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WO 03/ 076421 WD 01/ 38322 WO 03/076430 WO 02/ 30879 WO
03/ 076422 WO 02/ 26703 WD 03/ 082288 WD 02/ 069947 WO
VO3 20818831 WO 02/ 26696 WO 03/ 092686 WO 03/ 082288CWOB2006/004034
03/ 066579 WO 02/ 22577 WD 03/ 0211851 WO 03/ 075929 WO
04/ 013130 WO 03/ 076395
of apoptosis and inhibition of tumour growth in animals (For review see Kelly WK et al

2002 Expert Opin Investig Drugs 11, 1695-1713), Such findings suggest that HDAC
inhibitors have therapeutic potential in the treatment of proliferative diseases such as
cancer (Kramer OH et al 2001 Trends Endocrinot 12, 294-300, Vigushin DM and
Coombes RC 2002 Anticancer Drugs 13, 1-13).

in addition, others have proposed that aberrant HDAC activity or histone acetylation is
implicated in the following diseases and disorders; polyglutamine disease, for example
Huntingdon disease (Hughes RE 2002 Curr Biol 12, R141-R143; McCampbell A et al 2001
Proc Soc Natl Acad Sci 98, 15179-15184; Hockly E et al 2003 Proc Soc Natl Acad Sci
100, 2041-2046), other neurodegenerative diseases, for example Alzheimer disease
(Hempen B and Brion JP 1996, J Neuropathot Exp Neurol 55, 864-972), autoimmune
disease and organ fransplant rejection (Skov S et al 2003 Blood 101, 14 30-1438; Mishra
N et al 2003 J Clin Invest 111, 539-652), diabetes (Mosley AL and Ozcan S 2003 J Biol
Chem 278, 19660 - 19666') énd diabetic complications, infection (including protozoal
“infection (Darkin-Raitray, SJ et al 1996 Proc Soc Natl Acad Sci 83, 13143-13147)) and
haematological disorders including thalassemia (Witt O et al 2003 Blood 101, 2001-2007).
) The observations contained in these manuscripts suggest that HDAC inhibition should
have therapeutic benefit in these, and ot_her related, diseases

~ Many types of HDAC inhibitor compounds have been suggested, and several such
 compounds are currently being evaluated Ciinicélly, for the treatment of cancers. For
example, the following patent publications disclose such compounds:

US 5,369,108 and WO 01/18171 WO 03/076400
US 4,254,220 WO 03/076401
WO 01/70675 WO 03/076421
WO 01/38322 WO 03/076430
WO 02/30879 WO 03/076422
WO 02/26703 WO 03/082288
WO 02/069947 WO 03/087057
WO 02/26696 WO 03/092686
WO 03/082288 WO 03/066579
WO 02/22577 WO 03/011851
WO 03/075929 WO 04/013130

WO 03/076395

WO 04/110089



WO 04/110989 WD 2008/ 053131 PCT/ G132006/ 004034 3 WD

04/ 092115 WD 05/ 007091 WD 04/ 0224991 WD 05/ 030704 WD
WIK208/8588 WO 05/ 013958 WD 05/ 018578 WD 05/ 02844 A/Gg006/004034
05/ 019174 WD 05/ 02690 WO 05/ 04861

WO 04/092115 WO 05/007091
WO 04/0224991 WO 06/030704
WO 05/014588 WO 05/013958
WO 05/018578 WO 06/028447
WO 05/019174 WO 05/02690
WO 05/004861

Many of the HDAC inhibitors known in the art have a structural template, which may be
represented as in formula (A):

R@[Linker] —CONHOH  (A)

wherein ring A is a carbocyclic or heterocyclic ring system with optional substituents R,
and [Linker] is a linker radical of various types. The hydroxamate group functions as a
metal binding group, interacting with: 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 fo 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/GB2006/001772 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:

H Q=Vv _
HO,NW&V%———[Linker?]—"B——[LinkeQ]@ (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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Brief Description of the Invention

This invention is based on the finding that the introduction of an alpha amino acid ester
grouping ihto the HDAC inhibitor molecular template (B) and certain étructurally similar
templates, facilitates penetration of the agent through the cell mémbrane, and thereby
allows intracellular carboxylesterase activity to hydrolyse the ester to release the parent
acid. Being charged, the acid is not readily tran'sported 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 o 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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(B4) (B5) . (B6)

wherein the bond marked * is linked to the ring containing Q, V and W ;

“Ais an optionally substituted mono-, bi- or tri-cyclic carbocyclic or heterocyclic ring
system;

~[Linker]~ represents a bond, or a divalent linker radical;

2" is (a) a radical of formula R{R;CHNH-Y-L'-X"-(GH,),~ or (b) a radical of formula
R-L'-Y'-(CH,),~, wherein:

R is a radical of formula (X) or (Y)
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Ry is a carboxylic acid group (-COOH), or an ester group which is hydrolysable by

one or more infracellular esterase enzymes {o a carboxylic acid group;

Rg is hydrogen; or optionally substituted C,-Cg alkyl, Cs-C; cycloalkyl, aryl or
heteroaryl or -(C=0)R3, ~{C=0)OR;, or (C=0)NR; wherein Rj is hydrogen or
optionally substituted (C4-Cg)alkyl.

R; is the side chain of a natural or non-natural alpha amino acid;

Y is a bond, ~C(=0)-, ~-5(=0),-, -C(=0)0-, -C(=O)NR;-, -C(=3)}-NRj3, -C(=NH)-NR;
or -8(=0),NRz- wherein Ry is hydrogen or optionally substituted C4-Cg alkyl;

Y'is a bond, (C=0)-, -8(0,)-, ~C(=0)O-, -OC(=0)-, ~(C=0)NR3-, -NR3(C=0)-,
~S(O2)NR3-, -NR3S(0O,)-, or -NR3(C=0O)NR,-, wherein R; and R, are independently
hydrogen or optionaily substituted (C-Cg)alkyl,

L' is a divalent radical of formula ~(Alk")(Q).(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,

Alk" and Alk® independently represent optionally substituted divalent C5-C,
cycloalkyl radicals, or optionally substituted straight or branched, C4-Cq
alkylene, Co-Cs alkenylene, or C,-Cq alkynylene radicals which may
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cancer cell proliferation and autcimmune diseases.

in another aspedt, 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 () as defined above.

Terminology

As used herein, the term “(C,-Cp)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 bis 6,
for example, the term includes methyl, ethyt, n-propyl, isopropyl, n-butyl, isobutyl, sec-
butyl, t-butyl, n-pentyl and n-hexy!.
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radl@sdmzrmigyth/p shiefm mmmcba:hc;hw@s ot hmeaalmWhQﬂwnln rmgaez\dlqne
mobé&%h@(%@ yci Whlpoggeirg?g{eabr%@éé/ b by 2 gévéﬁi‘éﬂz ti\élnd AR BN bof such
radicaistdne ddeny, henethieagh h‘lyyl bdﬂreﬁzrylr D)étzﬁ}’iylmldamiyé@ﬁa@m@ﬂzowl
hazg | I
g8 BRI oy F Bl el RLRY piraldly AR benagyemont
|sokm@’i rbehtleoxaxqiyahscﬂhlmblw énmdlmd:t%!zhﬁ@y@lylyiﬂ_hiactmrzoiyl oxadiazolyl,

Pvreg*ﬁer WA Gl R T g Renf a8, 07

or tri-cyclic non-aromatic radical containing one
t er oat o "
As a?%%%%re@'éﬁ% ELATEET SRRyl B Rl R hRgjoant
as d@‘fntealahamr@ apiien ds nomemnsdicmdanirg rektent® avmoodr, bisor tri-cyclic non-
al t I t
cofDNELTEH Ko bGPy b et SRl slf oy, and o
grouasjc@rashﬁmgroéapmmyghb nofaramgtic, ratlisakesoyitainipg pee deﬁSﬁl SUCh
het{e{? ald a\l%fﬁl g}lis é&é%nﬁ%,ml{eﬁ%%&ﬁéﬁ chth%é']?@Lc?F'to a mﬂnocycl:c
carpgayiche chidioal. IIEuWEWGOdaﬁsny}h raqma;}searrgzqyﬁyiy! faraadl tyienyl piperidinyl,
tmt@?ﬁo@ﬁo&fg%g lsp%% ms)hj tﬁl?%&r%yel t‘ﬂ}’ardﬁﬁélg kL p#/ﬁa%ﬁ@r?%w&myi pyrrolidinyl,
pyrienitiiplle nemimktyﬁ h @rgﬁrazwblsfeiqu doorahelslibenarnlo PYEBY]pi§oxazolyl,
t e _
be%%éf’olﬂ ﬁ\%ﬁiﬁ/\ee?%dﬁ& SH/!t %tp@%néeﬂ@x ggﬁ;ﬁ’é@aft@(@nagﬁeﬁ@suécmlmsdo
grOnD$ety herein nmeans substituted with up to four
conpat i bl e substi t uent s, each of which independently
may be, for exa (Cl C6) al k (C1- Co) al koxg
Unley@pﬂmewrsﬁyﬂe |@1hmrm>qty‘| whnﬁ%ﬁ@gmrg the term substituted” as
| d{Y@B Q?Qﬁ.\b%geiﬁér%knkﬁﬁ%ans(%s@gae@'v{ﬁw Gﬂ‘!&oumb%ﬁbét:bleré@bﬁltuents
eaql

uor o rono and chloro), trifluoroneth

Y I deneTsnty FRY b ToRPEIE (A6 -CoBBRy, vdroxy.

e RS es S Ty o0 4 Yy

(incltmy@g\}qpro t@g{gqmq chfm@g@]ﬂp@(pg\et ome HW mtr;le (-CN),
s LB Soons SO o SR <OpE ST
CONRANH U MR R, e TN RGN o -QCONRIR,

NN@éR%)rah&ﬁmbR"( GREDORY CNABITSDIR?, -NHFST,DHYENRPSO,0R”,

NN WS OO bR RAS R, PR Boor YRTEONR R®

whéxs] RE a@d]TRr' @rd fn@le'ﬂ@érfo@hti)% BOPEH Rl EEBO(B&) RYcloalkyl , phenyl or
i peridiny

erazinyl, or tetr
momewl%hﬁ@%rﬂaaeméﬂr rfP@yatB‘é‘So‘?fﬁb i RENbGT 66%%@ (othe same
mtrégfﬁ%iofﬂiﬁ:ﬁ? DERUOSMInBYrots#fdr BREADIB, m@rbﬁol{r@[ maemmm qngazmyi
subst | t uen ni_trogen

stit t
or W{ﬁlgygrp%yrgo@[l)e&neapq%%%gtlwgqgn %ﬁgf?ne Pie regomg subst:tuent
grog@98/ 053131PCT/ G112006/ 004034 10 anmino 01.6 al kyl eg
am noethyl, 01.3 alkylamno 01_6 al kyl, 01.3
di al kyl ami no 01.6 al kyl, hydroxy Cl.6 aI kyl eg

As lyed ﬁéﬁéﬁi e terre m&b@éﬂ%b@ﬂw@ntﬁh@éhs%gsumeﬁtb@txtyﬁtdwfrogen atom

nerc 01. 3 al kyl nercapto 01.6 al kyl,
Wh@ﬁﬁ?o 580@1%8%{5%}19 e.g. - CH2CONH2, ani nosul phonyl

Cl6 al kyI e.g. -CH2SO02NH2, C, " al kyl am nosul phonyl
01.6 al kyl e.g. - CH2SO2NHWe, 01.3

di al kyl am nosul phonyl 01.6 al kyl e.g. -CH2SO02Nwme2, C16
al kanoyl, 01, 6 al kyl sul phonyl, am nosul phonyl

(- SO2NH2) , 01.6 al kyl am nosul phonyl e.g. - SOZNHI\/E
01.6 di al kyl am nosul phonyl e.g. - S2Nwe2, optionally
substituted phenyl am nosul phonyl, carboxam do

(- CONH2), 01.6 al kyl am nocar bonyl, 01.6

~ A ~ ]



In the conpounds of the invention, the hydroxamate
group functions as a netal binding group, interacting
we edesofE3et al ion at the active site of the HBAGGB2006/004034
enzyne, which lies at the bagg of a pocket in the
fol ded enzynme structure. The ring containing 0, V and
amid@chaliofl e@aminaatbly VT neatkemin€E, ; alkyRtc, |, eigsiyioneo af.; Qkyl,

W - N= be -C= and V and W
dgRh et e R ORIV ot ARERr G Al HemE RISl Bbigepto Cus
ailiys 01 %Ikadpwcarsallqa@brﬂmeamNe @nRdikyhe. gH(@HHC(O:MHa’

at t ached 5-posjtjon of r nt
e S RO SO g ey AR el 7%, -
CHy8Y ighef OF.a @mmphmosomhomm al, | ykguhgt-oHisodNme QTR btkanoyl, Ci.e

IERRRE, 2B SR B et Res PP 1 SO HVe, Ors

dleﬁlwddmia&umnplrmg |~y8(5,_tu~m$ézl b;httoadllypsirtfs@iuyéd pHanygminosulphonyi,

cagb%@rﬂeégé é}[(é}"\ilqa} % y%)r(n?r%%aéolog&f ll%)//;ammoca only}f 1m"orphoiinyl

CidaRyldintidazeB0 Ly alkil, BiadolyIrG,g 2kl br mbnacﬁ:h& he@zayybalkyl C,.s alkyl,

op%i@n%j@js@gﬁﬁﬁ%@ %ﬁ&la ?(n%i’f?ziqlﬁ; @Qg@?g}g g%%%/clyclyl ring, eg piperidiny! Cy.q

alkid, Bipdeazimybd] paliol er 4g¢r.d aypigeyading di pyikyl. pyri dazi nyl ,
pyrazinyl, 1,3,5-triazinyl, 1,2,4-triazinyl,
1,2,3-triazinyl, , benzofuryl,

As[UBed heicinyitie d¢rbetrzatf nciyties bapelzeiittiohsgid adtidor ammqiﬂiﬂgﬂnary salts.

CoPfFRERA SR Rt FRED AR AT oS dag iy PRkceuticany

actcaptatde s4ith, Ritappyed slyh,astadial mdﬁalawdfwdesbegzmmmayﬂ potassium .

hy&ﬁ%lﬁ% gﬂaﬁ% &a h%g% %kyﬁ%idﬁs g% {;8@ ﬁg%lum and magnesium i

hyqi:ryxldem[v\&hzbr@@rpq bamsl 6.g dy-mediof-8; gﬂutﬂmme; chdline

tﬂ%d'{%?b%@@})a@rﬁ%@%@%b%t L?lg rh%%(’:]‘u 1%%’,3}‘1‘-{(3["& é’b%r’ugr]e, dibenzylamine
and é'terlahy'ﬁmsewmpcnoﬁy{l) wiiah ereyasiqaer fodi sglts, including
|yl | . Ri
ph%%%ﬁ%a %‘igt{chgé(lt) vﬁ{l}ipﬁﬂéﬁ glé' {913,, g.gb@ﬁighgﬁbﬁahc%c.:@g such as
hydragidenia Qrtfwdrqmﬂ@ramm stdp!twlcta@@y oltiicacid dr hievsphodyatid end the
. L Lt
hkesé%ﬁ{i' \A@ﬁtop :%%@#% %.g?#@lﬁ’%b%%bﬁgﬁg%%ueghﬁp?ﬁlnhanc mlale;c malic,
sal‘@ykg:yg:itrg:bm@ma@syiphomc,qy&[memfmrﬂc,)Hepzmc benzenesunfomc
t ad 1-yl

glu%n%%?é@f%eﬁicsgwg?]g%ﬂc a&i andgtk{g glghé)?g?o?ulr Zﬂyl ypyr roline,

eg 2- or 3- pyrrolinyl, pyrrolidinyl, dloxolanyl eg
Coﬂw&%g %éafr‘%%mttdrm/ﬂ@ﬁ 9(5&5‘?4 lone %9 g%ré %@QF&J rpo?é/rltlai chiral centres,

|d|ny pyrazol I ny pyrazol i

bequg@f,thecnregﬁnce@pgyfgmetn@@al;_bon@toms ANt as a number of

en&itﬂﬁ{e'rsdbrrﬁf%}stel%oﬂsopde%(@ﬁﬁF or@ét?r'%%l:tgé}wstry Lt éaéﬂ thm'a%Bﬁltre The

hi onor erazin
nvgrtipn [ﬁg}mdeseajl sthlengmlor@ﬁa qr cgasterﬁo@o@ers qui mlmregthereof
4H1, 4- oxazinyl, 1,2,5- oxathiazinyl, isoxazinyl,

oxath|a2|nyl eg 1,2,5 or 1,2, 6- oxath|a2|nyl or
In ipe gompeys Céihﬁwe'ﬂtmb ey, Coswétib!em@mﬁ"w@% qnschessng in mind
I
R R R L L s S
al kyl, the bond intersected by the wavy |ine connects
Thé gy(yrgfamégfgldp&ﬁﬂc(:rcgw and the radical Rin formula
(T) is attached to any available ring atom Optiona
substituents in A may be, for exanple nethyl, ethyl,
n- propyl, isopropyl, fluorine, chlorine, bronine or
i odi ne atonms, or a methylam no, ethylam no,
hydr oxynet hyl, hydroxyethyl, nethylthiol, ethylthiol,
met hoxy, ethoxy, n-propoxy, 2-hydroxyethoxy, 3-
hydr oxypr opoxy, 2-am noethoxy, 3-am nopropoxy,
2- (et hyl am no) et hoxy, 2-
(di nmet hyl am no) et hoxy, 3- (di net hyl am no) pr opoxy,
cyclopentyl cyclohexyl cyclohexylan1no

S T Al IS\




15 honopi perazi nyl, norpholinyl, imdazolyl,
1,2,4-triazolyl, 1.2.3-triazolyl, 1,3,4-triazolyl,

wh Rogendazol yl, 01.6 straight or branched chaGf/GB2006/004034
al kyl, amno 01.6 alkyl eg a4 noethyl, Cl1-3 alkyl am no
01.6 al kyl, 01.3di al kylam no 01.6 al kyl, hydroxyl

In 104 cofpalikdd of éige inyehtioryibe ytirox@ha® @bipiupktislast mletey binding

orce, BTy et g e evE Kl JF ol Y Hrion s ot

thedrasB @$ alppbiar ¥ the FSRNeZ)ymeOdrusiumé. kyI am nosul phonyl
e.g. - SO2NHMe, C1.6 di al kyl am nosul phonyl e.g. -
SO2NMe2, optionally substituted phenyl am nosul phonyl,

Tn@ﬁn@omammw,-mmm car boxam do Cl1.6 al kyl e.g.

| kyl.aM
Eaif 61 Ry 29 HOBED Bt CHARGS TR RBRYI . % T8R4 gr Q mey be
~CEHRGA24NdAN Ody e@oh&ié(—ylﬂar@mmuy plederydd 6 thebcasiekyiere Qs ~C=, V

an b 5o %%ﬁdﬂh?%%ﬁ ld%hgls%ytia dglf)?#&)é(%ppgti&ﬂ of the

resslidrg toytimided2iyniadaabl yl  01. 6al kyl , optional ly
substituted triazolyl Cl.6alkyl, optionally
substituted hetero 03-6 cycl oa | kyl 01.6 al kyl eg

Theripgd dinyl Cl.6 al kyl, piperazinyl 01.6 al kyl, and

eréré?%quaésgéw% é%lp eraﬁ@l%@'gtrgr%ll? gﬁé%tﬂf/tecsi %zﬁsrﬁift[&bc{a)ét%?cyc!ic such as

opfumely sybstijutd dobtesayl gndzgphtityy Ior opfiinady substituged hetagaromatic such
1. .3-di.h - 1. SPI ' :

- oo RSP IR e ST bt S Il .

- isofréazolyt wlysazbiyl, f1l 19 trazalyt 1c2a4-¢rlaaoly‘§|déi:MnazaM .4 hiriazolyl, 1,2,3-

- oxe[)ﬁéj)fﬁil p%tl’%x#éiﬁzeé!\g?ﬂ?!?m!e' Cs]zglﬁ x% 1% eﬁsfe@hxthigﬁ)ézo[e 5

pynicyt ipyaridifyl, ipykeadinyl, gerazgyi, t103, bitneeinvhd , ijraizmd 12, 3-triazinyl, -

L T e e P

: ;sommziotm@'mframdqyl,beommwc!ﬁé@ﬂw\k%hmﬂoiyg banzigideaelyh inseaeiyl;
g imléii&oib %m_\yrldﬁ b?\lrggg\(é%:gyl be‘ﬁgo@zgry! quNB?zsnyl CauTrQe)zHﬁ%fl phihalazinyl,

qunnmmﬂg{l,.gynzohnlequm)drnyl Y N S¢-=gpyromz pimidol3,2- -b]pyridyt, pyrido[4,3-
b]pgNBﬁﬁ& MY tei}%i,;ﬁ% M%Cfetrahylf\@ﬁﬁgtgm& i,( 56,27),8- Ar -

Rc” and
fetfﬁhﬂ@p@ﬁ@l‘éﬁ@w'ypiﬁfw @@@wmybpa@@zgiwkwnth@wi ar WQZP%'@H’Y‘ radicals.
substi tuent, mls 0O, 1, 2, 3, 4 or 5 and Ar |s a

di val ent phen radi cal or a dival ent nono- ,
Rirgi A sagiqalcmmg plep dar ipr e?‘%‘dpE@a‘lmtl@a@ﬂwbét”ﬂ@dl@“rﬁ’"ﬁ@a“c carbocyclic

an(ﬁrﬁg@%c?chcaggch(éé %gat@ﬂal%db@ﬂéléd%y&épﬁpw H}V&ébutﬁ%y@l%@ﬁtyi

cycis:h@,x;@gf@ﬂ@ep%&@ic!qmt%h1 Wa? cygersiary’ @o%t%&pﬁﬂt?f‘ ~1yh 2,4-

cy(ﬂcﬁfemd?ﬁ?érﬁwn S%y%HF.@kacﬁerQ‘l)yl téthsl[ﬂ@ﬁd?%n&l p%rraonﬁé e'iy'il 1 3-
RA-) wherein RA i 9 01-03 al % [?

yrfﬁlwloa)érﬁoi@u%tdf%'éﬁw e@/\ﬁéndlowaw dmjstagalispt eg 2-imidazoliny

v sed eched ,
:mlﬁékoc[lrrl]ﬁingk§¥rbzolinﬁrl BgY- ﬂ@aﬁgg%S@r%Hilngc}%?r@h%log% : 004og£rany

pipgadipdi LtrdigEny!, frpmg\o[mm,_il fdipianyl, 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:



wherein X is 0, S or NH For exanple, -Ar- when

present in-[Linker]- nmay be a . dival ent phenyl ene,

V@1 2HW8483131 1, 4- phenyl ene, radical. Exanples PCT/GB2006/004034
of -[ Li nker] - include those pygesent in the conpounds of

the specific exanples herein. The croup Z1 Case (a):

Z1l is a radical of formula -(CH22cX1-L1l-Y- NHCHRI Rg

The group Rl in r casg (a) The ester group Rl nust be

one which_in_the conpodnd of the.d nyention Si
hydr ol ygab¥e by one re infraceltular N
carboxy! gr ase enzy to a carboxylic ac gr oup.
I ntracel "4l ar car boxyest erase enzynes capabl e of
hydrol ysing the ester group of a conpound of the

invention to the coj espond ng aC|d i ncl ude the t ree
known otyp 2 a'ﬁ ;

Al t hou ese|are consi dere ;gg 5 nes,
ot her e as bi phe yI dro (B |y al so

have a rol e H hydronS|ng the rster. In general, if
t he carboxyes %rase hydr ol yses t'he free am no aC|d
ester to the parent acid it wl -

N—carbon end hCE- 2
above, drok%ﬂ#é Est e
conjugdt 0 trpe Ci ﬂiij
cell assay and/or the isobat’ed carboxyesterase assay

descri bed herein provide a WO
2008/053131PCT/GBZOO6/004034 17 stralghttormard qui ck

carboxyesteré%e assay mhen conjugated to the inhibitor
via the chosen conjugation chem stry, to confirmthat
it is still a carboxyesterase substrate in that
background. Subject to the requirenent that they be
hydr ol ysabl e by intracellul ar carboxyesterase enzynes,
exanpl es of particular ester groups R include those
of forrmula -(C=0)0R9 wherein Rg is RTRBCH wherein
(1)R7 is hydrogen or optionally substituted

(G -C3)al kyl -(21)84(C - C3) al kyl k- or

(C2- &) al kenyl - (Z1) 8-[ (G - C8) al kyl ] o- wherein a and b
are independently 0 or 1 and Z1 is -0-, -S-, or -NRio-
wherein Rio is hydrogen or Cl1-C3 aIkyI, and R8 is
hydrogen or (Cl-C3)al kyl-; (ii)R7 is hydrogen or
optionally substituted RIORLIN (G -C3)al kyl - wherein
Rio is hydrogen or Cl1-C3 alkyl and Rii is hydrogen or
Cl-C3 alkyl; or Rio and R11 together with the nitrogen
to which they are attached forman optionally
substituted nonocyclic heterocyclic ring of 5- or 6-
ring atoms or bicyclic heterocyclic ring systemof 8
to 10 ring atons, and R8 is hydrogen or (Cl-C3)alkyl -
or (iii)R7 and R8 taken together with the carbon to
whi ch they are attached form



an optionally substituted nonocyclic carbocyclic ring

of from3 to 7 ring atons or bicyclic carbocyclic ring
vaysensosl 8 to 10 ring atons. Wthin these cl daSSEGB20RE 004034
may be, for exanple, nethyl,gthyl, n- or iso-propyl,

n-, sec-or tert-butyl, cycl ohexyl, allyl, phenyl,

benzyl 2-,°3- @

4- pyri dyl nmet hyl ,
@ yI tetrahyp{rofuran 3-

N- et hytpiperi d

met hml snyd+“ nor bor nyN et hylam, noet hyl ,
oeth Cur entlyvvhre i's

cy@'opentyl PET O s are own_to play a k o} e

in |ﬁflannatory di sorders through the rel ease o
cytokines in particular TNFa and IL-1 (van Roon et a
A«thrltls and Rheu_.tlsn1 2003, 1229- 1238).

|
. My 3 ; .slnvolve ur

growt h and developnent (hbldlnl and Carraro Curr Drug
Targets Inflamm Al lergy , 200 3-8). ance1agents t hat

se vV t ar ge .crophage‘%el prolife OR could
be af value int at ment 0 er and
di 8§ rgeti eei fic Ce ¢pes wou

2008/653131PCT/GBZOO / 004034 18 expected to Iead to
reduced side-effects. The inventors have di scovered a

net od of targetlng inhibitors to nacrophages mhkgh IS
e obsegry M tha @ e ‘
este ptif i's i phi Ppi Taes
whet her |? is hydro g 2 ' .t it
accunulates in dlfferent cel | types Specifical Fy it

éggxen found thap nacrophages contaln t he hunan
no _r

stera wher eas*ot her cel
he gerie aI Wor | a (I& W the AT ge
t heVest®rase notl R2) NH- Y di r ecy, nked

to a carbonyl (-C(=0)-), ie mhen |s not a -
-C(=0)0- or.-C(=0)NR3- radical, khe ester MA|| onIy be

hydrol ysed by hCE-l and hence thé inhibitors will only
a teyin i as. The afMno~acid s
R2 1 cse(a hj ect to : remmtJhg e

ester grﬁupcﬁl be drolysabl e b? intracel lul' a

car boxyl esterase enzynes, the identity of the side
chain group R2 is not critical. Exanples of am no acid
S|de chai ns |nclude al- C6 alk , phenyl, 2,-03-, or

.~« -nyI 2,- or ho yphenyj{ %
or 4 nethyl nzyI ph nylTet hy , o
4- hydroxybenzyl , 2; or 4* foxybenz§$ W/

3-, or 4- G-C6 alkoxybenzyl, and
benzyloxy(Ol-CBaIkyI) groups; the characterising
group of a natural a am no aC|d i n which any
functianal . group-p ; groups” [Alk]r
whet & Al a ( ﬁ 0!5
opt i nterr € YOr 6

atons or -N(R7)- groups“[mhere R7 i's a h ogen .toﬁ?
or a (Cl- C6)al kyl group], nis 0 or 1, and R6 is an
optionally substituted cycloalkyl or cycloalkenyl
group; a benzyl group substituted in the phenyl ring
by a group of formula - OCH2COR8 where R8 is hydroxyl,
am no, (01-06)al koxy, phenyl(01-C6)al koxy,
(01-06) al kyl am no, di ((01C6) al kyl ) am no,

phenyl (Cl - Cp) al kyl am no, the residue of an am no acid
or acid halide, ester or am de derivative thereof,
said residue being |inked via an am de bond, said

am no acid being selected fromglycine, a or f3

al ani ne, valine, |eucine, isoleucine, phenylal ani ne,
tyrosi ne, tryptophan, serine, threonine, cysteine,

nmet hi oni ne, asparagi ne, glutam ne, |ysine, histidine,
arginine, glutamc acid, and aspartic acid; WO

NN ] A=A A PFPNANVT | <IN AA NS ] NN AN A




19 a heterocyclic(01-06)al kyl group, either being
unsubstituted or nono- or di-substituted in the
Wiee@BOeelic ring with halo, nitro, carboxy, PCT/GB2006/004034
(C1-C6) al koxy, cyano, (Cl-06)al kanoyl, trifluoronethyl

(C1- C6) al kyl , hydroxy fornyl, am no,

(C1- C6)a|ky|antno (Cr C6)a|ky|antno rcapto

(01-C6) a hy' O
mer capt o yI p en Ine h and
a group - ’*'e |n eac b andSRe is

|ndependently hydrogen (01 06) al kyI (CZ CGQI kenyl ,

(02- C8)al kynyl, phenyl ( Gk C6) al ky¥,

(C.-C) kyl ;SJor Re A dr@é&n\ nd Ry_and are
i ndepen entjy p e or gh_etK?e;r‘(yeary such as pyr,i ;o or
Rc is hym gen, (\C1 )a I, (02t06)al kenyl

(C2-Co6) al kynyl, phenyl (Cl- 06) al kyI or

(C3-08) cycl og and R a oge t he
m t hey/ | ached/” to 8
or a @ nenbe erocyclic

carbon atomito

menber ed cychpsa

ring; or R, Rb and Retogether W|ththe carbon atom

to which they are attached forma tricyclic ring (for

I h

w S% gﬁq?rgggr% %’1&@; élfqlf(:\])a h%ntl%@g?rt%%sgptea %%the wavy line connects to
the(-GRinkén)-abHigaydnd thd £rlda{ an nalky) is afsichrdds aup a@slable ring atom.
- defined for Re bel ow ot her than hydrogen, or R and Rb

together wwth the carbon atomto which they are

Opabmaaebsﬁutttmgnna\ G0 |b@aﬂokh§karﬁple ety ogtyid| m-prapiyn Gsopeapdl, fluorine,

chl@ﬂh%z)irc?r\p/dr og (Lﬂdm ag_'r’nwé_m %@gﬁr& ea'é;jééwéxlznzy'gtox(/methyi
hydrokthndonethidHiol, etﬁfl%i Gopbke rythaxy; n-S(d@bx#}@laglrdW*y,ethoxy 3-

SO AR SO ARy K O DRt . w

(dimBthyRinindethery, B—%@ﬁteﬂwy&rhmﬂﬁbr@:roxy Qyclofentyl; S@loraxyl; SO2-

I [kyl .
cy%%t\?x% %)Pc rﬁ@E@me h;?g‘gp é(cggxgnggh aqarﬂlg%f équl-w ’aminomethyl,
an‘mib@tt%)cmyeﬂwgﬂahimylIethy{e(ﬁfkﬂﬁ;@thychﬁaylkfamyda arégyti{methyl)amino, 2-

QR Do sk AT iG> st aS Sy ekt B, 2-

(methdepinuiethylbyiree bdethgidnfina athylaydng x 2Hisch@pplgetinoet®iNamino, 3-

(is@p%&ratnp%gé{yﬁ(’aﬁi%? %{(%th;{:a%@ﬁg%;w%&(£€di&ﬁ}|§h’ﬁ¥d)ethy|amino,

2-(rethyGhipeethylimetalayino, 3dethyvEs)iadblpydpyl(mSieladsioahitpl cyano,

SRS Ao N SR I R0 v

C%N@é@ﬂm&) eTHLED) 2 H PNHEDt@yCaiahKyleihaxgladed).altenkeyl, thio,

RIS By T PR

etmmlmcwlp@pnﬁzdlgtemytmmnﬂ@tlmmmyhyatbogewd@t mettglamhwrbonyi,

ey B Sl iyptse Rt oY BRI 1

meitytarpinosdrborydroetbyit YWHC S NH,, muiphopylamino  (-NHSO;H),

e R Bio; <R R Bebfeming,eminosuiphpryiaming, (NHSQaNHa)
mesndarphesyprentiminddesethybyninpsepbondamire, @ettwtasnmmrwylammo,
d

mnﬂﬁﬁﬂ¥hm09 Fé@*mn@@ a&ﬁ @ﬁ%%éh@ﬁM%hﬁﬁanentlon whi ch

amoewatmfl%bwmrmn@t@eé@mygmethybmetlyoxyeertb@mawrtomt-

oSS Bnftlo, SHBRINL IROEIBRY, BPRRAPE 43 A RpRERIARE
netabollsn1 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. However, for |ocal adm nistration,
where the ester is either directly applied to the
target tissue or directed there by, for exanple,
|nhalat|on it will often be deS|rabIe that the ester

o o . o o o o o
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up additional binding interactions with the enzyne at
wenos/ofsisf , or adjacent to, the metal i on-contROTiGRIP06/004034
pocket, thereby enhancing biqing. It should al so be
noted that the benefits of the amno acid ester notif
hord@[@pénablaglli ﬁbﬁprIlI’()ﬂ amidaeolght! y4-trizzolyt hee. Selakolyl, 1,3,4-triazolyl,

d t he.
12580y St Srase ol yol ML B LS Cobl o #oguy Coo
aikﬂa@hl‘r@l @&Itakynrcqwmbyle@gao e s tlkalc Pyc?fmeﬁi ?@gmyltdgeh}ldmuyagm Cia
e en no | e er n Ll S
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alkimdyniay steh@isamhbnyl védmiabsuipiginy] -SOLNIH,) . scduqearabg?s?;ﬁhdtﬂymg. -
(0] Cl ro cour Il 1 (0]
sopHig B Sk SeaAenE St  soshhEe tblFialy pbemiibd
phénymnmme:uwohmcarb@mum( WUWZ(}H smp;taen!d@ €l | alRyirt @rai$,CONH,,
an SN
crpaRudBmae e S BbespEReSHoRn Bhinasuiblai Sy plkd o
CHYSDINHY, €5, ﬁl&iﬂlhmmoémphME Cagalkgle.g. \Ci{;smwﬂwzgm n tur n

ciafoincagoRont Crneliliog s Re BB moggelRy Feo AR otnaiy

sutptigker rtdh-exaon] 48/, Qj‘pnt{nally@m bstitcied mhmz@@/l Ge& adlofl,i aitibyallys

B 0 I e ARt T S
anddier-¢ @iml}pmmaiumﬂ CYsalkyicl udi ng the case where Y is a

bond, are appropriate. In the radical C, exanples of
Al kI and Al k2 radicals, when present, include -CH2-

Cur@riyGrferre CHAGHR Cdlide opGbRENXOBRIEHR, pheQH—@lohexyl, naphthyl

TN T e

prefemckdAlig? A lndhdﬁjbale@ﬂm:tlcu@mﬂ:ﬁmWand(Cm)@b-.lz}zﬁlelﬁeaﬂy the radical —

A- 'nmer eh% P W%q 4”%%%%“9@@98'

- CH2CGH2N( CH2CH2OH) CH2- . Furt her exanpl es of Al ki and

e dival ent cyclopropyl cycl opentyl and
Thé (ke 8JWgradlcals In C, when qis O, the radical is

—[ Lk ew-oseemser th dink ti"ieadwalqmﬁi iedival foyths tibg A woerepreaeif. Thus, it may be
sel%%@ﬂg tH@YdtIB\gm@%xSr;ng t hi oet her or amino |inkage).

rred that there be no optional
sub@xa bmfr Bisiwill Gprm/awmekim hage wieh fingh és 00t pEYesta

div 2 4 p@( 05”1% @)}(cl WR@:ar(Ro@,g\gﬁc; C SQLOf‘ﬁker ocyclic

r ad at ons otlonallg1
of

subé*{RCiQﬁF@b‘) NFWﬁéth* 1Chingt- AR 159 (Chha and r
is N E@) aﬁ)%l nc\j al WDC(M?% 8/ Qﬁ@d{%bﬁ’@ﬁ %DQ@/ 004034

22 radlc carbon chai n-or 'chai ns and

a MoHS o@)zﬁ?}dz)rﬁz‘l\"rw e c;aaqﬂf’c at indepdsaiy hydrogen, C1-C, alkyl,
gﬁggﬂ@hltr\ﬁbﬁhs@sﬁtéﬁt M RS, é}t o 4(&@41&‘%1 i5 ¥ divalent Iphenyl radical or

present, QI ma e, for exanple

d| vaﬁéfﬁtenbwenw or bfapprﬁ*tqﬂﬂtem@%raﬁm%b@/\rmg By 3 pespmbers; and
|m%n%%5yé|uyrs§9étﬁ&led Qaight BPBRMch&, RicMEAdrR, Cx-Cs

he terocycli cl ) .
alkenylene or Cz—Ce aikynyiene 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:



having 5 tol3 ring nenbers, such as piperidinyl,

pi perazinyl, indolyl, pyridyl, thienyl, or pyrrolyl
WQep084p313but 1, 4- phenyl ene is presently prefer PEHGB2006/004034
Specifically, in sone enbodiggnts of the invention,

L1, pand r may be O with q being 1. In other

enbodi nents, g and r may be 0 with p being 1.

I
further enbodi nment s, p, q and r nmay _be all 0. In_stjll
further A&mWdoodi nt b O Ay " Re )1 wit h/Ql
bei ng \ero I cay/3and y M
0 or and Al'k2, en pr esentN y be sele

from-CH2-, -CH2CH2-, and - CH2CH2CH2- and QL may be
1, 4- phen Iene SpeC|f| c _exanpl es of radi cal N=N

cl ude = dsy - ¢(0) NH-
E? :’6(‘03§§ an %Mas%\oj_%
C(ﬁp)NNH OH2) vaner ei n vNi

30r4and WIS 1, or 3, such as -CH2-, -0H20-,
CH20-, C( =0) - NH

Cage/ (by: Z1 isja i of T a
ad C I Rin (b) a /
[ rnul a or HN D (X) WO
2008/ 093131PCT/ (]32006/ 004034 23 In formula (X) and
S Cl am g

S ya car boxyl i
s drol yga

referece to Z1 case (a).

wherein X is O, S or NH. For example, ;Ar:— when preset"it 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 Ry in Z' case (a)
The ester group R; must be one which in the compound of the invention is hydrolysable by

one or more infracellular 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



The ring Din ZI case (b) Wen Ris a group of

formula (Y), exanples of R include: wher ei n '
‘%gzﬁﬂéfﬁﬁﬂgb and di scussed above. The group R6 iﬁ’%%{(';l?lﬁ{)ﬁf{)():i%:l
case (b) The group R6 is preié’ent in the conpounds of

the invention in this Case when radi ca
straighfiamarg. )@ua%nf,}@m}p!g HEd sqls60 dor e;sfter{s H@’WF élg% Feq uired hydrolysis

prfikd. G Indids %écﬁ%thhbfWéyeHayttN@ﬁ& M%s%y@@ﬁrtﬂaelséme
present, such as macr olpgga ges,

ou
cam@st%aé@,ﬁﬁ%@ww F?&}Pdh%@hm't%\@?ﬁ ?'?C%Ee&owgaﬂon
chBF R, Ldefimt fanit &adti @Bﬁrboﬂg@st@ﬁéﬂé B5eSe R@tﬁéﬁha@@round
optional ly substituted 01-06 al kyl, 03-C7 cycl oal kyl,
aryl or heteroaryl, for exanple nethyl, ethyl, n-or

Sdbﬁe‘épfd)c%' e %Heﬂpﬂhgpﬁby b@WHRﬂ%@bhé' by 1ﬁﬁ‘§déﬂhi§?<h‘érboxyesterase
dyl . In” casés where macrop

engw"e@as ﬁXQWS?SlOé Pﬁ@?m%%fiiﬁfr FRUPRB HlH B dNPRPA? g@f@ﬂil%r C=0)ORq
ek Fyg@ep{wh@ﬁpls optional ly substituted
W(801 %) al k suchras met hyl, ethyl, n-or isopropyl, or

i So- or sec- butyl, (CrOwcycI oaI kyl such as

%a gp:r on;yl is NGNS &PSMMionaWQJU%hﬁi@d (©, mﬁ%ﬂvﬂ(wmaikyi]b- or
thi eny ey E)are mdepenger?tiy Oortand

enyl

A A e Rl R S B
4- met oxyp hgmﬂﬂﬁhﬂy %@Féﬂ? RYJ is h?ﬂ‘r'o@@b{ bfTEHDé 'aikgr and Ry is hydrogen

yr| dyI rret% may al so or “exanpl e ORD,

o - vvher ein RDis hydr ogen or opti onal I y _

substltuted (01 06) al kyl such as methyl, ethyl, or
n- or |soprop For conpounds of the i ich ) ,
ar e (o bé?iva%ﬁmfpg%?wt@yg'dsé%béaiuw R@Eﬂn&]@ ﬁa@%ﬂ wherein Rio is
s| owyARlyen 8F Co8L, alkgPandtREY Ageogér oPCEDeBIkgE or RiJ@RI Ry, together

they are | ess susceptible to pre stem c rretaéélb n%
Thel"Y*théB? niteger & w@s!a thevrie raﬁ?afe@gieﬁ%rm pagpionally supsiityted
t hern?fr@f:ﬁc]i’c%fe@@@%ﬁc riag df Bher estey ate/e d@%l@@llh\/mté@dychc ring
i nsi de aci d

e cells of the target tissue into_th
pr od¥elem ohRreJGaiBocERTs: PR EIVEE060 2 LS weer |
for local adm nistration, where the ester is either
dlrectly applled to the target tls ue or djrected
thedd by Rrage Rndaken ©OeRUIA the,sATben taWhieh ayeare gidached form

des 'ah%h@nél@%hb&th@te@%cﬁfocb@l&: @rbaiyLit ik & (@i 836 #rrgaatoms or
cl eavage, to m

nimse s osure and consequent
unm@fﬂyﬁlﬂ”@”&@yélﬁrérlﬁ%‘/ﬁ%f‘ ogg]g%pﬁgﬁg PR3-t o which the

group Ris attached is unsubstituted, ie Ris attached

thyl e r adi he esters te
Wit Bies PBkoS0 R PR T B BB Prpy M- sec-or
tersysb@t bjfdilérﬁ'aliyl anyl I phemr beptyl, @-r thg ﬁwﬁ‘td@manﬂht\!&ﬁetay!plpertdm -4y,

toty P P ap SR e, sy o Gmeiar PG
mdrStiolinegeyl. euirerty drefmddne wpard RGus aj?clcgffegﬂl stry

strategy chosen to link the am no aci er notif R
in substituent Y to the rest of the nolecule. Cearly

Mdohﬁah@b@érb@t Knowsito B0y képfold mahﬂmmetdmafsmrymmgh the release
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prinary bi ndi ng node of the conpound as a whol e.



Wth the foregoi ng general observations in mnd,

taking the variables making up the radical -L1-Yl-[CH
wignobsi6:3i312 may be 0 or 1, so that a nethyl ene pEwGEMb6/004034
linked to the rest of the nq&ecule is optional; Y1 may

be, for exanple, -NR3-, -S-, -0-, -C(=0)NR3-, -
exp¥RRE(tT Wad to QEcudel s%%ﬁecbéhﬁﬁ@!nﬂeﬁ%ré i%v@)(ﬁsfc@g@r@d @rmethod of
optionally substituted Cl-C6 as -

targqi;mg bR eanagrephages whichds Qﬁsqumthﬁﬁ@sﬂyﬁ@oq Hat @ﬁlv‘@y in
wh\éﬁ% @ét@r%§@hotaf BQEHQ@C‘t& t%hibato%@'ﬂ%nes @H@tﬁé%ﬁ%ydrolysed and

her@qmgot it a@@ulatem@fﬁ@ent (@H@@s@pe%{mliy it has been found
tha%%p%‘@s ccﬁ@éilr') EH%a@é%%%%te%sm1 apbréddather cell types do

i ncl ude -

not. bﬂh@a@mf@mwa (1) wpp WeHpitepgean of tug-pyieraserpalbRn CHERNH- is not

d Y tsWdt -—d(‘ﬂb,-c =0)0- or -C(=0)NRs-
re PR g LRo e ¢ NS er e (FONRs
radicgiAbeEReCHIICHINOPF O¥Erolysetl iyt ek- 1@%@@ ﬂ&ﬁ mmbléwsamlaonly
Cﬁ%téﬂp}ng%g @l ent cycl opropyl, cyclopentyl and
ae cycl ohexyl rgd?%al s. Akl and Alk2 when present may
al so be branched chain al kyl such as - CH(CH3) -

The ShfddRckt sid®brhif FEiid Beéas@r(!a)ent at ' on - CHZCH( CH3)
he radi cal |s a

3”*?19‘6rtg§fﬁ3r’l§8wr%'ﬂ%mﬁh§fdfﬂﬁ P%%H"PSP 5@8@W‘E’r@iy§8b'§ﬁd per haps
intrB@auRe c%oﬁ&l@ﬁérasb Rihaghdre Eh&ﬂe@tﬂ% Bthb isfHeadRin group R; is not
Presently it is preferred that there be no optional
critiggbstituents in Li, When both mand p are 0, Gs a
di val ent nono- or blcyclic carbocyclic or heterocyclic
ical with 13 rin oms (optionally '
Ex%ﬁ@%?P?%P@BﬁmdﬁﬁﬁﬁW@”%gﬁu 1d ‘at | east one of mand p
Cq-Cé atkyl, phény@ i yab:e@hydra@pﬁahyn :zlcsu d fﬂ@nahm&%h@rﬁa&@on
a |cyc ic car clic or
o G apSlarie Bl B oeRsls2 s e B 2/
or 40RhzAtIbklz8UDS s, brt-ed)Ce Mh@@bpnm@m beRzyreNy (0P CedlioN)-
exanpl e, a di val ent phenyl , napht hyl, cycl opropyl,
9roiB%:l opentyl, or cyclohexyl radical, or a nono-, or
-bi-cyclic heterocyclic radi cal having 5 tol3 ring

the g@g;?aggﬁnémfgurg%gq@% aD r&&u@yg @{ﬁ(@ﬂ cﬁ%gﬁa gilchn%y’functionai group may be
profectedphenyl ene i-s presently preferred. Specifically, in
sonme enbodi nents of the invention, L1, mand p nay be
O wth n being 1. In other enbodinents, n and p may be
groQpsvi Ak, Ry dieregAlk is & KCFQg)dlkgror e@pﬁgemeny!@roun opiicaalty ipterrupted

by %@%@' P g2 oig e GIRREEr b ey Holtora e

Ce)aladigralp], misd pr hreandbie iDamoptionaly ka%hﬂieoMMalkahemycloatkenyl
esent, may be selected from-CH-, -d 2CH2-, and -
CH2CH2- and Q may be 1, 4-phenyl ene. Specific
exanpl es of the radical -L1-Y1-[CH2]- include

a b%&ﬁ?gﬁut%%ﬁﬁgt Nlﬁlé Eﬁgﬁé@? EPFO%I?%%HZCORB where R

is hy@eRaHI0INO, (C4-Cglalkoxy, phenyl(C;-Cslatkoxy, {C4-Cs)alkylamino, di({C4-
Cs)alkyl)amino, phenyl(C4-Cg)atkylamino, the residue of an amino acid or acid halide, ester

gro

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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t he conpounds with which the invention is concerned

Ve 200BIDAT31 nhi bitors, and may therefore be of UBET/IGB2006/004034
the treatment of cell prolifegative disease, such as
cancer, in humans and other manmals. It wll be

under st ood that the speC|f|c dose | evel for any

@ PRI P Rl g opfeitet BORT 3R B Gt o7 t-sustiuted
thectostprooyuiic en@mtylerélo hite, agreoxh ¢dyCyaikghl, cy@es) €Cals)alkanoyl,

eal t ime.of adm.ni t rout e, of
iRl PGy Parts OBy ‘@i &P h (Cufuigh s G
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ose | evels an requency o osi ng
CM;SS&QE rﬁ?h“n@%}by clinical trial. The conpounds
with which the invention is concerned may be prepared
strat.ion by any route consistent with their
Ei%ﬁ%ﬁﬁ%g%ﬂ ﬁ@ ropertles The orally adm nistrable
conposi tions nay be |n the forn1of tabl ets, capsul es,

powder,s 0

P oA i B 0, BEGREnyden’ s Akt (G-Catakenyl, (C--
par Epaklya, HanylCodg)atkyl, $CsPgogilaw@iligl; ofabl et s and

capsules for oral admnistration may be in unit dose
presentation form and may contain conventiona
excRpisdytisogencimdd, dvidridlj arg irageatdently pheey anpbersyylspeh as
aca 'ﬁﬁ %?Iatin sorbitol, tragacanth, or

pol \ 9 -pyrrolidone; fillers for exanple |actose,

sugar, maize-starch, calcium phosphate, sorbitol or

Sk %?”é”fﬂ"?é}“g@“ '!éﬂh% oLl ”Ejp@?zegsgﬂf%l @g%ﬂ%%d: Nalkyl, or

di s{Git@geyainagyf, and &qamdRy tpgﬂth@row%tthe chrbooratao dcephigblieey are

Y e T e

i n rieg; wal pharnaceutlcal practice. Oal Ilquid
preparations may be in the formof, for exanple,

aqueous or oily suspensions, solutions, emulsions,

syr BpRuanddtdtegetber with heycaiwnptesdnwbithdkenargrajtached form a

t th
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al ucose syrup, E atin
enmublanyi Cn@e)@ﬁ‘d 105 2 Q> @(@@ﬁﬁaaéforéinhellﬂmothgbmmwwogen or R,
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i ncl ude” edi bl e o or exa a
f r a@thedpraedic dog Ro'islhydf@gﬁfy -o&t P, %ﬁj@@ﬁf‘asCN ~COH, (Cq-

gl y@gbérﬂﬁomark?m/d:ﬁmd g'CXﬁRJLV-Cs‘?%]k)ﬁt @(bféﬁféﬁgp' O(Co-Coalkenyl, -

preservatives, or e

P S o o B CorC b SOXBED alid, -S(CHEarHery, -SO(Cr
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Yy
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in the case of powder inhalers) may be present in such

i nhal ed fornul ati ons. For the purposes of inhalation,

a |l arge nunber of apparata are available wi th which
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Synthesis There are multiple synthetic strategies for

the synthesis of the conpounds (1) with which the

W R8€d31dinvention is concerned, but all rely GrRKOEWI6/004034
chem stry, known to the synthetic organic chem st.

Thus, conpounds according t ormula (I) can be

synébgél @ggu@pm@gl e, —ﬂll—f@@P@?)Q%fS\l(@@ﬁG&)mhﬁ% lNIH@bﬁL

dard térature and

skl Cha 691 QS B0 OB ISR (286D 4 638 S8 el Cr

ar t o dootiaf@hyl bh&TRbMsh FouUr ces are "Advanced organic
cheni s%bﬁay 4n¥thd|yt§| on (Z ley), J March,

" Conpr ehensi ve Organic Transformation”, 2" Edition

Exé&‘ﬁﬁ[é@b@paﬁu@r Fi—%fr&ﬁ}é includ@RbPaRn n% '%%\éCéHai-h" ), benzyl,

Edi'ti on (Perganon R Katritzky),
phenaly pmlp@wmf@é gleRess ﬁyt’j@ﬂﬁ “Ylpe fg&ﬁ%@%@éyme’fhﬂe [so-butyl, sec-

butdN@RLURRS1- bemzy*t%ﬁlmneﬁ?hé'th o|r m@fh[y!ﬁ%)ﬂ -thithgletdylHenercapto-1-

sour ces identli st and terature searches

metbhirleting e phearietsic Brrsaryy @étﬁfr@éﬁaﬁewsa@,duqy@‘ﬂﬁ%lbeﬂzy' and
:so'ﬁgﬁﬁ rc2815|§ex Pind BRlthaf Rty The synthetic routes used

pre aration of the conpounds of the Exanples
beI ow may be adapted for the preparati on of anal ogous
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is CH,R? (R? being the mono-substituent) then the esters tend to be cleaved more rapidly -
than if that carbon is di- or tri-substituted, as in the case where R; is, for example, phenyl

or cyclohexyl.

The radical —-Y-L'-X'-[CH,].- in Z' case (a)

This radical (or bond) arises from the particular chemistry strategy chosen to link the
amino acid ester motif R{CH(R2)NH- to the ring A (when present), or ring B (via the
—{Linker}- radical). Clearly the chemistry strategy for that coupling may vary widely, and
thus many combinations of the variables Y, L', X'and z are poséible. 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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within the cell of active carboxylic acid hydrolysis product) are best achieved when the
linkage between the amino acid ester motif and the rings B and/or A is not a substrate for
peptidase activity within the cell, which might result in cleavage of the amino acid from the
molecule. Of course, stability to intracellular peptidases is easily tested by incubating the
compound with disrupted cell contents, and analysing for any such cleavage.

With the foregoing general observations in mind, taking the variables making up the
radical =Y-L"-X"-[CH],- in turn:

z may be 0 or 1, so that a methylene radical linked to the ring A or the fing Bis
optional;

specific preferred examples of Y when macrophage selectivity is not required
include—(C=0)-, -(C=0)NH-, and -({C=0)0O-, Where macrophage selectivity is
required any of the other options for Y, including the case where Y is a bond, are

appropriate.

In the radical L', examples of Alk! and Alk? radicals, when present, include
~CHz-, =CH,CHz- —~CH,CH,CH,-, ~CH,CHCHCH,-, ~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-,

~CHCHW- —~CH,CHWCH,-, ~CH,CHWCH(CHg)-~, ~CHWCH,CH -,
~CHWCHCHWCH,-, and ~WCH,CH,- where W is —O-, -S-, -NH-,

~N(CHg)-, or ~CH,CHN{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
monoe- or bicyclic carbocyclic or heterocyclic radicat with 5 - 13 ring atoms
(optionally substituted). When nis 1 and at least one of p and ris 1, L'is a divalent
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cyclopentyl, or cyclohexyl radical, or a mono-, or bi-cyclic heterocyclicl radical
having 5 to13 ring members, such as piperidinyl, piperazinyl, indolyl, pyridyl,

thienyl, or pyrrolyl radical, but 1,4-phenylene is presently preferred.

Specifically, in some embodiments of the invention, LY, p and r may be 0 with g
being 1. In other embadiments, g and r may be 0 with p being 1. In further
embodiments, p, g and r may be all 0. In still further embodiments p may be 0, g
may be 1 with Q" being a monocyclic heterocyclic radical, and r may be 0 or 1.
Alk’ and Alk?, when present, may be selected from —CHg-, ~CHoCH,-, and —
CH,CH.CH,~ and Q' may be 1,4-phenylene.

Specific examples of the radical ~Y-L'-X"-[CH,],- include —C(=0)- and —-C(=0O)NH- as well
as -(CHz)y-, (CH2)O-, -CG(=0)-(CHa)y~, ~C(=0)-(CHz),O~, -C(=O)}-NH-(CH,)y-, -C(=0)-NH-
(CHa),,O-

%O_(CHQWO%— and W(CHQWO%

whereinvis 1, 2, 3or4 and wis 1, 2 or 3, such as -CH,-, -CH,0-, -C(=0)-CHy~, - C(=0)-
CH.O-, -C(=0)-NH-CHz-, and -C(=0)-NH-CH,O-.

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

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

R‘] R1
> % HN D
RN
H

(Y)
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In formula (X) and (Y), Ry is is & carboxylic acid group or an ester group which is

hydrolysable by one or more intracellular carboxylesterase enzymes to a carboxylic acid

group, as defined and discussed above with reference to Z' case (a).

The ring D in Z' case (b)
When R is a group of formula (Y}, examples of R include:

R,
and
N
H

wherein R, is as defined and discussed above.

The group Ry in Z! case (b) .
The group Rg is present in the compounds of the invention in this case when R is a radical

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 C-C; alkyl, C4-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)R®, wherein R® is
optionally substituted (C-Cgalkyl such as methyl, ethyl, n-or isopropyt, or n-, iso- or sec-
butyl, (Cs-Coeycloalkyl such as cyclopropyl, cyclopentyl, cyclohexyl, phenyl, pyridyl,
thienyl, phenvl(C4-Ce alkyl)-, thienyl(C4-Cs alkyl)~ or pyridyl(C4-Cg alkyl)- such as benzyl,
4-methoxyphenyimethylcarbonyl, thienylmethyl or pyridylmethyl.

Rs may also be, for example «(C=0)ORP, or —(C=0)NHRP wherein R is hydrogen or
optionally substituted (C4-Cg)alkyl such as methyi, 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.
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Y' may be, for example, -NRg-, -S~, ~O-, -C(=O)NR;-, - NRsC(=0)~, or
-C(=0)0-, wherein Rs is hydrogen or optionally subsfituted C4-Cs alkyl such as —
CH,CH,0OH;

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

—CHy-, -CH,CHs> —CH;CH,CHo-, ~CH,CH,CH,CHy-, ~-CH=CH-,

~CH=CHCH,-, ~CH,CH=CH-, CH,CH=CHCH,-~, -C=C-~, ~-CECCH,-, CH,C=C-, and
CH,C=CCH,. Additional examples of Alk' and Alk® include —CHW-,

—CH2CHW- —CHCH,WCH,-, -CH;CH,WCH({CH3)-, —-CHWCH,CH,-,
—~CHWCH,CHWCH,-, and ~WCH,CH,- where W is —O-, -S-, -NH-,
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+ thienyi, or pyrrolyi radical, but 1,4-phenylene is presently preferred.

Specifically, in some embodiments of the invention, L', m and p may be 0 with n
being 1. In other embodiments, n and p may be 0 with m being 1. In further
embodiments, m, n and p may be all 0. in still further embodiments m may be 0, n
may be 1 with Q being a monocyclic heterocyclic radical, and p may be 0 or 1.
Alk' and Alk?, when present, may be selected from —=CHg-, ~CHyCHz-, and —
CH,CH,CH2- and Q may be 1,4-phenylene.

Specific examples of the radical —L'-Y'-[CH,],- include
(CHy)sNH-, - CHoC(=0)NH-, ~CH,CH,G(=O)NH-,-CH,C(0)O-, -CH,S-,
-CH,CH.C{0)O-~, «(CHy) 4NH-, -CH,CH,S-, -CH,C, -CH,CH,0-,
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As BENMBNS Mbove, the ’éompounds with which the invention is concerned are HDAC
inhibitors, and may therefore be of use in the treatment of cell proliferative disease, such

as cancer, in humans and other mammals.

it will be understood that the specific dose level for any particular patient will depend upon
a variety of factors including the activity of the specific compound employed, the age, body
weight, general health, sex, diet, time of administration, route of administration, rate of
excretion, drug combination and the severity of the particular disease undergoing
treatment. Optimum dose levels and frequency of dosing wilt be determined by clinical
trial.

The compounds with which the invention is concerned may be‘prepared for administration
by any route consistent with their pharmacokinetic properties. The orally administrable
compositions may be in the form of tablets, capsules, powders, granules, lozenges, liquid
or gel preparations, such as oral, topical, or sterile parenteral solutions or suspensions.
Tablets and capsules for oral administration may be in unit dose presentation form, and
may contain conventionat excipients such as binding agents, for example syrup, acacia,
gelatin, sorbitol, fragacanth, or polyvinyl-pyrrolidone; fillers for example lactose, sugar,
maize-starch, calcium phosphate, sorbitol or glycine; tabletting lubricant, for example
magnesium stearate, talc, polyethylene glycol or silica; disintegrants for example potato
starch, or acceptable wetting agents such as sodium lauryl sulphate. The tablets may be
coated according to methods well known in normal pharmaceutical practice. Oral 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; emuisifying 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 aerosot delivery for

example, by pressure-driven jet atomizers or ultrasonic atomizers, or preferably by
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propeliant-driven metered aerosols or propellant-free administration of micronized
powders, for example, inhalation capsules or other “dry powder” delivery systems.
Excipients, such as, for example, propellants (e.g. Frigen in the case of metered aerosols),
surface-active substances, emulsifiers, stabllizers, preservatives, flavorings, and fillers
(e.g. lactose in the case of powder inhalers) may be present in such inhaled formulations.
For the purposes of inhalation, a large number of apparata are available with which
aerosols of optimum particle size can be generated and administered, using an inhalation
technique which is appropriate for the patient. In addition fo the use of adaptors (spacers,
expanders) and pear-shaped containers (e.g. Nebulator®, Volumatic®), and automatic
devices emitting a puffer spray (Autohaler®), for metered aerosols, in particular in the
case of powder inhalers, a number of technical solutions are available (e.g. Diskhaler®,
Rotadisk®, Turbohaler® or the inhalers for example as described in European Patent
Application EP 0 505 321).

For topical application to the skin, the drug may be made up into a cream, lotion or

+ ointment. Cream or ointment formulations which may be used for the drué are
conventional formulations well known in the art, for example as described in standard
texthooks of pharmaceutics such as the British Pharmacopoeia.

- For topical application 1o the eye, the drug may be made up into a solution or suspension
" in a suitable sterile aqueous or non aqueous vehicle. Additives, for instance buffers such
as sodium metabisulphite or disodium edeate; preservatives including bactericidal and
fungicidal agents such as phenyl mercuric acetate or nitrate, benzatkonium chloride or
chlorhexidine, and thickening agents such as hypromellose may also be included.

The active ingredient may also be administered parenterally in a sterile medium.
Depending on the vehicle and concentration used, the drug can either be suspended or
dissolved in the vehicle. Advantageously, adjuvants such as a local anaesthetic,

preservative and buffering agents can be dissolved in the 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 (1) can be synthesised according
to procedures described in the standard fiterature and are well-known to the one skilled in
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E{OH = ethanol

EtOAc = ethyl acetate

Boc = tert-butoxycarbonyl

DCM = dichloromethane

DMF = dimethylformamide
DMSC = dimethyl suifoxide
TFA = trifluoroacetic acid

THF = tetrahydrofuran

Na,CQ; = sodium carbonatas
K,C0Ojy = potassium carbonate
HCl = hydrochloric acid

ag = agueous solution

DIPEA = diisopropylethylamine
- NaH = sodium hydride

NaOH = sodium hydroxide
NaHCO; = sodium hydrogen carbonate
Pd/C = palladium on carbon
TBME = tert-butyi methy! ether
N, = nitrogen

PyBop = benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate
Na»304 = sodium sulphate
Et:N = triethylamine

NH; = ammonia

TMSCI = trimethylchlorosilane
NH.Cl = ammonium chlonde
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| NNﬁ'?EP” @Hﬁ%?deheat (20000)

HOBt = 1-hydroxybenzotriazole

TLC = thin layer chromatography

LCMS = liquid chromatography / mass spectrometry
mL = millilitre(s)

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:



WO 2008/ 053131PCT/ GB2006/ 004034 36 Stage 1 - Diels

Al der reaction N-Benzyl mal ei mde (50g, 267.1mmol) was
wd foghed in Et20 (600nL), treated with PCT/GB2006/004034

et hyl di azoacetate (31ni, 293 gmml) and stirred at RT

under nitrogen atnosphere fo? 36h. A white precipitate

had forned so it was isolated by filtration, washed
vvlth ice-cold Et20 and drled to give the desi r ed
Pre 204 n/‘_pu_;»a.Q_-O', inta G,«.“;}g‘;\ - =4 302
[MH—I] 1H NI\/R(SOOI\/Hz d6 DI\/SO) 6 1 20 (3H, t), 4.15
(2 E(% f, % , é 5.00 (1H, d),
R”?‘t.ei'SJ-S .f°3?§'e Qr%qa“‘i‘i‘f,'@‘?r ?S"afefiﬂf‘d’ t)"rme%at‘ea%e 21- Condensati on
Stage 1 product (72g, 239.2nmpl) was heated to 160C

unti t nelted to a yell ow The oil was heated
>Lurot t o SEUCrEE hubbl i n art ed. TH®® i)il was
atf 200e PO OMS0 mi the*C!bu@bl i NG o
sub§1 ded. The now amber - col oUre:d m was”¥ool ed to RTr D

and triturated with ice-cold Et20. The resulting
precipitate was filtered and washed with nore ice-cold
Rokate 3QUstddorgfiewepdidien cpniehedidic @s a cream solid (37. 2g,
57% . 1H NWVR (300MHz, d6-DMSO) 6: 1.20 (3H, t), 2.80
H t), 3.00 (2H, d), 4.1 2H, q), 4.35 (2H, s),
@f - L f0Q &gmmm WQ,QOO 53131PCT/ G132006/ 004034

98#\ cyclohexane SN :

Route L Used for the preparation of intermediate D

y

8] Stage 1. cyclopenianol fo] Stage 2. Pd(OH), o
-

o . O
O/U\N/QrOH EDCI, DMAP, DMF OJE\HJ;WOD Mz E10AC HZNL[(O\Q
Ho 5 ° ©

Scheme 1




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

dry THF (400nL). This solution was added dropw se at
voaoe/08818uspensi on of Li AlH4 (20.7g, 545. 3muol pCTAGBAOG/004034
THF (200nL). The resulting bmgwn suspensi on was heated

to 60C under nitrogen atnosphere for 36h. The m xture
Camgoundsmprepsredt to 0C and quenched carefully with
saturated NH4G ag. A grey solid forned and nore THF

was added to all ow adequate stirring. Solid Na2SO4 was

added to the m xture which was stirred at -R[ for 30
m nutes. The mxtur vvasthenfllteredth celite
to give a pale ye sol ution. This was spricentrated
i n vacuo to |ve esi red product as anj orange oil
(14. 19, 510 z—20 Hr, 11-1 HVRLKE300{HZ

§
DVMSO) 6: 2. 25 (2H, %I) 5 (2H d), 3.20 J,< 1, :
3.55 (2H, s), 4.35 (1H, t) 7.20-7.40 (5H, m. Stage 4
- Nitrogen deprotect| on to yield

3- azabi cycl o[ 3. B1HEXA 6- yI net hanol (| ntévRedhisl e Q
Stage 3 product (7.5g, 37.0mvl) was dissolved in dry
MeOH (250nm.) at RT. Pd(OH)2 (1.5g) was added to the

solution and the reaction fitted with a hydrogen

bal | oon The reacti on.was degassed tw ce and fl ushed
W th The reacti s allowed to stir r 6h and
fl ushed with &4res drogen ball oon and allowed to

stir for her 64h. The reaction m xtfure was t hen
filtered ugh ¢elie: solvent e ed. in
vacuo ard e residue give t pr @duc a

white solid (4.1g, 98%. m{z = 114 [MrHt PH N
(300MHz, CDCI3) 6: 0.94 (1H, septet, 3=3.3Hz), 1.37
(2H, m, 2.89 arwrne%te@ 11. 4Hz), 3.02 ( Z#¢rmetiateD
3=11.4Hz), 3.54 (2H, 'd, J=6;9Hz). WO

2008/ 053131PCT/ 0OB2006/ 004034 38 Exarrpl el Schene 5
WO 2008/ 053131PCT/ GB2006/ 004034 39 Conpounds prepar ed:

SyRtiresisye! apapbivhdsldutlined in Figure 1

Route I (exemplified for Infermediate B)
Stage 1 — Ester formation

0

S o
0" N
O

o}
To a solution of (8)-2-ferf-butoxycarbonylamino-3-cyclohexyl-propionic acid (5g,
19.4mmol) in DMF (50mL) at 0°C was added cyclopentano! (8.8mL, 97.15mmol), EDCI
(4.09¢g, 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 (MgSQ,) and concentrated in vacuo. The crude
extract was purified by column chromatography (25% EtOAC in heptane) fo vield the



R = H(2) 0O HON H N R = Cycl opentyl (5)R
Cyclopentyl (7) R=H6)R = H 8 HO NN H OH N

N IN R =
woynhopsnityl (9) Figure 2 P

CT/GB2006/004034
32
desired product as a clear oil (14.87g, 55%). "H NMR (300MHz, de-DMSO) &: 7.09 (1H, d},

5.08 (1H, 1), 3.76 (1H, t}, 1.50-1.85 (10H, br m), 1.38 (9H, s), 1.00-1.25 (8H, br m}.

Stage 2 — Boc deprotection to vield cyclopentyl (28)-amino(cyclohexyl)acetate
hydrochloride {Intermediate B)

0

HCl H N U
0

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,O 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, br s), 5.22 (1H, 1), 3.28 (1H, d), 1.95-1.50 (10H, br m), 1.30-0.90 (84, br m}).

Route If
Stage 1 — Ester formation to yield (18)-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, de-



Synt hesi s of conpounds outlined in Figure 2
exenplified for (1) and (2) Stage 1 - Coupling 0O EtON
WAD2®80871663131PCT/ GB2006/ 004034 40 A suspensi orCTIB2006/004034
pi peridine-4-one HCl salt (13%6g, 8.5mol) and K2003
(11.70g, 85.0mmol) was stirred in DVF (50nL) at RT
DNiB@g 508,881 (2 dyen, &t Irbplvesk 7145 (THOmMY Tt €24, d), 5.25 (1H, br g), 5.18 -
f f dA nmol ) was then added and
(ﬂh f%’%s@%% n%rebgéggrl—i%n urther 10 m nutes. The
react| on was then diluted with water (150nmL) and
cﬁ]féf Act ed wwth Et0OAc (2 x 200nL). The conbi ned organic
ayers were dried (MgSO4) and the solvent renoved in
Stagee e Bsterdorvatiphe product as a yel l ow solid which was
used in the next step without further purification.
mz = 250 [ MtHr. Stage 2- Ester hydrolysis Stage 1
product was stirred in 1M NaOl- (30nm.) and THF
(30nm.) at RT for 4 days. The readtion was then
acidified to pH- 3 with 1M HC and this was
extracted with DCM (2 x 200 .} The conbi ned organic
|l ayers were dried (MKagSO4) Sw renmoved in
vacuo to give the g uct as i yello lid, (665ny,
35% over 2 steps). nm¥Fz = 222 [MH|t Stage 3- Reductive
am nation Stage 2 product (100ng, O0.45mvol) was
stirred in DCE (10nmL) with internediate A (106ng,
To sriution| of (Mbmﬂx@wp@nmammc@ te@-Bifonyedrppianic BTIdUABEr

oS APRSARORSED S Bos S Sl 0L B g

EDCGH (&7-8%80198) 1 1nThed) awhiiialiy @MAR 03, ISa%mmrsol\)\eTm rdadtiod mixture was
wa%@@%%ﬁ' aﬁ@‘é{tlﬁr&f s9kyent renoved in vacuo to give the

product as a ye OWSO|Id whi ch was used in the next
The Caf wis Fesneveliun vaero tpwivera yeliovosil, Thisavas proBiohis Bietween water

anM@t@Q@ %’h%%ﬁ&%%@ ﬁfya@g&oﬁj e%q%% f'g{n(ﬁ:@&%nﬂ‘ated 7 L&R! ?ﬁe crude

dr oxamat e
extraot was purified by column chromatography (26% EtOAC in heptane) {o yield the

desired product as a clear oil. This was used directly in the next stage without
characterization.

Stage 2 — Cbz deprotection to yield cyclopenty! O-terf-butyl-L-serinate (Intermediate D)

b
o

Stage 1 product was dissolved in EtOAc (150mL), treated with Pd(QH), {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-DMSQ)
8:5.17 (1H, 1), 3.45 (1H, m), 3.34 (2H, q), 1.80-1.50 (8H, brm), 1.08 (GH, s).



O OONNN St age 3 product (182ng, 0.45mmol) was stirred
in DMF (10m) with EDCl (103ng, 0.54mmol), HOBt (73ny,
wih sdsmasidy, Et 3N (314pL, 2.25mmml) and i nt er nedicaresH06/004034
(310pL, 2.25mmol) for 16h atgRRT under a nitrogen
at nosphere. The reaction was then diluted with water
Présration aif ©-Exis ohgtos de tiw b iy O/ kabhine 1 Ginediate &)
conbi ned organic |layers were then dried (MpJSO4) and
the sol vent renoved in vacuo. The residue was purified
mm chromat ography (0 to 15% MeOH in DCM to
e product | ow'OIFh ECA 0Ny, 479% .
i S?age %S-O dr oxamad®, depsatect i on tzgi% e(P/Y
cyclopentyl N-{145-
(hydroxycar banoyl ) pyri m di n-2-yl ] pi peri di n- 4- y1}ogmqdggE
cinate (1) Stage 4 prodyglemé 210ng, 0. 21nmol ) was
stirred in DCM (20nmL) with TFA (0.5nm) for | h at RT.
The sol vent was then renoved in vacuo and the residue
Interumadiate & \ys preppad ddliowngHRE Grdtiodgilogy deleritpddd WD 0a£0E85.

'H Mﬁfﬁ&(ﬁ)@ﬂ'ﬁ ﬁﬁﬁj\%@%@&%aﬂﬁ%@w 619/%1 O #1201, da),

3.42.(48; 4d)84 (GBI H, ) 5.82.(8,(IH, , 2.90(2H, m, 3.42 (2H,
m, 4.01 (1H, m, 4.91 (1H n), 5.27 (1H, m, 8.58
(2H, m. WD 2008/ 053131PCT/ G112006/ 004034 42 Stage 6
Prepdfatien o gthyd Ry miethylSilfowipvrinddinet5-¢ddargateXidtdmiedinte F)
was stirred in THE (10nL) with KOTMS (115ngl 0. 9nmol)
for 4 days at RT under a nitrogen atnosphere. After

jgﬁs time the solvent was rem@d in vacuo and the ji)p_Me
si due ste t hout ‘
kB9, 2bd D& REXY %v
publi f i catwl@on Wz BE%M N st age %éé&é %gngﬁa%e N N
%dfg«tectlonto yi el d / K%
5 (hydroxycar banp34) Pyri m di n- 2-
h'-:rél peridin-4-yl1)-L-1eucine $2F'HO N'N CO,Et

Intermediate F

Scheme 3

Stage 1 -~ Chloro reduction

0 N
L
EtO =N

Ethyl 4-chloro-2-methylthio-5-pyrimidine carboxylate (12.5g, 53.88mmeol) and Zn powder
(14.1g, 215.52mmol) were combined and benzene (60mL) and 3M NH4Cl (140mL) were
added. The suspension was stirred vigorously and heated o 80°C for 30h. The reaction
mixture was filtered through celite and washed with EOAc (200mL). The filtrate was
concentrated /n vacuo to about 50mL and then partitioned between MO (400mL) and
EtOAc (400mL). The agueous layer was further extracted with EtOAc (250mL). The
combined organic layers were dried (MgSQ,4) and concentrated in vacuo to a dark oil. This
was purified by column chromatography (neat heptane followed by 1:1:1
heptane/CH,CL/ELO and finally 2:2:0.5 heptane/CH,Cl/Et,O). The desired product was



Hi | Stage 6 product (0.45mmol) was stirred in DCM

(10m.) with TFA (1nL) at RT for 30 m nutes. The
vehoaosntiaas then renoved in vacuo and the resiBUOBGB2006/004034

purified by preparative HPLG40 give the product as a

pink solid (7ng, 5% over two steps). LCMS purity 95%
obtainedas36&lewtiess bit (13gns il bh/e = T8ONVRHEQI'M e . (3TtNdHz, ds-DMSO)

o Rfednr e ghey ﬁ%&sﬁaﬁ 150,268y "hata for vach:
anal ogue i s given. LCVS puri ty 97% mz = 440
Sta[pf\e/%lf §pé6e P%éqﬂot%%cﬁgﬁwy%?m%tfyls%l%wg?ﬁ éiﬁ%:%'—_'%e{rfg%{ylate

(Infekiledrte Fp. 33 (1H, m, 7.53 (5H, m, 8.69 (2H s). WO
2008/ 053131PCT/ GB2006/ 004034 43 (4) LCMS purity 98%
mz = 378 [ MtHr, insoluble in NVR solvents. (8) LCMS
purity 97% mz = 446 [MtHt 1H NVR (300MHz, CD30D) 6:

0.80-1.82 (24H m, 2.04 (2 NT),HZ 94 (2H, m, 4.86

(1H m, 5.23 (1H m, %ZSGZ%T}I——@A— (6) LCMS purity
95% mz = 372 [ Mkl-1r EidlH (FHOMHz, CD30D) 6: 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).
To a stirred solution of stage 1 product {(13g, 47.59mmol) in dry THF (250mL) was slowly

added over 30 minutes a solution of mMCPBA (47.59g, 275.76mmol) in THF (150mL) at 0°C
under Ns. The reaction mixture was allowed to warm to RT and stirred for 2h. The reaction
mixture was then concentrated in vacuo to about 100mL and the product / benzoic acid
mixture pre-absorbed onto silica gel. Purification was achieved via column
chromatography (neat hexane initially, then 1:5:3 CH,Cly/heptane/ELO, followed by 1:1:1
CH.Cl./heptane/Et,Q). The desired compound was obtained as a white solid {10g, 66%).
© miz =231 [M+H]", '"H NMR (300MHz, ds-DMSO) 8: 1.40 (3H, t), 3.50 (3H, s), 4.40 (2H, q),
9.50 (2H, s).

Preparation of 3-azabicyclo[3.1.0]hex-8-yimethanol (Intermediate G)

COEt
_ S, ~CO,E 2
04&0 Stage 1. Ethyldiazoacetate, £:,0 Stage 2. heat {200°C)
N
0 O O 0
N N
F'n/l ) )

Ph Ph

Stage 3. LiAlH,, THF I

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

Intermediate G

N
H

Scheme 4



(7) LCVS purity 98% mniz = 450 [ M+Hr, 1H NMWR
(300MHz, CD30D) 6:1.25 (9H, s), 1.58- 1.77 (8H, br m,
wb 08631 M, 2.22 (2H, m, 3.02 (2H m, 3.5PdridEB2006/004034
m, 3.87 (1H dd, J=10.8, 2.gHz), 3.99 (1H, dd,
3=10.8, 2.7Hz), 4.45 (1H, m" 5.03 (2H, n), 5.35 (1H,
F)I\/ilrl—ﬂ& 7C1)H(ﬁlbi? ?). (8 LCVS purity 98% mz = 382
_ 300MHz, CD30D) 6:1.25 (9H, s), 1.65
Stage~ Rpls Ad9Eeqdiph 1y 3.01 (2H, t, 3(=13. 2H)z), 3.57
(1H, n), 3.91 (1H, dd, 3=10.5, 2.7Hz), 4.00 (1H, dd,
3=10.5, 2.7Hz), 4.38 (1H 1), 5.05 (2H m, 8.70 (2H
s).- (9) LOVB purity 95% sz ® 394 [MrH, 1H NWVR
(300MHz, CD30D) 6:1.52-1.9 m, 2.10 (2H, m,

2.87 (3H, m), 3.44 (1H ™Y 3/95N2H m, 4.18 (1H
n, 5.25 (1H, n), & 58((2H/m . W

2008/ 053131PCT/ GB2006/£04034 44 4nple 2 0 Stage 2.
Dess-Marl In Et0 DCM Schene €&

N-Benzylmaleimide (50g, 267.1mmol) was dissolved in EtO (600mL), treated with
ethyldiazoacetate (31mL, 293.8mmol) 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, ds-DMSO) 3: 1.20 (3H, 1), 4.15 (2H, q), 4.55 (2H, s), 4.60 (1H,
d), 5.00 (1H, d), 7.15-7.35 (BH, m), 9.60 (tH,s).

Stage 2 — Condensation

Stage 1 product {72g, 239.2mmol) was heated to 160°C until it meited to a yellow oil. The
oil was heated further to 200°C and bubbling started. The ofl 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,0. The resulting precipitate was filtered and washed with
more ice-cold Et,O to give the product as a cream solid {37.29, 57%). "H NMR (300MHz,
ds-DMSO) &: 1.20 (3H, 1), 2.80 (1H, 1), 3.00 (2H, d), 4.15 (2H, q), 4.35 (2H, s), 7.20-7.40
(5H, m).



WO 2008/ 053131PCT/ GB2006/ 004034 45 Conpounds

prepared: 0 HON" N HI R = Cycl opentyl (10)R =

way etsperisyl (12) R = H(11)R H(13) 0 HO N N R = PCT/GB2006/004034
Cycl opentyl (14) R = H(15) 37

T
d on

Stage 2 product (37.2g, 136.3mmol) was dissolved in dry THF (400mL}). This solution was
added dropwise at 0°C to a suspension of LiAlH, (20.7g, 545.3mmol) in dry THF (200mL).
The resulting brown suspension was heated to 60°C under nitrogen atmosphere for 36h.
The mixture was then cooled to 0°C and quenched carefully with saturated NH4Clyg. A
grey solid formed and more THF was added to allow adequate stirring. Solid Na,S0O, was
added to the mixture which was stirred at RT for 30 minutes. The mixture was then filtered
through celite o 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, -
DMSO) &: 2.25 (2H, d), 2.85 (2H, d), 3.20 (2H, 1), 3.55 (2H, s), 4.35 (1M, t), 7.20-7.40 (5H,

m).

Stage 3 — Reduction

Stage 4 ~ Nitrogen deprotection to vield 3-azabicyclo[3.1.0Jhex-6-yImethanol
(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, CDCls) 8: 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).



Figure 3 Synthesis of conpounds outlined in Figure 3

exenplified for (14) and (15) Stage 1 - Coupling
wioroegwmBeiiate 0 (0.97g, 8.62mmol) was stirred inCTRM2006/604034

(20mL) and MeCN (20nmL) with CO3 (5.96g, 43.10mmol)

at RT under a nitrogen atnosphere for 10 m nutes.
Exdmdlerfmedi ate F (2.00g, 8.62mmol) was then added and .

the reaction allowed to stir for a further 20 m nutes.

The reaction was then diluted with water (100nL) and

exgker acted with Et OAc (% x 100nl). The conbi ned or ganic

/l\ayers were dried ( d the sgl vent
034 46 re St oo

N"2¢0s/ 006/ 00h4 /k
fve the %O}Hct as a lig mfwsolldv\hlchwas (l
@d in ext step wthou 4 her purification o
(1.8g, 78%. mz = 264 [MrHr. Stage 2 - Al cohol :
oxidation O EtON Stage 1 product (1.80g, &a84mzwkdae
stirred in DCM (50m.) at OC and Dess- Mar t ['3§H©Ack b€

peri odi nane (3.50g, 8.22mmpl) added. The reaction was
al | oned to warmto RT and stir for 4h. It vas then ¥

queonc edjwith a 1:1 mixture of sat. NaI—|CCB(§ql(a\nd

q) andt e resulting mxturedstifred for

nut es: was then extracted
x 100rrL) and t in d Qr gasthge 4.@ximedeESEDAN | ed O
(MgS™4) and the ¥en vedOF’it ANAEUo. The resi d e

was purified by coI unnoch tography (0 to 10% MeOH
in DCM to|give the-product as a yellow oil (1.35g,
4394 TrAb@ £ 262 [ MtH] . ﬁlig;hgr hydrol ysis -
Stage 2 product (1.35g, 5. 1., g\?g,msg rred in 1M
NaOHaq (20pL) and THF (20nL) a or 3h. The
reaction was then acidified to pH - W|th 1MOHCIaq
Ov\,h ch caused a white solid to precipitate Qut Thi s

§ s filtered off and dried and retain
lHI|t s t extracted with DCM (2 x 100nL
the conbj ned rganic layers dried (Na2SO4) and t @\
sol vent renhoyedyin uo to give a light yeIIowsoll
whi ch was comnbi Aed th the previously obtained solid
(990nmg, 82% . mz = 236 [ MtH] . :

Scheme §




WD 2008/ 053131PCT/ GB2006/ 004034 47 Stage 4- Reductive

am nation 0 HO N N Stage 3 product (175nmg, 0. 75mmmol)
wagososyised in DOE (10nL) with internedi ate B PAB6®Y06/004034

0. 75mmol ) and NaBH(OAc) 3 (22240, 1.05mmol) at R under

a nitrogen atnosphere for -16h. The reaction was then
Codipamned prepdret20 (50nl) and extracted with Et20. The

conmbi ned organic |layers were dried (Na2SO4) and the

sol vent renoved in vacuo to give the desired product

as a yelfow oil which was used in th& next step
Wi t hitfsg, her purifijcation (1711, y Mz =~443
[ MEH] . P St 9)\5- Prot et ed hydroxamate flophation

Stage 4 produ 17Xy, 0.39mmol) was st rifed )i n YOVF

i [ hater E (539pL, 3. 9mol )3 Ok
(90mg, 0.47mmol), (63nmg, 0.47mol) and Et3N ¢
(543pL, 3.9nmol) at RT under a nitrogen atnosphere for
16h. The r ' then diluted wgt 0 and
extract%@ﬁmﬁ%hé% x 100n) . Themécj:&;?{éﬁ)gg‘tgr g?ﬁ,. Cc

| ayers were dried (MJSO4) and the solvent renoved in
vacuo. The residue was purified by col um

chromat ography (0 to 10% MeOH in DCM to give the
product as a colourless oil (91ny, 42%. mz = 558
[MPFH t  QAD 2008/ 053131PCT/ GB2006/ 00434 48 Stage 6 -

Hy dr@xanat \deprote tion to yiel diC opentyl

(28)-c§$gﬁe yIL({ a0 Y

( hydr oxycam _ m di n-2-y1] - 3-aza Nf&ﬁtiﬁf' 9] he
\ NN O
H : Ho 8

Xx-6-yl } met hyp ea}%e (14) O
O .
R = Cyclopentyl  (5) R = Cyclopentyl  (7)
R=H (6) R=H (8)
o
=0

\H | Y|
O\
N R
H
Q

R = Cyclopantyl  (9)
Figure 2

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

Stage 1 — Coupling



N H N Stage 5 product (91ng, 0.163nmol) was stirred

in 1:1 MeOH/ DCM (4m.) with TFA (2nlL) at RT for |h.
whhmosedsyant was then renoved i n vacuo and the ra3GBRE6/004034
purified by preparative HPLG40 give the desired

product as a white solid (15ng, 20% . LCMS purity 98%

mz = 558 [MtH[t 1H NMR (300MHz, CD30D) 6:0.92-1.38

e

85 Patdolimay stirrdsl ib DMFl(&Omt)) at BTGJ‘ﬂderzal-lnltrgggen sﬁm@@hme.for 10 minutes.

int mté‘ﬁﬁ %lrésé S as%h%rﬁﬁd%ﬁa%%ﬁ%&&é%f 13 futher 10

mlrﬂit% el raaacam WEs Uimetediudedivith wglen (0N phd eairdaed WBh EtOAc (2 %

I
2oL e TG el SR B B AR (e ESu BOR, At Rinoyec i
vacueno\gde: the puaitueasangelibhesdlie sihdhevassieediim theneexh etep véthept further
gutg%,f %@i ification. mlz = 490 [MtH . WO
p”%@? 3 006/ 004034 49 Stage 8 - Hydroxamate

deprotection to yield (2S)-cycl ohexyl [ ({345-
Stedayhr &xtec aydratyeigl ) pyri m di n- 2-y1] - 3- azabi cycl o[ 3. 1. 01h
- 6-yl }met hyDam noj acetic acid (15) 0 HO NN

o]

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,q and this was extracted with DCM (2 %
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
N
H
O

Stage 2 product (100mg, 0.45mmal) 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,S0,) 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+H]",



Stage 7 product (0.29mmol) was stirred in DCM (10nl)

with TFA (1nL) at RT for 30 m nutes. The sol vent was
whensnsseved i n vacuo and the residue purifiedpOy/GB2006/004034
preparative HPLC to give thegproduct as a white solid
(13mg, 12% . LCMS purity 99% mz =390 - [M+Fir , 1H

NVR (300wnl z, CD30D) 6: 0.96 (1H, m, 1.10-1.47 (6H,

(1H, m, 2.99 (1H, m,

stdflet,* Fgéﬁe&ﬁ?%yé g'%mf”?)fbr 'O%J =11.7, 3.3Hz), 3.85 (1H,

d, J=3.3Hz), 3.99 (2H d, Jll7Hz) 8.67 (2H, s). The

anal ogues outlined in F|Ogure 3 were prepared by the

procedur e descrl bed for (14) and (15). Data for each

anal ogue is 76( purity 95% mz = 452

[ MEH] |, 11- | NI\/R(SO VHZ 00) 6; 1.41-1. 64 (6H m),

1.72-1.93(5H m, 2.88 (2K njN~ 3360 m, 3.97

(2H, d, J=10.5Hz), 5.26 (1H, s)L. 532 1HO m, 7.51

(5H, m, 8.67 (2H, s). (11) LCVE pufit 9z =

384 [ MtHr, 1H NMR (300MHz, CD30D) 6: 0.9 (IH/m,

1.83 (2H, m, 3.01 (2H, d, J=7.5Hz), 3.62 (2H, m,

3.96 (2H, d, J117Hz) 5.07 (1H, s), 7.53 (5H, m,
StdeB¥proddet!(18Fhg, A 48hhmol) B shiisd nyDB %4 0L Zwith 2621 (103mg,

0. S%Wo}_l;—lcglfgl (M@éﬁﬁ?f&g}ol Jggégg%f?ﬂr;g?mr@) )S@'\d(lg}qrmagfate E (310uL,

2.25mihdo| Oor 36H HZRT uBd&da (ifblerdgithosgratd. Phe ARcBon wadtteh diluted with

Wagefg%)fééﬁnds%ﬁracvémé@é%?w% Febeh) APesssidns 3nens e were

theh @NBd PME BOY) £80he rbRemt rdfdvédvinhldeid.- md\dh@dOB%MdZmﬂed by -

co[ng fP}ozn'_?tog{ap%y_&)l tg}_ﬁo N@%@ﬁmw tﬂ’cﬁ’v%&’flpr uo}5 ag ﬁzsseltow oil

(118047 2H, mins 520 BA+H2H, d, J=11.7Hz), 4.14 (1H ,
8.67 (2H, s). WD 2008/ 053131PCT/ G82006/ 00- 1034 51
Exanpl e 3

Stage 5 — Hydroxamate deprotection to yield cyclopentyl N-{1-[5-

(hydroxycarbamoyl)pyrimidin-2-yl]piperidin-4-yi}-L-leucinate (1)

Ot

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, CD;00) 8: 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).

HG.



SO2Me Stage 1. OR N K2CO3, DMF, MeCN COREt
Internmediate F Et0 OH O Stage 2. NaOH, THF HO OH

wo A3 intermedi ate E EDC1, HOBt, Et3N, DVF PCTEUBI)Es/004034
5. Internedi ate B NaBH3CN, %E

Stage 6 — Ester hydrolysis

N//LN
L
N

Stage 4 product (182mg, 0.45mmol) was stirred in THF (10mL) with KOTMS (115mg,
0.9mmol) for 4 days at RT under a nitrogen atmosphere. After this time the soivent was
removed in vacuo and the residue used in the next step without further purification. mfz =
452 [M+H]+.

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

HO.
N
H

B
N/)\N
QM

N
H
O

Stage 6 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 (7mg, 5% over two steps). LCMS purity 95%, miz
= 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+H]", "H NMR (300MHz, CD;OD) &: 1.30-1.61 (8H, m),
1.78-1.90 (4H, m), 2.23 (2H, m), 2.80 (2H, m), 5.00 (1H, m), 5.33 (1H, m), 7.53 (8H, m),
8.69 (2H, s).



Stage 7. a) NaOH, THF b) HG O H X 0 N)LO}4 Scheme 7
WO 2008/ 053131PCT/ GB2006/ 00403-1 52 Conpounds
wo e@ansxizt R Cyclopentyl (16) R = Cycl opentyl (#81/GB2006/004034

43
(4) _
LCMS purity 98%, m/fz = 378 [M+H]", insoluble in NMR solvents.

(5)
LCMS purity 97%, m/z = 446 [M+H]*, 'H NMR (300MHz, CD;0D) 5; 0.80-1.82 (24H, m),
2.04 (2H, m), 2.94 (2H, m), 4.86 (1H, m), 5.23 (1H, m), 8.58 (2H, s).

(6)
LCMS purity 95%, m/z = 372 [M+H]*, '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) &: 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+HT", *H NMR (300MHz, CD,0D) &: 1.25 (9H, ), 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)

LGMS 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). '



R=H17)R = H(19) 00 HO NHONN I*L. NO''eLi\KN O
R = Cyclopentyl (20)R = Cyclopentyl (22) R = H(21)R =
wid( 289/053131R = Cycl opentyl (24) R = H(25) PCT/GB2006/004034
44
Example 2
SO,Me g Q
NF Stage 1. infermediate G EtO/LFN Stage 2. Dess-Marlln EtO)KFN
= P K,G0y DMF N/)\m/ DoM N/)\m\/
CO,E OH 20
intermediate F
Stage 3. NaCOH, THF
0
HO N 0
L J
NN o Stage 4. intermediate B HO k]i\/§;\1
LA g 8 0D -

Stage 5. Intermediate E
EDCI, HOB, Et;N, DMF

DCM

Stage 6. TFA, MeCH

NaBH(OAgc), DCE

N
20

oo o
T

®

Stage 7, KOTMS, THF

Ao

&T&ﬁ Py
N/)\

Stage 8. TFA, DCM

Scheme 6



R = Cycl opentyl (26) Figure 4 WO
2008/ 053131PCT/ GB2006/ 004034 53 Synt hesis of conpounds
Voo eeasmenisin Figure 4 exenplified for (18) and PABGB2006/004034
Stage 1 - Coupling O EtON Pi pegridi n-4y1- et hanol
(2.48g, 21.55mmol) was stirred in 1:1 DVF/ MeCN (20nL)
Coppoundsaneprp@dyg, 64. 65mol ) for 10 minutes at RT
under a nitrogen atnosphere. Internediate F (5g,
21.55mmol ) was then added and the reaction allowed to
stir for@20 mnutes. It was then dijuted with H20

( 100HL),, ~extracted with Et0A®- QOnL). The
conbi ned lrgggic | ayers were dried (NgS®4) and the

sol vent reniv vacue to give the O%Hano
orange solid In the next st 'Nth{OJR

further purification (5.70g, 99%9. nmz = 266 [I\/H-I—?(.

St age 2- Ester hydrol s 0 HO', NOH Stage 1 profuct
(5.70g, 21.51mmmol) tirred in 1M NaOHaqg (20nL nd
THF (20nmL) at RT for 48h. The reaction was then

aci di fi egk t@ycpbentyl3 Wayh 2M HO aq crRusiybigpatsol (1d) t o
preci pi t &=Hout. Thi 41Was col | ectedRant dried if#3yacuo
to give the product as a white solid (4.47g, 89%. mz
= 238 [M+H] . Stage 3 -OProt ected hydroxamate formation

HO. N
N N H o
| SR

@

R = Cyclopentyl  (14)
R=H (15)

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

Stage 1 - Coupling

9] .
EtO ~N
Cr
N N
OH
Intermediate G (0.97g, 8.62mmol) was stirred in DMF (20mL) and MeCN (20mL.) with
K2CO; (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 (MgSQO,) and the solvent



54 Stage 2 product (4.47g, 18.86mmol) was stirred in

DMF (50m.) with internediate E (13.00n., 94. 30mmol ),
wWeEDObs/§41333g, 22.60mmol ), HOBt (3.05g, 22.60MmWICT/GBII06/004034

Et 3N (13.10nL, 94.30mmvl ) atgqg@RT under a nitrogen

at nosphere for 48h. The reaction was then diluted wth
rentd®8d (r2eddwb Yo ginei thexprodedt ed atighhydbom seitd whzD Ovels)usedhiethe next

L ©4) and the

Ste%&‘ﬂB%Lﬁ%rme ?’%ﬁgﬁéc@l ?%g/gl)h@% eggdél s purified by

col um chromatography (0 to 15% I\/EOH in DCM to give
Stah € -phlodhud bxidstican yel | ow oi | (5.12g, 77%9. mz = 353

[ MtH 4. Stage 4- Al cohol oxidation O H o A solution

of (COCl)2 (253pL, 2.90mml) in DCM (50nmL) was stirred

under a nitrogen atnos@here and cooled to an internal

tenperature of -70C O £363pL, 5.11mmol) was then

slow y added, mai nt&fning t tenperature at -70C.
When t he add|t| on was compl sol ution of stage 3
product (1.00g, 2.84nmmol) In 50nmL) was slowy
added, again nmaintaining the in Ot enper ature at

-70C. Wen the addition was conplete, Et3N (1.70mni,

12. 21mmol ) was sl ow y added, again maintaining the
Stagatierodict {ledfie bdomeciawas F0OCd MRCHY é2@rol ot Ol endIDeseddartin
perfg o%m\%[:- @E@g %T?Z?rﬂ‘qo!‘) gg@ee{ ﬁ@ﬁ?@é&[ﬁﬁ%aﬁoﬁr@drﬁvﬁgrd » RT and stir

acuo. réesi due’ was
for éhribwats thgn aphyche with 4 0% rNh(B}FB pheabANgHE Qs gl V8! 3 eNa28204(q and

thegmﬁﬁt@?ﬁr@st&%ﬁgf bE RS, T@%%Q’Bre \ﬁgs/‘?hen @x?racteé@ﬂﬂth DCM (2 %

ductive am nation
1ommoancsmeqrmm¢cmmowmct§@®eq (45584 a?gjlé the p@l@@mdemoved in

vaclgzg])t g mg@gtgwbég&?ﬁy g& @ﬁecﬂ ‘%Rla}@lggh 0?4 LROH in DCM) to

give ifearradic aae YRIow Al et 320, r?2f/v)o@é7n- aettdptere for 16h
The reaction was then diluted with H20 (50nL) and
extracted with DCM (2 x 100nL). The conbi ned organic

Stagger bstpehysirelysied (MySO4) and the sol vent renoved in
vacuo. The residue was purified by colum
chromat ography (0 to 10% MeOH in DCM to give the
product as a colourlesy oil (145ng, 92% . nmlz = 560
[ MtHr . St age 6- Hydpl
cycl opentyl (2S)-cyclohe
(hydroxycar banmoyl ) pyri mi
am nol acetate (18) HO NN

eprotection to yield
yl [)({145-
z witéglifridin-4-y|}nethyD

=0

Stage 2 product (1.35g, 5.17mmol) was stirred in 1M NaOH,q (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 » 100mL) and the combined organic layers dried (NaxSO4)
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]".



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

(10m.) with TFA (0.5nmL) at RT for 10 m nutes. The

V@ Rag8is3tdlas t hen renmoved in vacuo and the resiBUEGB2006/004034

purified by preparative HPLC4¥0o give the product as a

Ilght ple solid (11ng, 9% . LCMS purity >95% mz
V@%CHJC'VPWWN/P@ O0OMHz, CD30D) 6: 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 (21-1, s). Stage 7 - Ester

hydrol ysis and hy@roxamate deprotection to yield

(2S) - cycl ohexyl 4 NI

(hydr oxycar ba p rl%dl n- 2- yI ] pi perl din-4-y1}met hyD

am no] acetic acid 0 OH. WO

2008/053131PCT/C582006/004356 Stag 5 oduct (78nyg,

0. 14mmol ) was stirred i n 1M NaBHao -

(10nm.) for 4 days at 40C. After th|~s tlrre the reaction

was cooled to RT and acidified tg pH- 3 with 1M

HC aq. This m xture was stirred flQ 0O m nutes and

then evaporated to dryness. The residue was purified

by preparative HPLC to give the product as a white

StSO| . g@géﬁ;"}&?s 204 bé'm@ol)gva@é \ée(g /EQ(JQE? %QHI_L)B\%%’B%{\%F%%@}GFE

(1968, 0MEmrAolPand ﬂJlaBH(@Ac g(mn(gw 05Mmol Bat44T (Addr al'ﬁitrogen

a“”ﬁ?%%sfeeﬁ i e e R Y SeeleBa wit

Etszraefcembmalbr@amd l@gere weSe gHy® (Na,606) arldGb spwéhttryén‘&ﬂ% in vacuo

- to %/e thle %Bflr?& Hro%t asja ﬁl\{ﬁj}r @bwrl(\w_%p_\‘as ercg) % tga n?ﬁtﬁ%‘awl out further

. puiiicaliort 2 1nTg), 52%) ONzEL43 [Mp+HIS. 37 (1H m), 8.68 (2K

m. (17) LCVS purity 97% mz = 366 [ MH], 1H NMWR

(300MHz, CD300) 5: 0.92 (6H, n), 1.19 (3H ), 1.58
Stdg@Hy — Pyotedted Bydrékhmate, fornd8n(1H, m), 2.89 (4H m,

3.70 (1H, m), 8.55 (2H, s).

)\/ i
T
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 EtaN (543L,
3.9mmol) at RT under a nitrogen atmosphere for 16h. The reaction was then diluted with
H20 (50mL) and exiracted with DCM (2 x 100mL}). The combined organic layers were
dried (MgS0,) 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 (81mg,
42%). m/z = 558 [M+H]".



(20) LCVB purity 98% mz = 454 [M1-Hr, 1H NMR
(300MHz, CD30D) 5: 1.19-1.62 (10H, m, 1.79-1.92 (6H,
W 200200931(1H, m, 2.84 (1H, m, 2.97 (2H ), KEI3EB2006/004034
(1H, m, 7.54 (5H, ), 8.67 4H, n) (21) LCMB purity
98% mz = 386 [M+H], 1H NWVR (300MHz, CD300) 6:
Stale G8- Hy@8Bxdmdte deprotdctivl ¢ geld oyylopdnt@g 26 Elclalexyli({3-[5-

vsiietyipsihmPede e e fpseadife Rapthoperee 14

NVR (300MHz, CD30D) 5: 1.13 (9H, s), 1.56- 1.71 (12H,
m, 1.82 (3H n), 2.04 (1H m, 2.91 (3H m, 3.81
(2H, m, 4.14 (1H|m, 5.39 (1H n), 8.55 (2H m. WO
2008/ 053131 PCTPS} Q04034 57 (23) LCMS purity
98% miz = 396 [MkHr| LH NVR (300MHz, CD30D) 6: 1.26
(9H, s), 1.31 (4H, mN1

3.03 (4H, , 3.95 (2H, 16 (1 H, /67 (2H,
s). (.(24) rL])CI\/B purit(y 98% niz —gbéﬂ)j[\l—ﬂ& 1H(NI\/R
(300MHz, CD30D) 6:1,22-1.33 (3H, mi_1.53-1.73 (11H,
M, 2.02 (1H, m), 2.93 (4H, m, 3(2H, nm, 4.02
(1H, m, 5.23 (1H, m, 8.55 (2H, (25) LCMB purity

95% iz = 340 [M+Ht 1H NMR (300MHz, CD30D) 6: 1.28

(2H, m, 1.97 (2H n), 2.15 (1H ), 3.07 (4H, ),
e
(2mL,)@pRT fagihy. The spiver) wasi ther ram@ed(is Macis) andthg regidyg Pufied by

i ive- ’ 190¢:3H.CMS puri

preé)al%ﬁ\%( @gk_%ﬂ% ghv%’tﬂggéégk@éﬂzdﬁ%duscfgég vl so (15Mmdt 20¢3H.CMS purity
98%, m/z = 558 [M+H]", "H NMR (300MHz, CD,0D) &: 0.92-1.38 (6H, m), 1.73-1.95 (16H,
m), 3.08 (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

s

T
LA

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

4

vacuo and the residue used in the next step without further purification. m/z = 490 [M+H]



WO 2008/ 053131 Exanple 4 0Stage 1. B0c20, NaHCO3 CH O
Hp, THE Schene 8 WD 2008/ 053131PCT/ GB2006/ 004034

Vg02(8Mpadinds prepar ed: R = Cycl opentyl (27) RPEF/GB2006/004034
Cycl opent yl (29) 49

Stage 8 — Hydroxamate deprotection to yield (28)-cyclohexyi[({3-[5-
(hydroxycarbamoyl)pyrimidin-2-yl]-3-azabicyclo[3.1.0lhex-6-yl}methyl)aminclacetic acid
(15)

Q
HO
N Y
! N%

H\r’u“‘oH

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#HF, "H-NMR (300MHz, CD,0D) 8: 0.96 (1H, m), 1.10-1.47 (6H, m), 1.72-1.87 (6H, m), -

1.99 (1H, m), 2.98 (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;0D) &: 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)

LOMS purity 97%, miz = 384 [M+H]*, 'H NMR (300MHz, CD:;0D) 5: 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, CD;0D) &: 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).



R = H(28) R = H(30) R = Cycl opentyl (31)R =
Cycl opentyl (33) R = H(32)R = H(34) Figure 5 Synthesis
wif 20090gPosnds outlined in Figure 5 exenplified FEI/GBAD/ 004034
and (28) Stage 1 - Boc proteggion
4- (Am nonet hyl ) benzoi ¢ acid (10.00g, 65.36mvol) was
stirred with Boc20 (28.00g, 130.72mvol) in H20 (100nl)
(13§md THF (100ni) at RT. Sat NaHCO300 was added until pH
6 was reached and the reactlon was allowed to stir
LCHISrputibh98 % hie/z 384 [MirHivas NMBH3eRIVBEUTPyORG: ditti (@d, o, 1.25

(o Pk Bt TR, LG SR80 BTl 3068 S

4.06@2had JFitH Tezhd. ‘e&(dem)éjG"t’ (2Hyisve the product as a
white solid (16.1g, 97%. mz = 274 [M1-Nar. Stage 2
- Acid reduction



Stage 1 product (16.1g, 64.14mmol) was stirred in THF
(300n.) and di oxane (200nL) at OC under a nitrogen

Ve P988Fdde. Li AlH4A was then added and the reacP¢BfB2006/004034
allowed to warmto RT and stft for 16h. It was then

cool ed to OC and quenched with sat. NH4C aq. Na2504
Exgmgledided and the nixture stirred for 30 minutes. It

was then filtered through celite and the filtrate
concentrat ed in vacua to give the product as a Ilght

yel | soL q (33,19 % mz = 260 [M1-N ar. age

3 Ay cohol At i oFO e 2 prodtetNCHEIB7 o )\
24.k%#n'ol )chm& wedvi rred i (200nL) with M02

(16.%¥g, 192.20mvol) for 16 RT. The reaction wa OH

t henehid tered through celite and the sol vent renoved
in vacuo to give the product as a yellow oil which |was
used in the next step without further purigfgd BatGh:
(4.63g, 80%. mz = 258 [M+Na]t Stage 4- Reductive
am nati on WO 2008/ 053131PCT/ GB2006/ 004034 61 Stage 3
pr oduct (650rrg 2. 70mmol ) was stirred in DOE (20rrL

i nt rrgsdbat A (634ny, 2. 70m’m|2 and NaBH(
(918irg, 74133 ) at RT und&® Y%t rogen at nosfﬁhé\'{r

-~

for 3h. AfternthysSytinme thewvemetivon was diluted wit )\r\O\/
H20 (50nL) and e ed with Et20 (2 x 100nL). The O
conmbi ned organic extracts were dried (MgSO4) and

sol vent remgved in vacuo to give the product as a

brown oi | i Ve 98ed in the next step Wi t hout

further purlflcatlon(l 1g, 98% . nk 419 [ M+H t

St age 5- BocC deprotection

o 0
)\JO\’,O\%}%N HO\Q%N
N r\O,\/H o) Stage &, TEA, DCM NA\O\/H o ,O
LD SN

O e

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

Scheme 7



Stage 4 product (1.1g, 2.63mmol) was stirred in DCM
(5m.) with 4M HCI in dioxane (2nlL) at RT under a
wo taoggsnsiat nosphere for 3h. The sol vent was r SrERG@B2G061004034
vacua and the residue dried 9 give the product as a
brown solid as the HCl salt (670ng, 100% . nk 319
CadmpayndsQraparedl: - Reductive anination

2- (4- Oxopi peridin-1-yOpyri m di ne-5-carboxylic acid

(prepared as described in Exanple 1 -100ng, O0.45mmvl)

was stipred in DOE (10nmL) with stagef5 product (159ng,

0.4 NaBH( OAc) 3 (191nmg, HOyy Y at RT under

a nitrige nosphere for 64h. Thelre htﬂ@n was then

di luted win mo ) and extract ed thw

100m.). The ggﬁqyﬁrganic | ayers we eg o

(Na2SO4) and sol vent ¥erneved in vacua. The resids

was used in the next step w thout further éiﬁ

purification. mz = 524 [MH Stage 7 - Protecte

hydr oxa ti NN H Stage 6 pt enfyP- 4 1)

was sti &ﬁyc?(oﬁé /M) wth intergeéﬂt?gtggenépwgggﬁ,

4. 50mmol ), EDCI (10§ng, 0. 54mmol ), HOBt (73nmg, 0.54

mrol ) and Et 3N (313pL, 2.25mmol) at RT under a

ni trogen atnosphere for 40h. The reaction was then

dilutedowi th H20 (50nL) and extract with DCM (2 X

100mo) onbi ned organic Iayé@ﬁﬁﬁﬁfewdried (MgSH4)

and the s Iggnt renmoved i n vacuo té’gibgglh pr oduct

as a yel | oW ON igh pas used in the MéxtY¥stepy §

without furth NfjitarRon. mz = 639 | ) o
0

- Hydr oxamat e deproti%tion to yield cycl opentyl =

N-{ 44({145-
(hydr oxycar banoyl ) p 'din-2-y|]piperidin-4-y|}anf%b)

nmet hyl ] benzyl }-L-1euci nate (27) Stage 7 product

(0. 45 ) Cxaeperdy!i r (2 i n DCM (10nL)Rwaﬁlonqnb('(1t?€§ at
RT for &5 finutes. th8 solvent was tREN renoved 343
vacua and the residue purified by preparative HPLC to
give the product as a pink solid (15nmg, 6% over 3

steps). LCMS purity 96% niz o
HO.. N
NTTN

O
HO
\N/U\(\\\N
H l /)\ O\/ i
H
N™ TN o) N R
L:;L\/g\rj‘oia \gjto
“or

R = Cyclopentyl  (24)

R=H (25) R = Cyclopentyl  {26)

Figure 4



WD 2008/ 053131PCT/ GB2006/ 004034 63 = 639 [M+H . 1H NMWR
(300MHz, CD30D) 5: 1.00 (6H, m), 1.61-1.95 (12H, m,

VO 28803331 m), 3.04 (3H, n), 4.01 (1H, m), 4.29PCHEB2006/004034

m, 5.04 (2H, n) 534(1H M3 7.60 (4H m, 8.70
St age - Ester drol ysi s St age pr oduct
S EhagRAS cpndp auilieed in FigFsS A SR P ach RGIIEInG (19
(115rrg, 0. 9mm|) for 96h at RT under a nitrogen
m%sp (? The sol vent was then renoved in vacuo and
Pd¥E%used in the next step without further
purlfl cation. mz = 571 [MrHr. Stage 10 - Hydroxanate
deprotection to yield
N-{41({2145- (hydroxycar
ylipi peri di n-4-y|}a$ | ] benzyl | -L-1eucine (28)
Ha"N H OH Stage prodpc was stirred in DCM (10m)
with TEA (1nL) at R for The sol vent was
then renoved in vacuo and the @d\lﬂs Hurlfl ed by
preparative HPLCto give the pr as a white solid
(5my, 3%. mz 471 [ MtHr, 1H NWMR (300MHz, d6- DVS0)
6:0.9 (6H, d, J:4. 8Hz), 1.51 (2H, m, 1.71 (2H, m,
Piperith-¢ dthethgnol .68y, 4H5mpol) wad 2tit&Hn 1: WDMF/MeCN (20mL) with

moyl ) pyri m di n- 2-

Kﬁ%@%gégé@é@n%/o%qg%lggég%fl RT under a nitrogen atmosphere. Intermediate

F (5g, 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%). miz = 266 [M+H]".

Stage 2 — Ester hydrolysis

Stage 1 product (5.70g, 21.51mmoal) 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
(4.479, 89%). miz = 238 [M+H]".

Stage 3 ~ Protected hydroxamate formation



64 br s), 3.75 (1H, ), 4.22 (4H, m), 4.80 (2H m,

7.52 (4H, m, 8.71 (2H, s), 8.98 (2H, br s), 11.01
wolddos/e&B131The anal ogues outlined in Figure 5 wePCa/GB2006/004034
prepared by the procedure degcribed for (27) and (28).
Data for each anal ogue is given. (29) LCWMS purity

99% mz = 565 [ MtHr, 1H NMR (300MHz, ds-DMS0) 6: 0.88

staga piprdivict G458 1EEMROD bbby By (%ﬁmgésﬂi rﬂ%rme?d A E

(1390/1, 62B0mmbl), ED@4(4( 4d, 2H)60n‘8nd)1 HOMBH(3.8%g, ﬂ.@BmﬁﬁEB—land EtsN

(1 3?@%9%? goérlrgg-ptt) m%[n’dg% % T&O%%/%QH %%mgéeai%% g%%brg%tio%mtas then

dnu%daﬂtﬁll-l;ﬂ A06HL) a)mi eltrd9ed whi Dcwz moommhe tb’mbm)ed organic

laysﬁf wez;e @rged((%sqﬁi ang! rgs,lsod\gqt rqﬁzoveg 560(115 Th%eS|d(u%AEy'_és purified by
cold{ﬁ}ﬁf@qz’@bﬁatdg‘)‘a&@%@ 1o 5%4\/15@9 ifh AEH), to Give NMRo(0A06INz5 yellow off
E) %wg 1.51- 184(11H m, 2.18 (2H,
511«%976@”"%3@5 44(1H m, 3.79 (2H, qd, J = 7.8,
3.3Hz), 4.24 (4H, m), 4.93 (2H, m, 5.22 (1H n), 7.52
AH' 1), 8.59 (2H, s). (32) LCMB purity 96% mz =
Sfa(sefﬁn}%ﬁﬂifoﬁoi‘ﬁ? (3)00I\/I(—|z,)CD30D) 5. 1.5 (9°H, s)z,
1.62 (2H, m, 2.29 (2H, m, 3.07 (4H m, 3.85 (2H,
m, 4.35 (4H, rr) 5.07 (2H, .M, 7.63 (4H, m, 8.71

(2H, m). (33) urlty 80 mz = 559 [ MrH]t11-1
NVR ( 300MHz, \(1 N12H ), 2.29 (2H,
m, 3.04 (3H n), 3.56|(1H /4 22 (4H, m), 5.17

(2H, m, 5.30(1H m, 7.47- 71>4 Hy )., 8.69 (2H,
s). (34) LCWVS purity 95% niz :4 @ 1H NWR
(300MHz, CD30D) 6: 1.63 (2H, m,; 2.29 (2H, m, 3.06
(2H, m, 329(2H n, 356(1H n) 4.20 (4H, m,
5.07 (1H, , 54 (9H, {S g WO
A splotigr o5EON0! WMZ@G@PW @43@54 b mL} was stirred under a nitrogen

atmosphere and cooled to an internal temperature of -70°C. DMSO (363uL, 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, Et;N (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%
MeOHM in DCM) to give the product as a colourless oil (820mg, 89%]). m/z = 351 [M+H]".

Stage 5 - Reductive amination

/L/ 1
T
H



Exanple 5 Stage 2. TFA, DCM Schenme 9
Conpounds prepared: (35)
WO 2008/053131 PCT/GB2006/004034

55

Stage 4 product (100mg, 0.28mmol) was stirred in DCE {10mL) with intermediate B
(73mg, 0.28mmol) and NaBMH;CN (35mg, 0.56mmol) at RT under a nitrogen atmosphere
for 16h. The reaction was then diluted with H,O (50mL) and extracted with DCM (2
100mL). The combined organic layers were dried (MgS0O,) 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 colouriess oit (145mg, 92%). m/z = 560 [M+H]".

Stage 6 — Hydroxamate deprotection to yield cyciopentyl (2S)-cyclohexyl[({1-[5-
(hydroxycarbamoyl)pyrimidin-2-yllpiperidin-4-yl}methyl)aminolacetate (18)

O
HO. )J\(\
N =y
Ho |
N/AN H O D
N\/U\O

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%, miz 460 IM+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 (28)-cyclohexyl[({1-]5-
{hydroxycarbamoyl)pyrimidin-2-yl]piperidin-4-ylimethyl)aminolacetic acid (19)

0]
HO. N
’ ;\O\/H
AN

@



Figure 6 WO 2008/ 053131PCT/ GB2006/ 004034 66 Stage 1 -
Reducti ve am nation Cycl opentyl

wo2Brs43f1( am nonet hyl ) benzyl ] am nol ( Phenyl ) ac etc@t@B2006/004034
(prepared as described in npl e 4- 100ng, 0. 29nmol)
was stirred with 2-(6-formyI-3-azabicycl o[ 3. 1. 0] hex- 3-
y1) N-(1- isobutoxyethoxy)Pyrinidine 5- car boxam de

epared _as descrlb din 0.
Stag 5 PRRBESERME B g o SRmET oo B 1 ke @ gy J i) ST gL for
4d spslt?Dgg%tteﬁt%gmg%@réa@roné\%s ccﬂ@t fogm:tantw@ acnwmc(x tchgth ~ 3 with
I ute W tracte W X
111 HStaL 1S TS5 B0 S s e SlaBraley tryoss. The
res@h@@gébuﬁm ﬁmeﬁala\a@m PL@ ﬂ@gﬁd thaproaattes STRRite ssitdteg, 2%).

oo S R, SN SB E %%énﬁ“f'%f* m,

1, 6@9"@7 (o &) 2.60 H, Mﬁt) bllas (BtAGE 3244 (1HY o) OX 8521, 5).
eprotectlon to yield cyclopentyl (2S)-[(4-4({345-
(hydr oxycar banmoyepyri m di n- 2-y1] - 3- azabi cycl o[ 3. 1. 01he

Thé(a@a'loyu&e{@ét'ﬂ}’l@é% Fﬂgjdfeuhyérbtmgmamyrmaehem&eeteambed for
( ta%e 1 product ng 0.08mmol ) was stirred
(13)ﬁ"‘%iiﬁ0(Q@ﬁL?r9\ﬁqmaW%9'ﬂﬂ FYV8R- RT for 15 minutes. The
sol vent was then renoved in vacuo and the residue
urified by preparative HPLC to give the product as a
(16Ei nk solid (12ng, 25%. mz = 571 [ M+1-1]+, 1H NMR
LCM@Q}Q 89608003 481 [M:198 1HNMR®OOMH313D%CBZD & BH3 (B), m), 1.32

N?4g3 4H 3,0 ,
@i gl Ziahes Gogarpsp0 i 53 O @5 od By (30, 5 TG m, s e
oHEHW ™, 5.31 (1H ), 757(9Hm) 8.66 (2H, s). WO
20 8/053131 PCT/ OB2006/ 004034
{17)
LOMS purity 97%, m/z = 366 [M+H]", 'H NMR (300MHz, CD;0D) 5: 0.92 (6H, m), 1.19
(3H, m), 1.58 (2H, m), 1.75 (4H, m), 1.96 (1H, m}, 2.89 (4H, m), 3.70 (1H, m), 8.556 (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), 7.64 (5H, m),
8.67 (2H, m)

(21)
LCMS purity 98%, m/z = 386 [M+H]", '"H NMR (300MHz, CD;0D) &: 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 (6H, m}, 8.54 {(2H, s).

(22)
LCMSpuMyQ@%mmz=4&HM+mﬁ1HNMR(&mMHzJﬂ%OD)&113(%&3)15&
1.71 (12H, m), 1.82 (3H, m), 2.04 (1H, m), 2.97 (3H, m), 3.81 (2H, m), 4.14 (1H, m), 5.39
(1H, m), 8.55 (2H, m).



67 Exanple 6 0 HI Stage 4. TFA, DCM

WO 2008/053131 PCT/GB2006/004034
57
(23)
LCMS purity 98%, m/z = 396 [M+H]", "H NMR (300MHz, CD:0D) 5: 1.26 (9H, s), 1.31
(4H, m), 1.94 (2H, m), 2.14 (1H, br s), 3.03 (4H, m), 3,95 (2H, m), 4.16 (1H, m), 8.67 (2H,

S).

(24)

LCMS purity 98%, m/z = 408 [M+H]*, "H NMR (300MHz, CD;0D) &: 1,22-1.33 (3H, m),
1.53-1.73 (11H, m), 2.02 {1H, m), 2.93 (4H, m), 3.91 {2H, m), 4.02 (1H, m), 5.23 (1H, m),
8.55 (2H, s).

(25)
LCMS purity 85%, m/z = 340 [M+H]*, "H NMR (300MMz, CD;0D) &: 1.28 (2H, m), 1.97
2+, m), 2.15 (1H, m), 3.07 (4H, m), 4.09 (4H, m), 4.93 (1H, m), 8.67 (2H, m).

(26) :
LCMS purity 87%, miz = 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).



WD 2008/ 053131PCT/ GB2006/ 004034 68 Conpounds prepar ed:
R = Cycl opentyl (36) R=11(37) R = Cycl opentyl (38) R =

wid 889/053131 R = Cyclopentyl (40) R H(41) PCT/GB2006/004034
B8
Example 4

o Stago 1.

Boc;0, NaHCo, Y 8 Stago2.. Stago 3.
OH e 0, O
. HO, THE Y OH  [IAlH, THF \/©/\ MAO, DCM
2 HN dicxane

Stago 5. T Stago 4. Intermediate A \f
- ot [e] o
N O\Q HClin dloxane OY N O\O NaBH{OAc), DCE :r\/©/\o
HN A DGM HN O N

N
Slago 6, HO@{ \>__N9=0
NaBH{OAC), ==N
DCE Prepared as described in Example 1

c._Q
< oo I~
JLC . JL@\
[
Stage 7. N O\
\/ﬁ\ Intermediate E, EDCI, HOB H Y
Et,N, DMF : o

i
Stago 9. KOTMS, /
y Stage 8. TFA, BCM

O, 2-URT
’\r

Scheme 8



R = Cyclopentyl (42) R=H(43) O HO NH R=
Cycl opentyl (44) R = H(45) Figure 7 Synthesis of
Veoapsndsi outlined in Figure 7 exenplified forPCB&B2006/004034
and (39) Stage 1 - Reductiveggmi nation WD
2008/ 053131PCT/ G112006/ 004034 69
Compounds prepared:

N @

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

' g

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

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

Stage 1 — Boc protection

4-(Aminomethyhbenzoic acid (10.00g, 65.36mmol) was stirred with Boc,O (28.00g,
130.72mmol) in MO (100ml.) and THF (100mL) at RT. Sat NaHCOj,, 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



Cycl opent yl
(2S)- ([ 4- (am nonet hyCbenzyl ] am no) ( 4- net hyl cycl ohexypa
waeiat/essqpr epared as described in Exanple 4 - H@Omgs2006/004034
0.29nmmol ) was stirred with g
2-(4-fornyl piperidin-1-yl)-N
wak Titteedut aixige tdgixy Yreyorodn o ke e-vBieaobo ke ol €7 {4 efr-azed
described in Exanple 3 -110ng, 0.29mmol) in DCE
[Ma@@rrL) wi th NaCNBH3 (36ng, 0.58nmmol) at RT under a
nitrogen at mosphere for 16h. The reaction was then
th H20 (50nL) and extracted with DCM (2 X
Staﬁﬁ’oﬁr{?‘ dTFﬁg #8Rbi ned organi c extracts were dried
(MgS™) and the solvent renoved in vacuo to give the
product as a yellow oil which was used in the next
step wi thout further pur#’{d,j’/cati on. mz = 701 [ MtNar.
St age 2- Hydroxanate depratection to yield cycl opentyl

(2S) - cycl ohexyl [ (4-{[ (¢ SoH
(hydr oxycar bamoyppyr i mI | n- pi peridi n- 4-
yl I met hyDam no] net hyl } berz lc Al nol acetate (38) Stage 1

product was stirred in DCM (10mL) with TFA (1nlL) at RT
for 30 mnutes. The sol vent was then renopved i n vacuo

Stageoh brlmeudite{?pdi.dgl,e%p’mrﬂuﬁb@d/abystnpe@maTmf (30emitPhd Bimxghe 00mL.) at

O"Céyg?)%)ra nigr ¢t a%m?)fs;?n%rrggg@ljp W dg!g 14%d8% &ﬁ{g ngﬁr@m&wed to

wa(rﬁ@@WZand@JBBﬁ)D)IBiﬁi it adtheh.obBle@IOBEC Hbud glerthed wiif sl §H4Clag.

Na?%% Wﬁ? adéﬁ?tgélnd&%mlﬁfre %irrgg fc??zi?_(f mMugesSﬂglas'%en @te?@d through

cellty dnoltheshilisate \MEh 20081058 13d:RGHI BRI 6 G @it D3a Hightaretow solid

t ol renmoved in vacuo and the residue
“éﬂ%@‘”ﬂ Vtfe %@A]Wﬁaﬁp wi t hout further purification.
mz = 611 [ MtH] . Stage 4- Hydroxanate deprotection to
d exyI [ (4-{R{145- ‘
St eeold oxcég lo(o%crffio%]) pyri m di n-211Thi peri di n-4- 0} net hyl ) a
m no] nmet hyl } benzypam nol acetic acid (39) Stage 3
product was stirred in DCM (10nL) with TFA (1nL) at RT
for 30 minutes. The solv was then renmoved in vacuo
and the residue purifigd by preparative HPLC to give
t he product as a pink ' ,~d3% over two
steps). LCMS purity >9584 m 511 [ M+H], 1H NMR
(300MHz, CD30D) 6: 1.16-1.741 H nm, 1.69-1.91 (8H,
n, 212(1H n, 2.99 (4H, nm), 4.29 (4H, nm), 4.92
(1H, m, 62 (4H, m, 8.66 (2H, 32; The anal ogﬂ@es
Stagstd pr@duc’fu(ﬁ 8Fg gaﬁr@mw& nEs ﬁﬁﬁ%ﬁb@ M 2PGral byt Matd16-719,
1981886 HidPEEr {6 at RT. The reaction was then filtered through celite and the solvent
removed fn vacuo 1o 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



(38) and (39). Data for each anal ogue is given. (36)

LCVS purity 98% nfz = 553 [MtH 4, 1H NVR (300MHz,

VB 20K883136: 0.90 (6H, m, 1.12 (2H, nm), 1.28 (PEF/GB2006/004034
J=6.6Hz), 1.65 (9H, m, 1.72g43H, m, 2.03 (1H m,

2.73 (2H, m, 2.96 (2H, t, J= 12Hz) 420(4H m, 4.72

(2H, J=13.5Hz), 5.20 (1H, , 7.54 (4H, , 8.66

d,
sté P@ﬂucﬁ(@%ﬁgézﬁmﬁh@)ﬁ nﬁ%d #?ggb(?pﬁﬁ %tixr 5%;%% (634mg,

0ONiZNd CoBOIPAS): (R By, @H3mmol) 4t kD UO@lérl a nﬂrpgén dhosphere for

3h( ﬁﬁ% Wj'_‘[]m‘?e ng%@ rédlgn Wfﬁ d%ux)%ﬁ ugtﬁéaf_ 'le%g R et with 0 (2 x

/ﬂmm@wmﬂoexmwareme@mgsm% mlverttyerﬁ@%d in

vaE?c?folgli%%efE’Wg* sy 2 Bt RN et b ey o wiiBlgornor
pugifi¢gtionn 1.4y, 983%)00VZ 419 Hy+HB. 93 (2H, m), 4.20 (1H m),

4.31 (4H, m, 5.34 (1H m), 7.63 (4H m, 8.66 (2H,

s). (41) LCMS purity 99% mz = 515 [MrH 4, 1H NMWR
Stag0d Mo depiditios: 1. 25 (9H, s), 1.29 (4H, m, 1.89

(2H, m, 2.12 (1H br s), 3.01 (4H, m, 3.94 (2H qd,
J=9.0, 3.9Hz), 4.12 (1H t, J=3.6Hz), 4.33 (4H, app.

d, J=18.6Hz), 7.63 (4H s), 8.66 (2H, s). (42) LCOVs
purity 98% nmfz = 573 [M+I—I] 1H N 300MHz, c16- DVSO)

5: 1.13-1.83 (12H, br m, 204(1, , 285(2H n,

2.96 (2H, t, J= 12Hz) -- 2H m, 4.70
(2H, d, J=13.2 n)H 751 , 8.66
(2H, s), 8.97 ( 0. 13 (1H br 5 11 05 (1H,

's). (43) LCVs purlty 99% nz = 505 [I\/H—|] 1H NMR
(300MHz, CD30D) 5: 0.89 (1H, n), 1.08 (2H, ny, 1.77
StageH propuctd10g, 2.88hmal),wad Qe 4iDCM (5rdl)QBth(4MHHAONN dioxane (2mL)

at ﬂT%ndér a hitm&én atmospF\ere fornzﬁ T%e solvgnt was l)emog/eé 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-y)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



LCVS purity 99% nmlz = 528 [ MtHr, 1H NVR (300MHz,

CD30D) 5: 1.30 (3H, nm), 1.67- 1.78 (11H, n), 2.12 (1H,

WO 200809231(4H, m, 4.06 (3H, m, 4.33 (4H, app.Pat/GB2006/004034
J=18Hz), 5.34 (1H, m, 7.666(24 M, 8.66 (2H, s).

(45) LOMS purity 96% niz =459 [M+Ht 1H NMVR

orﬁ&%\(ﬁiii@ 8R)wdre dhied INAM) ald sAved® rérﬁdﬂed‘ﬂ)a,va&;ow“ he residue
wagusedl ip n%ﬁteg au'_!hgmzfyrt@q;qzt)ung@atlgﬂr%% 5.239 {l\ﬁé—'% 6 ( 2H,

3) Stage S.Stage 4. Internediate B ap NCl In
i oxane N Mani - 604nb, : To DCVHR Schene 11 WO
Stage dgr ePLPRHBIGESIN0aE4 73 Conpounds prepared: 0

T
he

Stage 6 product (0.45mmol) was stirred in DMF (1 Oth) with intermediate E (621pL,
4.50mmol), EDCI (103mg, 0.54mmol), HOBt (TSmg,.O.Szl- mmol) and EtsN (313pL,
2.25mmol) at RT under a nitrogen atmosphere for 40h. The reaction was then diluted with
H,0 (50mL) and extracted with DCM (2 x 100mL). The combined organic layers were
dried (MgSO0,) and the solvent removed in vacuo to give the product as a yellow oit 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—z-yl]piperidin~4~yi}amino)methyl]benzyt}—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



H \)1 R = cycl opentyl (46) R = H(47) Figure 8 Stage
1 - Add reduction HZN\ o \ H

WO eosiosidet hyl ) cycl ohexanecar boxyl i ¢ aci d (4. 0BQT/GB2006/004034
25.44mol ) was stirred in THR (100n) at OC under a
nitrogen atnosphere. LiAl H4}é(32 90g, 76.33mml) was

= 634t dethiARA 30 (i, D0 IS: &l J00BeK n) 01 Bt 195LO2IRTMBIERS (2H,

o S Ty SRR S 224,55, 20 QUE

87@(2Hrggd 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

Sta§é andiEaer hyr@isie the product as a white solid (3.72g,
00% . 1FINVR (300MHz, ds-DMSO) 5: 0.95 (4H, m,
122147(5H m, 1.86 (4H, m, 2.55 (2H, d,

J=6. 6Hz) , 46 (2H , J=6.3Hz). Stage 2- Boo

pr ot ect |}Kﬁ ro uct (3.72g, 26.01mmmol) was
stirred wt O—I 1 g,N26. 01nmol ) and

ditert-butyl - |carbon ez 28.61mmol) in H20
(50m.) and di oxane (SOnE) aﬁfor 16h. The reaction
was then concentrated in va appr oxi matcel y 50%
had been evaporated, a solid predipilatg t\%t
solution and was col |l ected and dried t0 grve ' heoHWD
2008/ 053131PCTI GB82006/ 004034 74 product as a white
solid (5.59, 87%. mz = 266 [MtNa], 1H NVR (3J0MHz,
CDhCl3) 6: 0.82 (4H, m, 1.28 (2H, m, 1.37 (9H, s),
1.70 (44, m, 2.76 (2H, t, J=6.3Hz), 3.19 (2H, d,

' . Stage 7 product (0.45mmol) was stirred in THF (10mL) with KOTMS (115mg, 0.8mmol) for
. 96h-at RT under a nitrogen atmosphere. The solvent was then removed jn 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-
ylpiperidin-4-yllamino)methyilbenzyl}-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)
5: 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,



J=6.3Hz), 4.32 (1H, br s), 6.75 (1H, m. Stage 3 -

Al cohol oxidation A solution of DCM (100nL) and
w31 11. 58nl, 18.14mmol) was stirred under paT/GB2006/604034

nitrogen atnosphere and co\e\hgd to -78C. DVSO (2.27n,

32.02mmol ) was then added I'l st maintaining the

L& 6280 z@HS:ﬂ 820/ HO ) S8, a0 €21, shraveiiCa, brs),
br S} %%e(ﬁﬂlg{ 749@@ sz-Wm) & OrrL) 2(v)\(gs tr)1en pszepasg)ed and
1. Qio[deids)sl owy to the react| on mxture, again

mai ntai ning the tenperature bel ow -65C. Wen addition
was conplete Et3N (9.99nl, 71.69mp

| . ow .
ThezanaéenuesgthineshimEigHr: hyere erqp@mmfﬂaﬁ“ﬁ%ﬂﬁw deggbed for
(27)%-&}%2@9%&5%}@%{5 drarayuRtie diie, r eaction was allowed to

to RT and then the solvent renoved in vacuo. The
resi due was purified by colum chromatography (0 to
(29)10% MeOH in DCMto give the product as a light yell ow

LCh{?@L@tﬁq%j@%ﬁ&%%@ﬁ%%&%@ N?\/%%O%\ﬂ?—gzb dqoyteq ﬁ%s (3§t ™). 1.06-
1.30- 5%956 Ts Mas %eﬁ%&%s B, nl) @@o((é’rh* mmz 252(208 ) 24480 (2H, m),
0
5. 175§2H sn>a§é§44H Reb Get i (28, afaﬁr%(ﬁﬁnm}%‘b@@)%%ﬁgpw )
(1.00g, 4.14mmol) was stirred with internedi ate B

(1.08g, 4.14mmvol) and sodiumtriacet oxyborohydri de
(30X 1.33g, 6.21nmol) in DOE (20nm.) at Rl for 16h. The

LGNS 3Gk ABoNaRSz Ehasy -t &d NMIR (BJgRMHA LIROL) 5ao@o 1.34 (6H, m),

e T T GO e Sarblatth o .

493(@.pcpnt 9591418, mY\a. @fﬁ( @p3131PCT/ GB2006/ 004034 75 the”
: uct as a grey solid which was used in the next

. step wi t.hout further purification (1.749, 94% . rniz =
(31)451 [ MtH 4. Stage 5- Boc deprotection Stage 4

product (1.74g
LClp R e SRR (AR 42t %ﬁ%ﬁ%”#ﬁ%‘@?*’ ) 1.51-
1, ag@h\pgm) sgas (2hen), rzewm(eeid myn3.4act and. mﬁéHre%ﬂ?é .8, 3.3Hz),
ri ed under vac ite
4.24 (H.dnk 4.934gH: @g%% fﬁy)ﬂ%@%iﬂwﬂﬁ%gm (300MHz,
d6- DVS0) 6: 0.90-1.20 (9H, m, 1 50-2.00 (21H, m,
2.65 (4H m, 3.85 (1H m, 525 (1H m, 7.83 (2H
(32}7) Stage 6 - Reductive amnation Stage 5 product
LCN1B 1omY), 06%, Sﬁmm‘é()'l MaHIS T HIMME (89aMIHz, CD50D) 8: 1.25 (OH, s), 1.62

@b 22 L8N R BY7 AHMvd 43 1M G, 4.35 (aH, 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,0OD) &: 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 (SH, m}, 8.69 (2H, s).

(34)

LCMS purity 95%, m/z = 491 [M+H]*, "H NMR (300MHz, CD,0D) 8: 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).



I sobut oxyet hoxy) pyri m di ne-5-car boxam de (preprared as

described in Exanple 3 -200ng, 0.57mmol) and NaBH3CN

W omwg/0s31302mmol ) in DCE (10nmL) at RT under a nPCT/GBeED6/ 004034

at nrosphere for 48h. The reagti on was then diluted with

H20 (100mL) and extracted with DCM (2 x 100mL). The
Eﬁgg?@gped organic extracts were dried (MgSO4) and the

solvent renoved in vacuo to give the product as a’

yeIIom;oiI whi ch was used in the next step wthout

further i fication. 2008/05§131PCT/G82006/004034
76 Stage Fydroxanate ougct on.to yield
cyclopent (28) cyclo exyI (4 N R4 Stage 1.

(hydro ul pyrlnldln 111pi peg# diyrr=~4- NaBH,CN
y|I hy an1n0| hyl)cyclohexyl)nethylHg;ﬁggigcetéﬁé
‘age 6 product (0.28mmuol) stirred
h TFA (0.5 r 30 m nutes.
§§£%an&%m'm{hen rennveFEﬁﬁ?ﬁs%%%bgnd t he residue
purlfled by preparative HPLC to give the product as a
pi nk solid (15mg, 9% over two steps). LCVMS purity
>95% mz = 585 [ MtHr, 1H NMR (300MHz, CD30D) 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 hydrolyals NN Stage 6 product

(0.28mml ) was stirre \F Qng, 1. 4mmol ) and
THF (10 under a nitrogenla

sphere for 16h, o
The reaction was the cooled to RT aﬁH ﬂﬁ??ﬁglﬁg;ﬂggj/\ﬁ \[:>
renoved 0. % a@d the residue used in ep ©
er

Wit hout furt purlflcatlon mz = 617 [ MitH] 4.

G

goNBegs

Scheme 9

Compounds prepared:

MO “n

P o

BT egane
N H 5

(35)
Figure 6



WO 2008/ 053131PCT/ GB2006/ 004034 77 Stage 9-
Hydr oxamat e deprotection to yield
wozphsg¥edohexyl {[ (44[ ({145- PCT/GB2006/004034
(hydr oxycar banoyl ) pyri m di n;2-yl ] pi peridin-4-
yI}nethyDan1no]nethyl}cycloﬁ xyl ) met hyl | am no} acetic
acj d 7 8 product (0.28mvpl) was stirred in
Sta (R%érr%tﬁve aﬂ'ﬁf’{ﬂTFA (1nl) at RT for 30 minutes. The
sol vent was then renoved in vacuo and the residue

purified by prepgrative HPLC to give the praduct as a

whitel|solid (5ngj] 3% over two steps). niz 7 [ MtHr,
1H 6 1.13-1.44 (11H,
1.75-1.94( 5HHn)| 309(8H n) 339(1I—bn)

3.65 (1H, , 4.94 867(2
2008/ 053131PCT/ GBZOOG/ 0 78 8 H Sc me
WO 2008/ 053131PCT/ GB2006/ 0040 ounds prepared:

Cyclopenty! (28)-{[4—(aminomethy!)benzyl]amino}(phenyi)acetate (prepared as described
in Example 4 — 100mg, 0.29mmol) was stirred with 2-(6-formyl-3-azabicyclo[3.1.0Jhex-3-
yI)-N-(1-isobutoxyethoxy)pyrimidine-5-carboxamide (prepared as described in Example 2
—108mg, 0.29mmol) and NaBH.CN (36mg, 0.58mmol) in DCE (10mL) 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 extracts were dried (MgS0,) and
the solvent removed in vacuo. The residue was purified by column chromatography (0 to
10% MeOHM in DCM) to give the product as a yellow oil (56mg, 20%). m/z = 671 [M+H]".

Stage 2 — Hydroxamate deprotection to yield cyclopentyl (28)-{(4-{[({3-[5>-
(hydroxycarbamoy!)pyrimidin-2-yl]-3-azabicyclo[3.1 .Ojhex-6-
yiimethyl)amina]methylibenzyl)amino](phenylacetate (35)

HO.

~N
A

x

NQXVHVQ/\N OOD

Stage 1 product (56mg, 0.08mmol) was stirred in DCM (10mL) with TFA (1mlL) 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 ivH, TH
NMR (300MHz, CDs0D) &: 0.98 (1H, m), 1.31-1.64 (6H, m}, 1.76-1.93(4H, m), 3.08 (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).



R = cyclopentyl (48) R = H(49) Figure 9 Stage 1 -

Coupl i ng Et hyl 4-fl uorobenzoate (6.75g, 40.1mmol)

vam coo/oss16i oxa- 8- azaspi ro[ 4. 5] cl ecane (2. 73g, 1BCitmmedos/004034

were stirred with K2CO3 (8. 61. 5mmol ) in MeCN

(10m.) at 95C for 1 week. The m xture was added to
Exdmpe® (50m.) and washed with water (3 x 50nL). The

organi c was dried (MgSO™4), filtered and concentrated

in vacuo. The product was purified by flash

chr omat ogr aphy (2%veO0H in DCM togyield a yellow oil

(5. 580, . mz = 292 [ Mt oSt ge 2 Ester

hydr ol ysi CEt COF 0 T

)\ NaBH,CN
H N\/©/\ O \Q 0 DCE
2

Prepared as described Prepared as described
in Example 4 in Example 3

Stage 1.

)\/ i
0.0
"N N
Y
Stage 2. TFA, DCM ) .

=

0

% Stage 3. KOTMS, THF
Ay o
ISU SO RN

)\/ i
0. .0 !
"N ~N
\]/ H)m OH
N @]
Stage 4. TFA, DCM

kﬁ)\&v@/\

Scheme 10

Iz



added. The m xture was then stirred at 30C for 3 days.
The product was extracted with DCM (4 x 50nL), dried
woMaGEks13iconcentrated in vacuo and recryst al | ipgad: 20041004034
EtOH to yield a white solid %1.4599, 26%. mz = 294
[MEH t St age 3 - Acetal dep@ tection Stage 2
Co cmmsg , 1.735mmp1) was stirred in 1M HCO aqg
5rrfl at RT or 30 mnutes. The m xture was
concentrated in vacuo, added to m nimal water,
iltered and dried in desi ccator., The product was
ned as a white sollid (279ng,_ mz = 220
irNStage 4 - Reducfive ami nati ¢n I D Stage 3
pr oudc 15279@/@’[7 SeRand i nterne
1.28 red9% n 1, 2-di chl or oet
W th sodiumtriacetoxybor ohydrl de (405ng, 1.91mmol) at
RT overnight. The m xture was added to DCM (100nL) and
washed =\iytidpem@t erss( 2 x 100nmL). The conbR rEetlopenteouds)
| ayerB=were re-ex¥facted with DCM (100nk5H then t h€®
conbi ned organics were dried (Na2SO4), filtered and
concentrated in vacuo to yield a brown oil (495ny,
97% . mz = 403 [MtH e. WO
2008/ 053131PCT/ 0132006/ 004034 81 Stage 5- Protected
hydr oxamat e coupl i ng %ge 4 produgt (495ny,
no. 1L120mmol ), was di ssol v i n DVFHa gred with
Wntlertedi ate E (0. 84 ngmmI)Htr edhyl am Oug
(0. . 03 W@T\H {R( 228y, %rr@ha/ I
(295ny, ~L- S4iwelty~at R°for 2 days The m
added to DCM (100nL) and washed-with water (2 x

100rrL);{ C‘gggpegglnblﬂ,?d aqueous | ayers \NaSRI‘—@y@ObbﬂﬁCt (e,d))
th r=H R= 43

o. ka)\ R H/ ]

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

Figure 7

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

Stage 1 — Reductive amination

/I\/OO\O
T 0
o

ZT
=

oo



DCM (100m.), then the conbined organics were dried
(Na2SO™4), filtered and concentrated in VOCUO to yield

veo Y@islo§3yspi | (638ng, quant). mz = 518 [MH +. SERE82855/004034
Hydr oxamat e deprotection to 34 el d cycl opentyl

N-{1[ 4- (hydr oxycar banoyl )

Cy mwk (g{g% a%l%Aé%%biz&l%h%—%e@%clohe@l)%9&)@1@3 prepared as

prooduc , 597 Was stirre

desrrpeq ©. Eswmpl% —F@Oﬂlﬁ!r O28mriwasesttrtadomthng - mr@ywﬁn@ndm 1-yl)-N-
(1- rQHffdt(%lx%FﬁoQ p?ﬁr?nl%’nebﬁf LcRLSRANAE g&ﬁ%gﬂp éé%\& Qeﬁirl\:ﬂéo‘ E‘ﬁlrﬁ;ﬁe 3

110008, VI 00 M DOE CHBT0) Wit NaGHBH, Bama 0 heanaies BT P a

mtr%%{l\‘) at&osﬂha‘% o ¥h: Tg ?é%c%&r“wa@hen”dsi@tt%d(v%fﬁ HJ{% 504nL(%nd

extrecEs- vmtha!gcwgpf 1GgmL 1Tiqmcqrgtpqnecdjgrgaglﬁ@xgact$ V\@F@pned (MyS0O.) and
the?sgg ﬁ"é Abved g&%g?@gg%é&gﬁuﬁ%s%tﬁgﬁw%ﬂ \nﬁaﬁérﬁ{las used in the

si's and eprotection to yie
nems’{epmthoutfurther punflcation mfz = 701 [M+Nal".

(hydr oxycar banoyl ) phenyl Thi peri di n-411)-L- 1| euci ne (49)

Stage 5 product (50ny, 120pm)l) was stirred in THF
Stags @) Hedraxanweirgepede gisnto visisrayrlppatty RE-S-eyclahexa(g-{{({ihls-

§ - 3 wth 2M HO aq, and

(hygﬂtol&%c'fé{glgarﬁ%? p%@ﬂn%:rﬁ}%?ﬂgt?@mﬁ@# it was concentrated in

yimntbylirmine metimipperyatrinsdagsiatald8le HPLC to give a white
solid (5ng, 12% . LCMS purity 90% mz = 350 [ MtH| t.
1H NVR (300MHz, d6- DNMSO) 5: 10.90 (1H, s), 7.63 (2H,
d, J=8.8Hz), &.93 (2H, d, J=9.0Hz), 3. oH, d,
J=12. 9HZ)103 4 (1H, t, J=6.9Hz), 2.97 6 (3H, m,

. 1.96-1. 74 (8§ SN1.54-1.32 (4H, ), (6H1t

0 g9

J=6. 4Hz) . W)zo 5 31PCT/GB2 6/.0Q4084
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
IM+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 (44, m), 5.31 (1H, m), 7.61 (4H, m), 8.66 (2H, m).

Stage 3 — Ester hydrolysis

Moo X
RS
H N//l\ 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



Exanmple 9 .OH 0 WD 2008/ 053131PCT/ G112006/ 004034 84
Conpounds pr epar ed: R = cyclopentyl (50) R = H(51)
wio Dbig/es5318 PCT/GB2006/004034

70
and then the solvent was removed in vacuo and the residue used in the next step without
further purification. m/z = 611 [M+H]".

Stage 4 — Hydroxamate deprotection to yield (2S)-cyclohexylf(4-{{({1-[5-
(hydroxycarbameyl)pyrimidin-:Z-yl]piperidin-4-yi}methyl)amino]methyt}benzyl)amino]ace’fic
acid (39)

0
HO\E/‘K@\L
N/ N ! N OH
N Ho o

Stage 3 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 preparétive HPLC fo give
the product as a pink solid (19mg, 13% over two steps). LCMS purity'>95%, miz = 511
[M+H]*, "H NMR (300MHz, CD;0OD) 8: 1.16-1.41 (9H, m), 1.68-1.91 (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+HT”, H NMR (300MHz, ds-DMSO) 8: 0.90 (6H, m), 1.12
(2H, m), 1.28 (2M, d, J=6.6Hz), 1.65 (9H, m}, 1.72 (3H, m), 2.03 (1H, m), 2.73 (2H, m),
2.96 (2H, 1, 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, br s), 9.60 (1H, br s}, 11.05 (1H, s).

(37)

LCMS purity 97%, miz = 485 [M+H]*, 'H NMR (300MHz, CD:OD) &: 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).



Et0O N OH Ethyl 4-fluorobenzoate (2.740g, 16.29muol)

and 4-pi peridi nenet hanol (1.876g, 16.29mmvl) were

veo eos@ssisn DMSO (100nmL) with K2CO3 (6. 7659, 48p@bmmabok/004034

at 100C overnight. The m xture was cooled to RT and

added to water (100nmL). The product was extracted wth
(40PCM (2 x100nmL), dried (Na2SO4) and evaporated in vacuo

LomB it oy it Mz ok MHRE OB Ll 5 o BH 9T 1 41
2H§Ha\g;@0%§zl 5?8?;%?,%’ degal Mfrh fwgm br s), 3.00 ( gﬁdmz hseg:a (2H, m), 4.20
(1anr8t"h% (Wiih e %&t g %f(%% f“ﬁ ?%gg&g%ﬁ) The mixture

was then cooled to RT and the resulting precipitate
was filtered and retained. The filtrate was acidified
(41} o pH 3 with 2M HClag and stirred for Ih at RT. A

LCMSGRAE, @mm&f M@wwtafﬂewwaemdmmzf@mm@m BAbH, s), 1.29

rSoRE e ThSm, 8, S Sl el SETRbEH i 412
t, Jiwéﬂgyamt(%f apTRt 1018 6Hz) St eng s;:raﬁ)eaw (3. 031g,

nmol ) was stlrredlnDI\/F(l
intermediate E (8.0nL, 58.27nmol ), triethylamne (8ni,
(42p7.39mmol ), HOBt (2.759g, 18.02mml) and EDCl (3.390g,

Lc%émua%%%) it rahed - dodsadnts DR F RS am, b
m), COD{1RE B)AL 186 QRIS, thRPEIBY 2MET, 8=1 BHEXBI108GRIE W4t 15 [@2BlVim), 4.70 (2H,

d J‘?ﬁg%léeié"?%t ol TRP T 05 o H02h) Bl %R GHuEBE s oo

: 11@51(1IH is¢d by col um chronat ography (1 to 10% I\/IeOH in -
.DCM to yield a yellowoil (3.076g, 75%. mz = 351
, [ MtH] . Stage 4- Swern oxidation

(43)

LCMS purity 99%, m/z = 505 [M+H]", 'H NMR (300MHz, CD;0D) &: 0.89 (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+HJ", *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) 5: 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).



0 DCM (200nm.) was stirred with oxalyl chloride
(0.80nm., 9.17mmol) at -72C. To this DMVMSO (1. 1ni,
wkb008a¥pd) was added dropw se, nmaintaini ng thecr/GB2006/004034
tenperature at -72C. Stage §2product (3.08g, 8.78mmol)
was di ssol ved in DCM (100nL) “and added to the m xture
Exa‘#ﬁ@ mai ntai ning the tenperature at -72C. The
C |on was then stirred at this tenperature for a
further 5 m nutes before being aIIovved to warmto RIT.
The m xture was then conceggggt ed vacuo and

puri i ed by flash c @@p&phy ( 0 10% MeOH . p..
y%ﬁg—a |ta0,@1‘ "d 13 DO@L%UM T
b [M+H] FMTRND éo 87053131PCT/ &0 004034 8E°% 4Te

5- Reductive amination o,N O St age 4 product
(206ngy, 0.591mmol), was stirred with internediate B
(155nmg, 0.592mmmo1l) in 1, 2-dichl oroethane (20nlL). To
this was added triethylamne (0.85m, 6.10mml) and
sodi u anobor ohydri de (525ng, 35mmol ) and the \Ik

m xtureestirred iatsngT for\fér days>y The resam Porviag

q Wa, don%a’SO NW’*(iAh: oBCM

. Toe 'ef gani cﬂcbhasymed’( SH4), and Iﬂ\
concbntrated in vacuo to yield a yellow oil (313ng,

950/?Si Z”‘@;Kf558 LI\/H-H] ctSt age 6- Hydroxamate

depf'@tiect ycl opent yl

(292561 ohesyl F( 14

(hydr ox céffptﬁeéﬁﬁvlbe}b?‘féﬁﬁill i pi peridin-4-yl}nethyDani no] ac
etate ( 0) Ho,N LI> 0

v Cuﬂ %

Stage 8. KOTMS,

Y

HN

wTFA.DCM
THF
) Y /\kf\\‘
Ao o J 8
0.0
"N =N
T H/L“\/\/)\ CH
N N H hl
N 4]

Stage 10. TFA, DCM 1

HO. JK()\O\/ VOA?

O@J\/Cf %

Scheme 11



Stage 5 product (180nmg, 323pnol) was stirred in DCM
(10mL) and TFA (0.5nL) at RT for Ih. The product was

vooieckjosdsdi rectly by preparative HPLC to yi el dpar/dBRig/o04034
solid (7.4ny, 5% . LCMS puri 95% niz = 458 [ MtHr.
1H NVR (300MHz, CD30D) 6: 7.%67 (2H, d, J=8.3Hz), 7.02

- 5,40 (1H, t, J=5.4Hz), 3.93 (3H, ),
co'%.%(%?géggq(%ﬁﬁjz%, 5 05 1 70 (20H, m,)1.47-1. be (8III|?

m. WD 2008/ 053131PCT/ G132006/ 004034 87 Stage 7-
Ester hydrolysis Stage 5 product (184ng,-~330pnol) was
stirred in THFQ(10nL) with potassi um

trimet hyl $1Q 428ngy, 3.34mmol) at for 4
days. The m x} ur %{concentrat ed in vacto ag1d t he
resi due used cru N t stag € 8= R

Hydr oxanmat e depr ot ecti&)ﬁw‘QH S

(2S) - cycl ohexyl [ ({144-

(hydr oxycar banoyl ) phenyl ] pi peri di n- 4-yl } met hyDani nol ac
etic acid (51) HO N B cyGoidnage ®@oproduct was stirred
in DCM (10mL) with TFR1®.5nL) at {(RF for 1h. The

m xture was concentrat ed i%. }J/,?guo and the product
purified by preparative HP &'t o yield a white solid
(6.8ngy, 5% . LCMS purity 93% rniz = 390 [MrH . 1H NWR

OMz 6. 7.65 (2H, s), 6.99 (2H s), 3.90
8*8%%3., Mé,gdﬁéa%%sam), 3. 84 ElH, 53, 2. 89 E4H, n))

2.01-1.65 (10H, n), 1.45-1.05 (8H, m). WD 2008/ 053131

Exanpl e 10 HN 2
OH

4'—(Aminomethyi)cyclohexénecarboxytic acid (4.00g, 25.44mmol) was stirred in THF
(100mL) at 0°C under a nitrogen atmosphere. LIAIH, (2.90g, 76.33mmol) was then added
and the reaction allowed to warm to RT and stir for 3h. It was then cooled to 6°C and
quenched with H0. 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

OH

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



88 PCTI GB2006/ 004034 Stage 1. NaCNBH3 Et 3N, DOE
Prepared as described in Exanple 9 Prepared as
waesnshdest i n Exanple 4 Scheme 14 WO PCT/GB2006/004034

2008/ 053131PCT/ GB2006/ 004034}489
product as a white solid (5.5g, 87%). m/z = 266 [M+Na]", *H NMR (300MHz, CDCl) 6.
0.82 (4H, m), 1.28 (2H, m), 1.37 (8H, s}, 1.70 (4H, m), 2.76 (2H, {, J=6.3Hz), 3.19 (2H, d,
J=6.3Hz), 4.32 (1H, br s), 6.75 (1H, m).

Stage 3 — Alcohol oxidation

H
N

O,

A solution of DCM (100mL) and (COCI), (1.68mL, 18.14mmol) was stirred under a

nitrogen atmosphere and cooled to -78°C. DMSO (2.27mL, 32.02mmol) was then added
whilst maintaining the temperature below -65°C. A solution of stage 2 product (4.5g,
17.79mmol) in DCM (50mL) was then prepared and added slowly to the reaction mixture,
again maintaining the temperature below -65°C. When addition was complete Et;N
(9.99mL, 71.69mmol) was slowly added, again maintaining the temperature below -65°C. .
When addition was complete the reaction was aliowed to warm to RT and then the solvent .
remnoved /n 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). mfz =
264 [M+NaJ*, "M 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}, 8.63 (1H, s}

Stage 4 — Reductive amination

><o>;N\—<:>—\N }OQ

O

Stage 3 product (1.00g, 4.14mmol) was stirred with intermediate B (1.08g, 4.414mmol) 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 (MgSO,) and the solvent removed in vacuo to give



Compounds pr epar ed R = cycl opentyl (52) R = H(53)
Figure 11 Stage 1 - Reductive am nation
Wo tebsssiBy| pi peridin-1-yl)-N-(1-isobutoxyet hoxydheRz@aioo4034
i de (prepared as descri bed |7n5 Exanple 9 -210ng,
0.603mmmol ), was stirred with cycl opentyl (26)-{[4-
the b&fﬂu@@@a I@yég) faa pnlchardN\@etiGy eleaftsk Mﬂ@g@ﬁ%@&ﬁu (RsreRanedion
crl}a arrpl e 4 -230ng, 4nmmol ) in
17f929‘d%&ﬁvéro”eﬁ1rlyﬁéi (20nL). To this was added
triethylamne (0.85n, 6.10mvl) and sodi um
cyanobor ohydri de (540ng, 8.59mmwl) and the m xture
Stage Prraer @PTRIPCH¥Y 2 days. The nixture was added to
wat er (50nmL) and extracted with DCM (2 x 50mL). The
organi ¢ phase was dried (My304), and concentrat ed in

vacuo to yield a brown oil (408ng, 9 = 677
[M-H t Stage 2- Hydy, lgpxamate depro ect to yi el d

cycl opentyl (2S)- cycl i}_

(hydr oxycar banoyl ) phenyl erllq 4-y1} met hyl ) am nol m
et hyl } benzyl ) am no] acet at e (52)H

2008/ 053131PCT/ GB2006/ 0041034 90 e 1 product
(226nmg, 334pnol) was stirred in u OnmL) and TFA
(0,5m) at RT for |h. The product was purified by
preparative HPLC to yield an off white solid (33.5ng,

Stag% 8%7@%%#9’67 n%ﬁo/%wﬂ% étwrecﬁaﬁbi%ﬁ'ﬂ)ﬁﬂ_) \Mtﬂ\w HCl In dioxane

(3m)x8t RALYr, 185, The salMentiwas3hen gppoved4n g@Cl,(Ozﬁqld tBe r%syduesdr@g under
vacgéﬁéo ve tﬁijgﬂdqb&%s a°')avh|tgs&% ((t%'d 3% Tr%r% c%)[mmr ‘H NMR

8H
(30BNHizof a8 MSO) o: 0.90-1 20 9H m) 1. 50(2 00 (2 2%5 (4H, m}, 385 (1H m),

5.25 (1H, m}, 7.83 (2H, m).

Stage 6 - Reductive amination

0
/kxo\(o\m
H

T

SUVORRAY,

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 NaBH;CN (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.



Stage 1 product (218ng, 322pnpl) Was stirred in THF
(10m.) with potassiumtrinethylsilanolate (418ny,
wo 1ehwmiy at 50C for 4 days. The mixture was PCT/GB2006/004034
concentrated in vacuo and tZg resi due used crude in
the next stage. Stage 4- Hydroxamate deprotection to
g%@h}e' qilgﬁéo%%a?e &éﬁ%t@&@ﬁ%&y@d éy“dc({jﬂeﬁ{yil(k@-cyclohexy;{[ (4-{({1-5-
xycar banoyl ) phenyl ] pi peri net hypam no] ne
(hydrm&ar@éﬁ@y T“@d@ﬂﬂeﬂé’i‘ "(53) St age 3 product
B i m.) at RT for
yl}n’n}@ﬁﬁd %‘n!rfo;nﬁx? Wé’ msxy?myg%@g%&@négﬁuo and the
product purified by preparative HPLC to yield a white

solid (28.0nmgy, 17% . LCMS purity 95% 509 [ MtHr.
1H NWVR (300Miz, CD30D) 6: 7,66 (6H 02 (2H, d,
3=8. 6Hz)H0 4 s), 3.89 (2H, d, 3=l2.2Hz), 3.76
(1H, d, Jz@i.z 01 (2H d J=6. 4Hz) .90 (2H, t,
J=12.1Hz), 2.0 . -.- NG . 91
PCT/ GB2006/ 004034 St|lage 1 H\Ia Et ﬁN

Stage 6 product (0.28mmol) was stirred in DCM (10ml.) with TFA (0.5mL) 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, 9% over two steps). LLCMS purity »95%,
m/z = 585 [M+H]", 'H NMR (300MHz, CD;0D) &: 0.96-1.39 (13H, m), 1.72-2.16 (23H, m),
2.81 -3.04 (7H, m), 3.84 (2H, d, J= 39Hz) 5.36 (1H m) 866 (2H s).

Stage 8 ~ Ester hydrolysis

Sasan! .

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]".



| Stage 4. DCM TEA OH NO WO
2008/ 053131PCT/ GB20061004034 92 Conpounds pr epar ed:
WO zo0spsdepent yl (54) R = H(55) Figure 12 PCT/GB2006/004034

77
Stage 9 — Hydroxamate deprotection to vield (2S)-cyclohexyl[(4-{[({1-[5-
(hydroxycarbamoy!)pyrimidin-2-yllpiperidin-4-
ylimethyl)amino]methylicyclohexyl)methyllamino}acetic acid (47)

0

N
OH
N//kh&/ \Q/\N
H H
N o

Stage 8 product (0.28mmoel) was stirred in DCM (10mL) with TFA (1mL) at RT for 30
minutes. The solvent was then removed in vacuo and thé residue purified by preparative
HPLC to give the product as a white solid (8mg, 3% over two steps). m/z = 517 [M+H], "H
NMR (300MHz, CD;0D) 8: 1.13-1.44 (11H, m), 1.75-1.84 (15H, m), 2.82-3.09 (8H, m),
3.39 (1H, m), 3.65 (1H, m), 4.94 (1H, m), 8.67 (2H, m).

HO..



Stage 1 - Reductive am nation

4-(4-fornyl piperidin-1-y1)-N(1-i sobuto)tethoxy)benzam
wiodged/pienared as described in Exanpl e 9 -212npCT/GB2006/004034

0. 608nmol ), was stirred w tE cycl opentyl (2S)-({][4-

(am nonet hyl ) cycl ohexyl ] met %I }am no) (cycl ohent Cacet at

g!d'l@ gepared as described in Exanple 7- 236ny,

mmol) in 1,2-dichloroethane (20nL). To this was

added triethylam ne (0.85nL, 6.10mvl) and sodi um

cyanobor ohydri de (555ng, 8.83mmpl) and t m xture

stirrgd at RT for 2 days. The m xture added

to watler .(50nL) ah¥ actage Wiy m.). The

or gahi cse Was ¢ (NQS?[%N and concentfathed i p

vacuo to |Idabrov\ﬁ (318ny, 77%. mz = \)

[ MFH . WD 2008/ 053131PCT/ GB2006/ 004034 93 St age 2-

Hydr oxamat e deprotection to yield cycl opentyl

(28) -cycl ohexyl ff(4-{[c(144-

(hydr oxycar banmoyl ) phenyl ] pi peri di n- 4- :Z?fz Heot

y1} met hyl ) am no] net hyl } cycl ohexyl ) met hyl ] am nol-acet at e

(54) Stage 1 product (257ng, 376pnol) was dtirred

in DCM (10m.) and TFA (0.5nL) at RT for 1h. The

product was pur| fied by preparative HPLCjfo yield an

of f white 8olid (18.7ng, 9%pge L@ puriHb nmz =
583 [ Mr1791] NVR ( 300MHz,-CB36D)- 6: 7.6 :

J=8.5Hz) , d 3=8. 6HZ) 5.36 (1H, n) g,o&
3.04-2.81 (8H 06-1.64 (25H, m, 1.53- (&2H,

m. Stage 3- Ester hydrol ysi s

Stage 4. Intermediate A
STAB, DCE

O (@]
)\/O O~
- wr Y
Stage 5. Intermediate &
N
N
O\ EDGI, HOBY, EtN, DMF O\ o
N O\O N
H O

Stage 7.
iy NaOHaq, THF
iy Er-l()i‘.z,q

Stage 6. TFA, DCM

Scheme 12



Stage 1 product (196ng, 287pnpl) was stirred in THF

(10m.) with potassiumtrinethylsilanolate (399ny,

wWo ddogneiy1 at 50C for 4 days. The mixture was pcr/GB2006/004034
concentrated in vacuo and t resi due used crude for

t he next stage. WD 2008/ 0531T31PCT/ G82006/ 004034 94

%ﬁ@ é—l%gi gxamate deprotection to yield
cyclr exyl ([ (4-{[({144-

(hydr oxycar banoyl ) phenyapi peri di n- 4-
yl } met hyDam no] net hylg cycl ohexyl ) net hyl ] am no} aceti c
acid (55) St 3 [pproduct was stirred in DCM (10nl)
with TFA (0.5n) atNR lh. The mixture was
concentrated in vacuo & (. he _produc urified by
preparative HPLC to yield amloffi whfte solid (36.7ng,
259 . LCVB purity 98% mz = L \%H NVR
(300MHz, CD30D) 6: 7.68 (2H, d, J=8. ), 7.05 (2H, d,
J=8.5Hz), 3.89 (2H d, J 12. 6Hz) 3.1 (1H d,
J=3.6Hz), 3.03-2.82 ( n? 65 (16H, lﬂ
1.54-1,04 (12H, n) B 'k °E%?$ C%%onylesterase Assay
Any gi ven conpound of the pr esent vention wherein Rl
is an ester group, may be tested to determ ne whether
it neets the requirenent that it be hydrol ysed by
intracel lul ar esterases, by testing in the follow ng
StagsdayColpliepar ati on of cell extract U937 or HCT 116
tumour cells (- 109) were washed in 4 vol unes of
Dul beccos PBS (- 1llitre) and pelleted at 525 g for 10
mn at 4C. This was repgeated tw ce and the final cel
pel |l et was resuspended m of col d honpgeni si ng
buffer (Trizma 10 n¥®© Na 0 M- CaCl2°0.5 mM pH 7.0
at 25C). Honobgenates were by nitrogen
cavitation (700 psi for 50 m n|at The honobgenate
was kept on ice and suppl enente ith a cocktail of
inhibitors at final concentration§~of: Leupeptin 1 uM
Aprotinin 0.1 ilVI E64 8 pM

Ethyl 4-fluorobenzoate (6.75g, 40.1mmol) and 1,4-dioxa-8-azaspiro[4.5]decane (2.73¢,
19.1mmol) were stirred with K,COj4 (8.5¢g, 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 (MgSO0,), filtered and concentrated in vacuo. The product was purified by flash
chromatography (2%MeOH in DCM) to yield a yellow oil (5.58¢, 48%). m/z = 292 [M+H]".

Stage 2 — Ester hydrolysis

0

1
N
OEt

OEt

Stage 1 product (5.58g, 19.15mmol) was dissolved in EtOH (25mL} and stirred with 50%
NaOH,, (25mL) at 80°C for 3h. The mixiure was cooled to RT and 2M HCl,, (50mL)



Pepstatin 1.5 t.tM Bestatin 162 pM WO

2008/ 053131PCT/ GB2006/ 004034 95 Chynostatin 33 p. M
wof doeg0tAarification of the cell honpbgenate by pCT/GB2006/004034
centrifugation at 525 g for 4,40 mn, the resulting

supernat ant was used as a source of esterase activity

addgd. drﬁ@aﬁ xBIrOWaH i stRRE 49801d fof 8@l ethe d\o@@muweaemraméd with
ester c eavag (Mglédrol ysi s o{ esters to

DO k&9pbndiried (Masbok gPieeiaiedd” &%%O@éldﬁsayaf@@a%@?w&to** o
I t L o505 epar-erb4as ve. To this effect
yla[%gﬁ‘frﬁtgﬂ)ﬁigg% qg?g / totz;;f[ aﬂfgy volume of 0.5 nm)
was i ncubated at 37Cin a Tris- HC 25 mM 125 nM NaCl
stadd L eloat Hedroboclbn 25C. At zero time the ester
substrate) was then added at a final concentration of
2.5 OM and the sanples were incubated at 37C for the
appropriate tinme (usualpy 0 or 80 m n). Reactions were
st opped by the additi on]jof 3 x vol unes of

acetonitrile. For zeHO tiye janples the acetonitrile
was added prior to the es o und. After
centrifugation at 120009 for 5 mih, sanpl es were
anal ysed for the ester and its pondi ng

carboxylic acid at roomtenperature by LCM5 (Sciex API
3000 HP1100 bi nary purrp CTC PAL) Chr omat ogr aphy was

Stagqe @ro@gt %%gAcegﬁ?s%fSﬁo Was trr%g ﬁjm l—i(ﬂ%(?&qﬁ%t: 'Rg CfBPﬁ?anutes
Thé/i@xaﬁé&heﬁaﬁmdm%aﬁd GOdOBW roibinve asierefitaned and dried in a

oo ! BT BRSO Lot

act i VI ties was measur ed usi ng the comercially
il HDA! rescent activity assay from Bi onol .
8139?12 ﬁ%c#uctl}/%a 'ﬂadglﬁ) de LysTM subst¥ate g l'ysi ne vvlth
an epsilon-am no acetylation, is incubated with the
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in 1,2-dichlorosthane (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,SO,), filtered and concentrated in vacuo to yield a brown oil
(495mg, 97%). m/z = 403 [M+H]".
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DMSO) 8: 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).
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R = gyclopentyl  (50)
R=HM {51)

Compounds prepared:

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,CO3 (6.765¢, 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 NaOH.q (40mL, 80mmol) and THF (40mL)
at RT for 2 days. Since the reaction had shown little progress, 50% NaOHg, (10mL) was
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added, and the mixture stirred at 55°C for 2 further days. The mixture was then cooled to
RT and the resulting precipitate was filtered and retained. The filtrate was acidified to pH ~
3 with 2M HCl,q and stirred for 1h at RT. A second crop of precipitate was then filtered.
Both crops were dried to yield white solids (combined 3.052g, 80%). m/z = 236 [M-+H]".
Stage 3 — Protected hydroxamate formation

Stage 2 product (3.031g, 12.17mmol) was stirred in DMF (100ml.) with intermediate E
(8.0mL, 58.27mmol), triethylamine (8mL, 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 agqueous layers were re-extracted with
DCM (100mL.), then the combined organic was dried (Na,S0,), and concentrated in
vacuo. The crude product was purified by column chromatography (1 to 10% MeOH in
DCM) to yield a yellow oil (3.078g, 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 (3.05¢, guant). m/z = 349 [M+H]".
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Stage 5 — Reductive amination

Qs L,
.

Stage 4 product (206mg, 0.591mmol), was stirred with intermediate B (155mg,
0.592mmol) in 1,2-dichloroethane (20mi.). To this was added triethylamine (0.85ml},
6.10mmol) and sodium cyanoborohydride (525mg, 8.35mmol) and the mixture stirred at
RT for 2 days. The reaction was quenched with water (60mL) and extracted with DCM (2 x
50mL). The organic phase was dried (MgS0O,), and concentrated in vacuo to yieid a yellow
oit (313mg, 95%). m/z = 558 [M+H]". o

Stage 6 — Hydroxamate deprotection to vield cyclopenty! (2S)-cyclohexyl[({1-{4-
(hydroxycarbamoyi)phenyl]piperidin-4-ylimethyl}aminojacetate (50)

O

H

Qi D
s

Stage 5 product (180mg, 323pmol) 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).
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Stage 7 — Ester hydrolysis

/J\/O 0o I
T ﬁ

@

Stage 5 product (184mg, 330umol) was stirred in THF (10mL) with potassium
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 (28)-cyclohexyl[({1-[4-
(hydroxycarbamoyl)phenyllpiperidin-4-ylimethyl)aminolacetic acid (51)

H
ISP
N " “OH

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, CD;0D) &:
7.85 (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).
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Compounds prepared

H

=

o)
N Ny “R
N 0

R = cyclopentyl (52}
R=H (53)

Figure 11

Stage 1 — Reductive amination

O

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

C
;

Example 9 —210mg, 0.603mmol), was stirred with cyclopentyl (28)-{[4-
(aminomethyl)benzyllamino}{cyclohexyl)acetate (prepared as described in Example 4 ~
230mg, 0.604mmol) in 1,2-dichloroethane (20mL). To this was added tristhylamine
(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 (MgSQ,), and concentrated in vacuo to yield a
brown oil (408mg, 92%). m/z = 877 [M+HT".

Stage 2 — Hydroxamate deprotection to yield cyclopentyl (25)-cyclohexylf(4-{[({1-]4-
{(hydroxycarbamoyl)phenyllpiperidin-4-ylimethytyaminojmethylbenzyl)aminojacetate (52)

HO\N

H o
“ O
SUPYRE



nfd 24 AAAB25 Bn/dn/dn/d 26 BBBC27 A

WO 2008/053131 PCT/GB2006/004034
90

Stage 1 product (226mg, 334umol) 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 (33.5mg,
17%). LCMS purity 95%, m/z = 577 [M+H]", "H NMR (300MHz, CD,0D) &: 7.64 (6H, m),
7.02 (2H, d, J=8.2Hz), 5.31 (1H, t, J=5.3Hz), 4.30 (4H, br s}, 3.86 (3H, m), 3.01 (1H, s),
2.92 (2H, t, J=11.1Hz), 2.05-1.68 (20H, m), 1.48-0.85 (8H, m).

Stage 3 — Ester hydrolysis

e .

Stage 1 product (218mg, 322umol) was stirred in THF (10mL.) with potassium
trimethylsilanolate (418mg, 3.26mmol) at 50°C for 4 days. The mixture was concentrated

E Z
ZT
Ir=
O

in vacuo and the residue used crude in the next siage.

Stage 4 — Hydroxamate deprotection to yield {(28)-2~cyclohexyl-2-[(4~{{{{1-[4-
(hydroxycarbamoyl)phenyllpiperidin-4-ylimethyl)aminc]methyltbenzyl)aminojacetyl}oxy

(53)
h Jﬁ
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,0OD) &:
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 2
ZT
I=
O
O
/
Py
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Compounds prepared:
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R = cyclopentyl  (54)
R=H (55)

Figure 12

Stage 1 — Reductive amination

;
<

O

4-(4-formylpiperidin-1-yl)-N-(1-isobutoxyethoxy)benzamide (prepared as described in
Example 9 —=212mg, 0.608mmal), was stirred with cyclopentyl (285)-({{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 (MgSO4), and concentrated
in vacuo to yield a brown ofl (318mg, 77%). m/z = 683 [M+H]".
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Stage 2 — Hydroxamate deprotection fo yield cyclopentyl (28)-cyclohexyl{{(4-{[({1-[4-
(hydroxycarbamoyi)phenyl]piperidin-4- '
ylimethyhamino]lmethyl}cyclohexyl)methyllaminolacetate (54)

HO-.

=

Stage 1 product (2567mg, 376umol) was stirred in DCM (10mL) and TFA (0.5mL) at RT for
Th. The product was purified by preparative HPLC to vield an off white solid (18.7mg, 9%).
LCMS purity 98%, m/z = 583 [M+H]*. '"H NMR (300MHz, CD;0OD) &: 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

Sexasul .

Stage 1 product (196mg, 287umol) was stirred in THF (10mL) with potassium |
trimethylsilanolate (399mg, 3.11mmol) at 50°C for 4 days. The mixture was concentrated

g Z
=ZT
=z
O

in vacuo and the residue used crude for the next stage.
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Stage 4 — Hydroxamate deprotection tb yieid (2S)-cyclohexyl{[{4-{{({1-[4-
(hydroxycarbamoyl)phenyl]piperidin-4-
ylimethyl}amino]methyl}cyclohexyl)methyllamino}acetic acid

(55)
HO..
N
HJ\QN N OH

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 HPL.C to yield an off
white solid (36.7mg, 25%). LCMS purity 98%, m/z = 515 [M+H]". "H NMR (300MHz,
CD50D) &: 7.68 (2H, d, J=8.7Hz), 7.05 (2H, d, J=8.5Hz), 3.89 (2H, d, J=12.6Hz), 3.79 (1H,
d, J=3.6Hz), 3.03-2.82 (8H, m), 2.07-1.65 (16H, m), 1.54-1.04 (12H, m).

Broken Cell Carboxylesterase Assay
Any given compound of the present invention wherein Ry 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 pM

Aprotinin 0.1 puM

E64 8 uM

Pepstatin 1.5 uM

Bestatin 162 pM
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Chymostatin 33 pM

After clarification of the cell homogenate by centrifugation at 525 g for 10 min, the
resulting supernatant was used as a source of esterase activity and was stored at -80°C

until required.

Measurement of ester cleavage

Hydrolysis of esters to the corresponding carboxylic acids can be measured using the cell
extract, prepared as above. To this effect cell extract (~30 g / total assay volume of 0.5
ml) was incubated at 37°C in a Tris- MCl 25 mM, 125 mM NaCl buffer, pH 7.5 at 25°C. At
zero time the ester (substrate) was then added at a final concentration of 2.5 OM and the
samples were incubated at 37°C for the appropriate time (usually O or 80 min). Reactions
were stopped by the addition of 3 x volumes of acetonitrile. For zero time samples the
acetonitrile was added prior to the ester compound. After centrifugation at 12000 g for 5.
min, samples were analysed for the ester and its corresponding carboxylic acid at room -
temperature by LCMS (Sciex AP 3000, HP4100 binary pump, CTC PAL).
Chromatography was based on an AceCN (756*2.1mm) column and a mobile phase of &~

85 % acetonitrile in water /0.1 % formic acid.
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Measurement of biological activities

Histone deacetvlase activity

The ability of compounds to inhibit histone deacetylase activities was measured using the
commercially available HDAC fluorescent activity assay from Biomol. In brief, the Fluor de
Lys™ substrate, a lysine with an epsilon-amino acetylation, is incubated with the source of
histone deacetylase activity (Hela nuclear extract) in the presence or absence of inhibitor.
Deacetylation of the substrate sensitises the substrate to Fluor de Lys™ developer, which
generates a fiuorophore. Thus, incubation of the substrate with a source of HDAC activity
results in an increase in signal that is diminished in the presence of an HDAC inhibitor.

Data are expressed as a percentage of the control, measured in the absence of inhibitor,
with background signal being subtracted from all samples, as follows:

" 9 activity = [(S'—~ B) / (S° - BY x 100

where S'is the signal in the presence of substrate, enzyme and inhibitor, S° is the signal in
the presence of substrate, enzyme and the vehicle in which the inhibitor is dissolved, and

B is the background signal measured in the absence of enzyme.

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 sofiware.

Histone deacetylase activity from crude nuclear extract derived from Hel.a cells was used
for screening. The preparation, purchased from 4C (Seneffe, Belgium}, was prepared
from Hel.a 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.

ICse results were allocated to one of 3 ranges as follows:
Range A: ICg<100nM,
Range B: ICs from 101nM to 1000nM;
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and Range C: I1Cs >1001nM,

U837 and HUT cell inhibition assay

Cancer cell lines (U937 and HUT) growing in log phase were harvested and seeded at
1000 — 2000 cellsiwell (100pl final volume) into 96-well tissue culture plates, Following
24h of growth cels were freated with Compound. Plates were then re-incubated for a
further 72 — 96h before a WST-1 cell viability assay was conducted according to the

suppliers (Roche Applied Science) instructions.

Data were expressed as a percentage inhibition of the control, measured in the absence

of inhibitor, as follows:
% inhibition = 100-[(SY8°)x100]

where S'is the signal in the presence of inhibitor'and 8%s the signal in the presence of
DMSO. :

Dose response curves were generated from 8 concentrations (top final concentration

10uM, with 3-fold dilutions), using 6 replicates.

ICs, 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: |Csp from 331nM to 3300nM;

Range C: ICg »3301nMM;

and n/d: not determined.

Hela cell inhibition Assay

Hel.a cells growing in log phase were harvested and seeded at 1000 cells/well (200ui 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
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72h before a sulphorhodamine B (SRB) cell viability assay was conducted according to-
the methodology described by Skehan et al, J. Natl. Canc. Inst., 1990, 82, 1107-1112.

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 vatues were determined by non-linear regression analysis, after fitting the resuits 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 {o one of 3 ranges as follows:
Range A; |C50<330nM,

Range B: 1Cs from 331nM to 3300nM;

Range C: 1Cs >3301nM;

and n/d: not determined.

Results Table

Example | HDAC uas7 HUT Hela

No. activity | activity | activity | activity

1 B A B Cc

2 B n/d n/d nid

3 B B C Cc

4 C nid n/d n/d

5 B B B Cc

6 C n/d nid 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 nid nfd nid
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 nid




100 dains 1. A conpound of formula (1),
hydrate or sol vate thereof: QV
WO 2008{kHRTI - - - (AL(1) O wherein nis 0 or 1; Q

N- oxi de,

i ndependent|y represent

radi cal selected from (81), (B2)
(8@) : /'Y 61 (82) (833} B
19 A nid n/d n/d
20 A A B B
21 A n/d nld n/d
22 A A A B
23 B nid n/d nid
24 A A A B
25 B nid 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 nid n/d
31 B A B B
32 B n/d nid n/d
33 A A A B
34 A n/d nfd n/d
35 A B B B
36 A A A A
37 A n/d n/d nld
38 A A B A
39 A n/d n/d nid
40 A A A B
41 A nfd nfd n/d
42 A A A A
43 A n/d h/d n/d
44 A A A B
45 A n/d n/d nld
46 B B B n/d
47 A nid nfd nid
48 C B c n/d
49 C n/d nid nld
50 C c C n/d
51 C nld n/d n/d
52 G B B n/d
53 C nfd nfd nfd
54 C B B n/d
55 c nfd n/d nid

(83),

or a salt,

(B4),

RCBES2006/004034

-N=gg -C=: Bis a divalent

(B5) and



wherein the bond marked * is linked to the ring
containing Q V and W; Ais an optionally substituted
nono-, bi- or trl-cycllc car.bocyclic or -heterocyclic
ring systen1 -[ Li nker] - ré@ Pesents a bond, or a
divalent linker radical; Z' is (a) a radical of
formul a F21112CHNH—Y-C—X1-(CHQ),- or (b) a radical of
Clapigsul a R-C Y1-(CH2) z-, wherein: Ris a radical of
1. f OAngﬂ%ogag ?%rn(u\@ (I)Qof Nsbit 646 Yydrite stcﬁvalalﬂ’quﬁ iC
aci , or an ester group which is
hydrolysable by one or nore intracellul ar esterase
enzynes to @=garboxylic acid group; RB i s hydrogen; or

optuonai y SUb2%§" %ed ﬁéﬂ%%ﬁ%‘“¥§ cygLoalkyg)

ary
dTB) Mein R3 is hydrogen or optlonally
substltuﬂad (G -C6)al kyl .

wherein
nisOort;

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

B is a divalent radical selected from (81), (B2), (B3), (B4), (B5) and (B6):

___NO.—** *____N/\:D_-w* *‘_ﬂi\/N__ ek

(81) (B2) (B3)
(B4) (B5) (BB)

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

systent;
-[Linker]- represents a bond, or a divalent finker radical;

Z'is (a) a radical of formula RyR;CHNH-Y-L'-X"-(CHy),- or (b) a radical of formufa
R-L“Y'(CH,),-, wherein:



R2 is the side chain of a natural or non-natural al pha
amno acid; Yis a bond, -C(=0)-, -S(=0)2-, -C(=0)0-,
-C(=0) NR3-, -0(=S)-NR3, Cgﬁ\l - NR3 or -S(=0)2NR3-
wherein R3 is hydrogen or 8 ionally substituted G -C6
alkyl; Yl is a bond, -(C=0)-, -S(02)-, -C(=0)0-,

- oc( o) - (c=0) NR3-, -NR3(c 0) - -spoRr -NRSS(OZ)

or NR3( ? NR4- |, wherein R3 and R4 are |ndependently
hyd? Seredise! gpemwmPP ¢r Ebstituted (Cl-Ce)alkyl, Cis
a divalent radical of formula -(Alkl),"(Q, (Al k2)p-
wherein in, n and p are independently O or 1, Qis
(i) an optionallly substituted di vBh ent no- or

bi cyclic carbocyc i or heterocycli al having 5-
13 ring nmenbers, (ii), in the ggseDwhere p is 0, a
di val ent rangaT of formula -01- X2 wherein X2 is -0-,
S or NRAwhereif Z?% i's hydrogen or opti ¢viplly
substituted C1-C3 P( and is an optionally
substituted dival ent mono- or blcyclic car bocyclic or

he eroc clic radical 13 ring nenpers, 102
R S8 AP e SRR Py HeRr Akesier Spth BN By
s u bsdinotyamsd bdiovabembre0dtratliucy ekweeddeydnzyrads ot Sarboskylic
EE?&?’W substituted straight or branched, Cl-C6
C2- C6 al kenyl ene, or C2-C6 al kynyl ene
radl cals which may optionally contain or terrri nate in

an R@ﬁsht%rd&%;eq dn oﬁt Bh@@téﬂﬁgt!t(ﬁeﬁ (),1—@? ys uabst | ?‘ﬁté’é‘ 1, %1))1?,3

wher ei n en or op t1 ona
al Rgteroagy! Orgcaoﬁ%nd Ql@fb)or-w(erJ =olerein RNRbggrogen or

- ChprRAsubstitNRAGETD)dM3h- . or - S(=0) 2NR4- wherein R4
and R5 are mdependently hydrogen or optionally
substituted C1-C6 alkyl; and z is O or 1. 2. A
CORpBUhe sids cohiaidﬂ”ed\aiuﬂalairaiomﬁtmhm;ﬂ‘i%@nb @cid)- = and V
and Ware each -N=. 3. A conpound as clained in any
of the preceding clains wherein Ais one of the
f oY lisabnnd, -0 By eR:, -G OXRAMUFOMNRS-CER)Rs , -C(=NH)-

NR; or -S(=0),NR;s- wherein Rs is hydrogen or optionally substituted C4-Cg alkyl;

Y'is a bond, -(C=Q)-, -S(Q5)-, -C(=0)0-, -OC{=0)-, -(C=0)NRa-,
“NR(C=0)-, -S(O:)NR3~, -NR3S(O2)-, or -NR3{C=0)NR,-, wherein R; and R; are
independently hydrogen or optionally substituted {C,-Cg)alky,

L’ is a divalent radical of formula —(AIK"),(Q)n(Alk?),» wherein

m, n and p are independenily 0 or 1,

Q is (i) an optionaily substituted divalent mono- or bicyclic carbocyciic or
heterocyclic radical having 6 - 13 ring members, or (i}, in the case where
pis 0, adivalent radical of formula —Q'-X* wherein X* is ~O-, -S- or NR"-
wherein R" is hydrogen or optionally substituted C,-C; alkyl, and Q' is an
opticnally substituted divalent mono- or bicyclic carboeyclic or
heterocyclic radical having 6 - 13 ring members,



WD 2008/ 053131PCT/ GL12006/ 004034 104 wherein R10 is
hydr ogen or Cl1-C6 al kyl, the bond intersected by the

- wavy line connects to the -fdj nker]- radical, and Ris
attached to an available ring atom 4. A conpound as
claimed inclaim1 or. claim2 wherein ring Ais
sel ected fromoptionally substituted phenyl,

eyl ohexylc DKoo SLAR bfleZetloorall eoiaca dvolant Gy

claim4 \ﬂnéﬂé@%yb[ﬁdw@fsabr wbsauytameamtateﬁmtreigngor/bramued Cy-Cs
sel ect edgfki@ma f hl. Qk O
cl ai ned ianpaﬁé ¢2L@ ﬂkép%g%eﬁf C%%?rﬁée% ci?%qq?wwgmh may

- [ Li nker Priigng '3’5,@?%@ eatermtmme i(lla)T edhds§rd:), thicke)her ;) or amino

: g( O) g(N(F—'\;@R“P _Inl\wlggﬁ@)ezﬁ R* ié\fﬁ%‘mgen% & IOy substituted C;-Cs alkyl;

CS(=0) 2, - NRe " -NRcO(=0) (OH2) m , - NRcS(=0) 2( C
F12 e @ CNIQD&( -r\mc*S ~<a}z- ~NRe©(=5D3, (O MRam -NBHC(=0)-NRs-
-N 48 4 Qqu

hy??‘g( a@? § §4 Nﬁ%{)\?ﬁé;e;ﬁﬁ ?arg‘gedggsrﬁggeh uenfi pﬂfﬁ%égﬂ or
1, P ly sUbRtfu &% Saalﬁi “Ment phenyl radical or a

divalent nono-, or -cyclic heteroaryl radical having

(13730 1| ng rrenbers and WO
2008f' 131PCT/ G112006/ 004034

2. A compound as claimed in claim 1 wherein Qis ~C=. and Vand W are each —N=.

3. A compound as claimed in any of the preceding claims wherein A is one of the

following ring systems, optionally substitﬁted:
RS
-@ C‘> O @O‘S‘

N NE:
H,Q‘q @@ 1 4G

oy .
NN X N .



105 an ether (-0-), thioether (-S-) or am no (-NRA-)
link wherein RA is hydrogen, Cl-C3 al kyl or a nitrogen
weolbgsikjos3ent . 7. A conpound as clained in clai M &cyrGB2006/004034
wherein -Ar- is present in -bb\nker] and is a
di val ent radical selected frdm the foll owi ng: wherein
Xis 0, Sor NH _8 A conmpound as clained in claim®6

[ 2 in -ELinkerl- and is a

wher ei ;
dlval henyl adhcal . 9. A conpound<€§1clalned
|n a- cla [ to[5 wher g kar] - N d
s 0. toA ‘?;nboun : d in any&@:
pre%ﬁdlng cl ai ns ein z IO . A conpoun
clained in any of the preceding clains wherein Y is
-C(=NH) - NR3 or -S( =0) 2NR3-

ggen or O C5 a | . A_cagpound
i ms 3 mhere n[Y\ls\a
33! | GB200&/-004034 106 N

conpound as cl ai ny of the precedi ng cl ai ms
mhereln in the radical L1, A ki and Al k2, Rmhen

'Oﬂ»

pr are selgcted from-G&®-, -CHCH2- N
and /e ent NoprOpyl , cychop | and
Nradi &z A as cl ai n any

tﬁé precedi ng cl a wherein, T™h the radical L1, QL
|s a di val ent phenyl radical or a nono-, or bi-cyclic
heteroaryl radi cal having 5 tol3 ring nenbers 15 A
- | q iged.in cl ai p10

S ¢ :
co ound ‘ | “of_ghe
Wy, in td a6 % r

R‘!O
|
3 N =
T, T KD T
(9] O 9
$ ) RN NS
T O o A



17. A conmpound as clainmed in any of clains 1 to 15

wherein, in the radical L1, g and r are O and p is 1.

‘%ﬁzmﬁmgﬁgpound as clained in any of clains 1 t?c%ﬁnummamam4
erein, in the radical L1, pnpqq and r are all 19.

A conmpound as clainmed in any of t he preceding clalns

wherein Z1 |s aradlcal of formJIa

R1R2 CHNH- -X1- (& e

-Y-1. 1-Jﬂé—|sect ed Lo m
C( O) NH- CH2) , O-, \12?10)

=0) - (CH2) o C( =0) - NH( C1- 12),,-,

C( =0) - NH-(CH2) whergtn v ,
is 1, 2 Con‘p

cl ai ms 1|to er a ra caIR@f f
Rl R2 CHNH- Xl( ein tﬁ@"’radl caI
-Y-L1- Xl[CH2] Sis -CH2 -, -CI 120-,
-C(=O)-NH-CH2-,\ - C(=0) - O -
claimed in anfy o pre'-dl ¢l“ai s &

an ester gr mul a oE<0OR9 whelet

R7R8CH- V\,herei;H 107 (i) R7 is hydrogen or optionally
substituted (C1-C3)al kyI (Zl)a [(a-C3)al kyl],, - or

| - aIka wherein a and
e VHHEDORAIRPNr Cr-Grloniie Gondmierssied by Hawmapine

wherainnetd G tHe Mokt F@éﬁs@él &Ad R3s atidonkd t&88 abidbfe ring atom.
hydrogen or (G -C3)alkyl-; (ii) R7 is hydrogen or
optionally substituted RIORL1IN- (Cl-C3)al kyl - wherein

~ 4.R10 A sompelrgeycigime@in Sainah kit lciaan e »Baélrem&mBWrs%%téH from

C1C3al to eth with the nitro

lg:ﬁa E{/ﬁél)t;stgptggl z?t’te%@h@@ L Wﬁ:py’a -y, and 93-d1hydro-
subsd;outdtﬂ@eylrmnocycl I C heterocycl [ c ring of 5- or 6-
ring atonms or bicyclic heterocyclic ring systemof 8
to 10 ring atons, and R8 is hydrogen or (Cl-
.C3) &l k@fhp()unmrae(dléiin)ed R?ctamdztm&etr@ike?t@m etibrituanitd ih ArideA are
car ho the?é g e attached forman optionally

subssﬁ[%‘tckﬁdfao ‘2{89”"8 %%r bocyclic ring of from3 to 7

ring atoms or bicyclic carbocycl ic ring system of 8 to
10 r, ng. at ons aimed in claim

ane R AT g™ SRR RE aPScsfing.iape afigfelt i ker- s
secselecteddrdra:but yl , cycl ohexyl, allyl, phenyl, benzyl
2-, 3- or 4-pyri dyI net hyl , Net hyl pi peri di n-4-y| ,

t et rahydr of uran- 3-yl, nethoxyethyl, indanyl,

nor @ipariphd; di met hyl am noet hyl, or norpholinoethyl. 23.
A conmpound as clained in claim21 wherein RO is

cycl opentyl. 24. A conpound as claimed in any of the
pr e¢i®dDRESE |-G(-1d)- WB @)1 KRS, s Ca=0 R 2l (ah),NRC-,

-NR®C(=0)-, -NR°S(=0),-,-NR(CHz)--NREC(=0)(CHo)-,-NROS(=0)o( CHo )y, -
NRPC(=OINR®-, or “NRCC(=O}CHz)mAr-, or -NRCS(=0)5(CH,)mAr- wherein R® and
R are independently hydrogen, C,-C,4 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

(iii) an optionally substituted, straight or branched, C,-C, alkylene, C»-Cs

alkenylene or C,-Cs alkynylene radical which may optionally contain or terminate in



formul a RIR2ZCHNH- Y- L1- X1- (CH2) z- and wherein R2 is
cycl ohexyl nethyl, pyridin-3- ylnethyl, sec-butyl,

wehbospeingl . 1-benzyl thi o-1-net hyl et hyl, PCT/GB2006/004034

1-met hyl thi o-1- net hyl ethyl, ¢gsner capt o- 1- net hyl et hyl ,
or phenylethyl. 25. A conpound as claimed in any of
cI ai &8 elheo(-23), Wiieetben(-29 or smina GHIRCY|linkivhcesimiR*as hydrogen, C-Cs

%k@'%rgnhﬂogéﬁsg%&&t and wherein R2 is hydrogen.

oun ned in any of clains Ito 23
mhereln Zl is a radical of formula

d wher ei n henyl ,
benzéz:ég{l]_ﬁl-fJ &% {%?'(ﬂ cy%l%% \?Jhe(;?m —%u'te'&)r(?ﬁ%'{)
27. A-[tiokpdiand iss doladentreatiical selbeﬂemfrbrrsthbe@ltomrmg r om

t hose of thefollovving structural forrrulael 7, 16,
22, 27 and 31: O O HO,NNHI ---,

HoF Ht @ HO
o R Rt

wherein X is O, S or NH..

8.

10.

11.

Cs

12.

A compound as claimed in claim 6 wherein ~Ar- is present in
- ~[Linker]}- and is a divalent phenylene radical.

A compound as claimed in any of claims 1 to 5 wherein —[Linker]- is
a bond whennis 0.

A compound as claimed in any of the preceding claims wherein z is 0.
A compound as claimed in any of the preceding claims wherein Y is
-S(=0)z-, -C(=8)-NRj;, -C(=NH)-NR; or -S(=0),NRs- wherein R; is hydrogen or C;-

aikyl.

A compound as claimed in any of claims 1 to 10 wherein Y is a bond.



HOil) 27 HO,N H 0 28. A pharnmaceuti cal
conposition conprising a conpound as clainmed in any of

whemhsHedi ng clai ms, together with a phar maceylcd@lo¥soosss
acceptable carrier. 29. Theml e of a conmpound of

formula (1) as clained in a of clains 1 to 27 in the
preparation of a composition for inhibiting the
activity of an HDAC enzyne,

13. c| & eArpBoUNgras Grimed i By Pighe &reqq@,&@f*’aaraﬁ %‘31@(%‘)” 'Eih%"é\?*@a' L,

or ppy aWdV&kﬁ%heHFbﬁeééﬁﬁ afd s@e&@mmwj fommh.a {CH,GCH.-,
clarmed in an cl ai ns to 27|ntheg’reparat|on of

a @@ﬁw@@ﬁﬂf@hc‘@@fpp!lh@/qqpéﬁtyh%‘ﬂﬁ cyohexyiragiFdFi f er ati on
di sease, polyglutani ne disease, neurogenerative
di sease, autoi mune di sease, inflammatory di sea

14. or daspmpamskAsHRimed]iRany oiihe dF aseeIe ma e %‘Po@?%%fad'ca' L',
g: ?‘%Q%&@ai%mtpﬁgﬁﬁ%dl@ﬁ or 34nonthority @i Hetdrbamradital having 5

e treatnment of cancer cell
pr 6013 dratiesivertunt i ngdon di sease, or Al zhei ner
di sease. 33. The use as clained in claim31 for the

treatnment of rheumatoid arthritis. 1
15. A compound as claimed in claim 12 wherein Q'is 1,4-phenylene.

16. A compound as claimed in any of the preceding claims wherein, in the radical L', p

andrare 0.

17. A compound as claimed in any of claims 1 to 15 wherein, in the radical LY q a‘r}d r

-are0andpis 1.

18. A compound as claimed in any of claims 1 to 15 wheréin, in the radical L', p, q and

r are all 0.

19. A compound as claimed in any of the preceding claims wherein Z'is a radical of
formula RyR,CHNH-Y-L1-X"-(CHj),- wherein the radical —Y-L.'-X"-[CH_]- Is selected from
~C(=0)-, ~C(=0)NH-, «(CHz),, -(CH),0-, ~C(=0)-(CHz)y~, ~C(=0)}-(CH2),0-, ~C(=0)-NH-
(CHg)w, ~C(=0)-NH-(CH,),O-

%_O_(CHQWO%— and TQ—(CHZ)WO%

whereinvis 1,2, 3ordandwis 1, 2 or 3.

20. A compound as claimed in any of claims 1 to 18 wherein Z' is a radical of formula
RyR,CHNH-Y-L'-X"-(CH,),- wherein the radical —Y-L'-X'-[CHz]- is -CHg-, -CH.O-,
-C(=0)-CH,-, - C(=0)-CH,0-, -C(=Q)-NH-CH-, or -C(=0)-NH-CH20-.

21. A compound as claimed in any of the preceding claims wherein R, is an ester
group of formula (C=0)OR, wherein R, is R;RsCH- wherein



22.

23.

24.

25.
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(i) Ry is hydrogen or optionally substituted (C-Ca)alkyl-(Z"),-[(C1-Ca)alkyl]s- ot
(C-Ca)alkenyl-(Z2"),-[(C1-Ca)alkylls- wherein a and b are independently 0 or
1 and Z'is —O-, -S-, or —=NRy¢- wherein Ry is hydrogen or C4-C; alkyl, and
Rg is hydrogen or (Cy-Cs)alkyl-;

(i) Ry is hydrogen or optionally substituted R1gR11N-(C4-Cs)alkyl- wherein Ry is
hydrogen or C,-C; alkyl and Ry is hydrogen or C,-Cj alkyl; or Ryg and Ry,
together with the nitrogen to which they are attached form an optionally
substituted monocyclic heterocyclic ring of 5- or 6- ring atoms or bicyclic
heterocyclic ring system of 8 to 10 ring atoms, and Ry is hydrogen or (C;-

Cilalkyl-; or

(i) R; and R; taken together with the carbon to which they are attached form
an optionaliy substituted monocyclic carbocyclic ring of from 3 to 7 ring

atoms or bicyclic carbocyclic ring system of 8 {o 10 ring atoms.

A compound as claimed in claim 21 wherein Rq is methyl, ethyl, n- or iso-propyl, n-,
sec- or tert-butyl, cyclohexyl, allyl, phenyl, benzyl, 2-, 3- or 4-pyridylmethyl, N-
methylpiperidin-4-yl, tetrahydrofuran-3-yl, methoxyethyl, indanyl, norbornyl,

dimethylaminoethyi, or morpholinoethyl.

A compound as claimed in claim 21 wherein Rq 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'-(CH,),- and wherein R, is cyclohexylmethyl, pyridin-3-
ylmethyl, sec-butyl, tert-butyl, 1-benzylthio-1-methylethyl, 1-methylthio-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

R1RyCHNH-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
R1RzCHNH-Y-L'-X'-(CH,).- and wherein R; is phenyl, benzyl, iso-butyl, cyclohexyl
or t-butoxymethyt.
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27. A compound as claimed in claim 1 selected from those of the following structural

formulae 1, 7, 16, 22, 27 and 31:

O
Ho\ﬁ ?\N
ﬁlé !
0
YU O
H
@]
Q
HO“N | TN Y
H
O
N
AR
8]
O
HO. !\N
H Py
B SUDSOAR
N,
0
o
N N H 0 /O 29
L
é\O



28.

20,

30.

vivo.

31.

32.

33.
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A pharmaceutical composition comprising a compound as claimed in any of the

preceding claims, together with a pharmaceutically acceptable carrier.

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.

The use as claimed in claim 29 for the inhibition of HDAC1 activity, ex vivo or in

The use of a compound of formula (I} as claimed in any of claims 1 to 27 in the
preparation of a compaosition for the treatment of cell-proliferation disease,
polygiutamine disease, neurogenerative disease, autoimmune disease,
infammatory disease, organ transpiant rejection, diabetes, haematological

disorders and infection.

The use as claimed in claim 31 for the treatment of cancer cell proliferation,

Huntingdon disease, or Alzheimer disease.

The use as claimed in claim 31 for the treatment of rheumatoid arthritis.



