*166166* | NTRACELLULAR ENZYME AND RECEPTCR MODULATI ON This invention
relates to a general nethod of increasing or prolonging the

conpound which nodul ates the activity of an intracellular enmmummmmlmnur
receptor by the coval ent conjugation of an a, a-disubstituted gl yglhe, es er
motif to the nodul ator. The invention also relates to modul ators to wh

an a, a-di substi t ut NFRAGELLULARSENZYMEAND RECEPEGR MODUWLATIONY conj ugat ed

and to a nmethod for the identification of such conjugates having superior
properties relative to the parent non-conjugated nodul ator. The invention
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r ubstituted an t a-carbon. hat ublication
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hydr ol ysed fopr des!prteltlmirlhl,dhannctumdiﬁn(t;elsé@’ttmmmBnZyrme‘cacreqeptdr appear s that the
ability of the intracellular carboxyl esterases, principally hCE-1, hCE-2

and hCE-3, to hydrolyse a, adi substituted %gy)cr ne ester has not previously
been i nvesth{ja'ﬂtérdTatlfBrai BateptcAnplication WP 2906/ HaS6 hdieslpsesra nrethed foRvent i on i s
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esters can be r ol sed intracel | ul ar car box esterases,. and thus the
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the cell to on pected that the nodul ator
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Provi di ng sandhheacesite effects.att ached to the nodulator in a way whi ch does not
alter its binding node with the target enzyne or receptor, the accunul ation
of nodulator with the higher polarity notif attached i-s—therefore expeeted
to result in prolonged and/or increased activity. As in th
2006/ 117567, the present invention nmakes use of the fact t M W w Emmmk
carboxylesterase enzynmes within cells, which may be utilise
an a, a-di substituted glycine ester nDtlf attached to a_glven_
the parent acid. Therefore, a nodul ator rmay be adm nistered as a covalent
conjugate with an a, a-disubstituted glycine ester, in which formit readily
enters the ceII mhere it |s hydrolysed effrcrently by one or nore
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macr ophages wi Il be used to denote nmacrophages (including tunmour associ ated
macr ophages) and/ or nonocytes. Detail ed description of the invention Hence
in one broad aspect the present invention provides a coval ent conjugate of
an a, a-di substituted glycine ester and a nodul ator of the activity of a
target intracellular enzynme or recept&r, wherein: the ester group of the
conjugate is hydrol ysable by one or nore intracellular car boxyl est er ase
enzymes to the corresponding acid; and the a"a-disubstituted glycine ester
is coval entl t he
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a, a-di substituted gl ycr ne ester at a position renote fromthe binding

i nterface betw ator and the target enzynme or receptor, and/or
such t hat th%y'\%?‘ﬁal:? PtIhBl’"‘feﬁgo'&onj ugat ed nodul ator and the said
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and it is th@‘PP@P@&@S@f intprelongied gndan inerearsidacEYitywhi ch i s responsi bl e for
the ultimate activity. In the present strategy, the original nmodulator is
nodi fi ed so hat thee ity is the conmbined result of
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t he nodul at othereaanelcarbexmmnmel eizymes within cilis aisith ey Beluilissdiotydmyseugat e of
t he nodul at or v ecies is.a,c ate, not, t i gi nal
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nmodi f i cat i onaaid. Therfdrateomeduldton may lcadnhivibteredeaszy/cowalenirconjegatpwith@n Al t hough
t he principl restricted by
t he chem cal &aﬁ%s#%?tﬁut‘eep%he%&el \g%'%r?{%gﬁﬁtt acﬁ?%ht‘e ttRé Gl Wr{%ﬁé it Car get enzyne
o[ re](c:]eptterbhydt0|ys§d§ff£fﬂ@lW@gneedremmemtralfﬁﬂtﬂatmfb@m@alemses, and teme t hat exerts
its effec | [

opposed to t HoaaHelaLd e LR gk ho{iich SR AT IR B, O8,
enzyme or reBeBREN9 O\EraiRotensy apdaradivatesidends tme ftthas also been found that

car boxyl est epas6dif4abRbyREY, ol-‘c&l&\ltléﬁltﬁ(e@ ghyBineRStak rn%e‘lf clr@herlﬁalyalh WhicH is
i ntracel | ul ar’ bi ndi ng activity of @Sr{‘-ent nodul ator With 1ts target

enzyme or retapaaied. '&Pt"él%tﬁl?eqﬁ‘f‘ b@l‘argfll%d QOCHEE PR MagerhagRe HgreiBunt of t hat
requi r ement , unn¥sChorbdyte” BEridotyted” b petified) ehec@frh maglopRadaratse- hydr ol ysabl e
a, a- drsubstrtuted glycine ester notif is attached to the nodul ator such
that the binding node of the correspondi ng carboxyl esterase hydrolysis
product (ie the corresponding acid) to the target is essentially the sane
as the unconjugated nodul ator. In general this is achieved by coval ent
attachnment of the carboxyl esterase ester notif to the nodulator at a
position renote fromthe binding interface between the nodul ator and the
target enzynme or receptor. In this way, the notif is arranged to extend
|nto solvent rather than potentrally |nterfer|ng mnth the brndrng nDde In
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6 Intracellular carboxyl esterase enzynes capabl e of hydrolysing the ester
group of the conjugated al pha am no acid to the correspondi ng acid incl ude
the three known human carboxyl esterase ("hCE") enzyne isotypes hCE-1 (al so
known as CES-1), hCE-2 (also known as CES-2) and hCE-3 (Drug D sc. Today
2005, 10, 313-325). Although these aré considered to be the main enzynes

ot her carboxyl esterase enzynes such as bi phenyl hydrol ase (BPH) may al so
have a role in hydrol ysing the conjugates. The broken cell assay descri bed
bel ow i s amsérapha@em|Mséﬁ t€ Qétiotd Mhdraptidgas (iaclgdiveiumonomisugateeé of nodul at or
and a, a-di subst.i tuted g}iglne ester, or a given a, adi substituted glycine

ester to b&?Y 8%‘&958)03’9 %‘8%‘?% e carboxyl esterase ester notif, is

hydrol ysed as required. These enzynmes can al so be readily expressed using

reconbi nang, ﬁﬁ&&‘?éé&ﬁﬁ.on%%ém%ﬁtﬁor‘b' nant enzynes nmay be used to
|

determne or confirmtha cg drolysis occurs. It is a feature of the
i nvent i on kbieRpe if gee BO3f Agke tﬁ'ﬁjptﬁfﬁﬂté“Ye@f'% ProVidpea e%%ﬁnémmttgah *fleed

a, a- di subsg, utd&egmgteuwaee%@tedaﬁmé trifoam@enohuél aeivwsﬂa ta»qet h&aceuunar

car boxyl esterase(s) within the cell, since it ar carboxyl group
of that noPRFMRHNEFFepioaierain: dhe Peler iy ftfl“?e‘%ﬁ%ﬂ’@@ted? h¥q‘i@y‘}ﬂ9!?r 19P€ed
conj ugat e &rméretikteaceilidr, camdylédmassb@nzgmet td the icersespondihgadd; @ndideat i on Wi t hi n

th | lI I ot t di f dul

pr edom nant AR EstEAgEe sefik SRy a afeged TR e e Tgedithe i on of ¢ e
activity ofentdtefrdratigebindiod mtanhgmbettheertmtaymbdulajmedd tettengetdrgpmeerts its
activity opc.Lh& Lasgek cB@Pg%Qd to%@?éémétbr §|fcﬂase‘%héﬁ1e%MﬁH rﬂ!)desgfqh Since cells

in general con BN sever enzymes preferable
that the cedfjuggiaddnodifaterang t ??&:FCHMSWMT& aﬂﬁhtpdhlesﬁ@wt @%{T@g’&te (the
correerondréasptaﬁgd)esdnteMa@fmw@t@té@ﬂhoambr peptidases. In particular,
it is strongly preferred that the a, a-disubstituted glycine ester group
shoul d not be the C-term nal el enent of a dipeptide notif in the conjugate.
However , apmt@dbtnranbthetwhy he iatantion provitleea metledaf inceasihgont att achnent, t he
a, a-di subs floHb ] Y b A E5hcREnc) BEUE: HENORS G GHaRbdaidr BEDed {0 the
nmodul at or Its he a-substituents. In sone
cases the ﬁ@it!ﬂtu @tta)targm |ana¢R¥U@f @Z&@ﬁ@éfﬁcéﬂﬁo" wmsmgfstra@tv@bmﬁ@ﬁﬁah%r t he

car boxyl esbﬁh@%dﬁlﬁfo‘%y Bdent a@d%qmleﬁ’t Rrber of%ﬁ%t%d@ub%‘t‘ﬂw?legwcﬁ\e%sf@t egy wll
have to be devised for its attachment g cine ester o their resultant

acids if t A2 BGHties reametediganthe pinging "He'ﬁcﬂl@ itha /medpigpnandriee @eedr i s

ei t her unsghsjire ditresdplr, an‘a/ddsnmhétyhé b\ﬁdﬁﬁ@ﬁbﬂeaflﬂabbtqﬁgdtecgﬁ\@dmatéﬂ e the
am no grou s containi.ng hCE-1

(e et opsh B8 FaidBnbatiniBl alfis felree! sy gtiarh e 8 SaPaReAt ¢ ur ed

gl yci ne esbiths umtdnjugatedi nolslulatorgtbe e$tepgroupsf the cordpegate beairapieyarolySable

selectivit Q% . ant age where
it is requ¥¥ B'Eéqztjph'é(t%%?ﬂ;eacrgrlodﬁ I(Egrtbé)r( sho &gﬁggt&g%%yn%ggné'&%pt ors in
certain cell types only. The relative ampunts of these three

car boxyl esgg 'b&?eﬁ‘erﬁ? aftithinghé & opﬁédb%ﬁ?cﬂtee Pg'l)Jcmte)éE% p£§ %ethé;hﬂblulﬁtoﬂ-s&fh .
2006/ 117567 and daf abase at / symat I'as mAtlas (note that in
thi s dat ab{@bthbinsingemade of “Fee'?"@i“l‘%‘éf tPB‘%?’%E%”%’MFGOFE@Q'ﬁPﬁFW dif the

nmodul at or  béthithd @élé’f%nﬁt@at@%hd@'@dérrbﬁbdﬁ@inb at:masﬁa-wtaewmt@fglﬂomé f ound,
attachnent of t h SchﬁJLa' t ut e %%m ne st er c 8 Ilest ase ester
motif in sGEHUGR! T 3R g ﬁ;?afeé" Heseniypated M Uatf’f Pfed to a
carbonyl, sbsiite eniylmet 1hlabntqr¢pmbvyt$mbrmmttamg©msj ergatagorisiqpotanciati Nng
preferent| S hCE-1. Stated in
anot her vva? tlhé eét(%{’ ?’.?Acéi%%”ﬁrgta atio n‘é&ﬁ h%ﬁ%eﬁ%lg@p (tq %élrh% a&% rom t he nodul at or
conj ugat e prrJrreSh@Eimng@Qm@szfrttwgin@emnmteﬂam@datac mines inttadsjiular inMdrolysis he ami no
aci d ester oppbicktel Qordjiiftd BN Q&d)&orﬁdbat%urﬁghlt@ inay aé&ﬁ%laﬁn&‘?oﬂhé lREEN at om of

the' amno acid ester 1s not linked directly to a car ong or is left
unsubst i t utEain thaeslopihe sesyitant gepsgAtration of 46 agidicepiugate within th%‘f'el"d?nmt ory

‘;'; sordtersI h'lght@rrb]lﬁ&g tHaeaélﬁdvﬁsléﬂmﬁItheQ)ﬁc@ﬂg%%‘éééd magtmatbt it B cotiy ﬁ?’ ”& 1 (van
oon e a r rLtlr s mat | ol
Rorhe Tt o gy irskaPpw ey ot B crg teltie to i Fﬁ%ﬁﬂﬂqbthrei%ggﬁo. nt

destructi orappéa(mmtelhat thencdNjugatipristratdgly oPib6 $res@blnved5&diff@6 @3 .thé/acr ophages are
al so involved in tunour growh and devel opnment (Naldini and Carraro in
Curr Drug Targets Inflamm Al lergy , 2005, 3-8). Hence agents that

sel ectively target macrophage cells could be of value in the treatnent of
cancer, inflanmmation and autoi nmune di sease. Targeting specific cell types
woul d be expected to | ead to reduced side-effects. The present invention
enabl es a nethod of targeting nodul ators to nmacrophages, which is based on
t he above observatl on t hat the way |n V\hl ch the a, a- d| substl tuted gI yC| ne
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9 As used herein the term"(Ca-Cb)al kenyl" wherein a and b are integers
refers to a straight or branched chain al kenyl noiety having froma to b
carbon atons having at | east one double bond of either E or Z

stereochem stry where applicable. The termincludes, for exanple, vinyl,
allyl, 1- and 2-butenyl and 2-nethyl-2-propenyl. As used herein the term
"di val ent (Ca-Cb)al kenyl ene radi cal” nmeans a hydrocarbon chain having from
ato b carbon atons, at |east one double bond, and two unsatisfied

val ences. Araditional "prordsiigl approaths imthe (raditia@h 'i9diyg™ apatnackithe paranld b ar e

i ntegers T eh&iufatbrvciid B4 IgIBalf é‘d"@}‘ d@m%rsugﬁ ﬁﬁ& B&ﬂ/ammcl’h%%&%&k@%‘ vigh OUpPS

having fromtwo to six carbagn having in addition one triple bond.

Thi s t er m BUR'ePSebS BRI de%'itahﬁ[‘%’t 'Setf‘ﬁ\ﬁi?‘?se qt%%'ﬁ?ﬁwmuiatord’}‘md? but ynyl ,

2- et hyl - -l@fe!épislrﬁ'a‘fﬂle fo?tr@amrymybcnv@ membwresient étrate@gnw Iﬁﬁémal?nddgmﬂiw
m val ent

3- hexynyl used

(oo Oy a1 e ¥ L e 2t Btoy S 3nti Sl Ry dforlis B o

di val ent h;cdtedc&rebna—dnsluastmmaglymga éanpuyate df thebmoduidtom and thes, and at | east
one triple reih the term crboc e to a nono-

bri dged rmn%eur(';%ﬁlafa‘s a“’ Suggl ‘I?‘e%gly%l'de 80']“9%3/% e "fl%tgr gF\ dgatoms all of
V\/m ch are (mebemsaaﬂduugatel m:teﬂwcalgyﬂai unoonjogated alodyiator.As used herein the term
"cycloal kyl" refers to a nonocyclic saturated carbocyclic radical having
from 3-8 carbon atons and includes, for exanple, cyclopropyl, P/C| obut yl ,
cycl opent ylIAs ggteddhe nyentiopyesapperped ith epdifieation pf maﬁ'élatﬁ@r%&“ﬁ(ﬂ"u 3ps used
herein the snaE«aébrfrtseébtérerAnhoagmhe r.ﬂa‘;sésfth@;rﬁemcrsofdaheﬂged nmono-, bi- or

tricyclic car cli radi ca ra S halngtvvo
monocycl i ¢ acPQ &P%%&e%ﬁ I'\ﬂﬁ'i?tﬂﬁc’hﬁ%"ﬁ’ 'r"@fé’f?"&h Jﬁﬂtétd g

coval ent bdhdtargétlenzymaon reespixr, utsllstnorrglgdprewrrsdd'rattmhmqulatorthemnerﬂ;dt and
mono- . bri B et e SR o (Al eyl FraRpL oo oBp AR08 o
more het er dBpssH¥hase|sliestisidyertsp\@ enkplaﬁ'ag@thsﬁ@rgﬂrﬁmm%gr egRA¥al s having two
such nonocyclic rings, or one such nonocyclic ring. and one monocyclic aryl

whi d t ked b I trat f h
b eal's ardnGERpEal b Gty e s T iBvee pyliusalg rasgpd 1710
i m dazol yl ,retagmthe intcaelblay binding eetividy ol the barent modidaibralith itssarghi enmdnyt

benzi sot hi gfrq{e.yémor BAb ;rthg)é%PJn)ﬂrf’T&?Eﬁ@%@&&fnYéf’th:%t‘wqiﬁéﬂgl aoGl Yl

benzi soxaz nZtri azol
oxadi azol yl Whl@ywi"@erfw"edwm chibaxyiebtergserhydiolyisalie o,opgisupsiitated glycineaz i nyI

i ndol yl  andsgd}dadiip |s\dttacisd tHﬁ%%db%ra?dr%uEmﬁaPﬂﬂg%ﬁ‘Jdln Infdlielcf i@ " het erocycl y1"
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a cyclic amno group (for exanple norpholino, piperidinyl, piperazinyl, or

tetrahydropyrrolyl).. An "optional substituent” may be one of the foregoing

substituent groups. The term "side chain of a natural or non-natural

al pha-am no acid" refers to the group RL in a natural or non-natural am no

acid of formula NH2-CH(R1)-COOH, other than glycine, in which Rl is




Exanpl es of side chains of natural al pha am no acids include those of

al ani ne, arginine, asparagi ne, aspartic acid, cysteine, cystine, glutamc
acid, histidine, 5- hydroxylysine, 4-hydroxyproline, isoleucine, |eucine,
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and R10 are independently hydrogen or (G -C3)alkyl-; (ii)R8 is hydrogen or
opt| onal I y substl t ut ed RI 2R13N—(C1 C3) al kyl - V\,her e| n R12 is hydr ogen or

~A ~s\ ~A N " ~A ~s N\ A N o ~A ~ 1 a1 o



13 heterocyclic ring systemof 8 to 10 ring atons, and RO and R10 are

i ndependently hydrogen or (Cl-C3)al kyl-; or (iii)R8 and R9 taken together
with the carbon to which they are attached forman optionally substituted
nmonocyclic or bridged nonocyclic carbocyclic ring of from3 to 7 ring atons
or bicyclic or bridged nonocyclic carocyclic ring system of 8 to 10 ring
atons, and R10 is hydrogen. In cases (i), (ii) and (iii) above, "alkyl"”
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(d-Co6)al kyl, (C2-Co6)al kenyl, (C2-C6)al kynyl, phenyl (Cl1-C8)al kyl, or a
group as defl ned for Ra bel ow ot her than hydr ogen, or IR and Rb toget her
with the chisfoiRalaphtieinvRitiehthehiss dgsieedAopiygate detrips ecoxglentydinksd  or
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(C1-4) perfl oy al ken
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- NH( CL- C6)<§‘ép'e8i¥ﬁy the hydrolysed conjugate (the corresponding acid), is not a substrate for
such peptidases. In particular, it is strongly preferred that the o,a-disubstituted
glycine ester group should not be the C-terminal element of a dipeptide motif in the
conjugate. However, apart from that limitation on the mode of covalent attachment,
the a,a-disubstituted glycine ester group may be covalently attached to the
modulator via its amino group or via its one of the a-substituents. In some cases the
modulator will have a convenient point of attachment for the carboxylesterase ester
motif, and in other cases a synthetic strategy will have to be devised for its
attachment.

It has been found that cells that only express the carboxylesterases hCE-2, and/or

hCE-3 and recombinant forms of these enzymes will only hydrolyse a,a-disubstituted



N((Cl-C6)al kyl) 2, -NHCO Cl-C6)al kyl, (Cl-Co6)al kyl, (C2-C6)alkenyl, (C2-

C6) al kynyl, (C3-C8)cycl oal kyl, (C4-C8)cycloal kenyl, phenyl or benzyl.
Alternatively, the a-substituents R2 and R3 of the a, a-di substituted
glycine ester conjugated to the nodul ator, taken together with the a-carbon
itself, may forma 3-6 nenbered saturéted cycl oal kyl ring, such as a
cyclopropyl cycl opentyl or cyclohexyl ring or heterocyclyl ring such as a
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whol e. On Mesf igtthemogidatar 'ntsh%{‘ta Wﬁmﬂwg@emwsatom cpfulye ‘aming @nid est@siss pi ck up

addi ti onal nbi ibddirdcdly & AR oMstidk SiEog - thereby enhancing bi nding.
I't should al so be noted that the benefits o the a, a-di substituted gl ycine
ester notif - described above (facile entry into the cell, carboxyl esterase

hydr ol ysi-s Msictdphagdsiige kdwn, to plg aa@wauhrahﬂ@mnmbﬁymgbrdd?@trﬁ&Jgh tf active
car boxylic Cld

Sis_pr hest achi eved when the |inkage
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Si.let rat e Rbeupafism, 2863 1229-i 238).yin whduniatoid bpehrmekﬂe,y ardingjor Bdrgibutdreiul t i n
cl eavage 0 u ty to
Cneracort afoul hefeth 88 Bl SO EBOGTH MEnal vES 40 99 B8k otna i ¢ 1
di srupted €€93). Méﬁ?@?ﬂggs argredsodnedlivesliim lunfoor grewih andotevelbpaertgBaldfor - exanpl e,
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(A R b g e it e
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car boxyl esre ﬁ% tp}'e%d,?é %ﬁﬁ({? Idesme éfﬁecfgrrﬁ) gr‘eseR% mver%lon engéles a method o'inSt 'tuents

of the a, a-
targetmg modulators to macrophages which is based on the above observation that

the way in which the a,a-disubstituted glycine ester carboxylesterase ester motif is
linked to the modulator determines whether it is hydrolysed by specific

carboxylesterases, and hence whether or not the resultant acid accumulates in
different cell types.

Specifically, as disclosed in WO 2006/117567, it has been found that macrophages
contain the human carboxylesterase hCE-1 whereas other cell types do not. In the



R2 is the side chain of a natural or non-natural alpha amno acid; Yis a
bond, -C(=0)-, -S(=0)2-, -C(=0)0-, -C(=0)NR3-, -C(=S)-NrR4, -C(=NH)- NR4 or
-S(=0) 2NR4- wherein R4 is hydrogen or optionally substituted Cl-C6 al kyl ;
Y1 is a bond, -C(=0)-, -S(=0)2-, -C(=0Q)0-, -0C(=0)-, -C(=0)NR6-,
-NR6(C=0)-, -S(=0)2NR6-, -NR5S(=0)2-, Sor -NR6( C=0) NR5-, wherein R5 and R6
are i ndependently hydrogen or optionally substituted (Cl-C6)alkyl, L1 is a
di valent radical of fornmula -(AIk1)mQ, (Al k2)p- wherein m n and p are
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substi t ut egndctogbdged. kyl, and QL is an optionally substituted dival ent nono-
or bicyclic carbocyclic or heterocyclic radical having 5 - 13 ring nenbers,
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- CH2CH=CH- , CHCH2-, - CC-, -CECCH2-, CH2CEC-, and CH2CECCH2. Additi onal
exanpl es of Al 1 and Alk2 include -CH2W, CH2CH2W - CH2CH2WCHZ2- ,

- CH2CH2WCH( CH3) -, - CH2ZWCH2CH2-, - CH2ZWCH2CH2WCH2-, and - WCH2CH2- where Wi s
-0-, -S-, NzhmofobI(/CI-B) or - CH2CH2N( CHZCHZO—I) CH2- .. Further exanpl es of
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a hydrocarbon chain or .chains and a nono- “or bicyclic car bocyclic or

het er ocycl i18 WhighiRe 43 thgfoyp sharagigrising, e geisheoligFHy dariyed {fo@db%’t"F?hﬁ’! ed). Wen
present, QmgH.be, for exanple, a dival ent phenyl, naphthyl, cycl opropyl,
cycl opentyl, or cyclohexyl radical, or a nono-, or bi-cyclic het er ocyclic-
radi cal having 5 tol3 ring nenbers, such as piperidinyl, piperazinyl,

i ndol yl , pyAs @esed hetefin, §myterm GC-By)akyll whereiadi andlb, argintegersirefgshitorsy| ene i s

presently psrtl%fg%[ 5recﬁlanched chain alkyl radical having from a to b carbon atoms. Thus when
ais 1 and b is 6, for example, the term includes methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, sec-butyl, t-butyl, n-pentyl and n-hexyl.

As used herein the term "divalent (C,-Cy)alkylene radical" wherein a and b are
integers refers to a saturated hydrocarbon chain having from a to b carbon atoms

and two unsatisfied valences.



Specifically, in some enbodi nents of the invention, mand p may be 0 wth n
being 1. In other enbodinents, n and p may be 0 with mbeing 1. In further
enbodi ments, m n and p may be all 0. In still further enbodi ments m nay be
O, n may be 1 with Q being a nonocyclic heterocyclic radical, and p may be
0 or 1. Akl and Alk2, when present, fay be selected from - CH2-, - CH2CH?-
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bi ndi ng of vilbgcegpdul ator to the enzyne or receptor by use of structural
data. For exanple, Table 1 lists sone intracellular enzyne or receptor
targets where there is published crystal structural data. Table 1 Target
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atoms and having in addmon one triple bond. This term would include for example,
ethynyl, 1-propynyl, 1- and 2-butynyl, 2—methyl-2-propynyl, 2-pentynyl, 3-pentynyl, 4- .
pentynyl, 2-hexynyl, 3-hexynyl, 4-hexyny! and 5-hexynyl.

As used herein the term "divalent (C,-Cy)alkynylene radical” wherein aand b are -
integers refers to a divalent hydrocarbon chain having from 2 to 6 carbon atoms, and -
at least one triple bond.

As used herein the term "carbocyclic" refers to a mono-, bridged mono-, bi- or
tricyclic radical having up to 16 ring atoms, all of which are carbon, and includes aryl
and cycloalkyl.

As used herein the term "cycloalkyl” refers to a monocyclic saturated carbocyclic
radical having from 3-8 carbon atoms and includes, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and norbornyl.

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

As used herein the unqualified term "heteroaryl" refers to a mono-, bridged mono-, bi-
or tri-cyclic aromatic radical containing one or more heteroatoms selected from S, N
and O, and includes radicals having two such monocyclic rings, or one such
monocyclic ring and one monocyclic aryl ring, which are directly linked by a covalent
bond. lllustrative of such radicals are thienyl, benzthienyl, furyl, benzfuryl, pyrrotyl,
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I nfl anmati on PDE3 Scapin et al., Biochemstry 43, 6091 (2004) Asthma | MPDH
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imidazolyl, benzimidazolyl, thiazolyl, benzthiazolyl, isothiazolyl, benzisothiazolyl,
pyrazolyl, oxazolyl, benzoxazolyl, isoxazolyl, benzisoxazolyl, isothiazolyl, triazolyl,
benztriazolyl, thiadiazolyl, oxadiazolyl, pyridinyl, pyridazinyl, pyrimidinyi, pyrazinyl,
triazinyl, indolyl and indazolyl.

As used herein the unqualified term "heterocyclyl" or "heterocyclic" includes
"heteroaryl” as defined above, and in its non-aromatic meaning relates to a mono-,
bridged mono-, bi- or tri-cyclic non-aromatic radical containing one or more
heteroatoms selected from S, N and O, and to groups consisting of a monocyclic
non-aromatic radical containing one or more such heteroatoms which is covalently
finked to another such radical or o a monocyclic carbocyclic radical. lllustrative of
such radicals are pyrrolyl, furanyl, thienyl, piperidinyl, imidazolyl, oxazolyl, isoxazoivt,
thiazolyl, thiadiazolyl, pyrazolyl, pyridinyl, pyrrolidinyl, pyrimidinyl, morpholinyl,
piperazinyl, indolyl, morpholinyl, benzfuranyl, pyranyl, isoxazolyl, benzimidazolyl,
methylenedioxyphenyl, ethylenedioxyphenyl, maleimido and succinimido groups. .

Unless otherwise specified in the context in which it occurs, the term "optionally
substituted" as applied to any moiety herein means such moiety may be substituted. -
with up to four compatible substituents, each of which independently may be, for
example, (C4-Cg)alkyl, (C;-Cg)alkoxy, hydroxy, hydroxy(C4-Ce)alkyl, mercapto,
mercapto(C4-Cg)alkyl, (C4-Cg)alkylthio, phenyl, halo (including fluoro, bromo and
chloro), trifluoromethyl, trifluoromethoxy, nitro, nitrile (-CN), oxo, -COOH, -COORA,
-CORA, -SO,R*, ~CONH,, -SO,NH,, -CONHR?A, -SO,NHR*, -CONR"R®, -SO,NR"R5, -
NH,, -NHR?, -NR"R®, -OCONH,, -OCONHR" , -OCONR"R®, -NHCOR",

-NHCOOR", -NR].COOR*, -NHSO,0R", -NR?SO,0H, -NR*SO,0R* -NHCONH,,
-NR*CONH,, -NHCONHR® -NR*CONHR?Z, -NHCONR*R® or -NRACONR*R®

wherein R* and R® are independently a (C;-C)alkyl, (Cs-Cs) cycloalkyl , phenyl or
monocyclic heteroaryl having 5 or 6 ring atoms, or R* and R® when attached to the
same nitrogen atom form a cyclic amino group (for example morpholino, piperidinyl,
piperazinyl, or tetrahydropyrrolyl).. An “optional substituent” may be one of the
foregoing substituent groups.

The term “side chain of a natural or non-natural alpha-amino acid” refers to the group
R' in a natural or non-natural amino acid of formula NH,-CH(R')-COOH, other than
glycine, in which R is hydrogen.
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Examples of side chains of natural alpha amino acids include those of alanine,

arginine, asparagine, aspartic acid, cysteine, cystine, glutamic acid, histidine, 5-
hydroxylysine, 4-hydroxyproline, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, a-aminoadipic
acid, a-amino-n-butyric acid, 3,4-dihydroxyphenylalanine, homoserine, o~

methylserine, ornithine, pipecolic acid, and thyroxine.

Natural alpha-amino acids which contain functional substituents, for example amino,
carboxyl, hydroxy, mercapto, guanidyl, imidazolyl, or indoly! groups in their
characteristic side chains include arginine, lysine, glutamic acid, aspartic acid,
tryptophan, histidine, serine, threonine, tyrosine, and cysteine. When one or both of
the a-substituents in the a,a-disubstituted glycine ester motif in the compounds of the
invention is one of those side chains, the functional substituent may optionally be

- -protected.

The term “protected” when used in relation to a functional substituent in a side chain
of a natural alpha-amino acid means a derivative of such a substituent which is
substantially non-functional. For example, carboxyl groups may be esterified (for
example as a C;-C; alkyl ester), amino groups may be converted to amides (for

-example as a NHCOC;-Cs alkyl amide) or carbamates (for example as an
NHC(=0)OC;-Cg alkyl or NHC(=0)OCH.Ph carbamate), hydroxyl groups may be
converted to ethers (for example an OC;-C; alkyl or a O(C;-Cs alkyl)phenyl ether) or
esters (for example a OC(=0)C-Cs alkyl ester) and thiol groups may be converted to
thioethers (for example a tert-butyl or benzyl thioether) or thioesters (for example a
SC(=0)C,-Cs alkyl thioester). |

There are many possible ester groups which may in principle be present in the a,o-
disubstituted glycine ester carboxylesterase ester motif for attachment to the
modulator. Likewise, there are many o,a-disubstituted glycines, differing in the a-
substituents R, and Rj, which may be used as esters in the carboxylesterase ester
motif. Some o,a-disubstituted glycine esters are rapidly hydrolysed by one or more of
the hCE-1, -2 and -3 isotypes or cells containing these enzymes, while others are
more slowly hydrolysed, or hydrolysed only to a very small extent. In general, if the
carboxylesterase hydrolyses the free a,a-disubstituted glycine 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 modulator.
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Hence, the broken cell assay and/or the isolated carboxylesterase assay described
herein provide a straightforward, quick and simple first screen for esters which have
the required hydrolysis profile. Ester motifs selected in that way may then be re-
assayed in the same carboxylesterase assay when conjugated to the modulator via
the chosen conjugation chemistry, to confirm that it is still a carboxylesterase
substrate in that background.

The ester group

As mentioned, intracellular carboxylesterase 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
carboxylesterase hydrolyses the free amino acid ester to the parent acid it will also
hydrolyse the ester motif when covalently conjugated to the inhibitor. Hence, the
broken cell. assay and/or the isolated carboxylesterase assay described herein

.provide a straightforward, quick and simple first screen for esters which have the

required hydrolysis profile. Ester motifs selected in that way may then be re-assayed

in the same carboxylesterase assay when conjugated to the inhibitor via the chosen .

conjugation chemistry, to confirm that it is still a carboxylesterase substrate in that .
background.

Subject to the requirement that they be hydrolysable by intracellular carboxylesterase
enzymes, examples of particular ester groups in the o,a-disubstituted glycine ester
carboxylesterase ester motif include those of formula -(C=0)OR;, wherein Ry, is
RsRgR1,C- wherein

(i) Rs is hydrogen or optionally substituted (C;-Cs)alkyl-(Z").-[(C-
Ca)alkylly- or (Cx-Ca)alkenyl-(2'),-[(Cs-Ca)alkyl]ly- wWherein a and b are
independently 0 or 1 and Z' is —O-, -S-, or -NRy;- wherein R;; is hydrogen or
(C4-Cs)alkyt; and Ry and Ryg are independently hydrogen or (Cy-Cj)alkyl-;

(i) Rg is hydrogen or optionally substituted R12R13N-(C4-Cs)alkyl- wherein
Rz is hydrogen or (C4-Cs)alkyl and R3 is hydrogen or (C4-Cs)alkyl; or Ry, and
R13 together with the nitrogen to which they are attached form an optionally
substituted monaocyclic heterocyclic ring of 5- or 6- ring atoms or bicyclic

s Corticosteroid receptor Bl edsoe et
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heterocyclic ring system of 8 to 10 ring atoms, and Ry and Ry, are

independently hydrogen or (C,-Cs)alkyl-; or

iii) Rs and Ry taken together with the carbon to which they are attached
form an optionally substituted monocyclic or bridged monocyclic carbocyclic
ring of from 3 to 7 ring atoms or bicyclic or bridged monocyclic carbocyclic
ring system of 8 to 10 ring atoms, and Ry, is hydrogen.

In cases (i), (i) and (iii) above, “alky!” includes fluoroalkyl.

Within these classes (i), (ii) and (jii), Ry is often hydrogen. Specific examples of Ry,
include methyl, trifluoromethyl, ethyl, n- or iso-propyl, n-, sec- or tert-butyl,
cyclohexyl, norbornyl, allyl, phenyl, benzyl, 2-, 3- or 4-pyridylmethyl, N-
methylpiperidin-4-yl, tetrahydrofuran-3-yl or methoxyethyl. Currently preferred is
where Ry, is cyclopentyl.

a-Substituents

Examples of a-substituents R, and R; of the a,a—disubstituted glycine ester
conjugated to the modulator may be regarded as selected from the side chains of a
natural or non-natural alpha-amino acid, and in such side chains any functional
groups may be protected. '

For example, a-substituents R; and Rj; of the o,a-disubstituted glycine ester
conjugated to the modulator include phenyl and groups of formula -CR,R,R; in
which:

each of R,, R, and R. is independently hydrogen, (C,-Cg)alkyl, (Co-Cg)alkenyl,
(Co-Celalkynyl, phenyl(C4-Cg)alkyl, (Cs-Cs)cycloalkyl; or

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

R. is hydrogen, (C:-Cg)alkyl, (Co-Cg)alkenyl, (C,-Cs)alkynyl, phenyl(C,-
Cg)alkyl, or (C3-Cs)cycloalkyl, and R, and R, together with the carbon atom to
which they are attached form a 3 to 8 membered cycloalkyl or a 5- to 6-
membered heterocyclic ring; or
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Ra, Ry and R, together with the carbon atom to which they are attached form

a tricyclic ring (for example adamantyl); or

R. and R, are each independently (C;-Cg)alkyl, (Co-Cg)alkenyl, (Co~-Ce)alkynyl,
phenyl(C+-Cs)alkyl, or a group as defined for R. below other than hydrogen, or
R, and R, together with the carbon atom to which they are attached form a
cycloalky! or heterocyclic ring, and R. is hydrogen, -OH, -SH, halogen, -CN, -
CO.H, (C+-Ca)perfluoroalkyl, -CH,OH, -O(C,-Cg)alkyt, -O(C-Cs)alkenyl, -
S(C1-Ce)alkyl, -SO(C-Cg)alkyl, -SO,(C;-Cs) alkyl, -S(C2-Cs)alkenyl, -SO(Co-
Ce)alkenyl, -SO,(C,-Cg)alkeny! or a group -Q-W wherein Q represents a bond
or -O-, -§-, -SO- or -SO.- and W represents a phenyl, phenylalkyl, (Cs-
Cs)cycloalkyl, (C;-Cg)cycloalkylalkyl, (C4-Cg)cycloalkenyl, (Cq-
Ce)cycloalkenylalkyl, heteroaryl or heteroarylalkyl group, which group W may
optionally be substituted by one or more substituents independently selected
from, hydroxyl, halogen, -CN, -CONH,, -CONH(C,-Cg)alkyl, -CONH(C;-
Cealkyl),, -CHO, -CH.OH, (C4-Cs)perfluoroalkyl, -O(C4-Cg)alkyl, -S(C;-
Coe)alkyl, -SO(C-Ce)alkyl, -SO,(C4-Cs)alkyl, -NO., -NH., -NH(C4-Cg)alkyl, -
N((C-Cg)alkyl),, -NHCO(C+-Cg)alkyl, (C4-Cg)alkyl, (C.-Cs)alkenyl, (Co-
Ce)alkynyl, (C3-Cg)cycloalkyl, (C4-Cg)cycloalkenyl, phenyl or benzyl.

Alternatively, the o-substituents R, and R; of the o,a-disubstituted glycine ester
conjugated to the modulator, taken together with the a-carbon itself, may form a 3-6
membered saturated cycloalkyl ring, such as a cyclopropyl, cyclopentyl or cyclohexyi
ring or heterocyclyl ring such as a piperidin-4-yl ring.

In some cases, at least one of the a-substitutents R, and R; of the o, c-disubstituted
glycine ester conjugated to the modulator is a C4-C alkyl substituent, for example
methyl, ethyl, or n-or iso-propyl.

In some embodiments, one of the a-substitutents R, and R; of the o,a-disubstituted
glycine ester conjugated to the modulator is a C4-Cg alkyl substituent, for example
methyl, ethyl, or n-or iso-propyl, and the other is selected from the group consisting
of methyl, ethyl, n- and iso-propyl, n-, sec- and tert-butyl, phenyl, benzyl, thienyl,
cyclohexyl, and cyclohexylmethyl.
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methyl, ethyl, or n- or iso-propyl; or where R, and R; taken together with the carbon
to which they are attached form a cyclopropy!, cyclobutyl, cyclopentyl or cyclohexyl
rinng. In a particular case, the a-substitutents R, and R; of the o,a-disubstituted

glycine ester conjugated to the modulator are each methyl.

Conjugation

As stated above, the a,a-disubstituted glycine ester may be conjugated to the
modulator via its amino group, or via one of the a-substituents. A linker radical may
be present between the carboxylesterase ester motif and the modulator. The
structure of the radical linking the carboxylesterase ester motif to the rest of the
modulator obviously depends on the particular chemistry strategy chosen for such
linkage. Clearly the chemistry strategy for that coupling may vary widely, and thus
many linkage structures are possible. The precise combination of variables making
up the linking chemistry between the amino acid ester motif and the rest of the -
molecule will often be irrelevant to the primary binding mode of the compound as a
whole. On the other hand, that linkage chemistry may in some cases pick up-
additional binding interactions with the enzyme, thereby enhancing binding.

It should also be noted that the benefits of the a,a-disubstituted glyciné ester motif
described above (facile entry into the cell, carboxylesterase hydrolysis within the cell,
and accumulation within the cell of active carboxylic acid hydrolysis product) are best
achieved when the linkage between the amino acid ester motif-and the rest of the
molecule 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.

For example, the a,a-disubstituted glycine ester (formula H.N-C(R;R3)-COOH) may
be conjugated to the modulator as

(a) a radical of formula —(CH,),-X'-L'-Y-NH-C(R,)(Rs)-R; or

(b) a radical of formula —(CH,),-Y'-L'-Rs-C(R,)(NH2)(R,), wherein:

R is the carboxylesterase-hydrolysable ester group;

R. and R; are the a-substituents of the a,a-disubstituted glycine;
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Y is a bond, ~C(=0)-, -S(=0),-, -C(=0)0-, -C(=0)NRs-, -C(=S)-NRy, -C(=NH)-
NR, or -S(=0).NR,- wherein Ry is hydrogen or optionally substituted C4-Cs
alky!;

Y'is a bond, -C(=0)-, -S(=0),-, ~C(=0)0-, -OC(=0)-, -C(=O)NR-,
-NRs(C=0)-, -8(=0).NRs-, -NRsS(=0).-, or -NRg(C=0)NRs-, wherein Rs and
R6 are independently hydrogen or optionally substituted (C1-Cs)alkyl,

L' is a divalent radical of formula —(Alk")n(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'-X2- 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
C3-C; cycloalkyl radicals,. or optionally substituted straight or branched,
C4-Ce alkylene, C»-C¢ alkenylene, or C»-Cg alkynylene radicals which
may optionally contain or terminate in an ether (-O-), thioether (-S-) or
amino (~NR*-) link wherein R" is hydrogen or optionally substituted
C4-C; alkyl;

X' is a bond, -C(=0)-; or -8(=0),-; ~NR;C(=0)-, -C(=O)NR;-,

-NR;C(=0)-NRs-, -NR;S(=0),-, or -S(=0),NR;- wherein R; and R are
independently hydrogen or optionally substituted C;-Cs alkyl; and

zisOQor1.

Taking the variables present in the linkage radical in turn:



Proliferative
Proliferative
Proliferative
Structure 12,
Dehydr ogenase
di sorders

disorders FIt3 Giffith et al., Ml Cell 13, 169 (2004)
di sorders Carbonic Anhydrase Stans et al., Protein Sci

7, 556

20 (1998) disorders Thym di ne Phosphoryl ase Norman et al .,

75 (2004) Proliferative disorders Di hydropyrimdi ne
Dobritzsch et al.; JBC ¥77, 13155, (2002) Proliferative

z may be 0 or 1, so that a methylene radical linked to the modulator is
optional.

specific preferred examples of Y include a bond, —(C=0)-, -(C=0O)NH-, and
-(C=0)0O-. However, for hCE-1 specificity when the alpha amino acid ester is
conjugated to the inhibitor as a radical of formula (1A), Y should be a bond.

In the radical L, examples of Alk" and Alk? radicals, when present, include
—CH,-, -CH,CH,- —CH,CH,CH_-, -CH,CH,CH,CH,-, -CH=CH-,
—CH=CHCH_-, -CH,CH=CH-, CH,CH=CHCH,-,—C=C-, -C=CCH,-, CH.C=C-,
and CH,C=CCH,. Additional examples of Alk' and Alk? include —CH,W-,
—CH,CH,W- —CH,CH,WCH,~, -CH,CH,WCH(CHj3)-, -CH,.WCH,CH,-,
—CH,WCH,CH,WCH,-, and -WCH,CH,- where W is —O-, -S-, -NH-,
~N(CHg)-, or —CH,CH,N(CH,CH,OH)CH,-. Further examples of Alk' and Alk?
include divalent cyclopropyl, cyclopentyl and cyclohexyl radicals. .. .

In.L', when n is 0, the radical is a hydroearbon 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 m and p are
0, L'is a divalent mono- or bicyclic carbocyclic or heterocyclic radical with 5 -
13 ring atoms (optionally substituted). When n is 1 and at least one of m and
pis 1, L' is a divalent radical including a hydrocarbon chain ar chains and a
mono- or bicyclic carbocyclic or heterocyclic radical with.5 - 13 ring atoms
(optionally substituted). When present, Q may be, for example, a divalent
phenyl, naphthyl, cyclopropyl, cyclopentyl, or cyclohexyl radical, or a mono-,
or bi-cyclic heterocyclic 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, 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 —CHa-,

—CH,CH,-, and —CH,CH,CH,- and Q may be 1,4-phenylene.



Mannosi dase a Van den Eisen et al ., EMBO J 20, 3008 (2001) Proliferative

di sorders Peptidyl -prolyl
875 (1997) Proliferative disorders Retinoid X Receptor

| sonerase (Pin 1) Ranganathan et al.,

Cel |
Egea et al .,

89,
EMBO J

19, 2592 (2000) Proliferative di sordegss 8- 3 ucuroni dase Jain et al., Nat

Proliferative disorders hsp90 Jez

Struct Biol 3, 375 (1996) Proliferative disorders @ utathione Transferase
Cakley et al., J Mt Blot 291, 913 (1999)
et al., Chewneas ¢ boyinePandl Reegnidrsve di sorders

The principles of this invention can be applied to modulators of a wide range of

intracellular targets which are impljcated in a wide range of diseases. As discussed,

the binding modes of known modulators to their targets are generally known soon

after the modulators themselves become known. In addition, modern techniques

such as X-ray crystaliography and NMR are capable of revealing such binding

topologies and geometries, as are traditional medicinal chemistry methods of

characterising structure-activity relationships. With such knowledge, it is

straightforward to identify where in the structure of a given modulator an

carboxylesterase ester motif could be attached without disrupting the binding of the

modulator to the enzyme or receptor by use of structural data. For example, Table 1

lists some iniracellular enzyme or receptor targets where there is published crystal

structural data.

. Table 1

Target - Crystal Structure reference | Targét Disease

eD45 g%rgsit al., J Exp Med 201, 441 Autoimmune disedsa:

Lck Zhu et al., Structure 7, 651 (1999) | Inflammation

ZAP-70 .(Jérég;fl J Biol Chem 279, 42818 Autoimmune disease
Huai et al., Biochemistry 42, -

PDE4 13220 (2003) Inflammation
Scapin et al., Biochemistry 43,

PDE3 6091 (2004) Asthma

IMPDH Intchak et al., Cell 85, 921 (1996) | Psoriasis

038 MAPK \(/:/ggg)et al., Structure 6, 1117 Inflammation
Kiefer et al., J Biol Chem 278, .

COX2 45763, (2003) Inflammation

. . Schumacher et al., J Mol Biol 298, .

Adenosine Kinase 875 (2000) Inflammation
Chandra et al., Biochemistry B L

PLAZ2 10914 (2002) Psoriasis
Essen et al., Biochemistry 36, . i

PLC 1704, (1997) Rheumatoid arthritis
Leiros et al., J Mol Biol 339, 805 .

PLD (2004) : Inflammation

. Rosenfeld et al., Biochemistry 41, .

iNOS 13915 (2002) Inflammation
Rudberg et al., J Biol Chem 279, .

LTA4 hydrolase 27376 (2004) Inflammation
Okamato et al., Chem Pharm Bull . s

ICE 47, 11 (1999) Rheumatoid arthritis

GSK3B ?ze(z)r(t)r;nd et al., J Mol Biol 333, 393 Rheumatoid arthritis




| MPDH i ntchak et al., Cell 85, 921 (1996) Proliferative disorders
Phosphol i pase A2 Chandra et al., Biochemstry 41, 10914 (2002)
Proliferative disorders Phospholipase C Essen et al., Biochem stry 36,
1704, (1997) Proliferative disorders Phospholipase D Leiros et al., J Ml
Bi ol 339, 805 (2004) Proliferative di¥orders Met AP2 Sheppard et at Bioorg

Med Chem Lett 14, 865 (2004). Proliferative.disorders' PTP-1B
PKC Xu et al., JBC 279, 50401 (2004) Inflammation
PARP Ruf et al., PNAS (USA) 93, 7481 | Proliferative

(1996) disorders
MetAP2 fggﬂfgg (‘;'0%2)”9 Med Chem | pheumatoid arthriis
Corticosteroid receptor | Bledsoe et al., Cell 110, 93 (2002) | Inflammation
PI3K Walker et al., Mol Cell Biol 6, 909 | Proliferative
(2000) disorders
Proliferative
Raf Wan et al., Cell 116, 855 (2004) disorders
Yang et al., Nat Struct Biol 9, 940 | Proliferative
AKT/PKB (2002) disorders
HDAC Finnin et al., Nature 401, 188 Proliferative
(1999) disorders
c-Abl Nagar et al., Cancer Res 62, 4236 | Proliferative
(2002) disorders
IGF-1R Munshi et al., Acta Crystallogr Proliferative
Sect D 59, 1725 (2003) disorders
Thymidylate Stout et al., Structure 6, 839 Proliferative
Synthetase (1998) disorders
Glycinamide . . . .
Ribonucleotide ;(;Sglst)at al., J Mol Biol 249, 153 girscglrfg;?;lve
Formyltransferase
Purine Nucleoside Koelner et al., J Mol Biol 280, 153 | Proliferative
Phosphorylase (1998) ' " |disorders

Estrone Sulphatase

Hernandez-Guzman et al., J Biol
Chem 278, 22989 (2003)

Proliferative

1 disorders

Stamos et al., J Biol Chem 277,

‘Proliferative

.| EGF-RTK 46265 (2002) " | disorders
. Lamers et al., J Mol Biol 285, 713 | Proliferative

Sre kinase (1999) disorders
McTigue et al., Structure 7, 319 Proliferative

VEGFR2 (19999) disorders
. . Hough et al., J Mol Biol 287, 579 Proliferative

Superoxide Dismutase (1999) ' disorders
Ornithine Almrud et al., J Mol Biol 295, 7 Proliferative

Decarboxylase (2000) disorders
. Classen et al., PNAS (USA) 100, Proliferative

Topoisomerase Il 10629 (2003) disorders
. Staker et al., PNAS (USA), 99, Proliferative

Topoisomerase | 15387 (2002) disorders
Matias et al., J Biol Chem 275, Proliferative

Androgen Receptor | 55454 (9000) disorders
INK Heo et al., EMBO J 23, 2185 Proliferative

(2004) disorders
Curtin et al., Bioorg Med Chem Proliferative

Farnesyl Transferase | | 4 13, 1367 (2003) disorders
CDK Davis et al., Science 291, 134 Proliferative

(2001) disorders
Dihydrofolate Gargaro et al., J Mol Biol 277, 119 | Proliferative

Reductase (1998) disorders
Fit3 | Griffith et al., Mol Cell 13, 169 Proliferative

(2004) disorders

Carbonic Anhydrase

Stams et al., Protein Sci 7, 556

Proliferative




Andersen et al., J Blot Chem 275, 7101 (2000). Proliferative disorders
Aurora Kinase Fancelli et al., in press Proliferative disorders PDK-1
Konmander et al., BiochemJ 375, 255 (2003) Proliferative disorders HMGECoA
reduct ase | stvan and Dei senhof er Scie&gﬁ 292, 1160 (2001). Atheriosclerosis
Oxi dosqual ene cycl ase Lenhart et al., em Blot 9, 639 (2002)

Hyperchol esterol aemia Pyruvate dehydrogenase sti nmul at or

(1998) disorders
Thymidine Norman et al., Structure 12, 75 Proliferative
Phosphorylase (2004) disorders
Dihydropyrimidine Dobritzsch et al., JBC 277, 13155, | Proliferative
Dehydrogenase (2002) disorders
Mannosidase Van den Elsen et al.,, EMBO J 20, | Proliferative
o 3008 (2001) disorders
Peptidyl-prolyl Ranganathan et al., Cell 89, 875 Proliferative
isomerase (Pin1) (1997) disorders
I Egea et al.,, EMBO J 19, 2592 Proliferative
Retinoid X Receptor (2000) disorders
. Jain et al., Nat Struct Biol 3, 375 Proliferative
B-Glucuronidase (1996) disorders
Glutathione Oakley et al., J Mol Biol 291, 913 | Proliferative
Transferase (1999) disorders
hsp90 Jez et al., Chem Biol 10, 361 Proliferative
P (2003) disorders
, Proliferative
IMPDH intchak et al., Cell 85, 921 (1996) disorders
. Chandra et al., Biochemistry 41, Proliferative
Phospholipase A2 10914 (2002) disorders
. Essen et al., Biochemistry 36, - Proliferative
Phospholipase C 1704, (1997) disorders
. . Leiros et al., J Mol Biol 339, 805 Proliferative
Phospholipase D (2004) . disorders
‘MetAP2 Sheppard et al Bioorg Med Chem | Proliferative
Lett 14, 865 (2004) disorders
PTP-1B Andersen et al., J Biol Chem 275, | Proliferative
7101 (2000) - .. disorders
. . . Proliferative
Aurora Kinase Fancelli et al., in press disorders
PDK-1 Komander et al., Biochem J 375, Proliferative
255 (2003) disorders
Istvan and Deisenhofer Science . .
HMGCoA reductase 292, 1160 (2001) . Atheriosclerosis
Oxidosqualene Lenhart et al.,, Chem Biol 9, 639 Hypercholesterolaem
cyclase (2002) ia
Pyruvate Mattevi et al., Science 255, 1544 | Cardiovascular
dehydrogenase (1992) disease
stimulator
Zhang et al., Nature 386, 247 Cardiovascular
Adenylate cyclase (1997) disease
PPARy agonist 'f;’gg'(ngég)'" JMed Chem 46, | piohetes
Alcohol Bahnson et al., PNAS USA 94, .
dehydrogenase 12797 (1997) Alcohol poisaning
Hormone sensitive Wei et al., Nat Struct Biol 6, 340 Insulin resistant
lipase (1999) diabetes
Adenosine kinase I:Asaég%vfgegtajl., Biochemisiry 37, Epilepsy
Aldose reductase grgg;r)\see al. Structure 5, 601 Diabetes
Vitamin D3 receptor E%i:rggi-;/:;n(ﬂznég:)al., PNAS Osteoporosis




Mattevi et al., Science 255, 1544 (1992) Cardi ovascul ar di sease Adenyl ate
cycl ase Zhang et al., Nature 386, 247 (1997) Cardi ovascul ar di sease PPARy
agoni st Ebdurp et al., J Med Chem 46, 1306 (2003) Di abetes Al cohol

dehydr ogenase Bahnson et al., PNAS USA 94, 12797 (1997) Al cohol poisoning
Hor mone sensitive |ipase Wi et al., Mat Struct Blot 6, 340 (1999) Insulin

resi stant di abetes Adenosi ne ki nase Mathews et al., Biochemstry 37, 15607
(1998) Epil epsy Al dose reductase
Protein tyrosine Andersen et al., J Biol Chem 275, .
hosphatase 7101 (2000) Diabetes
HIV Protease I(_‘?;:é )et al., Biochemistry 37, 2105 HIV
Bressanelli et al., PNAS USA 96, "
HCV Polymerase 13034 -(1 999) Hepatitis C
Neuraminidase ;I;agygl%r) etal., J Med Chem 41, 798 Influenza
Reverse Transcriptase 131%22; al., J Mol Biol 264, 1085 HiV
Khayat et al., Biochemistry 42, . .
CMV Protease 885 (2003) CMV infection
- . Champness et al., Proteins 32, . .
Thymidine Kinase 350 (1998) Herpes infections

Molteni et al., Acta Crystallogr

HIV Integrase Sect D 57, 536 (2001)

HIV

For the purpose of illustration, reference is made to known inhibitors of 5 of the
above intracellular targets, whose binding mode to the target is known. These
examples illustrate how such structural data can be used to determine the
appropriate positions for the attachment of the q,a—disubstituted glycine
.'carboxylesterase ester rhotif. Schematics of the active sites are shown together with -
_répresentative inhibitors. In general, pbsﬁti’ons remote from the binding interface
between mddull'a't‘or and target, and therefore pointing- away from the enzyme bindi.rltg
interface into solvent are suitable places for attachment of the carboxylesterase ester
motif and these are indicated in the diagrams. '

HDAC

Head Hydrophobic
Group : Linker

Metal Binding
Group

Solvent

Esterase
Motif
Attachment




Urzhnsee al ., Structure 5, 601 (1997) D abetes Vitam n 03 receptor

- Tocchini-Valentini et al., PNAS USA 98, 5491 (2001) GCsteoporosis 21
Protein tyrosine phosphatase Andersen et al., J Biol Chem 275, 710112000)
D abetes H V Protease Louis et al., Biochemstry 37, 2105 (1998) H V HCV
Pol ymer ase Bressanelli et al., PNAS u€a 96, 13034 (1999) Hepatitis C
Neur am ni dase Taylor et al., J Med Chem 41, 798 (1998)

Aurora kinase

Specific aurora kinase
binding site

L

Esterase
motif
attachment

H bond acceptor site

P13 Kinase

Solvent
" Esterase
motif
attachment
Adenine H-bond accaeptor site
binding site
P38 MAP Kinase
. Adenine
Kmasg- ) binding pocket
selectivity 4
pocket

- {H-bond acceptor site

Solvent
NH
O 2
Esterase
motif

attachment




I nfl uenza Reverse Transcriptase Das et al., J Mol Biol 264, 1085 (1996) HV
CW Protease Khayat et al., Biochemstry 42, 885 (2003) CW infection

Thym di ne Ki nase Chanpness et al., Proteins 32, 350 (1998) Herpes
infections HV Integrase Molteni et al., Acta Crystallogr Sect D 57, 536

(2001) HIV For the purpose of illust#ation, reference is made to known
i nhibitors of 5 of the above intracellular targets, whose binding node to
the target is known. These exanples illustrate how such structural data can

be used to determ ne the appropriate positions for the attachment of the
a, a- di subst iKiKUkiedseyl yci ne car boxyl esterase ester notif. Schematics of the
active sites are shown to esentative inhibitors. In general,
positions renote fromthe biy hce between nodul ator and target,
and therefore pointin me binding interface into sol vent
are suitable places > car boxyl esterase ester notif and
these are indicated i mgyhe "di agfams. HDAC 22

Solvent
o
Adenine
binding
site H bond Esterase
Hbond | donor motif
acceptor attachment

A similar approach can also be used for the other examples identified in Table 1.
The method of the invention, for increasing cellular potency and/or intraceflular
residence time of a modulator of the activity of a target intracellular enzyme or

receptor, may involve several steps:

Step 1: Identify a position or positions on one or a plurality of modulator
molecules sharing the same binding mode for the target enzyme or receptor, remote
from the binding interface between the modulators and the target enzyme or
receptor.

Usually such positions are identified from the X-ray co-crystal structure (or structure
derived by nmr ) of the target enzyme or receptor with a known modulator (or a close
structural analogue thereof) bound to the enzyme or receptor, by inspection of the
structure. Alternatively the X-ray crystal structure of the target enzyme or receptor
with the modulator docked into the active site of the enzyme or receptor is modelled
by computer graphics methods, and the model is inspected The presumption is that
structural modification of the modulator at positions remote from the binding interface
is unlikely to interfere significantly with the binding of the modulator to the active site
of the enzyme or receptor. Suitable positions will normally appear from the co-crystal
structure or docked model to be orientated towards solvent.



Aurora ki nase P13 Ki nase P38 MAP Ki nase 23 1KK kinase A sim | ar approach
can al so be used for the other exanples identified in Table 1. The net hod
of the invention, for increasing cellular potency and/or intracellular
residence time of a nodulator of the activity of a target intracellular
enzyme or receptor, may involve sever# steps: Step 1:ldentify a position
or positions on one or a plurality of nodul ator nol ecul es sharing the sane
bi ndi ng node for the target enzyme or receptor, renote fromthe binding

interface tween th dyl atqrs, and th nz or receptor. Usually
such posi t%eV\E’are i 2 elnﬂY51885&?%%1"{0%'3%5(%2@9%%9@? tt’B'an €% ucture (or
struct ur e disubstiededglycims esterabditdlcortbaanet of difiereme o ordigubsttptedglyeéh a known

modul at or (k. Bth@3PoRd Ll oFne PR ARG fYhdp pOUNd 10 Lhe enzyme or

receptor, Dy i1nspection of ernat’i vely the X-ray crystal
structure of the target enzynme or receptor with the nodul at or docked into

the active pgi : : ! I By conput er graphics
met hods, aﬁgb%rﬁneé?]?r%dgﬁ @E%/t@[%gévéﬁ&%&eﬂ%?'ﬁ%pr%ﬁaeodr?&?‘ggt hat structural

nodi fi cat i 6aberYiestasaseonelifaeay e vipas existiod sovaler ceuring fanctinnally aelthey
interface infodualorigloyvib@ sultdisis fuptnaitgBidcireantitodobdd ot it firgtideng of the
nodul at or tr the a tkve site of Bhe enzyme or rece tor. Suitable positions
Wil nor mal'P CHRRIESte R ot Mey be FpRced frogyhe el EoIeruT SBELY Frodel Lo be
or i ent at ed spansapdimkedleraait, to paditidst the nidtildeepbreintol splvemtdint Yhdrétsy rethebel at or ( S)
by attac“”‘é{mfugﬂer%g Qe offc? HAR ln‘owo%quLMSihQ%o‘af?to?{he%%@?o'r andlbr @ range of
different a,a-disu ¥t|tufe_cf glycine ester radicals at one or nore of the
posi tions Rre@surethaldhe motifia peeessible tariba wamoxdesterase ki reducing stericed gl yci ne

ester radi GidrerdricB tihdl tdy iR tHion] the AHalROHYIbERA DR tHEdhéduRtor™BY be via an
exi sting coval ent coupling functionality on the nodulator(s), or via a

suitable functionality specifically introduced for that purpose. The
car boxyl esterfasmno®bi $tep aegsulie ingpapregarbti@naftdne ofmidte DBdadlg, W saallbul k by a

spacer or | 0Sl L1 d f | sol vent and °
t hereby r e%@ﬁtc |§+(ﬁ6$€hoﬁ@r9m%h§ééhﬁ°§9?lg@& frgag({'degfrg‘? ﬁ;eéqgr’rg% Péfggtn t he bi ndi ng
nmode of t hénhiniidupyathe intredaition of @ varietinf e, ¢-Higubstitubedglydirfe dster saxticadssabl e to t he

car boxyl est, éaﬁrﬁor@poﬁrﬁ@b\qﬁg&nﬁérﬁfdeﬁtifieﬁtir?é{gﬁﬁ.en(:é that may result fromthe

mai n nol ecul ar bul K of the nodul ator. Pertormance of Step 2 results in the
preparation of one or, nore usually, a small library of candi date

nodul at or s st@pgh COovVabst tHel oo aRdbStiREl §ipdind és)f&-doﬁju'gétéd Rrk@Bfor(snhi bi tor by
the introduction of a variety of a,a-di substituted glycine ester radicals,
at one or REWPESIIN HiER 23P dsierHion el foie AGAIRSt e tprgetenzyme Or KCERIOR: Test t he
a, a-di substituted glycine ester-conjugated nodul ator(s) prepared in step 2
to determ I\S ié Po%%l iﬂ%eid\é%r{[a}/cr%gt%t&sghetcgl%ogﬁésqgfgseeﬁgt%%rs%ﬁ'w(sr) Y tor.

parent modulator(s), prepared as a result of performing Steps 1 and 2, are preferably

tested in assays appropriate to determine whether the expected retention of

modulator activity has in fact been retained, and to what degree and with what

potency profile. In accordance with the underlying purpose of the invention, which is

to cause the accumulation of modulator activity in cells, suitable assays will normally

include assays in cell lines to assess degree of cellular activity, and potency profile,

of the modified modulators. Other assays which may be employed in Step 3 include

in vitro enzyme or receptor modulation assays to determine the intrinsic activity of the

modified modulator and its putative carboxylesterase hydrolysis product; assays to

determine the rate of conversion of the modified modulators to the corresponding

carboxylic acid by carboxylesterases; and assays to determine the rate and or level

of accumulation of the carboxylesterase hydrolysis product (the carboxylic acid) in

cells. In such assays, both monocytic and non-monocytic cells, and/or a panel of



As is normal in medicinal chemstry, the carboxyl esterase notif version(s)
of the parent nodul ator(s), prepared as a result of performng Steps 1 and
2, are preferably tested in assays appropriate to determ ne whether the
expected retention of nodulator activity has in fact been retained, and to
what degree and with what potency profile. In accordance with the
under |l yi ng purpose of the invention which is to cause the accumnul ati on of
nodul at or | I de assays
" cerl 11 e lodieligese, SHeb U FparaRiGatiny RIS ot 80 7
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acid) in cd@témd: | n skroh datsagmired ot Steprdreateet oree amora ohthetesbadyd,be cel | s,
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identify conpoun ectiv or desirabl e,
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nodul ati on of enzyne or receptor activity inside cells, are converted to
and accunul I Mo I and whi ch
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the present invention. Synthesis There are nultiple synthetic strategies
for the sy%tr‘ hﬁsis of the compounds with which the present invention is
concer ned, “rely on known chem stry, known to the synthetic organic
chem st. Thus, conpounds according to fornula (I) can be synthesised
according t r r d.,are
el 1~ knoan @Saﬁg%@gmégsyﬁﬁgﬁagt#z.?%.asf?orttnee?@%@ga&ﬂu A bbbt it e -
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processes Jé@f@foanﬁtjpnd@soﬁdlmV\bleV)owcéharmbr ‘Hagpbedkidf Hefdrgcyilis t he Exanpl es
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"Protectin 0 4 ani c Synthesis", John Wley and Sons, 1999].
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synt hesi s dhegompainds ahibe yesliongeavdrearepasedrbly @ npmber ofprbcesres pr ocesses

accor di ng tgenérag, de@malbewhmqﬁdragyeméw if R iRim s%e\'@ﬁ’é%?tlrpﬁg to extend

to such renova $ % i ng groups. The co oun the 1 nvention nay be
pr epar ed a&'ﬁ? "Eﬂs strped hglopy | mbﬁ@e%ﬁ’y I“%:Er oteef TeaF@‘i‘?[f@P‘%i%ﬁ‘ g¥ups.e in C.

The f ol | owiforgxarhple dydrakyi,cmsin@asd tesifsky giiupéd\ontrerethaye arCRiRddEin MeGNaF
acetonitri lp?oduct, to avoid their unwanted participation in the reactions [see for example
Greene, T.W., “Protecting Groups in Organic Synthesis”, John Wiley and Sons,
1999]. Conventional protecting groups may be used in conjunction with standard

practice. In some instances deprotection may be the final step in the synthesis of a



MeOH = net hanol Boc = tert-butoxycarbonyl CDI = 1,1'-carbonyl diimdazole
DCM = di chl or onmet hane DBU = 1, 8- Di azabi cycl o[ 5. 4. 0Jundec- 7- ene DVAP =

di met hyl am nopyri di ne DMF = di net hyl f or mam de DVSO = di met hyl sul f oxi de THF
= tetrahydrofuran HCI = hydrochloric acid NaHCO3= sodi um hydrogen car bonat e
TBDVSClI = tert-butyl di met hyl chl orosil &he , NBS = N-bronmpsucci ni ni de NVM =

N- et hyl nor phol ine NHACI = ammoni um chl ori de KHVDS = pot assi um

bi |S1£t ri nEthyl wmmgmaﬁgéaedaldio@aa mldnadrhm@a%sﬁ@f&emyygS% iﬁveﬂﬁﬂgeSi lﬁllm -
sulTate = el net m nopr -N - ar poay | e rocnl ori ae
E120 = i ot hylS B oA eAs SeIE ke B RRRP LA PPl et =

1- hydr oxybenz@e¥wpsazol e TFA = trifl uoroacetic acid

The compounds of the invention may be prepared according to the following
Examples. All temperatures are in ° C. The following abbreviations are used:

EtOAc = ethyl acetate

MeCN = acetonitrile

MeOH = methanol

Boc = tert-butoxycarbonyl

CDlI = 1,1'-carbonyl diimidazole

DCM = dichloromethane

DBU = 1,8-Diazabicyclo[5.4.0]lundec-7-ene
DMAP = dimethylaminopyridine

DMF = dimethylformamide

DMSO = dimethyl sulfoxide

THF = tetrahydrofuran |

HCI = hydrochloric acid

NaHCO; = sodium hydrogen carbonate
TBDMSCI = fert-butyldimethylchlorosilane
NBS = N-bromosuccinimide

-NMM'= N-metﬁyl morpholine

NH4Cl = ammonium chloride

KHMDS = potassium bis(trimethylsilyl)amide
Pd/C = palladium on carbon

MgSO, = magnesium sulfate

EDC = N-(3-Dimethylaminopropyl)-N'-ethyicarbodiimide hydrochloride
Et,O = diethyl ether

NaBH(OACc); = sodium triacetoxyborohydride
HOBt = 1-hydroxybenzofriazole

TFA = trifluoroacetic acid

TLC = thin layer chromatography

mL = milliliter(s)

g = gram(s)

mg = milligram(s)



TLC = thin layer chromatography nL = mlliliter(s) g = gram(s) ng =
mlligram's) 27 nmol = noles mmol = mllinole(s) LCM5 = high performance
l'iquid chronat ography/ nmass spectrometry NVR = nucl ear nmagnetic resonance RT
= room tenperature Comrercially avail abl e reagents and sol vents (HPLC
grade) were used without further puri¥ication. Solvents were renoved using
a Buchi rotary evaporator or a VirTis Benchtop SLC Freeze-dryer. M crowave
irradiation was carried out using a Biotage InitiatorTM Ei ght m crowave
synt hesi zef o) PHleki cation of conpounds by flash chromatography col um was
performed using silica gel, particle size 40-63 pm (230- 400 nesh) obtained
f rom Fl uor BEWemmilimelets) cat i on of conpounds by preparative HPLC was

per f or med_ 0OMEd BANpEEHTE llHﬁlH'&Hrcfn?a\(@drﬁtgm%&@efﬂoﬁn@%prep Luna C18
0

colums (1 m 1 . radi ent 100 (A =water + 0.05 TFA, B
= acetonit M?% %"‘?ﬂcﬁes = 25 m/mn, W detection at 254 nm 1H
NMR spect r RTwapemiteopsratack on a Bruker 300 MHz AV spectroneter in deuterated
solvents. Chemical shifts are in parts per mllion. Thin-Iayer

chr omat ogr aphy (TLC) analysis was perforned w th Kiesel gel 60 F254 (Merck)
pl at es andCongesdidlly @dailablemepdguts| angtsplvema PG grade HRre Ul witiwuper f or med on

an Agil entquRérﬁQﬁﬁf é&oﬁ)@ﬂ\%ms%éré‘gerﬁ&)éﬁh&ﬁg B"B%%ﬁ“ rbﬂéﬂﬁev%afb%ﬂéms (3 pm 50
X 4.6 nm %B ( A=water + 0 Yo FOrm ¢ aci d,

%
acetonitri V&F'é Bf”“%%&ff? Ereggs-tyehMigroyavegn rﬁ‘i"ﬂt'onf"i’a&ﬁameﬂ OE‘SUSr\‘LQ?n n. W
spectra weBptagedsitisted gighP@aRkranade zﬁrﬁhmwSJSLxggcaaxo%B&iﬁ&om isleteRt Er Glg/gg E
spectra we t,0
dgt ector. Eﬁ? %Q%A@Pagﬁ? @e ra%gge'rfo oéts of %63!19? %Zr%fo—kgjgwﬁgﬁg
Chen®t at i oﬁOQﬁe%)Bbtamdrfrosdﬂwatrm PEm'&nap«breef cbrr@otrmds by pngrsuativs
6- am no- 5- (B ks fpbumd%r@eaésyswﬁ@mdg r?al?ér?é/bh&'erkx%‘r@?%f( meg@nd 1) and

6- am no- 5- | uor Q- benzoy -1- | uor opheny1- i n2-one

( Conmpound é‘ﬁ)’mns 08 1 BB YR I’@hﬁaﬂ‘ﬂﬂ‘t P4100 % B (A = water + 0.05 % T

acetonitrile) over 10 min, flow = 25 mL/min, UV detection at 254 nm.

"H NMR spéctra were recorded on a Bruker 300 MHz AV spectrometer in deuterated -
. solvents. Chemical shifts & are in parts per million. Thin-layer chromatography (TLC) -

analysis was performed with Kieselgel 60 Fas, (Merck) plates and visualized using

UV light.

Analytical HPLC/MS was performed on an Agilent HP1100 LC system using reverse
phase Luna C18 columns (3 um, 50 x 4.6 mm), gradient 5-95 % B ( A = water + 0.1
% Formic acid, B = acetonitrile + 0.1 % Formic acid) over 2.25 min, flow = 2.25
mL/min. UV spectra were recorded at 220 and 254 nm using a G1315B DAD
detector. Mass spectra weré obtained over the range m/z 150 to 800 on a LC/MSD
SL G1956B detector. Data were integrated and reported using ChemStation and
ChemStation Data Browser softwares.

Examples 1-6

The compounds 6-amino-5-(2,4-difluoro-benzoyl-1-phenyl-1H-pyridin-2-one
(Compound I) and 6-amino-5-(2,4-difluoro-benzoyl-1-(2,5-difluorophenyi-1H-pyridin-
2-one (Compound II): '



are known inhibitors of the intracellular enzyne p38 MAP ki nase (WD
03/076405). Exanples 1, 3 and 5 belowrelate to the coval ent conjugation of
esterase notifs with di-substitution at the al pha carbon of the am no acid
ester to these conpounds, in a positign renote fromthe binding interface
between the inhibitor and the target @%zyne (see the comments above
concerni ng the binding node of a nodel p38 MAP ki nase inhibitor). Exanples
2, 4 and 6 belowrelate to the carboxylic acid esterase hydrolysis products
of Exanples 1, 3 and 5 respectively. Synt hesis of Exanples 1-6 Internedi ate

1: 4-Chl oropherwl 3-(2,4-difl ugeqphenvl) - 3-oxoprgpanij m'gothi oate C
Internmediate 1 can be rep'i'zeng experi nment alyj pr ﬁo@:. described in
WO 2003076405. | nterae V.2

{446- Ami no- 542, 4- @ -
phenyl } acet al deRyde
(446- Am no-5-(2, 4-difl uorobenzoyl) 2- oxopyri di n-1(2H) y1] - phenyl | acet al dehyd
e was synthesised using the route shown in Schene 1 below. ci Stage 1 OAc
Schene 1 Stage 1- Compound | Compound li

2-(44[ 3-(2,4-D fl uorophenyl) - 3- oxopr opani nni doyl ] am no} phenyl ) et hyl acetate
4- Chl orophenyl 3-(2, 4-di fl uorophenyl) - 3-oxopropani m dot hi oate (Internedi ate

1) (69.7 garekﬂgwﬁﬁﬂb)tor‘éﬁfth‘éqﬁt%@ﬂ%i ehfyrﬂéasmhpme&é @v@\(ﬁig@gidyg ﬂL)Thgnd

2- (4- am ngphenyl ) et hang
m xture mggﬂea')éea %?“%ée‘g’t‘.’!r’e'gteég HG&P%a'B’&FBPJHQ?&@Pﬁée%\?rﬁ'%%\}é‘a“fﬁ ool to
room t enpedissubstitutioncht theradshat dagtioa df medm’ncraﬂweﬁé tptess sor@pouhids, in@si due was

triturated i ; ) to give a
white solid, 't\%ﬂirgh&\%ééﬁgtﬁgmgkﬁgﬁq?ﬁr‘l&ga ur \a%t”gb Eéﬁl%é%a? %ﬁgﬁfytand stirred
vi gor ous| yenzymedeeaitha @premenﬁabpvea@qngwn@l@e/\lemmmglom pie meded p33MASY ded a

Eglngguf] 3' '(Etné{%' |ﬁﬁlb|¥@)9 EQE:‘nSQslﬂ'd%ﬁd b BBk Faldl 16 B daPodxPiccitestdigesd 1 L € -

hydr&ysng progucts oiy éxam les 1, 3 and 5 respectively.

Synthesis of Examples 1-6

Intermediate 1: 4-Chlorophenyl 3-(2 4-difluorophenyvl}-3-oxopropanimidothioate

Cl
| O NH /©/
/E:EU\)J\S
F F
Intermediate 1 can be prepared using experimental procedures described in WO
2003076405.

Intermediate 2: {4-[6-Amino-5-(2,4-difluorobenzoyl)-2-oxopyridin-1{2H)yl]-

phenyltacetaldehyde
0O NH, @N ©
jsae:
F Fox"g




LCMS: mlz 361 [MFHr. 11-1 NMR (300 MHz, DVMBSO-d6) 8: 7.79-7.71 (1H, m,
7.45- 7.07 (6H, m, 5.26 (1H, s), 4.21 (2H, t, J=6.8 Hz), 2.89 (2H, t,
J=6.5 Hz), 2.00 (3H, s). Stage 2-

2-{446- Am no-5- (2, 4-di fl uorobenzoyl) - 2- oxopyri di n-1(2H) -yl } phenyl } et hyl
acetate CDI (43.26 g, 267 mol, 1.5 e%f) was di ssolved in anhydrous THF (1
) under an at nosphere of nitrogen and cooled to OC. Propiolic acid (16.43
m., 267 owed to
v m o 1 oRrorine-fe SRR ey B P R B e Be bt B s

2- (44] 3- (ZSYAJH@FWQJWQQJWEW%?SBQW'B&CB?MW Relgwyl j ami no} phenypet hyl acetate
(64.12 g, 178 mml) in a cious THF (500 n1_ dedacand the m xture
heated at 80C for{ bu ef ore being 1Tef t) Nﬁ@f&%’? room tenperature
overnight. T 2 0 db ation, washed
with Et20 an i ed under reducsd pleskure t& give thestdele compound as a
pale yellow solid (39.56 g). The filtrat'e was concentrated|under reduced
pressure to give a brown oil that was triturated with Et0A¢ (500 ni),

provi ding a second batch of product by filtration (7 21 g) The two bat ches
were conbined to afford the title corrpound as a BC77 g, 64 %
yield). LM niz 413 [MtH . 1H NWR (300 MHz 06) 755 7.37 (4H,
m, 7.3- 720(4Hn)572(1HdJ96Hz ‘u J69Hz)301
(2H, t, J=6.9 Hz), 2.04 (3H, s). Stage 3-

6- Am no- 5- (2, 4-di fl uor obenzoy1l) - 144- ( 2- hydroxyet hyI )phenyl]pyrl din-2(1 H)-
one

vvvvv

2-{4-[6- Am no- 5- (2, 4«-gll Rzoy1) - 2- 0X0PYNH, di NK1|]1 phenyl } et hyl
acetate (46.7 / was suspened in 6N ous HCll (500 nL) and
heated at re ¥ hour s Buqseci @ ofimed” u lLing to room

t enper at ur -V ol l ected by ¢ A OR gspen ed in saturated
aqueous NaHCO3 (1000 nlL) and stirred vigorously for 30 mnutes. Filtration,
washing with water (2 x 500 nlL) andewdigyi ng under reduced pressure afforded
the title conpound as an off-white solid (40.11 g, 96%yield). LOMS mz
371 [M+Hr 1H NVR (300 MHz, DMBO-d6) 8: 7.55-7.37 (4H, m), 7.31- 7.20 (4H,
nm, 5.71 ($lged; 2-¢=t3-¢2, ‘H@ﬂuompbgnm)ia-pxwropgBﬂmlcglymmo}shwi)et?vl m, 2.84 (2H,
d, J= 6 9 H&éetaét age 4-

{4 [ 6- Ami no-5-(2, 4-di fl uor obenzoyl) - 2 oxopyr| di n-1(2H) -yl j phenyl} -

acet al dehyde To a suspensi on of

6- ani no- 5- é—Z;hlbnsﬁhbhylaF(Qhaﬂmmydpheﬁle Foxadrdpadintgoteibdity [(Ihfoediateyy | di n-2(1H) -0
ne (15.00 n LU 750, at. 0 added
Dess-Marti F?eq |1§% A))W?Szﬁ%se‘i'¥°% @a qu%‘%étf",acﬁ?lb%aﬁ) f’"&é %%rs't ions. The

m xt ur e wasmabphkanietbanohid7id tt @ 202 ormd,drfPead) as @ddetd The mixtered Waer 3 hours,

before bei pg.pstrapec rd?tz% r%ﬁ‘ﬁé%é?&r%%eﬁ\ﬂ L] tmr&mm%aatmgné at ur at ed
aqueous Na2S203 31 (400 nmL) and stifred_vigorously for m nut es. The

aqueous | af¥iceniEiedupier EAVBCHPISHAR: FB%fQ?diUWV‘taﬁt qaowith @@)@9\9)‘“’- and the
organi c eXbﬁc&Wéﬁe@WIHIBW(ZQ(IZBOdﬁL)ngOMQMhN@% wﬁichtmbatsu@i@n@éuin

trat fford he tit d d
oo e VA Db R P B Wbt FRRERRTS 35 5o
LC M. i zwagtng WiFi watet affcedevealbeigeesdid wlich wap eiried Linddr nestubed pressuretat e

hydr ochl or tHeHug eomdh 6 S o sised using the route shown in
Shenn 2 bgﬁg eHiE BRPbHG 64 19850 S¥% YS!
LC/MS: m/z 361 [M+H]". "H NMR (300 MHz, DMSO-dg) 8: 7.79-7.71 (1H, m) 7.45-

7.07 (6H, m), 5.26 (1H, s), 4.21 (2H, t, J=6.8 Hz), 2.89 (2H, t, J=6.5 Hz), 2.00 (3H, s).

Stage 2- 2-{4-[6-Amino-5-(2,4-diflucrobenzoyl)-2-oxopyridin-1(2H)-yliphenyl}ethyl
acetate

CDI (43.26 g, 267 mmol, 1.5 eq) was dissolved in anhydrous THF (1 [) under an
atmosphere of nitrogen and cooled to 0°C. Propiolic acid (16.43 mL, 267 mmol, 1.5



Schenme 2 Stage 1 - Cyclopentyl N-(tert-butoxycarbonyl)-2-nethyl al ani nate
To a solution of N-(tert-butoxycarbonyl)-2-nethylalanine (1.00 g, 4.92
mmol) in DCM (10 nL) at 0 C was added cycl opentanol (0.83 ni, 9.84 mmol),
EDCI (1.06 g, 5.42 mmol) and finally DVAP (60 ng, 0.49 mol). The reaction
mixture was warned to RT and stirred f%r 18 hours The DCM was renoved in
vacuo to give a clear oil. The crude residue was dissolved in EtOAc (100
m.) and washed with water, 1M NaHCO3 and brine. The organic phase was dried

(hlngOfl% ande was%a&erdadrgﬁwwamﬁﬁa?uxt&la%tu@wmglv@wtilfagen*é@rﬁmggmur% bﬁ(gt bgscgl um
chromat ogr a % Cc 1 n he I i
clear ol (B %%5? J i G S et 2 A e oRoste s R I 55 & 15

(S 1H, r’r)2 , 5. Mné}ﬂ)hénybethﬂ)apetﬂiteﬂlB4 12 941788Himolin anhydkﬁus( THE (300, mLl). wis (?H 3)3).

{ - Il | at e

S oot y SR RERE i B0 EnONC RO Rl iEn ([ MEBABR' 51 C.%)
was di ssol vféE!lPﬁrﬁtUW-E/e(ﬂﬂlghﬁ_)'h%WQUItlﬁmegpltatﬁ Waﬁ mﬁ&ﬂ@ﬂ pyfilsatiomewgshedi ) and t he

reaction m gD ‘éﬁ@drﬁd‘ Jn'&@fjreaﬁcéalpréééﬁrezté gﬁ@lt“eghtle %p@ﬁr\&jfs dhaié Ur e was

concentrated under reduced pressure and triturated wth Et20 to give a

white preciYPWpaid G%pQ g),\,gge filrateras %@?ﬁ@éte\ﬂn‘{“ﬁe@?%ef’@rﬁﬁ‘&r@ e e gesir ed

product as browhbil tapeasieturdtéd Wih 81042560 MK [pehvidingh $é¥Bnd Bﬁ&MJfZ DVSO- de) 8:
8.58 (3H, bém 53 (6H, M

0 a0 Vo Shroddetprnkdion 731 GF ne Mhopditdyierd Bortiihoq Marodeddlie 53 (81 1)

was synt hestomppundahy yellow solidi(48. 75T e % vielSbhene 3 bel ow. Schene 3
LC/MS: m/z 413 [M+H]". 'H NMR (300 MHz, DMSO-ds) §: 7.55- 7.37 (4H, m), 7.3
7.20 (4H, m), 5.72 (1H, d, J=9.6 Hz), 4.30 (2H, t, J=6.9 Hz), 3.01 (2H, t, J=6.9 Hz),
2.04 (3H, s).

Stage 3- 6-Amino-5-(2,4-difluorobenzoyl)-1-[4-(2-hydroxyethyl)phenyilpyridin-2(1H)-
one '

2-{4-[6-Amino-5-(2,4-difluorobenzoyl)-2-oxopyridin-1 (2H)-yl]phényl}ethyl acetate
(46.77 g, 113 mmol) was suspended in 6N aquebus HCI (500 mL) and heated at
reflux for 2 hours. A precipitate formed upon cooling to room temperature which was
collected by filtration, suspended in saturated aqueous NaHCO; (1000 mL) and
stirred vigorously for 30 minutes. Filtration, washing with water (2 x 500 mL.) and
drying under reduced pressure afforded the title compound as an off-white solid
(40.11 g, 96 % vyield).

LC/MS: m/z 371 [M+H]". "TH NMR (300 MHz, DMSO-d;) 8: 7.55-7.37 (4H, m), 7.31-
7.20 (4H, m), 5.71 (1H, d, J=9.9 Hz), 4.69 (1H, t, J=5.3 Hz), 3.71 (2H, m), 2.84 (2H,
d, J=6.9 Hz).

Stage 4- {4-[6-Amino-5-(2,4-difluorobenzoyl)-2-oxopyridin-1(2H)-ylJphenyl}-
acetaldehyde

To a suspension of 6-amino-5-(2,4-difluorobenzoyl)-1-[4-(2-hydroxyethyl)phenyi]-
pyridin-2(1H)-one (15.00 g, 40.5 mmol) in anhydrous DCM (750 mL) at 0°C was
added Dess-Martin Periodinane (20.62 g, 48.6 mmol, 1.2 eq) in portions. The mixture
was allowed to warm to room temperature and stirred for 3 hours, before being
poured into saturated aqueous NaHCO; (400 mL) and saturated aqueous Na,S,03



Stage 1 - tert-Butyl N-Denzyl oxy)carbonyll-2-nethylalaninate To a solution
of N-[(benzyl oxy)carbonyl]-2-nethylalanine (1 g, 4.21 mol) in DCM (10 ni
anhydrous) and cycl ohexane (10 nL) at OC under nitrogen was added boron
trifluoride diethyl etherate (7.7 ul, catalytic). tert-Butyl
2,2,2-trichloroacetimdate (1.51 nL, ¥.43 nmml) in cycl ohexane (10 L) was
then added slowy over 30 mnutes before allowing to warmto RT. Reaction
was allowed to stir at Rl for 16 hours. To the crude reaction m xture was
added 190 of . NaHCOB3 and the reaction filtered. The nother |iquors were
concent rat(g%’ k) g stiged Y'ﬁ%""&,‘?'&ﬁ%é:;@ﬂ'?‘ﬁ%?- The 2ayReus favegwas sepsraierh

chr omat ograag eytrdE9 itk DOR (2 x 500 Pl end th@ongheit exttdess damireddngrogedgict (0. 863

g, 70 %vyi 33. 00 3) 5. 7.39-7.31 H,., 5 46 (1H,
o ¢y, 5 fgeipog;uidiohy baalbton S el plesds romel WaE 1 )

2- met hyl alcamipaundeas a prude pald yeltow sbjid theat Wes asegioditouidurtiudr puigficati®ut v |

N- Rbenzyl gxgy_)lg%bonyl] -2-nmet hyl al aninate (0.863 ng, 2.90 mmol ) in Et0Ac (20
m.) was added 0 of Pd/C catalyst. The m xture was evacuated and
stirred uﬂ-@é’V‘%‘ﬁ’ﬁ%@bere of hydrogen for 18 hours, filtered (Celite),
washed wi th Et 0Ac and concentrated in vacuo. The product was isolated as a
yel | ow oi Im@%é&_ﬁ@al&@n%tmmgaminmhwraems.@ Et OAc. The product is
believed to be volatile so caution is needed during evaporation in vacuo.
1H NWVR (300 MHz, CDCI3) 8:1.48 (9H, s), 1.32 (6H ,%). Internediate 5:

Cycl opentvi 1-am nocycl opent anecar bg%/gt e Internediate 5 was synthesi sed

using the route shown in Scheme 4,b€ . me 4 Stage 1 - Cycl opentyl

1- am nocycl opent anecar boxyl ate To a sda ut of

1-am nocyalﬁopen@anecar boxylic acid (2.58 g 19. 97 mmol) in cycl opent anol

(20 ni), gfate 3 paz thesised using Mgreie oovy ip Scheyge 29807 ol ) and t he
m xture stirred overnight at 70C. The reaction was allowed to cool to RT
and the cycl opent anol LS %peega \nder reduced presgyre. The residue was

di ssol.ved | o ?Lgfaﬁ ith sat. -NaHGQB(%QIJ% nd water (3
x 20 nlL) tHee ar ned ( CUT |t et ed N t@cerﬁcﬁ'&‘f”&d I'n vacslo | eave a
dark yellow oil. © © .

Scheme 2

Stage 1 - Cycibpentyl N-(tert-butoxycarbonyl)-2-methylalaninate

0
<l >§ro
O N
T O
0]

* To a solution of N-(ferf-butoxycarbonyl)-2-methylalanine (1.00 g, 4.92 mmol) in DCM
(10 mL) at 0 °C was added cyclopentanol (0.83 mL, 9.84 mmol), EDCI (1.06 g, 5.42
mmol) and finally DMAP (60 mg, 0.49 mmol). The reaction mixture was warmed to
RT and stirred for 18 hours The DCM was removed in vacuo to give a clear oil. The
crude residue was dissolved in EtOAc (100 mL) and washed with water, 1M NaHCO;
and brine. The organic phase was dried (MgSQ,) and concentrated in vacuo. The
crude exiract was purified by column chromatography (10% EtOAc in heptane) to
yield the desired product as a clear oil (0.254 g, 20 % yield).

"H NMR (300 MHz, CDCls) 8: 5.25-5.17 (1H, m), 5.04 (1H, brs), 1.93-1.54 (8H, m),
1.49 (6H, s), 1.45 (9H, s).

Stage 2 — Cyclopentyl 2-methylalaninate hydrochloride (Intermediate 3)



34 Purification by colum chromatography (15% 1. 2M NH3/ MeOH i n Et OAc)

af forded the desired product (1.97 g, 50 %yield). 1H NWVR (300 MHz, CDC13)
8: 5.21-5.17 (1H, m, 2.15-1.90 (2H, m, 1.85-1.57 (14H, m. Internedi ate
6: tert-Butyl 1-am nocycl opentanecarbgxylate Internediate 6 was

synt hesi sed using the route shown in Schene 5 bel ow. Scheme
S5Internediate 6 Stage 1 -

1- {[ (Benzyl oxy) car bonyl | am nol cycl opent.anecar boxylic acid To a sol ution of
1- am nocycl opent anecar boxyl i c 3_;&,(1“(, <Q-§; .2 mmol) in 1:1 dioxane /
water (60 mL), was slowy added NaZCC8 {12! , 116 nmol ) fol | oned by
benzyl chloroformate (3.6 nmL, 25.5 mml) and the m xture stirred overni ght
at RT. The GyslopentyhV4ierbutosyasamnglxl efiethylglaricate (§.25dy, 0®3phitnd) was h 1M HCl

t hen extracg; ) ). L j acts were
washed w t?’%?lv%%m(}ggﬁ %)F'L)(%rd ?’é?ggf’ %ﬁ&? ﬂéy @%%Z%%i%&?g%geeﬁégt ed in
vacuo to | dBkiarewasstisredatt Raipr4ihourscitke arkde Mture Messenaentsated yederpr oduct t o
be a m xt urredwed PRsdstiRtnaROMED WRELRD I PaLLRHit e biSitRY ThRSIRTurthdie cr ude

product was dissolv in 1:1 THFE /| water (60ni) and treated with lithium
hydr oxi de ("ES%‘?S yith %gzé’ i9eyhe ‘gﬁﬁe‘?ﬁs?ﬁﬁ?fég\ﬂd@")%Png%’do-AEi IRP2 GME'H: ght  t hen
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X : e Qr, extracts were washed wt rine :
dried (WS&&?%W#Q&%d%%ﬁC@HCéMrat ed under reduced pressure to afford
the title conmpound (4.76 g, 78 %9. LCVs: niz 264 [M+tH. 35 Stage 2 -
tert-Butyl |gfe{&(33%[g¥:|@?5g%ﬁﬂr%@_ @%#[iaﬂniﬁ'&}acyd opent anecar boxyl ate tert-Butyl
1-{[ (benzyl™©Xy)Ca —anecar boxyl ate was prepared in a
simlar fashion to Stage 1 (Schene 3) of Internediate 4. L MS: nfz 320
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Intermediate 4 was synthesised using the route shown in Scheme 3 below.
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Stage 1 ~ tert-Butyl N-[(benzyloxy)carbonyl]-2-methylalaninate
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To a solution of N-[(benzyloxy)carbonyl]-2-methylalanine (1 g, 4.21 mmotl) in DCM
(10 mL anhydrous) and cyclohexane (10 mL) at 0°C under nitrogen was added boron
trifluoride diethyl etherate (7.7 ul, catalytic). tert-Butyl 2,2,2-trichloroacetimidate (1.51
mL, 8.43 mmol) in cyclohexane (10 mL) was then added slowly over 30 minutes
before allowing to warm to RT. Reaction was allowed to stir at RT for 16 hours. To
the crude reaction mixture was added 190 mg of NaHCO, and the reaction filtered.
The mother liquors were concentrated in vacuo. The crude extract was purified by

column chromatography (10% EtOAc in heptane) to yield the desired product (0.863
g, 70 % yield).



tert-Butyl 1-am nocycl opentanecarboxyl ate was prepared in a simlar fashion
to Stage 2 (Schene 3) of Internediate 4. 1H NVR (300 WHz, CDCl 3) 5:
2.08-2.02 (2H m, 1.87-1.72 (4H, m, 1.64-1.58 (2H, m, 1.47 (9H, s).
Exanmpl e 1: Cycl opent vl

N- (2-{4-116-am no-5-(2, 4-dl fl uor obenz¥y1l) - 2- oxopyri di n1(2H) - 1/ 11phenypet hyl
)-2-methylal aninate |In this exanple conmpound of the invention, a dinethyl
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cycl opentyl (e&EM.4GH &)t ough a - CH2CH2- | i nker rad| cal . The conpound was
synt hesi sed using Internediate 2 and Internedi ate 3 as descri bed below. To
a solution of Internediate.2 (189 ny, 0514 mol) in anhydrous THE (4 nl)
wer e added &tagk@petertyduty? 2mpstinjaiatinald dnteemedidtecbhl ori de (I nternedi ate 3)
(160 mg, 0.77 mml, 1.5 eq) and NaBH(OAc)3 (326 ng, 1.54 mol, 3 eq). The
m xture was stirred at roomtenperature for 16 hours, and then quenched
with water (20 nlL). The aqueous | tracted with EtO0OAc (3 x 20 nL),
and the conbi ned organic extracts washgd wi th brine (40 nL), dried over
MySO4, filtered and concentrated 36 under reduced pressure. The residue
was puri fi edoBpoltiepaiiartiButy! Nei{benzvipxpicarbradl-2-methyialaninate@Fedmes. @290 ng, 48
%yield). LE{nMB in Et@Aé(Zz@ rﬁL ZJe.ddéld-h 65@90%%]ys%%)1xt&emﬂa@ 43 (1H, br
s), 751734 nzj ‘112 2H, 5.93 (1H, d,
J=9.6 Hz), a@dfﬁ (S‘i’H3 “deéa@)%t spher ﬁfI#‘VdFF)ge"Pré% Uil m, 1.31
(6H, s). Exemqjtee) Washed with EtOAc and concentrated in vacuo. The product was |solated as

N- (24446- A Q - .
Vl(lPhenw }g]taﬁgrlk?v éeﬁré%% maz% @éxt ée{{é;tg tes%{?@)du[cﬁe car boxylic
acid hydr ol 9%'!95’3%?00‘&1&31@ sq wtl@b'ﬁr}ﬁgeﬁﬂg db'ﬂnﬂ‘éﬁppr&éwllm VEigHo.conpound was

synt hesi sed 'y fiMkd(3bD MHZTCBICH) 6: Ladft, &) iate 4 as described bel ow in
Schene 6. Schene % St age 10_?3 tett@g é) 1 8p iy |

N (2-{446-am no-5-(2, 4-difl uor obenzoyl) 2- oxopyri di n- 1( 2H) -
yl i phenyl } etltgimediate®: Cyt@baniylBhMinocyclopentanecarboxylate
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Intermediate 5 was synthesised using the route shown in Scheme 4 below.

% Slage 1
H,N °
° D

Intermediate 5

Scheme 4

Stage 1 — Cyclopentyl 1-aminocyclopentanecarboxylate

To a solution of 1-aminocyclopentanecarboxylic acid (2.58 g, 19.97 mmol) in
cyclopentanol (20 mL), was added concentrated sulfuric acid (2.15g, 21.97 mmol)
and the mixture stirred overnight at 70°C. The reaction was allowed to cool to RT and
the cyclopentanol removed under reduced pressure. The residue was dissolved in
EtOAc (30 mL) and washed with sat. NaHCOj3 (30 mL) and water (3 x 20 mL) then
dried (MgSOQ,), filtered and concentrated in vacuo to leave a dark yellow oil.



37 and then NaBH(OAc)3 (310 ng, 1.467 mmol). The reaction was stirred for
24 hours, diluted with Et 0Ac and the organic washed with sat NaHCO3, brine,
dried (MgS™4) and concentrated in vacuo. The residue was purified by
preparative HPLC to provide the title corrpound (120 ny, 48 %yield). LOMS: |
mz 512 [MrH . 1H NVR (300 MHz, CDC13%45: 10.41 (1H, br s), 7.51-7.34 (4H,
m, 7.28-7.26 (2H, m), 7.05-6. 90 (2H, m, 5.93 (1H, d, J=9.9 Hz), 5.15 (1H,
br s), 2. 93Prifie8ticnaly, cor@nnfcshrdrﬁatb@ruphysm )5%11.2\9 M—@Amecclm in E(Soal_xl)g)eafﬁrded

N-(2- (446- 1) - 2- oxopyri di n- 1( 2H) -

yli phenyl } et r@fﬁé’(&oéﬁgﬁ% [ neﬁg"%%z solution of tert-Butyl

N- ( 2- { 4- ( 6- HNNMR (30¢ MIHZ- APEClLudisaiem 1 DYIH, /i) DXBPPOI(2H,mi), 2185-1y87] (pieny| } et hyl)
- 2- net hyl al ﬁﬁ" nate (100 ng, 0.19 mol) in DCM (3 nL) was added
trifluoroacetic acid (3 nmL). The mixture was stirred at room tenperature
for 16 hours and concentrated under reduced pressure. The residue was

triturated Wwtédhddiatdse: té?d-ﬂlg?ﬁlﬁﬁn:hibg&l:iohé%h@éhr%l%i ed under reduced
pressure to afford the title conmpound as an off-white solid (50 ng, 56 %
yield). LOM: nmz 456 [MrHr. 1H NVR (300 MHz, DMSO d6) 6:10.05 (1H, br s),

7.60- 7.15 (9H, m, 6.95 (1H, br s) 72 (1H, d, J=9.6 Hz), 3.15-2.95 (4H,
m, 1.33 (6H, br s). Exanple 3: Cyclyogentyl

14(2-{446-am no-5-(2, 4-di fl uorobenﬂgw -oxopyridi n1(2H) -vl | phenyl |l et hvfl a
m nol cycl opent anecar boxyl at e Exanplce 3 S synt hesi sed using Internediate
2 and Internediate 5 in a simlar manner/to nple 1 LG/ MS: nmlz 550 (M+Hr.
1H NVR (300, M Bwad r?; (2H, m, 5.72
(1H, d, J=9.8 Hze)dmg 2 g}'}tﬁes(’gﬁﬂ% t'?"%m %I%m "’k%ﬁ"%?"r%gbé‘g‘%o 3.00 (2H m,
2.22-2.12 (2H, : 08-1. 98 (2H, rr) 90158(12H Exarrple 4:

1- 1(244- 16- Ani 5(2,.'4"id4.f|uoroq?1b 2

Aphenyl } et hynﬂ bsycl op

"aci d @ rrp Pe A synt hesi zed
using Intermedigfe 2 and | nedi af 906 |n a si r manneo t anple 2.

LCMS: mz 482 [M+H . 1H NWVR (300 MHz, DMSO-d6) 8: 7.52-7.37 (4H, m, 7.31-
7.20 (4H, m, 5.71 (1H d, J=10.0 Hz), 3.08-2.93 (4H, n{;:agea 10- 1. 99 (2H,
m, 1.78- 1.68 (6H m. Exanple 5: Cyclopentuvl
544-16- am no-5- (2, 4-di fl uorobenzovl) - 2- oxopyri di n1(2H) 1- 3, 5-di fl uorophen
oxy}-2-met hyl norval i nate %

N

H (0]

° K

Scheme 5 Intermediate 6

Stage 1 — 1-{[(Benzyloxy)carbonyljamino}cyclopentanecarboxylic acid

To a solution of 1-aminocyclopentanecarboxylic acid (3.0 g, 23.2 mmol) in 1:1
dioxane / water (60 mL), was slowly added Na,COj3 (12.3 g, 116 mmol) followed by
benzyl chloroformate (3.6 mL, 25.5 mmol) and the mixture stirred overnight at RT.
The reaction mixture was carefully acidified to pH=2 with 1M HCI then extracted with
EtOAc (3 x 30 mL). The combined organic extracts were washed with brine (30 mL),
dried (MgS0,), filtered and concentrated in vacuo to leave a pale yellow oil. LCMS
and NMR showed the crude product to be a mixture of desired product and
corresponding benzyl ester. The crude product was dissolved in 1:1 THF / water
(60mL) and treated with lithium hydroxide (2.67 g, 116 mmol). The mixture was
stirred at RT overnight then washed with Et,O (3 x 30 mL), acidified to pH=2 and
extracted with EtOAc (3 x 30 mL). The combined organic extracts were washed with
brine (30 mL), dried (MgSO,), filtered and concentrated under reduced pressure to
afford the title compound (4.76 g, 78 %). LCMS: m/z 264 [M+H]".



NVR (300 MHz, DMSO-c16) 10.14 (1H, br s), 8.06 (3H br s), 7.57 (1H, dd,
J=8.5, 15.1 Hz), 7.42 (1H, td, J=2.3, 10.0 Hz), ), 7.34 (1H dd, J=2.5, 9.8
Hz), 7.24 (1H, td, J=2.3, 8.5 Hz), 7.03 (2H, d, J=10.2 Hz) 5.74 (1H, d,

J=9.8 Hz), 5.23-5.19 (1H, n), 4.13-4.07 (2H, ), 1.97-1.83 (5H ),
1.70-1.57 (7H, m), 1.45 (3H, s). LCVBSpurity 95% nlz 576 [MrH . Exanple 5
was synt hesised by the route shown in Schene 7. 39 col Step 9 Exanple 1
Scheme 7 Step 1. 5-Benzyl 1-cyclopentyl N-(tert-butoxycarbonyl)-L-glutamte
To a sol utign qf .

(29)-5-( beﬁ%ﬂegﬁ?ﬂﬂkf’f e BRI A R B P eRA Aol ¢ acid (10 g,
30 mmol) in DCM (100 nL) was added cycl opentanol (30 ni, 33 mml), EDC
(6.25 g, 3&rABwl)1-HhenZpoRPcdrB6dyllaminoyniopentanetaboxydste ivas prepasedah bowed t o
stir for 2 action was diluted wth DCM
washed w tgmmgwa%ng’& %e&%?}?%{em&éﬂggﬁu{ﬁgsm) and concentrated in
vacuo. ThelCHAMS:ezi330Mydls purified by col urm chromat ography (20%

Et OAc/ Heptane) to provide the title corrpound as a white solid (8.48 g, 71 %

ield). nfz, 40 Mt { e B | tyl
Kf ﬁpbi)s(teé@%&%ﬁ’ffﬂ{@b@ﬁ(}‘“PC{C'%GU{%E%% g gglezt?/on of 5-benzyl

1-cycl opentyl N-(tert-butoxycarbonyl)-L-glutamate (8.48 g, 21 mmol) in

acetonitrl Ao i 13,69 g, 63 mmol)
and DVAP ( eg’%é&r;gq % %@P%qg'% X%S\tggl\%gtpﬂ spén %ggﬁ\%‘%@é&& and stirred
over ni ght §éﬁf96r2e(S§*éﬂm&:;3)aﬂfF'8ﬂEGeql®tec4@ol to roomtenperature and concentr at ed
under reduagdivi 8954~ C r . I c and washed
with 1M HC satm lrWCQ’S B@)@%ﬁ%bﬁ%}rﬂ@@r gg§|1gb§§|3e¢4?3\/§g-md§%§ over

magnesi um 8l +4( ©HasN concentrated in vacuo to gi.ve a brown oil.
Purification by colum chromatography (10-20% Et OAc/ Hept ane) provi ded the
title conpound as a colourless oil (10.16 g, 96 %yield). mz 506 [ M+H].

Exampie 1: Cyclopentyl N-(2-{4-[6-amino-5-(2.4-difluorobenzoyl}-2-oxopyridin-.
1(2H)-yl]phenyl}ethyi)-2-methylalaninate
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In this example compound of the invention, a dimethyl glycine cyclopentyl ester motif

is covalently conjugated to the parent p38 MAP kinase inhibitor via the amino group
of the dimethyl glycine cyclopentyl ester and through a -CH,CH,- linker radical.

The compound was synthesised using Intermediate 2 and Intermediate 3 as
described below.

To a solution of Intermediate 2 (189 mg, 0514 mmol) in anhydrous THF (4 mL) were
added cyclopentyl 2-methylalaninate hydrochloride (Intermediate 3) (160 mg, 0.77
mmol, 1.5 eq) and NaBH(OAc); (326 mg, 1.54 mmol, 3 eq). The mixture was stirred
at room temperature for 16 hours, and then quenched with water (20 mL). The
aqueous layer was extracted with EtOAc (3 x 20 mL), and the combined organic
extracts washed with brine (40 mL), dried over MgSO.,, filtered and concentrated



Step 3:

(4S)-4-[Bis(tert-butoxycarbonyl)am no]-5-(cycl opentyl oxy) - 5- oxopent anoi ¢
acid To a solution of 5-benzyl 1-cycl opentyl

N, N- bi s(tert-butoxycarbonyl)-L-gl ut anmaf e (10.16 g, 20.1 mmol) in Et0Ac (200
m.) was added Pd/C (1 g). The m xture s stirred under an atnosphere of H2
for 19 hours, filtered through Celite and concentrated in vacuo to provide
the titl e wodpoatdtedpressiral Fheyresiloawas purlfidd BE pgpa@fve HPIOC Yo wbddle m z 416

MrH] . St ep. 4 o
[N, I\I—H]bi s(t gﬁegﬁ%@fggﬁg%%%a é’fd‘?@)‘(y- L- norval i nate
(4S) - 4- [ Bi $Q/MBt minfi2d ey bahYMRASD dHZE CDENE$: dPeldt(Yi.dor).-7Hlekdpent anoi ¢

acid (8.28 [ S-S 5C i 0T ] in an ice
Dt h. N (T T 220 RS R Bl s LR e 8 625290 om o

i sobut yI chl(®f&no?-Bed S (4H.6Mni.954558bI ). 1IbHedct i on was stirred at 0 C
for 1.5 hours before the reaction was filtered and the precipitate washed
wi th THF. e not he L quors, were caoal ed aair? o 0 C an ABH4 (1.51 g, 40
mmol ) added=35H A ‘ ardl=s il (-Zpropyrioin=180i xt ure was
guenched wylphesyifsthyiB2-metlyialaginext racted with Et0Ac (3 x 100 niL). The
conbi ned organic extracts were washed with brine, dried (MSO4) and
concentrated in vacuo-to give a yellow oil. Purification by colum

chr omat ogr aphy (40% Et OAc/ Hept ane) provided thg ti4l e compound as a
colourless oil (4.34 g, 54 A yjpel 4}, ~otl Step 5: Cyclopentyl
N, N-bi s(tert-but oxycarbonyl)-5f{[terx- | (di m¢t\hypsi | yfl oxy)-Lnorvalinate
Cycl opentyl N, N-bis(tert-plRg = - hydroxy-L-norvalinate (4.34 g,
10.8 mml ) was di ssol ved ile (45 nL) and cooled in an ice bath.
DBU (1.7 nlL, 11.3 mmol)Fwas”adéed Yol1owed by TBDVMSCI (1.71 g, 11.3 mmol).
The reaction was allowed to stir overnight at roomtenperature and then
concentrated in vacuo. The crude residue was dissolved in Et0Ac and washed
wi t h 1M HCIThissExamua-HeRess ta fhe darbioxglic aridehydralysisi produstefitheveamphund df over

magnesi um sshajieqand concentrated in vacuo to give a yellow oil.
Purification by col um chromatography (20% Et OAc/ Hept ane) provi ded the
title conpound as a colourless oil (3.82 g, 69 c1/0 yield). mz 516 [ MtHr.
Step 6: Cycihepenipplind was synthesised using Intermediate 2 and Intermediate 4 as

N, N-bi s(terg-hbuyt ar.b L -5-{[tert-butyl (di methypsilynoxy)-2-
nmet hyl nor Vacfeﬁﬁr;heg)%@wdn g@?l%"%q %n of cycl opentyl ' '

N, N-bi s(tert-butoxycarbgonyl)-%r{ltertbutyl (di nethyl)silyflexyP-L-norvalinat
e (3.82 g, 7.4 I)N”iﬁﬁzj\(w ABgelat -78 C quneer e was
added 0. 91M g 16..3 MPHOR g T tion’mixtlre was
stirred at - 0hour beII(;r(’E addi ti thyl iodide (0.92 ni, 14.8
mol ). The reaction was al | owed' o%yar mi’o erature and stirred

overni ght. The k@a&ihidn M xture was quenched with saty NHACl and the aqueous
| ayer extracted with EtOAc (2 x 50 nL). The conbi ned|organic extracts were
washed with brine, dried (MySO4) and concentr at &f°f o to give a

yell ow oil which was used without further purificatiagn (3.50 g, 89%yield).
mz 530 [MtHr. Step 7: Cycl opentyl H @

N, N-bi s(tert-butoxycarbonyl)-5-hydroxy-2-nmet hyh nogy alA ewpent yl

N, N-bi s(tert-but oxycarbonyl)-S-{[tert-butw y}-2-

met hyl norval i nate was di ssolved in acetic d (J45°Ym.), THF (15 ni) and
water (15 nmL). The reaction was all owed * NE C for 20 hours for
conplete reaction. The reaction m xture was then diluted with Et0Ac and

washed with sat NaHCO3 and brine. $hareérganic |ayer was dried over
magnesi um sul fate and concentrated in vacuo to give a thick yellow oil

whi ch was tgkes1Losaag) M‘thmwanﬁw.s.@n-dmu&bsércza;lj-@ax&p%&%ﬁ-@m- mz 416

[ MkHr . Step 8; cl opent .

5- br ono- N, ﬂ']Bhg"%éﬁhV‘EB‘m%%’m%yl )-2-met hyl norval i nate 42 NBS (3.95 g,
22.2 mmol) was suspended in DCM (30 nL) and tri phenyl phosphi ne added (5. 44
g, 20.7 The. r I On. jrr [ m faore .t addi tion
of pyri d% %%s Qt?o&o??r@érg%@#\g?? .( reg,g%éé;?ﬁgymgl)lmw&%ng%vas a%decp forft

N, N- bi s(t erbutyi@trostindalanieaty (Intesmpdigteod)y P meg HYThomeb stirred ér @8 nidutes, 7. 4
mol ) was then added as a solution in DCM (30 nlL) and stirred overni ght at
roomtenperature. The reaction m xture was concentrated in vacuo to give a
brown oil which was purified by colum chromat ography (15% Et 0Ac/ Hept ane)
to provide the title conpound as a colourless oil (1.05 g, 30 '")/o yield
over two steps). mz 479 [MtH|t Step 9: Cycl opentyl

5-{446- am no-5- (2, 4-di fl uorobenzoyl) - 2- oxopyri di n-1(2H)-y11- 3, 5-

di fl uorophenoxy}-N, N-bi s(tert-butoxycarbonyl)-2-nethyl norval i nate



6- Am no- 5- (2, 4-di fl uorobenzoy1l)-1- (2, 6-di tl uoro-4-hydroxyphenyl)pyridin-2(1
H) - one [ Exanpl e 51 WO 03076405] (500 ng, 1.32 mmol) and cycl opentyl
5-brono- N, Nbi s(tert-butoxycarbonyl)-2-nethylnorvalinate (696 nmg, 1.45 mmol)
were m xed together in DVF (10 nlL). Potassium carbonate (365 ng, 2.64 mol)
and sodium . iodide (396 ng, 2.64 mo?) were then added, stirring at 40 C
overnight. The reaction m xture was then diluted with Et0Ac (50 nL) and
washed with water and brine. The organic |ayer was dried over magnesi um

sul fate angn&%ﬁwsméﬁebs Eéﬂo Lszswm%nxgharaé%lér%ssahﬂedfa.\%%u&as purified

by col umm chromatog%& % E pane&_| rovide the title
conpound aSiltedinith EtQAA and theserganig washed with 5abNg Combi'“?')‘%'ef’WWQBt ep 10:
?)Q’g | gp]f—‘lnt y land cdribéhitra8dl Morabud, 3‘héré%id|‘ubbb@{sqhﬁlwwbyl lﬁre;t%ri@thUGib RrolidéH) - y1] -

i fluo enox val i.nate Cycl openty
5-{ 446- ani ﬁﬂ?plg' "%bmwﬁéw‘éb&?% ) 2_oxopyri di n- 1( 2H) - y1] - 3, 5-
di fl uor opheom&}m&lsl‘ﬂzww]t‘ eh—t NMRt(O&Q/M&iZbODMJ))& m%(mybng)rvail-imat e (604 ng)
was di ssol The | irred at
roomterrpengf?ur)gg\%rérlﬁl]@ﬁt ‘Fhe r%_l Sér%g lljll'g warggg’:‘|S WQP%P in vacuo
to give a Brigvh7®(4H, k4G Otide). 1 @8i(@Hes)was t hen dil ut ed W|th Et 0Ac (50 L)

and washed with sat NaHCO3, water and brine. The organic |ayer was dried
over nmagnesi um sul fate and concentrated in vacuo tQ ql Ve a pal e yel | ow

sol i d Exanptages 1 Bga-UnP-AmingsSyeérdijuoroteszeyrprapyisin-1(2

54446- Am ngighenyiiethyi)-2-methyalz@maovl) - 2- oxopyri di n- 1(2H) -v11- 3, 5-

di f1 uor ophenoxv} - 2- net hyl norval i ne 1H NVR (300 WHz, DWVSO-d6) 10.16 (1H,
br s), 8.17 (3H, br s), 7.63-7.51 (1H, m, 7.47-7.18 (3H, m, 7.14-6.99
(2H, n), 6723 golution df tedButyb NH2X4-[64armipoBGARI4-diftuogdbenday)@-oxbpBRiin-4H, n), 1.41

l(’ g:lt eS)S hokﬂ%ﬁ%@ﬁﬁér&l}&ﬁy{? Z-meﬁ\yé%ﬂaw @b& ngQS A5 R0l Pin R BYAELNRRI sed by the
added trifluoroacetic aCld (3 mL). The mixture was stirred at room temperature for 16
hours and concentrated under reduced pressure. The residue was triturated with
Et,O, déllected by filtration ahd dried under reduced preséUre to afford.the title
compound as an off-white solid (50 mg, 56 % yield). .
LC/MS: m/z 456 [M+H]*. 'H NMR (300 MHz, DMSO-dg) &: 10.05 (1H, br s), 7.60-
7.15 (9H, m), 6.95 (1H, br s), 5.72 (1H, d, J=9.6 Hz), 3.15-2.95 (4H, m), 1.33 (6H, br

s).

1(2H)-yl]phenyl}ethyl}amino]cyclopentanecarboxylate
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Example 3 was synthesised using Intermediate 2 and Intermediate 5 in a similar
manner to Example 1

LC/MS: m/z 550 {M+H]". 'H NMR (300 MHz, DMSO- dg) &: 7.55-7.34 (6H, m), 7.29-
7.21 (2H, m), 5.72 (1H, d, J=9.8 Hz), 5.27-5.21 (1H, m), 3.31-3.20 (2H, m), 3.10-3.00
(2H, m), 2.22-2.12 (2H, m), 2.08-1.98 (2H, m), 1.90-1.58 (12H, m)



Exanple 2 Schene 8 Step 1: 5-Benzyl 1-tert-butyl
N-(tert-butoxycarbonyl)-L-glutamate To a sol ution of

N-a-tert-butyl oxycarbonyl -L-glutam c acid-a-tart -butyl ester (5 g, 16.5
mmol) in DCM (50 nL) was added benzyl _al cohol (3.4 ni, 33 mml), EDC (3.48
g, 18 mol) and DVAP (201 ng, 1.6 nmofY. The reaction was allowed to stir
for 20 hours for conplete reaction. The reaction was diluted with DCM
washed with 1M HCl, sat NaHCO3, brine, dried (MgSO4) and concentrated in
vacuo. The residue 45 was purlfl ed by col utm-' chr omat ogr aphy (20%

Et OAc/ Fl ept A.Lu--.-' #6-/ bembyh2-exapyridin-1(@8F oi | (5.98 g,

92% yi el d). hit cvald ta% carBo Jca%% t he sanme net hodol ogy as
described i

5-{446- Am no-5-(2, 4-di f|l uorobenzoyl) 2- oxopyrl din-1(2H)-y1J-3, 5-

di f 1 uor ophenoM 2- net hyl norval i ne ter-Butyl o}

5-{446- am no-5- (2, 4-di fl uorobenzoyl) - 2- gxopyri qq} (2H) -y1] - 3, 5-

di f |1 uor ophenoxy}- N, N-bi s(fert - but okii,c 1 - st hyHnor val i nate (70 ng)
was dissolved in TFA (2 nlL)_an ( dction was stirred at
room tenperature overnigh e €a i on” m xturewas concentrated in vacuo
to give a pink oil. TheF e was then triturated wth diethyl
ether to give an off-white solid . (2(? ng, 40%yield) which was filtered
of f and dried under vacuumto gl ve Exanple 6 as a TFA salt. Conpound |V

(N-Hydr oxy- Eimﬁg}ﬁl\ﬁa%rsglgt'hgsqge US! g lntern(%eg%gw)é) gr':’]cplnle\r/mediate 6 in a similar
manner to Example 2.
LCMS: m/z 482 [M+H]". 'H NMR (300 MHz, DMSO-d¢) 5: 7.52-7.37 (4H, m), 7.31-
7.20 (4H, m), 5.71 (1H, d, J=10.0 Hz), 3.08-2.93 (4H, m), 2.10-1.99 (2H, m), 1.78-
1.68 (6H, m).

Example 5: Cyclopentyl 5-{4-[6-amino-5-(2,4-diflucrobenzoyl)-2-oxopyridin-

1(2H)-yl]-3,5-diflucrophenoxy}-2-methylnorvalinate
(0] (0]
O\/\i
0 NI-E NH,
~ N
F FrxSo Foo |

"H NMR (300 MHz, DMSO-d) 10.14 (1H, br s), 8.06 (3H, br s), 7.57 (1H, dd, J=8.5,
15.1 Hz), 7.42 (1H, td, J=2.3, 10.0 Hz), ), 7.34 (1H, dd, J=2.5, 9.8 Hz), 7.24 (1H, td,
J=2.3, 8.5 Hz), 7.03 (2H, d, J=10.2 Hz) 5.74 (1H, d, J=9.8 Hz), 5.23-5.19 (1H, m),
4.13-4.07 (2H, m), 1.97-1.83 (5H, m), 1.70-1.57 (7H, m), 1.45 (3H, s). LCMS purity
95%, m/z 576 [M+H]".

Example 5 was synthesised by the route shown in Scheme 7.



Schenme 9 N-(1-1sobut oxyet hoxy) - 3-phenyl propi onam de

N- ( 3- Di met hyl am nopropyl)-N -et hyl carbodi i m de hydrochl oride (EDC) (151 ny)
and 4-Di net hyl am nopyridine (catalytic) were added to a stirred sol ution of
hydroci nnam ¢ acid (100 ng), protected hydroxyl am ne (W2008/040934) (136
1.1L) and dichl oronethane (5 nL) at R¥ under a nitrogen atnosphere. The
reaction was stirred 46 for 2 hours and then poured into water (50 niL).
This was extracted with dichloronethane (2 x 50 nlL). The conbi ned organic

| ayers were dried over ium sul fate and sglvent renoved in v 0. The

resi due was purified | utm chr oma 004 a using an el o 0 to 100 %
ethyl acetate in heptanes, reached viala gradient to give tthe product as a

col ourl ess ol 58 r’r%)ﬂ Conmpound ;1 & Hydr oxy- 3-p yl9pr fpi onam de

N- (1- | sobut p+ren7+'pﬁLwJ{) ‘dm g in DCM (2
m.) and MeOH (0. mR) and®§firred at r ¥ePAi t r ogerrgProsphere. 4M HC
i n di oxane (275 pL) was added to the solution and the reatiion stirred for
2 hours. Solvent was then renoved in vacuo and the resi purified by HPLC
to give the product as a pink solid (9 ng). mz 166 p& . 1H NWR (300 MHz,
DVSO- d5) 10.37 (1H, TBOMB 21 (5H, m), 2.8k (2H, t, J = 705@ 2.61 (1H,
m, 2.58 (2H, t, § 7.5 Hz). Synt heS|s f Exanpl es 7 , nd 10 The above
conpounds wer eyJsyint es(g sed using e/u\n erredi at es dﬂet ods descri bed
bel ow. | nternédit ¥s nedi at e ‘X;? TIE

( 2E) - 3- ( 5- For nyl pyTdl n- “0- N d- sobﬁ’r@ﬁye yI@ln t er nedi at e
7 was prepared by hods descri bed |n 2008/ §34 *

Step 6

_OTBDMS . - OH
' 0
iiéo >LO o ikéo
IO LT T D

/T\ Step?7 - O/T\ .. steps O/T\

2

0__0 0_0 o

s O\/\i
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Example 1

Scheme 7

Step 1: 5-Benzy! 1-cyclopentyl N-(tert-butoxycarbonyl)-L-glutamate

To a solution of (25)-5-(benzyloxy)-2-[(tert-butoxycarbonyl)amino]-5-oxopentanoic
acid (10 g, 30 mmol) in DCM (100 mL) was added cyclopentanol (30 mL, 33 mmol),
EDC (6.25 g, 33 mmol) and DMAP (362 mg, 3 mmol). The reaction was allowed to
stir for 20 hours for complete reaction. The reaction was diluted with DCM, washed
with 1M HCI, sat NaHCO;, brine, dried (MgSQ,) and concentrated in vacuo. The



47 0 Internediate Internediate 8 was prepared 9: Cycl opentyl by nethods
descri bed in W2008/ 040934. 1 -aminocycl ohexanecarboxviate To

1- am nocycl ohexanecar boxylic acid (4.2 g,29 nmol) in cycl ohexane (250 nlL)
was added cycl opentanol (50 ni) and pﬁﬁa-toluenesulphonic add (5.89 g) and
the resulting suspension heated at reflux in a Dean-Stark apparatus for 72
hours. On cooling to roomtenperature the resulting white solid was

col | ected hgsitiid waspdried Bycblwvas bierdmatdgrapay (A09h BNt MHdptane) Istovide thand dri ed

ol  d. iz o sOaBoTHE & i bl T1bvERTRRR R B e vt Tocl et of nate
crol >NH2 A solution of (R S)-ct-nethylleucine (500 ng,3.44 mmol) in

cycl opent angep bila Bbazy P11t kBl NARE byt irbo 3@6@&% at 80C for 28

hours. The reaction was concentra un redu ressure and the residue
partitioned between saturated NaHCO3 (aqg) (20 nL) and dichl oronet hane (20

nm). The orgsaksutiodrs-beas fich@shenlViNFAbutdcRycRNL adigdmbR @lagg, t he
oo her! ot i rartonite Bbe Tl iuianad digerbiy Hiaronate 1436 G, 84 1 NOU
mmol) and DMAP (255 mg, 2.1 mmol). The reaction was heated to 50 °C and stirred
overnight before being allowed to cool to room temperature and concentrated under
reduced pressure. The crude residue was dissolved in EtOAc and washed with 1M
HCI, sat NaHCO;, and brine. The organic layer was dried over magnesium sulfate
and concentrated in vacuo to give a brown oil. Purification by column
chromatography (10-20% EtOAc/Heptane) provided the title compound as a

colourless oil (10.16 g, 96 % yield). m/z 506 [M+H]".

Step 3: (4S)-4-[Bis(tert-butoxycarbonyl)amino}-5-(cyclopentyloxy)-5-oxopentanoic
acid

To a solution of 5-benzyl 1-cyclopentyl N,N-bis(tert-butoxycarbonyl)-L-glutamate
(10.16 g, 20.1 mmol) in EtOAc (200 mL) was added Pd/C (1 g). The mixture was
stirred under an atmosphere of H, for 19 hours, filtered through Celite and
concentrated in vacuo to provide the title compound as a pale yellow oil (8.28 g, 99
% yield). m/z 416 [M+H]".

Step 4: Cyclopentyl N,N-bis(tert-butoxycarbonyl)-5-hydroxy-L-norvalinate

(4S)-4-[Bis(tert-butoxycarbonyl)amino]-5-(cyclopentyloxy)-5-oxopentanoic acid (8.28
g, 20 mmol) was dissolved in THF (80 mL) and cooled in an ice bath. NMM (3.3 mL,
30 mmol) was added followed by dropwise addition of isobutylchloroformate (3.6 mL,
28 mmol). The reaction was stirred at 0 °C for 1.5 hours before the reaction was
filtered and the precipitate washed with THF. The mother liquors were cooled again
to 0 °C and NaBH, (1.51 g, 40 mmol) added portionwise, stirring for 3 hours. The
reaction mixture was quenched with water (80 mL) and extracted with EtOAc (3 x
100 mL). The combined organic extracts were washed with brine, dried (MgSO,) and
concentrated in vacuo to give a yellow oil. Purification by column chromatography
(40% EtOAc/Heptane) provided the title compound as a colourless oil (4.34 g, 54 %
yield). m/z 402 [M+H]".



Exanpl es Exanple 7:

Cycl oPent v11- ({443- ( hydr oxyam no) - 3- oxopr opyl | benzyl } am no)

cycl opent anecar boxyl at e To a solution of Internmediate 8 (208 ny, 0.68
mmol) and Internediate 5 (184 ng, 0.68 mmol) in dichloronmethane (20 nL) was
added sodi um tri acet oxyborohydride (480 ng, 2.04 mvl) and acetic acid (47
p.1..). The resulting solution was stirred at roomtenperature for 5 hours

and t hen quRes b%&chEﬁ%ﬁ@WﬁieﬁfbuM%@a%onW% ﬁt@%ﬁ!y%m%?l)%lﬁdx?ﬁiﬁd W th

di chl or onet hg\@ﬁ and the conbined organic | ayers were dried
(MgS™) and ftrated in vaquo. The resulting residue was dissolved in
AM HCI in dioxane (1 nmL.) and stirred at roomtenperature for 1 hour. The

ti t d t t 2 150
10y The. corrReana AN R R R kP e B e BRERRED e
resi due wavasudisspived inacetapitil: (45 i vandtdeeled it areice bath dvBld (1.3 . 3as a

(Izlgl) our7l gg S (nglﬂbf) gas Hé&’ed?fglﬁbmje%wr B}MM@ f‘?’g M“?mo‘yeﬂ'@re%gtrgé@(a%i"' 1d ;[] =7.9

J=7.2 Hz), Blowed mtlr mernlght@gropngtgrr{pgmre ayd thEg gﬁﬁﬂegtr@ed in vacuo. The
1- ({4- 13- ( HyGHeorsyiaue wey d.é’sdweami BOAJ Awashbawiti oY ¢iCT| at ReRCoremar boxyl i c

i i .- 3- [ 1b ) i
cyc! opent andier PERPaceydE s Bl e Haareiu sSERP pREtPreR IS i i
hydr oxi de (vOuop, gI\ZEEﬂ’IYEﬂb\)I oil.rPurifiatioth byrichiuandhieaiadogrdphyif2)%at 45C for 36
hours. The gga E;Hes{én Qi.{«fl&&ﬁ’paan 85 a'cEbGRd omﬁg_@a@ ggfél&)he

resulting resi son preparative purified
carboxyllc’5/6|5d id |]vat|ve was stirred in dichloromethane: TFA (1 nL, 1:1
v/iv) for I h at roomtenperature and the reaction concentrat ed under reduced

pressure. The tiftl solid. 1H
NMVR (300 Milep kfe‘é‘ﬁ%pe'?npdgw &rﬁgwcﬁg?’yﬁ%@tgg’ @‘H“e ié) 4.18
(2H, s), 3.rodgthgn@Halinatd, t J=7.5 Hz), 2.38 (4H m, 197159(6H m
Exanpl e 9: Cycl opentvl N44-[3-(hydroxyam no) - 3-oxopropyl | benzyl}-2-met hyl D
L- | euci nate

To a solution of cyclopentyl N,N-bis(terf-butoxycarbonyl)-5-{[fert-

butyl(dimethyl)silylJoxy}-L-norvalinate (3.82 g, 7.4 mmol) in THF (60 mL) at-78 °C . -
under a N, atmosphere was added 0.91M KHMDS in THF (16.3 mL, 14.8 mmol). The
reaction mixture was stirred at -78 °C for 1 hour before addition of methyl iodide (0.92
mL, 14.8 mmol). The reaction was allowed to warm to room temperature and stirred
overnight. The reaction mixture was quenched with sat NH4Cl and the aqueous layer
extracted with EtOAc (2 x 50 mL). The combined organic extracts were washed with
brine, dried (MgS0,) and concentrated in vacuo to give a yellow oil which was used
without further purification (3.50 g, 89% vyield). m/z 530 [M+H]".

Step 7: Cyclopentyl N,N-bis(terf-butoxycarbonyl)-5-hydroxy-2-methylinorvalinate

Cyclopenty! N,N-bis(tert-butoxycarbonyl)-5-{[tert-butyl{(dimethyl}silylloxy}-2-
methyinorvalinate was dissolved in acetic acid (45 mL), THF (15 mL) and water (15
mL). The reaction was allowed to stir at 30 °C for 20 hours for complete reaction. The
reaction mixture was then diluted with EtOAc and washed with sat NaHCO; and
brine. The organic layer was dried over magnesium sulfate and concentrated in
vacuo to give a thick yellow oil which was taken forward without further purification
(3.08 g). m/z 416 [M+H]".

Step 8: Cyclopentyl 5-bromo-N,N-bis(tert-butoxycarbonyl)-2-methylnorvalinate



This was madein a simlar manner to Exanple 7 using Internediate 8 (209 ny,
0.68 mmol ) and Internediate 10 (146 ng, 0.61 mol) which gave the title
conmpound (200 ng) as a colourless solid. mz 391.51 [ MtH. 1H NWR (300 MHz,
MeOD) 7.44 (2H, d J=8.1 Hz), 7.35 (2H, d J=8.1 Hz), 5.38-5.33 (1H, m, 4.21
(1H, d J=12.8 Hz), 4.06 (1H, d, J=12. 8 Hz), 2.98 (2H t J=7.6 Hz), 2.41
(2H, t J=7.6 Hz), 2.04-1.72 (11H, m, 1.68 (3H, s), 0.99 (6H t J=7.6 Hz).
The foll owi ng exanple was nmade in a simlar manner to the title conpound of

Exanpl e 8 i ample 9. Exa . . ,
NAG. 131 ( Hyé\?éoésl&aﬁ%??@ma@ag%maiﬁg;P}%imwﬁndﬁmemwsn@ne 50 mz 323
[MeH] . 1H NdRed G064 320,7 ibDD) The fedatiof Bis stirreb-Br 4 himuteshelié Hd, additidrs. 1Hz)

(ot 4 oy Pl me B mighlt ofbdbar D s erstha g oSt %
Exanpl e 11: 2-@92Ew'69ryﬁler3a|te @01_31(_:{ B4(mmb)) Bag iededishas as)lutdndx BEMEO midn- 1-
Apyri di n- 3-@(13}3&?&&15\}&@%%F%&F@ém%bb%bﬁﬁ&turem? %on?ééhfr'étb&":% Of

Intermadlate7ée£ n% nt er nedi at e .02 nmmol)
in THFE (20 'RFYo RpveRy 8&“;98%@@%‘@5HB'I“"@SLHY&P'UQW&“%W@HFU& ) and t he
resul ting ritOAgHepsas) thpaivid thé titeadompoutdaps Eaburees bip[1.05%, 13095 ieldOn cool i ng

to roomtemg;ﬁ}o%te%gézﬁfgg?%ﬁﬁ)hydri de (317 ng, 85 mmwl) was added and

stirring was contl ‘'nutes. The reaction was quenched with
saturated NH4CL(50 nmlL), and then extracted wi th dichl oronet hane (3 x 100

m). The caoghy Qe@cﬂfpga@wm [eya%.ﬁo-g!gz@dmnbﬁger(éé{ggg@n%pgagggﬁ@y[h i n vacuo

and the resultl resi due sub to colum ¢ ica gel,
5% met hanol "Uﬁ'%%ﬁ)]mxy}l'?{év B'ﬁ@?’f‘?‘é@‘yﬁﬁpe’ﬂ')az "\ﬁﬁ%ylnﬂf‘@%'lﬂtﬁ%/ed in di chl or onet hane
(20 nL) to which was added 4M HCl in di oxane and the resulting solution was
stirred at om t ture for reactio nched with
NaHCO8 and é(; PRt fgpdf gﬁ %°%e[“ﬁ?»f')'éﬁ?’gﬁﬁmﬁﬁdw%ﬂ%pwﬁa% NRed or gani c

| ayer s wer dExamplel S{ NYB08076405] (800por at2amollaed cmp@um MaomMpaNNEi ed by HPLC
11 PR (308 TR A e IRy ifaf, B34 Rl ﬁiﬁﬁﬁ'vbeﬂe o 565 (1h o
J=1.7 Hz), tqgedherin PMFJ{30 m}ésfqbass'srrmarbonawx?ﬂﬁmg 26 Uﬁ@l)@nﬁi@yélum 50 (1H, d,
J=15. 4 Hz) ,iodiddB96 hid, 2G4 rﬂm&lﬁw&ekﬁ%yao@ea%ﬁrﬁb‘et% doverdightZihe 4. 16 (2H, br

a2 Lo 2SR e i e i S B Do eh e 1 e

deacet yl asériaet The drgaic lapey wasalsied evbr usigngsitirh sultateramd mn&érhtsat@\/ml I abI e HDAC

fl uor escent, 264 ‘o |\}eya @IB@%OIJ MIRV%TPere& ﬁ%%lbr%{u bﬁlrtbF-StoH %gg(l 4 at ed with

Tnsubstrate an epsi ace

the source %@Aﬁ" '@ﬁé) la@srvideyhe C@GTPPWQ@GFQHBIL%SQHG@WQ SRt% sietd). in the
presence ormglysepaeHpef. i nhibitor. Deacetylation of the substrate sensitises
the substrate to Fluor de Lys Tndevel oper, which generates a fl uorophore.
Thus, incubation of the substrate with a source of HDAC activity results in
an i ncr easestem1&iGQyebentldd-{4H{6-athinu-31{ 24 difludrobdniaeyl p2-e sapytdin-a {2y I-HDAC

i nhi bitor. ﬁ ﬁuﬂh? e?f[é%?}_ezg'%&gwﬁ%%%wggrcent age of the control, neasured in

t he absence’o ground si gnal being subtracted from al
sanples, as foll ows:

Cyclopentyl 5-{4-[6-amino-5-(2,4-difluorobenzoyl)-2-oxopyridin-1(2H)-yl]-3,5-
difluorophenoxy}-N,N-bis(fert-butoxycarbonyl)-2-methyinorvalinate (604 mg) was
dissolved in TFA (10 mL) and DCM (10 mL). The reaction was stirred at room
temperature overnight. The reaction mixture was concentrated in vacuo to give a
brown oil. The crude residue was then diluted with EtOAc (50 mL) and washed with
sat NaHCOs, water and brine. The organic layer was dried over magnesium sulfate
and concentrated in vacuo to give a pale yellow solid Example 5 (387 mg, 46%
yield).



%activity = [(SI B) / (S -x 100 where Si is the signal in the presence of
substrate, enzyne and inhibitor, Sis the signal in the presence of
substrate, enzynme and the vehicle in which the inhibitor is dissolved, and
B is the background signal neasured in the absence of enzyne. |C50 val ues
were determnined by non-linear regresston analysis, after fitting the
results of eight data points to the equation for signoidal dose response
with variable slope (% activity against |og concentration of Conpound),

usi ng Graphpad Prism software. Hi stone deacetyl ase activity from crude

STet— Wt s L = : —phase— 11 &8+ extract was
prepar ed aciftuorophenoxy}-2rmetin Yo by J. am Nucl .
Acid. Res., 1983, 11, 1475-1489, snap frozen ifpliguid nitrogen and stored
at -80C. The final buffer conposition was 20 mM Hépes, 100 M KA, 0.2 nM

EDTA, 0.5 nM DTT, 0.2 nM PMSF gnd 9 @ hﬂll' 52 W37 and HUT
cell inhibition assay Cancer cgll n U937 and ) growing in | og phase
wer e harvested and seeded 007" -N20 cells/well (100plfinal volune)

into 96-well tissue cultute_platkes ~FoIFl owm ng 24 hours of growh cells were
treated with conpound. M ates were tH&n re-incubated for a further 72 -96
hours before a WST-1 cell viability assay was conducted according to the
suppl i ers (RotR (FOpliH2dDRBSOemS ad.16 IvEH, rhine),i D115 (SHDF 3), 837 8K pressed as a

per cent age 440 hi 14 0 _rbegz?c trQl r 6dg kN foal Ni bi tor,
as foll oms:ﬂizh}i'ﬂg l_f')'?'f')bfr,f1E 1 O@E‘( @3’/ :gﬁ%g]% 9g%ngezr)’g‘?1qi§ﬁfﬁg§)éﬁggr?al in the
presence ofl-63{AHbN: 3148, 8- LEMB iperity Pohar/d 308 [INeHPr esence . of . DVBO. Dose
response curves were generated from 8 concentrations (top final
concentration 1 wth 3-fgld dilutions), using 6 replicates. |1C50 val ues
wer e deterrﬁxﬂ@ﬂpeg@/lwﬁ%ﬁm%%gﬁa bygﬁrrg‘étgﬂﬂ‘?i"’%‘ﬁeﬁc;g'i“g,& after fitting the
results to the equation for signoidal dose response with variable slope (%
activity against |log concentration of compound), using G aphpad Prism
software. p38 MAP Ki nase enzyne assay The ability of conpounds to inhibit
p38 MAPa Ki nase activity was neasured in an assay performed by Upstate
(Dundee UK). In a final reaction volune of 254, p38 MAP Ki nase a (5-10nl)
is incubated with 25nmM Tris pH 7.5, 0.02nM EGTA, 0.33ng/nL nyelin basic
protein, 10mM MjAcetate and [y-33P-ATP] (specific activity approx.

500cpni pnol, concentration as required). The reaction is initiated by the
addition of the MgATP m x. After incubation for 40 mnutes at room
tenperature, the reaction is stopped by the addition of 54 of a 3%
phosphoric acid solution. 10pL of the reaction is then spotted onto a P30
filtermat and washed three times for 5 mnutes in 75nM phosphoric acid and
once in nethanol prior to drying and scintillation counting. 53 Duplicate
data points are generated froma 1/3 log dilution series of a stock
solution in DMSO. Nine dilutions steps are nade froma top concentration of
10p.M and a 'no compound' blank is included. The standard radionetric
filter-binding assay is performed at an ATP concentration at, or close to,
the Km Data fromscintillation counts are collected and subjected to
free-fit analysis by Prismsoftware. Fromthe curve generated, the
concentration giving 50%inhibition is determ ned and reported.



_p38 MAP Kinase cellular assay: Inhibition of phosphorylation of MAPKAP2
U937 or HUT78 cells were plated in RPML 1640, and were incubated at 37C, 5%
C®2 for 18 hours. 10mM stocks of conpounds were dil ut ed media/0.1'Y DVMSO to
glve a log or sem-log dilution series, The wells for 'no treatnent' and

ani sonycin' were treated with 0.1% DVSO only. The cells were incubated at
37C, 5% CO2 for a further 4 hours. Anisonycin was added to all wells except
'no treatnent’ at a final concentration of 10 | LM The cells e

i ncubated at 37C, §%dO2 for 30 m nut ﬁs (pef P harvest. Phatges re stood
on ice whilst harvesgting, and all fol teps were carried out at 4C
The cells wer | feted at 1000r pmd or~10 m nut es at 40C he nedi a

aspi rated, anAto \ﬁet—mshe PBS—The ‘\%e | ysed in
1201. 1. 1of SOS 1y5is buf f érr{62. 5nM Arics, IPH 632 2% gl ycerol ,
50mM DTI, with protease inhibitors and phosphatase i nh| b ors added
according to the manufacturers' recomendations). After 30 m nutes on ice,
the sanples were sonicated for 5 seconds before centsrl gation at 13, 000r pm
4C for 10 minutes to remowe cell debris. Bap.lof the P uItlag gel sanpl es
wer e | oaded per | ane Jon NOVEX 4- 12% Bis-Jris MOPS gels. ranes from
western trans f geJ)s wer e bl (th anti-phosphoo KAP2,

anti - phospho ti GAP o the rﬁmﬂ\

i nstructions. S| gasﬁ&lo %a?ﬁw sual [ sed @éb@@ P-+inked anti-r bﬁglft or
anti-nmouse antibodids, ECL r8&4ent and ECL filnf**C50 val des for the
various conpounds|were visualised fromthe resulting pho raphi ¢ i mages,
usi ng both bang.shift and signal intensity. LPS-stimulation of THP-1 cells
THP-1 cells were pl at gfdgdd 100pl at a dengity of 4 x 104 cell i
V-bottonmed 96 wel k tifssue culture treated plates and incubatgd at 37°'C in
5% CO2 forl6 ures. hours after dition of thednh biftor in 100pl of
tissue culturggnéldi Ct\g@cells \émﬁ ted with m( oI strain
005: 85, Sigma) atoJa raté, @f 'l pg/Tg_and i ngfbated at 37*Cin
5% CO2 for 6 hours. LINF-a Ieve S were asured from ceII-fr/fe super nat ants
by sandwi ch ELI SA (R&D Systens #QTAO0OB)' 54 HCE-1 Carboxyl esterase Assay
Hydrol ysis of esters to the correspondi ng carboxylic acids by hCE-1 can be
measured using the follow ng procedure. At zero tigmt Upl of recombi nant
hCE-1 at a concentration of 6pg/nmL in phosphat s§a uf 8P °(K2PO4 100nM
KCI 40mM pH 7.4) was added to an equal vol ume® of fassdy byffer containing
5pM ester substrate. After thorough mi xing, triplicate sanples were

i ncubated for 0, 20 or 80 mnutes at 37C. At the appropriatg tine,

hydrol ysis was stopped by the addition of 600pl of acetonitrlile. |Eor zero
time sanples, the acetoni trll* s added prior to the enzyr FheSsanpl es

wer e anal ysed f o tN ts correspondldﬁgm{ at room
terrperature ex AP 50*00 HP1100 Paob,  CTC PAL) .
Chr omat ograp s d on a MeCN @,Zp'-')mx 2, 0 and a noRil e phase

of 5-95 A %ceto‘hltrlPe inwater /0.1 % férm c faci d.° Level s of “the acid,
the hydrol ysis peadpet, after 80 m nutes are expressed in ng/nL. Broken
Cel | Carboxyl esterase Assay_ Any given conpound of the present invention
wherein ester conjugate accordi ng tghhde i nvention may be tested to
determ ne whether it neets the requirenent that it be hydrol ysed by

intracellu es! t assay. Preparation of
cel | extragﬁ)l}é?@hgﬁ?g@lﬁ?%g W%E&O@%F%bgﬁ)(' E b%%é\}gre washed in 4 vol unes
of Dul beccos PBS (- 1 litre) and pelleted at 525 g for 10 mn at 4 C. This

was repeat ¢gats & ed in 35 nL of
cold hom)genla s%%b alté)ﬁbét%llfz}@car‘%gwl L%rﬁﬁﬂltérﬁka%% Sl ﬁ&%ﬁ 5 mMMMpH 7.0

at 25 C). IpHolfehBe "\‘/\BP P érﬂé?”éﬂa%‘iﬁdrﬁeﬁﬂ@@ﬁh?}é@ﬁt@{ ?%W"(W)OEDEQ for 50
m nk?t_ I4 3. 48Tmesmmmgmwmlfmm]so1hﬁ@t1 mmmo?armdaawﬁ?ae@mﬁ{@ﬂo\]gut hlﬁ/l

ai in ncentrations. of:. epti.n
Zg(r:oti ni n %) %8%[?/%@38@8%@!\/[9 B8t rﬁaci'o%weik]/l?%i‘f"% ﬁﬁ&ig’?'}?dl\w ynost ati n

33 u. M M HCI sat NaHCO,, brlne dried (MgSQ,) and concentrated in vacuo. The residue



After clarification of the cell honpbgenate by centrifugation at 525 g for
10 mn, the resulting supernatant was used as a source of esterase activity
and was stored at -80 C until required. 55 Measurenent of ester cleavage
Hydrol ysis of esters to the correspondi ng carboxylic acids can be neasured
using the cell extract, prepared as aldove. To this effect cell extract (-30
pg / total assay volunme of 0.5 nL) was incubated at 37 Cin a Tris- HCl 25
mv 125 mM NaCl buffer, pH 7.5 at 25 C. At zero tinme the ester (substrate)
was then avereeuriied by £olyan chrometasrardy (21 5IOACHepianed irdreyide etiliees wer e

i ncubat ed @mpdlikd BOE chiBEricaBRII EP68 §L9> % iyERy) (MEeuWab M+Qajer 80 m nutes).
Reacti ons were stopped by the addition of 3 x volunes of acetonitrile. For

zero time sanples the acetonitrile was added prior to the ester compound.
Af t er cent 8iepsigatd followatthd 24O mgtHodolody 48 descatsstiih Exampless (Behdiegd for the
ester and its correspondi ng carboxylic acid at roomtenperature by LCVS
(Sciex APl 3000, HP1100 binary punp, CTC PAL). Chromatography was based on
a MeCN ( 75Step20:19ri4lp-Araiheram2 drdifluarabehidyb-2edxapwidit-1(8HBHI-8Bacet oni tril e in

vater /0. 140 dr05HEhExy/ASinkktn in@f hydrolysis are expressed in pg/ nnm n.
Cell Accunul ation Assay Cells r81x104/ m.) were incubated at 37C in culture

medi um cont ai ni ng 6pM conpound in a 5% (v/v) CO2-hum dified atnosphere.
| ncubat i ongraBite 5H{e[evaminb S 2at diftiorédenkyylcBBXdpyiidigataHyafs-25 nL al i quots of

h | ' 0g f 5 mi C._ Q. I f th
cul ture noll o SIEPREr U Pe o PlloR R 525 Ryp R F CRRBRIAS (1 e
( Si gma- Al ddissriived ildT EA& (2 mibcanet DO (2 it ).Slieeeacdiomwes stirted at eimdual cel | pel | et
I j RES-y I h
(2x106 ce Ieﬁ)pet’]égnﬁg S¥&rhBht ¢he Iéégf?onnérﬁ%%g‘{ wé&é‘éan;&%ﬁétéd HvadtBlgfe aVI§r§/I@Lt en

anal ysed for _t ster "and acid lite room tenperature | C/ MS/ MS
(Sci ex API QbGD? Q%F%?d@ﬁéwf‘me%‘ﬂ%@eﬁﬁ' eéhwmy% ?%O%WDEWMCOI um with
a 5- 95% (B3\hg, a0% yieu)twHidrewadXiltkPed(atf ahd dried hderageulimmdlyivecExaiiiee For the
zero tine sarrﬁbgs | the cell suspension was chilled and centrifuged as soon
as the est32N535B%en added and then extracted into acetonitrile as
described. Levels in cells are expressed as ng/nL. Conpound inhibition of

(PIP%S (() I C;‘-'])('\)/’ BIYIhpr?&I\I N-ﬂ?dn%&y-@tkﬁs%ﬂp%%'pmaﬂﬁdﬁf MAPKAP-2 in 11937 cells
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o
Compound IV

Compound IV was prepared as shown in Scheme 9 below

o}
H2N10\< w/

@\/\"/OH > Ir:lj\ ——— H
I QA 6 ~OH
N °

Scheme 9

N-(1-Isobutoxyethoxy)-3-phenylpropionamide

N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC) (151 mg) and
4-Dimethylaminopyridine (catalytic) were added to a stirred solution of hydrocinnamic
acid (100 mg), protected hydroxylamine (WO02008/040934) (136 L) and
dichloromethane (5 mL) at RT under a nitrogen atmosphere. The reaction was stirred
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for 2 hours and then poured into water (50 mL). This was extracted with
dichloromethane (2 x 50 mL). The combined organic layers were dried over sodium
sulfate and solvent removed in vacuo. The residue was purified by column
chromatography using an eluent of 0 to 100 % ethyl acetate in heptanes, reached via
a gradient to give the product as a colourless oil (58 mg).

Compound IV: N-Hydroxy-3-phenylipropionamide

N-(1-Isobutoxyethoxy)-3-phenylpropionamide (58 mg) was dissolved in DCM (2 mL)
and MeOH (0.5 mL) and stired at RT under a nitrogen atmosphere. 4M HCI in

dioxane (275 pL) was added to the solution and the reaction stirred for 2 hours.

Solvent was then removed in vacuo and the residue purified by HPLC to give the
product as a pink solid (9 mg). Co
m/z 166 [M+HJ". 'H NMR (300 MHz, DMSO-d;) 10.37 (1H, bs), 7.21 (5H, m), 2.81

(2H, t, J = 7.5Hz), 2.61 (1H, m), 2.58 (2H, t, J = 7.5 Hz).

Synthesis of Examples 7, 8,9 and 10

The above compounds were synthesised using the intermediates and methods
described below.

Intermediates

Intermediate 7: (2E)-3<(5-Formylpyridin-2-yl)-N-(1-iscbutoxyethoxy) acrylamide -

1 \)\
N X N,O O
i H
H N
0]

Intermediate 7 was prepared by methods described in WO2008/040934.

Intermediate 8: 3-(4-formylphenyl)-N-(1-isobutoxyetho ropanamide
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Intermediate 8 was prepared by methods described in WO2008/040934.

Intermediate 9: Cyclopentyl 1-aminocyclohexanecarboxylate

=

To 1-aminocyclohexanecarboxylic acid (4.2 g,29 mmol) in cyclohexane (250 mL) was
added cyclopentanol (50 mL) and para-toluenesulphonic acid (5.89 g) and the

resulting suspension heated at reflux in a Dean-Stark apparatus for 72 hours. On
cooling to room temperature the resulting white solid was collected by filtration and
washed with cyclohexane (2 x 100 mL) and dried under reduced pressure to give the
titte compound (4.1 g) as a colourless solid. m/z 212.3 [M+H]".

Intermediate 10: Cyclopentyl 2-methyi-D.L-leucinate

O
oy
O

A solution of (R,S)-a-methylleucine (500 mg,3.44 mmol) in cyclopentanol (1 mL) and
conc. HzS0, (0.36 mL) was heated at 80°C for 28 hours. The reaction was
concentrated under reduced pressure and the residue partitioned between saturated
NaHCO; (aq) (20 mL) and dichioromethane (20 mL). The organic layer was dried
(MgSQ,) and evaporated to give the desired material (650 mg) as a light brown oil
which was used without further purification. m/z 214.3 [M+H]".



50 Acid 50 10 0.2 198 165 987 Table 1 Table 1 shows that the acid of
Exanple 1 has a simlar I1C50 in the enzyne assay to the parent conpound
(Conpound 1): (WD 03/076405) indicating that binding to the enzyne has not
been disrupted by attachment of the esterase notif. Di-substituted
conpounds, e.g. Exanple 1, are hydr ol ¥ed by hCE-1 and as a consequence the
acid accunul ates in cells. This accunul ation of acid results in Exanple 1
being significantly nore potent thd?gﬁﬁéi%arent conmpound in the cellular
assay. These data hlghllght the potency benefit that can be achieved by the
attachnent urmul at i on of

To a solution of Intermediate 8 (208 mg, 0.68 mmol) and Intermediate 5 (184 mg,
0.68 mmol) in dichloromethane (20 mL) was added sodium triacetoxyborohydride
(430 mg, 2.04 mmol) and acetic acid (47 pL). The resulting solution was stirred at
room temperature for 5 hours and then quenched with saturated NH,Cl. The reaction
was extracted with dichloromethane (2 x 50 mL) and the combined organic layers -
‘were dried (MgSO,) and concentrated in vacuo. The rés_ult_ing residue was dissolved
in 4M HCI in dioxane (1 mL) and stirred at rodm temperature for 1 hour. The reaction
was quenched with NaHCO; and exiracted with ethyl acetate (2 x 150 mL).The '
combined organic layers were dried (MgSO,) and evaporated. The residue was
purified by HPLC to give the title compound (80 mg) as a colourless solid.

m/z 375 [M+H]*. "H NMR (300 MHz, MeOD), 7.46 (2H, d J=7.9 Hz), 7.36 (2H, d

J=8.1 Hz), 5.40 (1H, m), 4.18 (2H, s), 2.98 (2H, 1, J=7.2 Hz), 2.38 (4H, m), 2.08-1.52 .
(14H, m).

Example 8: 1-({4-[3-(Hydroxyamino)-3-oxopropyilbenzyl}amino)cyclo
pentanecarboxylic acid

0O
~OH
N
H

ZT

HO

Cyclopenty! 1-({4-{3-(hydroxyaminc)-3-oxopropylibenzyl}amino)
cyclopentanecarboxylate (Example 7)(40mg) was stirred with lithium hydroxide (40
mg, 15mmol) in THF (1 mL) and water (1 mL) at 45°C for 36 hours. The reaction was
concentrated under reduced pressure and the resulting residue purified by Gilson
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preparative HPLC. The purified carboxylic acid derivative was stirred in
dichloromethane:TFA (1 mL, 1:1 v/v) for 1h at room temperature and the reaction

concentrated under reduced pressure. The title compound (3 mg) was isolated as a
colourless solid.

"H NMR (300 MHz, MeOD), 7.47 (2H, d J=7.9 Hz), 7.36 (2H, d J=8.1 Hz), 4.18 (2H,
s), 3.01-2.95 (2H, t J=7.5 Hz), 2.38 (4H, m), 1.97-1.59 (6H, m)

Example 9: Cyclopentyl N-{4-[3-(hydroxyamino)-3-oxopropyllbenzyl}-2-methyl-

D,L-leucinate

This was made in a similar manner to'Example 7 using Intermediate 8 (209 mg,
0.68 mmol) and Intermediate 10 (146 mg, 0.61 mmol) which gave the title
compound (200 mg) as a colourless solid. m/z 391.51 [M+H]".

'H NMR (300 MHz, MeOD) 7.44 (2H, d J=8.1 Hz), 7.35 (2H, d J=8.1 Hz), 5.38-5.33
(1H, m), 4.21 (1H, d J=12.8 Hz), 4.06 (1H, d, J=12.8 Hz), 2.98 (2H, t J=7.6 Hz), 2.41
(2H, tJ=7.6 Hz), 2.04-1.72 (11H, m), 1.68 (3H, s), 0.99 (6H, t J=7.6 Hz).

The following example was made in a similar manner to the title compound of
Example 8 using Example 9.

Example 10: N-{4-[3-(Hydroxyamino)-3-oxopropyllbenzyl}-2-methyl-D,L-leucine

HO

I=
T

N
OH
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m/z 323 [M+H]". 'H NMR (300 MHz, MeOD), 7.44 (2H, d J=8.1Hz), 7.35(2H, d
J=8.1Hz), 4.20 (1H, d J=12.4Hz), 4.09 (1H, dJ=12.6Hz), 2.97 (2H, t J=7.3Hz), 2.41
(2H, t J=7.7Hz), 2.01-1.87 (3H, m), 1.76 (3H, s), 1.01 (6H, t J=6.3Hz).

Example 11: Cyclopentyl 1-[({6-[(1E)-3-(hydroxyamino)-3-oxoprop-1-en-1-

l1pyridin-3-yl}methyl)Jamino]cyclohexanecarboxylate
O
_OH
0 XA NN
PP :
o =

To a solution of Intermediate 7 (386 mg, 1.83 mmo!) and Intermediate 9 (902 mg,
3.02 mmol) in THF (20 mL) was added powdered molecular sieves 4A (100 mg) and
the resulting mixture was heated at reflux temperature for 12 hours. On cooling to
room temperature, sodium borohydride (317 mg, 85 mmo!l) was added and stirring
was continued for 20 minutes. The reaction was quenched with saturated NH,CI (50
mL), and then extracted with dichloromethane (3 x 100 mL). The combined organic

layers were dried (MgSO,), concentrated in vacuo and the resulting residue
subjected to column chromatography [silica gel, 5% methanol in DCM]. The purified
material was dissolved in dichloromethane (20 mL) to which was added 4M HCl in
dioxane and the resulting salution was stirred at room temperature for 1 hour.. The
reaction was quenched with NaHCOj; and extracted with ethyl acetate (2 x 150 mL.).
The combined organic layers were dried (MgSO,) and evaporated. The residue was
purified by HPLC to give the title compound (80 mg) as a colourless solid, m/z 388.25
(M+H)*. "H NMR (300 MHz, ds-DMS0) 10.95 (1H, br s), 9.43 (1H, br s), 8.65 (1H, d,
J=1.7 Hz), 7.92 (1H, dd, J=2.0, 8.0), 7.67 (1H, d, J=8.0 Hz), 7.50 (1H, d, J=15.4 Hz),
6.98 (1H, d, J=15.4 Hz), 5.23 (1H, t, J=5.3 Hz), 4.16 (2H, br s), 2.15-2.30 (2H, m),
1.16-1.96 (16H, m).



Exanpl e 3 100 10000 100 ND ND Table 2 Table 2 shows that the parent
conpound (Conpound 1) is equipotent in nonocytic and non nonocytic cell

| i nes whereas Exanples 1 and 3 are 100 times nore potent

in the nonocytic

cell line. Exanmple 1 only accunul ates in the nonocytic cell |ine show ng
that cell selectivity is achieved by ¥lhe attachment of an esterase notif
that is only cleaved in the nonocytic cell line. 57 Conpound |Inhibition

of phosphoryl ation of MAPKAP-2 in W37 cells (1050, nM (nonocyte cell

l'i ne)
Biological Activity

Histone deacetylase 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 fluorophore. 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:

% activity = [(S'= B) / (S° - B)] 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 software.

Histone deacetylase activity from crude nuclear extract derived from Hela cells was

used for screening. The preparation, purchased from 4C (Seneffe, Belgium), was

prepared from HeLa cells harvested whilst in exponential growth phase. The nuclear

extract was prepared according to the methodology described by J. D. Dignam, Nucl.
Acid. Res., 1983, 11, 1475-1489, snap frozen in liquid nitrogen and stored at -80°C.
The final buffer composition was 20 mM Hepes, 100 mM KCI, 0.2 mM EDTA, 0.5 mM

DTT, 0.2 mM PMSF and 20 % (v/v) glycerol.



I nhi bition of phosphorylation of MAPKAP-2 in HUT 78 cells (1C50, nM
(non-nmonocytic cell line) RatiolC5Cs in HUT 78 to W37 cells F 0CGH,
Parent Conpound 11 10 10 1 I*

52

U937 and HUT cell inhibition assay

Cancer cell lines (U937 and HUT) growing in log phase were harvested and seeded
at 1000 — 2000 cells/well (100ui final volume) into 96-well tissue culture plates.
Following 24 hours of growth cells were treated with compound. Plates were then re-
incubated for a further 72 — 96 hours 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-[(S"S°)x100]

where S'is the signal in the presence of inhibitor and S°is the signal in the presence
.of DMSO.

Dose response curves were generated from 8 concentrations (top final conoentratmn
-10uM, with 3-fold dilutions), using 6 replicates.

ICso values were determined by non-linear regression analysis, after fitting the resulits
to the equation for sigmoidal dose response with variable slope (% activity against
log concentration of compound), using Graphpad Prism software.

p38 MAP Kinase enzyme assay

The ability of compounds to inhibit p38 MAPa Kinase activity was measured in an
assay performed by Upstate (Dundee UK). In a final reaction volume of 25uL, p38
MAP Kinase a. (5-10mU) is incubated with 25mM Tris pH 7.5, 0.02mM EGTA,
0.33mg/mL myelin basic protein, 10mM MgAcetate and [y-**P-ATP] (specific activity
approx. 500cpm/pmol, concentration as required). The reaction is initiated by the
addition of the MgATP mix. After incubation for 40 minutes at room temperature, the
reaction is stopped by the addition of Sul of a 3% phosphoric acid solution. 10uL of
the reaction is then spotted onto a P30 filtermat and washed three times for 5
minutes in 75mM phosphoric acid and once in methanol prior to drying and
scintillation counting.
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Duplicate data points are generated from a 1/3 log dilution series of a stock solution
in DMSO. Nine dilutions steps are made from a top concentration of 10uM, and a 'no
compound' blank is included. The standard radiometric filter-binding assay is
performed at an ATP concentration at, or close to, the Km. Data from scintillation
counts are collected and subjected to free-fit analysis by Prism software. From the
curve generated, the concentration giving 50% inhibition is determined and reported.

P38 MAP Kinase cellular assay: Inhibition of phosphorylation of MAPKAP2

U937 or HUT78 cells were plated in RPMI 1640, and were incubated at 37°C, 5%
CO, for 18 hours. 10mM stocks of compounds were diluted media/0.1% DMSO to
give a log or semi-log dilution series. The wells for ‘no treatment’ and ‘anisomycin’
were treated with 0.1% DMSO only. The cells were incubated at 37°C, 5% CO, for a
further 4 hours. Anisomycin was added to all wells except ‘no treatment’ at a final -
concentration of 10 uM. The cells were incubated at 37°C, 5% CO, fdr 30 minutes .
before harvest. Plates were stood on ice whilst harvesting, and all following steps
were carried out at 4 °C. The cells were pelleted at 1000rpm for 10 minutes at 4 °C,
the media ésbirated, and the pellet washed with cold PBS. The pellets were lysed in
120wl of SDS lysis buffer (62.5mM Tris, pH 6.8, 2% SDS, 10% glycerol, 50mM DTT,
with protease inhibitors and phosphatase inhibitors added according to the
manufacturers’ recommendations). After 30 minutes on ice, the safnples were
sonicated for 5 seconds before centrifugation at 13,000rpm 4°C for 10 mjnutes to

remove cell debris. 10ul of the resulting gel samples were loaded per lane on

NOVEX 4-12% Bis-Tris MOPS gels. Membranes from western transfer of gels were
blotted with anti-phospho MAPKAP2, anti-phospho HSP27 and anti GAPDH
according to the manufacturers’ instructions. Signal was visualised using HRP-linked
anti-rabbit or anti-mouse antibodies, ECL reagent and ECL film. IC50 values for the
various compounds were visualised from the resulting photographic images, using
both band-shift and signal intensity.

LPS-stimulation of THP-1 cells

THP-1 cells were plated in 100yl at a density of 4 x 10* cells/well in V-bottomed 96
well tissue culture treated plates and incubated at 37°C in 5% CO, for16 hours. 2
hours after the addition of the inhibitor in 100l of tissue culture media, the cells were
stimulated with LPS (£ coli strain 005:B5, Sigma) at a final concentration of 1ug/mL
and incubated at 37°C in 5% CO- for 6 hours. TNF-a levels were measured from cell-
free supernatants by sandwich ELISA (R&D Systems #QTAO00B)



100 ...,.- 20 Table 3 Table 3 indicates that a CIlinked dial kyl conpound
(Exanp(e 5) is macrophage sel ective whereas the parent conpound (Conpound
[1; WD 03/076405) and a conpound (Conpound I11; WD 2007/ 129036) | acki ng an
al kyl group at the al pha carbon of the amno acid derivative are not. This
Il lustrates that macrophage sel ectivi t“y can be achieved by the introduction
of a second substituent at the al pha carbon of the am no acid ester notif.
58 Conpound I nhi bition of HDAC (1C50 nM Inhibition of proliferation in
11937 cel | SHCE-1 Carboxylesterase Assay

Hydrolysis of esters to the corresponding carboxylic acids by hCE-1 can be

measured using the following procedure. At zero time, 100ul of recombinant hCE-1
at a concentration of 6ug/mL in phosphate assay buffer (K,PO4 100mM, KCl 40mM,
pH 7.4) was added to an equal volume of assay buffer containing 5uM ester
substrate. After thorough mixing, triplicate samples were incubated for 0, 20 or 80
minutes at 37°C. At the appropriate time, hydrolysis was stopped by the addition of
600yl of acetonitrile. For zero time samples, the acetonitrile was added prior to the
enzyme. The samples were analysed for the ester and its corresponding carboxylic
acid at room temperature by LCMS (Sciex AP! 3000, HP1100 binary pump, CTC
PAL). Chromatography was based on a MeCN (75 x 2.1mm) column and a mobile
phase of 5-95 % acetonitrile in water /0.1 % formic acid. Levels of the acid, the
hydrolysis product, after 80 minutes are expressed in ng/mL.

Broken Cell Carboxylesterase Assay

Any given compound of the present invention wherein ester conjugate according to
the invention may be tested to determine whether it meets the requirement that it be-
hydrolysed by intraceliular esterases, by testing in the following assay.

Preparation of cell extract
U937 or HCT 116 tumour celis (~ 10°) were washed in 4 volumes of Dulbeccos PBS
(~ 1 litre) and pelleted at 525 g for 10 min at 4 °C. This was repeated twice and the
final cell pellet was re-suspended 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 uM

E64 8 pM

Pepstatin 1.5 uM

Bestatin 162 uM

Chymostatin 33 uM

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.
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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 pg / total assay
volume of 0.5 mL) was incubated at 37 °C in a Tris- HCI 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 pM and the samples were incubated at 37 °C for the appropriate
time (usually 0 or 80 minutes). 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, HP1100 binary pump, CTC PAL). Chromatography was based on a MeCN
(75 x 2.1mm) column and a mobile phase of 5-95 % acetonitrile in water /0.1 %
formic acid. Rates of hydrolysis are expressed in pg/mL/min.

Cell Accumulation Assay

Cells (8x10%mL) were incubated at 37°C in cﬁifure medium containing 6pM
compound in a 5% (v/v) COzx-humidified atmosphere. Incubations were terminated
after 6h by centrifugation of 25 mL aliquofs of the cell suspension at 300g for 5
minutes at 4°C. 0.2mL samples of the culture media supernatants were added to 4.
volumes of acetonitrile (Sigma-Aldrich). After decanting the supernatant, the residual
cell pellet (2x10° cells) was extracted into 1mL of acetonitrile. Samples were then
analysed for the ester and acid metabolite at room temperature by LC/MS/MS (Sciex
AP{3000). Chromatography was based on a MeCN (75 x 21mm) column with a 5- -
95% (viv) acetonitrile, 0.1% (v/v) formic acid mobile phase. For the zero time
samples, the cell suspension was chilled and centrifuged as soon as the ester had
been added and then extracted into acetonitrile as described. Levels in cells are
expressed as ng/mL..

. Cleavage

Inhibition of RE::;‘O by cell Cell
Inhibition off phosphorylation Igsos Cleavage lysate {accumulation
Compound P38 | of MAPKAP-2in| "' [ FIOE 7 [From U937| in U937 celis

(IC50 nM) |U937 cells (IC50,_ = YHUEA cells | at6 hours
nM) 1C50 pg/n:‘LIml (ng/mL)
50 300 6 NA NA NA
Compound | (parent)
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Example 1
Table 1

Table 1 shows that the acid of Example 1 has a similar IC50 in the enzyme assay to
the parent compound (Compound I): (WO 03/076405) indicating that binding to the
enzyme has not been disrupted by attachment of the esterase motif. Di-substituted
compounds, e.g. Example 1, are hydrolysed by hCE-1 and as a consequence the
acid accumulates in cells. This accumulation of acid results in Example 1 being
significantly more potent than the parent compound in the cellular assay. These data
highlight the potency benefit that can be achieved by the attachment of the esterase
motif and the resulting cellular accumulation of the corresponding acid.

Inhibition of Inhibition of
phosphorylation|phosphorylation o ' -
of MAPKAP-2 in|of MAPKAP-2 in|Ratio IC50s in|Accumulation Aﬁﬁu&lﬁhson
Compound U937 cells HUT 78 cells || HUT78to |[in U937 celis cells |
(IC50, n) (IC50, nM) U937 cells .| (ng/mL) (ngimL)
(monocyte cell |{non-moriocytic g
line) cell line)
Parent 300 450 1.5 NA NA
Compound |
Exampie 1 10 1000 100 987 3
M 100 10000 100 ND ND
Example 3
Table 2

Table 2 shows that the parent compound (Compound I) is equipotent in monocytic

and non monocytic cell lines whereas Examples 1 and 3 are 100 times more potent

in the monocytic cell line. Example 1 only accumulates in the monocytic cell line

showing that cell selectivity is achieved by the attachment of an esterase motif that is
only cleaved in the monocytic cell line.




0.04 ND Table 4 Table 4 shows that the acid of Exanples 7 and 9 have
simlar 1C5Cs in the enzyne assay to the parent conpound (Conpound IV):
indicating that binding to the enzyne has not been disrupted by attachnent
of the esterase notif. Di-substituted conmpounds, e.g. Exanple 7, are
hydrol ysed by hCE-1 and as a consequeYice the acid accunul ates in nonocytic
cells. This accumulation of acid results in Exanples 7 and 9 being
significantly nore potent than the parent compound in the cellul ar assay.
These data highlight the potency benefit that can be achieved by the
attachnent of the esterase notif. 59 Conpound I nhi bition of HDAC (1 C50
NnM Inhibition of proliferation in W37 cells

Inhibition of Inhibition of
phosphorylation of] phosphorylation of .
Compound MAPKAP-2in U937| MAPKAP-Zin HUT 78 [Ratio IC80s in HUT]
cells (IC50, nM) cells (IC50, nM) ce

{(monocyte cell line){(non-monocytic cell line)

£
o u

Parent
Compound I}

M.VKO 1 1 1

Compound I

O 5 . j@o : 20

Example 5

Table 3

Table 3 indicates that a C-linked dialkyl compound (Example 5) is macrophage
selective whereas the parent compound (Compound II; WO 03/076405 ) and a
compound (Compound lll; WO 2007/129036) lacking an alkyl group at the alpha
carbon of the amino acid derivative are not. This illustrates that macrophage
selectivity can be achieved by the introduction of a second substituent at the alpha
carbon of the amino acid ester motif.
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Inhibition of | Inhibition of |Ratio cell IC50s
Compound HDAC proliferation |  to enzyme Cleséaég: by
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¥
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O
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OH
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L H |
0 Ny [ %%2 ] 100 0.04 ND
0 ' _
Example 9
Table 4

Table 4 shows that the acid of Examples 7 and 9 ha\)e simifaf IC50s in the enzyme
assay to the parent compound (Compound IV): indicating that binding to the enzyme
has not been disrupted by attachment of the esterase motif. Di-substituted
compounds, e.g. Example 7, are hydrolysed by hCE-1 and as a consequence the
acid accumulates in monocytic cells. This accumulation of acid results in Examples 7
and 9 being significantly more potent than the parent compound in the cellular assay.

These data highlight the potency benefit that can be achieved by the attachment of
the esterase motif.
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" Table 5 shows that the parent compound (Cbmpdund IV) has similéf potencies in
monocytic (U937) and hon monocytic (Hut78) cell lines whereas Examples 7 and 9
are 30 times more potent in the monocytic cell line than the non-monocytic cell line.
This illustrates that a second substituent at the alpha position of the amino acid motif

confers macrophage selectivity on the compounds.



4900 6242 190 5500 30 Table 5 Table 5 shows that the parent conpound
(Compound V) has simlar potencies in nonocytic (U937) and non nonocytic
(1-1ut78) cell lines whereas Exanples 7 and 9 are 30 tines nore potent in
t he monocytic cell line than the non-éfbnocytic cell line. This illustrates
that a second substituent at the al pha position of the amno acid notif
confers macrophage selectivity on the conpounds. 60 Cains: 1. A covalent
conj ugat e ofgigims®, a- di substituted glycine ester and a nodul ator of the
activity of a target intracellular enzyme or receptor, wherein: the ester
group of the conjugate is selectively hydrol ysable to the correspondi ng
a, adi subst i tut ed cgvajent comjugata jotiarad, @-disybstitated glyciom bsterrand g nodelatonefr acel | ul ar
carboxyl es! qpa3GE/ ¥ Wrad firadeulift! AbjnPorkbefieh, WAarANt a1 Nl ng NCE-2 of hCE-3
; the & a- Y

but not hCE- an Isubstituted glycine ester is conjugated to the
nmodul ator at a position renote fromthe binding interface between the

modul at or ande édiér gicup 9Ethe SEHUGER iDseldchRBHydrblysabletto tHeomespontigdiat i t ut ed
glycine estef_is.coval ent|lv conjugat e I &l a- am no

o up such (b R BB sglearbi A iy i RElR b holefeldkd, 0T D

|i nked to a enaynrolfyE-1 rafitive i cellsxontaining PeERpr hebdjbutnt BCH!: amd

a, a-di substituted glycine ester and a nodul ator of the activity of a target
intracellular enz or receptor,, wherejn: the ter group of the conjugate
is selecti véT‘?“HﬁE‘T“ ?tﬂ?yé'"FBStPﬁé"WP{?g&othﬁ[“ﬂg‘ﬁ%{?raaaggﬁ%@f‘i tuted glycine
conj ugat e byremetk fremdimrtimdingi imerfdch betivaén the elotuldtarand dhrelanggt evgmer cise enzyne
hCE-1 rel atiygslp apgl | s containing hCE-2 or hCE-3 but not hCE-1; and the

a, a-di substituted glycine ester is conjugated to the nmodul ator such that

t he bi ndi ng node of the conjugated nodul ator and the said correspondi ng
aci d to the thas gefisubsizyetnglyaine e&tecip tavalehtly dohjegatedte tresmddaator @if its be

unconj ugat e%n{Wodd%lﬂ)ts%EH thgtrlge nitrogen of the said a-amino group is not directly linked to

a carbony! moiety.

2. A covalent conjugate of an o,a-disubstituted glycine ester and a modulator of

the activity of a target intraceliular enzyme or receptor, wherein:

the ester group of the conjugate is selectively hydrolysable to the corresponding a.,a-
disubstituted glycine conjugate by cells containing the intracellular carboxylesterase
enzyme hCE-1 relative to cells containing hCE-2 or hCE-3 but not hCE-1; and

the o,a-disubstituted glycine ester is conjugated to the modulator such that the
binding mode of the conjugated modulator and the said corresponding acid to the
target enzyme or receptor is the same as that of the unconjugated modulator; and

the a,a-disubstituted glycine ester is covalently conjugated to the modulator via its a-
amino group such that the nitrogen of the said a-amino group is not directly linked to

a carbonyl moiety.

3. A method of increasing or prolonging the intracellular potency and/or
residence time of modulator of the activity of a target intracellular enzyme or receptor
comprising structural modification of the modulator by covalent attachment thereto of



the a, a-disubstituted glycine ester is covalently conjugated to the

nodul ator via Its a-am no group such that the nitrogen of the said a-am no
group is not directly linked to a carbonyl noiety. 3. A method of
increasing or prolonging the intraceldiufar potency and/or residence tinme of
nodul ator of the activity of a target intracellular enzynme or receptor
compr i Sing. ShLUELEsEPGldreAlet b BhbliemBRdskAhobindig FGkakent al t achnent

thereto of 61 an a, a-disu g@/cme ester at a position renote from
t he bi ndi ng bPW@%’H“ﬁE\Q"%@PV@@ﬁ“"[‘H'@"’?ﬁS‘ & &7 “IHB " ar get enzyne or
receptor, wherein: the ester group of the conjugate being sel ectively

hydrol ysabl ?hee%t&p FoEaRRBdb pan@saecgtewaaol V4 v Sfbdindign] uoat e by

cells containin I'ntrac ar- car esterase enzyne h 1 relative
to cells comoaﬁlwbﬁ'gufhmy@nwnHWBY?ﬁk CW""FSGEQ iptracgfiiart he a, a- di subst it ut ed
gl yci ne est arbbs/les@raad By hCEN| reigiieas]cdil® cdrtenimitlE-2bCHCEY3 Butindls a- am no
group such Egt th nitrogen of the said a-amno group is not directly
linked to a carbonyl noiety. 4. A nethod of increasing or prolonging the
intracel lular potency and/or residence tinme of nodulator of the activity of

a g a][ get t I nttﬁeﬂ:}?@-kih&ﬂsﬁtﬁte@ @w.n@eaér id &QQB&tI?[corﬁﬁWd't@thB@wﬂﬁlétﬂﬂ\hﬂﬁsﬂd-
nodi fication o e att achment an
a, a- di subst Ff“ﬁP@&’“aFg%\qﬁaé%éP‘EPX%@W AT PHR 9% S "R 5o RS %Petdq%

conj ugat ed ewEdhbep mpietynd t he sai d correspondi ng acid to the tar get enzynme
or receptor is the sane as that of the unconj ugat ed nodul at or, wherein: the
ester group of the conjugate beln sele h ol ys Ietothe

cor r espondi My a, %ma}h%ay'?ﬁ'?i?t"éafg Vg’ ﬁfﬁé‘ﬂ? nc’ya °§ cont ai ni ng the
i ntracel | ul sesideaseimeydf swtidatarsat tf@r@wmofrﬂlﬁtgﬁt mfeacaltulavenayme@erchpt@ront ai ni ng
hCE-2 or hCEs3pqikG sﬂ&&ur&%d&tcatﬁﬁgf tﬁgﬁlo@dlﬁomy%b‘@ﬁnl StisbRfor therdt e ester is

coval ently conj ate e nodul ator via roup such that the
ni trogen of 3PH&- ‘g%ibﬁf't‘éedaﬁi"?ﬂi' &5te6 Bishi “éatWBtb'“a'i”FE’(??? ;ﬂ’? ?ﬁ?g’aa"? a car bonyl

noi ety. 5. mddalei angatiecsaitt corresroodingasciccto dhertargeti anzyampyoradcepthels fheecedi ng ¢l ai s
uherei n t he & SUDRLd Hethorhatblifhodudadlhebint 1 tuted gl ycine est er

conjugated to t nodul ator " are |n ependent |y sel ected from phenyl and
groups of formula -CFRaRbRc in which: each of R. Rb and IRc is

i ndependent khe dBedgrogest the dohjugte abiky selecivel- HyBlolybabimiplthe do@RspEadiad kynyl |

phenyl ( Cl1- C6) rogen, (Cl-C6)alkyl,
(C2- 06) al kef® d‘s“\f’ﬂﬂ“‘g@éﬁ@&xﬂ’% ‘)’Q"f f‘%iaé%’%ztf‘gﬁ' ’b&myrd C3.C8) cycl oal kyl

and Ra and Ribexyl§atetsss engyma hERd re'avved%ce&ﬁe?ﬁta'@"m%% VrFe‘?y BytEo%t t ached form
a 3 to 8 nerbenreshaecycl oal kyl or a 5- to 6- nenbered heterocyclic ring; or
R, Rb and Re together with the carbon atomto which they are attached form
atricyclic ring (for exanple adamantyl); or Ra and Rb are each

i ndependent the o Ctis@Bjitated glycing ezer@goaalméwpmuqaez! P aaRyalpr via its a-

phenyl (Cl- C@%ﬁ%‘@)’du sO¢h tRat HeHitRogas ofdRd sdrfalahpb gRap RelpuiteBlyNAKkedtiian hydr ogen,
or Ra and gg i er wth the carbon atomto V\/mch they are attached form
a cycl oal kylacﬁr WePRPWcyclic ring, and Re is hydrogen, -OH -SH, hal ogen,
-CN, - CO2H, (Ci-cC4)perfluoroal kyl, -CH2ZOH, -0(Cl-0C6)alkyl,

-0(C2- Co) al %e“y'Acon G%rﬁ@%abké/&almeé?ﬁ(&%bﬁﬁa prokading ctaﬁ@s%@eum)e al kyl,
- S( C2- C6) al ken é al ken C2- C6 aI Q%odﬂ olardroup - QW

wherein Q r@[ﬁ“é@'@ﬁt‘@ thﬁgﬁ@dlsubstltutec}/ glycme estel conjuga ed tot

independently selected from phenyl and groups of formula -CRiRR. in which:

each of R, R;, and R, is independently hydrogen, (C;-Ce)alkyl, (C2-Ce)alkenyl,
(C,-Cs)alkynyl, phenyl(C;-Cg)alkyl, (Ca-Cs)cycloalkyl; or

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

pyridyl; or



or -0-, -S, -SO or -S@2- and Wrepresents a phenyl, phenylal kyl, (C3-
C8) cycl oal kyl, (C3-C6)cycl oal kyl al kyl , (C4-C8)cycl oal kenyl, (C4-

C8) cycl oal kenyl al kyl , heteroaryl or heteroarylal kyl group, which group W
may optionally be substituted by one gr nore substituents independently
sel ected from hydroxyl, hal ogen, -CN, -CONH2, -CONH(CLl-C8)alkyl,

-CONH( Gi Ceal kyl)2, -CHO -CH2OH, (Cl-C4)perfluoroal kyl, -0(C1l-C6)alkyl,

-S(C106) al kyl, - SQ(CL- C6) al.kyl... -S02(Cl-CH)Al - H2,

- NH( C1- 06) al kyl ,'%% N("(‘@ez‘-g}é)'éq)ﬂ%)%g%'éﬁ%\ﬁ%@i’ibé%‘fyé‘l"%“ylf%l- CB) al kyl ,

(C2- C6) al kenyl , C4pkyl, 66)CaI0pyridalkyi @BLRBNE Relogetheryith thecarbes pldP oal kenyl |
phenyl or benzyl ynif ndy £68Bidédet Bmbda 3 WS Rewbersd GLidalkedr 4 5+ taey of clains 1 to
4 wherein the asubstituents of the a,a-disubstituted glycine ester \
conj ugated to t hBeHRRIRA MRIYPOYCIcIRE P t oget her with the a-carbon itself, form
a 3-6 nenbered saturated cycl oal kyl or heterocyclyl ring; or wherein at

| east one of thepsaidhfr Soafeh WitHiRb Sarbsh dorib-Hichahdg)re StsdRdd forrent . 7. A

conjugate or nethod as clained |n ané of. claims 1 to 4 wherein one of the
a-substitutents %Flcx%"fa@ra’fagd?ﬁdﬁ" B¥4°G1 ycine ester conjugated to the
nodul ator is a Cl1-C6 al kyl substituent, and the other is selected fromthe

group consisti ngaosndrﬂ%tara@iach Rlidhehderfly (GRH)alk§IOCHCRRNKNY!, IE-Codigmyland
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conj ugat e or i i s 0 erein one o

the a-substi t ut erf endd¥, tdgetheewith-tk saslymitatdrutoadhicy thayiarreatiaghedforeighj ugat ed to

the modul ator i SWIWhr By bIRGInGLdRE R, shydrBEdhY lOH, €§H halogéH, -GN, - Or

i so-propyl; or the sald a-su rSE“I t Ut ef%%_é&k_%%qg_g}@?ée)a\metnh t he carbon to

which they are abPdékedCarsripraky.cLBpopPC efeY otbbird "Y1 opentyl or

cycl ohexyl ring. s(CCe)AkENSONBERHIKyL BO(Didapaivt, -G -Conalenyt i5YCa conj ugate as

claimed in any o W : 4 160 WRerdin dMRRpRs&ISE BEHEUt | cal |y
acceptabl e carri é@%k%&l%)?éqcﬁﬁé)%{ﬂgvy?q1686?‘0%”%13,[h ofeh altepie Lfying a coval ent

od qof ident
conjugate of an & -Q:dPsHEEI SHeapdyy ?Bfeﬁ%"‘%gP’éﬁ“y'oﬁ’eay%l%(l/‘éga nodul ator of the
activity of a tacgeicloblkylr(8sel)tysloakylaky (GeCryclpalkamph G+, sai d conj ugat e
havi ng i ncreased d I FRib adHidheyréup W iRy gi ven
nodul at or, whi chcﬁé‘&cﬁ%@ér@%ﬂ%f tl‘ésiggééryi og%?t&gisagﬁ%«igf %/1b ggp: a%é%gdsbis (_;ki3 (,()(:r:!| or
positions on a gPRIeRAINBE FuBRtiBteddy opp T MEpEURstiljenss indehendently sqloeacel 1 ul ar
enzyne or recept fosm, hydrogyh halopéryrGi,i-CONGS, -GN -GoalklaCONS(Gf the activity
of a target int recaﬁgﬁgzgg%;o‘@a;w@_rggpg BobAky! SO& RIS (Same bi ndi ng node

for the target enz receptor, sai osltiopn, or si.t.i ons being renote
from t he bi ndi ngCi)ﬁl‘\érﬁﬁ%'%)é[')%’/e'ecﬁ?z&om‘é:ﬁH@ﬂu‘“&’?’d&g?' émg‘%f'hé)a ’g'r'get enzyne or
receptor; (ii) cayeal-epaiky), mdCOag)atie(Croeakelt (Gs-Coplkényl, €2t achnment of an
a, a-di substitute I he. e |Hikedy! chBQE oHengilf f er ent

a, a- di substi tut eg")g'l"i"g!r %%gﬁﬁa"{yg$4ﬁ cgc at e(?%eﬁqo?ﬁnor e of the positions
identified in (i); (iii) testing the alpha am no acid-conjugated

nodul at or (S)g, Pr eRb6MGgatdlor(mdtiodias cteanmanyef tiaies tad whereinfheagai nst t he
target enzyne or receptor; .and. (. fro i I J lakén S€l ecting
one or nore stS‘PSt'f“r?Btng@P gd"%{?L‘Qatftétﬁ%éW ?'?eu%r%gg%@fgﬁggg té%ﬁ] g!rj@a(‘:tgh}augnat ed

ver si ons of tbdutheyivitiethe mid thoa ttswif( fom aBiboiembredsaturatad WelPY! & enzyme or
receptor actiyity insi. ; ahldedsiRitaéHls fa®viamyie as the
correspondi nrtfyeé%c&f)'g@#‘?’gwg%%' 3} 'ﬁ%’lrt ?aé:@e I sa co%t ai ni ng| the int ?acel | ul ar
car boxyl est eaubsfdveahizyne hCE- 1, and which show i ncreased or prol onged

cel lul ar potency.

7. A conjugate or method as claimed in any of claims 1 to 4 wherein one of the
o-substitutents of the o, a-disubstituted glycine ester conjugated to the modulator is a
C4-C; alkyl substituent, and the other is selected from the group consisting of methyl,
ethyl, n- and iso-propyl, n-, sec- and tert-butyl, phenyl, benzyl, thienyl, cyclohexyl,
and cyclohexylmethyl.
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8 A conjugate or method as claimed in any of claims 1 to 4 wherein one of the
a-substitutents of the a,a-disubstituted glycine ester conjugated to the modulator is
methyl. and the other is methyl, ethyl, or n- or iso-propyl; or the said a-substitutents
taken together with the carbon to which they are attached form a cyclopropyl,

cyclobutyl, cyclopenty! or cyclohexyl ring.

9. A pharmaceutical composition comprising a conjugate as claimed in any of
claims 1, 2 and 5 to8 and one or more pharmaceutically acceptable carriers or

excipients. -

10. A method of identifying a covalent conjugate of an a,a-disubstituted glycine
ester of a given modulator of the activity of a target intracellular enzyme or receptor,
said conjugate having increased or prolonged cellular potency relative to the given

modulator, which method comprises:

(i) identifying a position or positions on a given modulator of the activity of a
target intracellular enzyme or receptor, or on a plurality of given modulators of the
activity of a target intracellular enzyms or receptor sharing the same binding
mode for the target enzyme or receptor, said position or positions being remote
from the binding interface between the modulators and the target enzyme or

receptor,

(i) covalently modifying the modulator(s) by attachment of an a,a-disubstituted
glycine ester radical, or a range of different a,a~disubstituted glycine ester

radicals at one or more of the positions identified in (i);

(iii) testing the alpha amino acid-conjugated modulator(s) prepared in (ii) to

determine their activity against the target enzyme or receptor; and

(iv) from data acquired in (iii), selecting one or more of the tested o,a-
disubstituted glycine ester-conjugated versions of the given modulator(s) which
cause modulation of enzyme or receptor activity inside cells, are converted to and
accumulate as the corresponding carboxylic acid inside cells containing the
intracellular carboxylesterase enzyme hCE-1, and which show increased or

prolonged cellular potency.



