1 Enzynme and Receptor Modul ation This invention relates to a general
nmet hod of increasing or prolonging the activity of a conpound which
nodul ates the activity of an intracellular enzynme or receptor by the
coval ent conjugation of an alpha amino acid ester notif to the nodul ator.
The invention also relates to nodulators to which an al pha am no acid
ester notif has been covalently conjugated, and to a nethod for the
i dentification of such conjugates havijng superior properties relative to
t he parent non-conjugated nodul ator. The invention further relates to the
use of nodul ators conta|n|ﬁ@ﬂﬂﬁ?ﬁﬁdﬁ@ﬁaﬁQBMedUMbOmfs that allow the
sel ective accunul ation of am no acid conjugates inside cells of the
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i nvent i ofdUl set up whereby the modulator equilibrates between plasma and cell
interior. As a result of the equilibrium, the intracellular residence times and concentrations
of many modulators of intracellular enzymes and receptors are often very low, especially in
cases where the modulator is rapidly cleared from the plasma. The potencies of the

. modulators are therefore poor despite their high binding affinities for the target enzyme or
recepior.

It would therefore be desirable if a method were available for increasing the intraceliular
concentration of a given modulator of an intraceliular enzyme or receptor. This would result
in increased potency, and by prolonging the residency of the modulator inside the cell
would resuit in improved pharmacokinetic and pharmacodynamic properties. More
consistent exposure and reduced dosing frequencies would be achieved. A further benefit
could be obtained if the drug could be targeted fo the specific target cells responsible for its
therapeutic action, reducing systemic exposure and hence side effects.

Brief description of the invention

This invention provides such a method, and describes improved modulators incorporating
the structural principles on which the method is based. It takes advantage of the fact that
lipophilic (low poiarity or charge neutraf) molecules pass through the cell membrane and



This invention provides such a nethod, and describes inproved nodul ators

I ncorporating the structural principles on which the nethod is based. It
t akes advantage of the fact that |I|ipophilic (low polarity or charge
neutral) nol ecul es pass through the cell nmenbrane and 2 enter cells
relatively easily, and hydrophilic (higher polarity, charged) nol ecul es do
not. Hence, if a lipophilic notif is attached to a given nodul at or,
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Detailed description of the invention

Hence in one broad aspect the present invention provides a covalent conjugate of an alpha
amino acid ester and a modulator of the activity of a target intracellular enzyme or receptor,
wherein: the ester group of the conjugate is hydrolysable by one or more intracellular
carboxylesterase enzymes fo the corresponding acid; and the alpha amino acid ester is
covalently attached to the modulator at a position remote from the binding interface
between the modulator and the target enzyme or receptor, and/or is conjugated to the
modulator such that the binding mode of the conjugated modulator and the said
corresponding acid to the target enzyme or receptor is the same  as that of the

unconjugated modulator.

i.ooked at in another way, the invention provides a method of increasing or pralonging the
intraceliular potency and/or residence time of a modulator of the activity of a target
intracellular enzyme or receptor comprising structural modification of the modulator by
covalent attachment thereto of an alpha amino acid ester at a position remote from the
binding interface between the modulator and the target enzyme or receptor, and/for such



corresponding acid to the target enzyne or receptor is the sane as that of
the wunconjugated nodul ator. Looked at in another way, the invention

provi des a nmethod of increasing or prolonging the intracellular potency
and/ or residence tinme of a nodulator of the activity of a target
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modulator at a position remote from the binding interface between the modulator and the
target enzyme or receptor. In this way, the motif is arranged to extend into solvent, rather
than potentially interfering with the binding mode,

In addition, the amino acid carboxylesterase motif obviously must be a substrate for the
carb'oxylesterase if the former is to be hydrolysed by the latter within the cell. Intraceilular
carboxylesterases are rather promiscuous in general, in that their ability to hydrolyse does
not depend on very strict structural requirements of the amino acid ester substrate. Hence
most modes of covalent conjugation of the amino acid carboxylesterase motif to a
modutlator will allow hydrolysis. Attachment by a flexible linker chain will usually be how this
is achieved.

It will be appreciated that any chemical modification of a drug may subtly alter its binding
geometry, and the chemistry strategy for linkage of the carboxylesterase ester motif may
introduce additional binding interactions with the target, or may substitute for one or more
such interactions. Hence the requirement that the hydrolysed conjugate’s binding mode to
the target is the same as the unconjugated modulator is to be interpreted as requiring that
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binding mode of a known modulator of an enzyme or receptor to be known, or
determinable. 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 modeliing, 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.

Intracallular 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 io be the main enzymes other carboxylester enzymes such as
biphenylhydroiase (BPH) may also have a role in hydrolysing the conjugates.
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may be cavalently attached to the modulator via its amino group or via its alpha carbon. in
some cases the modulator will have a convenient point of attachment for the
carboxylesterase ester motif, and in other cases a synthetic strategy wili have to be
devised for its attachment.

It has been found that cells that only express the carboxylesterases hCE-2, and/or hCE-3
and recombinant forms of these enzymes will only hydrolyse amino acid ester conjugates
to their resultant 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 hitrogen.
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:/symatias.gnf.org/SymAtlas (note
that in this database hCES/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 linked to a group other than carbonyl results
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substituted but not directly bonded to a carbonyl group moiety the ester will only be

hydrolysed by hCE-1 and hence the esterase-hydrolysed modulator conjugates will only

accumulate in macrophages.

There are of course many possibie ester groups which may in principle be present in the
carboxylesterase ester motif for attachment to the modulator. Likewise, there are many
alpha amino acids, both natural and non-natural, differing in the side chain on the alpha
carbon, which may be used as esters in the carboxylesterase ester motif. Some alpha
amiho acid esters are rapidly hydrolysed by one or more of the hCE-1,

-2 and —3 isotypes or celis containing these enzymes, while others are more slowly
hydrolysed, or hydrolysed only to a very small extent. In general, if the carboxylesterase
hydrolyses the free amino acid ester to the parent acid it will, subject to the N-carbonyl
dependence of hCE-2 and hCE-3 discussed above, also hydrolyse the ester motif when
covalently conjugated to the modulator. Hence, the broken cell assay andfor the isolated
carboxylesterase assay described herein provide a straightforward, quick and simple first
screen for esters which have the required hydrolysis profile. Ester motifs selected in that



Inflamm Al l ergy , 2005, 3-8 ). Hence agents that selectively target

macr ophage cells could be of value in the treatnent of cancer,

i nfl ammati on and aut oi nmune di sease. Targeting specific cell types would
be expected to lead to reduced side-effects. The present invention enables
a nethod of targeting nodul ators to nmacrophages, which is based on the
above observation that the way in which the carboxyl esterase ester notif
is linked to the nodul ator determ neg whether it is hydrol ysed by specific
carboxyl esterases, and hence whether or not the resultant acid accumul ates
in di ffewanmayten begerassaveshindhe saae 3/boxylepigErss éasay Whalranivgried 1edes ophages
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hydr ol yspafdmedone or nore of the hCE-1, -2 and -3 isotypes or cells
cont ai ni ng these enzynes, while others are nore slowy hydrolysed, or
hydrol ysed only to a very snall extent. In general, if the carboxyl esterase

hydr ol yséssieipd abpas theralpie aiainelacid exer may lteh@rwra@ﬁtto Heingpdutataiivialthe subj ect to
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sel ected be re-a alre car boxyl est erase
assay when conjugated to the nodul at or via the chosen conjugation
chem strynek@ confirmthat it is still a carboxylesterase substrate in
t hat background. Suitable types of ester will be discussed bel ow, but at
this point it may be nentioned that it has been found that t-butyl esters
of al pha am ng*2acids are relativgly poor substrates for hCE-1, -2 and -3,
whereas ¢ entyl esters\are \ ’
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B
Ry is an ester group which is hydrolysable by one or more intracellular carboxylesterase
enzymes to a carboxylic acid group;

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

R, is hydrogen; or optionally substituted C4-Cs alkyl, Cs-C; cycloalkyl, aryl or heteroaryl or -
(C=0)R;, -(C=0)OR;, or -(C=0)NR;wherein R; is hydrogen or optionally substituted (C,-
Ce)alkyt:



effectively hydrol ysed. Suitable al pha amno acids will also be discussed
in nore detail below, but at this point it may be nentioned that
phenyl al ani ne, honophenyl al ani ne, phenyl gl ycine and | euci ne are general ly
suitabl e, and esters of secondary alcohols are preferred. As stated above,
the al pha am no acid ester nmay be conjugated to the nodul ator via the

am no group of the amno acid ester, @r via the al pha carbon (for exanple
through its side chain) of the amno acid ester. A |linker radical nay be
present Bdt ABOROEYRES helerpexelic g ofio- 6 ring miamswierein Bnis linked lesdingzedon For
exanpl e, adjacenedhipliag aifofén Sve, S5 fig B RRYLGRIERBEAY @dokdcdrbstylRdn! at or as
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est er gr wgaidsdecetding hydr ol ysabl e by one or nore intracellular
car boxyl esterase enzynmes to a carboxylic acid group; R2 is the side chain
of a natural or non-natural IPha am no acid; R4 is hydrogen; or optionally

a
subst i t ulf ¢ bandosCEOLy S(=0%= POt oBITRANR-affFS) R e CEFNANRE- &+ - ( C=0) R3,

- (C=0) ORB(=0)NR,{ WhINRG isik e oR8ptioRall)sdb&BiR8d Of-coRikjional |y substi t'ut ed
(C - Cs)alkyl; 8 B is a nonocyclic heterocyclic ring of 5 or 6 ring atons
wherein RL is linked to a ring carbon adjacent the ring nitrogen shown,

and ri ngYBsiadoo@t-{GHE, FH(Ohus-CFED)D-aOSEmn - CaD G eliRECED)-, het er ocyclic
ring of S5yannB Il ng. | ol Cc . L froma ring
2t om 1 n PR 0PSRN E Iated R JRIRs A pelBeny L'
- C( =O) NRavdregego: eptionlly substifytedi(@-M3IkY6r - S(=0) 2NR3- wherein R3 is hydrogen
or optionally substituted Cl-C6 al kyl ; :

L is a divalent radical of formula —(A|k1)m(Q)n(Alk2)p- wherein

m, n and p are independently 0 or 1,

Q s (i) an optionally substituted divalent mono- or bicyclic carbocyclic or
heterocyclic radical having 5 - 13 ring members, or (i), in the case where both m
and p are 0, a divalent radical of formula =X2-Q"- or -Q"'-X2- wherein X2 is

—O-~, -8- or NR*- wherein R* is hydrogen or optionally substituted C;-C5 alkyl, and

[t

Q' is an optionally substituted divalent mono- or bicyclic carbocyclic-or heterocyclic
radicaj having 5 - 13 ring members,

Alk' and Alk? independently represent optionally substituted divalent Cs-C;
cycloalkyl radicals, or optionally substituted straight or branched, C;-C; alkylene,
Cz-Cs alkenylene, or C,-C; alkynylene radicals which may optionally contain or
terminate in an ether (-O-), thioether (-S-) or amino

- (-NRM) link wherein R* is hydrogen or optionally substituted C;-C; alkyt;

X represents a bond, -C(=0)-; -S{=0)2-; -NR3C(=0)-, -C(=0)NRz-,~NR;C(=0O)NR;-,
-NR3S(=0)-, or -8(=0).NR;- wherein Rs and Rs are independently hydrogen or optionally
substituted C,-C; alkyl;

zisOor1;

sis0or1;and



Y is a bond, -(CG0O-, -5(02)-, -((=00, -0(=0-, -(CONR3-, -NR3(C=0) -,
-S(02) NR3-, -NR3S(02)-, or -NR3(C=O NR5-, wherein R3 and R5 are .

i ndependent|y hydrogen or optionally substituted (Cl1-C6)alkyl, L is a
dival ent radical of fornula -(AIk')m(Q" (A k2)P wherein m n and p are
i ndependently 0 or 1, Qis (i) an optionally substituted dival ent nono- or
bi cyclic carbocyclic or heterocyclic radical having 5 - 13 ring menbers,
or (ii), in the case where both m and p are 0, a divalent radl cal of
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substituted straight or ranc ene aI kenyl ene, or
C2- C6 al kynyl ene radi cal s which may opt i onal ly contain or termnate in an
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0- t her am no erein én or
f)ptl z)nal i’/”qﬁd?)g?ﬁ'@f'g%] h@ﬂ'CB al kyI The term"ester" or "esterified
carboxyl group” neans a group ROQ( C—O) in which R9h| s the groupO_| s 4
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As used herein the term “(C,-Cp)alkenyl” wherein a and b are integers refers to a straight or
branched chain alkenyl moiety having from 2 to b carbon atoms having at least one double
bond of either E or Z stereochemistry where applicable. The term includes, for example,
vinyl, aliyl, 1- and 2-butenyl and 2-methyl-2-propenyl.

As used herein the term "divalent (C,-Cy)alkenylene radical” means a hydrocarbon chain
having from a to b carbon atoms, at least one double bond, and two unsatisfied valences.

As used herein the term "C,-C,, alkynyl” wherein 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, ethynyi, 1-
propynyl, 1- and 2-butynyl, 2-methyl-2-propynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 2-
hexynyl, 3-hexynyl, 4-hexyny! and 5-hexynyl.

As used herein the term "divalent (C.-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
friple bond.



for exanple, the termincludes nethyl, ethyl, n-propyl, isopropyl, n-butyl,
| sobutyl, sec-butyl, t-butyl, n-pentyl and n-hexyl. As used herein the
term "divalent (Ce Cbh)al kyl ene radical"™ wherein a and b are integers

refers to a saturated hydrocarbon chain having froma to b carbon atons and
two unsatisfied valences. As used herein the term"(Ca Cb)al kenyl" wherein
a and b are integers refers to a stragght or branched chain al kenyl noiety
having froma to b carbon atons having at | east one double bond of either
E or Z sheuseddbpesin e tgrmiharnbecyalin) rafera e @ monpe bi- of ficydic tadigahavitgupdéx anpl e,
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term "di val ént (Ca-Cb)al kenyl ene radi cal " neans a hydrocarbon chain having
froma to b car bon atons, at | east one double bond, and two unsatisfied
val encesas ushg humdthb@érmi "Bydld’&&(y!' eaf@rs't&‘anﬁho@cwmurateu/ﬁmed:ymmaaiaai b are
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bond. TmysiolvfﬂﬂYhﬂmbhekyl eydlangptyf and oyslapgiyle, et hynyl, 1- propynyl, 1- and

2- butynyl, 2-nethyl - 2-propyny|, 2-pentynyl, 3-pentynyl, 4-pentyny|, 2-
hexynyl , 3- hexynyl , 4-hex and 5 hexynyl As used herein the term

"di val erfts ‘{Seﬁh@?)'h‘lhﬁy'ﬁwaé%{ﬁé%?%'iaéﬁl refefhRIadN PNy, Rk thoydiecarbeyelisr s refers
to a di Va':tb:ﬁmc :ﬁ&d&l%[h&ume%héﬁld%lwin@@wé ﬁ@ﬁb@cﬁdba@:&?dhb@fbnﬁh@ﬁﬁgs and at

| east on er m"caré}g8 lic" refers to
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are car Umhenarandlnapﬂhwdes aryl and cycloal kyl. As used herein the term
"cycloal kyl" refers to a nonocyclic saturated carbocyclic radical having
from 3-8 carbon atons and i ncludes, for exanple, cyclopropyl, cyclobutyl,
cycl ope rﬁsylllse‘i@9@'%‘1‘?@%’9%“3"’3%13%@B&eﬁqafﬂﬁﬁf%‘%/@l 5!3'6@'1!‘374 bi- gadri- angeERE¢ n t he

unqualt | fra@lallcBhtAm r@rov.le or fnBfeteterbdlords B8IEQed fréth S, RiantiO, aﬁmbmgescar bocyclic
aromati Cc ra
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unqual i gk SfehichRRRORIH rulyE b&SurbiOpftrdll Wiazdli bebiriddaGiyic! T ¢ ar omatic
thiazolyl, benzthiazolyl, isothiazolyl, benzisothiazolyl, pyrazolyl, oxazolyl, benzoxazolyl,
isoxazolyl, benzisoxazolyl, isothiazolyl, friazolyl, benztriazolyl, thiadiazolyl, oxadiazolyl,

pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyi, triazinyl, indoly! and indazolyl.

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

Unless ctherwise specified in the context in which it occurs, the term "substituted"” 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{C,-Ce)alkyl, (C;-Cg)alkylthio, phenyl, halo



radi cal containing one or nore heteroatons selected fromS, N and 0, and

I ncl udes radicals having two such nonocyclic rings, or one such nonocyclic
ring and one nonocyclic aryl ring, which are directly |inked by a coval ent
bond. Illustrative of such radicals are'thienyl, benzthienyl, fury[,
benzfuryl, pyrrolyl, imdazolyl, benzimdazolyl, thiazolyl, benzthiazolyl,
I sot hi azol yl, benzi sot hi azolyl, pyrazg]yl, oxazolyl, benzoxazolyl,

i soxazol yl , benzi soxazolyl, isothiazolyl, triazolyl, benztriazolyl,

t hi adi az dinyltldmg)ﬂlwm dum:htyhnd chiqm)l, glfiaorbmetpyly 1rﬂad¢bmyﬂhoxwmtrb MigtleMdN), Pyrazi nyl,

tr| azi nylg, Pé lGﬁ@ F{;\As used here| n the unqualified term
heterocyc?ﬁ or etérocycrlc I'ncl udes heteroargl" as defined above,
and in i tSONYn 8Pt {GONHI FFRNHR atCONRIR -SRI R, bH,, eHRY, i - cycl i ¢ non-

aromat i ¢ -NRERECACHWAY, @@@ngRen@wNWﬁe NIRisEoahpEDoel ected from S, N and
0, and to %%§5%§ ﬁgg@;stlﬁa¥pf a ﬁéc|l non- aronatlc r adi cal

cont ai ni Agx ﬁ@@@?’o‘&lpo QR 1 HGANH N ERNHz, | i nked t o
anot her SNISQONHERP eNR* CONHRF, aNHoomRmﬁ blC-NRéGONR@R@ hitereipt & RE 4k ! ustrative
of such I.m dazol yl ,
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benzfuranyl, pyranyl, isoxazolyl, benzim dazolyl, nethylenedi oxyphenyl,
ethylene%hoE%Bbqul,,naleinido and succi ni mdo groups. Unless ot her wi se
speci fi ed"¥ hadCHIRinesi@ nafpralier pen-natuigkalpfasaming ecigorerars todbsoroupRél” as

appli ed toat@ny ormmnetgiurblemahdad@erromaudst-CHtredcddd up to four conpatible
substituents, each of which independently nay be, for exanple,

(C1-Co6)al kyl, (C1-C6)al koxy, hydroxy, hydroxy(Cl-C6)alkyl, nercapto,
mer capt 0[57@![0@ﬁlsldylchalomil@)fdldkyﬂatam"m agidssnghlide thademfla[hmn(a,l a1g|hiud| ng fluoro,

b t
oxo. - 88§3p%*“9%"8%%9pa”° ol YRR, ikl it B RAEY s ilipsin b\
- CONR' RB'Y r%@ﬁrﬂliémﬁdeum 'eucmﬁ‘ysme methiggine, pmiwme, polid-IRine, - OCONR'" RB,

- NHCCOR" tmdﬂiﬁ@iﬂﬁtophammvalmemgd -bmgc%%%?‘é,'i’ - NHCONHZ,
or - NR' CON wherein RA and

- NR' CO\IH%. CO\I(;FB NR' CONHRB, - NHCON RB
RB are h’ff’é?i%’ ‘Geéﬁ ing. ?@OW%FWmYIT%Q@F'W% pipasalg peid, gideny|  or
nmonocycl thgrokia¢.er oar yI having 5 or 6 ring atonms. An "optional substituent”
may be one of the foregoing substituent groups.

Natural alpha-amino acids which coniain functional substituents, for example amino,

carboxyl, hydroxy, mercapto, guanidyl, imidazolyl, or indoly! groups in their characteristic

side chains include arginine, lysine, giutamic 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 refation 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-Cs
alkyl ester), amino groups may be converted to amides (for example as a NHCOC-C; alkyl
amide) or carbamates (for example as an NHC(=0)OC,-C; alkyl or NHC(=0)QCH.Ph
carbamate), hydroxyl groups may be converted to ethers (for example an OC-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-butyl or benzyl thioether) or
thioesters (for example a SC(=0)C;-C; alkyl thioester).



The term "side chain of a natural or non-natural al pha-am no acid" refers
to the group RL in a natural or non-natural am no acid of fornula

NH2- CH(R ) - COON. Exanpl es of side chains of natural al pha am no acids

i nclude those of al anine, arginine, asparagine, aspartic acid, cysteine,
cystine, glutam c acid, histidine, 5-hydroxylysine, 4- hydroxyproline,

i sol euci ne, leucine, lysine, methionife, phenylalanine, proline, serine,

t hreoni ne, tryptophan, tyrosine, valine, a-am noadi RI c acid,
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al pha-am no aci contal n functional substituents, for exanple am no,
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hydrogen or {C,-Cs)alkyl- or R; 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 6-ring atoms; or (i) optionally substituted phenyl or monocyclic
heterocyclic ring having 5 or 6 ring atoms. Within these classes, Rq may be, for example,
methyl, ethyl, n- or iso-propyl, n- or sec-butyl, cyclohexyl, allyl, phenyl, benzyl, 2-, 3- or 4-
pyridyimethyl, 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 Rz 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



survive after systemi c admnistration for |ong enough to penetrate cells as
the ester. It is a sinple matter to test any given conjugate to neasure
its plasma half |life as the ester, by incubation in plasma. However, it
has been found that esters notlonally derived from secondary alcohols are
nore stable to plasma carboxyl ester-hydrol ysing enzynmes than those derived
fromprimary al cohols. Furthernore, 't has al so been found that although
esters notionally derived fron1tertia.§ al cohol s are generally stable to

pl asma carboxylester-hydrolysing enzynes, they are often also relatively
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group R2groapn determ ne the rate of hydrolysis. For exanple, when the
carbon in R2 adjacent to the alpha am no acid carbon does not contain a
branch eg when R2 is ethyl, isobutyl or benzyl the ester is nore readily
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2 hydr ox )g-"h‘z’&rl{ m a(d? OE, 3"’% e 1@sfaﬁgx@(5¥%g)al %o dl(ﬁ.’.1 yr dyI rret hyl |
benzyl , éﬁ%‘ f’a&wPherﬁiicr%a)alkad@mmoﬁwfaﬁs@guﬁeﬂarwmme amd:npr acig Jlide, dster

4- benzyl enaniied dgtivative, ther8of, said redidu&beif lidkels @YEMTINE bori)Ehid el eMY ( C1- C6
al kyl) - being selected from glycine, « or B alanine, valine, leucine, isoleucine, phenylalanine,
tyrosine, tryptophan, serine, threonine, cysteine, methionine, asparagine, giutamine, lysine,
histidine, arginine, glutamic acid, and aspartic acid;

a heterocyclic(C,-Cg)alkyl group, either being unsubstituted or mono- or di-substituted in
the heterocyclic ring with halo, nitro, carboxy, (C-Cg)alkoxy, cyano, (C4-Cs)alkanoyl,
trifluoromethyl (C1-Ce)alkyl, hydroxy, formyl, amino, (C;-Cg)alkylamino, di-(C;-
Ce)alkylamino, mercapto, (C4-Cs)alkylthio, hydroxy(C~Cs)alkyl, mercapto(C;-Cs)alkyl or (Cy-
Ce)alkylphenylmethyl; and

a group -CR.RyR. in which:

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

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



groups; the characterising group of a natural a amno acid, in which any
functional group nay be protected; groups -[Al k]aR5 where Alk is a
(C1l-Co6)al kyl or (C2-C6)al kenyl group optionally interrupted by one or nore
-0-, or -S- atonms or -N(R7)- groups [where R7 is a hydrogen atomor a (Cl-
C6) al kyl group], nis O or 1, and R6 is an optionally substituted

cycl oal kyl or cycl oal kenyl group; a feenzyl group substituted in the phenyl
ring by a group of fornula -OCH2COR6 where R6 is hydroxyl, am no,

( C1- 06) al koxyR. iphgarpggrCIC x)alkyk dSiy Co)pIBInYCETabdgtkm, nbenytﬂﬁ:(-@aéﬂkyl or
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al ani ne, valingy;of eucine, isoleucine, phenylalanine, tyrosine, tryptophan,
serine, threonine, cysteine, nethionine, asparagine, glutam ne, |ysine,

hi stidine, arginine, glutamc acid, and aspartic acid; a
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di - substitute g with halo, nitro, carboxy,
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hydr oxy, fornyl, am no, (C4-C6)alkyl am' no, -(C1- ©6)al kyl am no, nercapto,

Cl- C6) al kyl t . 4 Cl-
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phenyl ( C1- C6) atkR togéthat-wii6 ey cdriooml dtgrh to whicIRthey sregtidciegdomamdydRalkeghd Rb are
i ndependent |y e Y r S hydrogen
(CL- C6) al kyl | °’q%§é}%§3°f?‘{rkr@hgﬁﬁa’%"d@éar Syt '{alf%él‘ Lg( < Féﬁ ,
( C3- 06) cycl oaﬁk)yﬂ!rfluﬁmikmac Aty N %Ot@g@s)ﬁ“évl x&?(@hct)ﬁlléyl Bohellkan. to \/\hl ch
they are at tg@ﬂf{gbeﬁ@[ US@(Cff—dafélk% rmjmt@egl alkyClspa) Mélké?ﬁll ascﬁcz_t 0 6-nmenbered
~heterocyclic rlgg fj pg%thWltg ? 8 daog_to whi ch
they are att atna qybr-WéCZ-Cs)alkeny ord grou erein represen s & bond or
, -8-, -SO- or -SO,- and W represents a phenyl, phenylalkyl, (Cs-Cs)cycloalkyl, (Cs-
Cg)cycloalkylalkyl, (C4-Cs)cycloalkenyl, (Cs-Cg)cycloatkenylalkyl, heteroaryl or
heteroarylalky! group, which group W may optionally be substituted by one or more
substituents independently selected from, hydroxyl, halogen, -CN, -CO,H, -CO3(Cs-
Cs)alkyl, -CONH,, -CONH(C4-Cg)alkyl, -CONH(C,-Csalkyl)s, -CHO, -CHz0H, (Cy-
C)perfluoroalkyl, -O(C;-Celalkyl, -S(C4-Cg)alkyl, -8O(C4-Celalkyl, -802(01-Cs)all_<yl, -
NOz, "NHz, "NH(CrCs)Hlk}/l, -‘N((C1-Cs)a]ky02, 'NHCO(CrCs)EIIKYI, (C1-Cs)alkyl, (Cz-
Ce)alkenyl, (C,-Cg)alkynyl, (Ca-Ce)cycloalkyl, (C4-Cs)cycloalkenyl, phenyl or benzyt.

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. Presenily preferred
R, groups include phenyi, benzyl, tert-butoxymethyl, phenylethyl and iso-butyl.

The group Ry
As mentioned above, if the modulator is intended to act only in cell fypes 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 R,
may be optionally substituted C4-Cs alkyl, Cs-C;.cycloalkyl, aryl or heteroaryl, for example
methyl, ethyl, n- or iso~propyl, cyclopropyl, cyclopentyl, cyclohexyl, phenyl, or pyridyi. In
cases where macrophage specificity is not required, R, may be H, -(C=0)Rs, (C=0)ORs,



tricyclic ring (for exanple adamantyl); or R and Rb are each independently
(C1-Co6) al kyl, (C2-Co6)al kenyl, (C2-C6)al kynyl, phenyl (Cl-C6)al kyl, or a
group as defined for RO bel ow other than hydrogen, or Ra and Rb together
with the carbon atomto which they are attached forma cycl oal kyl or
heterocyclic ring, and R is hydrogen, -OH -SH, halogen, -CN, -CO2H, (Cl-
C4) per fl uoroal kyl, -CH2OH, -C02(Cl-Cr)al kyl, -Q(Cl-C6)al kyl,

-Q(C2-6) al kenyl, - S(Cl-C5)al kyl, -SYCLl-C6)al kyl, -SQ2(Cl-C6) alkyl,
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(C4-C3) cycl oal kenyl, (C4-C3)cycl oal kenyl al kyl , heteroaryl or

het er oar ”J”@?@’”ﬂ%%?&emw ch group Wnmay opti onal |y be substituted by one
or nore ependently selected from hydroxyl, hal ogen, -CN,
- CORH, - Bing(acting exsiem RBynay becmmizosenmmfmmtylal the followiGENH( CL- CBal kyl ) 2,
-CHO -CH2OH, (Cl- C4)perfluoroal kyl, -Q(Cl-C6)al kyl, -S(Cl-C6)al kyl,

-SQ(C1-C6) al kyl, -SQ2(C1l-C6)al kyl, - NO2, -NH2, -NH C1- C6) al kyl ,
-N((C1-Co) al kyl - NHCO( C1- (CY- C6) aI kyl, (C2- C6)al kenyl
(C2-Co6) al kynyl , C6) cycl oal %234 al ken p | or benzyl.
Exanpl es of part R1R2 gro ps incl ud N phe phexyl net hyl,
pyridin-3- ylnmethyl, tert-buto hyl , se tert-butyl,

1- benzyl t hi o-1-nmet hyl et hyl, 1- nethyl thio-1-ng herthyI 3@p
1-mercapt o- 1- net hyl et hyl , phenyl et hyl. Presen Iy preferre R2 groups

i ncl ude phenyl, benzyl, tert-butoxynmethyl, phenylethyl and iso-butyl. The
group R4 As nentioned above, if the nDduIator is, intended to act only in
cell types whéreOhCE-1 is p esent ges, the am no group of
t he carboxyl esterage gster ng f ted such that it is
directly linked to p such cases R4 my be
optionally substituted Cl- C6 S |, aryl or heteroaryl,
for exanple nethyl, ethyl, n- or |so propyl, cycl opropyl, cyclopentyl,

cycl ohexyl, phenyl, or pyridyl In cases mhere macr ophage specificity is
not requilheddic4-YARX-[OE}H, - (C-O R3, -(C=OOR3, 15 or -(C=O NR3 wherein R3
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et hyl, or n- I SO-
this radlcaf (or bond) anses from the particular chemistry strategy chosen to link the amino

acid ester motif R,CH(R2)NH- to the modulator. Clearly the chemistry strategy for that

coupling may vary widely, and thus many combinations of the variables Y, L, Xand z are
possible.

It should also be noted that the benefits 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-[CH,};- in tumn:

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



The ring or ring systemB Ring or ring systemB may be one chosen from for
exanple, the following: (~~,,,RLO HRL\'V"" NHH RLRL ORL RLtRl
NH 1 / NH The radical -Y-L-X-1CH & Wien the al pha am no acid ester is
conjugated to the inhibitor as a radical of formula (1A) this radical (or
bond) arises fromthe particular chemstry strategy chosen to |ink the
amno acid ester motif R CH(R2Z)NH tpgthe nodulator. Clearly the chemstry
strategy for that coupling may vary wdely, and thus many conbinations of
t he vari abl esspgcifi¢ prejerigdgxamplee of Y #iskipe rdond, t-{GHAu-(C=ENYU- lsad not ed t hat t he
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In L, when n is 0, the radical is a hydrocarbon chain {optionally substituted and
perhaps having an ether, thioether or amino linkage). Presently it is preferred that
there be no optional substituents in L. When both m and p are 0, L.is a divalent
mono- or bicyclic carbocyclic or heterocyclic radical with 5 - 13 ring atoms
{optionally substituted). When nis 1 and at least one of m and p is 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, nand p may be all 0. in still further embodiments m may be 0, n may be 1 with Q
being a monocyclic heterocyclic radical, and p may be 0 or 1. Alk' and Alk?, when
present, may be selected from —CHa-,

~CH,CH>-, and ~CH,CH,CH_- and Q may be 1,4-phenylene.

Specific examples of the radical —Y-L-X~{CH.],- include —~C(=0)- and —C(=0)NH- as well as
~(CHz)y~, -(CH2)O-, -C(=0)~(CH,)y~, “C(=0)-(CH3),0-, -C(=0)-NH-(CHz)y~, -C(=0)-NH-
(CH2),O-



- CH=CHCH2-, -CH2CH=CH, CH2CH=CHCH2-,-C=C-, -baCCH2-, CH2C=C-, and
CH2C=CCH2. Additional exanples of Alk' and Al k2 include -CH2W,6 -CH2CH2W
- CH2CH2WCH2-, - CH2CH2WCH( CH3) -, - CH2WCH2CH2-, - CH2WCH2CH2WCH2-,  and
-WCH2CH2- where Wis -0-, -S-, -NH, -N(CH3)-, or -CH2CH2N( CH2CH2CH) CH2- .
Furt her exanples of Ak’ and Al k2 include divalent cyclopropyl,

cycl opentyl and cycl ohexyl radicals. L, when nis O, the radical is a

hydr ocarbon chain (optionally substituUted and perhaps having an et her,
t here be no

t hi oet her or am no~+pkage). Presently it is preferred that
optional substit{ug | 0_tcH n%hot andk g 0 \ © a divalent nono-
or bicyclic car oc OI{G hz\(g\{'%r cyclhalﬁgII r ad} d ] (dglz)‘” 13 ring atons
(optionally substituted). Wen nis 1 and at least one of mand p is 1, L
is a di veherein vis ddk, Gadr 4iand higli N2 o3, ych ac-@HQFCIGR) O (:a0)-CHAI TY=end a nmno-

or bicyc I f lic radical with 5 - 13 ring atons
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(optiona ute resent Q may be, for exanple, a divalent
phenyl , naphthyl, cycl opropyl, cyclopentyl or cyclohexyl radical, or a
nono-, OThdixd¥ClLE.- het er ocycl i ¢ radical havi ng 5 tol3 ring rrenbers such

as er er.azi ndol yl yridyl, thienyl, or rroly
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with Q %ﬁn@eaLﬁbﬁ@élyajlia ipdirestielirdes ¢4 the alphdicarabn thanugh thenfaterlaaing nag 1. Ak

d Al k2
“crecegh *""°m“é’“§f§§‘“‘3 2 oFa E‘%eﬁ‘%ﬁﬁﬁ%%%@% B P om0, 2 ca

Y- L- x- [ Chis thus man b"@(““@"“%‘tﬁf@@@sbﬁ a@mé?rmﬂeas -(CH2)v-, -(CH2)~O,
(=0 -(CH)V , -C(=0)-(CH2))" O, -C(=0)-NH(CH2),-, -C(=0-NH (CH2)10 17

+0- - ( LN V. nd wis 1, 2 or 3,
such as %ﬁmg}em 2 éi%ilsrdss ovein %?Q@teﬁéﬁﬁbrad'c% =0) - NH- CH2-, and
-C(=0) - N#—g)ﬁgig}-lg}z For example in some embodiments m and n are 1 and p is 0; Q is ~O-;
and Ak' is an optionally substituted, straight or branched, C4-Cs alkylene, C,-Cq alkenylene

>

or C»-C; alkynylene radical which may optionally contain or terminate in an ether (~0-),
thicether (-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 suscepiible 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 either 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-substituted,
as in the case where R; is, for example, phenyl or cyclohexyl. Similarly, where the esterase



The radical -L-Y' Wen the al pha am no acid ester is conjugated to the
Inhibitor as a radical of fornmula (I1B) this radical (or bond) arises from
the particular chem stry strategy chosen to link the al pha carbon of the
amno acid ester notif in formula (I1B) or (IC) to the nodulator. (In the

| atter case, the -L-Y' - radical is indirectly linked to the al pha carbon
through the intervening ring atons ofgring systemB.) C early the

chem stry strategy for that coupling may vary widely, and thus many
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For the purpose of illustration, reference is made to known inhibitors of 5 of the above
intracellular targets, whose binding mode to the target is known. These examples illustrate
how such structural data can be used to determine the appropriate positions for the
attachment of the 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 scivent are suitable places for attachment of the carboxylesterase
ester motif and these are indicated in the diagrams.
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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 intracellular residence
time of a modulator of the activity of a target intracellular enzyme or receptor, may involve
several steps:

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

Performance of Step 2 results in the preparation of one or, more usually, a small ibrary 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 points of attachment
identified in Step 1.

Step 3: Test the alpha amino acid-conjugated modulator(s) prepared in step 2o
determine their acfivity 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
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activity in cells, suitable assays will normally include assays in cell lines to assess degree
of cellular activity, and potency profile, of the modified modulators. Other assays which may
be employed in Step 3 include in vitro enzyme or receptor modulation assays to determine
the intrinsic activity of the modified modulator and its putative carboxylesterase hydrolysis
product; assays to determine the rate of conversion of the modified modulators to the
corresponding carboxylic acid by carboxylesterases; and assays to determine the rate and
or level of accumulation of the carboxylesterase hydrolysis product (the carboxylic acid) in
cells. In such assays, both monocytic and non-monocytic cells, and/or a panel of isolated
carboxylesterases, can be used in order to identify compounds that show cell selectivity.

If necessary or desirable, step 3 may be repeated with a different set of candidate alpha
amino acid ester-conjugated versions of the parent modulator.

Step 4: From data acquired in Step 3, select one or more of the tested alpha amino
acid ester-conjugated versions of the parent modulator(s) which cause modulation of
enzyme or receptor activity inside cells, are converted to and accumulate as the
corresponding carboxylic acid inside cells, and which show increased or prolonged cellular
potency.

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 biosynihesis 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 feads to a reduction in nucleotide biosynthesis
resulting in inhibition of DNA biosynthesis and reduced cell division. DHFR inhibitors are
widely used in the treatment 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 transplant rejection. DHFR inhibitors have also found use as
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antiinfective (Salter A., Rev. Infect. Dis. 4,196-236, 1982) and antiparasitic agents (Plowe

C. BMJ 328, 545-b48, 2004).

Many types of DHFR inhibitor compounds have been suggested, and several such

compounds are used as anti-cancer, anti-inflammatory, anti-infective and anti- parasitic

agents. A general templates for known DHFR inhibitors is shown below:

NH,, R
NN X Lmker—@_

M

HN N G
G=NorCH
1

Methotrexate (S)-2-(4-(((2,4-diaminopteridin-G-ylymethylymethylamino)-
benzamido)pentanedioic acid is the most widely used DHFR inhibitor and contains a
glutamate functionality which enables it to be actively transported into, and retained inside,
cells. However cancer cells can become resistant to methotrexate by modifying this active
transport mechanism. Furthermore non-mammalian cells lack the active transport system
and methotrexate has limited utility as an anti-infective agent. Lipophilic DHFR inhibitors
such as trimetrexate (2,4-diamino-5-methyl-6-[(3,4,5-trimethoxyanilinc)methyllguinazoline)
{2 G = CH) (GB patent 1345502) and analogues such as {2 G = N) (Gangjee et al
J.Med.Chem. 1993, 36, 3437-3443) which can be taken up by passive diffusion have
therefore been developed both to circumvent cancer cell resistance and for use as anti-

infective agents.

OMe
OMe
NH,
N7 XY hl OMe
)I\N/ G/
H.N
2 G=CHorN

2

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
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cellular potency and/or intracellular residence tinme of a nodul ator of the
activity of a target intracellular enzynme or receptor, may involve several
steps: Step 1: ldentify a position or positions on one or a plurality of
nodul at or nol ecul es sharing the sane bi nding node for the target enzyne or
receptor, remote fromthe binding imrface between the nodul ators and the

tar get ehaversigriflcantegiegit re_identified from
the X-ray eccg)%galta stﬁegtﬁ@é]e%@g{ﬁ%g%tgﬁ%e&we%ﬁ Rpgﬁ% %ﬁ ?Q%f the target

enzyne or recepror ?HO%FSQ%\EH R® HeAdR Hie igie- %DHFBs@ﬂblbtwtnMeLacmltyanal ogue
t her eof ) a%m@tasaeten@eemwmm@hagee@s@a Bhve Rud éb%ﬁé‘&éﬁr% eOliglifle Structure.

Al t er nat ru ur e target eénzyne or receptor
with theb%ﬁuoddﬁaflgfcgﬁsk@%%kag%l@&v& ﬁ‘?@ mg?iaglrgqtowﬁ@ong or receptor

is mdel?@?nﬁ?‘sdmiﬂﬂr@rthat@ﬂQMQs namtihedﬁe inatadcdrne nodel is inspected The
presunption is that structural nodification of the nodul ator at positions
renote fgom,.t bi.ndi n'g nterface is unlikely to interfere significantly
with the™d gneralAlgatithm Describgdbovect  ve site of the enzyme or

r ;acep% orThGSImnrtgsa'bt’terepIﬁﬁll-FRomm mnlaﬂremaw(m £ CHRBB&RY iff trhg'gl:ﬁ\)é% 8%8,;” yst2aI
structur osdign e rds sol vent ep 2:
Coval ent nhndl fy PR nnd%tlaz?ga%g)oécbﬁg%%&agﬁﬁ% a5t ibis appasen faﬂﬁfh% acid
ester a{B%/SéaPpmlEi‘fatehPQS&ﬁgéO apedil hfcewbexweMrpémnaﬁﬂumacoaﬁjaﬁlcﬁ’trﬂther adi cal s at
one O NGRS widh tho Bfbrt (iFad %%m. bbibfd: A ﬂ‘e?ﬁedi; NP R L 2') pha

am no agzg ﬁ!‘ %%“P Ia i cal é otentl car may
be via an"h¥i"0PVR o8 ?f&icg'ﬁ '%B'G%qsrﬁtrmlﬂ*féﬁlt@rﬁaibh By(&ﬁ -tN)evumtothldoaieor(s) or
via a sushitabis. Eguﬂemwe(melim auRed fntepHENR shaklﬁg’%@sgu; Ble Cp.to[}. orPurpose. The
car boxyla%él‘f?ﬁé?ﬁﬁtﬁ?ihé?t rﬁao%f ) ﬁaced fromﬁ% e nmain no "bul k by a
spacer or |Inker e g pa(S%rT' [cdRhaERee '?‘?'“tsé@éb@?mthﬁwl\ﬁﬁlteent and

t her eby F B8&E&M&-i 1| further any small effect of the notif on the binding

node of the nodul ator and/or to ensure that the notif is accessible to the

dUCI nr(% steric interference that may result fromthe
L l a.u..n-.'. 2% Above

Compounds in WhlGh 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,




Performance of Step 2 results in the preparation of one or, nore usually, a
smal |l library of candidate nodul ators, each covalently nodified relative
to its parent inhibitor by the introduction of a variety of am no acid
ester radicals, at one or nore points of attachnment identified in Step 1.
Step 3: Test the al pha am no aci d-conjugated nodul ator(s) prepared in step
2 to determne their activity againsig the target enzyne or receptor. As is
normal in medicinal chemstry, the carboxyl esterase notif version(s) of the
parent nodul ator(s), prepared as ®chedalt of performing Steps | and 2, are
preferably testeq in assays appropriate to determ ne et her the expected
retention of nodudlator activity hasjin 25 fact been retained, and to what
degree and wi tH what potency profikex In accordance wth™ the underlying
pur pose ofgt, ent i om,—whith i to cause the™accu atjon_ of nodul at or
activity in cell§, suitable @edys Wi k@rmally i B ud »ﬁ',. in cell
lines to assess degree of cellul aroact and potenry p | e, of the
nodi fied nodul ators. Qther assays which may be empl@yed in Step 3 i ncl ude
in vitro enzyme or receptor nodul ati on assays to dgternine the intrinsic
activity of the nodified nodulator and its putatiyescarlboxyl esterase

c nversi on of the

hydrol ysis product; assays to determne the rate
carboxyl esterases; and assays to deternmine the rat:oand or |evel of

nodi fied nodul ators to the correspondi ng carboxy

acid) in cells. §n ch~ assays, both nonocytic and ngps

and/ or a panel_of]isdlatgd carboxyl esterases, b- used in order to

i denti fy cong ymds N ha sh@ell*seﬁecﬁ‘vit ecessary.qr desirabl e,
step 3 pe repeat edOwi t different set andt datle am no acid
ester- coﬁ{%gated versions of the parent mpguhs . Step 4. From data

acquired in Step 3, select one or nore of ‘the tested al pha anmino acid
ester-conj ug versi pns of the parent nodul ator(s) which cause nodul ati on
of enzyne o ar ﬂCtIMIty inside cells, are converted to and

accumul ate Ms 1 corrgsp ndlng carboxylic aC|d inside cells, and which
shom1incg§ @ pr ol nged Cellﬁtﬁ;? pot ency. The above descri bed St eps
ent a

1-4 repr generar al gorgth the inplenmentation of the principles
of the present invention. Thejlapplication of the algorithmis illustrated
i n Exanpl e NH,
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A below, applied to a known inhibitor of the intracellular enzyne

di hydrof ol ate reductase (DHFR). Exanple A Folic (pteroylglutamc) acid is
a vitamn which is a key conponent in the biosynthesis of purine and

pyri m di ne nucl eoti des. Follow ng absorption dietary folate is reduced to
di hydrofol ate and then further reduced to tetrahydrofol ate by the enzyne

di hydrofol ate reductase (DHFR). Inhibition of DHFR |l eads to a reduction in
nucl eoti de biosynthesis resulting i 4 nhi bi ti on of DNA bi osynt hesi s and
reduced cell division. DHFR inhibitors are w dely used in the treatnent of
cancer (Bertino J, J.Cn. Oncol. 11, 5-14, 1993), cell proliferative

di seases such as rheumatoid arthritsicgef('@f'onstei n N., Pharmacol. Rev. 57,
163- 1723), psorijasis and transplant rejection. DHFR inhibitors have al so
found use as 26 ntiinfective (Salter A, Rev. Infect.|Ds. 4,196-236,
1982) and antiparasitic agents (Pl C. BMJ 328, 545 , 2004). Many

types of Didely pbHt or “conpdunds Jhave beemsuggest ed an(gl several such
conpounds are usgd as anti - cdiaer P | ammat o3 a tl\@ective and
anti- parasitic agents. A general t¢enphat/es for known ®HFRuU mhi bitors is
shown below. NH2 - R N Linker -O H2NN G G=Nor H Methotrexate

(S)-2-(4-(((2,4-di am nopteridin-6-yl)nmethyl)nmeth
benzam do) pentanedioic acid is the nost w dely us
contains a glutamate functionality which enabl es
transported into, and retained inside, cells. Howe¥er rcancer cells can
becone resistant to nethotrexate by nodifying thisgzgctive transport
mechani sm Furt hernorejnon-manmal i an cells |ack the Active transport system
and nethotrexate hasflimted utility as an anti-infectiyve agent. Lipophilic
DHFR i nhi bi t grs asptrinetrexate

(2, 4-di ani .ﬁ ot Byl - B- | , 5- tTTmethoxyani
= CH) (GR peten 1345592) anal ogues suc

m nqg) -
DHER i nhi bi tor and
tq be actively

pguinazoline) (2 G
gj ee et al
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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



J. Med. Chem 1993, 36, 3437-3443) which can be taken up by passive diffusion
have therefore been devel oped both to circunvent cancer cell resistance
and for use as anti- infective agents. O O NH2 NN Ow ~ H2ZN N GH
G=CHor N 2 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 nodified in accordance withgthe present invention, that is

| i pophilic but whose activity accunul ates inside the cell could 27 have

si gni f i calkyl sabbfiutivmge the rittogeh eereoslsn ropdred iodderdify rodcropiiaBe selbdtive t or s have

si de ef&ﬁﬁﬁﬁmﬁggﬁﬁa%éﬂht t he doses that can be used in the clinic. A DHFR
i nhi bitor ose activity accunul ates selectively in macrophages coul d have
val ue as macrophages, via the production of cytokines, are known to play a
key role in inflammatory di sordersggieehe IRVi dence i s increasing that they
have a negative role in cancer. Step 1 of the General Al gorithm Described
Above The nnr struc%ure Wot h trimetrexate (2 CH) docked in the
active site is published ( hakdbv, V.I. eta!, Pre Seb, 1999,
8,467-481) dit s apparent that the appr opr i position to append
a car boxylestesas nDtif—f@j?ccordance Wi he {nvention was on the
phenyl ring as gpowhHisel ow 21t was inferre Gigghment at that point
in known close $f2ructural anal ogues of trinetrexate, such as (2 G=N)
woul d al so be suitable. Fgure 2 shows (2 G = Ny docked into DHFR show ng
that a suitable point for attachnment is the 4 popition of the aromatic
ring since this points amazl;:bnlthe active site |qf the enzyme. Step 2 of
the General Al gorithm | b€d Above

O
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Conmpounds in which the carboxylesterase notif is linked via its al pha am no

acid nitrogen were prepared as shown in schenes | and Il. Wthin this
series compounds with and wthout a carbonyl were nade to identify
potenti al macrophage sel ective conpounds. 28 Schenme |I BocNH OH BocNH O #

HN OOV O-~1~) O ONX®2 00 eNO HZN &N/ NHz N\ \ CN Raney/N
Hz HzNNNO NH ( \ HO\ N""2\H31H2NNNIJO-|0

Scheme IV
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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 agsay 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 comparable to the frimetrexate analogue (2 G = N). It can also be seen that by
altering the way in which the esterase motif is linked can lead to a compound (6) that is
100 fold more 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).

ON®R O\*p HO~/ V\ 0-0 HZN/ 02N NHZ N\ \ ON Raney/N

/ O N\



to the nodul ator via

Schene |11 Br
H2 HzZN (|

OO0\ NHz

(i) Raney/ N
NNH N\ \ CNUGH HZNAN N O OH H2

NHZ

H H2NN N Conpounds were also made in which the esterase nmotif was |inked
the al pha am no acid side chain schenes ||
Wthin this series conpounds with 30 al kyl
were al so prepared to identify macrophage sel ective
HO/ \ N2 /'~~ O\ N&Z OCs Co NHBOC Z s ONHBoc . 0 O 01
N (ii) TFA O\ \ H NHBoc

U937 (Monocytic celi line)

HCT1186 (non-monocytic cell

line)
Compound IC50 nMt | IC50 nM Ratio Acid 1C50¢ nM Ratio Acid
enzyme cell 1C50 Produce cell prolit- iC50 produced
{acid} prolif- cell/ d eration Cellf 2naiml
eration enzyme “ng/ml enzyme
(2 G=N) . 10 2200 220 NA 1700 170 NA
)
JUNee
LN o~
r W
3 2700 5100 1.9 80 7300 1.4 180
i (11)
e O N %
4 1033 310 0.3 970 6900 6.6 40
. (25)
50 o
W d
5 4000 310 0.8 210 6700 17 2
|
KB, °
e n oS
[ ™
6 1700 23 0.013 110 110 0.04 150
8
" Qiﬂ !
Bssandiite
Table 2

Notes

' The figures in brackets refer to the enzyme IC50s for the acid resulting from

cleavage of the esters

and | V.
substitution on the nitrogen
conpounds (schene 1V).
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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
intracellular 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 (T LC)
analysis was performed with Kieselgel 60 Fas, (Merck) plates and visualized using UV light.
Analytical HPLCMS was performed on Agilent HP1 100, Waters 600 or Waters 1525 LC
systems using reverse phase Hypersil BDS 18 columns (5 pm, 2.1 X 50 mm), gradient 0-
895% 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 Detector,
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
Openl.ynx and OpenLynx Browser software

The following abbreviations have been used:

MeOH = MeOH

NHZ

0

1



NH HZN-N N 32 Step 3 of the General Al gorithm Described Above The
conpounds including the trinetrexate analogue (2 G=N) were tested in the
DHFR enzynme assay, the cell proliferation assay, using both nonocytic and
non-nmonocytic cell lines, and the broken cell assay in order to assess the
cleavability of the esters by nonocytic and non-nonocytic cell I|ines.
Details of all these assays are give&5$elomL Step 4 of the Cenera

Al gorithm Descri bed Above As shown i abl e 2 conmpounds were identified
whose acggsibayeyactivity against the enzyme conparable to the

trimetrexate apalogue (2 G= N). It can also be seen that by altering the
way in \/\E&H’F‘?ﬁ@ﬁﬁsterase notif is linked can I ead to a conpound (6) that

is 100 Bod € temsisutoxpedreortyl i n U937 cells and 15 fold nore potent in the HCTI
16 than EEﬁF=BEHPdified anal ogue (2 G=N). In addition nodifications of
either the linkKer or the substituent on the esterase notif nitrogen

al | oned PYErt dimethglidroamige conpounds 4 and 5 that showed sel ective cl eavage
i n monocpiise = BietyPdulBgds Nnonocytic cell lines and which were significantly
nore antji-proliferative in nonocytic cell lines then non-nonocytic cel
lines (s&&rfdpjugrosseticgsid j937 (Monocytic cell |ine) HCT116 (non-nonocytic
cel | i n®HF =Getrghgdirotlirah0O50 nM | C50 nM Ratio Acid IC50 nMRatio Acid enzyne

cell 1C5Q Produce. cell lif- 1C50 produced ' (acid) prolif- cell/ d
eration @3‘1(‘{#’ ZSr?gyJﬁ]éarbeo?'é ion enzyne 2ng/ m enzyme (2 G=N) 10 2200 220 NA

1700 170HRKAF hydasehigricadid o/ Hi N-N 3 2700 5100 1.9 80 7300 1.4 180
DIPEA = diisopropylethylamine

NaH = sodium hydride

NaOH = sodium hydroxide

NaHCO; = sodium hydrogen carbonate

Pd/C = palladium on carbon

TBME = tert-butyl methyl ether

Nz = nifrogen .
PyBop = benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate
NazSQ, = sodium sulphate

Et;N = triethylamine

NH; = ammonia

TMSCI = trimethyichlcrosilane

NH,CI = ammonium chloride

LiAIH,4 = lithium aluminium hydride

PyBrOP = Bromo-tris-pyrrolidine phosphoniumhexafluorophosphate
MgSO, = MgS0O4

"BuLi = n-butyllithium

CO, = carbon dioxide

EDCI = N«(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
Et,O = diethyi ether

LiOH = lithium hydroxide

HOBt = 1-hydroxybenzotriazole

ELS = Evaporative Light Scattering

TLC = thin layer chromatography

mi = millilitre

g = gram(s)



01) ~' 4 1033 310 0.3 970 6900 6.6 40 (25) 7lq oot 6H HIN 5 4000 310 0.8
210 6700 1.7 2 N, ~~0 (10) I INNNH M\ 6 1700 23 0.013 110 110 0.04 150
Table 2 Notes The figures in brackets refer to the enzynme 1C50s for the
acid resulting from cleavage of the esters 34 2 The anount of acid
produced after incubation of the ester for 80 mnutes in the broken cell
car boxyl esterase assay descri bed bel oyg Using simlar strategies the concept
has successfully been applied to a range of intracellular targets as

out | i nedMgrF miligrandghpl es bel ow. By way of further illustration of

princi pl ge 9didal S 1 nvention the foll ow ng Exanples are presented. In the
conpound synt heses scri bed bel ow. Commercially avail abl e reagents and

sol vents"‘('{ﬂbf@'@waﬁ were used W thout further purification. M crowave

i rradi at LOMSwalsigic perforraaha@Uibiuitl shmatogfdpybizss spiromepsed mi crowave reactor.
Sol vent s er sin neVac Series | w thout heating or a Genevac
Series | PWV\II F'ﬁ&%ﬁﬁg%m&?&?gﬁgﬁl Purification of conpounds by fl ash

chr omat ogt-aplepmdeperaturgas perforned using silica gel, particle size 40-63
pm (230- 4= pEsidsobt ai ned from Silicycle. Purification of ‘conpounds by

preparatLv%oHl?L)C was performed on G lson systens using reverse phase
= ur{s



Ther noHyper si | - Keyst one Hyperprep HS C18 colums (12 m 100 X 21.2 mm),
gradient 20-100%B (A= water/ 0.1 % TFA, B= acetonitrile/ 0.1 % TFA) over
9.5 mn, flow=30 mM/mn, injection solvent 2:1 DVMSO acetonitrile (1.6
m), UV detection at 215 nm 'H NWVR spectra were recorded on a Bruker 400
MHz AV spectroneter in deuterated solvents. Chemical shifts (8) are in
parts per mllion. Thin-layer chr orrat,jp)gr aphy (TLC) analysis was perforned
wi th Kieselgel 60 F254 (Merck) plates ‘and visualized using W |ight.

Anal ytical HPLCVS was performed on Agilent HPI 100, Waters 600 or Waters
1525 LC systens using reverse phase Hypersil BDS C18 colums (5 m 2.1 X
50 mm), gradient 0- 95% B (A= water/ 0.1 % TFA, B= acetonitrile/ 0.1 % TFA)
over 2.10 mn, flow = 1.0 m/m ANTERNEPpAES a were recorded at 215 nm usi ng
a G |sonthal@d ' t i.nal e wavel th W

det ect or, Mtéﬂﬁﬁ%ﬂg@g%@ﬁy%ﬁg&n@! hheﬁ@tﬁéé}é:\gttsth &03%"‘?@?%&%3@8 dual

wavel ength UV detector, or Waters 2996 di ode array UV detector. Mass
spectra were obtained over the range mz 150 to 85§ at a sanpling rate of 2
scans per second or scan per 1.2 seconds using cromass LCT with
Z-spray interface or Mocromass LCT with Z-sprayfor MJX interface. Data
were integrated amet egor usi ng OpenLynxn X Browser software
The foll ow ng abbrevi abio ave been used: MeMHg& 35 EtOH = EtCH
Et OAc = Et CAc Boc = tert-butoxycarbonyl DCM = DCM DMF = di net hyl f or mam de
DVBO = di metiytesBitbguitdyianbiod. = L1 f | HOLa8REbIR. ﬁﬁ? J&t rahydr of ur an
Na2CO3 = sodWJw@atvrtw@riaﬁgopéﬂ@I ester hydr %m@%&&% jﬁ?ﬁhﬂéﬁc

di i sopropyl et hyl am ne

O
1O YO
O
0

(8)-2-Amino-4-methyl-pentanoic acid ' (8)-Amino-phenyl-acetic aéid
cyclopentyl ester cyclopentyl ester

HOJK/\KU\O /‘ir
O
NHBog NHz \]<
o

(S)~2-tert-_B_utox¥carbonylamino— (S)-2-Benzyloxycarbonylamino-4-
pentanedioic acid 1-cyclopentyl ester bromo-butyric acid tert-buty) ester

o 0
HOWO/ ~
NHBoc

{8)-2-tert-Butoxycarbonylamino-
pentanedioic acid 1-tert-butyl ester



NaH = sodi um hydri de NaOH = sodi um hydr oxi de NaHCO3 = sodi um hydr ogen
carbonate Pd/C = palladiumon carbon TBME = tert-butyl nethyl ether N2 =
nitrogen PyBop = benzotriazol e-1-yl-oxy-tris-pyrrolidino-phosphoni um
hexaf | uor ophosphate Na2SO4 = sodi um sul phate Et 3N = triethylamne NH3 =
ammonia TMSCI = trinethyichlorosilane NHC = amoniumchloride LiAIH4 =
l'ithium al um nium hydride PyBrOP = Brogro-tris-pyrrolidino

phosphoni umhexaf | uor ophosphate MSO4= MJSO4 BuLi = n-butyllithium CQ2 =
carbon di oxi de EDCI = N-(3-Di nethylanm nopropyl)-N -ethyl carbodiin de

hydrochloride Et20 = diethyl ether LiOH = |ithium hydroxide HOBt=
1- hydr oxybenz Eva,oratj_ve Li ght .Sc TLC = thin
| ayer chrdfs Qg defivarox a i fanm(s) nol

. \ \
™ O,Si"% oS
/q/ TBDMSICI, N Bos,0, EtyN, DCM
——— - -_— -
OH PBU, MeCN :
HaN © OH Stage 2 o4
o Stage 1 H N BocNH .

Cytiopentariol
EDCi, DMAP Stage 3
DCM

NBS, PPh3 pyridine

Br
AcQH/THF/ H20
BocNH O\Q Stage 5 BogoNH \O smge 4
e} BocNH \O

Stage 1 - Synthesis of (S)-2-Amino-4-(tert-butyl-dimethyl-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-dimethyl-silyl
chloride (1.33g, 8.8mmol, 1.05eq) was then added portionwise over 5 min and the reaction
mixture allowed to 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 titie
compound was isolated as a white solid (1.8g, 92%). *H NMR (500 MHz, DMSQ), §: 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).



NMR = nucl ear magnetic resonance r. t. = roomtenperature mn = mnute(s)

h = hour(s) 37
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C acl

iRAyidzy)-

ter Br OOH}OHO v OO NHBoc NHZ

cyclopentyl ester brono-butyric acid tert-butyl ester

dutyieBs (S)-2-tert-B ut oxycarbonyl ani no- pentanedioic acid

butyl ester 38 Synthesis of

ert - But oxvcar bonvl am no- 4- hydr oxv-butyric acid cycl opentyl
ent - But oxvcar bonvl am no- 4- hydrox\s\’/_- tyric acid 1-tent-butyl
0™\
BocHN OH
0

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 pC
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), §: 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 (2H, 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 NKN/O
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 residus was dissolved in EtOAc (100ml) and washed
with 1M HCI, 1M Na,CO, and brine. The organic layer was then dried over MgSO, and
evaborated 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%,

ester and
ester



OH TBDMSICl. O Bo; O Et3N, DCM O H2N OH DSU, McCN Stage 2 O Stages H2N CH
BocNH OH O O Cyctopentanol EDCI, DVAP S191 3 DCM Br NBS. PPh3, pyddi ne
OH DCM AcOH | THF | H20 O BocNH ~\> p 0 Stage5 BocNH O 0 Stagea Vp OV

BocNH O Stage | - Synthesis of

(S)-2-Am no-4-(tert-butyl-di methyl-silanyloxy)-butyric acid O H2N<OH O
To a suspension of L-honoserine (1g, & 4mmol) in acetonitrile (10m) at 0C
was added 1, 8-di azabl cycl o[ 5. 4. 0] undec-7-ene (1.32m, 8.8mmmol, 1.05eq).
Tert - but WZ@%WL#NMR (260 Mbizi GBCIB),. 5334, (118, Bamed. 3H2), NEEEH, mps,zt hen added
porti onwii$e e [ t tor. t.
and sti \rNE edn? &jl e g% Enj(ia) })?g?%@gtbﬁhﬁ&@?@Sgtﬁﬁ%hﬁ) 1:@'5“7} ilter ed
off and washed with acetonitrile before dryi ng under vacuum The title

conpoundSiags 4-3ynthiceid oA E)-a-tafbiBuRxFRH M; DNSO)
:rrp é&%—g bss?{n 3. I7 (?Izl nm, BX% c‘éiill\ilenqmr%g#hl 9 bu? % @%B%H
0.9 (9H 0.1 (6H, s). 39 Stage 2 - Synt hesi s of

(S)-2-tert-Butoxycarbonyl am no-4-(tert-butyl-dinmethyl-silanyloxy)- butyric
aci d 0'S\ BocHN OH 0O A suspension ofyStage 1 product (1.8g, 7.7mmol) in
DCM (100m ) at OC was treated with

9]

BocHN \D
(8]

Stage 3 product (1.57g, 3.9mmol) was dissolved in acetic acid: THF:water (3:1:1, 100mi).
The reaction mixture was stirred at 30°C for 16 h for complete reaction. EtOAc (200mi) was
added and washed with 1M Na,CO;, 1M HCI and brine. The EtOAc axtracts were dried
over MgSO, and evaporated under reduced pressure to give the product as a clear oil
which crystallised on standing (1.0g, 95%). LCMS purity 100%, m/z 310.3 [M*+Na], 'H
NMR (250 MHz, CDCI3), 5: 5.4 (1H, d, J = 6.5Hz), 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 (S)-4-Bromo-2-tert- -butoxycarbonylamino ~butyric acid cyclopentyl
ester

Br

0

BocHN \Q
s)

To a slurry of N-bromo succinimide (1.86g, 10.4mmol) in DCM (16.2ml) was added a
solution of tripheny! phosphine (2.56g, 9.74mmol} in DCM (7.2ml). The solution was stirred
for a further 5 min after addition. Pyridine (338pl, 4.18mmol) was added, followed by a
solution of Stage 4 product (1.00g, 3.48mmol) in DCM (8.8mll). The solution was stirred for
18 h,” concentrated under reduced pressure and the residual solvent azeotroped with
toluene (3 x 16ml). The residue was triturated with diethyl ether (10ml) and ethyl 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), 8: 5.30-5.05 (2H, m),



triethylamne (2.15m, 15.4mvol, 2eq) and di-tert-butyl dicarbonate (1.77g,
8.1mmol, 1.05eq). The reaction mxture 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 EtOAc |ayer was dried over
MySO4 and evapor at ed under reduced pressure. The crude product was taken
forward without further purification (2.53g, 99%. 'H NWR (500 MHz,
cba3), 50 725 (1 H bs), 5,85 (1 H © J =6.5H), 4.3 (1 H m, 3.75 (2H,
M, 1. 954(4BH,300H, m)13.48 (ADklJ 5¥.3 19),8550(kb (1), m)%.35.(BHd (18) m), HR9G 68 -
Synthe5|§¥PE
(S)-2-te DWbegé?%ﬁﬂylanlno 4-(tert-butyl-dinmethyl-silanyloxy)- butyric
acid cyclopentyl ester O BocHN O To a solution of Stage 2 product (2.53g,
1) ] . : (1.39m, 15. 3n,
- 4T 0. 76mmol, 0.1leq). The
reactlon nlxture was stlrred for 16 hat r. t. before evaporatlon under
reduced pressure. The crude resédue was dissolved in EtOAc (100m ) and

washed mﬁth I HCl, 1 M Nﬁﬁiﬁﬁyand brine. The organlc lfayer was then

dried over nd evapo d under redugced p(ﬁssur . e product was

purified b upopH chr oma Si ng I ¥eptane ( o yield the

title conp%ﬂhd 2. 24q, ngrhﬁﬂ% purlty 40 Hﬁt é +H , ' H NMVR
: 4 (1H, m,

(250 MHz, CDCI 3%, S: 5. 2 (1@ g, 6.3Hz), 5.15 (1 H
3.6 (2H, m, 2.0 (1H, m, 51, 55 (9H bm, 1.4 (9H,s), 0.85 (9H,s), 0.1
(6H,s). Stage 4 - Synt heS| s of

(S)-2-tert-But oxycarbonyl am no- 4- hydr oxy- but yr iNeHGaG | ds&@égl opentyl ester OH
BocHN<O 10 Stage 3 product (1.57g, 3.9mmol) wa®Hi sqol ved in acetic
acid: THF: water (3:1:1, 100m ). The reaction mxturg was stirred at 30C for
16 h for conplete reaction. Et OAc (200m) was add and washed with I M
Na2C03, 1 M HCI and brine. The Et OAc extracts were|dried over MgSO4 and

evapor at ed under reduced pressure to give the prqdu as a clear oil which
crystallised on standing (1.0g, 95%. LCMS purity 108% z 310.3 [M +Na],
1H H,N

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

To a suspension of (S)-leucine (15g, 0.11mol) in cyclohexane {400ml) was added
cyclopentano! (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 to give a white suspension. Heptane (500mi) was added to the mixture and the
suspension was filtered to give the product as a white salid (359, 85%). '"H NMR (300 MHz
RMODL&1D1@HtJ=SBH@;HMQDSUﬂtm)239@H5L336ﬁ&LJ=65H&
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 cyclopentyl ester



NVR (250 MHz, CDCI3), 6: 5.4 (1H, d, J = 6.5Hz), 5.2 (1H m, 4.4 (1H m,
3.65 (2H, m, 2.15 (1 H m, 1.9-1.55 (9H, bm, 1.45 (9H, s). Stage 5 -
Synt hesi s of (S)-4-Bronp-2-tert-butoxycarbonylam no -butyric acid

cycl opentyl ester Br BocHN(O O To a slurry of N-bronmo succini mde
(1.86g, 10.4mml) in DCM (16.2nml) was added a solution of triphenyl
phosphine (2.56g, 9.74mmol) in DCM (742ml). The solution was stirred for a
further 5 mn after addition. Pyridine (338tal, 4.18nmpl) was added,
followed by a solution of Stage 4 product (1.00g, 3.48mvl) in DCM
(8.8nl). The solution was stirred fo 18 h, concentrated under reduced
pressure and the residual solvent azeotroped with toluene (3 x 16ml). The
residue was triturated with diethyk”etther (10m) and ethyl acetate :
heptane (1:9, 2 x 10m ). The conbi hed gt and heptane sol uti ons was
concentrated onto silica and pNi figd b | utm chr omat ogr aphy el uting
with EtOAc / heptane (1:9 to 2:8) tap provide the title conmpound (1.02g,
84% . 1H NWR (300 MHz, CDCI3), 6: 5.30-5.05 (2H, m, 41 4.45-4.30(1 H m,
3.45 (2H, t, J =7.3 Hz), 2.50-2.30 (1 H m, 2.25- 2.10 (1H, m, 1.95-

1. 60 (8N,so!btiomt)f8ta‘be4l7pr()tﬁldt (2597g, Gxam:srha}shamﬁ 5rriB) wad wishB@ with BB &y | - oent anoi ¢

aci d cvc,LI % opent apol 4_& gB{ (\-11
HzN Cycl o exa XAE%BMBm&%ﬁ%{: bﬂflodlﬁg %/ﬂ’eé E‘% x%@)? kb BEH Cer

4ml). The combined organic Iayers were dried (MgSO,), and the solvent removed in vacuo

to give the title compound as a colourless oil {1.10g, 80%). "H NMR (300 MHz, CDCly), 8:

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-phenvi-acetic acid cyclopenivi ester

9]
Y0
0

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

Synthesis of (S)—z-tert-Butoxvcarbonylamino-pentanedioic aeid 1-cvclopentyl ester




Stage 1 - Synthesis of (S)-2-Am no-4-nethyl-pentanoic acid cycl opentyl

ester toluene-4- sulfonic acid ct To a suspension of (S)-leucine (15g, 0.11
nol) in cycl ohexane (400nml) was added cyclopentanol (103.78nl, 1.14mmol)
and p-toluene sulfonic acid (23.93g, 0.13nol). The suspension was heated
at reflux to effect Qul phateo. After refluxing the solution for 16 h, it
was cooled to give a white suspension, Heptane (500nl) was added to the

m xture and the suspension was filtéPed to give the product as a white

solid (35g, 85%." MR (3 MHz, MeOD), S: 1.01q(6H, tg J =5.8Hz),
1.54-2.03 (11 4, MH, S)se 30,96 (1 1, ,Wﬁz)/&.zﬁ-a% (1
H m, 7.25 4o~ = 9&5,%, ﬁs. Y, S age 2 -

Synt hesi s of - 2- Ami no-YFpfet hyl -98%nt anois=&ci d cycl opd#eyl ester 42 HzZN
0--0 OA solution of Stage 1 produet (2.57g, 0.01 3nol) in DCM (5nml) was
washed with sat. agq. NaHCO3 solution (2 x 3m ). The conbined aq. Layers
were back extracted with DCM (3 x 4nl). The conbined organic | ayers were
dried (MySO4), and the solvent renoved in vacuo’¥®% (gsmezthe title conpound
as a colourless oil (1.10g, 80%. 'H NVR (300 M¥ 13), 5: 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 (1
H m. Synthesis of (S| Am no-phenyl-acetic acid cyclopentyl ester Q H2N

O O -v> (S) - Ami no- phenyl -acetic acid cycl opentiyl est§gr prepared from
(S) - Ami no- phenyl -acetic acid following the § ' used for the
synthesis of (S)-2-Am no-4-nethyl- pentanoic acid cygkopentyl ester

Synthesis of (S)-2-tert-Butoxyaarbonyl am no-pentanedi oic acid 1-cycl opentyl
ester 43 OO0

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

cyclopentyt ester

S

To a stirred solution of (S)-2-tert-butoxycarbonylamino-pentanedioic acid 5-benzyl ester
(5g, 14.8mmol) in a mixture of DCM (50ml) and DMF (30mi) at 0°C was added
cyclopentanol (2.7ml, 29.6mmol), EDC1 (4.25g, 22.2mmol) and DMAP (0.18g, 1.48mmol).
Stirring 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 aq HCI (50ml) followed by sat ag
NaHCQOs (50ml). The EtQAc layer was dried (NayS0,), filtered and concentrated in vacuo
to give a viscous oil which solidified on standing overnight. Trituration with Et,0 (2 x 10mi)
afforded the title compound as a white solid (43.784g, 80%). LCMS purity 94%.

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

ester

HO O



,0 OOHEDCA DVSP I \ O O NHBoc DCM/ NHBoc Stage | Pd/C, Hz Stage 2
EtOH HO' ~~0 NHBoc Stage 1 - Synthesis of

(S)-2-tert-But oxycarbonyl am no- pent anedi oi ¢ acid 5-benzyl ester 1

cycl opentyl ester cojoL NHBoc To a stirred solution of

(S)-2-tert-but oxycarbonyl am no- pent anedi oi ¢ acid 5-benzyl ester (5g,
14.8mmol ) in a mxture of DCM (50ml) 4and DMF (30nm ) at O0C was added

cycl opentanol (2.7mL, 29.6mol), EDCI (4.25g, 22. 2rrm)l2E and DVAP (0. 18g,.
1. 48mMolA) mixtuBt bfr Stagey! pradud ¢hig, fR2suhraal), end 10% HAEE 0- a;tin S @ﬁOWH“@ﬁ time
LN S GREPLEabrke r £ BRGN, Afer fiicH MRS CRSEGIEA fipletibEiC od

pressure e rea ted wth Et OAc é‘}&% % washed with
wat er ( TEmHipy)- Thwamomxtt(r%wa’ﬁ 5ilterr@ﬂ' theaneh aipgd ghgeiitey Wasied O‘%H% m). The

Et QAc | @y %\@&cdﬁ&é&ﬁt&dﬂaaﬁ%)m give aivdiite SolINto ﬂa(ﬁrﬂ:{vemésicmaeﬂtomhaadido t(r)] %i \2/8
a viscous oLl whic in wi t t
(2 x 10m@p disgplved @é%l“?'}?éd'H'g T’é‘“&%@ﬁﬂ%") ghd 00 engrgggé J"’ycf‘l %’X‘gﬁ%% 809 .
LCMS putitié YorBg8nd $0.861679%) - HIYWIR (4001 1Hn MeOD), 5: 1.35 (8H, s), 1.60-2.10 (10H,

(S)-2- tert Bg ﬁﬁ ?r tﬁgﬂyl am no-pentanedioic acid 1 -cyclopentyl ester o O
HOj ~0 A i u'? f Stage 1 product (1.3g, 3.20mvol), and 10%
Pd/ C (0. 59) in EtOH (150m) was stirred under H2 (balloon) at r. t. for 4

h, after IRL R RBISE acit 9a6i-baMt esldre reaction
o xtur 6 SR o T A S e oo e R
0 /l<

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-cyclopeniyl

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

O Dibenzyldicarbonate, NaOH 9]
o OH R - /& o OH
o7 Ty \ﬂ’ Dioxane, water 07 Y Y

Z0O
NH, O Stage 1 NH

1) EtCCOCI, NEt,, THF

Stage 2 | ) NaBH,, THFwater

o 0
)YOJH‘“\“\/B" - NBS, PPh,, DCM, Pyridine /'Vo J\’\“‘«\/OH

NHZ Stage 3 NHZ

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



(20m) and concentrated in vacuo to give a white solid. To renove residual
EtOH the solid was dissolved in toluene /THF m xture (5/1) (20nl) and
concentrated in vacuo to yield the title compound (0.8g, 79% . 'H NWVR (400
Mz, MeOD), S 1.35 (9H, s), 1.60-2.10 (104, m), 4.05 (1 H m, 5.20 (1H
m . Synthesis of (S)-2-tart-Butoxycarbonyl am no- pent anedi oi c acid
l1-tert-butyl ester 0 HO-O < NHBoc

(S)-2-tert-But oxycarbonyl am no- pent anedl oic acid 1-tert-butyl ester was
prepared from (S)- 2-tert-butoxycardonyl am no-pent anedi oi ¢ acid 5-benzyl
ester follow ng the sane procegﬂt ug feir the synthesis of
(S)-2-tert-Butoxycarbonyl am no- ta e |c acid 1-cyclopentyl ester
Synt hesi s of (S)-2-Benzyl oxycar bonyI fo- 4- br ono- butyric acid tert-butyl
ester 4 0 Dibenzyl di carbonate, NaCOH 0 Ol~1H~j ~ / OH Di oxane, water O-' ~CH

2 Stage | H 1) EtOCOC, NEt3, THF H.. TH
PPh3, DM W%*Pévﬁén'm'd b"?ﬂi@*ﬂ@ﬁ*ef%gagg 3. 7%@8 g Sﬂﬁiﬁ“ﬁé\é%%eﬁ“ ﬁLeEFS ’

Of (S)- 21%%vl1%mp@érb@mblm iA @5%Uwatemin dioaaried50mt) STrie-dolutign wes stisied45 O NHZ

0 (9)-2- S CCI Sac t t 245!
hydr oxi 6795 P(?"ﬂgg’enz gaég g{ér?n%lle%r/ée %sgé &Qé?@nl) \‘%}ago Yo Wat eS)r0 | nddfgg:ag(ran
(50M ) . ThRdebdiob wiak stirrateat 083 for # dcind AheratrdnevernigbYgee(10mP s added 29,

4. 13”“°an{ &18%%1%‘ \)%aschﬁ‘é ﬁ#@iﬁp)c BRDAHIBEE Sha Phase Tae bBBIKE Ur € was
stirr edextracted with a sat. aq. Solut[oneorf] sgdlunr‘} 'blctai'boggtgr(zn ;cqgml) _H_\\% c:omb(negm ) was added

Layers were acidified to pH 1 with 1M HCI, and extracted with EtOAc (3 x 10ml). The

combined organic fractions were dried over MgS0, and concentrated under reduced

pressure. The product was purified by column chromatography (35% EtOAc in heptane) to

afford the title compound as a colorless oil (0.76g, 50%). m/z 346 [M+23]", *, "H NMR (300

MHz, CDCI3), §: 7.39-7.32 (5H, m), 5.72 (1H, d, J = 8.1Hz), 5.13 (2H, s), 4.58-4.50 (1H my),

3.10-2.99 (1H, m), 2.94-2.83 91H, m}, 1.45 (2H, s).

Stage 2 — Synthesis of (S)-2-Benzyloxycarbonylamino-4-hydroxy-butyric acid tert-butyl

ester

O
ol O H
Aot

NHZ

To a solution of Stage 1 product (0.6g, 1.87mmol) in anhydrous THF (20ml) at -20°C was
slowly added triethylamine (0.032ml, 2.24mmol, 1.2eq) and ethyl chloroformate (0.021ml,
2.24mmoi, 1.2eq). The mixture was stired 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 pressure, the residue was diluted with water (10ml} acidified
to pH 5 with 1M HCI and extracted with EtOAc. The organic fractions were combined
washed with 10% aqg. Sodium hydroxide, water and brine, dried on MgSO, and
concentrated under reduced pressure to give the title compound as clear ofl (0.3g, 51%).
miz 332 [M+23]".

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



and the m xture was extracted with EtOQAc (2 x 20nml). The organi c phase was
back extracted with a sat. aqgq. Solution of sodium bicarbonate (2 x 10nl).
The conbined agq. Layers were acidified to pH1 with IMHC, and extracted
with EtOAc (3 x 10m ). The conbined organic fractions were dried over
MySO4 and concentrated under reduced pressure. The product was purified by
col um chromat ography (35% Et OAc in q§pt ane) to afford the title conpound
as a colorless oil (0.76g, 5099. mz 346 [ Mt231 ~,'H NWVR (300 WMHz, CDCl3),
3: 7.39-7.32 (5H, m, 5.72 (1H, d, J = 8.1Hz), 5.13 (2H, s), 4.58-4.50 (1H,
m, 3.10-2.99 (1 H m, 2.94-2j§ Y H m, 1.45 (9H, s). Stage 2 -

Synthesi s of (S)-2-Benzyl oxycarbgnyllam no- 4:hydroxy-butyric acid tert-butyl

ester O ~iOH NHZ To a sol uti on“of0St gte product (0.6g, 1.87mmol) in
anhydrous THE (20nl) at -20C was sl owHZ added triethylam ne (0.032m ,
2.24mmol, 1.2eq) and ethyl chloroformate (0.021m, 2.24mmol, 1.2eq). The
m xture was stirred at -20C for 2 h. The solid fornmed was filtered off and
washed wid fsditdion(c? Nxbrd@ndecinifride ©0is2gr 29 Bmmals 3ec] deldCH(birl wes slowld sol uti on

of odi r i ; inr at r. t.
for Z hl.gépﬁggsso‘aﬁg{néﬂﬁ%\%gy'@g’ﬁﬁ@g%@@%?'7?@%g?%gﬁggg}? g,%w)hz@esi due was
di | ut ed wixture was stirredBOrt)forfemin: Pyrisine (PA9H, 4. 1&mmel, |1.3er)RNd 3AHRR £} act ed

with Et Ghgge EBF‘od%tQ@.@'g,Co.%ﬁﬁ&li RS INVISEIR (ZOAPWBRGdd¥Eeabpsisshidthd 0% ag. Sodi um
hydroxi de, “water and brine, dried on MJSO4 and concentrated under reduced
pr essur eMpdrypiEed@t e tQvelNBtonpound as clear oil (0.3g, 51%. mz 332

[ Mr23] +. Tii saenBras Syoldesnder hiuced pressure, the residue was azeotroped with
) 2 oot LB P AR (B et 4 SR Ah BN heliphetl, 08 D ©
DCM ( 10riThe sedions foeth jhe titiricn wersiombined asd evaropHiedhipidsmssphasrude. 71,
2. 72mol pro&:c@%% phﬁfie@WcSl@:ﬁ)lmc%rome%raphy (15% EtOAc in heptanes) to give the title
compound as a clear oil (0.16g, 44%). m/z 395 [M+23]7, "H NMR (300 MHz, CDCI3}, &:
7.39-7.30 (5H, m), 5.40 (1H, d, J = 6.8Hz), 5.12 (2H, s), 4.38 (1H, 9, J = 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 to as “SAHA", by
the attachment of amino acid ester motifs at points 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,



m xture was stirred at r. t. for 5 mn. Pyridine (0.094nl, 1.16muol, 1.2eq)
and a solution of Stage 2 product (0.3g, 0.97mmol, leq) in DCM (20nl) were
added dropwi se and the mxture stirred at r. t. overnight. The sol vent was
removed under reduced pressure, the residue was azeotroped with toluene (2
x 15ml) and triturated with diethyl ether (2 x 25ml) and 10% Et CAc in

hept anes. The solutions fromthe tritguration were conbi ned and evapor at ed

to dryness. The crude product was purified by colum chromat ography (15%

Et CAc i nS topedyiry &or tdsih dhetn conpound as a clear oil (0.16g, 44%.
m z 395 7 H, , 5.40 (1 H,
S, %’%irigfs ez 1R @@%ﬁg@w Wieors T afscid, Pl 51 (G
5. 49- 2. 38CW MeORX 2, IBME 2213 ( 1H, , 1.48 (9H, s). EXAMPLE | This exanple

describes the nodification of the knovvn HDAC ( Hi st one Deacetyl ase)

i nhi bi tOk SUE mél ani | i de hydroxam c acid (conpound 7) herein referred to
as " SAl S 89€t achment of amino acid ester notifs at points renote
L ro g] t heAlsinat Bmguntof nttoeeliset hidrotyenibar grlbrotrithl essm ©a 0dEng roﬂrlébi:tfbg of it )s

i ndi ng axa Ci SAHA) O
i o R e SRR e R e o PR ot Y BB F Pty 47
St andar dweﬁa@ﬁrqﬁas@é@mﬁléate ®as correntred by biowipg Réthiarstrears oﬁusg@d LCMStdﬁe

f ol | oW n@e $EGHRNER obldeq. MeOH, DMF, MeOH, DCM MeOH, DCM MeOH x 2, TBME X
2. Resin test cleavage A small anmount of functionalised hydroxyl am ne
2-chlorotrityl resin (ca 0.3m of reaction mxture, ca 10ng resin) was
treated Piepirafidh fBbEXNdIDEVRlset HyddRphininat2-Chlofotrityl RBEnresin  was filtered

gnd t he étjaééliath%m\é@iﬁs %?‘2 0%%'5'%@{)? I owmng with a streamof N2 gas. LCMS

the residue Wwas 0 %Sﬁnof Suberic acid Derivatised
Hvdr oxvl am ne 2-Chlorotrityl Resin
H O
O’NY\/\/\)LOMG
O

To a round bottomed flask charged with 2-chlorotrityl-O-NH; resin (6g, loading 1.14mmol/g,
6.84mmol) 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 0]

O’N\;(W\/LLOH

O

To a round bottomed flask charged with Stage 1 resin (4g, loading 1.t4mmol/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 (16ml). 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 | - Immobilisation to 2-chlorotrityl-OONH2 resin HO r OOw O To a
round bottonmed flask charged with 2-chlorotrityl-O-NH2 resin (6g, |oading
1. 14nmmol /g, 6.84mvol) and DCM (60m ) was added DI PEA (5.30g, 41. Omol,
6eq). Methyl 8-chloro-8- oxooctanoate (4.2g, 20.5mmpl, 3eq) was slowy
added to the reaction mxture with orbital shaking and the reaction

m xture shaken for 48 h. The resin waggfiltered and washed using the
standard washi ng procedure. The resin was dried under vacuum LCMS purity
was determ ned by ELS detection, 100% mz 204 [M+H]'. Stage 2 -

Saponi f i GadpapdtiollofSAHA dbMEliveE0 a round bottomed flask charged with Stage 1

resin (4 | oadi ng 1. 14 / 4. 56 I s added THE (16nml) and MeOH
(16m). %8@%%“?@%%%4%%@%8@%@}ﬁﬂ%ﬁwo&ﬁo@w b%‘b’é@lg, 22. 8mmol
5eq) in water (16ml). The reaction m xture was shaken for 48 h. The resin
was filt ] ol I by. t he standard
wash | pr ooaol s (ERYR o) RelTiblents i ndiehicloter eI gty

det er m n&MP ELS detection, 100% mz 190 [M +H]'. 48 Preparation of SAHA
derivatives Conpounds sed on SAHA were prepared by the nmethods outlined
bel ow. Conpounds (8), ¥9) and (10) @ prepared by the net ol ogy

descri bed " € ol|'owl Ag schemne: zN eMosesR Br o / BosgO KZCAz

| C, CO' D\VF 9 N QAR«ToH®F Of\ N 3.0 StageZ / op qydopent yl
Stage 1 ) Stage 2 |
: boc O
R = cyclopentyl
athyl
whuty!
gztb.qc Stage 3
% o . @)/‘Q'H\'D(\A/\ioﬂ
.\ ’O\Q/U\/\/\/\“/N flq O\'R PYBOP, DIPEA, DME HN N O\R
o boc © Staga 4 boe O
TFAIDCM Stage 5 gﬂﬁf Et only}

NaOH, MeOH
THF

HO\HMH\C/\: N Osr ONQMH\O/\ OH

v O

o2

R = Cyclopentyl Cempound (8)
~ R=tBulyl Compound {10}
TFADCH | Stage?

HO\QMH ﬁ OH
SORD
Compound (3}

Stages 1 to 5 are exemplified for R = cyclopentyl

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



ethyl t-butyl HOAc | Stage3 H,, Pd Il \ I \ OJJ MN OR PySCP, D PFA
DVF HZN N QAR 1A hoc O Stage4 | / boc O TFENCCM | Stage6 S'It:?/iges 1111 &i R~
St only) NaOH, MioHTHE | \ I \' OO/ NI~{{ \ NOH HOBHNI NO R
O- OH O O boc O R=Cydopentyl Compound (B) R=t-butyl Conpound(lD) TFAI DCM
Stage 7 HOHII NN/ OH OO Conpound (9) Stages | to 5 are exenplified
for R = cyclopentyl Stage | - Synthegis of
(S)-(3-N tro-benzyl an no) - phenyl -ace%s c acid cyclopentyl ester 49 QZN-N O
H O 3-Ni trobenzyl brom de (46mmol) wa i ssolved in DVMF (180m ) and

pot assi um car bonat e
O,N 0
2 YO
0

3-Nitrobenzyt 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 r. 1. before evaporating to dryness. The residue was re-dissolved in
EtOAc (150mi) and washed with water (3 x 80ml), dried (Na,SOu) 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 0]
O
\©/\boc Q

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 consscutively with 0.1 M HCI (150ml}, sat. aq. NaHCO; and water (150
ml). The DCM layer was dried (Na,SO,), filtered and concentrated to dryness. After
purification by flash column chromatography (5% EtOAc { hexane) the title Oulphate was
isolated and used directly in Stage 3.

Stage 3 — Synthesis of (S)-[(3~Aminoubenzyl)-tert—butoxycarbonyl-amino]-phenyl—acetic acid
cyclopentyl ester



(92mmol ) added, followed by the (S)-phenylglycine ester (10.6g, 46mmmol).
The reaction was stirred for 17h at r. t. before evaporating to dryness.
The residue was re-dissolved in EtQOAc (150m ) and washed with water (3 x
80ml), dried (Na2SO4) filtered and concentrated to dryness. After
purification by flash col um chromat ography (30% Et OAc / hexane) the ester
of was obtained and used directly inmgStage 2. Stage 2 - Synthesis of
(S)-[tert-Butoxycarbonyl-(3-nitro-benzyl)-am no]-phenyl -acetic acid

cycl opentyl ester @N\ N OV boc O hg Stage 1 product (40.9mvol) was

di ssolved in THE (250m ) before addi @ of potassium carbonate (61.4mmol)
and water (150m ). Di-tert-butyl-di canponate (163mol) was added and the
reaction m xture heated thFr@OC for .18 h. BCM was added the resultant

m xture washed consecutivefy 0.';1 M Cﬁgnﬁ), sat. agq. NaHCO3 and
water (150 m ). The DCM | ay s dsdced ( ), filtered and
concentrated to dryness. After purification by flash col um chromat ography
(5% Et CAc / hexane) the title Dul phate was isolated and used directly in
Stage 3. Sfage e addition of Pd/C

() - [(3“751#‘}%@ 3 ﬁ%%/(q } 8o Et‘f{aé)gi?ggl¥%dolﬁyt0%%1ggml) o] ti gl d

cycl ope(i09d wets catalys(0.89) aret NydogenatisiundernRalt %@'eﬁué%%t r2t Fiﬁ cﬁ“e( 11. 5mol )
was di s Ralidn HphPbfeiddintl e o@‘ted’«d/d@neéﬂiﬁ%m) cat al yst
(0. 89g) genhﬁcﬁ'qaf?dgé%&%@g(%ﬁder hbgﬁl oon pressu(rae‘e]J at r. t. for 18 h. The
reacti oPeligi xture was filtered through a pad of celite and evaporated to
dryness to give a solid. Stage 4 - Resin coupling OHNO NO

Stage 4 — Resin coupling

/U\/\/\/\[( \©/\b°c 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-(7-Hydroxycarbamoyl—heptanoylamino)—benzylamino]—phenyl-

acetic acid cyclopentyl ester compound (8)

The Stage 4 product (loading 0.83mmol) was gently shaken in 2% TFA/DCM (10mt) for
20min. The resin was filtered. The filtrate was evaporated under reduced pressure atr. t.



| HO 1 / boc O Hydroxylamne 2-chlorotrityl resin derivatized with suberic
acid (1.0 g, loading 0.83mvl/g) was swollen in DVF (15nl) and PyBOP
(1.36g, 2.61 moi) added, followed by DIPEA (1.5nl, 8. 7mml). Stage 3
product (2.61mvol) was dissolved in DCM (15m ) and added to the reaction
m xture. The reaction was shaken for 24 h at r. t.. The resin was filtered
and washed using the standard Washsf)rocedure. The resin was dried under
vacuum Stage 5 - Synthesis of

(S) - [ 3 7- Hydr oxy.car barmyl -ohepAany {1aml)envRe ftsreaaiter@Ddmphéhy| - acetic acid
cycl ope ;5%@{%\’5\'?%% tg%a?rpou%rﬁ]d? 8) O HO\I@I N g~c\:ed I;le?g /Ei;%éklpwba;{he Stage 4
pr oductcofnbmedifilrgtes vesnenaPyraipsdo JeReTS HEREREN S P 05 TEA (1°0m) for

2(r) ren' n. rol]p getsgo(rag_i Thé/y@giclhﬁé qu?]iﬂ?geq fhetarfd ih Qﬂ%tﬁmqgwﬁdgg}m %fﬂrddrl e%lrjri C)edand
pressu ot S| - af Gfe ¥ fc

was fi|avaperationrtp Spynseinflse URYRE redg'g%%?rﬁe%r% ?ﬁ?{r ates were evaporated to

dr ynes spypisieirativetiited pressure at r. t. to give an oily residue. The
residue was allowed to stand in 20% TFA/DCM for 40 m n. After evaporation

to dryness, also under reduced pressure at r. t., the crude product was
puri f i esnalycaprateden€oveompl®  Anal ytical data for Compound 8 LCMS purity

100% n{g,\ﬁgggﬂ %d%ﬂllzlcﬁﬁghﬁ AGONMR (A06NAEY, MEOD)L5:3BOH . 7TQ(16H6R), m), 2. 00
a8 O ki . S & T o o8 (s

Conpoungly G149 HGNS 7oRr(1laymP7% 1 z 484 [M+H ', ' H NMR (400 MHz, MeCD), 8:
1. 30 (13h, m, 1.45- 1.65 (4H, m), 1.93-2.05 (2H, m, 2.20-2.40 (2H, m),
3.99 (2H, q), 4.65-4.95 (1 H, m 7.05 (1H, d), 7.25-7.33 (2 H m),

7. 35- 7. pRalyfichl deda for Compouml (19) . St age 6 - Saponification OH

LCMS purity 97%, m/z 484 [M*+H]", 'H NMR (400 MHz, MeOD), 8: 1.30 (13H, m), 1.45-
1.65 (4H, m), 1.93-2.05 (2H, m), 2.20-2.40 (2H, ), 3.99 (2H, q), 4.65-4.95 (1H, m) 7.05
(1H, d), 7.25-7.33 (2 H, m), 7.35-7.50 (6H, m), 7.75 (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
2, followed by the standard wash procedure. The resin was dried under vacuum.

Stage 7 — Synthesis of (S)-[3~(7—Hydroxycarbamoyl-heptanoylamino)—benzylamino]-phenyi—

acetic acid (9)



N OH H O boc O The Stage 5 product where R = Et (1.4g, |oading 0.83mmovl)
was suspended in THE (8.6nl) and MeOH (8.6m ) and 1.4M sodi um hydr oxi de
solution (5.98nmmpl) was added. The m xture was shaken for 24 h and the
resin was filtered and washed with water x 2, MeCH x 2, followed by the
standard wash procedure. The resin was dried under vacuum Stage 7 -

Synt hesi s of 52
(S)-[3-(7-Hydroxycar banoyi - hept anoyl am no) - benzyl am no] - phenyl - acetic acid
(9) 52 O/ HORNNNOH O( ),,-, HO Stage 6 ct (1.44qg, |oading

) for 20 min. The

0.83mml ) was then gently shaken in 2% TFAl DCM ( )
r reduced pressure at r.
was filtered after

resin was filtered and t f||trate ev orated un

t.. The resin was rkeg % C

20 m n. The conbl ned f Itrat es vvere vappp ed yness under reduced
u

pressure at r. t. to give an oily re§|d he reS|Q1Iue was allowed to
stand in 20% TFA/DCMfor 40 mn. After evaporation to dryness, under
reduced pressure at r. t., the crude product was purified by preparative

HPLC to $iagk 6 pecaitipadg,(183dind M EnRs! w&s/théﬁ)g%t: %akeﬁl@@z%"ﬁ@bﬂ)cm R
( 400MHz ng 165 (4 00 ((2H , 2.30

, 50-

(2H, 1. foMZatgé)hri El'g?_'res in dﬁ/aslfﬂt%w(a(\f ”tl?_? ItFﬁte ev,ap@@tcs(dqu(demedu dges;surg@t( 1+-I m,
7.70 (1 Merepin vasmpieated (ith RUATERAPER T t0reladdidsoiterd ditse2cmmeThet hodol ogy
descri begorgtq,q Ll
(R[4 edrﬁc};%t%sg\ﬁr?érg %géq%rqﬁgé to;dr?lygﬁgg %ﬁhﬁ%igd%ed e/rFTsurﬁ.'%t Ay t to ngé\fe}ﬂﬂ }- ani no) ac
etic aci @l r% Ee,s,qdugg.'@gpllq\@g)to ﬂam in 20%4 TiA/PICIfor 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*+H]*, 'H NMR

(400MHz, MeOD), &: 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—heptanoy_!amino)—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, t), 2.45 (2H, 1), 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).



HORN N/ OO0 LCM purity 95% mz 496 [M+H +, 'H NVR (400 MHz, DMVBSO),
5:1.30-1.50 (6H, m, 1.50- 1.70 (81-1, m, 1.80 (2H, m, 2.10 (21-1, t),
2.45 (2H, t), 4.1 (2H, dd), 5.25 (1H m, 5.35 (1 H m, 7.45 (2H, d),
7.60 (51-1, m, 7.80 (2H, d), 10.00-10.10 (2H, br s), 10.50 (1 H, s). 53
EXAMPLE 2 This exanpl e describes the nodification of the known Aurora
Kinase A ("Aurora A') inhibitor 53
N-{4- ( 7- met hoxy- 6- net hoxy- qui nol i ne- 4=yl oxy) - phenyl } - benzam de (conpound
(11)) by the attachment of an amino acid ester notif at a point where no
di sruption of its binding node O%BAFP ECgrrpound (11):
N-{ 4- (7- met hoxy- 6- net hoxy- qui nol i ne- ),'I oxy) - phenyl }-benzamde N\ 14, O
O H N110 Conpound (11) was prepared as described in US Patent No.
6, 143, 764niCa@m S chasare %dﬁf@éfmw?egwnm& BhSRH Plu Bl Afie et hods

13) were prepared by ¥

out | i ned, R%l oW. Cg ounds l_élZ) and | e’ met hod

descri belfNPROT N4 G iehipnG-Retheneuingine-gylondphenyd-hengamide (@mpRubd | NH - NHZ

Stage 1 @1))byGhd attlchmdrt@0&h hm@o/ach! esteh fidtif SBaBMt Whéke\no/diuptioh of tsHO / O a NH
binding mode occurs.

Compound (11): N-{4-(7-methoxy-6-methoxy-quinoline-4-yloxy)-phenyl}-benzamide

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 foflowing scheme:



Il NHI NH o O cyclohexene/ethanol Stage 3 Pd/C 0~ Ph3P, D AD, DCM HO N

NHBoc O \ | / Stage4d OH O\ /
Stage Ol0 Stage 6 LiOH, THFlwater OO0 .,.

0 O BocNH O

(12) \ NHo ~ 1 OH OH /
Compound (13) p Stage 1 -

NHBoc O \ NH2 O |

AN NHONH O1I O1I \' \TFNDCM
~/ N2 0\ (/ O Conmpound
O TFNDCM NH Stage 7 NH O \

Synt hesi s of N-(4-Hydroxy-phenyl)-benzam de 55

HOl NH Oc To a solution of 4-am ngphenol (4.27g9, 39.1mmol) in DVF (50ml)
at 0C under an
HO
HO cl e \@\
@ * o)\© NH
H Stage 1
N 2 g 04\@
@\/ 1400C : -~ IN\
0 l Ny neat Stage 2 o e
O = HO@\ I O
| cl NH @NH
e
o)
cyclohexene/ethanal
Pd/C Stage 3
7 Ph,P, DIAD, DCM HO N
w“‘“\./o N s =
© I ) R CH i S
NHBoc o = Stage 4 (I)
e e et
0
BochNH
\Q\NH a \Q NF
a e
TN__TFAIDCM
Stagef\ D
o)
N
Stage 6 | LiOH, THF/water O)\[ O f £
NH, =
! 0
Compound {12) \@NH
/
o}
OH OH
a0 N
o} .a\\\\/o i N\ 0 N l 2
NHBoc o L NH, o =
l 0. :j TFA/DCM ! 0@
——
NH Stage 7 “NH
Compound (13) o

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



at nosphere of argon was added triethylam ne (7.44m, 53.4mol, 1.5eq). The
reaction was stirred for 10 mn before slow addition of benzoyl chloride
(59, 35.6mmmol, leq) over a period of 5 mn. The reaction m xture was
allowed to warmto r. t. and stirred over 18 h. The DM was renoved under
reduced pressure and the m xture was treated with EtOAc / water.
Precipitation of a white solid resul t%d this was filtered off and dried
under reduced pressure to give the t1tle conpound (8.0g, 96%. 'H NWR (270
MHz, DVMsO, 5: 10.0 (1 H s), 3 1H s), 7.9 (2H, d, J = 7.2Hz), 7.5
(5H m, 6.75 (2H, d, J = 7.4Hz). ge 2 - Synthesis of

N-[ 4- (7- Benzyl oxy- 6- met hoxy- qui nol5 < | oxy) - phenyl ] -benzamde / ON O
NH O To a round bottoned flask charged_ with

4- chl or o- 6- net hoxy- 7- benzyl oxyqui nol i%e @ Org. Synth. Col. Vol. 3, 272
(1955) and US006143764A (Kirin Beer KabushiKi Kaisha) for nethods of
synthesis] (1.09g, 3.6mvol) was added Stage 1 product (2.33g, 10.9 nmmol, 3
eq). Reaction was heated to 140C for 3 h. After cooling tor. t., water was
added t ofQ heoluiian tiaprnapharal (42740 89.t MOIIKDMEGS G EAPE Gflde i MeS Wi th

Et OAc. E‘nmog,ﬂi&gg@% t I shed with 5% aq. NaOH, brine and
dried over I\/E%Oél . dj‘%ﬁ?g%‘%’{?%‘gﬁ?@’ﬁ%égm?&ﬁ&w deffdle I hp reasdon wasind
puri fi e®5§Y (510 min befprsieamorsidiion pf kenapyimhiovide (5o E3aamél, 1dgplane (2:1) to

obt ai n tletiod bt3 mirc UHPRUBEbN(MxBRIvasIASNed 1 Fardhid r[t'\én;gil igr%cfﬁg‘egﬁ]gge%%w ”LgesNi %

of N-[4 - - 6- met hoxy- qui nol 1 n-4-yl oxy) - phen
/ NH O ?1%%%%?” eé@‘é&%e‘g?rsaﬁ%ﬁ andths gyxture wep inestell vdth Q884 Pd/ C (0. 08g)
i n 1:)% e\gaéerolﬁrf@gigimon/of Ewie £cﬁ6lr&).lltm1?ni$1ﬂ§é lﬁfé{é&‘tﬁf‘énd[]o%& Hﬁdefr?édu%e A I/L‘GOHPC” c
catal ys . a o Lte, wasnl n Wwce W .
The fil {prréé%gre\}géf"%gﬁﬁgg'%{‘ur;’gF‘g*d’d3%‘@%?95%13(1’&@'}4%?&'@[1%@1\5 0), 5: 10.0 (1H,

8), 9.35(1H, 8}, 7.9 (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 a round bottomed flask charged with 4—chEoro-s-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 r. 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 MgSO0,. 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]—benzamjde



to yield the title conpound as a yellow solid (0.34g, 75%9. mz 387 [M +H].
Stage 4 - Synthesis of

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

tert-but oxycar bonyl am no-butyric acid cyclopentyl ester O0 N NHBoc O o~ |.
N O To a solution of Stage 3 product (0.2g, 0.52mml) in anhydrous DCM
(30m) at OC was added (S)-2-tert-Buidxycarbonyl am no-4-hydroxy-butyric
acid cycl opentyl ester (0.223g, 0.78mvol, 1.5eq) in 5nml of DCM Ph3P
(0.557g, 2.lmmol, 4.1eq) and DI AD (0. 412rrfL 2. lmmol, 4.1eq) were then
added and the reaction nixte |owed to warmto r. t. and stirred for 16
h. The crude reaction m xture @ porated under reduced pressure and
purified by col unmm chromat ogpaphy give the title conpound (0.135g, 469%.
mz 656.3 |[M-+H]. 57 Stagel5 - Sy#t hesis of

((S)-2-am no-4-[4-(4-benzoyl am no- ph y) - 6- met hoxy- qui nol i n-7-

yl oxy] -butyric acid cycl opentyl ester ANH010 ON NHZ O oa NH NH OTo
a solution of Stage 4 product (5.8ny, Oz in DCM (1 m) was added
TFA (1 m). The reaction mxture was al Po b stir for 16 h before
evaporati on under reduced pressure, azeotropifig with toluene to renove the
traces of TFA. Conpound (12) was isolated as an off-white solid (4.7ng).
LCMS purity 95% nmfz 556.2 [M+H],"H NWVR (270 Mz, DMSO, 5: 10.4 (1H, s),
8.8 (1 HA nixtudof&tdddz) pro@uch®.563H.hBhmolP afid 16¢% IRd/30.088) S 06dyclohexene

{ EtOH (80ml) was heated under reflux for 3 h, The Pd/C catalyst was filtered through a pad
of celite, washing twice with MeOH. The filtrate was concentrated under reduced pressure
to yield the title compound as a yellow solid (0.34g, 75%). m/fz 387 [M"+H].

Stage 4 — Synthesis of (8)-4-[4-(4-Benzoylamino-phenoxy)-8-methoxy-quinolin-7-yloxy}-2-
tert-butoxycarbonylamino-butyric acid cyclopenty! ester

To a soiution 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 5mi of DCM. PhaP (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. t. and
stirred for 18 h. The crude reaction mixture was evaporated under reduced pressure and
purified by column chromatography to give the fitle compound (0.135g, 46%). m/z 656.3
[M*+H].



m, 7.35 (1 H d, J =7.6Hz), 6.75 (1 H d, J =6.5Hz), 5.25 (1 H m, 4.35
(3H m, 4.0 (3H, s), 2.4 (2H, m, 1.85-1.4 (8H, bm. Stage 6 - Synthesis
of (S)-4-[4-(4-Benzoyl am no- phenoxy) - 6- net hoxy- qui nol i n-7-yl oxy] - 2-

tert - but oxycar bonyl am no-butyric acid OH-"ON O/ I \' NHBoc OO0 / NH
To a solution of Stage 4 product (17mg, 0.02mml) in THE (1 m) was added
2M NaOH (0.026m , 0.046muol, 2eq). After 16 h, the reaction was inconplete
so an additional 2 equival ents of was added. Stirri ng was conpl et ed

oas i ?uatages'tswhwg°“ﬁs"§gm'ﬁ°mvﬁ§ﬁ'é%§1?@d‘ R B The <71 e
corrpound)t"%é%%] f‘i%@’&"r"%’%{ (1, dried over I\/gSO4 and isolated as a

white solid. This was used dlrectly in Stage 7 without further

purification. Stage 7 - Synthesis

of (S) - 4-[ 4- (4-benzoyl am no- phenoxy) - 6- met hoxy- qui nol i n- 7-yl oxy] - 2-
tert-butyl carbonyl am no-butyric acid (13) OHON NH2 OO- O / N H To a
sol ution of Stage 6 produc .5ng, 0.011 mol) in DCM (1 nm) was added TFA
(1 mM). The reaction was allowed to stir for 6 h and then evaporated under

reduced pressure to oj\-ﬂ““\/o l Ny
H
N 2 0 -
L
NH

ae

To a solution of Stage 4 product (5.8mg, 0.009mmol) in DCM (1mi) was added TFA (1ml),
The reaction mixture was allowed to stir for 16 h before evaporation under 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 (1H, d, J = 7.6Hz), 6.75 (1H, d, J = 6.5Hz), 5.25 (1H, m), 4.35 (3H, m), 4.0 (3H, s)
2.4 (2H, m), 1.85-1.4 (8H, bm).

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

OH
OA’"‘N\/O N\

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



give the title conpound (13) as an off-white solid (90%.
Eﬂz 4%8.2 [ Mt+H] , " H NMR (300 MHz, MeOD), 8: 8.75 (1 H, d, J = 7.8Hz),
4H, :
4.6 (2H m, 4.3 (1 H mM, 4.2 (3H, s), 2.6 (2H, n). Conpound (14) was

LCVS purity 100%

8. 00

7.65 (4H, m, 7.4 (1 H d, J =7.6Hz), 6.95 (1 H d, J = 8.0Hz),

prepared by the nethod described in the follow ng schene: 59 HO/ ct HO \
+ NHO-\ NH 2 Stage 1 0 / O N s5340C/ \ O/ | NDW Stage 2 O O HG

t

Q Cd NHOI \' Ao\ N cyclohexene/ethanol Pd/C Stage 3 0O OLJI

.0

, , O N Ke@Ogsd Biver tadueed ppgaue. The ag. Leyergeasliged with 3ml pf water@nd| NH zZNH 0~ o
I p NH Qidifidd t pHBAGHEIMBHCIWELifldonPotB@ was extracted into EtOAG, dried over

MgSO, and isolated as a white solid. This was used directly in Stage 7 without further

purification.

Stage 7 — Synthesis of (8)-4-[4-(4-benzoylamino-phenoxy)-6-methoxy-quinolin-7-yloxy}-2-
teri-butylcarbonylamino-butyric acid (13)

OH
O)ﬁ' “.\“\\/o I N\
NH.
2 o o

To a solution of Stage 6 product (8.5mg, 0.011mmol) in DCM (1ml) was added TFA (1ml).
The reaction was allowed to stir for 6 h and then evaporated under reduced pressure to
give the title compound (13) as an off-white solid (90%). LCMS purity 100%, m/z 488.2
[M*+H], "H NMR (300 MHz, MeOD), &: 8.75 (1H, d, J = 7.8Hz), 8.00 (4H, m), 7.65 (4H, m),
7.4 (1H, d, J = 7.6Hz), 6.95 (1H, d, J = 8.0Hz), 4.6 (2H, m), 4.3 (1H, m), 4.2 (3H, s), 2.6
(2H, m).

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



O "N NH Oo/lI \ NH O~ Conmpound (14) Stage 1, 2 and 3 are the sane
as descri bed above for the synthesis of conmpound (12). Stage 4 - Synthesis
of (S)-4-[4-(4-Benzoyl am no- phenoxy) - 6- net hoxy- qui nol i n-7-yl oxy) - 2-

benzyl oxycar bonyl am no-butyric acid tert-butyl ester f~ 60 o'\ NO NHZ Pa
NH OO0 The Stage 3 product (0.15g, 0.39mmol),

(S) - 2-Benzyl oxycar bonyl am no- 4-brono-butyric acid tert-butyl ester (0.16g,
0.43mmol, 1.1leq) and K2C03 (0.11g, 0. FBmol , 2eq) were dissolved in
anhydrous DVMF (10m ) under an atnosphere of pitrogen. The reaction was

stirred at 35C ¥ i ght pef orf the DVF was re @ under reduced pressure.
The residue was Qhved i@ nd-—wsashed-wi et er foll owed by brine.
The organic | ayer was dried ov SO~ %R evapopated under reduced

pressure. Colum chromatography (eluting with 1% i’i DCM afforded the
title conpound (0.16g, 60%. mz 678 [MtH '' , H NWR (300 MHz, CDCl 3), a:

8.49 (1 H d, J =5.3Hz), 7.98 (1H, s), 72 (2H, dd, J = 8.2, 1.4Hz),

7.80-7.72 (2 , 7.63-7.48 (4H, m, 7.43-F7.29 (4 . 7.24-7.17 (2H, m,
6.64 (1 H,( m,—o Ob#) , e.ggéﬁgmgga%q, Btoghs & tzr

3,9k =5, 5.15 (2H, s),
4.66-4.57 (1 H m, 4.3A/ 3.85 ¢S ~8), 2.55-2.33 (2H, m),

1.41 (9H, m. Stags 5 -Isynt hé*_é' of * 0 |
-(S) - 2- Ani no- 4- [ 4- (4- befizoyl ani oxy) - 6- net hoxyrb]lgl i n-
o)

7-yloxy] -butyric aciAd tert-butyl €sten (14)

cyclohexenefethanol
Pd/C .

Stage 3
K
0)\[,‘.-\\"\/0 l N\ K,CO,, DMF HO N\
NHZ = Stage4 gy ! P

a9 0
Pd(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-?-yloxy}-z-
benzyloxycarbonylamino-butyric acid tert-butyl ester



O,0/ N NHZOI O NHO 61 The Stage 4 product (0.045g, 0.066mmvl), was
di ssol ved i n anhydrous Et QAc (5ml) and Pd(OH)2/C was added under an

at nrosphere of nitrogen. The reaction was degassed and stirred under an

at nosphere of hydrogen at r. t. overnight. The catalyst was filtered off

t hrough a pad of celite and the solvent renoved under reduced pressure.
Compound (14) was purified by prepargjive HPLC. mz 544 [M+H ~,' H NMR (300
MHz, CD30OD), 8: 8.67 (1 H d, J =6.8Hz), 7.98 (4Hd, J = 8.7Hz), 7.90
(1H,s), 7.68-7.51 (4H, m, 42-7.36 (2H, m, 6.97 (1 H d, J = 6.6Hz),
4.52 (2H, t, J = 5.7Hz), 4. (1 H t, J=6.5Hz), 4.13 (3H, s), 2.69-2.45
(2H, m), 1.53 (9H, s). Conmpound .25) was prepared by the nmethod descri bed
in the follow ng schene 0™ ¥ oMy | i AcOH, NaCNBH4 O NH, INH o | i

OO/ MOHO1l NH Stage | Coppounid _{12) o Conpound (25) Ol 1 ~ Stage
1 -Synthesis of ?

(S)-4-[4-(4-Benzoyl ani no- phenoxy) - 6- nefPhgxy< qui nol i n- 7- yl oxy] - 2-
cycl ohexyl am no-butyric acid cycl opentyl er (26) NON ~O'p\OI / I/ OO
H/ NH

o)\©

The Stage 3 product (0.15g, 0.39mmol), (S)-2—Benzy!oxycarbonylamino-4-bromo—butyric
acid tert-butyl ester (0.16g, 0.43mmol, 1.1eq) and K;CO; (0.11g, 0.78mmol, 2eq) were
dissolved in anhydrous DMF (1 Oml) 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 (0.18g, 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, s), 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)—2—Amino-4-[4—(4—benzoylamino—phenoxy)-S—methoxy—quinolin—
7-yloxyl-butyric acid tert-buty] ester (14)



To compound (12) (37ng, 0.066mmoi) in anhydrous MeOH (1 m) was added 100L
of a 1 Msolution of cycl ohexanone in MeOH and | drop of acetic acid. The
reaction mxture was stirred at r. t. for 3 h. Sodi um cyanoborohydri de

(10.3ngy, 0.165mml) 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 conmpound (2 l as a di-TFA salt. mz 638 [M+H'.'H
NVR (300 MHz, CD30OD) 8: 8.72 (1 H d J =6.8 Hz), 8.02-7.98 (4H m, 7.93

(1 H /. 4597 6@6:1? 53 vl isshlved if-aARydrdld, EtORe (Blpgnd( 1 H, d, J =
6.6 by Teheg 'y fpbpit (Ghacgo Sosify Z 0y, 414 (3l s idadbalhdtt ™. 2,66
(2H, rr)l:’d(‘@l'flb(!3 ‘Q’%ﬁ-ﬁdqﬁﬁ?‘ under @?@0% "@1‘%!—'1 %5 I's exanpl e
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outline I TBeYH ) (16) and (17) were prepared by the nethod
descri b§e189348 Hquo ovl(\?}ﬁg 'scheme: 63\ ONH, \ 1 + 9t O1(zCOz. OW O NHZF

O FOHO FI / F\ OF NHBOC Stagel \ / N\ NHBCo F I/ F O TFA/ DCM I
St age2 compound (25) was prapared by the method described in the following scheme:

Ch S
o )\l
W\/O N\
o)\,-'“”\/o | Na AcOH, NaCNBH4 N S P
NH, o = Cl>

T, E o
WH NH

Stage 1

Compound (12) oJ\@ Compotnd (25) o;\©

Stage 1 - Synthesis of (S)—4—{4—(4—Benzoylamino-phenoxy)—e-methoxy-quinoiin—T-yioxy]—Z-
gyclohexylamino-butyric acid cyclopentyl ester {25)

To compound {12) (37mg, 0.066mmol) in anhydrous MeOH (1mi) was added 100pL of a
1M solution of cyclohexanone in MeOH and 1 drop of acetic acid. The reaction mixture
was stirred at 1, £. for 3 h. Sodium cyanoborohydride (10.3mg, 0.165mmol) was then added
and the reaction was left stirring 4 h at . ., prior to concentration under vacuum.
Purification by preparative HPLC afforded the title compound (25) as a di-TFA salt. m/z 838
M+H]". 'H NMR (300 MHz, CD;0D) 3 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 (1 H,



ollYo ONHz I OOH NNOH, MOHO\z HF FO OO \ ONH Stage3 FI FNO
NH, F O Conpound (17) Conpound (16) Stage | - Synthesis of cycl opentyl
(S)-4-{4-[6-Am no-5-(2, 4-di fl uorobenzoyl) - 2- oxo- 2H
pyridin-1-yl]-3,5-difluorophenoxy}-2-tert-butoxycarbonyl am nobutyrate OF
OO0 NH2 v Boc N NHoc F F OF To a stirred m xture of '
6- am no- 5- (2, 4-di fl uor obenzoyl)-1-(2, & di fl uoro-4-hydroxy-phenyl)- 1

H pyridi n-2-one [prepared by nethods described in WO03/076405] (100ng,

0. 265Mmo 1), 4.4NEHKATA3N 4 (BHDYF3.1 (61 HYh), 266288 D.20 (2H, m), 12.05-1.46 (16H,
(L)-5-br g.go 2-tert-butoxycarbonyl am nopentanoic acid cycl opentyl ester
(96ng, 0.265 mmmol ). The reaction mxture was stirred at 60C for 2 h. The
reaction mxture was diluted with Et QAc (15ml) and washed with sat aq
NaHCO3 (3ml) and water (10nml). The Et OAc | ayer was dried (Na2SO4),
filtered and concentrated to dryness. Purification by flash chromatography
(20% Et OAc | heptane) yiel ded t he BXAMPLE Tonpound as a white solid (50ny,
29% . LCMS purity 100% mz 648 [WHH], 1H NVR (400 MHz, MeOD), 3: 1.30

9H, ;i 40-1..6 H _70-1. 2H, 1.95-2.30 (2H,
- 00- 2 1515 Bgn dechitits 118 modmdaliof ofie kSl e Fribiong ey 1 a)
6. 70- 6. 8@iflgara-benzopl)-1-(2,6-dfiGom-IenyRH-ppjdin-Z-08& (cdnbburf23258Ndy thet age 2 -

Synt hesi gitRhmeM |y : : S e
08 25 Ay ARSI acid estes mptf ot ol wre n sispupgon o s binding mode

0x0- 2H pYrSUth n- 1- y1 ] - 3, 5-di f | uor ophenoxy} but anoate trifluoroacetate (16) 64
O FONHZI OO N\ N-12

Compound (15): 6-Amino-5-(2,4-difluoro-benzoyl)-1 ~(2,6-difluoro-phenyl}-1H-pyridin-2-one

F
O NH,
joae:
F Fo"SNp F

Compound (15) was prepared as described in WO03/076405.

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:



F OF Amxture of Stage 1 product (10ng) and 20% TFA | DCM (0. 5nl) was
IIowed 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 give conpound (16) as a white solid (9.3ng, 91%. LCMVS
purity 100% mz 548 [M+H], 1H NNR(4OO MHz, MeOD), 8: 1.55-1.80 (6H, m,
1.85-2.00 (2H, m, 2.30-2. 50 (2H, m, 5 15-4.30 (3H, m, 5.25-5.35 (1H m,
5.75 (1H, d), 6.85-6.95 (2H, m, 065715(2H n, 7.40-7.55(2H n.

Stage 3 - Synfhes Od
i{ 4- mng 5- @lflﬁf@?eﬂbﬁenzoyl) 2N
orlop enoxy} u gﬁflm C aCi Guglsl7) 0 HZ OmhamN NI -12 F F

(S)-2-An ngg 4

1-yl]-3, 5-[di)

OF To a‘sof ution Cof conmpound (16) (20ngy, 0.Q |:=n a mxture of MOH
(0.3m) and THE (0.3nml) was added 2M aq NaOH (0. 3n1) The reaction m xture
was allowed to stand at RT for 3h. Upon conpl etion thte:%reaction m xture

was evaporated to dryness by blow ng under a flowmfoclNRg,aci dified to pH
1-2 by dropwi se addition of 2Mag HCl. The resulting ite solid formed
was col | ected byfiltration Yield 9ny, 48%, LCMS purity 97% mz 480

[M+H], 1H NVR {400 M, . 6: 2.35-2.55 (2H, m CHZ) 20 (1H,
m CH), 4.25-4 3&' 5. 4&okH d, CH),_ 6. M Ar),
7.05-7.20 ) TNHA0- 7 5 Ar). ophllu 8) was prepared
by the net |Fbed|nthefollovv|ng sche ’ O FI O NFI +
Br_ vA7-\ O -. 11 C% DVF I\ Oi HN\ | OF/ RTOF A ® Pd(OH)2 Stage 2

Et OQAC Compound {17) Compound {16}

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

G D
Q NHZF ONLO
/@Lkdjg NHBoc
F PNy 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, 0.265mmol)
and KCOj3 in DMF (1.5 ml) was added (L)-5-bromo-2-tert-butoxycarbonylaminopentanoic
acid cyclopentyl ester (96mg, 0.265 mmol). The reaction mixture was stirred at 80°C for 2
h. The reaction mixture was diluted with FtOAc (15ml) and washed with sat ag NaHCO;
(3ml) and water (10ml). The EtOAc layer was dried (Na,S0,), 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), 3: 1.30 (2H, s), 1.40-1.85 (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-yl}-3,5-difluorophenoxylbutanoate trifluoroacetate {16)



O ONHiz F/ 1 OO '\ NH, F/ F\ OF Conpound (18) Stage | - Synthesis
of (S)-4-{4-[6-Am no-5-(2,4-difluoro-benzoyl)-2-oxo0-2H pyridin-1-yl]-

3, 5-di fl uor o- phenoxy} - 2- benzyl oxycar bonyl am no-butyric acid tert-butyl
ester 0O ONH2 1 O0O( NHZ NFF OF To a solution of

6- Am no- 5- (2, 4-di fl uorobenzoyl)-1-(2, 6-di fl uoro-4-hydroxyphenyl)-1H
pyridin-2-one (100ng, 0.26mmol) and g4

(S)-2-benzyl oxycar bonyl am no- 4- brono-butyric acid t-butyl ester (108ny,
0.29mmol ) in acetone (2nlL) was added sodium i odide (79ng, 0.53mmol) and
pot assi um carbonate (146ng, 1.06mml). The reacty on was heated at refl ux
for 12h, cooled and partitioned bgtween ter (0m nd et hyl acetate

(20nL). The aqueous |ayer was jig- Bt e acetate (2x10nmL) and
t he conbi ned organic extrats : hi t h brigpe (20rrL) dried (MgSH4) and
concentrat ed under red : o give a yellow oil. This residue was
subjected to colum c i o ography [#ilica gel, 40% ethyl acetate-heptane]

to give the desired product F(186ngl 79% as a col our | ess solid, mz 670

[ MFH] . St age 2 - Synt heS| S of
(S)-2-A 'E‘ | uor o- benzoyl ) - 2- oxo- 2H
pyri di nn}i "}H‘t]‘re§f§ 9@Ff1lﬁj?ﬁ"6t@ @Hb@(}?’ﬁ%’u?%( @pré"‘ﬂ)éﬁats Howsd tostangdrat66 | O ) ~

O4- O NHZTI Fér 347, The Macliéh mixture was concentrated to dryness by blowing under N, The
residue was triturated with Et;0 (0.3ml x 2) to give compound (16) as a white solid (9.3mg,
91%). LCMS purity 100%, m/z 548 [M*+H], 'H NMR (400 MHz, MeOD), 5: 1.55-1.80 (6H,
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-difluorobenzoyl)-2-oxo-2H-pyridin-
1-yl]-3,5-diflucrophenoxy}butanoic acid (17)

, 0
F 0
O NH, \/\‘/LLOH
F
F FoY"g

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 (0.3ml). 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, CHg), 5.75 (1H, d, CH), 6.85-7.00 (2H, m, Ar), 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:



FFO (S)4-{4-[6-Am no-5-(2,4-difluoro-benzoyl)-2-o0xo0-2H pyridin-1

-yl ]-3,5-difluoro-phenoxy)-2- benzyl oxycar bonyl am no-butyric acid
tert-butyl ester (140ng, 0.2mmmol) was di ssolved in ethyl acetate (15m)
contai ning 10% pal | adi um hydroxi de on carbon (20nmg) and stirred under a
hydr ogen atnosphere (latn) for 1h. The reaction m xture was purged with
N2, and filtered through Celite(r) waghing wth additional ethyl acetate.
The filtrate was concentrated under reduced pressure to give a solid which
was subjected to olumm chromatography [silica gel: 5%e0OH ing

di chi or onet hafie])™ s gaye Lhe_desir ec.product (@0ng, W"a rey
solid: L p (i”tyF 98% niz 8 [M+H] suseslH N 7 CDCY8) 7.65-7.44
(1 H m, ~7.89°7.29 (2H, m, 6.96-6.82 (2H, : (PH, 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 (1 H m, 1.62 (2H br s)} 1.43 (9H, s).
EXAMPLE 4 This exanpl e describes the nodification g the skprdbwn DHFR

i nhi bitor 5-Methyl-6-((3,4,5-

tri met hoxyphenyl am no) net hyl ) pyri do[ 2, 3-d] pyri m di ne- 2, 4-di am ne (conpound
(2 GN)) by the attachnent of an am no acid ester notif at oﬂgt wher e
no di sruption of its binding node occurs. Conpouifd ”('Q@'N): L ©

5- Met hyl - 6- (( 3, 4, 5-t ri met hoxyphenyl ani no) net hyyr[ ©3-

d] pyrimidine-2,4-diamine OV XOMe NH2 N N GVB PNft' N N 67 Conpound
(2 GN) was prepared by a nodification of the nmethod.gdgsgsd bed in

J. Med. Chem 1993, 36, 3437-3443.

2, 4- Di am no- 5- net hyl pyri do[ 2, 3-d] pyri m di ne-6-carbonitrile (0.10g,

0. 5mMmol ) Stage 4 Bynthesis of (S)-4-{4-[6-Amino-5-(2 4-diflucro-benzoyl)-2-oxo-2H-pyridin-1-yl}-

3,5-difluoro-phenoxy}-2-benzyloxycarbonylamino-butyric acid tert-buty! ester

0
o NH2F O\/\l)Lo—é
S
F PNy

To a solution of B6-Amino-5-(2,4-difluorobenzoyl)-1-(2,6-difluoro-4-hydroxyphenyl)-1H-
pyridin-2-one (100mg, 0.26mmoi) and (S)-2-benzyloxycarbonylamino-4-bromo-butyric acid
t-butyl ester (108mg, 0.29mmol) 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-extracted with ethyl acetate (2x10mL) and the combined organic
exfracts washed with brine (20mL), dried (MgSQO;) 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 colourless
solid, mfz 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



trimet hoxyaniline (0.10g, 0.55mml) and Raney nickel (0.7 da I n [
acid (20m) were stirred at r. t. under an gt m)sphert(a ofghydrggén. A?'fgﬁl(z:
h the reaction m xture was filtered through celite and the sol vent
evapor at ed under reduced pressure. The crude residue was purified by
reverse phase HPLC to afford conpound (2 G=N) as a solid (22ng, 16% . LCMS
purity 94% mz 371.1 [M+H ', 1H NVRg 400 MHz, DVBO), S: 8.5 (1i—|, s), 7.0
(2H, bs), 6.2 (2H, bs), 6.0 (2H, s), 5.7 (1H, , 4.2 (2H, d), 3.7(6i—| S)
3.5 (3H, s), 2.7 (3H, s). Conpounds based on npound (2 G=N) were ’ ’
prepared by the nethods outlined *he O and (19) were
prepared by the nethod desci i badzi foll om ng schene: 68 O DI PEA, DCM
O ONe~-(C HZN O St ag ) N ON O™ "z Fornic acid E<aN,’EtC]—I
Stage 2 Pd/C NHz N\ O ACOHN HZNN N/ HO Stage 3 HZN O
NHz / I HO N, OH ®d N N Stage 4 Conpound (6)

(S)-4-{4~[6—Amino—5-(2,4-difiuoro-benzoyi)—2-0x0-2H—pyridIn—1—yl]—3,S-difluoro-phenoxy}-z-
benzyloxycarbonylamino-butyric acid tert-butyl ester

(140mg, 0.2mmol) was dissolved in ethyl acetate (15mL) containing 10% palladium
hydroxide on carbon (20mg) and stirred under a hydrogen atmosphere (1atm) for
1h. The reaction mixture was purged with N2, and fittered through Celite® washing
with additional ethyl acetaie. The filtrate was concentrated under reduced pressure

to give a solid which was subjected to column chromatography [silica gel: 5%MeOH
in dichloromethane]. This gave the desired product (60mg, 54%) as a grey solid:
LCMS 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), 6.66 (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-
trimethoxyphenylam]no)methyl)pyrido[z,3-d]pyrimidine—2,4~diamine (compound (2 G=N)) by
the attachment of an amino acid ester motif at a point where no disrupticn of its binding

mode oOccurs.

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

OlMe
OMe
NH :

N7y H OMe

/mN/ N/

H,N



O NHz/ I HOH NN\ O i i NjlIl NN Compound (19) Stage | - Synthesis
of (S)-cyclopentyl 4-nethyl-2-(4-nitrobenzam do)pentanoate \ N O- 0 02N |
H 69 4-Ntrobenzoyl chloride (0.60g, 3.9mvol) in DCM (2m ) was added
dropwi se over 10 min to a solution of (S)-cyclopentyl

2- am no- 4- net hyl pentanoate (0.70g, 3.5 mmol) and diisopropyl et hyl am ne
(0.94nmL, 5.3mmol) in DCM (1 OM) at -5C under an atnosphere of nitrogen. On
conpletion of the addition, the reaction m xture was allowed to warmto r.
t. and stirred for a further 30 mn. The reaction m xture was poured on to

sat. ag.c Xtr th DCM The organic
extracts vveF (Zwég)agp'\%g '%ggﬁw"?%ﬁ[?#%em‘ﬁ?ﬁ Eogg%ﬁpmﬂﬁfé@l and evapor at ed
under reﬂﬁ(@é@hﬁ%iw 86.4¥BBA#Ihe title conpound as an oily solid in

quantltatlve yield. LCMS purity 92% m'z 347.1 [ MrH' Stage 2 - Synthesis
4- am nobenzamnm do) - 4- | pent anoate O \ NO- HZN I

of -C ent Wf'
/ H o | %’ § DI?"P'B?%W%I pyEidel2, %@f'wﬁn%%%ﬂbymﬁm%ﬂ@mﬁ gmasel).B.4.6- 50g,
10. 8nmol fjimethoeyaahilias (0. Y80 0j56mniol) @hd Ransy dicken. @ddgﬂp)t,ﬁa@etﬁ%;dt Q(?m yof Stage 1

b adaelt s sdrea i e o Ry fbtosearifie e BPEIGR ixkimtor 1 oact | on

m xt ure fﬂfﬁ?dffhﬂoﬂ@? exlitet anddlomyrivent evtapomatet trider neemedtpeesaa& %di}eab with MOH
The fil tregtige @ng mg@b d resi due was
P DCK'/%%GI% ﬁaé\eqmd]ﬁadiﬂ% 8 NE %y%ﬁ

partitioned and sat. a anl was washed
with br |(ﬁ%m9' Har’@)e'epM§@H”tw&%4mé’rﬁ? 1e1va1bﬂ aﬂﬁ(&ll\lﬁltﬁ@ﬂ MFwDMQﬂJ)pa? &BHe to

furni sh €0 {2H, be), 62MPRAWRY 638 (2H, s), 5.7 (1H, m), 4.2 (2H, d), 3.7 (6H, 5), 3.5 (3H, ),
2.7 (3H, 3).

Compounds based on compound (2 G=N) were prepared by the methods outlined below.

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



a white solid (0.80g, 73%9. LCMS purity 97% mz 319.2 [M+H',"' H NVR (400
MHz, CDCI3), 8 7.6 (2H, dd), 6.6 (2H, dd), 5.2 (1 H 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 (6H dd).
Stage 3 - Synthesis of

(S)-2-{4-[(2, 4-Di am no-5-net hyl - pyri do[ 2, 3-d] pyri m di n-6-yl net hyl ) -

am no] - benzoyl am no} - 4- et hyl - pent angggc aci d cycl opentyl ester (6) 70 O N
0"0 NH2 1 OH NMNM H H2NIN N

2,4-Di am no-5-rret0hyl pyrido[ 2, 3-dj pyri m di ne- 6- carbonitrile (0.47q,

2.4mmol ), Stage pr oduct 00ng, ODQP mi) and Raney, n | (1g, danp) in
acetic aC|d @ L)cmere stirred at er an at sp erg of hydrogen.

After 48 eacti ory, P s fiddgered thrp 8 | t he

sol vent é)‘e'%lporated under’ re cmressure The [ al ed in MeOH
onto an SCX columm and eluted off with a I%ar?ﬂ%nla sol utlon |n MeOH. The
crude product was then adsorbed onto silica and &Ul’lf&de by col umm

chromat ography (10% MeOH/ DCM to afford conpoun H( Sug213% . LCVB
purity 95 % mz 506.1 [MH ,"H NVR (400 MHz, IBWSO) : 85 (1 H s), 82
(1 H d), 7.7 (2H, d), 7.0 (2H, bs), 6.7 (2H, d), 6.5{1 H m, 6.2 (2H,
bs), 51 (1 H m, 4.4 (1 H m, 43(2H d, 2.7 (3H, s),,;1.7 (11 H m,
0.9 (6H, dd). Stage 4 - Synt hesl“'é@

(S)-2-(4-((2, 4-di anino-5-neth ]pyrlmdln
yl) met hyl am ng) benzari do) - 4 r@\hy pe tan0| c aci d/@)/u\@ CN@ H O\
AcOH

Stage 3

O
H
NT Ry N °
A A g H LiOH, EtOH
H,N N N Stage 4
Compound (6}
O
OH
NHZ /@)’LN
H
NSNS ©
M "
A
H,N N N
Compound (19}

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

@*¢\0



NN~ H H2ZNXN N Stage 3 product (39M was suspended in EtOH (1.0m). A
solution of IMIlithium hydroxide (156l) was added to the above and the
suspension allowed to stir for 48 h. The EtOH was subsequently renoved
under reduced pressure, the residual diluted with water and taken down to
pH 4 with dilute acetic acid. The solution was washed with DCM evaporated
and subjected to SCX purification to (%fford conpound (19). LCMS purity 92%
mz 438 [MtH]' ;' H NVR (400 MHz, DVsO)"5: 8.5 (1 H, s), 81 (1 H d), 7.7
(2H, d), 4Nitbeaidyl dhloridb(0.60g, 3RmMGIRMDON (2nfl) vias( dddkkd di&:mf@g%er&ﬁéﬂnig?& ) ’ 4.4
1 H, g (;}lﬁ[ i 8 -1. A;d - 1. ' ,
((). 9 (62313@51&“((%'5%0%%'8%&?@)2 an tﬁ)t%e@@repggﬁ%ﬁ&é'ﬁ 'gg'ﬁmﬁgf‘"éd prepared by the
met hod ddisepiopdethylaming 40.94rol, £ Sminey is DRVNHOM) aRGECE undie @Bt &phdre JPCM OZNN:IZ
N0 bbb, St IR ghed £, BT
N CN + (yndostlj;l)'ed %Jrlg grthelr 30 min. The reaction rhixt%re was poured on fo sat. ag. NaHCO,

and the aqueous layer was extracted with DCM. The organic extracts were combined,

washed with brine, dried over MgSO, and evaporated under reduced pressure afford the

title compound as an oily solid in quantitative yield. LCMS purity 92%, m/z 347.1 [M+H]".

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

e

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

EtOH (10mi) and added to a solution of Stage 1 product (1.2g, 3.4mmol} in EtOH (10mi).
10% PdIC (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
MeQH. The filirate and washings were combined and evaporated and the residue was
partitioned between DCM and sat. aq. NaHCO;. The organic layer was washed with brine,
dried over MgSQ, and evaporated under reduced pressure to furnish the title compound as
a white solid (0.80g, 73%). LCMS purity 97%, m/z 319.2 [M+HT", 'TH NMR (400 MHz,
CDCly), 8: 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).

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



HO N\ OHLIiOH EtOH H2NN N Stage 4 Compound (5) / I NHNOH 2 H NN
\' 0O HH2ZN N N Stage I - Synthesis of (S)-Cyclopentyi

4- et hyl - 2- (4-ni trobenzyl am no) pentanoate 72 \ NOYW / HO N To a
solution of (S)-cyclopentyl 2-am no-4-nethyl pentanoate (2.00g, 1O Omol)

and 4- nitrobenzal dehyde (3.04g, 20.Omol) in DCM (40ml) was added gl aci al
acetic acid (2 drops). The solutiomgvas allowed to stir at r. t. for | h
wher eupon sodi umtri acet oxyborohydride (6.40g, 30.2mmol) was added in a
single a portion. After stirring for 3 h, the golution was poured on to
ag. 1 MHC, allowed to stir for 30 mn, neutralised with aq. 1M NaCH and
extracted with DCM The conbi ned organi csQwer § washed with water and
brine, dried over MgSO4, and evapor at ed under

Qaced.pressure. The crude
material was purifiedNH, c romatog (SH)Et hexane) to furnish
the title conpound as n ol l . 510 hi s" wasoused-wi/t hout further
purification for theN© . ECMVS purity 71% mz 335.1 [MH"'.
Stage 2 - Synthesis @ 4- A no- benzyl am no) - 4- net hyl - pent anoi ¢ aci d

cycl opentyl ester,N 1/YN"H I ~/1

(@]

2 4-Diamino-5-methylpyrido[2,3-djpyrimidine-8-carbonitrile (0.47g, 2.4mmot}, 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 onio 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 (6) (60mg, 13%). LCMS purity 95 %, m/z 506.1
IM+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)

OH
NH, ﬁ
T Y N ©
N
PR "
N
H,N N N

Stage 3 product (39uM) was suspended in EtOH (1.0ml). A solution of 1M lithium
hydroxide (156p1) was added to the above and the suspension ailowed to stir for 48 h. The
EtOH was subsequently removed under reduced pressure, the residual diluted with water
and taken down to pH 4 with dilute acetic acid. The solution was washed with DCM,
evaporated and subjected to SCX purification fo afford cqmpound (19). LCMS purity 92%,
miz 438 [M+H]"; *H NMR (400 MHz, DMSO) &: 8.5 (1H, s), 8.1 (iH, d), 7.7 (2H, d), 7.2 (2H,



H/ O Stage | product (0.90g, 2.7mmol) was dissolved in EtOH (5m ) and

added to a suspension of Raney nickel (- 0.5g) and hydrazi ne nonohydrate
(0.38m, 8.1 mmol) in EtOH (5n). After heating under reflux for 1 h the
hot reaction m xture was filtered through celite and the residue was

washed with McOH The filtrate and washi ngs were conbi ned and evapor at ed
and the residue was partitioned bet n DCM and sat. aq. Sodi um hydrogen
carbonate. The organic |ayer was washed with brine, dried over MgSO™ and

evapor ated), BI7deH, d)edBerd (pBRISMIE <), BRe(1er mylet. 3o ), al7 (@Ess)pusi-fieed by
chromat g ran%g{ (2 %&ﬁgmc é |3’§pexane) to furnish the title conmpound as an
oi | (o.égé;, &1 MuPP§8% mz 73 305.2 [MH T, H NVR (400 Mz,
cbcl3), 8 7.1 (2H, d), 6.6 (2H, d), 5.2 (1H m, 3.7 (1H, d), 3.5 (1H,
d, 3.2 (1H, t), 1.9 (2H m, 1.7 (5H nm, 1.6 (4H m, 0.9 (6H, dd). Stage
3 - Synthesis of ) ) e
(S) - 2- { LorERUAITESHARGHGE SORIPRYIINGRAY MSTPrSPHPH Y (MRiMRtrRAIasFREAHS) i1y -
am no]-t;&;gmgagg,é}%_— 4- et hyl - pent anoi ¢ acid cycl opentyl ester (5 NH2 H O
'\ N\ N HZN NN
2, 4-Di am no- 5- net hyl pyri do[ 2, 3-d] pyri m di ne-6-carbonitrile (0.16g,
0.83mmol ), Stage 2 product, (1 00ng, 0.33mmol) and Raney |ni ckel (1g, danp)
in acetic acid (Ipnml) werelstirredHditOfraEh  under an phere of
hydr ogen. Af h phe rgaction mxtie was filtered throygh celite and
t he sol vent orat edy y 0 ced spgassur e. [ mafjer qal | oaded in
MeOH ont 0934n X col umt and el dwith al wnuz ia soluti in MeOH The
crude product was then adsorbed onto silica™and purified by colum
chromat ography (10% MeOH/ DCM to afford the ti,rzalmgmco%vound (5) (30ny,

(

199 . LCMS purity 95 % nmz 492.1 [MH', 1H NMRHHOQ S®42 DVSO), 5. 8.5
(1H, s), 7.2 (2H bs), 7.0 (2H d), 6.6 (2H d)¥6.2 2H, bs), 5.8 (1 H,
m, 51 (1 H m, 4.2 (2H s), 3.6 (1 H mM, 3.4 (1 H m, 3.1 (1L H m,

2.7 (3H, s), 1.5 (11H, m, 0.8,(6H, dd). Stage 4 - Synthesis of

(S)-2-{4-[(2, 4- Di am no- 5- net hy Hzp ri dc%[z 3-d] pyri m di n- W net hyl ) -
N™y7 ™S + o)
. PP TJvro
Raney Ni, H,N N N QO
H; gas z H,N
AcOH
Stage 3
)
SR
o
j‘|\\ > N LIOH, EfOH
A
H,N N N Stage 4
Compound (5}

OH
NH, N
X7 N ©
A :
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H,NT TN TN

Stage 1 — Synthesis of (S)-Cyclopentyl 4-methyl-2-(4-nitrobenzylamino)pentanoate



anm no] - benzyl am no} - 4-met hyl - pentanoic acid Ni2 HOH N N H HZN N N 74
Stage 3 product (39M was suspended in EtOH (1.0m ). A solution of IM
l'ithium hydroxide (1561) was added to the above and the suspension all owed
to stir for 48 h. The EtOH was subsequently renpved under reduced
pressure, the residual diluted with water and taken down to pH 4 with
dilute acetic acid. The solution was 7sashed with DCM evaporated and
subjected to SCX purification to afford the title conmpound LCM5 : 95%
purity at Rt 0.52 and 1.91 min, mz (ES+)[424 [M:H +; '"H NVR (400 MHz,
DMSO 8: 8.5 (1H, s), 7.1 (2H d), 7.0 , br s), 6.6 (2H, d), 6.2 (2H,
br s), 5.7 (1H, t), 4.3 (2H, d), 3.6 (fH m, 3.3 (2H, obscured by water),
2.7 (3H, s), 1.8 (1 H m, 1.3 .20 (1L H m. Conpound (3) was
prepared by the nethod descri Ilo\}@sche_ms: 75 Br\ HO
NaH, THF, DVF / + O O/ (Q3NAR agel N O ON Formc acid Et3N,
PdI C Stage 2 EtOH NHz \OsN'eN O~/) HzN~-N N H N NHBoc

To a solution of (S)-cyclopentyl 2-amino-4-methylpentanoate (2.00g, 10.0mmol) and 4-
nitrobenzaldehyde (3.04g, 20.0mmol) in DCM (40ml) 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 MgS0Q,, 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%, mfz 335.1 [M-HJ".

Stage 2 — Synthesis of (S)-2-(4-Amino-benzylamino)-4-methyl-pentanoic acid cyclopentyl
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 (5ml).
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 MgSO, 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



Raney NI 2 Stage 3 AcOHO NHz | GO N\ \ N\ NHBoc H Stage 4 M H3NAN N
Stage 4 NHi I OO \ \ N\ NH HHNNN Conpound (3) Stage 1 - Synthesis
of (S)-Cyclopentyl-2-(tert-butoxycarbonyl am no)-4-(4- _

ni trophenoxy)butanoate 0 Ov O 02N NHBoc To a sol ution of 4-nitrophenol
(2.18g, 15.7mmmol) in tetrahydrofuran (100m) at OC under nitrogen was
added sodi um hydride (0.63g, 15.7mml4, After warnming to r. t. and stirring
for 10 mn, a solution of

(S) - cycl GRBRIYEHIL; bt R (@GC(Menztcms)owca@zbloa)yI%lelﬂphpatzemﬂalhje 3(A1A9,

atior 762 g O DL TR AR 2 P TR AT T o G35 St for 10

sodi um carbonate. The organic |ayer was coll ected and washed with 2M aq.

Sodi um cgfagenal b o ()2 il biamtads Rl BB RA i Bl By er MISOL

and concentr under réduced pressure olidified
upon st aﬂ'm”ﬁg ?rﬁylﬁmlé‘f’h“ﬂ?éhyﬂ P‘F'Tt@“’('}‘oﬁ'ﬁ?b‘t}’ﬁﬁp%'ﬂﬂ@@ter 9. Lows pur| ty 97%
m z407.1 [M+H] ', "' H NVR (400 MHz, CDCI3), 6: 8.2 (2H, d), 7.4 (1 H d), 7.1

P

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
MeCH 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 (5) (30mg, 19%). LCMS purity 95 %, m/z 492.1
[M+HJ*, "H NMR (400 MHz, DMSO), &: 8.5 (1H, s), 7.2 (2H, bs), 7.0 (2H, d), 6.6 (2H, d), 6.2
(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 (5)-2-{4-[(2,4-Diamino-5-methyl-pyrido]2, 3-d]pyrimidin-6-ylmethyl)-
amino}-benzylamino}-4-methyl-pentanoic acid

\\Q/\



(2H, d), 551 (1 H mM, 4.1 (3H M, 2.1 (2H mM, 1.8 (2H, n, 1.6 (6H m,
1.4 (9H, s). Stage 2 - Synthesis of (S)-Cyclopentyl-4-(4-am nophenoxy) - 2-
(tertbut oxycarbonyl am no) butanoate N H2N NHBoc Triethylam ne (0.77m, 5.2
mmol) and formc acid (0.19mM, 5.2 nol) were dissolved in EtOH (4m) and
added to a solution of Stage 1 product (0.7g, 1.7mmol) in EtOH (4m). 10%
Pd/ C (approximately 10 nol % was addgd and the m xture was heated to
reflux. After 2 h the hot reaction mxture was filtered through celite and
t he residue was washed with MOH The filtrate and washi ngs were conbi ned
and evaporated and the residue was partitioned between DCM and sat. aq.
Sodi um BgEegRaRaTIIpNas sTissended ariEtOH @yer). vesolutiga ShEN iurh bri ne, dri ed

S d trat d : i
DUr 11 NGk BN ok SR SR AR T Pt tibued iy ff 8 f frata>
hexane) £toH aké eilsbetylratly idnicved ongeo vediicéOpragsurel gy residadivied wity waist, ny z
379.1 [MrH ', 1H , ) S i 2H, d), 5.3
C2h "y Shtaen dobn (54 Pl Facdine %-)Tz*f%ﬁ',”%fi“%“g%“&f”g“ 1o o m.
1.7 (4Hevaporatdd and ejeciejl fo 3CX purifigatiay to alipraljhe dle comprpnbilyids 5%

ot ny! pyaal B ool ARG R AR A R MR e 0 0 v

YO0 N,V H %\l{?iil . _brs), 5.7 (1H, 1), 4.3 (2H, d),

2,4-Di aﬁlﬁ’os-)glfl-‘ﬁeo(?ﬁyfnpyh 0 yréy(%%/zrhlrg)d? %e(?lél-l():ar)boni(t [l l)i (é 50 ),

2. 5mol B,6 @iHhge), 2.3 @b dbseuredbgagiter). Lyt )Slahd (Hn@Y. heé "eliml-égé,] danp) in

acetic 29 d 5}40ml) were stirred at r. T. Under an atnosphere of hydrogen.

Ater 16T The reaction mixture was filtered through celite and the

sol vent evaporated under reduced pressure. The material was |oaded in MOH
onto an 1 % iGEHYR MeFolfoMling dcpemén MeOH. The crude
pr oduct CSOV\B.% ° ﬁ%@g%@%g?g”tgﬁ?ﬁw@%@?%g*ﬁd purified dt%/ col um chr omat ogr aphy
(5%



MeOH/ DCM) to afford the title conmpound (145ng, 26% . LCMVS purity 95 % mz
566.2 [MtH','H NWR (400 MHz, DWSO), 6: 8.5 (1H, s), 7.3 (2H, m, 7.0
(211, m, 6.7 (2H, d), 6.6 (2H, d), 6.2 (2H, bs), 5.5 (1 H bs), 5.1 (1 H
m, 41 (3H mM, 3.9 (2H, m, 2.6 (3H, s), 220 (1 H mM, 1.8 (3H mM, 1.6
(6H, m, 1.4 (9H, s). Stage 4 - Synthesis of

(S)-2-Am no-4-{4-[(2, 4-di am no- 5- et kyl - py(do[ 2, 3-d] pyri m di n- 6-

yl met hyl ) - am no] - phenoxy}-butyric acid cycl opentyl ester (3) OK."  NH2 ~ |
OvINH2Z N H HZN NN To solution of Stage 3 product, ( ng, 0.26mmmol)
in DCM (3n) °"hdded ted f | uor oaeetirovaci d b and action stirred
for 30 m R, 'IF Wa§eg evawnder r8duced pressure and
t he crude re5|due purl |ed bﬁadl ng in Me@ nto af"8tx col utm and
eluting with a 1% anmoni a soI ution in McOH to afford conpound (3) (39ng,
33% . LCOVS purity 94 % miz 466.1 [M+H ', 1H NVR (400 MHz, DMBO), S: 8.5
(1H, s), 7.0 (2H, bs), 6.7 (2H, d), 6.6 (2H cﬂ’j"’”i,%d (a?el!' bs), 5.5 (1 H,
bs), 51 (1 H m, 4.1 (2H, s), 3.9 (2H m, 884 (1 H m, 2.7 (3H s),
2.0 (2H m, 1.8 (3H m, 1.6 (6H m. Conpound (4) was prepared by the
met hod described in the follow ng scheme: 78 Br OH NaN, THE, DVF p 02N +

NHBOC O 7v) O ~ Stage | ON cg;,FA/DCMStagez .0 Na( @BHaQ ~00
QzN / HN~ MeCH \ )N;\\ o
H,N N/ N/ M NHBoc
Raney Ni
AcOH Stage 3

L
o
NH2 /@/ \/\‘)‘\O
’1 U= NG NHEge
)\ A J H TFA/DCM
HNTNT N

Stage 4

JUN e At
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HzN)\N N
Compound (3}

Stage 1 — Synthesis of (S)-Cyclopentyl-2-(ferf-butoxycarbonytamino)-4-(4-
nitrophenoxy)butanoate

To a solution of 4-nitrophenol {2.18g, 15.7mmol) in tetrahydrofuran (100mi) 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 (20m]) was added. The reaction was heated o 860°C for 10 h, after



Stage 3 Formic acid Et,N, Pd/C Stage 4 EtOH 00 NHF Ov O-ry CN / HNI™ ~
F HZN U HZN N N Raney Ni Stage 5 AcOH O NHz / OO H2N N N U Conpound (4)
Stage 1 is the sane as described for conmpound (3). Stage 2 - Synt hesi s of
(S)-Cycl opentyl 2-am no-4-(4-nitrophenoxy)butanoate 79 OO per/ "p 02N NH2
To a solution of Stage 1 product (4.0g, 9.8mml) in DCM (12m) was added
trifluoroacetic acid (12ml). After stgrring at r. t. for I h the reaction
was diluted with cooled in ice and neutralised by the addition of ag.

Amoni a. WigR ﬂl?r’@%‘ﬁ'ioﬁ wag Faplediny £ and eruredionip atha/stselym erkanatgals | ag. Sodi um
hydr ogen oganiotayat wasctiefted Bod whdhen with lzwpbopsea.uma%nae@omﬁ&ﬂ mrncfiat ed under

v, TSRS ughl it MiEiob, Sy ETRSHRT R S bl %, 5
( 2H, d) afford an @Ewhlcu‘ﬁolfdﬁtel upmwnqmg i ﬂel(lﬂld,tltla')cpmﬁolﬁ\d((»l Ol 690) ;_cnw- 1.5 (1
2 (cycl Oﬁ&rﬂgﬁm% e %?Wﬁﬁhﬁ Nﬁﬁgoxy@bu’t 4no Iét &84 @ 74 (1H, d), 7.1

(2H, d), 51(1H m),41(3H m), 2.1 (2H, m), 1.8 (2H, m), 1.6 (BH, m), 14(9H s).

Stage 2 —~ Synthesis of (S)-Cyclopentyl-4-(4-aminophenoxy)-2-
(tertbutoxycarbonylamino)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
MeQH. 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, CDCly), 8: 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-(tert-butoxycarbonytamino)-4-(4-((2,4-diaming-5-
methylpyrido]2,3-d]pyrimidin-6-yl)methylamino)phenoxy)butanoate
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02N |1 HN~, C To a flask containing Stage 2 product (1.0g, 3.3mvol) and

cycl ohexanone (0.34m, 3.3mopl) under nitrogen was added anhydrous MeOH
(10m ). After stirring for 12 hat r. t. sodiumtriacetoxyborohydride
(2.07g, 9.75mmol) was added. After4 h the reaction was poured slowy onto
a mxture of DCM/ ag. HC (1M. After stirring for 10 mn the organic

| ayer was col |l ected and washed with gzdi um hydr ogen carbonate and bri ne,
then dried over MgSO4 and concentrat'eéd under reduced pressure to afford

we g '9 t1 I %m%@%eﬁ@lp@nddﬁ Bioqp&ir:ﬁﬁdmé-@edxrbmnﬁlb (8.50g, 25hMnol),ISBB urity 92%
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m, 7 (7H m, 1.6 (3H m, 1.3-0.9 (51-1, rr) Stage 5 - Synthesis of
(S) - 2- Cycl ohexyl am no-

di 5-ne
d] pyri m %F?ﬁe 6 AVRBESiS PY (—Sifﬁ‘lﬁ'??ﬂ‘@ﬁ‘ﬁ‘é Hgg]ﬁaonﬁﬁ? 9@%‘@8%’&’% %@ygﬁ‘{i%ﬁ ester (4)
O I NHZyirheyly-amindl-phenblyiNuyric btid cyclopentyl ester (3)
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To a solution of Stage 3 product (145mg, 0.26mmol) in DCM (3ml) was added
trifluoroacetic acid (3m!) and the reaction stirred for 30 min at r. 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: 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), 1.8 (6H,

m).

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



J~\ \ N HZN N N

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

2.5mmol ), Stage 4 product (0.36g, 1.0Omol) and Raney nickel (3g, danmp) in

acetic acid (40nl) were stirred at r. t. under an atnosphere of hydrogen.

After 48 h tthe reaction mxture was filtered through celite and the

sol vent evaporated under reduced preggure. The material was |oaded in MOH
onto an SCX columm and el uéed with a 1 % anmmonia solution in McOH The

crude product S then adsorbed onto silica and purifiedgoby | umm

chr omat ogra 0% DCM to HHBFPMhe ti my, 149%.
LCVS pur % Héoc H ©, delde NVR (40(2),@@;;{‘7 5: 8.5 (1H, s)
7.0 (2H, bs), 67(2 2H, d), 6.2 of bs), (1H m, 5.1 (1
H m, 4.1 (2H, s)39(2H M, 3.4 (LH n), 2.7 (3H s), 2.3 (L H ),

1.9(1H mM, 1.8 (44 m, 1.6 (11 H m, 1.1 (5H m.] 81 EXAMPLE 6 This
xarrpl e describes the nodification of the known {R13ckirage | nhibitor

N-[ 5- (4- Chl oro- 3-net hanesul fonyl - phenyl ) - 4- net hyl -t hilazol - 2-yl ] - acet am de
(conpound (20)) by the attachnment of an amno acid egter notif at a point
where no disruption of its bindipg node occurs. Conpound (20):

N-[ 5-(4-Chl oro 3- net hane fonylLLphenyl)-4-net hyl -t hi azol -2-yl ]- acetam de
O ) I Ny-N- :ﬁ—}(?)\ und YNRA:ERr epar ed as descrfbef Nn W03072552
Corrpounds b d on ound (2Q)—were prepar ed R s~ut | i ned

n' n

bel ow. ds ( d (22) wewmenpr epared he metdapd described in
the foll own ng schene: \' 1) NaZg(Bs NaHOOBChl or osul foni ¢ aci d wat er
/ di oxane
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Compound (4)
Stage 1 is the same as described for compound (3).

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



ACd oci o O Stage 1 0=~=01ii) Ml, DVF O==0 ci Stage 2 Bra, dioxane 1
Stage 3 r ONH3 BaN~EtOH O cl B HOO + | / Stage 4 a NHBoc O=$=0 0=i=0
EDCI, HOBt Stage 6 Et3N, DM H1 TFA 1 DCMItNi 1 O- ~ NHecc NH2 Stagel6
0=0 01=0 Compound (21) NaOCH, THF, McOH 1] Stage 7 0 N v Y OHTFA/DCM/-'p
off H1 I\ S NH3 NHBOC Stage 8 Cl o0=-o0 o 1=0 Conpound (22) | Stage | -
Synt hesi s of 2-Chl or o-5- ( 2- oxo- propyl,})9- benzenesul fonyl chloride 83 O

v o /O
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To a solution of Stage 1 product (4.0g, 9.8mmol) in DCM (12mi) was added trifiucroacetic
acid (12ml). After stirring at r. t. for 1 h the reaction was diluted with DCM, cooled in ice and
neutralised by the addition of aq. Ammonia. The organic layer was collected and washed
with water, aq. Sodium hydrogen carbonate and brine, then dried over MgSO, and
concentrated under reduced pressure to afford the title compound as a yellow oil (3.0g,
100%). LCMS purity 97%, m/z 309.1 [M+H]", '"H NMR (400 MHz, CDCly), &: 8.2 (2H, d), 7.0
{2H, d), 5.2 (1H, m), 4.2 (2H, m), 3.6 (1H, dd), 1.7-1.5 (10H, m).

Stage 3 — Synthesis of (S)-Cyclopentyl 2-(cyclohexylamino)-4-(4-nitrophenoxy)butanoate

oA
AT 3

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 stimingfor12h atr. 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 stirving for 10 min the crganic
layer was collected and washed with sodium hydrogen carbonate énd brine, then dried
over Mg30, and concentrated under reduced pressure to afford the title compound as a
yeliow oily solid (1.21g, 95%). LCMS purity 92%, m/z 391.1 [M+H]".

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

S
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0=s=0 ci  4-Chl or ophenyl acetone (4g, 0.023npl) was added dropw se to
chlorosul fonic acid (30m, 0.45npl1l) at -10 C under N2 with gentle
stirring. The reaction mxture was allowed to warm to r. t. and stirring
was continued for 18 h. The reaction m xture was carefully quenched by
addi ng dropwi se to crushed ice (500ml). The ag. Solution was extracted with
Et CAc (3 x 250nml). EtOAc | ayers conBoned, dried (Na2SO4), filtered and
concentrated to dryness in vacuo to give the crude title conpound (6. 3g,
65% which was used in the next step without further purification. LCMS

Flir IHt yd?ﬁ'ﬂé!h lalghMRZ@ﬂaﬂ@ IMitdol) 4AGbric gﬁd (321:36!09 B3kl Were disSBved 2HEIOH) , 7. 50
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(oomt) ViR ef@?&%@ﬁ@@?ﬁ&ﬂw@ tiroBgh Héi&&éhd"t)ﬁé e das wadhedidin of Stage

1 produc . Stirring was continued at
70C for ¥e®H. Ths 'Hfatﬁﬁﬂq wRhings WeretGOrﬁhW@draéﬁéY?R?F?te‘?ﬁ’?&tﬁ? ES{ie Wa8ncent r at ed

t o drynessitioRed/@MEnddON Bed %tbé@mmsl The dinid hPshwas waaBed wittdgihef ol | owed
by Mel (1.88m red at 40C for 1 h.

o o shiat everMaNGhend canderiaten iR retfalh Sl R he Koot hn
ext r act ed.omp,t92%)ELCME priiP 0a) m/zTina. 1EMOAT, WaNMBr(#eeiMERRISCY) §: 67 1|2Her(e(21 283
n ntrat t t . ,
5905 ol SrERAT A3 AL 0 T iy Mg b Fcof TR B, 23 RuhP 2R AR mfl (22
purity SLOg4HyhD, 2ZT7HMRLN 6 (BHNWR1(3400 (Bhim). CDCI 3), 5: 2.15 (3H, s), 3.20

(3H, s), 3.75 (2H, s), 7.35 (1 H d), 7.45 (1 H d), 7.85 (1 H s). Stage 3

-Synthesis of 1-Brono-1-(4-chloro-3-nethanesul fonyl pheng? Bropan 2-one 84
Br Y C(Ptage H-Sgthesis of (S)-2-Cyclohexylamino-4-{4-[(2,4- d1ammo—5-methyl— yridof2,3

dipyrimidin-8-ylmethyl)-amino]-phenoxy}-butyric acid cyclopenty! ester (4)
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2,4-Diamino-5-methylpyrido[2,3-dJpyrimidine-6-carbonitrile (0.50g, 2.5mmol), Stage 4
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

3P

HNT N N

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%
MeQOH/DCM) to afford the title compound (76 mg, 14%}). LCMS purity 20 %, m/z 548.2
IM+H]", "H NMR (400 MHz, DMSO), 3: 8.5 (1H, ), 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, ), 2.3 (1H,
m), 1.9 (1H, m), 1.8 (4H, m), 1.6 (11H, m), 1.1 (68H, m).



To a stirred solution of Stage 2 product (1.88g, 7.60muvol) in 1, 4-dioxane
(120ml) bromne (0.292nml, 5.72mmol) 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 vacuo avoiding heating above 30C
during evaporation. The residue was re-dissolved in EtCAc (100m ) and
washed with sat aq NaHCGa (20nm) follgwed by water (20ml). The EtOAc |ayer
was dried (Na2SO4), filtered and concentrated in vacuo. Purification by
flash chronat ogr aphy (50% Et QAc / heptane) gave the title conpound as a
yellow oil (2.0g, 80% . LCMS purlgy( Mzﬁ_@ mz 325/327 [M+H]; 1H NWR (400
Miz, CDCI3), 8: 2.35 (3H, s), PELES 535 (1 H s), 7.50 (1 H, d),
7.65 (1 H dd), 8.05 (1 H s). Stage 4 - Synthesis of

5- (4- Chl ;e SR msdd!thOmpbineiten vt the AndWt Biglkidalé dMbioZNyb-MCABo-N \ S ~\
/-NHZ C O—I- and t hi ourea
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reacti onattmhmemt@m at aminecickd@ster niotif strdoint et rfoatisraption ofiesindit mdde cr eam
solid W@??é |l ected by filtration to afford the title conmpound (1 . 2g,

64%) . purity 91% mz 303 [M+H],'H NVR (400 MHz, IVEO:)), 8: 2.35 (3H,
s), 3.35 (3H, s), 7.75-7.85 (2H, m, 8.15 (1 H s). Stage 5 - Synthesis of
(S)-2- te@smsyammﬂrmmxmmr&gm’eulia%eearoﬁglﬁp.wﬁ: FRiyRRRs S APy

phenyl ) -4 hyl -t hi azol - 2-yl carbanoyi ] -butyri'c acid cycl opentyl ester 85
O O NHBQRCeEHIde. To g stirred mixture of

2-tert-but oxycarbonyl am no- pent anedi oi ¢ acid 1-cyclopentyl ester (208ny,
0. 66mmol ), EDCI (190nmg, 0.99mmvol) and HCBt 107rrg, 0. 79mmol ) in DWF
(1.5m) was added dropwi se a soluti ge product (200ngy, 0.66mmol)
in DM (1.5ml) at r. t. Triethylam e %I% , 0.99mmol ) was added and
stirring was continued for

Cl

o:?zo

Compound (20) was prepared as described in WOQ03072552
Compbunds based on compound (20) were prepared by the methods ouflined below.

Compounds (21) and (22) were prepared by the method described in the folfowing scheme:



18 h. The reaction mxture was diluted with water (10m ) and extracted with
Et CAc (15nml). The Et OAc | ayer was washed with water (10m ), dried
(Na2SO™4), filtered and concentrated in vacuo. Purification by preparative
TLC (70% Et OAc/ heptane, Rf 0.5) afforded the title conpound (160ng, 409% .
LCVB purity 91% nfz 600/602 [M+H],"'H NVR (400 MHz, DMSO, 5: 1.45-1.55
(9H, s), 1.65-2.15 (104, m, 2.45 (3Hypys), 2.70 (2H, m, 3.45 (3H, s),
4.10-4.25 (1 H m, 525 (1 H m, 7.75-7.90 (2H, m, 8.25 (1 H, s). Stage

6 - Synthesis of ) N2,50,, NaHGO,
(S) - 2- Ami no- X< ¢ hPRFogfosie it hyi - Yrehaiprane- 4W
t hi azol - 2- IMI ]-DPYtyrTt acl'd Eycl opentyl esteér (21)JOO S, _H NHZ
a Qgl:0 sol ution of Stge 5 prdaict (140mdMb™¥33mol){T°n 20% TFA / DCM
(2ml) was allowed to stand at r. t.“for 3 h. Afex conpletion the reaction
m xture was concentrated in vacuo to give conpound (21) (143ng, 100% .
LCVS purity 97% mniz 500/502 [M+H,'H NVR (400 Mz, MeOD)| 8: 1.35-1.85
(8H, n), 2.00-2.20 (2H, n), 2.25 (3H, s), 2.60 (2H, Fploge2HseRa ),
3.85-4.00 (1 H n, 5.10 (1 H n), 7.50-7.65 (2H, n), 7.95 {1 H s). Stage
7 - Synthesis of

(S)-2-tert-Butoxycar bonyl am no-4-| - chl or o- 3- et hanesul f onyl -

phenyl) - 4-mef hyl -t hi azo| - 2-yl car banoly | }-ft y,[)j,'lqmzaeibgl 86 O S~ H COH
NHBoc C O} -~O m@l ution age 5 product (20ny, DI ) in a
m xture of¥ (g 581 ~“and "Me .5ml) was~agdggd 2M ag. ~KaoH (0.5m ). The

m xture was al |l oNeF to stand atotiot. for 3 h. Upon conpsebi on the
reaction mxture was concentrated to near dryness and 1 M'HCl added
dropwi se until pH 1-2. The resultant precipitate was coll ected by

filtration under gye o

Et,N, DMF | Stages5:
I /O /D
' \E ﬁj\/ﬁi" TFA/DCM ’ &Hj\/\lj\o
8 NHBoc - s NH,
ct Stage 6 &
o] = e
1 o= Compound (21) :

NaCH, THF, MeOH ] Stage 7

[o}
; &wa TFA/DCM [ S ] }‘HW“

NHBoe Stage 8 >

0=s=0
0=5—0 Compound (22)

Stage 1~ Synthesis of 2-Chloro-5-(2-oxo-propyl)-benzenesulfonyl chloride



slight pressure. The solid was washed with water (0.5ml) and thoroughly
dried in vacuo to yield the title conmpound (12ny, 68% . LCMS purity 94%
mz 532/534 [M+H],"'H NMR (400 MHz, CDCI3), 8: 1.55-1.70 (9H, s),
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 (1 H s). Stage 8 - Synthesis of
(S) - 2- Ami no- 4- [ 5- (4-chl or o- 3- net hanegul fonyl - phenyl ) - 4- net hyl -

t hi azol - 2-yl carbanoyl ] -butyric acid 22) NJOO NHZ Cd ~ O-I~-O A

sol ution of Stage 7 product (12ny, 4. ) in 20% TFA / DCM (0. 3ml) was
allowed to stand at r. t. for 3 ft conpletion the reaction m xture
was concentrated in vacuo to g e t9tle conpound (22) (12ngy, 1009%.
LCVS purity 94% mz 432/ 434 [M #dls=H NWR (400 MHz, MeOD), S: 2.10-2.25
(2H, m, 2.30 (3H s), 2.65-2.75 (2K, m, 3.25 (3H, s), 3.95-4.05 (1H m,
7.60-7.80 (2H m, 8.05 (1 H §). Conpound (23) was prepared by the nethod
described in the follow ng schenme: 87 i) Na3SO3, NaHCO3 Chl orosul fonic acid

O water/, C&M@gﬂ%nﬁ ac@thné ggl . Oﬁ%m@ wés aeldad Grdpmﬁ%e»rt&@hlbﬂo)sulﬂdhic actB)N/FOnGDT O Id
Stage 2 Bra, dioxane % JH_. % I—é %w ~ + Stage
4 CI / @45mq|3@§ e @umdg Nz v@hlgente stirrlng e reaction mix Ure was allowe arm

to r. t. and stirring was continued for 18 h. The reaction mixture was carefully quenched by

adding dropwise to crushed ice (500mi). The aqg. Solution was extracted with EtOAc (3 x

250ml). EtOAc layers combined, dried (Na,S0s,), filtered and concentrated to dryness in

vacuo to give the crude title compound (8.3g, 65%) which was used in the next step without

further purification. LCMS purity 92%. "H NMR (400 MHz, CDCly), 8: 2.30 (3H, s), 3.85 (2H,

s), 7.50 (1H, d), 7.65 (1H, d}, 7.95 (1H, s).

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

A mixture of Na,S0; (3.799g, 0.030mol) and NaHCO; (2.53g, 0.030mol) in water (90ml) was
stirred at 70°C. To this solution was added a solution of Stage 1 product (4.65g, 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 (90mi) and extracted with
EtOAc (500ml). The EtOAc was dried (Na;S0,), 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, CDCly), 8: 2.15
(3H, s), 3.20 (3H, ), 3.75 (2H, s), 7.35 (1H, d), 7.45 (1H, d), 7.85 (1H, ).

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



EDCI, HOBt Stage 6 Et3N, DV | O't-, N-~-O~ HC, Etz_ H NHBoc NH3 Stage
6 G C O -0 0=1=0 Conpound (23) Stages 1, 2, 3 and 4 are the sane as
described for the preparation of conmpounds (21) and (22) Stage 5 -

Synt hesis of (S)-2-Am no-4-[5-(4-chl oro-3-net hanesul fonyl - phenyl) - 4- net hyl -
t hi azol - 2-yl carbanoyl | -butyric acid tert-butyl ester NOO S~H NHBoc C ~
O-1-088 This conpound was preparedgfrom

2-tert-but oxycarbonyl am no- pentanedi oic acid 1-tert- butyl ester and

5- (4- chl or o- 3- met hanesul f onyl - pheny! ) - 48fet hyl -t hi azol - 2-yl ani ne (Stage 4
product) follow ng the procedure d i or the synthesis of conpound
(21). Stage 6 - Synthesis of
(S)-2-Am no-4-[5-(4-chloro-3-ne | f oRyl - phenyl) - 4- net hyl -

t hi azol - 2-yl carbanoyl | -butyric acid ftert-butyl ester (23) N O O SOH NHZ O
Cl ~0& o To a solution of Stage=§3woduct (50ng, 0.085mmvl) in EtCAc
(025nl) was added 2M HCI / ether sol'ution (0.25nml) at r. t. The reaction
m xture was vigorously stirred for 4 h. The

To a stirred solution of Stage 2 product (1.88g, 7.60mmol) in 1,4-dioxane (120ml} bromine
(0.292ml, 5.72mmol} was added dropwise at r. t. giving a dark orange solution. Stirring was
continued for 18 h. The reaction mixture was evaporated to dryness in vacuo avoiding
heating above 30°C during evaporation. The residue was re-dissolved in EtOAc (100ml)
and washed with sat ag NaHCO; (20ml) followed by water (20ml). The EtOAc layer was
dried {Na,S0,), filtered and concentrated in vacuo. Purification by flash chromatography
(50% EtOAc / heptane) gave the title compound as a yellow oil (2.0g, 80%). LCMS purity
74%, miz 325/327 [M*+H]; "H NMR (400 MHz, CDCly), 8: 2.35 (3H, s), 3.25 (3H, s), 5.35
(1H, 8), 7.50 (1H, d}, 7.65 (1H, dd), 8.05 (1H, s).

Stage 4 — Synthesis of 5-(4-Chloro-3-methanesulfonyl-phenyl)}-4-methyl-thiazol-2-ylamine

N
! S>\NH2

cl
oﬁfto

A mixture of Stage 3 product (2g, 6.15mmoi} and thiourea (468mg, 6.15mmol) in EtOH
(65mi) was stirred at 70°C for 1.5 h. The reaction was then cooled to r. t. and precipitation
occurred. The cream solid was collected by filiration to afford the title compound (1.2g,
64%). LCMS purity 91%, m/fz 303 [M™+H], '"H NMR (400 MHz, MeOD), 5: 2.35 (3H, s), 3.35
(3H, s), 7.75-7.85 (2H, m), 8.15 (1H, s).

Stage 5 - Synthesis of (S)-2-tert-Butoxycarbonylamino-4-[5-(4-chloro-3-methanesuifonyl-
phenyl)-4-methyl-thiazol-2-ylcarbamoyl]-butyric acid cyclopentyl ester



reaction was re-treated wwth a mxture of EtOAc (0.25nl) and 2M HCl '/ et her
(0.25nL). Stirring was continued for | h. The precipitate fornmed was
collected by filtration under gravity, partitioned between EtOAc (3m ) and
sat. agq. NaHCO3 (0.5ml). The Et OQAc | ayer was washed with water (Im),
dried (Na2SO4), filtered and concentrated in vacuo to give conmpound (23)
(6.5ng, 169% . LCMS purity 95% nlz 4§§/490 [M+H],"'H NWR (400 MHz, MeCQOD),
8: 1.35-1.40 (9H, s), 180205(2H : 230(3H s), 2.45-2.55 (2H, m,

3.25 (3H, s), 3.30-3.35 (1H~M 67702 ,805(1H,s).
t| vity assay The
|s one de cet a & activities was neasured

Bi ol ogi cal Assays Hi stone deaoe
ability of conpounds to iphip

using the comercially abl e HDAC fl udHBecent activity assay from
Bionmol. In brief, the Ef de Lysrusubstrate, a lysine with an

epsi | on-am no acetylatlon |ncubated wi th the source of histone
deacetyl ase activity (Hefa|c nucl ear extract) in the presence or absence
of inhibitor. Deacetylation of the substrate sensitises the substrate to
Fluor de Lys I M devel oper, which generates a fluorophore. Thus, incubation

of the spbstfAldEnividbs 21601162/ c8RonRimintbAenasédioie hofdﬂ%?ud);ieﬁhtyl &stén i ncrease

|t hat d t Dat
are expr@edEa Oaéﬁsf%{“@e!f%ﬁ@g@goq bl S3EHGR: e o) PR beence of
i nhi bi t op1.5miyWwashaddad k@peisad sslugorabf Siagavgpmdwl(mon'@do Bbomeh il DMENpl es, as

follows: \ %dcdi\ '}‘reﬂ%yla%l% ©; 13§?n1 1.0.06mriol) Rt aédéo%d‘gﬂﬁfns was cbﬁtmh@@fo?' gnal in

the pres in the
pr esenc el T@atﬁeetcttm @Iﬂ@l\z'§w|wliwt©fe(ﬁp@|) ang ﬁXtWI‘ﬂeéW"tf' r?éoﬁ?u ﬁ'l Hi Dtor is

di ssol veghe Q@ﬂcﬁ%yef wad PEHBAGAE wataa gwhig GAdd Q&DH} eiiteret ahdl CorRbaenee of

artor T i0upep. PHCAIRY PRy vE T @éﬁﬁ&g% pe. & FHLTRHAERR 7

iIO ﬁ(r:ne)ln ?rai:ondmﬁﬁc(i) ]gmspgnm)\é\mm\paﬂweb%em mwoew&m]:‘?in e(@@dﬁllﬁs,t Ieog

deacet vyl gggdst1\?5(%;3%({5'8@01’%%%?%&%@%%%() c?ﬁ@?.‘é f?ga(%ﬁie%g cells was
used f or4.1&d2édtH,mg), 5261 HhmBparFafioen(2Hpa), 812as#d s)r om 4C (Seneffe, Bel gi um,

was prepared from HelLa cells harvested whi |l st in exponential growh phase.

The nucl ear extract was prepar
Stage 6 — Synthesis of (S 2-Am|no-4 -[5-(4-chloro-3-methanesulfonyl-phenyl)-4-methyl-

thiazol-2-ylcarbamoyl}-butyric acid cyclopentyl ester (21)

N 0 O
o

A solution of Stage 5 product (140mg, 0.233mmol) in 20% TFA / DCM (2ml) was allowed to
stand at r. t. for 3 h. After completion the reaction mixture was concentrated in vacuo to
give compound (21) (143mg, 100%). LCMS purity 97%, m/z 500/502 [M*+H], "H NMR (400
MHz, MeOD), &: 1.35-1.85 (8H, m), 2.00-2.20 (2H, m), 2.25 (3H, 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), 7.95 (1H, s).

Stage 7 — Synthesis of (S)-2-tert-Butoxycarbonylamino-4-[5-(4-chloro-3-methanesulfonyl-
phenyl)-4-methyl-thiazol-2-ylcarbamoyi}-butyric acid



according to Dignam JD 1983 Nucl. Acid. Res. 11, 1475-1489, snap frozen in
liquid nitrogen and stored at -80C. The final buffer conposition was 20 nmM
Hepes, 100 mMM KCI, 0.2 nmM EDTA, 0.5 nM DTT, 0.2 nM PMSF and 20 % (v/v)
glycerol. Aurora Kinase A Ilnhibitory Activity Assay The ability of
conmpounds to inhibit aurora kinase A activity was neasured using a

m cropl ate assay. In brief, 96-well Fe@ashplates (r) (PerkinEl nmer Life

Sci ences) were pre- coated with nyelin basic protein (MBP). MBP (100ul of
100 nmg/ M in PBS) was incubated NatN37Cjifor | fol |l owed by overni ght

i ncubation at 4C. Plates were the f and allowed to air dry.
To determne the activity of % kilhase A, N%(‘))cng enzyne (ProQui nase:
reconbi nant, full 1length h pl aurora kinase A, N-termnally fused to GST
and expressed by bacul ovi®¢lus Th Sf21 insect cells) was incubated in assay
buffer (50 mM Tris (pH7.5), g28=gM NaCl, 2.5 nM MO 2, 1 nM DTT, 0.4 %
DVBO), 10 pM ATP (Km of the enzyne) and 0.5 pC [y-33P]-ATP and with
varying concentrations of inhibitor. Wlls |acking inhibitor were used as
vehicle 90 controls and wells containing no enzyne were used to neasure

t he ' bacRgrcalution ofiSjagd & proflich {29sn1918.083mmol) iyea wikivos of THIR OS5} argi0GONf t er

| ncubat [ eflshifiat AEPag NI oM. Trafiibdure U8 wmaaagtaﬁ@ P ﬁ:fer‘%% washed

three ti S “cont al ni ng tra sodi um te prior to
scintill yp%ﬁprera%rmt%r%sﬁm@*%qu%enﬁﬁn&f@@éé? aearrdrvmﬁs a'\ﬂo% Fbsponse

Cll\J/lr ves \r/]\@é!dhdgi? @é edil fi1 91D, The ré@mt:sﬁﬂﬁréabitaa@ﬁeaé toNpctbd bpfitratnamaer at i on 10

pM Wi t t|on tr ues. were
determ né’f?hi)ereﬁ ﬁéglrl '&ées bg‘?%h 3’%3[ ﬁ@) a%c#t}:gr[ougl??‘r’gneﬁ% ! W%’oéata poi nt
results vleldtthetltlecpmtnoomd ﬁémgsﬁagﬁnl.@ds pdtﬂs@‘l%em&%[lﬂlmﬂaﬁ NMRe sl ope (%
activity t QN Ig war e.

bi hydr of SATNERCRAS: TSBAAOR 4 0o s M b (L3758 BT
conpound$-56@3Hil.rsthi4023-4-BRER!, a0 1.89- 390\(@'& "ﬁe&%(‘é‘ﬂsl n an assay based on the
ability of DHFR to catal yse the reversible NADPH- dependent reduction of

d|hydrofoI|c aC|d to tetrahydrofolic acid u it t al ogue
number CStp8&®)~ SyAtf %'SL%E@ 2MBIBP AP AT -Ghiorkmet B'Eﬁ’ E‘?”yhﬁ't?"}"géd’??ghcyﬁant human
DHFR at thidzokd-Qicarbhinb]-ptyricrae@qe2)on, NADPH at 60 pM and di hydrofolic aci d
at 50 pM The reaction was followed by nonitoring the decrease

N O 0
Ao
NH,
Cl

oﬁ?-ﬁo

A solution of Stage 7 product (12mg, 0.0225mmol) in 20% TFA / DCM (0.3ml) was allowed
to stand at r. t. for 3 h. After completion the reaction mixture was concentrated in vacuo to
give the title compound (22} (12mg, 100%). LCMS purity 94%, m/z 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, &),
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:



i n absorbance at 340 nm for a 2 mnute period, at roomtenperature, and
the enzyne activity was calculated as the rate of decrease in absorbance.
Enzyne activity, in the presence of inhibitor, was expressed as a
percentage of inhibitor-free activity and the inhibitor 1C50 was

determ ned from a signoidal dose response curve using Xl fit software (%
activity against |og concentration ofs,sconpound). Each sanple was run in
triplicate and each dose response curve was conposed of 10 dilutions of
the inhibitor. P38 MAP Kinase a Inhibitory Activity Assay The ability of

conpounds to inhibit p38 MAP kinase a (full . t man enz expressed
in Ecoli as an N-ter mpalby. G5T-t '@ pr ot'&%ﬁ%ﬂ%&{gﬁvit asured in
an assay Rﬁgggfﬁmﬁeby_UQsLaLe (Bundee UK). |ln-a fipal ¢ i o vol une of
25 pl, p38, ki ase a sigdr 10 niJ)c,:v%as i ncubafyee oMt h 250MoTri s pH 7.5,

0.02 nM EGTA, 0.33 ng/m nyelin basic proteing 10 mM magnesi um acet ate,
ATP 90 pM (Km 97 pM and [y 33P]-ATP (specific et vi ty approx. 500

cpm pnol). The reaction was initiated by the addition of th MJATP m X.
After incubation for 40 minutes at room tenperature, sl RfuakefghiQn Was
stopped by the addition of 5 pl of a 3 % phosphoric acid s¢lution. 10 p

of the reaction was then 91 spotted onto a P30 filtermat ahd washed three
times for 5 mnutes in 75 nM phosphoric acid and once in nethanol, prior
to drying and scintillation countin Se regponse curves e generated
froma %! ogdilutd on series of ;s Tnhi di ver #%ol ut i O Nine
di lutions S e de fkrom p, final e—eneem—r-atip 16 pM and a
'no corrpour?d' bl kc was i ncl uded ¥ Sanpl es wer eSpgert in (qu,L cate. Data from
scintillation counts were col | eet and subjected to free-Fit analysis by
G aphpad Prism software. Fromthe curve generated, the concentration
giving 50 % inhibition s determ ned. Pl13-Kinase V Inhibition Assay The
measur ement of Pl @xckHomgegy.activity is dependent upon the specific and
high affinity binti"f§¥of| the GRP1 pl eckstrin honol ogy (PH) domain to PIP3,
the product of PI 3-kinage activity. A conplex is fornmed between

europi um | abel | ed anti-GST nonocl onal antibody, a GST-tagged GRP1 PH

donmi n, biotinylated PIP3 and streptavidin-aliophycocyapi n(ARC). This

conpl ex genera %-a Bt abl e ti/@-resol ved fluoresc ’ ge_r sona e)gner ay
t ransfer , s i o HCl, Et,0 5 N A ©
l

NHBoc »

Stage 6 cl

Cl
D: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-methyl-
thiazol-2-ylcarbamoyl]-butyric acid tert-butyl ester

! N\>\N/IOJ\/\H?\OJV



(FRET) signal, which is dimnished by conpetition of PIP3, generated in the
Pl 3-kinase assay, wth the biotinylated PIP3. The assay was perforned at
Upstate (Dundee, UK) as follows: in a final reaction volune of 20 pl, PI
3-kinase y (reconbinant N-termnally Hi s6-tagged, full |ength human enzyne,
expressed by baculovirus in Sf21 insect cells) was incubated in assay

buf fer containing 10 pM phosphati dylgsosi tol -4, 5-bi sphosphate and 100 pM
MJATP (Km of the enzynme 117 . The reaction was initjated bY t he

addi t i onTBF COMBOYDE AVPP pﬁqpﬁred,&f% -terhbiea R BN asinaBentaReipicRcih Sl om

t elrrper at gl estéa and m&mm-:mathaﬁmmﬁn menym-mwummpwaﬁurw (Selgest op
solution ¢ I ot

hosphat PRSPl ity T8 bipcadfe Aedba oRlrE Syminesis pipomPRund @3 der ect i on
buf fer was added, which contai ned europi uml abel I ed anti-GST nonocl onal

ant i body aﬁ@E t %Q.SGﬁ@g 53%1{1#19—%‘5—'?4—%6#0%{r@@tﬂgﬁééhﬁd@r-ﬁf)%%lhﬁetﬁvl ate was

t hen rea rn t| reso uorescence e and enous

ti me- r estliazel-vigzrbaredidaieie acidfrhutyiesiea(23\as det ermi ned according to the
formula HTRF = 10000 x (Enb665nm En620nn). Duplicate data points were
generated froma'' /2 log dilution series of a stock solution of conpound
in DVMSO. N ne dilutions steps madg from tg&Rfi nal concentration of

10 NM and a 'no conpound bla ~otTRF ratio data were
transfornmed into %92 actj 06 controls d analysed with a four

par amet er si gnoi dal dose-r nse (variable "8l ope) application. The
concentration giving 50% i nhibition (1C50) was determned. Cell
Proliferation inhibition AgsEy Cancer cell lines (U937and HCT 116) grow ng
in |og phase were harvested land seeded at 1000 - 2000 cel | s/ wel | (100 pi
final volune) into 96-well tissue culture plates. Following 24 h of growth
cells were treated with conpound. Pl ates were then re-incubated for a

further Tga solutd ¢f Stadedr produc\SDmp, 888Fmmplalyi BIPAg (hfisel wameddsd 2 HdEle d
accor di Ngethgr stoﬂﬁoﬂbpﬁrd[)eéﬁ t. fmaa.oﬁmh@qvé%g%%g stimsd fot6hi pRs. Data were

expressed as a percentage inhibition of the contro nmeasured in the

absence &actignpaspgpted &@th AANIKYTRseT BPAG0: A5 A 2M HEJ sthes 0. 8k 00) where S
i s the skgmiay wa cériifudd foseACEheredipiatdrointyd vadoffectet! Bylitratiog oaderi n t he

presence o nartitioned between EtOAC (3mi) and sat. ag. NaHCO; (0.5ml). The EtOAG layer
was washed with water (1ml), dried (Na,SO,), filtered and concentrated in vacuo to give
compound (23) (6.5mg, 16%). LCMS purity 95%, m/z 488/490 [M*+H], 'H NMR (400 MHz,
MeOD), 5: 1.35-1.40 (GH, 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



DMSO. Dose response curves were generated from 8 concentrations (top final
concentration 10 NM wth 3-fold dilutions), using 6 replicates. |1C50

val ues were determ ned by non-linear regression analysis, after fitting the
results to the equation for signoidal dose response with variable slope (%
activity against log concentration of conmpound), using G aphpad Prism
software. LPS-stimulation of human whgl e bl ood Wol e bl ood was taken by
venous puncture using heparini sed vacutai ners (Becton Dickinson) and

di | ut ed offHEAC adiig) revalisinmen pbreRERMNB{hAl thatds disirdshiet] i tbe peaseoce @@ pl was

pl ated i > . d 96 well tissue culture plates. Inhibitor was added in
100 pl O'EDX%%"%@ZS nmedia, and 2 h |later the blood was stinmulated with LPS
(E coli strain 005:B5, Signa) at a final concentration of 100 ng/m and

I ncubat efy@trShprdslePads fierdtfde & the contiFmRad fedEhshedisend®asbier, f rom
cell-free supernatants by sandw ch. ELI Q@%R&D %@vgm #QTAQCOB) . 93 Broken

Cel | Ccaryxbackeroupdsignahbeing subiragigd fpm PER) 38 Act U937 or HCT 116

tumour cells (-' 109) were washed in 4 volunes of Dul beccos PBS (- | litre)

and pelleted at 525 g.for 10 M Ne.at.4C...This was repeated tw ce and the
final cell pell etgﬂg‘é"tW'égésT)@r{ggd'?ﬁxégam of col d honogeni si ng buffer
(Trizma 10 MM Nad 130 nM CaC 2 0.5 mMpH 7.0 at 25C). Honpbgenates were
pr epare b |.t.at] [ . te fHonogenat e
ee kept iite Sub bTMr R Kt of PRrdS epste 28 M seffdne i OO0
concent rtae iptasenesf of sulealpispenzyme aud thgpyahiclenn whigh thevnhibigy isgdisgolvedainddt in 1.5 M

Best at | o Wb orbh Wiglafinb e A diREndd bttt i on of the cell homogenat e
by centrifugation at 525 g for 10 mn, the resulting

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
HelLa 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
hitrogen 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 miM PMSF and 20 % (v/v) glycerol.

Aurora Kinase A Inhibitory Activity Assay

The ability of compounds to inhibit aurora kinase A activily was measured using a
microplate assay. In brief, 96-weli 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
MgClz, 1 mM DTT, 0.4 % DMSO), 10 uM ATP (Km of the enzyme) and 0.5 uCi [y-*PJ-ATP
and with varying concentrations of inhibitor. Wells lacking inhibitor were used as vehicle



supernat ant was used as a source of esterase activity and was stored at
-80C until required. Measurenent of ester cleavage Hydrolysis of esters to
t he correspondi ng carboxylic acids can be neasured using the cell -extract,
prepared as above. To this effect cell extract (-30 pg / total assay vol une
of 0.5 m) was incubated at 37Cin a Tris- HO 25 mM 125 mM NaCl buffer,
pH 7.5 at 25C. At zero tinme the estgy (substrate) was then added at a
final concentration of 2.5 pMand the sanples were incubated at 37C for

t he approolsaars wéllsecoptaining Ny egzyme wee wsaY to measure difs Paghigrund d by the
addi ti 0 Qs \RerX iN@bHEE SvEhight S APCT AftérancubBtiorZ @& Cohies of aeplvelts wive
acetonitrile was added prior to tgte est@{j %gngonﬁagd. ﬁ\étn% & ré]tsgéiLHgation at
12000 gremsved andithe Riatem washegdhee titags, Wity PES SQiRlnRe {3 MY RE" T £2
correspgﬂdbmpﬁa}é BEALb bEntlaiich @untingasingteeNplacaticroBetbLBMS ( Sci ex APl 3000,
HP1100 bi nary punp, CTC PAL). Chronatography was based on an AceCN (752.1

m) colum and a nobil e phase of 5-95 % acetonitrile in water /0.1 %
formi c Boselesurantcuives wereqyenefataddmm 1 hamcentegionitm fimaksoprerdietioh 19 n

monocyt | Ron- CYdiddGrioRbd wahges 94 Cene-specific prinmers were used
to PCR Qﬁ‘pﬁ@??“ﬁa&&'d}m%z ar?gm-% from human cDNA. PCR products were cl oned
into a plasmd vector and sequence-verified. They were then serially

diluted !éwvéltg;%f\ﬁe sbrAfined bﬁ HvRat rhlgl‘re:&_aiontahmesiﬁ@ﬂer giting therdeta faittal ~ RNA
was extracted from yvarious n.ce in d ;

quant i t SRS SR GaKatoD,fuy lgm élarrﬁeﬁ PSP r@ac@ﬁ%g%%%ﬁgﬁg%ﬁ%}ssi on

| evel s \wereencanmptsredt compolrel),aisivg it PERvargr oduct standards in a real -tine
SYBR Green PCR assay. Figure 1 shows that hCE-1 is only expressed to a
significant ampunt in a nonocytic cell line,  Biological Results The
conpoun@@ihydiofolateiRedudtase(DIMnR HBhiitorg REUXItYMBEAY nyest i gated in the enzyne
inhibition, cell proliferation and ester cl eavage assays descri bed above

and the results are shown in Tables 3 and 4. Potency Table 3
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 proprietary
assay buffer and recombinant human DHFR at 7.5 x1 0™ Unit per reaction, NADPH at 60
uM and dihydrofolic acid at 50 uM. The reaction was foliowed by monitoring the decrease
in absorbance at 340 nm, for a 2 minute period, at room temperature, and the enzyme

-

activity was calculated 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 1C50 was determined from a sigmoidal dose response curve using XIfit software
(% activity against log conceniration of compound). Each sample was run in friplicate and
each dose response curve was composed of 10 dilutions of the inhibitor.

P38 MAP Kinase a_Inhibitory Activity Assay

The ability of compounds to inhibit p38 MAP kinase a (full length human enzyme expressed
in E coli as an N-terminally GST-Htagged protein) activity was measured in an assay
performed by Upstate (Dundee UK). Ina final reaction volume of 25 ul, p38 MAP kinase a
(5-10 mU) was incubated with 26 mM Tris pH 7.5, 0.02 mM EGTA, 0.33 mg/ml myelin
pasic protein, 10 mM magnesium acetate, ATP 90 pM (Km 97 pM) 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



HDAC Enzyne inhibition IC50 Cell proliferation IC50 nMRatio 1C50 nM (HDAC
- Hela cell (W37 cells) cell/enzyme nuclear extract) Unnodified Mdul ator
100 400 4 Conpound (7) SAHA Modified Mddul ator 100 50 0.5 Conpound (8) c
clo ent | ester NA Acid resulting from 70 Inactive ester cleavage of
Modi fi ed Modul at or Conpound (9) 10 Modified Mdul ator 130 1300 Conpound
(10) (t-butyl ester The above resul%g show that: (i) the am no acid ester
nodi fi ed conpounds (Conpounds 8 and ) and the acid (Conpound 9) which
woul d r esidkted bntora PBe dNaget aid whashed shree times ifér, 5 hénugesl ITEBsmMphpsghorienzy me

assay co for. mdi £ AC i nhi bit SAHA -
Conpoundg%&%ﬁéﬂ%ggfwhgg?ﬁg%%f Weoq%{'l.'%%gd %%ﬂoé??%@ t erI golt i :‘ \%is( attached
to SAHA at a point which did not disrupt its binding node. 95 (ii) even
though t hgseLrkBbre (LRARRAMIE YeRerard id aamdo@@littioh @A UNE stickhaMitor

conparable activities to the unnodified,inhibitor (SAHA - Co
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pot ency. yebiniihdg, t e greater activity in the cell proliferation assay for
Conmpound 8 over the

7) there

Pl 3-Kinase v Inhibition Assay

The measurement of Pl 3-kinase y activity is dependent upon the specific and high affinity
binding of the GRP1 pleckstrin homology (PH) domain to PIP3, the product of PI 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 Pl 3-kinase
assay, with the biotinylated PIP3.

The assay was performed at Upstate (Dundee, UK) as follows: in a final reaction volume of
20 yl, 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 yM MgATP (Km of the enzyme 117
uM). 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 pi of stop
solution containing EDTA and bictinylated phosphatidylinositol-3,4,5-trisphosphate. Finally,
5 il 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/EmE20nm).

Duplicate data points were generated from a % 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 %



unnodi fied counterpart, Conpound 7 (or the non-h
! _ , pout - hydr ol ysabl e ester
derivative, Conpound 10), indicates that the ester ig hydrol ysed to the
parent acid Conpound 9 in the cell where it accunulates and exerts a
greater inhibitory effect. Table 3 continued Aurora kinase Enzyme
inhibition 1C50 Cell proliferation IC50 Ratio I C50 nM Aurora kinase A) nM
(U937 cells) celllenz me Unnodified,nodul ator 350 430 1.3 Cbnpound(ll)
Modi fied Modul ator 2300 3.5 0.0015 Cbnpound (12) c clo ent ester) Acid
E ig ul }\/It) d&g\]{l[fyro@mrﬁaﬁ an0 QASlyded withst feur parametargwgrmldmgw’eéaon‘éﬁé‘(ﬂ”a? ®r Conpound
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un Inni bitor (Conmpound 11) indicating that it is
ﬁgfshISEUL? ?Ltacg tge al pha am no acid ester notif at a point which does
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cycl Opeg;go\é{,eggﬁ,gas(:g%g;%ggd;gag but is sone 20 fold less active in the

cel |

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 8°is the signal in the presence of
DMSO.

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

IC50 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 @l of
RPMI1640 media, and 2 h later the blood was stimulated with LPS (E cofi sfrain 005:B5,
Sigma) at a final concentration of 100 ng/ml and incubated at 37°C in 5 % CO; for 6 h.
TNF-a levels were measured from celifree supernatants by sandwich ELISA (R&D

Systems #QTACOB).



96 (iii) the greater activity in the cell [ [

cti proliferation assay of Conpound
12 over both the wunnodified counterpart (Conpound 11) and thg | ess ;ne)agily
cleaved t-butyl ester (conmpound 14) indicates that the cyclopentyl ester
is hydrolysed to the parent acid in the cell, where it accumulates, and
exerts greater inhibitory effect. Table 3 continued P38 MAP ki nase iEnzyrre
i nhi bition Inhibition of TNFa producghi on in Ratio IC50 1C50 nM human whol e
tcjlloOOd B/ enzyme P38 MAP ki nase | C50 M Unnodi fied Mdul ator 50 300 6
estm;?;J 15 I\ﬁ) 'Pﬁ MdHl Rt REs ﬁot 0£8 tOgrrpl\l'(z\undI (16) (c clopent |

ST o] este cl eavage of Modified

Modul at or Corr_pound (17) Modified Mdulator 0 750 18 Corrgound 18)
(t - but yPrepetagion of nell eXftafé results show that: (i) the al pha amino acid

nmodi fi ed inhibitor Conpound 16, and th ' '
resul t PePherdiEaldumesr qeﬂ%(”e@)e‘?’erﬁﬂ‘fa?l?eﬁﬁhggﬁg{ég%ﬁﬂqlg%%ﬁsaygslq&\gn\%?ues in
ithﬁ_ enZYiR) aSERcRaEPSIEPIor 10 min et . dlhissvdsoepadied winerdithedinabad MAP ki nase
nhi DI L OF - G OMROUDG.LR) ok RbPald Adnddifink buis (PRAR 0 @Mt Ragk 13ach the al pha
ani no akyt _ d polnt I C oes not disrupt the binding to
tpﬁg Q/ﬁsm,mw.wmwp& e ab25°6). idompanites Were PEBaEd R AN E%Caé{@tﬂ}i ty agai nst
. | : )
@ﬁﬁ%ﬁﬁ%&n%% 'f/ﬂee?%nhdgahé}éb\@é kéftenneurd sibplemanted with de t - but yl

ester (
cocktail of inhibitors at final concentrations of:

Leupeptin 1 pM
Aprotinin 0.1 uM
E64 8 uM
Pepstatin 1.5 uM
Bestatin 162 uM
Chymostatin 33 piv

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

required.

Measurement of ester cleavage

Hydrolysis of esters to the corresponding carboxylic acids can be measured using the cell
extract, prepared as above. To this effect cell extract (~30 pg / total assay volume of 0.5
ml) was incubated at 37°C in a Tris- HCI 25 mM, 125 mM NaCl buffer, pH 7.5 at 25°C. At
zero time the ester (substrate) was then added at a final concentration of 2.5 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 5-85 % acetonitrile in

water /0.1 % formic acid.

Quantification of hCE-1, hCE-2 and hCE-3 expression in monocytic and non-

monocytic cell lines




there is a significant increase in the ability of the cycl opentyl ester
(Compound 16) to inhibit TNF production inside nonocytic cells present in
whol e bl ood conpared to the unnodified inhibitor (Conpound 15) and the

| ess readily cleaved t-butyl ester (Conpound '18). (iii) the greater
activity in the whole bl ood assay for Conmpound 16 over the unnodified
counterpart Conpound 15 and the |esgqreadily cleaved t-butyl ester Conpound
18 indicates that the cyclopentyl ester is hydrolysed to the parent acid

in the cel I where it accurrul at es, and exerts a greater inhibitory effect.
97 Table 3 canti lP.UEL*pDz hiteb@ fifoa hunimradDNAer at i on | C50
nM Rat i 'ﬁ%’ﬁc' eI I S | [ enz feLng SM dul ator 10
2200 2FCR Podypesiwere(congt WBB’F'F'ide‘GC an %PHH?“‘%‘)’&B' [F@ 0 ‘l§ npound ( 6)
(f:ycl o%%%p i d& ]erLseAﬁé ga,ﬁﬁ@b@magnfréammwomeamss SptaNBNAMAS i calroll e ﬁSt er
cl eav ifi ul at yelsshow t hat :
(i) th@Jﬁﬂﬁﬁ%\fr%imvﬂwuééf‘@a%ﬁﬁqeéS"ﬁ?ﬁﬁ R?’{%’;‘L"%)d ir?rg”ﬂ%ﬁaﬁsgm b h woul d

resul t gfrhgms ,ﬁ{r@a;\émg%sp@erlehmp%sm lenels Ere; W“@@f?ﬁdﬁﬁ'&? C@P“eﬁ §§Ran | C50 val ue

I S p055|ble to attach the al pha
am no amilbexgsdseed malgntfmant@nmnhp a\mmﬂ&‘vft?cfgg ™Mot disrupt the binding to

DHFR. (ii) even though the acid (Conpound 19) has a conparabl e enzyne
inhibitory activity to the unnodified inhibitor (Conmpound 2 (G=N)),
ester (Compound 6) is significantly nore potent in inhibiting cell
proliferation than the unnodi fBietbgicdliResudts ( Conmpound 2

t he

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
nM (HDAC - Hela cell
nuclear extract)

Cell proliferation IC50 nM
(U937 cells)

Ratio IC50
celllenzyme

Unmodified Modulator
Compound (7)
(SAHA)

100

400

Modified Modulator
Compound (8)
(cyclopentyl ester)

100

50

0.5

Acid resulting from
ester cleavage of
Modified Modulator
Compound (9}

70

Inactive

NA

Modified Modulator
Compound (10)
(t-butyl ester)

130

1300

10

The above results show that: _
0] 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 to the value for the unmodified HDAC inhibitor (SAHA ~
Compound 7) indicating that the alpha amino acid ester motif was attached to SAHA at a

point which did not disrupt its binding mode.




(&GN). (iii) the greater activity in the cell proliferation assay of

Conmpound 6 over the wunnodified counterpart (Conpound 2 (G=N)) i ndicates
that the cyclopentyl ester is hydrolysed to the parent acid in the cell,
where it accunul ates, and exerts greater inhibitory effect. Table 3

continued Pl 3-Kinase Enzyne inhibition Inhibition of TNFa production in

Ratio 1050 |1C50 nM human whol e bl oofl B/ enzyne (Pl 3-Kinase) | C50 nM
Unnodi fied Mdul ator 500 8500 17 Coffpound (20) Modified Mdul ator 2700 00
0.15 Wpoué\!én(t%h%ecésﬁbrgmmﬁpdﬁﬁﬂ@s an€id ahesuut(wgpdunem B&R0 Not tested

Ca
not appli cabl eavage.. of. | fd I 98 Modified
Modul g!to B?m'?airﬁtge ?)?U toﬁge “Y@Bﬁ%ﬁf{ﬁf"\‘[ﬁ%#ﬁ% :Iyg%u %cgpé%re o aboveI rlasul ts
show t hakgnifi¢an) idnensalirpthe calilargoBeocidofdisst m’terﬂmrkléaivetjlmcmlmﬁntybeste@rrpound 21,
and the f.~the ester
and. 1 I(]@t%gﬂmg%n gcggm%a%mﬂg%gmn&q%ﬂpsm% bufd QiBsGhf4i8geatin s

enzynme assay wthin a factor
of 10 ofseltuhaépotan@yen thercase ef thaeeigrass slabipf-batyl @é’@fé@%mmﬂdﬂm dﬂd"{atﬂéﬂmound 20) ,

i ndi cat ia@tkhater Bl nbBade0®SiaR! Be bold #f dcbetd deheradd tﬁdft@as?ﬁail RMI&Gotkncgst er not i f
at a poi tWhICh 3:kinase. (ii)

t | ].
al t hougfik heth ﬁé’fec? et ﬁ’h‘gleg% ‘grﬁ@%ggmé?%\%fg '\%E&)’ef ¥ he unnodi fi ed

unmoedified counterpart, Compound 7 {ar the non-hydrolysable ester derivative, Compound
10), indicates that the ester is hydrolysed to the parent acid Compound € in the cell where
it accumulates and exerts a greater inhibitory effect.

Table 3 continued

Aurora kinase Enzyme inhibition IC50 | Cell proliferation IC50 Ratio 1C50
nM (Aurcra kinase A) nM (U937 cells) cellfenzyme

Unmodified modulator | 350 430 1.3

Compound(11)

Modified Modulator 2300 3.5 0.0015

Compound (12)

(cyclopentyl ester)

Acid resulting from 500 >5000 NA

aster cleavage of

Modified Modulator

Compound (13)

Modified Modulator 3000 75 0.025

Compound (14)

{t-butyl ester)

The above resuits show that:

() - the alpha amino acid modified inhibitor, Compound 13, which would resul{ 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.
(i) even though the acid (Compound 13} has a comparable enzyme activity to the

unmodified inhibitor (Compound 11) and the ester (Compound 12) is a weaker inhibitor,

there is a significant increase in the cellular potency of Compound 12 over the unmodified

inhibitor (Compound 11). The less readily cieaved t-butyl ester (Compound 14) has a

comparable enzyme activity to the cleavable cyciopentyl ester (Compound 12) but is some

20 fold less active in the cell assay




I nhi bitor (Conpound 20) and the ester (Compound 21), there is a significant
I ncrease in the potency of the ester to inhibit TNF production in
nonocytic cells present in whole blood conpared to the unnodified

i nhi bitor (Conpound 20) and the less readily cleaved t-butyl ester
(Conpound 23). (iii) the greater activity in the whole bl ood assay for
Compound 21 over the unnodified courggerpart Conpound 20 and the |ess
readily cleaved t-butyl ester Conpound 23 indicates that the cyclopentyl
ester i slifydribe gesater efivith i the pelrproligrpiipn assayned Gammoungh pver peth thgecunul at es,

anflI exerurﬁ?wmge:abﬂérpgﬂm&hﬁarnw 1@)‘éuﬁqﬁe leSetRaly dédvid t-E@tW&tefl Conpar i Sotn of
cell prolifera nd e ava ic an non nonocytic
cel | 1 nisomppitid B8 i3iios Bt he SRR prtpds P SRs! o dor9RE 69 #1102 cel | 1 f ne)
Conpoundcdliewherddtiadcufalidtef@nd exgisaredtarighibiory ¢ffeotijuced’ proliferation
produced’ 1C50 nMn /m 1C50 nMn /m Unnodi fi ed 400 Not applicable 700

Not applicable Mdulator Conpound (7) Mdified 60 110 2100 1 Mbdul at or
ConpoundTaR@ﬁ)‘:O'Hﬂ@’e&]nDunt of acid produced after |ncubat|on of the modi f i ed

E Z
99 huRaH Y wfs
conpoundg (conpound 7) shqwss MAPS@86) ICsbhi bet vveen a m)nccytlc and

non- nondoyheodificeelidddldisie Hoer €as t hi Spggn be achi eved Dy atgachi ng an
appr opr i ebmpesidc(18)oti f, |as in Conpound 24.
Modified Modulator 25 20 0.8
Compound
(16) (cyclopentyi ester)
cid resuiting from ester |30 not tested NA
cleavage of Modified
Modulator Compound
(17)
Modified Modulator 40 750 18
Compound
18)
(t-butyt ester)

The above results show that:

f)] the alpha amino acid modified inhibitor Compound 16, and the acid Compound 17
which would result from cleavage of the ester motif in Compound 16, have IC50 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 2
point which does not disrupt the binding to P38 MAP kinase.

(i) the acid, Compound 17, has comparable activity against the enzyme fo 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 16) to
inhibit TNF production inside monocytic celis present in whole blood compared to the
unmodified inhibitor (Compound 15) and the less readily cleaved t-butyl ester (Compound
18). .

(ify  the greater activity in the whole biood 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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ester cleavage of
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Compound (19)

The above results 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 disrupt 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 unmodified inhibitor {Compound 2
(G=N)).

(iii)
unmeodified counterpart (Compound 2 (G=N)) indicaies that the cyclopentyl ester is

the greater activity in the call proliferation assay of Compound & over the

hydroiysed to the parent acid in the cell, where it accumulates, and exerts greater inhibitory
effect. ‘

Table 3 continued

Inhibition of TNFu production in

Pl 3-Kinase Enzyme inhibition Ratia 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)




DHFR U937 (Monocytic cell line) HCT116 (non-nonocytic cell [line Conpound
Cell Acid Cell Acid proliferation produced' proliferation produced" |C50
nNMn /m 1C50 nMn /m  Unnodi fied 2200 Not 1700 NA Mbdul at or appli cabl e
Conpound (2 G=N) Modified 310 210 6700 2 Modul ator Compound (5) -1 1°

nonocytli c cel l

i ne.
A

The amount of acid produced after incubation of conpound (5) for 80 mn in
the broken cell carboxyl esterase assggy described above. The above results
show t hat.—fi).the unmodified conpound (compound 2 G = N) shows na
sel ect i viMegifishMpddaton  98Bcyti ¢ and [7%9R- monocytic cel | 11 B@8 wher eas
can be Hﬂdby attaghing an appropriate ester notif I n conpoun
(ii) thi b ‘eﬁitBVi ty correlates with the inproved cl eavage of the est
the aci dv §r?%r (iii) the inproved cellular acti
is only ' ek e :
I nprovenent in cellular potency is due to accunulation of the acid 101
d ai ms: Theakayeassis shawjhalyat e of an al pha amino acid ester and a nodul at or
of the agivily Ofndaphfbih abilleb@F flolitbdinBR%YEEm unk 83 Chfe stier o1 i the
ester gr oulggl of the conj uglate I's hydrol'ysabl e by one or nbre intracell ul ar
car boxy| EeBPUE 2 Whighwatld feaul Fomglqaxagasidiaepteanaiifl inGampound 21, have

IC50 values in the enzyme assay within a factor of 10 of the value for the unmodified P} 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 fo Pl 3-kinase.

(i} 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).

(i) 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 line) HCT116 (non-monocytic cell line)
Compound | Cell Acid Cell Acid

proliferation produced’ proliferation produced’
1C50 nM ng/mi 1C50 nM ng/ml

Unmoedified | 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.
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" The amount of acid produced after incubation of the compound (25) for 80 minutes in the
broken cell carboxylesterase assay described above.

The above resulis show:

)

that the unmodified compound {compound (10) shows no selectivity between a

monogytic and a non-monocytic cell line whereas this is achieved by attaching an

appropriate ester motif, as in Compound 25.

il

monocytic ¢

iii}

ell line.

this selectivity correlates with the improved cleavage of the ester to the acid by the

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



8. A conjugate or nmethod as clained in any of the preceding clains wherein
the al pha amno acid ester is conjugated to the nodul ator via the am no
group of the amno acid ester. 9. A conjugate or nethod as clainmed in any
of claims 1 to 8 wherein the alpha amino acid ester is conjugated to the
nodul at or via the al pha carbon of the am no acid ester. 10. A conjugate or
nmet hod as clainmed in any of the precami ng clains wherein the ester is
hydr ol ysabl e by cells containing one or nore of the intracellular

carboxyl esterase enzymes hCE-1, hCE-2 and hCE-3 to the corresponding al pha
am no acwgﬂexkonﬁnﬁanjugate or nethod as cIalned |n any of cIalnE l1to 8
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13. A phémmeifeut 228 conposi(tNedn conprit&0ng a cqnj Ngate as [cl ai ned in any
of cl ai|nifodulptor 2 1and 5 to 1P |@REficaPlHhal maceuti calll §y acceptabl e carrier. 14.
A pharn%@%ﬁﬁf@%l conposi tipn as clained in claim L3 which ijs adapted for

t opi cal M":ét{"' stiatomrant—whgreir i gAgie conjygege (&) when the al pha
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car bon jvppoand [t o the al phg carbon of the al phg [am no acild ester is
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by the monogytic 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 accumuiation of the

acid



conprises: (iv) identifying a position or positions on a given nodul ator of
the activity of a target intracellular enzyme or receptor, or on a
plurality of given nodulators of the activity of a target intracellular
enzyme or receptor sharing the same binding node for the target enzyme or
receptor, said position or positions being rempte fromthe binding
interface between the nodul ators an (}lhe target enzyne or receptor, (iv)
coval ently nodifying the nodul ator($ by attachnent of an al pha ami no acid
ester ragigm@d:, or a range of different al pha am no acid ester radicals at
one or nore of the positions identified in (i); (iv) testing the alpha

am no aci d-conj ugated nodul ator(s) prepared in (ii) to determne their
activityi agaiostent tomjugategden alphy meningr adiccesigstapd @ maddlatar of the gefivitaata acquir ed
in (iii )targgﬁht‘t?éécﬁélld?ﬂ BRnLEr B RorOvhdrBR: t ested al pha ami no acid

est er-conjcuga versions of the given nmodul ator(s) which cause nodul ation
of enzyne or receptor activity inside cells, are converted to and

accumul gh&e@sr drbeh of @ doRRIBARGE Rireigdabiextyl dne camiork intnelidarcel |'s, and whi ch
show i ncr ebase or r ol ong)eﬂ cel |l ul ar. gt-g% .
carboxylesterase enzymes 0 t ecorrespondmgP cid; d

the alpha amino acid ester is conjugated to the modulator at a position remote from the
binding interface befween the inhibitor and the target enzyme or receptor.

2 A covalent conjugate of an alpha amino acid ester and a modulator of the activity ofa

target intracellular enzyme or receptor, wherein:

the ester group of the conjugate is hydrolysable by one or more intracellular
carboxylesterase enzymes to the corresponding acid; and

the alpha amino acid ester is conjugated to the modulator such that the binding mode of
the conjugated modulator and the said corresponding acid to the target enzyme or receptor
is the same as that of the unconjugated modulator.

3 A method of increasing or prolonging the intracellular potency and/or residence time
of modulator of the activity of a target intracellular enzyme or receptor comprising structural
modification of the modulator by covalent attachment thereto of an alpha amino acid ester
at a position remote from the binding interface between the inhibitor and the target enzyme
or receptor, the ester group of the conjugate being hydrolysable by one or more
intracellular carboxylesterase enzymes to the corresponding acid

4. A method of increasing or prolonging the intracellular potency and/or residence time
of modulator of the activity of a target intracellular enzyme or receptor comprising structural
modification of the modulator by covalent attachment thereto of an alpha amino acid ester
such that the binding mode of the conjugated modulator and the said corresponding acid to
the target enzyme or receptor is the same as that of the unconjugated modulator, the ester
group of the conjugate being hydrolysable by one or more intracellular carboxylesterase

enzymes to the corresponding acid.
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5. A conjugate as claimed in claim 1 or claim 2, or a method as claimed in claim3or
claim 4 wherein the covalently conjugated alpha amino acid ester is not the C-terminal
element of a dipeptide motif of the conjugated modulator.

6. A conjugate or method as claimed in any of the preceding claims whersin the
modulator is one which binds non-covalently to the target intracellular enzyme or receptor.

7. A conjugate or method as claimed in any of the preceding claims wherein the alpha
amino acid ester is covalently conjugated to the modulator through a linker radical.

8, A conjugate or method as claimed in any of the preceding claims wherein the alpha
amino acid ester is conjugated to the modulator via the amino group of the amino acid
ester.

9. A conjugate or method as claimed in any of claims 110 8 whersin the alpha amino
acid ester is conjugated to the modulator via the aipha carbon of the amino acid ester.

10. A conjugate or method as claimed in any 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.

11. A conjugate or methed as claimed in any of claims 110 8 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.

12. A conjugate or method as claimed in claim 11 wherein the nitrogen of the amino
group of the amino acid ester is substituted but not directly linked to a carbonyl moiety.

13. - A pharmaceutical composition comprising a conjugate as claimed in any of claims
1, 2 and 5 to 12 and a pharmaceutically acceptable carrier.

14. A pharmaceutical composition as claimed in claim 13 which is adapted for topical
administration and wherein in the conjugate (a) when the alpha amino acid ester is linked
to the modulator 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
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modulator via a carbon atom of the amino acid, the adjacent carbon atom to that carbon

atom of the amino acid is is unsubstituted.

15. A method of selectively increasing or prolonging the intracellular potency and/or
residence time of a modulator of the activity of a target intracellular enzyme or receptor in
macrophages and/or monocytes relative to other cell types, comprising treating a mixed
population of cells in viiro or in vivo with a conjugate of the modulator as claimed in claim
12.

16. A method of identifying a covalent conjugate of an alpha amino acid ester of a given
modulator of the activity of a target intracellular enzyme or receptor, said conjugate having
increased or prolonged cellular potency relative fo the given modulator, which method

comprises:

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

receptor;

(iv) covalently modifying 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 (i);

(iv)  testing the alpha amino acid-conjugated modulator(s) prepared in {ii) to
determine their activity against the target enzyme or receptor; and

(iv)  from data acquired in jii), selecting one or more of the tested alpha amino acid
ester-conjugated versions of the given modulator(s) which cause moduiation of
enzyme or receptor activity inside cells, are converted to and aceumulate as the
corresponding carboxylic acid inside ceils, and which show increased or
prolonged cellular potency.



