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pyrroliciinyl, pyrimclinyl, norpholinyl, piperazinyt, indolyl,

nor phol | nyBince&mpfagtics ity hy camigryiesiesascalrol gysed sengdats agalingt! o

met hy| enedte@%wmqmmm%M&@%t[mwn@%@m LGk dehn m&r HEiyRlem dO

groups. Unless otherw se speci f in the context in which it occurs t he

term "opt i BAPPRIOTs B eitd de ‘%@"&E‘M E“éb‘ teits agoutel BRtendRaISHt neans such
noi ety maywhien swisd mmu@cﬁdum&Hao@mst@@acfemwdm@ﬁp@u bhrusiahadd dipet s, each of

e B P S 8 (L 0 (0 o

(Cf ei r) al kydrtdspondigghenydxylehtataorn bydmiy:usl proguétl (iedhs cdyreopondangd:cei koothe ) |

| corar T SRR < ek B3 86 ualrplfore T bl OB oonrar o,

NI - 12, - NHRASeRRE S ent gBaimenDofl (heperyhRes Come RRERMSLT (o e mesorier

- Nf - 1COORAt o« NRHBROERA noNHﬁ@BﬂEih\g nTté\'B:‘@@@%én Jhe m&\mdt&%@% mh_dHOONl 12,

- NRACONH2, - NHOONFI RE3, - NRACO @5 or .- RI'3 wherein RA
and RI3 ar éwaH}ecﬁéHd‘é)H‘Flig}tr& ‘U@l‘*@é‘)“&lfkﬂf"‘”@ e"lfy‘&‘l"B%F"Péy‘T”‘ "SoRenyl or
nonocycl i cietpetcpdatylinibduing gvith terbiGling mgda@t ons, or RA and R(3 when attached

to the sane nitrogen atomforma cyclic amno group (for exanple
rnorpholino, pi peridinyl, piperazinyl, or tetrahydropyrrolyl).. An
"optional bsubkiitichudat! - daybshieledmlycof: estee ob @yousy meebst 3 suishatedrroups. the

term”si de‘:@'}%!%x%atﬁm@@ff‘d{ﬁlmﬂ# aquQ%rH%r‘dry@zLdWtﬂ@@a‘li@%rﬂ@n%@'c@ﬂ igfers to

t he group tura non-natural am no aci

NE32- cH(Rlymww@imﬁﬂ”ﬂﬂhé%ﬂWﬁ&ﬁ“@%&%ﬁﬂ@“mrﬁ“mﬁﬂéw@ﬁﬂoné“%?WFbgen |1

Exanpl es ofyghder eh@idnfen@fof DRt lsusdpha) gptinOedé Lss( fnsch 1dle; khgse of

al ani ne, argini ne, asparagi ne, aspartic acld, cysteine, stine, glutamc

aci d, h|stFHWH@D“EWNHVdWBW9W9§ph@P“41H?Wﬁ@%?%?ﬂ%“ﬁéﬁwﬂ§ﬁw ©ct ne, Ieuci ne,
lysi ne, nEtrta;uglmdaemi DBRMYEBLARI M chiRs Rl RElexBRIhRE chiiR haaRuBE, hd r ypt ophan,

tyrosi ne, valine, a-am poadipic acid, a-arnino-n-butyric acid,

3, 4- di hydr BRYgHRISEPLHi ne, hor noserine, methylserine, ornithine, pipecolic

acid, and thyroxine. Natural al pha-am no acids which contain functional

substituents, for exanple am no, carboxyl, hydroxy, nercapto, guanidyl,

i mdazolyl, or indolyl groups in their characteristic side chains include

arginine, lysine, glutam c acid, aspartic acid, tryptophan, histidine,

serine, threonine, tyrosine, and cysteine. Wen one or both of the

a-substituents in the a,a-disubstituted glycine ester notif in the

conpounds of the invention is one of those side chains, the functional

substituent may optionally he protected. The term "protected" when used in



12 Hance, the broken cell assay and/or the isolated carboxyl esterase assay
descri bed herein provide a straightforward, quick and sinple first screen
for esters which have the required hydrolysis profile. Ester notifs
selected in that way may then be re-assayed in the same carboxyl esterase
assay when conjugated to the nodul atog via the chosen conjugation

chem stry, to confirmthat it is still a carboxyl esterase substrate In that
background. The ester group As nentioned, intracellular carboxyl esterase

enzymes cap@#n'b@ c@fmchmc&rdqm@hpgnmgmmﬁ:rem%wa dmg ,@awmnpym ief the
invention to the correspon I nNg aci d i nclude hree known hunan enzyne

i sotypes HRiEling ggpopsiy, @Wdh%@@ﬂi@““wtﬁwm&ﬁ“t"f*@@é’féh@él ¢EifubdEred to be the
mai n enzyrfﬁ;ﬁ:mpqi.qu&rmeﬂzwmdwﬁ&.f%ybm&l&@&yL:dmndﬁaslmﬂwg(:%ﬂar&&nmy al so have

I h | est
hydr o ysediae i S ncBarge e 8 Botach et as Hent i 111 i o
hydr ol yse rehrdreasihethahtbe hfdrohen mojpgberthindimongdegatiedatget isties samhs bi t or .
Hence, the, hﬁé?ljﬁ&nﬁ;gg&,g%%}’naﬁa?ﬂ! t8rbe rﬁ&phﬁeg:l %r@&h ﬁff}{ tP%MérS?J fd a5€ assay

descri bed h mpl e first screen
for ester sSioHficant mﬁf\v@’rﬂi'@Iéﬂfrﬂéﬁ‘qlﬂPfi"éﬂj“ﬁs*@tr”ﬁ)f?%i \gmpia% 3] uhé birgigenodedt | f s

sel ected idysthaty mmﬂmmmf th@ uﬁ&wﬁ@%@%%dnﬁt&rhﬁhé@!ﬁ% reliraeeNl igst er ase
assay when co he chosen i on

nju to the con ug ‘i
chemi stry,%% th@é’?ﬁ“‘ Pﬁﬁj’t‘%a?ari*‘im’i“@c%?f ”I“P P%{O'&‘é‘i’%’é‘km"é’&l@ ab¥erate in that
backgr oundncadnﬁwtr,ueia,tnn*tcndlfntednmomaﬁmc;rm ah oidval cdriveyn be ohyiddiod ysabl e by
intracel| ‘Phﬁ&m&% QXYY &%Ru‘ﬁg%ﬁmg%{ﬁ%d ESRNBLESen Ien %U@BM g €STEr groups

in the ( Bstit e ester carboxy eraees er not i f
i ncl ude t HBEar gECTUSE nas ateq @r)vyomxu»lwelhwéphacmmmg$hq#3azmbm@ngv\her ein (i) R

i s hydr ogafody .Lqmrwmh% bb;ﬁtﬁmﬁnbfcbjﬂ;@%&@u@%aﬁf&yhp&alnr.ﬁlﬂwh@duﬁw lii- or
(C2-Ci)alk elndependentlyo

4 Cl - ar
b 1 any- 20e offed S SR Cing O aG Gahash ca By aDIE and ko and
R10 ar e i ndepeadgmbloy rdugono gewear, i ﬁﬁwﬁi)caid{ad that thé%lr):mﬁ?&mmmghydr ogen or
opti onal | dro en or
(pCl 3) al %Oﬁmﬁﬁ {n&%}‘é@m; B‘(’)‘%‘(‘or b%ﬁ%ﬁ u?f %V%Z Eﬁn d"'R agt oget her
with the rwftcr@”g@wve oogpiper nqt@waﬁ @eaw%mmﬂwmawaﬁ@thwm ylisubstit ut ed

rnonacycl 'rﬁe@ﬁ@@ﬂ\%@%@lét%aefsb“ugdr@fyséf cdboiiic %mcﬂﬂa-@t{ [SB(;{&EQWH eglﬂ FF}RIWF(H c 13
rrn al ons an an 0O are

heterocyclic rin st em of g
i ndependerﬁ”?ij’“ﬁ;/‘%r‘%‘é@ﬁ" dirding Pevsyyng)esA han gie PRIt ARENRE Bk en toget her
with the gardomdiqlawhirchaitdaeyy, anethat ha ebedndsor mtam;ympa g bytivitpbst i t ut ed

e Yoet %y A ARSENIRASEYEL e SAERORITHG & LSRR AL 2 1 1Lt Atom

atons, ar |/ﬂ1hm@1 ﬁf%jltlwlélrlﬁ@fb@mdl Dtrrerrcuatsxe@nmpgih of(rwppmgdstr(lwr)e wabolye, "al kyl"

i ncl udes fr’aﬂé%tﬁﬁ'plﬂé‘m chaEW d@lp&?ﬁ@%ﬁd%tﬁﬁ&?% ﬁt’ta\:htn(er'ﬁbs{ré}faﬂ}/ (Hhdet (B0 is often
hydr ogen. eC| I C exag@ .1 1nclud , ' uor onet hyl , ethyl,

n- or i soﬁi3 GEGINY "Fme tdiing '8?‘3"( éP‘E rbﬂf*@ﬁﬂ d“‘*b‘%‘?rﬁﬁéi‘y'l“”'“'ﬁﬁ’r BOReI , al | yI :
phenyl , be@cztwquoawuﬁﬂ mﬁénmcrrnyiwmmd@ydpny Nnm&mw;cmdp@mcmmﬂ yl,
tetrahydrofuran err ere Riit is

cycl opent G 80 ey L] R el SR B BTGB ERLC R bt L he
, a- di substaptartie e ghoei. necicaé@wﬁtvtﬁoﬁmigatoeﬂattcm it heéhampdbimajeoty oy be

r egar ded ag.s€ nQﬁé &%ht Hamsih he L§|‘1 Q@ nﬁ)la@i!e@ﬁﬁf?]t; c@mﬂ@&.% A ﬂ{odpﬂ?ﬁ%nat ural
al pha-am no aci d, in such chai n ny f I onal groups may be
pr ot ect ed. methads, such a'? figand doc,klng cmd homoloqy nmdc.!lmq, bdac\d on the Knawn

binding modes of structurally similar modulators, or the known structure of the active
site of the target enzyme or receplor. With knowladge of the binding mode of the
modulator abtained by hese echnigues, a suitable localion for allachment of the
carboxylesterase ester motif may be identified, usually (as stated above) at a point
on the modulater which is remote from the binding interface betwaan the inhibitor and
the targel enzymae or receptor.



For exanple, (2-substituents R2 and RO of the ry.,a-disubstituted glycine
ester conjugated to the nodul ator include phenyl and groups of formula
-cft,R R'in which: each of R R, and RO is independently hydrogen,

(G -00)al kyl, (C2-00); 3l kenyl, (C2-00)al kynyl, plienyl(d -00)alkyl,
(C2-C8)cycloal kyl; or Re is hydrogen @and R, and RI, are independently

phenyl or heteroaryl such as pyridyl; or R is hydrogen, (Cl-C6)alkyl,
(C2-00) al kenyl, (C2-00)al kynyl, phenyl (01C0)al kyl, or (C2-CH)cycl oal kyl,

and R, andntRgelutayeteryisslarpsa dvayvas bumbletab hvdrolysihd dh esteegroap ef et ached form

a3tob '&Etﬁ]@@{té‘tﬂjalﬁﬁ(ﬁlxﬁrﬁbl&ﬁh tcpl.r leaﬂoée*;;%ﬂdlﬁg aﬂgmé‘ﬁlﬁ@@iw@hﬁrtpﬁrkﬂ&ﬁr?l ic ring; or
14 Rs, Rh and bPNﬂtj’“(er wth the carbon"atomto are attached

formn trieten pw fe5rC NS e A RWE DL (0 RoWihEs FESane cach
i ndependenCEy? (Eb@oyabkgEs-20 add %Bﬁ&ﬂ (lmnymm CrGaam)oal WWB \325),

phenyl (Cly ﬁ@lhl@{egeﬂ%*cons%g%léq%gg fi1e: alﬂ%ﬂ ymcz*‘s W?m ﬁxy oﬁé 54 than hydr ogen,

or 1-1" an er - w &= Chr “4re attached
forma cy@hwh%ﬁllt‘bﬁﬁ hisbatbeyolase IBFFIm)grldsamaa tR;veHsmlleyrdhﬂg@mmq B8, - SH,

hal ogen, 4 L2H, (G -C4)perfluoroal kyl, -CH20H, -0(CL-00)al kyl,
-0(C2-Ch) aI keny‘l3 - S(C1l-00)al kyl, -sSQ(C -C6) al kyl, -$02(01-C6) al kyl,
-S(C2- C6) al kenyl, -SQ(02- CCal kenyl -S02(C2-C6) al kenyl or a group -QW
wher ei n OTﬁeﬂfCﬁﬁﬁﬂ(ﬁISaS@a)bMdntﬁd tchJw H"ﬁtmplcﬁﬁtho@rofmﬁmmn mcht Wehv@Rr esents a

phenyl, phe cl oal k ) cycl oal kyl al kyl ,
(O 00) oy ot RO g ) U SRSV RETe, HARDE Y1 or
het er oar y Hashbgtituten glygine vdtireh bg boisasY mpmﬂnlcmmaidxylehemsel hstt:i thotifed by one

i

( C1- C4) perdacudigal ilréwmquea(?@ﬂi@ﬁa@%?mamﬁs@m% m;aotm thegd to d@en@ie @6) al kyl ,

-S02(Cr CG)."@'HKM'HTHT\MWSN Dy, - NH(O01- 00) al kyl, - N((Cl-C6)al ky1l) 2,

-NHCO( Cl - CG) al kyl, " (Cl1-C6) al kyl, (C2-Cs6) al kenyl (02- Ce)al kynyl,

(C3-C8) cycl oal kyl, (C4-C8)cycl oal kenyl , phenyl or benzyl. Alternatively,

t he a- subtis & tezintrs oRBe aneantiag tioft tlimﬁas&e(aecdijLﬁgabﬂtaiatmtﬂaﬁccgrhwﬁilmle\Reﬁt er

conj ugated t ther with the arbnltself may

forma 3-6"he Gt bs‘ﬁm %ﬁ%@%%&nﬁ& hgrélﬂngy?eidﬂ"d,tﬁ%ﬁ% O’gg’ "é“y opropyl ,

cycl opent wltthlortheCWI shexiyib thei potpr (umbh@ylgrcmjpyoélwt mplif rgrickhycdveas @

pi per| di nl(’:ﬂf Mé’fb 5155}3:1&@ t!ﬁqpﬁmg)aégfmgéc%né £33 1heO28, 1%&8%0%%% ftutents R2
e a, a- st to the

and R3 of Isu e ester conj uq nodul at or

is a Cl- OGP ) vag%iwwlt'u&iﬁ? celf. dﬁdeesédhﬁrtéluk@étvﬁwy dftmymodigad n- or

Itf]o pr Op)éhoclgiGttﬁWe(ﬁjﬁhﬂﬁw &6ﬁ:uth@@@nﬂfutitzb@gﬁthﬁHQ&%& W &ehnﬁa@% qnd RBC?f%
e a, a-di,su c a or is a -

eyt o D Rl e e Gl Rt iy ol TR T s1s0 e PRGBS and L e

ot her is $ellegkbidh fvlong tuhlercxymcmmxrth@mslysed n@nm‘ Laﬂﬁmmdnpraetdmydm n- and

| so-pr OpyL,'z*v ﬁ%}%ﬁ% p&)qchaltﬂgz15¥rp&3{m [pr ?ﬂﬂ i11dtqﬁ(ng{),(l(j:ﬂ att{, o? cycl ohexyl,

and cycl ohex' erre re one of R7 and
R3 is met ﬁwtcmahtimtlwérotyﬁ%@wu@awe(ﬂiﬁwmmcﬁglllﬂq agid), ﬁﬂ“*%ﬁ“ﬂl%»d@#cbfpyl or where

R2 and R taken igaet Nehatk Glﬂ ﬁﬁ%tr%ﬁé!?%[btét%d%t@l’% 4, DQN,uBrtﬁm@&taChed forma
cycl opropyl,. cyclobutyl, cyclop entFé/y%or cyclohoxyl riling. In a particular
&

case, thed¥C8pBsel @'Gt'FéHt‘Jé”dF@t Bp e ‘F“”t‘h‘é”ﬁ“’ﬁd’f%Hlﬁ%@qﬁ%’d‘ﬂ‘étﬂ“‘dh‘ym ne ester
conj ugat edorjogdtd eiomder alzptfrort Bacasiutib® b e mddRnii vgaldn®Bttachment,

the o a-disubstituted glycine ester group may be covatently attached to the
moduiator vig its amino group or via its one of the a-substituents. In some cases the
maodulator will have a convenient point of attachment for the carboxylesterase ester
motif, and in other cases a synthetic stralegy will have to be devised for its
aitachmant.

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,c-disubstifuied



As stated above, the a, a-disubstituted glyeine ester may be conjugated to
the nodul ator via its amno group, or via one of the a-substituents. A

| i nker radical nay be present between the carboxyl esterase ester notif and
t he nodul ator, The structure of the radical |inking the carboxyl esterase
ester notif to the rest of the nodul ator obviously depends on the

particul ar chem stry strategy chosen for such |inkage. Clearly the

chem stry strategy for that coupling may vary wi dely, and thus nmany |i nkage
structures_are_passible,. The nr c Lion var king up the
ki ng ongnele BIBRPURL e R BREL RS CARRL Bbb O fie ABRET S oF the
mol ecul e WilVEN@Pgtens Bhdr ppalbeitait! cva'orcttﬂaetlypimkmlpw danrlmwmgom)(a:bethef t he
conpound a§m%o%%;ﬂorr@b%ihﬁaﬁ%%c Rafd whblat cé)!l'ﬁ;régﬁlgﬁm grey may in some
cases pick up addi'tional binding Interactions wt h t her eby
enhanci ng BPA®PRERES) O wReUPIEHINSE - bean By Balvisat: dﬁ%@“%@ﬁéﬁimﬁt gttershe

am di subst vl bedddiapgd m%rmt,%ﬁ uﬁmﬁmércmem h@@aw@b@&ﬁ%r&ﬁﬁb# r’f't:ae@: ry | nt?ht he
ation w In

cell, carbox era t he nd a I
the cell f"‘%b‘sf t?éaezi’%éy{‘?@% %ﬂ‘-”rﬁj*&ﬁ’%ltfs@%“”i&%’&ﬂﬁét(‘)m%ﬁ“&“lﬁ“e“é’t’“'élch| eved
when t he | lingalgezbetswe extepibe iaodamn asﬂl tgheesingt rmw&w%mﬂemws& of the

mol ecul e i trél:pémlg?ngﬂt?t% asga%yfnﬁar t\ggen c&ﬂg%y lgrmel\ e £ cell, which

m ght resu i MO ac e. O course,
stability PG/ ht7baEand @ﬁt@hﬂ%@bfnttwaw"e@t!aﬁgnéfastwAtf:ess&ne@ tb«yl il hisubat i ng t he

conpound wﬁtab@gusmmu@@lsmlréromb%mm syRibd ANak ¥ pgtﬁ%omoﬁuch cl eavage.
For exanpl e he a, a-di substrtuted gtﬁ/m ne ester (formula

1-1: 1- qm\ﬁ@"d@ﬂﬂ-ﬁm Rty Nl §6AF whaked i bistfrendnitisnaenof dee &) a radical of
formul a - - gElbsifi}ect gieink osler Edrb (@Q&@Qdcﬁ@r%nim%ﬁcﬁQ)Na@tl’h@@io%m@f formul a

ca§ b%)%;z/l) (235%('%“(:'51"? d'gL( ?%@a&b?‘%%}é %ﬁ'arQ%ﬁbﬁt“ﬁlMﬁ% YR substituents

of the a, disudadt Mfumafdilrgj yefleremtiallyl ih cRR wih offhdive icdecechations of h@E-nat ural  or

non- nat ur a 5 ) 0) 0-,
NR T or -6 2By NRA By ety o o ety B TBBI Cea 01- 0o

al kyl; Yl FUpaBRGCE: b%@tﬁ)&%mgﬁ@(h—@w!» ﬂr*b'@(%mycimkmg He(arnipy acic egleP.O) NP, 5-
-NR, ; ( 0" 70Mnotif to S(B‘rﬁmﬁl)ﬁd\dm5wch *NR@&MQMW o@:fn atdIRSf 0R):-NRR azclty\@ﬁér% n Ro and
R6are|nd§@§€ (? §h¥ enlor |on substituted (Cl-06)alkyl, Cis
a di val ent "FAREA G P SreRoEY!. ('3 %f}“f%&@% ®Ak2), - wherein m n and p are
i ndependently 0 or 1, . O is (i) an optionally substituted dival ent nono-

or. bicycli ﬁlm I%Iﬂ'gl Qﬁ@ﬁ%’ n%wﬂrlo Bgé\ﬁﬁg&?}’oﬂ ﬂw?nf%aﬁ'ﬂa?@ di@%\él(}r@g[hl% h ﬂﬁ? ring

menbers, of fornmula
- -01- X2- W@ﬁ)ﬁcwﬂzwei: s‘ Dfmﬂww SNFGIﬂV\Nﬁt 1 {vanifipe ehal RATTiEs fydr ogen or

optional | yRﬁé»lpr%IdaFnup(ﬁﬁ D338, iffWhﬁur%QQcpa ﬁnhasth@ﬁ‘ar%%%ﬁ%hlr%u Hastituted

di val ent npno- bicyclic carbocyclic or heteroc |ca having 5 -
13 ring rrew%i‘@d”‘l\ﬁ"m“ AN oA %’Eirvfﬁ‘aﬁﬁéﬂ@ém NJrng ép‘?‘%% eRbholFPi 1at | y

substi t ut egsad Mmﬁua@c&ﬁamahrmlvwln {0RGHNGRHGLH mn@ﬂo@.ﬂﬁﬂnﬁﬁ?’@h\h;ﬂd@ubst i tuted
straight of cP al kynyl ene

radi cal s which Caarmm DRt O ]afg%&éﬁr? @""H%‘“‘%?@ﬁatﬁe} Hhr’“e?r’r]géff'?‘fé'?‘“’( 0-),
t hi oet her %Fitgilytlmmfsam!wor%\hxw celly pduldhvbee ofeiaiie RAIe Srehytimo giemnosr, opt| onal |y

substi t ut eﬂﬂ@r@nrﬂﬁma Jﬁyalutcm%;lunlsc,sdlao’ggnftlrgpi(?xg) &fa e cen YPpes wbTiaBh2-
---NR7C(=0) -
r\xpocfed 0 iead {0 rLducvd side-effects. The present invention enables a method of

largeting modulators to macrophages, which is based on the above abservation that
the way n which the «,a-disubstitthed glycine ester carboxylesterase estor motif is
finked to the modulator determines whether it is hydrolysed by specific
carboxylesterases, and hence whether or not the resultant acid aceumulates in

different coll types.

Specifically, as disclosed in WO 2006/117567, it bas been found that macrophages

contain the human carboxylesterase hCE-1 wheraas olher celt types do not, in the



----NR7C(=;0)-NR3- -NR,s(=c),-, or -8(=0)2NR7-- wherein N1 and R, are

i ndependently hydrogen or optionally substituted Cl1-00 alkyl; and z is U or
1. Taking the variables present in the linkage radical in turn: 17 a may
be O or 1, so that a nethylene radical |inked to the nodulator is optional.
specific preferred exanples of Y inclaude a bond, -(C;;C)-, -(C-20)NH,
and -(C=0)0-. However, for fiCE-1 Specificity when the al pha am no acid
ester is conjugated to the inhibitor as a radical of formula (1A), Y should

be a bond. .daflighl8 of ﬁgllf@ailﬂiolﬁz wﬁéﬁﬁplnﬂ eh oﬁlul.‘bst@ﬂgolﬁdlé @b@ﬁgieﬁ@ldﬁnutv‘hen
present, |nc ude Clgl

CF17- CHCHa® "@&@E@h@&mbw@'m W@E@dﬁ? EH*%\H'& O@M?éé@éﬁﬂsﬂ%%ﬁ‘?’% ‘dnal

exanpl es ofinddidoke dnd:sildse-hydolyaae mobiiMor corfid2 @H2N only SHRAGHAPMCH2- |

CHZCHZV\C;‘Q&&%%I s~ - CL12WCH2CH2-,  CH7\WCH2 CH2WCHT -, and - WC112CH2- where W
is -0-, - % N(OH3) -, or - CH2CH2N(CH2C112011) OH2-. Further exanpl es

of Alle and Alle include dival ent cycl opropyl, cyclopentyl and cycl ohexyl

radi cal s. gl Bormore WER, 1 i%lﬁj*a@rutohI’bﬁ/cﬂ@(yoﬁﬁgaib§ofarhrﬂ%gxglﬂﬁﬂ )p‘ol Qh@lﬂn

(optional ly substitutet “and per ha havi'n er or am no
| i nkage) . Pﬁ@s}?&*ﬁﬂtwqﬁﬂ" FosiayiT %’ﬁ‘rCéd)WWé"ﬂGrﬁ?fé'r‘(eﬁﬂé'%’lﬁﬁlﬁﬁa@ﬁ@lthfﬁUBst| tuents

in C Wiencdp@ihicNoaR doRaiit: Quoddyidstried HoRl 2o WORY: or bicyclic
carbocyclic or heterocyclic radical with 5 - 13 ring atons (optionally

substituted), Wien nis 1 and at |east one of mand pis 1, LI is a

di val ent radodehaslbash tmdiumgxaaodw@mmaﬂb@rim@h&imnammhm Ay~ .AngdsEu@eno- or
Copt  onal | 9@t iR By M et b S e stbstteRarh 8 757G v ent
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enbodi nent s nd p may be O with mbeing 1. In further enbodinents, In, n

and p may ﬁ@!%ﬁ 0. In still further enbodiments rn may be 0, n may be 1
with 0 being a I Ti0l1OCyclic heterocyclic radical, and p nay be 0 or 1.
Al kl and Ale. mm present, nmay be selected from--Cl12-, -CH2CHr, and

- CH2CH2CHr " an be 1, 4-phenylene. Is
As used hmzm the tetm "o, a-disubstituted glycing" or "u,c-disubstituted glycine

acid” means a compound of farmula HaN-C{RR,)-COOH, wherein Rz and Ry
represent the a-substituents (which of course are not hydrogen), and an "o, -
disubstituted glycing ester is such a compaund wherain the carboxylic acid greup is
esterified. The term "ester” or "esterified carboxyl group” means a group RaQ(C=0)--
i which Ry is the group characterising the ester, notionally derived from the aleohol
RyOH.

As used hereln, the term “(C,-Cy)alkyl” wherein a and b are infegers refers to a
straight or branched chain alkyl radical having from a to b carbon atoms. Thus when
als 1andbis 6, for example, the term includes methyl, ethyl, n-propyl, isopropyl, n-

bistyl, isobutyl, sec-butyl, tbutyl, n-pentyt and n-haxyl.

Az nsed herein the term “divalent (C-Calkviens radical” wharein & and b are
integers refers {o a saturated hydrocarbon chain having from a to b carbon atorns

and two unsalisfied valences,
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al ., atoms and having in addition one riple bond. This tarm would include for example,
ethynyl, 1-propynyl, 1- and 2-butynyl, 2-methyl-2-propyny!, 2-pentynyl, 3-pentynyl, 4-
pentynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl and S-hexynyl,

Ag used herein the {erm "divalent (C,-Ci)alkynylene radical” wherein a and b are
integers refers {o a divalent hydrocarbon chain having from 2 1o 6 carbon atoms, and
at least one triple bond.

As used hereln the term "carbocyclie” refers to a monoe-, bridged mona-, bi- or
tricyclic radical having up to 16 ring atoms, all of which are carbon, and includes aryl
and cycloalkyi.

As used herain the term "cycloalkyl" refers 1o a moenocyclic saturated carbocyclic
radical having from 3-8 carbon atorms and includes, for example, cyclopropyl,

eyclobutyl, cyclopentyl, cyclohexyl, cyclohaptyl, cyclooctyl and norhornyt.

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

Az used herein the ungualified ternt "heteroaryl” refers to a morio-, bridged mong-, bi-
or tri-cyclic aromatic radical containing one or maore heteroatoms selected from S, N
and O, and includes radicals having two such monocyclic rings, or one such
monocyclic ring and one monogcyclic aryl ring, which are directly linked by a covalent
bond. llustrative of such radicals are thienyl, benzthienyl, [tryl, benzfuryl, pyreoivl,
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imidazolyl, benzimidazolyl, thiazolyl, benzthiazolyl, isothiazolyl, benzisothiazolyl,
pyrazotyl, oxazolyl, benzoxazaolyl, isoxazolyl, benzisoxazolyl, isothiazolyl, triazolyl,
benztriazolyl, thiadiazolyl, oxadiazoiyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyi,
triaziny, indolyl and indazolyl.

As used herein the unqualified term "heteracyclyl" or "heterocyclic” includes
“heterparvl” as defined above, and in its non-arpmatic meaning relates to a mano-,
bridged mono-, bi- or tri-cyclic non-aromatic radical containing one or more
heteroatoms selected from 8, N and O, and {o groups consisting of a monacyclic
non-aromatic radical containing one or more such heteroatoms which is covalently
finked to anoiher such radical of to a monocyetie carbocyclic radical, Nustrative of
such radicals are pyrralyl, furanyl, thienyl, piperidinyt, imtdazolyt, oxazolyl, isoxazolyl,
Ihiazolyl, thindiazalyl, pyrazoiyl, pyridinyl, pyrrolidingl, pyrimidinyl, morpholinyl,
piberazinyt, indolyl, morpholinyl, benzfuranyl, pyranyl, isoxazolyl, benzimidazolyt,

methylenedioxyphenyl, ethylenadioxyphenyl, maleimido and succinimido groups.

Unless otherwise gpacified in the conlext in which i accurs, the term "optionally
substituted” as applied to any moiaty herein means such molety may he substituted
with up to four compatible substituenis, each of which independently may be, for
example, (C-Cidalkyl, (C-Cealkoxy, hydroxy, hydroxy(C.-Cslalkyl, mercaplo,
mercapto{C,-Cg)aikyl, (C,-Cyalkylthio, phenyl, halo {(including fluore, bromo and
chlore), triftuoromethy, Irfluoromethoxy, nitre, nitrile ((CNY, oxo, ~COOH, COOR™,
-COR™, »EOR", -CONH,, -S0:NH;, -CONFR?, .S0,NHR”, -CONRRY, -SO.MR'R”, -
NHy, -NHR, -NR*RY - OCONM,, -OCONHR" , . QCONRRY, -NHCOR",
NHCOOR", -NRY*COOR?, -NHSO,0R", -NRPSO.0H, -NRS0,0R" -NECONH,,
NRMCONH;, ~NHCONHRP -NR'CONHRE, -NHCONRR® or -NR"CONRMR®
wherein R and R" are indepandently a (C+Cylalkyl, (Cy-Cq) cycloalkyl , phenyl or
monocyalic heteroaryl having § or 6 1ing atoms, or R™ and R* when attached to the
same nitrogen atom form a cyelic amino group (for example morpholing, piperidiny,
piperazinyt, or tetrahydropyrrotyl).. An “optional substiluent” may be one of the

foregoing substituent groups,

The term “side chain of a nalural or not-naturat alpha-amino acid” refers 1o the group
R" in & natural or non-natural amine acid of formula NH,-CH(R')-COOHM, other than

glycine, in which R is hydrogen.
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Chem 277, 'hydie2@psike2 Q0diroxyproline, isoleucine, leucine, lysine, methionine,

phenylalanineg, proling, sering, threoning, tryplophan, tyrosine, valine, c-aminoadipic
acid, c-amino-n-butyric acid, 3,4-dihydroxyphenylalaning, homoserine, (-

methylsering, ornithine, pipecolic acld, and thyroxine.

Natural alpha~-amino acids which contain functional substituents, for example aming,
carboxyl, hydroxy, mercapto, guanidyl, imidazotyl, or indolyl groups in their
characteristic side chains include arginine, lysine, glutamic acid, aspartic acid,
tryplophan, histidine, sarine, threoning, tyrosine, and cysteine. When ane ar bath of
the o-substituants in the o,a-disubstituted glycine estaer motif in the compounds of the
invention is one of those side chains, the functional substituent may optionally be
protacted.

The term "protected” when used in relation to a functional substituent in a side chain
of a natural alpha-aming acid means a derivative of such a subslituent which is
substantially non-functional. For example, carboxyl groups may be esterified (for
example as a C-C;; atkyl ester), amine groups may be converted to amides (for
exampie as a NHCOC,-Cy alkyl amide) or carbamates (for example as an
NHC{=OOC,-C; alkyt or NHC(=O)YOCHKHPh carbamate), hydroxy! groups may be
converled to ethers (for example an OC,-C; alkyl or a O(C-Cs alkyl)phenyl ether) or
esters (for example a QC(=0)Cy-Cy alkyl ester) and thiol groups may be converted to
thioethers (for example a tert-butyl or benzyl thicether) or thioesters (for example a
SC(=0)C-Cy atkyl thioester),

There are many possible ester groups which may in principle be present in the o, u-
disubstituted glycine aster carboxylesterase estler motif for attactunent lo the
modulator, Likewise, there are many o,a-disubstituted glycines, differing in the -
substituents R, and R;, which may be used as esters in the carhoxylesterase ester
motif. Some w,-disubstituted glycine estars are rapidly hydrolysed by one ar 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 genaeral, if the
carboxylesterase hydrolysas the free o,e-disubstituted giycine ester o the parent
acid it wilt, subject to the N-carbonyt dependence of hCE-2 and hCE-3 discussed
ahova, aiso hydrolyse the ester molif when covalently conjugated to the modulator,
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agsayed in the same carboxylesterase assay when conjugated {o the modutalor via
the chosen conjugation chemistry, 16 confirm that it is still a carboxylesterase
substrate in that background.

The aster group

As mentioned, intracellular carboxylesterase enzymes capable of hydrolysing the
ester group of a compaund of the invention to the corresponding acid include the
three known human enzyme isotypes hCE-1, hCE-2 and hCE-3. Although these are
considerad 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 amine acid ester (o the parent acid it will also
hydralyse (he esler motil when covalently conjugated to the inhibitor. Hence, the
broken celt assay and/or the isolated carboxylesterase assay described herein
pravide a straightforward, quick and simple first sereen for esters which have the
required hydrolysis profile. Ester molifs selected in ihat way may then be re-assayed
in the same carboxylesterase agsay when conjugaled to the inhibitor via the chosen
conjugation chemistry, to confirm that it is stil a carboxyleslerase substrale in that
background.

Subject ta the requirement that they be hydrolysable by intracellular carboxyleslerase
enzymes, exampias of particular ester groups in e o,o-disubstituted glycine ester
carhoxyleslerases ester molil include those of formula -(C=Q)O0R ., wherein Ray, s
RuRyRqpC- wherein

{i) Ry is hydrogen or optionally substitutad (C,-Cy)alkyl- (2N l{Ch-
Ca)alkylly- or (Co-Colalkenyt-(Z2),-[(C+-Ca)atkyl],- wherein a and b are
independently 0 or 1 and 2% is ~0», -8, or --NR,;~ wharein Ry, is hydrogen or
(C,-Cyalkyl; and Ry and Ry, are indepandently hydrogen or (Ci-Cy)alkyt-;

{ii) Ry is hydrogen or optionally substituted RagRgN-(C-Chlalkyl- wherein
Ry is hydrogen or (C-Cylalkyl and Rqy is hydrogen or (Ce-Calalkyl, or R and
Ry3 together with the nitrogen to which they are attached form an optionally

substituted monacyalic helerocyelic ring of - or G- ring atoms or bicyclic
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form an ()[)Hcmcl!ly ‘:Uh‘alllll e monocycllc or bridged monocyclic carbocyclic
ring of from 3 to 7 ring aloms or bicyclic or bridged monocydlic carbocyclic
ring syslem of 8 (o 10 ring atoms, and R, is hydrogen,

in cases (i), (i and (i} above, "alkyl” includes fluoroalkyl.

Within these dasses (i), (i) and (i), Ry is often hydrogen, Specific examples of Ry,
include methy, trifluoromethyl, éthyl, n- or iso-propyl, n-, sec- or tert-butyl,
cyclohexyl, norbornyl, allyl, phanyi, benzyl, 2-, 3- or 4-pyridylimethyl, N-
methyipiperidin-4-yl, tetrahydrofuran-3-yl or methoxyethyl, Currently preferred is

where Ry, is cyclopentyl.

a-Substityents

Examples of c-substituents R, and Ry of the a,a-disubstituted glycine ester
conjugatad to the modulator may he regarded as selected from the side chains of &
natural or non-natural alpha-amino acid, and in such side chains any functionat
groups may be prolected.

For example, a-substituents R, and R, of the v, a-disubstituled glycing ester
conjugated to the modulator include phenyl and groups of formula ~CR,R,R,; in
which:

each of R, Ry, and R, is independeantly hydragen, (C-Cylatkyl, (C-Cy)alkenyl,
(Co-Crladkynyl, phanyl{C-Calalkyl, {C-Caoycloalkyl, or

R; is hydrogen and R, and Ry, are indepandently phanyl or heteroaryl such as
pyridyt ar

R, is hydrogen, {C-Cyalkyt, (Co-Calatkenyl, (Cx-Cylalkynyl, phanyl{C,-
Culaieyt, or (Cu-Culayoloatkyl, and R, and R, together with the carbon atom to
which they are atlached form a 3 to & metnberad cycloalkyl or & 5- o 8-

mambeared heterogyclic ring; or
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R, and R, are each independently (C-Cealkyl, {Co-Calkenyl, (Cx-Cglalkynyl,
phenyl(C-Cgalkyl, or a group as defined far R, below other than hydragen, or
Rq and Ry together with the carbon atom to which they are attached form a
cycloalkyl or heterocyclic ring, and R. is hydrogen, -OH, -SH, halogen, -CN, -
COsH, (C1-Cylparflucroalkyl, -CHOH, -O(C-Colalkyl, -O(Co-Colalkenyl, -
S(C-Colalkyl, -SO(C-Clalkyi, -80(C4-Ce) alkyl, -S(C-Celalkkenyl, -SO(Co
Cealkenyl, -80,(C.-Cy)aikenyl or a group -Q-W wherein Q represents a bond
or -0-, -8- -80- or -30,- and W represents a phenyl, phenylalkyl, (Ca-
Cp)eycloalkyt, (Cy-Coleycloalkylatkyl, (C4-Ce)oycloalkenyl, (Cy-
Ce)eycloaikenylalkyl, heteroaryl or hetercarylaikyl group, which group W may
optionally be substituted by one or more substituents independently selected
from, hydroxyl, halogen, -CN, -CONM,, <CONMH({C,-Cg)alkyl, ~-CONH(C4-
Cralkyl)z, -CHO, ~-CHOH, (C,-Cy)perfluoroatkyl, -O(C,-Cg)atkyl, -5{Cy-
Ce)alkyl, -SO{C1-Celalkyl, -SO(C1-Cealkyl, -NOQy, -NH;, -NH{C4-Cy)alkyl, -
N((C¢-Cg)alkyl);, “NHCO(C-Cg)alkyl, (C-Cg)alkyl, (C-Cglalkenyl, (Cp-
Cayalkynyl, (Cs-Ce)eycloalkyl, (Ca-Cg)eycloalkenyl, pheny! or benzyl,

Alternatively, the a-substituents R; and Ry of the a,a-disubstituted glycine ester
conjugated to the modulator, taken together with the w-carbon itself, may form a 3-6
memberad saturated cycloalkyl ring, such as a cyclopropyl, cyclopentyl or cyclohexyl
ring or heterocyelyl ring such as a piperidin-4-yi ring.

In some cases, at least ane of the o-substitutents R, and H; of the ¢, u-disubstitutad
glycine ester conjugated to the modulator is a C+Cg alkyl substituent, for example
methyl, ethyl, or n-or iso-propyi.

In some embodiments, one of the o-substitutents R, and R, of the ¢, a-disubstituted
glycine ester conjugated to the modulator is a C+-Cs 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, benzyi, thienyl,
cyclohexyl, and cyclohexylmethyi,
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As sfated above, the a,u-disubstituted glycine ester may be conjugated fo the
modulator via its amino group, or via one of the a-substituents. A linker radical may
be present belween 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 belween the aming acid ester matif and the rest of the -
molecule will often he 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 hinding.

It should also be noted that the benefits of the o,a-disubstituted glycine ester motif
described above (facile entry into the cell, carboxylesterase hydrolysis within the cell,
and accumulation within the cell of active carboxylic acid hydrolysis producl) are best
achieved when the linkage between the amino acid ester motif and the rest of the
molecule is not & substrate for peplidase activity within the cell, which might result in
cleavage of the amino acid from the molecule. OF course, stability to intraceihular
paptidases is easily tested by incubating the compound with disrupied cell contents,

and analysing for any such cleavage.

For example, the o,a-distbslituted glycine ester {formula HaN-C(RaR4)-COOH) may
ha conjugated to the modulator as

(a) a radical of formula (G, X L WYaNH-CR)(R)-R,y or

(b) a radicat of formuka —(CHz)u Y LR C(RNHHR, ), wherein:

Ry is the carboxylesierase-hydrolysable ester group;

R, and Ry are the a-substituents of the o,a-disubstituted glycine

1
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i, iz the side chain of a natural or non-natural alpha amine acid,

Y iz a bond, ~C(=0)-, -8(=0)y-, -C(=0-, ~C{=NRy-, -C{=5)-NR, , ~C{=NH)-
NR4 or -5(=0)NR - wharein R, is hydrogen or opticnally substituted Cy-Cy
alkyl;

Y'is a bond, -C(s0)-, -8(F0), -C(=0)0-, -QC{=O)-, —C(=OINRs-,
-NR;;(C;O)-, ”S("_"'D);:NRﬁ"' "ngas(:o);;“, r “NRfi(C:;O)NR:j‘. Whl‘:‘!f‘@ln R{-‘. Emd
RG are independeantly hydragen or optionally substituted (Ci-Cglalkyl,

L' is a divalent radicai of formula ~(Ak ), (Q)(AlK®)~ wherein

m, n and p are independently Q or 1, .

Q is (i) an oplionally substituted divalent mone- or bicyclic, carboeyclic
or helerocyclic radical having 5 - 13 ring members, or (i}, in the case
where p is 0, a divaient radical of formula ~Q'-X* wherein X* is —-O-,
-S- or NR™ wherein R* s hydragen or optionally substituted C,-Cy
atkyl, and Q' is an optionally substituled divalent mono- or bicyclic

carhocychic or helerocychc radical having & - 13 ring members,

Ak and AIK® independently represent optionally substituted divatenl
Cy-Gy cycloalkyl radicals, or optionally substituted straight or branched,
Ci-Ca alkylene, C-Cq alkenvlene, or Cp-Cq atkynylene radicals which
may oplionally contain or ferminate in an ether (-0-), thicether (-5-) or
amino (-NRM) link wherein R is hydrogen or oplionaliy substituted
Cy-Cy alkyl;

SNR,CEO)NRy- , NRySE0),-, or ~S(=01:NRy- wherein R, and Ry are

independently hydregen or oplionally substituted C,-Ge alkyl; and
zisOor1.

Taking the variables present in the linkage radical in furn;
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2 may be 0 or 1, so that a methylene radical linked {o the modulator is

aptional.

spacific preferred examples of ¥ include a bond, —{(C=0)-, ~(Cz=OYNM- and
~{(C=0)0-, However, for hCE-1 specificity when the alpha amino acid ester i3

conjugated (o the inhibitor ag a radical of formula (1A), Y should be a bond.

In the radical L, examples of Alk! and Alk® radicals, when present, include
—CHpe, ~CHaCHar ~CHCHCHow, ~CHCHACHCHom, - CHSCH-,
—CH=CHGCH,-, —CH,CH=CH-, CH:CH=CHCH, ~CEC-, ~CECCHy-, CH,CEC-,
and CH.CSCCH,. Additional examples of Ak and Ali® include ~CHW-,
—CHCHW- —CHCHMWCH -, «CH,CHMWCH{CHS)-, ~CHWCHCH-,
~CHWCH,CHMWGCH,-, and —WCH,CH,- where W is —0-, -S-, -NH-,
SN(CHg)-, or «CHCHN(CHL,CHOH)CH -, Furlher examples of Alk' and Alld

include divalent cyclopropyl, cyclopentyl and cyclohexy! radicals. -

L', when nis 0, the radical is a hydrogarbon chain (optionally substituted
and perhaps having an ether, thioether or amino linkage). Presantly it is
preferved that there ba no optional substiluents in L', When both m and p are
0, L."is a divalent meno- or bicyclic carbocyclic or heterocyclic radical with 5 -
13 ring atoms (optionally substituled). When nis 1 and at leas! one of m and
pis 1, L' is a divalent radical Including a hydrocarbon ¢hain or chains and a
mona- o hicyclic carbocyclic or heterocyolic radical with.5 - 13 ring atoms
(optionally substituted). When present, Q may be, for exampie, a divalent
phenyl, naphthyt, eyclopropyl, cyclopentyl, or cyclohexyl radical, or a mono-,
or bi-cyclic heterocyelic radical having 5 to13 ring membars, such as
piparidinyl, piperazinyl, indolyl, pyridyl, thienyl, or pyrrolyl radical, but 1,4-
phenylens is presently preferred,

Specifically, in some embodiments of the invention, m and p may be 0 with n
being 1. In ather embodiments, nand p may He G with m being 1. In further
embodiments, m, nand p may be all 0. In still further embodiments m may be
0, n may be T with Q baing 2 monocyclic heterocyalic radical, and p may be 0
or 1. A’ and Alk®, when present, may be selected from ~ChH,-,

~CHCHp-, and —CHCHCH- and Q may be 1.4-phenylene.



A sim |l ar approach can also be used for It e other exarr pies identified in
Table 1. The nmethod of the invention, for increasing cellular potency
and/or intracellular residence tinme of a nodulator of the activity of a
target intracellular enzyme or receptor, may Involve several steps: Step
l:1dentify a position or positions ofRgyone or a plurality of nodul ator

nol ecul es sharing the sane binding node for the target enzynme or receptor,
renote fro rface betyween the nodul ators and the target
enzyne or ’Wg@gﬁf’ ”QﬂUé“ae(I” =AREHES g"‘tm-%ﬂg "are identified fromthe X-ray
co- cryst al Tret prirciples ef (lmrrmmmmcmrunrlm apelid¢dtedndaiplatins of)a witle tdveietcdr get enzyne or
recept or m&%gﬁnﬁﬂqmtm%ll %%pnﬁ%dﬂq Qtvﬁlﬁ%@:;tcrdﬁgftﬁ&aﬁl“ RDalQgug; t hereof)

bound to me “or e structure.
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with the nadybatasdtack athmaies baRnrabye, mlah@m@f |ﬁoh@m€tﬂ:.2h‘x‘\ﬂﬁe€)r receptor is

model | ed by ter hi t i nspected The
presunpti o ‘“Fs" &Y "%yg{ ﬂ‘%’l‘dﬁ’ala% f”f:(&'f"gﬂe ”’W‘i‘g”% ’éﬁdﬁ at positions
renot e fr olopdibgedbamigongdtivs easf @e eadiSonanhiclieiny! dhomlshy eettexe osi gni ficantly

with the b 1 he,act Jhe enzyme or
receptor. gﬂg%ﬂ%\b%fg JrD&F mﬁw@/ﬁ(ﬁ Uotngw%r&ﬁﬁqhﬂ dcﬁggcﬂlécﬁm Ift{he co-crystal
structure %Sﬂ";ﬂf@@lk*é?@ﬂ trodentint vrerrein ging @mcatr@qf a@jvm'a@dtéasq)wht 24 Step

2: Coval ent daypdmdfdask f@z@tuﬁﬁ’l@hﬂc@ﬁ[@rb@%lta@itdaa@iﬁha@tm'@?mﬂn1@ihc&f’nc@ncﬁof (e substi tuted
gl ycine ester radical, or a range of ferent C{'Jlta- i sub s ut ed gl ycine

ester radi @GR OSMRCRYMRSF fC O'ifﬁ’e“‘ﬁd%?’{‘n‘%%é' e A’ ‘?’iE‘EIH?H aldedp 1.

At t achnentiisof scaysaindaceilost srtzyte dr gbgaomergestvaiere hdiedabahlithel drimalpot ent i al

car boxyl esf, L&]md?ﬁ ifs) may be via an existing coval ent coupling
functionality on e nodul ator(s), or Via a suitable functionality
specifically introduced for that purpose. The carboxyl esterase notifs may
be spaced fgmmthe main nol ecul ar bulk by a spacer or |inker elenent, to
position the notif deeper into solvent and thereby reduce still further any
smal | efL dctargdt the n ”"'JGry%hB\g{Mdﬂ.dbm@;gﬁ&ﬁ g{) thearg@didekor and/ or to
ensure that CR@sst Bl & £:9 Mdae2iaan xyf £ terase r educi ng
steno int grfer ay (20esul t frxgm the main np 8'Ln”éﬂ”ﬂt9{jr¥“ﬁ“0f t he
nmodul at or .| LRerf or mance of BElpet2il.r Sisudiirs 7| 61 (HRONT £l or, nore
usual ly, 3§ ZsArplfd | i brary of Jicahali, d&ie Qmechd7as 6383 § Bﬁtﬁou]uﬁr%% G&z&iry;]%'L Inodi fi ed

relative tig |ts parent i nhi BFo0®r by the introductip of
cx, a-di sub Adted gl yci ne| Betiet alr, Zhcbamisiry 42, one ]ﬂ LGl nts af
attachrrent__ i '"nti fied in Stépw29 (&3 3: Test the a Lsubstituted glycine
est er - conj|yggted modul at or §%ﬂ§’ﬁi‘r‘€§ér@émm“%ityeﬁ 2 toAkg;eﬁ;.}gr ni ne t heifr

r.ecept or Jd.s..nar.mal...i.n..nedi ci nal
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modul at or (Isss npsyepar ed as a8 E‘i 1l ot geier g SF ensmha@id 2, are

pr ef er abl y--t-est-ed--i-A- assay"“al %ﬁﬁ 51 q‘ﬁéer m-pe-whet-her--t-he--@xpect ed
retention afoxmdul ator acti %“ % £her X8en remairedtiorand to |what

pur pose of| Adeeocsimysinbson, \ 3]0 (‘J oreg ol . U@é’ﬁ)‘ﬂgggc claflarhabtioon of ngdul at or

activity lmcelts;-suitabte assSays;:: y -4 pclude -assays—in cell
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m*@@
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hydr ol ysi s Pibduct; assays t@oglet ermine the rate of NEYHWEYAI on of |the

nodi fi ed nodul at or's T o The | ReddnesdBINH] BRcKEHIBEGA, |
car boxy| est'ggé’ses and assaysm{sqzehel er m ne the rat “’@‘HH”"’@W"I evel qf
accunul at i

car boxykediees as®, by ohoia289,pr od ct (the carbaxylic
acid) in dgn[ 'yfl'ﬁ??ﬂch asiia}ysrf 5 (baah monocyl i c and| ' ??é'ﬁ)écytl c dells,
and/ or a | of 1solatef Oc.aﬁdnomydzleﬂ@nﬁ&m&n Bon r to
identify IO!;(@)}Er:gound,,s,___._t hat show,cddl{1o9e| ectivity. |If @é"é'g%‘lg '(y“'nh'q'aecl rabl e,
step 3 ma epeat ed wit heartrdind flerl.edMosBib! 352, 8%h mino acid
ester-conj Iu(g%%d versions_of200®e parent _modul ator. q@%ﬁ‘%ﬂﬂ@m“g tia

acquired in Step 3, sel ect one or nore of the tested (x, cx-




clisubstituted glycine ester-conjugated versions of the parent nodul ator(s)

whi ch cause nodul ati on of enzyne or

receptor activity inside cells,

are

converted to and accunul ate as the correspondi ng carboxylic acid inside

cells,
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Exanpl es 1-6 The conpounds
6- am no- 5- (2, 4-di fl uor o- benzoyl- 1- phenyl- 1H pyri di n- 2- one (Conpound 1) and
6- ar ni no-5- (2, 4-di fl uor o-benzoyl-1- (2, 5-di fluorophenyl-11-1-pyridi n2-one

( Conpound

I1): 28

Compound | Conpound |

intracel lular enzyne p38 MAP Wass (Wy; 03/ 076405) .

relate to the coval ent conjugation of esterase notifs with di
at the al pha carbon of the am no acid ester to these conmpounds,

are known inhibitors of the

Exanples 1,3 and 5 bel ow
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Molteni et al., Acta Crystallogr
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Sect D 57, 536 (2001)

For the purpose of illustration, reference is made {o known inhibitors of 5 of the

above intracetiudar targets, whose binding mode to the target is known. These

axamples fllustrate how such structural data can be used lo determine the

appropriate positions for the altachment of the o, c-disubstituted glycine

carboxylesterase ester molif. Schematics of the aclive sites are shown together with

reprosentative inhibitors, In general, positions romole from the binding interlface

batween modutator and largaet, and therefors pointing away from the enzyme binding

interface inta solvent are suitable places for attachment of the carboxylesterase ester

motif and these are indicated in the diagrams.
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Nt i 11. Stags 4jj Stage 3 SCherne 1 Stage 1-
2-(4-{(3-(2,4-r)ifluorophenyl)- 3- oxopropani m doyl | ar ni no} phonypet hyl

acet at e 4- Chl orophenyl 3-(2, 4-difl uorophenyl) - 3-oxopropani m dot hi oat e
(I'nternediate 1) (69.7g. 192 vino') Was suspended in glacial acetic acid
(700 m.) and 2-(4- am nophenyoet hanolzz (27.71 g, 202 mmol, 1,05 eq) was
added. The m xture was heated at 80C for 2,5 hours before being allowed to
cool to roomtenperature and concentrated under reduced pressure. The

m.) and stirred vigorousl y for 30 minut es, t I bdito muandawashi ng with

wat er afforded a beige solid which was (bdq{tl #14ing @fluced priessure to give
the title conpound (64.12g. 92% y| eer)‘} LC/I\/B M Z 361 [MFHF, 1H NVE? (300
MHz, DMSO-d0) 8:7.79-7.71 (lH 487.07 (8H, m, 5.26 (1H, s), 4.21
(2H t"1=6.8 Hz 9(2H : Jt‘p‘SHz) 200 (3H s). Stage 2-

2- (446- Am no- 5- g%wé}n FI i fl uo b’eT vo‘y)fL) - oxopyridi n- 1(2H) -yl | phenyl) et hyl
acetate CO (43.26.gi{ 267r {& was di ssolved in anhydrous THE (1
) under an at rmsphere of troge fang (;0’%!3(-:-\c tﬂ)’ “"j?opl olic acid (16.43

m., 267 mml, 1.5 at) eq) wWas_ad ld_dr oS8 "and The fmixture allowed to
perafure and stitFéd for ‘1T hHr——A" suspensi on of

2-(4-([3-(2, 4- i "It t&?op enyl ) - 3- oxopr opani m doyl i am no} phenypet hyl acetate
(64.12 g, 178 hmbldiik@ anhydrous THE (500 ni) was added and the mixture
heat ed at 80C for—6-houors before engidl-J@‘ffltimtii@ ?tl r at roomtenperature
overnight. The resulting precipitate-was-cottected by filtration, washed
with Et20 and dried under reduced pressure to give the title conpound as a
pal e yel | ow sobj ggg 39.56 g). The filtrate was concentrated under reduced
pressure to gi é BF6wn oi | that was triturated with EtOAc (500 m.),

provi ding a second batch of_. preduct by filtration (7.21 g). The two batches
wer e conbi ned to afford_the ’trtle “conpound as a yellow solid (46.77 g, 64 %
y|eId) LG MS: nilz. 413@ NR(S 5O do) 6: 7.55- 7.37 (4H, m,
7.3- 7.20 (4H, m, 5 72 d ]J QNHZ[HEW\N .30 (2H, t, J=6.9 Hz), 3.01
(211, t, J=6.9 Hz){ 2.04 ( f . Stage3-

6- Am no- 5- (2, 4- di fil uog obengoy1l 144 2- hydr thyl) phenyl | pyri di n-2(1H)-
One 24446- Am no-5-\ 2 4 d| fI u %benzoy\l) 124904)(‘0p ridi n-1(2H) - Aphenyl ) et hyl
acetate (46.77 9, )\& suspen et W[hm(m@ aqueous HCl (500 ni) and
heated at reflux f rQ hour's,.”A preci piltate fodned upon cooling to room
t enper at ure whi ch_was..Cott ect\ed by.filtration, suspended in saturated
aqueous Nafi ’g*}]m m,”r‘ 64rhd3m3“~'t”i"w’@d‘9\n/i90r ously for 30 minutes.
Filtration, W th wat ef (2 X 500 ) and drying under reduced
pressure afforded the title conpound as an off-whito solid (40.11 g, 96 %
yi el d).
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LOMS: nmlz. 371 fM+1-11*. I HNMR (300 MHz, DMSO-do) 6: 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
(21-1, m, 2.84 (21-1, d, J=6.9 Hz). Stage 4-

(4-116- Arni no-5-(2, 4-difluorobenzoyl)-2-oxopyridin-1(2H)-yliphenyl)-

acet al dehyde To a suspension of 3

6- am no- 5- (2, 4-di fl uor obenzoyl) - 144- (12- hydr oxyet hyl ) phenyl t pyri di n-2( 1H) - on
e (15,009, 40.5 mml) in anhydrous DCM (750 m ..) at OC was added
Dess-Martin Periodi nane (20.62g, 48.6 mmoly 1.2 eq) in portions. The

m xture vvaz ghlowed to warmto roomtenperature and stirred for 3 hours,
bef ore bei 'é ;S(Eﬂﬁﬁéd i nto saturated-aquequs Nal -1CO3 (400 nt.) and saturated
aqueous Na,, S203 31 (400 akl) andwstirrled vigorously for 30 minutes. The
aqueous | ayer was separated]aqd e}%ﬁﬁ%ﬁ'&t d with DCM (2 x 500 nL), and the
organi ¢ extracts conpined afd dii ed erl MgSH4. Filtration and
concentration under /redyged pressure afforded the title conpound as a crude
pal e yell ow solid thaf®was used without further purification (15.13 g).
LOMs: mz 369 [111+1J,f/[¢‘\‘ I nterpedi ate 3: Cycl opentyl 2-nothyl af ani nate

hydr ochl ori de 1-1C3 1H12 O Intermedi ate 3 was synthesised using the route

shown in Scheme 2 bel 6w 0 Stago 'I|. cyol ocol anol 10 EDCI. DMAP. DCM - - -
1 OI Nl _ _i | i - - 00 L_ )f}SJ aW, #2_4_\_‘ -
'\‘L" ll [‘/ H Solvent
NN e N R
< v
Adening |~ e _,\
binding i et
sila e acrant| B A R Tl Eslerase
gct;g“& |} donor motlf
P atlachment

A similar approach can also be used for the other examples identified in Table 1.
The raethod of the invention, for increasing cellular potency and/or intraceliular
residence time of a modulator of the activity of a target intracellufar enzyme or
recepior, may lnvolve saveral staps:

Step 1. Identify a position or positions on one or a plurality of moedulator
molecules sharing the same binding mode for the target enzyme or receptor, remaotle
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 farget enzyme or receplor with a known modulator {or a close
structural analogue thereof) bound to the enzyme or receptor, by inspection of the
struciure, Allernalively the X-ray crystal structure of the larget enzyme or receptor
with the modulator docked io the aclive site of the enzyme or receptor is modelied
by contputer graphics methads, 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 hinding 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 orientaled towards solvent,



,..- 11(11(di oxane Schenme 2 Stage 1 Cycl opentyl

N- Ceri - but oxycar bonyl) - 2-net hyl al aninate To a sol ution of

N- (t ed- but oxycar honyl ) -2-inet hyl al anine (1.009, 4.92 nmol) in DCM (10 nlL)
at 0 C was added cycl opentanol (0.83 m., 9.84 mmvol), EDCI (1.06 g, 5,42
mml) and finally DVAP (60 ng, 0.49 gpol). The reaction m xture was war ned
to RT and stirred for 18 hours The DCM was renoved In vacua to give a clear
oil. The crude residue was dissolved In BOAc (100 rnL) and washed with
water, 1M Nal -1003 and brine. The organic phase was dried (MgSO™) and

concentr at®gp pn vacuavalhifly Giddee thexidiartor GRsy ptichinbetchf By ogol um

chr omat ogr (10% EtOAc in heptane) tog yjeld t roduct as a
clear oil <b°0ib§tssatfﬂeg'v%@%t9'i 2" ﬂramwf&%ﬁ% &b@ﬁ%{@% K565 17 (1H,
m, 5.04 (dkkr rdificas)at ohe 98mdiead tHeGkdsitios iddntildd (6ted ). s), 1.45 (9H, s), Stage
2 - Cycl opentyl 2-nethylal aninate hydrochloride (Internediate 3) 32 NCl

Cycl opentyl N-(tert-butoxycarbonyl)-2-nethylalaninate (0.254 g, 0.93 rnnol)
was di ssolAtedhrient BHE, w(cﬂsumut)noarg;dfcme esiteaidinaie o div pGTtdl oxane (2 nl) and the

reaction 0'5{)4 g\@l& gv%hfr{; ﬁﬁq)[g A viR vid cm e%t&%‘kab‘%‘ﬁt%oughg fﬁﬁ”ﬂ%iitgioﬁtuw € was

concentrat e ced to give a
white pr edi“?ﬁudﬂéﬁiéu) \’-TI' Kiag M@mﬂ LLWH@W“‘W&BM&*JW ipfoduegdof fagPwecsehe desi red

product asrg Mo&ﬁcﬁ@’i@@ﬁm(ﬂ@ " De b%gc%tiWo@f{ @) nain mbWRIGEAMMYzZ DMVBO- do)  8:
8 58br s) 5 LU 1.45

(61-1, s).SPPHRTEF H%‘&i L E‘O m‘%"é\“?” E‘ﬁt”&ﬁ"?%‘g% WIH %ﬂ'@ﬁiﬂb‘i‘t‘g‘*'?&f”‘@“

stilt further any small effect of the molif on the hinding mode of the modulator and/or
to ansure that the matif is accessible to the carboxylesierase by reducing steric
imerference that may resull from the main molecular bulk of the modutatar,

Performance of Step 2 resulls in the preparation of one or, more usually, a small
liprary of candidate modulators, each covalently modified refative (o its parent
nhibitor by the introduction of a variety of o, u-disubstituted glycine ester radicals, at

one or mare points of attachment identified in Step 1.

Step 3. Test the o,c-disubstituted glycine ester-conjugated modulator(s)

prepared In step 2 to determine their activity against the target enzyme or receptor.

As is normal in medicinal chemistry, the carboxylesterase motif version(s) of the
parent modulator(s), prepared as a result of performing Steps 1 and 2, are preferably
tested in assays appropriate {0 determine whether the expected retention of
todulator activity has in fact been relained, and o what degree and with what
polency profile. in accordance with the underlying purpose of the invention, which is
to cause the accumulation of madulator activily in cells, suilable assays will normally
include assays in cell lines to assess degree of coltular activity, and polency profile,
of the madified modulators, Other assays which may be employed in Step 3 include
in vitro enzyme or receptor modulation assays to determine the infrinsic activity of the
madified modulator and ils putative carboxylesterase hydrolysis product; assays (o
determine the rate of conversion of the modified modulators to the corresponding
carboxylic acid by carboxyiesterases,; and assays 10 delermine the rale and or level
of accumulation of the carboxylesterase hydrolysis product (the carboxylic acid) in
cells. In such assays, both menocytic and non-monacytic cells, and/or a panel of



I nternedi ate 4 was synt hesi sed using the route shown in Schene 3 bel ow. ACH
- BITICE12,). 1. -1cO "OthulyHrich!oronc: O Ernidate It, A Schonb 3 Stage 1
- ett-Butyl N(benzyl oxy)carbonyl]-2-nethytal aninate To a solution of

N4( benzyl oxy) car bonyl ]-2-rnethylalanine (1 g, 4.21 mmol) in DCM (10 nt.
anhydrous) and cycl ohexane (10 ruL) at 0"C under nitrogen was added boron
trifluoride diethyl etherate (7.7 ul, catalytic). fed-Butyl
2,2,2-trichloroacetimdate (1.51 nt., 8.43 mmol) in cycl ohexane (10 nL) was
t hen added sgiatnal opragides'gesen. Aen %%Uﬁtﬁé'f'@ﬁ@ﬂhml'Wiﬁg‘ﬂﬂwowﬁw?ﬂ@hm Reacti on
was al | owedat @istidiy. at Rl for 16 hours. To the crude reaction mxture was
added 190 rug of NaHCO3 and the reaction filtered. The nother |iquors were
concentrated in vacua The crude extract was purified by col um

chr omat ogr #pkyestdh v EDADI:| fledh 8 plaghe redeatad vélhd: dilerediesi ofedngidadeduct (0. 863

g,ra)7? OSA)l%I(gifgg 2 ’1331f'd?1{\1?/gﬁ[‘1§§'80mﬂ%1%[28ﬁ0)pa@«jmt?u %l%r’z?c:rglt fagHbuR/I 5.46 (1H

2-methyl al aninate (Internmediate 4) To a solution of tert-Butyl

N L benzy! grgp gar DO IR SRALRL GBS nit oAnSRsERL. [0 Bt O

(20 nL) wasS he m xture was evacuated and

stirred unawb*émﬂ%iltmwﬁ@ﬁeé coRIUGRIer wéﬁnwﬁhqmrﬁ@iuv@ulaﬁqr(aﬁ ePied (Ce.lite),

washed wi t BalskOARIURRGh SAMERNE ba.&w@&mrrhcmmm LGT@QM@&(QQI@I@&C! foasdi sol ated as
a yell ow oil OAc. The product

3 yellow ol ERuPo R Ale Bl e cRnta) ned, L pcss, Of ELOGe. The product
11-1 NVR ( BGG:aMEor pBRELRY BilardBlapdt, s), 1.32(611 ,$).

The above described Steps 1-4 represent a general algorithim for the implamentation
of the principles of the present invention.

Synthesis

There are mulliple synthetic strategies for the synthesis of the compounds with which
the praesent invention is concerned, but all rely on known chemistry, known to the
synthatic organic chewnist. Thus, compounds according o formula (1) can be
synthesised accarding to procedures described in the standard Kterature and are
well-known to those skilled in the art. Typical literature sources are “Advanced
organic chemistry”, 4" Edition (Witey), J March, “Comprehensive Qrganic
Transformation”, 2" Edition (Wiley), R.C. Larack , “Handbook of Helerocyelic
Chamistry’, 2™ Edition (Pergamon), AR, Katritzky), review articles such as found in
"Synlhesis", "Ace. Chem, Res.” | "Chem. Rev", or primary literalure sources identified
by standard literature searches anling of from secondary sources such as “Chemical
Absiracts” or "Beilslein”.

The compounds of the invention may be prepared by a number of processes
generally described below and mare specifically in the Examples hereinafler. In the
reactions described below, it may be necessary fo protect reactive funclional groups,
for example hydroxyl, amine and carboxy groups, where these are desired in the final
product, to avoid their unwanted participation in the reactions [see for example
Greene, T.W,, "Protecting Groups in Organic Synthesis”, Jolhn Wiley and Sons,
19949]. Conventional protecting groups may be used in conjunction with standard

practice. in some instances deprofection may be the final step in the synthesis of &



Internediate 5: Cvelonentyl 1-am nocycl opentanecarboxylate \ Internedi ate
5 was synt hesised using the route shown in Schene 4 below. Stau r- |
Internmediate 6 Sollipnme 4 Stage 1 - Cycl opentyl

1- am nocycl opent anecar boxyl ate To a sol uti on of

1- am nocycl opent anecar boxylic acid (24589, 19.97 mmol) in cycl opentanol (20
rril), was added concentrated sulfuric acid (2.15g, 21.97 mmol) and the

m xture stirred overnight at 7 The reaction was allqwed to cool to RT
2nd the cycl BHBRIAGT SRR U URIRy S FahE B RGP Eabara e Puetiaie was
di ssol ved i ndEtd@ibed (B6inmité: Jre andralasdhodbint o suh. reiaHCeBE8@cling) and wat er
(3 x 20 nt.) Fotﬂ:ﬁ?. dried (Mg304, filtered and concentrated in vacao to | eave
a dark yell 0\% of[. 34 Purification by colum chronmat ography (15%.2M
NH3/ MeOH in E-10Ac) afforded the desired product (1.97 g, 50 i'/0 NWR (300
MHz, CDCl2) 6: 5.21-5.17 (1H, m, 2.15-1.90 (2H, in), 1.85-1.57 (14H,

The compounds of the invention may be prepared aceording to the following

Examples. Al femperatures are in * C. The following abbreviations are used:

EtOAc = ethyl acetate

MeCN = acetonitrile

MeOH = methanot

Boe = tert-butaxycarbonyl

COl = 1,1 carbanyl diimidazole

DCM = dichloromethane

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

PME = dimethylformamide

DMSO = dimethy! sulfoxide

THE = tetrahydrofurain

HCI = hydroehloric acid

NaHCO, = sodium hydrogen carbenale
TBDMSCH = fert-butyldimethylchiorosilane
NBS = N-bramosuccinimide

NMM = Aemethyvl monrholing

MIHLCEH 2 ammonium chloride

KHMDS = potassiom bis(limethylsilyDamide
Pd/C = palladium on carbon

MgS0, = magnesium sulfate

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

NaBH(QAc), = sodium triacetoxyborohydride
HOBt = 1-hydroxybenzolriazole

TFA = trifluoraacetic acid

TLC = thin layer chromatography

L = millitller(s)

g = gram(s)

mg = nulligram(s)



m. Internediatp 6; tort-Butyl 1-am nocyclopentanecarboxylate |Internedi ate
6 was synthesised using the route shown in Schene 5 bel ow. Slouo 3 0
Schene 5l ol ormrodwo B Stage 1

- 1- Weenzyl oxy) car bonyl j am no) cycl opent anecar boxylic acid To a sol ution of

1- am nocycl opent anecar boxylic acid (370 g, 23.2 nrnol) in 1:1 dioxane /
water (60 int,), was slowy added Na2003 (12.3 g, 116 nmol) foll owed by
benzyl chloroformate (3.6 mL_, 25.5 nmol) and the m xture stirred overni ght
at RI. The reaction m xture was carefully acidified to pl.1=2 with 1M HC
then extr dBeled™@P$h Et 0Ac (3 x 30 nL). The conbined organic extracts were
washed mﬁhhnbriﬂﬁmﬁﬂﬁsﬂrled (MB80, 1), filtered and concentrated in vacua to

| eave a pagl d_the e product to be 3
ot ure oGS E Ol isRbmees e EhpPECHEROY RG b eI ot  The crude
pr oduct mﬁéMﬂlxmmlmenhﬁgwtmﬁrelmT:HEe/ wat er (60rrfL) and treated with lithium

hydr oxi de {264 The m xture was stirred at Rl overni ght then
washed with Et%% &gﬁ,%@%tggo 4 acidified to pH=2 and extracted with Et0Ac (3

x 30 int..). The conbl ned organi c extracts were washed with brine (30 nt.),

dried (NQS@&MQMM .@m@bu@g@m@aﬁ@w@ér@ﬂ(m@%dd@%&e@u@wﬁ@we to afford
the title ¢ Mt11r 35 Stage 2-

Lort s But o1 IR OBt Sy s B binoksa (R ¢ BudTR Y STELHE IR ot g | et
-Butyl 1- {\REnByiabiop)3t.ar reepekdraar Maoyot dpaitianecardduybatusingas prepared in

e 2 GBS0 el SRS ob RS 2o O RERITRULAE he th AP /2 320

[MEH] " . St anm‘nocyc entanecar
r;hromalogmphy column de perormed u&.mr,} smca gel, parlicle size 40 83 um {230-

400 rash) obtained from Fluarachem. Purification of compoinds by preparative
HPLC was performed on Gilson systems using reverse phase Axda™ prep Luna C18
columns {10 um, 100 x 21.2 mm), gradient 0-100 % B (A = water + .05 % TEA, B =
acetonltrile} over 10 min, flow = 25 mb/min, UV detection at 254 nm,

H NMR spéctra were racorded on a Bruker 300 MH2 AV spectrometer in deuterated
solvents. Chemical shifts § are in parts per million. Thin-layer chromatography (TLC)
analysis was performed with Kieselgel 60 Fuy, (Merck) plates and visualized using
UV light,

Anatylical HPLC/MS was performed on an Agilent HP1100 LC system using reverse
phase Luna €18 columns (3 wm, S0 x 4.6 mm), gradient 5-95 % B (A = water + 0.1
% Formic acid, B = acelonitrile +-0.1 % Formic acid) over 2.25 min, flow = 2.25
mi.fmin, UV specira were recorded at 220 and 2584 nm using a G13158 DAD
detector. Mass spectra were obtained over the range m/fz 150 {o 800 on a LC/MSD
Sl G19568 detector. Data were integrated and repaorted using ChemGtation and

ChamSiation Data Browser soflwares,

Examples 1-6

The compounds G-amino-5-(2, 4-difluoro-hanzoyl-1-phenyl-1H-pyridin-2-one
(Compound 1} and G-amino-5-(2 4-difiuora-benzoyl-1-(2, 5-difluorophenyl- 1H-pyridin-
2-one (Compound 1l):



tort-Butyl 1-am nocycl opentanecarboxyl ate was prepared in a simlar fashion
to Stage 2 (Schene 3) of Internediate 4. 1HNVR (300 MHz, CDCI3) 8:
2.08-2.02(211, in), 1.87-1.72(411, in), 164-1.58(211, m, 1.47(911, s).
Examls 1: Cychwentyl N-(2-44-16-am no-5-(2,4-difluorobenznd)-2-oxopyridim
1(211)-yfial argOot hvll- 2- net hvl al ani nat e In this exanpl e compound of the
i nvention, a dinmethyl glycine cyclopentyl ester notif is covalently
conjugated to the parent p38 MAP ki nase inhibitor via the am ne group of
the dinetlyi glycine cyclopentyl ester and through a -CH2CH2- |i nker

radi cal . The conmpound was synthesised using Internediate 2 and I nternedi ate
3 as descri bed belom/(io &S gf’“ on of Internediatenr, (W89ngy, 0514 mml )
in anhydrous THE (4 ro jﬁed cycIopenLMIlE négh -al ani nat e

hydrochl ori de (I Fe? dla/eNB)“(160 my, O. gr, .5 gq) and NaBH( CAc) 3
(326ng,].54lh %‘fafrnxtwe eH’{e‘@pfgomtemmrmurefor
16 hours, and then quenched th water 0 tit). The aqueous | ayer was

extracted with EtbAc (3 x 20 nt.), and the conbi ned organi c extracts washed
with brine (40 nl) ri ver MgSH4, filter ncentrated 36 under
reduced pressure. ?R'Fpgglgue was purified bgggﬁggaggtlve HPLC to provide
the title conmpound (130 ng 48@6y|eld) LOMS: riil2. 524 [NH141 1H NWR

(300 MHz, CDC13) 6: 10.43 2 51-7.34 (4H, %‘\ 8)726 (2H,
m, 7.04- @r‘@ﬁmfwﬂ‘h‘qu@1@'%1‘9““[@ '155939 83RHHP ‘@ J‘?@-(‘gol KFﬁ?ﬁWI 2.93.2.75
(41, m, Exﬁﬁtpﬂe.s% 3(aBt5 teaw rblalilio (iGEHtovalpnt doxagplicd @ esterase motifs with

(2- {461 BIAGeS: {2 b5 LS Lot ez ond) 2600t ek bl Rbli hdphen 1 et

N-
I met h {"&hT e
po&.ltlon remote from the binding interface betweaen the inhibitor and the target
enzyme (see the comments above concerning the binding mode of a modet p38 MAP
kinase Inl*ﬁbi&:r). Examples 2, 4 and 6 below relate to the carboxylic acid esterase

hydrolysis products of Examples 1, 3 and 5 respectively.

synthesis of Examples 1-6

Intermedtate 1: 4-Chloropheny! 3-(2 4-difluorophenyl}-3-oxopropanimidothioate

Intermediate 1 can be prepared using experimental procedures described in WO
2003076406,

Intermediate 2: {4-[G-Amino-5+2 4-difluorobenzoyl)-2-axopyridin-1{2#)y1]-

phenylacetaidehyde




This Exanple relates to the carboxylic acid hydrolysis product of the
conpound of Exanple 1. The conpound was synthesised using Internediate 2

and I nternedi ate 4 as descri bed below in Schene 6.
2 St age NaCOH( OAc) , - Aot_ internothate fri.

YNH. ¢ J.-

1,

i tornodi al e

29

{d-[B-Amino-5-(2,4-difluarobenzoyl)-2-oxopyridin-1{2H)yl]-phenyliacetaldehyde was
synthesised using the route shown in Scheme 1 below.

P e o KIAG
O NM T o NH T ~
oyt e
,U_ ,:.L‘ Stage 1 ﬂ,‘ _,;:J-H H Stagoe 2
o A
NH J;:;- - v""QAG
s .-ﬂ -‘:2['--..‘:! . .l‘
I L
FTOTE TR 0
o wn, &0 o one, 7 O
**‘”‘ s N-*’J;*?-:,»"']] e i .»fJ l'x r:l “'~-N-f'L:-‘~:xJ
_d_.--ﬁu__ ,.;':-L_‘ F 1-;:_»_.\_1'__,,-"-‘..";». o SMH‘, 4 ,‘.-J-{-.h_ ___.{._‘JL\\ LC';_-._‘ __..-'i'-;:..“} _.H;l;ée:;-
F R j [ T

Scheme 1

Slage 1- 2+(4-{[3-(2,4-Difluoraphenyt)-3-axopropanimidayllaminaiphenyl)ethyl

acetate

4-Chlorophenyl 3-(2,4-difluorophenyl)-3-oxopropanimidothicate (Intermediate 1)
(69.7 g, 192 mmol) was suspended in glacial acetic acid (700 mlb.) and 2-(4-
aminaphenylethanol (27.71 g, 202 mmol, 1.05 eq) was added. The mixlure was
heated at 80°C for 2.5 hours before being allowed to cool to room temperature and
concentrated under reduced pressure. The residue was trilurated with £60 (500 mL)
and washed with ELO (2 x 250 mb) to give a white solid, which was suspended in
saturated NaHCO, (700 mL) and stirred vigorously for 30 mines, Fillration and
washing with water afforded a beige solid which was dried under reduced pressure 1o
give the title compound (64.12 g, 92 % yield).

LC/MS: miz 361 IM+H]". "H NMR (300 MHz, DMSO-dy) : 7.79-7.71 (1H, m), 7.45-
7.07 (6H, m), 5.26 (1, 5), 4.21 (2H, 1, J=6.8 Hz), 2.89 (2H, {, J=6.5 Hz), 2.00 (3H, 3).

Stage 2- 24-[6-Amino-5-(2 d-diflucrobenzoyl)-2-oxopyridin-1(2H)-yljphenyljethyl

acetale

CDI (43.26 g, 267 mmol, 1.5 eq) was dissolved in anhydrous THE (11) under an

atmoesphere of nitrogen and cooled to 0"C. Prapiolic acid (16.43 ml., 267 mmol, 1.5



Stag SAierne O FI -N X "011 Stage 1 -... tort-Butyl

N- (2-{4-16-arni no-5-(2, 4-di fl uorobenzoyl) - 2- oxopyridin-1(2)-0-
y1l1Phenyl } et hyl ) - 2- net hyl al aninate 37 and then NaBH(OAc)3 (310 ng, 1.467
mmol ). The reaction was stirred for 24 hours, diluted with Et0OAc and the
organi ¢ washed with sat NaHCO3, bring; dried (MySO4) and concentrated in
vacua. The residue was purified by preparative HPLC to provide the title
conmpound (120 ny, 48 %yield). LM mz 5121MtFir. 1H NMR (300 MHz, CDC%
6: 10.41 (1H, br s), 7.51-7,34 (4H, m, 7.28-7.26 (2H, m, 705690(2H
m, 5.93 (&H wat adgt,cgdrgpw{g()% and tesnigturg allgyed o wcgmggr@wyg:@mqmtwﬁpnd1 46(91-!,
s), 1.29( 61t1r90d 89 1 hrSA@ Lgaim’l of 2-(4-{[3- (?4diﬂuo|0phcnyl doxonropanlmldoyl]

N (2- (446- Am no- 59})&54 fltiorq enze%ﬁ - 0X OP m-ﬁé H?

Apheny! } et RINPLPbembeiiyy el 98 750 A7 SBITEDTHRBRC LS 1 HF i Qipl) was

N- (2- ( :]14|6 aﬁﬂd‘t’iQmBﬂ(OZ’;meh hdatat alimhz ey &holaoepybdich Rl (24 aytdpphenyl } et hyl ) -
2-inethyla n| ng

trifl uoroat pi‘i‘,ﬁ %léfl ge 'f:‘h ‘(‘ Lbu&hggpuig%‘&? \'evQ‘\”/C\Jmé/l%il(3 mlp% Qﬁﬁ?n 9\’ggﬂc1dtenperature
for 16 houwgh&he mdnom@meﬂiuwdwwlédt@m by WesigrwouTthes @ pgledue was
trituratedy mow%ub%fmqm% ¥ éd,,Léﬁt?aﬁéu%dmd%d%s%%% grv@q,uced

pressureto afford ound _as an of te solid ng, 56 %
LC/ MB: 1 ni Browamsy tha) wps Piltt*"amqwhh@ﬁ@@ww@w %f)@”éb%b@ (IH, hr s),

7. ;30- 17355;:(09% b Yiltcafiordd. a(ﬂgbiubrtw&)aatrﬁces?@uélblmdpd = 9tofd #g Xitle 3. 15- 2. 95 (4H,
in), 1. 0

14( 2- ( 446- g?ﬁ“?%"gdfiyﬁl%é‘f Wﬂgﬂé%%%?%fy oxop vridin:

1( 2H) 3/ 13ph&ma: Ingt By v} i QE (166 MHm BYEChG) il 78 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 Mz), 3.01 (2M, 1, J=6.9 Hz),
2.04 (3H, 5).

Stage 3- 6-Amino-5-(2 4-difiuorobenzovl)-1-{4-(2-hydroxyethyliphenyllpyridin-2{1H)-
one

2-{4-[6-Amino-5-(2 4-difluorabenzoyl)-2-oxopyridin-1 (2H)~yl];;nl‘!ér‘wyi}r;ethy[ goolale
(46.77 g, 113 mmol) was suspended in 6N agueous HCH (500 mi.) and heated at
reftux for 2 hours, A precipitale formed upon cooling 1o room temperature which was
collecied by filtration, suspendad in saturated aqueous NaMCO, (1000 ml.) and
stirred vigorously for 30 minutes. Filtration, washing with water (2 x 500 mL) and
drying under recuced pressure afforded the title compound as an off-white solid
(40.11 g, 96 % vyield).

LCMS: miz 371 [M+H]T. TH NMR (300 MMz, DMSO-dg) &; 7.55-7 .37 (AH, m), 7.31-
7.20 (AH, m), 571 (1M, o, J=9.9 +2), 4.69 (1K, £, J=5.3 Hz), 3.71 (2, m), 2.84 (2H,
d, J=6.9 Hz).

Stage 4- {4-[6-Amino-5-(2,4-difluorobenzoyl)-2-oxopyridin-12H)-yllphenyl}-
acelaldehyde

To a suspension of G-amine-5-(2, 4-difluarobenzoyl)-1-4-(2-hydroxyethyliphenyl]-
pyridin-2(1+0-one (15,00 ¢, 40.5 mmol) in anhydrous DCM (760 ml) at 0°C was
added Dess-Martin Periodinane (20.62 g, 48.6 mmol, 1.2 eq) in portions. The mixture
was allowed 1o warm to room temperaiure and stirred for 3 howrs, before being

pourad inlo saturated aqueous NaHCO, (400 ml.) and saturated aqueous Nay5,0,



Exanpl e 3 was synthesised using Internediate 2 and Internediate 5 in a
simlar manner to Exanple 'I LCOMS: rn/z. 550 [WHY.. 111 NMR (300 MHz,
DVMSO- d,3) 7.55-7.34 (61-1, rt), 7.297.21 (2H, m, 5.72d, 34.8 Hz),
5.27-5.21m, 3.31-3,20 (2H, m, 3.10-3,00 (21-1, in), 2.22-2.12 (211, m,
2.08-1.98 (21-1, in), 1.90-1.58 (12H;m Exanple 4:

1- U2- 1446- Am no-5-c2, 4-di fl uorabenzavll- 2- OXopw di n4( 2H) -

yl | phenel } ot hynam noj eval oPent aneear boxylic acid 0 Exanple 4 was

synt hesi zed using Internediate 2 and Internmediate 6 in a simlar manner to
Exanpl e 2(4(10(3\{5 anmsZretBdgdrddishir for AdmMes( BROadMEBys IDMDGE @ppdiated, 52- 7. 37 (4H,

AU Séa? &a)%'d«:tf ool 1%{3(%& afi uéxojrgpﬁm d m&%ﬂ%r@d ?ﬁ’q L ™.

5- (446- anpvm!\m Hitfaliorpandoesngentation axdsr reduced pressure affarded the title

ri di n1(21zdopdithb-ad aroricl dORARD GORNNALE u@quﬁlnb‘yvltﬁlﬂﬁ‘P@l‘twbﬂ%ﬁmtmh‘ NVR (300 Mz,
DMVSO- do) %0 14 (1H hr s), 8.06 (3H, hr s), 7.57 (1H, dd, 3=8.5, 15,1 Hz),
7.42 (1H, *t’d”’@ioom) ), 7.34 (1H, dd, 325 98Hz) 724(1H  d,
3=2.3, 8.5CH#3:m7Z368 M. d, J=10.2 Hz) 5.74 ('IH 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,

). LOW Wit 88 8, 1 BTG oMb, 1SRRG VS Syt hesi sed by the

route sho

leliN {m:>

intermediate 3 was synthesised using the route shown in Scheme 2 below.

o Sl igo I n:yulupunlmml o Btaga 2.
- . - ol R T R
j::l._\c},ﬂﬂ_ e OH EDCI, DMAP, DOM A e o Holdioxane MG HN 1 >

N g TeT g \\> e

Sehome 2

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

I e
ey O, N
Ty

To a solution of N-(fert-hutoxycarbonyl)-Z-methylalanine (1.00 ¢, 4.92 mimaol) in DCM
(10 mb) at 0 °C was added cyclopantanc! {0.83 ml., 9.84 mmol), EDCL(1.06 g, 5.42
mimol} and finalty DMAP (60 mg, 0.49 mmol), The reaction mixture was warmed to
RT and stirred for 18 hours The DOM was removed i vacuo to give a clear oll. The
orude residue was dissolved In =10A¢ (100 mbL) and washed with water, 1M NaHCO,
and brine. The organic phase was dried (MgSQO.) and concentrated in vacuo. The
crude extracl was purified by column chromatography (10% EtOAc in heptane) to
yield the desired product as a clear oil (0,254 ¢, 20 % yield).
"M NMR (300 MHz, COCL) 5: 5.25-8.17 (1H, m), 5.04 (1H, br ), 1.93-1.54 (8H, m),
1.49 (64, 5), 1.45 (9, 5).

Stage 2 - Cyclopentyl 2-methylalaninate hydrochioride (Intermediate 3)



J)ooNitl, 00 O Stop 13 >0113DWVs . 0. ..
Ex4lnplo 1 Scheele 7 Step 1: 5-Benzyl 1-
N-(tert-butoxycarbonyl)-L-glutanate To a

St op?. rr'rf.OH Stop 9
cycl opentyl
sol ution of

(2S) - 5- (benzyl oxy) - 2- Wer i Thut oxycar bonyl ) am nol - 5- oxopent anoi ¢ aci d (10g.

30 mmol) in DCM (100 rith) was addedigyc
(6.25 g, 33 rnrnol) and DVAP (362 ng, 3
stir for 20 hours for conplete reaction.
washed with 1M Fi Cl, sat NaHCO3, bri
vactio. "rho MEL HNT

S s

I

Q

| opentanol (30 nmL, 33 mmDO, EDC
nmmol ). The reaction was allowed to
The reaction was diluted with DCM

ne;, «fried (1VIgSH) and concentrated in

[

Cyctopentyt N-(fer-butoxycarbonyl)-2-methylalaninate (0.254 g, 0.93 mmol) was
dissolved in THF (5 mL) and treated with 4M HCl/dioxane (2 mL) and the reaction

mixture was slirred at RT for 24 hours. The crude mixture was concentrated under

reduced pressure and tituraled with ELO o gi

va a while pracipitale. This was Turther

washed with EiO to give the desired product as a white powder {0.16 g, 82 % yield).

TH NMR (300MHz, DMSO-dq) 5 8.58 (3H, br s
m), 1.74-1.53 (6H, m), 1.45 (64, s).

), 5.21.5.14 (1H, m), 1.93-1.78 (2H,

Intermediate 4: tert-Butyl Z-methylalaninate

)
N NH A
0

Intermediate 4 was synthesised using the rou

Q i Stage 1. DCMIcytlohexana
st G T
- ! O thutyl tdehiororcetimidate { ,j
Socheme 3

Stage 1 — tert-Butyl N-[{benzyloxy)carbonyl]-2-

Tﬁ

te shown in Scheme 3 below,

-

!

SR — H“N-" "-.,i!,
EIOAG, I, BdIC G

Stage 2. L0

T’-:‘Lf

methylalaninate

To a solution of N-[{benzyloxy)carbonyl]-Z-melhylalanine (1 g, 4.21 mmol) in DCM

(10 mb. anhydrous) and cyclohexane (10 mL) at 0°C under nitrogen was added boron

trifluoride diethyl etherate (7.7 ul, catalytic). fer

-Butyl 2,2,2-lrichloroacetimidate (1.51

ik, 8.43 mmaol) in cyclohexane (10 ML) was then added slowly aver 30 minutes

before allowing to warm o RT. Reaction was allowed fo stir at RT for 16 hours. To

the crude reaction mixture was added 190 mg

of NaHCO, and the reaction filtered.

The mother tiquors were concentrated i vacuo. The crude extract was purified by

column chromatography (10% EIOAG in heptane) to vield the desired product (0.863

g, 70 % yield).



40 residue was purified by colum chromat ography (20% Et OAc/ Heptane) to
provide the title conpound as a white solid (8.48 g, 71 %yield). trilz 406
[ MF1-11+. Step 2: 5-Benzyl 1-cyc, | opentyl

N, N- bi s(tett-butoxycarbony))-L-glutarnate To a sol ution of 5-benzyl

1-cycl opentyl N-(tort-butoxycarbonyl)ssL-glutamate (8.48g. 21 mmol) in
acetonitrile (100 nt.) was added di-ted-butyl dicarbonate (13.690, 63 nmol)
and DVAP (255 ng, 2.1 rnnol). The reaction was heated to 50 ?C and stirred
over ni ght befwma(wﬁlmuza$mﬁmed?ﬁé?dﬁdeUm)bG@dﬂHeMp&raﬂU@H and.5éoncent r at ed
under reducgd presgyse.syThe crude residue was dissolved in Et0Ac and washed
with 1M HCl | §4dt NaHCCB and brine. The organic layer was dried over
nagne3|un1sulfate and concentrated in talcuo to give a brown oi

Purificati omaby2Cobupmn Qhﬁ@ﬁ@b@gﬁ@@ﬁuﬁ&ﬂﬁmaﬁ&M£tOAC/F|eptaHE) prOV|ded t he
title conpound as a corour |l ess oil (10.16 9, 96 %mn z 506 [NHHr Step 3:
(4S)-4-[Bi s(ted- butoxycarbonyl)anlno] 5- (cyclopentyloxy) 5- oxopent anoi ¢
acid To a solution of 5-benzyl ﬁ%cLoPént
N, N- hi s(t er (- but oxycar bonyl ) - L- gl Ut and 10.16g. 20.1 nmol) in EtQAc (200
m.) was added Pd/C (1 g). The nlxture(%as stirred under on atnosphere of H2
for 19 hoursg dtaci;»mmcmrcﬂde,-t-lamplugnb@ewbiﬁgmyqQnﬁengnmam:emi(mamgaz ¢® provide
E rl\]/I?-Hi[ It ls,?egl%nBB&nP O?’Bé%? )ﬂ% Waé/ecHe(aVYO&ﬂg &%’d?@cga{y'ﬁg] he %IKEJFG \}vae mz 416

NN- bi s( t ed- batiotyt andhsined undertapditosgphkternd hydibgaefbet8 hours, fillered

(4S) - 4- 1Bi S(@e%% WAhOIURPEROYABIEL AR Aad SYFI0D ALY QUK e IQHARERL ANOI ©

acid (8,28 nmol é was di ssol ved cooled In an ice
bath. NM VI@ (%'Oy FHO 43 0o B 1) Whigh Ca'aja'éad FW%\}\EH}% B‘? BW%‘@* addi tion of
i sobutyl chl mm@\fdmrtmbem(aﬁle@cx%&twﬂ&ﬁe)oli)ad dlhie dvepabicnnweaostirred at 0 "C
for 1.5 houy he ciio i ed and the precipitate washed
with THE. Tﬁ“@&(g@fmhﬂqﬁ‘é@ 28 o 'dgz’taé{aﬂ ‘'to 0 "C and NaBH,, (1.51 g,
40 mmol ) added portionw se, stirring for 3 hours. The reaction m xture was

ggﬁgfggg Wt%tbrmhﬁﬁgt &3@@5;%&.11%1 135}8’&%%}% %%?%}Q%F%xggr$g &éoﬁ?oa%) The

concentrated in vocuo to give a yellow oil. Purification by colum

chr omat ogr aphy (40% Et OAc/ Hept ane) prpV|ded the title conpound as a
colourless oil (4.34 g, 54 %yield). Mz 4021MtH. 41 Step 5: Cycl opentyl
N, N- bi s(tert-but oxycarbonyl) - 5- vamwb -y¥.(di met hyl ) sil yfl oxy)-Lnorvalinate
Cycl opentyl AcN-bis(tort- butoxycarbo 1) B\hydroxy L-norval i nate (4.34 g,
10.8 mml ) was dissolved in acetonitrile™~t45 ra) and cooled in an ice bath.
DBU (1.7 rm‘!ﬂmrmed t%a qv‘l’%ﬁc cag%smc ﬂm r8VY‘§ th\k{n m%DIIVBQP 4(bel Gt 9. 11.3 mmol ).
The reacti ofi has ST OWe rnlgh } OotH enpera Mure and then
concentrated hi vacua. The crude reS|due was di ssolved in Et 0OAc and washed
with IMHCl, sat Nal-1QG0:5, and brine. The organic |ayer was dried over
nagne5|un1sulfate and concent+at ed Ffr*Yacua. t'o gi ve a yel |l ow oi
Purification by colum chroW&&béﬁaphy (ZOWwéﬁdap Fl ept ane) provided t he
title conpound as a col ourl ess” oi | (3.82 g, B9 %yield). ni/z 516 [WHY.

St ep 6: Wc| ope. nt y| Intermediale &

N, N- bi s(terf-butoxycarbonyl)-5-{ttesfunput yl (di methyl)silytioxy)-2-

nmet hyl norval i nate To a solution of cycl opentyl

N, N-bi s(tert- buto§¥carbon yl)-5-Werfbutyl (di met hyl)silygoxyR-norvalinate
(3.82 g, 7. %mﬁﬁﬁr)BFWD@HE'K@DmﬁﬂTmé@mmvgﬁﬂwﬁwﬂﬁder a N2 at nosphere was
added 0.91M KHVMDS in THE (16.3 mL_, 14.8 mml ). The reaction m xture was

stirred at }Jﬁs@()udrﬂﬂ1erﬁﬂwycfb@sfrﬂfr@r.ﬁdﬁhytid: et of sevg gy e pe (0. 92 i,

14. 8 | t t d
e e oy e PR RSP RLLRRs B S B S LR AR b R LA N Cand e
aqueous | aysnd tex tridarieedrrod overEgh) Ao7(C2. KeS@actiop wahéoweantbicnaldo Eﬂ'gaam o

extr act s wepg oysieb i e, b1 g o148, LMISOR). ANd. 690cBRLa LAY | vacua

to give a e | tho I'ca (3.50 g,
89% yi el d). Hﬂ/‘lu/ U Mamwﬁtpd St patyMaldlySs @p em) pnd wetm (3x 20 mi) thcan

N, Moi s(t ertafudtOeoqy, Benyd Ind QVE@Xdar PRLDYS RV RaLhRab®w oi.



Cycl opent yl

N, N- bi s(tert-but oxycarbonyl)-5-iltort-butyl (di nethypsilylloxy)-2-

nmet hyl norval i nate was di ssolved in acetic acid (45 nt), THE (15 nlL) and
water (15 int..). The reaction was allowed to stir at 30 C for 20 hours for
conplete reaction. The reaction m xtuyje was then diluted wth Fl om and
washed with sat Nal 1CO8 and brine. The organic |ayer was dried over

magnesi um nd_concentr ted in ive.a thick yel]ow oil

whch was, SaREGR PR EROFERsRRoRrY e SER NSRS e s o ¢ 70y a6

[ MF1- 11*. ShegesBed QpdldpenT y) 50 % vield).

5-brortio-N Cu | ngr I| NBS (3. 95

g, 22.2 mm i%ﬁézﬁbﬁ.@?ﬁn 93% &%ﬂ(é{ﬁ gqgtﬂl ?ﬁl %‘ ené;ﬁ) gﬁﬁi ne added

(5.44 g, 2097 nrin0l1). The reactlon was stlrred for 5 mnutes before t he

addi tion of pyridine (0.94 ni, 8.9 mol). Cyclopentyl

NA- bi s(t ed- but OX carbon 1) 5- hydroxy2 met hyI norval inate (3.08 g, 7.4 mmol)
L2 & ‘ fiakia £ red overnight at room

t emper at ur e. The reactl on mxture was concentrat ed in vacua to give a brown

oil which was purified by colum chro x{r'at ography (15% Et OAc/|-1|eptane) to

provide the title conpound as a col ? ess oil (1.05 g, 30 %yield over two

steps). 177/7 479 (WHY. Step 9: Cycl/opentyl

5-{446-arni ne-5-(2, 4- dlfluorobenzdwJ ZDoxopyrl din-1(2H)-y1] -3, 5-

di f 1 uer ophenoxy) - N, N- bi s(t ed- but oxycar bghyl ) - 2- met hyl norval i nat e

6- Am no- 5- (2, 4-di fl uor obenzeyl)-1-(2, 6-di fl uor o-4-hydroxyphenyl ) pyridin-2(1

H) - one [ Exdnigraedate\iva3ontuesid yoatthmgoutd siegvnrin Bohgmahdeleycl opent yl

5- brono- N, Nbi s(t.er &ut oxycar bonyl) - 2- et hyl norval i nat e (?936 , 1.45 mmol)

wer e ni xed tog’ether ishoeDVE (10 nti)/ Rot assbum car bonaffel.( 365 ng,

2.64. mol ) and§odi uii'i"6di.de (»3%6”[113 2. 64 Mol \\fr/eren het added, stirring

at 40 "C over*h’ll htoH The r{s}ac i Of MiXtUT® was t en |IutéH i th Et Ac (50

inL) and washed with water~and brine® The organic | ayer, was N ed over

magnesi um sul fate and concentrated in Ve7CUO to give a |yel | ow solid which

was purified by col um chronmat ography (30-40% Et OAc/ Hept ane) to provide the

title conpound as a white solid (604 ng, 59 %yield). mz 776 [ MrH . Step

10: Cycl opentyl \

5-{446- am no-5- (2, 4-di fl uor obenzoyl) - 2- oxopyridi n-1(2 -'yI i 3, 6-di fluorophen

exy) - 2- net hyl norval i nat e Cycl opentyl HN

5- (40-am no-5- (2, 4-di fl uor obenzeyl) - 2- oxopyri di n- 1(2H) S 3>\5-

di f1 uor ophenoxyl - N, H bi s(/ert - but o%(c)(q%abr bonyl)-2-nme., thyl nervalinate (604
ng) was dissolved in TEA (10 nl, .) d DCM (10 nl). 'f“né reaction was

stirred at roomtenperature overni ght The reaction m xture was

concent r at édagent y AriffBangyigkwearborytiannosytiopeTiveees beiw!is @3d due was t hen

diluted with Et0OAc (50 nt..) and washed with sat NaHCO3, water and bri ne.

The or ?anl cro ﬁéﬁﬂiﬂm%ﬁ ﬁﬁwhﬁdyu%{)i@maﬂﬁﬁﬂ chafoad, @3@0\5’(116!9“‘3191'“ rat ed in
vacua (0] i ve a W SOl | | €
o %62 it i (8 3 By 13?%%1%9‘3@8&0 s siattiblenetby - 0. 3. 5.

di f | uor ophdmoxy Li@ofoenhipl(Bemiall BenmolPand thidniNRe (80681 dMdmigDEDM5) 1016 (1H,

br s), 8, lzﬁm %}cﬂmgmﬁz rLZwE%Q.' %%Hu%gé[m&&gaé p?i“;!‘%a:t 31“!!1(51”(?1% Zthjﬁflf(‘g'\l\%ﬁ (2H rn),

6.23 (1H,
EtOAG (3 X 30 mL). ?lw combined arganic extracts were washed with bring (30 mL),

dried (MgSO0y), filtered and concentrated in vacuo 1o leave a pale yellow oil, LOMS
and NMR showed the crude product Lo be a mixture of desired product and
corresponding benzyl estar, The crude product was dissolved in 1;1 THF / waler
{60ml.) and treated with lithium hydroxide (2.67 g, 116 mmal). The mixlure was
stirred at RT overnigit then washed with BLO (3 x 30 mL), acidified 1o pH=2 and
extracted with EIOAe (3 x 30 ml.). The combined organic extracts ware washed with
brine (30 ml.), dried (MgS0,), filtered and concentrated under reduced pressure to
afford the tile compound (4,76 g, 78 %), LCMS: m/z 264 [M+H]",



1. 63 (4H,
was synt hesised by the route shown in Schene 8.

0

in), 1,41 (3H, s). LCVMs purity 95 )/0, mz 508 [WHY, Exanple 6

stop stop 2 'o Stop 3 (-ANWOtOo -.1 1 1 0CUO01 .--1"cli, J.

0.

--)..,11..1 _, -- .0'Nel11-" .. ....i.0__. 0,1..0
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Stage 2 - terf-Butyl 1-{{(benzyloxy)carbonyllaminoleyclopentanecarboxylate

terf-Buty! 1-{{(benzyloxy)carbonyllaminaieyclopentanacarboxylate was prepared in a
similar fashion to Stage 1 (8cheme 3) of Intermediate 4.
LG/MS: /2 320 [M+H]".

Stage 3 - tert-Butyl 1-aminocyclopentanecarboxylate

tert-Butyl T-aminocyclopentanecarboxylale was prepared in a similar fashion to
Stage 2 (Scheme 3) of intermediate 4,

" NMR (300 MMz, CDCL,) 6: 2.08-2.02 (2H, m), 1.87-1.72 (44, m), 1.64-1.58 (2K,
m}), 1.47 (9H, s).

Exampie 1; Cyclopentyl N-(2-{4-[6-amina-5-(2 4-difluorobenzoyl)-2-oxepyridin.
1(2H)-yllphenyliethyi}-2-methylalaninate

In thiz example compound of the invention, a dimethyl glycine cyclopentyt ester motif
is covalently conjugated to the parant p38 MAP kinase inhibltor via the amino group

of the dimethyl glycine cyciopenty ester and through a -CHxCHy- inker radical.

The compound was synthesised using Intermediate 2 and Intermediate 3 as

described below.

To a solulion of Intermediate 2 (189 mg, 0514 mmol) in anhydrous THF (4 mL} were
added cyclopenlyl 2-methylalaninate hydrochloride (Infermediate 3) (160 mg, 0.77
mimol, 1.5 eq) and NaBH(OAC), (326 mg, 1.64 mmol, 3 eq). The mixture was stirred
al room temperature for 16 hours, and then quenched with waler (20 mL). The
aqueous layaer was extracted with FtOAG (3 x 20 ml.), and the combined organic

extracls washed with brine (40 mL), dried over MgSO;, filtered and concentrated

44 0O7.('-."." -N"I,

0



0-0StOP 5Stop 40- Stop Il Stop 70."" + O Nit- L. 7. Schonmo 8 Step
115-Senzyl 1-torl-butyl N-(tert butoxycarbanyl)Lglutamate To a sol uti on of
Ni i alerf-butyl oxycarbonyl-1.glutarnic acid-a-tort -butyl ester (5 g, 16.5
rnnol) in [CM (50 nL) was added benzyl al cohol (3.4 int., 33 mmol), EDC
(3.48g, 18 nrnol) and DVAP (201 ng, 3:6 nmol). The reaction was allowed to
stir for 20 hours for conplete reaction The reaction was diluted with DCM

washed with 1M entrated in
Vacuo. TheohoBbiete Bt Pt YR8 il B Rl ARERY FBRG ¢ PAGH!
Et OAc/ HeptthnéYe caonpuod {136 mdadd t4 yikld).conpound as a colourless oil (5989, 92%
yield), nz4ag&. (MR eH. TH NMR (300 MMz, COCly) 8: 10.43 (1H, br s), 7.51-7.34

{(4H, m), 7.28-7.26 (24, m), 7.04-6.90 (2M, m), 5.93 (1H, d, J=8.6 Hz), §.20-5.10

(TH,m), 2.93-2.75 (4K, m), 1.95-1.56 (8H, m), 1.31 (GH, s).

Example 2: N-{2-{4-{6-Aming-5-(2 4-difluorobenzoyl)-2-oxopyridin-1(ZH)-
yilphenylethyi)-2-methylalanine

[sae
F_. - ‘._\_\;::-f. "‘-‘F HH:,,/I‘:‘?D

This Example relates to the carboxylic acid hydrolysis product of the compound of

Example 1.

The compound was synthesised using Intermediate 2 and Intermediate 4 as

described below in Scheme 6,

y
Sy H
) NH 9 gtaga 1 N A
j /( U NH ca TR Qo
L NaBH(OAG), j\ v
ﬂ J 1 } - -~ a,_h T ﬁ"""“
o
T '\-.._\__I._-;_': e e ’ l [ \L
2 4] A }\J -6 "“-’f-l
Intarmadiate 2 Intermadiate 4
Staga 2 | TFA/DGM
8]
I
o WL

Schinmea 6

Stage 1~ tart-Butyl N-{2-{4-]G-amino-5-(2 4-difluorobenzoyl)-2-oxopyridin-1(2H)-
yiiphenyllethyl}-2-methylalaninate

To a solution of Intermediate 2 (180 mg, 0.489 mmol} in THF (3 mi.) was added terl-
butyl 2-methylalaninate (Intermediate 4) (117 my, 0.73 mmol), stirred for 30 minutes,



Steps 2- 9 fellows the sane nethodol ogy as described in Exanple 5 (Schene
7). Step 10:

5-{446- Am no-5- (2, 4-di fl uorobenzoyl) - 2- oxopyridiri-1(2H)-y1l1-3, 5-

di f | uor ophenoxy}- 2- not hyl norval i ne fed- Butyl

5- (4. 46-arni no-5-(2, 4-di fl uor obenzoy3) - 2- oxopyri di n-1(2H) 11: 1- 3, 5-

di fl uor ophenoxy) - N, N-bi s(tert-butoxycarbonyl)-2-nethylnorvalinate (70 ng)
was di ssol ved in TEA (2 nL) and DCM (2 nL). The reaction vvas stirred at
room terrper e The, reacti m xture was cOon ed in vacuo
001 ve b B E NI e 0 L Aol ket PR SrEREG o TG et hy
ether to giikedarthditDAnhnd thesajant: washad willy sat4GCh-ebritie, WImdc(Mg\‘&@s) filtered
off and dr A t E‘Eg%! . I ound |V
(N-Fl ydr oxizﬁdml'l'ﬁgﬁ'rﬁﬁgﬁ gg‘mé’ nugnrtfﬁlgr é&?m rﬁég H%‘Erc, a%o%p}gﬁn% ml @Q\I\AW& pr epar ed
as shown i CS&%@WEPCBJ“%W&/WQ, 48Qe Hgkh 9

N-(1-1 sobut @xietpexyd M?Hl?heﬂ){\h\m Fﬁiﬂ%@ﬂcﬁ@n hi 10 /41 (1H, brs),. 7r
N ( 3- Dnet@iq am no ochl orli “; (151 ny)
h

and 4-Di r néth§eh? aggﬁa%.rwe? PR ORI T0) RS QMU ). 5 G AR 501 w1 | on
of hydroci npam (@ddn( 108 (98)s), roeected hydroxyl am ne (W2008/ 040934) (136
pl..) and dichl oronethane (5 rrL) at RT under a nitrogen atnosphere. The
reaction was stirred 46 for 2 hours and then poured into water (50 m.").
Thi s was eXtagaét-od{indtB-Adniodb-62 dnidtubabenz02)-R-oBGwit)-1(The conbi ned organic

| ayers wer g dLi er.Sedium sul fate and sol vent renoved in vacuo. The
resi due vva\"g]ppﬁr@gmgg ’§} c)g?m chromat ography using an eluent of 0 to 100%

ethyl acetate in hciptanes, reached via a gradient to give the product as a
col our | essT®h lsoll:Bsh &¥9-8 IWQZ-'{QQGJaMmcM WﬂfimWO&arﬁhﬂpﬁhwﬁ?ﬂmﬁﬂam de

N-(1-1sob @g |lved In DCM (2
1) and. NeORHTIR S By o0 B SRS S tadimel b BB R L b pher o M
HCl in di oxdikd tifRipEaddtiosms! (Added imnmmeamaummm ranch iedhpernieecior th stirred

Lgrl_ C2t goglrt?/%lrts%cy %&‘o%@?&&tiﬁ%@r Hé&ﬁ%\ﬁef)%%gro\(/ﬁ%@)&.ﬁﬂgwa@ﬁ"zturﬁt?h dqg purified by

L0, LOH@(.tbd by fillration and dl“lt..d under reduced préssure o afford the title
compound as an off-white solid (50 mg, 56 % yield).

LC/MS: mi/z 456 {M+H]". "M NMR (300 MKz, DMSO-d,) 6: 10.08 (1H, br s), 7.60-
7.15 (8H, m), 6.95 (1H, br¢), 5.72 (1H, d, J=9.6 Hz), 3.15-2.95 (4H, m), 1.33 (GH, br
s).

Example 3: Cvclopentyl 1-[{2-{4- i 2. 4-difiuorobenzoyl

12 -yliphenyiiasthylaminoleyclopentanecarboxyiate

Example 3 was synthasised using Intermediate 2 and Intermediate & in a similar
manner to Example 1

LC/MS: miz 550 [MHT", vt NMR (300 MHzz, DMSO- dg) §: 7.55-7 34 (GH, m), 7.29-
7.212H, m), 572 (1H, d, J=9.8 Hz), 5.27-5.21 (1H, m), 3.31-3.20 (2H, m}, 3.10-3.00
(2H, ), 2.22-2.12 (2H, m), 2,08-1.98 (2H, m), 1.80-1.58 (12H, m)



in/z188 [M-H . 1H NVR (300 MHz, DVBO-do) 10.37 (1H, bs), 7.21 (5H, m),

2.81 (2H,
of Exanplia"t,

t, Jtt 7.5Hz), 2.81 (1H, m), 2.68 (2H, t, 3 = 7.5 Hz).

i nt ermedi ates and net hods descri bed bel ow. |Intermedi ates | nternedi
(2E) - 3- (5- For nyl pyHdi n- 2-yl | - N- (1-i sabut exyet hoxy) acryiam de 0 H HN
I nternmedi ate 7 was prepared by nethods described in W2008/ 040934.
I nternmedi ate B: 3-(4-fornyl phenyt hN- (1-i sobut oxypt houl propanatrilde 47 0
HN O Internediate 8 was prepared by nethods described in W2008/040934.

intermedi atg, An1.Q GLERENE A miho a2 NRGYEL AREX ANRSEL PRl Bl NH2 T

vilphenyliethyllaminoicyclopentanecarboxylic acid

‘ ¥
NH, f“‘“ﬂf“/ "OH

O
P UYEiRe
o - &.N;-’ gy

Example 4 was synthesized using Intermediate 2 and Intermediate 6 in a similar
rmanner o Example 2.

LCMS: miz 482 [M+H]". *H NMR (300 MHz, DMSO-ds) &: 7.52-7.37 (dH, m), 7.31-
7.20 {41, m), 5.71 (1H, d, J=10.0 Mz), 3.08-2.93 (4H, m), 2.10-1.99 (2H, m), 1.78~
1.68 (6H, m).

Example §: Cyclopentyl 5-{4-[G-amino-5+(2,4-diflucrobenzoyl)-2-oxopyridin-
1{2H)=y11-3.5-difluoroghenoxyi-2-methylnorvalinate

"H NMR (300 MHz, DMSO-ds) 10.14 (1H, br s), 8.06 (3H, br 8), 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 Mz), 7.03 (2H, d, J=10.2 Hz) 5.74 (1H, d, J=9.8 Mz), 5.23-5.19 (1H, m),
4.13-4.07 (2H, m), 1.97-1.83 (5H, m), 1.70-1.57 {7TH, m), 1.45 (3H, s), LCMS purity
65%, miz 576 [M+H]",

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

Synt hesi s

% and 1Q The above conpounds were synt hesi sed using the

ate?:



0 To 1-am nocycl ohexanecarboxylic acid (4.2 g,29 mnd) in cycl ohexane (250
m.) was added cycl opentanol (50 nL) and para-tol uenesul phonic add (5.89 Q)
and the resulting suspension heated at reflux in a Dean-Stark apparatus for
72 hours. On cooling to roomtenperature the resulting white solid was
collected by filtration and washed w;;h cycl ohexane (2 x 100 nL) and died
under reduced pressure to give the title conpound (4.1 g) as a colourl ess
solid. mz 212.3 [WM. Internediate 10: Cycl opentyl 2-nethyl-D, L-1eucinate
A solution of (RS)-orrhethylleucine (500 ng,3.44 nmmol) in cycl opentanol (1
m.) and conc. 1-1280,aggép6 n.) was heated™at 80C for 28 houg§i}The
reacti on was conc@ﬂf?* & under reducegdfpr ure and theoﬁé%F“ﬁe
partitioned hetyween saturated Nal -CO 3/ (aqg) (20 niL) ang di“chl or onet hane (20
m.). The organik HQ“@{ was _dried (K S@AbﬂqndmgyagptAdeNLQ,@Lye t he desired
mat eri al (650 g}l 4§ a |ight: brov & Wi ch vas, used wi't Hbut._furt her
purification. mz 214.3 [Mrl-1]'. 4K Exafpl es Exanpl 7% Cyclopentyl
1. ({4434hydr oxyam no) . 3. oxopr opvllbenzyl | am nOl cyclopeﬁﬁanecarboxviate
To a solution of Internediate 8 (208 ng, 0,68 rnnol) and internediate 5
(184 ngy, 0.68 mmol) iﬂwghphlorornethane (%p m.) was*&dded sodi um
triacetexyborohydricle 430 ny, 2.04 nnqrj and acetic aci‘é-(47 4). The
resul ting soLgLion as stirred at ,rapmgtenperature for 5 h$urs and t hen
quenched wi t h*sgtlys ﬁéﬁx§F4CI. Tﬁéwp%@ -knﬁfwas extfactled wit h
di chl or onet hane (2. x50 w&maﬂdhthedﬁpégi éﬁﬂQLgahicﬂlﬁyegs"LEMere dried
(Mg, S4) and conced{rated i sapgcua The(resul ti mgesesi daé mas di ssol ved in
4M 1-101 in dioxane! {1 nL) and stirredwét roomtenperaturg- for 1 hour. The
reacti on was quenched wth NaHCO3 and extracted with ethyl acetate (2 x 150
nt..), The conbitfgd organic |ayers were drjed (MySO4) and evapgrated. The
resi due was purified*gVDwPLC‘to give th “itle conpound (80'ﬁg) as a
col ourl ess sol,i dg E{£ 375 [MtFir., "hi Pﬁl: (300 MHz, _ O?»,17.46 (2H, d
3=7.9 Hz), 7jﬂqyig o -d. 328, 1 kt)}L§J4px%1¢$,rn, 4.18.%@%{~ Q%xﬂ%ﬁQB
(21-1,.t, J=7,2 Hi),} 2138 (4H—m , 210851 \5.9 (-F4H-w1) ,  Exduny | e gy
1: 1/ 4. ({4, 13- (HyUr §xyami no) #%7oxopr Spy] 1ben2yli &#ENO) cyc Q+\
pent anecar boxylic-atid 'N -OH H 1.-10+: N Cycl Opentyl o
1- ({4- p- (hydr oxyam no) - 3- oxopr opyl 1benzyl } am no) cycl opent anecar boxyl et e
(Exanple 7) (40ng) was stirred with lithium hydroxidg-£40ing, 15mol) in
Thir mL) and water (1 ml.,) at 45nC for 36 hougs~“tWéj ededion was
concentrated under reduced pressure and the re@ﬁ%tﬁﬁ@‘re i due purified by
G | son

Q .

0., a0 3l

Q=0 e
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Exampio 1

Schome 7

Step 1: 5-Benzyl 1-cyclopentyl N-(fert-butoxycarbonyl)-L-giutamate

To a solution of (25)-8-(benzytoxy)-2-[{tert-butoxycarbonyl Yamina}-5-oxopentanaic
acitd (10 g, 30 mmmol) in DCM (100 mill) was added cyclopantanal (30 ml., 33 mmal),
EDC (6.25 g, 33 mmol) and DMAP (362 mg, 3 mmob), The reaclion was allowed {o
atir for 20 hours for complete reaction. The reaction was diluted with DCM, washed
with 1M HCI, sat NaMCOs;, brine, dried (Mgs0,) and concentrated in vacuo, The



49 preparative HPLC. The purified carboxylic acid derivative was stirred in
di chl oronet hane: TFA (1 nlL, 1:1 v/v) for | b at roomtenperature and the
reaction concentrated under reduced pressure, The title conpound (3 ng) was
i solated as a colourless solid. "I-1 NWVR (300 MHz, MeOD), 7.47 (2H, d J=7.9
Hz), 7.36 (2H, d 3=8.1 Hz), 4.18 (2Hass), 3.01-2.95 (2H, | J=7.5 Hz), 2.38
(4H, m, 1.97-1.59 (OH, m Exanple 9: Cyclopentyl
N (4- 13- (hydr oxyam ng) 4- oxoprop?ll | benzyl } - 2- rre@ﬁ/ - | ouci nat e -1
N, - 11- - d8sgue whs Burifigd b EgRT RN @WW#P&V (3R 0(*6@%&% ovidg Beng
| nt er medi afite: 2GR 35 wilteGlia Eand g, And vierlh enmeds pra-)10 (146 ng, 0.61 mmol)
whi ch gave the title conmpound (200 ng) as a colourless solid. mz 391.51
[M-Filt. 111 NWR (300 MHz, MeOD) 7.44 (2H, d J=8.1 Hz), 7.35 (2H, d ,J=8.1
Hz), 5, 38- 583 {-Behzyht-pyclebedtyl ViN-his@orfbad@xyBarkny)-14¢l0@meadH, d, 3=12.8 Hz),
2.98 (2H, | J=7.6 Hz), 2.41 (2H, t 3=7.6 Hz), 2.04-1.72 (11H, m, 1.68
(3E1, s), 0.99 (6H t 3=7.6 Hz). The follow ng exanple was made in a
similar mahhasrokibprdiE-hepey d- %@ﬁiﬁ'ﬁﬂ%ﬁ’ Gt @%ﬁ@ EOVB"JI}SHT‘H‘@'T%W@ 9. Exanple
10: NA4434p 1 yetonty Sefinia ( B0 OPLamdddd enan-bltyPdiegbhistte 3359.g; bsuci ne HO. ¢
ON"OH - 51) mmol) and DMAR (255 mg, 2.1 mimol). The reaction was heated to 50 °C and stirred

avernight 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 ol, Purification by column

chromatography {10-20% ELOAc/Heptane) provided the title compound as a

colouriess oif (10.16 g, 96 % vield). m/z 506 {M+H]",

Step 3: (45)-4-[Bis(tert-butoxycarbonyliaminoj-5-(cyclopentyloxy)-5-oxopentanoic
acid

To a solution of S-benzyl 1-cyclopentyl N N-bis{ferf-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 atmosphare of He for 19 howrs, Tiltered through Celite and
concentrated in vacuo to provide the title compound as a pale yellow ail (8.28 g, 99
% vield). m/z 416 [M+H]".

Step 4: Cyclopentyl N N-bis(lert-butoxycarbonyl)-S-hydroxy-L-norvalinate

(48)-4-[Bis (tert-butoxycarbonyhamine]-5-(cyclopentyloxy)-S-oxopentanocic acid (8.28
g, 20 mmol) was dissolved in THF (80 ) and cooted in an fce bath, NMM (3.3 mL,
30 mmel) was added foltowed by dropwise addition of isobutytchloroformate (3.6 mil..
28 mimaol). The reaction was stirred al 0 °C for 1.5 hours before the reaction was
filterad and the precipitate washed with THE. The maother liquors were cooled again
to 0 °C and NaBH, (1.51 g, 40 mmol} added portionwise, stirring for 3 hours. The
reaction mixiure was guenched with water (80 mb) and extracted with E1OAG {3 x
100 mL). The combined organic extracts were washed with brine, dried (MgSQ04) and
concentrated in vacuo ta give a yellow oil, Purification by column ehramatography
{40% EiOAc/Heplane) provided the title compound as a colourless ofl (4,34 g, 54 %
yield). m/z 402 (M+H]"



H NVR (300 MHz, MeOD), 7.44 (2H, d J=8.11-1z), 7.35(2H, d
1H, d J=12.4Hz), 4.09 (1H, dJ=12.61-1z), 2.97 (21-1, t

, t J=7.7Hz), 2.01-1,87 (3H rn), 1.76 (3H s), 1,01

. Examle It Cclosetl 6 1 -3- h drox am nooxoro.-1-en-1-
pyr| di n- 3- yl } met hyl | at ni nolcycl ohaxanecarboxylate 0 cJCOH it To a
solution of Internediate 7 (386 ng, 1.83 nmmol) and Internediate 9 (902 ny,

and-the v eSS el HBle Raap BV s B DB RS 102 hour 2 an

cool i ng t ohoweimateenper at ure, sodi um borohydride (317 ng, 85 nmmol) was added
and stirring was continued for 20 m nutes. The reaction was quenched with
saturated NH4Cl (50 inL), and then extracted w th dichl oronethane (3 x 100
nm.). The céwdp | Sk NGhis(ter-Ptpstcarbiey kS-drdred-i-nysdinple (ESAde AP P&1ed) i n vacua
and the reWrALleanSlecﬁﬁ'a@'é&@m@:W@ﬁ{l‘?@ln& eomi waﬁ@hﬁm@wﬂa@hy i [ica gel,
5% nmet hanol in ved i n dichl oronet hane

20 o O bt e e Tlaet Bt on ST S G A el T R G ¥ bl ot on
was stirr edllcamc,drm@mdvemp;ﬁat attrugie tdroperdiukpcn. théﬂt@nmm@taddm vi@®. theenched with

NaHOOS. and £k 1 868 R0 o ELIK < BRELRS BaliBatuh S0 1E) colJUFGOMBSY or 02 ¢

| ayers vvere Fie and evapora _ resi dué was l.ff“l#led by HPLC
to give thérind. tﬂheDmnpcbamedwe-'sdrlatrlg:)vea@d@ﬂrm:howfﬁ@s@d§ém¢e@t1aheﬁfi;'z 388, 25

NMR (300 W%auoqe %Qf}.lic%pmpﬁu(ﬁwtmrhtﬁy ﬁa\urn@dﬁgmétgyﬁ’apm(gﬁ% 8. 65 (1H d,
J=1.7 Hz), g’ 0y’ 50 (1H, d,

J=15.4 Hz) Et%A% Rlaig) pﬂl“”dﬁdﬂ@ wﬂﬁ?m@dﬁ A plpuripss 35 55 9»9? % e (2H,

bra), 2.15#2z80 ). ), 1.16-1,96 (16H, m. Si Biological Activity

El i stone deacetylase activity The ability of conmpounds to inhibit histone
deacetyl ase activities was neasured using the comrerci al | y avai | abl e HDAc

f I uor escentSteach:iCyripyeid $6y-bisttombBionyragionyl}-fr{lrHafly (diremsiideode- Ly s

TAf suhst r at@@ulonaiiige W th an epsilon-am no acetylation, Is incubated with
t he source of "hi stone deacetyl ase activity (HeLa nuclear extract) in the
presence or absence of inhibitor. Deacetylation of the substrate sensitises
the substrabe sIonBh uﬂfycldf:?enhwwwi&%‘(/@]l@pﬁ;ﬁycnwmﬂho@[esmarat es a fluorophore.

Thus, i bst ot . | t

an- 1 nor eas B HEREBN VRO TO Ao ch et PRV PR E e 5 Blone S "
i nhi bit or. ubddran My @MmexeEsstthdasd 8.9 8rtddMDadeTIof (1t6h’emb.o’rﬁt& wimonBEsur ed in
the absenc‘?ef#ﬂi?r'l ﬁ‘uﬂéu.ma g/x% 51:1Wdté? W?F ?H%&i iﬁfo%@%cﬂ%‘n%@rrﬁﬂ‘@‘ b&ak gdgf rom al |

sanpl es &? where Si is the
signal in tﬂﬁe%ﬁé@@@ibém@f@aéuws‘t’?&aﬂﬁ' weg i BT (G RePT Fﬂ'ﬂﬁ?i‘%“d?’ ang $§r9% t he

si ﬂngl in bb@rgi@;h@&“ﬁtﬂﬁﬁrmﬁw rRIMIES Wad @mn@‘mm @nﬂHsmemwm ﬁuammaymn chht he
i nhi bitor i S Y roun nal neas in the
absence of é'ﬁ W'”\ '%%A\‘/Z‘?ﬁégm\}é 1téwd8fn ﬁf?ﬁ’éﬁmﬁw agcﬁ W?rr?e\'éﬂsy?cg‘ﬁmsm on
anal ysi s, afiherdribd (Mg9Q,) biecanesnittial ofvagioghive atyaligrodihtisch was heedequat i on
for signoi pactivity against |og
concentr at %ho%ﬁ&@g&%ﬁﬁ?ﬂ@ﬁ usi ﬂ 8’% g@mﬁrﬁﬁ @%oftware Hi st one

deacetyl ase activity from crude nucI ear extract derived from HelLa cells was

used for s&igenid@iopdhia f\PN%@ﬁtﬁbb@ﬂycaﬂﬁfnﬂpﬁﬂit?@mw pmAiroaenefit e, Bel gium,
was prepared from HeLa cells harvested whilst in exponential growth phase.

The nucl ear extract was prepared according to the nethodol ogy descri bed by
3. D. D gnaycloplady! MHbth(tefResloxychB88y!)-ilferdTBdiWa0y ) shfiapy}fr ozen in |iquid

100" i Kai ey R el fistong R a3 vl SRTRARL) afRyBRE) N RS
k). The reaction was allowed to stir at 30 °C for 20 hours for complo’w reaction, The
raaction mixture was then diluted with EtOA: and washed with sat NaHCQ, and
brine. The arganic layer was dried over magnesium sulfate and concentrated in
vacto o give a thick yallow aif which wasg taken forward without further purification
(3.08 ). mdz 416 [M+H],

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



52 W37 and HUT cell inhibition assay Cancer cell lines (W37 and Hun
growing in |og phase were harvested and seeded at 1000 2000 cell s/ well
(100pl final volume) into 96-well tissue culture plates. Follow ng 24 hours
of growth cells were treated with conpound. Plates were then re-incubated
for a further 7296 hours before a WSf;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 r' 100-RSYS) X100i where SI

is the signes (3.95 e PresOee s0épdnbbd RioCm (ENEALMnditspHehgipisdsgmak i n the

presence . ponse curves ner gnerated from§, ..

concent r at ?%lhgl}/ﬁ ?%B%ﬁmm@ ﬂ'&e rﬁf’? L6 "\ll'\%%(&c’g "ﬁ"Hﬁl%ﬁﬁ?e&?'aﬂH% F44%°8ns) , using
6 replicat téswntﬂact@@ Yainleso were). detl@eriyhddv-by(mbbutbivaaaonegnessiyon

ALy Sl S PhBrohEng8 08 EPHIES 0 iR BONAL L OB hAln BEATROYR dose
response vmt Varia & (% activity again concentration of
conpound) , #kitigd ererplpd “P??W EmnesiEfalie. r @%8“ W'Kl“ﬁhé‘é”f@ﬂﬁ 988 tassay The
ability 0fv&98’ﬂ9%0@§b1&/rﬂd’lmmﬂt o Mﬁﬁ%d@d\@"ﬁ& @m&m k g measured in an
assay perfl%@;%ﬂ Ugstat @J\m&l&%”@ afin r ?égﬁyﬂ’g% Elrre of 25pL,
p38 MAP Ki éiﬂpi/%‘@ t?rFH?)j'd‘? gt CrsR: @adwﬁo'%fﬂﬁw# ‘s&’pﬁH vieg 02mv EGTA,
0. 33ny/ L oweebwanstaasi /7ot ). 10nM MgAcet ate and [y- 33P- ATP] (specific
activity approx. 500cpm pnol, concentration as required). The reaction is
initiated by the addition of the NgATI‘D m x. After incubation for 40 m nutes
at room t efpePabfydienentvhe-{4-Beoinoh-(2.4-duompenkzobl-2tdaxepvidi: tEidve?.554 of a 3%
phosphor i Cmﬁlfdrépr%%ﬁéJi\Plﬂbis@tQ&thBxsFeBﬁmﬁﬁﬁQHéﬂ@ldoﬂa‘in‘&ﬁ@ spotted onto a P30
filtermat and wash three tines for m nutes in 75nmM phosphoric acid and
once in nethanol prior to drying and scintillation counting. 53 Duplicate
dat a poi nt&Aafir-genedntiedhdnzon)-a(36-3ifl.og-dinlduidy oingesyries-20f Hygoret ock
solution i Wt t a ncentration of
TopMt - and EBeea AT oAb LA vE PR B0 MR Sk B ot £
filter-binlslryt- @Lﬂ@ﬁ/yaflvgn}ﬁ))e?~fr@ﬂ1miedrvahnaam(bmmcd)ﬁbenmoi)ewar@mimi or close to,
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on ice whi stln all _f.ol st wer.e G d out at 4C.
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aspi r at ed, 3,andutehpelxyiel-matighedaivatch col d PBS. The pellets were lysed in
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THP-1 cells were plated in 100ul at a density of 4 x 104 cells/well in
V-bottonmed 96 well tissue culture treated plates and incubated at 370 in 5%
CX2 for% hours. 2 hours after the addition of the inhibitor in 1000 of
tissue culture nedia, the cells were stinulated with LPScoil strain 005:55,
Sigma) at a final concentration of 1pg/nL and incubated at 37t in 5% CO2
fore hours. INF-a |levels were neasured fromcell-free supernatants by
sandwi ch ELI SA (R&D Systens trOTA0013) 5.4 FICE-1 Carboxyl esterase Assay
Hydrol ysis of esters to the correspondi ng carboxylic adds by hCE-1 can be
measured using the follow ng procedure. At zero time, 1000 of reconbi nant

i CE-1 at a concentration of 6p9/rnL in phosphate assay buffer (K2PO4
100mM K1 Exepenis 6p5st4 (Grhmiga 54 dgiflucsotpace i

elrdioxgpyridiaigtladensr buf f er
cont ai ni nggdiipMopibbxysRbabaIRrvafibber thorough m xing,

OXORYLIG ] 2
triplicate sanples
were incubated for 0, 20 or 80 mnutes at 37CH.At(5he appropriate tine,
hydr ol ysis was stopped by the addition of GOOp?“‘T acetonitrile. For zero
time sanples, the acetonitrile w @?ggeg,ppLonf, .the enzyne. The sanpl es
| 2
%

were anal ysed for the ester a or flespondi'ng "&rboxyl i ¢ add at room

t enperature by LCVS (Sci ex AR g '“%r P1100 bi nary punp, CTG PAL).

Chr omat ography was based bn_a Q}L&?ﬁnx 2.1m n) colum and a nobil e phase
of 5-95 % acetonitrile Fn Watéf /0.19% form c acid. Levels of the acid, the

hydrol ysis product, after 80 minutes are expressed in ng/m" Broken Cell
Car boxyl estiefpPe366 3aYz, ANsAien. &oRosng efi7tbe, B §sebss.7isavent gn wherein

ester conjugate accordi.n t | nventi.on be tested to detennine
Shether i1/ AEEG8 TRET-cht SRerlt ThAesi§ o TRYaiel §2Ractby ikt Goel | al ar

est erase, byg3tegting4t (BH,BE LIOM9 ol @b Yas%ay0s Rreflar ati on of cell extract
U937 or 1-1CT 116 tunour cells (-- 101)) were washed In 4 vol unes of

Dul beccos PBS (- 1 litre) and pelleted at 5259 for 10 mn at 4 "C. This was
repeat ed t @kaeplagdvasinthpgiagd ehe rqyl shewniadchegistispended in 35 nt. of cold
honogeni sing buffer (Trizma 10 . mM Neel 130 MM CaC 2 0.5 rnMpH 7.0 at
25C). Honpbgenates were prepared by nitrogen cavitation (700 psi for 50 mn
at 4 C), The honpbgenate was kept on ice and supplenented wth a cocktail of
inhibitors at final concentrations of: Leupeptin 1 .i1V1l Aprotinin 0,1 p.M
E64 8 .IM Pepstatin 1.5 LMBestatin 162 pl\/1 Chynestatin 33 p. M After
clarification of the cell honpogenate by centrifugation at 525g for 10 m n,
the resulting supernatant was used as a source of esterase activity and was
stored at -80 C until required,



55 Measurenent of ester cleavage Hydrolysis of esters to the corresponding
carboxylic acids can be neasured using the cell extract, prepared as above.
To this effect cell extract N30 pg / total assay volunme of 0.5 nL) was
incubated at 37 Cin alris- HJO 25 mM 125 nM NaCl buffer, pH 7.5 at 25C.
At zero tinme the ester (substrate) wags then added at a final concentration
of 2.5 4.11/1 and the sanples were incubated at 37C for the appropriate
time (usually O or 80 mnutes). Reactions were stopped by the addition of 3
x volunmes of acetonitrile. For zero tine s | es the acetonlt TTF was added
prior to the estePwc@hpound. After cenanﬂugEtlon at 1200 #@w 5 mn,
sanpl es were analysed for the ester an Its correspondi carboxyllc aC|d
at room tenpgratufe by . LCVB (Scijex{ AHi 13000, HP1108. buna [y _gupp, CTC PAL).
Chronatographj”mﬁsﬂbé$ed anqa VBN (75X 2. 17 g, col dmfarfd & nobile phase
of 5-95 % acetonitrile in water /0.1 A formc acid. Rites of hydr ol ysi s
are expressed in pg/nL/mn. Cell Accunul ation Assay Cel I--(8x104/nm.) were

i ncubated at 37C in culture medi um cont ai ni ng epfvl conpound in a 5% (v/v)
C2- hum di fi ed atnnsphere | ncubati ons mere ternlnawwd after Sh by
centrifugation of 25’3{ éllquots of the suspensi gn @&at-0800g for 5

m nutes at 4C. 0022t sanpl es of the pul&ure nedla supernatants were added
to 4 vol unes of_a nlthle (Slgnﬁ\Ald Jah). After Qecgnqﬁng t he

super nat ant, the nes dda1.celL_peIIet;(%k ~cells) wad xtxaqfed into | nL
of acetonitrile.®S hples werspt hen éhaPysed f Okwihe esv@roand acid

met abolite at roomfenperature by LC/ MBFMS (Sci ex API 3000).. Chronat ography
was based on a CN (75 x 21mn) colum with a 5- 95% (v/v) acetonitrile,
0.1% (v/v) fofwmit acid nobile phase. For the zero time sanpleg, the cel
suspensi on was c iIIF “&ffd centrifuged ?g soon as the ester had been added
and then extractgd i'nto acetonitrjlg as described. Le el§ i+ cells are
expressed as* %#htffqanpound nhlb{tﬂOn ‘0b. P38 (1050 n qp dgp -on of
phosphoryl al i'o MFP P-2.i.n.-W937 qelys it1 C80,..-0M) Fﬁtlm | 1™
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Example 2

Schomo §

Step 1: 5-Benzyl 1-tert-bulyl N-(tert-butoxycarbanyl)-L-glutamate

To a solution of Nuafert-butyloxycarbonyl-L-glutamic acid-o-tert -buyl ester

(® ¢, 16.5 mimol) in DCM (50 mL) was added benzyl alcohol (3.4 mL, 33 mmol), EDC
{3.48 g, 18 mmol) and DMAF {201 mg, 1.8 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 (MgSQO,) and concentrated in vacuo. The residue
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Cells pgfnmL/mL n Cell

was purified by column clwomatagraphy (20% EtOAc/Heptane) to provide the title
compound as a colourless oif (5.98 g, 92 % vyield), m/z 416 [M+Na]".

Steps 2 — @ follows the same methodology as described in Example 5 (Schame 7).

Step 10: 5-{4-[6-Amino-5-(2 4-difluorobenzoyl)-2-oxopyridin-1{2H)-yl]-3,5-

difluorophenoxy}-2-methylngrvaline

tert-Butyl 5-{4-[6-amino-5-(2,4-difluorobenzoyl)-2-oxopyridin-1(2H)-yl}-3,5-
diffuorophenoxy)-N,N-bis(fert-butoxycarbonyl)-2-methylnarvalinate (70 mg) was
dissolved in TFA (2 mL) and DCM (2 mL). The reaction was stirred at room
temparature overnight. The reaction mixture was concentrated in vacuo to give a pink
oit. The crude residue was then triturated with dlethyl ether to give an offt-white solid
(23 mg, 40% yield) which was filtered off and dried under vacuum (o give Exampie 6
as a TFA sall,

Compound IV (N-Hydroxy-3-phenyl-propionamide)

Uam‘:{ﬁ'la, T -fH

~ “ﬂ' “OH

i,
Y

Compound IV

Compound 1V was prepared as shown in Scheme 8 halow

Schome 9

N-(1-isobutoxyethoxy)-3-phenylpropionamide

N-(3-Dimethylaminepropyl)-N-sthylcarbodiimide hydrochlotide (EDRC) (151 mg) and
4-Dimethylaminopyridine (catatylic) were added to a stirred solution of hydrocinnamic
acid {100 mg), protected hydroxylamine  (WO2008/040924) (136 L) and

dichloromethane (5 mL) at RT under a nitrogen atmesphere. The reaction was stirred

| ysate from U937
accunmul ation in W37 cells at 6 hours (ng/nm.) eN),



-0 ; Ow Corr_pound |iparent). 50 300 8 NA NA NA 987 Table 1
Table 1 shoms that the acid of Exanple 1 has a simlar 1C50 in the enzyne
assay to the parent compound (Conpound 0: (WD 031076405) i ndicating that
binding to the enzyme has not been disrupted by attachment of the esterase
motif. Di-substituted conpounds, e.gysExanple 1, are hydrolysed by |iCE-1
and as a consequence the acid accunulates in cells. This accunul ati on of
acid results in Exanple 1 being significantly nore potent than the parent
conmpound in the cellular assay. These data highlight the potency benefit
that can be achieved by the attachnent of the esterase notif and the
resul ting el 2ubaus aangduthenapsuser dhiot etoe olPeshondbingwar i astradehpiind
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sulfate and solvent removed in vacuo. The residue was purified by column
chromatography using an eluent of O o 100 % ethyt acetate in heptanes, reached via

a gradient o give the product as a colourless oil (58 mg).
Compound IV: N-Hydroxy-3-phenyipropionamide

N-(1-lsobutoxyethoxy)-3-phenylpropionamide (58 mg) was dissolved in DCM (2 mL)

and MeQiH (0.5 mL) and stirred at RT under a nitrogen atrmosphere. 4M MO in

dioxane (275 pl) was added to the solution and the reaction stirred for 2 hours,

Solvant was then removed in vacuo and the residue purified by HPLC to give the

product as a pink solid (9 mg). .
m/% 166 [M+H]I'. 'H NMR (300 MHz, DMSO-d,) 10.37 (1H, bs), 7.21 (8H, m), 2.81

(2H, £, J = 7.5z}, 2.61 (TH, m), 2.58 (Z2H, {, J = 7.5 Mz).

Synthesis of Examples 7, 8,9 and 10

The above compounds were synthasised using the intermediates and melhods
described below,

intermediates

intermediate 7: (2E)-3-(5-Farmylpyridin-2-yl)-N-{1-isobutoxyethoxy) acrvlamide

Intermediate 7 was prepared by methods described in W02008/040934,

Intermediate B: 3-(4-formyiphenyl)-N-(1-isobutoxyethoxy)propanaimide
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Intermediate 8 was prepared by methods described in WOZ008/040934.

Intermediate 9: Cyclopentyl 1-aminocyclohexanecarboxylate

To 1-aminocyclohexanecarboxylic acid (4.2 ¢,29 mmol) in cyclohexane (250 L) was
added cyclopentanof (50 ml) and para-toluenesulphonic acid (5.89 g) and the
resulling suspension healed 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 cyclohaxang (2 x 100 mL) and dried under reduced pressure to give the
title compound (4.1 g) as a colourless solid. m/z 212.3 IM+H]".

intermediate 10: Cvclopentyl 2-methyl-D L-leucinate

N

g © H'::i“NH.
™

A solution of (R,S)-a-methylleucine (500 mg,3.44 mmol) in cyslopentanol (1 mL) and
cone. H80, (0.36 mL) was heated at 80°C for 28 hours. The reaction was
concentrated under reduced pressure and the residua paritioned between saturated
NaHCO; (ag) (20 mbL) and dichioromethane (20 mL). The organic layer was dried
(MgS0,) and evaporated o give the desired material (650 mg) as a light brown ol

which was used without further purification. m/z 214.3 {M+H]".
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Examples

Example 7: Cyclopentyl 1-{{4-[3-(hydroxyamino)-3-oxopropyllbenzyl}amina)

cyciopentanecarboxylate

0
______ o ’t“‘:l_ "H‘HJ"'JJ\N"'DH
Cl o 1 8
T KT
\_/

To a solution of intermediate 8 (208 mg, 0.68 mmol) and intermediate 5 (184 mg,
0.68 mmol) in dichloromethane (20 mlL) was added sodium triacetoxyborohydride
(430 mg, 2.04 mmo!) and acetic acid (47 ub.). The resulling solution was stirred at
room tarmperature for 5 hours and then quenched with saturated NH,CI. The reaction
was extracted with dichtoromethane (2 x 50 ml.} and the combined organic layers
were dried (Mg$0O.) and concentrated in vacuo. The resulting residue was dissolved
in 4M HC! in dioxane (1 mL) and stirred at room temperature for 1 hour. The reaction
was quenched with NaHCO, and extracted with elhyt acetate (2 x 150 mL). The
combined organic layers were dried (MgS0,) and evaporated. The residue was
purified by HPLC to give the title campound (80 m@) as a colouress solid.

m/z 375 IM+H]". 'H NMR (300 MHz, MeQD), 7.46 (2H, d J=7.9 Hz), 7.36 (2H, d
J=8,1 Hz), 5.40 (1H, m), 4.18 (214, 5), 2.98 (2H, t, J=7.2 Hz), 2.38 (4H, m}, 2.08-1.92 |
{14H, m).

Example 8; 1-({4-[3-(Hydroxyamino)-3-oxopropvilbenzyliaminolcycio

pentanecarboxylic acid

L a0
AN

HO"

Cyclopentyl 1-({d-{3-(hydroxyamine)-3-oxopropylibenzyliaming)
cyclopentanecarboxylale (Example 7X40mg) was stirred with {ithium hydroxide (40
mg, 15mmol) in THE (1 mL) and water (1 mL) al 48°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 detivative was stirred in
dichloromethaneTFA (1 mil., 1:1 viv) for 1h at room temperature and the reaction
concerdrated under reduced pressure, The title compound (3 ing) was isolated as a
colourless solid.

" NMR (300 Mz, MaOD), 7.47 (2H, d J=7.9 Hz), 7.36 (2H, d J=8.1 Hz), 4.18 (2K,
s), 3.04-2.95 (2H, t J=7.5 Hz), 2.38 {4H, m}, 1.97-1.59 (6H, m)

Example 9 Cvelopentyl N-{4-[3-(hydroxyvamino)-3-oxopropylibenzyl}-2-methyl-

bl -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
compaund (200 mg) as a colourless solid. m/z 391.51 [M+H]",

'H NMR (300 MHz, MeQD) 7.44 (2H, d J=8.1 Hz), 7.35 (2H, d J=8.1 Hz), 5.38-5.33
(1H, m), 4.2% (14, d J=12.8 Hz), 4.06 (1H, d, J=12.8 Hz), 2.98 (2H, { J=7.6 Hz}, 2.41

(2H, t J=7.6 Mz), 2.04-1.72 (11H, m}, 1.68 (3H, 5), 0.99 (GM, t J=7.6 Hz).

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

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




Tabl e 2 Table 2 shows that the parent conpound (Conpound 1) is equi potent

I n nonocytic and non nonocytic cell |ines whereas Exanples 1 and 3 are 100
times nore potent in the nonocytic cell line. Exanple 1 only accunulates in
t he monocytic cell line showng that cell selectivity is achieved by the

attachment of an esterase notif that shs only cleaved in the nonocytic cel
line. 57 Conpound I|nhibition of phosphorylatlon of MAPKAP-2 In U937 cells
(ICSG nM 1n3onocyte cell line Inhibition of phosphorylation of MAPKAP. 2
in HUT 78 cells (1CSO, nM non-nonocytic cell line

mifz 323 [MHH]. T NMER (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 (1M, dJ=12.6Hz), 2.97 (2H, 1 J=7.3Hz), 2.41
(2M, 1J=7.7Hz), 2.01-1,87 (3H, m), 1.76 (3t, 5), 1.0t (BH, t J=6.342),

Example 11: Cvclopentyl 1-[({6-[(1E)-3-(hydroxyamino)-3-oxoprop-1-e1-1-
vilpyridin-3-viymethyhaminolcyelohexanecarboxylate

0
. o o
QI LT

.-"‘".{

(L

i

To a solution of Intermediate 7 (386 mg, 1.83 mmol} and Intermediate 9 (902 mg,
3.02 mmol) in THE (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 tempearature, sodium borohydride (317 mg, 85 mnmio!) was added and stirdng
was continued for 20 minutes. The reaction was guenched with saturated NHCI (50
mL), and then extracted with dichloromethane (3 x 100 mL). The combined organic
layers were dried (Mg30.), concentrated i vacuo and the resulting residue
subjected lo column ehromatography {silica gel, 5% methanol in DCM). The purified
materiat was dissolved in dichloromethane (20 mb) to which was added 4M HCl in
dioxane and the resufting sclution was stirred at room temperature for 1 hour, The
reaction was quenched with NakCO, and extracted with elhyl acetate {2 x 150 mL).
The combined organic layers were dried (MgSQ0,) and evaporated, The residue was
purified by HPLC {o give the tille cornpound (80 mg) as a colourless solid, m/z 388.25
(M+#)", "M NMR (300 MHz, ds-DMSOQ) 10.95 (1M, br ), 9.43 (1K, brs), 8.66 (1M, d,
J=1.7 Hz), 7.92 (1M, dd, J=2.0, 8.0), 7.67 (1H, d, J=8.0 Hz), 7.50 (1H, d, J=15.4 z),
6.98 (1H, d, J=15.4 Hz), 523 (14, t, J=5.3 Hz), 4.16 (2H, br s), 2.15-2.30 (2H, m),
1.16-1.96 (16M, m).
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Biological Activity

Histone deacetylase activity

The abilily of compounds to inhibit histone deacelylase aclivities was measured
using the commaerclally available HDAC fluorescent activity assay from Biomol. In
brief, the Fluor de Lys ™substrate, a lysine with an epsilon-amino acetylation, (s
incubated with the source of histone deacetylase activity (MHel.a nuclear extract) in
the presence or absence of inkibitor, Deacetylation of the subsirale sensitises the
substrale to Fluor do Lys ™daveloper, 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 baing sublracted from all samples, as foliows:

% activity = [(8'— B) / (8° - B)] x 100

where %'is the signal in the presence of substrate, enzyime and inhibilor, $° s the
signal in the presence of substrale, enzyme and the vehicle in which the inhibitor is

dissolved, and B is the background signal measured in the absence of enzyme.

G vValues were deterrmined by nan-linear r@gr@Séiun analysis, aftar fitling 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 deacstylase 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 nuctear
oxtract was prepared according to the methodology described by J. D). Dignam, Nual,
Acid, Res., 1983, 11, 1475-1489, snap frozen in liquid nitrogen and stored at -80°C.
The finat buffer compositton was 20 mM Hapes, 100 mM KCIL 0.2 miM EDTA, 0.5 mM
DTT, 0.2 mM PMSF and 20 % (viv) glycerol,
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U937 and HUT cell inhibition assay

Cancer cell lines (J937 and HUT) growing in log phase were harvested and seeded
at 1000 ~ 2000 cells/well (100 final volumae) into 96-well tissue culture plates.
Following 24 hours of growth cells were treated with compound. Plates were then re-
incubiated for a further 72 — 96 hours before a WET-1 cell viability assay was

conducted according o the suppliers (Roche Applied Science) instructions.

Data were expressed as a percentage inhibition of the contral, measured in the
absence of inhibitor, as follows:

% inhibition = 100-[(SY8%)x 100}

where 8'is the signal in the presence of inhibitor and $°is the signal in the presence
of DMBO,

Dose response curves were genarated from 8 concentrations (top final concentration:
1OuM, with 3-fold dilutions), using & replicates.

1Cxy vaiues were determined by non-linear regression analysis, after fitting the results
to the equation for sigmoidal dose response with variable slope (% activity against

log concentration of compound), using Graphpad Prism software.

P38 MAP Kinase enzyme assay

The abilily of compounds to inhibit p38 MAPw Kinase activily was measured in an
assay performed by Upstate (Dundee UK). In a final reaction volume of 26ul., p38
MAP Kinase o {(5-10mU) is incubated with 256mM Tris pH 7.5, 0.02mM EGTA,
0.33mgimL myelin basic protein, 10mM MgAcetate and [y-*1P-ATP] {specific activily
approx, 500cpm/pmol, concentratlon as required). The reaction is initiated by the
addition of the MgATP mix. Afler 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 fillermat and washed three times for &
rinutes in 75mM phosphoric acid and once in mathanot prior 1o drying and
scintillation counting.



3",..11t 100 20 X;. Exanpl e 5 Table 3 Table 3 indicates that a
Cinked dial kyl conmpound (Exanple 5) is nacrophage sel ective whereas the
parent conpound (Conpound I1; WO 03/076405) and a conpound (Conpound I11;
WO 20071120036) | acking an al kyl group at the al pha carbon of the am no
acid derivative are not. This illustrates that nmacrophage selectivity can
he achi eved by the introduction of a second substituent at the al pha carbon
of the amno acid ester nmotif. Stt

Duplicate data points are generated frarm a 1/3 log dilution series of a stock solution
in DMSQ. Nine dilutions steps are made from a top concentration of 10uM, and a o
compound' blank is included. The standard radiometric filler-binding assay is
performad 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 HUTTE cells were plated in RPMI 1640, and were incubated at 37°C, §%
CQ, for 18 hours. 10mM stocks of compounds were diluted media/0.1% DMSO to
give a log or semi-log dilution sertes. The wells for 'no treatment’ and ‘anisomyecir’
were freated with 0.1% DMSO only. The cells were incubated at 37°C, 5% CO; for a
further 4 hours., Anisomycin was added to alt wells except no treatment’ at a final
concentration of 10 M. The cells were incubaled at 37°C, 5% CO;, for 30 minutes
before harvest. Plates ware stood on ice whilst harvesting, and all following steps
were carried out at 4°C. The cells were pelieted at 1000rpm for 10 minutes at 4 °C,
the media aspirated, and the pellet washed with cold PBS. The pellets were lysed in
1204 of SPS lysis buffer (62.5mM Tris, pH 6.8, 2% SDS, 10% glycerol, 50mM DTT,
with protease inhibitors and phosphatase inhibltors added according o the
rmanufacturers’ recommendations), After 30 minwes on ice, the samples were
sonicaled for 5 seconds before centrifugation at 13,000rpm 4°C for 10 minutes o
remove cell debris. 10w of the resulting ge! samples were loaded per lane on
NOVEX 4-12% Bis-Tris MORS gels, Membranes from western transfer of gels were
blotted with anti-phospho MAPKAP?Z, anti-phaspho HSP27 and anti GAPDH
according to the manufacturers’ instructions, Signal was visualised using HRP-linked
amti-rabbit or anti-mouse antibodies, ECL reagent and ECL film. 1C50 values for the
various compounds were visualised from the resulting photographic images, using
both band-shift and signat intensity,

LPS-stimulation of THP-1 cells

THP-1 cells were plated in 10041 8t a density of 4 x 107 cells/weli in V-boltomed 96
well issue culture treated plates and incubated at 37 C in 5% CO, for16 hours. 2
hours after the addition of the inhibitor in 100! of tissue culture media, the calls were
stimulated with LPS (£ cofi strain 005:85, Sigmay) at a final concentration of 1pg/mi
and incubated at 37 C in 5% CO. for 6 hours. TNF.a levels were measured from celi-
free supernatants by sandwich ELISA (R&D Systems #QTAQDE)
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HCE-1 Carbhoxylesterase Assay
Hydrolysis of esters to the corrasponding carboxylic aclds by hCE-1 can be

measured using the following procedura. At zero time, 100! of recombinant hCE-1
at a concentration of Sug/mb in phosphate assay buffer (K20, 100mM, KC40mM,
pi 7.4) was added to an equal volume of agsay buffer containing S5uM ester
substrate, After thorough mixing, triplicate samples were incubated for 0, 20 or 80
minwtes at 37°C. At the approptiate time, hydrolysis was stopped by the addition of
5001 of acetonitrite. For zero time samples, the acetonitrile was added prior to the
enzyme. The samples were analysed for the ester and its corresponding carboxylic
acld at room temperature by LCMS (Sciex AP 3000, HP1100 binary pump, CTC
PAL). Chramatography was based on a MeCN (75 x 2.1mim) column and a mobile
phase of 5.65 % acetonitrile in water /0.1 % formic acid. Levels of the acid, the
hydralysis product, after 80 minules are expressed in ng/mL.,

Broken Cell Carboxylesterase Assay
Any given compound of the present invention wherein estar conjugate according to
the invention may be tested to determine whether it meets the requirement that it be

hydrolysed by infracellular esterases, by testing in the following assay.

Preparation of cell extract
U937 or HCT 116 tumour cells (~ 10%) were washed in 4 volumes of Dulbeccos PBS
{~ 1 litre) and pelleted at 525 g for 10 min at 4 *C. This was repeated lwice and the
final cet! peliet was re-suspended in 35 mi. of cold homogenising buffer (Trizma 10
miM, 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 homogenale was kept on ice and
supplementad with a cocktail of inhibitors at final concentrations of:

Leupeptin 1 uM

Aprotinin 0.1 M

EG4 8 pM

Papstalin 1.5 u

Bastatin 162 uM

Chymostatin 33 pM

After clarification of the cell homogenate by centrifugation at 528 g for 10 min, the
resulting supernatant was used as a source of esterase activity and was stored at -80
*C until regquired,



0 Parent Conpound IV 2600 13%c)10pl\4 1,3.85 NA <- C. ISPi Exanple 7 1A
Ester 4200 Acid 6120

5%

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 ug / total assay
volume of 0.5 mL) was incubatad at 37 °C in a Tris- HC 25 mM, 125 mM NaCj
buffer, piH 7.5 at 25 “C. Al zero time {he ester (substrate) wag then added at a final
concentration of 2.5 uM and the samples were incubated at 37 °C for the appropriate
tirne (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 1o the
ester compound. After centiifugation al 12000 g for 5 min, samples were analysed for
the ester and its corresponding carboxylic acid at room temperature by LOMS (Sciax
AR 3000, FIP1100 binary pump, CTC PAL). Chromatography was based on a MeCN
(78 x 2.1mim) column and a mobile phase of 5-95 % acelonitrile in water /0.1 %
formic acid. Rates of hydrolysis are exprasged in pg/mL/min.

Cell Accumuiation Assay

Cells (3x10Y%mL) were incubated at 37%C in culfure medium containing 8P
compound in a 5% (viv) CQ:-humidified atmosphere. Ihcubations were terminated
after 6h by centrifugation of 25 mL :—Jllquois of the cell suspension at 300g for §
minutes atl 4°C, 0.2ml. samples of the culiure media supernatants were added to 4
volumes of acetonitrle (Sigma-Aldrich). After decanting the supernatant, the residual
cell peliet (2x10% cells) was extracted into Tml of acstonitrile. Samples were then
analysed for the ester and acid metabolite at room temperature by LC/ME/MS (Sciex
API3000). 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 fime
samples, the cell suspension was chilled and centrifuged as ;'-soon as the estar had
been added and then extracted into acetonitrite as described. Levels in cells are

expressed as ng/mL.
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Table 1 shows that the acid of Example 1 has a similar 1IC50 in the enzyme assay (o
the parent compound (Compound 1): (WO 03/076408) indicating that binding to the
enzyme has not been disrupted by aftachment of the esterase motif. Di-substituied

compounds, e.g. Example 1, are hydrolysed by hCE-1 and as a consequence the

acid accumutates 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 ceflular accumulation of the corresponding acid.

[ T Whibition oF | Inhibition of
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{monacyte call |{non«-manocytic
lina) cell ling)
Parent 300 450 1.5 MNA NA
Compound |
Example 1 10 1000 100 9a7 3
A
L7 _
AL Nk, 100 10000 100 ND MW
Examplo 3
Table 2

Table 2 shows that the parent compound (Compound 1) is equipotent in monocytic

and non monogcylic cell lines whereas Exampples 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 aftaclument of an esterase motif that is

only cleaved in the monocytic cell line.



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
bi nding to the enzynme has not been di srupted by attachnment of the esterase
notif. Di-substituted conpounds, e.g. Exanple 7, are hydrolysed by hGE-1
and as a consequence the acid accunulspates in nonocytio cells. This

accunul ation of acid results in Exanples 7 and 9 being significantly nore
potent than the parent conpound in the cellular assay. These data hi ghlight
t he potency benefit that can be achieved by the attachnent of the esterase
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Table 3

Table 3 indicates that a C-linked dialkyl compound (Example 5) is macrophage
selective whereas the parentt compound (Compound il; WO 03/076405 ) and a
compound (Gompound #l; WO 2007/129036) lacking an alkyl group at the alpha
carbon of the amine acid derivative are not. This ilustrates that macrophage
selectivity can be achieved by the introduction of a second substiluent at the alpha
carbon of the amino acid ester motif,
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Table 4 shows that the acid of Examples 7 and 9 have simifar {C50s in the Bnzyme
assay o the parent compound (Compound tV): indicating that binding to the enzyme
has nol 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 tn monocytic cells, This accumulation of acid results in Examples 7

and ¢ being significantly mare potent than the parent compound in the cellular assay.

These data higilight the potency benefit that can be achieved by the attachment of

the esterase motif,
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Table % shows that the parent compound (Compound IV} has similar potencies in
monocytic (U937) and non monocytic {Hut78) cell iines whereas Examples 7 and 8

are 30 times more potent in the monocytic cell line than the non-monoeytic cell fine.

This ilustrates thal a second substituent at the alpha position of the amino acid motif
confers macrophade selectivity on the compounds.
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Claims:

1. A covalent conjugate of an o,u-disubstituted glycine esler and a modulator of

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

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

the o, u-disubstituted glycine ester is conjugated to the modulator at a position
remole from the hinding interface betwean the modulator and the target enzyme or

receptor; and

the «,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.

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

the activity of a target intracelluiar enzyme or receplor, wherein:

the ester group of the conjugate is selectivaly hydrolysable to the corresponding o, o-
disubstitled glycine conjugate by cells containing the intraceltular carboxyleslerase
anzyme hCE-1 relative o cells containing hCE-2 or hCE-3 bul not hCE-1; and

the «,a-disubstituted glycine ester is conjugated to the modulator such that the
binding mode of the conjugated moduiator and the said corresponding acid to the

target enzyma or receptor is (he same as that of the unconjugated modulator; and

the a,a-disubstiluled glycine ester is covalently conjugatad to the modulalor 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 inlraceilular enzymae or receptor

comprising structural modification of the modutator by covalent attachment thereto of
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nodul at or ta1tdne t arget enzyne or receptor; and the cx, a-di substituted
glycine ester is covalently conjugated to the nodulator via its a-am no
group such that the nitrogen of the said a-amno group is not directly
| i nked t o the cardormplituiedightipe est@r is Aogianly eenjuasday tegﬁ'éﬂwai‘aﬁ"a s -
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target intrace enzyme or receptor, wherein: the ester group of the
conj ugat e QQNQ@WBBWPVer hydr ol ysabl e to the correspondi ng a, u. -
di substituted glycine conjugate by cells contalnlng the intracell ul ar
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residence time of modulator of the activity of a target intraceilular enzyme or receptor
comprising structural modification of the modulalor by covalent attachment thereto of
an a,o-disubstiuted glycine ester such thal the binding mode of the conjugated
madulator and the said correspanding acid to the target enzyme or raceptor is the

same as that of the unconjugated modulator, wherein:

tho ester group of the conjugate being selectively hydrolysable to the corresponding
a,a-disubstituted glycine conjugate by cells containing the intracellular
carboxylesterasae anzyme hCE-1 ralative to cells containing hCE-2 or hCE-3 but not
hCE-1; and

the 1, u-disubstituted glycine ester is covalently conjugated (o the modulator via its a-
amino group such that the nitrogen of the said a-amino group is not directly linked to

a carbonyt moiety.

o, A conjugate or method as claimed In any of the preceding claims wherein the
a~substituents of the w,c-disubstituted glycine esler conjugated to the modulator are

independently selacted from phenyt and groups of formuta -CR,Ry R, in which:

each of B, R, and R, is independently hydrogen, (C,-Cglatkyl, (C,-Cqlalkenyt,
(C,-Cilatkynyl, phenyl{C4-Celalkyl, (Cy-Cylaycioalkyl; or

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

pyridyl; or
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cx, a-di substit . i pe il @ E¥alkOH), wgat ed to the nodul at or
via its a-ani nt)&“gzggg%w@'dgﬁC@E@ﬁ"ﬁ@lkﬁ?ﬁoﬁ’%ﬁtigf‘&fﬁ{a%;gi d a-amino group is
not directly | iShikgeoalerylatiak beaipprvihei etgjodrvisiky! raupnvigaseyBr’ 8Y hod as
claimed In any Bfioddigbd 06aMIEInEhR dFBncMb ElitRlINekB hdapaidasty doleertds of t he

a, a-di substituted glycine ester _co t t he, podl r. are
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6. A conjugate or methad as claimed in any of claims 1 to 4 wherein the -

substituents of the o,u-disubstituted glycine ester conjugated to the modulator, taken

together with the e-carbon itself, form a 3-6 membered saturated cycloaikyl or

heterocyclyl ring; or wherein at least one of the said a-substituents is 8 C-Cp alkyl

substituent.

7. A conjugate or method as claimed in any of claims 1 to 4 wherein one of the
a-substitulents of the o, e-disubstituted glycine ester conjugated to the modulator is a
C,-C; alkyt substituent, and the other is selected from the group consisting of methyl,
ethyl, n- and iso-propyl, n-, sec- and tert-butyl, phenyl, benzyl, thianyl, cyclohexyl,

and cyclohexylmethyl.
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