1 Enzyme and Receptor Mdul ation This invention relates to a general nethod
. of increasing or prolonging the activity of a conpound which nodul ates the
activity of an intracellular enzyme or receptor by the coval ent conjugation
of an al pha am no acid ester notif to the nodulator. The invention al so
relates to nodul ators to which an al pha am no acid ester notif has been
covalently conjugated, and to a nethod for the identification of such
conj ugat es havi ng superior properties relative to the parent non-conjugated
nodul ator. The invention further relates to the use of nodul ators
contai ni ng anino aci d est eFN&IPF £8A Reseptar Medplatien sel ecti ve accunul ation of
am no acid conjugates inside cells of t he nonocyt e- macr ophage | i neage.
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that the binding node of the conjugated nodul ator and the said
corresponding acid to the target enzynme or receptor is the same as that of
t he unconj ugated nodul ator, the ester group of the conjugate being

hydrol ysabl e by one or nore intracellul ar carboxyl esterase enzynes to the
correspondi ng acid. As stated, the invention is concerned with nodification
of nodul ators of intracellular enzyngs or receptors. Al though the principle
of the invention is of general applitCation, not restricted by the chem cal

i denti t¥nt91f e{ll@?el ?9 'e%l?rarﬁrhyaﬂaﬁhlhéi@lgqhbi b(olé?fty,hhﬁ"gé@rngﬂécu%@Wmﬁt or receptor,

t h ffect
by 1 oveHenss EubrRiliegnathis ahed 1o BNEn o=ty SPRpEPaodl RIS O Those
whose efrgeel, dng lfdhtﬁ mMdlif i€ evdledad intthacklintg ot oft tighet polgry, idn zybﬁgempcte@(;ept or.

Si f t | it t

e

nodul at Broviginghsuch s nodif ig ettachad faibe modwle@éma)wav ‘&'ﬁ'?’h@‘?ﬁ%\% a't?f g E‘éd'@%t er notif

must 1 at%%aé‘ H{étta@fat érﬁg‘r}\e bRREEEBR tacoMiliS on bk inbdtfﬂ@tof \Nlhf thé h@den f the al pha
car

am no aci esterase ester nptif s attach 0.t he or such
t hat théOlbliﬁmmqﬁlbat%/?éb%d g theraiere GgpeLRI8 fef 5‘@8&05%%96%"8 Ietpage §/ r Fysis

product (ie the correspondl ng aci d) to the target is essentially the sane

th i ted. t | t
et achins PoReb e oRtoe L8t o HEEIGHR Fere Y Gy BRGHBY EhyestO) Bl 21
posi ti omthnamsellsewhicbmwlbe ubhsadtqwdroi)tserarl@dmalﬁmlw estRr mRdifiattaghed 19and t he
target ‘lz,@,%,\éﬁ‘aq @@hgéren L2id Rhéreldf a rhdiiata ndy He?adﬁﬁﬁsié\ﬁ@ds &0 extend

into so

otent al ‘interf r r;lg 3 ﬁ1t@}ndl ng node, In
addi t | onovauamcmwga@p wig ap @ww a<id sk I WRIEH for Bv?a&'&%?"
SUbSt T alyBiefelf |sh2&oﬁ§édlﬂﬁ6€nﬁ§b¢6w& rhdre ifvacélinlanearboxyles@rases, land e ysed by the

| att thint [ 1 ul h
o ot sod i SHufl SELFRAAEBR 958 B
on very ogéral pﬁtesdyramdtou active rasqlentceetmtltsha@falspﬁléelafﬁun@f@bbme@ﬁ“é‘?‘o%%st rate.
Hence npst at%a Gﬁ-ﬁm? Lo M FH éar’t\fﬁ ﬁ%\h H%ﬁ:h'lﬁ@(:&i]ugtafé% ﬁ%d&o@%ﬂ b@ @err@étéd” esterase

notif t or w sis. Attachnment },%{'(I ble |inker
chai n wit¢ mopeayieis|apd actapipgesi Herpis, %?ﬁSemeaocﬂet owmqno%esd ed that any

chem cal, e faeRbh&ye d?fma%rdéh sy b udadlty dérotematrbghdges dmcrrtghr@o metry, and
the chemstry strate ’g%??ﬂch & e of &%e car boxyl esterase ester notif may
i nt r odudenAFFSRGCHR Mpgr a%s)aﬂ PRI with the target, or may
substitute for one or nore such interactions. Hence the requirenent that

t he hyda%{t%.ge%r%gu{aglyg%ﬁhg @EﬁﬂjAmg node to the target is the same as the

unconj u or is Interpreted as reqwrlrw% E‘\ﬁ% 4 there is
no si gniHencaimongdreagrasaedt &1e roesentisvasting Prayidph @ sovaleRt eRNSPS R PRSP Rat ¢ he
bi ndi ng ymae.dife88SFRl rﬁédu)étc’ir%?thé%ﬁﬁut@%féth?éetﬂﬁra&&lleiaummewgmoeﬂonodul at or.
When the requirenent is

ng . char act of the parent
nodul at oYhesgin thesgstraEep ‘gﬁ'@ @W@g%éﬁ r?yd gr‘fﬁ g}ﬁ Aot 'For%&h'%%l&faat ors have an
overal | apestoate oizyinesn i the catempauting ackt, Rodthe Bipha’ agdnecadsi esdimy node" and

"renote atta nt I above, the
usual  wely g %&?ﬁ Wﬁ%ﬁe\’\ﬁﬁ)&dﬂ a?or@f%iaééc}fgn r%oﬁ%ﬁll{ﬁgalln?@%g&%?g to attach the
car boxy|etvendsemoditatbr and the btgehenaymetqﬁée%feu |aa@fe? is spMegai®HONME ch is renote
fromt hem&%h%r%gcﬁ %ﬁhg %fﬁﬁmg%\ﬁ@%ﬂhé Rénjugdidhbdliatehditiesdidr get enzyme or

recept or wever be noted that hese re r nts do not inply
t hat thecoer@mqmg@a@claﬁfavheﬂarsa?t§"6@?9r%fsfﬁ%%l?m"u’fg‘ & 8718 nfis a‘h"g the same in
Vitro orydcBnjMgatéy mbldiat ory potency as the parent modulator. In general,
however, it is preferred that the esterase-hydrol ysed carboxylic acid has a
potency inan in vitro enzyme- or receptor-binding assay no | ess than one
tent h ofLdoked adh endlerafay} the invention pravisiés e anathod of incteasing sserplonging ehat t he
ester haﬁ ﬁlﬂ%ﬁ%‘t\’%ﬁ {{anﬂorqgéé] SHc@limBGF b WokiMa@F Sade Qétwftﬁéf%ttaéét high as that

of the pa e sane assay. Al though tradit % medi ci nal
cheni st rigtransiiiarcEnzyhe pespente) coMPRig stIcRiE! mppfigation ofthe mph a}?é re perfectly

capabl e gf, ﬂeﬁ%bﬁr}{éﬂ?%e?é’!o aﬁé@é}ﬁﬂmmtﬁéf@éﬁayath@oﬁi&@i rehhﬁe ftop hgoi Ng " sane
bi ndi ng 3 ‘renote att

ment s, i ques such
as NWVR a*Piﬂd"%J i”%%‘ﬁaﬁﬁ? batyesn thy Mg SW9tohgn\)ﬂethgg§?%ﬂggyn{e o rﬁ%ep o W}O\E\l%@rp]e itis
very common for the binding node of a known nodul ator of an enzynme or
receptor to be known, or determ nable. Such information is in the vast
majority of cases in the public domain, or can be nodel |l ed using conputer
based nodel | i ng net hods, such as |igand docki ng and honol ogy nodel |i ng,
based on the known binding nodes of structurally simlar nodul ators, or the
known structure of the active site of the target enzyne or receptor. Wth
know edge of the binding node of the nodul ator obtained by these



6 in the hydrol ysed nodul at or conjugate accumnul ating preferentially in
cells with effective concentrations of hCE-1. Stated in another way,

speci fic accurnul ati on of the acid derived fromthe nodul ator conjugate in
hCE-1 expressing cells can be achieved by |inking the amno acid ester
nmotif to the nodulator in such a way that the nitrogen atom of the am no
acid ester is not linked directly to a carbonyl, or is left unsubstituted.
Macrophages are known to play a key rgle in inflammatory disorders through
the rel ease of cytokines in particular TNFa and |L-1 (van Roon et al
Arthriti el %%mmwes%the epiygated mpduisisnand the saidicaniesrondiog agid trthei s t hey

ar eNrrEj OltargetheynelbiaeSepte? i§ Bk Bimé Bé Inansmand @ftoﬁjﬂgatb@ abiuleRE e kkdron ( Conel |
in g

91- ) are al'so.invol ved in
tumour g SLHPIYT B ORGP BERG AR ORGEPl i o S el PR R B BRIy et s
| nf | anm Ahtymegyo theC0Gest®nding atidnce agents that sel ectively target
macr ophage cells could be of value in the treatnent of cancer, inflammation
and aut oi mune di sease. Targeting specific cell types would be expected to

lead to P@a@%tf@ﬂw&mqlée?%cemPHév'tbF@é@ﬁ%ﬁm@&wwéﬁ@r@fmaé@lu@r met hod of

targeti ngnmﬁuloameﬁotsoAmgﬁmwﬁapleWhé hvestidpas epbeﬂerai BspiigdieN, E‘nc.ft
e ester notl IS

b h
oo ot L ol e R IR S |
car boxyl memeates$troagbl prederosl thatahdwmpdidatomtot oniettratreaertd itscattectdyirevepstisitinul at es
| n di £ ehalhe GPhb @SRz PGSR dbrbhed A3 HRSE UnbAUDALY D3, RO OPhages

contain the human car ox l'ester Wher 6as other e ypes do not.
In the céﬂ‘jal?@élﬁ“ﬁ@”%?"t't'“h&“@ﬂﬁ@é?ﬂ‘ledfﬁfe%@h the nitrogen of the ester nmotif is
substituted but not directly bonded to a carbonyl group noiety the ester

il | %. be_h d th . hydr ol d
L s MR T
cour se nintrpcaiulesbindling activity ofgheparentwitidalatomath its tapgat Bnimnieeorbeceproﬂsent in the
car boxy! el AmaRtr ﬁ}?té'sfer'm)tuf %uétﬁéke%‘g&&ﬁpmﬁét r&fhujel% ntnRrﬂ*&k aél Pllsﬂ\eg?f"“ €
a_am no aci na ura

there are nany al ura ffering
in the st R?ﬁét’ﬂ‘ﬂ%??'q $REDORYISRigrasa pEIGTMONH @Wch%q/tobb;e mg@data@t@btl'@t s in the

car boxyl mtmfd&@w@&tmhm%éponaagearabﬂmte@éae dfyjs@ p@&du%{(%tﬁée rapidly

hydrol ysed b e or or ceIIs
cont ai ni ﬁﬁrﬁsﬁw@gﬁw E@g’e t%?t 'Seesa?'ﬁE P‘éﬂ’ﬁls@mﬁﬁﬁ @%ijk}gﬁﬁ'i%q’ @dln or
hydr ol ysgehegaithys is ackievesirhy coalért attadharent ofltiie gebedymsterdst etsi&ﬁmﬁﬁ’l’t@méw esterase

hydr ol ys i i subject to
the N ooy Bmpr 32 Randle i i o il BE Ralybiobbidine

hydr ol ystrashenzygesy repspior. Indisvayohalnenif is\arensgdig gxiend into sdiventrodicdrat or .

Hence, t{han petekieily HRirering KAy MHIRE dae, | sol at ed car boxyl est erase assay
described herein provide a straightforward, quick and sinple first screen
for esters which have the required hydrolysis profile. Ester notifs

sel ect edniadditibratthe aminapciteyrbblisstdiaserraetifisbayaty must bbe sabsttetar hexyl est er ase
assay wh i l atti on

chom st r o> PYRLBHED Bind Bt G HyRbibed b R MBIF B SO R ¢ 1 1 ¢ e
backgr oufRIboOXggsietasPRaneyplasr Ripmisauass inganerahdn thiatibais sbility kehyoivalysbuioesit t hi s

poi Nt i t ndra¥pdie JMBRR é?r"lﬁgtr&c!&ﬂfél rb&urr@ﬁ‘én@%?mefamma&&"éétertsugéﬁaﬂ H%ﬁ&eer s_of

al pha am nq acids_are re or .substrates for hCE -2 and -3,
wher eas 'C§TMSER POV 'EP%GPEJU&?@”@F&@@M'W ‘ W’Eﬁ’@ieﬁ@é"&e ”Sﬁ‘f@é‘bl e al pha ami no
aci ds w rmbdmatemlbenodu Incinsgtsd Attachmenebyceflexible IMREOMaindmill ugially bé Bop@hiight 1t may
be mentigned.that phenylal ani ne, honophenyl al ani ne, phenyl gl yci ne and
| euci ne are generally suitabl e, and esters of secondary al cohols are
preferred. As stated above, the alpha amno acid ester nmay be conjugated to

t he nodug afige a)ébl%cfb{é@ 1i3d¥iah clgarn%h@rrﬁf:!af Hﬁ%n 3 Hﬁg%ﬁuﬁﬁﬁ &fer it dnty !'1{;1 the aI pha

carbon (for exanple Its side chain) am™no acl

li nker r$&eMey: and h%@eﬁ}*%gfétf?teﬂéfwg? H@%ﬁ?@@%@q%@@rm megt ey not i f and
t he noduhiaddute aEdlﬁon@NﬂmMgEmtet'ébﬂor&d VAIRGhEfEirded, Ry seBstlite TRYNOEr HER] Uugated to

J:(PE )rz) d%& %?rgéboﬁs g e%'cgc( A?@%@E?tl L%)ﬂge ﬁbi)di"olggsegi conjugaté 'S bi)ndlng m%&g Iton Rz N

the target is the same as the unconjugated modulator is to be interpreted as requiring that



-Yl- (Alk3)s FINB (1C) Rl is an ester group which is hydrol ysabl e by one
or nore intracellular carboxylesterase enzymes to a carboxylic acid group;
R2 is the side chain of a natural or non-natural al pha amino acid; R4 is
hydr ogen; or optionally substituted Cl-C6 al kyl, C3-C7 cycloal kyl, aryl or
heteroaryl or - (Q)R3, -(C=0)0R3, or -(C=0)NR3 wherein R3 is hydrogen or
optionally substituted (C C6)alkyl; 8 B is a nonacyclic heterocyclic ring
of 5 or 6 ring atons wherein Ri is lifhked to a ring carbon adjacent the
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or opti Ogggalu e, Salsjg a %\?éj tr(e usucm oi%chlevmg the “same binding mode”
requirement is to attach the carboxylesterase motif at a point in the modulator molecule
which is remote from the binding interface between the inhibitor and the target enzyme or
receptor. However, it should be noted that these requirements do not imply that the
conjugate and/or its corresponding acid must have the same in vitro or in vivo modulatory
potency as the parent modulator. In general, however, it is preferred that the esterase-
hydrolysed carboxyiic acid has a potency in an in vitro enzyme- or receptor-binding assay
no less than one tenth of the potency of the parent modulator in that assay, and that the
ster has a potency in a cellular activity assay at least as high as that of the parent

modulator in the same assay.

Although traditional medicinal chemistry methods of mapping structure-activity relationships
are perfectly capable of identifying an attachment strategy to meet the foregoing “same
binding mode” and “remote attachment” requirements, modern techniques such as NMR
and X-ray crystallography have advanced to the point where it is very common for the
binding mode of a known modulator of an enzyme or receptor to be known, or
determinabie. Such information is in the vast majority of cases in the public domain, or can
be modelled using computer based modelling methods, such as ligand docking and
homology modelling, based on the known binding modes of structurally similar modulators,
or the known structure of the active site of the target enzyme or receptor. With knowledge
of the binding mode of the modulator obtained by these techniques, a suitable location for
attachment of the carboxylesterase ester motif may be identified, usually (as stated above)
at a point on the modulator which is remote from the binding interface between the inhibitor
and the target enzyme or receptor.

Intracellular carboxylesterase enzymes capable of hydrolysing the ester group of the
conjugated alpha amino acid to the corresponding acid include the three known human
carboxylesterase (“hCE") enzyme isotypes hCE-1 (also known as CES-1), hCE-2 (also
known as CES-2) and hCE-3 (Drug Disc. Today 2005, 10, 313-325). Although these are
considered to be the main enzymes other carboxylester enzymes such as
biphenylhydrolase (BPH) may also have a role in hydrolysing the conjugates.



L is a divalent radical of formula -(A k1),"(Qn(A k2j p- wherein m n and p
are independently 0 or 1, Qis (i) an optionally substituted dival ent nono-
or bicyclic carbocyclic or heterocyclic radical having 5- 13 ring nmenbers,
or (ii), in the case where both mand p are 0, a divalent radical of
formula - X2-QLl- or -Ql-X2- wherein X2 is -0-, -S- or NRA- wherein RAis
hydr ogen or optionally substituted 01-C3 alkyl, and QL is an optionally
substituted dival ent nono- or bicycliik carbocyclic or heterocyclic radical
having 5- 13 ring nenbers, Alle and Al k2 independently represent optionally
substituted divalent C3-C7 cycloal kyl radicals, or optionally substituted
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i nt eger Yeresiidarpotencpotthe aicdiied oodiatanis pestiootiraintly mamltha@aiumalbuerI ng froma

tob Caf&%u@é% moﬁﬂﬁﬁom% §ct!\/|ﬂ thl?ﬂg 0% aﬁh&lgg l}l,‘[?é ?%&%@B%i ?/SIE je term

I ncl udes nmet P%/ sec- butyl,
t - but yl 2lsf ezs%’?/ﬁ gﬂacwm Oﬂﬂr?éﬂsgﬁ opgo @5@@31&@*@% lmh@drp&wﬁ) 'Sinseadeinin

g Cg C9) géreralenatainadieraltypesde p&itidase H3gmbs, f&ﬁ@pt{efgrélﬂ@fh‘ét tp@f::@rﬁ §gattc-? o?f sa;ur at ed
ydr oca carbon atons and two unsatisfie
val enceéqlg’?ges%%ggﬂ tﬁ%ffsétfﬂys[eﬂéxowggﬂ? “F%&”@Pﬁ“%ﬂﬂ'd) BAehsursteteld b are
i nt eger sughafeptidases (mpaticuwsdrghis stondiy prafeived thalh thieraluilaleamiyd adibésténgrdupvi ng from
atob PR h r Z
ster eocﬁgfm st rt%\%ﬁ ere @Mlnggel&h%dt%ﬁéﬁiﬁgﬁﬁ 89‘%%@?‘?@@‘& Eo‘tg?(‘geﬁ’pﬂp 3,8 vi nyl ,
al 1yl from gz "Q"tﬁl?né‘ﬁ%e 'ﬁ‘PféF of cavaleny ptachmesh e Alphammins eedd betergrourt he t er m
" di val enfay b€aovingy keryb®Rans mdugialor vngﬁéaﬁnr@ d?%ﬁ@%ihh% haipBnhavi ng from
ato b carbon ato tt Ielﬁ}iat one doubl e b ‘E and two unsatisfied
val ence® AT %‘}“@H A viHfave & GenveRientgoia o gHathMeRkioF en a and b are
i nt eger earbefyiesterase ester mofhandthather casebaagnthett stiatign wilyreive easdon gr oups

havi ng &4yt la@asH arbon atons and having in addition one triple bond.
Thi s termvvoumsi ﬁgﬂr}ﬁaepfor exarrple et hynyl, 1- propynyl, 1- and

2- butynyl, 2-nethyl-2-propynyl, 2-pentynyl, 3 pentynyl, 4-pentynyl, 2-
hexyny! it hds beafoiid thé&ne@wéwnlyaéiﬁreés h@:@éﬂ% tes‘i@raé@serﬂ:ﬂ? dtiafdr hEE-3t er m
"di val ent |(ECa %@k nx%:t neéa WB a and are I ntegers refers to

2"l va SR RIRAR ISR S AR el f'hv%o[}ae PR S Pler GOIGAR ot | east
one t ri folteeibreadtant acids if the nitrogen of the alpha amino acid group is either unsubstituted

or is directly linked to a carbonyl group, whereas cells containing hCE-1, or recombinant

hCE-1 can hydrolyse amino acid conjugates with a wide range of groups on the nitrogen.

This selectivity requirement of hCE-2 and hCE-3 can be turned to advantage where it is

required that the modulator should target enzymes or receptors in certain cell types only. It

has been found that the relative amounts of these three carboxylesterase enzymes vary

between cell types (see Figure 1 and database at hitp:/symatas.gnf.org/SymAtias (note

that in this database hCE3/CES3 s referred to by the symbol F1J21736)) If the modulator

is intended to act only in cell types where hCE-1 is found, attachment of a carboxylesterase

ester motif wherein the amino group is directly finked to a group other than carbony! resulis



10 As used herein the term"carbocyclic" refers to a nono-, bi- or
tricyclic radical having up to 16 ring atons, all of which are carbon, and

i ncludes aryl and cycl oal kyl. As used herein the term"cycloal kyl" refers
to a nmonocyclic saturated carbocyclic radical having from 3-8 carbon atons
and includes, for exanple, cyclopropyl, cyclobutyl, cyclopentyl,

cycl ohexyl, cycl oheptyl and cycl ooctyl. As used hereln t he unquallfled term
"aryl" refers to a nono-, bi- or trlﬁcycllc carbocyclic aromatic radical,

and e A3 5.4 IBRRRNA bRrgfiBRFHE I ameDtC 11 ngs

whi ch a cova ["'ust I’%tl ve ‘ﬁ %‘fh radi cal s
are phengﬂc,enﬂntphen&hC%rhcﬁtﬂf&étWﬂﬂﬂtheAwaﬂ§8E°"FF€4°€F'H‘“?WE‘ FEE t erm

" het er off ¥l fBARED: LhibefBIRACE-1proSsing Eallseie bé ctheieny lidinite cal
cont ai ni ng one or nore eteroatons s

i ncl udes
radi cal miACiKEsteRe it oriheBAdUsIe ‘PE”‘% %ﬂ@y gg{tﬂgﬁgr%g cﬁaﬁ%ﬁ%@y llq% ring and
one nDNgEN ekfieEisdoyinked BilectiyWi cdurisorg, di is dftt unsubstibites! by a coval ent bond.
Il'lustrative of such radicals are thienyl, benzthienyl, furyl, benzfuryl,
pyrrolyl, imdazolyl, benzimdazolyl, thi azol yl, benzt h| azolé
i sot hi amdcgdphanmIe v tapoly pikey pye deleyimatey disardprs HgEaly B &ieqspof
| soxazol %‘P eﬁ@ Ridthar fﬂl%l and 1Eq Pé:ﬁ%&ﬂrb/ét al Aﬁhrﬁiz Qhar hhen.hﬁéliéw lzaaszl yi,

t hi adi a?’ 5' | nyl, pyridazi n% %/ Q’i[' pyrazi nyl ,
triazi nyIR29-1288) iylrhwtqmaﬂﬁ'@ﬁ Shley aRMRRPIHEMON totjﬂg '{]{lﬂﬁfﬁ Hopiald t er m
"heter O5df it dbdirucbn (d‘t%@rmzﬁéu Med. DOO4IDSS, 25D00602)AMadrSphagesi@bialsed above,
t

and in S non-aromatic ne rel cyclic
non- ar oYPIVEd FetHMeYT 9"8‘5‘}’?‘@8 P PHWQ?@‘%%F‘B heatr}eg'foo'gta(;ﬁn%mg%ﬂ@%fsd fromsS, N

and 0, aRfAnin® Allrgy 2508, 6. Slendeagehtsahatseledtivelyitargetonacsanbiags ¢lls cadd cal
cont ai ni ng)éﬁ ﬁ%ﬁ.lrtggﬁé%p%{ﬁcé? chRLE fnﬂ%ﬁﬁﬁoﬁé‘%ﬁcﬁ%ﬁlﬁmﬁlﬁé{ Bls6aiel ‘Yarbétﬁhbed to

anotherb§ nonocyc |1 ¢c radical Il lLustrative

of such spadiicedlidyres woplieshyeciedtn ﬂ%‘ﬁ‘l’ redPFﬁ‘b?\%'eﬁeﬁfsp@? RIPSRNt IveioBaz ol yi |
oxazol yl nabtﬁ? % 3lol of térﬁﬁtrﬁé ﬁioﬂhlatol'shb Wcﬁﬁ)ﬁhyé& whigh mbed on fhgmbaieny|

| : , hol |,
bg:];? ulr d?‘i’?FWE‘WrtE!‘:‘?)r}n‘]‘e W?%‘BM”ZBI“% CartEPé‘}ﬁ/’?f’tﬁ‘Fag?rﬁt?@’Q%ﬁ%' I-'h&iijenedl og[)ﬁegy: h
et hyl enggoqiateRimineswhethen icio haﬂdysm!dmwpemlaj@rmfaﬁsrasem lend Bengeher wi se
speci fi ec{_&?ltn thﬁ%?%t‘nt eﬁ%‘{'éﬁp i MHaGRudes 6 érént %ﬁ@pggr c, khhdbh’ as

appl i ed ¥ nmeans subs I'tut ﬁ our ﬁorrpatl bl e
subst | tuemahammmmmmmam maép@meﬁbwleﬁ@ya%@cﬁ-bw %ﬁ%ﬁm Y ce
(01-Co) 3 }( ld&|§og} Q-F)o%hfggé?& ofhﬁ(éjlhw on W@h%{ﬁ!@g@@)} fHelegter matifris apt o,

mer capt o n l'udi ng fl uoro,

br omo arﬁ}*béﬂfipféﬁ'@)‘t ”OE F'quﬂllB?"!S’)ﬁgf"r%Par ?’M F%W@iﬁ%)? er‘ﬁ'&f’ 'ﬁtgggm trite (-CN),

0xo, - E 1Eddhencdifid Bﬁerase—ﬁﬁdblyéés’i mecﬁmmn;ugale}\mnly- SO2NFI RA,
- CONRARB, E? - NH2, - NHRA, -NRARB, -000NH2, - OCONHRA , - 000NRARB

- NHCORA, 2SN WE%%RA - NHSO2ORA, - NR6S020H, - NRBSCRORA, - NHCONH2,

- NRACONH2, - NHCO\IHRB NRACONHRB, - NHCONRARB, or - NRACONRARB wherein RA and

RB are | Pﬁ?ﬁg%goﬁggur%? %ﬁﬁ&os%keaés@‘ Erouﬁﬁhl%)‘ﬂa?%%rﬂi&lplé&ﬂe preé.%lﬂ&ﬁyﬁe or

nmonocycl i C g TTE) Y % onal stituent”
may be ocﬂfb@wleﬁﬁéesﬁ@ﬁ@gﬁlp’ﬂféorsﬂ?ﬁ@wqrﬁm BPGH’B F. W@"SFE B "“5‘?'& Chain of a
natural QbhNAAMBALHE, adotrﬁ&aahamaahmnamraml diffeeih@ingthé side Hmigoroibp alRbai n a

nat ural or_ non-npatur am no aci d anpl es of

si de chafBobMhIEHMAY, e"??%ﬂ%eg ﬂggargg%ﬁc g\%zes%j@é? gg g.)rﬁllgi’(]e

ar gi ni neamapRidagicreareasyidly hjdeolhged iy ouy ot mpreesf theyib-he, gl ut ami ¢ acid,

hi stidin I i d‘,}@]h uci ne | ysi ne,
ﬁ"e %-%)y ﬁ@}fp&% of Eél@%onté‘hw?%‘%@é%ﬂ%@ While difs BEThAIE sloWly

net hi oni ani ne seri ne, threonjne, %}{I) opha
t yr osi nehydrelysedeor ra(dmlulsn@aldvmave@cwﬁa" @d%\ﬁq'ﬂéerﬂﬁfﬂu'fvﬁlcﬁrba Sl r§3e4

di hxédf Oxgpé}ﬁgyés%@ﬂé@&mnbgapsasa {B%ne Pt LB litsaN, Isnﬁectmﬂhéw-mborm pecolic
acCl an

roxi ne tura pha am no a?ﬁ‘ﬂy ta|0 fwﬁ,g;jlctl onal
subst i t udppasidencsyof BEERAAN Woli-heiscussidRoVE: ARl 551[ guani dyl ,
i m dazol whyaldiy b&lﬁ&#aﬂd 16 EHRLHasHulafor ! Hieice, taébrohen esll ﬁsascar@lfqn&edmtﬁ@ i ncl ude
ar gi ni ne, Iys ne ut am c i di ne,
serine, PﬂP@WﬁSFF'éa 3SR {eraToe &ﬁ‘&‘einy'p’ ?‘é‘lﬁén% %ﬂfen&é&{r&#iﬁﬁgﬁé‘%ﬁﬂ esrk%\tds of the
i nvent i oBciesn ionestefs wittideravs indeeairal hydrolysieprofila cEsteragtifssalrstsdin, may
optionally be protected. The term "protected” when used in relation to a
functional substituent in a side chain of a natural al pha-am no acid nmeans
a derivative of such a substituent which is substantially non-functional.
For. exanpl e, carboxyl groups may be esterified (for exanple as a Cl-Cs
al kyl ester), am no groups nmay be converted to am des (for exanple as a
NHCOC1- C6 al kyl ami de) or carbamates (for exanple as an NHC(=0)0Cl-C6 al kyl
or NHC(=0) OCH2Ph carbamate), hydroxyl groups may be converted to ethers



12 Exanpl es of side chains of non-natural al pha am no acids include those
referred to belowin the discussion of suitable R2 groups for use in
conpounds of the present invention. The ester group RL In addition to the
requi renent that the ester group nust be hydrol ysable by one or nore
intracellular enzynes, it may be preferable for sone applications (for
exanple for system c admnistration of the conjugate) that it be resistant
to hydrolysis by carboxylesterhydrolysing enzynes in the plasma, since this
ensures the co ated no Eor will survive after system c admi nistration
for |ongwaﬁaﬁgﬂ4@%eﬁ%ﬁ%%awa¥ @Pqrae casbaxyiesiggsg Assqywhel cqniugaie @t ter to
t est anyngtvenr dethewhasen donjugsatihichemistrg, tp basim thaltfis 4l beandxiidserast er, by

b II
neubat | el il B8R NEY Syiabit 188 PER Mo BEls EHFLS: R84 0nal Y
car boxy| pgntdi mawyk mBW@hﬁ@ﬂ"@h&Wm@enmdtfmﬂis*buwe%i&f%df &!wl"@rﬁnpmq aaidsy al cohol s.

Fur t her nereerelailJe[ﬂﬁ:%r Al RaBS R hf:EUInCiz drieals ﬂhér@@é’%lo%@ﬁt?lre‘été@érbonm l'y derived

fromtertlaryacoos ar e ener a abeto
e Do ElcHel rabas g Shifeel She aminorass iLalts borioaimees Parcse fefel y st abl e (o

i nt racel belbwrbut arthiepyintisinay 8s arntiok@l thig phédrgRtaninenHomeshehydlianig@gcount , it i s

present | LA ove, is an
ester gr he%@&%%?ﬁ% Q‘%? gkﬂec%egﬁfé%@?@ na(nﬁge)s}e %fgl@%%dﬁ—@%\ﬁgfel n R7 is
optionalb@mwastltuted (Cl-C3)al kyl -(z1)9-(0,-C3)al kyl - or (Cr

C3) al kenyl - (Z5a- (4 - C3) al kyl - wherein a is O or 1 and Z1 is -0-, -S, or
-NH, and Rg is hydrogen or (Cl-C3)al kyl- or R7 and Rg taken together wth
t he car bﬁﬁs?ﬁ?d\ﬂ‘?P%tftﬁ?é%”%ﬁ"@"%@‘i‘%ﬁ@d“?ﬂ%ﬁ%‘wgaw f‘bW&I“F%F'”E‘EﬂB%H %1t ed C3-C7
cycl oal kyinbigh@ip@f therantis a@meétéuyommélatphhedrbbﬁtfer@@mple throbgHis side 5- or

6-ring ato 0 na d phe nocyclic
heterocygl?eln@ oFﬁﬁégﬂ%ov?ch} % H%(?fﬁﬁ%a, '%'%‘hge p"[\%\ﬁrﬁ%ﬁm’teﬁ%g% cl asses, Rg may
be, for estbenylesierasetehigr mota‘tawllthe modutator. Eo-qxampigl theralphe emirmcadisiasiar,

cycl ohexyly b@l:Jdeugat&h@'Eﬁé' mod R8s a rddical df fo%ulé'(lAPXfH) dyhapt hyl

N- net hyl pi per| dirn-4-yl, tetrahydrofuran-3-yl or met hoxyethyl. Currently
preferred is where Rg is cyclopentyl. The am no acid side chain Ra Subject
to the repgrsihenent that the ester group RL be hydrol ysable by intracellular
car boxyl esterase enzynes, the selection of the side chain group R2 can
determne the yate of hydrolysis. For exanple, when the carbon in R2

adj acent to t al pha am no aC| d parbon does not contain a branch eg when
R2 is ethﬁ { sobutyl or benzyl the ester is nore reaflily hydrolysed than
when R2 is brareh¥d-¥dqCHsppropyl or, Hur‘yTY“Exa(M%sj%)f am no acid side
chains includé 13 Cl1-C6 alkkyl ,rpRenyl, 2,- 3-, or 4-hydroxyphenyl, 2,- 3-,
or 4-nmet hoxyphenyl, 2(rA)3' or 4- biyrldyl(m)t hyl , benzyl, phenyl et hyI, 2-,
3-, or 4- hydroxybenzyl, 2,- 3-, or 4-benzyl oxybenzyl, 2,- 3-, or 4- Cl-C6
al koxybenzyl , and benzyl oxy(G -Ca al kyly groups; the characterising group
of a natural a amno acid, in which any functional group nmay be protected,
groups -[AllisRa where Alk |s a 01-05 aI | or (C2-C6)al kenyl group
optionally interrupté Y ior éAIKY) or -S- atons or -N(R7)- groups
[where R7 is a hydrogen_a mor a (C1- Ca)al kyl group], nis O or 1, and R6
is an optionally sub® i But £d cycﬂ@al kyl or cycl oal kenyl group; a benzyl
group substituted in henyl ring by a group of fornmula - OCH2COR8 where
R8 i s hyByiseplesteagionp whiclls g@ljcliskblz Py ophenyaredii-Csludricasbpxylesterase

(C1-Co) agﬁh@md@cargb,(yﬁg&‘éaﬁhgyl )am no, phenyl(01-05)al kyl am no, the
residue of ‘an amno acid or acid halide, ester or anide derivative thereof,
said residue being linked via an am de bond, said am no acid being sel ected
from gl yRi Rehe Sdsndth &ilaatial,or vidh-hateral Alfkicarifio akigo! euci ne, phenyl al ani ne,
tyrosi ne, tryptophan, serine, threonine, cysteine, nethionine, asparagine,
glutam ne, lysine, histidine, arginine, glutamc acid, and aspartic acid; a
het er ocy Bl isthy@ogés pabMtha!Ursuhmtuted ChG¢ allogi GueCAoysiodikyli dryltoe betemoarybere-  or

bst t ni )
(G5 08) a8 - hOR AE T RERIMR, derti J“!VP”’&%@%P" Bhh BBty
hydr oxy, C#8l Yiy , amino, (01-C6)al kyl am no, -(Cl1- Cs)al kyl am no, mercapt o,

(C1-Co6) al kylthio, hydroxy(G -Ca)al kyl, rrercapt o(CG -GCs)al kyl or (C1-
Cs) al kyl phenyl net hyl ; and



a group -CRaRbRs in which: each of Ra, R6 and Ra is independently hydrogen,
(01-Co6) al kyl, (C2-Co6)al kenyl, (Cr Cs)al kynyl, phenyl(01-05)al kyl,
(Ca-Cs)cycloal kyl; or Rs is hydrogen and Rs and R6 are independently phenyl
or heteroaryl such as pyridyl; or 14 R is hydrogen, (Cl-C6)alkyl,

(C2-Co) al kenyl, (C2-C6)al kynyl, phenyl (d -C6)al kyl, or (C3-C8)cycl oal kyl,
and R and Rb together with the carbo® atomto which they are attached form
a 3 to 8_nenbered cycl oal kyl  or 5- to 6-nenbered heterocyclic ring; or

R R, Brte ponpeyglh isronicleing f .o Bsle Al ey SrnKerLip 2ding catPRched
form a t adjagent the ring nifrogéroshosumapand ringeRiz pidnally fused tofa seztitt Pbaydiceach

i ndepend Cl- ) - : I L, .

phenyl ( Oﬁ&%&rﬁgﬁngﬁrﬂg i%ringua%o%ass m@hﬁggg{‘% rb%%tqg@n%%t% ﬂ'ﬁrg P r{nﬁgﬁonh ydr ogen,
or R anthsRislseggutingr with the carbon atomto which they are attached form
a cycloal kyl or heterocyclic ring, and R is hydrogen, -OH -SH, hal ogen,

-CN, - H (G, 4 rflugroalkyl, -CH20H, -002(Cl-C6)al kyl

- 0(Cl- %éﬁ %@‘F“f” ?%Q‘%Sﬁ 5k sHFOIO- -CEOINRs-, -C(= R@Icééj"él%k’ﬁbzof:soz(q- 05)
al kyl , - SECINGG) whdeein R, is hydfgen or EptopbllyanistituteSO2CEAKMAI kenyl or a group
-Q Wwherein Qrepresents a bond or -0- , -S-, -SO or -S2- and W
represents a phenyl, phenylal kyl, (C3-05)cycloal kyl, (C. -

C.) cycl oX] kylbentty{G=QHeAS(CR) PR OBHEQ)- (((2=QBIRey eNRAC*@RyY | al ky! |

net ot oar w(oBRRICIR.GR.Y G R OIS, MG RgLALR, ol TltoOIEh@al LY be

substituted by one or nhore substituents In ct'ed from

hydr oxy| fvdieged gepptionglly subsiityted (Cfeadqlth C. ) al kyl, - CONH2, - CONH( C1- 06) al kyl ,
- CONH( C1- C6al ky1) 2, -CHO -CH20OH, (Cl- at)perfluoroal kyl, -0(Cl-C6)al kyl,
-S(C-Co6)al kyl . -S0Ofal- al kyl. . 1 Nl -12,. - NH(C1- C6) al kyl ,

-N((al- c%f%% %“{f’i?"i?adsﬁﬁ&@g’é’ﬂ‘acﬁ()“ﬁﬁ )RWA?‘Z@'{-‘&%’%{F kyl, (C2- Co)al kenyl,

(C2- CB) al kynyh, n aiei p @e)indepeoddntly D or {,C4- C8) cycl oal kenyl , phenyl or benzyl.
Exanpl es of particular R2 groups include benzyl, phenyl, cycl ohexyl nmethyl,
pyridin-3- yloethyl, tert-buto)rynethyl, iso-butyl, sec-butyl, tert-butyl,
1- benzyl t hi o-QisfERPPiianaly substitiied diypleptmenot opkityeljs earbgayelicand

1- mer capt o- 1-tsedrbeyiRt rayital hRlAiRNE L @8 Pt meRbaS ALY inRhEERE WP ROHIMOUPS
i ncl ude phenyl ., ben -

yl .. tert-butoxynet hyl, phenyl ef hyl ang .iso-butyl. The
group R4 As tplacS?lé’aa dgdent ra "fat' ?ﬁém?%ﬁfzéqiépr%tﬁ\f‘éﬁﬁg{}g % act only in
cel | types whél-e-ShGENR - ivdhemireRRisthydopahoraptioretly syiistimes), Cthyalkglyand gr oup of
t he carboxyl gst; ; LE 4 I e J _ Jt is
directly Ii ngdgé'ga%og?l@?%?%gé d"? g‘# "goe?lrab%ny .ﬁ‘% %Véoggﬂﬁgggee% -é}éf"éﬁay be
optional | y sUBd¢alhavirg® cf 3 iy @pepers, 03- C2 cycl oal kyl, aryl or heteroaryl,
for exanple nethyl, ethyl, n- or iso-propyl, cyclopropyl, cyclopentyl,

ot requ r ed M EAEAIR adehehdehi: rapressnRRarH AL QeI B8] N3 whe oi n R3
i s hydrogen awyclogkyl catiithalsyorsaptisidily sbtestitu(eGlstralghicdribydnchéd) IC,-€x alkpbre, et hyl |
ethyl, or n- @[Ceiaﬁ%hﬂéﬁg? }5} Cz-égglk%%'?a%afs which may optionally contain or
terminate in an ether (—O-), thioether (-S-) or amino
© (-NR™) link wherein R* is hydrogen or optionally substituted C;-C; alkyt;

X represents a bond, ~C(=0)-; -S{=0),~; -NR3C(=0)-, -C(=0)NR;-,~NR;C(=O)NR;-,
-NRsS(=0)z-, or -§(=0)NR3- wherein R; and R; are independently hydrogen or optionally
substituted C4-C; alkyl;

zisDor1;

sis0or1; and



The ring or ring systemB Ring or ring systemB may be one chosen from for
exanpl e, the foll ow ng: The radical -Y-L-X-rl1l2- 11 az Wen the al pha

am no acid ester is conjugated to the inhibitor as a radical of fornula
(I'A) this radical (or bond) arises fromthe particular chem stry strategy
chosen to link the amno acid ester notif RICH RZ)NH to the nodul ator.
Clearly the chem stry strategy for th@t coupling may vary w dely, and thus
many conbi nations of the variables Y, "L, X and z are possible. It should

al so be At’eepretmts arheptibrailp bulistitutdd divetern U400 ctiatkyratiesl, erapheany est er ase

tif d | yl est
o1 st AROHE AR SRR L rbeniicsislase
car boxy! Taslicabwhich ey eptjonaly gentin esttprminate Inesmtetiaar it @, duiosthen(-S-her dniink age
bet ween timra)mnra%arerrph*’%hydrog@]tdrfopﬁa%u}Qﬁssﬁg H'c'ﬂc,o Ilkltyls not a substrate for

peptidase activity within the cel which m ght resu in cleavage of the
amno acid fromthe nolecule. O course stability to intracellular

pep';r d?s%e teaméeaiid' yr "estefifed daybokyl gedapt hﬂ&lné@@roﬁpm@wad))w?mmqlp\grmged ce: I
contents C or egoi ng genera
obser vat FmﬁE P%Q(?tn% ‘Cﬂﬁ E%bﬁﬁﬁng@%r% W&oﬂiﬁtot"ﬁe radi cal
-Y-L-X1CH21,- in turn: 16 specific preferred exanpl es of Y include a bond,

- (C=0) -, As (iSschehlin, théRfin “CCeDuikyr l‘@ﬁ'lvéaérhdﬁ%rﬁ%r&r&é’r@?d;&%cﬁrxo er the

al pha anj no acr?| ester i.s conju ated to

f or mul an%'aﬂ‘}he"@ §H8{ﬁybraﬁ'eal§a¥i% om afo pigarbop @tams: Thus whesrfs d g i, kI and
Alk2 r adfocaksnplehientepn esitiés mbthgl| e, n-odpyl, isG8Sha ch-ﬁutyl,

- CHZCHZCI-% tﬁlg:glﬁﬁ CH=CHCH2-, -CH2CH=CH-, CH2 CHCH2- , - CC-,

- OECCH2- ek ha‘—%CECCHZ Addi t i onal exarrpl es of Akl and Al k2

i ncl ude -CH2W, -CH2CH2W - CH2CH2WCH2-, - CH2CH2WCH( CH3) -, - CH2WCH2CH2-

- mzwzﬂ‘@é@@'ﬂ?erem %Qedegl@hP(C ‘@")%fk?lie}% kel cap whereﬁ‘x a all\%re inth&di3) -, or

- CH2CH2N 2 O—% ﬁ Furt her “exanpl es o {dle di val ent
cycl opr of¥A™S o3 tatypE thyme%@'b%r"dr?ewrfmmtO&aqagbom gtoms amhf@ﬁ nis 0, the
radi cal tirrssaasfiey!daiembon chain (optionally substituted and perhaps having
an ether, thioether or amno linkage). Presently it is preferred that there
be no optlonal substituents in L. Wien both mand p are 0, L is a divalent
nmono- orAbusegdierain theteroc @4 Cualianyh shercbcy aid aredntegms reférs ko HstraighiBor | Ng

at oms ( ofthhéhaalchdin %MQ@? h%léiﬁ@v|ng§tv6ﬁpa 1y l%@arﬂunaﬂg'gé‘ha\,r bo sl Ofouflednd P 1S

1, Lis ngg\l(a | ent cal “inc ydr ocar nor Ehal'RE and a
nono- gltheE Eon distregrchemisiy Whéﬂeeﬁpélé,“félﬁ dhe éﬁﬂmd@fudﬁﬁtfhr &ampl, ri ng at ons
(opti onahﬁw aﬁyrbstanwtmenyl afaenmpth@isepoperfd. "y be, for exanple, a divalent
phenyl, naphthyl, cyclopropyl, cyclopentyl, or cyclohexyl radical, or a
nono-, or bi- cyclrc heterocyclrc radi cal havrng 5 tol3 ring nenbers, such
as pi perAScrilwgilh,erq'n‘r the texmi "diyalenti(Bd6L)akenyianeiradital" médramytydroaarbply Bz V|

radi cal , hRing frbnfta RISV WRorhS PIESEE¥uml BART 5Rfwo unsatisfied valences.

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

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



Specifically, in some enbodi nents of the invention, mand p may be 0 wth n
being 1. In other enbodinents, n and p may be 0 with mbeing 1. In further
enbodi ments, m n and p may be all O In still further enbodi nents m may be
O, nmay be 1 with Q being a nonocyclic heterocyclic radical, and p may be
0 or 1. Akl and Al k2, when present, may be selected from-CHr, -CH2CH2-,
and - CH2CH2CH2- and Q may be 1, 4-phenyl ene. Specific exanples of the

radi cal -Y-L-X-[d 2], . Iude-(é(fo- and - ( r-')gNH as wel | as-(CI12)v-
-(CR2) vahs us.e@;@e@;n@@ﬁgy\,'carboqgelmy ?r@ppg neno-, bIC(J yycfmag@p{jwmg up to

- C( =0) - Nid(rfrig i, all biwHiciPare GhrbbnranstiudeCHR) vl cysteak@i n v is 1, 2, 3 or 4
and wis 1, 2 or 3, such as -CH2-, -CH20-, -C(=0)-CH2-, - C(:O)- CHZO-,
-C(=0)-NH CH2-, and -C(=0)-NH CH20-. The radical -L-Y1- \Wen the al pha

ani no achshised hereiri the ¢om "ugddtabgl” tefert frea mohodyiciosataisied carhdeyclid raditalf or mul a
(I'B) thi p, stry strategy
chosen th?)w ﬁsgg{boﬁgﬁt@gr E'im? eé Eﬁ@g%ﬁﬁle %{ogﬁgga&&c BB&WT in formul a
(1B) or C(YP‘QI)'E'”FB& Qyﬁ@h%HGY%R"@PW] f(ﬂdrﬁyﬁfﬁ%cw'atter case, the -L-Y1- radical is
indirectly I|nked to the al pha carbon through the i nterveni ng ring atons of

ring systemB. ) chemstry strate or .t hat ng may vary
Wt oty Anier bRy EARHET GRE BT R TSRt 8-l GrPEIR poss bl &.
For exangpbraticradiesl, Miaﬂummvmbw@nionodyblm carthicgelit aminatib éngsadi cal
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al kyl en@lpfﬁzylwdéjﬁk’@wyl ene or CrCG al kynyl ene r adi cal whi ch may optionally
contain or termnate in an ether (-Q0A th| oet her (- S—) or amno (-NRA-) link
wherein RAis hdro en or_optional | tituted CI- K | n_ot her
enbodi né‘?-ﬁlé?,edr'?ﬁ HR YnHaligs t%’éi‘bi‘i‘elﬁ’é‘y ?%GT% 23 tae '%a‘gé%'c’@y‘ﬁ%{?mﬁ@c for
exanpl e radid¢al4oftaieimglonaer marki hetroatarns eeler;t@:l fogre 13 Mland Oy ahdineyds, pi peri di nyl

i - adi . € I bond,
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the nodul ator via 1ts amno grou formul a bove t he carbon
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groups.

Unless otherwise specified in the context in which it occurs, the term "substituied" as
applied to any moiety herein means substituted with up to four compatible substituents,
each of which independently may be, for example, (C;-Cg)alkyl, (C4-Cg)alkoxy, hydroxy,
hydroxy(C+-Ce)alkyl, mercapto, mercapto(C4-Ce)alkyl, (C;-Cs)alkylthio, phenyl, halo



Modul ators of Intracellular Enzymes and Receptors The principles of this
invention can be applied to nodul ators of a wide range of intracellular
targets which are inplicated in a wide range of diseases. As discussed, the
bi ndi ng nodes of known nodul ators to their targets are generally known soon
after the nodul ators thensel ves becone known. In addition, nodern

techni ques such as X-ray crystallograppy and NWVR are capabl e of revealing
such bi ndi ng topol ogi es and geonetries, as are traditional nedicinal _
chemi st rjlnﬁé@lhﬂ)iﬂ@F@formaml"@m)sinﬂgaremeﬂmt wiflecramétinukyt yitro alitdilei (@Mhi ps. Wth

such knowkged te 51 J h mard to identify where in the structure of
a given \#Xg@ulggsg'r a%éléar t?gjx[g tic?gr se ester notif could be attached w t hout

di sruptin FH@ “BYiNdtan AHR at@PNRER 1ROMRRTreNids -MéRept or by use of
structuramR’d%?taoocﬂmﬁz,ax@mHR ‘TR R?| INHCORONRHCIOR#cel | ul ar enzyme or
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m
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(2003) ©°r 6 fing atoms. An “optional substituent’ may be one of the foregoing substituent groups.

The term “side chain of a natural or non-natural alpha-amino acid” refers to the group R' in
a natural or non-natural amino acid of formula NH-CH(R")-COOH.

Examples of side chains of natural alpha amino acids include those of alanine, arginine,
asparagine, aspartic acid, cysteine, cystine, giutamic acid, histidine, 5-hydroxylysine, 4-
hydroxyproline, isoleucine, leucine, lysine, methionine, phenylalanine, proline, sering,
threonine, tryptophan, tyrosine, valine, a-aminoadipic acid, o~amino-n-butyric acid, 3,4-
dihydroxyphenylalanine, homoserine, a-methylserine, ornithine, pipecolic acid, and
thyroxine.

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

The term “protected” when used in relation to a functional substituent in a side chain of a
natural alpha-amino acid means a derivative of such a substituent which is substantially
non-functional. For example, carboxyl groups may be esterified (for example as a C-Cq
alkyl ester), amino groups may be converted to amides (for example as a NHCOC,-Cs alkyl
amide) or carbamates (for example as an NHC(=0)OC,-C; alkyl or NHC(=O)OCH,Ph
carbamate), hydroxyl groups may be converted to ethers (for example an OC4-Cq alkyl or a
O(C+-Cs alkyl)phenyl ether) or esters (for example a OC(=0)C,-C; alkyl ester) and thiol
groups may be converted to thioethers (for example a tert-buty! or benzyl thioether) or
thicesters (for example a SC(=0)C,-Cs alkyt thicester).



I nfl anmati on PDE3 Scapin et al., Biochem stry 43, 6091 (2004) Asthma | MPDH
Intchak et al., Cell 85, 921 (1996) Psoriasis p38 MARK Wang et al .,
Structure 6, 1117 (1998) Inflammation COX2 Kiefer et al., J Biol Chem 278,

45763,

(2003) Inflamrati on Adenosi ne Ki nase Schumacher et al., J Mt Biol

298, 875 (2000) Inflamrmati on PLA2 Chandra et al., Biochemstry B 10914

(2002)
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Examples of side chains of non-natural alpha amino acids include those referred to below
in the discussion of suitable R, groups for use in compounds of the present invention.

The ester group Ry

In addition to the requirement that the ester group must be hydrolysable by one or more
intracellular enzymes, it may be preferable for some applications (for example for systemic
administration of the conjugate) that it be resistant to hydrolysis by carboxylester-
hydrolysing enzymes in the plasma, since this ensures the conjugated modulator will
survive after systemic administration for long enough to penetrate cells as the ester. ltis a
simple matter to test any given conjugate to measure its plasma halff life as the ester, by
incubation in plasma. However, it has been found that esters notionally derived from
secondary alcohols are more stable fo plasma carboxylester-hydrolysing enzymes than
those derived from primary alcohols. Furthermore, it has also been found that although
esters notionally derived from tertiary alcohols are generally stable to plasma '
carboxylester-hydrolysing enzymes, they are often also relatively stable to intracellular
carboxylesterases. Taking these findings into account, it is presently preferred that Ry in
formulae (1A), (IB) and (IC) above, is an ester group of formula -(C=0)OR, wherein Rg is (i)
R,RsCH- wherein Ry is optionally substituted (C-Cg)alkyl-(Z"),~(C+-Cs)alkyl- or (Co-
Ca)alkenyl-(Z")a-(C+-Ca)alkyl- wherein ais 0 or 1 and Z' is —O-, -S-, or ~NH-, and Rg is
hydrogen or (C4-Cs)alkyl- or Ry and Rg taken together with the carbon to which they are
attached form an optionally substituted C3-C; cycloalkyl ring or an optionally substituted
heterocyclic ring of 5- or 8-ring atoms; or (ii) optionally substituted phenyl or monocyclic
heterocyclic ring having 5 or 6 ring atoms. Within these classes, R may be, for example,
methyl, ethyl, n- or isc-propyl, n- or sec-butyl, cyclohexyl, ailyl, phenyl, benzyl, 2-, 3- or 4-
pyridylmethyl, N-methylpiperidin-4-yl, tetrahydrofuran-3-yl or methoxyethyl. Currently
preferred is where Ry is cyclopentyl.

The amino acid side chain R,

Subject to the requirement that the ester group R, be hydrolysable by

intracellular carboxylesterase enzymes, the selection of the side chain group Rz

can determine the rate of hydrolysis. For example, when the carbon in R, adjacent
to the alpha amino acid carbon does not contain a branch eg when R; is ethyl,
isobutyl or benzyl the ester is more readily hydrolysed than when R; is branched eg
isopropyl or t-butyl.

Examples of amino acid side chains include



Pson asis PLC Essen et al., Biochemstry 36, 1704, (1997) Rheumatoid
arthritis PLD Leiros et al., J Mol Blot 339, 805 (2004) Inflanmation 19
i NOS Rosenfeld et al., Biochemstry 41, 13915 (2002) Inflammation LTA4
hydrol ase Rudberg et al., J Biol Chem 279, 27376 (2004) Inflanmmation |ICE
Okamato et al., Chem PharmBull 47, 11 (1999)
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C4-Cs alkyl, phenyl, 2,- 3-, or 4-hydroxyphenyi, 2,- 3-, or 4-methoxyphenyl, 2,-

3-, or 4-pyridylmethyl, benzyl, phenylethyl, 2-, 3-, or 4-hydroxybenzyl, 2,- 3-,

or 4-benzyloxybenzyl, 2,- 3-, or 4- C4+-Cs alkoxybenzyl, and benzyloxy(C4-Cs alkyl)-
groups;

the characterising group of a hatural o amino acid, in which any functional group may be
protected;

groups ~[Alk],.Rs where Ak is a (C4~-Ce)alkyl or (C,-Cg)alkenyl group optionally interrupted by
one or more -O-, or -S- atoms or -N(Ry7)- groups [where R; is a hydrogen atom or a {C;-
Ce)alkyl group], nis 0 or 1, and R is an optionally substituted cycloatkyl or cycloalkenyl
group;

a benzyl group substituted in the phenyl ring by a group of formula -OCH,COR; where R; is
hydroxyl, amino, (C,-Cs)alkoxy, phenyl(C-Cs)alkoxy, (C:-Cg)alkylamino, di((C.-
Ce)alkyl)amino, phenyl(C;-Cg)alkylamino, the residue of an amino acid or acid halide, ester
or amide derivative thereof, said residue being linked via an amide bond, said amino acid
being selected from glycine, « or B alanine, valine, leucine, isoleucine, phenylalanine,
tyrosine, tryptophan, serine, threonine, cysteine, methionine, asparagine, glutamine, lysine,
histidine, arginine, glutamic acid, and aspartic acid;

a heterocyclic(C4-Cg)alkyl group, either being unsubstituted or mono- or di~substituted in
the heterocyclic ring with halo, nitro, carboxy, (C,-Ce)alkoxy, cyano, (C;-Ce)alkanoyl,
trifluoromethyl (C+-Cg)alkyt, hydroxy, formyl, amino, (C4-Cgs)alkylamino, di-(C4-
Ce)alkylamino, mercapto, (C4-Ce)alkylthio, hydroxy(C4-Cg)alkyl, mercapto(C4-Ce)alkyl or' (Cy-
Celalkylphenylmethyl; and

a group -CR,RyR; in which:

each of R,, Ry and R. is independently hydrogen, (C+-Cg)alkyl, (C2-Cs)alkenyl, (Co-
Celalkynyl, phenyl(C4-Ce)alkyl, (Cs-Cs)cycloalkyl; or

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



Rheumatoid arthritis GSK3f3 Bertrand et al., J Ml Blot 333, 393 (2003)
Rheumatoid arthritis PKC Xu et al., JBC 279, 50401 (2004) Inflanmmti on PARR
Ruf et al., PNAS (USA) 93, 7481 (1996) Proliferative disorders MetAP2
Sheppard et at Bioorg Med Chem Lett 14, 865 (2004) Rheumatoid arthritis
Corticosteroid receptor Bledsoe et al., Cell 110, 93 (2002) Inflanmation
Pl 3K Wal ker et al., Ml Cell Blot 6, 809 (2000)

R, is hydrogen, (C-Cs)alkyl, {C2-Cs)alkenyl, (C2-Ce)alkynyl, phenyl(C-Ce)alkyl, or

(Cs-Cs)eycloalkyl, and R, and Ry, together with the carbon atom to which they are

attached form a 3 to 8 membered cycloalkyl or a 5- to 6-membered heterocyclic

ring; or

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

R, and Ry, are each independently (C,-Cs)alkyl, (C2-Cg)alkenyl, {C-Cs)alkynyl,
phenyl(C4-Cs)alkyl, or a group as defined for R, below other than hydrogen, or R,
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, -CO,H, (C4-
Ca)perfluoroalkyl, -CH,OH, -CO»(C4-Cg)alkyl, -O(C4-Cs)alkyl, -O(Co-Cg)alkenyl, ~
S(C+-Cealkyl, -SO(C4-Cglalkyl, -SO»(C1-Cs) alkyl, -S(Co-Ce)alkenyl, -SO(C-
Cs)alkenyl, -SO(C,-Cg)alkenyl or a group -Q-W wherein Q represents a bond or -O-
, -§-, -8O- or -SO,- and W represents a phenyl, phenylalkyl, {Cs-Cs)cycloalkyl, {Cs-
Cg)cycloalkylalkyl, (C4-Cs)cycloalkenyl, (Cs-Cg)cycloatkenylalkyl, heteroaryl or
heteroarylalkyl group, which group W may optionally be substituted by one or more
substituents independently selected from, hydroxyl, halogen, -CN, -CO,H, -COx(C-
Cs)alkyl, <CONH,, -CONH(C,-Cg)alkyl, -CONH(C;-Cealkyl),, -CHO, -CH,OH, (C4-
Caperfluoroalkyl, -O(C4-Cs)alkyl, -S(C+-Cg)alkyl, -SO(C1-Cgalkyl, -SOx(C1-Cs)alkyl, -
NO,, -NH,, ~NH(C1-Cg)alkyl, -N((C1-Cs)alkyl)s, -NHCO(C4-Cg)atkyl, (C-Ce)alkyl, (Co-
Ce)alkenyl, (C-Cs)alkynyl, (Ca-Cs)cycloalkyl, (C,-Cs)cycloalkenyl, phenyl or benzyl.

Examples of particular R; groups include benzyl, phenyl, cyclohexyimethyl, pyridin-3-
yimethyl, tert-butoxymethyl, iso-butyl, sec-butyl, tert-butyl, 1-benzyithio-1-methylethyl, 1-
methylthio-1-methylethyl, and 1-mercapto-1-methylethyl, phenylethyl. Presently preferred
R, groups include phenyl, benzyl, tert-butoxymethyl, phenylethyl and iso-butyl.

The group R,
As mentioned above, if the modulator is intended to act only in cell types where hCE-1 is

present, such as macrophages, the amino group of the carboxylesterase ester motif should
be substituted such that it is directly linked to a group other than carbonyl. In such cases Ry
may be optionally substituted C4-Cs alkyl, C3-C;cycloalkyl, aryl or heteroaryl, for example
methyl, ethyl, n- or iso-propyl, cyclopropyl, cyclopentyl, cyclohexyl, phenyl, or pyridyl. In
cases where macrophage specificity is not required, R, may be H, -(C=O)Rs, (C=0)ORs,



Proliferative disorders Raf Wan et al., Cell 116, 855 (2004) Proliferative
di sorders AKT/PKB Yang et al., Nat Struct Biol 9, 940 (2002) Proliferative
di sorders HDAC Finnin et al., Nature 401, 188 (1999) Proliferative
di sorders c-Abl Nagar et al., Cancer Res 62, 4236 (2002) Proliferative
di sorders I GF- 1R Munshi et al., Acta Crystallogr Sect D 59, 1725 (2003)
Proliferative disorders Thym dyl ate Si@t hetase Stout et al., Structure 6,
839 (1998)

or —-(C=0O)NR; wherein Rs is hydrogen or optionally substituted (C,-Cg)alkyl, for example

methyl, ethyl, or n- or iso-propyl, and CH,CH,OH.

The ring or ring sysiem B

Ring or ring system B may be one chosen from, for example, the following:

R1
R1 U/H NH NH
R1 R1
T b8 o
N R1 NH NH

The radical ~Y-L-X-[CH,].-

When the alpha amino acid ester is conjugated to the inhibitor as a radical of formula (IA)

-0

this radical (or bond) arises from the particular chemistry strategy chosen to link the amino
acid ester motif R{CH(R2)NH- to the modulator. Clearly the chemistry sirategy for that
coupling may vary widely, and thus many combinations of the variables Y, L, X and z are
possible.

It should aiso be noted that the bensfits of the amino acid ester carboxylesterase motif
described above (facile entry into the cell, carboxylesterase hydrolysis within the cell, and
accumulation within the cell of active carboxylic acid hydrolysis product) are best achieved
when the linkage between the amino acid ester motif and the modulator is not a substrate
for peptidase activity within the cell, which might result in cleavage of the amino acid from
the molecule. Of course, stability to intracellular peptidases is easily tested by incubating
the compound with disrupted cell contents, and analysing for any such cleavage.

With the foregoing general observations in mind, taking the variables making up the radical
~Y-L-X-{CHg}- in turn:

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



Proliferative disorders G ycinam de R bonucl eotide Fornyltransferase Klein
et al., J Mol Blot 249, 153 (1995) Proliferative disorders Purine

Nucl eosi de Phosphoryl ase Koel ner et al., J Ml Blot 280, 153 (1998)
Proliferative disorders Estrone Sul phatase Hernandez- Guzman et al., J Bl ot
Chem 278, 22989 (2003) Proliferative disorders EG--RTK Stanos et al., J

Bl ot Chem 277, 46265 (2002) Proliferatd ve disorders Src kinase Laners et

al., J Mol Biol 285, 713 (1999) Proliferative disorders VEGFR2 M Ti gue et
al ., Struct urgpegific grplpriedgaargples of Y include a bond, <(C=0)-, -(C=0O)NH-, and

~(C=0)0-. However, for hCE-1 specificity when the alpha amino acid ester is
conjugated to the inhibitor as a radical of formula (IA), Y should be a bond.

In the radical L, examples of A" and Allk® radicals, when present, include

—CHp-, ~CH,CH»~ ~-CH,CH,CH3-, —-CH,CH,CH,CHy-, -CH=CH-,

—CH=CHCH,-, ~CH,CH=CH-, CH,CH=CHCHj- ~CEC-, ~C=CCH;-, CH,C=C-, and
CH,C=CCH,. Additional examples of Ak’ and Alk? include —CHW-,

—CH.CH,W- —CH,CH;WCH3-, ~CHCHWCH(CH3)~-, -CHWCHCH-,
~CHMWCH.CHWCH,-, and —WCHCH,- where W is —0O-, -S-, -NH-,

~N{CH3)-, or —CH,CH:N(CH,CH;OH)CH>-. Further examples of Alk' and AlK?
include divalent cyclopropyl, cyclopentyl and cyclohexy! radicals.

In L, when n is 0, the radical is a hydrocarbon chain {optionally substiiuted and
perhaps having an ether, thioether or amino linkage). Presently it is preferred that
there be no optional substituents in L. When both m and p are 0, Lis a divalent
mono- or bicyclic carbocyclic or heterocyclic radical with 5 - 13 ring atoms
(optionally substituted). When nis 1 and at least one of m and pis 1, L is a divalent
radical including a hydrocarbon chain or chains and a mono- or bicyclic carbocyclic
or heterocyclic radical with 5 - 13 ring atoms (optionally substituted). When present,
Q may be, for example, a divalent phenyl, naphthyl, cyclapropyl, cyclopentyl, or
cyclohexyl radical, or a mono-, or bi-cyclic heterocyclic radical having 5 t013 ring
members, such as piperidinyl, piperazinyl, indolyl, pyridyl, thienyl, or pyrrolyl radical,
but 1,4-phenylene is presently preferred.

Specifically, in some embodiments of the invention, m and p may be 0 with n being
1. In other embodiments, n and p may be 0 with m being 1. In further embodiments,
m, n and p may be all 0. in still further embodiments m may be 0, n may be 1 with Q
being a monocyclic heterocyelic radical, and p may be 0 or 1. Alk" and Alk?, when
present, may be selected from —CH,-,

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

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



Proliferative disorders Superoxide D snutase Hough et al., J Ml Biol 287,
579 (1999) Proliferative disorders O nithine Decarboxylase Alnrud et al.,
295, 7 (2000) Proliferative disorders Topoi sonerase |l C assen et

Mol Bi ol

al ., PNAS (USA) 100, 10629 (2003) Proliferative disorders Topoi sonerase |
Staker et al., PNAS (USA), 99, 15387 (2002) Proliferative disorders
Andr ogen Receptor Matias et al.,” J Bl Chem 275, 26164 (2000)
Proliferative disorders JNK Heo et al., EMBO J 23, 2185 (2004)

%_<:>_7(CH2)WO—§— and TQ—(CHZ)WO%—

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

The radical ~L-Y'-
When the alpha amino acid ester is conjugated to the inhibitor as a radical of formula (1B)

this radical (or bond) arises from the particular chemistry strategy chosen to link the aipha
carbon of the amino acid ester motif in formula (IB) or (IC) to the modulator. (In the latter
case, the —L-Y'- radical is indirectly linked to the alpha carbon through the intervening ring
atoms of ring system B.) Clearly the chemistry strategy for that coupling may vary widely,
and thus many combinations of the variables L and Y' are possible.

For example, L may be as discussed above in the context of the radical

~Y-L-X-[CH_],-. For example, in some embodiments m and n are 1 and pis 0; Qis~0O-;
and Alk! is an optionally substituted, straight or branched, C;-C; alkylene, C.-Cq alkenylene
or C»-Cs alkynylene radical which may optionally contain or terminate in an ether (~0-),
thioether (-S-) or amino (-NR™) link wherein R* is hydrogen or optionally substituted C4-C,
alkyl. In other embodiments, m, n and p may each be 1, and in such cases Q may be, for
example a 1,4 phenylene radical, or a cyclopentyl, cyclohexyl, piperidinyl or piperazinyl
radical. in all embodiments, Y' may be, for example, a bond, or ~(C=0)-, {C=0)NH-, and ~
(C=0)0-.

For compounds of the invention which are to be administered systemically, esters with a
slow rate of carboxylesterase cleavage are preferred, since they are less susceptible to
pre-systemic metabolism. Their ability to reach their target tissue intact is therefore
increased, and the ester can be converted inside the cells of the target tissue into the acid
product. However, for local administration, where the ester is sither directly applied to the
target tissue or directed there by, for example, inhalation, it will often be desirable that the
ester has a rapid rate of esterase cleavage, to minimise systemic exposure and
consequent unwanted side effects. Where the esterase motif is linked to the modulator via
its amino group, as in formula ({A) above, if the carbon adjacent to the alpha carbon of the
alpha amino acid ester is monosubstituted, ie R; is CH,R” (R* being the mono-substituent)
then the esters tend to be cleaved more rapidly than if that carbon is di- or tri-substifuted,
as in the case where R; is, for example, phenyl or cyclohexyl. Similarly, where the esterase

J



Proliferative disorders 20 Fanmesyl Transferase Curtin et al., Bioorg Med
Chem Lett 13, 1367 (2003) Proliferative disorders CDK Davis etal., Science
291, 134 (2001) Proliferative disorders D hydrofol ate Reductase Gargaro et
al, J Mol Biol 277, 119 (1998) Proliferative disorders FIt3 Giffith et
al., Ml Cell 13, 169 (2004) Proliferative disorders Carbonic Anhydrase
Stans et al., Protein Sci 7, 556 (1998 Proliferative disorders

motif is linked to the modulator via a carbon atom as in formulae (IB) and (IC) above, if a
carbon atom te which the Ry;NHCH(R;)- or Ri~{ring B)- esterase mofifs are attached is
unsubstituted, ie RyNHCH(R)- or Rs-(ring B)- is attached to a methylene (-CH_)- radical,
then the esters tend to be cleaved more rapidly than if that carbon is substituted, or is part
of a ring system such as a phenyl or cyclohexyl ring.

Modulators of Intracellular Enzymes and Receptors
The principles of this invention can be applied to modulators of a wide range of intracellular

targets which are implicated in a wide range of diseases. As discussed, the binding modes
of known modulators to their targets are generally known soon after the modulators
themsslves become known. In addition, modem techniques such as X-ray crystaliography
and NMR are capable of revealing such binding topologies and geometries, as are
traditional medicinal chemistry methods of characterising structure-activity refationships.
With such knowledge, it is straightforward to identify where in the structure of a given
modulator an carboxylesterase ester motif could be attached without disrupting the binding
of the modulator to the enzyme or receptor by use of structural data. For example, Table 1
lists some intracellular enzyme or receptor targets where there is published crystal
structural dafa.

Table 1

 Target = BHLCHES) Hrget Dissase i
CD45 g%‘”&f;t ol JEXp Med 201,241 [ o disoase
Lck Zhu et al., Structure 7, 651 (19989) | Inflammation
ZAP-70 ‘é%gft)a L, J Biol Chem 279, 42818 Autoimmune disease
PDEA Huai et al., Biochemistry 42,

13220 (2003) Inflammation
Scapin st al., Biochemistry 43,

PDE3 6091 (2004) Asthma

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

038 MAPK }!}Iggg)et al., Structure 6, 1117 Inflammation
Kiefer et al., J Biol Chem 278, .

COX2 45763, (2003) Inflammation

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

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

PLA2 10914 (2002) Psoriasis
Essen et al., Biochemistry 36, : e

PLC 1704, (1997) Rheumatoid arthritis

LD Leiros et al., J Mol Biol 339, 805

(2004) Inflammation




Thym di ne Phosphoryl ase Norman et al., Structure 12, 75 (2004)
Proliferative disorders Dihydropyrim dine Dehydrogenase Dobritzsch et al.,
JBC 277, 13155, (2002) Proliferative disorders Mannosidase a Van den Eisen
et al., EMBOJ 20, 3008 (2001) Proliferative disorders Peptidyl-prolyl

| sonerase (Pinl) Ranganathan et al., Cell 89, 875 (1997) Proliferative

di sorders Retinoid X Receptor Egea etal., EMBO J 19, 2592 (2000)

Proliferative disorders 6-d ucuronidase Jain et al., Nat Struct Biol 3, 375

(1996) Preldd erative di sqgRisesfeld et al., Biochemistry 41, i
ﬁ\ldg 13915 (2002) Inflammation
Rudberg et al., J Biol Chem 279, .
LTA4 hydrolase 27376 (2004) Inflammation
Okamato et al., Chem Pharm Bull . iy
ICE 47, 11 (1999) Rheumnatoid arthritis
GSK3B :32%%;5‘)“" etal., J Mol Biol 333, 393 | by e umatoid arthritis
PKC Xu et al., JBC 279, 50401 (2004) Inflammation
PARP Ruf et al., PNAS (USA) 93, 7481 | Proliferative
{1996) disorders
Sheppard et al Bicorg Med Chem . .
MetAP2 Left 14, 865 (2004) Rheumatoid arthritis
Corticosteroid receptor | Bledsoe et al., Cell 110, 93 (2002) | Inflammation
PI3K Walker et al., Mol Cell Biol 6, 909 | Proliferative
{2000) disorders
Proliferative
Raf Wan et al., Cell 116, 855 (2004) disorders
Yang et al., Nat Struct Biol 9, 940 | Proliferative
AKT/PKB (2002) disorders
HDAC Finnin et al., Nature 401, 188 Proliferative
{(1299) disorders
c-Abl Nagar et al., Cancer Res 62, 4236 | Proliferative
(2002) disorders
IGF-1R Munshi et al., Acta Crystallogr Proliferative
Sect D 59, 1725 (2003) disorders
Thymidylate Stout et al., Structure 6, 839 Proliferative
Synthetase (1998) disorders
Clycinamide Klein et al., J Mol Biol 249, 153 | Proliferative
Ribonucleotide (1995) disorders
Formyltransferase
Purine Nucleoside Koelner et al., J Mol Biol 280, 1563 | Proliferative
Phosphorylase (1998) disorders
Hernandez-Guzman et al., J Biol Proliferative
Estrone Sulphatase | 5 om 278, 20089 (2003) disorders
Stamoes et al., J Biol Chem 277, Proliferative
EGF-RTK 48265 (2002) disorders
. Lamers et al., J Mol Biol 285, 713 | Proliferative
Sre kinase (1999) disorders
McTigue et al., Structure 7, 319 Proliferative
VEGFR2 (19999) disorders
. . Hough et al., J Mol Biol 287, 579 Proliferative
Superoxide Dismutase (1999) disorders
Ornithine Almrud et al., J Mol Biol 295, 7 Proliferative
Decarboxylase (2000) disorders
. Classen et al., PNAS (USA) 100, Proliferative
Topoisomerase |l 10629 (2003) disorders
, Staker et al., PNAS (USA), 99, Proliferative
Topoisomerase | 15387 (2002) disorders
Matias et al., J Biol Chem 275, Proliferative
Androgen Receptor | 56164 (2000) disorders
INK Heo et al., EMBO J 23, 2185 Proliferative
(2004) disorders




G ut at hi one Transferase Oakley et al., J Ml Biol 291, 913 (1999)
Proliferative disorders hsp90 Jez et al., ChemBiol 10, 361 (2003)
Proliferative disorders | MPDH intchak et al., Cell 85, 921 (1996)

Bi ochem stry 41,

Proliferative disorders Phospholipase A2 Chandra et al.,

10914 (2002) Proliferative disorders Phospholipase C Essen et al.,

Bi ochem stry 36, 1704,

(1997) Prolifewative disorders Phospholipase D

Leiros et al, J Mol Biol, 339, 805 (2004) PLO| i ferative disorders
Earnesvl Transferase Curtin et al., Bioorg Méd Chem Proliferative
y Lett 13, 1367 (2003) disorders
CDK Davis et al., Science 291, 134 Proliferative
(2001) disorders
Dihydrofolate Gargaro et al., J Mol Biol 277, 1192 | Proliferative
Reductase (1998) disorders
Fit3 Griffith et al., Mol Cell 13, 169 Proliferative
(2004) disorders
. Stams et al., Protein Sci 7, 556 Proliferative
Carbonic Anhydrase (1998) disorders
Thymidine Norman et al., Structure 12, 75 Proliferative
Phosphotylase {2004) disorders
Dihydropyrimidine Dobritzsch et al,, JBC 277, 13155, | Proliferative
Dehydrogenase (2002) | dlisorders
M id Van den Elsen et al.,, EMBO J 20, | Proliferative
annosidase o 3008 (2001) disorders
Peptidyl-prolyl Ranganathan et al.,, Cell 89, 875 Proliferative
isomerase (Pin1) (1997) disorders
. Egeaetal.,, EMBO J 19, 2592 Proliferative
Retinoid X Receptor (2000) disorders
B-Glucuronidase Jain et al., Nat Struct Biol 3, 375 Proliferative
{1996) disorders
Glutathione Oakley et al., J Mol Biol 291, 913 | Proliferative
Transferase (1999) disorders
hsp90 Jez et al., Chem Biol 10, 361 Proliferative
P {2003) disorders
IMPDH intchak et al,, Cell 85, 921 (190g) | Froliferative
disorders
] Chandra et al., Biochemistry 41, Proliferative
Phospholipase A2 10914 (2002) disorders
. Essen ef al., Biochemistry 36, Proliferative
Phospholipase C 1704, (1997) disorders
. Leiros et al., J Mol Biol 339, 805 Proliferative
Phospholipase D (2004) disorders
MetAP2 Sheppard et al Bioorg Med Chem | Proliferative
Lett 14, 865 (2004) disorders
PTP-1B Andersen et al., J Biol Chem 275, | Proliferative
7101 (2000) disorders
, . . Proliferative
Aurora Kinase Fancelli et al., in press disorders
PDK-1 Komander et al., Biochem J 375, Proliferative
255 (2003) disorders
Istvan and Deisenhofer Science . .
HMGCoA reductase 292, 1160 (2001) Atheriosclerosis
Oxidosgualene Lenhart et al., Chem Biol 9, 639 Hypercholesterolaem
cyclase (2002) ia
Pyruvate - . -
dehydrogenase ?::gt;;x)n et al., Science 265, 1544 Ccﬁz;cgcsn;ascular
stimulator
Zhang et al., Nature 386, 247 Cardiovascular
Adenylate cyclase (1997) disease
. Ebdurp et al., J Med Chem 48, .
PPARYy agonist 1308 (2003) Diabetes




Met AP2 Sheppard et al Bioorg Med Chem Lett 14, 865 (2004) Proliferative
di sorders PTP-1B Andersen et al., J Biol Chem 275, 7101 (2000)
Proliferative disorders Aurora Kinase Fancelli et al., in press
Proliferative disorders PDK-1 Komander et al., BiochemJ 375, 255 (2003)
Proliferative disorders HM3CoA reductase |Istvan and Dei senhofer Science

292, 1160 (2001) Atheriosclerosis |, dosqual ene cycl ase Lenhart et al
Chem Bi ol 9, 639 (2002) o4 y ;

Alcohol Bahnson et al., PNAS USA 94, L
dehydrogenase 12797 (1997) Alcohol poisoning
Hormone sensitive Wei et al., Nat Struct Biol 6, 340 Insufin resistant
lipase (1999) diabeles
. . Mathews et al., Biochemistry 37, .
Adenosine kinase 15607 (1998) Epilepsy
Aldoss reductase ﬂrgg%]see al.,Structure 5, 601 Diabetes
T Tocchini-Valentini et al., PNAS .

Vitamin D3 receptor USA 98, 5491 (2001) Osteoporosis
Protein tyrosine Andersen et al., J Biol Chem 2785, .
phosphatase 7101 (2000) Diabstes
HIV Protease E_'IOQUSIBSB )et al., Biochemistry 37, 2105 HIV

Bressanelli et al.,, PNAS USA 96, e
HCV Polymerase 13034 (1999) Hepatitis C
Neuraminidase -(I:|agy5|;%; etal., J Med Chem 41, 798 Influenza

. Das et al., J Mol Biol 264, 1085

Reverse Transcriptase (1996) HIv

Khayat et al., Biochemistry 42, . .
CMV Protease 885 (2003) CMV infection

. . Champness et al., Proteins 32, . .

Thymidine Kinase 350 (1998) Herpes infections

Molteni et al., Acta Crystallogr
HIV integrase Sect D 67, 536 (2001) Hiv

For the purpose of iflustration, reference is made to known inhibitors of 5 of the above
intracellular targets, whose binding mode to the target is known. These examples flustrate
how such structural data can be used to determine the appropriate positions for the
attachment of the carboxylesterase ester motif. Schematics of the active sites are shown
together with representative inhibitors. In general, positions remote from the binding
interface between modulator and target, and therefore pointing away from the enzyme
binding interface into solvent are suitable places for attachment of the carboxylesterase
ester motif and these are indicated in the diagrams.



Hyper chol esterol aemi a Pyruvate dehydrogenase stinulator Mattevi et al.,

Sci ence 255, 1544 (1992) Cardi ovascul ar di sease Adenyl ate cycl ase Zhang et
al ., Nature 386, 247 (1997) Cardi ovascul ar di sease PPARy agoni st Ebdurp et
al., J Med Chem 46, 1306 (2003) Di abetes 21 Al cohol dehydrogenase Bahnson
et al., PNAS USA 94, 12797 (1997) Al cohol poisoning Hornmone sensitive
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Wei et al., Nat Struct Biol 6, 340 (1999) Insulin resistant diabetes
Adenosi ne ki nase Mathews et al., Biochemstry 37, 15607 (1998) epil epsy

Al dose reductase Urzhnsee al., Structure 5, 601 (1997) D abetes Vitam n 03
receptor Tocchini-Valentini et al., PNAS USA 98, 5491 (2001) Osteoporosis
Protein tyrosine phosphatase Andersen et al., J Biol Chem 275, 7101 (2000)

D abetes H V Protease Louis et al., I%ochem’ stry 37, 2105 (1998) Hiv HCV
Pol yner ase

P38 MAP Kinase

) Adenine
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Solvent
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N\)
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A similar approach can also be used for the other examples identified in Table 1.
The method of the invention, for increasing celiular potency and/or intracellutar residence

time of a modutator of the activity of a target intraceliular enzyme or receptor, may involve
several steps:

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



Bressanelli et al., PNAS USA 96, 13034 (1999) Hepatitis C Neuram ni dase
Taylor et al., J Med Chem 41, 798 (1998) Influenza Reverse Transcriptase
Das et al., J Ml Bid 264, 1085 (19-6) HI'V CW Protease Khayat et al.,

Bi ochem stry 42, 885 (2003) CW infection Thym dine Kinase Chanpness et

al., Proteins 32, 350 (1998) Herpes infections HV Integrase Mlteni et

al., Acta Crystallogr Sect D 57, 5362¢42001) HV

Usually such positions are identified from the X-ray co-crystal structure (or structure
derived by nmr) of the target enzyme or receptor with a known modulater (or a close
structural analogue thereof) bound to the enzyme or receptor, by inspection of the

_structure. Alternatively the X-ray crystal structure of the target enzyme or receptor with the
madulator docked into the active site of the enzyme or receptor is modelled by computer
graphics methods, and the model is inspected The presumption is that structural
modification of the modulator at positions remote from the binding interface is unlikely to
interfere significantly with the binding of the modulator to the active site of the enzyme or
receptor. Suitable positions will normally appear from the co-crystal structure or docked
model to be orientated towards solvent.

Step 2 Covalently modify the modulator(s) by attachment of an alpha amino acid
ester radical, or a range of different alpha amino acid ester radicals at one or more of the
positions identified in Step 1.

Attachment of alpha amino acid ester radicals (je the potential carboxylesterase motifs)
may be via an existing covalent coupling functionality on the modulator(s), or via a suitable
functionality specifically introduced for that purpose. The carboxylesterase motifs may be
spaced from the main molecular bulk by a spacer or linker element, to position the motif
deeper into solvent and thereby reduce still further any small effect of the motif on the
binding mode of the modulator and/or to ensure that the motif is accessible to the
carboxylesterase by reducing steric interference that may resuit from the main molecular
bulk of the modulator.

Performance of Step 2 results in the preparation of one or, more usually, a small library of
candidate modulators, each covalently modified relative to its parent inhibitor by the
introduction of a variety of amino acid ester radicals, at one or more poinis of attachment
identified in Step 1.

Step 3: Test the alpha amino acid-conjugated modulator(s) prepared in step 21o
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 to determine whether the expected retention of modulator activity has in



For the purpose of illustration, reference is nmade to known inhibitors of 5
of the above intracellular targets, whose binding node to the target is
known. These exanples illustrate how such structural data can be used to
determ ne the appropriate positions for the attachnment of the
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The above described Steps 1-4 represent a general algorithm for the implementation of the
principles of the present invention. The application of the algorithm is illustrated in Example
A below, applied to a known inhibitor of the intracellular enzyme dihydrofolate reductase
(DHFR).

Example A

Folic (pteroylglutamic) acid is a vitamin which is a key component in the biosynthesis of
purine and pyrimidine nucleotides. Following absorption distary folate is reduced to
dihydrofolate and then further reduced to tetrahydrofolate by the enzyme dihydrofolate
reductase (DHFR). Inhibition of DHFR leads to a reduction in nucleotide biosynthesis
resulting in inhibition of DNA biosynthesis and reduced cell division. DHFR inhibitors are
widely used in the freatment of cancer (Bertino J, J.Cin. Oncol. 11, 5-14, 1993), cell
proliferative diseases such as rheumatoid arthritis (Cronstein N., Pharmacol. Rev. 57, 163-
1723), psoriasis and fransplant rejection. DHFR inhibitors have also found use as
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represent a gene ral al gorithmfor the inplenentation of the principles of
the present invention. The application of the algorithmis illustrated in
Exanpl e A below, applied to a known inhibitogp the intracellular enzyme
di hydrofol ate reductase (DHFR). Exanple A Foljic (pteroylglutamc) acid is a
vitam n which is a key conmponent in the biogsyn 3 of purine and

pyri m di ne nucl eoti des. Foll 2ngjabsorptig etary folate is reduced to
di hydrofol ate and then furt ot rakydr of ol ate by the enzyne

di hydr of ol ate reductase ( -1 I nhifbi tign of DHFRMEeads to a reduction in
nucl eoti de biosynthesis regul tik i nhi'bi ti on of DNA bi osynthesis and

reduced cell division. R iNhi bGtors are widely used in the treatnent of
cancer (Berlin J, J.Cin.20Oncol. 11, 58¥CHI®9B), cell proliferative diseases
such as rheumatoid arthritis (Cronstein N., Pharmacol. Rev. 57, 163- 1723),

psoriasis and transplant rejection. DHFR®i nhi bitors have al so found use as
However agents that passively diffuse into cells will also exit the cell readily and are not
readily retained inside the cell. Thus a DHFR inhibitor modified in accordance with the
present invention, that is lipophilic but whose activity accumulates inside the cell could



i ive (Salter A, Rev. Infect. D's. 4,196-236, 1982) and
zzagt ?Bglr :agr '?lCE: ageﬁlts (Plowe C. BMJ 328, 545-548, 2004). Many typeg of DHFR
i nhi bitor conpounds have been suggested, and several such conpounds aret_
used as anti-cancer, anti-inflammatory, anti-infective and anti- parasitic
agents. A general tenplates for known DHFR i nhibitors is shown bel ow
NH2 N) W.i nker H2ZN N- G G=Nor CH thotrexate
(S)-2-(4-(((2, 4-di am nopt eri di n-6-yl )Tret hyl ) met hyl am no) - Cor and
benzani db«’;\\p&unmfmentladvmt@gydeurmehﬁ&e B&ﬁtcfa‘é.éé’ﬁifb HEFEhi %hav Rito

I enables 1t to |veI
'f ?gaglpgft eﬁﬁ%ﬂm' egltﬁ%%a;' h%l"??@lm @'@Iq“@c %ﬁé’?hl%fahwe@@th{ﬂy can
become r8&EigRS Sﬁbcﬁfr@tvhmn‘raewah@ebycomda\fey\ran@ éshhécr@ﬂ'fabé@v’fa{ﬂﬁﬁgog ﬁt vt em
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hilic
thotrexa Imted ah an nt Li pop
%&anFnh?‘%“{ef’S‘F § '%‘ij%ﬁ?"’géhﬁtr*“%‘@v%ﬁ a@@ative role in cancer. .
(2, 4-di am no- 5- rrethyl 6 [ (3, 4,5-trinmethoxyanilino)nethyl]quinazoline) (2
= CH (Gg an apd naI es such as (2 G=N) (Gangjee et al
J. Med. CHEw 2 Lt IRFERD0¥R be taken up by passive diffusion

have t heTI@frmr@trg@grﬁ qﬂMRofpmdrlrbeﬂ'éxatquG * CHIN6dKed Qﬁtﬂé etive Rl is” €S stance and
for use mmlishal (PAisHaRES, WCai39 9 SV abdVE ,Wﬂ and :te is apparent that the

most appropriate position to append a carboxylesterase motif in accordance with the

invention was on the pheny! ring as shown below. It was inferred that attachment at that

point in known close structural analogues of trimetrexate, such as (2G = N) would also be

suitable. Fgure 2 shows (2 G = N) docked into DHFR showing that a suitable point for

attachment is the 4 position of the aromatic ring since this points away from the active site
of the enzyme.

Step 2 of the General Algorithm Described Above

Compounds in which the carboxylesterase motif is linked via its alpha amino acid nitrogen
were prepared as shown in schemes | and Il. Within this series compounds with and
without a carbonyl were made to identify potential macrophage selective compounds.




G = CH or N 2 However agents that passively diffuse into cells wll also
exit the cell readily and are not readily retained inside the cell. Thus a
DHFR i nhi bitor nodified in accordance with the present invention, that is
| i pophilic but whose activity accunul ates inside the cell could 27 have
significant advantages. Furthernore both classes of DHFR inhibitors have
side effects which limt the doses th# can be used in the clinic. A DHFR
i nhi bi tor whose activity accunul ates selectively in macrophages coul d have
val ue as macrophages, via the prod6¥$?%ﬁ'of cyt oki nes, are known to play a

key role in inflammatory disorders and evidence is increasing that they
have a negative le in cancer. Step 1 of the GEnera;fﬁf?orithnlDescribed

Above The nmr dtructure of DHFR w rinmetrexate (2 CH) docked in the
active sitgq bished (Porshakdv, V.. eta!,’Prﬁk g S9! . 1999,
8,467-481) and i# is appar entBoeNht 2 appropriat el po n to append

a carboxyl esterase notif in accordafice h the inventi®n on the phenyl
ring as shown below. It was inferred that attachrgni®at, that point in known
cl ose structural anal ogues of trinmetrexate, such a§ (2 |G = N would al so be
suitable. Fgure 2 shows (2 G = N) docked into DHF owi ng that a suitable
point for attachnent is the 4 position of the aro ciring since this
points away fromthe active site of the enzynme. Stegp 2 Yof the General

Al gorithm Descri bed Abgve Conpounds in which the gafboxyl esterase notif is
linked via its al pha amino acid nitrogen were prepared|as shown in schenes
| and I'l. Wthin ghi g series conpounds with and w tho a carbonyl were

made to identify Jpoteatigl crophage sel ective cenpdunds. 29 Schene |
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NH2 NN H2N N N 30 al kyl substitution on the nitrogen were al so prepared to
identify macrophage sel ective conpounds (schene 1V). Schene IIl 31 Schene
|V TFA 32 Step 3 of the General Algorithm Described Above The conpounds
including the trinmetrexate analogue (2 G= N were tested in the DHFR
enzynme assay, the cell proliferation assay, using both nonocytic and

non- nonocytic cell lines, and the broken cell assay in order to assess the
cleavability of the esters by nonocytTt and non-nonocytic cell lines .
Details of all these assays are given below. Step 4 of the Genera

Al gorithm Descri bed Above

Scheme Il
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Compounds were also made in which the esterase motif was linked to the modulator via
the alpha amino acid side chain schemes I} and |v. Within this series compounds with



As shown in Table 2 conpounds were identified whose acids have activity
agai nst the enzyne conparable to the trinetrexate analogue (2 G=N). It
can al so be seen that by altering the way in which the esterase notif is

| i nked can | ead to a conpound (6) that is 100 fold nore potent in U937
cells and 15 fold nore potent in the HCT116 than the unnodified anal ogue (2
G=N). In addition nodifications of eifpgher the |inker or the substituent on
the esterase notif nitrogen allowed identification of conpounds 4 and 5

t hat shodlisd sukstisdion or thel nitepggn wererglsroriBiafed to igertiyoecrerhsopdrlediyei c cel |
l'ines angyittiupfls Wekémsivgni ficantly nore anti-proliferative in nonocytic

cell lines then non-nonocytic cell lines (see table 2). 33 U937
(Monocytic cell line) HCT116 (non-nonocytic cell |ine) Conmpound 1050 nM
enzynme ' (acid) 1C50 nMcell prolifscrertilion Ratio 1C50 cell/ enzyne Acid
Pr oduce
Br HO"‘@*NO2
- b
o NHBoc Cs,Co, QO
NHBoc
0
0
O O/O H2
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(i) Raney/Ni
NH, (i) TFA K::jL\o
NHEoc
o e
HzN N N *
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d 2ng/nl 1C50 nMcell prolif- oration Ratio I1C50 Cell/ enzyme Acid produced
frig/miL (2 G=N) 10 2200 220 NA 1700 170 NA O--
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Step 3 of the General Algorithm Described Above
The compounds including the trimetrexate analogue (2 G = N) were tested in the DHFR

enzyme assay, the cell proliferation assay, using both monocytic and non-monocytic cell
lines, and the broken cell assay in order to assess the cleavability of the esters by
monocytic and non-monocytic cell lines . Details of all these assays are given below.
Step 4 of the General Algorithm Described Above

As shown in Table 2 compounds were identified whose acids have activity against the

enzyme comparabie to the trimetrexate analogue (2 G = N). It can also be seen that by
altering the way in which the esterase motif is linked can leadto a compound (6) that is
100 fold mare potent in U937 cells and 15 fold more potent in the HCT116 than the
unmodified analogue (2 G=N).

In addition modifications of either the linker or the substituent on the esterase motif nitrogen
allowed identification of compounds 4 and 5 that showed selective cleavage in monocytic
but not non-monocytic cell lines and which were significantly more anti-proliferative in
monocytic cell lines then non-monocytic cell lines (see table 2).
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Ug37 (Monocytic ceff line) | HCT118 (non-monocytic cell
fine)
Compound IC50nM | IC50 nM Ratio Acid 1C50 nM Ratio Acid
enzyme cell 1C50 Produce cell prolif- IC50 produced
Yacid) prolif- cell/ d eration Cell naiml
eration enzyme “ng/ml ehzyme
(2 G=N) 10 2200 220 NA 1700 170 NA
D/
0
S | N o
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3 2700 5100 1.9 80 7300 14 180
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Table 2

Notes

' The figures in brackets refer to the enzyme 1C50s for the acid resulting from
cleavage of the esters
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*The amount of acid produced after incubation of the ester for 80 minutes in the
broken cell carboxylesterase assay described below

Using similar strategies the concept has successfully been applied to a range of
infracellular targets as outlined in the examples below.

By way of further illustration of principles of this invention the following Examples are
presented. in the compound syntheses described below:

Commercially available reagents and solvents (HPLC grade) were used without further
purification.

Microwave irradiation was carried out using a CEM Discover focused microwave reactor.
Solvents were removed using a GeneVac Series | without heating or a Genevac Series Il
with VacRamp at 30° C.

Purification of compounds by flash chromatography column was performed using silica gel,
particle size 40-63 um (230-400 mesh) obtained from Silicycle. Purification of compounds
by preparative HPLC was performed on Gilson systems using reverse phase
ThermoHypersil-Keystone Hyperprep HS G18 columns (12 pm, 100 X 21.2 mm), gradient
20-100% B ( A= water/ 0.1% TFA, B= acetonitrile/ 0.1% TFA) over 9.5 min, flow = 30
ml/min, injection solvent 2:1 DMSOQ:acetonitrile (1.6 mi), UV detection at 215 nm.

'H NMR spectra were recorded on a Bruker 400 MHz AV spectrometer in deuterated
solvents. Chemical shifts (8) are in parts per million. Thin-layer chromatography (TLC)
analysis was performed with Kieselgel 60 Fagy (Merck) plates and visualized using UV light.
Analytical HPLCMS was performed on Agitent HP1 100, Waters 600 or Waters 1525 LC
systems using reverse phase Hypersil BDS C18 columns (5 um, 2.1 X 50 mm), gradient 0-
95% B ( A= water/ 0.1% TFA, B= acetonitrile/ 0.1% TFA) over 2.10 min, flow = 1.0 mi/min.
UV specira were recorded at 215 nm using a Gilson G1315A Diode Array Detecior,
G1214A single wavelength UV detector, Waters 2487 dual wavelength UV detector,

- Waters 2488 dual wavelength UV detector, or Waters 2996 diode array UV detector, Mass
spectra were obtained over the range m/z 150 to 850 at a sampling rate of 2 scans per
second or 1 scan per 1.2 seconds using Micromass LCT with Z-spray interface or
Micromass LCT with Z-spray or MUX interface. Data were integrated and reported using
OpenlLynx and Opent.ynx Browser software
The following abbreviations have been used:

MeOH = MeOH
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EtOH = EtOH

EtOAc = EtOAc

Bog = tert-butoxycarbonyl

DCM = DCM

DMF = dimethylformamide

DMSO = dimethyl sulfoxide

TFA = trifluoroacetic acid

THF = tetrahydrofuran

NazCO; = sodium carbonate

HCI = hydrochloric acid

DIPEA = dilsopropylethylamine

NaH = sodium hydride

NaOH = sodium hydroxide

NaHCO; = sodium hydrogen carbonate

PdfC = palladium on carbon

TBME = tert-buty! methyl ether

Nz = nitrogen .
PyBop = benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate
Na,S0Q, = sodium sulphate

Et;N = triethylamine

NH; = ammonia

TMSCI = trimethyichlorosilane

NH4Cl = ammeonium chleride

LiAlH, = lithium aluminium hydride

PyBrOP = Bromo-tris-pyrrolidine phosphoniumhexafluorophosphate
MgSO, = MgS04

"BuLi = n-butyllithium

CO, = carbon dioxide

EDCI = N-(3-Dimethylaminopropyi}-N'-ethylcarbodiimide hydrochloride
Et,O = diethyl ether

LiOH = lithium hydroxide

HOBLt = 1-hydroxybenzotriazole

ELS = Evaporative Light Scattering

TLC = thin layer chromatography

mi = millilitre

g = gram(s)
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mg = milligram(s)

mol = moles

mmol = millimole(s) _
LCMS = high performance liquid chromatography/mass spectrometry
NMR = nuclear magnetic resonance

r. t. = room temperature

min = minute(s)

h = hour(s)
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INTERMEDIATES
The following building blocks were used for the synthesis of the modified modulators:

Q
NHBoc \Q
8]

(5)-2-tert-Butoxycarbonylamino-4~
hydroxy-butyric acid cyclopentyl ester

0.
Y0
0

(8)-2-Amino-4-methyl-pentanoic acid
cyclopentyl ester

O
NHBoc

D

(8)-2-tert-Butoxycarbonylamino-
pentanedioic acid 1-cyclopentyl ester

HO

Br

Q0.
NHBoc D
Q

(8)-4-Bromo-2-tert-butoxycarbonylamino-
butyric acid cyclopentyl ester

o
H,N \O
0

(S)-Amino-phenyl-acetic acid
cyclopentyl ester

Br
O
/ﬁr <
O

(8)-2-Benzyloxycarbonylamino-4-
broma-butyric acid tert-butyl ester

N

NiBoc

{8)-2-tert-Butoxycarbonylamino-
pentanedioic acid 1-tert-butyl ester
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Synthesis of (S)-2-terf-Butoxycarbonyviamino-4-hydroxy-butvric acid cyclopentvi ester and

(S)-2-tert-Butoxycarbonylamino-4-hydroxy-butvric acid 1-tert-bulyl ester

\ ,Q
o 0.Si o Si
/q/ TBOMSICI, \ Boc,0, EtsN, DCM \
—— - e
OH BDBU, MeCN
HZN OH Stage 2 oH
o Stage Hn BocNH ,
© o)

Cyciopentanol
EDCI, DMAP Stage 3
BCM

Br NBS, PPh,, pyridine
D AcOHJTHF / Hzo
BocNH O\Q Stage 5 BocNH \O Smsu
) BocNH D

Stage 1 - Synthesis of (S)-2-Amino-4-(teri-butyl-dimethyi-silanyloxy)-butyric acid

To a suspension of L-homoserine (1g, 8.4mmol) in acetonitrile (10mi) at 0°C was added
1,8-diazabicyclo[5.4.0Jundec-7-ene (1.32ml, 8.8mmol, 1.05eq). Tert-butyl-dimethyi-silyl
chloride (1.33g, 8.8mmol, 1.05eq) was then added portionwise over 5 min and the reaction
mixture allowed fo warm to r. t. and stirred for 16 h. A white precipitate had formed which
was filtered off and washed with acetonitrile before drying under vacuum. The title
compound was isolated as a white solid (1.8g, 92%). 'H NMR (500 MHz, DMSO), 8: 7.5
(1H, bs), 3.7 (1H, m), 3.35 (4H, bm), 1.95 (1H, m), 1.70 (1H, m), 0.9 (9H, s), 0.1 (6H, s).



"1 Table 2 Notes 34 2 The ampunt of acid produced after

I ncubation of the ester for 80 mnutes in the broken cell carboxyl esterase
assay described below Using simlar strategies the concept has successfully
been applied to a range of intracellular targets as outlined in the
exanpl es below. By way of further illustration of principles of this

I nvention the foll owi ng Exanpl es are_presented. In the conpound synt heses
descri bed bel ow. Comrercially avaiIaB?e reagents and sol vents (HPLC grade)

were usesiayd 5 hayhinfdig sMey-2-RUL Bt BREIBAYIamino-4-(tert-butyl-dimethyl-silanyloxy)-
butyric acid )

A suspension of Stage 1 product {1.8g, 7.7mmol) in DCM (100mi) at 0°C was treated with
triethylamine (2.15ml, 15.4mmol, 2eq) and di-tert-butyl dicarbonate (1.77g, 8.1mmol,
1.05eq). The reaction mixture was stirred at r. t. for 16 h for complete'reaction. The DCM
was removed under reduced pressure and the mixture was treated with EtOAc / brine. The
EtOAc layer was dried over MgSO, and evaporated under reduced pressure. The crude
product was taken forward without further purification (2.53g, 99%). 'H NMR (500 MHz,
CDCI3), 5: 7.5 (1H, bs), 5.85 (1H, d, J = 6.5Hz), 4.3 (1H, m), 3.75 (2H, m), 1.95 (2H, m),
1.40 (9H, s), 0.85 (9H, s), 0.1 (EH, s).

Stage 3 — Synthesis of (S)-2-tert-Butoxycarbonylamino-4-(tert-butyl-dimethyl-silanyloxy)-

\ ,Q
o
BocH N'qo
O

To a solution of Stage 2 product {2.53g, 7.6mmol) in DCM (50ml) at 0°C was added
cyclopentanol (1.39ml, 15.3ml, 2eq), EDCI (1.61g, 8.4mmol, 1.1eq) and DMAP (0.093g,
0.76mmol, 0.1eq). The reaction mixture was stirred for 16 h at r. t. before evaporation

butyric acid cyclopentyl ester

under reduced pressure. The crude residue was dissolved in EtOAc (100ml) and washed
with 1M HCI, 1M Na,CO, and brine. The organic layer was then dried over MgSO, and
evaporated under reduced pressure. The product was purified by column chromatography
using EtOAc/ heptane (1:4) to yield the fitle compound (2.24g, 73%). LCMS purity 100%,



M crowave irradiation was carried out using a CEM D scover focused

m crowave reactor. Solvents were renoved using a GeneVac Series | w thout
heating or a Genevac Series Il with VacRanp at 300 C. Purification of
conpounds by flash chronmat ography colum was performed using silica gel,
particle size 40-63 pm (230-400 nesh) obtained from Silicycle. Purification
of conpounds by preparative HPLC was 4qgerformed on G lson systens using
reverse haf e,;rm)l;l% ersi |l - Keystone Hyperprep HS C18 columms (12 gm 100
X 21.2 Q?r Nh?e@@vw , BRCIZX 5.2 (0H,1d/6) FEASHARS. tio@ton), 812 | e/ 0. 1%

TFA)  ove(1Hm, 316 (2H, f)omo FrBonM 4 t
DVBO: acet onllT?rl I ((aB (1. )6 mﬁ), L)JV dg‘ggt(?’g']nﬁ@t*'%T%{%’n&%@f&)h%(g}g’gkt ra were

recorded on a Bruker 400 MHz AV spectroneter in deuterated sol vents.

Cheni cal Stebe ft-S3ypBiesiané(S)12-tpeButoxyarbofiminon-hybiRix)-bLeME hci§ BYRIFRhAOT aphy
(TLC) angdysis was perfornmed with Kieselgel 60 F254 ?I\/Er ck)” pl'atés and
visual i zed using W |light. Analytical HPLCVS was perforrred on Agil ent
HP1100, Waters 600 or Waters 1525 LC systens using reverse phase Hypersil
BDS C18 columms (5 gm 2.1 X 50 mm), ggadient 0- 95% B ( A= water/ 0.1%
TFA, B= acetonitrile/ 0.1% TFA) over 2.10 mn, flow = 1.0 nVm n. UV spectra
were recorded at 215 nmusing a G| 4gon G1315A Di ode Array Detector, GL214A
singl e wavel ength UV detector, ga4 2487 dual wavel ength UV det ector,
Waters 2488 dual wavel ength UV detector, Waters 2996 di ode array W
detector. Mass spectra were obtained over the range mlz 150 to 850 at a
sanpling rate of 2 scans per second or 1 scan per 1.2 seconds using
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i nt erfac;ﬁ_l %@ re int e% and gor ed UsI'n OpenLynx
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di met hyl 4, | f oxi I uoroacetl c acid THF
= tetr ahd;/dr %d%%@teg UEE(;‘; wéucﬁ‘gprﬁﬁ%‘?g’ Aﬂ"apWH‘? t38Ricker el aci d DI PEA =
di i sopr opyaherAlisat Ao staading:(1see PEY). hEotS pleityNe0DRs, mvs B10. 3 Apal txi de

NMR (250 MHz, CDCI3), &: 5.4 (1H, d, J = 8.5Hz), 5.2 (1H, m), 4.4 (1H, m), 3.65 (2H, m),

2.15 (1H, m), 1.9-1.55 (9H, bm), 1.45 (9H, s).

Stage 5 - Synthesis of (8)-4-Bromo-2-tert-butoxycarbonylamino ~butyric acid cyclopentyl
ester

Br

BocHN OD
o

To a slury of N-bromo succinimide (1.86g, 10.4mmol) in DCM (16.2ml) was added a
solution of triphenyl phosphine (2.56g, 9.74mmol) in DCM (7.2ml). The solution was sfirred
for a further 5 min after addition. Pyridine (338ul, 4.18mmol) was added, followed by a
solution of Stage 4 product (1.00g, 3.48mmol) in DCM (8.8ml). The solution was stirred for
18 h,” concentrated under reduced pressure and the residual solvent azeotroped with
foluene (3 x 16ml). The residue was triturated with diethyl ether (10ml) and ethy! acetate :
heptane (1:9, 2 x 10ml). The combined ether and heptane solutions was concentrated onto
silica and purified by column chromatography eluting with EtOAc / heptane (1:9 to 2:8) to
provide the title compound (1.02g, 84%). "H NMR (300 MHz, CDCls), &: 5.30-5.05 (2H, m),



NaHCO3= sodi um hydrogen carbonate Pd/ C = pal | adi um on carbon TBME =
tert-butyl nethyl ether N2 = nitrogen PyBop =

benzotri azol e- 1-yl -oxy-tris-pyrrolidi no- phosphoni um hexaf | uor ophosphat e
Na2SO4 = sodi um sul phate Et 3N = triethylam ne NH3 = ammonia TMSCL =
trimethyl chl orosil ane NHACI = amoni um chloride LiAIH4 = |ithium alum nium
hydri de PyBrOP = Brono-tris-pyn-oli di@(c))zphosphoni unmhexaf | uor ophosphat e
MSO4 = MgSO4 "BuLi = n-butyllithium = carbon di oxide EDO =

N-(3-Di n‘ét4ﬁy413§)|(ﬂl-harprmps'ﬂ2)l+ VYot hglHea oteadd 80T m)yZisn oMok Hdlﬁ) Et9%01 ﬁodu et hyl

et her L| tH?g h%drom de HOBt = 1-hydroxybenzotriazole ELS
Evapor at | vé \-_IB cattering TLC = thin |l ayer chromatography m =
mllilitre g = gram(s) 36 ng = mlligram(s)

Synthesis of (S)-2-Amino-4-methvi-pentanocic acid cvclopentyl ester

v
CH Cyclopentanol o o
yclopentano
HzN Cyclohexane H3N+ \Q
8]

Stage 1

NaHCO,
DCM Stage 2

O

0]

Stage 1 - Synthesis of (S)-2-Amino-4-methyl-pentanoic acid cyclopentyl ester toluene-4-
sulfonic acid

To a suspension of (S)-leucine (15g, 0.11mol) in cyclohexane {400ml) was added
cyclopentanol (103.78ml, 1.14mmol) and p-toluene sulfonic acid (23.93g, 0.13mol). The
suspension was heated at reflux to effect Dulphated. After refluxing the solution for 16 h, it
was cooled {o give a white suspension. Heptane (500ml) was added to the mixture and the
suspension was filtered to give the product as a white solid (35g, 85%). "H NMR (300 MHz
MeOD}), & 1.01 (6H, t, J = 5.8Hz), 1.54-2.03 (11H, m), 2.39 (3H, s), 3.96 (1H, t, J = 6.5Hz),
5.26-5.36 (1H, m), 7.25 (2H, d, J = 7.9Hz), 7.72 (2H, d, J = 8.3Hz).

Stage 2 ~ Synthesis of (8)-2-Amino-4-methyl-pentanoic acid cyclopenty! ester



mol = noles mmol = mllinole(s) LCMS = high performance |iquid
chromat ogr aphy/ mass spectronetry NMR = nucl ear nmagnetic resonance r. t.
roomtenperature min = mnute(s) h = hour(s) 37 |NTERVEDI ATES The
foll owi ng building blocks were used for the synthesis of the nodified
nmodul at ors:
(S)-2-tert-Butoxycarbonyl am no4- (S)-448r ono- 2-tert - but oxycar bonyl am no-
hydr oxy-butyric acid cycl opentyl esterbutyric acid cyclopentyl ester

S

A solution of Stage 1 product (2.57g, 0.013mol) in DCM (5ml) was washed with sat. aqg.
NaHCO; solution (2 x 3ml). The combined ag. Layers were back extracted with DCM (3x
4mi). The combined organic layers were dried (MgSO,), and the solvent removed in vacuo
to give the title compound as a colourless oif (1.10g, 80%). "H NMR (300 MHz, CDCL), &;
0.90 (6H, t, J = 6.4Hz), 1.23-1.94 (11H, m), 3.38 (1H, dd, J = 8.4, 5.9Hz), 5.11-5.22 (1H,
m).

Synthesis of (S)-Amino-phenvl-acetic acid cyclopentv! ester

9]
Y0
0

(8)-Amino-phenyl-acetic acid cyclopenty! ester was prepared from (S)-Aminc-phenyl-acetic
acid following the same procedure used for the synthesis of (8)-2-Amino-4-methyl-
pentanoic acid cyclopentyl ester

Synthesis of (S)-2-tert-Butoxycarbonylamino-pentanedioic acid 1-cvclopentyl ester



(S)-2- Ami no- 4- net hyl - pent anoi ¢ acid cycl opentyl ester

(S) - Am no- phenyl -acetic acid cycl opentyl ester
(S)-2-tert-But oxycarbonyl am nopent anedi oi ¢ acid 1-cycl opentyl ester

(S) - 2-Benzyl oxycar bonyl am no-4- brono-butyric acid tert-butyl ester
(S)-2-tert-But oxycarbonyl am nopent anedi oic acid 1-tert-butyl ester 38

Synt hesi s of (S)-2-tert-Butoxycarbon%Banino-4-hydroxy-butyric acid

cycl opentyl ester and (S)-2-tert-Butoxycarbonyl am no-4-hydroxy-butyric acid
1-tart-but vi ester

1D
©/\o - OM  EDCIDMAP OWO

NHBoc | ple ] NHBoc

Stage 1

PdIC, H, Stage 2
EtOH

i 9,
HO (&)
NHBoc

Stage 1 — Synthesis of (8)-2-tert-Butoxycarbonylamino-pentanedioic acid 5-benzyl ester 1-
cyclopentyl ester

oo

To a stirred solution of (S)-2-tert-butoxycarbonylamino-pentanedioic acid 5-benzyl ester
(59, 14.8mmol) in a mixture of DCM (50ml) and DMF (30mi) at 0°C was added
cyclopentanol (2.7ml, 29.6mmol), EDCI (4.25g, 22.2mmol} and DMAP (0.18g, 1.48mmol).
Sfirring was continued at r. t. overnight, after which time LCMS showed completion of
reaction. DCM was removed under reduced pressure. The reaction mixture was diluted
with EtOAc (200ml), washed with water (100ml), 1M ag HCI (50ml) followed by sat aq
NaHCO; (50ml). The EtOAc layer was dried (Na,S0,), filtered and concentrated in vacuo
to give a viscous oil which solidified on standing overnight. Trituration with Et;O (2 x 10ml)
afforded the title compound as a white solid (43.78g, 80%). LCMS purity 94%.

Stage 2 ~ Synthesis of (8)-2-tert-Butoxycarbonylamino-pentanedioic acid 1-cyclopentyl
gster ‘



eydopent anol ECU, DVAP DCM BocNH Stage 1 - Synthesis of

(S)-2-Am no-4-(tert-butyl-di nethyl-silanyl oxy)-butyric acid 0\ 0 To a
suspensi on of L-honoserine (1g, 8.4mmol) in acetonitrile (10m) at OC was
added 1, 8-di azabi cycl o[ 5. 4. 0j undec-7-ene (1.32nl, 8.8mmol, 1.05eq).
Tert-butyl-dinmethyl-silyl chloride (1.33g, 8. 8mmvol, 1.05eq) was then added
portionwi se over 5 min and the reactipn mxture allowed to warmto r. t.
and stirred for 16 h. A white precipitate had forned which was filtered .off
and was Wedixtire bf Steget bpiotivdt (b3 S2unals ?H%bo%aﬁ%? @é@tﬂlﬁio"ﬁ'ﬁéo'ﬂ‘[ 428 conpound

\(Ngi ';Olsa,fr&ﬂumrﬁ mm&%aqu thr @k, 8ffer Wi imelICME Erdvzd@oMptiobS0) , 8: 7.5

b 0.9 (9H,
s), 0.1 I‘ffqﬂtqon STghe rea}g;g rgfna(&ge was gﬁ?%gqugh Sfpa& o}_' éell{g washiedQith Eibn™ - (

(S) - 2- t erdmiPuidEINeaTtReL 260 ivé havhlte belklyTo dimuwe ngsiduel Et@thegglid- butyric

acid w%s dissolved in toluene / THF mixture (5/1) (20ml) and concentrated in vacuo to yield the

title compound (0.8g, 79%). 'HNMR (400 MHz, MeOD), &: 1.35 (2H, s), 1.60-2.10 (10H,
m), 4.05 (1 H, m), 5.20 (1H, m).

Synthesis of (S)-2-tert-Butoxycarbonylamino-pentanedioic acid_1-fert-butyl ester

J Lk

NHBoc

(S)-2-tert-Butoxycarbonylamino-pentanedioic acid 1-tert-butyl ester was prepared from (S)-
2-tert-butoxycarbonylamino-pentanedioic acid 5-benzyl ester following the same procedure
used for the synthesis of (8)-2-tert-Butaxycarbonylamino-pentanedioic acid 1-cyclopentyl

ester
Svnthesis of (S)-2-Benzyloxycarbonylamino-4-bromo-bulyric acid tert-butyl ester

Q Dibenzyldicarbonate, NaOH 9]
Gl OH R N s /& o OH
o) a \"’ Dioxane, water o 3 Y

ZO
NH, O Stage 1 NH

1) BROCOCI, NEt;, THF

Stage 2 | o) NaBH,, THF/water

. o o
)VOJ\;“““\/B’ ~ NBS, PPhy, DCM, Pyridine )VO /“\r\»-‘\/OH

NHZ Stage 3 NHZ

Stage 1 — Synthesis of (8)-2-Benzyloxycarbonylamino-succinic acid 1-tert-butyl ester



A suspension of Stage 1 product (1.8g, 7.7mml) in DCM (100nl) at OC was
treated with triethylamne (2.15m, 15.4mol, 2eq) and di-tert-butyl

di carbonate (1.77g, 8.1nmol, 1.05eq). The reaction m xture was stirred at

r. t. for 16 h for conplete reaction. The DCM was renoved under reduced
pressure and the m xture was treated with EtOAc / brine. The Et0OAc | ayer
was dried over MgSO4 and evapor at ed ggnder reduced pressure. The crude
product was taken forward w t hout further purlflcatlon (2.53g, 99% . 1H NWR

(500 MHz, CDCI3), 5: 75(1H bg) 85 (1H, d, J 6.5Hz), 4.3(11-1, m,
3.75(2H, m, 1.95 (2H m, ijﬁgirs)\,TO%S (9H, s) 0.1 (6H, s). Stage
3- Synthesis of -

(S)-2-tert-But oxycarbonyl am no- 4- (teer'I b%tyl di met hyl - si | anyl oxy)- butyric
acid cycl opentyl ester To a solution of Stage 2 product (2.53g, 7 6mm|)

i n DCM 50rrfL _at 0C was ded clo .
(1.61g, pp-suqeinigg§id ig‘ﬂfﬂ)ﬁ S‘bebggg%g%b”% aﬁg%d%%hé‘%d% eactl on
m Xt ur ez Wamrrﬁ)t i1reqpwére dist@vdu ia25%, water ib diosane (é(kabo'lff@tﬁob'ﬁomwa"eﬁt'”ﬁéd uced

pr essur g, IR ShUASTERhALE U5, Hriaal Y58l iM% driPsd daceadiowgshed i th

organi c er was then ﬂl’l ed MySO4
and evape mixtute wad stirredeat e tr pheadid hep at TH@‘%F%\B&W“‘%@I%‘ MEF A ggecgy col umm
Egr gzﬁt 9%5 B MYixtl R v é:érQ&@d %{Igf‘mﬂg x(@bim®) TReDoryarat phash evat ibhtte gg gp(l\)/llfigd
CDCl 3), egra%dzm’@ﬁat - %Xluil og ﬁ%ium gu:.féaot'n%tﬁ(% [lMﬁlThﬂh’ ﬁémb%wa 6 (2H .,
2.0 (1HLayds wareQidifieB To (19 HwithriM HOL dnd StracE) with) ESBAG @p{ o). Ghe. (6H, $)
St age 4ﬁ?'§¥' {? é%%b&%d&ﬁg{vgret(ﬁ%& W@nggeﬂéeﬁ%tQQUﬂdé?YéUu@éd’ butyric acid

cycl ope onmol ) .was di ssol ved in
aceti c amseurgHFhemiedict a3 gurtied Q!OGFPMW" GWH@a‘i"@EﬁEbY B A SAG iR hegiane Sf rred at

30C for ,ghqlhd file c%%@urﬁfé am&bgpa: (oﬁtegﬁsn%)szq)s nas3jaddiedvREborashed wit h
1M Na2CO3, 1M NCI an rine. gA é lﬂ t sjr|5%(_j4&?/ 504 and
evapor aMiiz GREE). Eréc'ﬁ?ie%? (ﬁf"e@z\xér?@ et é %?%P 3877 T @ whi ch
cryst al bigetoPRHs indrcesmss $119gn), 94%QeH,IsEM5 purity 100% mz 310.3 [Mr+Na]
1H NMR (250 MHz, CDCl 3), 854(1HdJ:65Hz) 52(1Hrr) 4.4 (1H,

n, 3.65 (2H, n), 2.15 (1H, n), 1.9-1.55(9H, bm, s). Stage 5 -
Synt hesisgagef2 £ Syntlzieawﬁ@%@BewWW@w@ﬁW%ﬁﬂwwﬂﬁ69'9 ﬁqrtblaﬂu d

cycl ope%gtg_ ester
O
/\\O/U\rw‘\/OH

To a solution of Stage 1 product (0.6g, 1.87mmol) in anhydrous THF (20mi) at -20°C was
slowly added triethylamine (0.032ml, 2.24mmol, 1.2eq) and ethyl chloroformate (0.021m,
2.24mmol, 1.2eq). The mixture was stirred at -20°C for 2 h. The solid formed was filtered
off and washed with THF (2 x 10ml). The filtrate was added dropwise to a solution of
sodium borohydride (0.2g, 5.61mmol, 3eq) at 0°C and stirred atr. t. for 4 h. The solvent
was removed under reduced presstre, the residue was diluted with water (10ml) acidified
to pH 5 with 1M HC! and extracted with EtOAc. The organic fractions were combined
washed with 10% agq. Sodium hydroxide, water and brine, dried on MgSO, and
concentrated under reduced pressure to give the title compound as clear oil (0.3, 51%).

m/z 332 [M+23}".

Stage 3 — Synthesis of (S)-2-Benzyloxycarbonylamino-4-bromo-butyric acid tert-butyl ester



To a slurry of N-bronmp succinimde (1.86g, 10.4mmol) in DCM (16.2nml) was
added a solution of triphenyl phosphine (2.56g, 9.74muvol) in DCM (7.2ml).
The solution was stirred for a further 5 min after addition. Pyridine
(338p1, 4.18mml) was added, followed by a solution of Stage 4 product
(1.00g, 3.48mmmol) in DCM (8.8ml). The solution was stirred for 18 h,
concentrated under reduced pressure ggd the residual solvent azeotroped
with toluene (3 x 16nl). The residue was triturated with diethyl ether
(10m) and ethyl acetate : heptane (1:9, 2 x 10mL). The conbi ned et her and
hept ane sol uti ons was concentr at ed Qﬁto silica and purified by colum
chromat ography eluting with EtO g angr(l 9 to 2:8) to provide the
title conpound (1.02g, 84%. , CDC13), 8: 5.30-5.05 (2H, m,
41 4.45-4.30(1H, m, 3.45 (2H t, J -NHZB Hz), 2.50-2.30 (1H, m, 2.25-
2.10 (1H, m, 1.95- 1.60 (8H, br m, 1.47(9H, s). Synthesis of

(S)-2- Am no- 4-net hyl - pent anoi ¢ acid cycl opentyl ester DCM St age 2
H2Nci )  Steageoldtion obitrbrsgsuscinimiqes.529,49 iemal. fes) HWCMéFRf%Jh‘U?%S‘%IV d

cycl openiasbq G3bRfior & tisRRyIfnospithd @19, 8¢2Mmol, 2.8eq) in DCM (10ml). The
mixture was stirred at r. t. for 5 min. Pyridine (0.094ml, 1.16mmol, 1.2eq} and a solution of
Stage 2 product (0.3g, 0.97mmol, 1eq) in DCM (20ml) were added dropwise and the
mixiure stirred at r. t. overnight.
The solvent was removed under reduced pressure, the residue was azeotroped with
toluene {2 x 15ml) and triturated with diethy! ether (2 x 25ml) and 10% EtOAc in heptanes.
The solutions from the trituration were combined and evéporated to dryness. The crude
product was purified by column chromatography (15% EtOAc in heptanes) to give the title
compound as a clear oil (0.16g, 44%). m/z 395 [M+23]", H NMR (300 MHz, CDCI3), 8:
7.39-7.30 (5H, m), 5.40 (1H, d, J = 6.8Hz), 5.12 (2H, s), 4.38 (1H, 9, d =7.7Hz), 3.47-3.38
(2H, m), 5.49-2.33 (1H, m), 2.28-2.13 (1H, m), 1.48 (SH, s).

EXAMPLE 1
This example describes the modification of the known HDAC (Histone Deacetylase)
inhibitor Suberoylanilide hydroxamic acid (compound 7) herein referred fo as “SAHA, by
the attachment of amino acid ester motifs at poinis remote from the binding interface with

the target, where no disruption of its binding mode occurs.

Compound 7: Suberoylanilide hydroxamic acid (SAHA)

SAHA was purchased from BioCat GmbH, Heidelberg, Germany,



To a suspension of (S)-leucine (15g, 0.11nol) in cycl ohexane (400nm) was
added cycl opentanol (103.78nil, 1.14mmmol) and p-toluene sulfonic acid
(23.93g, 0.13mol). The suspension was heated at reflux to effect CQul phateO.
After refluxing the solution for 16 h, it was cooled to give a wite
suspensi on. Heptane (500nml) was added to the m xture and the suspensi on was
filtered to give the product as a whige solid (359, 85%. 1H NMR (300 MHz,
MeOD), 3:1. 01 (6H t, J 5. 8Hz) 1.54-2.03 (11H m, 2.39 (3H s), 3.96
(1Ht, > for B h ,725(2HdJ:79Hz)772(2H
d J = 8R§é"mvvas§té|§¥% ugthefébé%r%es%h L. e, I\Ze(ﬁmlﬂ‘@F %‘@qnm ¢ acid
cycl opent% ester 42 ut| on of St age pro uct

0.013m)I5J Mn MeEii ’(%rﬁ?]\"%g washed vvlth sat. ag. NaHCO3 solution (2 x 3ml).
The conbi ned aq. Layers were back extracted with DCM (3 x 4nl). The

conbi nedR&r"g%g eév ers were dried (MgSO4), and the solvent renoved in
vacua to—we—l-ﬁe—gﬁ?l e conpound as a colourless oil (1.10g, 80%. 1H NMR
(300 MHzA soBCR®pUnt Bf fupctdalisetihydroxylaming2-4hplofritdl r@&d (ba 98 bilddactioh, 3. 38 ( 1H,
dd, J = Bidtre Q:aqu%bresﬁn)%s%gg (nﬂth'Q‘Vn:}FN%M(B%%ﬁgf‘fORun atr. t. hThe resin

(S) Am no- ohenyl - acet1 ¢ aci opent ester nyl-acetic

aci d cycVaplissa ar@é‘ﬂ%ﬁﬂtrﬁay&sﬁ@wn@ieq Pb'Pl'P‘(V'SQWAharﬁéfeﬁméﬁyi Q@eb@MS ohici d

f ol | ow nge rdxidusarse dptspzgdure used for the synthesis of

(S)-2- Ami no- 4- net hyl pentanoi ¢ acid cycl opentyl ester Synthesis of

(S)-2-tert-But oxycar bonyl am no- - pent anedi 0| c acid 1 cycl opentyl ester Pd/C
S 3 d- d

To a round bottomed flask charged with 2-chiorotrityl-O-NH; resin (6g, loading 1.14mmol/g,
8.84mmol) and DCM (60mi) was added DIPEA (5.30g, 41.0mmol, 6eq). Methyl 8-chioro-8-
oxooctanoate (4.2g, 20.5mmol, 3eq) was slowly added to the reaction mixture with orbital
shaking and the reaction mixture shaken for 48 h. The resin was filtered and washed using
the standard washing procedure. The resin was dried under vacuum. LCMS purity was
determined by ELS detection, 100%, m/z 204 [M*+H]*,

Stage 2 — Saponification

H o]

O'N‘;(VV\/LLOH

O

To a round bottomed flask charged with Stage 1 resin (4g, loading 1.14mmol/g, 4.56mmol)
was added THF (16ml) and MeOH (16ml). To the reaction was added a solution of NaOH
(0.91g, 22.8mmol, 5eq) in water (16mi). The reaction mixture was shaken for 48 h. The
resin was filtered and washed with water x 2, MeOH x 2, followed by the standard wash
procedure. The resin was dried under vacuum. LCMS purity was determined by ELS
detection, 100% m/z 190 [M™+H]".



Stage 1 - Synthesis of (S)-2-tert-Butoxycarbonyl am no-pentanedioic acid
5-benzyl ester 1- cyclopentyl ester ojoL NHBoc To a stirred solution of
(S)-2-tert-but oxycarbonyl am no- pent anedi oi ¢ aci d 5-benzyl ester (5g,
14.8mml) in a m xture of DCM (50nl) and DVF (30ml) at OC was added

cycl opentanol (2.7ml, 29.6mmvol), EDCl1 (4.25g, 22.2mmol) and DVAP (0. 18g,
1.48mmol ). Stirring was continued at 48 t. overnight, after which tinme LCVS
showed conpl eti on of reaction. DCM was renoved under reduced pressure. The
reaction mxture was diluted with Et 0OAc (200m), washed with water (100nil),
1M aq HCPrapatHiitbn of SAHAdaWaliessat aq NaHCO3 (50ml). The EtOAc | ayer was
dried ( fi 0 in vacug t ive a viscous oil
whi ch sl(;ll%i% @??%"edé bg%]é"lsa‘%"%’\i ng"eﬁeﬁe}?ﬁ%}%@@ tﬁ%r"?et%‘u"rdgt"f‘@ﬂe‘ﬁ????’("- Et20 (2 x 10mi)
afforded the title conpound as a white solid (43.78g, 80% . LCMS purity
94% St agemdoanddY8)! 199 shd(10f wérd) 7 ) Aedi oi c
acid 1-Cé§;§%ent iﬁg) {gt er( j44 A%%%ﬁ%t%‘ﬁ%ﬁ&?&@?ﬁ%@%@gpﬁw?@fg% 20mol ),
and 10% "(0.59) in EtOH (150m) was stirred under 1-12 (balloon) at r.
t. for 4 h, after whi time LCMS shaowed conpl etion of reaction. The

reaction ?Nxture was 1; l.tered throudh a pad of celite, was vvith Et OH
(20m) an erFtr in yacuo to Qgfve a wkt®» solid. To Tgnhove resi dual
Et OH t he sol N was di€s®f ved Iy tptyengr THF™T Xt uP W (~208l) and
concentrated in vacuo™b yield%he titbe conpbthd (0. 798¢ |H NVR (400

MHz, MeOD), 8: 1.35 {@i™Ss), 1.60-2.10 (10H, m), 4.05(1 H m, 5.20 (1H,
M. Synthesis of (S)-ﬁ-"'% ert - But oxycar bonyl am no- pent an% ic acid Ned-butyl
ester (S)-2-tert-But oxycar bonyl am no- Pent anedi oi ¢ aed | F*t%rt - but y|
ester was prepared from (5)- 2-tert-butoxycarbonyl am no- Pent anedi oi ¢ aci d
5-benzyl ester follow ng the sanme procedure used for the synthesis of
(S)-2-tert-Butoxycarbonyl am no- i Ql

| anedi gi-gi acid,1-cycl ope est er
Synt hesi g&pf (S¥-2-Benzyl gxycar bopiyl am n%;ﬂib.r_amkbut ric agrd tort-but vi
e>s/t er OQNL\/\/XWN Y y Cuny PYBOP, DIPEA, DMF HN y N Owp _

. 0 \©/\hoc o] Stago 4 \©/\l!n:c o]

Stage &
{for R = Et only}

—Z,

TFAIRCM Stage 5
NaOH, MeOH
THF

HO\QMHU\H Or Omj\/\/\/j)rﬁ\@/\ OH

ue O

T~z

R = Cyclopentyl Cempound (8)
. R=tButyl Compound {10}

TFADCM ] Stage 7
HO\QMN H CH
SPAR
Compound ()

Stages 1 to & are exempilified for R = cyclopenty!

Stage 1~ Synthesis of (8)-(3-Nitro-benzylamino)-phenyl-acstic acid cyclopentyl ester



Di benzyl di car bonate, NaOH Di oxane, water Stage 1 NH2 O Stage 2 NHZ O
Et OCOCl, NEt3, THF 2) NaBH4 THF/ wat er NBS, PRI 3, DCM Py?i di ne

49
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3-Nitrobenzyl bromide (46mmol) was dissolved in DMF (180ml) and potassium carbonate
(92mmol) added, followed by the (S)-phenylglycine ester (10.6g, 46mmol). The reaction
was stirred for 17h at 1. i. before evaporating to dryness. The residue was re-dissolved in
EtOAc (150ml) and washed with water (3 x 80ml), dried {Na,S0,) filtered and concentrated
to dryness. After purification by flash column chromatography (30% EtOAc / hexane) the
ester of was obtained and used directly in Stage 2.

Stage 2 — Synthesis of (S)~[tert—Butoxycarbonyl-(S-nitro-benzyl)—amino]-phenyl—acetic acid
cyclopentyl ester

O.N O
2 ]}I \Q
boc O

The Stage 1 product (40.9mmol) was dissolved in THF (250ml} before addition of
potassium carbonate (61.4mmol) and water (150mi). Di-tert-butyl-dicarbonate (163mmol)
was added and the reaction mixture heated to 50°C for 18 h. DCM was added the resultant
mixture washed consecutively with 0.1 M HCI (150ml}, sat. ag. NaHCO; and water (150
ml). The DCM layer was dried (Na,S0,), filtered and concentrated to dryness. After
purification by flash column chromatography (5% EtOAc / hexane) the title Ouiphate was
isolated and used directly in Stage 3.

Stage 3 — Synthesis of (S)—[(B—Amino—benzyl)-tert—butoxycarbonyl-amino]-phenyl-acetic acid
cyclopentyl ester



NFIZ Stage 3 45 NHZ O (S)-2-Am no-succinic acid 1-tert-butyl ester
(0.9g, 4.75mmol) and sodi um hydroxi de (0.28g, 7.13mmol, 1.5eq) were

di ssolved in 25% water in dioxane (50ml). The solution was stirred at 5C
and di benzyl di carbonate (2g, 4.13mvol, 1.5eq) in dioxane (10nl) was added
slowy. The m xture was stirred at OC for 1 h and then at r. t. overnight.
Water (10nl) was added and the m xt ywge was extracted with Et0Ac (2 x 20nil).
The organi ¢ phase was back extracted with a sat. aq. Solution of sodium

bi carbonate (2 x 10ml). The conbi ned Layers were acidified to pH 1 with
IM HCl, and extracted with EtO0Ac (3 The conbi ned organic fractions
were dried over MgpSO4 and concentrate under reduced pressure. The product
was purified by colum chrgwat-or.~3¥ 35anEt Ac in heptane) to afford the
title compound as a col orl &s3 76 Mz 346 [Mk231+, 11-1 NWR
(300 MHz, CDCI3), 3: 7.39-7. 1H d, J 8.1Hz), 5.13 (2H,
s), 4.58- 4. 50 (1H, m, 3.10- 2. 99 (1H n) 2 94-2.83 91H m, 1.45 (9H, s).
Stage 2 - Synthesis of (S)-2- Benzyloxycarbonylanino 4- hydr oxy-butyric acid
tett- bu if EhoAd GBOMN bSorgRIdtiopDRdCt (0. 64,
032nd, Qozozm%patalxsti%ag) aaHGY@Pwat%’rH"SPU?%P%WSSW H51 Mol 1. 2eq) .
The m XfdabforMastufd wid REredithrodda pad ofzelte ahti evapotatet thairymess taaverd | t er ed of f
and washed with THF (2 x 10m). The filtrate was added dropwi se to a

sol ut i ofPligf sodi um bor ohydride (0.2g, 5.61lmml, 3eq) at 0OC and stirred at
r. t. for 4 h. The sol vent was renoved under reduced pressure, the residue
was dllgkgg ﬁ&n¥@ﬁr 10nl) acidified to pH5 with 1M HC and extracted

with Et The or ga | fractions were conbi ned washed with 10% aq. Sodi um
hydr oxi de, water and brine, dried on MgSO and concentrated under reduced
pressure to give the title conpound as clear oil 39, 51%9. mz 332

[ M+231t

J’k/\/\/\[( \@/\hoc I
Hydroxylamine 2-chlorotrityl resin derivatized with suberic acid (1.0 g, loading 0.83mmol/g)
was swollen in DMF (15ml) and PyBOP (1.36g, 2.61mmol) added, followed by DIPEA
(1.5ml, 8.7mmol). Stage 3 product (2.61mmol) was dissolved in DCM (15mi) and added to

the reaction mixture. The reaction was shaken for 24 h atr. t.. The resin was filtered and
washed using the standard wash procedure. The resin was dried under vacuum,

Stage 5 — Synthesis of (S)—[S—(T-Hydroxycarbamoy[—heptanoylamino)-benzylamino}-phenyl-

acetic acid cyclopentyl ester compound (8)

The Stage 4 product (loading 0.83mmol) was gently shaken in 2% TFA/DCM (10ml) for
~0min. The resin was filtered. The filtrate was evaporated under reduced pressure atr. t.



46 ... ... NHZ To a solution of N bronosuccinimde (0.52g, 2.91mmol,
3eq) in DCM (10nl) was slowly added a solution of triphenyl phosphine
(0.71g, 2.72mmol, 2.8eq) in DCM (10m). The m xture was stirred at r. t.

for 5 mn. Pyridine (0.094nl, 1.16mmol, 1.2eq) and a solution of Stage 2
product (0.3g, 0.97mmol, leg) in DCM (20nl) were added dropw se and the

m xture stirred at r. t. overnight..The solvent was renoved under reduced
pressure, the residue was azeotroped wth toluene (2 x 15mléeand triturated

Wi th diglhydi, GhdRL tre(a?edwm#mwa%nﬁtaﬁﬂwasrﬁltéreqbafmiéﬁmlﬂﬂi sol utions from

the trituration were conbi ne ghude product
was pumW@GdBWaﬁ?ﬁIW%e‘@ﬂ?ra 3'9’8% S%?%@%’/g ‘%8 5&%@%3;? éggg? to give the

title cRpRAWE. B rasi@leonds a}uomcﬂ@:smgi MQ%TFWQM%W[W%@L 1H NMR (300

VHz, ?R% s Sirtz dfied( 2H,
4.38 (B¥aPgyation *Qd‘?’“?ﬁzf‘égﬁ'(‘% %“m?d Eké&quéé, %F{Q%%?%gm(m?mﬁf?r 2. (28-2. ié

(1H, mMby pltepBaty® HPLC. s) . EXAMPLE 1 This exanpl e describes the nodification
of the known HDAC (Hi stone Deacetyl ase) i nhibitor Suberoyl ani | i de
hydroxam c acid (co oundggi herein referred to as "SAHA", by the
attachrﬁl‘iﬂlﬂbﬁfﬁﬁ?ﬁ@r empowd®r notifs at points remote fromthe binding

int erfa%g\% Sn%qb@%t.arzg@s IR & NMRI(A@@MIﬁz|m0@f5|1t39-b7%ﬁﬁﬁgm9mde occurs.

ero i 7.05 ¥, ShandaH, wash
pr ocedu? a0 {25+ t)r%-§P %Og??r'g)é%tg’:&ﬁ%v\gs gﬁﬂﬂﬁ))theﬁo )ovm ng sequence:
DVF, Me@il7 4ONBH, i Ot5 (DENVh). MeOH, DCM NEOH x 2, TBME x 2. Resin test
cleavage A small amount of functionalised hydroxyl am ne 2-chlorotrityl

resin (ca 0.3m of reaction mxture, ca 10ng resin) was treated with 2%
TFA/ DCVAG@lyGerd Yatadior Gompaued (10) t .. The resin was filtered and the filtrate

was congefk ﬁp@%?h)y”pi@yg (e R mm:swoeamx}fwlem))g&s 30U(CNE ne)f 18Pre r esi due
was obt arne reparati on of _Suber.i o) ne
2- Chl or@ﬁﬁl(QWIm)Régﬁﬁ @t(éﬁé“hzzgmgﬁ gd? Lél_i‘/g)t 5%%% é?}/(g]['-l rfﬁ {{/?mo NH2 resin
(1H, d), 7.25-7.33 (2 H, m), 7.35-7.50 (5H, m), 775 (1H, s).

Stage 6 — Saponification

The Stage 5 product where R = Et (1 .4g, loading 0.83mmol) was suspended in THF (8.6ml)
and MeOH (8.6ml) and 1.4M sodium hydroxide solution (5.98mmol) was added. The
mixture was shaken for 24 h and the resin was filtered and washed with water x 2, MeOH x

boc O

2, followed by the standard wash procedure. The resin was dried under vacuum.

Stage 7 — Synthesis of (S)-[Sn(7-Hydroxycarbamoyl-heptanoylamino)—benzylamino]-phenyi—

acetic acid (9)



O O-NllrOve O To a round bottomed flask charged with 2-chlorotrityl-0-NH2
resin (6g, loading 1.14mmvol/g, 6.84mvl) and DCM (60nl) was added DI PEA
(5.30g, 41.0mml, 6eq). Methyl 8-chloro-8- oxooctanoate (4.2g, 20.5mmol,
3eq) was slowy added to the reaction mxture with orbital shaking and the
reaction m xture shaken for 48 h. The resin was filtered and washed using
the standard washi ng procedure. The r&sin was dried under vacuum LCMS
purity was determ ned by ELS detection, 100% nmz 204 [MA-Ht Stage 2 -
Saponi fication O 0 OCH To a round bottoned fl as yarged with Stage 1
resin (4g, loading 1.14mol /g, 4.56mmol) was addéd IHF (16nl) and MeOH
(16ml). To the reaction ffs added a SO|HtI0n of NayH (0.91g, 22.8mmvl, 5eq)
in water (16nl). Thel@gaeti ony N, 8 or 4B h. The resin was
filtered and washed w : foNIo!-d by the standard wash
procedure. The resin was dried under Qacu LCMS p#rity was deternined by
ELS detection, 100% m z 190 [ Mt+Hr. 48 Preparati on of SAHA derivatives
Conmpounds based on SAHA were prepared by the nmethods outlined bel ow
Conpound§tagep pradayt (Addg,(IdBlinges2mmolpwas feh byntlyBRakemtinedotregycHessHi bed in

the fol | Qpb@hirs $HEPRin was fAtarea 0 el g’\}a%grated under reduced pressure atr. t..
The resin was re-ireated with 2% TFA/DCM (10mi) and was filtered after 20 min. The
combined filtrates were evaporated to dryness under reduced pressure atr. t. to give an
oily residue. The residue was allowed to stand in 20% TFA/DCM for 40 min. After
evaporation to dryness, under reduced pressure at r. t., the crude product was purified by
preparative HPLC to yield compound (9). LCMS purity 100%, m/z 428 [M*+HT", 'H NMR
(400MHz, MeOD), 8: 1.20-1.35 (4H, m), 1.50-1.65 (4H, m), 2.00 (2H, m), 2.30 (2H, m), 4.00
(2H, dd), 4.90 (1H, m}, 7.05 (1H, m), 7.25-7.50 (7H, m), 7.70 (1H, m).

Compound (24} was prepared following the same methodology described for the synthesis
of compound (8).

({(R)—[4~7-Hydroxycarbamoyl—heptanoylamino)—phenyl]-phenyl-methyl}-amino)acetic acid
cyclopentyl ester (24)

LCMS purity 95%, m/z 496 [M"+H]", 'H NMR (400 MHz, DMSO), §:1.30-1.50 (6H, m), 1.50-
1.70 (8H, m), 1.80 (2H, m), 2.10 (2H, 1), 2.45 (2H, t), 4.1 (2H, dd), 5.25 (1H, m), 5.35 (1H,
m), 7.45 (2H, d), 7.60 (5H, m), 7.80 (2H, d), 10.00-10.10 (2H, br s), 10.50 (1H, s).



1 TFACCVSt age s NaOH, MeOH THF Stage 8 (for R = Et only) R= Cycl opentyl
Compound (13) R tlIEl ulyl Conmpound (I D) i TFA/OCM Stage 7 Conpound (9)
Stages | to 5 are exenplified for R = cyclopentyl Stage 1 - Synthesis of
(S)-(3-Nitro-benzyl am no) - phenyl -acetic acid cycl opentyl ester

53

EXAMPLE 2
This example describes the modification of the known Aurora Kinase A (“Aurora A"
inhibitor N-{4-(7-methoxy-6-methoxy-quinoline-4-yloxy)-phenyl}-benzamide (compound
{11)) by the attachment of an amino acid ester motif at a point where no disruption of its
binding mode occurs.
Compound (11): N-{4-(7-methoxy-6-methoxy-quinoline-4-yloxy)-phenyl}-benzamide

O

O

Compound (11) was prepared as described in US Patent No. 6,143,764
Compounds based on compound (11) were prepared by the methods outlined below.

Compounds {(12) and (13) were prepared by the method described in the following scheme:



49 3-Nitrobenzyl brom de (46mvol) was dissolved in DVF (180ml) and

pot assi um car bonate (92mml) added, followed by the (S)-phenyl glycine ester
(10.6g, 46mmol). The reaction was stirred for 17h at r. t. before
evaporating to dryness. The residue was re-dissolved in EtOAc (150ml) and
washed with water (3 x 80nml), dried (Na2SO4) filtered and concentrated to
dryness. After purification by flast4col um chromat ography (30% Et OAc /
hexane) the ester of was obtained and used directly in Stage 2. Stage 2 -
Synt hesi s of (S Rert - Butox;ycarbonyl (3 ni h@enzyl) am no] - Phenyl - aceti c
acid cycl op'e ester, du t ggmol ) was dissolved in THF
(250nmL) bef or §ion o SI uns@anbonat\e\éé 4

(150m). Di-tert- butyI di carb hate (163mmol) gd and t he reaction

m xture heated to 50C for 18 h. DCM was added the résultant m xture washed
consecutively with 0.1 MM (150nl), sat. aq. NaHCO3 and water (150 m).
The DCM | ayer was dried (Na2SO4), filt d and concentrated to dryness.
After pur cation by flash colum chr o] (5% Et 0Ac / hexane) the
title Dul teg usol ated“%dsugee:d di rectl;ﬁ;age 3. Stage 3 -

Synt hesi s 0f ?

(S)-[(3-Am no- b -tert -Bufgxycar bonyl - am nOl-%@MUeti c acid

cycl opentyl estter 58 The St H2 product (11.5 di ssolved in

Et 0Ac (150ml) before addition m*\@c (10% wet ) cat al% Q. 8g) and

hydr ogenat ed under ball oon pressuré at r. t. for 18 h. feaction m xture
was filtered through a pad of celite and evaporate to dr ess to give a
solid. Stage 4 - Resin coupling Hydr@cf@‘l’ XIS sthgear Ot 1 | tyl resin

pl ) and wat er

derivatized i th suberic acid (1.0 g, Ioad|n9083 | /g) was swollen in
DIVF (15nﬂ2} PyBCP (1.36g, 2.61mml) added, followed by DI PEA (1.5n1,
8. 7nmol ) . ¥St age prﬂduct (2. enjmmomb.pcmas di ssel ved kp DCM (15nml) and added

to the rafagthon ume. The'—reacl-roo'g—was shake br/24hat r. t.. The
resin was fNHBtegy washeds@agiing jt he standqx procedure. The resin

was dried underl vacuumijt\age 5 - ng hesi s of \Q\
BocNH \O
0 g NH

NH

o)\© 0)\©
\TFA!DCM
Stage 5\ D

C
" N
Stage 6 | LIOH, THF/water O)\[ O 1 %
NH, o =
| 0
Compound (12) \Q\NH
/
(o}
OH OH
o .a“"\\/o N\ o ,“.\w\/O l N\
NHBoc I o NH, o P

O\Q\ TEA/DCM 0@\
—_———————f—

NH Stage 7 e

OJ‘\© Gompound (13) C%\@

Stage 1 — Synthesis of N-(4-Hydroxy-phenyl)-benzamide



i entyl ester conpound (8) 51 The resin was re-treated
&pSLI (Z:%a'(lj'gi?ga(\:ﬂy((:llgﬁ&) gnd was fil '[rgred after 20mn. The conbined fil t(r);a]t es
wer e evaporated to dryness under reduced pressure at r. t. to 8| ve anAfte?/
residue. The residue was allowed to stand in 20% TFA/ DCM for 4 hm n. o
evaporation to dryness, also und_er reduced pressure at r. ]E tCOe glrjﬁd o
product was purified by preparative C. Analytical data for np

LOVB purity 100% mz 496 [ M++Ht 1H (400MHz, MeOD), 5: 1.3(2-51. za (r1r§3H,
m, 2.00 (2H, t), 2.30 (2H t) HA 08 (2H dd), 6.00 (1H m, 5. (1H, ).
7.65 (1H, m, 7.30 (2H, m, 7.40 ( m, 7.75 (1H, m. Analytical data for

Conmpound (10) LOWB purity 970/% EI’fZN[-IEI\;/I'I-+% (1)%+(2aH E)I\/R (24(2)8 g/Hzo ?/S&D);T)
1.30 (13H, 1.45- 1.65 (4 . 20- 2. : :

5 05 (2H( qQ. D 5495 (1 m 7 05C(1H_, 7.25-7.33 (2 K m, 7.35-7.50

(5H, m, 7.75 (1H, s). Stage 6 - Saponifie#tlion The Stage 5 pro ucd \EOH

Wne,re R =E (1.49, |loading 0.83mvl) was suspended in THF (8.6nl) an

(8.6nl) _and 1 4M sodi um hydr oxi de sol ution (5.98nmol) was addeﬁ OIThet ]

m xt ure VB3 SURLGRSH 4fagrinaphennl #a¥gr B Tmewil)in rms (som;; sroed uadst anashed wi

wat er X admodfHerd of a?ganvaHs|aQM€djthﬁﬁleaﬁlﬁwes(t7§Q f" ce ol d eagg'ﬂg E'c-? lgnh‘ggsr esin was
dried u%ﬂ?red }/0?"(’]8 min beSfE)re%%w addmon of beensz:nfl cgiondae (5g, 35. 6mmol 1eq) over a

period of 5 min. The reaction mixture was allowed to warm tor. t. and stirred over 18 h. The

DMF was removed under reduced pressure and the mixture was treated with EtOAc /

water. Precipitation of a white solid resulted, this was filtered off and dried under reduced

pressure to give the title compound (8.0g, 96%). 'H NMR (270 MHz, DMSO), &: 10.0 (1H,

8),9.35(1H, s), 7.8 (2H, d, J = 7.2Hz), 7.5 (5H, m), 6.75 (2H, d, J = 7.4Hz).

Stage 2 — Synthesis of N-[4-(7~Benzyloxy-s-methoxy-quinolin~4-yloxy)-phenyl]—benzamide

To around bottomed flask charged with 4—chEoro-6-methoxy—?’-benzyloxyquinoline [see
Org. Synth. Col. Vol. 3, 272 (1955) and US006143764A (Kirin Beer Kabushiki Kaisha) for
methods of synthesis] (1.09g, 3.6mmol) was added Stage 1 product (2.33g, 10.9 mmol, 3
eq). Reaction was heated to 140°C for 3 h. After cooling to . t., water was added to the
reaction mixture and the mixture extracted 3 times with EtOAc. The combined EtOAc layer
was washed with 5% aq. NaOH, brine and dried over MgSO,. The solvent was removed
under reduced pressure and purified by column chromatography eluting with EtOAc /
heptane (2:1) to obtain the title compound (0.56g, 32%). m/z 477 [M*+H].

Stage 3 — Synthesis of N-[4-(7-Hydroxy-6-methoxy-quinoiin-4—yloxy)-phenyl]—benzamide



Stage 6 product (1.44g, |oading 0.83mmpl) was then gently shaken in 2%
TFA/ DCM (10nl) for 20 mn. The resin was filtered and the filtrate
evapor at ed under reduced pressure at r. t.. The resin was re-treated with
2% TFA/ DCM (10nl) and was 'filtered after 20 min. The conbined filtrates :
were evaporated to dryness under reduced pressure at r. t. to give an oily
resi due. The residue was allowed to si@and in 20% TFA/DCM for 40 min. After
evaporation to dryness, under reduced pressure at r. t., the crude product
was purified by preparative HPLC to yield conpound (9). LCVS purity 100%
mz 428 fkg-1-Hr, 1H NVR (460N MRQD), 6: 1.20-1.35 (4H, m, 1.50-1.65
(4H, m, 2.00 (2H, m, 2.30 (24.00 (21-1, dd), 4.90 (1H, m, 7.05
(1H, m, 7.25-7.50(7H, m, 70701M m. Conpound (24) was prepared
foll owi ng the sane net hodol ody desapjbed for the synthesis of conpound (8).
({(R)-[4-7-Hydroxycar banoyl - hept anoyM- phenyl) - phenyl - met hyl yam no) ace
tic acid cyclopentyl ester (24) LCVMSpNHtY 95% mz 496 [ Mt+Hr, 1H NMWR
(400 MHz, DwWsO), 1.30-1.50 (6H, m, 1.501_%0 H m, 1.80 (2H, m, 2.10
(2H, t), 2.45 (2H, t), 4.1 (2H dd), 5.28 ( , 5.35 (1H, m, 7.45 (2H,
d, 7.60 (5H m, 7.80 (2H, d), 10.00-10.10 -1, br s), 10.50 (1H, s).
53 EXAMPLE 2 Thi s exanpl e describes the nodification of the known Aurora
Kinase A ("Aurora A") inhibitor
N- { 4- ( 7- Aevikioreyof Gtaget horguct (D.596g] 1.hEmmoly hink $0% Faéh{.g8grnZ8% ayelobeenpound
(11)) by ' e BaIcE [ ' re no
di srupti Io%!a(ﬂ;} (%lb{ng I NC %tﬁghﬂgﬁé&%%rﬁf%npou%%%%ﬁ fiterél tﬂRJuBlt: a‘?ﬁgﬁ
N- 0- ( 7- ik geiitey washing: twiseyoth MaQli- iThe filtrate wasyorpsreWRiefnBAY dpdused PESFIBUnd (11)
was prepaisld afe te e6mpoled as yelfowradlia 16,348 75%). W2 sgbfMeappounds based on
conpound (11) were prepared by the nethods outlined bel ow. Conpounds (12)
and (13) were prepared by the nethod described in the follow ng schene: -
Stage 4 — Synthesis of (S)-4-[4-(4-Benzoylamino-phenoxy)-6-methoxy-quinolin-7-yloxyj-2-

tert-butoxycarbonylamino-butyric acid cyclopenty! ester

To a solution of Stage 3 product {0.2g, 0.52mmol) in anhydrous DCM (30ml) at 0°C was
added (S)-2-tert-Butoxycarbonylamino-4-hydroxy-butyric acid cyclopentyl ester (0.223g,
0.78mmol, 1.5eq) in 5ml of DCM. PhsP (0.557g, 2.1mmol, 4.1eq) and DIAD (0.412mi,
2.1mmol, 4.1eq) were then added and the reaction mixture allowed to warm tor. f. and
stirred for 16 h. The crude reaction mixture was evaporated under reduced pressure and
purified by column chromatography to give the title compound (0.135g, 46%). m/z 656.3
[M*+H].



55 HO To a solution of 4-am nophenol (4.27g, 39.1mol) in DVF (50m ) at
0C under an at nosphere of argon was added triethylamne (7.44m., 53.4mol,
1.5eq). The reaction was stirred for 10 m n before sl ow addition of benzoyl
chloride (5g, 35.6mvl, leg) over a period of 5 min. The reaction mxture
was allowed to warmto r. t. and stirred over 18 h. The DVF was renoved
under reduced pressure and the mxturg was treated with Et0Ac / water.
Precipitation of a white solid result€ed, this was filtered off and dried

under r efitaged (Byaiwsis ©f ((S)—ghmotdap_(ajbghg,yggﬁ%o‘g%qOﬁﬁ_ﬁgget 3&5@/"] hz' NWVR (270
MHz,  DVB@hy1 B - .9 1H, sy T g o1 SRt inglie (-7 g
(514, m; )8’] ?g@&cz%’lé%fbgeﬁifs%ni ?)( St agZ)Z - 83(/nt hesi s of HZ

N- (4-(7- Benzyl oxy- 6- net hoxy- qui nol i n- 4-yl oxy) - phenyl] - benzam de To a round
bottoned flask charged wi th 4-chl oro-6-nmet hoxy-7-benzyl oxyqui noline [see
Org. Synth. Col. Vol. 3, 272 (1955) and US006143764A (Kirin Beer Kabushi ki
Kai sha) for nethods of synt is] (1.09g, 3.6mvl) was added Stage 1
product (2.33g, 10.9 mmlo g). Reaction was heated to 140C for 3 h.
After cooling tor. t., ter was added to the reaction mxture and the
mxture extracted 3 ti mog wrth-&a&s Nge conbined Et0Ac | ayer was washed
with 5% aq. NaOH, brine andydried gr Mp504. The sol vent was renoved under
reduced pressure and purifi ed bﬁ’ colu chromat ography eluting with Et 0Ac /
heptane (2:1) to obtain the titl'e co 0.56g, 329% . mz 477 [ Mt+H].
Stage 3 - Synthesis of °

N-[ 4- ( 7- Hydr oxy- 6- net hoxy- qui nol i n- 4-yl oxXy) - pHtényl ] - benzani de 56 A

m xture of Stage 2 product (0.56g, 1.17mmol ) a0d~10% Pd/C (0.08g) in 10%
cycl ohexene / EtOH (80ml) was heated under ref for 3 h. The Pd/C
catalyst was filtered through a pad of celite, W&hing twice with MeOH The
filtrate was concentrated under reduced pressure to yield the title

. 0 - i
g?m()g;]?ji%_ssfﬁl_ﬂéﬁ l)ngzég%\ée;ﬁ{ln!ﬁgg%z%gégﬁg%?ml)%@ig&mgl@es;?gg ﬂ4m|}2_synt hesi s
t er t - butl % jreglidranidupmvamallowey td stir &t el hepRIrOBRPbIoR §LRF reduced

pressure, azeotroping with toluene to remove the traces of TFA. Compound (12) was

isolated as an off-white solid (4.7mg). LCMS purity 95%, m/z 556.2 IM*+H], 'H NMR (270

MHz, DMSO), 8: 10.4 (1H, s), 8.8 (1H, d, J = 6.5Hz), 8.55 (2H,bs), 8.01 (4H, m), 7.65 (4H,

m), 7.35 (1, d, J = 7.6Hz), 6.75 (1H, d, J = 6.5Hz), 5.25 (1H, m), 4.35 (3H, m), 4.0 (3H, 5),
2.4 (2H, m), 1.85-1.4 (8H, bm).

Stage 6 ~ Synthesis of (S)—4-[4-(4—Benzoylamino-phenoxy)-ﬁ-methoxy-quinolin-?-yroxy]-z-
tert-butoxycarbonylamino-butyric acid

OH
02\'.‘@\/0 N\
NHBoc , o

To a solution of Stage 4 product (17mg, 0.02mmol) in THF (1ml) was added 2M NaOH
(0.026ml, 0.046mmol, 2eq). After 16 h, the reaction was incomplete so an additional 2
equivalents of NaOH was added. Stirring was completed after 6 h and the THF was



To a solution of Stage 3 product (0.2g, 0.52mmol) in anhydrous DCM (30ni)
at 0C was added (S)-2-tert-Butoxycarbonyl am no-4- hydroxy-butyric acid

cycl opentyl ester (0.223g, 0.78mol, 1.5eq) in 5ml of DCM Ph3P (0.557g,
2.1lmmol, 4.1eq) and DI AD (0.412ml, 2.1mmol, 4.1leq) were then added and the
reaction m xture allowed to warmto r. t. and stirred for 16 h. The crude
reaction m xture was evaporated unders§reduced pressure and purified by

col um chromat ography to give the title co oundlg‘ ?. v9 46% . nmlz 656.3
[ M#+1- 1] remoged @dgg@dgced W%gpga%f!.ayerwas ituted with 3ml of water and

US) - 2- ar@d‘ﬁ?ﬁ%&p(—l%@ﬁ“@Mbﬂﬂhéﬁﬂ&WW whs asatdatmyntq EtOvd, driediover

b odet HESBri PReE AT A i Fehwiet el Sz B fine 297 C 1 o

m xture mmacaaiohomed to stir for 16 h before evapor ation under reduced
pressure, azeotroping with toluene to renove the traces of TFA Conmpound
(12) was isolated as an off-white solid . LCMS purjt (V% m z 556. 2
[ Me+H] , StRoaRR SypthesispiAS)-tiigsEoergodemipop gqoxyg% me@%vmfpplm- -V'?JXV 6. 5Hz) ,
8. 55 (2Heh£bht 1cBrOhyIéfio-bllyric Zci6P13) 411, m, 7.35 (1H, d, J = 7.6Hz), 6.75
(1H, d, 8’5115 5.25 (1H, m, 4.35(31-1, m, 4. 0(3K, s), 2.4(2K, m,
1.85- 1.4 (8H bm . Stage 6 - Synthesis of
(S)-414- (4-Benzoyl am no-@henoxy) - 6- met hoxy- qui nOl i n-7-yl Oxy] - 2-
tert - but oxycarbonyl am n uyrjie gedid.NJo a solution of Stage 4 product
(17mg, 0.02mml) in THE (1) wased 2M NaOH (0. 026nl, O0.046nmol, 2eq).
After 16 h, the reaction Wik i ngoipretreg so an additional 2 equival ents of
NaCH was added. Stirring was cohpletedyafter 6 h and the THF was 58

‘

removed under reduced pressure. The ag. 18 '?" diluted with 3nmlL of water
and acidified to pH6 with IMNC. The t oupesnd was extracted into

Et OAc, dried over MgSOX4 and i sol ated as a whi ] d. This was used
directly in Stage 7 without further purification™>~8fage 7 - Synthesis of
(S)-414- (4- benzoyl am no- phenoxy) - 6- Met hoxy- qui nol i n-7-yl oxy1- 2-

tert-butyl carbonyl am no-butyric acid (13) OH To a solution of Stage 6
product T6aSaigtionlaf SlabeBuirddrich(6EOM, 0D inmab in BAMdimimas gdgrt) TFATR@Nr eact i on
was allo { Al mggerd tdiisRdeRpessure to
oi ve the\“{?ﬁea&noﬁ%a%aléwcquig [ﬁeﬂeﬁaﬁ@ ?M ﬁéﬁoo &y é’, y &ﬂﬂ rta';!;)urI ty- 10006
mz 488. Qivg Me¢#qsomnqqnmm) eseoomﬁe W@@O%Lcwsﬁm ﬂﬂ0/°dm’2ﬁ 8Hz), 8.00
(4F1, M *ZHP@-:WF& 309 MHE; ﬂebéﬁa 875 1% d7J 5|7|78)-|z)@®5(4ﬂlﬁ) 765 (44, )8. OHz) ,

grgpérzgd?%weané?tmr%%w.ﬁ bt AT B ) ves

(2H, m).

Compound (14) was prepared by the method described in the following scheme:



Stage 1, 2 and 3 are the sane as descri bed above for the synthesis of
conpound (12). Stage 4 - Synthesis of

(S)-444- (4- Benzoyl am no- phenoxy) - 6- met hoxy- gui nol i n- 7-yl Oxy1- 2-

benzyl oxycar bonyl am no-butyric acid tert-butyl ester 60 The Stage 3
product (0.15g, 0.39mmol), (S)-2-Benzyl oxycarbonyl am no-4-brono-butyric
acid tert-butyl ester (0.16g, 0.43nmmo 1.1leq) and K2CG3 (0.11g, 0.78mol,
2eq) were dissolved in anhydrous DV %910ml) under an at nosphere of
nitrogen. The r ctlon was stl red at 35C ovgghi ht before the DMF was
renoved under ou pressur g e residue wag_dissolved in DCM and washed
w th water foIIo -~ yHbrlneQ T pr garg Tt {=ayer Hdri ed over MgSO4 and
evapor at ed under reduced pressure? Col umi- chr omat eérs@y (eluting with 1%
MeOH DCM afforded the title corrpound (0.16g, 60% z 678 [WM +, 1H NWR
(300 MHz, cOM, 8: 8.49 (1H, d, J = 5.3Hz), 7.98 (1H, s), 7.92 (2H, dd, J =
8.2, 1.4Hz), 7.80-7.72 (2H, m, 7 63 7.48A4H, m, 7.43-7. 29 (4H, m,
7'24_7'17(2m6'64(1H d, HKE\/CAQ(L!,—I d, J = 5.3Hz), 5.15
(2H, s), 4.6 A , 4. 43402P §ége(21H J3H s), 2.55-2.33 (2H,
m, 1.41 (9H, n). @- b-

-(S)-2- Am no-414- (04 bengoyl am A henoxy) - 6- malt hox ol i n7-yl oxyj - butyri
c acid tert-butyl ester”(14) 6 Stage 4 prodm 45¢g, 0. 066nmol ),

was di ssol ved in anfydrous Et0Ac ( and Pd(OH)2/C wasNaded under an
at nosphere of nitrogen. The reaction was degassed and s®irjfed under an
at nosphere of hydrogen at r. t. overnight. The catallyst was*filtered off

through a pad of celite and the sol vent @ﬁﬁ@é"&efeﬁ‘ﬂ’& rstageduced pressure.
Conmpound (14) s purified by preparative HPLC. mlz 544 [ MtHr 1H NMR (300
MHz, CD30D), 98:>8.67 (1H, d, J = 6.8Hz), 7.98 (4H,d, J = 8.7Hz), 7.90

(1H. $), 7.&8)\7,5\1/ . 7.42-F°96PK. ), 6HOZALM, d, J = 6. 6Hz),
4.52(2K, t, Jwez5 [ A, 28 (Litagds 4. = 6. 5Hz) @ (3H, s), 2.69-2.45
(2H,m), 1.53 (9H| s). Lonpound (25) S prepargd by t he net hod descri bed
in the follow ng scherre\iruj\ ¢
NH
0 S0
PA(OH),, H,
EtOAc Stage 5

Compound {14) 0)\©

Stage 1, 2 and 3 are the same as described above for the synthesis of compound (12).

Stage 4 — Synthesis of (S)—4-[4~(4~Benzoylamino-phenoxy)-ﬁ-methoxy-quinolin~7-yloxy]—2—
benzyloxycarbonylamine-butyric acid tert-butyl ester



Compound (12) Stage 1 - Synthesis of

(S)-444- (4-Benzoyl am no- Phenoxy) - 6- net hoxy- qui nol i n-7-yl oxy] - 2-

cycl ohexyl am no-butyric acid cycl opentyl ester (25) To conpound (12)

(37mg, 0.066mmmol) in anhydrous MeOH (1ml) was added 1004 of a 1M sol ution

of cycl ohexanone in MeOH and 1 drop of acetic acid. The reaction m xture
was stirred at r. t. for 3 h. Sodi umgyanoborohydride (10.3ng, 0.165nmmmol)
was t hen added and the reaction was left stirring 4 hat r. t., prior to
concentration under vacuum ] Purification by preparative HPLC afforded the
title conpound (25) as a gr-4IFA salt. mz 638 (MrH. 1H NVR (300 MHz,

CD30D) 8; 8.72 (1H, d, J 6.8 &), 8.Q2-7.98 (4H, m, 7.93 (11-1, s), 7.67
(1H, s), 7.66-7.53 (3H,Qﬁ,“ﬁ?ﬁ2( , 6.99 (1H, d, J = 6.8 Hz), 5.38
(1H, 62 n), 4.49 (3H, m, NHZU1{ 3.27 (11H, m, 2.66 (2H, m, 2.20
(2H, m, 12.05-1.46 (161-1, m. ] MPLEE 3 This exanpl e describes the
nodi fi cation of the known P38 ki nase i fihj or 6-Am no-5-(2, 4-
difIuoro-benzoyl)-l-(Z,6-dif|uoro-pheny?tgzﬂhqxridin-2-one (conpound 3258)
by the attachnment of an am no acid ester tiftat a point where no

di sruption of its binding node occurs. Conpgend (%) :
6- Am no- 5- (2, 4-di fl uor o-benzoyl)-1-(2, 6-difl uor enyl) - 1H pyri di n- 2- one
Compound (16) was prepared as described in WO03/076405.

The Stage 3 product (0.15g, 0.39mmol), (S)—2-Benzyloxycarbonylamino-4—bromo-butyric
acid tert-butyl ester (0.16g, 0.43mmol, 1.1eq) and K,CO; (0.1 1g, 0.78mmol, 2eq) were
dissolved in anhydrous DMF (10ml) under an atmosphere of nitrogen. The reaction was
stirred at 35°C overnight before the DMF was removed under reduced pressure. The
residue was dissolved in DCM and washed with water followed by brine. The organic layer
was dried over MgSO, and evaporated under reduced pressure. Column chromatography
(eluting with 1% MeOH/ DCM) afforded the title compound (0.16g, 60%). m/z 678 [M+H]
*,'H NMR (300 MHz, CDCI3), &: 8.49 (1H, d, J = 5.3Hz), 7.98 (1H,s),7.92 (2H,dd, J=8.2
1.4Hz), 7.80-7.72 (2H, m), 7.63-7.48 (4H, m), 7.43-7.29 (4H, m), 7.24-7.17 (2H, m), 6.64
(1H,d, J=8.9Hz), 6.49 (1H,d, J = 8.3Hz), 5.15 (2H, ), 4.66-4.57 (1H, m), 4.43-4.34 (1H,
m), 3.85 (3H, s), 2.55-2.33 (2H, m), 1.41 (8H, m).

Stage 5 — Synthesis of -—(S)-Z-Arnino-4—[4—(4—benzoylamino—phenoxy)-ﬁ-methoxy—quinolin-
7-yloxyl-butyric acid tert-butyl ester (14)



Compounds based on conpound (15) were prepared by the nethods outlined

bel ow. Conpounds (16) and (17) were prepared by the nethod described in the
foll owi ng schenme: |IWAN DCM Stage 2 Stage 1 - Synthesis of cyclopentyl
(S)-4-{446- Am no-5- (2, 4-di fl uorobenzoyl) - 2- oxo- 2Hpyri di n-1-y11- 3, 5-di fl uoro
phenoxy}-2-tert-butoxycarbonyl am nobutyrate To a stirred m xture of

6- am no- 5- (2, 4-di fl uor obenzoyl) - 1- (g 6- di fl uor o- 4- hydr oxy- pheny1l) -

1H pyridin-2-one [ prepared by metho % descri bed in WO03/076405] (100ny,

0. 265mMyL)a; Gise? (0. OusgM: oé&m’émmwasmmmtdmhnhydrous EtOAc (5ml) and

3
L)-5-b tert-but t
(Sby, RAOBBGHE adde%mé’d SRr e IREBATRG [ appanin coter

react i OfiraH &ﬁwr@nmsﬁhératoéﬂydmgeh akEt. 0 AvernightrTne spalysiyasdliesi o sat aq
ratics § oo 2 3 lt%rang YU horTafioRiick RBbeciigsstliel eamphaa§ea) , 11| ter ed

ness

cat1 o f I as 0 20%
Et OAc /wdimlrlﬁﬂﬂ:bl)y gmmram HME. ni/z $44 %ﬁ%oﬁh’& QHF&S@ % ga@%rrg( 2999 .

EC'X(? Eu 6&{09%/ Z’"’ﬁ?g ABal Mglyh 7), 190 MVRsX #66- 7M12(4HNBDD)42-7536 (2H30 (9H, s)

T, 85 9 10 (2H, :
4.15- 4. @D 6(9m1Hm; J =P G659 ?é'llh rgnﬁﬂg'@ %%g %E(‘ V3 %5'32) ‘64%933{0%('21 |( ,
6. 95- 7. 98902 (21 ), 1.58%eH,.s#5 (2H m. Stage 2 - Synt hesi s of cycl opentyl
(S)-2-Am no- 45, 6)am no-5- (2, 4-di fl uorobenzoyl) - 2-

0X0- 2H pyri di n- 1 y11- 3, 5-di fl uorophenoxy} but anoate trifl uoroacetate (16)

64 A NCHinpsundgRs)Steageerbrast ydoe mefod wgycriedingbeiofeng SBERIP( 0. snl) was
allowed to stand at r. T. For 3 h. The reaction m xture was concentrated to
dryness by bl owi ng under N2. The residue was triturated with Et20 (0.3m X
2) to gi conpound (16) as a white solid (9. , 91% . LCMS purity 100%

m z 548 1H NNR (400 , I'VleOD), 6 1 1,80 «6H, m, 1.85-2.00
(2H, m, BJ‘S'@\ZJ 4. 151443 NGB, J\l'g\/ @1H m, 5.75 (1H,
d), 68569’52( ,70571_¢2H,_n®,,74@’55‘i Stage 3 -
Synt hesi s of °;©O MoOH

(S)-2-Am no-4-{416-a wb- (2, 4- di Fheeror obenzoyl) - 2- oxo- 2H pyer' nl-yl]- 3, 5-
di f | uor ophengxyibus anoi d (17) To a sol uti oncwfoudBpound® ( (20nyg,

0.0317mmol ) in a mxture MeOH (0. 3nl) and THF (0. 3ml) was added 2M aq
NaOH (0. 3nl). The reaction mxture was allowed to stand at RT for 3h. Upon

conpletion the reaction m xture evapor at oW ng under
a flow Stage - Qwitgsts @&S)r‘bi“p(#rBfn?YEF"‘ B?ﬁ)a% %‘h? ﬂﬁii@ 2*“2‘ HCl . The
resul ti r&gclgytyxp}gmﬁ]glﬁu@f&g&.ae¢c|mtyt:eﬂtére{25)ed by f| ltration. Yield= 9ny, 48%,
LCVMS purity 97% nlz 480 [ M+H], 1H NVR (400 MHz, Me0O), 6: 2.35-2.55 (2H,

m CH2), 4.15-4.20 (1H, m CH), 4.25-4.35 (2H, m CH2), 5.75 (1H, d, CH),
6.85-7.00 (2H, m Ar), 7.%-7.200(2H m, Ar), 7.40-7.55 (2H, m Ar).

SpauEe
O QRN

To compound {12) (37mg, 0.066mmol) in anhydrous MeQH (1mi) was added 100pL of a
1M solution of cyclohexanone in MeOH and 1 drop of acetic acid. The reaction mixture
was stirred at r. t. for 3 h. Sodium cyanoborohydride (10.3mg, 0.165mmol) was then added
and the reaction was left stirring 4 h at r. t., prior to concentration under vacuum.
purification by preparative HPLC afforded the title compound (25) as a di-TFA salt. m/z 838
M+HT'. *H NMR (300 MHz, CD;0D) & 8.72 (1H, d, J = 6.8 Hz), 8.02-7.98 (4H, m), 7.93
(1H, s), 7.67 (1H, s), 7.66-7.563 (3H, m), 7.42 (2H, m), 6.99 (1H, d, J = 6.8 Hz), 5.38 (1H,



65 H2 Pd(OH)2Stage e 2 Et0Ac Conpound (18) Stage 1 - Synthesis of
(S)-4-{416- Am no-5-(2, 4-di fl uor o- benzoyl) - 2- oxo- 2H pyri di n-1-y1] -

3, 5-di fl uor o- phenoxy) - 2- benzyl oxycar bonyl am no-butyric acid tert-butyl
ester To a solution of

6- Am no- 5- (2, 4-di fl uor obenzoy1)-1- (2, 6-di fl uor o-4- hydr oxypheny1) - 1Hpyri di n-
2-one (100ngy, 0.26mml) and (S)-2-bengyl oxycarbonyl am no-4-brono-butyric
acid t-butyl ester (108ngy, 0.29mmvl) 1nh acetone (2nL) was added sodi um

i odi de ( MOn49 GHEBINH014)(3HNS). PBT 4EIs], o 268 @binm), 2. 0L@AME), 12,0860t EH, The
reactionppas heated at reflux for 12h, cooled and partitioned between water
(20mL) and ethyl acetate (20nlL). The aqueous | ayer was re-extracted with

et hyl acetate (2x10nm.) and the conbi ned organi c extracts washed with brine
(20nm.), dried (My804) and concentrated under reduced pressure to give a
yellow oil. This residue was subjg&éﬁg, 0. col um chr omat ography [silica
gel, 40% et hyl acetate-heptane] t reEhe desired product (186ng, 79% as
a colourless mz 670 [MrH . Stage 2 - Synthesis of

(S)-2- A”‘I‘HQe rﬁ 4e£l s%’e ﬁm&%caﬁ’ ﬁ tbggﬁcgmqb%@%%sg RSP é—%ﬁpr}g-éaﬁ_ 1-yl]-3,

5-di fl uoro- p yric acl

0 difluaro- benzo 1 (2 G-dlﬂuoro-phenyl -1H- pyrldln-2 -one {compound 3258) by the
(S)-4- {4&@:&%%& brind=didfdste mnbﬁwm&m&e%%%@nex H&'H‘nd: Prdged: 5-di 1 uo
ro- phenox - benzyl oxycarbonyl ami no-butyric acid tert- uty ester (140nyg,

0. 2nnDI) ? di ssolved in ethyl acetate (15nL) containing 10% pal | adi um
hydr oxi de on carbon (20mg) and stirred under a hydrogen atnosphere (latm

for Ih. r Ne. and filtered through

ol 1 1 o 1§ ORERREEE B AR L e RS b oo PPl
concentrated under reduced pressure to give a solid which was subjected to
colum chromat ography [silica gel: 5%vEOH:=in dlchloronethane] Thi s gave
the desired product (60ng, 54% as@ gngy SeFid LCVS purity 98% nfz 536
[MFH[t 111 NWVR (300 MHz, CDCI3) 7.dp-7. 42 ), 7.39-7.29 (2H, m,
6.96-6.82 (2H, m), 6.66 (2H, & : 5.82 (1H, d, J=9.9 Hz),
4.20-4.07 (3H, m, 3.48 (1H, B, 8, , 2.22-2.15 (1H, :
1.91-1.84 (1H, m, 1.62 (2g7E F \ s). EXAMPLE 4 This exanpl e
describes the nodification of the known DHFR i nhi bitor 5-Methyl-6-((3, 4, 5-
tri met hoxyphenyl am no) net hyl ) pYri do[ 2, 3-4Pyri m di ne- 2, 4m ne (conpound (2
GN)) Dychiigouhls 5 % b8y 8 0B0tiBa ASUG0SGIcbs ™ | at a point where no

di sruption of its bind

Compounds based on compound (15) were prepared by the methods outlined below.

Compounds (16) and {17) were prepared by the method described in the following scheme:



node occurs. Conpound (2 G=N):

5- Met hyl-64(3, 4, 5-tri nmet hoxyphenyl aniin0) net hyl ) pyri dO[ 2, 3-
tyrimdine-2,4-diamne NH2 NN NN 67 Conpound (2 G=N) was prepared by a
nodi fication of the nmethod described in J. Med. Chem 1993, 36, 3437-3443.

2, 4- Di am no- 5- net hyl pyri do[ 2, 3- Qpyri m di ne-6-carbonitrile (0.10g, 0.5mmol),
3,4,5- trimethoxyaniline (0.10g, O. SSév_g,rmI ) and Raney nickel (0.7g, danp) in
acetic acid (20mL) were stirred at r. t. under an atnosphere of hydrogen.
After 2 h the,re EE hom mxture was filtered through celite and t sol vent
evapor at ed el cgde,Wu;@ Th&:Plide resi dug,wa by

reverse p Cdto affordNHg;prrpound 62:.1G=N) as A ﬁ- (22 6% LCVS
purity 94% mz 371.1 [ MeHr, 1H NVR (400 MHz, m 0 F 8.5 (1H, s), 7.0
(2H, bs), 6.2 (2H, bs), 6.0 (2H, s), 5.7 (1H m, 4.2 (2H, d), 3.7 (6H, s),
3.5 (3H, s), 2.7 (3H, s). Conpounds based on corrpoundéF G=N) were prepared

by the nethods outlined bel ow. Conpounds (6) and ( I®)ecwesg..pr epared by the
nmet hod described in the followi ng schene: 68 Form c| aci d EN, EtOHStage
2 Pd/ C

a 0
F 0 F. 4] /O
O NH, OH NaOH, MeOH 0 NH, (5]
NH,
F PN F LN N
Compound (17) Gompound {18}

Stage 1 - Synthesis of cyclopentyl (8)-4-{4-[6-Amino-5-(2,4-difluorobenzoyl)-2-oxo-2H-
pyridin-1-yl]-3,5-difluorophenoxy}-2-tert-butoxycarbonylaminobutyrate

O
F o}
Q NH, (@]
/@L%i NHBoc
F Foxyg F

To a stirred mixture of 6-amino-5-(2,4—dif|uorobenzoyl)-1-(2,6-diﬂuoro-4—hydroxy-phenyl)—
1H-pyridin-2-one [prepared by methods described in WO03/076405] (100mg, 0.265mmof)
and KzCO3 in DMF (1.5 ml) was added (L)-5-bromo-2-tert-butoxycarbonylaminopentanoic
acid cyclopentyl ester (96mg, 0.265 mmoi). The reaction mixture was stirred at 80°C for 2
h. The reaction mixture was diluted with EtQAc (15ml) and washed with sat aq NaHCO,
(3ml) and water (10ml). The EtOAc layer was dried {Na,S0Q,), filtered and concentrated to
dryness. Purification by flash chromatography (20% EtOAc / heptane) yielded the title
compound as a white solid (50mg, 29%). LCMS purity 100%, m/z 648 [M*+H], '"H NMR
(400 MHz, MeOD), 5: 1.30 (9H, s), 1.40-1.65 (6H, m), 1.70-1.85 (2H, m), 1.95-2.30 (2H, m)
4.00-4.10 (2H, m), 4.15-4.20 (1H, m), 5.05-5.10 (1H, m}, 5.65 (1H, d), 6.70-6.80 (2H, m),
6.95-7.05 (2H, m), 7.25-7.45 (2H, m).

Stage 2 — Synthesis of cyclopentyl (S)-2—Amino—4—{4—[6-amin0-5-(2,4-diﬂuorobenzoyl)-2-
oxo-2H-pyridin-1-y(}-3,5-difluorophenoxylbutanoate trifluoroacetate {16}



Raney NI AcOH St ages NH2 i Nr. LCNI N-N5.." + H2N Conmpound ( 6)
7112 1 NVWN H2NNN

64

e
Q NH,_F OMO
oY R

F oY F

A mixture of Stage 1 product (10mg)} and 20% TFA / DCM (0.5ml) was allowed to stand at
r. T. For 3 h. The reaction mixture was concentrated to dryness by blowing under N, The
residue was triturated with Et;0 (0.3ml x 2) to give compound (18) as a white solid (8.3mg,
91%). LCMS purity 100%, m/z 548 [M*+H], 'H NMR (400 MHz, MeOD), &: 1.55-1.80 (8H,
m), 1.85-2,00 (2H, m), 2.30-2.50 (2H, m), 4.15-4.30 (3H, m), 5.25-5.35 (1H, m), 5.75 (1H,
d), 6.85-6.95 (2H, m), 7.05-7.15 (2H, m), 7.40-7.55 (2H, m).

Stage 3 — Synthesis of (8)-2-Amino-4-{4-[6-amino-5-(2,4-difluorobenzoyt)-2-oxo-2H-pyridin-
1-y1]-3,5-diffluorophenoxy}butanoic acid (17)

, 0
Q NH: 0\/’\‘/LLOH
oAy E
F o F

To a solution of compound (16) (20mg, 0.0317mmol) in a mixture of MeOH (0.3ml) and
THF (0.3ml) was added 2M ag NaOH (0.3mi). The reaction mixture was allowed to stand at
RT for 3h. Upon completion the reaction mixture was evaporated to dryness by blowing
under a flow of N,, acidified to pH 1-2 by dropwise addition of 2M aq HCI. The resulting
white solid formed was collected by filtration. Yield= 9mg, 48%., LCMS purity 97%, m/z
480 [M*+H], "H NMR (400 MHz, MeOD), &: 2.35-2.55 (2H, m, CHy), 4.15-4.20 (1H,
m, CH), 4.25-4.35 (2H, m, CHy), 5.75 (1H, d, CH), 6.85-7.00 (2H, m, Ap), 7.05-7.20
(2H, m, Ar}, 7.40-7.55 (2H, m, Ar).

Compound (18) was prepared by the method described in the following scheme:



Conpound (19) Stage 1 - Synthesis of (S)-cyclopentyl

4- met hyl - 2- (4- ni tr obenzam do) pent anoat e 69 4-Ni trobenzoyl chloride
(0.60g, 3.9mmol) in DCM (2ml) was added dropwi se over 10 mmto a sol ution
of (S)-cyclopentyl 2-am no-4-nethyl pentanoate (0.70g, 3.5 nmol) and

di i sopropyl et hyl am ne (0.94m, 5.3mmmol) in DCM (10nl) at -5C under an

at nrosphere of nitrogen. On conpl etiorgof the addition, the reaction m xture
was allowed to warmto r. t. and stirred for a further 30 mn. The reaction
m xture was pour oi 0 sat. gqg. NaHCO3 and the aquepus IW

extracted he, okgani odqgtra&t:%w}f@,[e congi ne z h brine,
evapor at under smduced see af f ord“the title

dried over
conpound fas  ah Gil% solid in quantitative vyi A =CMBSplrity 92% niz 347.1
[ MFHr . Stage 2 - Synthesis of (S)-cycl opentyl

2- (4- am nobenzam do) - 4- net hyl pentanoate HNc Triethyl a %nne (1.09q,

10. 8mol ) and formic acid (0.50g, 10.8mml) were dla:&éof &tin EtOH (10ml)
and added to a solution of Stage 1 product (1.2g, 3.4 ) in EtOH (10ntl).
10% Pd/ C (approximately 10 nol %9 was added and the m xture was_heated to
reflux. After 1 h the hot reaction mxture was filtered.t 0_d@lite and
the residue was washed with MeOH. The filtrate ang va gs re conbi ned
and evaporated and the residue was partitioned]bg 0 and sat. eq.
NaHCO3. The organic |ayer was washed wi th brifne; drred®°over MgSO4 and
evapor at ed under reduced pressure to furnish the tittk&paogpound as a white
solid (0.80g, 73% . LCMS purity 97% nmlz 319.2 [MtH], 1H NWVR (400 MHz,

cbCl 3), 8 7.6 (2H, dd), 6.6 (2H, dd), 5.2 (1H m, 6.4 (1H, d) 4.7 (1H,
m, 4.0 Bzee 13)Synthesis ER{S)-4ri:[6-AmihotSd,4-diflyord-bénzogiH2-crrp-2Henyedie K ylldd) . St age
3 - Synt ey i

(9) - 244- O3 GORHEnRYY 2 ey casbonigrng-buiyo acd terthuty e i

am noi - benzoyl am no) - 4- net hyl - pent anoi ¢ aci d cycl opentyl ester (6) 70 NH2

0
o NH2F O\/\l)Lo—é—
N

F PNy

To a solution of B6-Amino-5-(2,4-difluorobenzoyl)-1-(2,6-diffuoro-4-hydroxyphenyi)-1H-
pyridin-2-one {100mg, 0.26mmoi) and (S)-2-benzyloxycarbonylamino-4-bromo-butyric acid

t-butyl ester (108mg, 0.28mmol} in acetone (2mL) was added sodium iodide (79mg,
0.53mmol) and potassium carbonate (146mg, 1.06mmol). The reaction was heated at
reflux for 12h, cooled and partitioned between water (20mL) and ethyl acetate (20mL). The
aqueous layer was re-exiracted with ethyl acetate (2x10mL) and the combined organic
extracts washed with brine (20mL), dried (MgSQ,) and concentrated under reduced
pressure to give a yellow oil. This residue was subjected to column chromatography [silica
gel, 40% ethyl acetate-heptane] to give the desired product (186mg, 79%) as a coloutless
solid, m/z 670 [M+H].

Stage 2 — Synthesis of (S)-2-Amino-4-{4-[6-amino-5-(2,4-difluoro-benzoyl)-2-oxo-2H-~
pyridin-1-yl]-3,5-difluoro-phenoxy}-butyric acid tert-butyl ester



NN H2ZN N N 2, 4-D am no-5-net hyl pyri do[ 2, 3-dj pyri m di ne-6-carbOnitrlle
(0.47g, 2.4mmol), Stage 2 product (300ng, 0.94mmol) and Raney nickel (1g,
danp) in acetic acid (40ml) were stirred at r. t. under an atnosphere of
hydrogen. After 48 h the reaction mxture was filtered through celite and
t he sol vent evaporated under reduced pressure. The material was |oaded in
MeOH onto an SCX colum and eluted ¢ with a 1% ammoni a solution in MOH.
The crude product was then adsorbed onto sili ca, and purified by colum
chr omat ogr aphy (10% MeOH DCM to afford conmpoung (6) (60rrg 13% . LCMS
purity 95 % mz 506.1 [ M+ 4680, M A, 8 8.5 (1H, s), 8.2
(1F1, d), 7.7 (2H, d), (1H, m, 6.2 (2H,
bs), 5.1 (1H, m, 4.4 s), 1.7 (111-1, m,
0.9 (61-1, dd). Stage

(S)-2-(44(2, 4-di am po-F zhylrld023-d1Pyrim'din 6-
yl ) met hyl am no) benzam do

Pent i C. j St 3
product ( %3‘9@5[@/)“%5%5@8@' en yhfzg?r}foaifeéyﬁ'ﬁ'ag'ﬂ] é’éé?’?ﬁ”" ﬁW@PB )%/F i ? ﬁleum
hydr oxi ggn fbﬁﬁérmﬁamdﬂaﬂtyﬁo ablldﬁerabmncesand the suspension allowed to stir
f 48 b 0, sl th
I’ggl dual ﬁﬂgmgt gé lﬁggggﬁgqﬁ %ﬁgggﬁ%g{ﬂéﬁ@&ﬁh&%@@%tﬁe acrgtl c :m d.
The sol wyiRRidecsn mbactzamgm aam\ﬂtsrreuameaadwdmﬁmam@@hew tigtrarfer

Do 115 8 yoh B TR Sk N HR B, gl 171

br s), Qith ddtiohat élthyl &eﬁatél'fhe filrat®was 2bincéntratdd urder redupechpresaurg (211,
(lez)rrptz)u;dé 3(\Hf§)as%mle NG Wb E%?&%&Oﬁl&?'w%?%"é&} %b@’ ‘éﬂ%§?9¥ ot 0
descri bgq gidhidrbBelahbpWHid g&¢d @8 desired product (60mg, 54%) as a grey solid:

LLCMS purity 98%, m/z 536 [M+H]+, 1H NMR (300 MHz, CDCI3) 7.65-7.44 (1H, m),

7.39-7.29 (2H, m), 6.96-6.82 (2H, m), 8.66 (2H, br d, J=8.1 Hz), 5.82 (1H, d, J=9.9

Hz), 4.20-4.07 (3H, m), 3.48 (1H, dd, J=4.8, 8.7 Hz), 2.22-2.15 (1H, m), 1.91-1.84

(1H, m), 1.62 (2H, br s), 1.43 (SH, s).

EXAMPLE 4

This example describes the modification of the known DHFR inhibitor 5-Methyl-6-((3,4,5-
trimethoxypheny[amino)methyl)pyrido[2,3-d]pyrimidine-2,4~diamine (compound (2 G=N)) by
the attachment of an amino acid ester motif at a point where no disruption of its binding

mode ocCurs.

Compound (2 G=N): 5-Methyl-6-((3,4,5-trimethoxyphenylamino)methyl)pyrido{2,3-
dlpyrimidine-2,4-diamine

OMe
OMe

OMe

z

Y
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Raney NI H2NNH2. H20 Stage 2 EtOH 72 To a solution of (S)-cyclopentyl

2- am no- 4- net hyl pent anoate (2.00g, 10.0mvl) and 4- nitrobenzal dehyde
(3.04g, 20.0mml) in DCM (40ml) was added gl acial acetic acid (2 drops).
The solution was allowed to stir at r. t. for 1 h whereupon sodi um
triacet oxyborohydride (6.40g, 30.2mmol) was added in a single a portion.
After stirring for 3 h, the solution gyas poured on to aq. 1M HC1, allowed
to stir for 30 mn, neutralised with ag. 1M NaCOH and extracted wi th DCM
The conbi ned organi cs were washed wi-th water and brine, dried over MgSH,

and evapgpmp&ithd{d ¢ EEQH:/%EQreH%?%% lcagﬁofﬂeqﬂ%hﬁéeesﬁi%d ppas purified by

chr onmat 02 B%ﬁfng%E QAC I sohexane) t urni's e conpound as an
oil (1.5 éf; 19 361337 wf#4%hout further purification for the fol | owing
step. LCMS purity 71% mz 335.1 [MH . Stage 2 - Synthesis of

(S)-2- (45 Am.ne-benz m.na)-4-net hyl - pent anoj c_aci d cycl opentyl ester NcO
Stage 1 %ﬁ?orﬂc'i%@{’ g'?@%@yr'g&éﬁ\%‘?‘ﬁ"wﬁﬁ e Y BW'V%(Oi1HQ,E¥-@'¥{"P%r?ﬂ§=5and added to a
suspensi Bmetiox\Raiiag (h1lgk 815505y and Rendyriciar {0k, EanEhy dédit aciiQ2@G8L,

8. 1nmol )y [ r I for.1 h the hot reaction
i Xt ur e e S i & oot bAGHER Al e e/ Reien BehisaR 1 n' Neort

- The fil tfHgied taoHdealitg angdhamaivent evappratad under redunedmatsedrealitt drbde r esi due was

parti ti onsidudwis\p@iic@bMeaBde phise H0L.C @%MWF&@Q?GQQE 95%"%61{?1- The organic
vapo

| ayer 2Was{zssﬂ 'tgngbr_i ne. dried over +I\/QSO4 an at ed under reduced

pr essu\rNZ(.§ il ‘Fu':%.M PRty £4fe. ST i IMPHHE o Ti8 NNMFR (46T PNMISID), §: BEUIEE OAC /

| sohexar®)7.0 (2H, bsy b2K(2M/12),16.0 {261, §PBRQWAMAA. 29010 3.¢ GIR QY 3 HEY) 5 LCVE

purity 92994(3 73 3052 [ MtHr, 1H NMR (400 MHz, CDC's), 8:7.1'?2H, d), 6.6

(2H, d), '5.5”%§H, m, 3.7 (1H, d), 3.5 (1H, d), 3.2 (1H, t), 1.9 (2H m,

1.7 (5H m, 1.6 (4H m, 0.9 (6H dd). Stage 3 - Synthesis of

(S) - 2- { Ldnipbufidd b8t 2K R Fepir L Metlods QoL JIBLOY ) -
pbufidd %Bﬁﬁé‘{iﬁa;/}lr@(iG Ky e p%eﬁ%aéuc%%tﬁé meﬂ'{ogf gut}fneraebee g

am no] - benzyl am no) - 4- pent ahol ¢ "acl opentyl “ester NH2

Compounds (6) and (19) were prepared by the method described in the following scheme:



NN H2NThsCW 2, 4- Di am no- 5- net hyl pyrido[ 2, 3-cli pyri mdine-6-carbonitrile
(0.16g, 0.83mmvl), Stage 2 product (100ng, 0.33mml) and Raney nickel (19,
danp) in acetic acid (10ml) were stirred at r. t. under an atnosphere of
hydrogen. After 5 h the reaction mxture was filtered through celite and

t he sol vent evaporated under reduced pressure. The material was |oaded in
MeOH onto an SCX colum and el uted widgh a 1% anmpni a solution in MeOH. The
crude product was then adsorbed onto silica and purified by colum

chr omat ogr aphy ( 0% MeOH to afford the title conpound |(5) (30ng, 199 .
LCVS purity 95% Jlmz 492.1 Hr, 1H 400 Mz, DMgO), .8.5 (1H, s),
7.2 (2H, TT0 E2H: d), 8 (2H 4§%§%!g*(2H bs), 5. (1? m, 5.1 (1H,
m, 4.2 , 3.6 (i (1H,sta@1 3.1 ( N . s), 1.5
(11H, m,*0.8 (6H dd). Sta Synt hesi s of

(S)-2-{4-[(2, 4- D am no- 5-nethy| pyrido[ 2, 3- d]p?rlnldln 6- ylnethyl)

am no] - benzyl am no) - 4- net hyl - pent anoi ¢ acid NH2 NN.E2NN 74 Stage 3
product (39pM was suspended in EtOH (1.0nml). A sghebHohswdez1lM |ithi um
hydr oxi de (156111) was added to the above and thé¥Suspepsion allowed to
stir for 48 h. The Et OH was subsequently renoved under ¥educed pressure,
the residual diluted with water and taken down to pH 4 with dilute acetic
acid. The solution was washed cted to SCX

purification to aff the tify ; urifty at Rt 0.52 and
1.91 nin, éﬂﬂ% 424 [ MHH] ; )%I ~NpB7 , 7.1
(2H, d), 7. 0 r s), 6.HN , 4.3 (2H

43.13( 2H, obscured by mafer), s) 1. 8(1K m, 1.3
Compound (3) was prepared by the nmethod described in

d), 3.6 (1H Rhe
(1H ny, 1.2 (iH,

the follow ng sche
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Compound (19}

Stage 1 — Synthesis of (S)-cyclopentyl 4-methyl-2-(4-nitrobenzamido)pentanoate

@*¢\Q



75 Form c acid Et3N, Pd/CStage 2 EtOH Raney NI AcCOH Stage 3 H2N

69

4-Nitrobenzoyl chioride (0.60g, 3.9mmol) in DCM (2mi) was added dropwise over 10 min to
a solution of (S)-cyclopentyl 2-amino-4-methylpentanoate (0.70g, 3.5 mmmol) and
diisopropylethylamine (0.94mti, 5.3mmol) in DCM (10ml) at -5°C under an atmosphere of
nitrogen. On completion of the addition, the reaction mixture was allowed to warm to r. t.
and stirred for a further 30 min. The reaction mixture was poured on to sat. aq. NaHCO;
and the agueous layer was extracted with DCM. The organic extracts were combined,
washed with brine, dried over MgS0, and evaporated under reduced pressure afford the
title compound as an oily solid in quantitative yield. LCMS purity 82%, m/z 347.1 [M+H]".

Stage 2 — Synthesis of (S)-cyclopentyl 2-(4-aminobenzamido)-4-methylpentanoate

0
N
H
0

Triethylamine (1.09g, 10.8mmol) and formic acid (0.50g, 1 0.8mmol) were dissolved in

EtOR (10mi) and added to a solution of Stage 1 product {1.2g, 3.4mmol) in EtOH (10ml).
10% Pd/C (approximately 10 mol%) was added and the mixture was heated to reflux. After
1 h the hot reaction mixture was filtered through celite and the residue was washed with
MeOH. The filtrate and washings were combined and evaporated and the residue was
partitioned between DCM and sat. ag. NaHCO;. The organic layer was washed with brine,
dried over MgSQy and evaporated under reduced pressure to furnish the fitle compound as
a white solid (0.80g, 73%). LCMS purity 97%, m/z 319.2 [M+H]", "H NMR (400 MHz,
CDCls), &: 7.6 (2H, dd), 6.6 (2H, dd), 5.2 (1H, m), 6.4 (1H, d) 4.7 (1H, m}, 4.0 (2H, s), 1.9
(2H, m), 1.7 (5H, m), 1.6 (4H, m), 0.9 (8H, dd).

H,N

Stage 3 - Synthesis of (S)~2—{4—[(2,4—Diamino-5—methyl-pyrido{2,3~d]pyrimidin—6-y!methyl)—
amino]-benzoylamino}-4-methyl-pentanoic acid cyciopentyl ester (6)



NHBoc TFA / DCM St age 4 Compound (3) Stage 1 - Synthesis of
(S)-Cycl opentyl-2-(tert-butoxycarbonyl am no)-4-(4- nitrophenoxy)butanoate
of:). NHBoc To a solution of 4-nitrophenol (2.18g, 15.7mmol) in
tetrahydrofuran (100nml) at OC under nitrogen was added sodi um hydri de
(0.63g, 15.7mml). After warming to r. t. and stirring for 10 mn, a

sol ution of (S)cyclopentyl-4-bronp-2x(tert-butoxycarbonylam no)butanoate
(5.09, 14.3mmol) in DWF (20nl) was added. The reaction was heated to 60C

for 10 h, after
O
O
O
N N
P ;
o o
HN" "N” TN

2,4-Diamino-5-methylpyrido[2,3-djpyrimidine-6-carbonitrile {0.47g, 2.4mmol), Stage 2
product (300mg, 0.94mmot) and Raney nickel (1g, damp) in acetic acid (40ml) were stirred
atr. t. under an atmosphere of hydrogen. After 48 h the reaction mixture was fittered
through celite and the solvent evaporated under reduced pressure. The material was
loaded in MeOH onto an SCX column and eluted off with a 1% ammonia solution in MeOH.
The crude product was then adsorbed onto silica and purified by column chromatography
(10% MeOH/DCM) to afford compound (8) (60mg, 13%). LCMS purity 95 %, m/z 506.1
[M+H]*, "H NMR (400 MHz, DMSO), 8: 8.5 (1H, s), 8.2 (1H, d), 7.7 (2H, d), 7.0 (2H, bs), 6.7
(2H, d), 6.5 (1H, m), 8.2 (2H, bs), 5.1 (1H, m), 4.4 (1H, m), 4.3 (2H, d), 2.7 (3H, s), 1.7
(11H, m), 0.9 (6H, dd).

Stage 4 — Synthesis of (S)-2—(4—((2,4-diamino~5-methylpyrid0[2,3—d]pyrimidin-6-
yhmethylamino)benzamido)-4-methylpentanoic acid (1 9) '

0
OH
NH, N I
N7 N |
M "
~ -
HNT N7 N |

Stage 3 product (39pM) was suspended in EtOH {1.0ml). A solution of 1M lithium
hydroxide (156pl) was added to the above and the suspension allowed to stir for 48 h. The
EtOH was subsequently removed under reduced pressure, the residual diluted with waier
and taken down to pH 4 with dilute acetic acid. The solution was washed with DCM,
evaporated and subjected to SCX purification {o afford cqmpound (19). LCMS purity 92%,
miz 438 [M+H]": "H NMR (400 MHz, DMSO) &: 8.5 (1H, s), 8.1 (1H,d), 7.7 (2H, d), 7.2 (2H,



76 which the reaction was cooled to r. t. and poured onto ether / sodium
carbonate. The organic | ayer was collected and washed with 2M ag. Sodi um
carbonate solution, 1M NCI and brine before being dried over M504 and
concentrated under reduced pressure to afford an oil which solidified upon
standing to yield the title conpound (4.0g, 69%. LCVS purity 97% nmlz
407.1 [MrHr, 1H NMR (400 MHz, CDCl 3)%;6:8.2 (2H, d), 7.4 (11-1, d), 7.1
(2H, d), 5.1 (1F1, m, 4.1 (3H m, ; 1 (2H m, 1.8 (2H, m, 1.6 (61-1,
?)5 1. 4|bf 6. 792H, &t Re¢R t), GSXB&I,Fteisisltbﬁ(‘iH m);lS(ZH d), 2; (3H|s) 18—)156

S)-Cyc ent y1-4- (4. am -2- (tertbutoxycarbonyl am no) but anoat e
Triet hyl(%ﬁ'i'ﬂe){%ﬁ y%wq@@gm%yand formc acid (0.19nl, 5.2 mmol) were
di ssolved in EtOH (4ml) and added to a solution of Stage 1 product (0. 7g,
1.7mmol) in EtOH (4ml). 10% Pd/ C (approximately 10 nol %9 was added and t he
m xture was heated to ref lux. After 2 h thewgg reac ‘%Gﬁpn mx;dur

filt er edAMOBTGHEL@N] the correPeiing 36 gt RigRaGE 8% g ge 1’71 f| I trate
and was hbgmgwehremeonbi ned and evaporated and the residue was partitioned
bet ween DCM and sat. aq. Sodi um hydrogen carbonate. The organic |ayer was
washed with brine, dried over MgSO4 and concentrated under reduced
pressure. The residue was purified by col unmm chr omat ogr aphy (gradi ent
elution, 10-40% EBfOAc in ane) e 6‘?’5’4% he t|tIe c nd (0 39, 46%.
LCVS purity m zy 379. Hr, ,06 6.9 (2H, d),
6.8 (2H, d) (2H, @ , n)Stage10(2H , 2.2 (1H,
rr),19((22T1rr)17(4Horr) .6 (2H, rr)oﬂ, 11 ge3-
Synt hesi s of

(S)-cycl opentyl-2-(tert-butoxycarbonyl am no) - 4-g4 2, 4- di am no- 5-

met hyl pyri do[ 2, 3-d] pyri mi di n- 6- yQret hyl ani no)ph‘é%k'ﬁa? dt¥ioate NH2 NN N N
NHBoc 77 2, 4- Di am no-5- net hyl pyri do[ 2, 3- Opyrl A ne- - carbonitrile (0. 50g,
2.5mmol ), Stage 2 product (0.38g, 1.0mvol) and Raney nickel (3g, danp) in
acetic acid (40nml) were stirregy,at r. T. Under an atnosphere of hydrogen.

After 16 h the reaction m'xtur s fdjtered through ce i and the sol vent
evapor at ed under r d pre e et er i a edoi n.MeOH onto an
SOX col um ang nE'_eyINp ed wit hH nia solutio OH T rude pr oduct

nto sili*ca and purified byn chr(‘j’rra t ogr aphy (5%
MeOH DCM) to é&ffiord the title conmpound (145ng, 26% LCVS purity 95 % mz
566. 2 [ MtHr, »kkddVR (400 MHz, DMSO), 8: 8.5 (1H, s), 7.3 (2H, m, 7.0
(21-1, m, 6.7 (2HY d), 6.6 (2H d, 6.2 (2H, bs), 5.5 (1H bs), 5.1 (1H,
m, 4.1 (3H mM, 3.9 (2H, nm, 2.6 (3H, s), 2.0 (1H, m, 1.8 (3H, M, 1.6
(6H, m, 1.4 (9H, s). Stage 4 nt hesi s of
(S)-2-Amno-4-{4-[(2, 4- ootk I-Pyr|d0[23Syr|md|n 6-
yl et hyl yam {67 - phenomﬂ 0ac ycl o ster (3)

D i LIOH, E{OH

P P
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Compound (5}

was then adsos
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|y S N
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Stage 1 — Synthesis of (S)-Cyclopentyl 4-methyl-2-(4-nitrobenzylamino)pentanoate



NH2 NITITHHNNN o O NH2 To a solution of Stage 3 product (145ng,
0.26mmol) in DCM (3ml) was added trifluoroacetic acid (3nl) and the
reaction stirred for 30 min at r. t.. The solvent was evaporated under
reduced pressure and the crude residue purified by |oading in MeOH onto an
SCX colum and eluting with a 1% amoni a solution in MeOH to afford
conpound (3) (39ny, 33% . LCVS purity’294% nlz 466.1 [ MtH t, 1H NWVR (400
MHz, DMsO, 8: 8.5 (1H, s), 7.0 (2H, bs), 6.7 (2H, d), 6.6 (2H, d), 6.2
(2H, bs), 5.5 (1H, bs), 5.1 (1H, m, 4.1 (2H, s), 3.9 (2H m, 3.4 (1H m,
2.7 (3H, s), 2.0 (2H, m, 1.8 (3H m, 6H, m. Conpound (4) was
prepared by the nethod described in theyfoll ow ng schene: 78 | TFA / DCM

0
St age 2 /@\u \O
O
ON

2

To a solution of (S)-cyclopentyl 2-amino-4-methylpentanoate (2.00g, 10.0mmol) and 4-
hitrobenzaidehyde (3.04g, 20.0mmol) in DCM (40mi) was added glacial acetic acid (2
drops). The solution was allowed to stir at r. t. for 1 h whereupon sodium
triacetoxyborohydride (6.40g, 30.2mmol) was added in a single a portion. After stirring for
3 h, the solution was poured on to ag. 1M HCI, allowed to stir for 30 min, neutralised with
aq. 1M NaOH and extracted with DCM. The combined organics were washed with water
and brine, dried over MgSQ,, and evaporated under reduced pressure. The crude material
was purified by chromatography (5% EtOAc / isohexane) to furnish the title compound as
an oil (1.51g). This was used without further purification for the following step. LCMS purity
71%, miz 335.1 [M-HJ".

Stage 2 - Synthesis of (8)-2-(4-Amino-benzylamino)-4-methyl-pentanoic acid cyclopenty!
ester

Stage 1 product (0.90g, 2.7mmol) was dissolved in EtOH (5ml) and added to a suspension
of Raney nickel (~ 0.5g) and hydrazine monohydrate (0.38mi, 8.1mmol) in EtOH (5m!).
After heating under reflux for 1 h the hot reaction mixture was filtered through celite and the
residue was washed with MeOH. The filtrate and washings were combined and evaporated
and the residue was partitioned between DCM and sat. aq. Sodium hydrogen carbonate.
The organic layer was washed with brine, dried over MgSQ, and evaporated under
reduced pressure. The crude material was purified by chromatography (20% EtOAc /
isohexane) to furnish the title compound as an oil (0.50g, 61%). LCMS purity 99%, m/z



Formc acid EN, Pd/C EtOH Stage 4 Stage 1 is the sanme as descri bed
for conmpound (3). Stage 2 - Synthesis of (S)-Cyclopentyl
2- am no- 4- (4-ni trophenoxy) but anoate 79

73

305.2 [M+HJ", 'H NMR (400 MHz, CDCL), 8: 7.1 (2H, d), 6.6 (2H, d), 5.2 (1H, m), 3.7 (1H,
d), 3.5 (1H, d), 3.2 (1H, 1), 1.9 (2H, m), 1.7 (5H, m), 1.6 (4H, m), 0.9 (6H, dd).

Stage 3 — Synthesis of (S)-2-{4-[(2,4-Diamino-5—methyl-pyrido[2,3-d]pyrimidin—6-ylmethyl)~
amino]-benzylamino}-4-methyl-pentanoic acid cyclopentyl ester {5)

\\O”

2,4-Diamino-5-methylpyride[2,3-d]pyrimidine-6-carbonitrile (0.16g, 0.83mmol), Stage 2
product (100mg, 0.33mmol) and Raney nickel (1g, damp) in acetic acid (1 Oml) were stirred
atr. t. under an atmosphere of hydrogen. After 5 h the reaction mixture was filtered through
celite and the solvent evaporated under reduced pressure. The material was loaded in
MeOH onto an SCX colurmn and eluted with a 1% ammonia solution in MeOH. The crude
product was then adsorbed onto siiica and purified by column chromatography (10%
MeOH/DCM) to afford the title compound (5) (30mg, 19%). LCMS purity 95 %, m/z 492.1
IM+HF, 'H NMR (400 MHz, DMSO), &: 8.5 (1H, s), 7.2 (2H, bs), 7.0 (2H, d), 6.6 (2H, d), 8.2
(2H, bs), 5.8 (1H, m), 5.1 (1H, m), 4.2 (2H, s), 3.6 (1H, m), 3.4 (1H, m), 3.1 (1H, m), 2.7
(3H, s}, 1.5 (11H, m), 0.8 (6H, dd).

Stage 4 ~ Synthesis of (S)—2—{4-[(2,4—Diamino—5-methyl—pyrido{2,3-d]pyrimidin-S—yImethyI)-
amino]-benzylamino}-4-methyl-pentancic acid

\\U



To a solution of Stage 1 product (4.0g, 9.8mmmol) in DCM (12nl) was added
trifluoroacetic acid (12nl). After stirring at r. t. for 1 h the reaction
was diluted with DCM cooled in ice and neutralised by the addition of aq.
Ammoni a. The organic | ayer was coll ected and washed with water, aq. Sodi um
hydr ogen carbonate and brine, then dried over MgSO4 and concentrated under
reduced pressure to afford the titl ezgconpound as a yellow oil (3.0g, 100% .
LCMS purity 97% nmz 309.1 [M+H], 1H NWR (400 MHz, CDC13), 8: 8.2 (2H, d),
7.0 (2H, d), 5.2 (1H m, 4.2 (2H, m, 3.6(11-1, dd), 1.7-1.5 (10H m.
Stage 3 - Synthesis of (S)-Cyclopentyl ) "

2- (cycl stwgsp produco 304 Avasi susrsskien GO Ambaesolugipn of INfiiumTy 5 £ ask
containjng Sta r od ShestirRPas L OTiRe L,

3. 3mmol k‘y‘ﬂ??ﬁ%er8§?ﬁ}@%se%&é%mg§étéagg%ve§arﬁy r%%géﬁ/gb?oéﬁn(sﬁlom . After stirring for
12 h at EtOH tvas sasiequantly reaed uydss resivgent praasure: Hiprgsidep! ﬁg’ﬁ‘rﬁ%}“’)t“ WAE" added.

After 4 b, Lhe. LERFIHY WRASRRIERHC 8@ sorfich wadikached eithDCBCM / ag.  HC
(1M . AT SETrTi N er _was and washed

f 10 h I I

Gl sotranerstimsiupiecer fosar sudaen Pagoairs MepmifinlTmEca8s one
trated £ | L8

o o Bty SIS e EHERh BAESE fod Mdh H AdeTia0d -SDMBIRBIG, &5 8 e 4

- Synt hegl; 5109 4( §g4; @ ¢ eReNbyk), 6.6 (2H, d), 6.2 (2H, brs), 5.7 (1H, 1), 4.3 (2H, d),

4- (4- am'nop énoxg/ - 2- (cycl ohexyl am n%ut an ai’% 80 Tr t( | a ? (1.29n,
9. 3mmol B.&afd, o) ﬁi&:(ZkbpéS%ﬂ@Bl,Wa@i} I("ﬁH'vﬁgr 4 S'SIP’VL,‘% 'Eindl (10ml) and
added t i r?ﬁ?l ution of Stage 3 product (1.2g, 3.1mml) in EtOH (10nl). 10%
Pd/ C (agpr’ox"mately 10 nmol %9 was added and the m xture was heated to
reflux. After 30 min the hot reaction m xture was filtered through celite
and the ' WA ABOd e sEse o ih Herfallowimrethemashi ngs wer e

conbi negf’?&%@g@?gp@g@ﬁd% he residue was partitioned between DCM and
sat. aq. NaHCO3. The organic | ayer was washed with brine, dried over MySat
and concentrated under reduced pressure to afford the title conpound
(1.01g, 92% . LCVS purity 94% mz 361.1 [ MtHr, -1H NMR (400 MHz, CDCl 3), b5:
6.7 (21-1, d), 6.6 (2H, d), 5.2 (1H m, 4.0 (1H m, 3.9 (1H m, 3.5 (1H
dd), 2.3 (1H, m, 2.1 (1H m, 1.9 (4H m, 1.7 (7H, m, 1.6 (3H m,
1.3-0.9(51-1, m. Stage 5 - Synthesis of

(S)-2-Cycl ohexyl am no-4-(4-[ (2, 4-di am no-5-net hyl - Pyri do[ 2, 3-

d] pyri m di n- 6-yl net hyl ) - am nol - phenoxy) - butyric acid cycl opentyl ester (4)
NH, NN H2N N N HNO



2, 4- Di am no- 5- net hyl pyri do[ 2, 3-d] pyri m di ne-6-carbonitrile (0.50g,

2.5muol ), Stage 4 product (0.36g, 1.0mmol) and Raney nickel (3g, danp) in
acetic acid (40mL) were stirred at r. t. under an atnosphere of hydrogen.
After 48 h the reaction mxture was filtered through celite and the sol vent
evapor at ed under reduced pressure. The material was | oaded in MeOH onto an
SCX colum and eluted with a 1% ammonigsa sol ution in MeOH The crude product
was t hen adsorbed onto silica and purified by colum chronat ography (10%
MeOH DCM to aff(%[vgthe tifle conpound (76 ng, 14% . LGVE pyrity 90 % niz

548. 2 [M+H],/®’ (400 (¢Hz, DNVSEHTEOMZ 5 (1 T ' bs), 6.7 (2H,
d), 6.6 (2 , 6.2 H, 5.5 &dh M, %.@)IH, 034.1 (2H, s), 3.9
(2H, m, 3.4 (1H m, 2.7 §3 ), 2.3 (1H°H) 1.9 (f, m, 1.8 (4H, m,
1.6 (11H, m, 1.1 (51-1, m. 81 EXAMPLE 5 This exanpl e describes the

nodi fication of the known PI3 kinase inhibitor

t\'| - [ 5- (4- Chl or 03- net hanesul f onyl - pheny1) - 4- nefifiydc t{lsiz@20l - 2- y1] - acet ani de
(conpound (20)) by the attachnent of an amino #tid g@ster notif at a point
where no disruption of its binding node occurs. Conpound (20):

N-f 5- (4- Chl or o- 3- met hanesul f qpyl - pheny1) - 4- net hyl - t hi azol - 2:y11- acetam de
0=r0 Conpound (20) was prepariedlasgdescribed in 03072pb5 npounds based
on conpound ( 20) prepaffed] by t he et hods ey  bel olv. Conpounds
(21) and (22) wefe prepar ¥ ~tfie net hod desCr#bed i A8 he fol | ow ng
schene: = 82F%&h] ggesul fonl o add :

TFA{DCM

i /O
0.
NH, /@/ \/\‘/u\o
=GN NHBoG
A :
o e
HANT N W

Stage 4
{0
O.
NH, /@ \/\I)J\o
SN " NH,
i N
-
HNT N N
Compound (3}

Stage 1 ~ Synthesis of (8)-Cyclopentyl-2-{ferf-butoxycarbonytamino)-4-(4-
nitrophenoxy)butanoate

To a solution of 4-nitrophenol {2.18g, 15.7mmol) in tetrahydrofuran (100ml) at 0°C under
nitrogen was added sodium hydride (0.63g, 15.7mmol). After warming to r. t. and stirring for
10 min, a solution of (S)-cyclopentyl-4-bromo-2-(feri-butoxycarbonylamino)butanoate (5.0g,
14.3mmol) in DMF (20ml) was added. The reaction was heated to 60°C for 10 h, after
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which the reaction was cooled to r. t. and poured onto ether / sodium carbonate. The
organic layer was collected and washed with 2M aq. Sodium carbonate solution, 1M HCI
and brine before being dried over MgSO, and concentrated under reduced pressure to
afford an oil which solidified upon standing to yield the title compound (4.0g, 69%). LCMS
purity 97%, m/z 407.1 [M+H]", "H NMR (400 MHz, CDCly), 5: 8.2 (2H, d), 7.4 (1H, d), 7.1
(2H, d), 5.1 (1H, m), 4.1 (3H, m), 2.1 (2H, m), 1.8 (2H, m), 1.6 (BH, m), 1.4 (9H, s).

Stage 2 — Synthesis of (S)-Cyclopentyl-4-(4-aminophenoxy)-2-
(ferfoutoxycarbonylamino)butanoate

Triethylamine (0.77ml, 5.2 mmol) and formic acid (0.19mi, 5.2 mmol) were dissolved in
EtOH (4ml) and added to a solution of Stage 1 product (0.7g, 1.7mmol) in EtOH (4ml). 10%
Pd/C {(approximately 10 mol%) was added and the mixture was heated to reflux. After 2 h
the hot reaction mixture was filtered through celite and the residue was washed with
MeOH. The filtrate and washings were combined and evaporated and the residue was
partitioned between DCM and sat. aq. Sodium hydrogen carbonate. The organic layer was
washed with brine, dried over MgSO, and concentrated under reduced pressure. The
residue was purified by column chromatography (gradient elution, 10-40% EtOAc in
hexane) to afford the title compound (0.3g, 46%). LCMS purity 93%, m/z 379.1 [M+H]", 'H
NMR (400 MHz, CDCls), 3: 6.9 (2H, d), 6.8 (2H, d), 5.3 (2H, m), 4.4 (1H, m) 4.0 (2H, m),
2.3 (1H, m), 2.2 (1H, m), 1.8 (2H, m), 1.7 (4H, m), 1.6 (2H, m), 1.4 (9H, s).

Stage 3 — Synthesis of (S)-cyclopentyl-2-(fert-butoxycarbonylamino)-4-(4-((2,4-diamino-5-
methylpyrido[2,3-djpyrimidin-6-yl)methylamino)phenoxy)butancate

e
8
N XXy N NHBoc

| H
o o
HNT N N
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2,4-Diamino-5-methylpyrido{2,3-d]pyrimidine-6-carbonitrile (0.50g, 2.5mmol), Stage 2
product (0.38g, 1.0mmol) and Raney nickel (3g, damp) in acetic acid (40mi) were stirred at
r. T. Under an atmosphere of hydrogen. After 16 h the reaction mixture was filtered through
celite and the solvent evaporated under reduced pressure. The material was loaded in
MeOH onto an SCX column and eluted with a 1% ammonia solution in MeOH. The crude
product was then adsorbed onto silica and purified by column chromatography (5%
MeOH/DCM) to afford the title compound (145mg, 26%). LCMS purity 95 %, m/z 566.2
[M+H]", "H NMR (400 MHz, DMSO), &: 8.5 (1H, s), 7.3 (2H, m), 7.0 (2H, m), 6.7 (2H, d), 6.6
(2H, d), 6.2 (2H, bs), 5.5 (1H, bs), 5.1 (1H, m), 4.1 (3H, m), 3.9 (2H, m), 2.6 (3H, 5), 2.0
(1H, m), 1.8 (3H, m), 1.6 (6H, m), 1.4 (94, s).

Stage 4 — Synthesis of (S)-2-Amino-4-{4-{(2,4-diamino-5-methyl-pyridof2,3-d]pyrimidin-6-
yimethyl)-amino}-phenoxy}-butyric acid cyclopentyl ester (3)

'1\ > OA}LD

HN

To a solution of Stage 3 product {145mg, 0.26mmol) in DCM (3ml) was added
trifluoroacstic acid (3m!) and the reaction stirred for 30 min atr. t.. The solvent was
evaporated under reduced pressure and the crude residue purified by loading in MeOH
onto an SCX column and eluting with a 1% ammonia solution in MeOH to afford
compound (3) (39mg, 33%). LCMS purity 94 %, m/z 466.1 [M+H]", 'H NMR (400 MHz,
DMSO), &: 8.5 (1H, ), 7.0 (2H, bs), 6.7 (2H, d), 6.6 (2H, d), 6.2 (2H, bs), 5.5 (1H, bs), 5.1
(1H, m), 4.1 (2H, s), 3.9 (2H, m), 3.4 (1H, m), 2.7 (3H, s), 2.0 (2H, m), 1.8 (3H, m), 1.6 (6H,

m).

Compound (4) was prepared by the method described in the following scheme:



Stage 'I - Synthesis of 2-Chloro-5-(2-0xo0-propyl)-benzenesul fonyl chloride
83 4-Chl orophenyl acetone (4g, 0.023npl) was added dropw se to

chl orosul fonic acid (30nl, 0.45nmp1) at -10C under N2 with gentle stirring.
The reaction mxture was allowed to warmto r. t. and stirring was
continued for 18 h. The reaction m xture was carefully quenched by addi ng
dropwi se to crushed ice (500m). The 78q. Sol ution was extracted wi th EtOAc
(3 x 250nm). EtOAc layers gonbined, dried (Na2SO4), fil tered and

concentrated tosdryness injvacua to give the crude t|tIe nd (6 Bg,
65% which used in tlp‘&e next st 8f% Wbyt fu on
purity 980 NVR ' ( 408 1 3),ste12. 30 (3 s) mesd (21-1, s)
7.50 (1H,d), 7.65 (1H, d)g 7 (1H, s). Stéade Synt hesis of

1- (4- Chl or o- 3- net hanesul f onyl - phenyl ) pr OPan- 2- one 0=8=0 A m xture of

Na2S03 (3.79g, 0.030nol) and NaHCO3 (2.53g, 0.030nol) f{in water (90nl) was
stirred at 70C. To this solution was added a solicom |GtageS age 1 product.
(4.65g, 0.015nmol) in dioxane (190m). Stirring was continued at 70C for 1
h. Upon cooling to r. t. the reaction mxture was congentrated to dryness
in vacua giving a brown solid. DM (190nl) was added followed by Mel

(1.88nl, 0.030nol). Tde ctlo xture was stirred at 40Cfor 1 h. After
conpl eti on Q}s\kﬂ% ture s”af%‘ﬂ%BEﬁ into vvatgr d extracted
with Et OAC/‘E)ML) whe Et 0Ac w&s—el4—+-eel—(—l\la2504 concentrat ed
i N vacuoot0 gl ve t he | e conpountleds a brown d (ZN&A; 67% whi ch was

used in the next step hout furtdgespurification. LCMS purity 81% mz
247 [ M++H]; 1H NWR (400 MHz, CDCI3), 8: 2.15 (3H, s), 3.20 (3H, s), 3.75
(2H, s), 7.35 (1H, d), 7.45 (1H, d), 7.85 (1H s). Stage 3 - Synthesis of
1- Brono- 1- (4. chl orjo- 3- net hanesul f onyl - pheny1) - pr opan- 2-one Br

ELN, PdIC Stage 4
EtOH

v

LD
O
Raney Ni Stage 5

AcCH

O
Q.
NH, /@/ \/\)J\O
N N HN
/l H
2
HNT N N

Compound (4}
Stage 1 is the same as described for compound (3).

Stage 2 — Synthesis of (S)-Cyclopentyl 2-amino-4-(4-nitrophenoxy)butanoate



To a stirred solution of Stage 2 product (1.88g, 7.60muvol) in 1,4-dioxane
(120nl) brom ne (0.292nl, 5.72mvl) was added dropwise at r. t. giving a
dark orange solution. Stirring was continued for 18 h. The reaction m xture
was evaporated to dryness in vacua avoi ding heating above 30C during
evaporation. The residue was re-dissolved in EtOAc (100nml) and washed with
sat ag NaHCO3 (20nt) followed by watep (20m). The EtOAc |ayer was dried
(Na2504), filtered and concentrated |n vacuo. Purification by flash
chromat ogr aphy (50% Et OAc / heptane) gaveg he ++tl e conpound as a yell ow
oil (2.0g, 80%. LCMS purity 7% Bl z 325 32#@%1]; 1H NWVR (400 MHz,

CDCl 3), 5: 2.35 (3H, s), 3.25 , 7350(1H s), 7.50 (1H, d), 7.65
(1H, dd), 8.05 (1H, s). Stag Synt hesirg of _
5-(4-Ch|oro-3-nethanesu|f8~ phenyl) - 4-net hyl -t hi azol -2-ylamne A m xture
of Stage 3 product (2g, 6.15mml) and thiourea (468ng, 6.15mmol) in EtOH
(65mL) was stirred at 70C for 1.5 h. The reaction was then cooled to r. t.
and pr ecl P BaptionP! Stagarirseructii4dacy.Smmol it PEMAAZMB wis eddealdriftwpraaicétior at i on t o

afford tdum (cmmt)ea.feem@mﬂu@ét H{ LR 9 h tﬁé?@acﬂ&n% dfau{eb‘in)rth%b‘i(ﬁ c%lé%@q %M“ +H, 1H
NNR(4OOE%-IZI MS’@%@?@F ? %}m EPT ((' H, sg , 8.15
(1H, s) g&g y |ﬁ%g . monid. The organl layer w. sco!lected and washed

(S) - 2- t ewith-vBaien rg.c3odbonipidergen carbehdie GAd Bﬂmeot‘rﬁnalrlmééx}meOL genyl phenyl) - 4-ne
L el Rte AL B S ofioh heE bORERN as 83w o B 5, OO

2- t er t - bPOBIICAAD bRty BAtenvizFoRt dMet] oﬁl-bNuan(domMaymmen&;elz @8t @ 7.0208ny,

0. 66mol by, DL ({1382 Q_,%nggl adag 0.79mmol ) in DVF (1.5nl)
was adde(d dcfﬁopvm(se a soI ut'i on ofdlé e 4 pro ct (200rrg, 0.66mmol ) in DWVF
(1.5m) at r. t. Triethylamne (0.138ml, 0. 99mmvl ) was added and stirring
was contStageesl—isgnthdds b (SFOgcispRag! 2- wyciahéﬁylaﬁﬂqd}\m(wﬁtﬁoaﬁéﬁxyyb&tandé@é er (10nt)
and extracted with Et OAc (15ml). The EtOAc | ayer was washed with water
(10m), dried (Na2SO4), filtered and concentrat ed in vacua Purification by
preparative TLC (70% Et OAc/ heptane, R10. 5) ded the title conmpound

(160ny, 40% . LCMS purity 91% n12060 / 60 1H NVR (400 MHz, DVSO),
45 (3H

5. 1.45-1.55 (9H, s), 1.65-2. s), 2.70 (2H, n), 3.45

(3H, s), 4.10-4.25 (1H, n%) (1H HN 7.90(211, m, 8.25 (11-1,
s). Stage 6 - Synthesis o
(S)-2- Ami no-415- (4-chl oro- 3- net hanesul f on henyl) - 4- net hyl t hi azol - 2-yl car

banmoyl1l-butyric acid cycl opentyl ester (21)

To a flask containing Stage 2 product (1.0g, 3.3mmol) and cyclohexanone {0.34ml,
3.3mmol) under nitrogen was added anhydrous MeOH (10m). After stiringfor12hatr. t.
sodium triacetoxyborohydride (2.07g, 9.75mmol) was added. After 4 h the reaction was
poured slowly onto a mixture of DCM / ag. HCI (1M). After stirring for 10 min the organic
layer was collected and washed with sodium hydrogen carbonate and brine, then dried
over MgSQ, and concentrated under reduced pressure to afford the title compound as a
yellow oily solid (1.21g, 95%). LCMS purity 92%, m/z 391.1 [M+HJ".

Stage 4 — Synthesis of (S)-Cyclopenty! 4-(4-aminophenoxy)-2-(cyclohexylamino)butanoate

0\/\/?1\0/0
HZN/©/ \O



A solution of Stage 5 product (140ng, 0.233mmmo1l) in 20% TFA / DCM (2nl) was
allowed to stand at r. t. for 3 h. After conpletion the reaction m xture
was concentrated in vacuo to give conpound (21) (143ng, 100% . LCMS purity
97% mz 500/502 [M+H, 111 NWMR (400 MHz, MeOD), 8: 1.35-1.85(8H m,
2.00-2.20(2H, m), 2.25 (311 s), 2.60 (2H, m, 3.20(3H, s), 3.85-4.00 (1H,
m, 5.10 (1H, m), 7.50-7.65 (2H, m,87.95 (11-1, s). 86 00 S H NHBoc To
a solution of Stage 5 product (20nmg, 0.033mmol) in a mxture of THF (0.5ml)
and MeOH (0.5ml) was added 2M ag. NaOH (0.5nl). The m xture was allowed to
st and atTriethylamirfeqn.28mi) 9.3opool) arelfpindt acd (346g!, 8.8e0tol)overerilizsalved imBOH

concent F&%mlﬁlanc?a %o SEYDRRS fgﬁggteﬂesgﬂg&q dgeéﬁm%g;brwgbhﬁ) Pi%, 1-2. The

resulta precit pi ate Was C tratlon un % n:?ressure
The sol i Rilfdappiaxistately ¢ mol%avasradded 8 wemﬂuﬂew&@@ww e dfteisQ acua to

yi el d t hentid he réé@%ﬂ@ré@gé"ﬂier&ﬁ%ou GRS aNdrthé MesRihBowabhasiRAZB34
[ Mt+1-1], 1IH NVR (400 55(2H m

2.60 (3#‘9%')' The f'#@fezaWiSblqgs Wf‘fe @"&!Fe(’@flf’ e%"jp"ra& %”‘F‘)"ﬁéestd%ﬁwaﬁ) -8.00
(2H, paﬁltﬁﬁec( Hdtlvech) DCBiaag €atBag. Nay IO eFhesorgdnic Iayer was washed with brine,

(S)-2-A 1 h 0 | 2-yl
banoy! | SE 5y et gy 2o (R el e AR et B MaLAE O E
in 20% TEA1H, DS LEMS pirjty 0406, mld BAEdMbl] s‘cl-awRe(ﬁOO MHg, CBGls), 8 6. (2K t er
conpl eti Ebzéfﬁwg%czth%o@f‘iﬁ ﬁé‘f}g fl‘illnﬁgrﬁé PitI-PQd)' B 3‘{%%)[, bq (ghviR), the title

conpoun 49% 43277434 T Me+H] |, 1H NVR (400
VHz, MeOD} (4H6m. m@H.za) 0@H3Hnm 128 %( 91)1 s) 2.65-2.75 (2H, m, 3.25
(31-1, s), 3.95-4.05 (1H, m, 7.60-7.80 (2H m, 8.05 (1H, s). Conpound

(23) WasStggr;e-e g arsgrcljthle?&{s cgfh(g )- tyglgigex?rl%%?r{r;-i) F4- é A dlamlncif é’ me%wl py?‘ dg[ﬁ féerre 87

d]pyrimidin-6-ylmethyl)-amino]-phenoxy}-butyric acid cyclopentyl ester {(4)

\,ﬁ)LD
\;/@ A

2,4-Diamino-5-methylpyrido[2,3-dJpyrimidine-6-carbonitrile (0.50g, 2.5mmol), Stage 4

A

HNT N

product (0.36g, 1.0mmol) and Raney nickel (3g, damp) in acetic acid (40ml) were stirred at
r. t. under an atmosphere of hydrogen. After 48 h the reaction mixture was filtered through
celite and the solvent evaporated under reduced pressure. The material was loaded in
MeOH onto an SCX column and eluted with a 1% ammonia solution in MeOH. The crude
product was then adsorbed onto silica and purified by column chromatography (10%
MeOH/DCM) to afford the title compound (76 mg, 14%). LCMS purity 90 %, m/z 548.2
[M+H]*, TH NMR (400 MHz, DMSO), &: 8.5 (1H, s), 7.0 (2H, bs), 6.7 (2H, d), 6.6 (2H, d}, 6.2
(2H, bs), 5.5 (1H, m), 5.1 (1H, m), 4.1 (2H, s), 3.9 (2H, m), 3.4 (1H, m), 2.7 (3H, s}, 2.3 (1H,
m), 1.9 (1H, m), 1.8 (4H, m), 1.6 (11H, m), 1.1 (5H, m).



Bry di oxane Stage 3 NH2Hpl NK2 Et OH Br 00 HO) L--yi Le< N -Soc

81

EXAMPLE 5

This example describes the modification of the known PI3 kinase inhibitor N-[5-(4-Chloro-
3-methanesulfonyl-phenyl)-4-methyl-thiazol-2-yl}-acetamide (compound (20)) by the
attachment of an amino acid ester motif at a point where no disruption of its binding mode
OCCUrs.
Compound {20): N-[5-(4-Chloro-3-methanesulfonyl-phenyl}-4-methyl-thiazol-2-yl]-
acetamide

N

Ny
S H
Cl
O:?zo

Compound (20) was prepared as described in WOQ3072552

Compounds based on compound {20) were prepared by the methods outlined below,

Compounds (21) and (22) were prepared by the method described in the following scheme:
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Stage 1 — Synthesis of 2-Chloro-5-(2-oxo-propyl)-benzenesulfonyl chloride

oH



Stages 1, 2, 3 and 4 are the sane as described for the preparation of
conpounds (21) and (22) Stage 5 - Synthesis of

(S)-2- Ami no- 4- 15- (4-chl or o- 3- net hanesul f onyl - Pheny1) - 4- met hyl t hi azol - 2-yl ca
rbanoyn-butyric acid tert-butyl ester 88 Thi s conpound was prepared from
2-tert-butoxycarbonyl am no- pentanedi oic acid 1-tertbutyl ester and
5-(4-ch|oro-3-nethanesu|fony|-pheny%b—4-nethyl-thiazol-2-y|anine (Stage 4
product) followi ng the procedure described for the synthesis of conpound

(21). Stage 6 - Synthesis of

(S)-2- Am no- 415- (4-chl oro- 3- rretl - phenyl) - 4- net hyl t hi azol - 2-yl car
barmoyl Fbutyric acid tert-butyl estef (2 To a solution of Stage 5 product
(50ngy, 0.085mml) in EtOAc (0. 25mbs=wms added 2M NCI / ether sol ution
(0.25nml) at r. t. The reaction mixtyre was vigorously stirred for 4 h. The
reaction was re-treated wwth a mxture of EtOAc (0.25nl) and 2M HC1 / et her
(0.25nmL). Stirring was continued for 1 h. The precipitate forned was

col | ect gcriyo Hehfd%@étb@é‘(zﬂgﬂdﬁﬂ3r@tﬁl)ﬁ\)\l&§laddeﬁdfdph!lsie@meldorbmﬁueielaciﬁt(m, (3;711) dandd
sat. ag.. NaH 5 a T Et OAc. | ay . A I ml), drie
( Na2S04 f:4571] FE‘r‘édCéfﬁ%gré\!ﬁr‘f‘E‘gﬁFP'get iy @ﬁ'ﬁ%@%‘%‘%ﬁg‘?@eﬁéﬂ%ﬁ “{ag%’) (6. 5ng,
16% . LEvBt.pud slinind5a4 contizustiFsr 100 Thivkeadjion mtuxgyRes guefulrguensiediby

g ]2-53(52% édéigg &,%E‘,,.g%%o?)cré%—@? 1%( @%rﬁi? ;I‘h% %h.%s@ut%ﬁ wadExtredted Wit0Ac®x (2H, m),

, 3, 7. 70 (2H, %{8'3?51H s).
Bi ol ogi @aPmirFahe layprscombingd sFied (MaxS@4); Hisrsst 3 SPNRIPGR S, ra%és*aﬁ The ability
?L COW%&QﬁoPlﬂe itHHHn_hl:}ettE“eicaﬂg&ma;te.agma%)mhmas@ usbt irasemassi:cepastumgd ulsi nlg

e comercla aval | apl e, I L, onol . n
b et fierpaBiatis LGS phpet, it MIRGIE ARG b5 AR S 88RO

acetyl ats?,qrso(hﬁ, dncebated), wds{(1Hhg. source of histone deacetyl ase activity
(HeLa cell nuclear extract) in the presence or absence of inhibitor.
Deacetyl ati on of the substrate sensitises the substrate to Fluor de Lysw
devel op&tageshi Synthypsiserf 4t(éEhipro-BurntignesylionylTheay)-PrARIMYAPTONn of the substrate
with a source 89 of HDAC activity results in an increase in signal that is
di m nished in the presence of an HDAC i nhibitor. Data are expressed as a
per centage of the control, neasur ¥ e absence of inhibitor, with
background signal being subtracte omal |l sanples, as follows:- %
activity = ((SI - B) / (S - B)) 100 where S| is the signal in the
presence of substrate, enzyne and®THfi*bitor, Sis the signal in the
presence of substrate, enzyne and the vehicle in which the inhibitor is

di ssolved, and B is the background signal neasured in the absence of

enzyne. A mixture of Na,S0; (3.79g, 0.030mo!) and NaHCO; (2.53¢g, 0.030mol) in water {90ml) was
stirred at 70°C. To this solution was added a solution of Stage 1 product (4.659, 0.015mol)
in dioxane (190ml). Stirring was continued at 70°C for 1 h. Upon cooling to r. t. the reaction
mixture was concentrated to dryness in vacuo giving a brown solid. DMF (190mi) was
added followed by Mel (1.88mi, 0.030mol). The reaction mixture was stirred at 40°C for 1 h.
After completion the reaction mixture was poured into water (90mt) and extracted with
EtOAG (500ml). The EtOAc was dried (Na;S0y), filtered and concentrated in vacuo to give
the title compound as a brown solid (2.49g, 67%) which was used in the next step without
further purification. LCMS purity 81%, m/z 247 [M™+H], 'H NMR (400 MHz, CDClg), &: 2.15
(3H, s), 3.20 (3H, s), 3.75 (2H, s), 7.35 (1H, d), 7.45 (1H, d), 7.85 (1H, s).

Stage 3 — Synthesis of 1-Bromo-1 -(4-chloro-3-methanesulfonyl-phenyl)-propan-2-one



| C50 val ues were determ ned by non-1linear regression analysis, after
fitting the results of eight data points to the equation for signoidal dose
response with variable slope (% activity against |og concentration of
conpound), using G aphpad Prism software. Hi stone deacetylase activity from
crude nucl ear extract derived from HeLa cells was used for screening. The
preparation, purchased from4C (Senef8%&, Belgium, was prepared from HeLa
cells harvested whil st in exponential growth phase. The nucl ear extract was
prepared according to Dignam JD 1983 Mu¢ Acid. Res. 11, 1475-1489, snap
frozen in liquid nitrogen and stor . The final buffer conposition
was 20 mM Hepes, 100 mM KCI, 0.2 TA, /0.5 nM DTT, 0.2 nM PMSF and 20 %
(v/iv) glycerol. Aurora Kinase A, tor{ Activity Assay The ability of
conmpounds to.inhibit aurora kinase activity was neasured using a

m cropl ate assay. In brief, 96- weDI"T’ﬁQashpl ates (PerkinElner Life Sciences)
were pre-coated with rryelin basic protein (MBP). MBP (100ul of 100 ng/m in
PBS) was incubated at 37C for 1 h, followed by overnight incubation at 4C
Pl at es were t hen washed with PBS and allowed to air dry. To determ ne the

activi t y 18 shipcsaltiep ﬁé%‘ég%? PERSIUR 1 SRS ]@W‘H@u%@@”e K?@m‘?thr?ﬂi'ﬁt? full
| engt h h{0Y2ORNALB. Taivimd) WdssRided dhdplasierst N Al divind a16&rE otmgé&EdiutndsSiipg wased by

Corit oy Einlh @ fn BeSEkeupTbbtke VBE REHal el BeCRaRN bR, (30 1 01
t he enzyhejting@bio®. I°Q uringyevaEIRtoNT Pharegidug tvhs teadisdolvgd doREAG(TRNIbNs  of
i nhi bi t obng W6lHed dntﬁ%&édaguél-i&bs%bmf) dg@»&:@d b&?\ﬁ&eﬁ@o%ﬁhﬂf‘e' & thyEsd ol s and

wel I s contal ni were used to neasure t round si gnal .

n
Pl at es wdfied GN?@%%P?ME%T 969@? FngRBtraied BaacuoaPyrdicationdiyigsh EJHOW\@Q@BM ents of
the wel | %owemrce ABMack) 3Bk thi &ty bahsindas BeeIldwdige.ob) 3088, mme pEEp

ieing a VA ot R ern B o NS U FEELG a0 8 lorl &) Sl b e F rom

10 conce(TtH a} i7a@0q 11 td)v.68 (18, ddpacsiiH,a).i on 10 pM with 3-fold dilutions),
using triplicate wells. 1C50 values were determ ned by non-1linear
regression analysis, after fitting the data point results to the equation
for signbtagal epig ©Horlds Ehigra-Frmpthanegyitfenyd-plogrel-dometbylithigzol24lgaiinest | og
concentration of conmpound), using XIfit software. Di hydrofol ate Reductase
(DHFR) Inhibitory Activity Assay The ability of conmpounds to inhibit DHFR
activity was neasured in an assay bas®d Qn the ability of DHFR to catal yse
the reversi bl e NADPH dependent reductign\of dihydrofolic acid to
tetrahydrofolic acid using a Sigpe at 8¥Hogue nunber CS0340). This uses
proprietary assay buffer and rec nant human DHFR at 7.5 x10-4 Unit per
reaction, NADPH at 60 pM and dj folic acid at 50 pM The reaction was
foll owed by nonitoring the decreagke_in absorbance at 340 nm for a 2 mnute
period, at roomtenperature, an®F “eoenzyrre activity was calculated as the
rate of decrease in absorbance. Enzynme activity, in the presence of
inhibitor, was expressed as a percentage of inhibitor-free activity and the

Mt e sof IR F et S G5 FaPnA S ERLER diRe R EPRRITEEHL) © Each®
sanpl e wéBSmiuvasi stired atﬁlof’%mré Snd hea&aqtiamm thersqrolesido cdrand pmmmtet:mpos ed of

10 01| e 11 a8 iR oo ER8 %@%@%ﬁﬁ%&;ﬁgfa%@@ﬁyndﬁgfggv' ty Assay

The abi | s toin th human

enzyne efpltedSM$ ﬁLﬁW@’[%mfZ 443 E&’h“ﬂlt"éwwﬁr(éq)q MHGT=@R)g 5'e3Bbk &k APSact i vity
was meased), |7r75a;r3¢%g,am),}ge|r5f(@pr%pl by Upstate (Dundee UK). In a final
reaction vol une of pl) p38 MAP kinase a (5-10 mJ) was incubated with 25
mM Tris pH 7.5, 0.02 mM EGTA, 0.33 ng/m nmyelin basic protein, 10 nM
magnesi u gta@eest@n?mhee@laf @méﬂtsﬁmuﬁ%ru@wammd#w1&mowﬁémp§é§uﬁ¢@-ac; [ viht y
appr ox. n . was initiat the addition of the
MyATP ni Qﬁer}xﬁﬁerpgﬁﬁé%%g glcaﬁgﬁloyﬁgbwrﬁlﬂc@s@g? g'gﬁq%/errper ature, the
reaction was stopped by the addition of 5 pl of a 3 % phosphoric acid
solution. 10 pl of the reaction was then 91 spotted onto a P30 filtermat
and washed three tinmes for 5 mnutes in 75 nM phosphoric acid and once in
nmet hanol, prior to drying and scintillation counting. Dose response curves
were generated froma 1/2 log dilution series of a stock inhibitor solution
in DMSO. Nine dilutions steps were made froma top, final concentration of
10 pM and a 'no conmpound' bl ank was included. Sanples were run in
duplicate. Data fromscintillation counts were coll ected and subjected to
free-fit analysis by Gaphpad Prism software. Fromthe curve generated, the
concentration giving 50 % inhibition was determ ned.



3-Kinase v Inhibition Assay The neasurenent of Pl 3-kinase y activity is
dependent upon the specific and high affinity binding of the GRP1

pl eckstrin honmol ogy (PH) domain to PIP3, the product of PI 3-kinase
activity. A conplex is formed between europi um| abell ed anti-GST nonocl onal
anti body, a GST-tagged GRP1 PH donmin, biotinylated PIP3 and :
streptavi di n-al | ophycocyani n(APC). TRks conpl ex generates a stable

ti me-resol ved fluorescence resonance energy transfer (FRET) signal, which
is dimnished by conpetition wsf RIPS, Qgenerafed in the Pl 3-ki nase assay,
with the biotinylated PIP3. Th ?\ L’at Upstate (Dundee, UK)
as follows: in a final reactier ume of 0 3-ki nase y (reconbi nant
N-term nally Hi s6-tagged, I | engt h humaft ?Fzyrre expressed by

bacul ovirus in Sf21 insectycel |l s) was i ncubated in assay buffer containing
10 pM phosphati dyl i nosi tgls4. oS- bi sphosphate and 100 pM MJATP (Km of the
enzyme 117 pM. The reacti dn was initiated by the addition of the MJATP

m x. After incubation for 30 mnutes at roomtenperature, the reaction was
stopped by the addition of 5 pl of stop solution containing EDTA and
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inlog phé@;é Zﬁ/éﬂé rmabé §ttban)ahds< &8d2k. mx 828681812000 cel I s/wel I (100 pl
final volune) into 96-well tissue culture pl ates Followi ng 24 h of growh

cells were treated w es V\er re-in for a
Further 98¢ B5 SierS PLCE I et ST aT T g ooy H B BB MO e

accor di nigiak6l-3-Yearsarppilibatysic 680 cieopipiyl ester (BDi ence) i nstructi ons. Dat a were
expressed as a percentage inhibition of the control, measured in the
absence of inhibitor, as follows:- % nhibiti on = 1004(81/8)x100) where Si
is the signal in the presence™f s nhiRitor aRd the signal in the
presence of DVSO Dose response c‘y.l; ‘{gd from8 concentrations
(top final concentration oxpk 3 f ol d| utions), using 6 replicates.
| 050 val ues were determ ny non | i near reSS| on anal ysis, after
fitting the results todhe~equation for signoidal dose response wth

vari abl e sl ope (% acti vi tc{’ fagai nst | og concentration of conpound), using
Graphpad Prism software. LAS-stinmulation of human whol e bl ood Wol e bl ood
was taken by venous puncture using heparini sed vacutai ners (Becton

D ckinson) and diluted in an equal volunme of RPM 1640 tissue cul ture nedia.
100 pl wasontieat efdtage Sprbdict (CirOohg OB 28@rhihol) InLOUSTRAM BTV €2ml) wee sllowedtd bi t or

dd 10 P |
o ot ot Bah ettt e o anecknbiich RN soRif o fas f‘%@“‘mﬁﬁ OB MO ation
o 100 nivertorapni @A GHGeTs, H0°%)1 LEMB PoribyHEtia m BOCKUR (VFrAGE T NS0 e
measur edyt £ ofk6B),ls: .56 85 (B ML B0L20IHSHY 29695H )] K60 ERER), 3.20 (3H,

s), 3.85-4.00 (1H, m), 5.10 (1H, m), 7.50-7.65 (2H, m), 7.95 (1H, s).

Stage 7 — Synthesis of (8)-2-tert-Butoxycarbonylamino-4-[5-(4-chloro-3-methanesutfonyl-
phenyl)-4-methyl-thiazol-2-ylcarbamoyil-butyric acid



Systens #QIAOOB). 93 Broken Cell Carboxyl esterase Assay Preparation of
cell extract W937 or HCT 116 tunour cells (- 109) were washed in 4 vol unes
of Dul beccos PBS (- 1llitre) and pelleted at 525 g for 10 mn at 4C This
was repeated twice and the final cell pellet was resuspended in 35 m of
col d honogeni sing buffer (Trizma 10 MM NaCl 130 mMM CaCl 2 0.5 mMpH 7.0 at
25C). Honpgenates were prepared by ni&ﬁrogen cavitation (700 psi for 50 mn
at 4C). The honobgenate was kept on ice aond suppl emented with a cocktail of
inhibitors at final concentratio : upeptijp 1 gM Aprotinin 01 p. M E64
8 i.tM Pepstatin 1.5ILMBestat|nI§>2\ n 33 p. M After
clarification of the cell h hatSe by centr dgigation at 5259 for 10 mn,
the resul ting supernat ant ed as a source of esterase activity and was
stored at -80C until requ¥lred] Measurenent of ester cleavage Hydrol ysis of
esters to the correspondi ngoedrdoxylic acids can be neasured using the cell
extract, prepared as above. To this effect cell extract (-30 pg / total
assay volune of 0.5 m) was incubated at 37Cin a Tris- HO 25 nM 125 nM
NaCl buffer, pH 7.5 at 25C. At zero time the ester (Tubstrate was t hen
added at Taafspﬁlaqm efctiedant pragics 2010, 0.083mmel Brrimpdiiee sfakiil @Smikand Nefeldbat ed at

37C for tdmiaRas Qcﬁuédaznﬁacs 'N”é@l—((@%ﬂ)l Irite Rix@Ure 3.@3 BlidWed t&eRAd higNS oML St opped
by the additio acetoni t

Faor zero t anpl es the
ovet oni ¢ LPPRCERSIardasireBon Ry Sres coorreledib e Anass 219 BT T hgat i on at
12000 g tddeddropwise wdihpi ¢, e esaltzat yredpitdiowas bdleetsd by filatbniunger
correspo Pl 3000,
1100 b reEhd P phfeni ioefies LARREFIRGHTMM oot/ Hedmbadit of
( 75* 2. 1mitfplddios Ufemoatmu'@d ﬂﬂmm@"/ﬁh'ews@ﬂnts% WZa‘i,?@ff@m[MﬁH],eHu NMRater /0.1 %
form ¢ agigd-mHz, COCy), 5: 1.55-1.70 (9H, 5), 2.15-2.55 (2H, m), 2.60 (3H, s), 2.75-2.90 (2H, m),

3.55 (3H, s), 4.25-4.45 (1H, m), 7.85-8.00 (2H, m), 8.35 (1H, s).

Stage 8 — Synthesis of (8)-2-Amino-4-[5-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl-
thiazol-2-ylcarbamoyl}-butyric acid (22)

N O 0
NH,
Ci
o={=0

A solution of Stage 7 product (12mg, 0.0226mmol) in 20% TFA / DCM {0.3mi) was allowed
to stand at r. 1. for 3 h. After completion the reaction mixture was concentrated in vacuo to
give the title compound {22) (12mg, 100%). LCMS purity 94%, miz 432/434 [M™+H], 'H
NMR (400 MHz, MeOD)}, §: 2.10-2.25 (2H, m), 2.30 (3H, s), 2.65-2.75 (2H, m), 3.25 (3H, s),
3.95-4.05 (1H, m), 7.60-7.80 (2H, m), 8.05 (1H, s).

Compound (23) was prepared by the method described in the following scheme:



94 Cene-specific prinmers were used to PCR-anplify hCE-1, -2 and -3 from
human cDNA. PCR products were cloned into a plasm d vector and
sequence-verified. They were then serially diluted for use as standard
curves in real-time PCR reactions. Total RNA was extracted from vari ous

human cell |ines and cDNA prepared. To quantitate absolute |evels of hCE s
in the cell lines, gene expression I%yel s were conpared to the cloned PCR
product standards in a real-tinme SYBR Green PCR assay. Figure 1 shows that

hCE-1 is only expressed to a significant anount in a nonocytic cell I|ine.

Bi ol ogi cal Results The conpounds referred. tq BoEaAMM es 1S above were

i nvestigated jn the engydRhidddbit @ clel | prelrtifgeatio d Bster

cl eavage asﬁ%cri bed_-abovxe an® e Y esults—are~shen n Tables 3 and
doa cel |l Cell

4. Pot encygd s °HDAC Emgyne i nhidac'tg:bon | C50iymb] pdDAC - o
proliferation I C50 nM (U937 cells) tio I C50 ggldy/ enzyne

nucl ear extract)
Unnodi fi ed Modul at or Conpound (7) (SAHA) 100

Br,, dioxane | Stage 3

Br

P b o s
o
HO /u\/\HJ\O + Stage4 c o
NHBec 0o=8=0
EDCL, HOBt
EtN,DMF | Stages
0 o ,k
| KB* ’U\/\I)l\ok i %‘Nj\/\g\o
Et,O H
al Stage 6 l
O:T:O O:Tzo Compound {23}

Stages 1, 2, 3 and 4 are the same as described for the preparation of compounds (21) and
{22)

Stage 5 - Synthesis of (8)-2-Amino-4-[5-(4-chloro-3-methanesulfonyl-phenyl)-4-methyi-
thiazol-2-ylcarbamoyll-butyric acid tert-butyl ester

N O O
| S\>\N)k/ﬁ/LL OJV
i NHBoc

05?:-‘0



400 4 Modified Mdul at or Conmpound (8) (cyclopentyl ester) 100 50 0.5 Acid
resulting fromester cleavage of Mdified Mdul ator Conpound (9) 70

| nactive NA Modified Mdul at or Conpound (10) (t-butyl ester) 130 1300 10
The above results show that:

88
This compound was prepared from 2-tert-butoxycarbonylamino-pentanedioic acid 1-tert-
butyl ester and 5-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl-thiazol-2-ylamine (Stage 4
product) following the procedure described for the synthesis of compound (21).

Stage 6 — Synthesis of (S)-2-Amino-4-[5-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl-
thigzoi-2-ylcarbamoyll-butyric acid tert-buty! ester {23)

N O 0]
Sy oA

NH,

o—’-?’:o

To a solution of Stage 5 product (50mg, 0.085mmol) in EtOAc (0.25ml) was added 2M HCI
[ ether solution (0.25ml) at r. t. The reaction mixture was vigorously stirred for 4 h. The
reaction was re-treated with a mixture of EtOAc (0.25ml) and 2M HCI / ether (0.25mil}).
Stirring was continued for 1 h. The precipitate formed was collected by filtration under
gravity, partitioned between EtOAc (3ml) and sat. ag. NaHCO; (0.5ml). The EtOAc layer
was washed with water (1ml), dried (Na,SQ,), filtered and concentrated in vacuo to give
compound {23) (6.5mg, 16%). LCMS purity 95%, m/z 488/490 [M™+H], TH NMR (400 MHz,
MeOD), 8: 1.35-1.40 (8H, s), 1.80-2.05 (2H, m), 2.30 (3H, s), 2.45-2.55 (2H, m), 3.25 (3H,
s), 3.30-3.35 (1H, m), 7.60-7.70 (2H, m), 8.05 (1H, s).

Biological Assays

Histone deacetylase inhibitory activity assay

The ability of compounds to inhibit histone deacetylase activities was measured using the
commercially available HDAC fluorescent activity assay from Biomol. In brief, the Fluor de
Lys™substrate, a lysine with an epsilon-amino acetylation, is incubated with the source of
histone deacetylase activity (HeLa cell nuclear extract) in the presence or absence of
inhibitor. Deacetylation of the substrate sensitises the substrate to Fluor de Lys™

developer, which generates a fluorophore. Thus, incubation of the substrate with a source



(i)the amno acid ester nodified conmpounds (Conpounds Band 10) and the acid
(Compound 9) which would result fromcleavage of the ester notif, have
1C50s in the enzynme assay conparable to the value for the unnodified HDAC

i nhi bitor (SAHA - Conpound 7) indicating that the al pha am no acid ester
notif was attached to SAHA at a point which did not disrupt its binding
mode. 95 (ii) even though the estergg (Conpounds B and 10) and acid
(Conpound 9) have conparable activities to the unnodified inhibitor (SAHA -
Conpoundof FJPAG actieity resiglissi gmintiegstin sianethatdediminishied inclee PlRsance@@@ncy of t he
esteras%gA%Ombg cycl opentyl ester (Conpound 8) over the unnodified

I nhi bitor (Conpound 7) but a substantial decrease in cellular potency in
the case of the esterase stable t-butyl ester (Conpound 10), indicating

t h?lt It hepitatafeéxprtisdedsd a p@:ﬁsm&gjeadfmet dvatralcindasunedia ihesalisengeadfénhitiiter, i ncr eased
cel lul ar_pot ency. dii) the greater activity i he. cell proliferation
assay fo‘?‘"ﬂ'&ar?g%réw&d %9'&‘/%?’”%@9'8%%%@??‘@ SaTBIS%taéﬁ !E?}N " Conpound 7 (or the
non- hydrol ysabl e ester derivative, Conpound 10), indicates that the ester

is hydrolysed to %g%tgwgg@_?)i,qsppéﬁgqgg 9 in the cell where it
s a (greafer i nhi

accunul ates and exer e itory effect. Table 3 continued
Aur ora ki nase Enzyne inhibition I C50 nM (Aurora kinase A) Cell
prolifergldoril (R %'E £bd 89suBstAi0 ehSfls &% ihniBit Y tHrRaf ihed
nodul at or {)orrp]oun%{éill ! g%é%ﬁo 1.33ul\/bdi_f’i_e !\/bdull‘atl_o,r Conpoun g_,llzB)
(cycl opehe preseategt pubstrate, enzyme and the vehicle in which the inhibitor is dissolved, and

is the background signal measured in the absence of enzyme.

IC50 values were determined by non-linear regression analysis, after fitting the results of
eight data points to the equation for sigmoidal dose response with variable slope (% activity
against log concentration of compound), using Graphpad Prism software.

Histone deacetylase activity from crude nuclear extract derived from Hel.a cells was used for
screening. The preparation, purchased from 4C (Seneffe, Belgium), was prepared from
Hela cells harvested whilst in exponential growth phase. The nuclear extract was prepared
according to Dignam JD 1983 Nucl. Acid. Res. 11, 1475-1489, snap frozen in liquid
nitrogen and stored at -80°C. The final buffer composition was 20 mM Hepes, 100 mM KCl,
0.2 mM EDTA, 0.5 mM DTT, 0.2 mM PMSF and 20 % (v/v) glycerol.

Aurora Kinase A Inhibitory Activity Assay

The ability of compounds to inhibit aurora kinase A activity was measured using a
microplate assay. In brief, 96-well Flashplates ® {PerkinElmer Life Sciences) were pre-
coated with myelin basic protein (MBP). MBP (100ul of 100 mg/ml in PBS) was incubated
at 37°C for 1 h, followed by overnight incubation at 4°C. Plates were then washed with PBS
and allowed to air dry.

To determine the activity of aurora kinase A, 40 ng enzyme (ProQuinase: recombinant, full
length human aurora kinase A, N-terminally fused fo GST and expressed by baculovirus in
Sf21 insect cells) was incubated in assay buffer (50 mM Tris (pH7.5), 10 mM NaCl, 2.5 mM
MgCl, 1 mM DTT, 0.4 % DMSO), 10 uM ATP (Km of the enzyme) and 0.5 pCi [y->°PI-ATP
and with varying concentrations of inhibitor. Wells lacking inhibitor were used as vehicle



2300 3.5 0.0015 Acid resulting fromester cleavage of Mdified Mdul ator

Conmpound (13) 500 >5000 NA Modified Modul at or Conpound (14) (t-butyl ester)
3000 75 0.025 The above results show that: (i)the al pha am no add nodified
i nhi bitor, Conpound 13, which would result fromcl eavage of the ester notif

i n Conpound 12,

has an I C50 value in the enzyne assay conparable to that of

the unnodified aurora kinase inhibitgar (Conmpound 11) indicating that it is
possible to attach the al pha ami no acid ester notif a‘h oi nt .whi ch does
adkgleuns
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unnodi f pgephasphdié poer 16 Edntietiomccoliing Using =l WeltachlieraBeta Tolwaved t-butyl ester

(Conpound 14) has a conparable enzyne activity to the cl eavabl e cycl opentyl

ester (Conmpound 12) but is sone 20 fold less actjve ip the.c
Dose response clrves were generated from 10 concentrations (top finapconcentra?lclmI 1(§l ssay

uM, with 3-fold dilutions), using triplicate wells.

IC50 values were determined by non-linear regression analysis, after fitting the data point
results to the equation for sigmoidal dose response with variable slope (% activity against
Jog concentration of compound), using Xliit software.

Dihydrofolate Reductase (DHFR) Inhibitory Activity Assay

The ability of compounds to inhibit DHFR activity was measured in an assay based on the
ability of DHFR to catalyse the reversible NADPH-dependent reduction of dihydrofolic acid
to tetrahydrofolic acid using a Sigma kit (Catalogue number CS0340). This uses proprictary
assay buffer and recombinant human DHFR at 7.5 x1 0™ Unit per reaction, NADPH at 60
uM and dihydrofolic acid at 50 pM. The reaction was followed by monitoring the decrease
in absorbance at 340 nm, for a 2 minute period, at room femperature, and the enzyme
activity was caloulated as the rate of decrease in absorbance. Enzyme activity, in the
presence of inhibitor, was expressed as a percentage of inhibitor-free activity and the
inhibitor IC50 was determined from a sigmoidal dose response curve using XIfit sofiware

(% activity against log conceniration of compound). Each sample was run in triplicate and

each dose response curve was composed of 10 dilutions of the inhibitor.

P38 MAP Kinase a_lnhibitory Activity Assay

The ability of compounds to inhibit p38 MAP kinase a (full length human enzyme expressed
in E coli as an N-erminally GST-tagged protein) activity was measured in an assay
performed by Upstate (Dundee UK). In a final reaction volume of 25 pl, p38 MAP kinase a
(5-10 mU) was incubated with 25 mM Tris pH 7.5, 0.02 mM EGTA, 0.33 mg/m! myelin
pasic protein, 10 mM magnesium acetate, ATP 90 pM (Km 97 uM) and [y-*°Pl-ATP
(specific activity approx. 500 cpm/pmol). The reaction was initiated by the addition of the
MgATP mix. After incubation for 40 minutes at room temperature, the reaction was stopped
by the addition of 5 pl of a 3 % phosphoric acid solution. 10 pl of the reaction was then



96 (iii)the greater activity in the cell proliferation assay of Conpound 12
over both the unnodified counterpart (Conpound 11) and the less readily

cl eaved t-butyl ester (conpound 14) indicates that the cyclopentyl ester is
hydrol ysed to the parent acid in the cell, where it accunul ates, and exerts
greater inhibitory effect. Table 3 continued P38 MAP ki nase Enzyne

i nhibition IC50 nM (P38 MAP ki nase) lgphi bition of TNFa production in human
whol e bl ood 1050 nM Ratio | C50 WB/ enzyne Unnodi fi ed Modul at or Conpound (15)
50 300 6svlici biteck RBE fitertnet arCbwashed dhrea Gimeg dgrcd Bwiasyin 7890l hosphorio

acid and once in methanol, prior fo drying and scintillation counting.

Dose response curves were generated from a % log dilution series of a stock inhibitor
solution in DMSQ. Nine dilutions steps were made from a top, final concentration of 10 uM,
and a ‘no compound’ blank was included. Samples were run in duplicate. Data from
scintillation counts were collected and subjected to free-fit analysis by Graphpad Prism
software. From the curve generated, the concentration giving 50 % inhibition was
determined.

Pl 3-Kinase y Inhibition Assay

The measurement of Pl 3-kinase y activity is depsendent upon the specific and high affinity
binding of the GRP1 pleckstrin homology (PH) domain to PIP3, the product of Pl 3-kinase
activity. A complex is formed between europium-labelled anti-GST monoclonal antibody, a
GST-tagged GRP1 PH domain, biotinylated PIP3 and streptavidin-allophycocyanin(APC}).
This complex generates a stable time-resolved fluorescence resonance energy transfer
(FRET) signal, which is diminished by competition of PIP3, generated in the PI 3-kinase
assay, with the biotinylated PIP3.

The assay was performed at Upstate (Dundee, UK) as follows: in a final reaction volume of
20 pl, PI 3-kinase y (recombinant N-terminally His6-tagged, full length human enzyme,
expressed by baculovirus in $f21 insect cells) was incubated in assay buffer containing 10
UM phosphatidylinositol-4,5-bisphosphate and 100 uM MgATP (Km of the enzyme 117
pM). The reaction was initiated by the addition of the MgATP mix. After incubation for 30
minutes at room temperature, the reaction was stopped by the addition of 5 pl of stop
solution containing EDTA and biotinylated phosphatidylinositol-3,4,5-trisphosphate. Finally,
5 it of detection buffer was added, which contained europium-labelled anti-GST
monoclonal antibody, GST-tagged GRP1 PH domain and sireptavidin-APC. The plate was
then read in time-resolved fluorescence mode and the homogenous time-resolved
fluorescence (HTRF) signal was determined according to the formula HTRF = 10000 x
(Em665nm/Em620nm).

Duplicate data points were generated from a %z log dilution series of a stock solution of
compound in DMSO. Nine dilutions steps were made from a top final concentration of 10
UM, and a ‘no compound’ blank was included. HTRF ratio data were transformed into %
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1000 — 2000 celisfwell (100 y! final volume) into o6-well tissue culture plates. Following 24
h of growth celis were treated with compound. Plates were then re-incubated for a further
72 — 96 h before a WST-1 cell viability assay was conducted according to the suppliers
(Roche Applied Science) instructions.

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

inhibitor, as follows:-

% inhibition = 100-((S78°)x100)
where S'is the signal in the presence of inhibitor and S°is the signal in the presence of
DMSO.

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

1C50 values were determined by non-linear regression analysis, after fitting the resuits to
the equation for sigmoidal dose response with variable slope (% activity against log

concentration of compound), using Graphpad Prism software.

LPS-stimulation of human whole blood

Whole blood was taken by venous puncture using heparinised vacutainers {Becton
Dickinson) and diluted in an equal volume of RPMI1640 tissue culture media. 100 pl was
plated in V-bottomed 96 well tissue culture plates. Inhibitor was added in 100 pl of
RPM11640 media, and 2 h later the blood was stimulated with LPS (£ cofi strain 005:B5,
Sigma) at a final concentration of 100 ng/ml and incubated at 37°C in 5 % GO, for 6 h.
TNF-a levels were measured from celi-free supernatants by sandwich ELISA (R&D
Systems #QTACOB).
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Preparation of cell extract

cl eavage of Modified Mdul at or

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

pellet was resuspended in 35 ml of cold homogenising buffer (Trizma 10 mM, NaCl 130

mM, CaCl; 0.5 mM pH 7.0 at 25°C). Homogenates were prepared by nitrogen cavitation

(700 psi for 50 min at 4°C). The homogenate was kept on ice and supplemented with a

cocktail of inhibitors at final concentrations of:
Leupeptin 1 pM
Aprotinin 0.1 uM
E64 8 uM
Pepstatin 1.5 uM
Bestatin 162 pM
Chymostatin 33 pM

After clarification of the cell homogenate by centrifugation at 525 g for 10 min, the resulting

supernatant was used as a source of esterase activity and was stored at -80°C until

required.

Measurement of ester cleavage

Hydrolysis of esters to the corresponding carboxylic acids can be measured using the cell

extraci, prepared as above. To this effect cell extract (~30 pg / total assay volume of 0.5
ml) was incubated at 37°C in a Tris- HCI 25 mM, 125 mM NaCl buffer, pH 7.5 at 25°C. At

zero time the ester (substrate) was then added at 2 final concentration of 2.5 uM and the

samples were incubated at 37°C for the appropriate time (usually 0 or 80 min). Reactions

were stopped by the addition of 3 x volumes of acetonitrile. For zero time samples the

acetonitrile was added prior to the ester compound. After centrifugation at 12000 g for 5

min, samples were analysed for the ester and its corresponding carboxylic acid at room

temperature by LCMS (Sciex AP1 3000, HP1100 binary pump, CTC PAL). Chromatography
was based on an AceCN (75%2.1mm) column and a mobile phase of 5-95 % acetonitrile in
water /0.1 % formic acid.

Quantification of hCE-1, hCE-2 and hCE-3 expression in monocytic and non-

monocytic cell lines
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only expressed to a significant amount in a monocytic cell line.

Biological Results

The compounds referred to in Examples 1-5 above were investigated in the enzyme
inhibition, cell proliferation and ester cleavage assays described above and the results are
shown in Tables 3 and 4.

Potency

Table 3
HDAC Enzyme Inhibition IC50 | Celi proliferation IC50 nM | Ratio IC50

nM (HDAC - Hela cell (U937 cells) cellfenzyme
nuclear exiract)

Unmodified Modulator | 100 400 4
Compound (7)
(SAHA) _
Modified Modulator 100 50 0.5
Compound (8)
(cyclopentyl ester)
Acid resulting from 70 Inactive NA
ester cleavage of
Modified Modulator
Compound (2)
Modified Modulator 130 1300 10
Compound (10)
(i-butyl ester)

The above resulis show that:

(i the amino acid ester modified compounds (Compounds 8 and 10) and the acid
(Compound 9) which would result from cleavage of the ester motif, have 1C50s in the
enzyme assay comparable fo the value for the unmodified HDAG inhibitor (SAHA —
Compound 7) indicating that the alpha amino acid ester motif was attached to SAHA ata
point which did not disrupt its binding mode.
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()  even though the esters (Compounds 8 and 10) and acid (Compound 9) have
comparable activities fo the unmodified inhibitor (SAHA ~ Compound 7) there is a
significant increase in the cellular potency of the esierase cleavable cyclopentyl ester
(Compound 8) over the unmodified inhibitor (Compound 7) but a substantial decrease in
cellular potency in the case of the esterase stable t-butyl ester (Compound 10), indicating
that the latter did not accumulate the acid in cells to generate increased cellular potency.
(i}  the greater activity in the cell proliferation assay for Compound 8 over the
unmodified counterpart, Compound 7 (or the non-hydrolysable ester derivative, Compound
10), indicates that the ester is hydrolysed to the parent acid Compound 9 in the cell where

it accumulates and exerts a greater inhibitory effect.

Table 3 continued

Aurora kinase Enzyme inhibition IC50 | Cell proliferation 1C50 Ratio 1C50
nM (Aurora kinase A) nM (U937 cells) cellfenzyme

Unmodified modulator | 350 430 1.3

Compound{11)

Modified Modulator 2300 3.5 0.0015

Compound (12)

(cyciopentyl ester)

Acid resulting from 500 >5000 NA

aster cleavage of

Modlfted Modulator

Compound (13)

Modified Modulator 3000 75 0.025

Compound (14}

(t-butyl ester)

The above resuits show that:

(Y - the alpha amino acid modified inhibitor, Compound 13, which would resutt from

cleavage of the ester motif in Compound 12, has an IC50 value in the enzyme assay

comparable to that of the unmodified aurora kinase inhibitor (Compound 11) indicating that

it is possible to attach the alpha amino acid ester motif at a point which does not disrupt the

binding to aurora Kinase A.
(ii) even though the acid (Compound 13} has a comparabie enzyme activity {o the
unmodified inhibitor (Compound 11) and the ester {Compound 12) is a weaker inhibitor,

there is a significant increase in the celiular potency of Compound 12 over the unmodified
inhibitor {Compound 11). The iess readily cleaved t-butyl ester (Compound 14) has a
comparable enzyme activity to the cleavable cyclopentyl ester (Compound 12) but is some

20 fold less active in the cell assay
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Pl 3-Ki n&ale). éii) al t hough the acid, Conpound 22, has conparable activity
to the ulhodihf 8EaiehArtty Brivg egliRselifrrationgss Q°I'?@°é§‘i'é¥°‘(5{‘j‘gﬂtb(§h®d 21),

t her e i susmaiifpdicbirtenptit (Careame 1i)ardire Reé @adly ddavbheb@gitegtert 0 i nhi bit TNF

product i ' el ls prese 1,0 .who bl god co red.to the
Cnmmodi £ SamPARIGRY g’ﬁ“@%ﬁp’@% hhr? VQ‘BBB“?YE ESt?rh‘\%Nﬂchg‘?er‘%&%ﬁ R?r’%?é‘%ﬂa 5% - but yl
est er ( Cesfpwlberd itzgumulgies, iand ekertsgresderdnhitdiony effecty i n t he whol e bl ood assay
for Conpound 21 over the unnodified counterpart Conpound 20 and the |ess
readily cl eayed t-butyl ester Conpound 23 indicates that the cycl opentyl
ester isTRRPEPYLMPL 5 the parent acid in the cell, where it accumul ates,

and exeapa; WMABT@RST | NNIENZ,@E YnhAtoR fRhibiten 6 GNFY profudeem ik [Hatio sqn of

cell prqgliferation and esto50 i eavag@uinah wholieyt i C and weRABym@NOCYti C
cell line. HDAC 1.1937 (Iype®dmpriknaee)licsbine) HCT116 (non-rpnocytic celil
l'i ne) troeditbd@éddulaporol iSoer at 1 on | onM Aci d produce& ng/ mi~ Cell
prol i f erf@einpoundCH1E)nM
Modified Modulator 25 20 0.8
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(16) {cyclopentyl ester)
Acid resulting from ester |30 not tested NA

cleavage of Modified
Modulator Compound
(17)

Modified Modulator 40 750 18
Compound
(18)

(t-butyl ester)

The above results show that:

{i) the alpha amino acid modified inhibitor Compound 186, and the acid Compound 17
which would result from cleavage of the ester motif in Compound 16, have ICSO values in
the enzyme assay comparabie to the vaiue for the unmodified P38 MAP kinase inhibitor
(Compound 15) indicating that it is possible fo attach the alpha amino acid ester motif at a
point which does not disrupt the binding to P38 MAP kinase.

(i) the acid, Compound 17, has comparable activity against the enzyme to the
unmodified inhibitor (Compound 15) and to the t-butyl ester (Compound 18). However
there is a significant increase in the ability of the cyclopentyl ester (Compound 18) to
inhibit TNF production inside monocytic cells present in whole blood compared to the
unmodified inhibitor (Compound 15) and the less readily cleaved t-butyl ester (Compound
18). ‘

(i)  the greater activity in the whole blood assay for Compound 16 over the unmodified
counterpart Compound 15 and the less readily cleaved t-butyl ester Compound 18
indicates that the cyclopentyl ester is hydrolysed to the parent acid in the cell, where it
accumulates, and exerts a greater inhibitory effect.
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Table 3 continued
DHFR Enzyme inhibition IC50 | Cell proliferation IC50 nM | Ratio IC50
nM (DHFR) (U937 cells) cell/enzyme

Unmedified Modulator | 10 2200 220
Compound (2 G=N)
Modified Modulator 1700 23 0.013
Compound (8)
{cyclopenty! ester)
Acid resulting from 10 not tested Not applicable
ester cleavage of
Modified Modulator
Compound {19)

The above resulis show that:
®
cleavage of the ester motif in Compound 6, has an IC50 value in the enzyme assay
comparable to that of the unmodified DHFR inhibitor (Compound 2 (G=N)) indicating that it
is possible to attach the alpha amino acid ester motif at a point which does not distupt the
binding to DHFR.

(i)
to the unmodified inhibitor (Compound 2 (G=N}))}, the ester (Compound 6) is significantly

the alpha amino acid modified inhibitor, Compound 19, which would result from

even though the acid (Compound 19) has a comparable enzyme inhibitory activity

more potent in inhibiting cell proliferation than the unmadified inhikitor {Compound 2
(G=N)).

(iii)
unmodified counterpart (Compound 2 (G=N)) indicates that the cyclopentyl ester is

the greater activity in the cell proliferation assay of Compound 6 over the

hydrolysed to the parent acid in the cell, where it accumulates, and exerts greater inhibitory
effect. '

Table 3 continued

Pl 3-Kinase Enzyme inhibition |Inhibition of TNFa production in |Ratio 1C50
' IC50 nM human whole blood WB/enzyme
(P13-Kinase) IC50 nM
Unmodified Modulator {500 8500 17
Compound {20)
Modified Modulator 2700 400 0.15
Compound (21)
(cyclopentyl ester)
Acid resulting from 3600 Not tested not applicable
ester cleavage of
Modified Modulator
(22)
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The above results show that:
(i) the alpha amino acid ester modified inhibitor, Compound 21, and the acid,

Compound 22, which would result from cleavage of the ester motif in Compound 21, have
1C50 values in the enzyme assay within a factor of 10 of the value for the unmodified Pl 3-
kinase inhibitor (Compound 20), indicating that it is possible to attach the alpha amino acid
ester motif at a point which still retains reasonable binding to Pl 3-kinase.

(ii) although the acid, Compound 22, has comparable activity to the unmodified
inhibitor (Compound 20) and the ester (Compound 21), there is a significant increase in
the potency of the ester to inhibit TNF production in monocytic cells present in whole blood
compared to the unmadified inhibitor (Compound 20) and the less readily cleaved t-butyl
ester (Compound 23).

(iii) the greater activity in the whole blood assay for Compound 21 over the unmodified
counterpart Compound 20 and the less readily cleaved t-butyl ester Compound 23
indicates that the cyclopentyl ester is hydrolysed to the parent acid in the cell, where it
accumulates, and exerts a greater inhibitory effect.

Selectivity

Table 4: Comparison of cell proliferation and ester cleavage for a monocytic and a
non monocytic cell line.

HDAC U937 (Monocytic cell tine) HCT116 (non-monocytic cell line)
Compound | Cell Acid Cell Acid

proliferation produced’ proliferation produced’
1C50 niv ng/ml IC50 nM ng/ml

Unmodified | 400 Not applicable | 700 Not applicable

Modulator

Compound

{7)

Modified 60 110 2100 1

Modulator

Compound

(24)

' The amount of acid produced after incubation of the modified compound (Compound 24)
for 80 min in the broken cell carboxylesterase assay described above.

t he

i ne)
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The above results show:
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proliferation C50 nM Acid produce& ng/ nl Unnodi fi ed Modul at or
Conmpound (10) 430 NA 560 NA Modified Modul at or

Conmpound (25) 1900 50

i) that the unmodified compound (compound 7) shows no selectivity between a

monocytic and non-monocytic cell line whereas this can be achieved by attaching an

appropriate ester motif, as in Compound 24.

ii) this selectivity correlates with the improved cleavage of the ester to the acid by the

monocytic cell line.

jii) the improved cellular activity is only seen in the cell line where acid is produced

indicating that this improvement in cellular potency is due to accumulation of the acid.

Table 4 continued

Aurora 937 {Monocytic cell line) HCT$16 (non-monocytic cell line)
Kinase A
Compound | Cell Acid Cell Acid

proliferation produced’ proliferation produced’
[C50 nh ng/ml IC50 nM ng/ml

Unmodified | 430 NA 560 NA

Modulator

Compound

{10)

Modified 1900 50 6100 0

Modulator

Compound

{25)

*The amount of acid produced after incubation of the compound (25) for 80 minutes in the
broken cell carboxylesterase assay described above.

The above results show:

}] that the unmodified compound {compound (10) shows no selectivity between a

monocytic and a non-monocytic cell line whereas this is achieved by attaching an

appropriate ester motif, as in Compound 25.

i) this selectivity correlates with the improved cleavage of the ester to the acid by the

monocytic cell line.

iii) the improved cellular aciivity is only seen in the cell line where acid is produced

indicating that this improvement in cellular potency is due to accumulation of the acid



0 1 The ampunt of acid produced after incubation of the conpound (25) for
80 mnutes in the broken cell carboxyl esterase assay descri bed above. The
above results show. i) that the unnodified conmpound (conpound (10) shows
no selectivity between a nonocytic and a non-nonocytic cell |ine whereas
this is achieved by attaching an appropriate ester notif, as in Conpound
25. ii) this selectivity correlateslOfith the inproved cl eavage of the
ester to the acid by the nonocytic cell line. H )the inproved cellular
activity is only seen in the cell line where acid is produced indicating

t hat thi$am6nmbmﬂﬁmmt in ceIIuIar potency is due to accunul ation of the

acid LSuepabt e oot giiSqaEhine S T MePPRhdiEmbRdelnd der)) HCT110
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Compound | Cell Acid Cell Acid
proliferation produced’ proliferation produced’
1C50 nM ng/mi 150 nM ng/ml
Unmodified | 2200 Not 1700 NA
Modulator applicable
Compound
{2 G=N)
Modified 310 210 6700 2
Modulator
Compound
(5)

"The amount of acid produced after incubation of compound (5) for 80 min in the broken
cell carboxylesterase assay described above.

The above restlis show that:

(i) the unmodified compound (compound 2 G = N) shows no selectivity between a
monocytic and non-monocytic cell lines whereas this can be achieved by attaching an
appropriate ester motif as in compound 5.

(i) this selectivity correlates with the improved cleavage of the ester to the acid
by the monogcytic cell line. '

(iii) the improved cellular activity is only seen in the cell line where acid is
produced indicating that this improvement in cellular potency is due to accumulation of the
acid
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Claims:

1. A covalent conjugate of an alpha amino acid ester and an inhibitor of the activity

of the target intracellular enzyme p38 MAP kinase, wherein:

the ester group of the conjugate is hydrolysable by one or more intracellular

carboxylesterase enzymes to the corresponding acid;

the nitrogen of the amino group of the amino acid ester is substituted but not directly

linked to a carbonyl moiety, or is left unsubstituted; and

the alpha amino acid ester is conjugated to the inhibitor at a position remote from the
binding interface between the inhibitor and the p38 MAP kinase enzyme, wherein the
position of conjugation is remote when the conjugate has a potency in a cellular activity
assay at least as high as that of the unconjugated inhibitor in the same assay, which

cellular activity assay is a TNFa inhibition assay carried out in human whole blood.

2. A covalent conjugate of an alpha amino acid ester and an inhibitor of the activity

of the target intracellular enzyme p38 MAP kinase, wherein:

the ester group of the conjugate is hydrolysable by one or more intracellular

carboxylesterase enzymes to the corresponding acid;

the nitrogen of the amino group of the amino acid ester is substituted but not directly

linked to a carbonyl moiety, or is left unsubstituted and

the alpha amino acid ester is conjugated to the inhibitor such that the binding mode of
the conjugated inhibitor and the said corresponding acid to the p38 MAP kinase enzyme
is the same as that of the unconjugated inhibitor, wherein the binding mode is the same
when the conjugate has a potency in a cellular activity assay at least as high as that of
the unconjugated inhibitor in the same assay, which cellular activity assay is a TNFa

inhibition assay carried out in human whole blood.

3. A conjugate as claimed in claim 1 or claim 2 wherein the covalently conjugated
alpha amino acid ester is not the C-terminal element of a dipeptide motif of the

conjugated inhibitor.
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7. A conjugate as claimed in any one of claims 1 to 5 wherein the alpha amino acid

ester is conjugated to the inhibitor via the alpha carbon of the amino acid ester.

8. A conjugate as claimed in any one of the preceding claims wherein the ester is
hydrolysable by cells containing one or more of the intracellular carboxylesterase
enzymes hCE-1, hCE-2 and hCE-3 to the corresponding alpha amino acid.

9. A conjugate as claimed in any one of claims 1 to 6 wherein the ester is
hydrolysable by cells containing the intracellular carboxylesterase enzyme hCE-1 to the
corresponding alpha amino acid and not by cells containing hCE-2 or hCE-3.

10. A conjugate as claimed in claim 9 wherein the nitrogen of the amino group of the

amino acid ester is substituted but not directly linked to a carbonyl moiety.

11. A pharmaceutical composition comprising a conjugate as claimed in any of

claims 1 to 10 and a pharmaceutically acceptable carrier.

12. A pharmaceutical composition as claimed in claim 11 which is adapted for topical
administration and wherein in the conjugate (a) when the alpha amino acid ester is
linked to the inhibitor via its amino group, the carbon adjacent to the alpha carbon of the
alpha amino acid ester is monosubstituted, or (b) when the alpha amino acid ester is
linked to the inhibitor via a carbon atom of the amino acid, the adjacent carbon atom to

that carbon atom of the amino acid is unsubstituted.
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directlyslinkefethéd 8f r8p&RIRYA ccﬂ?ﬁleﬁE é’onjlﬁaté Fbr'irﬁ:f‘éasﬁﬁsd#tb%lbﬁdiﬁgﬁﬂmeand the

al pha am no acid ester Is conjugated he 1 nhi bi tor such that the binding
node of msrﬁ@el@tﬁﬁjpetyapxeanci/ﬁwemdjeme tan@iofmmwter dhe aciydnaf thg talgfld to t he p38
MAP ki n@ag8canifay BRzinte bﬁ@l\/@@rﬁn&% dofprisRb sirt]&u#ﬂ"ﬁfb@lfﬂdgﬁne& théihipitbor ,

wherein the bindin e is the sane whén the conjugate has a ency in a
cel | ul aby seMalsst tastaqg@wtwetp@ég@ atpba @mite add eFar alot PeIHONUREGH 1 ﬁgat ed

I nhi bi t gl YirkiddRite*REE pBRZRK dhé"fﬁh%ﬁorcﬁd tHb PBs mp Mhééé , SRR, the estebNFa

i nhi bition assay carried out 1n human . con ate as

cl ai medgiodr of merﬁommfatecbemqﬁmrwaW@nfeordw&u@trﬁqei}ulemﬁrh@%({e@ ra¥eha ani no
aci d esp®hynies e éd?i%sSoﬁcﬁr‘id%éi@' el ement of a dipeptide notif of the
conjugateg Inhibitor. 102 A conjugate as claimed in any one of the
precedi ng cl ai ns wherein the i nhibitor is one which binds non-covalently to
the p38,)\&BiKki nase enzyne. 5. A conjugate as claimed in any one of the

pr ecedi ng c| ai s wherein the al pha am no acid ester is covalently

conjugated to the inhibitor through a linker radical. 6. A conjugate as
cl ai medyeMhitien R cfoémﬁ'lgﬁ ecﬁ% &ﬂlnﬁla%kf@stémgg@éﬁtdt&?btﬁlrﬁhalr@d?\/no acid
ester is conjugate e|n bitor via amno group of the anino acid

ester. linked o geAfhogrirecialy, e lai%msvhSt&W?dm’f@ of claims 1 to 5 wherein the
al pha am no acid ester is conjugated to the inhibitor via the al pha carbon
of the amno acid ester. 8. A conjugate as clained in any one of the

pr ecedi ihg rositipref eaniugsitian isvemeta when %GWGWGIBVMI@%?”Q%P psetdat ai ni ng one

or _nor ea&uE/ ty Q@s.ay%rt [ACES Mgﬁéf @iﬂa’t GPt’ﬁ)é'Lﬁm%B@{@a?Qd gﬂ&ﬁ’tﬁ% - Earhe aliédy, 2 and

hCE-3 to eco respondi n a am no onj ugate as ¢lainmed in
any onewbith celwlwclVIW@S§aMa ha irhéitintassay samigd pul Ipéumaé wpleel | s

cont ai nj the intracel lul ar carboxyl esterase enzyne hCE-1 to the
correspondi ng al pha anmino acid and not by cells containing hCE-2 or hCE-3
10. A conjugate as clainmed in claim9 wherein the nitrogen of the am no

group of.! NeAREA bRk S odyaleRtBRfiddt £l ibashilordraibiing vl nked Lo a

car bony noil et rnmaceut | conposli tiron~co r's a conj ugat e
as cl ai In’@dcellnlaanyteocy @mmmsmem@ tirge afah inhiblier ofdoeactivitya bl hre dareebt abl e

carrier, aéﬁlulaﬁe@%%Mﬁ%as@%ﬂ@ﬁ%ﬁw&%ﬂu@tﬁra‘Fhﬂ)‘dl?‘égtldr{bf(ﬂll@lnmbﬁ% whi Ch i's

adapted or topl nistratio erein 1n the con
t he al ptnacmgnba@mhmemtr@retogfam alpbd aming #cid esist btﬂq*ﬁhat\,thablnﬂmgamdﬁ) gr oup

the carhq @t?rl.égé‘a%'é m%lg))ltgc\inoatlhgggldaﬁwégﬂoﬁ 864 fU 3§W|K|9knf\| % ester is

rmnosubstl the ha™ am o aC| ter is ed to the
i nhi bi tenzymeds theczanisoas thabef thé unernjugaterbinbibiter, ther@tchr@tmaﬁtth@ar bon atomto

t hat Ca&;ﬁ%af’é Qén'ué’ Fy&rgﬁsm B? i bfim'o% ‘ﬁ{}ﬁé&hﬁ%‘r rc:é'ttbgﬁlkjlesterase enzymes to

the corresponding acid;
wherein

the nitrogen of the amino group of the amino acid ester is substituted but not directly
linked to a carbonyl moiety, or is left unsubstituted; and

the binding mode is the same when the conjugate has a potency in a cellular activity
assay at least as high as that of the unconjugated inhibitor in the same assay, which

cellular activity assay is a TNFa inhibition assay carried out in human whole blood.



103 13. A nethod of preparing a coval ent conjugate for increasing or

prol onging the intracellular potency and/or residence tinme of an inhibitor
of the activity of the target intracellular enzynme p38 MAP ki nase
conprising structural nodification 011‘04t he i nhibitor by coval ent attachnent
thereto of an al pha anmino acid ester @t a position renote fromthe binding
i nterfage bepweRod A&ordifg taélélfn 6k didl® 1BPndYER thé BarferlineyBgattie ester
group of the conjugate bein drol ysabl e by one or ntracel | ul ar

car boxy P2 BMiYeackhos/akis n@bt%ter%teéramaéglﬁmﬁas ¢ %lew'de\m@?emet he nitrogen of
the am pohig#MtPinAibitde am no acid ester is substituted but not directly
linked to a carbonyl miety, or is left unsubstituted; and the position of
conjugation is renote when the conjugate has a potency in a cellular
activitys, aSSﬂYnéiﬁod E’&ﬁ'dl tJErﬂ/fbn%sofrcfé%s 98 td MewHERAMNhEGHiteidr isdHedi tor in

t he sane assay, which ular activity assay is a TNFa inhibition assay
car ri edwbigh blﬂﬁ‘SWQﬁﬁﬁV%lﬁ'@ﬁYetolS'FQ)B%ﬁ MAPKingge RBEHHE of preparing a coval ent
conjugate for increasing or prolonging the intracellular potency and/or
residence tinme of an inhibitor of the activi%% of the target intracellular

enzyme HB8 MAMehehaecording o el claimeid 3 o wh?re&hWP@JP*@fam'n%aP'Hm bi t or
by COV8‘J§§QFIS%E)‘%MW&B]U§Q%BQ&%&Ehleﬁbﬁhﬁnéh ahKer ragitsl. ester such that the
bi ndi ng node of the conjugated inhibitor and the said corresponding acid to
the p38 MAP ki nase enzyne is the sane as that of the unconjugated

I nhi bi t og, tﬂ‘?nf{ﬁ&?écc%cﬂ ooénytcm% ARRHIHIZE S WWHQrer‘Fﬂé%hp)h%aé?ﬁlﬁo B¥igone or
more intracellular carbo esterase enzynmes to the correspondi ng acid;

wher ei nestaris gpRipazfed tothetinfubitariviidhg eanine @pup REthgAMEe agid @sest er i s
substituted but not directly linked to a carbonyl noiety, or is |eft

unsubstituted; and the binding node is the sane when the conjugate has a
pot ency19.n aAdrathed agcosding to any epesfwlaims 134a17 wherinyihe pharating Acidne

unconj ugated ¢ ABpa% B@ﬁld;lfhé:@,“ blaald gdrl Vity assay is
a TNFa ?ﬁ% gl tﬁg?\é}gggg/hbggﬁlgf\oerg%gﬁ? ﬁ)ﬁ aFran whol e lgl ood. 1r04 15. A

nmet hod according to claim13 or claim 14 wherein the covalently conjugated
al pha aghno AShdnGheEiaiiedItan Bfc G E/dHiMBH 36 ¢TRMbreH 1 it | de moti f
of the conjugate S according to any one of clains
13 to 1Bydrplgsadilenby e@ilsmntamgaene er ivake Al intraealigiar faPoXdesit@sel y to the p38
MAP ki n rf?@ Fdk MBoHeiccl ainms 13 to 16
wher ei néﬁzﬁe alp 1ahn§€ng a@gl eggloe?’%fcg rgova e ta?@yaconj Sgg'lt ed to the

i nhi bi tor t hr ough a linker radical. 18. A nethod according to any one of
claims 38 topld tWé?leuﬁJ&qn%thﬁclﬁm% l%cf%ﬁér&‘ﬁrthé §st€P’@Jh‘99R)‘iﬁgbﬂe0 the

i nhibitor via t%e am no grou am no acid ester.

accor di hygcells Canya"mmth@fmttqcalllﬂer %WW'%WW@YW%W@ élt‘bmﬁ am no aC| d ester
i's conj ;nfe 'L holres ami no aci d
ester. élggésﬁgn %%@ﬁagmﬁ‘?% "ghgmg ﬁf?’he cl alrms 13 to 19 wherein
the ester is hydrolysable by cel I s cont ai ning one or nore of the

I ntracehpj ul a é n?%lr\ éyblgﬁﬁlﬁ%%uﬁ%meln% Aitrog¥rFofdh@ Bt Grodp bothkhe

correspondl ng a a am no
amino acid ester is substituted but not directly linked to a carbonyl moiety.

23. An in vitro method of selectively increasing or prolonging the intracellular potency
of a inhibitor of the activity of the target intracellular enzyme p38 MAP kinase in
macrophages and/or monocytes relative to other cell types, comprising treating a mixed
population of cells with a conjugate of the inhibitor as claimed in claim 10.

24, A covalent conjugate of an alpha amino acid ester and an inhibitor of the activity
of the target intracellular enzyme p38 MAP kinase for use in a method of treatment of

the human or animal body by therapy, wherein:



21. A nmethod as clained in any of clains 13 to 18 wherein the ester is
hydr ol ysabl e by cells containing the intracellul ar carboxyl esterase enzyne
hCE-1 to the correspondi ng al pha ami no acid and not by cells containing
hCE-2 or hCE-3. 22. A nethod as cl(ajfoged in claim?2l wherein the nitrogen
of the am no group of the am no aci ster is substituted but not directly

l'i nked {@ terAFOPOflthdBdrflghte ishydroffdable by dne@r MRiré fragbliui! ectively

i ncreasing or prolonging the intracellular potency of a inhibitor of the
acti vi t%rgPXW%fﬁ%ﬁ@’&Ymeﬁttﬁ’ Reqargseending 36 p38 MAP ki nase i n macrophages
and/ or nmonocytes relative to other cell types, conprising treating a m xed
popul ation of cells with a conjugate of the inhibitor as clainmed in claim
10. 24thepitroger ok e FpiRp GERUPS! #1e aming|asidesiarih substiiuéedytaot difjft™n i nhi bi t or
of the Rl b%a%n?lhﬁoi&@f&% df\idsaB &ttty aingenzyme p38 MAP kinase for use
in a method of treatnent "of the human or animal body by therapy, wherein:
105 the ester group of the conjugate is hydrol ysable by one or nore

i ntracejpbliga HARD %M LR & dMfudRid/iBREe InflibitheatedsdshivR adbRATAs e  the
nitrogen of the am no group of the amno acid ester is substituted but not

di r ect | §inlipg jrderfacs hetwearpbrinhibier ang thegr3s MAP kinase gsame. iwherdia theand t he
2l Pha agsdMnaficBnBgatth ié ForfRBMIERIREIGAfudaRChad ' bBish8) ind cdluBPBLlvitpn T erot €

fromthe binding interface between the inhibitor and the p38 MAP ki nase
enzyne, 3343 Bt leAst archighhas thabpl e upeenivdpied BRIbiter iR dhptaneARTRYt WBICBonj ugat e
has a p%llﬁl&?ﬁcﬁ\)ﬂyésé‘e@] i5 YWTNFARRibYibh ¥s&853Yridd ot GRREMmAS WhRbBIbIGs. t hat of the
unconjugated I nhibitor in the sanme assay, which cellular activity assay is
a TNFa inhibition assay carried out in human whol e bl ood. 25. A coval ent

conj ugage of ARByALM Pﬁg&@%fgﬁia%h%satn%oéag afer bR LRidHMitoP bf fhBRcAdli Vi ty of
I'T'ul’a 38 MAP k i

the target intrace enzynme p _ Inase for use in a nethod of

t r eat nefitthetargetdntrasstirarcgnzymerst bR Kinege faiepaya mathadaf ireatmantest er gr oup
of the gaMNHIALS ahﬁnemﬁ%)%yﬁéﬁip‘?/ WMefele or nore intracellular

car boxyl esterase enzynes to the corresponding acid; the nitrogen of the
am no group of the amno acid ester is substituted but not directly |inked
to ac j o f t L ; pha am no acid
ester ?‘i‘g%%'ﬁgl g(%jﬂ(qeo&{nﬁdeg%iténﬁi'%fjtggyrgggﬁcﬂ cﬂ?g}?ﬂ(ﬁg t'faﬁglll“?figr node of the
conj ugataseoRylasiasaseoenzames o thesepirgspendingsarididi ng acid to the p38 MAP ki nase
enzyne is the sane as that of the unconjugated inhibitor, wherein the

bi ndi ng node is the sane when the conjugate has a potency in a cellular
act i vi tireadegen of thecmaino s@um@rtheazynmnacndcﬁstqrh%sw&ﬁ%@létr@adirﬁmﬁlvbi tor in

t he sa I el |l [, Md y is a TNFa inhibition assay
carri egﬁ‘ggié%?%cﬁr\tﬁferrgﬂ%V\ﬁ%éwﬁ%cf)%hg%ﬁm,%&i%@al ent conjugate for use
according to claim?24 or claim25 wherein the coval ent conjugate is as

def i nedy} Vi k the ki T h e d3g a

coval egtth bc%gﬁi%uaé@ﬁgagi eg{ﬁa?ﬁ%ﬁﬁ]gtg%dﬁg t%ecﬁﬁrbletétgeur%g?gatlﬁé F@gﬁamﬁélb?t or of the
act i vi ttpe spnjupeted inhitor and thewseaid eareaspendiggracid BtheRBSKYING kinase gngynidnj ugat e
havi ng ;| ¢ : cad ; hsen

o by Cor e it Be 2GS hial BRI eRtidg Fol® £ 18 saink=?

posi t i omserothezogjugate Haslsi psitenny ind celidarantiviiy 2assap Bt iepst asdrigieas thet phicel | ul ar
enzynme QASe L Of ItV ATl t he

activi t@ggjp %ﬁ%ﬂt%@@g{blt?{w ?ﬁi%rﬁ%ﬁ%@%h&zﬁ?ﬂgeﬁ%@%&}g%%ﬁgi'ﬁgﬁqng t he sane
bi ndi ngnhibitien fiesayt daeriedaeujén hemay mbolerbleascept or, sai d position or positions
being renote fromthe binding interface between the inhibitor(s) and the

target intracellular enzyme p38 MAP ki nase;
26. A covalent conjugate for use according to claim 24 or claim 25 wherein the

covalent conjugate is as defined in any one of claims 3 to 10.

27. A method of identifying a covalent conjugate of an alpha amino acid ester of a
given inhibitor of the activity of the target intracellular enzyme p38 MAP kinase, said
conjugate having increased or prolonged cellular potency relative to the given inhibitor,

which method comprises:



(i1) covalently nodifying the inhibitor(s) by attachnent of an al pha am no
acid ester radical, or a range of different al pha am no acid ester radicals
at one or nore of the positions identified in (i); (iii) testing the al pha
am no aci d- conj ugat ed i nhibitor(s) ro??pared in (ii) to determne their
activity against the target intracellul ar enzyne p38 MAP ki nase; and (ivV)
fromdata acquired in (hi), selecting one or nore of the tested al pha am no
acid ester-conjugated versions of _ the given inhibi tPr%? Wwhi khcause
i nhi bitiorof PEBUMKY & PRRIEQD YROsIIPRS/ON AGIVER iRtpifos of th CEYinF &d to and
accumul ate as th8eCiRiAGARARNEhFYh<CSEPMRR KifasBCoritbr Apluetitycstighen and which
show i ncreased or _Pr ol onged cel | ul ar potency. )

inhibitors of the activity of the target intracellular enzyme p38 MAP kinase

sharing the same binding mode for the target enzyme or receptor, said

position or positions being remote from the binding interface between the

inhibitor(s) and the target intracellular enzyme p38 MAP kinase;

(i) covalently modifying the inhibitor(s) by attachment of an alpha amino acid
ester radical, or a range of different alpha amino acid ester radicals at one or

more of the positions identified in (i);

(i) testing the alpha amino acid-conjugated inhibitor(s) prepared in (ii) to
determine their activity against the target intracellular enzyme p38 MAP

kinase; and

(iv) from data acquired in (iii), selecting one or more of the tested alpha amino
acid ester-conjugated versions of the given inhibitor(s) which cause inhibition
of p38 MAP kinase activity inside cells, are converted to and accumulate as
the corresponding carboxylic acid inside cells, and which show increased or

prolonged cellular potency.



