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Acetylation of histones is associated with areas of chromatin that are transcriptionally
active, whereas nucleosomes with low acetylation levels are, typically, transcriptionally
silent. The acetylation status of histones is controlled by two enzyme classes of opposing
activities; histone acetyltransferases (HATs) and histone deacetylases (HDACs). In
transformed cells it is believed that inappropriate expression of HDACs results in silencing
of tumour suppressor genes (For a review of the potential roles of HDACs in
tumorigenesis see Gray SG and Teh BT 2001 Curr Mol Med 1, 401-429). Inhibitors of
HDAC enzymes have been described in the literature and shown to induce transcriptional

reactivation of certain genes resulting in the inhibition of cancer cell proliferation, induction
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and AfinkerBs MRk rhdical of various types. The hydroxamate group functions as a
metal binding group, interacting withi the metal ion at the active site of the HDAC enzyme,

which lies at the base of a pocket in the folded enzyme structure. The ring or ring system
A lies within or at the entrance to the pocket containing the metal ion, with the —[Linker]-
radical extending deeper into that pocket linking A to the metal binding hydroxamic acid
group. In the art, and occasionally herein, the ring or ring system A is sometimes

informally referred to as the “head group” of the inhibitor.
International Patent application No. PCT/GB2006/001779 describes and claims a new

class of HDAC inhibitors whose structures fit the generalised template (A). That new class
consists of compounds of formula (B) and their salts, N-oxides, hydrates and solvates:

Q=V
HO,H\[&V\%— [Linker1]——B——[Linker2],® (B)

0

wherein

Q, V and W independently represent —-N= or —-C=;

B is a divalent radical selected from (B1), (B2), (B3), (B4), and (B5).
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grouping into the HDAC inhibitor molecular template (B) and certain structurally similar
templates, facilitates penetration of the agent through the cell membrane, and thereby
allows intracellular carboxylesterase activity to hydrolyse the ester to release the parent
acid. Being charged, the acid is not readily tranéported out of the cell, where it therefore
accumulates to increase the intracellular concentration of active HDAC inhibitor. This
leads to increases in potency and duration of action. The invention therefore makes
available a class of compounds which are alpha amino acid conjugates of structures (B)
and certain related strcutures. The alpha amino acid ester moiety is a substrate for
intracellular carboxylesterase (also referred to herein as an “esterase motif”). Such
conjugates, and the corresponding de-esterified parent acids, have pharmaceutical utility
in the treatment of diseases such as cancers which benefit from intracellular inhibition of
HDAC.

Detailed Description of the Invention

According to the invention there is provided a compound of formula (1), or a salt, N-oxide,
hydrate or solvate thereof:
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wherein the bond marked * is linked to the ring containing Q, Vand W ;

A is an optionally substituted mono-, bi- or tri-cyclic carbocyclic or heterocyclic ring
system;
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L' is a divalent radical of formula —(Alk")m(Q)a(Alk®),- Wherein

m, n and p are independently 0 or 1,

Q is (i) an optionally substituted divalent mono- or bicyclic carbocyclic or
heterocyclic radical having 5 - 13 ring members, or (i), in the case where p
is 0, a divalent radical of formula —Q'-X?- wherein X2 is —O-, -S- or NR*-
wherein R is hydrogen or optionally substituted C;-C; alkyl, and Q" is an
optionally substituted divalent mono- or bicyclic carbocyclic or heterocyclic
radical having 5 - 13 ring members,

AIK" and Alk? independently represent optionally substituted divalent Cs-C;
cycloalkyl radicals, or optionally substituted straight or branched, C4-Cs
alkylene, C,-Cs alkenylene, or C,-Cg alkynylene radicals which may
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In oﬁ@é@?&ﬂﬁé PR, the compounds of the invention may be used in the
preparation of a composition for the treatment of cell-proliferation disease, for example

cancer cell proliferation and autoimmune diseases.

In another aspect, the invention provides a method for the treatment of the foregoing
disease types, which comprises administering to a subject suffering such disease an

effective amount of a compound of formula (1) as defined above.

Terminology

As used herein, the term “(C,-Cy)alkyl” wherein a and b are integers refers to a straight or
branched chain alkyl radical having from a to b carbon atoms. Thus when ais 1 and b is 6,
for example, the term includes methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-
butyl, t-butyl, n-pentyl and n-hexyl.
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refe‘:ﬁ)tﬁ)@ c? eﬂ rhgg%P%rrggg%E%u%aglggEg@% F %ca §¥% ! esf gF] Ieas?t one

triples admd:al and i ncludes radicals having two m)nocycl iC
carbocyclic aromatic rings which are directly |inked
by a coval ent bond. Illustrative of such radicals are

As ushd glein tHai tpie fopkbaapdich egdéns\id a ienon de-corhigeyeliciradival having up to

o R L M BEEA PbonSLBRIRIE
het eroatons selected fromS, N and O, and i ncl udes

As used herein the term "cycloalkyl" refers to a monocyclic saturated carbocyclic radical

having from 3-8 carbon atoms and includes, for example, cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.

As used herein the unqualified term "aryl" refers to a mono-, bi- or tri-cyclic carbocyclic
aromatic radical, and includes radicals having two monocyclic carbocyclic aromatic rings
which are directly linked by a covalent bond. lllustrative of such radicals are phenyl,
biphenyl and napthyl.

As used herein the unqualified term "heteroaryl" refers to a mono-, bi- or tri-cyclic aromatic

radical containing one or more heteroatoms selected from S, N and O, and includes
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two such nonocyclic rings, or one such nonocyclic ring
w@e@sosa31 nonocyclic aryl ring, which are direRCT/¢B2006/004034

i nked by a coval ent bond. Iglustrative of such

radi cals are thienyl, benzthienyl, furyl, benzfuryl,
radidad hialing two sticH agsroglclichiags,ioriodlazatly monotyii@died hd one

ool B8 o SR e s G e of s

radl&zﬁmarleﬁhiéﬁylQl!)e)flzihler%mfhwabelhthryl tpwralylolrmﬂazolyl ben2|m|dazolyl

thia b?n L %ZO| K/\ ﬁﬂ&hl & ¥BEW ﬂ;pSIrZaosz gﬁ%l benzgxefzolyl

|soxaitm;ﬂl bénz&ﬁdazmagcﬂh“aizolylﬁﬁlaZtSﬁdbérmltrwzply_t m?wgmw daxiatiadolyl,
oy g R iSRS
non aromatic neanlng relates to a nono- bi - or
I C Nnon talnlng

cl di cal
As Lh°r6?' @e%%é’l @Pd’é‘ﬂt&ﬂ@eﬁg gbpgtfrr?qyb&ﬁgr Q‘K?q%rﬁﬁy"(‘ic ‘HH'HS?S hheteroaryr"
as d@frﬁ%&@od&@néﬂcﬁhllt@%oﬁfar@nmﬁémﬁhg{ foldtes ted ABAb4, Bi-bati-ealic non-
coO al ni n on Oor nore s eter
arorp e TS § e EtaroR IS SRRSO S (g O, and to
groupe m@ﬁsigtingmf 2086 MsYYIR rion-drethatiatadidal J:cuﬁamlag iovie o@fnoﬁeusttkch
hete-qu)ﬁqlargg l&q |s Sg\éi%]%y){lnkqdfstgggggée{)wcm rﬁmégl'oqr ?gerrr\olndolc{/] ic’
carbobyid !r@ﬁ&dlwllust@&ivaémmh radiyals dnerpyrrolmyurmi/u thiemyl, piperidinyl,
imid%l@%ﬁe{zﬁ&l ”lsogg;r@)p t}I éliyl trf%pﬁ ?' W%zz?Jé’Lni’gﬁ ﬁ;'n pyrrolidinyl,
pynrhﬁigijll rmm‘aminyl hplméilWIGnmiylmymmeHdWI benzfuranyl pyranyl, isoxazolyl,
t e € 0 .an )
ven g at CrALe e AL SLplel B PRl Bl aup spgpnimice

groupi ch |t occurs, the term"substituted" as applied to
any noi ety herein means substituted with up to four
conpati bl e substituents, each of which independently

Unlgssytiirwisbabecifiednpl tre cqrifdxt Govhick tl gcc(iSlthedgrat teokstituted” as

ool sl S PAH A0S e syapoon.

eacl bhwhivlelindgpéndentip malgbentor axahplb) @:a)s)alityl, i (C}-Ga)atkory, Hiytiroxy,

hydiokidd YOS ﬂ%}é‘\é’r’c‘é’%”' LY Opt&&&)alﬁ%)alky%ﬁ%%alo

(inclu&iog IﬂhlEbé bro@@iﬂ%loreﬁ(ﬂfﬂmw&thyl NEiyoreiNefRaxy, NNRARRE;le (-CN),

R oSSR, P o WA

-CONRRREGSE2NRAREGONHREHRS NREOBRIHRE; ONNEICOSRARIR” ,6OCONRRE,

NHEER oENEEARR BT JoRE, RPECDAF SNRIEDR SfRescir

-NHmM@yewmccmmmma@@NHﬁ&vacaWRse MHGQWBFmr MR GBNR R®
wherequ RR%nW%rQ td%BQr?a%nh}Q at(eeCs)gn?I (C3-Cs) cycloalkyl , phenyl or

monocyclic heteroaryl having 5 or 6 ring atoms, or R* and R® when attached to the same

nitrogen atom form a cyclic amino group(for example morpholino, piperidinyl, piperazinyl,
or tetrahydropyrrolyl). An “optional substituent” may be one of the foregoing substituent

groups.

As used herein, the term “nitrogen substituent” means a substituent on a nitrogen atom

which is selected from the following:



nitrogen atomforma cyclic am no group(for exanple
nmor phol i no, piperidinyl, piperazinyl, or
wao edosaksaalr opyrrol yl ). An "optional substituentPCTaB209e/004034
one of the foregoing substitgent groups. As used
herein, the term"nitrogen substituent” neans a
amisal0gd alkyl egtantinoethyl Croalleylaraino 10, ¢ \aikyk; IT, ; sicfiglaedine ¢, f ey

t he .f ol i ng;, VWO 2008/ 053131 .PCT/ GB2006/.004 10
iRy s el PSRBT B RO o AT OO ) T CgPto Cra
alkya:dé.y: aIkyliiherﬁgplﬁoam)dllq'iﬁcamoﬁ‘%mﬁiloghls)alkél ?.bymwm: 6

.a e 0 et - X - a e
amifhstiRe ey AT s Odtia Cha Ry briegsu it weluia e s
CHQSD;FQHMell(QL.a dial;kyl?:(immﬁhmmoﬁd L0 alk&ﬂ)d.g.g&gklse@mm alkanoyl, Ci.6

(01 0N . e R .

al B ARSI b s 0l e Al ORI oA B 8RRl Ve, Cro
dia|l@larﬁn@kaﬂﬁHoytt/lladr§.n(mil\{sm%ﬂy;{)tioﬁlﬂallﬁﬁlldslﬂiut@i ;gwenyﬁll'rlﬁf@ahsllwbﬂyl,
corfEra RGO &5y GRS rad Ersc B rorphoiny
C1.s@hkyB imidhzlyk v, aakposiakpiianiylalkel, or monSERNMREeraaptioalkg |G,y alkyl,
opti%rﬁJ St Lfl&ﬁ%iﬂ&ﬁ%%b@%%ﬂﬂy ﬁigi%ggﬂ%bﬁer@?&ﬂ)i(n%meg%iperidinyl Cis
alkyl]ipiekadirstrCngaliayl e BY(C,.; akyparazwl C,Calke. al kyl ,

i mdazolyl C1 6 alkyl, triazolyl Cl.6 al kyl, or

nonocycl i c heterocycl oal kyl Cl.6 alkyl, optionally
As el $ierdinithedeinn “dalteinciod enBadeydddition] adid bygditiar and quaternary salts.

coraBHE5t i irvehliatPyn aRe B Feltaamans ndhdth phappeuticaly
accéjitalfie abltsy ith Aasesssuthhearadkali rhdtel Hyeroxidesaé ! sadiurh adé potassium "
o3 Bacs Aoith BN SIS Rl ERlodrE bt Bbohpopm,
hydmldﬁs;bwitﬂmbamb ﬁgsmFEm?@mylfmT;lu%argiaepﬁgﬂia@I e salts,

. ases, suc a i .Me roxi.des. e.g. . .
sy ALETATE: g deed ) RalVE Belity, depapiamine
andhiyalilexThese aongpounds ¢i) which e basio eardfomagales inanding
pha] %@ﬁéﬂ%?%@:@%’%&%bﬂ&g%%aww rﬁigsriagﬁgl% adid¥; e.g. with hydrohalic acids such as
hydtdchls(idnydmmgbmmfwédcﬁrbmlphwrmm ejtrit. acid gr pihasphoric acid and the
. L-lysjne, N-ethyl piperidi i benzyl api ne: . the,
ke g i aahs B 5 oh WBR bt e SE R8N e, ARc, e
salia@b,ﬁﬂ;ic,inmha@sug)hpphapmwlpixbﬂggdMﬁ@P;bfmZ??ahmich

ior rohal i i ds suc
glu%@c’ ﬁ%cr’ 8@?&061&@%0?&%3)/%?0%@?\(‘)&%'0 a%:/i ds, sul phuric acid,
nitric acid or phosphoric acid and the |like, and with

Cor?éj)qn@rﬁ% §f tﬁ%iia rﬁlép{io&vr\{g% tggntgglgtn;e%; Info?é tag{u%zfr:?r CD%‘t‘eQﬁiEP&h%’al centres,
becatﬁelﬁrﬂm’sm‘emei of ,asyxnmirig:ezadmu!I q@dmsn,f an axiahaé'amumber of
enaRﬁﬂﬁgrQ %?Higgt%mo?somers with R or S stereochemistry at each chiral centre. The

invention includes all such enantioners or diasterecisomers and mixtures thereof.

In the compounds of the invention, in any compatible combination, and bearing in mind

that the compounds preferably have a molecular weight of less than 600:

The hydroxamate group —C(=0O)NHOH




glutamc, lactic, and mandelic acids and the |ike.
Conpounds of the invention which contain one or nore
w@edosab3ler potential chiral centres, because PET/GB2006/004034
presence of asymmetric carbep atons, can exist as a
nunber of enantioners or diastereoisoners wwth Ror S
In tf@tc&rmuh@mbfsthe invatticra e lirexaimategrioup furittiens ass emdtaldinding
&3 al uch.enan ner.s. or st i soners and.
aroy fstpeoin B8 o HURE SR s B TRAC ROURe: Wi es a
the baseaofy poekedn tHe! felded ehizyraé siucturand bearing in m nd
that the conpounds preferably have a nol ecul ar wei ght
of | ess than 600: The hydroxamate group - C(=0) NHOH WD
Thezﬂa&bﬁﬁw&ﬂﬁﬂQ%hmO%/ 004034 11 in the conpounds of

each 6 VSRl B e o PREBr Qi Atk Dbee afS, G may be

—C=adndt\h en@w e eact be oN= i(berréﬂm&(ﬁr@*ewdﬁs thebasshwhéreQ Bt—C=, V

e bas of_o et | h_fole t tu

and Y gre S HeAT T 16 1o Uiy X@f?@ﬁ% ﬁ‘ﬁ? of the
resutant gyrmidin- 2@11 rdcﬁcmt one of Q V and Wrmy be - N=,

may be -C= and V and Wnay each be - N=; Currently

preferred is the case where Qis -C-, V and Ware
TheeimgA be -N= and the HONHC(=0O)- radical is attached to
Ringﬁ gg?%gﬁg ﬁqﬁtﬁ ggnﬁoﬁéx%]&?n%oqﬂn?lh/ %&)gﬁé{eh%gr%tlc ?%bocychc such as
optiencdiysliestituied phzmgll iaryd sayigiyl tartoptioralp sabstituted heieoarbrnatic such

- o RSy LSB, HT3NeRS BGRB8 b,

i rlsotlmazdlyi,rwmizp])&mbz,ﬁﬂruaﬁomﬂ 13, d+trid2ply), 1f344-y|1|azotyhi1e2)§-ltr,|azolyl, 1,2,3-

. oxaﬁj g%ﬁqﬂ‘ g% 4@)13813% I}’Ia)z{g] é?)?ﬁ(a‘i‘zz%ygh 3, Ilh' %cf%&fyl 1 3,4-thiadiazole, -

pyrldyl,aqwnndm)a,zmjlrl;ibzmyl Brdzinyl B3, 6+t51ehzlny], 1, 24§Hamm3¢.zlo2 BHtriazinyl, -

benidfﬁryg %gg@] r%ofuiyléséd i’:ngg%/gén%ﬁ%%ehyl benzotriazolyl,
- isob&naythienyi] ladblwzlebledolylpyldadyu 3H-pyiolymbénzn5rildazpyr ||rdhzzolpllyl
. n .
mM%%f?? %M@Xﬂ Hgnzsotlli éﬁo 0 gnzbféoﬁ/&%y n&lﬁ ﬂ@,r%*%aezr%rgfl, LPrh)’;rlleflazmyl,
quinogallngh zimhalinyl, nablazthymrtlrhyl aryyito[3Feripwridyi, pgadofB,2-blpyridyl, pyrido[4,3-
| .Sab t.hi i | = kS04 i nyls, - o
oegE9 e B RS ol o
tetrahyd césoaLibp@k abiyli pderidinthenart@izhiyh xahthenyl oe benzogeinblyl radicals.
qui nol i zi nyl, quinazolinyl, phthal azinyl,
qui noxal i nyl, cinnolinyl, naphthyridinyl,
Ringpradicdl8 méy lsoye, thylexample; detjc@aly- $ibstitutethion aromatic carbocyclic
and %'Eéré}l&{:ﬁ'c, %Dch as optionally substituted cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, 2-cyclobuten-1-yl, 2-cyclopenten-1-yl, 3-cyclopenten-1-yl, 2,4-
cyclopentadien-1-yl, 3,5-cyclohexadien-1-yl, tetrahydrofuranyl, pyrroline, eg 2- or 3-
pyrrolinyl, pyrrolidinyl, dioxolanyl, eg 1,3-dioxolanyl, imidazolinyl, eg 2-imidazolinyl,
imidazolidinyl, pyrazolinyl, eg 2-pyrazolinyl, pyrazolidinyl, pyranyl, eg 2- or 4-pyranyl,
piperidinyl, 1,4-dioxanyl, morpholinyl, 1,4-dithianyl, thiomorpholinyl, piperazinyl, 1,3,5-
trithianyl, oxazinyl, eg 2H-1,3-, 6H-1,3-, H-1,2-, 2H-1,2- or 4H1,4- oxazinyl, 1,2,5-
oxathiazinyl, isoxazinyl, oxathiazinyl, eg 1,2,5 or 1,2,6-oxathiazinyl, or 1,3,5-oxadiazinyl

radicals.

Specific ring A radicals include the following ring systems, optionally substituted:



b] pyridyl, quinolyl, isoquinolyl, tetrazolyl,
5,6, 7,8-tetrahydroqui nolyl, 5,6,7, 8-

W@ edosaksaalr oi soqui nol yl, purinyl, pteridinyl, PCT/GB2006/004034
car bazol yl, xant henyl or beﬂzqu|nonI radicals. Ring
A radicals may al so be, for exanple, optionally
substituted non aromatic carbocyclic and
het erocyclic, such as optionally substituted
cycl opropyl cyclobutﬁ%d cyclo nﬂg;, cycloh yBﬁ
cycl ohg % 2-cycl ten-1-yf, cl op - 14y
3-cycl en-1-yl, - cycl qpept adi en-
3, 5-cychohexadi en- 1-yt, tetrahydrof uranyl, pyrrollne,
eg 2- or 3- pyrrolinyl pyrrolidinyl, dioxolanyl, eg
1, 3-di oxol anyl , dazoI|n<I eg 2-imdazolinyl,
i m dazotRdin ZO|I| i
pyrazo nyl | pyr :
pi per i Ay NN o|oxanyl, 4 i
t hi onor phol il yI, pi perazinyl, E 3, 5- trlthlanyl
oxazi nyl, eg'®H 1, 3-, 6H—1,3- h—l,z 2H 1, 2- or
4H1, 4- oxazinyl, 1,2,5- oxathiz yt | |soxa2|nyl

oxat hi azinyl; eg Eﬁ , at hi Q-Rio
1,3, 5- @%la\dyigm nyl(;;jjd peet fi CI cal s
i ncl ude_t f dpowing ri 3 , Yo%
substituted: WO 2008/ 0533 PCT/GBZOOG/OO4034 12 N N
/' N N~ C~-N I Rlo Rio JN~ JN-\ | I NRio HNJ

Ph' N v 40C I\ WO 2008/053131

PCT/GBZO 6/0 4 4 13 thi:[:ij%N ON TTM:[:jﬁﬁ{

i anyl ,
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14 o0/ S S ~Mh N\ Q1o N N 10 Ol / S ( / wherein

R10 i s hydrogen or Cl-C6 al kyl, the bond intersected
whyooshssidavy | ine connects to the -[Linker]- PeOGB2006/004034

and the radical Rin formlgy(l) is attached to any

avai l able ring atom Cptlonal substituents in A may

be, for exanple nethyl, ethyl n- propyl, i sopropyl,

fluoring Al or i ne ~Drggfi ne [e'f\i,\,%l 0 r a
nmet hyl a, et-hyl a hydrlo th hy@hyl
met hyl tt et hyl t met I et hoS(y, n- §r Opoxy,

2- hydroxyet hoxy 3- hydroxypropoxy 2-am no thox

3- anmi nopr opoxy, (et hy{vam no) Noxy, 2-
(di met 0 et oxy 3 Fgﬂo) pr
cycl opgntyl, cycl xy I\, cycl oh Xyl ap no,
trlfluo thyINt iflu nmet hox amno (- ),

ami nonet hyl, am noet hyl , di rret hyI anmi no, diethyl am no,
et hyl (et hyI \
hydr oxyet h
2- am noet hylan A0
(rret hyl am noﬁet hyl am no, 2- (et hyl am no) et hyl am no,

2- (i sopropyl am no) et hyl am no, 3-
(i.sopropyl am no) propyl am no
whegen(u g{p cn'ﬁthbi?/fIOSﬁ’i‘ ﬁl'(') gphﬂkalm‘h%)ond intersected by the wavy line connects to
the 2[1_(11%3@1 BYicANdrdcthe FniéA R iRformula (1) is attached to any available ring atom.

2- (et hyl am no) et hyl (et hyl ) am no,

3- (et hyl am no) propyl (et hyl ) am no, nitro, cyano,

Optﬁﬁglré%yﬁtueﬁté?frfw t:nfg%r Rﬁéyémble(ﬁ%h_{)l;eth |, isopropyl, fluorine,
- OCH2CO2H CO2CH2CH3 c2 '

chlor'@f—lm@wwdne Harexgamsiipnies wgfa%am'aeé%mroxymefhw
hyd@i?&ﬂ?qy%eth%mhl@h eth&lkhl@nﬁﬁbﬂﬁbky, étlﬁb)@eﬁjbkﬂpoxﬁtﬂ RRoMlethoxy, 3-

: sul , yI am nosul ngv}%
hyd@@‘)ﬁ@/PB‘PﬁYn @m'mﬁﬂw}’, AIHRAPAGAS %&g YapirAIethoxy, 2-

(dmﬁ‘eﬁ)@é?ﬁlﬁﬁ)e%xy anmtwﬁmm@ﬁfrmyyl ,cyclab@mylaaydlmféaylbonyl
| am nocar bonyl . di et m nocal\ﬁ_gg
oyclR ORI L Br RO ER e N 2 BRI EH no

amlﬁo&hﬁ@ﬁbthylaﬁﬁrﬁ&)d'leﬁhljlé}hFhB)/étﬁWrﬁéth amlno propyl(methyl)amino, 2-

hyd me':‘t hyl SU' ﬂ%ﬁwpgﬁ?,ﬁ%&? % |lglrwao 39 aminopropylamino, 2-

(me?yl@r{ilhky)bﬂmaﬁw|2P(@ﬂﬂ'}dnﬂm)@mylai’fﬁﬁd1y|25(I§bﬁmp§11éhmm)étﬂ91‘aﬂmw 3-
i me ar bo an no
<'S°5we>49w¥r§3mfeﬂ%rawpn?’ %;Nsé%mwen%w(dAWMBm'm)ethy'ammO
2-(nestRathRB) HeyNEtSt aniR], qu&mxﬁwp%ﬁyﬂmetﬁy’r)ammo nitro, cyano,
hydroxyl, formyl, carboxyl (-COzH), -CH,CO,H, -OCH,CO,H, -CO,CHjz, ~-CO,CH,CHs, -
CH,CO,CH,CHs, -CH,CO,CH,Ph, t-butoxycarbonylmethoxy, acetyl, phenacyl, thio,

thiomethyl, thioethyl, sulphonyl, methylsulphonyl, methylaminosulphonyl,

ethylaminosulphonyl, dimethylaminosulphonyl, carboxamido, methylaminocarbonyl,
ethylaminocarbonyl, dimethylaminocarbonyl, diethylaminocarbonyl,
methylaminocarbonylmethyl, -NHC(S)NH,, sulphonylamino (-NHSO.H),
methylsulphonylamino, dimethylsulphonylamino, aminosulphonylamino, (-NHSO.NH,),
methylaminosulphonylamino, dimethylaminosulphonylamino, methylaminocarbonylamino,
dimethylaminocarbonylamino, acetylamino, phenylcarbonylamino,
aminomethylcarbonylamino, acetylaminomethyl, methoxycarbonylamino, t-

butoxycarbonylamino, pyrrolidinyl, piperidynyl, piperazinyl, 4-methylpiperazinyl,



but oxycar bonyl am no, pyrrolidinyl, piperidynyl,
pi perazi nyl, 4-nethyl pi perazinyl, W 2008/ 053131
WEMNRAEAB06/ 004034 15 honopi per azi nyl, nor phoPCTIGB2006/004034

i mdazolyl, 1,2, 4-triazolyl4g1.2.3-triazolyl,

1,3,4-triazolyl, 1,2,5-triazolyl, Cl.6 straight or
hombp@é@iﬁ@l ﬂ’fmpﬁbhayljﬁyildazam e, Liridzobd, Kyd. ieiwzam , Mg tdmdzolyl,

a
1,25 gyt Gk FEROR SeSrepapk hain g, Artieeraryil e ampoothy, Cug
alkylahh@x@l.c 4k, (61 ﬁléﬂﬁwarlﬂ@gmtewywmkxf Cgfalaﬂdyl @hﬁra*vg&ﬂyé Cis
thi o 0
a'k%\f]fﬁw %ﬁ%ﬁ% HoxygHo LY ]'&aeﬁb‘vy‘%wsgmﬁ%yﬂheq%@ alkyl, Crs
alkaﬁd))}{,ydf(@lfﬁllfm.ﬂ{i_ lﬂfﬁﬂﬂé[ﬂmnﬁs@phonyﬁ@émﬁb ZC«;La @kylammlolsulphonyl e.g. -
am nosul.pho .9, - . Optio
soSbfle oo el R P st r SN gl spatute
her(yléﬁﬁ%ajmhcmr learparartido @E@Vm)k)ébrb@xgnldﬁif@@m&ﬂa g. CH;CONH,,
IyI amn b8ny I am noc y
Cis g{lﬂ/ ﬁggrmca dlelk pmocg 6§lkyl e.g.
CHzabmmgro@@wlaml Vilph6Ayl €, 3k ?\I;%; @428@3&9%\'@}/? Cl-3
nos
d'a'mﬂ%ﬁtﬁ?% é%e%ﬂé{ﬂ{% &!'%ﬁﬁzi |‘Py6 %?Uggf ?3%{\'@8&3" Sptionally
subs{tlt‘uté@mhéfiolﬁﬁ BSalRyikytiongipt SL@@’mlb’ce)d tﬁa&zﬁw it yélag %ptlonally
ria ona t ut.e et

subeied Botbro,GrazgpoeES aply| SLaPRAqiRl Car Ay RESTE2R T xe ik,
and PLHB8% alkyl)l;yiber@imﬁ @Alkkyl. and 4-(Cl-6 al kyl) pi perazi nyl

Cl-6 alkyl. Currently preferred rings A include

optionally substituted phenyl, cyclohexyl, naphthyl,
Currgtilynereferred-rinlgs Adnclude @atmhbmwstlmmdmhylﬁydqhexyl naphthyl

auinplgg AR T B - el Py B Bonth suh
preféfediinygs Apelidé ihapgéry, piah@u{)afﬁlgil:[loiﬁo ahndAehldrO Spzictichity thé yadical —
, t enyl ene or
- w105l O e WERE Presatl frep hect - Pens o1 EPymiaqaene.
serves to link the divalent B radical to the ring A
en, resept Thus, it may be selected fromthe

The xanples: (i) a bond. This will normally be
—[LinKe€]- s@ges tuhimR tiie dlgaléntlBsraﬁitdal fortes eing A, whem presBat, Thits, jit may be

seleﬂé&&yzz&ne f§&wﬁ@§m@0¥m N A= NRe-, - S(=0) 2NRe-
RC( CH2) m , - NRCC( =0) (CH2) m
Nl6935(beﬁd ZRHEHR) mormaiiR ua@he@)ammn AR Pt e AT -
ndRpErasne iy v b, - or GRS OB er ogen
sulaNR?(E(l;F@jt Nn?s(so%- -l\lRC(EHzl%.- -MR%G( B)@tl).Ar is a
di VARESLANERY! NP ERb)SRS-, ~NRCC(=0)(CHa)wAr-, or
-NR®S(=0),(CH,)nAr- wherein R® and RP are independently hydrogen, C+-C, alkyl,
or a nitrogen substituent, mis 0, 1, 2, 3, 4 or 5 and Ar is a divalent phenyl radical or
a divalent mono-, or bi-cyclic heteroaryl radical having 5 to 13 ring members; and
(ii) an optionally substituted, straight or branched, C,-C; alkylene, C»-Cs
alkenylene or C,-C; alkynylene radical which may optionally contain or terminate in
an ether (—O-), thioether (-S-) or amino (-NR*-) link wherein R* is hydrogen, C;-Cs
alkyl, or a nitrogen substituent;

When —Ar- is present in—[Linker]- it may be a divalent radical selected from the
following:



a dival ent nono-, or bi-cyclic heteroaryl radical

having 5 to 13 ring nenbers; and (iii) an optionally
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C2-C6 al kenylene or C2-C6 ghkynyl ene radical which
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wherein X is O, S or NH. For example, —Ar- when present in—[Linker]- may be a
divalent phenylene, such as a 1,4-phenylene, radical.

Examples of-[Linker]- include those present in the compounds of the specific

examples herein.

The group Z'
Case (a): Z' is a radical of formula —(CH,),-X'-L'-Y- NHCHR/R,

The group R, in Z' case (a)

The ester group Ry must be one which in the compound of the invention is hydrolysable by
one or more intracellular carboxyesterase enzymes to a carboxylic acid group. Intracellular
carboxyesterase enzymes capable of hydrolysing the ester group of a compound of the
invention to the corresponding acid include the three known human enzyme isotypes hCE-
1, hCE-2 and hCE-3. Although these are considered to be the main enzymes, other
enzymes such as biphenylhydrolase (BPH) may also have a role in hydrolysing the ester.
In general, if the carboxyesterase hydrolyses the free amino acid ester to the parent acid it
will, subject to the N-carbonyl dependence of hCE-2 and hCE-3 discussed above, also
hydrolyse the ester motif when covalently conjugated to the HDAC inhibitor. Hence, the

broken cell assay and/or the isolated carboxyesterase assay described herein provide a
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di sfHersER i2D0Ber NH.For example, —Ar- when present m—[Lmker]- may be a
divalent phenylene, such as a 1,4-phenylene, radical.

Examples of-[Linker]- include those present in the compounds of the specific

examples herein.

The group Z'
Case (a): Z' is a radical of formula —(CH,)-X'-L'-Y- NHCHR;R»

The group R, in Z' case (a)

The ester group Ry must be one which in the compound of the invention is hydrolysable by
one or more intracellular carboxyesterase enzymes to a carboxylic acid group. Intracellular
carboxyesterase enzymes capable of hydrolysing the ester group of a compound of the
invention to the corresponding acid include the three known human enzyme isotypes hCE-
1, hCE-2 and hCE-3. Although these are considered to be the main enzymes, other
enzymes such as biphenylhydrolase (BPH) may also have a role in hydrolysing the ester.
In general, if the carboxyesterase hydrolyses the free amino acid ester to the parent acid it
will, subject to the N-carbonyl dependence of hCE-2 and hCE-3 discussed above, also
hydrolyse the ester motif when covalently conjugated to the HDAC inhibitor. Hence, the
broken cell assay and/or the isolated carboxyesterase assay described herein provide a



hydrol yse the ester notif when coval ently conjugated

to the HDAC inhibitor. Hence, the broken cell assay
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ityte a - wher ei IS . .
vyt Bl R DRI g S0, T Recg hydrogen
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whi ch they are attached forman optionally substituted
. monocyclic heterocyclic ring of 5- or 6- ring atons

or (i cy®iis hyu?b@erro@wpltibnauyisugstitetysemmmﬂ-((&-cgau@l- whegin Ry is

at and dragen or, (Cl- Kyl - L)
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or (i py erdaﬂd@tthlsdn, todethet wiyH {hie @arkoti ta whichlthey are attached form

tetra met hoxyet hyl.., .ind |, .
noPBgHHN 9?3 ﬁ%&tﬁﬁ 5?8”883&"&&% ooy BH%P?%’B&?F. ring atoms or
Curiteyolid germcwbwmr@bystembmm ROfhg stomgc| opent yl .
Macr ophages are known to play a key role in
i nflammat ory di sorders through the rel ease of

Witidly thelse clzsse) Ramayimufcmeximiﬁm methyl, lethyl, (v anis@goopyk tn- adec-or
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tetrahydrofuran-3-yl, methoxyethyl, indanyl, norbornyl, dimethylaminoethyl,
morpholinoethyl. Currently preferred is where Ry is cyclopentyl.

Macrophages are known to play a key role in inflammatory disorders through the release
of cytokines in particular TNFa and IL-1 (van Roon et al Arthritis and Rheumatism , 2003,
1229-1238). In rheumatoid arthritis they are major contributors to the maintenance of joint
inflammation and joint destruction. Macrophages are also involved in tumour growth and
development (Naldini and Carraro, Curr Drug Targets Inflamm Allergy ,2005, 3-8 ). Hence
agents that selectively target macrophage cell proliferation could be of value in the

treatment of cancer and autoimmune disease. Targeting specific cell types would be
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the 37 Safiny oy of o3 45y Ao iR A SERRN g B> may be
protedtedrs or - N(R7)- groups [where R7 is a hydrogen atom
or a (C, -

groups -[AIk],Rs where Alk is a (C4-Cs)alkyl or (C,-Cg)alkenyl group optionally interrupted
by one or more -O-, or -S- atoms or -N(Ry)- groups [where Ry is a hydrogen atom or a (C4-
Ce)alkyl group], nis 0 or 1, and R is an optionally substituted cycloalkyl or cycloalkenyl

group;

a benzyl group substituted in the phenyl ring by a group of formula -OCH,CORg where Rg
is hydroxyl, amino, (C4-Cg)alkoxy, phenyl(C,-Cs)alkoxy, (C+-Cs)alkylamino, di((Cs-
Ce)alkyl)amino, phenyl(C+-Cg)alkylamino, the residue of an amino acid or acid halide, ester
or amide derivative thereof, said residue being linked via an amide bond, said amino acid
being selected from glycine, a or B alanine, valine, leucine, isoleucine, phenylalanine,
tyrosine, tryptophan, serine, threonine, cysteine, methionine, asparagine, glutamine,

lysine, histidine, arginine, glutamic acid, and aspartic acid;
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phenyl(C4-Cs)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 cycloalkyl
or heterocyclic ring, and R is hydrogen, -OH, -SH, halogen, -CN, -CO.H, (C;-
Ca)perfluoroalkyl, -CH,OH, -CO4(C,-Cs)alkyl, -O(C-Cs)alkyl, -O(C-Cs)alkenyl, -
S(C4-Cs)alkyl, -SO(C4-Cs)alkyl, -SO2(C4-Cs) alkyl, -S(Co-Cg)alkenyl, -SO(C,-
Ce)alkenyl, -SO,(C,-Cg)alkenyl or a group -Q-W wherein Q represents a bond or -
O-, -8-, -SO- or -80,- and W represents a phenyl, phenylalkyl, (Cs-Cs)cycloalkyl,
(Cs-Cs)cycloalkylalkyl, (C4-Cg)cycloalkenyl, (C4-Cs)cycloalkenylalkyl, heteroaryl or
heteroarylalkyl group, which group W may optionally be substituted by one or
more substituents independently selected from, hydroxyl, halogen, -CN, -CO,H, -
CO,(C4-Co)alkyl, -CONH,, ~-CONH(C;-Cg)alkyl, -CONH(C4-Csalkyl),, -CHO, -
CH,OH, (C4-C,)perfluoroalkyl, -O(C;-Cg)alkyl, -S(C4-Ce)alkyl, -SO(C,-Cs)alkyl, -
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where the ester is either dlrectly applied to the
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—[Lirdeerlbcaical). Clearly the chemistry strategy for that coupling may vary widely, and
thus many combinations of the variables Y, L', X'and z are possible. However, when the
inhibitor is bound to the HDAC enzyme at its active site, the rings B and/or A are located
at the top of, or within, the metal-ion-containing pocket of the enzyme, so by linking the
amino acid ester motif to those rings it generally extends in a direction away from that
pocket, and thus minimises or avoids interference with the binding mode of the inhibitor.
Hence the precise combination of variables making up the linking chemistry between the
amino acid ester motif and the rings B and/or A will often be irrelevant to the primary
binding mode of the compound as a whole. On the other hand, that linkage chemistry may
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- Y-—C’H-Z(XHZWCI-IZJI-ZCHQNOh’rzﬂ .-CHZCHZWCH(CHS)- ~CH,WCH,CH,-,
—CH,WCH,CH,WCH,-, and -WCH,CH,- where W is —O-, -S-, -NH-,
—N(CHs)-, or ~CH,CH;N(CH,CH,OH)CH,-. Further examples of Alk" and Alk®

include divalent cyclopropyl; cyclopentyl and cyclohexyl radicals.

In L', when q is 0, the radical is a hydrocarbon chain (optionally substituted and
perhaps having an ether, thioether or amino linkage). Presently it is preferred that
there be no optional substituents in L!. When both p and r are 0, L' is a divalent
mono- or bicyclic carbocyclic or heterocyclic radical with 5 - 13 ring atoms

(optionally substituted). When nis 1 and at least one of pand ris 1, L'is a divalent
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anthaghy 3 to 16 tHing menBa\Msuch 43 RIpERIMyY| - Sib&teHRWCHaoly |, pyrldyld

BT a5 g s SGUGE | o

- CHRCH2N( CH2CH2COH) CH2- . Furt her exanpl es of Al k' and

oy SPeREs. Paamiesraosdieti of fRdmatbe b BREF by B i q

| S bamlgwdnro@taéb@nb@dlments( §Bhd erRlylbe Gwilsp ibeingeld Irefuether

Pr CSRRRIOER. B RGP S0 HERE SEPHHamet Pt be 0.

S Ulpsdyi ﬂeuewttls Q'melnly. a Mbasccyd Hieteroaycdncrramca &hd Lihay Be @ or 1.

o B AR BesBh Bk o8 SBRGh EET sOMcrr, and -

(OMHZGBQCH)L ahdh@t inapbedy-phahelena. i s 1 and at | east one

of pandr is 1, Gs a divalent W 2008/ 053131

PCT/ GB2006/ 004034 22 radical including a hydrocarbon
Specifiaexaraples baths sadical ¥ -IfoxddCHg- ihtioge-Ce=®anhbe@EH0)NH- as well

Wf’o@%‘iﬁl IL?%S{)??(JE}S?ZH) w\'@e&’szg}gsgﬁ?@) @1" %)wbe-C( =0)-NH-

(CHE)Q@- exanpl e, a dival ent phenyl, naphthyl, cycl opr opyl
cycl opentyl, or cyclohexyl rad|cal or a nono-,

et teréic?%ﬁpé At i pey 421 T t&ﬁ%ﬁwbg'i

pyr|oyl ienyl, yrrol yl radi ca~/ but
4- phen lene is presentl preferred. Specifically, in
wheit R i s Bis LA S A ot CH Al SO TRt =)

CHZQ) Wd(*OﬂNH@IHPQarﬂd -0dEopNRecHorbodi rrents q and r may
wth p being 1. In further

Case (b): Z' is a radical of formula —(CH,),-Y'-L'-R

The radical R in Z' case (b)
R is a radical of formula (X) or (Y)

R
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H
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enbodi nents, p, g and r may be all 0. In still further
enbodi nents p may be O, g may be 1 with QL being a
wOorRewens3Bi ¢ heterocyclic radical, and r may bePOI/GB2M5/004034
Al k' and Al k2, when presentgoomay be selected from
-CH2-, -CH2CH2-, and - CH2 CH2- and QL may be
In foilméiammamd enNeR, |§nzea chiboxgicainl geupbdr drhesteragtbogivhich is

hydrgg/s[ﬂ(lw)o['ne or %@Lﬁl}’\ ra@lulacgfgayyle%?&nﬁ&eﬁdf a(@\_l\%xyhc acid

group: as délire@antiidiscGbitvabove Gfita@feNrice (CH23a40 (GCH2) WO and
TO (CH2)wo wherein v is 1, 2, 3 or 4 and wis 1, 2 or
3, such as -CH2-, -CH2O, -C(=0-CH2-, - (=0 CHO,
The G EOh- Ay, and - C(=0) - NH-CH2O-.  Case (b): Z' is

adi cal R . The radical Rin Z
Wh%é&?&')"“?eo} Eo"aul%?@é%ma%esfoéhm'gd% X) or (Y) R R
HN D R6--N (X) (Y) WO 2008/ 053131 PCT/ GB2006/ 004034
23 In formula (X) and (Y), RL is is a carboxylic acid
group or an ester OwR which is ol ygabl e by one
or nore intracell ul ar arboxyle ten%%????’ nmes to a
carboxylic acid group; as dét nqqd|scussed above
with reference to Z' NcasR {a). The ring Din Z' case
(b) Wien Ris a grouﬁ of formula (Y), exanples of R
include: R and HRL H wherein R is as defined and
wheflii$ RUESRUINRBY 8nd dRBuste8WRBoRi N Z' case (b) The group

R6 is present in the conmpounds of the invention in
this case when Ris a radical

The group Re in Z' case (b)

The group Rg is present in the compounds of the invention in this case when Risa radlcal
of formula (X)

As mentioned above, if the modulator is intended to act only in cell types where hCE-1 is
present, such as macrophages, the amino group of the carboxylesterase motif should be
directly linked to a group other than carbonyl. In such cases Rs may be optionally
substituted C4-Cs alkyl, C5s-C; cycloalkyl, aryl or heteroaryl, for example methyl, ethyl, n-or
isopropyl, cyclopropyl, cyclopentyl, cyclohexyl, phenyl, or pyridyl. In cases where
macrophage specificity is not required, Rs may be hydrogen or -(C=0)RP, wherein R® is
optionally substituted (C4-Cs)alkyl such as methyl, ethyl, n-or isopropyl, or n-, iso- or sec-
butyl, (Cs-Cycycloalkyl such as cyclopropyl, cyclopentyl, cyclohexyl, phenyl, pyridyl,
thienyl, phenyl(C;-Cs alkyl)-, thienyl(C4-C¢ alkyl)- or pyridyl(C4-Cg alkyl)- such as benzyl,
4-methoxyphenylmethylcarbonyl, thienylmethyl or pyridylmethyl.

Rs may also be, for example -(C=0)ORP, or —(C=0)NHRP wherein RP is hydrogen or
optionally substituted (C;-Cs)alkyl such as methyl, ethyl, or n-or isopropyl.

For compounds of the invention which are to be administered systemically, esters with a
slow rate of esterase cleavage are preferred, since they are less susceptible to pre-
systemic metabolism. Their ability to reach their target tissue intact is therefore increased,

and the ester can be converted inside the cells of the target tissue into the acid product.



of formula (X) As nentioned above, if the nodul ator is
intended to act only in cell types where hCE-1 is
w@e@sesai3l such as nmacr ophages, the am no gr oupP@f/GBR@®6/004034
car boxyl esterase notif shoubd be directly linked to a
group other than carbonyl. I'n such cases R6 may be
Howepti, forddday admindtiation, avhets theGestdriy bitheCairétiy\apblied foythe target

tissqae;%'gqu%%g?p%%rﬁ &?’{)%’lf Sﬁ%ﬁp’gleﬁﬁ@%@k@n@ilp&t@&%&%ﬁ{%lg}ﬁ& the ester

has plrepiy rate@f epigrdsdydeavage, ta sddmideatystemimexposti@gend consequent

speci fjci I's not required,. may_ be hydrogen or .
oS8 e afjse P 1A ep ST 6 PICBra B B Th P Lnsubstiuted,
ie R(iﬁttéaﬁl)aaltdx;llmahmdmbaa(smlmt I'ag:i%caléeh&ymle eB’TeolZS’ tle'ns cquﬁ@ pebyedimore

N-, 1SP- Or sec: t -C7)cycl.oa su as
rapidl s iyaf PerBiy isg e on. ork B LA RS SYalem HeN a$  phgry or
cyclbteghyg. phenyl (C1-C6 al kyl )-, thienyl (Cl-C6 al kyl)-

or pyridyl (Cl-C6 al kyl)- such as benzyl,

4- et hoxyphenyl net hyl car bonyl , thi enyl net hyl or
The pydical Lyl JoH,],- R6Zheaseab)so be, for exanple - (C=0) ORD,

As A RSP ool (18 LK P SRR R B By Seateay

chosenab lihk ter amiyib acid@stet omglid Rrid suladtitidmne Yito tenestoof tdimolecule.

be. adm ni d em cal | i th
ciedygoe Pariishy ardy Bk Ba R Bg ratyviply ity My
combmeyiorsy & the sariablesCEpLi, bhe ztave possibles yHdvwavier, wheh diwinhibitor is

mough & thp SR 41 et S, W oS 2o RO Beb B BEbrias
directioni ateaytfiven thel drzyiog, dritethtsimjrétnises ®8 eeoidsiinterfetencawiith the

. duct . . 2008/ 053131 PCT/.(GB2006/ 0040 . Ho er
oindigl R o HEUINRL PRRER b PRAes ESTRGotr e @l Rl o e
linking cleerhistry aptpleer thd aminbecidagstrtmotif iasd the rest afitheesibldule will often

.t here for example, inhalation, it wll often be
oo i ety REBRE it T gl Faindl- cot e ase
cl eavage, to mnim se system c exposure and consequent
Ldunwant ed side effects. If. a.carbon atom.to which th
wirt 503 b8 ferdlorBahtotio duad e =V eBle? flgkiha'ubine
radied! thENE{CHA,- i toet hyl ene (-CH2)- radical, then the
esters tend to be cleaved nore " rapidly than if that
carbon i's substituted, or is part of a ring system
suczhmasba0 phénsd thera methylenkaagitaldinkeyl toThe rasadi thalmolecule is
'L'o"?f&ﬁa[l-CH ]ain Z case (b) As in the Z case (a),
t hi’8"?'5di cal (or bond) arises fromthe particul ar
chem stry strategy chosen to link the amno acid
eSUeTuld, ForRxhpl G 14Eb. YOO ME- L R, cflo) N
-C(=0)0-, wherein R; is hydrogen or optionally substituted C,-Cg alkyl such as —

CH,CH-OH,;

In the radical L', examples of Alk' and Alk? radicals, when present, include

—CHy-, ~CHCHz- ~CH2CH3CHa-, —CH,CH,CHoCH-, ~CH=CH-,

~CH=CHCH,-, -CH,CH=CH-, CH,CH=CHCH,-, -C=C-, -C=CCH,-, CH,C=C-, and
CH,C=CCH,. Additional examples of Alk' and Alk? include —CH,W-,

—CH,CH,W- —-CH,CH,WCH-, -CH,CH,WCH(CHs)-, -CH,WCH,CH>-,
—~CHWCHCH,WCH;-, and “WCH,CH,- where W is -O-, -S-, -NH-,



Clearly the chemstry strategy for that coupling may
vary widely, and thus many conbinations of the
wao08akdies Y', L', and z are possi bl e. HoweverPCT8r006/004034
the inhibitor is bound to e enzyne at its active
S|te the amno acid ester notif generally extends in
a -N{THH4, opr-Ciaai N (GHIOHO HDIAY NBurtrn @xélhplss ot AlkiTasdAlk?

f th
iR el Pl RS AR o Elob S R RATF BA BFar | abl &
maki ng up the 1linking chem stry between the am no

aci g este tif and . the res f the I.ec e

of Al S PrLa Bt eSS 6 e Pranpfoc Tt Al ufh o6

t heCEIQDIR)Y RO(GI4:) R, ortho bmerwmmaﬁm—@m@ﬂ)@mg GHLE(@H5),-.
observations in mnd, taking the variables maki ng up
the radical -L'-Y -[CH2]z inturn: z may be 0 or 1,

so It biatvhen res 0ythe nadicea i a:aj/drbd:amk@dcﬁam tdptionallytsub$tittitee and

m;lpgr %leg hé\ﬁl@g O%jeh%%loetﬂ%r&mjw linkag )._el-)’(é?sz%ﬂ%’it is %Ire erted that
\Alilﬁgfeedz Be R3 opﬁor’fal'dﬂmmn@rmfthbmbbtﬁ ns ahé bidrel0eld €4 duBlent
a su

Sl ro SRR Soheb AR AR & FREEBHES
Ckﬂatlonalw&lﬂutedﬂwwm andr ﬁHEﬁﬂB&-IB%nd piEH=CHs a
o gl NEIEER GRS oAk Pyl
andambbyclic bnhétarbeyelichiadiéal wnﬁl-ﬂQ-CH?_Wg atChiz CbifiBlEly substituted).
R RS de s O G, 3 UvRiert B e (i APy
- PCEYsh0,6,/ & @468dexyPtadids(, ©Ha )manoaror bi-cyclic heterocyclic radical -
- CH2 CH2 -. Furth I Of . '
A B2 BT R T B VA RN E PR Bty S
cy tliedye oy Ipyiralgli radicsl, bél k4-phed/lefeki? prasentppretsered. may
al so be branched chain al kyl such as -CH(CH3) -

-C(CH3)2-, or in either orientation -CH2CH(CH3),
Clﬂaé‘élﬁ}ﬂ)/,Zn soine dnhodivhents bf the ientidre Lf ,adiacdlp may lse 0 with n

A PG et oo nBocRBhEHAAG ¥ nEGEE b Lhdlgr. ReLiiRRS
Pr emndirr}entst m, 3 emdad may bd allfatn stmmmrer bmbndlnmmts mmady be 0, n
SUbSt :gt%a ltﬁc'd belng a mWﬁ%nyckPg h&e%c@&% rgd%EIeaer p lmay) be Gor 1.

AIk1 and Alk?, when present, may be selected from —CH,-, ~CH,CH,-, and —
CH,CH,CH_- and Q may be 1,4-phenylene.

Specific examples of the radical ~L"-Y'-[CH,],- include
-(CHy)sNH-, - CH,C(=0)NH-, -CH,CH,C(=0)NH-,-CH,C(O)O-, -CH,S-,
-CH,CH,C(0)0O-, -(CHz) sNH-, -CH,CH,S-, -CH,0, -CH,CH,0-,



nmono- or bicyclic carbocyclic or heterocyclic radica
wth 5 - 13 ring atons (optionally substituted). Wen
wm2008/0331and at | east one of mand p is 1, L' iBCEGB2006/004034
di val ent radical including gghydrocarbon chain or
chains and a nono- or bicyclic carbocyclic or
heterocyclic radical wwth 5 - 13 ring atons
(optionally substituted). Wen present, Q may be, for
exanpl e, a dival ent phenyl, naphthyl, cycl opropyl,
As ragrttionpe abanle, thercomgdunbﬁwh whintli tea Investionds romeernedddre HDAC

..b'-ccllc ocyclic radjcal . havi
initior, 65 ey 6erSleg BF ok sl BeamiBl SR proeratid febse, suh
as cﬁMtérdiyilhumahbaemothermanwals.ol yl radical, but
1, 4-phenyl ene is presently preferred. Speci fically, in
sone enbodi nents of the invention, L', mand p may be
It wil) baiunBergtoob éhat @elspdcmcm‘obé levenfeodmyrmrtlmlarrpaedt will El‘afyend upon

t her ._enbodi ne
a vegeiygy Piora ke e aetly o B Rer TG AB S0P HEn T Bb Ry ade, body
weidht, dgenermye@m dexididl, tihdef &tﬂm&sﬂ‘@l{ﬂ;ﬁp&ﬁ% of dumiaisoayah, rate of
xR o e e Qo oI A2 bt
treafohEHTHAGHAUM dosk Rvaryanb grefjudngylod dysiegmwill Hepdetefmined by clinical
exanples of the radical -L'-Y -[CH2] Z include

tial " opy3aNH, - CHRC(=O) NH-, - CH2CH2C( =O) NH-, - CH2C(O) O,

SCH2S-, -CH2CH2C(O) O, -(CH2) 4NH, - CH2CH2S-, - CH2O,

R A S A BRI Rl

by anyvmné lcomslstsntcmrnctlaem plaarataeokibitc propﬂrhén [ OBsaralaradimmytrable
co ifi F oth g fl}atlhe <t;ar eaemanot q?ers a ozenges, liquid

"\SPB ?’? ’P3¥ 0P S aRipE L CapgUler hawgers. o %?Pah§ e
or gek Meparamm&h dstoral, tdpidaé ouetéeleaiam@ﬂemhsmuﬂdm o8 pagpdnsions.
Tanfg Sd GSuiss °F SBIAABRIG A ey Wb Tk %o by ERERGT KA ana
maysqoedtai bmvemlimﬁmxblmemtg Gyeldas blhelngggentb,ddyexanmlg Byrup, acacia,

{ {

ool Bl Ukttt R T ol e Fh 2 alib R piee. sugar,
maipsatarahataldomarhds piiete, ssevigitol bryghpding; Hmalqﬂamg; Iubud:aznt fdr ceagde

magtBEBERe s, Ll BORE er PR SR Bt Whppte potato
starth, |aalacceptable wetting agents such as sodium lauryl sulphate The tablets may be
coated according to methods well known in normal pharmaceutical practice. Oral liquid
preparations may be in the form of, for example, aqueous or oily suspensions, solutions,
emulsions, syrups or elixirs, or may be presented as a dry product for reconstitution with
water or other suitable vehicle before use. Such liquid preparations may contain
conventional additives such as suspending agents, for example sorbitol, syrup, methyl
cellulose, glucose syrup, gelatin hydrogenated edible fats; emulsifying agents, for example
lecithin, sorbitan monooleate, or acacia; non-aqueous vehicles (which may include edible
oils), for example almond 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.

For topical application by inhalation, the drug may be formulated for aerosol delivery for

example, by pressure-driven jet atomizers or ultrasonic atomizers, or preferably by



The conpounds with which the invention is concerned
may be prepared for admnistration by any route
weonsiostient with their pharnacoki netic propertPEFGBIIN6/004034

orally adm nistrable conpggitions may be in the form

of tablets, capsules, powders, granules, |ozenges,
propéliaﬂﬂbfﬂverﬂﬁei@fﬁd aHria{m rlatmpmllan’sinmaminmmtiqn Dfopi_i_:aniizedor

terile parenter sol utions or suspension S
powdii, e InGAatarsitke A oBpr e RSHEy ey Salefe
Excigleme, fiichseNoatxapplé,gpropelant (egaFrigaminahe casenf engtered alerosols),

I I S ent s X

surteGE Ao e s S EERL s, AR oS rrs
(e.g. stdsd iR Yhe gaserad bb\d@@ﬁmhél?ﬁsy Rag bﬁ @resexbimsueh inbatedsermulations.
sugar , .Ze-starc cal C m osphat e, sor [
For (56 Pairiges P OTARTn ra AP bsh or AP B A ar e s s
aeroS4ISaf @itmunh phiicleiey@iine goneragdy/ el adrminisitdred,asing an inhalation
or

techgie B IRPRPR Ay Rh B D eB b et SR ooy apors (spacers
expaﬁblérﬁ'ﬂ gh& peai\lfltﬁhﬁb@dbb@ﬁéinﬁf&}(elngeﬁlﬂaib@, \aﬂmagand)gutomatic
_nmet hods we nown nor nNg armaceuti cal. practice.
deviags Mg & U PRIBR AP RRIE el BETRE F91asqIgrmPaficipbi the
case%f@lﬁﬁlbén inA&IEROY ﬁumbeﬂcbﬂl tgcmﬁwnemsﬁimar% swdilableqag, Diskhaler®,
emulsions, syrups or ixirs, or nma r.e
Rote O] GRaRTSHH e SBREET (o ERERP e RS RaRear T b RBERRF St
ApplRdtibraBP® 5058x1).e before use. Such liquid preparations
may contain conventional additives such as suspendi ng

agents, for exanple sorbitol, syrup, nethyl
For tepichlldppti€atiof lidl thesskirs yreudrug gedydiel madeyaly intrea ateadh, éatiobloe

. fats; | si.fyi f I i thin,

- oinaditoCrea oo OR ook, FARER e B TS Jhens e
convewhiore formylations welekresinih ehe art,|fsr) exafrple exdequiibedimuantiard
textoli o PREmaCH s vEie Gr e PRITARSE conol :

preservatives, for exanple nmethyl or propyl p-
ror GYREEAHIEAERS B el Aok PP i 0t g suspensor
' in a sWiibadterdtip phuaaisi oo nob pquehsl vehicten Additeesd fargnstancebeiffers such
os ALl SR AR St QSRR B rgalane
fungitidab agéres alrthyasdyhe) rROEEYIO5&LIaE oPalTaER3Re0BNeH.0B ¢hlogdde or

| ~dri v

onoBRE, PATFARVE oS 55 BEPABLARE ioHEL baRipes®

i nhal ati on capsul es or other "dry powder" delivery

e 3 Blsaar o el 0B g Biie R et lle BT e gt

Depasding loh #)s vehinle drateonmeniratonssbe.ithedesy, capraithei ¢ syspended or
oSt . :

iss B G B APTIRUEL LA Sy S0P B0 Ao

presprnediesnaind buffarinp ageiialced be dissolved indthe vehicle.

Synthesis

There are multiple synthetic strategies for the synthesis of the compounds (I) with which
the present invention is concerned, but all rely on known chemistry, known to the synthetic
organic chemist. Thus, compounds according to formula (I) can be synthesised according

to procedures described in the standard literature and are well-known to the one skilled in



For the purposes of inhalation, a |large nunber of
apparata are available with which aerosols of optinmm
w@aooBisdiel si ze can be generated and admi ni st er BGI/GB2006/H04034
an inhalation technique whibgh is appropriate for the

patient. In addition to the use of adaptors (spacers,
the an. p'Eypdfar lithradune spees ahepetiac@ataiate she(ne:sgy 4" Edition (Wiley), J

vartly g b e Qoo 5 YoetRs 27 (R ey iR G ook

“Hamﬂmmk@if $letdrocyetic Chemisay”, 01 Bditon (E’ammﬁn) POROEAtritzky), review

er of S hn' al solutions e, .
artidghieR s dofhel ' Stediis) Seer ohem Rt Chpry Fev, or primary
llterél'turdxdmd:@n(idéﬂtlﬂed by Beandakiditeatird ssarexagiiife af fre@etdrivRely

Pat &

in Euro »
soulc U st eraed At a0 reBelsta T subefcraltep SSrhindhe
prepabatidmtcﬁ tife edrggaundt of therEx@mpledi beldve iiay biersRAPIedIfor the preparation
t ment formdl ations which may be used for the drug

Ofaﬂ?lggo'“@o‘?‘i\%}ﬂ” B%al formul ati ons well known in the art,
for exanple as described in standard textbooks of
Ab pharmaceutl cs such as the British Pharnmacopoei a. For
brey; (ﬁ f application to the eye, the drug may be nade
MeQIp =imétbadolsol uti on or suspension in a suitable
EtO terthl e agueous or non aqueous vehicle. Additives, for
nsfUAY buffers such as sodi um et abi sul phite or
EtOAb&ceilnymmetdmt e; preservatives including bactericidal
Al icidal agents such as phenyl nercuric acetate
BOC teHIb[ufogglg lb zal koni um chl ori de or chl orhexi di ne,
DCMmHmHIlmrolmthamg agents such.as hypronel |l ose nay al so be
DMIE rd dI The t|ve i ngredi ent may al so be
adi"Af ygqrg@ ffenterally in a sterile nedium
DMQGpedmheﬂg'l ﬂnfob(hle vehi cl e and concentration used, the
TE ﬁ?’ can % i ther be suspended or dissolved in the
'A\/ dPe ageously, adjuvants such as a | ocal
THF&ﬂmhy@bﬂman preservative and buffering agents can be
N ssol ved in th vehicle. Synthesis There are
az Ptlsﬁpé‘"%%{) ?c strategies for the synthesis of the
K2C®gmn(barbmmath which the present invention is
but all rely on known chem stry, known to
HCIﬂﬂydE theﬁ organi ¢ chem st. Thus, conpounds
aq m@bdseqmamfor mula (1) can be synthesised according
P rlbed in the standard literature and
DIPER P BEGRBERNERI Lo one ski 11 ot 1 n WD 2006/ 053191
NaHPEsH 20 a1i@94034 28 the art. Typical literature

V\;;J:rsé%gmaﬁ)%r&@gjevanced organic. chemstry', 4th Edition
NaHCO; = sodium hydrogen carbonate
Pd/C = palladium on carbon
TBME = tert-butyl methyl ether
N, = nitrogen
PyBop = benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate
Na,SO, = sodium sulphate
Et;N = triethylamine
NH; = ammonia
TMSCI = trimethylchlorosilane
NH,Cl = ammonium chloride



Mar ch, " Conprehensive Organic Transformation", 2d
Edition (Wley), R C Larock, "Handbook of
woledoeossaycel i ¢ Chemistry', 2"d Edition (PerganoPQT/GB20R6/004034
Katritzky), review articlesguch as found in
. "Synt hesis", "Acc. Chem Res.", "Chem Rev", or
LiAt Tiithiym alyrnigium bydideour ces i dentified by standard
£ i 3 i sour ces
P B S PG, BB AR RPROdHRtY 12
MgS{PnEHeagnesiva AUfateused in the preparation of the
"Bt PERGURANiGH the Exanples bel ow may be adapted for the
preparation of anal ogous conpounds. Abbreviations
COpEoarbongiaXifignol Et OH = ethanol FEtOAc = ethyl acetate
& NE3L OR)Y, = o ane DM
D S o PR I
Eb@Sdiethyethtetic acid THE = tetrahydrofuran Na2CC3

LioprdjitHRhCR/aR3MR €  K2C03 = potassium carbonate HO =
hydrochl oric acid ag = aqueous solution D PEA =

HOB¥F§6W¢@¢W%TZQV13§@Ene NaH = sodi um hydri de NaOH =

TL@gqlii,ingygyg{erg@%r = sodi um hydrogen car bonat e
Pd/ C ="pal I adiu n'carbon TBME = tert-butyl nethyl

LCM$ irdiquidighrematpgriaghe hnmegBepectrometry

me:quniqﬁé(gpzol e-1-yl-oxy-tris-pyrrolidino-phosphoni um
hexaf | uor ophosphat e

g = gram(s)

mg = milligram(s)

mol = moles

mmol = millimole(s)

HPLC = high performance liquid chromatography
NMR = nuclear magnetic resonance

RT = room temperature

h = hour(s)

The following Examples illustrate the preparation of specific compounds of the invention,
and the HDAC inhibitory properties thereof:



Na2SO4 = sodi um sul phate Et3N = triethylam ne NH3 =
ammonia TMSClI = trinethylchlorosilane NH4C =

w@passissl chl ori de WO 2008/ 053131 PCT/ GB2006/ OPAD882008004034
Li Al H4 = 1ithium al uni ni um hydri de PyBrOP =
brono-tris-pyrrolidino phosphoni unhexaf | uorophosphat e
MySO4 = magnesi um sul fat e "BuLi = n-butyllithium CO2

Bodi i ni de

hydr ochI ori de Et 20 di et hyI et her LiOH = lithium

Igzole TLC = thin

ROI{LZ\q’és?%éﬂqr%gﬁr%donrog;‘ﬁm%%\%%g %Fgmeﬁlgtdgc hr omat ogr aphy /
Mass spectromstry rrL = mII| |tre(s) g = gram(s) =

m | ran( §t21 e 1. cr:n?op ntanol = mlli gD (S) HPLC

highype f—@&ﬁée—ii—q-u >EhPo t ogr aph = nucl exr

>Lru§% 06‘ r e§GhAMEERT at Utgloal = hourg O\O
The fé’l | owi ng Exanples illustr@at he preparation of ©
speci fic conmpounds of the invention, and the HDAC

i nhibitory properties thereof:
Route lI. Used for the preparation of Intermediate C

, 0.0
Stage 1. cyclopentano! -
po)
+ o}
HN OH  pTSA, cyclohexane /©/ HyN
O O

Route IIl. Used for the preparation of Intermediate D

Y v

fo) Stage 1. cyclopentanol

Stage 2. Pd(OH)Z 0

iy O
oy OH EDCI, DMAP, DMF H O\O HZ BOAe HzN/g\/OD
) © ©

Scheme 1




WD 2008/ 053131 PCT/ GB2006/ 004034 30 Preparati on of

am noacid esters (internediates Ato D) Route |I. Used
wo o008k 3pr eparati on of Internediate A and | nt PCTreH2@6004034

B O Stage 1. cycl opentanol @1Stage 2. 10LH N OH EDCl ,

DVAP, DMF ~O-N O HCl/di oxane HCl HN O HO H 0O DCM z
ComgpoywAg Breparedised for the preparation of |nternediate

C Stage 1. cyclopentanol g OQ .0 OH pTSA

cyclohexane S o HH HN O zN O O Route Ill. Used for
the preparation of )Internediate DO O S 1.
cycl opentanol O 0 Ktage 2. Pd(CH2 0 O CH EDCI

DVAP, DMF AN O
2008/ 053131 P&l
O Ha HEN!

EtOAc o HzN H H f~ heme |
904034 31 Conpouhds reoared
| nt er mediiGitgNA te\r‘l ate

B 001 O
Intermediate A Intermediate B
> \f
SN
OH
0 o)
H,N \O H,N
O o}

Intermediate C Intermediate D

Figure 1

Synthesis of compounds outlined in Figure 1

Route I (exemplified for Intermediate B)

Stage 1 — Ester formation

0

=L L o
0" °N
YT D

0
To a solution of (S)-2-fert-butoxycarbonylamino-3-cyclohexyl-propionic acid (5g,
19.4mmol) in DMF (50mL) at 0°C was added cyclopentanol (8.8mL, 97.15mmol), EDCI
(4.09g, 21.37mmol) and finally DMAP (237mg, 1.94mmol). The reaction mixture was
warmed to RT and stirred for 18h.
The DMF was removed in vacuo to give a clear oil. This was separated between water

and EtOAc. The organic phase was dried (MgSQO,) and concentrated in vacuo. The crude
extract was purified by column chromatography (25% EtOAC in heptane) to yield the



SOHO 1-12NHZN O 0O o0,-0 Internediate C

Intermediate D Figure 1 Synthesis of conpounds
wo@oioiossasl in Figure 1 Route | (exenplified foPCT/GB2006/004034

Internmediate B) Stage 1 - Egper formation 0 -,~O )~ N

O HO To a solution of

desife) praduat as atuldanoji ¢ &4. 80m B58) ONBIRCBODKIRR Xyd-DRISAN idonioe (1H, d),

s . AR b PO Pl Pt

21.37mmmol ) and finally DMAP (237mg, 1.94mmol). The

reactjon m xture. was t 9 RT_an
stadeh- Bendepiieiat 1 Bg BRIy L2atemBelihehresfles |
hydrbbhlsridee@nteapadiateB) bet ween -wat er and Et QAc. The
organi ¢ phase was dried (MgySO4) and concentrated in
vacuo. The crude extract was purified by colum
chr omat ogr aphy (25% Et OAC +R_heptane) to yield the WD
2008/ 053131 PCT/ GB2006/ 00 4 32 desired product as a
clear oil (14.87g, 55%. VR (300MHz, d6-DVBO) 6:
7.09 (1H, d), 5.08 (1 H, %76(1 H t), 1.50-1.85
(1 OH, br n, 1.39 (R&, HY , X~ 5 (9H, br m.
Stage 2 - Boc deprotection t¢ cycl opentyl
(2S) -am no(cycl ohexyl ) acetate hydrochl oride
(Internmediate B) o HC HzZN

Stage 1 product (14.87g, 45.69mmol) was dissolved in DCM (100mL) and treated with 4M
HCl/dioxane (22.8mL, 91.38mmol) and the reaction mixture was stirred at RT for 24h. The

crude mixture was concentrated under reduced pressure to give an orange oil. This was

triturated with Et,0 to give a white precipitate. This was further washed with Et,O to.give
the desired product as a white powder (7.78g, 65%). '"H NMR (300MHz, ds-DMSO) &: 8.45
(3H, brs), 5.22 (1H, t), 3.28 (1H, d), 1.95-1.50 (10H, br m), 1.30-0.90 (9H, br m).

Route Il
Stage 1 — Ester formation to yield (1S)-2-(cyclopentyloxy)-2-oxo-1-phenylethanaminium 4-
methylbenzenesulfonate (Intermediate C)

To a slurry of (8)-phenylglycine (5g, 33.1mmol) in cyclohexane (150mL) was added
cyclopentanol (29.84mL, 331mmol) and p-toluene sulfonic acid (6.92g, 36.4mmol). The
reaction was fitted with a Dean-Stark receiver and heated to 135°C for complete
dissolution. After 12h, the reaction was cooled to RT leading to the precipitation of a white
solid. The solid was filtered and washed with EtOAc before drying under reduced pressure
to give the required product as a white powder (11.01g, 85%). 'H NMR (300MHz, d-



O, O Stage 1 product (14.87g, 45.69mmvl) was
di ssolved in DCM (100nL) and treated with 4M
woiglosdsazane (22.8nL, 91.38mmpl ) and the reactPOIGB2006/004034
m xture was stirred at RT f@g 24h. The crude m xture
was concentrated under reduced pressure to give an
DM80ang8.88i(RH, brtsi),B. wWas1H, tor is}, (rdet @H, wi)th1E(20d),5.26 (i, &r s), 5.18 -
t iqt Snjras further washed with Et20
1HV\M zezg)(ﬁ‘?hwd@;?%%roduct as a white powder (7.78g,
5% "H NWVR (300MHz, d6-DMSO) 6: 8.45 (3H, br s),
Rou? 2 (1H t), 3.28 (1 H d), 1.95-1.50 (1 OH, br m,
0-0.90 (9H, br m. Route 11 Stage 1 - Ester
Staget ﬁdisterriomtlpnel d (1 S)-2-(cyclopentyl oxy)-2-o0xo0-1
- phenyl et hanam ni um 4- net hyl benzenesul f onat e
(Internediate ) / OO "OHIN+ 0 O'0 To a slurry of
(S) - phenyl gl ycine (5g, 33.1 ) _in cycl ohexane
(150m.) was added cycl opentanol] (29.84nL, 331 mol)
and p-tol uene sul fonic amg (6.92g, 36.4mmol). The
reaction was fitted with a -Stark receiver and
heated to 135Cfo%t/g\ hssBhuthon. After 12h,
the reaction was n@- to RT | ad:\@o t he
precipitation of a~>hite solid.” The solid was
filtered and washed with Et OAc before drying under
reduced pressure to give the required product as a
To awdlutionpad\(8)e2-benzy)axygarbempgmino13-tNR U S EbRionid BciMR5g,

oG5 Pl (oM 035038 pveilpBhBi 15 3ol 65 gmBlon
EDGI(1HS5®r93s)imrBolLand {i nalldDMAR (R0ZP 8(4&Fhmsl) ,The régetivn 3d@ixture was
wangxégl'to ﬂ)ranB%HFrgd 1301118§t age 1 - Ester formation O 'J- N,

The DMF was removed in vacuo to give a yellow oil. This was partitioned between water

and EtOAc. The organic phase was dried (MgSO,) and concentrated in vacuo. The crude
extract was purified by column chromatography (25% EtOAC in heptane) to yield the
desired product as a clear oil. This was used directly in the next stage without
characterization.

Stage 2 — Cbz deprotection to yield cyclopentyl O-ferf-butyl-L-serinate (Intermediate D)

b
S

Stage 1 product was dissolved in EtOAc (150mL), treated with Pd(OH), (10 mol%) and
stirred under an atmosphere of hydrogen for 32h. Upon completion, the catalyst was
removed by filtration through celite and the filtrate concentrated in vacuo to yield the
desired product as a clear oil (15.96g, 82% over two steps). '"H NMR (300MHz, ds-DMSO)
6: 5.17 (1H, t), 3.45 (1H, m), 3.34 (2H, q), 1.90-1.50 (9H, br m), 1.08 (9H, s).



H o To a solution of
(S)-2-benzyl oxycar bonyl am no- 3-ten" - but oxy- propi oni c
w@eiod/o§a3y, 84.65mmol) in DVF (250nL) at 0C wesT/asel®e/004034
cycl opentanol (15.36nm, 16934mmol), EDC (1 7.85g,
93 11 rmol) and flnally DVAP (1.03g, 8. 46rmo|) The
: gtoxyethyihy e aniRE (boterngadi

18h The DVF was rem)ve in vacuo to give a yeI | ow
oil. This was partitioned between water and Et OAc.
The organi ¢ phase was dried (MySO4) and concentrated

The crgtdeo/\ﬁﬂracﬂ Was'Purified by ¢l u

ggraphy (25% EtIOAC i . hephapgmito Yi el d* the O/Y
desi rgd product as a clear oil. This was used directl

in the next stage wi thout characterization. St'ﬂ@@e"'zte}é
Cbz deprotection to yiel dsepskapentyl
Ote-t-butyl-L-serinate (Internediate D O o H2N O
Stage 1 product was dissolved in Et QAc (150ni),
Intetmediste & wes hrelpd(e@-iﬁ)lbv(dgj)thﬁmh%lomlmby detsribastin 1T & /68T 85.

H @?X?@@?HS OOfDl\%@nggg(gé%g ?t ra HP_P%? 'hr ou{g1 n3 1éh§_rlfqdd)’

3.42 fiél, tid), S @Hcon &2t (RHt ©d i n vacuo to yield the
desired product as a clear oil (15. 969, 82% over two
steps) 1H NI\/R (300l\/Hz d6 DI\/BO) 6: 17 (1 H, t),

of lgthyiR-(nietRvisulp Be-5 a(b i

1, 08 (9H, s) WO 2008/ 053131 PCT/ GB2006/ 004034 34
Preparati on of O (1-isobutoxyethyl)hydroxyl am ne

W™Menternediate E) N-OH + 1. $MA EtOAc HaN, o O 2. SO,Me
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Scheme 3

Stage 1 — Chloro reduction

e} N
L
EtO —N

Ethyl 4-chloro-2-methylthio-5-pyrimidine carboxylate (12.5g, 53.88mmol) and Zn powder
(14.1g, 215.52mmol) were combined and benzene (60mL) and 3M NH,Cl (140mL) were
added. The suspension was stirred vigorously and heated to 80°C for 30h. The reaction
mixture was filtered through celite and washed with EtOAc (200mL). The filtrate was
concentrated in vacuo to about 50mL and then partitioned between H,0 (400mL) and
EtOAc (400mL). The aqueous layer was further extracted with EtOAc (250mL). The
combined organic layers were dried (MgSO,) and concentrated in vacuo to a dark oil. This
was purified by column chromatography (neat heptane followed by 1:1:1
heptane/CH,Cl,/Et,O and finally 2:2:0.5 heptane/CH,Cl./Et,O). The desired product was



Internmediate E Schene 2 Internedi ate E was prepared
follow ng the nethodol ogy described in WO 01/60785. 1H
WORMSOIABIVHz, d6-DVSO) 6: 0.85 (6H, d), 1.15 (BEX/GH2006/004034
1.75 (1 H, n), 3.18 (1H ddys 3.42 (1 H, dd), 4.53 (1
H q), 5.82 (2H, s). Preparation of ethyl
obtaihef retahodiauleto ol )30y 61%). ti/n e- ORI JH AMR  (300MHz, de-DMSO)

o AR LRGN 1 o

CO2Et CO2Et CO2Et  Internediate F Scheme 3 Stage 1 -

0 redu on Et

stac 11 POREE ABI] ol STt MY HEon BRGNS o aoistp

(IntdrhedBrte®) ) and Zn powder (14.1g, 215.52mmol) were
conbi ned and benzene (60nL) and 3M NHACI (140nL) were
added. The suspension was stirred vigorously and
heated to 80C for 30h. The reaction m xture was
filtered through celitg an sked with Et OAc (200n).
The filtrate was conce t ed—3r+—vacuo to about 50niL
and then partitioned bB&lwe N—|26(400m_) and Et OAc
(400mL). The aqueous |ayer was further extracted with
Et OAc (250nL). The conbined organic |ayers were dried

To a(é‘{ﬂ\%@%bluﬁ&q oPQQ&@ ﬁ‘bfcﬂu@ﬂ(ﬂ B, 4’7&591'1%59 irfdrigatHs ngmLir\WééSslowly

purified col um chronat o %%_é; neat o
add%we@»?a@ dmwtei aPOP’f'Oh epMeRBAGHS ramal in Hé'F (1pOmL) at 0°C

unde?rr% Phe rdRBERABLGER s HIEEPlo wgﬂﬁ?tcﬂﬁ 'ah@@tlrﬁé&féHQh 'Mvﬁasreactlon
2008/ 053131 PCT/ GB2006/ 004034 35 obt ai ned

mlxtgrgg wr ther sorsentrateddn vaguodp abayts1 09migand the prod uctllllpqqmgc acid
mIXt(JI%EﬁQMé%SOfgéd %@lllca@el hua@ce(tlgh'wats)ach%v@@ viadohunf) . 4. 35

dat
CthWE’é?gﬂa@M{Waféle(XﬁB% WIa&mthw/ﬁ%&%@nﬁ@%%‘?r%@&wdﬁw 11
CH,Cl,/NeBtaB A )E T desired compound was obtained as a white solid (10g, 66%).

" m/z =231 [M+H]*, "H NMR (300MHz, ds-DMSO) &: 1.40 (3H, 1), 3.50 (3H, s), 4.40 (2H, q),
9.50 (2H, s).

Preparation of 3-azabicyclo[3.1.0lhex-6-yImethanol (Intermediate G)

CO,Et
_ IS, —CO,Et 2
o /A/lo Stage 1. Ethyldiazoacetate, Et,0 Stage 2. heat (200°C)
N
P S N 0N~ 0
Ph
Ph) Ph)

Stage 3. LiAlH,, THF l

OH
OH
Stage 4. Pd(OH),, H,, MeOH
J
Ph

Intermediate G

N
H

Scheme 4



EtO-N O To a stirred solution of stage 1 product

(13g, 47.59mmol) in dry THE (250nL) was slowy added
W@e®B/03031m nutes a solution of MCPBA (47.59g, PCT/GB2006/004034

275.76mmol) in THE (150nm) g% OC under N2. The

reaction mxture was allowed to warmto RT and stirred

for 2h. The reaction mxture was then concentrated in

vacuQ. to,about 100nmL. and the product / benzoic acid
Stagﬁ?le @r‘e(is é@gr 8% bed onto silica gel. Purification was

achi eved via colum chromat ography (neat hexane

initially, then 1:5:3 CH2Cl 2/ hept ane/ Et 20, fol | owed by

1:1:1 CH2C 2/ hept ane/ Et 2 The desired conpound was

obtained as a white solid ,N\'§6%. mz = 231

[ MFH] +, 1H NVR (300 6: 1.40 (3H, t), 3.50

(3H, s), 4.40 (2H, 9.0 (2 Preparati on of

3- azabi cycl of 3. 1. 0Xhex- 6- Yy net (Internmediate G

~N COZEt COREt O St age 1. EtHyI di azoacetate, Et20

Stage 2. heat (200C) NOOAIN~ NOONOPhJJ Ph"

Ph Stage 3. LiAIH4, THE OH H Sta . Pd(OH) 2, H2
N-BanzEalE IR0 0 chrivaeh s dissoived 40 9 PoaIad wih
ethyﬁgyo%%%ﬂgﬂ%%ﬁmmol) and stirred at RT under nitrogen atmosphere for

36h. A white precipitate had formed so it was isolated by filtration, washed with ice-cold

Et,O and dried to give the desired compound as a white solid (72g, 89%). m/z = 302
[M+H]", "H NMR (300MHz, de-DMSO) &: 1.20 (3H, t), 4.15 (2H, q), 4.55 (2H, s), 4.60 (1H,
d), 5.00 (1H, d), 7.15-7.35 (6H, m), 9.60 (1H, s). "~

Stage 2 — Condensation

Stage 1 product (72g, 239.2mmol) was heated to 160°C until it melted to a yellow oil. The
oil was heated further to 200°C and bubbling started. The oil was heated at 200°C for 30
minutes until the bubbling had subsided. The now amber-coloured oil was cooled to RT
and triturated with ice-cold Et,O. The resulting precipitate was filtered and washed with
more ice-cold Et,O to give the product as a cream solid (37.2g, 57%). '"H NMR (300MHz,
ds-DMSO) &: 1.20 (3H, t), 2.80 (1H, t), 3.00 (2H, d), 4.15 (2H, q), 4.35 (2H, s), 7.20-7.40
(5H, m).



36 Stage 1 - Diels Alder reaction O H N N/\NO
N- Benzyl mal ei m de (50g, 267.1 nmol) was dissolved in
wE@8/0§3BB0NL), treated with ethyl di azoacet at eP¢BGBRG06/004034
293.8mmol ) and stirred at R3zunder nitrogen atnosphere
for 36h. A white precipitate had fornmed so it was
Stadesht&eddction filtrati on, washed with ice-cold Et20 and
dried to give the desired conmpound as a white solid
(729, 89% . nmz = 302 |[M+H +, 1H NWVR (300MHz,
d6-DMSO) 6: 1.20 (3H, t), 4 2H, q), 4.55 (2H, s),
4.60 (1H, d), 5.00 @I‘F—\? 35 (5H, m,"'9.60
(1 H s). Stage 2 - densafion O @1 N 0 O Stage 1
product (72g, 239.21mo was heated to 160C until it

nelted to a yellow oil. The oil was heated further to
200C and bubbling started. The oil was heated at 200C

N T
addéd Hiloghviead 07€ tda isGshehsiod oELm% (“ébe' rwﬁmm@g in dry THF (200mL).
precipitate was fjltered washe

Thejresuliing b SEsReSigN WSt éteﬁ'rtB@ch? uaéera"taqegaﬁnt@awwe for 36h.
The (AXturROwaS t¥h codled VB A };h;nche@ 6ar@Mfﬁ§D)Nltﬁ satlr&t6d (\ﬁﬂ'blaq

grey(gghp fgwed-pnﬂmqreh‘d;l F V(J:gﬁ_pé @15)\% @g L@&%Qﬂrﬁ@ Solld ?\15512804 was
add & FBARRAOIOVKIB has SifrredShFUETOP 30 nRestes. THemiSddre was then filtered
through celite to give a pale yellow solution. This was concentrated in vacuo to give the
desired product as an orange oil (14.1g, 51%). m/z = 204 [M+H]*, "H NMR (300MHz, ds-
DMSOQ) &: 2.25 (2H, d), 2.85 (2H, d), 3.20 (2H, t), 3.55 (2H, s), 4.35 (1H, t), 7.20-7.40 (5H,

m).

Stage 4 — Nitrogen deprotection to yield 3-azabicyclo[3.1.0]hex-6-ylmethanol
(Intermediate G)

HN<:[>—\
OH

Stage 3 product (7.5g, 37.0mmol) was dissolved in dry MeOH (250mL) at RT. Pd(OH),
(1.5g) was added to the solution and the reaction fitted with a hydrogen balloon. The
reaction was degassed twice and flushed with H,. The reaction was allowed to stir for 6h
and flushed with a fresh hydrogen balloon and allowed to stir for a further 64h. The
reaction mixture was then filtered through celite. The solvent was removed in vacuo and
the residue dried to give the product as a white solid (4.1g, 98%). m/z = 114 [M+H]*, 'H
NMR (300MHz, CDCl;) 6: 0.94 (1H, septet, J=3.3Hz), 1.37 (2H, m), 2.89 (2H, d,
J=11.4Hz), 3.02 (2H, d, J=11.4Hz), 3.54 (2H, d, J=6.9Hz).



Stage 2 product (37.2g, 136.3mmopl) was dissolved in

dry THE (400nL). This solution was added dropw se at
wodmsosa3suspensi on of Li AlHA (20.7g, 545. 3mMoPQT/GB2a@6H04034

THE (200m.). The resul tinggdrown suspension was

heated to 60C under nltrogen at nosphere for 36h. The
Exammple ir e was then cooled to 0OC and quenched careful |y

with saturated NH4AClag. A grey solid fornmed and nore

THE was added to all ow adequate stirring. Solid Na2SO4

soyms added to the m xtQure which was stirred at RR for
yel |

)\30 m nut es m Xt § then fi r hr Qy N
N del i e_ﬂo—%f&én%a»pal e Low sol ut |s%?-§i%§4@£was L

\concentr ed,j n vacuo to™gi Ve fhe desired product &5 N(l\
camp orange e¥l (14.1g, 519%. 204 [ MtH] +, " H NWR 0
(300MHz, d6- DMBO) 6: 2.25 (2H, d), 2.85 (2H d), 3.R0
(2H t), 3.55 (2H s), 4.35 (1 H t), 7.BGpeh rdbrefiliid
m. Stage 4 - Nitrogen deprotection to yMN&HFAkDC
3-azabi cycl o[ 3. 1. 0] hex- 6-yl net hanol (Internediate
HNC>- -\ | Stage 3 product (7.5g, 37.0mol)
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adde bNt he solution and the reacti oHo
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usShef

1. 59)
w th
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stggess. Femov ed I n vacuo ihgue dried to give
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Stage 3. Internediate A, NaBH(OAc)3, DCE OO /~OOH
I ~NHO- YN N EI N NO Stage 4. Internedi ate E,
wEDEB/0831310 N O 1-1013t, Et3N, DVMF H "0 St age BCT/GB2)06/004034
DCM St age 6. KOTMs5 Stage 7.3gFA, DCM 0 O HORN N HORN
NN HNHI N'"NNONOH HHO Schene 5 WO
Confiziavde 5@epareCT/ GB2006/ 004034 39 Conpounds prepar ed:
OO0 HORNNHORN HCIN H~N_NNa NNORNOR HH
OO R = Cyclopentyl (1) R = Cyclopentyl (3) R=H
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H
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H
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R = Cyclopentyl  (9)

HO

Figure 2

Synthesis of compounds outlined in Figure 2 exemplified for (1) and (2)

Stage 1 — Coupling



HORN NHOHI I/ HNI NRN N NNOARNOXR HH O

0 R = Cyclopentyl (5 R = Cyclopentyl (7) R=H (6) R=H
w@ 3008/08B1BIORN OH H Nt aNf~O R H 0O R = Cycl openGpkoo6/004034

(9) Figure 2 Synthesis of cagpounds outlined in Figure

2 exenplified for (1) and (2) Stage | - Coupling O

Et0 N Na 0 WO 2008/ 053131 PCT/ GB2006/ 004034 40 A

A SEHEREBR b@ﬁxﬁgﬁ.d K@ D% &d?%aﬂ(@‘i@as 'é%mrﬁm E‘Qé,a g %@g 11700,
85.(owmol) wﬁ@)wrg@ infMi L)&ﬁt%ﬂt wnsige A nitages @he«p@hem for @0 minutes.
Intem(}é]dil%t% g é?{él r@?ﬁﬁﬁdl)a\kgs ﬁeﬁ%ggg@an@stﬁﬂﬁq)héntl %d tdreurther 10

conti nue
minyieputhasreattnn W@afbem ditutedh with materdi $Qnoledangi extragiad avith EtOAC (2 x

200fnt$ Offe) cotfihiXdrb &t Rleid idte BHEBBMEL02 and the solvent removed in

vacuo to give the product as a yellow solid which was used in the next step without further
purification. m/z = 250 [M+H]".

Stage 2 — Ester hydrolysis

Stage 1 product was stirred in 1M NaOH,, (30mL) and THF (30mL) at RT for 4 days. The
reaction was then acidified to pH ~ 3 with 1M HCl, and this was extracted with DCM (2 x
200mL). The combined organic layers were dried (Na;SO,) and the solvent removed in
vacuo to give the product as a yellow solid, (665mg, 35% over 2 steps). m/z = 222 [M+H]".

Stage 3 — Reductive amination

o)
YYD
0
Stage 2 product (100mg, 0.45mmol) was stirred in DCE (10mL) with intermediate A
(106mg, 0.45mmol) and NaBH(OAc); (142mg, 0.67mmol) at RT under a nitrogen
atmosphere for 3 days. The reaction was then diluted with water (50mL) and extracted

with DCM (2 x 100mL). The combined organic layers were dried (Na,SO,4) and the solvent

removed in vacuo to give the product as a yellow solid which was used in the next step
without further purification. m/z = 405 [M+HJ".



200nmL). The conbi ned organic |ayers were dried (MSH)

and the solvent renoved in vacuo to give the product
W@2008/0533B1 ow solid which was used in the next BCEGB2006/004034

wi thout further purificatigp. mz = 250 [ MtH] +. St age

2 - Ester hydrol ysis 0O HOi N O Stage 1 product was

stirred in M NaOHaq (30nL) and THE (30ni) at RT for

a hen acidified to pH - 3

Staq%zfl ﬁotﬁg@%hgﬁr%%@b@ﬁo@%é extracted with DCM (2 X

200nL). The conblned organic layers were dried

(Na2S®™4) and the sol vept renoved in vacuo to give the

pr oduct as IIo soI id, (665rrg, 35% over 2 steps).
mz = 222 Sg =N Reductive jam nation 0 HO
(I NNO HO &t 2|rpuc (100 0. 45mmol ) was
stirred in DCE (10mL) wi thN (1 06ny,

0. 45mmol ) and NaBH( OAc) 3 (142 RT under
a nitrogen atnosphere for 3 days. he rea n was

then diluted with water (50nL) and ext Cact wi t h DCM

(2 x 1 OOm). The conbined organic | ayers were dried

(Na2SO4) and the solvent renpoved in vacuo to give the
Stager Dpivdticta$82my eo.%mmr) iag stitted Im DB (UGral) with EDEI (1@8ing,

0 54578 o531 BEAPEREERN b511EY. 2 iy iRl carou,

2.25/imolefor ¢dh Iayﬂﬂ'mmelem pitrbgemattriosphére. The reaction was then diluted with
water (50mL) and extracted with DCM (2 x 100mL). The combined organic layers were

then dried (MgSO,) and the solvent removed in vacuo. The residue was purified by -
column chromatography (0 to 15% MeOH in DCM) to give the product as a yellow oil
(110mg, 47%). m/z = 520 [M+H]".

Stage 5 — Hydroxamate deprotection to yield cyclopentyl N-{1-[5-
(hydroxycarbamoyl)pyrimidin-2-yl]piperidin-4-yl}-L-leucinate (1)

YO
S
ge!
0
N
0
O

Stage 4 product (110mg, 0.21mmol) was stirred in DCM (20mL) with TFA (0.5mL) for 1h at
RT. The solvent was then removed in vacuo and the residue purified by preparative HPLC
to give the product as a purple solid (12mg, 11%). LCMS purity 99%, m/z = 420 [M+H]",

'H NMR (300MHz, CDs0D) &: 0.91 (6H, m), 1.46-1.84 (13H, m), 2.05 (2H, m), 2.90 (2H,
m), 3.42 (2H, m), 4.01 (1H, m), 4.91 (1H, m), 5.27 (1H, m), 8.58 (2H, m).



O ONNNNNO H 0 Stage 3 product (1 82ng,
0.45mmol ) was stirred in DMVF (10nL) wth EDCI (103nyg,
w@:2®8058) , HOBt (73ng, 0.54mol ), Et 3N ( 314pLPCT/GB2006/004034

2.25nmol ) and internedi atey s (310pL, 2.25mmol) for

16h at RT under a nitrogen atnosphere. The reaction
Stagd\Bs- Edtéthydidiyglsed with water (50m) and extracted with

DCM (2 x 100ni). The combined organic |ayers were

then dried (I\/gSO4) and the solvent renoved in vacuo.

The residue s purified by col utm chr omat ogr aphy (0
to 15% MeOH ih D@V Ho he product as a yell ow
oil (110ny; 479 . rrizN— I\/H—|]+ Stage 5 -

Hydr oxamat e depr ot ect i on t | d~¢cycl o tyI N-{1-[5-
(hydroxycar banmoyl ) pyri m di n- yi\l] pifper §di n-4-yl }-L-1eu
cinate (1) 0 HORN HN' NO N H product

(110nmg, 0.21 mmol) was stirred in DCM (20nmL) with TFA
(0.5m) for 1 h at RT. The solvent was Then renoved
in vacuo and the resi due purifi ed by preparative HPLC

Stagtg%\g%l)c\t/;g:p t1l%§mgggﬁilgct S lrr %WHTEIQ &nwri%ggggm% 15mg,
0. 9m%@@)4 §a st Rir lﬁrﬁiér arﬁitro gen4fimdsphérd. B3ier thig time tHeBsc\vak was

remcv(rpgd 0] Vé}ﬂlo ggd the r@ildpra Uﬁ?d %Flggn%tfﬁap \ﬁ#h %%58%‘7"5"5@&% miz =

452 W]QBZOOG/ 004034 42 Stage 6 - Ester hydrolysis

Stage 7 - Hydroxamate deprotection to yield N-{1-[5-(hydroxycarbamoyl)pyrimidin-2-
yl]piperidin-4-yl}-L-leucine (2)

HO.

N N
OH

Stage 6 product (0.45mmol) was stirred in DCM (10mL) with TFA (1 mL) at RT for 30
minutes. The solvent was then removed in vacuo and the residue purified by preparative
HPLC to give the product as a pink solid (7mg, 5% over two steps). LCMS purity 95%, m/z
= 352 [M+H]", insoluble in NMR solvents.

The analogues outlined in Figure 2 were prepared by the procedure described for
(1) and (2). Data for each analogue is given.

(3)

LCMS purity 97%, m/z = 440 [M+HI*, "H NMR (300MHz, CD0D) 3: 1.30-1.61 (9H, m),
1.78-1.90 (4H, m), 2.23 (2H, m), 2.90 (2H, m), 5.00 (1H, m), 5.33 (1H, m), 7.53 (5H, m),
8.69 (2H, s).



0O )"-" O O\INN~HNNOH NHO Stage 4 product
(182ny, 0.45mmv1) was stirred in THE (10nL) w th KOTMS
w@ 18083131 0. 9nmol ) for 4 days at RT under a ni PEDGBR006/004034
at nosphere. After this tine4ghe solvent was renoved
in vacuo and the residue used in the next step w thout
(4) further purification. mz = 452 [MrH +. Stage 7 -

eR78YACH| oMbl if .
LCMI\%FQER???%%?OXWQ bng{r/lllsgjlgyr i] mNmRns_:c%\_/ents

yl ] pi peridin-4-yl}-L-leucine (2) 0O HORNN tj HOH
(5) NHO Stage 6 product (0.45mmol) was stirred i n DCM

10m) with TFA (1 nL) at RT for 30 mnutes. The
LCMS P97 Ha sz o IMmdl e tH NMR, @QWHZnGD:BB) $:8QHI 82 (24H, m),

i fie r ot e [ roduct as a
Z'Oﬁﬁﬂzf’@b‘??gxﬁﬁ : A}Z“v“'e"r”)'m?@r??) g_gﬁg% Sg'uri ty 95%
mz = 352 [MtH +, insoluble in NWR solvents. The
(G)analogues outlined in Figure 2 were prepared by the
procedure described for (1) and (2). Data for each
LCNa auity 98 %, $0/g F\3éR _[M(—B)", "H NMR (300MHz, CD;0D) &: 1.20 (2H, m), 1.50

(2H, m), 2.15 (2H, m), 2.80 (3H, m), 4.88 (1H, m), 7.37-7.46 (5H, m), 8.56 (2H, s).

(7)

LCMS purity 98%, m/z = 450 [M+H]*, 'H NMR (300MHz, CD,0D) 3: 1.25 (9H, s), 1.58-
1.77 (8H, br m), 1.96 (2H, m), 2.22 (2H, m), 3.02 (2H, m), 3.55 (1H, m), 3.87 (1H, dd,
J=10.8, 2.7Hz), 3.99 (1H, dd, J=10.8, 2.7Hz), 4.45 (1H, m), 5.03 (2H, m), 5.35 (1H, m),
8.70 (2H, s). ‘

(8)

LCMS purity 98%, m/z = 382 [M+H]*, "H NMR (300MHz, CD;0D) &: 1.25 (9H, s), 1.65
(2H, m), 2.25 (2H, m), 3.01 (2H, t, J=13.2Hz), 3.57 (1H, m), 3.91 (1H, dd, J=10.5, 2.7Hz),
4.00 (1H, dd, J=10.5, 2.7Hz), 4.38 (1H, m), 5.05 (2H, m), 8.70 (2H, s).

(9)

LCMS purity 95%, m/z = 394 [M+H]*, 'H NMR (300MHz, CD;0D) &: 1.52-1.98 (11H, m),
2.10 (2H, m), 2.87 (3H, m), 3.44 (1H, m), 3.95 (2H, m), 4.18 (1H, m), 5.25 (1H, m), 8.58
(2H, m).



LCVB purity 97% mz = 440 [M+H +, ' H NVR (300MHz,
CD3OD) 6: 1.30-1.61 (9H, m), 1.78-1.90 (4H, n), 2.23
W@ 24dg/0s3131 2. 90 (2H, nm), 5.00 (1 H, m, 5.33 (1PEE/GBRY06/004034
7.53 (5H, m), 8.69 (2H, s)44WD 2008/ 053131
PCT/ GB2006/ 004034 43 (4) LCMS purity 98% miz = 378
Exapplef+ | nsol uble in NI\/R solvents. (5) LCMB purity
97% mz = 446 [MrH +, 'H NVR (300MHz, CD3QOD) 6:
o 80 1 82 (24H m, 2 04 (2H M, 2.94 (2H, n), 4.86
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SN
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LCVS puri ty 98% "H NWVR
'otgww CD30D) 6: 1.25 (9H, s), 1.58- 1.77 (8H, br
m, 1.96 (2H, m, 2. 22 (2H, m, 3.02 (2H m, 3.55 (1 stages. naoH, THF

H m, 387(1 H dd, J=10.8, 2.7Hz), 3.99 (1 H dd,

J=10. 8, 445(1H m, 5.03 (2H m, 5.35 (1

H m, gH S) LCMS purity 98% mz = 382

[ MtH] +, 1 OI\/Hz CDSCD) 6 L. <

(2H, 2. 25Y( ?{?f\y S;L"%?Té“ﬁﬂaz) g /k
n), 3.91 10 S, nabkgpee 4. 00

(111 dd, JlO 5, ft 4.38 (11-1, m, 5.05 (2H, \leo
StageB. nnZaQ]ea(aQH Ss) purity 95% mz = 394

[| NAREHeE- ERHPMRIVR (300I\/HZ CD30OD) 6: 1.52-1.98 (11 H m,

.10 (2H, m), 2.87 (3H, m, 3.44 (1 H m, 3.95 (2H,

, 4.18 (1 H m, 525 (1 H m, 858 (2H mM. W
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R = Cyclopentyl  (10) R = Cyclopentyl  (12)

R=H (11) : R=H (13)

0
HO
°N ~N
Y
N QVH o
N LR
R = Cyclopentyl  (14)
R=H (15)
Figure 3

Synthesis of compounds outlined in Figure 3 exempilified for (14) and (15)

Stage 1 — Coupling

EtO ~N
|N/)\

N
OH

Intermediate G (0.97g, 8.62mmol) was stirred in DMF (20mL) and MeCN (20mL.) with
K,COs3 (5.96g, 43.10mmol) at RT under a nitrogen atmosphere for 10 minutes.
Intermediate F (2.00g, 8.62mmol) was then added and the reaction allowed to stir for a
further 20 minutes. The reaction was then diluted with water (100mL) and extracted with
EtOAc (2 x 100mL). The combined organic layers were dried (MgSO,) and the solvent



45 Conpounds prepared: 0 0 HORN NHORN NHI HN' _N
Ot) NHONOR~NAOR R = Cyclopentyl (10) R =
w@eyeBopast yl (12) R=H (11) R=H (13) 0 HOB N |PaI/SBMN0D004034
NO R R = Cyclopentyl (14) k= H (15) Figure 3
Synt hesi s of conpounds outlined in Figure 3
remevesinp vadtodd giverthg produgia & ligt yelsivagalidiwhichogag Usethindhe next
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5.96g, 43.10mmol) at RT under a nitrogen atnosphere
Stadgeo? — AMrohoimxidagion | nt ernedi ate F (2.00g, 8.62mmol) was

t hen added and the reaction allowed to stir for a
further 20 m nutes. The reaction was then diluted with
wat er (100nL) and extrhcted with EtOAc (2 x 100nL).
The conbi ned organic were dried (MgSO4) and the
sol vent WD 2008/ 055131 7/"@32006/ 004034 46

~
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Stage 1 product (1.80g, 6.84mmol) was stirred in DCM (60mL) at 0°C and Dess-Martin
periodinane (3.50g, 8.22mmol) added. The reaction was allowed to warm to RT and stir
for 4h. It was then quenched with a 1:1 mixture of sat. NaHCOj3(,q) and sat. Na;S;04(q) and
the resulting mixture stirred for 20 minutes. The mixture was then extracted with DCM (2 x
100mL) and the combined organic extracts dried (MgSO,) and the solvent removed in
vacuo. The residue was purified by column chromatography (0 to 10% MeOH in DCM) to
give the product as a yellow oil (1.35g, 72%). m/z = 262 [M+H]".

Stage 3 — Ester hydrolysis

O
HO

~N
IN/*

N
-0

Stage 2 product (1.35g, 5.17mmol) was stirred in 1M NaOH,, (20mL) and THF (20mL) at
RT for 3h. The reaction was then acidified to pH ~ 3 with 1M HCl,q which caused a white
solid to precipitate out. This solid was filtered off and dried and retained. The filtrate was
then extracted with DCM (2 x 100mL) and the combined organic layers dried (Na,SO,)
and the solvent removed in vacuo to give a light yellow solid which was combined with the
previously obtained solid (990mg, 82%). m/z = 236 [M+H)]".



renoved in vacuo to give the product as a light yellow

solid which was used in the next step w thout further
w@eosPsaati on (1.8g, 78%. mz = 264 [ MtH +. SP@E6B2006/004034

Al cohol oxidation O EtO N W70 Stage 1 product

(1.80g, 6. 84nm3|2 was stirred in DCM (50n) at OC and
Stagﬂe‘},s Heguciive apisetiandi nane (3.50g, 8.22nmol ) added. The

reaction was allowed to warmto RT and stir for 4h.

It was then quenched with a 1:1 m xture of sat.

NaHCO3(aq) and s& . Na2S204(aq) and the resulting

m xture stirr [ m nutes. The m xture was then

extracted wit I(2 N 100nm.) and the conbi ned

organi c extracts dri ) and (t)he sol vent renoved

in vacuo. The residue urify ed um

chromat ography (0 to 10% b,. 6 give the

product as a yellow oil (1.35g, 72%. mz = 262

[ MkH] +. Stage 3 - Ester hydrol ysi HO( ~ N O

Stage 2 product (1.35g, 5.17mol s stirredin 1 M

NaOHaqg (20mi) and THE (20ni) at T for 3h. The

reaction was then acidified to pH- 3 with 1 MHCIaq

whi ch caused a white solid to remﬁ)ltate out .

Staggp PEP%"S 17 Pg ef-demaop) wasstied EuPakd Qr@kbwm'atermﬁ@ate B
“ 9érhg§ tg. %rﬁnwgnd NABRI(OAL); BEiont, WdSh'mQS'@/ét(ﬂT ?ﬁnéé?@rﬁﬂ}og@ﬂd

onbi ned_organic l'ayers dried
atm@%?h?é%ior fl @%T)“@deﬁﬁm@d@?dh%d'bﬂ%wah g H?Ofy'e) 4’19\/9@613% with
EtZCWhIT h"érboWﬂ)ngéBQf@énr?@ Qiyé#sgvlibr% ?Aﬁ?_lc]i m%&g&z}é%ﬁd’th@ Qbﬁéﬁl‘ﬁ‘gm&@éd fh vacuo
0 Z =
- 1o QP‘@'FV' G’é/m{?éﬁs a ygllonspibhich was gaed, iy the é‘eétrﬁt%‘ﬁ’ﬁt'tﬂﬁ‘t fyrther

* purification (171mg, 52%). m/z = 443 [M+H]".

Stage 5 — Protected hydroxamate formation

/k/

o. _O.
\r N

, H

Stage 4 product (171mg, 0.39mmol) was stirred in DMF (10mL) with intermediate E
(539uL, 3.9mmol), EDCI (90mg, 0.47mmol), HOBt (63mg, 0.47mmol) and Et;N (543pL,
3.9mmol) at RT under a nitrogen atmosphere for 16h. The reaction was then diluted with
H,O (50mL) and extracted with DCM (2 x 100mL). The combined organic layers were
dried (MgSO.,) and the solvent removed in vacuo. The residue was purified by column
chromatography (0 to 10% MeOH in DCM) to give the product as a colourless oil (91mg,
42%). m/z = 558 [M+H]".



HO~ NNOO O Stage 3 product (175ng, O.75mmol) was
stirred in DCE (10nm.) with internediate B (196ny,
w®200810518) and NaBH( QAc) 3 (222ng, 1.05mmmol) at PERIGBR®EN04034
a nitrogen atnosphere for 4®h. The reaction was then
diluted with H20(50nm.) and extracted with Et20. The
Stagedib Hyeduxamgtndeprotagtendo yietdecydope diy( {2:53- 8@ pheuyli {3-fre

hydgog&éﬁﬂémf;‘glggwﬁ‘i'dlh LY @%H?ablc&&o@ ?’.ﬁ]k{e%%—ﬂ@%tﬁ@?ag@ﬁ&g&a&e (14)

vvlthout further purification. (171 ng, 52% . mz = 443
[ MtH] +. Stage 5 - oProtect ed hydroxamate formation N
",~O0IN N N Hj ~0 0 Stage 4 product (171 ng,
0.39mMmol ) was™ ST NNt DMFE (10mL) with internedi ate
E (539pL, 3.9mhbl) 90ny, O. 47rmo|) H(Bt
(63ng, 0.47mol) and t 3N ( 43pL at

under a nitrogen atnosph or 6 Th acti on was
then diluted with H20(501M) a tral:te with DCM (2
X 100nmL). The conbi ned organic I@s were dried

(MgS™) and the sol vent renoved i acuo. The residue

was purified by colum chromato hy (0 to 10% MeCOH

in DCM) to give the product as a colourless oil (91
ny, 42%. mz = 558 [ MtH +. WD 2008/ 053131

Stadga ér@@@&Q@ r9846)$é‘3mﬁ‘1§|)§bégﬁrr&j i T‘Y AIAMBER (4mL) with TFA

otection to coendy
(ZQOﬁchpb[Il@ﬁl&)@ﬁ@\(@gwpgthen removed in vacuo and the residue purified by

prepfapémé ‘P-T@L@atb L:‘)d@%éd‘br%ﬂb't 2z Wil s"t‘)ﬁ@*@ & 1203 leisburity
met h am nol acet a

98%, m/z 55%3 [M+HT", "H NMR 2300MHZ CD;;OD} 0: 0. 92 1.38 (6H, m), 1.73-1.95 (16H, :

m), 3.09 (2H, m), 3.62 (2H, d, J=11.4Hz), 3.91 (1H, d, J=3.6Hz), 4.00 (2H, d, J=11.4Hz), -

5.51 (1H, m), 8.67 (2H, s).

Stage 7 — Ester hydrolysis

Stage 5 product (161mg, 0.29mmol) was stirred in THF (10mL) with KOTMS (74mg,

0.58mmol) at RT under a nitrogen atmosphere for 48h. More KOTMS (112mg, 0.87mmol)
was then added and the reaction stirred at 50°C for 48h. The solvent was then removed in
vacuo and the residue used in the next step without further purification. m/z = 490 [M+H]".



HI NN NHONOGO Stage 5 product (91 ng,

0.163mmol ) was stirred in 1:1 MeOH/ DCM (4nL) with
waems/osasl) at RT for 1 h. The sol vent was thePCT/6BRWeM04034

in vacuo and the residue puudiofied by preparative HPLC

to give the desired 8roduqt as a white solid (15ng,
Stage 85— Hydrpemstlie feprotegtiog tonyield 2sciohemili{3-18H NVR

e P a2 S B PR ooy et aci
(154, J=3.6Hz), 4.00 (2H, d, J=11.4Hz), 5.51 (1 H m,
8.67 (2H, s). Stage 7 - Ester hydrolysis O ON% HN
O H Nv OHO Stage 5 product (161ng, 0.29mmvl) was
stirred in THE (10 with KOTMS (74nmg, 0.58mmol) at
RT under a nit rid@ t here for 48h. Mre KOTMS
(112mg, 0.87mml) Hwag| then added and the reaction

stirred at 50C for 48y | vent was then renoved
in vacuo and the residue u%ﬁext step
W t hout further purification. = diMrH +. WO

2008/ 053131 PCT/ GB2006/ 004034 49 Stage 8 -

Hydr oxamat e deprotection to yield

(2S)-cycl ohexyl [ ({3-[5 (hyd

roxycar banoyl ) pyri m di n-2-yl ] -3-azabi cycl o[ 3. 1. 0] hex- 6

-yl }met hyl ) am no]acetic acid (15 O HO Hr,
Stage 7 product (0.29mmol) was stirred in DCM (10mL) with TFA (1mL) at RT for 30
minutes. The solvent was then removed in vacuo and the residue purified by preparative
HPLC to give the product as a white solid (13mg, 12%). LEMS purity 99%, m/z = 390. :.
- [M+H}", "TH-NMR (300MHz, CD;OD) &: 0.96 (1H, m), 1.10-1.47 (6H, m), 1.72-1.87 (6H, m)
1.99 (1H, m), 2.99 (1H, m), 3.18 (1H, m), 3.63 (2H, dd, J=11.7, 3.3Hz), 3.85 (1H, d,
J=3.3Hz), 3.99 (2H, d, J=11.7Hz), 8.67 (2H, s).

The analogues outlined in Figure 3 were prepared by the procedure described for
(14) and (15). Data for each analogue is given.

(10)

LCMS purity 95%, m/z = 452 [M+H]*, "H NMR (300MHz, CD;OD) &: 1.41-1.64 (6H, m),
1.72-1.93 (5H, m), 2.88 (2H, m), 3.60 (2H, m), 3.97 (2H, d, J=10.5Hz), 5.26 (1H, s), 5.32
(1H, m), 7.51 (5H, m), 8.67 (2H, s).

(11)

LCMS purity 97%, m/z = 384 [M+H]*, 'H NMR (300MHz, CD;0OD) &: 0.94 (1H, m), 1.83
(2H, m), 3.01 (2H, d, J=7.5Hz), 3.62 (2H, m), 3.96 (2H, d, J=11.7Hz), 5.07 (1H, s), 7.53
(5H, m), 8.67 (2H, s).

(12)

LCMS purity 95%, m/z = 462 [M+H]*, "H NMR (300MHz, CDs0D) &: 0.99 (1H, m), 1.24
(9H, s), 3.11 (2H, dd, J=7.5, 2.4Hz), 3.63 (2H, dd, J=12.0, 3.1Hz), 3.91 (2H, ddd, J=24.6,
10.8, 3.3Hz), 4.01 (2H, d, J=11.7Hz), 4.26 (1H, m), 5.35 (1H, m), 8.68 (2H, s).



I NNHO a,,,,N\vi OH 0 Stage 7 product (0.29mmol)
was stirred in DCM (1 OrL) with TFA (1 nL) at RT for
w@o08i5318t es. The sol vent was then renoved i n PEUGB2@6A04034
the residue purified by prepgrative HPLC. to give the
product as a white solid (13ng, 12% . LCVS purity 99%
mz =390, =. [MH *, . , H NWR (300MHz, CD30D) b:
(13)0. 96' (1 H nm, 1.10-1.47 (6H, m, 1.72-1.87 (6H m,
1.99 (1 H mM, 2.99 (1 H m, 3.18 (1 H m, 3.63 (2H,
LCM$dpurity-98%7 m/z3= 388 IV+1]" 851 NIWRH30AHZz,ICB:PA): 1.8 @81, (RH].25

N , 7, (12H, . | i j
(gH’%‘l)’ng]j?%(%"\%@F é'%?%elg’a?’galﬁk?ﬁ %’r?égi]p?g@gg’u%qugbrl k)’ed(?j@qjgjrl_n m),
4.01((24) d alvd 1(7HE),.4. i1, oy 8.64€2H,a8)al ogue is given. (10)

LCMB purity 95% nfz = 452 [MrH +, 1H NVR (300MHz,

CD3OD) 6:1.41-1.64 (6H, m), 1.72-1.93 (5H, m), 2.88

(2H, ), 3.60 (2H n), 3.97 (2H d, J=10.5Hz), 5.26 (1

H s), 532 (1 H m, 7.51 (5H, ), 8.67 (2H s).

(11) LOVB purity 97% mz = 384 [MrH +, 'H NMVR

(300MHz, CD3OD) 6: 0.94 (1 H n), 1.83 (2H m), 3.01

(2H, d, J=7.5Hz), 3.62 (2H n), 3.96 (2H d,

J=11.7Hz), 5.07 (1 H, s), 7.53 (5H, m), 8.67 (2H, s).

(12) LCMS purity 95% mz = 462 [ MrH +, 'H NWR

(300MHz, CD3QD) 6: 0.99 (1H, nm), 1.24 (9H s), 3.11

(2H, dd, J=7.5, 2.4Hz), 3.63 (2H dd, J=12.0, 3.1 Hz),

3.91 (2H, ddd, J=24.6, 10.8, 3.3Hz), 4.01 (2H, d,

J=11.7Hz), 4.26 (1 H n), 5.35 (1 H n), 8.68 (2H, s).

WO 2008/ 053131 PCT/ GB2006/ 004034 50 (13)



LCVS purity 98% mz = 394 [MtH +, ' H NVR (300MHz,

CD3OD) 6: 1.01 (1 H m, 1.25 (9H, s), 1.88 (2H, m,
W@2008/0886 d, J=7.5Hz), 3.64 (2H, dd, J=11.7, BCEEB)(06/004034

3.90 (2H, m), 4.01 (2H, d,59=11.7Hz), 4.14 (1 H m,

8.67 (2H, s). WD 2008/ 053131 PCT/ GB2006/ 004034 51
Examplgidl e 3 SO2Me 0 O HN ~ Stage 1, off 'xlI ~~ i 'i

EtO |l N Stage 2. NaOH, THE HO7 NN y KZco"DWF, MOCN

N N-~ NN CREt ()—I ()—I Internedi ate F Stage 3

Int "’Hedlatem Et3N, DMV O ~ NIN
' JElDJ\p INH YSFGbENNN"vTFBI\/B N%Liﬁy
N

N~ »Qo,GwMesSt age 5. medi ate B NaE NaBHSCN
cepiO /A HO ITHHN page 6. TFA, DCM

X0 Stage 7. a) NaOH, THE

Inte

Stage 3. Intermediate E
EDCI, HOBt, Et;N, DMF

0._0 )\/o o

N N Stage 4. (COCI), N N

TNy e, Y
NTN DMSO, Et,N, DCM NTN

20 OH

Stage 5. Intermediate B
NaBH,CN, DCE

B
NJ\&H 0 /O Stage 6. TFA, DCM N r\O\/H o) /O
—————
N Ao Ao

Stage 7. a) NaOH, THF
b) HCl,,

(o]
HO
N =N
" ’\O\/

Scheme 7



b) HCIO 0 HO HNNNHO N OH O Schene 7 WO
2008/ 053131 PCT/ GB2006/ 004034 52 Conpounds prepar ed:
w@2@8/05531 HO N NNHHN NHONNHOI | ~N PE/SB2@sM04034

y 0 R = Cyclopentyl (16) R m2Cyclopentyl (18) R =H

(17) R=H(19) OO HO HHONN | NNHN 'NHO
Comppumndisiprepare®d:N, , KOOR O R = Cyclopentyl (20) R =

Cyclopentyl (22) R=H (21) R=H(23) 0 OHONN

HOHI CNHN

0
HO
\NJKCN
Ho|l
N//I\N e
N\)LO,R

h

R = Cyclopentyl  (16)
R=H (17)

R = Cyclopentyl  (20)
R=H (21)

o)

“OH

O
HO
N >N
" I\O\/

R = Cyclopentyl  (24)
R=H (25)

0
HO
“N SN
o
N™ N H 0
P
R = Cyclopentyl  (18)
R=H (19)

b0
N\:/U\ oR

~o

L

R = Cyclopentyl  (22)
R=H (23)

O
HO
"N =N

o
HO
\N)k(%N
Ho |l

N\;/U\O’R

R = Cyclopentyl  (26)



N N'""NHICCHO NOR NOROHGC10 R =
Cycl opentyl (24) R = Cyclopentyl (26) R = H (25)

wo-2@anss1d1 WO 2008/ 053131 PCT/ GB2006/ 004034  53PCT/GB2006/004034
Synt hesi s of conmpounds outligged in Figure 4
exenplified for (182_ and é_lg) Stage 1 - Coupling O

Synthegsig qf coppponings [quilinedyip Figakerhexgmpiifierstor (18). B6h1) )
was stirred in 1:1 DMF/ MeCN (20m) with K2CO3 (8. 9qg,
64. 65mol ) for 10 m nutes at RT under a nitrogen

Stage foseeieg I ntermediate F (5g, 21.55mml) was then
added and the reaction allowed to stir for 20 m nutes.
It was then diluted with H20(1 OOrL) and extracted
with EtOAc (2 x 100mL)®? The conbined organic |ayers
were dried (MgSH) aE?B ol vent renpved in vacuo to
gi ve the product an |prafige solid which was used in

the next step w thout fu N ification (5.70g,
99% . mz = 266 [ MtH| +. Stage|2 - Esé%r hydrol ysis 0

HO CIN N OH Stage 1 product (5 ; .51 mmol ) was

stirred in 1 M NaOHaq (20nL) and THE (20nL) at
Piperidin-4yl-methanol (2.48g, 21.55mmol) was stirred in 1:1 DMF/MeCN (20mL) with
K2CO;3 (8.99, 64.65mmol) for 10 minutes at RT under a nitrogen atmosphere. Intermediate
F (59, 21.55mmol) was then added and the reaction allowed to stir for 20 minutes. It was
then diluted with H,O (100mL) and extracted with EtOAc (2 x 100mL). The combined
organic layers were dried (MgSO,) and the solvent removed in vacuo to give the product
as an orange solid which was used in the next step without further purification (5.70g,
99%). m/z = 266 [M+H]".

Stage 2 — Ester hydrolysis

Stage 1 product (5.70g, 21.51mmol) was stirred in 1M NaOH,, (20mL) and THF (20mL) at
RT for 48h. The reaction was then acidified to pH ~ 3 with 2M HCl,, causing a solid to
precipitate out. This was collected and dried in vacuo to give the product as a white solid
(4.47g, 89%). m/z = 238 [M+H]".

Stage 3 — Protected hydroxamate formation



RT for 48h. The reaction was then acidified to pH - 3
wth 2M HCl aq causing a solid to precipitate out.
w{a bios/0s#31 col | ected and dried in vacuo to gi veP€TI6B2006/004034
product as a white solid (#4479, 89%. mz = 238
[ MtH] +. Stage 3 - Protected hydroxamate formation O
'1~-OONT, YHN N OCH W 2008/ 053131

PCT/ / . . _ di
s TP Ry 98 MRS et
(13.00mi(, B3.306mhol), s}mcaqmg )22.6mehol),43Biy3.059, BRABMITO]) arCHi:N

9
(13 4g50l, S0 g S b kg AP ot for o b was then
dilutediwith kie@ (20brhiLtaad extrbbtetiR0h ZDEVHY * 200mb) t Thectoatbined drganic
nbi
ayergier o SO A e SOy o R Vit T e i puried by
colul‘rﬁ&jhﬁbrﬁatmpnmo toi 1o WOl—bungﬁM) igtgim@e(nagmc&priys e®ellc|(w oil
t t [

(5. 1%195 %% /g%ﬁ@ 2—5]8 gls\ée[ MH(:] Er Osrggeaz iy XIecog\c/)VI >

OX|dat|on O "-J~OONNYHC ~ NNI1O A solution of
Staggnﬂdeﬁcghﬁ%sc%@gaz 90mmol ) in DCM (50nL) was stirred

at nosphere and cooled to an internal
tenperature of -70C. DVSO (363pL, 5.11 nmmol) was then
slowWy added, naintaining the tenperature at -70C
When the additiop was co ete, a solution of stage 3
product (1.00g,2 QﬂTbP)N' (50nL) was slowy
H

=
N™ N~ . ,3
.0

A solution of (COCI), (253pL, 2.90mmol) in DCM (50mL) was stirred under a nitrogen
atmosphere and cooled to an internal temperature of -70°C. DMSO (363L, 5.11mmol)
was then slowly added, maintaining the temperature at -70°C. When the addition was
complete, a solution of stage 3 product (1.00g, 2.84mmol) in DCM (50mL) was slowly
added, again maintaining the internal temperature at -70°C. When the addition was
complete, EtsN (1.70mL, 12.21mmol) was slowly added, again maintaining the internal
temperature at -70°C. The reaction was allowed to warm to RT and then the solvent was
removed in vacuo. The residue was then purified by column chromatography (0 to 10%
MeOH in DCM) to give the product as a colourless oil (890mg, 89%). m/z = 351 [M+H]".

Stage 5 — Reductive amination

*/ O

9] O.

T N
H



added, again maintaining the internal tenperature at
-70C. When the addition was conplete, Et3N (1.70n,
wda 200805380l ) was sl owl y added, agai n mai nt ai ni PQI/GB2006/004034
internal tenperature at -78§. The reaction was
allowed to warmto RT and then the solvent was
renmoved in vacuo. The residue was then purified by

oL VB OB et LB S BT ot

(7318, 0.28viHH- and SeBYeCH (35rpe,cmaammel)ammaﬁnuena Gitrogan-@intysihere
. . 6

or b i s PSSR LRy

100LD Ahe Cwmbl'neld nrgamekkyaseveBe d(i@® (g S0,) 28tind oheand removed in

Vac%iﬁ%g#er e O?Lﬂﬂ!{%ﬁ W%ﬁe r eaﬁmgﬁagﬁg?t@y {(g)/g %OH in DCM) to

givevihé prodetds@ntglowrtess @it t t46mgs @2946) 1 h/zZDOREE PM+HH]".100m) |
The conbi ned organic |layers were dried (MgSO4) and the
sol vent renoved in vacuo. The residue was purified by

Stageob ¢ itydcdxematd depraiphijon( 0 viedd ¢yilépeHH23)-cpdMextyd({1-4p-ve

o PR i ML S e BBl -
yi el d cyclopentyl (2S)-cyclohexyl[({1-]5-

(hydr oxycar banoyl )pyri m di n-2-yl ] pi peri di n-4-yl } net hyl
) am no] acetatﬁo(l 0O HO NNN N NHO NLO- O
~

\H N//kN 0] :
@

Stage 5 product (145mg, 0.26mmol) was stirred in DCM (10mL) with TFA (0.5mL) at RT
for 10 minutes. The solvent was then removed in vacuo and the residue purified by
preparative HPLC to give the product as a light purple solid (11mg, 9%). LCMS purity
>95%, m/z 460 [M+H]*, "H NMR (300MHz, CDs0D) &: 1.02-1.37 (8H, m), 1.73-1.94 (19H,
m), 3.02 (3H, m), 3.90 (1H, m), 5.37 (1H, m), 8.67 (2H, s).

Stage 7 — Ester hydrolysis and hydroxamate deprotection to yield (2S)-cyclohexyl[({1-[5-
(hydroxycarbamoyl)pyrimidin-2-yl]piperidin-4-yl}methyl)amino]acetic acid (19)

0
HO
°N SN



Stage 5 product (145ng, O0.26mml) was stirred in DCM

(1 On) with TFA (0.5nL) at RT for 10 m nutes. The
w@olosesi3smas t hen renoved in vacuo and the resP@IeB2006/004034

purified by preparative HH4 to give the product as a

light purple solid (11 ng, 9% . LCMS purity >95% niz

460 [ MkH +, 1H NMR (300l\/Hz CD3CD) b: 1.02-1.37'(8H,

Stage’ 5307’0?(10%’(?8 O( éclgr%n;ol sﬁrrgc?@t@/gl_l aa—lacl éo?ng.l) (alg'id 'T'H Fr[)l OmL) for

4 dafy dr40°@sAserahid tnmaihexemiamewae poolbe o Rorantiacidifieddo pH ~ 3 with
S) - [.oh

10 T 6% SRR e Pt Bhd yminuies g pHaRaietss 9 ey The

resi&@rWaMLmﬂed by peepiachtiyé HPLC tolg@eHhé piddult ad\a hile sdlieHMgR%).

oMy Sieaimey UEier PR (5RO R R T T R P2 m

1.60THE7 (8H)mh) 2.06(1HANY 265 @H, A),G.4A[tHm);, Bi5S (BHN®). t he
reaction was cooled to RT and acidified to pH- 3 with
I MHC aq. This mxture was stirred for 10 m nutes and
The Ghglbgavsa patireedintRiguieyhwer prépared Isstiougronadureuldstribed for

b PAar PLC t o e product as a white
(18)§§FRL9%(§“%9¥”5% anplegy ;5%5"’%‘5 98% miz = 392 [ MrH] +,

1H NWR (300MHz, CD30D) 6: 1.03-1.25 (9H, n),

1.60-1.87 (8H, m, 2.06 (1 H m, 2.85 (4H, m, 3.44
(16)(1 H m, 855 (2H, s). The anal ogues outlined in
LCMS guiteodenevz= 84 farie)d, 'byNVMRe3p0M e d0D € @e% dr 0@, fror1.32

(18 n far | oguend I-we )
ar b TR0 Ebhen e (1. 15F e, RO 80\ i G Rp m). .08
(2H,GRBOD) 6: 1.03 (6H m, 1.32 (4H m, 1.71-1.95 (15H,

m, 2.90 (1 H m, 3.01 (24 m, 4.01 (1 H m, 5. 37

(1H m, 8.68 (2H m. (17) LCMS purity 97% n12—
(17)366 [ MtH +, 1H NVR (300MHz, CD3CD) 6: 0.92 (6H,

Lcwﬂﬁ pisy é‘é’/ﬁ EDIZ? gh?se ﬁ\j B H&NMR (r?;;)&ég&ggb c@@r ]fs&?(ehl’nﬁ 119

(3H, m), 1.58 (2H, m), 1.75 (4H, m), 1.98 (1H, m), 2.89 (4H, m), 3.70 (1H, m), 8.55 (2H, s).

(20)

LCMS purity 98%, m/z = 454 [M+H]*, "H NMR (300MHz, CDs0D) &: 1.19-1.62 (10H, m),
1.79-1.92 (6H, m), 2.09 (1H, m), 2.84 (1H, m), 2.97 (2H, m), 5.32 (1H, m), 7.54 (5H, m),
8.67 (2H, m)

(21)
LCMS purity 98%, m/z = 386 [M+H]", '"H NMR (300MHz, CD;0D) d: 1.08-1.28 (4H, m),
1.77 (2H, m), 1.98 (1H, m), 2.68-2.87 (4H, m), 4.90 (1H, m), 7.39 (5H, m), 8.54 (2H, s).

(22)

LCMS purity 98%, m/z = 464 [M+H]*, '"H NMR (300MHz, CDs0D) &: 1.13 (9H, s), 1.56-
1.71 (12H, m), 1.82 (3H, m), 2.04 (1H, m), 2.91 (3H, m), 3.81 (2H, m), 4.14 (1H, m), 5.39
(1H, m), 8.55 (2H, m).



(20) LCVS purity 98% mz = 454 [M+H +, 'H NMR
(300MHz, CD3OD) 6: 1.19-1.62 (10H, nm), 1.79-1.92 (6H,
worpQosas% (1 H m, 2.84 (1 H m, 2.97 (2H, MCT/EBAD6/004034
(1H m, 7.54 (5H m), 8.67 (2H m (21) LOV
purity 98% nmz = 386 [MH +, 'H NVR (300MHz, CD3(D)
(23)6: 1.08-1.28 (4H, m, 1.77 (2H, m, 1.98 (1 H,

Lcwﬁzﬁﬁti)ﬁ%, %@L 3M%£3%&M§8(§)3%MHZ éBacéLjf? l\}m 9§r 3f 1.31
(4H, MR (G8Q@NHz), ZDB(IB), b6s), 3.0834KI9M), 395 (2H, 56, 416 T1H(mR2 18,67 (2H,
m. 1.82 (3H, ), 2.04 (L H n, 2.91 (3H m, 3.81
- (2H m, 4.14 (1 H m, 539 (1 H ), 855 (2H .
WO 2008/ 053131 PCT/ GB2006/ 004034 57 (23) LOVB purity
,98% 1z = 396 [MH + "H NVR (300MHz, CDBOD) 6: L.26
(@) (oH, sy, 1.31 (4H, n), 1.94 (2H m. 2.14 (1 H br
LCMS) purBy 08%( #H% = D8 [3+9E, 'HOMVRNBOOMHZECDOB, 5:1)22-8.3813H, m),

A5 A P, 108 (A 5t

8.55((2H, §). rr) 2.02 (1 H m, 2.93 (4H m, 3.91 (2H m,
4.02 (1 H m, 523(1H n, 855(2H s). (25)
LCVS purity 95% n12 340 [MH—|]+ HNI\/R(BOOI\/HZ

(25)CD30D) 6: 1.28 (2H, , 1.97 , 2.15 (1 H,

LCI\/% purtgé?’k E%i/s% iﬁf‘ 1J]-€?QMR4(§8§ML:% 451*[7@% 5: 81 fﬁﬁzﬁ%ﬁ\ ), 1.97

(2H, (rBDGMHzﬁHCEBGm? GﬂeH Jn)oazo& (48, )7 4,930 Hiin), 8. 67 ZH, )32

(5H m, 2.01 (1 H m, 2.97 (2H, m, 3.13 (4H m,
" 5.19 (2H, M, 7.49 (3H n), 7.83,(4H n), 8.59 (2H,
(26)s) . WD 2008/ 053131 PCT/ GB2006/ 004034

LCMS purity 87%, m/z = 504 [M+H]", 'H NMR (300MHz, CD;0D) &: 1.02-1.48 (7H, br m),
1.67-1.82 (5H, m), 2.01 (1H, m), 2.97 (2H, m), 3.13 (4H, m), 5.19 (2H, m), 7.49 (3H, m),
7.83.(4H, m), 8.59 (2H, s).



58 Exanple 4 O Stage 1.
/| OHHZ O O OH LIAIH4, THF O |
woas/02318IN di oxane HN Stage 5. Stage 4.
i n di oxangg
HZN I/ HO DCMHN I/ HOHN ~N Stage 6. HR2C

Stage 3. H N'

Ei O /ON O HC

Boc2O, NaHCO3 O St age 2.

OH Mh02,

| nt er nedi/aB200A004034
OO N O NaBH(OAc) 3, DCE O

C ~--NO

ExatdpB+40OAc) 3 N DCE Prepared as described in Exanple | HO
~OYO, HN Na Stage 7. N aN Internediate E, EDCl, HOBt

H~~H H- HJO N~ |

HN HZO THE

J OEt3N, DVF/'"~/NI | St age 9.
FADCM'].O |-NHON~3
Stage

'-';L*:;::F v©/\ MnO,, DCM

THESQPB. e 8

Stage 5.

a/q‘i\o HCl in dioxane
HN o DeM

Stage 6.
NaBH(OAc);
DCE

Hozc—</;:\>—-NC>=o

Prepared as described in Example 1

OO
he

SN J\@\CL

Stage 4. Intermediate A

NaBH(OAc);, DCE ﬁ/\/©/\

Lo

Stage 7.

Intermediate E, EDCI, HOBt
Et:N, DMF

OO

Stage 9. KOTMS, /
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Rx ~ Stage 10. TFA, DCM HORN' N' Na 'H QNOH Schene 8

WD 2008/ 053131 PCT/ GB2006/ 004034 59 Conpounds
wee@pasast HO N HORN H 1 ~N N N~ NIl N N I\ H@I/GB2006/004034

NJO- N R = Cyclopentyl (2759R = Cyclopentyl (29) R =

H(28) R=H(30) O0HONHOH~-NNNaNI N'NON H I
Conipdu@edshprepared: R = Cycl opentyl (31) R = Cycl opentyl

(33) R=H (32) R=H (34) Figure 5 Synthesis of ,

conpounds outlined in Figure 5 exenplified for (27)

d (28) Stage 1 - Boc protectlon O / HN eOH
HO nomet hyl ) benzoi ¢ acid (10. OO /ﬁ\rml) was
Hstﬂrﬁtéﬁh Boc20 (28.00g, 130. 72mm|) \Z (100rrL)
(

and "TH 00mL) at RT. Sat NaHCO3(aq)was ad ed il
LD PO LD
Y O

R = Cyclopentyl  (27) R = Cyclopentyl  (29)
R=H (28) R=H (30)

R = Cyclopentyl -(31) R = Cyclopentyl  (33)
R=H (32) R=H (34)

Figure 5

Synthesis of compounds outlined in Figure 5 exemplified for (27) and (28)

Stage 1 — Boc protection

4-(Aminomethyl)benzoic acid (10.00g, 65.36mmol) was stirred with Boc,O (28.00g,
130.72mmol) in H,O (100mL) and THF (100mL) at RT. Sat NaHCOj,q, was added until pH
~ 6 was reached and the reaction was allowed to stir for 16h. The reaction was then

carefully acidified to pH ~ 3 with 1M HCl,, which caused a solid to precipitate out. This



- 6 was reached and the reaction was allowed to stir

for 16h. The reaction was then carefully acidified to
w@kos/oB1i th 1| M HC ag whi ch caused a solid t oPCT/GB2006/004034

precipitate out. This WO 208/ 053131 PCT/ GB2006/ 004034

60 was filtered and dried to give the product as a
was\fiitetes! anoll drigd (d give ghe 9DUyct asiazwhitepsodid (1VIN70)Séaye 274 -
[M+@%€d reduction O / ~ OH HN ( / Stage 1 product

.1g, 64.14mmol) was stirred in THE (300nmL) and

di oxane (200nL) at OC under a nitrogen atnosphere.

| Al H4.. n added and the reaction allowed to
Sta#éa?ﬁd?&cl) é{[ﬁ stir for 16h. It was then cooled to OC

and quenched with sat. NH4Clagq. Na2SO4 was added and

the m xture stirred for 30 mnutes. It was then

filtered through celit d the filtrate concentrated

in vacuo to give the ro%{ct as a |ight yeIIow solid

(13.1 g, 94%. mz = A¥Na}+.~cbt age 3 - Al cohol

oxidation O /0O O HN I @ 2 product (5.87g,

24. 73mmol ) was sti rlredl_I (200m.) with M02

(16. 71g, 192.20mmol) for 16h at RT. The reaction was

then filtered through celite and the solvent renoved
Stagen1 pamsiuct (116.1gi 640 14rhmop) madatitred i BHIy €3000W) @nd digxand (200sL) at

om?@ﬁg LA H:tr@g@a BfispfidreD 'déwt M}e%a%erﬁ QéxﬁébeéndﬂHé rédciBh bidlved to
warguto ft arlmstlr)forMGh{ IOwisis GienveeolddNo (OW\@@QO@?!C(DIEEMZM\ sat. NH,Clyg.

Nazggr 8/@?%??@ QerLl@l %lxtgée ﬁh?%gﬁ(g@ el u%@%& flltered ’erough

was stirre , I ntermedi
celite@®driigg filtrate concentrated in vacuo to give the product as a Ilght yellow solid

(13.1g, 94%). m/z = 260 [M+Na]".

Stage 3 — Alcohol oxidation

OYO o
HN

Stage 2 product (5.87g, 24.73mmol) was stirred in DCM (200mL) with MnO, (16.71g,
192.20mmol) for 16h at RT. The reaction was then filtered through celite and the solvent
removed in vacuo to give the product as a yellow oil which was used in the next step
without further purification (4.63g, 80%). m/z = 258 [M+Na]".

Stage 4 — Reductive amination



2.70mvol ) and NaBH(OAc) 3 (918ngyg, 4.33mol) at RT under
a nitrogen atnosphere for 3h. After this tine the

wo ea@ssas was diluted with H20(501L) and extr aRCEGB2M06/004034
Et 20 (2 x 100nL). The conbigqed organi c extracts were
dried (MgSH) and sol vent renoved in vacuo to give
the product as a brown oil which vvas used in the next

oo A e O 450N O s, o d e
2.7gmmohia0d SleBf¢OAc) (Hidimy, 4(313111ng) al IETB rndér)a mikisgest atmosphere for
3h. 'A'ﬂeRﬁM il r¥\écrt|B ’?ﬁ:teh Q\H‘ﬂ' hﬁl)zh gﬁ.z Hh@ extPict&d, WE? b (2 x

rogen at ITDSp ere was rem)ve
100mi.) vEheuepehinkdt diganie extrahiewelre drigdt(MgGiOupandcheolyeamd daroevedsn

vacgci 85' @mmﬁ%r&&cﬁs gg?ovwgél(lj\ﬁ@icﬁ \\;\;eaga%g% lr} ﬂ\g%é@(bst%ltﬁout further

purifipatign il g, 38%). m/z = 419 [M+H]".
2- (4- Oxopi peridin-1-yl)pyrimdine-5-carboxylic acid
(prepared as described in Exanple | - 100ng, O0.45nmol)
Stage § —HRacrdepbtéciioDCE (100mL) with stage 5 product (1
59nmg, 0.45mmol) and NaBH(QAc)3 (191 ng, 0.9mmol) at
RT under a nitrogen atnosphere for 64h. The reaction
was then diluted with H20(1 OOrL) pnd extracted with
DCM (2 x 100ni). The WD 2008/ 0531 PCT/ GB2006/ 004034
62 conbi ned organic |ayers were firied (Na2SO4) and
sol vent renoved in vacu
next step vvithp}_}.&
[ MtH] +. St age -

Stage 4 product (1.1g, 2.63mmol) was.'stir‘red in DCM (5mL) with 4M HCI in dioxane (2mL)
at RT under a nitrogen atmosphere for 3h. The solvent was removed in vacuo and the
residue dried to give the product as a brown solid as the HCl salt (670mg, 100%). m/z =
319 [M+H]".

Stage 6 — Reductive amination

2-(4-Oxopiperidin-1-yl)pyrimidine-5-carboxylic acid (prepared as described in Example 1 —
100mg, 0.45mmol) was stirred in DCE (10mL) with stage 5 product (159mg, 0.45mmol)
and NaBH(OAc); (191mg, 0.9mmol) at RT under a nitrogen atmosphere for 64h. The
reaction was then diluted with H,O (100mL) and extracted with DCM (2 x 100mL). The



)-,~ OOMN NHNH~JHNNJ NO | Stage 6 product
(0.45mmol ) was stirred in DVF (1 Onl) with
WO paosiosmai ate E (621 pL, 4.50mmol ), EDCl (1 OBemyGB2006/004034
0.54mml ), HOBt (73nmg, 0.5459mpl) and Et 3N (313pL,
2.25mmol ) at RT under a nitrogen atnmosphere for 40h.
comBihed bl@an‘bllay@rmsretdr@d (Niah 30 £ dnalistlienti2@MEB€iin) vaaadl The residue

wos SRR IR RSO P SO o0

vacuo to give the product as a yellow oil which was

u xt ste hout further purification.
Stagﬁ%e r%eé%e‘f'ﬂ?ﬁfﬁ) " Hydroxamat e deprotection
to yield cycl opentyl N-{4-[({1-[5-
(hydr oxycar barmyl pyri m din-2-yl] pi peridin-4-yl}am no)
met hyI benzyl -feucinate (27) O HONN HN-NH~\
\m goduct (0.45mmol) was stirred in
DCM(lOrTL) t HTF |(1 nL) at RT for 30 ninutes. The
solvent was then re NTnyvacuo and the residue
purified by preparat|ve HP Ct e the product _as a
pink solid (15ng, 6% over eps CVB,pu ty @
m z WD 2008/ 053131 PCT/ GBZOO6 004 6 N-
[ MPFH +." H NMR (300MHz, CD30D) 6: 1 00 (6H,
1.61-1.95 (12H, m, 2.28 (2H, : 304(3 , 4.01
(1 H m, 4.29 (4H m, 504(2H nm, 534(1 H m,
7.60 (4H, m, 8.70 (2H, s).

Stage 6 product (0.45mmol) was stirred in DMF (10rﬁL) with intermediate E (621pL,
4.50mmol), EDCI (103mg, 0.54mmol), HOBt (73mg, 0.54 mmol) and Et;N (313pL,
2.25mmol) at RT under a nitrogen atmosphere for 40h. The reaction was then diluted with
H,O (50mL) and extracted with DCM (2 x 100mL)). The combined organic layers were
dried (MgSO,) and the solvent removed in vacuo to give the product as a yellow oil which

was used in the next step without further purification. m/z = 639 [M+H]".

Stage 8 — Hydroxamate deprotection to yield cyclopentyl N-{4-[({1-[5-
(hydroxycarbamoyl)pyrimidin-2-yl]piperidin-4-yl}amino)methyllbenzyl}-L-leucinate (27)

Stage 7 product (0.45mmol) was stirred in DCM (10mL) with TFA (1mL) at RT for 30
minutes. The solvent was then removed in vacuo and the residue purified by preparative
HPLC to give the product as a pink solid (15mg, 6% over 3 steps). LCMS purity 96%, m/z



Stage 9 - Ester hydrolysis ",~OOM N H NNO HN
"" OHY Stage 7 product (0.45mmol) was stirred in THE
W@ 1@s3319d t h KOTMS (115ng, 0.9mmol ) for  96h- aPCTRGB2006/004034
under a nitrogen atnosphergaq The sol vent was then
removed in vacuo and the residue used in the next

= 63@?\}%]-! T HHAVR (BOONIHETCPIOD) 3 deud (R, my £61=1FBX 1 i), £.28 (2H,

o 50480 LSRR Sl . 0

8.70%2}],%per| di n-4-yl }am no) met hyl ] benzyl }-L-1 euci ne (28)
NN H NHNOHY Stage 9 product was stirred

in DCM (1 OnL) with TFA (1 nlL) at RT for 30 m nutes.

Stagd be- EStet WeIRdlysi@s then renoved in vacuo and the residue
purified by preparative HPLC to give the product as a
white solid (5ng, 3% . nfz 471 [ MFkH +, 1H NMR

(300MHz, | d6- DVBO) 0.9 (6H, d, J=4.8Hz), 1.51 (2H,
m, 1. 71l(2|d§§mg,
(2H, 2008/

19 (2H, m, 3.00 (4H n), 4.42

[T¥B2006/ 004034 64 br s), 3.75
(1 H m, 4.22 (4H 8O(2H m, 7.52 (4H ),
s), 11 01 (1 H s). The

Repared by the

8.71 (2H, s), 8.98 (2HN br
anal ogues outlined in Figu ;
procedure described for (27) aHd (H Dema fllor each
anal ogue is given. (29) LCMS purity™=% 7 =0B65

[ MtH +, " H NMR (300MHz, d6-DMBO 6: 0. 88 (ZH\P

1. 05-

~ . Stage 7 product (0.45mmol) was stirred in THF (10mL) with KOTMS (115mg, 0.9mmol) for
. 96h-at RT under a nitrogen atmosphere. The solvent was then removed in vacuo and the

residue used in the next step without further purification. m/z = 571 [M+H]™.

Stage 10 — Hydroxamate deprotection to yield N-{4-[({1-[5-(hydroxycarbamoyl)pyrimidin-2-
yl]piperidin-4-yl}amino)methyl]benzyl}-L-leucine (28)

Stage 9 product was stirred in DCM (10mL) with TFA (1mL) at RT for 30 minutes. The

solvent was then removed in vacuo and the residue purified by preparative HPLC to give
the product as a white solid (5mg, 3%). m/z = 471 [M+H]", "H NMR (300MHz, ds-DMSO)
&: 0.9 (6H, d, J=4.8Hz), 1.51 (2H, m), 1.71 (2H, m), 2.19 (2H, m), 3.00 (4H, m), 4.42 (2H,



1.30 (5H, m), 1.50-1.85 (18H, m, 2.18 (2H, m), 3.00
(2H, m, 2.25 (2H, nm), 4.80 (2H, m, 5.17 (2H m,
wQq2®8/083484 m), 8.71 (2H, s), 8.93 (2H, m, 9. 4BCT/GBR)06/004034
br s), 11. 10 (1 H s). (30)gq LCVS purity 95% nfz =
497 [ MrHl +, 'H NVR (300MHz, CD30OD) 6: 0.80-1.34 (6H, .
rs)l'075 (114 %12@&4!@% 4090 (2H, 8D, T.52 HH,my), 8Z1XZH(DHB.98)2H, brs),
110 4H, 'm), 3.58 (1 H m, 4.20 (4H, m), 4.93 (2H
7“0 ‘51 (4H, m, 8.59 (2H, m. (31) LCVS purity 98%
mz = 569 [ MrH] +, 1H NWVR (300MHz, CD30D) 6: 1.22 (9H,
he Shiadid o s serg kbl Aol ror
(27) éﬂdﬁgzspmaté f8Bedchndlbgudisdfivéd. H, ), 7.52 (4H, m, »
2H, s). (32) LCVS purity 96% mz = 501 [ M+H| +,
'H NMR (300MHz, CD3QD) 6 1.25 (9H, s) 1.62 (2H, m,
(29)2 29 (2H, m, 3.07 (4H, , 3.85 (2H, , 4.35 (4H,

o DS s e e A B P, 105
1. 30@?2’»@@) 160-1.88118H, 99, QisrcizH ), 3.00. 281, (3 H2.25n2H, 3n)04.80 324, m)

517 {035, ToBAfAH, ) 29371 g Sy 5&8(2%@ 208 (b o, &

purity 95% mz = 491 w H] +, HNI\/R(SOOI\/HZ CD3QD)
s 8. 163 (2H m, 2.29 (2H n, 3.06 (2H, m, 3.29
B0 (2H ), 3.56 (L H m), 4.20 (4H m), 507 (L H m,
LCMS. fdity $89%, mm)s 467 O-HI2 FH NIIR (SUDNGD &2 MERN H1 0.80-1.34 (6H, m),

N BT, 2% TR £ S, o ot

4.93 (2H, m), 751 (4H, m), 8.59 (2H, m).

(31)

LCMS purity 98%, m/z = 569 [M+H]", "H NMR (300MHz, CD;0D) &: 1.22 (9H, s), 1.51-
1.84 (11H, m), 2.18 (2H, m), 2.93 (3H, m), 3.44 (1H, m), 3.79 (2H, qd, J=7.8, 3.3Hz),
4.24 (4H, m), 4.93 (2H, m), 5.22 (1H, m), 7.52 (4H,, m), 8.59 (2H, s).

(32)

LCMS purity 96%, m/z = 501 [M+H[*, "H NMR (300MHz, CD;0D) &: 1.25 (9H, s), 1.62
(2H, m), 2.29 (2H, m), 3.07 (4H, m), 3.85 (2H, m), 4.35 (4H, m), 5.07 (2H, m), 7.63 (4H,
m), 8.71 (2H, m). ’

(33)

LCMS purity 98%, m/z = 559 [M+H]*, "H NMR (300MHz, CD;0D) &: 1.31-1.93 (12H, m),
2.29 (2H, m), 3.04 (3H, m), 3.56 (1H, m), 4.22 (4H, m), 5.17 (2H, m), 5.30 (1H, m), 7.47-
7.43 (9H, m), 8.69 (2H, s).

(34)

LCMS purity 95%, m/z = 491 [M+H]", "H NMR (300MHz, CD5;0D) &: 1.63 (2H, m), 2.29
(2H, m), 3.06 (2H, m), 3.29 (2H, m), 3.56 (1H, m), 4.20 (4H, m), 5.07 (1H, m), 7.54 (9H,
m), 8.70 (2H, s).



HZN O O Prepared as described Prepared as descri bed
in Exanple 4 in Exanple 2 Ol~ )oyoANHO N-NHH
wWO-DM08s31%t age 2. TFA, DCM 0O HORN O H H H NC ¥¢T/GB20d6/004034
O Schene 9 Conpounds preg%;ed: O HORNN HN _NN
HOO N (35) Figure 6 WO 2008/053131
Exa /§3B2006/ 004034 66 Stage 1 - Reductive amination O

~ /"-"OTO1 N
Ao ot

O\ro\N ~N Stage 1.
+ H | /)\ i —
0] N~ N NaBH,CN
H2N [®] g (6]
Prepared as described Prepared as described
in Example 4 - in Example 2

)\/O O. i S
TV Y
| R ONY'

I=Z
@)
OO

L

Stage 2. TFA, DCM

HO. N
|
N/)\N | N O\Q
N H o
Scheme 9

Compounds prepared:

O

o.
HN

~N
I WY o

oV eanas

N H o

(35)

Figure 6



HO NN-~10 N H O Cyclopentyl
(2S)-{[4- (am nonet hyl ) benzyl ] am no} ( phenyl ) acet at e
w@ poogpsdied as described in Exanple - 100ng, PCT/GB2006/004034
0.29mml ) was stirred withg
2- (6-fornyl -3-azabicycl of 3. fO] hex- 3-
Stagd/ h)-REduktivesabimbtiory et hoxy) pyri mi di ne- 5- car boxani de
(prepared as described in Exanple 2 - 108ngy,
0. 29nmmol ) and NaBH3CN (36ng, 0.58mmmol) in DCE (10mnL)
at RT under a pjtrogen atnosphere for 16 The
rea%t:g vvas th n diluted with H20(501) 4
ext 8 X 100mL). The conbi
extracts re erl Q{gs ) and the_solven
in vacuo. The residie sYurifjed ol'Nmm
chromat ography (0 to 1 OHNLN tngivz:e t
product as a yellow oil (56ng; 29% . mz = 671 [ M+H| +.
Stage 2 - Hydroxamate deprotection to yield
cycl opent 2S 4- 3-[5- (h drox car bano ri
Cyc|¢pye@ty| z’z& {éﬂ g@%@%éyl)gegéyglagw[lqo}m%ﬁéw@e ate (prepargd )a? %escribed
; h | abRyEb@L £0hex-3-
in Exiébigggf% M@@Q %QMHH)H d X/!la}l\slb%%ﬁl Mhtﬁrﬂ I\f@ﬂbﬁrww RGEIbR

H St
y)-N¢(@ SsnputaxyetBenopyinigise-Stearbe@mide (degrar ﬂqa)l%g‘}ie%”f’ﬁd rﬁ:é{a(qple 2
- 105%9[00 Q%[nﬁ'c;l) R4 Na%ﬁ;:,ﬁNQQéﬁ@ 0. gé}ﬁm%mlﬁ/EGE (VI\@@\L} HERT under a

in‘vacuo and the fresid puri

nitrogereptanosphere foartbls. Tls iﬂa@@ft Wes tssea e éi‘%thé"zg%yW"%PM

extr%%@th 6@%(2 9><g1 OEOTTL)SF l#) &dﬂ%"ﬂmé‘d oréahic chiMRté ReMiltad (MgSO.) and

the splveat rfmwedm vag}O- Ewedgs'(izwwaa pur'faedwysq%rm‘ shigmajogrppiy (0 to
% g6 5 671 A+H
10% 2\5&}_@4 nﬁ’jﬂétS .) 301&3% gr%roguctés%gfeﬁmbll (mrﬂé 2@242 r(nVZE)H M AT+H]".
WO 2008/ 053131 PCT/ GBZOOG/ 004034 67

Stage 2 — Hydroxamate deprotection to yield cyclopentyl (2S)-[(4-{[({3-[5-

¥ organi c
r gnoved

(hydroxycarbamoyl)pyrimidin-2-yl}-3-azabicyclo[3.1.0]hex-6-
yl¥methyl)amino]methyl}benzyl)amino](phenyl)acetate (35)

HO. N
N

Stage 1 product (56mg, 0.08mmol) was stirred in DCM (10mL) with TFA (1mL) at RT for
15 minutes. The solvent was then removed in vacuo and the residue purified by
preparative HPLC to give the product as a pink solid (12mg, 25%). m/z = 571 [M+H]*, 'H
NMR (300MHz, CDs;0D) &: 0.98 (1H, m), 1.31-1.64 (6H, m), 1.76-1.93(4H, m), 3.09 (2H, d,
J=7.5Hz), 3.61 (2H, d, J=10.5Hz), 3.98 (2H, d, J=10.5Hz), 4.15 (2H, m), 4.27 (3H, m), 5.31
(1H, m), 7.57 (9H, m), 8.66 (2H, s).



Exanple 6 O 1~-OO NN Stage 1. + HN N ~lol'-"0O
NaBH3CN H NI H O O DCE Prepared as descri bed
we@pasasl as described in Exanple 4 i n Exanpl ePGI/GB2006/004034
J"~*OONNYHiIi Oo NNANNI HO Stage 2. TFA
DCMO HOHI N Stage 3. KOIM5, THE NNN ~ HN):D
Exa 6ll O/~OY ONNI HNN/ NOH 4. TFA, DCMN I H
tage O HO HI NLNNOH NO ~H

)\/ O

0. 0.

} N T N l =N Stage 1.

N 0 N/)\;\O\/ NaBH,CN

H \O o DCE

HZN\Q/\ 0 ’ Z
Prepared as described Prepared as described
in Example 4 in Example 3
/

J oo, J
YO
L

Iz
O
OO

Stage 2. TFA, DCM

0}

HOw N
H PN 0
SeUTes age
N 0O

Stage 3. KOTMS, THF

Irz

OH
N (0]
Stage 4. TFA, DCM

0
HO
N N
HJ\@‘\ OH
NN Ny N
N 0

Scheme 10



Schene 10 WD 2008/ 053131 PCT/ GB2006/ 004034 68
Conpounds prepared: 0 0 HON~ N HONINHI ~ OL H
wWOR@3/OIBENN\ | HON-N\ | HOR R = Cycl oprtit/gB2006/004034

(36) R = Cycl opentyl (38) '88‘ H(37) R=H (39 OO0

HONNOHON~N\ I O RHN O NR NNN H
COmbbirhdté phéparéd:O NO R = C,ycl opentyl (40) R = Cyci opentyl

42) R=H(41) R=H(43) O HO OH Hrj NNHHOR

~N O R = Cyciopentyl (44) R = H (45) Figure 7

(0]
HO\ )K(% HO.
N SN
Ho |
o T, o
N H
R = Cyclopentyl  (36) R = Cyclopentyl  (38)
R=H (37) R=H (39)

Q (0] \N \N
NN N R H N
y Hoo N 0

R = Cyclopentyl  (40) ‘R = Cyclopentyt  (42)
R=H (41) R=H (43)
0O

HO. NS
NAN H N R
N H o

R = Cyclopentyl  (44)
R=H (45)

Figure 7

Synthesis of compounds outlined in Figure 7 exemplified for (38) and (39)

Stage 1 — Reductive amination

oo, J
TN
H
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0

ZT

o



Synt hesi s of conpounds outlined in Figure 7

exenplified for (38) and (39) Stage 1 - Reductive
wa@pdosasitesn O ", ~OO0,NNH~ NNHHO 0O~ WO PCT/GB2006/004034

2008/ 053131 PCT/ GB2006/ 004 69 Cycl opentyl

(2S)-{[4- (am nomet hyl ) benzyl | am no} (4- net hyl cycl ohexyl
Cycloprel 23)-{(4tepaorasthpisbendpifmnindiétmethyeyelopéxyl)acetdROprepared as

Q, 2 | ' ith 2-(4-f opi peri din-1. .
cescigd Iretrelf L OBl 2P My s e T2 REck Rt v
(1-is%lﬁth(yéﬂ’lfoﬂyJ)pgmraiﬂiir&S51-danfor<ér’pield (;erpE)ée:gai} ées‘&ribe% itﬂﬂsga,mplli 3-

. | :
110 B o T e et ERBE i 2 TRRL s
nitrof&ratiosphavagort 1BRNTHRE tasctioh was thenl(Bamith Hu@d(50mL) and
ol 4 CEuee R T oot Q8RS 5o BiEPhdpon and
the dolveWBRHRDVED irg\'vaceo&dntgiv@ Ith'la_d;:mtiucaﬁsa %eﬁd)\lv oibwbidh wé udedviathe
step_w r.t her

o5 bl R oSl POyt e U ST
to yield cyclopentyl (2S)-cyclohexyl[(4-{[({1-]5-

d b I . md i n-2-vl] B i
Staobi 4 e R BTN (B er o anpiiy eSpl ey
(hydl'cKQ_ycarba(éjrhbyl)‘plyNhid‘udilzwpé}icjimu I O( ft ﬁg;a 1 pk $d?ct \ggs

sgirred in Wi at or
yl}mﬁ%&‘ﬁ@ﬂr@'gf’]m@ﬁwgé%wgmg%c?tt?qﬁlﬁrem)ved in vacuo and
the residue purified by preparative HPLC to give the

product as a purple solid (14ng, 8% over two steps).
LCMS purity ©95% mlz = 579 -

HO\H I \)N\ ) . .
N~ N H N O\O
N H o

Stage 1 product was stirred in DCM (10mL) with TFA (1mL) at RT for 30 minutes. The
solvent was then removed in vacuo and the residue purified by preparative HPLC to give
the product as a purple solid (14mg, 8% over two steps). LCMS purity >95%, m/z = 579
[M+H]", "H NMR (300MHz, CD;0D) &: 1.01-1.42 (10H, m), 1.74-2.12 (18H, m), 3.01 (2H,
m), 3.82 (1H, m), 4.28 (4H, m), 5.31 (1H, m), 7.61 (4H, m), 8.66 (2H, m).

Stage 3 — Ester hydrolysis
PN
REEAS:
LA oH

N N

Stage 1 product (100mg, 0.28mmol) was stirred in THF-(10mL) with KOTMS (180mg,
1.40mmol) at 50°C under a nitrogen atmosphere. The reaction was allowed to cool to RT



[ MEFH] +, " H NMR (300MHz, CD30D) 6: 1.01-1.42 (1 OH, m,
1.74-2.12 (184, m, 3.01 (2H m, 3.82 (1 H m, 4.28
w@ 2648059131 5. 31 (1 H m, 7.61 (4H, m, 8.66 (2ZPCT/GP2006/004034
Stage 3 - Ester hydrolysis ", ~OONYHI NOCH NI
N HO Stage 1 product (1 00ng, 0.28nmmol) was stirred
and thé}:ﬂ ThdsolvbBmups wintdve @ E o andQing residlie4ABatid] the anex5g€p without
under. g nitrog sphere. The reaction was all owed
furthgl pUEBATOR EEE G %*@/'053131 PCT/ GB2006/ 004034 70 and
then the solvent was renoved in vacuo and the residue

stagt - WAl Aproraray e Y8 e leR Bl oot o

(hyderydéHﬁdnﬁoﬂ)%ﬁim@lrﬂi—ﬂ!]}ﬁp’aﬂd[r( 4-y{}{n(e{rw+){am+no]methyl}benzyl)amno]acetlc
id %]dr oxycar banmoyl ) pyri m di n-2-yl ] pi peri di n-4-yl } net hyl
act no] net hyl } benzyl ) am noJacetic acid (39) O HO, H
NN/ NOH NI HO Stage 3 product was stirred in DCM
(1 OL) with TFA (1 n-) at RT for 30 mnutes. The
sol vent was then renoved in vacuo and t esi due
purified py prepazative HPLC to give t pr oduct as a
pi nk solid (N9 | 8% over two steps). LOVS purity

>950% mz = 511 H NVR ¥D) 6:
1.16-1.41 (9H, m| .91HW12(1H m,
2.99 (4H, M), 4.29 (4 N H m,°7.62 (4H,

nm, 8.66 (2H, s). The anal ogues outlined in Figure 7
were prepared by the procedure described for (38) and

stagé 3Prod 8 Was sBire BRTCTNPAO)AGitH PFA(MAD). at R¥Gbr 30 minutes. The
solvent was then removed in vacuo and the residue purified by preparétive HPLC to give
the product as a pink solid (19mg, 13% over two steps). LCMS purityv>95%, m/z = 511
[M+H]*, "H NMR (300MHz, CD;0D) &: 1.16-1.41 (9H, m), 1.69-1.91 (8H, m), 2.12 (1H, m),
2.99 (4H, m), 4.29 (4H, m), 4.92 (1H, m), 7.62 (4H, m),‘8.66 (2H, s).

The analogues outlined in Figure 7 were prepared by the procedure described for
(38) and (39). Data for each analogue is given.

(36)

LCMS purity 98%, m/z = 553 [M+H]*, "H NMR (300MHz, ds-DMSO) 8: 0.90 (6H, m), 1.12
(2H, m), 1.28 (2H, d, J=6.6Hz), 1.65 (9H, m), 1.72 (3H, m), 2.03 (1H, m), 2.73 (2H, m),
2.96 (2H, t, J=12Hz), 4.20 (4H, m), 4.72 (2H, d, J=13.5Hz), 5.20 (1H, m), 7.54 (4H, m),
8.66 (2H, s), 8.95 (2H, brs), 9.60 (1H, br s), 11.05 (1H, s).

(37)

LCMS purity 97%, miz = 485 [M+H]*, "H NMR (300MHz, CD;0D) 5: 0.87 (6H, m), 1.29
(4H, m), 1.77 (5H, m), 2.00 (1H, m), 2.88 (4H, m), 3.88 (1H, m), 4.18 (4H, m), 7.52 (4H, s),
8.61 (2H, s).



LCVB purity 98% nfz = 553 [MtH +, 'H NMR ( 300MHz,
d6-DMSO) 6: 0.90 (6H, m, 1.12 (2H, m, 1.28 (2H, d,
wQ 20805831 1.65 (9H, m), 1.72 (3H, nm), 2.03 (1PEE/GBRY06/004034
2.73 (2H, m, 2.96 (2H t,74=12Hz), 4.20 (4H m,
4.72 (2H, d, J=13.5Hz), 5.20 (11-1, m), 7.54 (4H m,
(40) 8. 66 (2H, s) 8.95 (2H, br s), 9.60 (1 H, br s), 11.05

LCM%HWH yﬁ/@}y‘) W 'I\QQ;R?%C%M!&% T0; 0273% E%F}'%F’I s)' flaq

(2H, &, y=766|5ﬂ,1@195(@9|4(ﬂrmn omp5, (18, BBs)( 28D (41, mB 3638 @H, M), 4.20

(1H, %(ﬁaéﬂ)@i J_Iéérp &%2’68%/%%%5%) %é (%i 'ZECI\/E) pu\rl\loty

99% mz = 583 [M+H +, 'H NVR (300MHz, CD3OD) 6: 1.24
41)(9H s), 1.41 (2H, d, J=6.6Hz), 1.69-1.95 (12H, br
@)y, 2.15 (1 H br s), 3.00 (4H m, 3.93 (2H m, 4.20
LCM6Jpurity 99%, r/z35(F+HY), 'H MR ($AONHZ,190-0D) 63 1 25H9HN3), 1.29

G MNP SR e

t, J= 3289) @233, (4 ap;:Z d12=1816Htk), DE3EJH, 53 R66 (2H,s).m), 3.94

( J=9.0, 3.9Hz), 4.12 (1 H, t, J=3.6Hz), 4.33
(4H, app d, J=18.6Hz), 7. 63 (4H, s), 8 66 (2H, s).
(42) (42) LCVB purity 98% mz = 573 [MrH +, 'H NMR

o 5 BTy St s s 258 st
m), 204 (¥H, 1), 2B8,(2if) m), 2.960202t1J=12k1z),)3.29 (Z-H-er)l) 48 51@H( @, 4.70 (2H,
o, Pzt 0 7 58108 e n, B, BTt 7 1 B

11051(2141»505 [ MkH] +, ' H NMR (300MHz, CD3QOD) 6: 0.89 (1H,
t.m, 1.08 (2H m, 1.77 (3H, m, 2.01 (1 H ™, 2.90

, (4H m, 4.08 (4H, m, 4.94 (1 H, s), 7.45 (9H, m,
(43)8.55 (2H, s). (44) LCMS purity 99% mz = 528 [ MtH| +, -

Levs huRod o OMAE 50s iR P, 1B IR S0dNtL, EB.00)8° 6289 (1H, m), 1.08
(2H, m), 1.77 (3H, m), 2.01 (1H, m), 2.90 (4H, m), 4.08 (4H, m), 4.94 (1H, s), 7.45 (9H, m),
8.55 (2H, s).

(44)

LCMS purity 99%, m/z = 528 [M+H]*, "H NMR (300MHz, CD;0D) &: 1.30 (3H, m), 1.67-
1.78 (11H, m), 2.12 (1H, m), 3.02 (4H, m), 4.06 (3H, m), 4.33 (4H, app. d, J= 18Hz) 5.34
(1H, m), 7.66 (4H, m), 8.66 (2H, s).

(45)

LCMS purity 96%, m/z = 459 [M+H]*, 'H NMR (300MHz, CD,0D) &: 1.25 (4H, m), 1.89
(2H, m), 2.15 (1H, m), 2.99 (4H, m), 4.00 (1H, m), 4.09 (2H, m), 4.34 (4H, app. d,
J=21.9Hz), 7.64 (4H, m), 8.66 (2H, s).



1.78 (11 H m, 2.12 (1 H m, 3.02 (4H m, 4.06 (3H,

m, 4.33 (4H, app. d, J=18Hz), 5.34 (1 H m, 7.66
w@ 2a48/059131 8. 66 (2H, s). (45) LCMS purity 96% PaT/6B2006/004034

459 [MtH +, 'H NWR (300MHz,7D30D) 6: 1.25 (4H, m,

1.89 (2H, m, 2.15 (1 H m, 2.99 (4H nm, 4.00 (1 H,
Exariple .09 (2H, m), 4.34 (4H app. d, J=21.9Hz), 7.64

(4H, m, 8.66 (2H, s). WD 2008/ 053131

PCT/ GB2006/ 004034 72 Exanple 7 Stage O 2 Boc20,

Na(]—| OH Stage 3. Stage lsuwgkl N-G;%dl oxane, H20 oy OH

r=1 ] H Ned Al H4, i@z«moc O Eer )o%, Z Et 3dges. DCM
ﬁéﬂ% TS A0T A er medinate B,JO Rop =

HN OO,
. H O HCO 'in dl oxane HH NaBH( OAc)3, DCE 0 DEM®

O Stage 6. 0/ 0 N~ O NaBH3CN 0-N N DCE H
Prepared as described in Exanple 3 0\

T 1

Stage 5. \lk Stage 4. Intermediate B
N 0 HCl in dioxane OY N NaBH(OAc),, DCE Y
N H "
H2

o) DCM HN O

Stage 6. —/ 0, N 0o
| A OO~
NaBH,CN O-N =N
DCE H

Prepared as described in Example 3

o *@@ oo

Stage 8. TFA, DCM
Stage 9. KOTMS,

THF
Aoy e QYYD

Stage 10. TFA, DCM |

Iz

SNy ﬂ%

Scheme 11



/"0TO, HT O NN+H N Stage 8. TFA, DCM Stage 9.

KOTM5, THEO HO HI NO NNWHH O ON~NNOTV) O
W0O-200805H30OH Ni NNH Stage 10. TFA, DCM 0 HO, NeeNGBRG06/804034
OH No", N~'" Schene 11 WO 268/ 053131 PCT/ GB20067/ 004034

73 Conpounds prepared: O HI O
Compounds prepared:

o)

HO\N
H

=

LA

R = cyclopentyl (46)
R=H (47)

Figure 8

Stage 1 — Acid reduction

H,N :
OH

4-(Aminomethyl)cyclohexanecarboxylic acid (4.00g, 25.44mmol) was stirred in THF
(100mL) at 0°C under a nitrogen atmosphere. LiAlH, (2.90g, 76.33mmol) was then added
and the reaction allowed to warm to RT and stir for 3h. It was then cooled to 0°C and
quenched with H,0. Na,SO, was then added and the mixture stirred for 10 minutes. It was
then filtered through celite and the filtrate concentrated in vacuo to give the product as a
colourless oil which solidified on standing to give the product as a white solid (3.72g,
100%). 'H NMR (300MHz, de-DMSO) &: 0.95 (4H, m), 1.22-1.47 (5H, m), 1.86 (4H, m),
2.55 (2H, d, J=6.6Hz), 4.46 (2H, d, J=6.3Hz).

Stage 2 — Boc protection

o O,

Stage 1 product (3.72g, 26.01mmol) was stirred with NaOH (1.00g, 26.01mmol) and di-
tert-butyl-dicarbonate (6.24g, 28.61mmol) in H.O (50mL) and dioxane (50mL) at RT for
16h. The reaction was then concentrated in vacuo. When approximately 50% had been

evaporated, a solid precipitated out of solution and was collected and dried to give the



NNNHOR R = cyclopentyl (46) R = H (47) Figure 8
Stage 1 - Acid reduction H2N OH

wa2qoswsnsnet hyl ) cycl ohexanecar boxylic acid (4.B0QGB2006/004034
25. 44mmol ) was stirred in E (100nm.) at OC under a
nitrogen atnosphere. LiAl (2.90g, 76.33mmol) was

produidt @s aamsietoliaBl5d, 87 %) et + 066 Fi+Ndale dHINMREBOANIdZ, FADGIS)D:

o2 it 9o o T BL A L BFRTS0 o

J= smz)usg florbrk§) emsuHem). It was then filtered through
celite and the filtrate concentrated in vacuo to give
the product as a colourless oil which solidified on

Stag8 Bandichiibl oRidgiiore t he product as a white solid (3.72g,
100%9 . 1H NWR (300MHz, d6-DVBSO) 6: 0.95 (4H, m,
1.22-1.47 (5H m, 1.86 (44 m, 2.55 (2H, d,
J=6.6Hz), 4.46 (2H, d OJ— .3Hz). Stage 2 - Boc

protection OY O N Sta product (3.72g,
26.01 nmmol) was stlr \—»’H\l 00g, 26.01 nmol)
and di- tert-butyl- ar bonat 6 2@9 28.61 mmol ) in

H20(50r) and di oxane (50nm.) at RT for 16h. The
reacti on was then concentrated in vacuo. Wen

A so%ﬂBﬁ B%DW@ bdméPa(ﬁdY@‘@b(ﬁﬁ?ﬁ‘ 58RY 2PG A AhRdI) v@sss‘ﬁfrbﬁl under a

pitated ou tion and was col | ect

nltrodem @tmqsah@ﬂe\a@dtcn@lem ‘Z@Efé/@@@@s@ Xk, é%@é’mﬁomﬁst@en #gded

whil b%ﬁg’( ﬁun@sth@te\'(\’)ﬁéﬂe%ﬁu:%cﬂéldiv (GﬁﬁpégA sglﬂ%nooﬁgtége? guct (4. 53
17.7 @mol)n@ DCM $pmlg mas §hen qep@“e(i ,gpd ajled slowly t? §’|q r@?c’uon m|§<ture

agauéﬁ@anﬁ%f%%'g' tRe fethpefdtirebelow #B°@HAhen 4dditod Wastorhple®) EtsN

(9.99mL, 71. 69mmol) was slowly added, again maintaining the temperature below -65°C.
When addition was complete the reaction was allowed to warm to RT and then the solvent .
removed in vacuo. The residue was purified by column chromatography (0 to 10% MeOH
in DCM) to give the product aé a light yellow oil (5g, >100% - contains some EtsN). m/z =
264 [M+Na]", "H NMR (300MHz, CDCls) &: 1.02 (2H, m), 1.30 (2H, m), 1.45 (9H, s), 1.90
(2H, m), 2.03 (2H, m), 3.01 (2H, t, J=6.3Hz), 4.57 (1H, br s), 9.63 (1H, s).

Stage 4 — Reductive amination

W 3

.

Stage 3 product (1.00g, 4.14mmol) was stirred with intermediate B (1.08g, 4.14mmol) and
sodium triacetoxyborohydride (1.33g, 6.21mmol) in DCE (20mL) at RT for 16h. The
reaction was then diluted with H,O (100mL) and extracted with DCM (2 x 100mL). The
combined organic extracts were dried (MgSQ,) and the solvent removed in vacuo to give



Stage 3 - Al cohol oxidation - ONN O ~O A solution of
DCM (1001.) and (COCl)2 (1.58nl, 18.14mmol) was
wa@eisosxd3under a nitrogen atnosphere and cool BCI/GB2006/004034
-78C. DMSO (2.27nL, 32.02nmy ) was then added whil st
mai ntai ni ng the tenperature bel ow -65C. A sol ution of
the p&ic&@eas?a preycdatitl whithSggs uskd.inY Sremex) step wehUt{fEAindr)puvibication
th r epar added slowy to the reaction
(1.74g; 5‘%5’ ‘852'# i'ntai ning the tenperature bel ow
-65C. \When addition was conplete Et3N (9.99ni,

71.6 ) was slowly added, again naintaining the
Smg?éﬁbg&gaﬂﬁgmﬁ@wbw 65C. \Men addition was conpl ete

the reaction was allowed to warmto RT and then the

solvent renoved in vacuo. The residue was purified by

col umm chromat ography (0 to 10% Me DCMto give
the product as gdjght yellow oip (5§—>100% -
contai ns sone Et3N). 4 [ ]+, 1H NMR
(300MHz, CDCI3) 6: 1.02 , ' /1.30 (2H, m, 1.45

(9H, s), 1.90 (2H, m, 2.03 (BH%nm, 3.01 (2H, t,
J=6.3Hz), 4.57 (1 H, br s), 9. 63@, s). Stage 4 -
Reductive amnation 0 -N O XO St age 3 product
(1.00g, 4.14mmol) was stirred with internediate B
(1.08g, 4.14mmvol) and sodiumtriacet oxyborohydride

Stag(e14 ;?r%suct ¢1.24g, 9@ Mmbl waSktiteDRD Crat(1 GRRLY with 4@MHCI Theioxane
tion was then dlluted with H20(100nL

(3mle)>élt RéfcfP(ethMThﬁ spreRnt( s the frngved i éac%f’ ﬁ%ae%awes under
vacueitt tb«’%ﬁxﬁe?rthw&j uet 48 whivh SEM) (1¢ m%gzm wh \team [Ve-ApY &4 NIMR

(00§ s de PUSDIE 616y 1 4514H6 T CRA0 1Ea 700 R a5 LTH, m),

525948 17 g rther purification (1,74g, 94%. mz =
3 pmM %Sfrgge 5 - Boc deprotection HCl.NH2

Stage 6 - Reductive amination

Trz

SUSOR AN

Stage 5 product (216mg, 0.56mmol) was stirred with 2-(4-formylpiperidin-1-yl)-N-(1-
isobutoxyethoxy)pyrimidine-5-carboxamide (preprared as described in Example 3 —
200mg, 0.57mmol) and NaBH3CN (70mg, 1.12mmol) in DCE (10mL) at RT under a
nitrogen atmosphere for 48h. The reaction was then diluted with H,O (100mL) and
extracted with DCM (2 x 100mL). The combined organic extracts were dried (MgSO,) and
the solvent removed in vacuo to give the product as a yellow oil which was used in the

next step without further purification.



H O Stage 4 product (1.74g, 3.87mmol) was stirred in

DCM (10m.) with 4M HCl in dioxane (3nL) at RT for
wagivs/oiel sol vent was then renoved in vacuo aneCT/682006/004034

resi due dried under vacuun?6to gi ve the product as a

white solid (1.36g, 98%. mz 351 [ MrH +, 1H NMR

Stagé 3%&4&@@&@@)}@&@&@&&! C?Qo(;&rtyl (M)rcy]:,ld(ﬁaxyﬂ{[@%{[ (RB-

8 1H m, 5
(hydr@xg@rt(wy%mrmlwﬂgpencﬁb%uct ive amination O )o ON
yl}méthyhbalmlhb] RethyReychohdxil)ribibyRpenslapstatéuas) ( 216ng,

56mmol) was stirred with
2 (4-fornyl piperidin-1-yl)-N(1- isobutoxyethoxy)pyri
m di ne- 5- carboxam de (preprared as desexjbed in

Exanple 3 - 1200ng, 0.57mol) and NaBH3 (70ny,

1. 12mohP< 10nL) at RT under a~itrogen
atnnsphereﬂforl4 The reaction mas t en giluted W th
H20(1 OOrL) an N ast ed mnt The
conbi ned organic ex ragts ed'TNg'Cn) d the
sol vent renoved in vacuo o oIV‘ the product as a

yell ow oil which was used in the next step w thout
further purification. W 2008/ 053131 PCT/ GBZ[C])’ES %}9
Stage§ rmpdips (Or28mmpl wes Sieed IndeMd{ Bak) with TEA (92 or 30

?‘s‘gﬁg et wad hart phRRe%Y Vdduodmbiltnd Fesidre purified by preparative

di n- 2-
HPLGIt s{vgﬁlﬁ §‘r§ﬁ3§3§%@lﬂl§lﬁ§?@¢h€@ae§§9|°yﬁsetvﬁﬁte}paﬁﬁr%¥'§&€f”é{t>§5%7
miz £ 483 f+HHOBMIMIR (BodiMz FED0D) 5: 0.96-1.39 (13H, m), 1.72-2.16 (23H, m),

2.81-3.04 (7H, m), 3.84 (2H, d, J=3.9Hz), 5.36 (1H, m), 8.66 (2H, s).

Stage 8 — Ester hydrolysis

TV
O Y
H H
N O

Stage 6 product (0.28mmol) was stirred with KOTMS (180mg, 1.4mmol) and THF (10mL)
at 50°C under a nitrogen atmosphere for 16h. The reaction was the cooled to RT and the
solvent removed in vacuo and the residue used in the next step without further purification.

miz = 617 [M+H]".



O Stage 6 product (0.28mvol) was stirred in DCM (1
Or) with TFA (0.5nL) at RT for 30 mnutes. The
w@olosesi3smas t hen renoved in vacuo and the resP@IeB2006/004034
purified by preparative HBLC to give the product as a
pink solid (15ng, 9% over two steps). LCWMVS purity
Stage 95%lydroxamate 98profedith i;qzylizlﬂl i%}gﬁm@i\nﬁl{ﬂﬂ {(Zﬂlgiﬁ)é 84
(hydrewaf?ﬁm%gé%“'éﬁg%'w@ 5.36 (1H, ), 8.66
yl}me(tﬂwbanﬁho nﬁtf@ﬂéyoﬁ)hexﬁ;mahyl[a,min@}bystl&cﬁﬁ (47TL~O OWN j  H |
N H O Stage 6 product (0.28mmvl) was stirred
vvlth KOTI\/IS (1 80ny, 1.4mml) and THE (1 OmL) at 50C
under a nitrogen atnosphere for 16h. Th action was
the cooled to and the solvent renov n vacuo and
t he residbe~ nihe next step witho further
purificationH //*;7617 [I\/H—|] +. WD 2008/ 0536;’?1

PCT/ GB2006/ 004034N"/TN'Stage 9 Hy 0O X Y
deprotection to yieldl(2 -c'&}cl 1 { [ 4- [({1-[5-
(hydr oxycar banoyl ) pyri nf di '] p1 peridin-4-

yl } met hyl') am no] et hyl } cycl ohexyl ) met-hyl ] am no}acetic
Stagg%l pdro fcp(o %mrl;g? I\Iwas stlrre%_| in [l)_|CM (10m'_& with TFA (1mL) at RT for 30
minutes. The solvent was then removed in vacuo and the residue purified by preparative
HPLC to give the product as a white solid (5mg, 3% over two steps). m/z = 517 [M+H]*, *H
NMR (300MHz, CD;0D) &: 1.13-1.44 (11H, m), 1.75-1.94 (15H, m), 2.82-3.09 (8H, m),

3.39 (1H, m), 3.65 (1H, m), 4.94 (1H, m), 8.67 (2H, m).



Stage 8 product (0.28mmol) was stirred in DCM (1 Omn)
wth TFA (1 nL) at RT for 30 mnutes. The sol vent was
wa b@s/osasoved i n vacuo and the residue purifi eBICGB2006/004034

preparative HPLC to give tjge product as a white solid
(5my, 3% over two steps). mz = 517 [ MtH +, 1H NMR

Examiplée@vHz, CD30D) 6: 1.13-1.44 (11 H m), 1.75-1.94
(15H, m, 2.82-3.09 (84 m, 3.39 (1 H m, 3.65 (1
H m, 4.94 (1 H m, 867 (2H n). WD 2008/ 053131
PCT/ GB2006/ 004034 78 Exanple 8 0 0 Et .~ Stage

2008 Et0 + Me 0 O 00 Stage 2o EtCH 0 O

ge Al aq, HAON \ o HO Reeertfedt:~ o CEtag 4.
I nCer @ A STAB; 0 Que¥n HO 0O y Stage :E ] o
I ntermedfate Ei H N O EDClI, HOBt, Et3N, O\)

Stage 2, NaOH
EtOH

O

o
HO Stage 3. HC,, HOJ\©\
N
"(:\l\ OEt
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OFEt

Stage 4. Intermediate A
STAB, DCE

)\/ i
O O
HO ) T N
Stage 5. Intermediate E H
L

N
O\ o EDCI, HOBt, Et;N, DMF " o
: \®;
YO T
Stage 7.

i) NaOH,q, THF
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Stage 6. TFA, DCM

Scheme 12
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Conmpounds pr epar ed: O HORNg-()"NNOR HO R =

cyclopentyl (48) R = H (49) Figure 9 Stage 1 -
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N/U\©\
H
Q ¢
O
N R
H
O

R = cyclopentyl  (48)
R=H (49)

HO.

Figure 9

Stage 1 — Coupling

Ethyl 4-fluorobenzoate (6.75g, 40.1mmol) and 1,4-dioxa-8-azaspiro[4.5]decane (2.73g,
19.1mmol) were stirred with K,COj3 (8.5g, 61.5mmol) in MeCN (10mL) at 95°C for 1 week.
The mixture was added to- EtOAc (50mL) and washed with water (3 x 50mL). The organic
was dried (MgSO,), filtered and concentrated in vacuo. The product was purified by flash
chromatography (2%MeOH in DCM) to vyield a yellow ail (5.58g, 48%). m/z = 292 [M+H]".

Stage 2 — Ester hydrolysis

0

0
N
OEt

OEt

Stage 1 product (5.58g, 19.15mmol) was dissolved in EtOH (25mL) and stirred with 50%
NaOH,, (25mL) at 60°C for 3h. The mixture was cooled to RT and 2M HCl,, (50mL.)



N OQ Ethyl 4-fluorobenzoate (6.75g, 40.1 mmol) and
1, 4-di oxa- 8-azaspiro[ 4. 5] decane (2.73g, 19.1 mmol)
woweee/ostiBrred wi th K2C03 (8.5g, 61.5mol) in MOMGB2006/004034
(10m.) at 95C for 1 week. ghe m xture was added to-
Et OAc (50nL) and washed with water (3 x 50nL). The
addedl e hiixtuneagastther etirtddBGOF C férid dasethaprbdudivesrextratted with

i N vacua. Th I ct_was. purifj | .
pon otk RS awn T B et Pl trBRfies from fron o
yield (bwBitgsolid 8YH59g26%). RB2= POAHI+H]". Stage 2 - Ester
hydrolysis O HO N OEt Ot Stage 1 product (5.58g,
19. 15mmol ) was di ssolved in EtCH (25n.) and stirred
Stag@idt-hAB&%b ddastbktipn( 25nL) at 60C for 3h. The mi xture was
cooled to RT and 2M HCl ag (50nmL) WD 2008/ 053131
PCT/ GB2006/ 004034 80 added. The m xture was then
stirred at 30C for 3 dgys. The product was extracted
with DCM (4 x 50n), ied (MJSO4), concentrated in
vacuo and recrystal [H%ed MEtOH to yield a white
solid (1.459g, 26%. mz Ah +. Stage 3 -
Acetal deprotection O HO N O} Stage 2 product (509ng,
1.735mmol ) was stirred in 1M ¢®15ml) at RT for 30
m nutes. The m xture was concentrated in vacuo, added
to mniml water, filtered and dried in a desiccator.

Stag%%)greﬁﬁﬁg%_gr%g .W@lf%é&%%%@% 1182 ¥¥or 30 minutes.
The mixture was concentrated in vacuo, added to minimal water, filtered and dried in a
desiccator. The product was obtained as a white solid (279mg, 73%). m/z = 220 [M+H]"

Stage 4 — Reductive amination

= O

Stage 3 product (279mg, 1.27mmol) and intermediate A (303mg, 1.28mmol) were stirred
in 1,2-dichloroethane (10mL) with sodium triacetoxyborohydride (405mg, 1.91mmol) at RT
overnight. The mixture was added to DCM (100mL) and washed with water (2 x 100mL).
The combined aqueous layers were re-extracted with DCM (100mL), then the combined
organics were dried (Na,S0O,), filtered and concentrated in vacuo to yield a brown oil
(495mg, 97%). m/z = 403 [M+H]".



Stage 4 - Reductive amnation O HOa Na NO HO
Stage 3 product (279ngy, 1.27rnnol) and internediate A
W@ 3@8083131L. 28l ) were stirred in 1, 2-di chl oPOEGB2W6/004034

(10nL) with sodiumtriacet gqyborohydride (405nmg, 1.91
mol ) at RT overnight. The m xture was added to DCM

Stagé 500Pro)ectstthytpGethiscolplingt er (2 x 100nL). The
conmbi ned aqueous | ayers were re-extracted with DCM
(100nL), then the conbined organics were dried
(Na2SO4) , flltered andOconcentrated in vacuo to yield

a brown oil ) &L P A 403 [I\/H-H] WO

2008/ 053131 b’ré@ 6/04 81 Stage 5 - ‘Protected
hydr oxamat e coupl'i ng O “ N 0O HO
Stage 4 product (495ng, 1.20 s d| ssolved in

DMF and stirred wth |ntermsd|

6.12mmol ), triethylam ne (0.84n., 6l 03

(228ny, 1.49mol) and EDCI (295ny, 84mm| at kT

for 2 days. The m xture was added to DCI\/I (100m.) and

washed with water (2 x 100nmL). The conbi ned ueQus )
Stagp AyREpaUGHABES. &, A0TEeb VaRIASTORMT RUBATY! StyTRd ViR alemediate

E (082701 6§ 9ma ggameﬂﬁfla\fﬁh@(matrﬁld 6l ddieeh), HOBt (2 28n&sl 1a19ehmol) and

concentr at In-vacuo to eld a yell
EDCY (Aoo, 1 oI for Ardays. die guiisre Wa aRbR IR M (TO0HAL) and
wast%&nm \ﬁ%f @ tGoMLEITHe %Mﬁblﬁ@@ B¥dous Iayers was re-extracted with
% 4- (hydr oxycar banoy 2
DCM (100mL), ther the combined organi¢s were dried (Na,SO,), filtered and concentrated

in vacuo to yield a yellow oil (638mg, quant). m/z = 518 [M+H]".

Stage 6 — Hydroxamate deprotection to yield cyclopentyl N-{1-[4-(hydroxycarbamoyl)
phenyl]piperidin-4-yl}-L-leucinate (48)

HO. J\©\

Iz

Stage 5 product (309mg, 597umol) was stirred in DCM (5mL) and TFA (0.5mL) at RT for
1h. The reaction mixture was purified directly by preparative HPLC to give a white solid
(75mg, 30%). LCMS purity 95%, m/z = 418 [M+H]". '"H NMR (300MHz, CD;0D) &: 7.67
(2H, d, J=8.5Hz), 7.02 (2H, d, J=8.5Hz), 5.38 (1H, m), 4.13 (1H, m), 4.04 (2H, d,
J=12.4Hz), 2.92 (2H, m), 1.97 (2H, m), 1.88-1.68 (13H, m), 1.04 (6H, dd, J=6.2, 7.8Hz).



phenyl]p| eridin-4-yl}-L-leucinate (48) 0 HORN\ H
NC' ~O H O Stage 5 product (309ny, 597pnobl) was
W(stzoosmmisl n DCM (5nmL) and TFA (0.5nL) at RT f oPCT/GBR006/004034
The reaction m xture was pLgVa'wfied directly by
preparative HPLC to give a ite solid (75nmg, 30%.
Stagb@NEﬂér IhMol%QandTﬁydrexam&e [db’bn‘d]tdcnoﬂ b MbR] N-3DPIVHZ
&) } }J Eflg;l—lz 02 (2H, d,
(nydipyeas OV'@h%%V']P eﬁd'”n‘i Y- 1qds (4 4.04 (2H d,
J=12.4Hz), 2.92 (2H, m, 1.97 (2H, n) '1.88-1.68 (13H,
m, 1.04 (6H, dd, J=R.2, 7.8Hz). WD 2008/ 053131
PCT/ GB2006/ 004034 8 Stage 7 - Ester hydrolysis and
hydr oxamat e deprios oyield N{1-]4-
(hydr oxycar banoyl ) phen I peridin-44yl}-L-1eucine
(49) 0 HORNHNOH H agey 5 oduct (50nyg,
120pnol ) was stirred in THEYS d d4M NaOHag (5mi,
5mol) at RT for 3 days. The mijur§ was acidified to
pH - 3 with 2M HC aq, and stirred fop 20 m nutes,
then it was concentrated in vacuo and purified by
preparative HPLC to give a white solid (5ng, 129.

Stade@/&o@&ml 5%@@%0 oy was3iffed MAHJIF (5nlt) a4uR M 3ROM:z (56 mmol)
at RO 0,3 48751 T1 s v gpiof 16 g3 i 24 B 20 e fr 20
mintes, dveh iDE9 coribeRifatdd THv4cdid,antpurifledify Arepdrati@HPLY, to give a
whit 'sgliﬂa_(%hw?é?é‘%_.llcﬂs purity 90%, m/z = 350 [M+H]". "H NMR (300MHz, de-
DMSO) &: 10.90 (1H, s), 7.63 (2H, d, J=8.8Hz), 6.93 (2H, d, J=9.0Hz), 3.84 (2H, d,
J=12.9Hz), 3.24 (1H, t, J=6.9Hz), 2.97-2.76 (3H, m), 1.96-1.74 (3H, m), 1.54-1.32 (4H, m),
0.89 (6H, t, J=6.4Hz).




0.89 (6H, t, J=6.4Hz). WD 2008/053131
PCT/ GB2006/ 004034 83 Exanple 9 0 + HN Stage 1. K2QC03
wEe@s/0818 OH DVMSO F ~oH Stage 2. NaOH THE ' 1rOI/GB2046/004034

Stage 3. Internediate E HOBEEDCI, HOBt, NEt 3, DVF DH

OH Stage 4. (COCl)2 DMsO, Et3N, DCMH p "I1-10 O'N
Example O a--- Stage 5. Internediate BR HN-~J N

NaCNBH3, Et3N, DCE~\ | i0 O Stage 7. KOIMS, THE Stage

6. TFA, DCM )0Oy0" HORN HH Nv VHNJOHNO

0
Stage 1. K,CO4 EtO
HN
EtO + O\/ -
OH DMSO N
F OH

Stage 2. NaOH
THF

)\/ OTO\NJ\©\ Stage 3. Intermediate E Hoj\©\
H
N
OH

EDCI, HOB, NEt;, DMF N
OH

Stage 4. (COCI),
DMSO, Et;N, DCM

: . < N
oo ] T i@
O\rO\N/lJ\@\ Stage 5. Intermediate B ,\O\/H \/ﬁ\ /O
H ——
N
N NaCNBH,, Et,N, DCE Y 0
20 :=

Stage 7. KOTMS, THF Stage 6. TFA, DCM

O, o

O O

Stage 8. DCM, TFA

pu

H

O

Scheme 13



Stage 8. DCM TFA HORN H O NLOH O Schene 13 WO
2008/ 053131 PCT/ GB2006/ 004034 84 Conpounds prepar ed:
W@200B0RMBH N O N O ,R R = cyclopentyl (50) RPEI/HBE®E)N04034

Figure 10 Stage 1 - Coupligyg O EtO OH Ethyl

4-fl uorobenzoate (2.740g, 16.29muvol) and
cgmﬁophagp'r@b-,ﬂemet hanol (1.8768, 16.29mmol) were stirred

In DVBO (100nmL) with K2CO3 (6.765g, 48.95mvl) at 100C

overni ght. The m xture was cooled to RT and added to

wat er (100mL). The product was extracted with DCM (2

x100nm), driedyoNazGO4) and evaporated in vacuo to

give a yellow oil. was used in the next stage

wi t hout further purif or char%cterisation. ,
Stage 2 - Ester hydrolysi s@\/H
Ao

R =cyclopentyl  (50)
R=H (51)

Figure 10

Stage 1 — Coupling

Ethyl 4-fluorobenzoate (2.740g, 16.29mmol) and 4-piperidinemethanol (1.876g,
16.29mmol) were stirred in DMSO (100mL) with K,COj3 (6.765g, 48.95mmol) at 100°C
overnight. The mixture was cooled to RT and added to water (100mL). The product was
extracted with DCM (2 x100mL), dried (Na,SO,) and evaporated in vacuo to give a yellow

oil. This was used in the next stage without further purification or characterisation.

Stage 2 — Ester hydrolysis

Stage 1 product (16.29mmol) was stirred in 2M NaOHgq (40mL, 80mmol) and THF (40mL)
at RT for 2 days. Since the reaction had shown little progress, 50% NaOH,, (10mL) was



Ho ~ NIl ~~ "~~~~OH Stage 1 product (16.29mmol) was
stirred in 2M NaOHaq (40ni, 80mml) and THE (40nlL) at
wWeI00B053121 days. Since the reacti on had shown |PCT/:82006/004034
progress, 50% NaOHag (10mi)ggvas WO 2008/ 053131
PCT/ GB2006/ 004034 85 addec]8 and the m xture stirred
added| afbBelmiktude Stirrddnat550@ Y 2 flilieerndays urte mixture ves tiesodasded to

RT gt fedine REoR e el S Bl et T8 Pale v SaeSigen -
3 w.thi@lvalchahcstﬂrrerdafdr fioat RT.MA adcoRd crop oferecipltats wps tfen filtered.

oo i i Kb b one sy, S8 e

Stagg%ﬁ— Pidtddted hycﬁbmtéfomﬁtlm ect ed hydroxamate formation
,-~O0,N YHN OH Stage 2 product (3.031g,
12. 17mm|) was stirred in DMF (100nL) with
internediate E (8.0nL, 5827mmmol ), triethylam ne

(8nm, 57. 39mm HSBt o 2. 59 18. 02mmol ) and EDCI
(3.390g, 17.7 RI ov ght. The mixture was
added to DCM (100rrL) and wa water (2 x |
OOrL). The conbi ned aqueous | ayer$ were re-extracted
with DCM (100nL), then the conbi mggﬁic was dried

(Na2SO4), and concentrated in vacuo. The crude
product was purified by colum chromatography (1 to

Stag#%;/ﬁrg&ggiéf% %D_i%1 ﬂfrﬂnéﬂ) \%éj?tﬁré\?gb %ggﬂgﬂ& V\ﬂ% @ﬂer\n’/?e'@‘?@te E
(8.0ral NpBY2 Hipol), triet ylamme mL, 57.39mmol), HOBt (2.759g, 18.02mmol) and
EDCI (3.390g, 17.72mmol) at RT overnight. The mixture was added to DCM (100mL) and
washed with water (2 x 100mL). The combined aqueous layers were re-extracted with .
DCM (100mL), then the combined organic was dried (Na,SO,), and concentrated in
vacuo. The crude product was purified by column chromatography (1 to 10% MeOH in

DCM) to yield a yellow oil (3.076g, 75%). m/z = 351 [M+H]".

Stage 4 — Swern oxidation

DCM (200mL) was stirred with oxalyl chloride (0.80mL, 9.17mmol) at -72°C.To this DMSO
(1.1mL, 15.50mmol) was added dropwise, maintaining the temperature at -72°C. Stage 3
product (3.08g, 8.78mmol) was dissolved in DCM (100mL) and added to the mixture
dropwise, maintaining the temperature at -72°C. The reaction was then stirred at this
temperature for a further 5 minutes before being allowed to warm to RT. The mixture was
then concentrated in vacuo and purified by flash chromatography (1 to 10% MeOH in
DCM) to yield an off white solid (3.05g, quant). m/z = 349 [M+H]".



DCM (200mL) was stirred with oxalyl chloride (0.80n,
9.17mmol ) at -72C. To this DMSO (1.1 nlL, 15.50mmol)
woer®sastded dropwi se, maintaining the tenperat UPET/&B2006/004034
-72C. Stage 3 product (3.0Q8p, 8.78mmwl) was dissol ved
in DCM (100nL) and added to the m xture dropw se,
StagB® -NRaduvting afratibenper ature at -72C. The reaction was
then stirred at this tenperature for a further 5
m nutes before being allowed to warmto RT. The
m xture wag then congentrated in vacuo and purified
byflashJQ)/ ap to 10% MeOH in DCM to
yi el d an of f “whi oIi | (3.05g, quant). mz = 349
[ MtH] +. WO 2008/ 31 60Q6/ 004034 86, Stage 5
- Reductive am natlon )-,~0(
4 product (206ng, 0.591 Ml )&
internedi ate B (155nmg, 0.592nmol)
1, 2-di chl oroet hane (20mL). To this dded
triethylamne (0.85m, 6.10mvpl) a di um
cyanobor ohydri de (525ng, 8.35mmol) and the m xture
stirred at RT for 2 days. The reaction was quenched
with water (50nL) and extracted with DCM (2_x m) .
StagHeprodier (25msh A 1wesolk mae ¢tiTrey Bt jntergied ﬁdéﬁ@mat ed
0. 59%@@’0?%‘_9 + éﬂclﬁbr%leﬁgaﬁe Yﬁirﬁ%""l’o Rid whs é&é@i tri ﬁamnr’f@ ®.85ml,

roxamat e e rotec

6. 10mmlmlwymdmmqnpb@@gydqg&edﬁgmgw ?Qrpmo ),@nd the mlxture stirred at
RT oY asﬁxggg;&g%wamhke 'v@ﬁfwﬁénﬁémg érh‘aeémdcie@fwuﬂpﬂ)@wl 2x

cef at product

50m} TBe migans3mse Was\wiisd SMpB ekl andgh Cmvntfq’fe@hﬂya%'ﬁdo Yield a yellow
o (:(1%@@%%?%/%1 AR VI+H]".

Stage 6 — Hydroxamate deprotection to yield cyclopentyl (2S)-cyclohexyl[({1-[4-
(hydroxycarbamoyl)phenyl]piperidin-4-yl}methyl)amino]acetate (50)

0O

L LD

Stage 5 product (180mg, 323umol) was stirred in DCM (10mL) and TFA (0.5mL) at RT for
1h. The product was purified directly by preparative HPLC to yield a white solid (7.4mg,
5%). LCMS purity 95%, m/z = 458 [M+H]". '"H NMR (300MHz, CD;0D) &: 7.67 (2H, d,
J=8.3Hz), 7.02 (2H, d, J=8.3Hz), 5.40 (1H, t, J=5.4Hz), 3.93 (3H, m), 3.07-2.85 (4H, m),
2.05-1.70 (20H, m), 1.47-1.06 (8H, m).



1 h. The product was purified directly by preparative
HPLC to yield a white solid (7.4ng, 5% . LCMS purity

WO M8/053131 = 458 [ M-H] +. 'H NVR (3OON+E, CD3QOD) POT/GB2®86/004034
(2H, d, J=8.3Hz), 7.02 2%5 J=8.3Hz), 5.40 (1 H,
t, J=5.4Hz), 3.93 (3H, .’;07 2.85 (4H, m,

Stagd 705Edterydra®is M, 1. 47 1.06 (8H, m. WD 2008/ 053131
PCT/ GB2006/ 004034 87 Stage 7 - Ester hydrolysis O
OONYHNH NJOH Stage 5 product (1 84ng, 330pnol)
was stirred ijn THE (10nf)) wi th potassium
trinmet hylsiml/i%/@tedﬂzmg 3.34mml ) at 50C for 4
days. The xt

chon rated in vacuo and the

H
resi due used crude' for ne St age
Hydr oxamat e deprotection to y| ?@\/H
(2S) - cycl ohexyl [ ({1-[ 4- N o

(hydr oxycar banoyl ) phenyl ] pi peri di n-4-yl Enet hyl ) am no] a
cetic acid (51) O HORNHO H N "COH
product was stirred in DCM (1 OrL) wit
RT for 1 h. The m xture was concentratéd in vacuo and
the product purified by preparat ive HPLC to vyi eI d a
white solid (6.8ng, 5%. urity 93% mz 390
Stagp Gipduct (Wm3@QmWaS§lMJﬁ F(10mL) wit potassnum

trimethylsilanolate (428mg, 3.34mmol) at 50°C for 4 days. The mixture was concentrated

in vacuo and the residue used crude for next stage.

Stage 8 — Hydroxamate deprotection to yield (2S)-cyclohexyl[({1-[4-
(hydroxycarbamoyl)phenyl]piperidin-4-yl}methyl)amino]acetic acid (51)

X

Stage 7 product was stirred in DCM (10mL) with TFA (0.5mL) at RT for 1h. The mixture
was concentrated in vacuo and the product purified by preparative HPLC to yield a white
solid (6.8mg, 5%). LCMS purity 93%, m/z = 390 [M+H]". 'H NMR (300MHz, CDs0OD) &:
7.65 (2H, s), 6.99 (2H, s), 3.90 (2H, d, J=12.5Hz), 3.84 (1H, s), 2.89 (4H, m), 2.01-1.65
(10H,m), 1.45-1.05 (8H, m).



7.65 (2H, s), 6.99 (2H, s), 3.90 (2H, d, J=12.5Hz),
3.84 (1H, s), 2.89 (4H m, 2.01-1.65 (10H m,
w@2008/033186 (8H, nm). WO 2008/ 053131 PCT/ GB2006/ BOHGBZ2006/004034

88 Example I0 HN O i O -0 (/ HO Stage 1.

NaCNBH3 Et 3N, DCE - Prepared as described in Prepared
Exafpled@scri bed in Exanple 9 Exanple 4 '1-OvQ, NHI O

Stage 2. TFA, DCMN-N\ | HO HO N O Stage 3. KOTMs5,

THE HNNIIi,---100 /OMWNHOH \/ N Stage 4. DCM

TFANN\wH HONHOH NNHO Sch 14 WO

qusﬁpﬁﬁ CT/ GB2006/ 004034
H + [
. YO
H
20 HN © Stage 1. NaCNBH,

Et;N, DCE
Prepared as described in

Prepared as described in Example 4

Example 9

)\/o o<
i ”j\@L
o
e 0
Stage 2. TFA, DCM OVH\/QAH 4

H

Stage 3. KOTMS, THF

g Z
ZT
Iz
O
o
T

Stage 4. DCM, TFA l

HO
\Nj\©\
H

N N OH
H

Scheme 14



89 Compounds prepared 0 HONHNNOR NHO R-=
cyclopentyl (52) R=H (53) Figure 11 Stage 1 -
wRedgositge amination 0 "\/OOM | HN O N N PCDGB2006/004034

4- (4- Fornyl pi peridin-1-yl)-d¢ (1- i sobut oxyet hoxy) benzam

i de (prepared as described in Exanple 9 -210ny,
Confpoandsmeépareshas stirred with cyclopentyl (2S)-{[4-

(am nonet hyl ) benzyl ] am no} (cycl ohexyl ) acet at e

(prepared as described in Exanple 4 - 230ng,

0. 604mmol ) in 1 2-di chl or oet hane (20nlL) o this was

added triet hy amne (0.85nL, 6.10mmol ) ] sodi um

cyanobordﬁ%%[r 40nmg, 8.59mmml) and m xture
stirred at days The mxture wag added to

wat er (50nL) an d with BCN R X pOMR . The
organi ¢ phase was dr| ed I\/QSHM) @'o cne trat ed in
vacuo to yield a bro (208ny, 929 . mz = 677
[ MkH] +. Stage 2 - Hydroxamate deprot ecti on to yield
cycl opentyl (2S)- cycl ohex %ﬁﬁ éz 1-[ 4-

(hydr oxycar banoyl ) ph ry 2/9 4 yI }mst hyI ) am no] m
et hyl } benzyl ) ami no] acetate (52) NO

Figure 11

Stage 1 — Reductive amination

O

4-(4-Formylpiperidin-1-yl)-N-(1-isobutoxyethoxy)benzamide (prepared as described in

C
;

Example 9 —210mg, 0.603mmol), was stirred with cyclopentyl (2S)-{[4~
(aminomethyl)benzyllamino}(cyclohexyl)acetate (prepared as described in Example 4 —
230mg, 0.604mmol) in 1,2-dichloroethane (20mL). To this was added triethylamine
(0.85mL, 6.10mmol) and sodium cyanoborohydride (540mg, 8.59mmol) and the mixture
stirred at RT for 2 days. The mixture was added to water (50mL) and extracted with DCM
(2 x 50mL). The organic phase was dried (MgSO,), and concentrated in vacuo to yield a
brown oil (408mg, 92%). m/z = 677 [M+H]".

Stage 2 — Hydroxamate deprotection to yield cyclopentyl (2S)-cyclohexyl[(4-{[({1-[4-
(hydroxycarbamoyl)phenyl]piperidin-4-ylimethyl)aminojmethyl}benzyl)amino]acetate (52)

HO\N)@
H

O

§
;



N HO WO 2008/ 053131 PCT/ GB2006/ 004034 90 Stage 1
product (226ng, 334pnol) was stirred in DCM (10nL) and
waemspsB13n) at RT for 1 h. The product was peeT/GBe@6/004034

by preparative HPLC to yielghan off white solid
(33.5ng, 17% . LCVB purity 95% mz = 577 [M+H +. 1H
NI\/R(BOOM—IZ CD3CD) 6: 7.64 (6H, m, 7.02 (2H, d,

Stagg 1%0@(2% §§%ﬂm?liwﬁls sgrj'eas H?%M% %p}.)(effm Tﬂégﬁos glthzat RT for

1h. TheQroducdBasé pOidfiedy, prépa@tidke IBLC &b-lylelaﬁan @t abite Solid (E3.68,

oL B PSS . S5y g v

7.02\RH hd, DB @sis), BB 1 (tH, TeEb)BHS),14aB0i4at, br $)4386g3H3m26mrb41)—l s),

29203 o 5ol Al P AOtos HEAEETAIHE Text ot age.

Stage 4 - Hydroxamate deprotection to yi el d

2 2-cycl ohexyl -2-[(4-{[ ({1-[4-
Stag%%i/’dk%*ﬁ%@rr%‘&%yl ) phenyl ] pi peri di n-4-yl }met hyl ) ami no] m
et hyl } benzyl )am no] acetyl}oxy (53) 0 HONHNN OF2
N H O Stage 3 product was stirred in DCM (1 OrL) with
TFA (0.5nL) at RT §or | h. The mi xture was
concent ate(gj i B vaguo_and the product purif
pr eparati LCNo d a white solid (28.png,

179 . LCI\/ISp |ty 95 z—509[|\/Hr MR _OH
(300MHz, CD3CD) 6: Ov I

Stage 1 product (218mg, 322pmol) Was stirred in THF (10mL) with potassium

trimethylsilanolate (418mg, 3.26mmol) at 50°C for 4 days. The mixture was concentrated
in vacuo and the residue used crude in the next stage.

Stage 4 — Hydroxamate deprotection to yield {(2S)-2-cyclohexyl-2-[(4-{[({1-[4-
(hydroxycarbamoyl)phenyl]piperidin-4-ylimethyl)amino]methyl}benzyl)amino]acetyl}oxy

(53)
h k@
N
H

Stage 3 product was stirred in DCM (10mL) with TFA (0.5mL) at RT for 1h. The mixture
was concentrated in vacuo and the product purified by preparative HPLC to yield a white
solid (28.0mg, 17%). LCMS purity 95%, m/z = 509 [M+H]*. "H NMR (300MHz, CD;0D) &:
7.66 (6H, m), 7.02 (2H, d, J=8.6Hz), 4.30 (4H, s), 3.89 (2H, d, J=12.2Hz), 3.76 (1H, d,
J=3.2Hz), 3.01 (2H, d, J=6.4Hz), 2.90 (2H, t, J=12.1Hz), 2.03-1.68 (10H, m), 1.46-1.05
(8H, m).

g Z
ZT

Iz
O

O
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Py



7.66 (6H, m, 7.02 (2H, d, J=8.6Hz), 4.30 (4H, s),
3.89 (2H, d, J=12.2Hz), 3.76 (1 H, d, J=3.2Hz), 3.01
W@ 2048/088130=6. 4Hz) , 2.90 (2H, t, J=12.1 Hz), 2.PCFGBAB6/004034
(10H, m, 1.46-1.05 (8H npq4 WO 2008/ 053131
PCT/ GB2006/ 004034 91 Exanple 11 )"'o OMWO Ni H"O
O HZN O Stage 1. NaCNBH3 Et 3N, DCE Prepared as
Exa gqhbed in Prepared as described in Exanple 9
7 )"-,00 N H Stage 2. TFA, DCM NY' ~H O ~
HO, H O St age 3 KOTM5, THE NN~\H OY HOM H Stage
4, bc™M TFA OHHH N O HORN H OH

TN | R ]
=0 H,N 0
z Stage 1. NaCNBH,

Et,N, DCE

Prepared as described in Prepared as described in
Example 9 Example 7

N N ©
Stage 2. TFA, DCM H H S

H

Stage 3. KOTMS, THF

Q/H\/O/\H
N
)”"T“”i@
H
Stage 4. DCM, TFA[ -
H

OH
N N
H H
N 0]

Scheme 15



NIl | NH O Schene 15 WD 2008/ 053131 PCT/ GB2006/ 004034

92 Conpounds prepared: 0 HONHNHHOR NO R =
weyeBopast yl (54) R = H (55) Figure 12 St agePdI/&B2006/004034

Reductive amination /~0O 0,§oQYH O N H O

4- (4-fornyl pi peridin-1-yl)-N(1-isobutoxyethoxy)benzam

Compoaend9prgparedt as described in Exanple 9 -212ny,

0. 608l ), was sti rred with cycl opentyl (2S)-({][4-

(am nonet hyl ) cycl ohexyl ] met hyl } am no) (cycl ohexyl ) acet a

te (prepared as described in Exanple 7 -~

0. 609Mmmol ) i n{1, 2-di chl or oet hane (20mL

added trH

cyanobor ohydri d

stirred at RT foO

to water (50nL) and DCWI (2ox 50nL) .

The organi ¢ phase was (MpS™), and concentrated

in vacuo to yield a brown oil (318 ng, 77%. mz = 683

[ MtH +. WD 2008/ 053131 PC%/ Gl;%? 004034 93 Stage 2 -

Hydr oxamat e depr ot ec% g ycl opent yl

(2S) -cycl ohexyl {[ (4-{]({1- [4-

(hydr oxycar banoyl ) phenyl ] pgypet2 di n- 4

Stage 1 — Reductive amination

S o o,
! L@@ﬁ 0

4-(4-formylpiperidin-1-yl)-N-(1-isobutoxyethoxy)benzamide (prepared as described in
Example 9 —212mg, 0.608mmol), was stirred with cyclopentyl (2S)-({[4-
(aminomethyl)cyclohexyllmethyl}amino)(cyclohexyl)acetate (prepared as described in
Example 7 — 236mg, 0.609mmol) in 1,2-dichloroethane (20mL). To this was added
triethylamine (0.85mL, 6.10mmol) and sodium cyanoborohydride (555mg, 8.83mmol) and
the mixture stirred at RT for 2 days. The mixture was then added to water (50mL) and
extracted with DCM (2 x 50mL). The organic phase was dried (MgSOQ,), and concentrated
in vacuo to yield a brown oil (318mg, 77%). m/z = 683 [M+H]".

I=



yl }met hyl ) am no] et hyl } cycl ohexyl ) met hyl ] am no} acet at e
(54) O HON HO NH Stage 1 product (257nyg,

wW@Z®pnsdipl was stirred in DCM (10nL) and TFA ( OPGIGB2@b/004034
RT for | h. The product waggpurified by preparative
HPLC to yield an off white solid (18.7ng, 9% . LCMS

Stageu2 +tHyd ﬂﬂ%natdd deprote8ion WI&cyddﬂFhW%WMexyﬁglﬁw -[4-
.. 1.68 (2 J=8. , .04 (2H, d, J=8.6Hz), 5.36
(hyd?‘lxyﬁf“%ﬁ?‘?’y'g?*tﬁ‘y'é‘?'%ef'd?‘g%r, M), 2.06-1.64 (25H M),
ylimétHyBafind@¥nethyl Riyiclohgxyl)Sistindlafino}dcetate (3dydrol ysis 0 /~O
ONHNNOH NHO Stage 1 product (1 96ng, 287pnol)
was stirred in THE (10nL) with potassium

trlnethyIS|IanoIate (399nmg, 3.11 mmmol) 50C for 4
days. The n1iture was concentrated i cuo and the
resi due rdle for the next stage. 2008/ 053131

PCT/ GB2006 004
deprotection to

N (¢S) - cyclonexyTy
(hydr oxycar banoyl ) phenyl ] pikper -4-H
yl } met hyl ) am no] et hyt7} cy€l otiexyt) net hyI]am no}acetic
acid (55) 0 HORNHNNOH HH

94 Stage 4 - Hydroxa

Stage 1 product (257mg, 376umol) was stirred in DCM (10mL) and TFA (0.5mL) at RT for
1h. The product was purified by preparative HPLC to yield an off white solid (18.7mg, 9%).
LCMS purity 98%, m/z = 583 [M+H]*. "H NMR (300MHz, CD;OD) &: 7.68 (2H, d, J=8.5Hz),
7.04 (2H, d, J=8.6Hz), 5.36 (1H, m), 3.04-2.81 (8H, m), 2.06-1.64 (25H, m), 1.53-0.97
(12H, m).

Stagé 3 — Ester hydrolysis

Sata sUNEIUS ¢!

Stage 1 product (196mg, 287umol) was stirred in THF (10mL) with potassium

g Z
ZT
Iz
O

trimethylsilanolate (399mg, 3.11mmol) at 50°C for 4 days. The mixture was concentrated
in vacuo and the residue used crude for the next stage.



N O Stage 3 product was stirred in DCM (10nL) wth TFA
(0.5nm.) at RT for 1 h. The m xture was concentrated
WO poos@asiiel and t he product purified by preparat PEGBRI0E004034
to yield an off white solidq(36.7my, 25% . LCNMS
purity 98% nmz = 515 [M+rH +. 'H NMR (300MHz, CD30D)
Stage 4 7. HgIrg@mateidengeigctionztp, yietd (ZS)(cyeloheky{l(48[(BHA) , 3.89

(1 H d, J=3.6Hz), 3.03-2.82
(hy‘%'éﬁcafﬁam]oﬁ@’f’%w&e@fgg 1.54-1.04 (12H, ).
yl}nmfmk)emlr@hethﬂ}x}ybbhgmé)m@lnw@mlma@aﬁcmw gi ven conpound
(55)of the present invention wherein R, is an ester group,

may be tested to determ ne whether it neets the
requi renent that it be hydrolysed by intracellular
esterases, by testing in the follow ng assay.
Preparation of ocell extract W937 or HCT t unour
cells (- 14@9) washed in 4 vol unes | beccos
PBS (-- 1 litYe) pel leted at 525 g fof 10 min at

40C. This was repeg M ce and \ H
pel | et was resuspende in|35H ol dHhonbgeni si ng
buffer (Trizma 10 MM N cad 2 @5 nM pH

7.0 at 25C). Honpbgenates were prepared by nitrogen
cavitation (700 psi for 50 min at 4C). The honpbgenate

swg@@ pkRiBkt W4 étmdwgcwpl@lnﬁ_mh qqkAvwotdﬂnLe} at RIGEE B, IThefm.xture
i nhi bitors at final concentrations o Leu

was gopgentrated i vacyg ancsihepragusé purifiediby pier@r%nveéé'gs)&%tq Yield @p off
whltwsm m&%&@&m/ﬁwz, QQ&O=3§15 [RPH] Chm rmrtz oM

clarificatio

COBER 7168a r=8uHeng G (25 duGainie). ERY e P A2, 379 (1H,

d, JS3IBAE) BRI VESH, HHed 02S1.65 SIBH! /1, 254- ¢$)T4€(ﬂ2$9mﬁ0t fvity
and was stored at -80C wuntil required. Measurenent of

ester cl eavage

Broken Cell Carboxylesterase Assay
Any given compound of the present invention wherein R, is an ester group, may be tested

to determine whether it meets the requirement that it be hydrolysed by intracellular

esterases, by testing in the following assay.

Preparation of cell extract

U937 or HCT 116 tumour cells (~ 10°) were washed in 4 volumes of Dulbeccos PBS (~
1litre) and pelleted at 525 g for 10 min at 4'C. This was repeated twice and the final cell
pellet was resuspended in 35 ml of cold homogenising buffer (Trizma 10 mM, NaCl 130
mM, CaCl, 0.5 mM pH 7.0 at 25°C). Homogenates were prepared by nitrogen cavitation
(700 psi for 50 min at 4°C). The homogenate was kept on ice and supplemented with a
cocktail of inhibitors at final concentrations of;

Leupeptin 1 uM
Aprotinin 0.1 uM
E64 8 M
Pepstatin 1.5 pM
Bestatin 162 uM



Hydrol ysis of esters to the correspondi ng carboxylic
acids can be neasured using the cell extract,

w@e@pasael as above. To this effect cell extracPCl/GBR006/004034
lag / total assay volume ofgh.5 mnl) was incubated at
37Cin a Tris- HO 25 mM 125 nM NaCl buffer, pH 7.5
at 25C. At zaymostbtiie3d Rl ester (substrate) was then
added at a final concentration of 2.5 "M and the
sanpl es were incubated at 37C for the appropriate tine

Atter(dlarifizblion &ftﬁé c@%dﬁcﬁ@enaﬁ&f}%dn@ﬁﬁgatm ra@ 52% gptberﬂo by, ttinee
n o onitr

ddi t o
resullshideigat ad W AN S sr-dcateaaRe i And of Rlored e
until esgupednd. After centrifugation at 12000 g for 5- nmin,

sanpl es were anal ysed for the ester and its
correspondi ng carboxylic acid at room tenperature by

Meab%é:ﬁ%f%éte%’lea%@@ HP1100 binary punp, CTC PAL).

Chro a was based on an Acef
HyOTSB 1, CRIRE @ TR BPTeSPBRGISS COIbORLIC S e a6 De g AT the cel
extratd C_lgf?é drfd ds Yo by, Mbehigeffebt c¥DeRdB( Wotal assay volume of 0.5

) RS A R 4 ?fﬁﬂéﬁﬁég@@f#m%%m%ﬂ 0@?&#&%@%7 53typ5°C. Al

zero@me-PERGIN fubsRateNRESHenhidEEOBE ﬁﬁ@@eh@émeomeﬁz §ictM aAd the
S nmeasur

th | b
S EER S Bict s e g i o AENE
werd:étd@;?ediﬁy thb e dilibis ubs & K/albmesa)f bwbmg"?MthZ@? r’gm}ehsamples the
eps), | on-ami n on, is i at ed Wi
acetiie 855 pdos wit Tethedat Symagundh BT baitn 4 fepag fors
min, @&kipRstwerk RinbIpSediof SRrEstereind de senespoptiingrdartuixylizracid at room

Deacet yl af. ] of t sensitis

termgaicrer t B tePis PR a0et) TRt b pRBE S T RRL).

Chr@ﬁg@gr@bﬁﬁwas bhser @pémAeeCI;l'l(ilﬁé‘Z 1ime)udeiinhroandh rrtdlbﬂe phase of 5-

ubstr.at e rce o HDACact|V|ty results in

95 @ﬂcéﬂ@ﬁ@%@ tﬁr@ﬂg"%i‘f’m}%‘?d. s dininished in the
presence of an HDAC inhibitor. Data are expressed as
a percentage of the control, neasured in the absence
of inhibitor, wth background signal being subtracted
fromall sanples, as follows: %activity = [(S - B) /
(S- B)] x 100" where S is the signal in the presence
of substrate, enzyne and inhibitor, Sis the signal in
the presence of substrate, enzyme and the vehicle in
which the inhibitor is dissolved, and B is the
background signal neasured in the absence of enzyne.
| C50 val ues were deternined by non-linear regression
anal ysis, after fitting the results of



ei ght data points to the equation for signoidal dose
response with variable slope (% activity against |og
w@oemsestisat i on of Conpound), using G aphpad PrPGIMGB2006/004034
software. Histone deacetyl @age activity from crude
nucl ear extract derived from HeLa cells was used for
Measwrement éhbiolegivalt activitieschased from 4C
(Seneffe, Belgium, was prepared from HelLa cells
harvested whilst in exponential growth phase. The
: r .ywas prepared according to the
HistBHE 168 en TS b i bed by J. D. Dignam Nucl. Acid.
TheRdbdity, of coa®Bundslto idHiBE hiskBe descaiyase adtivities wasimeastired using the

corﬂ%&g%i%@f%aﬁ%ﬂe ﬂtﬁ%ﬂ n@%i%e%)gctlv})bgssf@%'?%é EH%];O? mrgbﬁe Fluor de

LysOt @bBMtQTJ l,ysﬁe Evmhﬂ%ri:éﬁﬂon-ammo%eﬂﬁe(ﬁmh,\/& |@u}ba%ﬁ<ﬂnth th@E@urce of

hlstéégef] t ﬁ‘ﬂtdgﬁlﬁ/{-g d ﬁggoe%ﬁa&&éh%a %ﬁ@%‘gmﬁs{eace oflnhlbltor

Deab@@lélﬂbﬂ\ oM@e 20PSf 15 3d3chiseC RN LA +idf de Lys™afeeloper, which
Range | C50 >1001, n&a’u gﬂﬂand HUT cell inhibition

genﬁ@éeé;ﬁ %%ﬂﬁ%@o“’cér us| ing e sHbstata Vit esiRurrg iR Afgactivity

resuMB @ 8n WRFRsB A & gﬁéleﬁ’at@dmﬁrﬁﬁ{é@dn e préS&ite-of BAMDAC inhibitor.
cells/well (100pl final volume) into 96-well tissue
culture plates. Followng 24h of growth cells were

Dath bRP&:@essbd Bs Gwmmabe dltieg &ﬁrﬂr‘éﬁ reeakbDRN iR thd d5eRaed 6nhibitor,

witSogroupd S de o IRReH GPR NI AN IS

'Appl i ed Science) instructions. Data were expressed as

S erc&;t %s inhibition of the control, neasured in
- A;ap dy sHeendd / (Bt - BAKi Pt or, as follows: %inhibition =

100-[(S'/S))x100] where S is the si gnal in the

presence of inhibitor and Sis the signal in the ) '
whepe gdeihesigrl infvsoresppee ol wbpie cnzimeand ighibitasePias esgignal in
the fn’et@&‘nc% &%Uﬁﬁfétté 3én'z%§ ahbi o &éﬂb?é m%ﬂ&?%rlﬁ“lblgﬂ is &Qwed and

3-fold dilutions), usi ng 't cates.
B is\iag backaigeipd sigapbimaasised inyihee sqnpﬁ@ ENZVEH- eSS| on
anal ysis, after fitting the results to

ICso values were determined by non-linear regression analysis, after fitting the results of
eight data points to the equation for sigmoidal dose response with variable slope (%

activity against log concentration of Compound), using Graphpad Prism software.

Histone deacetylase activity from crude nuclear extract derived from Hela cells was used
for screening. The preparation, purchased from 4C (Seneffe, Belgium), was prepared
from Hela cells harvested whilst in exponential growth phase. The nuclear extract was
prepared according to the methodology described by J. D. Dignam, Nucl. Acid. Res.,
1983, 11, 1475-1489, snap frozen in liquid nitrogen and stored at -80°C. The final buffer
composition was 20 mM Hepes, 100 mM KCI, 0.2 mM EDTA, 0.5 mM DTT, 0.2 mM PMSF
and 20 % (v/v) glycerol.

ICso results were allocated to one of 3 ranges as follows:
Range A: IC5,<100nM,
Range B: ICs, from 101nM to 1000niM;



the equation for signoidal dose response with variable
slope (% activity against |og concentration of
w@ovposaiel) , usi ng Graphpad Prism software. | CoECT/682006004034

were allocated to one of 3 ganges as follows: Range
A: 1C50<330nM Range B: 1C50 from 331nMto 3300nM

and CcQC:) €HD1AM301 nM and n/d: not determned. HelLa
cell inhibition Assay HelLa cells growing in | og phase
were harvested and seeded at 1000 cells/well (200pl

final _volune) into 96-well tissue culture plates.
MU% el nhipl growth cells were treated with
Canéé?féBrP lidsUeBT BAd HQHT) @&rwnﬁgam |@@ pﬁéseaﬂérwhan@swd@wde‘eﬁed at

n re-incubated

008/ 0531
1000 peale By AN o Riste) ke SP-el 1S O TERAlse Eokowing
24h &@?@wﬁ:@éub wér@tbéétéa w.tﬁmapow pratuéuﬁéredhamqhdnmd fora
net hodol ogy descr i Skehan et a
furth@'a?% 9ph gefore TheoT -1l V@wva $3pwas 5&@%4&@&@8%}%@&%
supﬂérsétReeﬁ&ﬁzﬂ;Sl@a%ciéhl&éﬁh&ﬂrmoﬁé the control, measured in
he absence of inhibitor, as foll ows: %lnh|b|t|on:

100 [(S /S)x100] where S is the signal in the

Data%&%%kﬁ%s@éd é%vgbﬁcbﬁf Cg@%lﬁldrﬁoﬂtMC@itl@n ghedsrddif the absence
gr esence of 0 val ues were determ ned by
of inpiglien AHEAPWHegr essi on anal ysi's, after fitting the

results of eight data points to the equation for
noi dal sg response with variable slope (%

%'“B@&'io{?l‘tlpoa[é%/sn)%‘ﬂoq]og concentration of Conmpound), using
Graphpad Prismsoftware. 1C50 results were all ocated
ne of 3 ranges as f n 0<330n
wheregs gSethB signep the IRPEE ﬁmW%tOégwgﬁwg?hﬁﬂgg the, Regeynee of
DMS3301 nM and n/d: not determ ned. Results Table i

Dose response curves were generated from 8 concentrations (top final concentration

10uM, with 3-fold dilutions), using 6 replicates.

IC5, values were determined by non-linear regression analysis, after fitting the results to
the equation for sigmoidal dose response with variable slope (% activity against log

concentration of Compound), using Graphpad Prism software.

ICs, results were allocated to one of 3 ranges as follows:
Range A: 1C5<330nM,

Range B: I1Csp from 331nM to 3300nM;

Range C: ICs, >3301nM;

and n/d: not determined.

HelLa cell inhibition Assay

HelLa cells growing in log phase were harvested and seeded at 1000 cells/well (200p! final
volume) into 96-well tissue culture plates. Following 24h of cell growth cells were treated
with Compounds (final concentration of 20uM). Plates were then re-incubated for a further



Exanpl e HDAC U937 HUT HeLa No. activity activity

activity activity 1 B-ABC 2Bn/dn/dn/d 3 BB
w@2@s/08818A n/d nf/d nfd 5 BB BC 6 Cn/d n/d POGBZ008004034

ABC 8Bnldn/dnd 9BggBC 10 ABBB 11 B

nfd nfd nfld 12 AABB 13 Bn/dnldn/d 14 ABBB
72h1@ie @/sdiphochadathinel B (IRB) gellyiabllity Bssay dvas/adndiicted\@cording to

the FRAPRAY Speira BT Naticafe g, Pedty s b2
Bn/dn/dnd 24 AAAB 25 Bn/d n/d n/d

Data were expressed as a percentage inhibition of the control, measured in the absence

of inhibitor, as follows:- ’

% inhibition = 100-[(S/S°)x100]

where S'is the signal in the presence of inhibitor and S°is the signal in the presence of
DMSO.

ICs values were determined by non-linear regression analysis, after fitting the results of
eight data points to the equation for sigmoidal dose response with variable slope (%
activity against log concentration of Compound), using Graphpad Prism software.

ICSO results were allocated to one of 3 ranges as follows:
Range A: IC5,<330nM,

Range B: ICs, from 331nM to 3300nM;

Range C: IC5, >3301nlM;

and n/d: not determined.

Results Table

Example | HDAC U937 HUT HelLa

No. activity | activity | activity | activity

1 B A B C

2 B n/d n/d n/d

3 B B C C

4 C n/d n/d n/d

5 B B B C

6 C n/d n/d n/d

7 B A B C

8 B n/d n/d n/d

9 B B B C
10 A B B B
11 B n/d n/d n/d
12 A A B B
13 B n/d n/d n/d
14 A B B B
15 B n/d n/d n/d
16 A A A B
17 B n/d n/d n/d




26 BBBC 27 AAAB 28Bn/dn/dn/d 29 AABB
30 Anfdn/dn/d 31 BABB 32Bn/dn/dnld 33 AA
we2®s8/0343A n/d nfd nfd 35 AB BB 36 A A A ACB@B2006/004034

nfd nfd nfd 38 AABA 39g§

nfd nNfd nfd 40 A AAB

41 Anld nfd nfd 42 A AAA 43 An/d n/d n/fd 44 A A

ABB |45A\ n/d A/d |nldB 46 BBB H
48 C|IB @ n/d nk® G nhldl nid nidd
@0d n/dA52|C B B|n/fdB 58 CBn/d
21 A n/d n/d n/d
22 A A A B
23 B n/d n/d n/d
24 A A A B
25 B n/d n/d n/d
26 B B B C
27 A A A B
28 B n/d n/d n/d
29 A A B B
30 A n/d n/d n/d
31 B A B B
32 B n/d n/d n/d
33 A A A B
34 A n/d n/d n/d
35 A B B B
36 A A A A
37 A n/d n/d n/d
38 A A B A
39 A n/d n/d n/d
40 A A A B
a1 A nid n/d n/d
42 A A A A
43 A n/d n/d n/d
44 A A A B
45 A n/d n/d n/d
46 B B B n/d
47 A n/d n/d n/d
48 C B C n/d
49 C n/d n/d n/d
50 C C C n/d
51 C n/d n/d n/d
52 C B B n/d
53 C n/d n/d n/d
54 C B B n/d
55 C n/d n/d n/d

n‘d 47 A n/d n/d n/d
50 cCcCn/d 51 Cnl/d
nfd nNfld 54 CBBnld



55 Cn/d n/d n/fd WD 2008/ 053131 PCT/ GB2006/ 004034 100
Clains 1. A conpound of formula (1), or a salt,
wOR@RIOMAE31 hydrate or solvate thereof: QV HORCT/GBRBH0V4034
[Linker] [Aln Z1 (1) WO qgperein mand n are
i ndependently O or 1, provided that at |east one of m
Claifgsn is 1, Q V and Windependently represent -N= or
-C=; Bis a divalent radical selected from(Bl), (B2),
1. ( B3)con{dand of BB ularfl, ¢recialt, Nxoxides hydratepprsolvite thereof:B1)
(B2) (B3) * N** -NN -NN(B4) (B5) (B6) wherein
the bond marked * is linked to the ring containing Q
V and . AQ=sVan optionally substituted nono-, bi- or
tri-cycpjc{carb Bic_or rocpml ic_rAaing syste
- [ Lippgser epr sen{ s?ma kpélr?l]g%ﬂor gﬁqai val ent Iinkernu)
radi cal ; Is'Y(a) a radical of formula
R1R2CHNH-‘@L'-X'-(CH2)Z or (b) a radical of fornula
R-L'-Y -(CH2)1-, wherein: W 2008/053131
PCT/ GB2006/ 004034 101 R is a radical of formula (X
whemin(Y) RR R HN D

m and n are independently O or 1, provided that at least one of mand n is 1;

Q, V and W independently represent —-N= or —C=;

B is a divalent radical selected from (B1), (B2), (B3), (B4), (B5) and (B6):

*_N<>i** *;__N®>_** *%;\N_— %

(B1) (B2) (B3)
(B4) (B5) (B6)

wherein the bond marked * is linked to the ring containing Q, Vand W ;

A is an optionally substituted mono-, bi- or tri-cyclic carbocyclic or heterocyclic ring
system;

~[Linker]- represents a bond, or a divalent linker radical;

Z' is (a) a radical of formula R{R;CHNH-Y-L"'-X"-(CH,).- or (b) a radical of formula
R-L'-Y'-(CH,).~, wherein:



RIH (X) (Y) Rl is a carboxylic acid group (-COCH), or
an ester group which is hydrol ysable by one or nore
WO nios@saBl ul ar esterase enzynes to a carboxyl i BCT/a@BR@6/004034
group; R6 is hydrogen; or ggyionally substituted Cl-C6
al kyl, C3-C7 cycloal kyl, aryl or heteroaryl or
- () Rédical 6OPM@EIX) 67(Y) (C=0) NR3 wherein R3 i's
hydrogen or optionally substituted (Cl-C6)al kyl. R2
is the side chain of a natural or non-natural al pha
am no acid; Y isga bond, C( O) R S(=0)2-, -C(=0 0,
-C(=O)NR3-, -O(=S|-NR3, -C(= -NRé (=0) 2NR3-

or optlonaId Bu ituted Cl-C6
al kyl ; Y‘|58&P d,”-(C=0 - =®C}
-0q(=0) -, -(C20) -NR3(C=0) -, -
-NR3S(02) -, or -NR3(G=O) NR4-; wher ein R3 d R4 are
i ndependent |y hydrogen or optlonally substituted
(Cl-Co)alkyl, L" is a divalent radical of formula
.‘nﬁétse%g%ﬁ% HEGEM IO, Porttstlydyfficni
s ubydrolysaldel byj ona bempramtﬁ@celluhar pstespsp |eazm¢90éc%/%arb@xyb¢
gga%ﬁﬁ$ ic radical having 5 - 13 ring nenbers, or
[ the case where p is 0, a divalent radical of
fornula -Q -X2- wherein X2 is -0-, -S- or NRA- wherein

an§ &ﬁ%%&%e& tloﬂzﬁg/ sf&Béﬂuth d%lt@tél 3}{”(93 Qﬂ;@g,k@l kil or

I'S an t1on ute 'di val ént nono- or

bi bgterdatyl ©ar66EYBE. |-(&-6})Oﬂ?et @ r-é@y@DN%s whergindzd is hydioagn o
r%rﬂ‘g? 8/ 053131 PCT/ GB2006/ 004034

10%@@1&9 ios( 1ﬁ£@ﬂdent ly represent optionally

substituted dival ent C3 C7 cycloal kyl radicals, or

ODB Akl St‘l‘:%@tdfta%ﬁﬁ lsérrr%hg{étturglr aﬁ‘é]'ﬁfﬁ%%mdc' 6

al f7l ene, 82 al keny ene, al kynyl ene

radi cal s which may optional I y contal n or termnate in

an &t Bjond Q:()=O)-t [4064,12C(£0)8-) - AEOMRPAC(=5) M5 )-CLIA)-NR,

wherein IS or optional [y substitute
al py+S(-O)2NR3- wherem 3 |s hydrogen or optlonally substituted C4-Cg alkyl;

Y'is a bond, -(C=0)-, -S(05)-, -C(=0)0O-, -OC(=0)-~, (C=0)NRs-,
'-NR3(C=O)-, -S(Oz)NR3-, -NR3S(02)-, or -NR3(C=O)NR4-,~' wherein Rs and R4 are
independently hydrogen or optionally substituted (C4-Ce)alkyl,

L' is a divalent radical of formula —(Alk")(Q)n(Alk?),- wherein

m, n and p are independently O or 1,

Q is (i) an optionally substituted divalent mono- or bicyclic carbocyclic or
heterocyclic radical having 5 - 13 ring members, or (i), in the case where p
is 0, a divalent radical of formula —Q"-X2- wherein X2 is —~O-, -S- or NR*-
wherein R* is hydrogen or optionally substituted C4-Cs alkyl, and Q'is an
optionally substituted divalent mono- or bicyclic carbocyclic or heterocyclic

radical having 5 - 13 ring members,



X is a bond, -C(=0-; or -S(=02-; -NRAC(=0) -
-C(=O) NR4-, -NRAC(=0) -NR5-, -NR4S(=0)2-, or
WO S(08s@FABRA- wherein R4 and R5 are i ndependent PGT/GB2006/004034
hydrogen or optionally supgtituted C1-C6 alkyl; and z
is 0 or 1. 2. A conpound as clainmed in any of clains
1 t 0 36AImﬂ;@rlicﬁNk2 @dependentipraprasen dlenaﬂy suletitied divalerd. Cs-Cr
oun

aher o R0 R aslofly sBheti)Sn B S uael € co
opt i onalityyery 050 alkeagiond) dNez-Cﬂ"al@hytehb rasdicaRRehicNMAY

Lo, Bt SO0, 85 e . SRR S0 o

Ri o RIRN) ifR whé¥ein R* is hydrogen or optionally substltuted C-Cs alkyl;

X'is a bond, -C(=0)-; or -5(=0)z-; “NR4C(=0)-, -C(=0)NRy-, -NR4C(=0)-NRs-,
-NR,S(=0),-, or -S(=0);NR4- wherein R, and Rs are independently hydrogen or
optionally substituted C4-Cs alkyl; and

zisOQor1.

2. A compound as claimed in any of claims 1 to 36 wherein Q is —-C= and Vand W
are each —N=.

3. A compound as claimed in any of the préceding claims wherein A is one of the

* following ring systems, optionally substituted:

o & O
@cﬁ @cﬁ#“b{

NS
N/ X N



HR10 />0-NO NONH ONN\V/ N\ N "SI N
N1lo NONOO ONHNS -zNr NNI / 0 --"N\ \ \
W@®200805H#3N S H WO 2008/ 053131 PCT/ GB2006/ 0040BAT/GBReH6/004034

O/ SS NO ORI Cer%l , N NN/ OI/ S/
wherein R10 i s hydrogen or?: C6 al kyl, the bond
i ntersected by '

e wavy |ine connects to the
[ Li nk r ra, and Ris aﬁtached to avai | abl e
r|ng

m@ Y

R10
Ryo N
07 N7
H

T T T -
EESee o &
T, T %@@ o



4. A conmpound as clainmed in claiml or claim2 wherein

ring Ais selected fromoptionally substituted phenyl,
w@y®BosE3yl , naphthyl, quinolin-2-yl, and 1, 3-PCTIGH@®6/004034

i soi ndol -2-yl. 5. A conmpound04s clainmed in claim4

wherei n optional substituents in ring A are selected

fromfluoro and chl oro, A conpound asv£l ai ned in
any of t 3 g_l)ng € M&V%-@ier -\ S
sel ect ed ; (Hd\(‘} Cf{z%gﬁ
-3(=0 2-, NRC- Lo NRe-, -St£0) 2NRE., - NREC(=0) -,
- NRc §( 0)2- -NRc(CHZ)m,- RcC(=0) (CH2) m

, - NRcS(=0) 2(CH2 - N )NRC-/

-NRcC( = ) or - €J0) MAr Rc
and RDlarglind nt | ydrog%v 2 C4 alkyl >or a
ni trogen Mubstituent, mis 1, 2 or 3, and Ar i

di val ent phenyl radical or a divalent nono-, or

bi -cyclic hetexpdiRy] radigal faying 5/ Dy
menber s; | (| an opfi o subst t @ strai ght
or branched -6 al kyl e@F, C6 al BenyEne or

C2- C6 al kynyl ene radi cal which may optionally contain
or termnate in WO 2008/053131 PCT/ GB2006/ 004034 105

aﬂe\rﬁﬁé%fn Fém% ﬁydrc!é;]é’ncb‘?@% @tﬂe pﬁ cf'lme%bc Nﬁﬁhé W line

or a ni

subnnesis e the?—[ WQ? m@bcﬁioﬁrﬁisR@I @ttambeld tqamaa\mllable ring atom.
wherein -Ar- is present in -[Linker]- and is a

di val ent radical selected fromthe followng: N N NN

4. N Aesmrennd 3§ ¢lpiner] incigink 1 jor plajn R\whereixrig X is séfected from

optionally substituted phenyl, cyclohexyl, naphthyl, quinolin-2-yl, and 1,3-dihydro-
isoindol-2-yl.

5. A compound as claimed in claim 4 wherein optional substituents in ring A are
selected from fluoro and chloro.

6. A compound as claimed in any of the preceding claims wherein —[Linker]- is
selected from:

(i) a bond;

(if) -O-, -8-, -C(=0)-, -S(=0),-, -NR®-, -C(=0)NR’-, -S(=0),NR-,

-NR°C(=0)-, -NR®S(=0),-,-NR(CHz)-,-NRCC(=0)(CHy)m~,-NRCS(=0)5(CHy)m, -
NR°C(=0)NR®-, or -NR°C(=0)(CHz)mAr-, or -NR®S(=0),(CH,)mAr- wherein RC and
RP are independently hydrogen, C;-C, alkyl or a nitrogen substituent, mis 1, 2 or 3
and Ar is a divalent phenyl radical or a divalent mono-, or bi-cyclic heteroary!
radical having 5 to 13 ring members; and

’

(iif) an optionally substituted, straight or branched, C;~C; alkylene, C»-Cs
alkenylene or C»-Cs alkynylene radical which may optionally contain or terminate in



wherein Xis 0, Sor NH 8. A conmpound as clained in
claim6 wherein -Ar- is present in -[Linker]- and is

w@2aswsdient phenyl ene radical. 9. A conpound aBCT/GBRUSM04034

in any of cl aims 1 to 5 whenébn -[Linker]- is a bond
when n is A co ound,ascl imed in any of the
pr e%ﬁﬁhﬁb(‘% “hi ri‘\%‘atWI"fe(r < Ar amjng (ONRQ'Mnk whereinB uis dydrogen, C1-Cs
cl a¢| @I,rgrmt ¥n efibdtinener ecedi ng cl ains wherein Y is
-S(=0 =S)-NR3, -C(=NH)-NR3 or -S(=0 2NR3-

wher ei n R3 is hydrogen or Cl1- C6 al kyl. 12. A conpound
as AlkainpBehd &5 ddithedfin Elafh BRvhbrdi® —AR i¥HREEAIn Y 1S a
bond. WO 2008/ 053131 PCT/ GBZOOé/ 004(5%B s H(].)Gn 13. A
cormbiiker-A0dds adivatent radica) selectedBomrtae iipwingc| ai s
wherein, in the radical L', A k' and Al k2, when
present, are selected from-CH2-, -CH2CH2-

2C and ent cycl yl cycl
g :
br ecedi [ i’n th \adl aI

L', QL is a divalent phenyl radf cal or a nono-,
bi -cyclic heteroaryl radical having 5 to 13 r|n
mepr 15. A ¢o d sclal &Nn cl ai

und>f§_c
of \ t ecedi n eren ra|cI

[
and rtare 0. 17. A __6 ound as clai d |n any of
[

in the jradical q and r
A conpo c a| )
in the r d| ,

g powad as cl nany S
pr ecedi ng clains wherein Z is a rad| cal- of fornula
R, R2Cl - X - (CH2) wherein the radigal
- Y- I is sel egfront - C(EQ) - D) NH-,

wherein X is O, S or NH.

8. A compound as claimed in claim 6 wherein —Ar- is present in
—[Linker]- and is a divalent phenylene radical.
9. A compound as claimed in any of claims 1 to 5 wherein —[Linker]- is
a bond when nis 0.
10. A compound as claimed in any of the preceding claims wherein z is 0.
11. A compound as claimed in any of the preceding claims wherein Y is
-S(=0)z~, -C(=8)-NRs, -C(=NH)-NR; or -S(=0),NRs- wherein Rs is hydrogen or C;-
Cs alkyl
12. A compound as claimed in any of claims 1 to 10 wherein Y is a bond.



(CH2)WD and (CH2)WD wherein v is 1, 2, 3 or 4 and w
is 1, 2 or 3. 20. A conpound as clained in any of

w@bkasios31lito 18 wherein Z' is a radical of forpclk/a@B2006/004034

13.

14.

15.

16.

17.

18.

R R2CHNH Y-L' - X - (CH2) whergg n the radi cal
Y-L'-X -[CH2]r is -CH2-, -CH2O, -(C(=O-CH2-, -
C(=0-CHR0, -=0-NHCH2-, or -C(=O-NHCH20O-. 21. A

d as’ clained | f H 0RO 21 A
c n$ cgﬁﬁr’]f)%,%sﬁsgdag'hggﬂ} %’B’ o%g%(eoglgec%@ﬁg gf?%?e\ghé}%@@hﬁaducal L,
whg'eing /R, wbeRPREEhE, ansheslasiter] e 2008, 668EH,-, ~CH2CH2CHz-,

o SRy et ABet b BBy e g

(C -C3)al kyl ] b- or

[ ,

- C3) al kenyl -.(Z' ) a- s . . in: .
o TASHEEAAG 5 A g OREET paat
- IR, i9-a diasraipheiil Gadical bya negen oo bi-GLlicCBetardayy! radieal harag 5
is hydrogen or (Cl-C3)alkyl-; (ii) R7 is hydrogen or
opPi A9 ﬁl?”gq?ﬁ%t(l t ut e)d Rl%R, 1NS(C)1- C3) all kyI>/- vvlgler ein
R10 is hydrogen or Cl1-C3 al kyl and R11 is hydrogen or

i FoBnss dreiee 89 P el PR BT APREE o

substituted nonocyclic heterocyclic ring of 5- or 6-

ri at ons, or .bi cycl i |6l : ; 1
¢ A Sopovi &% oo gia it RSB G sy Wpeipfe e Holhaial L', p
Card kark0, or (iii) R7 and R8 taken together with the
carbon to which they are attached form an optionally
substituted nonocyclic carbocyclic ring of from3 to 7

r i Agompbumbaoelainiadyic bing otaaiysclytol i5ovhdreiy, iByike eadicst Lgq and r
to 1Q ring.atons. 22. A conpound as clained in claim

212" e?qg]‘ﬂls is methyl, ethyl, n- or iso-propyl, n-,

sec- or tert-butyl, cyclohexyl, allyl, phenyl, benzyl,

5. 3. 4 . et b _ . cd 1
b b SRR TER Y s (% (AR 8 oL . ano
nor &rerafiyd.,  di net hyl am noet hyl, or nor pholi noet hyl .

23. A conpound as clained in claim?21 wherein RO is
cyclopentyl. 24. A conpound as clained in any of the

19. pr Acedipognd backsmathiermey nf e precesingaakimgwherein £o israuaglical of

form{ b e AR 5 E G hutrdiheaalc8! DYREXSCHl.-is selected from

~C(=0)-, ~C(=0)NH-~, ~(CHz),~, -(CH2),0-, -C(=0)~(CHz),-, -C(=0)~(CH2),O-, -C(=0)-NH-
(CHz)w~, -C(=0)-NH-(CH;),,O-

J¢<:>—<CH2)W03r and m—(CHZ)Wo%,

whereinvis 1,2,3ord4andwis 1,2 or 3.

20.

A compound as claimed in any of claims 1 to 18 wherein Z' is a radical of formula

R,R,CHNH-Y-L'-X'~(CH,),- wherein the radical ~Y-L'-X"{CH;]~is -CH,-, -CH,0-,
-C(=0)-CHy-, - C(=0)-CH;0-, -C(=0)-NH-CH_-, or -C(=0)-NH-CH,O-.

21.

A compound as claimed in any of the preceding claims wherein Ry is an ester

group of formula -(C=0)OR, wherein Rq is R;RsCH- wherein



yl met hyl , sec-butyl, tert-butyl,
1- benzyl t hi o- 1- net hyl et hyl , 1-nethylthio-1-

woreaoRpsashyl , 1- nercapt o- 1- net hyl et hyl , or phepPgT/eBRopk/004034

22.

23.

24,

25.

25. A conpound as clainmed igzany of clains 1 to 23
wherein Z' is a radical of formula
RlRZCHNH-Y-L -X -(CH2) Z and wherein R2 is hydrogen 26.

(57 5P oRri a9 dimbef o Pl bt Tl Sz FGRFO M- or

and whe(Csiay)dReeriys (A3 a€(04Cs)dlleylizy Whetedroa land plare independently 0 or
cycl ohexyl . _or t- byt ox hyl . 02008/ 053131 -

RCT) chobBed Bk So8 At 0 AVRSTHR Gh i BTGB o G Ga oyl and
cl ai m IRhi@\Hytebgeher 8CFCHalkyle of any of the conpounds

of the specific Exanples herein. 28. A pharmaceuti cal
conposition conprising a conpound as clainmed in any of

thgy prRreRdiyaebgehar ﬁptionfamgﬁlﬂwtut@d RnRa,N (c:1 Ca)alkyl wherein Ry is
phar maceut i cal | c tab carrier

con‘poun'iib’dé?gefrb‘?ér/ﬁﬂr ?GIF gﬁﬂ ISiMYR%IPn 0593/ ]alkg §5ﬁ,§,a%d Rus
to 27 ifgbiher wik eRatitddenrto athich theyrpmﬁattacbed foom an optionally

ool ai P gonste hetrobThIE R Of B BPR: it atphepr BRtSoie

acti vi t Netefeydlicngaystem of\& ted 0 ridd. atémserkidry ivhydrogen or (Cy-
i nhi biti 5 Q{e activity of an HDAC enzyne conpri sing

cont act g'ki" enzyme with an anount of a conpound as
clainmed in any of clainms 1 to 27 effective for such

El%)lbln:] bppggigt%én@t o?‘g\l& -t ?f: gto Wpl\%hme a%&a{té’crhed form
33. A neh bp@brfany smmmescEmbnmybh@éarbmychcpmmg offfmnaﬁltmﬂi ring
di | ut
iRl eV R R

organ transplant rejection, diabetes, haematol ogi cal

di d d inf ' .
O nsoird Rockirar bbbt b FERIEh et cageraprops. -

ef §&&tor vea-BIpy eycl&fexylaalrw rpsn@wl Coetzylt 0F, BUbe4-pyridyasethyl, N-

| d
R A e e s e ek Y

gr QinmdteahineBihyl, biRbiphoRasetidi.sease, or Al zhei mer
| Sease.

A compound as claimed in claim 21 wherein Ry is cyclopentyl.
A compound as claimed in any of the preceding claims wherein Z' is a radical of
formula R{R,CHNH-Y-L'-X'-(CHy).- and wherein R; is cyclohexylmethyl, pyridin-3-

ylmethyl, sec-butyl, tert-butyl, 1-benzylthio-1-methylethyl, 1-methyithio-1-
methylethyl, 1-mercapto-1-methylethyl, or phenylethyl.

A compound as claimed in any of claims 1 to 23 wherein Z' is a radical of formula

R;R.CHNH-Y-L'-X"-(CH,),- and wherein R; is hydrogen

26.

A compound as claimed in any of claims 1 to 23 wherein Z' is a radical of formula
R,R,CHNH-Y-L'-X'-(CH,),- and wherein R; is phenyl, benzyl, iso-butyl, cyclohexyl
or t-butoxymethyl.



35. Anethod as clained in claim32 for the treatnent

of rheumatoid arthritis.
WO 2008/053131 PCT/GB2006/004034
108

27. A compound as claimed in claim 1 having the structure of any of the compounds of
the specific Examples herein.

28. A pharmaceutical composition comprising a compound as claimed in any of the
preceding claims, together with a pharmaceutically acceptable carrier.

29. The use of a compound of formula (1) as claimed in any of claims 1 to 27 in the
preparation of a composition for inhibiting the activity of an HDAC enzyme.

30. The use as claimed in claim 29 for the inhibition of HDAC1 activity, ex vivo or in

vivo.

31. A method of inhibiting the activity of an HDAC enzyme comprising contacting the
enzyme with an amount of a compound as claimed in any of claims 1 to 27
effective for such inhibition.

32. A method as claimed in claim 31 for the inhibition of HDAC1 activity, ex vivo or in

vivo.

33. A method for the treatment of cell-proliferation disease, polyglutamine disease,
neurogenerative disease, autoimmune disease, inflammatory disease, organ
transplant rejection, diabetes, haematological disorders and infection, which
comprises administering to a subject suffering such disease an effective amount of
a compound of formula () as claimed in any of claims 1 to 27.

34. A method as claimed in claim 32 for the treatment of cancer cell proliferation,
Huntingdon disease, or Alzheimer disease.

35. A method as claimed in claim 32 for the treatment of rheumatoid arthritis.



