by filtration. The filtrate was concentrated to
provide the title compound as a brown oil (294mg, 0.58mmol). Characterising data are



over anhydrous magnesium sul fate, filtered and concentrated to provide the
title conpound as a colourless oil (7.4 g, 73%. "HNWR b (CDCIS), 8.42 -
(2H, br swooI1®a+ 7.25 (5H, m), 4.76-4.66 (2H, nm), 3.20RC/GRIMONE 1 2 73
(1 H m, 1.70-1.44 (2H,"m% 1.34-1.22 (4H, m "and 0.92-0.86 (3H, m. Step
E: 2R-[(Benzyl oxy fornyl am no)-nethyB3]-hexanoic acid To a sol ution of .
2R- (Benzyl oxyam no- net hyl ) - hexanoic acid (30.6 g, 0.12 nol) in dry THE
(300 rﬂ)pmedaﬂdFyMéq)_rmc acetic anhydride (26.8 nm, 0.31 nol) at OC
Triethylamne (18.5 m, 0.13 nol) was added and the reaction was stirred
for I hat .0 Cand 60 h at roomtenperature. The solvent was renoved in
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(7.8 g, nexessanivas carfiedipyt by-prepamd Lias added pental | uor ophenol (44.3
g, 0.24 nol), EDC (27.7 g, 0.14 noi) and HOBt (16.2 g, 0.12 noi). The
reaction was stirred overnight at room tenperature. The sol vent was
removed in vacuo and the residue was dissolved in ethyl acetate, washed
successively wwth 1 M sodi um carbonate (3 x 500 ml) and water (1 x 500
m), dried over anhydrous magnesium sulfate and filtered. The sol vent was
renoved in vacuo to yield a yellow oil (60 g) that was purified by flash
chr omat ogr aphy WO 01/ 10834 PCT/ GB00O/ 03078 32 (5:1, hexane:ethyl acetate -*
1: 2 hexane-ethyl acetate) to yield a clear oil (42.0 g, 7999. 'H NWR
8(CDClI 3, rotaners), 8.20-8.09 (0.7H, br s), 8.09-7.92 (0.3H, br s),
7.60-7.21 : :




(51-1, br
br s),

m
1. 85-

, 5.00-4.70 (2H, br
(21-1, br
LRVS: 466 [ Mwéoriseap G 2R-[ (Benzyl oxy fornyl
(1S.[4-(4-net hoxy-benzoyt) - pi peridi ne-|-carbonyl] 2,2-dinethyl -

1.57

m, 4.04-3.72 (2H,

m, 1.50-1.26 (4H, br

br
n,

m,

3.18-3.00 (1 H,
1.00-0.82 (3H, br
. am no) - net pgiTiGRoesarOi ¢ aci d

m;

propyi } am de

2R [.(Benzyi oxy-fornyl -am no) - net hyl ] - hexgnoi ¢ acid pentafluorophenyl ester

(231 ny,

0.52mmol ) and

2S-am no- 1- [ 4- (4- met hoxy- benzoyi ) - pi pefdype §-! -yl 1- 3, 3-di met hyl - butan- 1-one
(prepared fronmr N benzyl oxycarbonyl-L tert IeUC|ne) (259 ng, 0.78mmol) were
di ssol ved i drchi of onethane (6nil) and the m xtur ¢gmassspée r ed overhi ght at
27C. An exddxample hmber | yst A- St exchange regin pé ddPERd { he
m xture sti rfee—fett—2—ohts—hefore—t+reat+or—Hhg—resttttpog—sotut+pbn was
then treated with nethyl isogyanate polystyrene rlesin for|5hrs. Thg
m xture was {filterefl and solvent was renoved under} reduced pressurge. Mass
spectronetrijc anal ypi s regence of pentafl joropheno _Q§%" 3
resi due was {di sdol vpty y eBHis04 AL B ohate
resin was gdded. The yn xtur 3 t before]f ratlan and
removal of dol vent |under reduced rd the t tIe conppund as
a brown oil (358 ng 0. 60mmol ). [NHH] Step H:
2R—((For rryl - |ydi‘u)\y' &t ||u) et :ly: t=—trexamorc—actd \J.o-j 7= \'+ et :luz\y-
benzoyl )-pipge rldl he-1-carbo ]1-2,2-di nethyl -prapyl }-am gde 2R-[(Bgnzyl oxy
fornyl -am ng) - met hy| ] - hexanoic acid (1S-[4-(4-nethoxy-benzpyl) -
pi peri di ne- 1} car bonyl ] - 29t- hyfl- propyi } - ami de ;(358nmg, D6 1) was
di ssol ved ijn ethanp > e ( mL) mﬂﬂ#«ﬂdaﬁ}%ﬁgﬁ?%e
m xture pl aded undef an bl anket erjsi on of loﬁopa afi um on
charcoal (4Qmy) in gthyl acetate 1 n1) Yas ded and the|l m xture pas
stirred at 7/0C for bhrs. The reaction nlxpuﬁe wag cool ed pnd the chtal yst
renmoved byf'lfrnfiwn The filtrate vas conceltit-at -0 pn\_/idnth title
conpound as ja brownjoil (294ny; 0.58mmmol). Character|5|ng Jata are }
3 QOH " \/ﬁ\ o M#H}=505 | RT=17.3mins
°§rﬂ v N/\j [M-H]=503 83% pure
CEA NS
o o | . ;
N [M#+H]=447 | RT=21.5mins
4 OYN \z)]\" [M-H]=445 90% pure
" A~
OH o
5 OQI/& N\Y/H\N gr:g;g; RT=20.8mins
H 1+
/i\- [M-H]=476 95% pure
OMe
Me




WO 01/ 10834 PCT/ GB00/ 03078 33 provided in Table 1. The conpounds of

Exanpl es 2-13 were prepared by the synthetic route outlined in

and as de¥0015884i n det ai | Exanple 1. Steps G and HPOE/GBIKWAIBI ed out

f or

Scheme 1

in parallel for all exanples. L-tert-leucine derivatives were prepared

according to
conpounds,
01/10834 PCT/ GB00/ 03078 34 Table |

est abl i shed |iteraturesget hods.
where necessary, was carried out by preparative HPLC. WO
Exanpl e Structure paw Spec.

Purification of the final

HPLC OH H

O1 ONNOI[MH =504 RT 21 . 7rrins 88%pure HO' Ol 2 O/Ng [MH =487
RT=20.1|mnx 8%96 pun: HO N=N NH a o [ MtH =5(35 RT=17.3pins 3 o
[MH 7503 83%pjre H O4 P N N M-H =447 RT=21.83nins [WH =445 90%lpure H
OH (o]
| H
o N N [M+H]=465 | RT=20.6mins
6 T T \fu\" M-HJ=463 | 93% pure
F
oH \/ﬁ\ [M+H]=502 .
7 OYN H . N [M+Na]=524 Rg;;:.amms
e
o
o™ oIl fM+Naj=496 | RT=21.2
. +Naj]= =21.2mins
s °Y N N\_E/U\N M-H]=472 | 91% pure
H 0 /)i\
o)
o Hof
. OYN “\E/U\N/\ O [M+H]=537 | RT=19.8mins
H o /T\ k/N M-H]=535 95% pure
o wo [M+H}=475 | RT:
N +H]= =24.3mins
e \/U\O M-H=473 | 87% pure
T




H " [MH 78 RT=20. 8nins

6
]

[ MENa] ~ 95% pure
PCT/-GBOO' 03078 35 OHHO

pure HF Hwo@uibsdk N [ M-Na] =524 RT=19. 3ni ns
O\ /N [MNa]=496 RT=21.2nins ~~

[ MtH] =537 RT=19. 8m ns

[k"1=472 91 % pure
HOL N EM M:5353é95% pure

HOO

*M [ AA- H =476 OMVe WD 01/ 10834
O N NN [ M-H] =465 RT=20.6nins y O [ M M:=463 93%
[ M H =500 9#efreno308H H O 8

IHHOON9 N

OH H O 10 OyN N [ M+H] =475

RT=24.3mns N 1 [MH =473 87% pure
oH Q
i [M+H]=477 | RT=20.3mins
1 OYN \)\ O MH=475 | 84% pure
H 0 /T\ N
?H H 1 M+Na]=487 | RT=18.7mins
12 OYN "~ N M-H}=463 | 94% pure
H 0 /T\ l\/NTC\O
OH
1 "
0. N _ RT=21.0mins
13 Y IM+HI=502 1 " 8% pure
H
H o
o ﬁ | \/U\ M+H]=512 | RT=21.7mins
14 Y N [M-H}=510 84% pure
H /‘I-\ //
N~
OH 0
i H .
O N N [M+H]=481 | RT=18.7mins
15 Y \E/U\N/\l [M-H}=489 | 98% pure
0 /‘\




~N'\ H O WD 01/10834 PCT/GB00/03078 36 OH | 11 0 N H % [ M-H =477 RT

20.3nmins [MH =475 84%pure NHO~ iHH12 o N N [MNa]=487 RT=18. 7ni ns
N [ M H =4¢®og4éspure H O N-O OH 13 OH p N [ MrH} =502 RiCI2GBIMWSTS 88% pur e
c~H O 14 O-N M M+H] =512 RT=21.7nins N [MH =510 84%pure HOHo H a ~ N

[ MkH =491 RT=18.7mins 15 ' ' [MH =4§p 98% pure H O YH
- OMe
. OH OMe 1 IM#Naj=650 | RT=21.5mins
OYN _ OMe M-H]=626 86% pure
H E

[M+H]=546 | RT=22.8mins
fM-H}=544 88% pure

. OYE L

# 'H-NMR; 5 (CD,OD, rotamers), 8.26 (0.4H, s), 7.84 (0.6H, s), 7.69 (2H, m), 7.39 (2H, m), 6.49
(0.4H, s), 6.42 (0.6H, s), 5.01 (0.6H, s), 4.96 (0.4H, 5), 4.64 (0.6H, d, J=13.1 Hz), 4.51 (0.4H, d,
J=13.2 Hz), 4.36 (0.6H, d, J=13.2 Hz), 4.28 (04H, d, J=13.6 Hz), 3.10 (1H, m), 3.43 (0.4H, m), 3.32
(0.6H, m), 3.00 (2H, m), 2.86 (2H, m), 2.09 (2H, m), 1.59 (4H, m), 1.27 (4H, m), 1.02 (9H, m), 0.90
(1.4H, s) and 0.79 {1.6H, s).

The compounds of Examples 18 to 40 were prepared from 2R-{(Benzyloxy-formyi-
amino)-methyl}-hexanoic acid pentafiuorophenyl ester in a similar way to Example 1
" but with the following modifications.

Step G: Generic experimental procedure for the synthesis of an array of
amides

The coupling of amines to the pentafluorophenyl ester were carried out on a Zymate
XPII laboratory robot. To a solution of the pentafluorophenyl ester (55.8 mg, 0.12
mmol) in dichoromethane (2 mi) were added the individual amines (0.25 mmol) and the -
reaction mixtures were stirred at room temperature for 60 h. Purification was effected
by removing excess amine and pentafluorophenol using scavenger resins. The
pentafluorophenol was removed using a three fold excess (0.36 mmol) of A-26
carbonate resin (3.5 mmol loading). The resin was added to the reaction mixtures and




11 ~ .~ WD 01/ 10834 PCT/ GBOO 03078 37 Ove 16 ONH N $ OM [M+Na] O
RT=21.5mins Y "N ame [ M N =626 8696 pure H O OMe OH O N [ MrHI =546
RT=22. 8mi nswalsiedsh =544 88% pure HL G # ' H NVR, 8 ( CD3ORCTVGROMINE), 8. 26
(0.4H, s), 7.84 (0.6H s), 7.69 (2H, m, 7.39 (2H m), 6.49 (0.4H s),
6.42 (0.6H, s), 5.01 (0 6H, s), 4.96 (QgdH, s). 4.64 (0.6H, d, J=1 3.1 Hz),
4.51 (0.4H, d, J=13. ), 4.36 (0.6H d, J=13.2 Hz), 4.29 (0.4H d,
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pent af | uor Blysdayield dhe coupled pradyeteYislds Wﬁredlozm;au@te%m thwyamm

[ ai chor o o Spriedind Sals el SHRTAML CTIURMBS.C 18 25 ol ) and

t he

Step H: Generic Transfer Hydrogenation Procedure

Coupled products from Step G were taken up in an ethanol-cyclohexene solution (3
ml, 10% in cyclohexene) and Pd/C (20% w/w) was added and the reactions stirred
at 80 °C for 24 h. The Pd/C was filtered off and the solvent was removed in vacuo
using a Savant Speed Vac Plus to yield the titte compounds (Examples 18 to 40,
Table 2). Yields were not calculated and the purity and integrity of each compound
was verified using HPLC and LRMS.



reaction mxtures were stirred at roomtenperature for 60 h. Purification
was effected by renoving excess am ne and pentafl uorophenol using
scavenger wedilnes3s The pent afl uorophenol was renoved usikrGy/GBaoNsese f ol d
excess (0.36 nmml) of A-26 carbonate resin (3.5 mol |oading). The resin
was added to the reaction m xtures anggW0O 01/ 1083# PCT/ GBOO 03078 38
agitated for 24 h, after which tine it was filtered off. The excess am nes
were renmoved using a three fold exqgpe40.36 nmol) of nethylisocyanate

pol ystyrene resin (1.2 mmol [|oading). The resin was added to the reaction
m xtures and agitated for 4 h, after which tinme it was filtered off. The
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DassagwitRhay P ' ioprep ik Ion exchange
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96 mn regin.

' : Resins
' ?~ RTS
2 |, &) 9 | s020a1,100 it | PrepHPLC

e o
[o] (o]
d RT 12.0 min and
, oH '/\N):)/ 378(M+1, 40) 12.2 min R"f_',’;_c
! e N 352(M+1}Me, 100) | (diastereomers) | F1P
>08%
(o] [+

[¢] .
NQ/L . RT 18.5min Resins
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H N N [CeHal.CH, 100)
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H
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HHPLC O~G- RT 21.8 min (Resins. 19 368 (M1, 100) 80% Prep HPLC HYZIP O
OQWRT 8 mn Resins 2 0 Hy J J 392 W, 100) 100 Prep HPLC 0 O RT 12.0 min

and Resins @bo@bssN 378( M1, 40) 122 nin Prep HPLC N- 36R87dndnhod)

(diastereomers) N >98% O0O22r i 1 376 (M+1,100) RT 18.5 mn Resins ~N
100% 424 (Mrl,30), RT 17.5 nin 23 OH 233‘—1} 95% Resins Hy NJ i [ ,100) O
24pH 333 (M+l1 , 30) RT 21.6 mn Resins 100% O i C~ WD 01/10834
PCT/ GB00/ 036-+8
oH 421 (M+1-H,0, 50) _ ,
RT 22.3 mih Resins
H "
% 1 Ei("' O 437 (M-1, 60) 100% prep HPLC
¥
NO RT 17.7 min Resins
26 "Yxt/z(”\/‘ 334 (M+1, 100) 100%
o o
O 458 (M+1, 20)
o7 258 ([M+1]- RT 26.4 min Resins
OH N O [CeHs]CeH,CICH, 100% prep HPLC
HYN N " 100)
0 o
c
/© RT 22.1 min Resins
28 OH (N 388 (M+1, 100) 100% prep HPLC
Mo N._J
o} o
2 peaks,
0./ "OH
I~ RT 3.2 min .
» | ?H\/Eg O (e, 100) | ST 320 Resins
j;’" 100%
oM 2 peaks,
RT 3.1 min .
30 ) ::'JH N 316 (M+1, 100) and 3.5 min Resins
]o( 100%
o]
HO
1 peak with
31 OH 263(IM+11H,0, 90) shoulder, Resins
”\gz"‘ N RT 16.8 min
o]




40 OH 421 (M+1-H20, 50) RT 22.3 min Resins 25 (QH 437 (M1, 60) 100% prop
HPLC H'N N bi 26 N 334 (Mtl 100) RT 17.7 min Resins H 100% O O 458 (M1,
20) 27 25%vqoidedss- RT 26.4 min Resins ?H [ CBHACBHAC CHpCc1/GBoédvgsomp HPLC
HN NG 100) 0 0 A i 28 OH~N[ 368 (Ml 100) RT22.1 min Resins H N
100% prep HPLC 11 O O o f~ 2 peaks, {l‘ ~ N~ 346 (M1, 100) RT 3.2 mn Resins
29 OH( J and 3.6 min 100% OH 2 peaks, 30 off rN 316 {Mt9, 100} RT 3.1 min
Resi ns ape=—3—5y#+n

Cl
/@ RT 15.8 min .
32 HIQH 0 cl | 402 (M+1, 100) >05% Resins

N

0\
oH N,O RT 11.7 min i
s | ¢ Q 364 (M+1, 100) >95% Resins

XN
"
RT 14.7 mi i
# | o % N 403 (M+1, 100) 95%""" Resins
L s '
(o] )

RT 14.5min
35 ?H 0 373 (M+1, 100) 5% Resins
N .

F
O RT 13.3min Resins,
36 460 (M1, 100) >95% Prep HPLC
'YUSR®
H N N - :
T

O
aH N 379 (M+1, 100), RT 13.6 mi ’ .
37 Hr'{\z[r(\) ( ) >95%mn Resins

F
38 QH QNO/ 362 (M+1, 100) RT 5.9 min

> 95%




H 100% 0 HO OH 283([ M+11-H20, 90) 1 peak with 31 H N N shoul der, Resins
TO RT 16.8 min WO 01/10834 PCT/GB00/03078 41 a / | 15. 32 CHNa d 402
NO 100) RT >%@énedesins H'N NJ / 0 33 OH ~N 364 (M+l, 1G@r/dBooAdre nrn
Resins H'NNJ N 34 OH 403 (M+l,100) RT 14.7 nh2n Resins y F F F 35 4H
373.(M+1,100) RT 14 ~ 95% Resins N\ RT4213 3 mn Resins,

P
RT 11.3 min
39 H o) 352 (M+1, 100) Resins
b ifg
K ] 15.7 min .
40 H\gjii[ 0 362 (M+1, 100) ~85% Resins

The compounds of the Examples 1-40 are named as follows:

Example 1
2R-{(Formyl-hydroxy-amino)-methyl}-hexanoic acid
51{1S-[4-(4-methoxy-benzoyl)-piperidine-1-carbonyl}-2,2-dimethyl-propyl}-amide

Example 2
2R-[(Formyl-hydroxy-amino)-methyl}]-hexanoic acid
[1S-(4-benzotriazol-1-yl-piperidine-1-carbonyl)-2,2-dimethyl-propyl}-amide

Example 3

2R-{(Formyl-hydroxy-amino)-methyl]-hexanoic acid
[1S-(4-benzo[1,3]dioxol-5-yimethyl-piperazine-1-carbonyl)-2,2-dimethyl-propyl)-
amide

Example 4
2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid
[2,2-dimethyl-1S-(4-phenyl-piperidine-1-carbonyl)-propyl}-amide



36 460 (M1, 100),yo Prop HPLC OH ~N H'NNJ O O/ | O37 CHr 379
(M+1,100), RT 13.6 min Resins >95% 38 352 (Mt#1l,100) RT 5.9 n Resins NE >
95% 0 0 \wArowi1038834 PCT/ GBO0/ 03078 42 0 39 ~H 0 352 PEWGBUWUBPTSRT 11.3
mn Resins HN,,J >96% 40 OH N 362 (M+1,100) 1> 59rnin 6 Resins The
conmpounds of the Exanples 1-40. are nanggd as follows: Example | 2R

[ (For nyl - hydr oxy-am no) - net hyl ] - hexanoi ¢ acid 51 {1

S-[4- (4- et hoxy- benzoyl ) - pi perid ine-1-carbonyl}-2,2-d imethyl-p

ropyl }-am de Exanple 2 2R-[(Fornyl -hydroxy-am no)-nethyl]-hexanoic acid [1
S- (4- benzB¥ampled? - 1-yI - pi peri di ne-1 -carbonyl ) -2, 2-di net hyl - propyl ] - ani de

Exanpl & 3 R Ara MO hfIRA B bl exanoi ¢ aci d
[1S-(6,7-dimethoxy-3,4-dihydro-1H-isoquinoline-2-carbonyl)-2,2-dimethyl-propyi]-
amide

Example 6
R—[(Formyl-hydroxy-ammo)-methyl]-hexanmc acid
{1S-{4-(4-fluoro-phenyl)-piperidine-1-carbonyl]-2,2-dimethyl-propyl}-amide

Example 7

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid
{2,2-dimethyl-1S-[4-(2-oxo-2,3-dihydro-benzoimidazol-1-yl)-piperidine-1-carbonyl}-pr
opyl}-amide '

Example 8
2R-[(Formyl-hyd roxy-ammo)-methyl]-hexanorc acid
[1S-(4-benzoyi-piperidine-1-carbonyl)-2,2-dimethyl-propyl}-amide

Example 9
2R-{(Formyl-hydroxy-amino}-methyi}-hexanoic acid
[1S-(4-benzhydryl-piperazine-1-carbonyl)-2,2-dimethyl-propyll-amide -

Example 10
2R-[(Formyl—hydroxy-ammo)-methyl]-hexanmc acid
{1S{4-(2, 5-d|methy|-phenyl)—pnperazune-1-carbonyl]—2 2—d|methyl-propyl}-am|de

Example 11
2R-[(Formyl-hydroxy-amino)-methyi]-hexanoic acid
{1S-{4-(2-methoxy-phenyl)-piperazine-1-carbonyl]-2,2-dimethyl-propyl}-amide




[1 S-(4-benzo[1, 3]dioxol -5-yl met hyl - pi perazi ne- 1-carbonyl )-2, 2

di mgt hyl - propyl ]- am de Exanple 4

2R- [ ( For ny| -{p@imeess ami no) - met hyl ] - hexanoic acid [ 2, 2-di merissbe/dsors

S- (4- phenyl - pi peri di ne=1-car bonyl ) -propyl ]-anm de WO 01/ 10834

PCT/G1L100/ 03078 43 Exanple 5 2R-[( For‘{‘r‘yl - hydr oxy- am no) - net hyl ] - hexanoi c
acid [1 S-(6, 7-di net hoxy- 3, 4-di hydro-1

H i soqui nold ne- 2- carbonyl ) -2, 2-di net hyl - propyfl - am de Exanple 6
2R-[ ( For nyléxﬂm?f%%- am no) - net hyl ] - hexanoi ¢ acid {1

S-[4- (4f | ugRg Wh?drﬁkylﬁmn@mdth Xanoildeid?, 2- di met hyl - propyl } - am de
Exanple 7 2R—E: Fornyl - hydr oxy-am no) - met hyli- hexanoic acid {2, 2-di nethyl -1
S-[ 4- (2- oxd1$- (furamy%m%eeyi):elpmaamorcwbml -g2rtimethyl-propyl-98Mde | - pr

opyl }-am de Exanple 8 2R-[(Fornyl-hydroxy-am no)-nethyl]-hexanoic acid [1
S- (4- benzoyl - pi perdne- 1-car bonyl ) -2, 2-di net hyl - propyl ]-am de Exanple 9
2R- [ ( For ny|EXaymplen%§ - ami no) - met hyl ] - hexanoic acid [1

S- (4- benzh - pi i ne-| - | )= 2, 2- di pret hyl - | ]-am de Exanpl
10" 2R [ ( FodmlER A BRI eRA o e B A ncq | YA oo BamLe
{15-[4-(5-furan-2-yl-2H-pyrazol-3-yl}-piperidine-1-carbonyl}-2,2-dimethyl-propyi}-

amide

Example 14
2R-f(Formyl-hydroxy-amino)-methyl]-hexanoic acid
{2,2-dimethyl-18-[4-(5-phenyl-2H-pyrazol-3-yl)-piperidine-1-carbonyl]-propyl}-amide

Example 15

2R-[(Formyl-hydroxy-amino}-methyl]-hexanoic acid
{1S-[4-(4-methoxy-phenyl)-3-methyl-piperazine-1-carbonyl}-2,2-dimethyl-propyl}-ami
de

Example 16

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid
{1S-{1-(3,4-dimethoxy-benzyl}-6,7-dimethoxy-3,4-dihydro-1H-isoquinoline-2-carbonyl
1-2,2-dimethyl-propyl}-amide

Example 17

2R-[(Formyl-hydroxy-amino)}-methyi]-hexanoic acid
(18-{4-[5-(2-chloro-phenyl)-2H-pyrazol-3-yl}-piperidine-1-carbonyl}-2,2-dimethyl-prop
yl)-amide

Example 18
N-Hydroxy-N-{2R-(4-pyrimidin-2-yl-piperazine-1-carbonyl)-hexyl]-formamide



{1

S-[4-(2, 5-di met hyl - phenyl ) - pi per azi ne- 1- car bonyl ] -2, 2-di net h ropyl }-amd
e Exanpl WO1984[ ( For nyl - hydr oxy- ami no) - net hyl ] - hexanof¢/G® 0(93

S-[ 4( 2- met hoxy- phenyl ) - pi per azi ne- | - car bonyl ] - 2, 2-di et hyl - pr opyI }-am de wo
01/ 10834 PCT/ GB00/ 03078 44 Exanple 482 .
2R-[ (For nyl - hydr oxy-am no) - net hyl ] - hexanoic acid {1

S-[4- (f yaimple@® bonyl ) pi per azi ne- 1-car bonyl] 2, 2-di met hyl - propyl } - am de
Exanmpl e 13 ZR-[ ( For nyl - hydr oxy- am no) - net h -hexan0| c acid {1 S-[4-(5

- f ur an- N§2R44+( P"@I‘YH)‘P%'%'P?GTG?@ ﬁﬁ\eﬁﬁh Dirhy @W‘Wﬁ’?l -propyl) -

am de Exanple 14 2R [ (Fornyl - hydr oxy-am no) - net hyl ] - hexanoi ¢ acid

{2, 2-di et hyl -

S-[ 4- ( 5-Exmmple-20H pyr azol - 3-yl ) - pi peri di ne-1-carbonyl ] -propyl } - am de

{E)l(gm[) Le(&??él?ﬁ% Wé@#&%ﬁ?ﬂ‘&"ﬁ@ﬂ%l‘lr%pq&é'@@ﬁBW]"yQ%l nmet hyl - pr opy

i }-am fndhided! € 16 2R-[ (For nyl - hydr oxy- am no) - met hyl ] - hexanoic acid {1
S-[1-(3, 4 di met hoxy- benzyl ) -6, 7- di met hoxy- 3, 4-di hydro-1

H i soqui nol i ne-2-carbonyl ]-2,2-di nethyl-propyl}-amde Exanple 17

2R-[ ( For@%magcypxy- am no) - met hyl - hexanoi ¢ acid

N-Hydroxy-N-{2R-[4-(4-methoxy-phenyl)-3-methyl-piperazine-1-carbonyl]-hexyl}-
formamide

Example 22
N-{2R-[4-(4-Acetyl-phenyl)-piperazine-1-carbonyl]-hexyl}-N-hydroxy-formamide

Example 23
N-[2R-(4-Benzhydryl-piperazine-1-carbonyl)-hexyl]-N-hydroxy-formamide

Example 24.
N-Hydroxy-N-[2R-(4-phenyl-piperidine-1-carbonyl)-hexyi]-formamide

Example 25
N-Hydroxy-N-{2R-[4-(hydroxy-diphenyl-methyl)-piperidine-1 -carbonyl]—hexyl}-fonna.mide

Example 26
N-Hydroxy-N-[2R-(4-phenyl-piperazine-1-carbonyt)-hexyl}-formamide

Example 27
N-(2R-{4-[(4-Chioro-phenyl)-phenyl-methyl}-piperazine-1-carbonyl}-hexyl)-N-hydroxy-for

mamide

Example 28




(1

S-{4-[5-(2-chl oro-phenyl)-2H pyrazol - 3-yl ] - pi peri di ne-1-carbonyl } -2, 2-di net
hyl -prop ylweawisss Exanpl e 18 N Hydroxy- N-[ 2R- (4- pyri m dPCu/GB00/03078

2-yi - pi perazi ne-|-carbonyl)-hexyl]-fbrmam de WO 01/ 10834 PCT/ GBOO 03078 45
Exampl e 19 46

N- (2R-[ 4- (4- Chl or o- phenyl ) - pi perazi ne-1| - car bonyl ] - hexyl ) - N- hydr oxy-formam d

e Exanmple 20 om 1412 i e R . i
N-[ 2R- ( 4- beﬁ"%ﬁ {3 Chlorg-phenyiypipgrazine;t-camonylkhexyl-N-tydroxyformamide. \ hydr ox
y- formam de Exanple 21

N- Hydr oxy- N- 2R—4 4&4- nmet hoxy- phenyl ) - 3- net hyl - pi per azi ne- |
-carbonyl ] - hé’%?‘i‘ 18281 nani de Exanpl e 22

(2R | - (4 00k APEZRAD RIS ks F o et ashsslcarin sty | or o ¢

N- [ 2R- ( 4- Berfetmamige- pi per azi ne- 1- car bonyl ) - hexyl ] - N- hydr oxy- f or mani de
Exanpl e 24 N Hydroxy- N-[ 2R- (4- phenyl - pi peri di ne- 1- car bonyl ) - hexyl ]
formam de Exanple 25 N-Hyd roxy-N (2R-[4(hyd roxy-d
i phenyl - et leptampié peri di ne-1 -carbonyl]-he)qgl}-forma md e Exanple 26
N- Hyd - N - (4-ph - pi bonyl ) - hexyl ] - f i de . Exanpl
Y 0 N koo KR B e - sisarashi tcarbolneigh Bimatice ="' ©
N (2R-{4- ((4-Chl or o- phenyl ) - phenyl - net hyl ] - pi per azi ne- 1- car bonyl } - hexyl ) - N-
hydr oxy for

Example 31

N-Hydroxy-N-{2R-[2-(2-hydroxy-ethyl)-piperazine-1-carbonyl]-hexyl}-formamide

Example 32
N-{2R-[4-(3,4-Dichloro-phenyl)-piperazine-1-carbonyf]-hexyl}-N-hydroxy-formamide

Example 33
N-Hydroxy-N-{2R-[4-(4-methoxy-phenyl)-piperazine-1-carbonyi]-hexyl}-formamide

Example 34
N-Hydroxy-N-{2R-[4-(3-trifluoromethyl-pyridin-2-yl}-piperazine-1-carbonylj-hexyl}-
formamide

Example 35
N-Hydroxy-N-{2R-{4-(1H-indol-7-yl)-piperazine-1-carbonyi}-hexyl}-formamide

Example 36
N-(2R-{4-[Bis-(4-fluoro-phenyl)-methyl}-piperazine-1-carbonyl}-hexyl)-N-hydroxy-
formamide

Example 37
N-Hydroxy-N-{2R-[4-(4-nitro-phenyl}-piperazine-1-carbonyl}-hexyl}-formamide



mam de Exanple 28 WO 01/10834 PCT/ GBOQ 03078 46 N-{2R

[ 4- (3- Chl oro- phenyl ) - pi pera2| ne-| - carbonyl ] - hexyl } N- hydr oxy-f or mam de
Exanpl e 23w0 01/10834 PCT/GB00/03078

N- Hydr oxy- N- (2R-{4-[ 2- (2 hydroxy et hoxy}et hyl ] - p| per azi ne- 1- car bonyl ) - hexyf
)- formam de Exanple 30

N- Hydr oxy- N- ( 2R-[ 4- ( 3- hydr oxy- propyl } pi pera2| ne-| - carbonyl ] - hexyf}-formam d
e Exanple 31 NHydroxy-N-{2R-[2-(2

hydr oxy- et hyl') - pi perazi ne-1-carbonyl]-hexyl }-fornman de Exanple 32 N-{2R

[ 4- ( 3, 4- Dikxarople-38henyl ) - pi per azi ne-1 - car bonyl ] - hexyl ) - Nhydr oxy- f or mani de
Exanple 3

N Ly dr oxy -NEZBHAA-FIRTR-RNE T PIDRIARRS: 1-SAREPERRNAYINIPTRRS ) -  or
de Exanple 34 N-Hydroxy N-{2R-[4-(3 trifluoronethyl-pyridin

2-yl)-pi perazi ne-1-car bonyl ) - hexyl )- formam de Exanple 35

N Hydr oxy-ERxampte[39- (14 i ndol - 7 yi ) pi per azi ne-1 - car bonyl ] - hexyl } - f or mani de

Exanpl e 3 ¥ ;

N (2R (4 (SRR Firan3 cabony piperazing.1-catbomyLheai)-\-hydraromaride, )y
roxy- formam de Exanple 37

N- Wdroxy-él-xén%pﬁ-e%-m- ni fro-phenyl ') - pi perazi ne-1-carbonyn-hexyl }-fornmm de

N-{2R-[4-(2,5-Dimethyl-phenyi)-piperazine-1-carbonyl]-hexyl}-N-hydroxy-formamide

The compounds of Examples 41 and 42 below were prepared in solution by paraliel
synthesis. The general synthetic route (Scheme B) is outlined in detail below for
Example 41. 2R-Cyclopentylmethyl-succinic acid 4-terf-butyl ester was prepared by
analogy with methods in patent application number WO 92/13831

Scheme B
F
Step A o ‘/\N’@
g -
)( OH - )(0 N
(o}
o o
Step B l
g
N StepC /Gr
o, 0 O _ Swr o (N
N HO
o} 0

Reagents and conditions: Step A, Amine, PyBOP, HOAt, DIPEA, CH,Cl,;
Step B: TFA, CH,Cl,; Step C: NH,OH, NMM, DMF, PyBOP, HOAt, Et;N, CH,CI,



PCT/ GBOO 03078 WD 01/10834 47 Exanple 38

N-{ 2R-[ 4- (4- Fl uor o- phenyl ) - pi perazi ne- 1- car bonyl ] - hexyl } - N- hydr oxy

formam de BEwsngli10s339 PCT/GB00/03078
N-{2R-[ 4- (Fur an- 2- car bonyl ) - pi per azi ne- 1- car bonyl ] - hexyl ) - N- hydr oxy- f or mam
de .Exanple 40

N-{2R-[ 4- (2, 5- Di net hyl - phenyl ) - pi peraziﬁ;e-l -car bonyl ] - hexyl ) - N- hydr oxy
formam de The conpounds of Exanples. 41 ng142 bel ow were prepared in
solution by parallel synthesis. Th % i synthetic route (Schenme B) is
outlined in detail below for Exanple 41. 2R-Cycl opentyl met hyl -succinic

aci d 4-t er tFHy\SrebadfibR bf SREyBIoBERYRATbINN-4-[374060-pHenl ) Piidiasia-1.y-Rat ent
application Hr%}snbke)r WO 92/ 13ggrf68?zeneﬁ% Step m C?r)lﬁ% %1 o} W J~O O
O O Step Hydroxy-4=oxgrbrtyeamide C o

Step A: 3R-Cyclopentylmethyl-4-{4-(4-fluoro-phenyl}-piperazin-1-yl}-4-oxo-butyric
acid fert-butyl ester

To a solution of 2R-Cyclopentylmethyl-succinic acid 4-feri-butyl ester 1 (250 mg, 1.0
mmol) in dichloromethane (5 ml) was added PyBOP (670 mg, 1.3 mmol), HOAt (145
mg, 1.0 mmol), DIPEA (278 i, 1.7 mmol) and amine (211 mg, 1.2 mmol), the reaction
mixture was stirred at room temperature for 24 h. The solvent was removed in vacuo
to yield an orange oil (800 mg), which was taken up in ethy} acetate (50 ml) and was
washed with 1M sodium carbonate (2 x §0 mi), water (1 x 50 mi) and dried over
anhydrous magnesium sulphate. The solvent was removed in vacuo to yield the title
compound as a yellow oil (600 mg), which was purified by preparative HPLC.

Step B: 3R-Cyclopentylmethyl-4-{4-(4-flucro-phenyt)-piperazin-1-yl}-4-oxo-butyric
acid

To a solution of 3R-Cyciopentyimethyl-4-[4-(4-fluoro-phenyl)-piperazin-1-yi}-4-oxo-
butyric acid fert-butyl ester in dichloromethane (3 ml) was added TFA (2 ml) at 0°C, the
reaction mixture was stirred at 0°C for 0,5 h and at room temperature for 1.5 h, after
which time no starting material remained. The solvent was removed in vacuo and the
TFA was azeotroped with toluene to yield the tile compound as an orange oil (364 mg),
which was progressed to the next step without further purification.

Step C: 3R-Cyclopentylmethyl-4-[4-(4-fluoro-phenyl)-piperazin-1-yI}-N-hydroxy-4-
oxo-butyramide

To a solution of 3R-Cyclopentylmethyl-4-f4-{4-fluoro-phenyl)-piperazin-1-yl}-4-oxo-
butyric acid {364 mg, 1.0 mmol) in dichloromethane (3 ml) was added PyBOP (575 mg,



HO. N,) NJ- HO O O Reagents and conditions: Step A Am ne, PyBOP, HOAt,
DI PEA, CH2Cl 2; Step B: TFA, CH2CA 2; Step C NH204, NwW DMVF, PyBOP, HOAt,
Et 3N, CH2®l®on33d1/ 10834 PCT/ GBOO/ 03078 48 Exanpte 41 Po®GBoeg3ersati on of
3R- Cycl opentyl met hyl - 4-[ 4- (4-fl uor o- phenyl ) - pi perazin-1-yl]-N

hydr oxy- 4- oxo-butyrani de. Step N. 3R Cyggopenty[nethyl -4.{4-(4

fl uoro-phenyl) - pi perazin-1-yl]-4-oxo-butyric acid tent--butyl ester To a

7D, 10 mrnlrh HORFPRE DY hrolf e ER e, i o, §hffod ot =7

rlmrz)l ), :—I)Ohyd(r?xylammaj;ydtocmlonu (105 DIgPEES ol (;r()a Seﬁarataﬂa)skanBWr(izm]z (vﬁé%élnﬁ,
nmo xture was stirred at ro tyre for :
The sol veﬁf’dﬁgg‘f“ﬁ@r(‘%g&'- |1:P’ Rl mﬁ s?*‘b?'awéﬁ rm LlioR,ef acigh ch
was taken gng hélréat:bdﬂ mwrwé% s&ﬁ@dr& hﬁaﬂbd\ﬁSThé\QélbéIﬁ wustrambvéé ISk

carbonate (2 Xx m), water m) and dried over anhydrous
magnesi umasd Iﬂmasultmgreslw mwkmypnmdnmgmmmhmm any waks washed with | e

conpound i Sodliil Aitb6idte (P ), wathy ik %) BHdd bl bryaRicBRREGHGlRn HP-C
3R- Cycl opsoiphateeand/ thedolvént rerdvedrio vabuoy! yield payeliow oil {530 ing)l-Thes @réduicy dc

dT I f I I
Fvor oo SRy R LS, CERR ST B4 A i e s artise
di chl or orremlggnp_ﬂﬁopi HPLESdAREII G B 6Anihd79 ) at 0C, the reaction mxture

was stirred af 0'Cfor 0.5 h and at roomtenperature for 1.5 h, after
which time no starting material remai ned. The sol vent was rem)ved I n vacuo
and the :

The following compound was prepared in a manner identical to that of Example 41
starting with 2R-Cyclopentylmethyl-succinic acid 4-tert-butyl ester and 3,4-dichloro-
phenyl-piperazine.

Example 42

3R-Cyclopentylmethyl-4-[4-(3,4-dichloro-phenyl)-piperazin-1-yi}-N-hydroxy-4-oxo-
butyramide

HO. N
o

The title compound was purified by preparative HPLC. LRMS —ve ion: 326 (M-1,
40%); +ve ion: 395 ([M+1]-32, 40%), P-NHOH; HPLC data: RT 6.4 min, 98%.

Example 43



TFA was azeotroped with toluene to yield the tile conpound as an orange oi l
(364 ng), which was progressed to the next step without further

puri ficati onWoSuapssc. PCT/GB00/03078

3R- Cycl opentyl met hyl - 4-[ 4- (4-fl uor o- phenyl ) - pi perazi n-1 yl]-N hydroxy-4-
oxo-butyram de To a solution of 3R Q/clﬂfentyl met hyl -4-[4-(4

fl uoro-phenyl)-pi perazin-1 yl]-4-oxo- yric acid (364 ng, 1.0 nmol) in

L LT R S S e <

sol uti on ofpipérainexi-carbonyl}-2;2iimbihgi-pebpyi)laided. 1.5 ol ) in a separate
flask in DM (2 m) was added NM\/I(161 ', 1.5 mmol ). This solution was

t hen added to the solution of id and the reaction mixture was stirred at
RT for 60 h. The solvent was rfenoved in vacuo and the resulting residue
was taken up in dichloronethage (5 m) and was washed with | M sodi um
carbonate (1 x 5 m), waHer ¢1 x 5 npy) dried over anhydrous nmagnesi um

sul phate and the s ven& acuo to yield a yellow oil (520 ng).
The product was ve g s (M1, 80%, P, +ve
ion 345 ([ M#1] - 32 /() i-IPLC d RT mn 97% The foll ow ng
conpound was preparedin a mather ent%;JNto ‘ of Exanple 41 starting
wi th 2R- Cycl opentyl met hyl - succi n| tent - bufyl ester and

3, 4-di chi ono- phenyl - pi perazi ne. Exanple 42

3R- Cycl opent yl net hyl - 4-[ 4- (3, 4-di chl or o- phenyl ) - pi perazin-1
yl ] - N-hydroxy-4-oxo- butyramde C1 a OTrN

The titte compound was prepared as detailed below (see Scheme 2) from 2R-
[(Benzoyloxy-formytamino)-methyl]-hexanoic acid (see Scheme 1).

Scheme 2

?Bz[ 0Bzl
H.__N OH l

Step A H N _StpB
T -7 /W

H n\:/ﬁ\N ﬂ—» H EH n\)()LN CN
\Ll/ o /]:\ Q’* \cf)l/ © /]'\ ()"\/Q/

Reagents and conditions: A. EDC, HOAt, DMF, amine. B. Pd/C, EtOH, H,(g).
C.Et;N, DCM, p-nitrile benzy! bromide.



HONN,,J Fi OThe title conpound was purified by preparative HPLC. LRVMS
-ve ion: 326 (M1, 40%; +ve ion: 395 ([M+1l1l-32,40%, P-NHOH HPLC data:
RT 6.4 mi nfWo9gMms34 Exanpl e 43 WO 01/ 10834 PCT/ GB00103078 P&YGB00/03078

2R4( For nyl - hydr oxy4r ni no) anet hyl | - hexanoi c acid {1 S-j4-(4-cyano-benzyl)-

pi perazi ne-1 -carbonyl)-2,2-dinethyl prepyi),amide OHHH OHNGOCN 1r" O N-
[ T\ The We conpound was prepared as detailed bel ow (see Schene 2) from 2R

B | . ! : ' 5
Ot Cagl ool Al RRIARMOLTIHV IR MG HeXRROR Seid (2R dinet RS, £
ON' H N CN [4r(2sphiempxy-acetyl)piperazineri cazhenyll-psonyiamiden.  EDC, HOAt, DMV,

amne. B. Pd/C, EtOH H2(g). C Et3N, DCM p-nitrile benzyl brom de. WO
01/10834 PCT/ GB00/ 03078

To a solution of 2R-[(Benzoyloxy-formylamino)-methyl}-hexanoic acid (7.0g, 25
mmols) in DMF was added EDC (5.3 g, 27.5 mmol), 4~(2S-Amino-3,3-dimethyl-
butyryl)-piperazine-1-carboxylic acid benzy! ester (10.0 g, 30 mmol) and HOAt
(0.34g, 2.5 mmol). The reaction was stirred overnight at room temperature. The

. solvent was removed in vacuo and the residue was dissolved in ethyl acetate,
washed successively with 1M hydrochloric acid, 1M sodium carbonate and saturated
sodium chloride solution, dried over anhydrous magnesium sulfate and filtered. The
solvent was removed in vacuo to yield a yellow oil (9.6 g) that was purified by flash
chromatography (3% methanol/DCM) to yield a white foam (6.7g, 45%). 'H-NMR; 5
(CDCI, rotamers), 8.13 (0.6H, s), 7.89 (0.4H, s), 7.36 (10H, m), 6.26 (1H,d, J=9.2
Hz), 5.15 (2H, s), 4.88 (2H, m), 4.82 (1H, d, J = 9.3 H2), 3.56 (10H, m), 2.54 (1H, m),
1.25 (6H, m), 0.94 (9H, s), 0.83 (3H, t, J = 6.9 Hz). LRMS: +ve ion 617 [M+Na).

Step B: 2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid [2,2-dimethyl-1S-
(piperazine-1-carbonyl)-propyl]-amide

To a solution of 2R-[(Benzyloxy-formyl-amino)-methyl]-hexanoic acid {2,2-dimethyi-
1S-{4-(2-phenoxy-acetyl}-piperazine-1-carbonyl}-propyf}-amide (6.5 g, 11 mmol) in
ethanol (100 ml), under a blanket of argon, was added a suspension of 10%
palladium on charcoal (670 mg) in ethy! acetate (15 ml). Hydrogen was bubbled
through the suspension for 30 minutes and then the reaction was stirred under an
atmosphere of hydrogen for 3 hours 45 minutes. The palladium catalyst was filtered
off and the solvent removed in vacuo to yield a white foam (4.28 g. 100%). 'H-NMR;
§ (CDCl, rotamers), 8.39 (0.3H, s), 7.80 (0.7H, s), 6.82 (1H, m), 4.90 (1H, m), 3.87
(3H, m), 3.50 (3H, m), 2.80 (5H, m), 1.39 (6H, m), 0.99 (3H, s), 0.95 (6H, s), 0.87
(3H, t, J = 6.7 Hz). LRMS +ve ion 397 [M+1], 419 [M+Na}, -ve ion 395 [M-1].



51 Step A: 2R-[(Benzyl oxy fornyl-am no)-nethyl]-hexanoic acid

{2,2-di net hyl - 1S-

L4- ( 2- phenoXgO @1&1083¢| ) - pi per azi ne- 1- car bonyl ] - pr opyl } - am #€T/GB00/6303%| ut i on
of 2R-[ (Benzoyl oxy-fornyl am no}nethyl]-hexanoic acid (7.0g, 25 nmols) in
DVF was added. EDC (5.3 g, 27.5 mmol), 45(2S Am no- 3, 3-di net hyl -

butyryl) - pi perazi ne-1-carboxylic acid benzyl ester (10.0 g, 30 mmvol) and
HOAt (0.34g, 2.5 mmmol ). The reaction was stirred overni ght at room
tenperature. The solvent was renpved in vacuo and the residue was

di ssolved in ethyl acetate, washed successively with I Mhydrochloric acid,

anhyar ous, SRRGLIRIFETYEPEdERy-pminagmalhyiFesancle ogid {8 esmmnen |1 vacuo

to yield ap il‘&dfba% @ ash chromat ogr aphy
(3% et hanolwpteg&yl eld a %??e%gr%myl%bm.g%& H-NIVR 8 (CDa 3,

rotamers), 8.13 (0.6H, s) 7.89 (0.4H, s), 7.36 (1 OH, m, 6.26 (1 H d, J

= 9 2 Hz 3.56 (1
2 1o Blph Suishor S byl dyiotin fraboto a3 50,1

LRIVB +ve dm’eﬂg&-ﬁSE(MrjﬁvézinaSi-earlﬁhyl)-propyI]-amide in dichforomethane (4 mi) was

2R [ (Fornyl - hydr oxy-am no) - net hyl | - hexanoic acid [2, 2-di methyl-1 S

(pi per azi naddedtgethylamine y@p- 'H'FFPB!@"‘*B‘“&“‘&@PUT—Y' pide {110 mg, 0.56

[ (Benzyl ox ﬁ}ﬁéaaég%&r Ak

[4-(2- phené@%?e‘tby pﬁ@ggﬂéll car bony f&hﬁ oamrmg zﬂg élv@nh nmol
i n et hanowas t&rooved)ip vaoureto vield layeliow wihamspunﬁmbbmmpdrakvehﬁh@ﬁm on of
10% pal | adl m on _gharc 670 tat.e ogen was
bubbl a1 MR PR L 1oAY APk Cpiipitar L SR 1€ piabielid TRBKCH o ne

stirred under an atnosphere of hydrogen for 3 hours 45 m nutes. The

pal l adium catal yst was filtered off and the solvent renoved in vacuo to

yi el d a whibecppaynds ofExgmplesodd48 wera\wrpared by thasynthetisrawtecuflined ing
L7375 e i Gty Bl 8.y B i crifa ] 1)
0. 87 paraliel for all examples. Characterisation data for the compounds is provided in
Table 2. Examples 48-54 were prepared from 2R-[(Benzyloxy-formyl-amino)-methyi}-
3-cyciopentyl-propionic acid in a similar manner. Characterisation data for the
compounds is provided in Table 3. L-tert-leucine derivatives were prepared
according to established literature methods. Purification of the final compounds,
where necessary, was carried out by preparative HPLC.,



(3H, t, J =6.7 Hz). LRVS +ve ion 397 [M1], 419 [MtNa], -ve ion 395 [M1].
WO 01110834 PCTI GB00/ 03078 52 Step C

2R- | ( For mWOoRYy®WB¥xy- an no) - met hyl ] rhexanoi ¢ aci d, (1 S 12GHAGBIHMNGS
benzyl ) - pi perazi ne-1 -carbonyl]-2, 2-di net hyl -propylj-amde To a stirred
solution of 2R [(Fornyl-hyddroxy-am ng3 net hyl -hexanoic acid [2, 2- :
di met hyl -1S (pi perazi ne-1-carbonyl)-propyl]-amde In dichloronethane (4 m)
was added triethylamne (851, 0.6 mvl) and p-nitrile benzyl brom de (110
ng, 0.56 mmol). The reaction mxture was stirred at roomtenperature
overnight. The solvent was renoved in vacuo to yield a yellow oil that was
purified by preparative HPLC to obtain a white foam (108 ng, 44%
Characterisation data is provided in Table 2. The conpounds of Exanples
44- 48 were preﬁ e outlined in Schenme 2 and as
described in d 43. Stepl C was carried out in parallel for
all exanpl es. ¢haractlerisatign data for ¥he conpounds is provided in Table
2. Exanpl es 49-§4bgg e pﬁ%p reﬂ ffom 2R-( (Benzyl | oxy-fornyl -am no) - met hyl ] -

I . :
3-cyc|opentyl-proplorlqga Y I manner. Characterisation data for
the conpounds lis prqvided |m'T I MNRL} tent | euci ne derivatives were
prepared according tq established literafure nethods. Purification of the
final conpoundd, whgre necessary, was Cﬁ,ﬁ“ %ﬁ?utuﬁ@gpre&% e HPLC. WO
01110834 PCT/ GHé&np#)78 53 RiF Tabl e 2 & Fhurity FS | ons
Retention LCVS LGS 4 ___!_n)

M+1=486
43 /\©\ M+Na=508 28 >90
.| M+1=486

44 /\/© M+Na=508 265 >90

| M+1=486
® /\[j meNa=s08|  2© >90
M+1=537

46 /\©\ At 3.65 >90
M+1=537

47 /D M+Na=559 3.58 >90
M+1=511

48 =l s >90




\' M+1=486 43 2.6 >90 CN MrNa=508 M+1=486 44 NC M+Na=508 2. 65 >90 CN 45

M-1=486 2.6 >90 M+Na=508 Mt137 46

M-Na=559 3. 5%58@2.&;% M-1=511 48 MtNa=533 3.3

PCT/ GBOQO 0301

OH Table 3 14~

Exanple R = seen Retention Purity (%

M-Na=534 2. 97 >90

Ph MrNa=559 3.65 >90 M1=537 47
8 >90 WO 011p9agkho/m3078
j~ N-NIR LCVS i ons LOMS LOVS
time (mns) Mr1=512 49 "11"IL.CN

Tante3 |y §.{_n I
able
T L0
A
LCMS
LCMS ions N LCMS
Example R= Retention \
seen time (mins) Purity (%)
M+1=512
49 /\O\ 297 >00
+Na=534
CN M+Na
M+1=512
50 /\/© el 302 >80
NC M+Na=534
CN
M+1=512
51 /\©/ MiNacssa| 295 >90
52 /\@\ M+1=563 | 3.88 >90
Ph
M+1=563
Ph
M+1=537
54 ] 363 >80

The compounds of examples 44-54 are named as follows:

Example 44, 2R-[{(Formyl-hydroxy-amino}-methyl]-hexanoic acid {1S-[4-(2-cyano-

benzyl)-piperazine-1-carbonyl]-2,2-dimethyl-propyl}-amide

HIR



1\ Mr1512 50 1 / M+rNa-534 3,02 >90 NC CN 51 Mrl112 2.95 >90 M+rNa=534 52
1/ M-1=563 3.88 >90 Ph M +1563 MtNa=585 3.83 >90 53 1J(I) 54 | \ \
Mr1537 MrNQ-938838 63 >900 The conpounds of exanpl es 44-B2T/GBW/03eTed as
foll ows: Exanple 44. 2R (Fornyl - hydr oxy-am no) - met hyl ] - hexanoic acid #1 S

[ 4- (2-cyano- benzyl)-piperazine- | -ggrbonyl]-2,2-d inethyl-propyl}-amd e.
WD 01/ 10834 PCT/ GB00/ 03078 55 Exanpl e

45. 2R (For nyl - hydr oxy- ani:no) - met hyl ] - hexanoi c acid {l S-[4-(3-cyano-
benzyl ) - pi perazi ne-|-carbonyl]-2, 2-di met hyl - pr¢ opyl )-am de Exanpl e

46. 2R- [ (&mm 45.2fF -E(E9treyhhysmamlpo}mnﬁwﬂﬂmxanw.a¢q{n5‘514((3-dyapueny| 4-

yl met hyl ) pyl]-am de Exanple
37 2R | (ERPRGPREAE T EaeRlr oz dre BBl | 7S 0. bi Dhemy ! - -
yl met hyI pi per azi ne- 1- car bonyl) -2, 2-di net hyl - pr opyl j -am de Exanple
48. 2R ( Fé’:Ea’R’ le Rg dif? f(*oﬁnrgl myhl%exb-glmlko)br%é&lyﬂlh%xggmc acnd 1S-(4-n|§|:t)hr:a¥||yl-¢11- =4

yimethyl-piperazine-1-carbonyi)-2,2-dimethyl-propyi]-amide

Example 47. 2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid [1S-(4-biphenyl-2-
yimethyl-piperazine-1-carbonyl)-2,2-dimethyl-propyl}-amide

Example 48. 2R-{(Formyl-hydroxy-amino)-methyl}-hexanoic acid [2,2-dimethyl-1S-(4-
naphthalen-2-yimethyl-piperazine-1-carbonyl)-propyl}-amide

Example 49. N-{1S-[4-(4-Cyano-benzyl)-piperazine-1-carbonyl]-2,2-dimethyl-propy!}-
2R-cyclopentylmethyl-3-(formyl-hydroxy-amino)-propionamide

Example 50. N-{1S-[4-(2-Cyano-benzyl}-piperazine-1-carbonyl]-2, 2-d|methyl-propyl}-
2R-cyclopentylmethyl-3-(formyl- hydroxy-amlno)—propnonamlde

Example 51. N-{13-[4-(3-Cyano-benzyl)-piperazine-1-carbonyl]-2,2-dimethyl-propyl}-
2S—cyc|op_enty|methyl-3-(formyl-hydroxy-amino)—propionar_nide

Example 52. N-{1S-(4-Biphenyl-4-yimethyl-piperazine-1-carbonyl)-2,2-dimethyi-
propyi]-2R-cyclopentylmethyl-3-(formyl-hydroxy-amino)-propionamide

Example 53. N-[1S-(4-Biphenyl-2-yimethyl-piperazine-1-carbony!)-2,2-dimethyl-
propyll-2R-cyclopentyimethyl-3-(formyl-hydroxy-amino)-propionamide

Example 54. 2R-Cyclopentylmethyl-N-[2,2-dimethyl-1S-(4-naphthalen-2-ylmethyl-
piperazine-1-carbonyl)-propyl]-3-(formyl-hydroxy-amino)-propionamide




napht hal en- 2- yl met hyl - pi per azi ne- 1- car bonyl ) - propyl ] -am de Exanpl e 49.
N-{1S-[ 4- (4- Cyano- benzyl ) - pi per azi ne- 1- car bonyl ] - 2, 2- di net hyl - pr opyl } -

2R- cycl opent Yyogirass4 3- (f or myl - hydr oxy- am no) - pr opi onan depcriesgises 50.

N (1S-[ 4- (2- Cyano- benzyl ) - pi per azi ne-| -carbonyl ] -2, 2-di net hyl - propyl }- 2R
cycl opentyl met hyl - 3- (f or nyl - hydr oxy- am no)_-pr opi onam de Exanple 51. N-{1
X[ 4- ( 3- Cyano- benzyl ) - pi per azi ne- 1- car bonylsf- 2, 2-di met hyl - propyl }- 2S

cycl opentyl met hyl - 3- (f or nyl - hydr oxy- an%g%h-t)r%i onam de Exanple 52. N-[IS
(4- Bi phenyl - 4-yl et hyl - pi per azi ne-1 -ca P1®2% 2-di net hyl -

propyl ] - 2R-cycl opent yl net hyl - 3- (f or nyl - hyd r oxy-am no) - pr opi onan de Exanpl e
53. N-[I'S (4-Bi phenyl - 2-yl net hyl - pi perazi ne-1-car bonyl ) -2, 2-di net hyl -
propyl | - 2R c\&R mﬂdW@Mh¥ﬂM§R9k&ﬁ¢ 3pi7erdihydeo-Exanpl e

F
54. 2R Cycoop - : ' - 1. : - ’ -
pi per azi ne- 1%&?&* Lﬁ%gf%%ﬁ%ﬁﬁ%‘éé%y a%%%%%wwm WO
01/ 10834 PCT/deidd 03078 56 Exanple 55 2R
[ (For nyl - hydr oxy- am no) - net hyl ] - hexanol ¢ acid (1 S44-(3a, Ta-di hydro-
benzo[ 1, 3] di oxol e- S- car bonyl ) - pi per azi ne-1-car bonyl ] -2, 2-dl net hyl - propyl } -
amde OHO HY ON/ Of N~ O , 0 Exanple 55 was prepared from
2R-[ (Benzoyl oxy fornyl am no) - ngt hyl | - hexanoi ¢ acid by anal ogy wth net hods
described In Schenme 1.2 Anino-1 S-j4-(3a, 7a-

“fUp?

Example 55 was prepared from 2R-[(Benzoyloxy-formylamino)-methyl]-hexanoic
acid by analogy with methods described in Scheme 1. 2-Amino-1S-[4-(3a,7a-
dihydro-benzo[1,3]dioxole-5-carbonyf)-piperazin-1-yl}-3,3-dimethyl-butan-1-one was

prepared as detailed below (Scheme 3).

Scheme 3
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Reagents and conditions: A. Et;N, 3,4 methylenedioxybenzoyl chloride, CH,CH,



di hydr o- benzo[ 1, 3] di oxol e-5-carbonyl ) - pi perazin-1 yJ] -3, 3-di net hyl - butan-1
-one was prepared as detailed below (Schene 3). Schene 3 0 rNH Step A N
0O N> ZHWOp1Ad#NJ O OO Step 8 .HrNO --~ 1 H2N Ne€/Bsewgnoiss and
conditions: A Et3N, 3,4 nethyl enedi oxybenzoyl chloride, CH2ClI2 WO 01/10834
PCT/ GB00/ 03078 57 B. Pd/C, EtOH, Hg?g). Step A ]
(1S-[4-(3a, 7a- D hydro- benzo[ 1, 3] di oxol e- 5- car bonyl ) - pi per azi ne- 1- car bonyl ]
2, 2- di M IpydycPE@NH,(par bam ¢ acid benzyl ester To a solution of
[2,2-Dinethyl-1 S (piperazine-I-carbonyl)-propylj-carbam c acid benzyl
ester (3.2 g, 9.6 mmol) in anhydrous dichl oronethane (50 m ) under an

at nosph . - tri .2 N 2.8 n 0 ), and 3,4
met hyl e%e%?%(}ﬁﬁ%’*%ﬁ'%e %@*-gf‘hﬁﬁ'ﬁéﬂﬁﬁwﬂﬂ%ﬁ?ﬂn was.
stirred carbonyll-3/2-dimethylgpropyiircarbamicaciitserizghestern M xture was di | uted
wi th dichl oronet hane, washed successively with I' M hydrochloric add, | M

sodi um carbonate and saturated sodium chloride solution, dried over

an h )y/fl;f)g%aa?gpﬁwmylﬁmﬁﬁ-@cﬁiﬁéréiiﬁémhaﬂm%ﬁﬁjl&%ﬁﬁé gggved in vacuo
benzyt ester (3.2 g, 9.6 mmol) in anhydrous dichloromethane (50 ml) under an
atmosphere of argon, was added triethylamine (2.8 ml, 20 mmol) and 3,4
methylenedioxybenzoyl chloride (2.0 g, 10.8 mmol). The reé,cﬁ_on was stirred
overnight at room temperature. The reaction mixture was diluted with
dichloromethane, washed successively with 1M hydrochléric acid, 1M sodium
carbonate and saturated sodium chloride solution, dried'ov_er anhydrous magnesium
sulfate and fillered. The solvent was removed in vacuo to yiéld a yellow oil which
was purified by flash chromatography (5% methanol/ dichlo"romethane) to obtain a
white foam (3.5 g, 76%). LRMS: +ve ion 504 [M+Na], 1H-NZI\AI':«_’; 3 (CDCI;), 7.35 (5H,
s), 6.93 (2H, m), 6.84 (1H, mj, 6.01 (2H, s), 5.55 (1H, d, J =95 Hz), 5.06 (2H, m),
4.54 (1H, d, J = 9.7 Hz), 3.65 (8H, m), 0.99 (9H, s). .'

Step B: 2-Amino-1S-[4-(3a,7a-dihydro-benzo[1 ,3]dloxoIé¥5:_-:carbonyl)-piperazin-
1-y1}-3,3-dimethyl-butan-1-one

To a solution of {15-[4-(3a,7a-Dihydro-benzo[1,3]dioxole-5-carbonyl)-piperazine-1-
carbonyl}-2,2-dimethyl-propyi}-carbamic acid benzyl ester (3.'5_ g, 7.3 mmol) in
ethanol (70 ml), under a blanket of argon, was added 10% palladium on charcoal
(350 mg). Hydrogen was bubbled through the suspension for 1 hour and then the
reaction was stirred under an atmosphere of hydrogen for 2 hours. The palladium
catalyst was filtered off and the solvent removed in vacuo to yiéld a white foam (2.5
g. 99%). LRMS: +ve ion 348 [M+1], 370 [M+Na], 'H-NMR; 5 (CDCl,), 6.94 (2H, m),
6.84 (1H, m), 6.01 (2H, s), 3.64 (9H, m), 1.61 (2H, ), 0.98 (QH, s).

The following example 56 was prepared in a similar way to Example 55 except 3.4




was purified by flash chromat ography (5% net hanol/ dichl oronet hane) to
obtain a white foam (3.5 g, 76% . LRVMS: +ve ion 504 [ MtNa], 1H NVR, 8
(CDC 3), 7.3wabaes34s), 6.93 (2H, m, 6.84 (1 H m, 6.01 ecgidBotdszo7r- 55 (1
H d, J =9.5Hz), 506 (2H m, 4.54 (1 H d, J =09.7 H), 3.65 (8H m,
0.99 (9H, s). Step B: 2-Amino-1 58

S-[4-(3a, 7a-di hydro benzo[ 1, 3] dl oxol e-5-"car bonyl ) - pi per azi n-

1-ylj-3, 3- ' fo (. -

5 Ll (3, 7anBr MoHeaRNY oo ok st RBlald iy rtplotmametty) puidpe.

car bonyl ] -2, 2- d| met hyI propyl }-car bamc acid benzyl ester (3.5 g, 7.3 mol)
in ethanol (70 m), under a bl anket_of SE%%E was added 10% pal | adi um on

charcoal (350 ng). Hydrogen was bu ugh the suspension for 1 hour
and then the reaction was stirred under an atnosphere of hydrogen for 2

hours. The ved in
Vacuo toyi AT ey BRAG.abinofothl iy EkErolR oid 2 iliel LS D4 pl i

[ MFNa] , 1H Mmﬂhymmaneﬂ%wbhyl)mpyl‘ﬁaﬁﬁq 1H m, 6.01 (2H, s), 3.64
(9H, n), 1.61 (2H, s), 0.98 (9H, s). The follow ng exanple 56 was prepared
inasimlar way to Exanple 55 except 3,4 WO 01/10834 PCT/ GB00/ 03078 58
nmet hyl enedi oxybenzoyl chl ori de s replaced with 3-(brononet hyl) pyridine.
Exanpl e 56 2R-[ (Fornyl - hydr oxygam no) - net hyl ] - hexanoi ¢ aci d

[ 2, 2-di net hyl . 1S- (4-pyri di n-

3y|rrethy| plperazmel&hlboyl) ] amde OHHNN ,NN
"HNWR, 8 (CDCl 3, rqqarrerN;) .62 2H 8 39 (0.41-1, s), 2 (0.61

s), 7.67 (1H, \/@

'H-NMR; 8 (CDCl,, rotamers), 8.62 (2H, m), 8.39 (0.4H, s), 7.82 (0.6H, 5), 7.67 (1H,
d, J=7.7Hz), 7.28 (1H, m), 6.92 (0.4H, m), 6.76 (0.6H, m), 4.91 (1H, m), 4.02 (0.4H,
m), 3.82 (3H, m), 3.51 (4.6H, m), 2.84 (0.6H, m), 2.68 (0.4H, m), 2.36 (4H, m), 1.53
(2H, m), 1.25 (4H, m), 0.97 (3H, s), 0.93 (6H, s), 0.88 (3H, t, J = 7.0 Hz). “C-NMR; 5
(CDCI3), 175.5, 173.3, 170.3, 170.2, 150.6, 149.1, 147.2, 133.6, 123.9, 66.2, 60.3,
54.8,54.5, 53.7, 53.5, 53.4, 53.3, 53.1, 52.9, 52.8, 52.5, 48.9, 47.3, 47.1, 46.1,
45.1, 2.5 and 42.4. LRMS: +ve ion 484 [M+Na].

Example 57

N-[1S-{4-Benzo[1,3]dioxol-5-yimethyl-piperazine-1-carbonyl)-2,2-dimethyl-
propyi}-2R-cyclopentyimethyl-3-(formyl-hydroxy-amino)-propionamide



d, J=7.7Hz), 7.28 (1 H m, 6.92 (0.4H, m), 6.76 (0.6H, m, 4.91 (1 H m,
4.02 (0.4H, m, 3.82 (3H, n, 3.51 (4.6H, m, 2.84 (0.6H m, 2.68 (0.4H, -
m, 2.36 (Wolyres3s 1.53 (2H, m,1.25 (4H m, 0.97 (3HpcE)GBI&#B (6H, S),
0.88 (31-1, t, J =7.0 Hz).13CNW, 6 (CDO 3),175.5,173.3,170.3,170. 2,

150. 6,149.1, 147.2, 133.6,123.9, 66. 60.3, 54.8,54.5,53.7, 53.5, 53.4, .
53.3, 53.1, 52.9, 52.8, 52.5, 48.9, .3, 47.1, 46.1, 45.1, 2.5 and 42.4.
LRVS: +ve ion 484 [M+Na]. Exanple 57 N-[1

S- (4- Senzo[ 1, 3] di oxol - 5- ymret hyl er azi ne-1 -carbonyl)-2, 2-di net hyl -
propyl ] - 2R-cycl opent yl met hyléﬂz- PoT nyi_- hydr oxy- am no) - pr opi onam de WO
01/10834 PCTI GB00/ 03078 59 ﬁqu\IAN~ OO0'l ~~ ON\ 1 ' The title
conmpound was prepared as S\ n«élbhe’hﬁ | from2S Am no-1-(4-

benzo[ 1, 3] di oxol - 5-yl net hyly- pi pergzi £ I 3-di net hyl - butan-1 -one (see
schenme 3, piperonyl piperazine is r1call vai | abl e) and

2R- Cycl opent yl net hyl - 3- (fornyl - hydroxy-am no opionic acid

pent af | uor ophenyl ester. 'H NVR, 8 (CDC13, rotanefs), 8.40 (0.4H, bs), 7.82
(0.6H, bs), 6.83 (1 H bs), 6.76- 6.63 (2H, nm); ©6.58-6.54 (1 H n), 5. 94
(2H, s), 4.87 (1 H m), 4.10-3.28 (9H, m), 2.87- 2.16 (7H, n), 1.85-1.33
(10H, m; 1.09 (1 H m; 0.98 (3.6H, m; 0.93 (5.4H, mM; LRMS: +ve ion 531
[ MtH] ,. 5%Be[titleNegmpound was Bersared/as ¢detailgd i scheme o frorm 2BAMING 1H(4-

Exampl es 38 1, SRRl BLEREH iSO 5 iRty BitaRlALAE (i Schent3®

deser! bepiperonyl piperazine is commerically available) and 2R-Cyclopentylmethyl-3-(formyi- -
hydroxy-amino)-propionic acid pentafluorophenyl ester.
'H-NMR; & (CDCI, rotamers), 8.40 (0.4H, bs), 7.82 (0.6H, bs), 6.83 (1H, bs), 6.76-
6.63 (2H, m), 6.58-6.54 (1H, m), 5.94 (2H, s), 4.87 {1H, m), 4.10-3.28 (9H, m), 2.87-
2.16 (7H, m), 1.85-1.33 (10H, m); 1.09 (1H, m); 0.98 (3.6H, m); 0.93 (5.4H, m);
LRMS: +ve ion 531 [M+H], 553 [M+Na]. -ve ion 529 [M-1]; HPLC: RT=4.91 min, 97%
pure.

Examples 58-67 were prepared by synthetic methods analogous to those described
for Example 55, using the relevant acid chloride or carboxylic acid in Step A of
Scheme 3. The compounds were synthesised in parallel and purification of the final
compounds, where hecessary, was carried out by preparative HPLC.
Characterisation data for these compounds are provided in Table 4.

Examples 68-79 were prepared by synthetic methods analogous to those described
for Example 43, but using an acid chloride, carboxylic acid or sulfonyl chloride in
place of the bromide in Step C of Scheme 2. Purification of the final compounds,
where necessary, was carried out by preparative HPLC. Characterisation data for
these compounds are provided in Table 5.




for Exanple 55, using the relevant acid chloride or carboxylic acid in Step
A of Schene 3. The conpounds were synthesised in parallel and purification
of the finalwosenmpsmunds, where necessary, was carried outpPdlGRRARESati ve
HPLC. Characterisation data for these conmpounds are provided in Table 4.
Exanpl es 68-79 were prepared by synthet&f nmet hods anal ogous to those
described for Exanple 43, but using anacid chloride, carboxylic acid or
sul fonyl chloride in place of the bromde in Step C of Schene 2.
Purification of the final conmpounds, where necessary, was carried out by
preparative HPLC Characterisation data for these conpounds are provided
in Table 5. MO 01/}10834 PCJ/ GB00/ 0348 60 Table 4 HNH 'l OR HPLC N HDLG
Exanpl e R= Mass Spec. Reténtion Purity (%9 tine 58 i N MrNa=513 4.9 >84
HAI 59 - NHNaéggq_5.1?n8 0 Na=5p1 4.8 >84 61 MrNa=515 5 >85 62

MrNa=486 5. 1 e@g,e» Ymg«\'i B >95 1
Ak

C
Example R= Mass Spec.| Retention HPLC
time Purtty (%)

/Y
58 TL&N M#Na=513| 4.9 >B4
HNT
59 = M+Na=556 5.1 >B7

N

60 \ /) M+Na=501| 48 >84
\N/N\

81 l_ M+Na=515 5 >85

62 WQ M+Na=486| 6.1 >83
S

63 I =N M+Na=498| 3.8 >95




WO 01/ 10834 PCT/ CB00/ 03078 61 Table 4 HN Ha ~NR LC HPLC -Exanple R =

Mass Spec. Retention Purity (%9 time 64 N MNa=514 4.4 98 HtH N 65 HN
MrNa=531 WVEo0gws3doH 66 MrNa=499 7.8 >96 67 M+rNa=502 10PCTAB00/03DI8 16

M 1=478 il'i WD 01110834 PCT/ GBOQ 03078 62 Table 5 H Q Exanple R = Mass

Spec Retention HPLC Purity MrNa=503%168 M 1=-479 4.9 100 69 M+rNa=519 4.9 .
100 M 1-495

Table 4 H zfén\/ﬁ\
VY
T Xk

HPLC T o) ¢
Example R= Mass Spec.| Retention N
ime | PUTY (%)
me
| S
64 2N M+Na=514 44 98
l H
H .
_ | N
65 M+Na=531 45 93
P -

66 M+Na=499 7.8 >96

i
N .
|
7 M+Na=502
67 \gﬁif M-1=478 | 104 82




N . 70 MtNa=516 4.7 96 M 1=492 71 MNa=488 4.6 99 M 1=464 N S Mr1=559
72 WNa=581 4.5 >88 M 1=557 1 WD 01/10834 PCT/ GB00/ 03078 63 Exanple R=
Mass Spec. Reewkdd®n HPLC Purity N tinme MH1=559 73 0 MHREEHGEIARI® 100
M 1=557 N M+1=510 74 MtNa=532 5 >95 M 1=508 75 N MtNa=532 4.96 99 M

+1=A76 CD 76 MrNa=498 4.77 95 6
H
Table5 |, 7 u\/ﬂ\u/\k
T C 1k
N
HPIT
Example R= Mass Spec.] Retention H.PLC
time Purity (%)
M+Na=503

68 ( e | 49 100
69 \ 1 M“';':i:g;g 49 100

i .

/N‘
70 = Mlngf 47 9

W,
7 d Mh;":a;‘;ia 486 99

‘ }

)

s M+1=559

72 \ P M+Na=581 45 >88
M-1=557
]




M1=474 1 \ M1=478 77 M+Na=500 5.09 100 M 1=476 M+1=587 78 f MrNa=609

6.08 100 M 1=585 /[ MENa=573 6.01 97 M 1=549 WO

o O Mr1=551

"Sk 79 1

01/ 10834 PeD@GB®34 03078 64 The conpounds of Exanpl es 58CrT/Ggromsasnaned as

foll ows: Exanpl e 58. 2R-[ ( For nyl - hydr oxy-am no) - net hyl | - hexanoi ¢ acid

(2,2-dinethyl -1S [4-

h

(5- et hyl -
Exanpl e §FoZRAYFOrTy=hydroxy-arm
[ 4- (4- acqExsmpled, 5- di netRwyt - H- pyr r|B
2-carbonyl)-pi perazine-1-carbonyl
60. 2R (Fqr nyl - hydr oxy- anRpo) - net Hy
(5-net hyll-1 H pyrazol ar bonyl
Exanple 1. 2R} (F ydFoxy- anfmani=50¢ hyslz] - hexmooi
di nmet hy| 1 M-1=557
2-H pyragol e-3{carb nyI ) - p| peraziine-1 - cgr bonyl 1 -2, 2-d
Exarrpl e &2 Z’R[ rUﬂryl = ||)&UI OXYy - amnr llu) = |||:H|y'l ] —frgxanot
S-[4- ® M+1=510
74 M+Na=532 5 >95
| M-1=508
75 M+Na=532| 4.96 29
M+1=476
76 M+Na=498| 4.77 95
M-1=474
™ M+1=478
77 N M+Na=500| 5.09 100
M-1=476
O M+1=587
78 O M+Na=608| 6.08 100
¢ M-1=585
o
M+1=551
79 M+Na=573| 6.01 97
M-1=549

63
pyrazi ne- 2-car bonyl) pi perazi ne- 1-car bonyl] propyl)-am de

| dcid (1 S

}- am de Exanpl e

2-di methyl-1S [4-
yl]-propyl}-am de

nmet hyl

- proPYl } -

c acid (1 S [4-(2,5-

am de

acid {2, 2-di net hyi -



(I -H pyrrol e-2-carbonyl)-pi perazine-1 -carbonA-propyl)-am de Exanpl e

63. 2R[ ( For nyl - hydr oxy-am no) - net hyl ] - hexanoic acid {2,2-dinethyl-1 S-(4-
(pyridi ne- 3- gydiaesgs ) - pi per azi ne-1 - carbonyl ] - propyl ) - am derCTizBa030z8

64. 2R[ ( For nyl - hydr oxy- am no) - net hytj - hexanoic acid {1 S-[4-(2-hydroxy-
pyri.di ne- 3- car bonyl -piperazine-|-carbonyl]-2,2-dimethyl -propyt}-am de
Exanpl e 65. 2R ( For nyl - hydr oxy-am no) - net hyl ] - hexanoic acid {1 S [4-(2, 6-

di hydr oxy- | m di ne-4- pi he-d- oyl ]-2, 2-di net hyl - propyl
}-am de a%&ﬁ@%#%&%ﬁ%#kﬁyﬁé%qﬁno scfri?@ yl ] -hexanoi c acid

{2, 2-di nethyl -1S[ 4- (pyrazine

2- b 1) - i ne-| - b | ]1-propyl)-amde WO 01/ 34 PCT/ 03078
65 Bxanp! ¢ BT BBFERFOTTY GG ARBITio oK e 37K 2 Aimethy-TS 17

2, 2- di met hygl . o . __ e .

E\e- | - cgrﬁon IT&gﬁoﬁp}éﬁ&%ran%e @%’21:@ eéﬁﬂé‘q fﬂfﬁi&éﬁ}-ﬂhﬁﬁr 2

68. 2R[ ( For nyl - hydr oxy- am no) - net hyl - hexanoi ¢ add {2, 2-di net hyl -1 S-[ 4-

t hi ophene-2-carb Qi perazine-1-car - -2 e 69.28
[(For myl - nparass 35 o1 oBrHeI PR AABP E MR a8 bR T SRR
(4- et hyl - [ 4,5 4imbmii-APyRoRL2carbonyipipeazing-peamonyip2 2-dimethyb ptdpyil opy! } - am
de Exanple 70. 2R ( For nyl - hydr oxy-am no) - met hyl ] - hexanoic acid {1 S [4-(3,5
d i met hyl - i &¥PK&zol e- 4- car bonyl ) - pi per azi ne-1 - car bonyl ]-2, 2-d
i met hyl - propyl }-am de Exanpl e -
71. 2R (For nyl - hydr oxy-am no) - net hyl ] - hexanoic acid {1 Sd&gi soxazol e- 5-
car bonyl ) - pExample i60e2R-[Farmyrhyidroxy-aminp raetini]-hsxangic poid el Sd4-

72. 2R-[ (F | - - am - ] - i ' - di:pet hyl -1 S-[ 4-
R T e S L L LA T
Exanpl e 73. 2R[ (For nyl - hydr oxy- am no) - net hyl ] - hexanoic acid {1 S [4-(5-
th | f | -t hi oph . s
2- car bony| ) EXABIe & AB-LFomykhmgy-amipometilgiexgrels 7P (1 Siit425-
dimethyl-2-H-pyrazole-3-carbonyl}-piperazine-1-carbonyl}-2,2-dimethyl-propyl}-

amide

Example 62. 2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid {2,2-dimethyl-1S-{4-
{(1-H-pyrrole-2-carbonyl)-piperazine-1-carbonyl}-propyl}-amide

Example 63. 2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid {2,2-dimethyl-1S-{4-
(pyridine-3-carbonyl)-piperazine-1-carbonyl]-propyl}-amide

Example 64, 2R-{(Formyl-hydroxy-amino)-methyl}-hexanoic acid {1S-[4-(2-hydroxy-
pyridine-3-carbonyl)-piperazine-1-carbonyl}-2,2-dimethyl-propyt}-amide

Example 65. 2R[(Formyl-hydroxy-amino)-methyi}-hexanoic acid {1S5-[4-(2,6-
dihydroxy-pyrimidine-4-carbonyl)-piperazine-1-carbonyl}-2,2-dimethyl-propyl}-amide

Example 66. 2R-[(Formyl-hydroxy-amino}-methyl]-hexanoic acid {2,2-dimethyl-1S-[4-
(pyrazine-2-carbonyl)-piperazine-1-carbonyl}-propyi}-amide



Exampl e 74. 2R ( For nyl - hydr oxy- am no) - net hyl ] - hexanoic acid {lI S-[4-(2,4-
di net hyl

t hi azol e- WONMS4y| ) - pi per-azi ne- 1- car bonyl | - 2, 2- di net hyRCHEB@®OB78am de
Exanpl e 75. 2R-[ (For nmyl - hydr oxy-am no) - met hyl ] - hexanoic acid (1
S-[4-(2-chloro- pyridine-3-carbonyl -ggiperazine-1-carbonyl]

2, 2-di met hyl - propyl ) -am de Exanpl e ’

76. 2R ( ltlﬂ)dr _ﬁ%nﬂg ' ' leds S [ 4-
(pyridi %a%%rbggzﬁyl | perazi ne&I“ n%?al o} ﬂe&aﬂ@%é ? @Wéﬁ%B%
PCT/ GBO(bauethp-iso@z a@cnvl)-m{{quefﬁcarhmyﬂmmlham'ﬂerret hyl ] - hexanoi c
acid {2,2-dinethyl-1 S-[4-

(1- nmet hyl - 1- H pyrrol e- 2- car bonyl ) - pi per azi ne-1-carbonyij-propyl }-am de

E?an(o |b e ES&niﬁlé esozmaFohnﬂnwommmbﬂmﬂvﬂlﬂe:@ma@idqzmﬂwdtﬁyl-1 S4-

i

sul fonyR’ ?Hv'mﬁa?zweowkmpsmq-1?@°avﬂremyﬂ-am%y| }-anmi de Exanple

79. 2R[ (For nyl - hydr oxy- am no) - net hyl | - hexanoi ¢ acid (1 S-[4-(biphenyl-

car bonyl ) - pi perazi ne- 1-carbonyl]-2,2-d imeth yl-propyl }-am de Exanpl es 80
and 81 \fa)e(amnje Gaazwﬁomﬂ-wmmmmhmthyﬂﬁezamp lacid42,2-dimetityk1S-[4-

ok | ( ForTenfTa IR R tbon R SNaRE oA eSRkafila ™ S (U7 (5.

(ror phol i ne- 4-car bonyl ) - benzyl ] - pi per azi ne- 1- car bonyl) pr opyl) am de OH HH

?OOGHH @n 'égo(%ﬁjl(@}m%%xy??f&%}'%’myﬂ X@W? ac'é {ég'[ﬂt@@H Hd S)J 973E|zl),

f]') ?83( éld‘lvne. I-tsﬁxé’z%lé—ﬁ &borﬂiﬁ-mﬂeﬁﬂm@d-ca?b&ng\]@ Zdﬁnéiﬂlyl(ﬁroﬁyl}-%ldeg 76 (8H,
Example 71. 2R-j(Formyl-hydroxy-amino)-methyi]-hexanoic acid {1S-[4-(isoxazole-5-
carbonyl)-piperazine-1-carbonyl]-2,2-dimethyl-propyl}-amide

Example 72. 2R-[(Formyl-hydroxy-amino)-methyl}-hexanoic acid {2,2-dimethyl-1S-[4-
(2-pyridin-4-yl-thiazole-4-carbonyl)-piperazine-1-carbonyl}-propyl}-amide

Example 73. 2R-{(Formyl-hydroxy-amino)-methyi}-hexanoic acid {1S-[4-(5-
- methanesulfonyl-thiophene-2-carbonyl)-piperazine-1-carbonyl}-2,2-dimethyl-propyl}-
amide '

Example 74. 2R-[(Formyl-hydroxy-amino)-methyi}-hexanoic acid {1S-[4-(2,4-
dimethyl-thiazole-5-carbonyl)-piperazine-1-carbonyl}-2,2-dimethyl-propyl}-amide

Example 75. 2R-{(Formyl-hydroxy-amino)-methyl]-hexanoic acid {1S-[4-(2-chloro-
pyridine-3-carbonyl)-piperazine-1-carbonyi}-2,2-dimethyl-propyl}-amide

Example 76. 2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid {2,2-dimethyl-1S-[4-
(pyridine-2-carbonyl)-piperazine-1-carbonyl]-propyl}-amide




2.69 (0.4H, m), 2.55 (2H, ), 2.30 (2H, m), 1.57 (9H, m), 1.05 (2H, M,
0.98 (3H, s), 0.94 (6H, s).13CGNVR 8 (CDCl3, rotaners), 176.0,173. 3,

170. 7, 170. 1yoldafiods --------------- WD 01/ 10834 PCT/ GBOO kafiessbs 140. 2,
134.8, 129.5, 127.7, 67.3, 62.8, 55.0, 54 5 53.8, 53.6, 53.2, 53.1, 52.2,
49..0,47.4,47.2,46.0,44.9,42.7,42.4,38.5:38.2,36.9,36.7, . 35.9, 33.2, 27.0,
25.6 and 25.5. LRMB: +ve ion 600 [ MrH %622 [M+Na] HPLC. RT=4.63 nmin, 100%

Fgrg di rre%mfﬁéq %W ¥qry§'¥d§‘¥<9 ino)H t?ryﬁ‘hré?éﬁ‘ ¢ heid ©a lmeth?rﬁg—m-

yl met hyl - pipRetagi-rE-pynoR-2-eatbiohyl bézlneaiﬂcdﬁbdﬂ | dnigl N 0 O - LN
"H NWVR; m CDCI:%‘ rotaners), ggb?% g‘f‘?ioﬂﬁgﬁ 7.81 (0.7H, s),
7.65 1H dJ77Hz)727 (1H, ,676 03HdJ88Hz)667 07H

347 ?53*'2%5%1"@@2%(%% ﬁ‘?ﬁf‘%ﬁ;“yd% pmphyifetindidach (S isbidlerhiely 1
1. 64 (9H, sdifonyl)-pipela2irie-arbOnyl2,2liinethyl-propylpanidd, s). 13C- NWR, 8 (CDCI 3,

rotaners), 175.5,173.0,169.8, 150.3,148.8, 136.7, 133.1, 123.4, 60.0,
54.6, 54.1, 53.4, 53.2, 52.8, 52.7, 52.1, 48.7. 46.9, 46.8, 456 44.5,

42.2, 42 &QK - eyilg25. 2.
LRI\/IS +Ve01;£>(<)a3ﬁﬂ%g9 i Foﬁ@(ﬁoyd -%mlﬁb)grc%ﬁ&ggnex&?oﬂamﬁ {*78 gﬂ 0 pur e. Exarrpl e
82 2R [( mﬁmyl)fmmx@eémamgn irgm}emﬂmw

(1S- (4. (4-hydroxymet hyl -
phenyl) - pi per azi ne- 1-carbonyl ] - 2, 2- di net hyl - propyl ) - am de

Examples 80 and 81 were prepared in a similar manner to Example 43 from 2R-
[(Benzyloxy-formyl-amino)-methyl}-3-cyclopentyl-propionic acid.

Example 80

2R-[(Formyl-hydroxy-amino)-methyl}-hexanoic acid (2,2-dimethyl-15{4-[4-
{morpholine-4-carbonyl)-benzyl]-piperazine-1-carbonyl}-propyl)-amide

H\”/ll! H\__/U\N /\' 'O

N

(_

*H-NMR; & (CDCI; rotamers), 8.38 (0.4 H, s), 7.81 (0.6H, s), 7.36 (4H, s), 6.77
(0.4H, d, J=8.9Hz), 6.62 (0.6H, d, J=9.3Hz), 4.88 (1H, m), 4.03 (0.4H, dd, J=14.6,
7.1Hz), 3.91 (1H, m), 3.76 (8H, m}), 3.51 (5.6H, m), 3.38 (1H, m), 2.84 (0.6H, m),
2.69 (0.4H, m), 2.55 (2H, m), 2.30 (2H, m), 1.57 {2H, m), 1.05 (2H, m), 0.98 (3H, s),
0.94 (6H, s). *C-NMR; 5 (CDCl,, rotamers), 176.0, 173.3, 170.7, 170.1, 156.5,



WO 01/10831 PCT/GB00/03078 68 OHCHNYJI NOO NJCL""" OH LRMS: +ve
ion 485 [MOHl *, ve ion 501 [MH . HPLC RT=5.8 mn, 95% pure. The title
conpound WA¥O pVpMr ed from 3- (Benzyl oxy-f om yl - am no) - 2RPCT/GB00/03078

cycl opentyl met hyl - propi oni ¢ aci d pent af | uor o- phenyl ester and 4-(4-Benzyl -
pi perazin-1-yl)-benzoic acid ethyl estergmhich is a known |literature
conpound. {1-[4-

(4- Hydroxyrﬂdﬂzlwzhsnmg)s ﬁwerr czlsn@zla &810)84, 53.8, £3.6] sstdﬁy$3wr9ml) car bam
ic acid benz est er (Sc was_depr ot ect ed and cou
ontat | uor ARGt 4, GE2AB. P-r144a9 Red2 A i 352, 365, B8, FEDCARARITO, Schenme

4 1~ 0 Ste \ t N N \
/ OH O RFe%sggn g’éa%n%L condi t| o'ﬁ‘s‘ %ﬁ[ﬁtrﬁ%[&fﬁ@ %@Wﬁg\wé%

(9); C. ED@urelOAt, Et3N, CH2 Cl2. Step A

[ 4(4- Benzyl - pi perazi n-1yl ) - phenyi ] -nethanol To a solution of lithium

al um ni um hydride (88 ng, 2.3 mmol) indry THF (20 m) was WO 01/10834
PCT/ GB00/ 03078 69 Example 81

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid [2,2-dimethyl-1S-{4-pyridin-
3-ylmethyl-pipera_zine-1 -carbonyl)-propyl]-amide

?H
T

%

N/\\D

'H-NMR; § (CDClI, rotamers), 8.53 (2 H, m), 8.40 (0.3H, s), 7.81 (0.7H, s), 7.85 (1H,
d, J=7.7Hz), 7.27 (1H, m), 6.76 (0.3H, d, J=8.8Hz), 6.67 (0.7H, d, J=8.9Hz), 4.89
(1H, m), 4.03 (0.3H, m), 3.92 (1H, m0, 3.77 (1.7H, m) 3.47 (5H, m), 2.86 (0.7H, m),
2.69 (0.3H, m), 2.56 (2H, m0, 2.31 (2H, m), 1.64 (9H, m), 1.07 (2H, m), 0.98 (3H, s),
0.93 (6H, s). *C-NMR; & (CDCl,, rotamers), 175.5, 173.0, 169.8, 150.3, 148.8,
136.7, 133.1, 123.4, 60.0, 54.6, 54.1, §3.4, 53.2, 52.8, 52.7, 52.1, 48.7, 46.9, 46.8,
45.6, 44.5, 42.2, 42.0, 38.2, 37.9, 36.5, 36.3, 5.6, 32.8, 32.7, 6.7, 25.3 and 25.2.
LRMS: +ve ion 488 [M+H]), 510 [M+Na]. HPLC: RT=4.48 min, 98% pure.

Example 82

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid {1S-[4~(4-hydroxymethyl-
phenyl)-piperazine-1-carbonyl]-2,2-dimethyl-propyl}-amide



added 4-(4-Benzyl -pi pcirazin-1-yl)-benzoic acid ethyl eeter (500 ng, 1.5
nmmol?) . The. suspension was stirred at 75 C for 4 h. The reaction m xture
was al | oned W@ WHMB4 and a few drops of water were added froiriGrowosolsy 1- 2
drops of 1 M sodium hydroxide. A white precipitate formed and was filtered
off,- the THE was renoved in vacuo, and gprine (10 mM) was added to the
residue. This m xture was washed with ether (2 x 50 m, the ether |ayers
wer e conbi ned and dried-over anhydrous nagnesi um sul phate and the sol vent
removed in vacua to yield a yellow solid (405 ng). Flash chronmat ography
(3%veOH CH2Cl 2) aIIowed t he i ation of the title conpound as a white
solid (331 ng, 76%. H—NI\/R I3)738721(7H m ArH), 6.91-6.85
(2H, m ArH), 4.59 (2 8. 5" 3.21-3.17 (4H, m, 2.61-2.58 (4H,

H .
M HPLC. 2.4 nin (999 21 n +ve 283 (M+l, 80). Step B:
T a ution of [4-(4-Benzyl-piperazin-1
50 er a bl anket of argon was added a
or

(4- Pi perazi n4-yl - nhen N - ne ha
suspensi on of 10% p Iadl um Qi E@{fo (L5 gl in EtOH (150 m). Hydrogen
r

yl ) - phenyl ] - met hanol

was bubbl ed through the suspensi n the reaction mxture
was stirred under a blanket of hydrogen for t R§ The catal yst was
filtered off and the sol vent rem)ved i n vacua Y che title conpound
as a white solid (4.8 g, 100% H-NI\/RS(CDCIZ) 7.30-7.21 (2H m ArH),
6.94-6.88 (2H, m Arl—%5 59 (2H, s 3.18-2.98 (8H, n). HPLC. 0.5 min
(37% @ 214 LS: tyejont [MM,@QM ) [M-H1: HALS BTp5 8uping98% nure.al t
formation from TFA buffer, LRVS +ve: 193 (Mtl, 70). Step C

(1-[4- (4-Hydroxynet hyl - phenyl ) - pi perazl ne-1-carbonyl] 2, 2-di et hyl -

pr opyl } - carfthextitie Qampduh@way prepared frdm 3a(Benkzyloxyefonil-aiinopeRt ect ed tent

I( éelu (I::’: Bgr g |°§f°@p9"2ty8'm? %’anmdﬁ?q‘lé)%ﬁ?ﬁﬁ@fg?ﬂ?‘ﬁf’ﬁﬁt%fgﬁﬁ ddq(@a’ﬂl or onet hane
(60: 50, 250 piderazif¥y kHenZoid acitfetiister wied is &ndhah literakir@ EBmpound. {1-[4-
(4-Hydroxymethyl-phenyl)-piperazine-1-carbonyl}-2,2-dimethyl-propyl}-carbamic acid
benzyl ester (Scheme 4) was deprotected and coupled to the pentafluorophenyl
ester in a manner identical to that in Scheme 1.

Scheme 4

Step A

d Nu”‘@'ﬁ,,\ d \_/ ‘@’"\

Step B

— Stepc —\
< > \ ZHN N\_)\l < > \OH
(o]

Reagents and conditions: A. LIAH,, THF, 75C; B. Pd/C, EtOH, H, (g); C. EDC, HOAt, Et;N, CH,Cl,,

Step A [4-{(4-Benzyl-piperazin-1-yl)-phenyl]-methanol

To a solution of lithium aluminium hydride (88 mg, 2.3 mmol) in dry THF (20 mf) was



and triethylamne (7.0 m, 50 mml) were subsequently added. The reaction

m xture WO 01/10834 PCT/ GBOO' 03078 70 was stirred at RT for 18 h. The

sol vent wawo oae834ced i n vacuo to yield a yellow oil, whPEEHGRI&NEKen up in
di chl oronet hane (300 m ) and was washed with 1M sodi um carbonate (2 x 200
m),1 Mhydrochloric acid (1 x 200 m),ggorine (1 x 200nml) dried (anhydrous
magnesi um sul phate) and the sol vent renoved in vacuo to yi eld a white foam

(11.8 g). d@Bhi-(QﬁBQf{HI é@iiﬁd%ﬁ@r@d‘djééiﬂ‘ W&ﬂgtj@n@ 6390 . %LC 5 7 nn

i sol ation of the rrpoun as a white foam (7
(100% 214 smpenmmmme at 7rQdor 4 0) The saaction thmte)WaWIoweld(tbl codDO) .

5L St S AR RS B Bt

HH H ~ N\Jmtté xtéte)roriﬂed\bnd?m@ﬁmdd B3F, mt'mrdwa@fdmzmusn vacdoamal e 82.
'H-NMR, 6 (CDCl s),. 8.33 (2H, J=4. 8Hz 7H, s),

6.76 (1 Hpring, (19)iel)ma§)addsd$%“'(elreﬂdue Tbl(emwtuaéwas;wesv lﬂieih?r&lxég 3.37

05 (ar '8y Waiethof et vishe cimied Gnafis bl Syl ripgiufruins

173. 3, 17Carid théGbhiant S@mavetilit vacus t Yeld asnenbvﬁsmmm mg) Flash47. 0, 46. 5, 45. 1,
44.3,44.2, 44.0, 43.9 6 24 135 9 30. 7. 29.6 271
22.9 and 1%"%‘“%9%@“&@%89”%@%’%’/@&?@‘”\9 I8 '2“‘3 ij@e FyRPoYRd aga
HPLC: RT=4yRb &lie (359346, 6%6). ‘mnﬁﬁmm&mﬂ%mm),sgm 85

(2H, m, ArH), 4.59 (2H, s), 3.57 (2H, s), 3.21-3.17 (4H, m), 2.61-2.58 (4H, m). HPLC:

2.4 min (99% @ 214 nm); LRMS +ve: 283 (M+1, 80).

Step B: (4-Piperazin-1-yl-phenyl)-methanol

To a solution of [4-(4-Benzyl-piperazin-1-yt)-phenyl]-methanol in EtOH (50 ml) under .
a blankét of argon was added a suspension of 10% palladium on charcoal (1.5 g) in
EtOH (150 ml). Hydrogen was bubbled through the suspension for 1 h and then the
reaction mixture was stirred under a blanket of hydrogen for 60 h at RT. The catalyst
was filtered off and the solvent removed in vacuo to yield the title compound as a
white solid (4.8 g, 100%). 'H-NMR & (CDCI,) 7.30-7.21 (2H, m, ArH), 6.94-6.88 (2H,
m, ArH), 4.59 (2H, s), 3.18-2.98 (8H, m). HPLC: 0.5 min (37% @ 214 nm), 0.7 min
(55% @ 214 nm), multiple peaks due to salt formation from TFA buffer; LRMS +ve:
193 (M+1, 70).

Step C: {1{4~(4-Hydroxymethyl-phenyl)-piperazine-1-carbonyl}-2,2-dimethyl-
propyl}-carbamic acid benzyl ester

To a solution of CBz protected fert-leucine (7.4 g, 28 mmol) in dichioromethane (20
mi) was added (4-Piperazin-1-yl-phenyl)-methanol in a solution of DMF/
dichloromethane (50:50, 250 mi). EDC (7.3 g, 38 mmol), HOAt (0.34g, 2.5 mmol)

~ and triethylamine (7.0 ml, 50 mmol) were subsequently added. The reaction mixture



71 Exanple 84 N -(1 S
[ 4- (Benzo[ 1, 3] di oxol e-5-car bonyl ) - pi perazi ne- 1-carbonyl ] - 2, 2-di net hyl -

propyl }-2R-c yl met hyl - N' - hydr oxy-succinamde 0 O nadtoseyi €0 O
Exanpl e 84 mg?%@gdggr ed as detail ed bel ow (see Schene 5) ?r@g)#,] 3@1 o

Cydopent yl net hyl -succinic acid 4-tent butyl ester, prepared by anal ogous
nmet hods described in patent WO 921138310 " and 2- Amino-1 '

S-[4-(b 1, 3] di - 5- . .
ca£ bofme;] Z%ﬁsﬁé&ﬁw 18 h3The selveptiwas emeved Hracug te yieldha yalowallhods

Stop C ot op e Was ke yori MUFRromEahé Bt i Bfa el washied M Boafim 1
WO 01110834cansanats(x @0 nd), 1Whydeanhtoricacithd x2000nt); brine (14 200ml) di®Cl 2; B.
EDC OVF. Fnhyarddé dgtb i Wiphéte) ahd the sonent renbved in vecub B yiels whits  °H
foam (11.8 g). Flash chromatography 2% MeOH/dichloromethane allowed the
isolation of the title compound as a white foam (7.01 g, 63%). HPLC 5.7 min (100%

@ 214 nm). LRMS +ve 462 (M+Na, 60), 440 (M+1, 20), 422 (M-OH, 100).
Example 83

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid [2,2-dimethyl-1S-(4-
pyrimidin-2-yl-piperazine-1-carbonyl)-propyl]-amide

Prepared by method analogous to Example 82.

'H-NMR; 3 (CDCl,), 8.40 (0.3H, s), 8.33 (2H, d, J=4.8Hz), 7.82 (0.7H, s), 6.76
(1H, d, J=8.4Hz), 6.55 (1H, t, J=4.7Hz), 4.94 (1H, m), 4.09-3.37 (10H, m), 2.86-
2.78 (0.7H, m), 2.72-2.65 (0.3H, m,) 1.63-1.18 (6H, m), 1.02 (3H, s), 0.97 (6H, s),
0.85 (3H, m). ®C-NMR; & (CDCl,), 176.0, 173.3, 170.5, 161.9, 158.2, 111.1, 55.3,
54.7,52.1,48.7,47.1,47.0,46.5,45.1, 44.3,44.2,44.0,43.9, 42.6, 424, 35.9,
30.3, 30.2, 29.7, 29.6, 27.1, 22.9 and 14.3. LRMS: +ve ion 449 [M+H], 471 [M+Na], -
ve ion 447 [M-H). HPLC: RT=4.99 min, 100% pure.



Step A, 2R-Cycl opentyi met hyl -succinic acid 1-benzyl ester To a sol ution of
2R- Cycl opentyl net hyl -succinic acid 4-tert-butyl ester (960 ng, 2.7 mol)
in di chl ovooey8¥e (30 M), was added TFA (30 m ). The rRETHGHOONBOTE Xt ur e
was |left at -4 or, for 18h. The solvent was renoved in vacuo and the TFA
co- evaporated with toluene and ether i3 vacuo to yield a yellow oil (810 .
ng, 100%9. 'HNWR 8 (CDClI3), 7.38-7.29 (5H, m, 5.15 (2H, s), 2.93-2.87
(1H, m, 2.78 (1H, dd, J,=9.485J2=16.81), 2.52 (1 H, dd, J,=4.92
.12=17.01), 1.84-1.63 (3H, m, 1.62-1.53 2H, m, 1.52-1.40 (3H, m,
1.09-1.02 (21-1, m). Step B: Example 84

2R- Cycl opent yl net hyl - N- (14sobut oxy- et hoxy) - succi nam ¢ acid benzyl ester To
a solution of 2R-Cycl opentyl net hyt-succinic acid 1-benzyl ester (810 ngy,

2. ? mlml %)N'I-[I‘l S=JdHBenzo[ 1, 3]HioxalS-¢abonyl)-pigerazingst -):arliwl \ 1-2H2-Jﬁﬁ-iemm and
O (1- I sobutox ro 745 5. 6, ,mMmD The reaction was
left sti rrﬂfﬂgﬁzﬁ%cﬁe?qveﬁv F’!%erﬂf% QXY SUCCinamids| vent was renoved in
vacuo, the residue was taken up in ethyl acetate and washed successively
with I Mhydrochloric acid, | odi um car bonate and saturated sodium
chloride solution. The organi ase was dried over anhydrous magnesi um
sul fate and concentratpgd irf vacuo tqjyield a yell ow oiI (1.078, 97% . 1H
NVR, 8 (CDC 3), 5 : .17.5.10 (2H, AB q, J=1
2.36), 4.92-4.88 (WH, . 3340) 3.271 (1H,
dd, J,=6.734 J2=9.267), 3. 23 A2H, m, 1.89-1.41
(11 H m, 1.36 (31-1, dd, Ji1= 6 (2, bs), 0.919.(6H, d,
6.63). ESMS;, +ve ion 428 [I\/HrNa] /GBOO’ 03078 73 Step

C. 2R- Cycl opentyi net hyl - N- (1-i sobut oxy et hoxy) succinam c acid

Example 84 was prepared as detailed below (see Scheme 5) from 2R-
Cyclopentylmethyl-succinic acid 4-fert-butyl ester, prepared by analogous methods
described in patent WO 92/13831, and 2-Amino-18-[4-(benzof1,3]dioxole-5-
carbonyl)-piperazin-1-yi}-3,3-dimethyl-butan-1-one, prepared by methods described

in Scheme 3.
Scheme $
0 Step A 0 Step B 0
————— e
>Lo oBn HO oBn )\/0 On

Step C StepD . o
=5 —= L ool i




To a solution of 2R-Cycl opentyl net hyl - N- (1-i sobut oxy- et hoxy) - succi nam ¢
acid benzyl ester (925 ng, 2.3 mmol) in ethanol, under a bl anket of argon,

was added [ bg@gidm on charcoal (10% wi w). Hydrogen was gaifadseedsozir ough
t he suspension for 30 mnutes and the reaction stirred under an atnosphere

of hydrogen for 3 hours. The palladiumcatalyst was filtered off and the
sol vent renoved in vacuo to vyield a yelflowoil (720 ng, 100%. 1H NWR, 8
(cbc13), 4.93 (1 H m, 3.559 (1 H dd, J,=6.620 J2= 9.292), 3.292 (1 H,
dd, J,=6.70 J2=9.330), 2.94 (1 H m, 2.49-2.29 (2H, m, 1.93-1.75 (5H,

m, 1.61- 1Rééget(t§Hnd wbndifiors? A. TEA, CHCL,; 8. EDC) DME) HOAt, Rgidioxylamitte. C2H, ),
0. 919 (6H, ve | on 338 %IVHrNa] -ve ion 314 [M1] Step

Db N-(1S FQIQIfé %r‘l@BPdEEE@pM%EeMe%hﬂMH !pere2| ne-1-carbonyl] 2,2.

di met hyl - propyi } - 2R-cycl opent yl net hyl - W (1-i sobut oxy- et hoxy) succi nani de

To a solution of 2R-Cydopentyl net hyl - N- (1-i sobut oxy- et hoxy) - succi nam ¢ acid
(150. nyg, Step!A: ERGyclopemyimethybsudcinic agid trhienzyl 2ster

Am no- | S-[ 4- (benzo[ 1, 3] di oxol e- 5-

car bonyl ) - pi perazin-1-yi]-3, 3-di net hyl - but an- 1-one (165 ng, 0.5 mmol) and

stirred fge aSsdlotmtcasR-@z“loné?@lmathy&@amc)d Aert-DagEsster (@60 iy, 2eAaCt | on

m xture stirred at roomtenperature ove he weekend. The solvent was

renoved in Wh'@ dighioropethangd 30 mb). wag @ﬁdQPpTF‘h (34 m The rqastien MduTRashed
successi VeWé %Wqﬁﬂc‘ﬁleoédhfent%é FEm&veM:ﬁWéLwEﬁ?{hQGfl?i go-and
ase was

saturated SO |umch ori de solution € organic ried over
anhydr ous ewapuoratedwithibluehe and éthevmoeaacuo tl:t;eddlaryeuewm (860 mg, dDA%An ' of f

1S SR ki1l B o b A o
2.43-2.19 (294884689 DARIHLAL) S92 J=4501) 0301 88,0, 7121889 st~ 5 506).

1.117 (2H, 3 WO 01/ 10834 / GBOO 03078 74
(2H m) 1.52-1 40 (3H, m) 1.09-1.02 2H m)

Step B: 2R-Cyclopentylmethyl-N-(1-isobutoxy-ethoxy)-succinamic acid benzyl

ester

To a solution of 2R-Cyclopentylmethyl-succinic acid 1-benzyl ester (810 mg, 2.8
mmol) in DMF, was added EDC (805 mg, 4.2 mmot), HOAt, (10% w/w) and O-(1-
Isobutoxy-ethyl)-hydroxylamine (745 mg, 5.6 mmol). The reaction was left stirring for
60 h at room temperature. The solvent was removed in vacuo, the residue was
taken up in ethyl acetate and washed successively with 1M hydrochloric acid, 1M
sodiurm carbonate and saturated sodium chioride solution. The organic phase was
dried over anhydrous magnesium sulfate and concentrated in vacuo to yield a yellow
oil (1.07g, 97%). :

'"H NMR; 5 (CDCI,), 8.05 (1H, bs), 7.34-7.27 (§H, m), 5.17:5.10 {(2H, AB g, J=12.36),
4.92-4 88 (1H, m), 3.52 (1H, dd, J,=6.643 J,=9.340), 3.271 (1H, dd, J,=6.734
J,=9.267), 3.06-2.95 (1H, m), 2.52-2.23 (2H, m), 1.89-1.41 (11H, m), 1.36 (3H, dd,
J,=3.53 J,=5.303), 1.06 (2H, bs), 0.919 (6H, d, 6.63).

ESMS; +ve jon 428 [M+Na)



J, =6. 66) . ESM5; +ve ion 667 [MtNa] Step E M (1

S-[ 4- (Benzo( 1, 31di oxol e-5-car bonyl ) - pi perazi ne-1-carbonyl | -2, 2-

di et hyl - WOM108342R- cycl opent yl net hyl -t O hydr oxy- succi nRETEBfN30TS
S-[4-(Benzo[ 1, 3] di oxol e-5-car bonyl ) - pi perazi ne-1-carbonyl -2,2-dinethyl -
propyl)-2R-cydopentyl net hyl'-M (1-i sobgg oxy- et hoxy)-succi nam de(198 ng, 0.31
nmol ) was dissolved in a 50/50 m xture of nethanol and 1 M hydrochloric
acid (16 m) and stirred at roomtenperature for 30 mi nutes. Pre-washed
Anberlyst resin 95 was added until pH 7 was reached and was then filtered
under suction and washed wth nethanol. The filtrate was concentrated in

d b
pr epar ot B e PR ydiBpdntfietyiAFl Ribblox latidd ighcdiiami abid 0T Y
ng).' HNVR, 8 (MeQD), 6.935 (1H, s), 6. 926 (2H dd, J,= 7. 854 J2= 34.375),
6.018 (2 4.8 3.902,3 384 (8H] 2 893 . 2.323
(1H, d((:I T asgf" éiﬁ&ﬁ?"gmﬁ%"'&“ﬁlﬂu *ﬁ’%&"ﬁ‘?fﬂ‘%& r8221 (11-1,
nM, 1. 64Ben#yPbkter1925 Mg 12, G%mbl) ikthahol? GAdérla Hank@t of kr&ﬁﬁ\n@%kdﬂed n;
13C-NVR. 8 (MeQD), 177.7

172, 2, 17 paladEm ob ohwizal (190 wivbHvdroges was bubbled thgh thessuspensiors: 43, 4.
40.1, 39%43 ?iﬁmﬂtes%d“mgx%a&'on%n%gﬁﬁgﬁ?n }m*e'i’@% lf}’?lﬁ?&?\z pgNa] . ve |on

543 [ M reparative opent 2- di met hyl -
S- [ 4- (4- heuisyThé paliadiymziatalyst wasdiltered off and the solvent removed in vacuo to

car bonyl | N X cinamde 0 O Ho,~ 19, WO 01/10834
PCT/ @neyﬁqggﬁ%ow@q 81 im?%grpound was prepared as detailed below (see
?chﬁme 6)HINMIG &(CIHTE), Ao {IH, W), B)558 1 K 1dd, I 86202 bIPBRY )3. 20 AiH)Ad] ¢ aci d
schene
J = 6.70 J,= 9.330), 2.94 (1H, m), 2.49-2.29 (2H, m), 1.93-1.75 (5H, m), 1.61-1.44
(6H, m), 1.377 (3H, dd, J,= 1.237 J,=5.237), 1.08 (2H, m), 0.919 (6H, d, J;= 6.65).

ESMS; +ve ion 338 [M+Nal, -ve ion 314 [M-1]

Step D: N'-{1S-[4~(Benzo[1,3]dioxole-5-carbonyl)-piperazine-1-carbonyl]-2,2-
dimethyl-propyl}-2R-cyclopentyimethyl-N‘-(1-isobutoxy-ethoxy)-succinamide

To a solution of 2R-Cyclopentylmethyl-N-(1-isobutoxy-ethoxy)-succinamic acid (150
mg, 0.48 mmol) in DMF (7.5 ml), was added 2-Amino-1S-[4-(benzo[1,3]dioxole-5-
carbonyl)-piperazin-1-yi}-3,3-dimethyl-butan-1-one (165 mg, 0.5 mmol) and stirred
for 5 minutes. EDC (96 mg, 0.5 mmol) was added and the reaction mixture stirred at
room temperature over the weekend. The solvent was removed in vacuo and the
residue taken up in ethyl acetate and washed successively with 1M hydrochloric
acid, 1M sodium carbonate and saturated sodium chloride solution. The organic
phase was dried over anhydrous magnesium sulfate and concentrated in vacuo to
yield an ‘off white’ solid (227mg, 74%).

H-NMR; & (CDC),), 6.87 (2H, m), 6.01 (2H, s), 4.873 (1H, m), 3.94-3.67 (4H, m),
3.64-3.23 (10H, m), 2.773 (1H, m), 2.43-2.19 (2H, m), 1.89-1.39 (14H, m), 1.357
(3H, dd, J,=2.350 J,=5.306), 1.117 (2H, m), 0.987 (9H, s), 0.913 (6H, d,




Scheme 6 ~O0. ONt i- r~o O NR=ZNK O ~0j) NR$e~-R=HM: HO O
~NY Nry~N Reagents and conditions: A 4-(2-Ank*

3, 3-di met hyl wlnhMéggk ) - Pi pera2i ne-1-cerbox |ic add benzyi ggieseoddPfs NET,,
CH2C1 B. PdIC, H2, MOH, C. 4-nethyl benzyl brom de, NEt3, CHZ&X; D. HCl |
N, McOH Step A -

4- (2S-[2R- Cycl opent yl net hyl - 3- (1- sobutZﬁ(y- et hoxycar banoyl ) -

propi onyl a P - di net hyl bl ) - pi perazi ne- 1- carboxylic acid benzyl
ester To an‘]d (i’ohs?% sg‘ﬁ%ﬁ"o o +§‘%kz acid (6.8 g, 16.1 nmol) In

di chi oronet hane (80 m ), the hydrochloride salt of the amne (8.65 g, 19.4
nmol ) was added followed by triethylamne (2.92 m, 21 mmol) and then WSC
(3.72 ¢g,19.4 mol ). The reaction m xture was stirred overnight allow ng
the tenperature to cone back to roomtenperature. The reaction mxture was
then diluted with dichioronethane and washed with water (80 m), wth

N p: A€o eel g clecs by Do b T 2 and Lhe
Chr ough 11 AImet wpavlAFEvdopsntimehyEn RuasEy SUctRBmIne (o o 755

yield). 'H NWR 8(CDCI3) 8.20 (1H m, 732(5H n') 6.45 (11-1, m, 5.11
(2H, s), 4.91-4.82 %3 87-3.21 (12H, , 41 (1H m, 2.73 (1H,
m, 1.90-1. Mb{1§1{4+eBenao[1 k) c%%ﬂcarhepyl}plpgazmﬂ c@'pomdl-aa -dimethylt) WO

S i por ar HEP-RSIRGRen e e PN ARRR L Remier e motoBTE ' 1

a suspensi anmof) whsdiSselpedincx 56/80 mvplmeadma&hirﬁbl and 1M, hydroahldrici acid/@H ( 100

nm) was addde and the bl ed .for,1lh. The reagtion
T Xt ure wadhD e stied At oM eRiBeraiis o Aies. By Bfshed ARBenyRE fodiv B/ " nas
filtered ofgad Qddédgfhﬁipﬂql waredohed and was then filtered under suction and washed

with methanol. The filtrate was concentrated in vacuo with ethanol to yield a

yellowish solid that was purified by preparative HPLC to yield the title compound as
a white foam (62 mg). '"H-NMR; 5 (MeOD), 6.935 (1H, s), 6.926 (2H, dd, J,= 7.854
J,= 34.375), 6.018 (2H, s), 4.863 (1H, s), 3.902-3.384 (8H, m), 2.893 (1H, m), 2.323
(1H, dd, J,=7.86 J,=14.31), 2.193 (1H, dd, J,=6.23 J,=14.39), 1.824 (1H, m), 1.645
(5H, m), 1.491 (2H, m), 1.374 (1H, m), 1.033 (11H, m); *C-NMR; & (MeOD), 177.7,
172.8, 172.2, 171.0, 151.3, 149.7, 130.2, 123.3, 109.7, 103.5, 566.5, 48.1, 43.6, 43.4,
40.1, 39.8, 37.4, 36.4, 34.0, 27.5, 26.5; ESMS; +ve ion 567 [M+Na], -ve ion 543 [M-
1]

Preparative Example A

2R-Cyclopentyimethyl-N'{2,2-dimethyl-15-{4-(4-methyl-benzyl)-piperazine-1-
carbonyl]-propyl}-N'-hydroxy-succinamide

HII

RasseeV¥es



to give the desired conmpound in a 99%yield. ESMS, +ve lon 498 [ Mtl], -ve
lon 496 [M1]; HPLC. RT = 6.21 mn Step C. 2R-Cycl opentyl net hyl

[ - (2, 2-diweoH1m3d S-[ 4. (4met hyl - benryi ) - pl perazi ne- | PCT/GB00/03078
-carbonyl ] -propyl }-N -(1-i sobut oxy-et hoxy)-sucC namide To a sol ution of
4- et hyl benzyl bromide (74 ng, 0.4 mmol) in dichloromethane (2 m) were
added a solution of the piperazine in dichloronethane (1.2 m, 0.33 mmol)
and Net6 (60 m, 0.4 mmol). The reaction mxture was stirred at room
tenperature for 12 hours. Water was ad¥led (1.5 nl) and the resulting
solution filtered through polypropyl ene hydrophobic cartridges (1 PS
filter). The solvent was then renoved under reduced pressure to afford the
ct ed addUisd title Sompould was prepared as detailed below (see scheme 6) from 2-

cl opent th th zyl)-

razi ne- 1}5 (gr'hgnque%yl-% @b@‘%}% Jcﬁia-&» a%x%rﬁs%ngm%% a solution of the
er in MeCH (4 n1) was added HC 1 N (600 m) and the reaction mxture
stirred for 2 h. Then 60 m of e added and the sol vent was

ved under reduced pressure. The cru reaction mxture was purified

ugh HPLC. The ounds of Exanp Ies -87 were prepared by the

het i rout e gou ed in chene s described in detail for
Qfam;l: rr Rtz i n parall el
. Charact %atlo /QE %IH%ER-H ------- -- WO

01/ 10834 PCT/ GBOO/ 03078 77 conpounds are row déd in Table 6. 0 Table 6
Ho, pe Exanple Structur Mass Retention

Y Juf;aﬂ

Reagents and conditions: A. 4—(2—Amm~'¥,3—dlmthyl-hulyzyl)—plpuazine—1-cerbuyllc acid benzyl ester, WSC, NE§, CH,Cl,;
B. Pd/C, H,, MeOH;: C. 4-methyl benzyl bromide, NE,, CH,Cl,; D. HCI 1N, MeO

Step A: 4-{2S-[2R-Cyclopentyimethyl-3-(1-isobutoxy-ethoxycarbamoyfl)-
propionylamino]-3,3-dimethyl-butyryl}-piperazine-1-carboxylic acid benzyl
ester

To a cold (0°C) solution of the acid (6.8 g, 16.1 mmol) in dichloromethane (80 mi), the
hydrachloride salt of the amine (8.65 g, 19.4 mmol) was added followed by triethylamine
(2.92 ml, 21 mmol) and then WSC (3.72 g, 19.4 mmol). The reaction mixture was stired
overnight allowing the temperature to come back to room temperature. The reaction
mixture was then diluted with dichloromethane and washed with water (80 ml), with
Na,CO, and brine. The combined organic layer was dried over MgSO, and the solvent
was ramoved in vacuo to yield a yellowish foam which was purified through flash
chromatography to give a 100% pure compound (8 g, 79% yield).

'H-NMR; & (CDCl,), 8.20 (1H,m), 7.32 (5H, m), 6.45 (1 H m), 5.11 (2H, s), 4.91-4.82
(fZH, m), 3.87-3.21 (12H, m), 2.41 (1H, m), 2.73 (1H, m), 1.80-1.40 (14H, m), 1.36 (3H,
m), 0.98 (9H, s), 0.90 (6H, d)



Spec rime (mn) 851 i M1=563 5.2 M1=561 | M1=537 M 1=535 5.03

M+1=488 4.17 87 ~ , M1=486 The conpounds of Exanples 85 - 87 are naned as
fol | ows: EX@ﬁBI n@i M[1 _ _ PCT/GB00/03078
S- (4- Bi phenyl -4-yI net hyl - pi per azi ne-1-car bonyl ) - 2, 2-di net hyl -

propyl ] - 2R-cycl opent yl met hyl - M hyd roxy-gucci nam de Exanpl e

86. 2RCycl opent yl net hyl - M [ 2, 2- di net hyl “1%s (4- napht hal en- 2-yl net hyl -
pi perazi ne-1 -carbonyl)-propyl]-Mhydroxy-succi nam de Exanpl e

87. 2R- Cycl opent yl net hyl - M [ 2, 2-di net hyl -1 S- (4- pyri di n-3-yl met hyl -

bCT! GB00/ 03078 S e EY S P AMnatly DB 2 uMothyA S pipsiazfO LedroRTH-

4- (1- ( 2S- | PropylidVH{tigabutoxy-ethoxyhsuzrinapide pent yI et hyl - pr opi onyl ani no] -
3, 3-di nmet hyl -butyryl]-piperidin- -yloxy)-N, Ndi net hyi benzam de CH O 0.
NN' O UCe The title conpound was prepared as detail ed bel ow (see schene 8)

from the thr 3suspdnsionlodthe Z-protedtedipipeaying (8 gy12. Dmenl)ih MOl (108 mf)iveas c
acid pental uorophenylﬂbéste

o1 1 058 AP0 8 AR v bubblad: fos fh.The, Eorton, Itus YRS AN, .y |
benzoi ¢ acigRRiUNYEr £6iaRKet 0B ASfor @REINEr Hour. Pd/C was filtered off through a celite pad

to give the desired compound in a 89% yield.
ESMS; +ve ion 498 [M+1], -ve ion 496 [M-1]; HPLC: RT = 5.21 min

Step C: 2R-Cyclopentyimethyl-N'-{2,2-dimethyl-1 S-{4-{4-methyl-benzyl)-
piperazine-1-carbonyl]-propyl}-N'-{1-iscbutoxy-ethoxy)-succinamide

To a solution of 4-methyl benzyl bromide (74 mg, 0.4 mmol) in dichloromethane (2 ml)
were added a solution of the piperazine in dichloromethane (1.2 ml, 0.33 mmol) and
Net, (60 mi, 0.4 mmol). The reaction mixture was stirred at room temperature for 12
hours. Water was added (1.5 mil) and the resulting solution filtered through
polypropylene hydrophobic cartridges (1PS filter). The salvent was then removed under
reduced pressure to afford the expected adduct.

Step D: 2R-Cyclopentylmethyl-N'-{2,2-dimethyl-1S-[4-(4-methyl-benzyl)-
piperazine-1-carbonyl}-propyl}-N*-hydroxy-succinamide

To a solution of the latter in MeOH (4 ml) was added HCI 1N (600 mt) and the reaction
mixture was stirred for 2 h. Then 60 ml of NEt, were added and the solvent was
removed under reduced pressure, The crude reaction mixture was purified through
HPLC.

The compounds of Examples 85-87 were prepared by the synthetic route outlined in
Scheme 5 and as described in detail for Preparative Example A. Step C and Step D
were carried out in parallel format for all examples. Characterisation data for the



Scheme 7 ~~{{ OO Z-*, H St~ Step a Z~- NCO2W U O Step C HzZNN / CO2Me
Reagents and conditions: Step A 4-hydroxy piperidine, WsC, HOAt, CH2CI Step
B: 4- hydrwe¥ines®t hyl benzoate, DEAD, PPh3, THF;, Step CrdidGBiedsed Et OH,
reflux Step A: (1

S- (4. Hydr oxy-pl perl dl ne-1-carhonyl)-2.,2. di net hyl -propyl].carbam c acid
benzyl ester To a cold solution (0Q g the Z-tetf-leucine (318 g, 13.1

moi ) and _4-h 0, i . i o 1.4 g, 13.7 mol) in CH2Cl 2 (40 m) were
added m@@?éi@ésg%%lpﬁ%*?%@? ‘"dféﬁ?éwed by HOAt (18 ng, 0.13 mml). The
reaction m xture was stirred at room WD 01/10834 PCT/ GB00/ 03078 79
tenperature for 12 hours and then washed with water and brine. The conbi ned
organic | ayer s—thr-reover— WSSt —amd—ttresotventyTenovey under reduced
pressure to furrish a |lyellow ofl)which wasjpurifigd through flash

chr omat ogr aphy. {The des|i red$c u was olptained|in 64%yield. 'H NVR 8
(CDCI 3), 7.34 (HHYakig6 |ov W@NQOS( H m, |4.60 (1]H, n), 3.91 (3H,
m, 3.49-3.05 (H, m,| 1.91 (4 /kaﬂk%' 9H, d, |J=3.57)] ESMs; +ve ion
371 [MrNa]; HPUYC. RT 3 5.44 min. Step B:
4-[1-(2S-Benzyl gxycar bonyl am no- 3, 3- di net hyI’l- butyryl&- i peti di n-4-Yl oxy] -
benzoic acid netlhgla r To aggetnsesOl Ut O qf. oP &t ter conpound
(1.45 g, 4.2 1), 4-hlydroxy methyl benzogt A4 7ye 0P ol ) and

tri phenyl phosphi . - A
M+1=563
85 M1=561 | 2
M+1=537
86 M A=535 5.03

417

87

The compounds of Examples 85 - 87 are named as follows:

Example 85. N'-[1S-(4-Biphenyl-4-yimethyl-piperazine-1-carbonyl)-2,2-dimethyl-
propyll-2R-cyclopentylmethyl-N*-hydroxy-succinamide

Example 86. 2R-Cyclopentylmethyl-N'-[2,2-dimethyl-1S-(4-naphthalen-2-yimethyl-
piperazine-1-carbonyl)-propyl]-N*-hydroxy-succinamide

Example 87. 2R-Cyclopentyimethyl-N'-[2,2-dimethyl-1S-(4-pyridin-3-yimethyl-
piperazine-1-carbonyl)-propyl]-N*-hydroxy-succinamide




dropwi se followed by the addition of DEAD (0.86 m, 5.46 muol). The
reaction mxture was stirred at OC for 2.5 hours. Thf was renoved in vacuo
and the crudggfabgye was taken-up In ethyl acetate. Thepgy /%%Wdﬂfs .}8ayer was
washed with water and brine and subsequently dried over ?
puri.fication through flash chromat ography the expected corrpound was
obtained as a pure white foamin 70%yield. "HNWR, 5 (CDCl3), 7.99 (2H,

dd, J,=1.23 J2=8.82 ), 7.35 (5H, m, 6.92 (2H dd, J1=1.18 J2=8.76), 5.58
(1H m, 5.09 (2H m, 4.62 (2H m, 3. (4H m, 3.72 (1 H m, 3.61 (2H
m, 1.90 (4H, m), 0.99 (9H, s); ESMS;, +ve ion 505 [MtNa]; HPLC. RT = 6.73
mn. Step C 4-[1 S-(2Am no- 3, 3-di nekdwmgle 881t yryl ) - pi peridin-4

yl oxy] -benzoic acid nethyl ester To a solution of the latter conpound (650
ng, 1.35 nmmol) in EtOH (10 mM) was added Pd/C (65 ng) and H2 was bubbl ed

t hrough t he r d<{25-I3¢Beozyimyfoomyliaming)-2Rxycoperitylmathyhpropideylamiingpved by

filtration th under reduced
pressure to glagigﬂ?ﬁﬁ'y *@(ﬁg&mﬂhﬁﬁ#‘quan%§a@%@?el d. "HNW, S
(CDbCl3), 7.99 (2H, d, J= 8.82), 6. (2H, d, J=8.47), 4.65 (1H, m, 3.89
(3H, s), 3.72 (2H, n'), 3.56 E% , :4.82), 1.95 (4H, m, 0.99 (9H, s);
ESMS; +ve ion 349 [ M+1l. /10884 JPCT/ GB00103()78 80 Schene 8 CHO BnO
OF SSA 7 Br> 98P B ON CO2MG Y /O/ﬁ\u’

° AN

The title compound was prepared as detailed below (see scheme 8) from the the 3-
(Benzyloxy-formyl-amino)-2R-cyclopentylmethyl-propionic acid pentafiuorophenyl
ester and 4-[1-(25-Benzyloxycarbonylamino-3,3-dimethyl-butyryl)-piperidin-4-yloxy]-
benzoic acid methyl ester (see scheme 7).

Scheme 7

N com

Y

e Ao = Ao o
= oo™

Reagents and conditions: Step A: 4-hydroxy piperidine, WSC, HOAt, CH,CL; Step B: 4-hydroxy
methyl benzoate, DEAD, PPh,, THF; Step C; H,, Pd/C, EtOH, reflux

lll!

Step A: [15-(4-Hydroxy-piperidine-1-carbonyl)-2,2-dimethyl-propyl]-carbamic acid
benzy! ester ,
To a cold solution (0°C) of the Z-ferteucine (348 g, 13.1 mmol) and 4-hydroxy

piperidine (1.4 g, 13.7 mmol) in CH,Cl, (40 ml) were added WSC (2.75 g, 14.4 g)
followed by HOAt (18 mg, 0.13 mmol). The reaction mixture was stirred at room



CHOO BnO R~rVo~~HStop DIY v -111- ao\, 1 R=H Step CCHO OH O
Step E O-,Ntd S Reagents and conditions: Step A: RHS, NEt3 DVF, Step B:

Li OH, THFwofibkss! JO Step C FAA, NEt 3, THF;, Step D. ®CT/GBDIE078aM ne,
WC, HOAt, CF CIS; Step E: Cydohexene, Pd/C, EtOH reflux Step A
4-(1-(2S [ 3- (Benzyl oxy fornyl -am no) -,4R-cycl opentyl net hyl - propl onyl am noj .
3,3-dimethyl -butyryl }-piperidin-4 yloxy)-benzoic acid methyl ester To a

solutio t 4
oo 5, Soeflinstattie 3R fEhdpts indihet wabngl With vigher Ao e TAS Btfbingd ofgihic S EF
was sti riaper wasdriediaybt MgSO; andﬁead&enﬂmmedmevwmﬂtpwm tofignish under

rado by hyalRw Bl whishayes el ol e Fromdri, THR B fort OtfinSd " The

combi nedy,gs @B&ifed iR ¥A% dried over MySO4 and the solvent renoved under
reduced pressure to yield a foam The crude roduct was purified through

flash chitONMRG{EPOK)7B4/(5H, g), 5158 (dHsm),&08 (Zhhan)d.694{1H BHamh i n 98%

b, Sa-6._aRapips fpn. g tol AR D. %0 4. 95 %65*[92%“{%*@@ TP (o

m, 3. 89HFRE: RY)= 544G##in2. 50 (1 H, , 1.98-1.34 (15H, , 0.95 (9H, s);
LRVS: +ve ion 436 [MrH], 658 [ M:Na]. HPLC

Step B: 4-[1-{2S-Benzyloxycarbonylamino-3,3-dimethyl-butyryl)-piperidin-4-yloxy]-
benzoic acid methyl ester
To a cold solution (0°C) of the latter compound (1.45 g, 4.2 mmol), 4-hydroxy methyl

benzoate (0.7 g, 4.6 mmol) and triphenylphosphine (1.48 g, 5.46 mmol) were added
dropwise folloWed by the addition of DEAD (0.86 ml, 5.46 mmol). The reaction mikture
was stirred at 0°C for 2.5 hours. Thf was removed in vacuo and the crude residue was
taken-up in ethyl acetate. The organic layer was washed with water and brine and
subsequently dried over MgSO,. After 'puriﬁcation through flash chromatography the
expected compound was obtained as a pure white foam in 70% yield.

'H NMR; § (CDCl), 7.99 (2H, dd, J,=1.23 J,=8.82 ), 7.35 (5H, m), 6.92 (2H, dd, J,=1.18
J,=8.76), 5.58 (1H, m), 5.09 (2H, m), 4.62 (2H, m), 3.89 (4H, m), 3.72 (1H, m), 3.61 (2H,
m), 1.90 (4H, m), 0.99 (9H, s); ESMS; +ve ion 505 [M+Na]; HPLC: RT = 6.73 min.

Step C: 4{1S-(2-Amino-3,3-dimethyl-butyryl)-piperidin-4-yloxy]-benzoic acid
methyl ester
To a solution of the latter compound (650 mg, 1.35 mmol) in EtOH (10 ml) was added

Pd/C (65 mg) and H, was bubbled through the resulting suspension for 4 hours. Pd/C
was then removed by filtration through a celite pad. The solvent was removed under
reduced pressure to give the desired compound in quantitative yield.

H NMR; 5 (CDCY,), 7.99 (2H, d, J= 8.82), 6.92 (2H, d, J= 8.47), 4.65 (1H, m), 3.89 (3H,
s), 3.72 (2H, m), 3.56 (1H, d, J=4.82), 1.95 (4H, m), 0.99 (9H, s); ESMS; +ve ion 349
[M+1].




RT=6.79 mn, 98% pure. WO 01/10834 PCT/ GB00/ 03078 81 Stop B:
4- (1-[ 2S- (3-Benzyl oxyam no 2R-cycl opent yl net hyl - pr opi onyl am no) - 3, 3-
di et hyl - butWe 91716838 peri di n-4. yl oxy}-benzoic acid To a cHCGI/GRIQINTHN (00
of the latter conpound (100 ng, 0.16 mml) in a mxture of THF MeOH H20
(3:1:1; 2.5 mM) was added LiOH (33 ng). The reaction m xture was stirred
for 48 hours at roomtenperature. The sgd vent was renoved under vacuo and
the crude dissolved in water. The aqueols |ayer was extracted by neans of
Et20 and then acidified to pH=1 by ngagse8f HCl 1 N. The desired product
was then extracted om 020. The organic layer was dried over MpSO4 and
t he sol vent renoved der reduced pressure to yield the desired conpound
as a white sol RdOiM | 3, rotaners), 8.06-8.01 (2H,
B

M), 7.38-7. 3BONRL, 9.3Hz), 6.94-6. 2H, Ny,
5.02 (1 H, d, J=9. 4,&1” H, GoMa (023 67 (4H,
m, 3.58-3.42 (2H, nF7 FIF-3.01 (2H, m,l2.62 leo-l.m (15H,
m, 1.01 (9H, s); LRVS: F+tve ion 594 [ MrH, 7p~i 1]. HPLC. RT=5.92
mn, 98% pure. Step C. 4-(1-(2S-[3-(Benzyl oxy

formyl - am no) - 2R- cycf opent yl net hyi -
pr opl onyl am no] g3, g thebhyl - but yryi ) - pi peri di n- 4-vyl|

cold (00 of th# iﬂwl@ 8. B in THE gHoQ0
m xed anhydP®e (18 & Zﬁb\ andsuiet 3, ( N33 43 mol >
reaction mxture wa hr 8 omterrpEr%t"ture for 42 poufs. sfgl vent

). . .
was then renoved under reduced pressure and the resi S¥0l ved in

CH2Cl 2. The or gagi,e l! Rrdt was washed with. wate and brine and dried over
MySO4. The sol vent s®Aoved i n vacuo yield the desired derivative.
"HNWR, 8 (CDCl 3, rotanmers), 8.19- 79189 4, d®s), 7.46-7030 (5H, m,

7.02-6.85 (1 H, SE o H\)LO ,dLN/
AN NS

Reagents and conditions: Step A: RHS, NEt, DMF; Step B: LiOH, THF, MeOH, HO; Step C: FAA,
NEt;, THF; Step D: dimethyl amine, WSC, HOAL, CHCL; Step E: Cyclohexene, Pd/C, EtOH, reflux

Step A: 4-(1-{2S-[3-({Benzyloxy-formyl-amino)-2R-cyclopentyimethyl-
propionylamino]-3,3-dimethyl-butyryl}-piperidin-4-yloxy)-benzoic acid methyl
ester

To a solution of the amine (3.4 g, .70 mmol) in DMF were added the PFP ester (4 g,

8.50 mmol) followed by NEt, (1.3 ml, 9.34 mmol). The reaction mixture was stirred
overnight at room temperature. The solvent was removed under reduced pressure and
the crude dissolved in ethyl acetate. The work-up was made by means of water, sodium
carbonate, ammonium chloride and brine. The combined organic iayer was dried over
MgSO, and the solvent removed under reduced pressure {o yield a foam. The crude
product was purified through flash chromatography to yield the desired compound as
a white foam in 98% yield.

'H-NMR; & (CDCI, rotamers), 8.01-7.96 (2H, m), 7.38 {6H, bs), 6.93-6.88 (2H, m),
6.32-6.29 (1H, m), 5.01-4.52 (7H, m), 4.02-3.52 (TH, m), 3.89 (3H, s), 2.68-2.50 (1H,
m), 1.98-1.34 (15H, m), 0.95 (9H, s); LRMS: +ve ion 436 [M+H], 658 [M+Na]. HPLC:
RT=6.79 min, 98% pure.



M, 5.02-4.53 (4H, rn), 4.04-3.37 (6H m), 2.70 (1 H m), 1.98-1.35 (15H,
m, 0.97 (9H, s); LRVS: +ve ion 644 [MtNa], -ve lon 620 [M1) HPLC
RT=6. 29 nmwQOB®E pure. Step D 4-(1-(2S-[3-(Benzyl oxy PCT/GB00/03078

formyl - am no) - 2R- cycl opent yl net hyl -

propi onyl am no] - 3, 3-di nmet hyl - but yryl }8ipi peri di n-4 yl oxy)-N, N-di net hyl WO
01/10834 PCT/ GBOO 03078 82 benzam de To a cold (0C)solution of the
starting acid (.35 g, 0.56 nml) in CHC 2 (8 m) were added di net hyl
amne (0.67 mmol), WSC (118 ng, 0.61 mml) and HOAt (8 ng, 0.06 nmmol). The
reaction_m xture was stirred at roomte erature for 12 _houyrs, \ter was
added (3StaP Bufd1423-(3-Benryloxyamina2R-cyclopenty imethyl-propiomdamine)n,Brne
hy dr ophodinethykbutyryllpiperiding-ylpxy}-benzojg acish| vent was t hen renoved under
reduced Fo ascoki solutiom(0°6) of theHattengoaepormd (400 mg, 0THE: mmaol)in @ mixturendf was

weh 5 SEFRePRIEREAE28 ml Wag IR shin) TRe TeBetn rbdifeGis hr o
Step E dtirtedfor 2aJh2:Brth&b@:aeéwémayThe3§6mntwscbw\&umar Véuo and

propl onyl am no) 3, 3- di met hyl -butyryl } - pi peridin-4-yl oxy) - N, N-di et hy| -
benzani dtherasude dissolved in water. Theiaglipays 'emmﬁ@d(az%ﬁd ky means of ELO) 9nd/ver e

added cy = 2 i
- stirred tﬂo :%gfkﬁﬁid P(()&‘? %%ﬁ%&%@hg?%ﬂ%@gfﬁgwhﬁr oug%&%gl\?t e
pad. Thefrom EGOt Thasrgaamiamt wasidnied evarddgSOpand the solventaefmoved uhdedesi r ed
adduct as re co 5.49 mn,
100% pur éeua"Fﬁé gpe@%ﬁsﬁggﬁgn gg\ﬂe‘}?@{%@é‘&dﬁﬁwﬁghe synt hetic
A Ogtn e g;ﬂew% d (ec%%‘rb&ﬁme&mdma)ﬂ(Qw )PP.A8iM30!BH h), fro9-68PHE 88. Step
23 J=9.3Hz), 6.94-6.89 (2H, m), 5.02 (1H, d, J=9.4Hz), 4.75 (2H, s), 4.69-4.61 (1H,
m), 4.08-3.67 (4H, m), 3.58-3.42 (2H, m), 3.17-3.01 (2H, m), 2.62 (1H, m), 2.10-1.40
(15H, m), 1.01 (9H, s); LRMS: +ve ion 594 [M+H], -ve ion 592 [M-1]. HPLC: RT=5.92

min, 98% pure.

Step C: 4-(1-{2S-[3-(Benzyloxy-formyl-amino)-2R-cyclopentyimethyl-
propionylamino}-3,3-dimethyl-butyryl}-piperidin-4-yloxy)-benzoic acid

To a cold (0°C) of the acid (4.8 g, 8.1 mmol) in THF (100 ml) were added the mixed
anhydride (1.8 g, 20.3 mmol) and NEt; (3.33 ml, 24.3 mmol). The reaction mixture was
stirred at room temperature for 12 hours. The solvent was then removed under reduced
pressure and the residue was dissolved in CH,Cl,. The organic Iéyer was washed with
wate and brine and dried over MgSO,. The solvent was removed in vacuo to yield the
desired derivative.

'H-NMR; 3 (CDCl, rotamers), 8.19-7.89 (3H, bs), 7.46-7.30 (5H, m), 7.02-6.85 (1H,
m), 5.02-4.53 (4H, m), 4.04-3.37 (6H, m), 2.70 (1H, m), 1.98-1.35 (15H, m), 0.97
(9H, s); LRMS: +ve ion 644 [M+Na], -ve ion 620 [M-1] HPLC: RT=6.29 min, 95%
pure.

Step D: 4-(1-{28-[3-(Benzyloxy-formyl-amino)-ZR-cyclopéntylmetllyl-
propionylamino}-3,3-dimethyl-butyryl}-piperidin-4-yloxy)-N,N-dimethyi-



out in parallel format for all exanples. Characterisation data for the

conpounds
Exanpl e St
557 (M1).

are provided in Table 7. WO 01/10834 PCT/ GB00103078 83 Table 7

r WObrwsMass Spectral HPLC . Data RT("n) 581("RGEYGCBEBANS +9) ,

88a 545(AA+1), 567(MNa), 53 543 (M1). as 601(M1). 623

5,5

(Mta), 5A 599 (M1). 90 614 (M1).6364MNa), 4.8 612 (M1). 615 (M),

637 (M+Na),
, The conpg
4-(1-t2S [

car bonyl ) -
pr opi onami

91 613(M1) 52 92 615 (M+l] 637 (AA+Na) 613(M1). 5.4

-Yr4~~

Exanpl es 88a - 93 are narred as follows: Exanple 88a.

pr opi onyl ax %?&\Z!Xg@é&lﬁﬁéﬂ*%@g f‘?% er| in- 4m"@;)§<'mé'?\?-crlfe leb Chzam de
Exanpl e 89aammdmamnhmmwmm¢m WSe dnmngm Sﬂnrﬁac{l)daddﬁl-lommlom& 4-

Bgrel q?x%l]e rga %51' n('jn re waga lrtlj'iati1 Zt )om%rtgi%e)ature (for 12 olu}sh Wartgr \Xag m noj -

added (3 ml) and the resulting solution filtered through polypropylene hydrophobic
cartridges (1PS filter). The solvent was then removed under reduced pressure to afford
the expected adduct. The crude compound was then purified through flash
chromatography to afford a 100% pure compound with a 55% Yyield.

LRMS: +ve ion 671 [M+Na], HPLC: RT=6.32 min, 100% pure.

Step E: 4-{1S-{2-[2R-Cyclopentylmethyl-3-{formyl-hydroxy-amino)-
propionylamino)-3,3-dimethyl-butyryl}-piperidin-4-yloxy)-N,N-dimethyl-
benzamide

To a solution of the latter compotind (200 mg, 0.31 mmol) were added cyclohexene

(0.5 ml) and Pd/C (24 mg). The reaction mixture was stirred to reflux for 3 h. Pd/C
was then filtered off through a celite pad. The solvent was removed under reduced
pressure to afford the desired adduct as a pure compound. LRMS: +ve ion 581
[M+Na), HPLC: RT=5.49 min, 100% pure.

The compounds of Examples 88a-93 were preparad by the synthetic route outlined in
Scheme 9 and as described in detail for Example 88. Step C and Step D were carried
out in parallel format for all exampies. Characterisation data for the compounds are
provided in Table 7.



i1 11 @ WD 01/10834 PGI/ GB00/ 03078 84 Exanpl e

90. 28- Cycl opentyl net hyl -N- (2, 2-dimethyl -1 S (4-j 4-(4-net hyl - pi perazi ne-1 -
car bonyl ) -WOSH#8H - pi peri di ne- 1- car bonyl ) - propyl ) - 3- (f orRGI/GRYABGRY - ani no) -
propi onam de. Exanple 91. 2R- Cycl opentyl met hyl - 3- (or nyl - hydr oxy-am no) - N- (1S
[4-[4-(4-

hydr oxy- plperldlne 1- carbonyl) - phenoxy] pi peri di ne-1-carbonyl }-2, 2- dlnethyl
-propyl }- propionanm de. Exanpl e

92. 2RCydopent yl met hyl - 3- (f or nyl - hydr oxy-am no)-N- (1 S-{4-[4-(2S

hydr oxy-am

3- (fornyl - hydr oxy{Tabte o) - _
pr opi onyt ami no] - 3,.3-di r het hyts-leJHr yl) - qi [Mass Spectrall - [y t HPLO - penzoi ¢ aci d
Data
MN Ove O The titjle w (see schene 9)
from4-(1.{2S-
614 (M+1), 636 (M+a),
612 (M-1). 48

Exanpl e 94 RT(min}
h -3-(formyl -
oxy) be
[ 3- (Benzyl oxy-f or | am no] - 3, 3-di net
615 (M+1), 637 (M+Na),
91 \[{M H 613 (V1) 52

hydr oxymet hyl - pyrral i di ne- 1- car bonyl ) - phenoxy] - pi peri di ne-1-carbonyl }-2, 2-d
441- (2S- - 2R- Cycl gpent yI no) - pr opl onyl am no]j - 3, 3-
hyl - butyryl}-piperidin}4-ylpxy}benzoic faci d nethyl} ester [schenme 8). WO
01/ 10834 PCT/ GBOOV Ogga78 chepe 545(M+1), 567(M+Na), 53
543 (MH1).
615 (M+1), 637 ,
92 *ILCKONI&CLVOJP Yemn |

I met hyl - propyl }-propi onam de. Exanple 93. 4-(1-{2S [ 2R Cycl opent yl net hyl
|
dinethyl-butyryl}-pieg ster OH O O OMWN
601 (M+1), 623 (M+NNa), |
© INYYoohal mes |
The compounds of Examples 88a - 93 are named as follows:

Example 88a. 4-(1-{2S-[3-(Benzyloxy-formyl-aminc)-2R-cyclopentylmethyl-
propionylamino]-3,3-dimethyl-butyryl}-piperidin-4-yloxy)-N-methyl benzamide

Example 89. 2R-Cyclopentyimethyl-N-(2,2-dimethyl-1 S-{4-[4-{(morpholine-4-
carbonyl)-phenoxy]-piperidine-1-carbonyl}-propyl)-3-(formyl-hydroxy-amino)-
propionamide.



CHO HH BnON N - N( Stop AUHO4 vN -few NOCO2ne O O Reagents and
conditions: Step A H2, Pd/C, EtOH reflux To a solution of

4-(1-{2S-[3- ﬁ%@ﬁéﬁbpxy fornyl -am no) - 2R cycl opent y[ met hyl -pcryGBoosors
propi onyl am no] - 3, 3- di et hyl butyryl)-piperidin-4 ybxy)-benzoic acid nethyl

ester (80 ng, O. 125 mol) in EEOH (4 m was added Pd/C (10 ng). To the
resul ti ng suspension, HZ was bubbled fo Pd/ C was filtered off through

it d 8% vi gl 3
PSSO R0 L N DT ARG )
2H, dd, J, 4 . gy H,
g 99 (2H rr) 3. §gi| "8)@] p‘& 3 75ec ?'Sﬂmw}'p {bp%s((%w ﬁ?drzﬁysﬁ'ﬂ'(n%i' H, rr)m)
2.10-1. 32 (miomgmldg 08 (2H bs), 0.97 (9H, r‘r) 13C NMR 8 (CDCL3), 175.7,
173.6 170.3, 167.1, 161.2, 132.1, 123.4, 115.5 72.3, 58.7, 55.1, 54.8,
52.9, 52.3,44.2, 43.6, 39.2, 39.1, 38.4,36.6,35.8,33.2, 31.6, 31.2, 27.0,

(215 5, Exa;rp |Exafriple Q? m()j/mpebwlmnﬁ‘ﬂ-(f&rﬁd-bydrb’ky-bhﬁm)wﬂS—{4-[4-(4-

ro-am noj} - N 4-(4-hY

phenoxy) - pi p¥ %T‘Hg’ dtt]"ﬁ'{j‘ %ﬂ‘wgpgeeﬁ%?wvd'ﬁ%apfﬁf?ow}a%? SimsthykRorR}: HH 0
ONOHO Th‘?r& ,g,llﬁn;ggrrpound was prepared as detailed bel ow (see scheme 10)
from4-f1-( Benzyl oxycar bonyl am no- 3, 3- di met hyl - butyryl) - pi peridin-4

yl oxy] - benzoic acid ti WO 01/10834 PCT/ GBOO 3078 86

Example 92. 2R-Cyclopentylmethyl-3-(formylF-hydroxy-amino)-N-(1S-{4-[4-(2S-
hydroxymethyl-pyrrolidine~1-carbonyl)-phenoxy]-piperidine-1-carbonyi}-2,2-dimethyl-
propyl}-propionamide.

Example 93. 4-(1-{2S-[2R-Cyclopentylmethyl-3-(formyl-hydroxy-amino)-
propionylamino]-3,3-dimethyl-butyryi}-piperidin-4-yloxy)-benzoic acid

Example 94

4-(1-{2S5-[2R-Cyclopentylmethyl-3-{formyl-hydroxy-amino)-proplonylamino]-3,3-
dimethyl-butyryl}-piperidin-4-yloxy)-benzoic acid methyl ester

OH o o]
OV&\/Q(?\("\O /@/‘LOM
0 /[\ o

The title compound was prepared as detailed below (see scheme 9) from 4-(1-{2S-
[3-(Benzyloxy-formyl-amino)-2R-cyclopentyimethyl-propionylamino]-3,3-dimethyl-
butyryl}-piperidin-4-yloxy)-benzoic acid methyl ester (scheme 8).



Scheme 10 OHH O 2'~ Y N COaH Step ANOOH Step B -~- ] R HZNN/'" OH
step GOANN:, OH o Step pr Bn L =H Reagents and conditions: Step A
BH3, THF, Q@4 H2, PdIC, EtOH, Step C. PFP ester, NEPGUGB®VSP78D. H2,
Pd1C, EtOH Step A: (1S-[4-(4-Hydroxynet hyt-phenoxy) pl perldine-1-carbbonyl]
2, 2-di met hyl - proopyl (-carbam c acid benzyl ester To a cold (10C) solution,
of the 4[1-(2S -Benzyl oxycar bonyl am ! 3, 3-di net hyl - butyryl) -

pi peri di n-4-yl oxy] - benzoi ¢ acid (750 ﬁg 1.6 mol) in THF (10 m) was added
dropwi se BH3 The reaction m xture ggemebdi rred at roomtenperature for 12
hours. Water was then added dropwi se and the sol vent renoved under reduced
pressure. The cr material was taken-up in EtOAc, After filtration, the
organic Iayeb*,., ongentrated to yield a white f as a pure conpound in
93% vyi el dgnéed s), Me28 (7H, raH, @H m, 5.60 (1H m,
5.15-5.03 (2H, A §4 4B BH o N _3 \jE SH, doMe 1. 25
(4H, m, 1.00 (9R /$)~ e ion 477 [ MtNa] ,- HPEC:FER&G. n, 93%
pure. Step B: 2S T~ o

Am no- 1. [ 4- (g hydr 96V Rk sugeR0sYS, el k! n-1-y11 -3, 3-dinet hyl -

To a solution of 4-(1-{2S-[3-(Benzyloxy-formyl-amino)-2R-cyclopentyimethyl-
propionylamine}-3,3-dimethyl-butyryf}-piperidin-4-yloxy)-benzoic acid methyl ester (80
mg, 0.125 mmol) in EtOH (4 ml) was added Pd/C (10 mg). To the resulting suspension,
H, was bubbled for 2h. Pd/C was filtered off through a celite pad to give the desired
compound in 88% yield. '

H NMRS (CDCl,), 8.40 (0.3H, s), 7.99 (2H, dd, J,=3.04 J,=8.85), 7.81 (0.7H, s), 6.91
(2H, dd, J,=4.87 J,=8.84), 6.78 (1H, m), 4.94 (1H, m), 4.64 (1H, m), 3.99 (2H, m), 3.89
(3H, s), 3.75 (2H, m), 3.48 (3H, m), 2.81 (1H, m), 2.10-1.32 (13H, m), 1.08 (2H, bs),
0.97 (9H, m); *C NMR & (CDC),), 1756.7, 173.6, 170.3, 167.1, 161.2, 132.1, 1234,
115.5, 72.3, 58.7, 55.1, 54.8, 52.9, 52.3, 44.2, 43.6, 39.2, 39.1, 38.4, 36.6, 35.8, 33.2,
31.6, 31.2, 27.0, 25.5,

- Example 95

2R-Cyclopentylmethyl-3-(formyl-hydroxy-amino)-N-{1S-[4-(4-hydroxymethyl-
phenoxy)-piperidine-1-carbonyl]-2,2-dimethyl-propyl}-propionamide

OVE':/Q?\(?LN OH
sqoVen

The title compound was prepared as detailed below (see scheme 10) from 4-[1-(2S-
Benzyloxycarbonylamino-3,3-dimethyl-butyryl)-piperidin-4-yloxy]-benzoic acid




but an-1-one To a solution of the tatter conpound (680 ng, 1.49 nmmol) in
EtOH (10 M) was added Pd/C (68 ng) and H2 was bubbl ed t hrough the
resul ti ng suwpepsissy) for 2 hours. The reaction m xture WepeT/GBOK381si  r ed
for two hours under a bl anket of H2. Pd/C was then WO 01/10834

PCT/.GB0O' 03078 87 filtered off through ?ﬁncel Ite pad. The sol vent was
renoved under reduced pressure to give e desired conpound in 94%yvyi el d.
"HNWR 8 (CDCI 3), 729-6.86 (4H, AB system), 4.62 (2H, s), 4.55 (1 H m,
3.82-3.58 (2H, nm, 1.92-1.73 (11 H, 1.00 (9H, s). ESMs: +ve ion 321
[MH1]. Step C 3 (Benzyl oxy fornyl -ani no)Sctemeyi® opent yl net hyl - N- (15{ 4- ( 4-
hydr oxynet hyl - phenoxy) pi peri di ne- 1- car bonyl ] - 2, 2- di net hyl - propyl } -

propi onam de To a solution of the latter conpound, were added PFP ester
(635 ng, 1.35 mmo and NEt3 (193 m, 1.41 mmol). The reaction m xture was
then stirred fﬁ’ 2 hours DIVF was remwg reduced pressure and the
crude materizgt : La~_Sedi um car bonat e
(I'N), saturate qu nd: b ?ﬁe@“’epgani C
| ayer was dried |0 ahd t he sol vent wﬁ& 5 der reduced
pressure. After purification through flash chronmat ography t he desired
adduct was obtained as a white foamin 63%yield.__HNWR 8 (CDO 3), 8.13
(0.25H m, 7.8% (0.25H, m, 7.38 (5H, s) 7.27 5H, n) 6. 87 (2H, n)

6.32 (1 H. m)N\g)gg 3H 56 (3H, B. ,373(2H .
3.45 (1 H m, 7. 6 1 H %
+ve ion 630 [ |

, "P"D&eiiCSb 6 11H
: 6. 31 "’10 % pure te
2R- Cycl opent yl net hyl - 3- (f or ny! - hydroxy am no) - N-@

hydr oxynet hyl - phenoxy) pi peri di ne- 1- car bonyl ] -2, 2-di rret hyl - pr op&I
pr opi onam de Step D

-H

Reagents and conditions: Step A: BH,, THF; Step B: H,, Pd/C, EtOH; Step C: PFP ester, NEt, D
Step D: H2, Pd/C, EtOH

Step A: {1S-{4-{4-Hydroxymethyl-phenoxy)-piperidine-1-carbonyl]-2,2-dimethyl-
propyl}-carbamic acid benzyl ester
To a cold (10°C) solution of the 4-[1-(2S-Benzyloxycarbonylamino-3,3-dimethyl-butyryl)-

piperidin-4-yloxy}-benzoic acid (750 mg, 1.6 mmol} in THF (10 ml) was added dropwise
BH, The reaction mixture was stirred at room temperature for 12 hours. Water was then
added dropwise and the solvent removed under reduced pressure. The crude material
was taken-up in EtOAc. After filtration, the organic layer was concentrated to yield a
white foam as a pure compound in 93% vield.

'H NMR & {CDCl,), 7.35-7.28 (7H, m), 6.89 (2H, m), 5.60 (1H, m), 5.15-5.03 (2H, AB
system), 465-4.48 (3H, m), 3.91-3.51 (6H, m), 1.95-1.25 {(4H, m), 1.00 (8H, s). ESMS:
+ve ion 477 [M+Na], HPLC: RT=6.3 min, 93% pure.

Step B: 28-Amino-1-[4-{4-hydroxymethyl-phenoxy)-piperidin-1-yl]-3,3-dimethyl-
butan-1-one
To a solution of the latter compound (680 mg, 1.49 mmol) in EtOH (10 mf) was added

Pd/C (68 mg) and H, was bubbled through the resulting suspension for 2 hours. The
reaction mixture was then stirred for two hours under a blanket of H,. Pd/C was then



To a solution of the latter conpound (50 ng, 0.08 nmmol) in MeOH (3 m) were
added HCO2NH4 (26 ng, 0.41 mmol) and Pd/ C (5 ng). The resulting suspension
was stirr b off@ss2 hours. Pd/C was filtered off. The sobPemGBoNEEE78r enOVed
under reduced pressure and the crude material taken-up in EtQAc, washed
with water and brine. The conbi ned or@ani c layer was dried over MgSO4 and.
the solvent was renoved under reduced 'pressure to yield the expected

2008, ffhgd irbigBlydh g seifefRid. The otk waderiioyed yrer e pltbshife ),
21,744-( ?4 l_éﬂfe the ddsired cOApOEHY in'D1% vield 'HNIMR'D) (CDEI), 7 ZR6L86(M, AB4Fstent), M) ,

, 2.08-1.35 (19H, 1.02 (13H . ESMS;  +ve jaon 540
N . v 62 BHEoA BRI, mPEE-3. R bl 9. 4071 700y 000 (o, S timsa
PCTI GB0O/ Bgoszzq [Nﬁ,i.lgl ogi cal Exanple Mnimal inhibitory concentrations (MC)
of conpounds of" the invention against E. coil strain DH5a (Genotype;
F- 080di acZOML5A( 1acZYA- ar gF) U169 deoR recAl endAl hsdR17(rk , nk )phoA

SUpPE44% - thi-1 r A9q relAl) .obtai fr ' _ki chnol ogi es, or
sixr,G: adlpadoii oy g ﬁ{ﬁ?@?ﬁ% Eﬁ%ﬁi
PR o Gl kb et st

d ByopipBamide | f th d in dinethyl foxide at 10 F
he’ " dot cTwarmeiution of e Bor SaRARI WA FFECRRIG:(B5a M58 WA sor |
dilutions )% r(gg3 E{é,/eigﬂ ﬁﬁdlj?TﬂéﬁEc‘ﬁ&ﬁH&dr&%@ﬁ&n stfigaYor ¥2RSUs IMFAgAs 100/ 1,

sodi um ch alned fromBIO 101 Inc, 1070 Joshua Way, Vista,
CA92083, ksapvedounder| redOcers pressureoansh thedcrida traatarialgvas dakenryre in EDAC,

| nocul a were, prepared fro u 0 rni | 37C.
Coi | dens iashEd §BR aaler. 5B 8o (i SHuralf <Blbls $dluton'dr NER
optical depaé.MhedoribiRicirgaic RiyepwasiiiedseriMg8Oy ahd thedsolvient #a8 removed' T
broth; and each well inocul ated vart h..O0. %5n1 Q’{ P\Q:ﬁ di l,.ut ed b?}(‘:t Sr ia.

under reduced pressure. After purification through flash chromatography the desired

adduct was obtained as a white foam in 63% yield. 'H NMR; 5 (CDC,), 8.13 (0.25H, m),

7.88 (0.25H, m), 7.38 (5H, s), 7.27 (2.5H, m), 6.87 (2H, m), 6.32 (1H, m), 4.89 (3H, m),

4.56 (3H, m), 3.96 (1H, m), 3.73 (2H, m), 3.45 (1H, m), 2.60 (1H, m), 2.06-1.31 (15H,

m), 1.06 (11H, m); ESMS: +ve ion 630 [M+Na], HPLC: RT=6.31 min, 100% pure.

Step D: 2R-Cyclopentylmethyl-3-(formyl-hydroxy-amino)-N-{1S-[4-(4-
hydroxymethyl-phenoxy)-piperidine-1-carbonyl]-2,2-dimethyl-propyi}-
propionamide

To a solution of the latter compound (50 mg, 0.08 mmol) in MeOH (3 ml) were added

HCO,NH, (26 mg, 0.41 mmol) and Pd/C (5 mg). The resuiting suspension was stirred
for 2 hours. Pd/C was filtered off. The solvent was removed under reduced pressure
and the crude material taken-up in EtOAc, washed with water and brine. The combined
organic layer was dried over MgSO, and the solvent was removed under reduced
pressuré to yield the expected compound in 62% yield. ‘H NMR; 5 (CDCl,), 8.39 (0.3H,
s), 7.81 (0.7H, s), 7.29 (2H, dd, J,=3.47 J,=9.11), 6.89 (2H, dd, J,=3.64 J,=8.55), 6.73
(1H, m), 4.94 (1H, m), 4.62 (3H, m), 4.01 (2H,m), 3.76 (2H, m), 3.48 (3H, m), 2.74 (1H,
m), 2.08-1.35 (18H, m), 1.02 (13H, m); ESMS: +ve ion 540 [M+Na], -ve ion 516 [M-1]
HPLC: RT=5.49 min, 100% pure.




Mcroliter plates were incubated at 37C for 18 hours in a humdified

I ncubator. The MC (M was recorded as the | owest drug concentration that
i nhi bited viwpiddhesss growth. I n general, the conpounds of tpga/dBoergolses were
nore active against the Gam positive S. capitis than the Gam negative E.
coll. Results for some of the corrpoungg of the Exanples are reported in
Table 8. Table 8 Exanple No. E. Coll S™Capitiis MC (4m (pM 24 >200,
<400 100 29 100 >200, <400 44 200 12 WD 0i/1083.t PCT/ GB00/ 03078 89 50
200 6.2 52 200 6.2 54 200 3.1 55 200 6.2 56 50 25 57 100 6.2 69 200
25 74 20BiglgicabExatfle <400 200 79 >200, <400 6.25 88 100 6.2 89 200 25

Minimal inhibitory concentrations (MIC) of compounds of the invention against E. cofi
strain DH5a (Genotype; F-p80dlacZAM15A(lacZYA-argF)U169 deoR recA1 endA1
hsdR17(rk", mi")phoA supE44). - thi-1 gyrA96 relA1) obtained from GibcoBRL Life
Technologies, or Staphylococcus capitis (American Type Culture Collection number
35661) were determined as follows. Stock solutions of each test compound were
prepared by dissolution of the compound in dimethylsulfoxide at 10mM. For the
determination of the minimal inhibitory concentration, two fold serial dilutions were
prepared in 2xYT broth (typtone 16g/1, yeast extract 10g/1, sodium chloride 5g/1
obtained from BIO 101 Inc, 1070 Joshua Way, Vista, CA92083, USA)} to yield 0.05
m! compound-containing medium per well. Inocula were prepared from cultures

grown overnight in 2xYT broth at 37°C. Cell densities were adjusted to absorbance
at 660nm (A4,) = 0.1; the optical density-standardised preparations were diluted
1:1000 in 2xYT broth; and each well inoculated with 0.05ml of the diluted bacteria.
Microtiter plates were incubated at 37°C for 18 hours in a humidified incubator. The
MIC (uM) was recorded as the lowest drug concentration that inhibited visible
growth.

in general, the compounds of the Examples were more active against the Gram
positive S. capitis than the Gram negative E. coli. Results for some of the
compounds of the Examples are reported in Table 8:

Table 8
Example No. E. Coli S. Capitis
MIC (M) (M)
24 >200, <400 100
29 100 >200, <400

44 200 12




91 200 25 Using the above protocol

S. capit

Is, It appears that

I n general

for establishing the MC val ues agai nst
conpounds of the invention of

formula (1WOeW1883¢in Qis a hydroxamate group have actiRCW/GRB/3emMpar abl e
to conmpounds of simlar structure wherein Qis an N-fornyl hydroxyl am ne

group. |

n anot her

experi nment,

t he M Cggof the conmpound of Exanple 91 were

determ ned against certain respiratory tract pathogens, using the
M crodi IfutTon Brggh Method] accordiggy to the ppprovedgy andard gf the
National| Commttee for Cidical laboratory Standards procedure |( Met hods
for dildtion antiS& crobi al suscepUZQQlty tests for lGaZ:terla t Hat grow
aer obi cgHy Fotrth—Eat-t g +-SBN-13-56238-309+% +he estH+s—gppear in
Table 9.1 Table 9*Ki. WD 01/{10834 P OO’03078 90 Oagianl sm MG (gim)
Moraxel [Ja catarrisg 1s 2413 0. 25 Nogggel Ta cafarrhali 2412 0.5
Haenophillus Infuenzae 141414 Haennphilus |nflienzae 1390 1 St gpt ococcus
pneunonilae (PRP) 5. 25 239( Strept 088ccus pnelnoni ae @8 P) 0.25| 2391
St r ept oqocctrs pllﬁlluui ac—( SPL ~0- ZJ10024G% 6.2

69 200 25

74 200 25

78 >200, <400 200

79 >200, <400 6.25

88 100 6.2

89 200 25

- 91 200 - 25

Using the above protocol for establishing the MIC values against S. capitis, it

appears that in general compounds of the invention of formula (Il) wherein Q is a

hydroxamate group have activities comparable to compounds of similar structure

wherein Q is an N-formylhydroxylamine group.

in another experiment, the MICs of the compound of Example 91 were determined

against certain respiratory tract pathogens, using the Microdilution Broth Method

according to the approved standard of the National Committee for Clinical

Laboratory Standards procedure (Methods for dilution antimicrobial susceptibility
tests for bacteria that grow aerobically - Fourth Edition ISBN 1-56238-309-4). The

results appear in Table 9.

Table 9



WO 01/ 10834 PCT/ GB00/03078 91 Cains: | [!I1I
conpound of fornmula (11), or a pharmaceutically orveterinarily acceptable
salt, hydrat woom/iaesssvate thereof R~ O Q A (I1) R2 wherei PCT@BO@IEENt S a
radical of formula -N(OH)CH(=O) or fornula -C(=ONH(OH); R, represents
hydrogen, C1-C6 al kyl or Cl-C6 al kyl subggituted by one or nore hal ogen
atons, or, except when 0 is a radical of fornmula -N(OH) CH(=O, a hydroxy,

Cl- C6 al koxy,—TCI-C6 aht LaXy am no, [CI-C6at Ky or ai=¢ C6
al kyl ) am nol group; % qep?'g')sfent s a supstituted y}é@rgﬁg)sti tuted CL-C6
al kyl , cycl odablaxbliEcataschatis g3 - or aryl (C -C6 al kyd.25 group; and A
represents - (A —of (LLB): Q RE5 NRERS.RIRS (IIA
(11B)  wherYpraxalia eateralined12 he side thain of a naPdal or non-nafural

al pha am nog I hil nZ8044 P WETT [akemm togetiergwtirtienrtTpgen at om
to v\,hichthyarep attached forma satyrated heterocyclic first ripg of 5

(111 huH 1112122212172 [1 1ill 1. A
al
[

to 7 atons (Haerhophiluspifuenzaél890fused o a saturatedt or unsaturated
carboey ol o i oceis peumonias (BRP) o > > 035

2390

Streptococcus pneumoniae (PIP) 0.25

2391

Streptococcus pneumoniae (PSP) 0.25

2403




WD 01/ 10834 PCT/ GBOO) 03078 92 ° } f atons; characterised in that L) s
(a) the said second ring is substituted by (C, -C6)al kyl, (C2-CB)alkenyl,
(C2- C6) avbymybsss (C, - Cs) al koxy, hydroxy, nercapto, (C, -RCIIGBRYPINHI o, hal o,
amno, trifluoronethyl, oxo, nitro, -COOH -CONHz-COR', -COORA, - NHCOR',
- CONHR, -NHRA, -NR'RB, or-CONR'RRwhergjjn R and RB™ are independently a

(C -Co6)al kyl group; and/or (b) the said first or bsti t ut ed
by a grogyugis:formula (11C), provided that the flmﬂ“’“m"““ﬂlllﬂmr

substi t ut eof y phenoxy, benzyl or benzyl substitut®*ed® by (E, - )aI kyl,

(C, -Co6) al koxy, phenoxy, hydroxy, mercapto, (C, -C6)alkylthio, am no, haI o,
trifluorqmethyl, nitro tic Nt BT HR"

NERA, - AR, AofomesiiR oEfSTIR (ko Phafhaleuticdl o veternaliy Hoceptabis

(C, -Cs) algail b %wmﬁtgtﬁerééfX)p (Alk2 --Z (I1C) wherein m p and n are
|ndependent1y 0 or 1; Z represents, a hydroxy group, or a phenyl or
heterocyclic ring of 5 to [matogs which is optionally fused to a saturated
or unsaturated carbocyclic |or hgterocyclic second ring of 5 to 7 atons

Al k' and Al k2 independent]| e ent divalent CARC3 al kyl ene radicals; X
represents -0-, -S, -S&D)-, 1S(02)-, -C(=0-, -NH, -NR - where R7 is
Cl-C3 al kyI and wherein AIKR, Al k2 and Z when Z is not a hydroxy group

[ ndepende r% are optionally W 01/10834 PCT/ GB00/ 03078 93
7uiiiiii iW M111111 |

Q represents a radical of formula -N(OH)CH(=O) or formula -C(=0)NH(OH);

R, represents hydrogen, C,-C; alkyl or C-C, alkyl substituted by one or more
halogen atoms, or, except when Q is a radical of formula -N(OH)CH(=0), a hydroxy,
C,-C, alkoxy, C,-C, alkenyloxy, amino, C,-C; alkylamine, or di( C,-C, alkyl)amino

group,

R, represents a substituted or unsubstituted C,-C, alkyl, cy'cloalkyl(c,-c6 alkyl)- or
aryl(C,-C; alkyl)- group;

and A represents a group of formula (liA), or (11B):

o
P e

Rs

(1A) ()

wherein R, represents the side chain of a natural or non-natural alpha amino acid,
and R, and R, when taken together with the nitrogen atom to which they are
attached form a saturated heterocyclic first ring of 5 to 7 atoms which is optionally
fused to a saturated or unsaturated carbocyclic or heterocyclic second ring of 5to 7




substituted by ¢ ~I 1111 S (C CB)al kyl, (C2-C6)al kenyl, or (C2

CB)-al kynyl, phenyl, or hal ophenyl, trifluoronmethyl, nonocyclic 5 or
6- menber ed Iwedowmsaal ic, Dbenzyl, or hal ophenyl nethyl, hydrcTxgBoopsasoxy,
(C, -CB)al koxy, or hydroxy(C,-CB)al kyl, nercapto. (C - or
mer.capt o(C, - CB) al kyl , oxo, nitro, cy o ( CN) al o (brogh, sk ing
fluoro, or iodo) -COOH, or -COOK", - km“ ‘ | M‘
-S2R', N - isel! t Or -NR'Re, vvherel n A=picia
mdependent y é group, R' and R8 taken toget her with the

nitrogen atomto V\/mch they are attached forma 5- or 6- nenbered
ycr oxy { G, 403) AR seson thnis suRsitaled V. (EirCayt (Cabmalknite®ir (%) The
sai d second ring 1 Gy)ghl (6, R5dNoxy ChydrEay2 ierbapts G, )aMyihidY halo,

amino, trifluoromethyl, oxo, nitro, -COOH, -CONH,, -COR*, -COORA, -

NHCOR?, -CONHR*, -NHRA, -NR*R®, or -CONR*R®wherein R* and R®

are independently a (C,-C,)alkyl group; and/or

(b) the said first or second ring is substituted by a group of formula (1{C),
provided that the first ring is not substituted by phenoxy, benzyl or benzyl substituted
by (C,-C)alkyl, (C,-Cs)alkoxy, phenoxy, hydroxy, mercapto, {C,-C,)alkyithio, amino,
halo, trifluoromethyl, nitro, -COOH, -CONH, -CORA, -COOR*, -NHCOR*, -CONHR*, -
NHRA, -NR*RB, or -CONR*R®wherein R* and R® are independently a (C,-C)alky!
group,

—HAK) Q) AI—Z  (UC)

wherein
m, p and n are independently 0 or 1;

Z represents, a hydroxy group, or a phenyl or heterocyclic ring of 5 to 7 atoms which
is optionally fused to a saturated or unsaturated carbocyclic or heterocyclic second
ring of 5to 7 atoms

Alk" and Alk? independently represent divalent C,-C, alkylene radicals;

X represents -O-, -S-, -S(0)-, -8(0,)-, -C(=0}-, -NH-, -NR,- where R, is C,-C, alkyl;

and wherein

Alk', Alk? and Z when Z is not a hydroxy group independently are optionally



(C2-CB)al kynyl, (C, -C6)al koxy, hydroxy, nercapto, (C, -Ce)alkylthio, am no,
trifluoronet hyI 0X0, nitro, -COOH, -CONHZ,-CORA, -COORA, -NHCOR', - CONHRA,
- NHRA, -NF&KRBJ/IW CONR'RBwherein R' and RB are i ndepend&!lﬁyoomon

(C -C8)al kyl group; and/or 111[1111 1111111111111111&&&%* C
L MS * PCI/GBOO 03078 94 (b) the sasd first or seco

substituted by a group of fornmula (11C), provided tha d’l’%@illﬂ”lm

not subsklbstiteddby phenoxy, benzyl or benzyl substitute IQ’”

(C, -CB) al koxy phn X mercapto, (C, -C )alkylthio, ami'no$ halo
trifluoroneth 5\3 E;(Cz‘é I&eXy! (%E'W COORA, - NHCORA, - CONHRA, -
NHRA, - NRARB, ?% ein R" and RB are independently a (C, -CO) al kyi

group, -(A klym 2),- Z (110 wherein m p and n are independently
0or 1; Z reptrtﬂstemmethal hydr oxy group, or a phenyl or heterocyclic ring of

5to 7 atons which nal 0 a saturated or unsaturated
carbocyclic of“‘ﬁ'gf’)&?’ﬁi@@ﬁ% %@eﬁﬁwﬁ'ﬁw&‘"&f 5to 7 atons Al k' and Alk2

i ndependent | ypea# esalo englmﬁ ]Cl C3 al kyl ene radicals; X represents -0-,
-S-, -5(0O- ¥é02) _NR7- where R.. is Cl-C3 al kyl; and

wher ei n Al k1, hy@noxypheng Z)E\'@xbfo?f hydrpai(GxCe)a¥¥up | ndependent |y are
opti onal | t el | kenyl, or (C2 CB)al kynyl,
pﬁenyl, o¥ hamﬁ%‘ﬁ%eﬂ Cfallftinid fetEipto(€ < Ry y ( yalkyny

oXxo,

nitro,

cyano (-CN)

halo (bromo, chloro, fluoro, or iodo)

-COOH, or -COOR?,

-CONH, -CONHR?, or -CONR*R?

-COR?, -SO,RA,

-NHCOR?,

NH,, -NHR", or -NR*R®,
wherein R* and R® are independently a (C,-C,) alkyl
group, R* and R® taken together with the nitrogen
atom to which they are attached form a 5- or 6-
membered heterocyclic ring which may be
substituted by (C,C,)alkyl, hydroxy, or
hydroxy(C,-C,)alkyl.

2. A compound as claimed in claim 1 wherein

(a) the said second ring is substituted by (C,-Cg)alkyl, (C,-C,)alkenyl,
(C-Celalkynvl, {C,-Cg)alkoxy, hydroxy, mercapto, (C,-Cg)alkyithio, amino,
trifluoromethyl, oxo, nitro, -COOH, -CONH, -COR*, -COOR®*, -NHCOR®, -CONHR*,
-NHR?, -NR*R®, or -CONR*R®wherein R* and R® are independently a (C,-C;)alkyl
group; and/or



trifluoronethyl, nonocyqly red hetrocyclic, benzyt, hydroxy,
phenoxy, or (C,-C$)al koxj]"ﬂlﬂﬂﬂlﬂﬂﬂﬁ@%/ GB00/ 03078 95 1111111111121111 .
C mercapto, wordosss al k 1t*hi g, FI 1M1311%1M1111 oxo, nit recT/GRob/oSoh oOr
-COOR', -CONH2, -CONHR', or-CONK"RB -COR', -NHCOR', -NH2, -NHR', or
-NR'RB, wherein R and RB are independgﬂtly a (C1-CB) al kyl group, 3. A
nmet hod for the treatnent of bacterial infections in humans and non- human
manmal s, which conprises adm nistering to a subject suffering such
infection an antibacterially effective dose of a conmpound as clained in
claim1l or(kl ai m 2. tHe sdid first bosecbnd ring és subatituted by @ frdupodfefomadia (1iC),

contam nati on,_ by ing .an, antibacterj al effecti ve anount of a
conpound aero(‘,’f‘%"ﬁg%%% ﬁ@?%’ﬁl"%?wﬁt‘w éy PBX“QXM@@WEOF&QW&WWM on. 5.
The use of d ' ' bt ' ' ieshact ure of
an anti bac?gﬁ’g?gg%{gb %isctslfdcl)‘?.x 6. dRB 'mamégh@?ﬁw@‘ﬁ{)gﬂ‘m‘ér'y cgrar'posi tion
conpri si nghaloctifiporometiyd, nite, 2CAOMH, HAONH FGOR" oCOOR’, MNHOORL HGONHRY b a
phar maceut peglal yirdreY §F HONFARE IWherein R* and R® are independently a (C,-C,)alkyl

group,
—-i—(Alk1)m-(X)p-(Alk2)n—Z (IIC)

wherein
m, p and n are independently O or 1;

Z represents, a hydroxy group, or a phenyl or heterocyclic ring of 5 to 7 atoms which
is optionally fused to a saturated or unsaturated carbocyclic or heterocyclic second
ring of 5 to 7 atoms

Alk' and Alk? independently represent divalent C,-C, alkylene radicals;
X represents -O-, -S-, -§(0)-, -S(0,)-, -C(=0})-, -NH-, -NR,- where R; is C,-C, alkyf;

" and wherein
AlK', Alk? and Z when Z is not a hydroxy group independently are optionally
substituted by
(C,-Cslalkyt, (C,-Cg)alkenyl, or (C,-Cyalkynyl,
phenyl, or halophenyi,
trifluoromethyl,
monocyclic 5 or 6-membered hetrocyclic,
benzwt,
hydroxy, phenoxy, or {(C,-C;)alkoxy,



acceptable carrier. 1 7. A conmpound as clained in claiml or claim2, a
method as clainmed in claim3 or claim4, the use as clained in claimb5 or
a conposi twoeaes3€| ained in claim6 wherein R |s hydr oREHGB®H03038 conpound,
met hod, use or conposition as clainmed in claim?7 wherei i

(C -C6)al kyl -, cycloal kyl methyl -, (C, ¢§3)al kyl -S-(C, - Iy le=_ or X
(C -C3)alkyl-O0(C, 1111112121121121213(12121 11 1111 mﬂﬂmim EEI"‘ B S *
PCTI GBOO 0307 &he (&)@ 0 )alkyitRio, A conpound, nethod, *use "0 on as
claimed in claim7 wherein is n-propyl, n-butyl, n-pentyl, *

cycl opentyl mre®Xl , cycl opentyl ethyl, cycl ohexyl nethyl or cycl opexyl ethyl.
10. A conpoun o claimed in claiml or claim2, a nethod as clained in

claim3 or claim4, the use as clained in claim5 or a conposition as
clainmed in cl aOOH, orkBOERY, R4 is the characterising group of a natural a

amno acid, fo I zyl s et hoxyphenyl nethyl, in which any
functi onal grogaﬁ?ﬁ@m*gégt%c%ﬁ““ lBy am no group, may be acyl ated and any
carboxyl groupcpRresent nay be anmidated; or a group -[Alk]" RO where Alk Is
a (C -06)al kyl ene or. (C2-C6)al kenyl ene group optionally interrupted by one
or more -0-, oNHCOR%tons or -N(R12)- groups [where R12 is a hydrogen atom
or a (C, -Co)al IW!' -RipMAPlor .QRAR2 0 Oor 1, and R9 is hydrogen or an optionally

substituted phen¥l, aryl, heterocycly, cycloal kyl or cycloal kenyl group or
(only when n is 1) R nwhereitdRt and & iaye indepgntently a (C,-C,) alkyt group,

3. A method for the treatment of bacterial infections in humans and non-human
mammals, which comprises administering to a subject suffering such infection an
antibacterially effective dose of a compound as claimed in claim 1 or claim 2.

4. A method for the treatment of bacterial contamination by applying an
antibacterially effective amount of a compound as claimed in claim 1 or claim 2 to
the site of contamination.

5. The use of a compound as claimed in claim 1 or claim 2 in the manufacture of
an antibacterial composition.

6. A pharmaceutical or veterinary composition comprising a compound as
claimed in claim 1 or claim 2 together with a pharmaceutically of veterinarily
acceptable carrier.

7. A compound as claimed in claim 1 or claim 2, a method as claimed in claim 3
or claim 4, the use as claimed in claim 5 or a composition as claimed in claim 6
wherein R, is hydrogen.

8. A compound, method, use or composition as claimed in claim 7 wherein R, is
(C,-Ce)alkyl-, cycloalkylmethyl-, (C,-C,)alkyl-S-(C,-C,)alkyl-, or (C,-C,)alkyl-O-(C,-

il



mer capto, (C, -C6)alkylt trifluoromethyl, nitro, -COOH, -
CO\IFb(pCOCR(A -NH)CCRAy |mmmmmm NRARB, or-CO\IRéB wherein R' and
RS are i ndefenermsaty a ('C, *Ceyal'kyl® gfoup; or a benzyl gPSIGCRIONNIEtuted in
t he phenyl ring by a group of forrmula - OCH2COF8 where R8 is hydroxyl,

am no, (Cl-Co6)al koxy, phenyl (Cl-Co6)al kggy, (C, -C6)alkyl am no,

di ((C, -C$)al kyl )am no, phenyl (Cl-C6)al kyl am no; or a

heterocyclcg I@yl C6) al kyi group, either being unsubstituted or nono- or di-
substituted”in the het erocyclic ring with halo, nitro, carboxy,

(C, -0Co)al koxy, cyan (C C6) al kanoyl , tnfluoronethyl (C, -0C6)alkyl,

hydr oxy, rrryl P 0

Gy al Ky arffmo; .- %ﬁ%ﬁé&%%ﬁ“&i@ 85 Salre iy iy Y’ﬁf*bé'" Ryis

hydr oxy( C, néfg lrrar Slopértyime lopéntyl bEREmRL by | ; or
a group CRSRbI%. mg};?g of R3, l%lggﬁﬁ t??ﬁl}{ﬁlg*gf;endentIi)';ighydrogen
(C -Co)al k‘WCO )aI kenyl, (C2-C6)al kynyl, phenyl (C, -C6)al kyl, (C3
C6) cycl oal kyl ; or R, S hydrogen and Re and Rb are i ndependent |y phenyl or
het er oar yl such as pyridyl; or Rb Is hydrogen, (C, -C6)alkyl,

(C2- CB) al kthy| , A(compdind las\clajmed iphalaim { @, claittd, llnythod@s claddeddn clailn@l kyl |

d R d h ] t he. b t t L hey t ached
o o YahRi ko She s AT Y bbb Lol Mo oY,
or R' Rb apHerdin RfRgether with the carbon atomto which they are attached

forma tricyclic ring (for exanple adamantyl); or R and Rh are each
I ndependently (C, -C6)al kyl, (C2 C6)al kenyl, (C2- C6)al kynyl,

phenyl (C, - C8) algky lcha&&e?isﬁb%paéf FediBfd aMﬂ{o &id 16! QUn¥hE Benzyt, or 4-
methoxyphenylmethyl, in which any functional group may be protected, any
amino group may be acylated and any carboxyl group present may be
amidated; or

a group -[AK] R, where Alk is a (C,-C¢)alkylene or (C,-C¢)alkenylene group
optionally interrupted by one or more -O-, or -S- atoms or -N{R,)- groups
[where R,, is a hydrogen atom or a (C,~C;)alkyl group], nis 0 or 1, and R, is
hydrogen or an optionally substituted phenyl, aryl, heterocyclyl, cycloalkyl or
cycloalkenyl group or (only when n is 1} R; may additionally be hydroxy,
mercapto, (C,-C;)alkylthio, amino, halo, trifluoromethyl, nitro, -COOH, -
CONH, -COOR?, -NHCOR?, -CONHR*, -NHRA, -NR*R®, or -CONR"R®
wherein R* and R® are independently a (C,-C;)alkyl group; or

a benzy! group substituted in the phenyl ring by a group of formula -
OCH,COR, where R, is hydroxyl, amino, {C,-C,)alkoxy, phenyl(C,-C,)alkoxy,
(C,-Cg)alkylamino, di({C,~C,)alkyl)amino, phenyl{C,-C,)alkylamino; or

a heterocyclic(C,-Cq)alkyl group, either being unsubstituted or mono- or di-
substituted in the heterocyclic ring with halo, nitro, carboxy, (C,-C)atkoxy,
cyano, (C,-C¢)alkanoyi, trifiuoromethyl (C,-C;)alkyl, hydroxy, formyl, amino,



t han hydrogen, or ot h the carbon atomto which they
are attached form a cy lmuﬂlﬁmmﬂgaﬁcycl ic ring, and R Is hydrogen,
-OH, -SH, wabumess, -CN, ™ CORH- - rfluoroal kyl, - ESH2GH0/03078
-C2(C, -06)af kyl, -OC,-0C6)al kyl, -Q C2 C6)al kenyl, -S(C,- C6)al kyl,
-SQ(C, - C6) al kyl, -SO2(CLl-C6) alkyl, -&C2-C6)alkenyl, -SQ(C2- C6)al kenyl,
-S2(C2-C6) al kenyl or a group -Q Wwherein Q represents a bond or -0-,

(03! Gy oyl odCRarRRmE LS BmRRE Rereoprbl T BN, |
(C4-C8) cycl odiywmw(at-ﬁy)a)kyhmwmo(ﬁ,-@)alhﬁtmI(Gaﬁy)lahkylpylenylg\eﬂmh,orvmi ch group

Wnay optionally be substituted by one or nore substituents independently

sel ected from hydroxyl, halogen, -CN, !'l1"!! "1111111 1'hij 111111 WO
01/ 10834 , - hﬁgal: %m WhichCO2H, (112( C - (I)) aI kyI CO\IH2
-CONH(C, -C5) a al kyl) perf uoroal kyI

2, -
~Q(C,-C5)al kyI smh °f@) Ri %oq; R, lss@@e'@@pﬁy Iawroge'sdgq-ée

-NH2, -NH(C, - Cs)al CB) aI kyI
(C2-CB) al kenyl , éﬂélﬁl; 1%%‘%%%@%@ C(’csz%g%h‘?f (Q))gl kenyl,
phenyl or benz_yl 11. A compound, nethod, use or corrp05|t|on as clai rred I n
benzyl . 4 chl or obdi3iVarpBe A ety e ipfimidentl Bty pélerbank
cydohexyl net hyl , pstichGspydidyl; 6et hyl, tert- butoxynet hyl, naphthyl methyl,

| so-butyl, sec butyl, tart butyl, 1- benzyl t hi o-1- net hyI et hyl,

1-nmet hyl t hi o- 1- net hyl et hyl, |-nercapto-1-nethylethyl, 1-nethoxy-1-

nmet hyl et hyl , 1-hy h ke ke t i oh xymet hyl ,
2- hydr oxet hyl , ch% gg('yg h ?d Wk){ 1(yl"'ca"?%arr%" lr(g @é#aﬂ(ygycgr yI et hyl ,
or 4- Cgalkyl, or (C; -C,)cycloalkyl and R, and R, together with the carbon

atom to which they are attached form a 3 to 8 membered cycloalkyl or

a 5- to 6-membered heterocyclic ring; or

R,, R, and R, together with the carbon atom to which they are attached
form a tricyclic ring (for example adamantyl); or

R, and R, are each independently (C,-Cg)alkyl, (C,-C¢)alkenwl, (C,-
C,)alkynyl, phenyl(C,-C;)alkyl, or a group as defined for R, below other
than hydrogen, or R, and R, together with the carbon atom to which
they are attached form a cycloalky! or heterocyclic ring, and R; is
hydrogen, -OH, -SH, halogen, -CN, -CO,H, (C,-C,)perfluoroalkyl, -
CH,OH, -CO,(C,-C,)alkyl, -O(C,-Cy)alkyl, -O(C,-C;)alkenyl, -S(C,-
C,)alkyl, -SO(C,-Cg)alkyl, -SO,(C,-C,) alkyl, -S(C,-Ce)alkenyl, -SO(C,-
C,)alkenyl, -SO,(C.-C,)alkenyl or a group -Q-W wherein Q represents a
bond or -O-, -8-, -SO- or -S0,- and W represents a phenyl,
phenylalkyl, (Cs-C;)cycloalkyl, (C4-Cg)cycloalkylalkyl, (C,-
C,)cycloalkenyl, (C,-Cs)cycloalkenylalkyl, heteroaryi or heteroarylalkyl
group, which group W may optionally be substituted by one or more
substituents independently selected from, hydroxyl, halogen, -CN, -



am nobutyl. 12. A conpo or conposition as clainmed in claim
9 or claim10 wherein ;'tmﬂgﬂﬂﬂiﬂﬂﬁmﬁlm | so-butyl, benzyl, isopropyl or
met hyl . 13. Avceanpsand, L sor;conposition as cl aiPCEGBOH0YFEI m 12
wherein R5 and Rs taken together with the nitrogen atomto which they are
attached forma piperidin-1-yl or 1-pi Qgrazi n-4-yl ring. 14. A conpound,
net hod, use or conposition as clainmed in any of clains 9, 12 or 13 wherein

th bstituent (11C f Z. b v G ein Zi
he def ined i cl i m PO ORGSO LONRE CoC L RISt HONIEL D 0 7 1 o0
as cl aihm::dI i n any of Ogalkyllp-CHO/-CHIQHL{C ¥B))peciunrdalkyl +O(€:BglalkylieB(Ct1 | C) Z
i , 3, 4- met hyt d |, |, i m, di nyl

152 T A azol vl - CoRh SO eSO A Y He N Copatir,

pyranyl, pyrrolyl, pwgetyaikyl)s NACO(OLC)4 Chdikyt, i(0gCHRike Ryl RO, -
optionally be subst?‘?gtéé%skygzgeci fi ked I°2\ M’gﬁgﬁn”t i(O%C‘é)? Z Ylgggﬁ

or claim2 111111111Cseikynyl cyeloplkyly tQ.1Ciuycvalkenyzphenyl onpenzyl.

PCT/ GB00O/ 03078 99 16. A conmpound, nethod, use or conposition as clained
in any of clainms 9 or 12-14 wherein in the substituent (11C) Zis a
phenyl , 3, 441ret hxlcorpdundymbihod) use orecompositioryas claimed in claim 9 or claim 10
pyrimdin-2-yl,1, 2, 3-thjadi azol -5-yl, 1, 4-thiazol-5-yl, benzofuran-2-yl, 2-
or ?»-furany‘f"?‘le'?ln B“S@chﬁeﬂt;w,’ “?—"o‘é’h’ ";'%VTWL @i‘%@bew éﬁ pyrrolyl, 3-,
4- or 5- py%{& jl; piEnyR cyAohak 29A@bhexyintthyd, pyridin-Ryintetiiy ' tedty| ring

whi ch may op |rbc{) aler\é!b%ﬁesna@gyi tu?ggl as %%‘eci fyi?epc){ni n tgle d@j nition of Zin
claim | or bitakymeathyllmaphthymethyl iso-butyicsecr-bityl, tert-tuti trbenzylthiget-hod as

clained in clai o) e} 3 ' ' ai

conposi ti Onmgﬂly@@{lw{ﬂ%ltﬂhﬂoé‘l W%@@rﬁ‘%ﬁ%’% ) ﬂiy@?%tégh?%h%'ﬁ: propyl ,

n-butyl, n-getiyidthyl ci-bidogy yrhethylbtnyl, 14uciosharthethylythydroxymethyl, 2-
hydroxethyl, 2-carboxyethyl, 2-methyicarbamoylethyl, 2-carbamoylethyl, or 4-

aim |

aminobutyl.

12. A compound, method, use or composition as claimed in claim 9 or claim 10
wherein R, is tert-butyl, iso-butyl, benzyl, isopropyl or methyl.

13. A compound, method, use or composition as claimed in claim 12 whersin R;
and R, taken together with the nitrogen atom to which they are attached form a
piperidin-1-yl or 1-piperazin-4-yl ring.

14. A compound, method, use or composition as claimed in any of claims 9, 12
or 13 wherein the substituent (1iC) has the formula -CH,Z, -OZ, or -{C=0)Z wherein
Z is as defined in claim 1 or claim 2

15. A compound, method, use or compoéition as claimed in any of claims S or
12-14 wherein in the substituent (iC) Z is a phenyl, 3,4-methylenedioxyphenyl,
morpholinyl, pyrimidinyl, 1,2,3-thiadiazolyl, 1,4-thiazolyl, benzofuranyl, furanyl,
thienyl, pyranyt, pyrolyi, pyrazolyl, isoxazolyl, or pyridyl ring which may optionally be
substituted as specified in the definition of Z in claim 1 or claim 2



cycl ohexyl net hyl R4 is tart butyl, !'so-butyl, benzyl or
nmethyl; RS and R6 tlmm{(m]! ll! h the nitrogen atomto whi ch they, are
att ached woniess4 pi peri dink 0r «1-pi perazin-4-yl rimcrékmwosa®st it uent
(11C© has the formula -CH2Z, -OZ or -(COz whereln Zis as defined in
claim16 or claim17. 18. A conpound §'S claimed in claiml or claim2, a
method as clainmed in claim3 or claim4, the use as clainmed in claim5 or
a conposition as clained in claim6 wherein the conpound is one sel ected
fromthe group consisting of conpounds of formulae (HD) - (111G and (11W
- (112) 160 OARpmpaing methatl, use K compbition as elaimet DHampof@laimd Rar O (11D)

1111111 323¢ whereinn he subsinuétt Qi 5P e, 3 4cmetryjensaisamhensbos 03078 100
"1 H | bhdvphbiiyiNpyrimidin-2-yl,, 172, 8ithiBdiakzdl-50yl, 1,4thidZol By, benkbfiftari8lyl, ¥11ri HO N
or 3-furanyl, 2- or 3-thienyl, 2- or 3-pyranyl, 2-, 3- or 4-pyrrolyl, 3-, 4- or 5-pyazolyl,
3-, 4- or 5-isoxazolyl, or 2-, 3- or 4-pyridyl ring which may optionally be substituted
as specified in the definition of Z in claim 1 or claim 2.

17. A compound as claimed in claim 1, a method as claimed in claim 2 or claim 3,
the use as claimed in claim 4 or a composition as claimed in claim 5 wherein R, is
hydrogen; R, is n-propyl, n-butyl, n-pentyl, cyclopentylmethyl, cyclopentylethyl,
cyclohexylmethyl or cyclohexylethyl; R, is tert-butyl, iso-butyl, benzyl or methyl; R
and R, taken together with the nitrogen atom to which they are attached form a
piperidin-1-yl or 1-piperazin-4-yl ring; the substituent (l/C) has the formula -CH,Z,
-0Z, or -(C=0)Z wherein Z is as defined in claim 16 or claim 17.

18. A compound as claimed in claim 1 or claim 2, a method as claimed in claim 3
or claim 4, the use as claimed in claim 5 or a composition as claimed in claim 6
wherein the compound is one selected from the group consisting of compounds of
formulae (IID) - (1iG) and (IIW) - (11Z): '

' Y R, |/\N’ N
Mt At
™ (D) ° ()
Yo R, (\N,Y\Z
HO,H Rzo N/ng/@/ i Ho’n L N/kg/ N\/l




R2 Y zZ (11Y) (LIZ V\:h pyl, n-butyl, n-pentyl,

cyclopentyl net hyl , cydop llm “mﬁ ohexyl nmet hyl or cydohexyl ethyl; R4
is tart butywodiasssbutyl, yL on nset l; Yis -CH2 , p@1/cBbo/30t=0 -

and Z is as defined in cla|m16 or 17. 19 A compound as claimed in claim|l
or claim2, a nmethod as clainmed in cIain or claim4, the use as clained

in claim5 or a conposition as clai ned R claim6 wherein the conpound is

one specifically nanmed and/ or exenplified herein, or is the hydroxamate (Q
represents a radical of fornmula -C(=ONH(OH)) or N fornyi hydroxyl am ne (Q

represents a radicakf of formgla - N(OH) CH(=0)) al ogue hereof, as the

case may be. 20. A donp s clained in clai [ m a nethod as
clained in claimB™ olN"cl &y ' i NYCl aiNn 5pr a
conposition as cl ai rred)'n [ ' ougd isQl—/

(4-benzo[ 1, 3] di oxol - 5-yl met '

carbonyl) -2, 2-di net hyl - prop
cycl opentyl met hyl - 3- (f or nyl - hydr oxy-am no) - propionam de or N-{1 S
(4-benzoj!| , 3]dioxol -5-yinethyl - pi perazi ne-1-carbonyl) -
di met hyl - propyl ]- yl met hyl N-hydr oxyy succl napi de WD 01/10834
PCT/ GB00O/ 03078 m naI Bur eau on

[received b
20 February 200 20. 2.0 My 11121H97 111 ori gi nal
claims | and 2 amende@; r@gri nkng %I/UZ unchang ages) | N L)/lzs
Q) (1Z)

wherein

R, is n-propyl, n-butyl, n-pentyl, cyclopentyimethyl, cyclopentylethyi,
cyclohexylmethyl or cyclohexylethyl:

R, is tert-butyl, iso-butyl, benzyl or methyl;

Y is -CH,-, -O- or -{C=0)-; and

Zis as defined in claim 16 or 17.

19. A compound as claimed in claim 1 or claim 2, a method as claimed in claim 3
or claim 4, the use as claimed in claim 5 or a composition as claimed in claim 6

“wherein the compound is one specifically named and/for exemplified herein, or is the
hydroxamate (Q represents a radical of formula ~C{(=O)NH(OH)) or N-

formylhydroxylamine (Q represents a radical of formula -N(OH)CH(=0)) analogue
thereof, as the case may be.

20. A compound as claimed in claim 1 or claim 2, a method as claimed in claim 3
or claim 4, the use as claimed in claim 5 or a composition as claimed in claim 6
wherein the compound is N-{1S-{4-benzo[1,3]dioxol-5-yimethyl-piperazine-1-
carbonyl)-z,z-dimethyl-propyl]-ZR-cyclopentylmemyl-s-(formyl-hydroxy—amino)—
propionamide or N-{1S-(4-benzo[1,3]dioxol-5-yimethyi-piperazine-1-carbonyl)-2,2-
dimethyl-propy(}-2R-cyclopentylmethyl-N-hydroxy-succinamide.



atons; characterised in that (a) the said second ring is substituted by

(C -Co)al lo&%z- C6) al kenyl, (C2- C6)al kynyl, (C, -Cb)gj o/030y§lr OXY,
mer capt o; %&“ al kyl thio, halo, 4gmno, trifluoromethyl, oxo, nitro,

-000H, -CONH2, - CORA, -COORA, - NHCORA, -CONHRA, -NHRA, - NRARB, Or

- CON\WMherein WVand R are |nd %ﬁ% (C -Co)al kyl
the said first or, R e tnfihational B &Woﬁzaamp Of”" Il'"ﬂ ﬂlﬂlllllli mm
provi ded that thegfis a&mmw&n&etn Ee'ib

benzyl substituted by (C CG) (C CG) aI koxy, p enoxy, hydroxy,

mer capt oatofmg; @I@tﬁﬂﬂedﬂnma ani no " hal o, trifluoronethyl, nitro, -COOH,

- CONH2, - CORA, - COORA, - NHCORA, - CONHRA, - NHRA, - NRARB, or - CONRARBwher ei n
RA and RB are independently a (C, -C6)alkyl group, - -(AIk')m (X)P (Al k2)i

Z (110 (a)herthersain sqn:oaddmg imsubstitied by (CrCiglkg, (5,-Ggalkembfesent s a phenyl

caturated or unsalelRmy &Groeforl o mefedl Cetoalumisab o %s (o 4

atoms A k' and Aléﬁ%nb ﬂﬁﬂmaﬁ\ewl YoXOERIrD S SOOH]| \CORAL -COREICHORA, ene
radi cals; X represents - 0-

where R7 is C,-C3 NHEOR, @MH%GNS{R?) @AR%N @ﬂﬁ%ﬂ%ﬂﬁ@gﬁ%g{a\; are

peTi CBool 6078, 1 AP THPepR PTG oo iy dor- 1) YO DREOES. 202

(b) the said first or second ring is substituted by a group of formula (IIC),

provided that the first ring is not substituted by phenoxy, benzyl or benzyl substituted
by (C,-Cs)alkyl, (C,-Ce)alkoxy, phenoxy, hydroxy, mercapto, (C,-Ce)alkyithio, amino,
halo, trifiucromethyl, nitro, -COOH, -CONH, -COR*, -COOR?, -NHCOR®*, -CONHR", -
NHR?, -NR*RE, or -CONR*RBwherein R* and R® are independently a (C,-C)alkyl

group,
—-%—(Alk’)m-(X)p-(Alkz),-,—Z (IIC)

wherein

m, p and n are independently 0 or 1;

Z represents a phenyl or heterocyclic ring of 5 to 7 atoms which is optionally fused to
a saturated or unsaturated carbocyclic or heterocyclic second ring of 5 to 7 atoms

Ak and Alk? independently represent divalent C,-C, alkylene radicais;
X represents -O-, -S-, -8(0})-, -S(O,), -C(=0)-, -NH-, -NR,- where R; is C,-C, alkyl;

and wherein
AlK', Alk? and Z independently are optionally substituted by

AMENDED SHEET {ARTICLE )




(b) the said first or second ring is substituted by a group of fornula (I
1C), provi dggy {)ﬂ@[mt he first ring is not substituted by phenoxy, benzyl or
benzyl substitu by (Cl-CB)al kyl, (&% CB) al koxy, phenoxsCT/GBudiospy ,

mer capto, (C, - CB)aI KylthIO am no, hal trifluoronmethyl, nitro, -O0O0OH,
-CONH2 - CORA, - i HRA, - NHRA. -NRARB, or - CONRARB wherein
RA and RB are |n: ! E (1 -C6) af kyl group, +(Akl)m (X)P-(A k2)n--Z
(11C) wherein m *p andin lare | dependently O or 1; Z represents a phenyl
or heterocyclic ring of 5 to 7 atons which is optiOnaIIy fused to a

sat ur at ed or(b#nsaturafh%d C ﬁ{ ocyclic or heterocyclic second ring of 5 to 7
atoms Al k' ‘ahd Al k2 @@ﬁ@ dePftSegone fing iscubstitirted| byrd g @ﬁp@ﬁf@h{g&l(ﬁﬁg

\r,\zgir galé i ;( E{ @ﬂ?ﬁt ﬁxe-fﬁ‘st,n g%mﬂgfrse?{b%)h ﬁgbi(&]e&’ﬁk%rh%iy' |°ﬁ§§'b‘@had)ﬂhtmedar e
oLy A Vo s ot o S
phenyl, or , nnnocyc ic 50
het rocycl ic, oﬁ@ﬁ@gﬁ??&m gﬁ% %&ﬁ' )COOR -NHCORA -CONHR?, -

NHR*, -NR R®, or -CONR*R®wherein R* and R® are independently a (C, -Co)alkyl

group,
—HAK)AX)-AK—Z  (lIC)
wherein

m, p and n are independently 0 or 1;

Z represents a phenyl or heterocyclic ring of 5 to 7 atoms which is optionally fused to
a saturated or unsaturated carbocyclic or heterocyclic second ring of 5to 7 atoms

Alk' and Alk? independently represent divalent C,-C, alkylene radicals:

X represents -O-, -S-, -5(0)-, -8(0,)-, -C(=0)-, -NH-, -NR,- where Ry is C,-C, alkyl;

and wherein

AlK', Alk? and Z independently are optionally substituted by
(C,-Cealkyl, (CCq)alkenyl, or (CCy)alkynyi,
phenyl, or halophenyl,
trifluoromethyl,

monocyclic 5 or 6-membered hetrocyclic,
benzyi,
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