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the target for so long as it remains unhydrolysed). Since cells in general contain .
several types of peptidase enzymes, it is preferable that the conjugate, or more
especially the hydrolysed conjugate (the corresponding acid), is not a substrate for
such peptidases. In particular, it is strongly preferred that the o,a-disubstituted
glycine ester group should not be the C-terminal element of a dipeptide motif in the
conjugate. However, apart from that limitation on the mode of covalent attachment,
the a,a-disubstituted glycine ester group may be covalently attached to the
modulator via its amino group or via its one of the a-substituents. In some cases the
modulator will have a convenient point of attachment for the carboxylesterase ester
motif, and in other cases a synthetic strategy will have to be devised for its
attachment.

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

hCE-3 and recombinant forms of these enzymes will only hydrolyse o,a-disubstituted
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chain of a natural or non-natural alpha amno acid; Y
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-C(=S)-NR4, -C(=NH)- NR4 or8 -S(=0) 2NR4- wherein R4 is
hydrogen or optionally substituted C1-C6 al kyl; Y1 is
a bond, -C(=0)-, -S(=0)2-, -C(=0)0-, -0C(=0)-
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vari abl es present in the Ii nkage r adi cal in turn: WO
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disubstituted glycine ester is such a compound wherein the carboxylic acid group is
esterified. The term "ester" or "esterified carboxyl group” means a group RsO(C=0)-
in which Ry is the group characterising the ester, notionally derived from the alcohol
RoOH.

As used herein, the term “(C,-Cy)alkyl” wherein a and b are integers refers to a
straight or branched chain alkyl radical having from a to b carbon atoms. Thus when
ais 1 and b is 6, for example, the term includes methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, sec-butyl, t-butyl, n-pentyl and n-hexyl.

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



In the radical L, exanples of Akl and Alk2 radicals,
when present, include CH2-, -CH2CH2- -CH2CH2CH2-,
WO SHIDMBGH2CH2-, - CH=CH-, - CH=CHCH2-, - CH2CH=QrET/GB2009/000561
CH2CH=CHCH2- , - CEC-, -CECCH2, CH2CEC-, and CH2CECCH2.
Addi ti onal exanples of Akl and Alk2 include - CH2W,
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or tri-cyclic aromatic radical containing one or more heteroatoms selected from S, N
and O, and includes radicals having two such monocyclic rings, or one such
monocyclic ring and one monocyclic aryl ring, which are directly linked by a covalent

bond. lllustrative of such radicals are thienyl, benzthienyl, furyl, benzfuryl, pyrrolyl,



Target Diseasp. CD45 Namet al., J Exp Med 201, 441
(2005) Aut oi nmune di sease Lck Zhu et al., Structure 7,

WG IdB899) | nfl ammati on ZAP-70 Jin et al., J BUIDGBGWEHV0561
279, 42818 (2004) Autoi nmune di sease PDE4 Huai et al.,
Bi ochem stry 42, 13220 (2003) Inflammati on PDE3 Scapin
et al., Biochemstry 43, 6091 (2004) Asthma | MPDH .

imld3t6hRKe®limRlazolyCalibzdAR, bed2thidzoR P Bothia gy 1asdrxisothiazolyl,
pyrazolyl, oxazolyl, benzoxazolyl, isoxazolyl, benzisoxazolyl, isothiazolyl, triazolyl,
benztriazolyl, thiadiazolyl, oxadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl,
triazinyl, indolyl and indazoly!.

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

Unless otherwise specified in the context in which it occurs, the term "optionally
substituted" as applied to any moiety herein means such moiety may be substituted.’
with up to four compatible substituents, each of which independently may be, for
example, (C4-Cs)alkyl, (C,4-Cs)alkoxy, hydroxy, hydroxy(C4~Cs)alkyl, mercapto,
mercapto(C,-Cg)alkyl, (C4-Cg)alkylthio, phenyl, halo (including fluoro, bromo and
chloro), trifluoromethyl, trifluoromethoxy, nitro, nitrile (-CN), oxo, -COOH, -COOR?,
-CORA, -SO,R*, ~-CONH,, -SO,NH,, -CONHR*, -SO,NHR", -CONR"R?, -SO,NR*R?, -
NH,, -NHR?, -NR*R®, -OCONH,, -OCONHR" , -OCONR"R®, -NHCOR",

-NHCOOR?, -NRECOOR*, -NHSO,0R", -NRPSO,0H, -NRPSO,0R” -NHCONH,,
-NRACONH,, -NHCONHR® -NR*CONHRE, -NHCONR*R® or -NRACONR"R®

wherein R" and R® are independently a (C4-Cs)alkyl, (Cs-Cs) cycloalkyl , phenyl or
monocyclic heteroaryl having 5 or 6 ring atoms, or R* and R® when attached to the
same nitrogen atom form a cyclic amino group (for example morpholino, piperidinyl,
piperazinyl, or tetrahydropyrrolyl).. An “optional substituent” may be one of the
foregoing substituent groups.

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



p38 MAPK Wang et al., Structure 6, 1117 (1998)
Inflammati on COX2 Kiefer et al., J Biol Chem 278,
wa30083068¢2003) | nfl ammati on Adenosi ne Ki nase CUGRLIN1000561
et al., J Ml Biol 298, 8731(2000) Inflammation PLA2
Chandra et al., Biochem stry B 10914 (2002) Psoriasis
Ex3kplES %?Qd@bhé!hs of @t%hﬁﬁhéhfﬁx’nog&ldslﬁaﬂlde (H’o%@?)} alalnlne

Rheumatoid arthritis PLD Leiros et al., J Ml
arginine, g@gar@g@g@sgaﬁtfq agignsysteine; sysfine, glutamic acid, histidine, 5-

hydroxylysine, 4-hydroxyproline, isoleucine, leucine, lysine, methionine,

phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, a-aminoadipic
acid, a-amino-n-butyric acid, 3,4-dihydroxyphenylalanine, homoserine, o-

methylserine, ornithine, pipecolic acid, and thyroxine.

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

- protected.

The term “protected” when used in relation to a functional substituent in a side chain
of a natural alpha-amino acid means a derivative of such a substituent which is
substantially non-functional. For example, carboxyl groups may be esterified (for
example as a C4-C; 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(=0O)OCH,Ph carbamate), hydroxyl groups may be
converted to ethers (for example an OC;-C¢ alkyl or a O(C4-Cs alkyl)phenyl ether) or
esters (for example a OC(=0)C;-Cs alkyl ester) and thiol groups may be converted to
thioethers (for example a tert-butyl or benzyl thioether) or thioesters (for example a
SC(=0)C,-Cs alkyl thioester). |

There are many possible ester groups which may in principle be present in the o,a-
disubstituted glycine ester carboxylesterase ester motif for attachment to the
modulator. Likewise, there are many a,a-disubstituted glycines, differing in the a-
substituents R, and R, which may be used as esters in the carboxylesterase ester
motif. Some a,a-disubstituted glycine esters are rapidly hydrolysed by one or more of
the hCE-1, -2 and -3 isotypes or cells containing these enzymes, while others are
more siowly hydrolysed, or hydrolysed only to a very small extent. In general, if the
carboxylesterase hydrolyses the free a,a-disubstituted glycine ester to the parent
acid it will, subject to the N-carbonyl dependence of hCE-2 and hCE-3 discussed

above, aiso hydrolyse the ester motif when covalently conjugated to the modulator.
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the required hydrolysis profile. Ester motifs selected in that way may then be re-
assayed in the same carboxylesterase assay when conjugated to the modulator via
the chosen conjugation chemistry, to confirm that it is still a carboxylesterase
substrate in that background.

The ester group

As mentioned, intracellular carboxylesterase enzymes capable of hydrolysing the
ester group of a compound of the invention to the corresponding acid include the
three known human enzyme isotypes hCE-1, hCE-2 and hCE-3. Although these are
considered to. be the main enzymes, other enzymes such as biphenylhydrolase
(BPH) may also have a role in hydrolysing the ester. In general, if the
carboxylesterase hydrolyses the free amino acid ester to the parent acid it will also
hydrolyse the ester motif when covalently conjugated to the inhibitor. Hence, the
broken cell assay and/or the isolated carboxylesterase assay described herein
provide a straightforward, quick and simple first screen for esters which have the
required hydrolysis profile. Ester motifs selected in that way may then be re-assayed
in the same carboxylesterase assay when conjugated to the inhibitor via the chosen
conjugation chemistry, to confirm that it is still a carboxylesterase substrate in that .
background.

Subject to the requirement that they be hydrolysable by intracellular carboxylesterase
enzymes, examples of particular ester groups in the o,a-disubstituted glycine ester
carboxylesterase ester motif include those of formula -(C=0)OR;, wherein Ry, is
RsRgR10C- wherein

0] Rs is hydrogen or optionally substituted (C-Cs)alkyl-(Z").-[(C+-
Ca)alkyl],- or (Cx-Cs)alkenyl~(Z"),-[(C4-Cs)alkyl],- wherein a and b are
independently 0 or 1 and Z' is —O-, -S-, or -NRy4~ wherein Ry is hydrogen or
(C4-Cg)alkyl; and Rg and Ry, are independently hydrogen or (C4-Cs)alkyl~;

(i) Rg is hydrogen or optionally substituted R4;R4sN-(C4-Cs)alkyl- wherein
R4z is hydrogen or (C4-Cs)alkyl and Ry3 is hydrogen or (C4-Cs)alkyl; or Ry, and
Rus together with the nitrogen to which they are attached form an optionally

substituted monocyclic heterocyclic ring of 5- or 6~ ring atoms or bicyclic
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(iif) Rs and Ry taken together with the carbon to which they are attached
form an optionally substituted monocyclic or bridged monocyclic carbocyclic
ring of from 3 to 7 ring atoms or bicyclic or bridged monocyclic carbocyclic
ring system of 8 to 10 ring atoms, and Ry, is hydrogen.

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

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

a-Substituents

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

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

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

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

R. is hydrogen, (C4-Cs)alkyl, (C2~-Cs)alkenyl, (Co-Cg)alkynyl, phenyl(C4-
Cs)alkyl, or (C3-Cg)cycloaikyl, and R, and R, together with the carbon atom to
which they are attached form a 3 to 8 membered cycloalkyl or a 5- to 6-
membered heterocyclic ring; or
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(20Q2) 1 R) AL 803 IndSoenaaiy f e 5t -Coalkenyl, (Co-Coyalkynyl,
phenyl(C,-Cs)alkyl, or a group as defined for R, below other than hydrogen, or
R, and R, together with the carbon atom to which they are attached form a
cycloalkyl or heterocyclic ring, and R. is hydrogen, -OH, -SH, halogen, -CN, -
CO.H, (C4-Cas)perfiuoroalkyl, ~-CH,OH, -O(C+-Cg)alkyl, -O(C,-C¢)alkenyl, -
S(C4-Cg)alkyl, -SO(C,-Cg)alkyl, -SO,(C-Cs) alkyl, -S(Co-Ce)alkenyl, -SO(C»-
Cs)alkenyl, -SO,(C,-Cg)alkenyl or a group -Q-W wherein Q represents a bond
or -O-, -S-, -SO- or -SO,- and W represents a phenyl, phenylalkyl, (Cs-
Cs)cycloalkyl, (Cs-Cg)cycloalkylalkyl, (C4-Cg)cycloalkenyl, (Cs-
Cs)cycloalkenylalkyl, heteroaryl or heteroarylalkyl group, which group W may
optionally be substituted by one or more substituents independently selected
from, hydroxyl, halogen, -CN, ~CONH,, -CONH(C;-C¢)alkyl, -CONH(C;-
Cealkyl),, -CHO, -CH.0H, (C+-C,)perfluoroalkyl, -O(C;-Cg)alkyl, -S(C+-
Ce)alkyl, -SO(C4-Cs)alkyl, -SO,(C4-Cg)alkyl, -NO,, ~-NH,, -NH(C4-Cg)alkyl, -
N((C+-Cs)alkyl)z, -NHCO(C+-Cs)alkyl, (C4-Cg)alkyl, (Co-Cs)alkenyl, (Co-
Ce)alkynyl, (Cs-Cs)cycloalkyl, (Cs-Cs)cycloalkenyl, phenyl or benzyl.

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

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

In some embodiments, one of the a-substitutents R, and R; of the a,a-disubstituted
glycine ester conjugated to the modulator is a C+-Cs alkyl substituent, for example
methyl, ethyl, or n-or iso-propyl, and the other is selected from the group consisting
of methyl, ethyl, n- and iso-propyl, n-, sec- and tert-butyl, phenyl, benzyl, thienyl,
cyclohexyl, and cyclohexylmethyl.



Stanos et al., J Blot Chem 277, 46265 (2002)
Proliferative disorders Src kinase Laners et al., J
wovRioBdasks 285, 713 (1999) Proliferative di sor de¢BHEGB2009/000561
VEGFR2 McTigue et al., Strusture 7, 319 (19999)
Proliferative disorders Superoxi de D snmutase Hough et
Cuatently prefdotedBirelca28ywh&eneld 89 pnPRylis frettad.iand the other is

b EELS B PB S P R D3 Ry el gherlvn ik Mion
to Wojsbitiseynare @dleched formasseyaioptopsl, cyclGB, ¢tdBent 00y cytBBEY!
rinéé.qglé?p,ap' fc%%%kku?e’ %ﬁb%@é%@%?;%ﬁ%%f 8 E%L,Soce-dl]sugsttﬁlh%

glycine ester conjugated to the modulator are each methyl.

Conjugation

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

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

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

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

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

R, is the carboxylesterase-hydrolysable ester group;

R; and R; are the a-substituents of the a,a-disubstituted glycine;
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NR4 or -S(=0),NR4- wherein R, is hydrogen or optionally substituted C4-Cg
alkyl;

Y'is a bond, -C(=0)-, -S(=0)y-, ~C(=0)0-, -OC(=0)-, —C(=O)NRs-,
-NRs(C=0)-, -S(=0)2NRs-, -NRsS(=0),~, or -NRs(C=0)NRs-, wherein Rs and
R6 are independently hydrogen or optionally substituted (C4-Ce)alkyl,

L' is a divalent radical of formula —(AIK)m(Q)n(Ak?)- wherein

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

Q is (i) an optionally substituted divalent mono- or bicyclic, carbocyclic
or heterocyclic radical having 5 ~.13 ring members, or (i), in the case
where p is 0, a divalent radical of formula —Q"-X?- wherein X? is ~O-,
-S- or NR*- wherein R* is hydrogen or optionally substituted C;-C,
alkyl, and Q' is an optionally substituted divalent mono- or bicyclic
carbocyclic or heterocyclic radical having 5 - 13 ring members,

Alk" and Alk? independently represent optionally substituted divalent
Cs-Cy cycloalkyl radicals,. or optionally substituted straight or branched,
C4-Cs alkylene, C»-C; alkenylene, or C,-Cs alkynylene radicals which
may optionally contain or terminate in an ether (-O-), thioether (-S-) or
amino (~NR*-) link wherein R* is hydrogen or optionally substituted
C4-Cs alkyl;

X' is a bond, -C(=0)-; or -S(=0),-; ~NR;C(=0)-, -C(=O0)NR-,

—NR;C(=0)-NRs-, -NR7S(=0),-, or -S(=0).NR;- wherein R; and R; are
independently hydrogen or optionally substituted C,-C¢ alkyl; and

zisQor1.

Taking the variables present in the linkage radical in turn:
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specific preferred examples of Y include a bond, ~(C=0)-, -(C=0)NH-, and
-(C=0)0-. However, for hCE-1 specificity when the alpha amino acid ester is
conjugated to the inhibitor as a radical of formula (IA), Y should be a bond.

In the radical L, examples of Alk" and Alk? radicals, when present, include
—CHy-, -CH,CH,- —CH,CH,CH,-, ~CH,CH,CH,CH,-, -CH=CH-,
—CH=CHCH,-, -CH,CH=CH-, CH,CH=CHCH,-,—~C=C-, -C=CCH,-, CH,C=C-,
and CH,C=CCH,. Additional examples of Alk" and Alk? include —CH,W-,
—CH.CH.W- -CH,CH,WCH,-~, -CH,CH,WCH(CHj3)-, -CH,.WCH,CH~,
—CH,WCH,CH,WCH,-, and -“WCH,CHz~ where W is —O-, -S-, -NH-,
—N(CHs)-, or —CH,CH,N(CH,CH,OH)CH,-. Further examples of Alk' and Alk2
include divalent cyclopropyl, cyclopentyl and cyclohexyl radicals. .. .

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 n is 1 and at least one of m and
pis 1, L' is a divalent radical including a hydrocarbon chain or chains and a
mono- or bicyclic carbocyclic or heterocyclic radical with,5 - 13 ring atoms -
(optionally substituted). When present, Q may be, for example, a divalent
phenyl, naphthyl, cyclopropyl, cyclopentyl, or cyclohexy! radical, or a mono-,
or bi-cyclic heterocyclic radical having 5 to13 ring members, such as
piperidinyl, piperazinyl, indolyl, pyridyl, thienyl, or pyrrolyt radical, but 1,4-
phenylene is presently preferred.

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

—CH,CH,-, and —CH,CH,CH»>~ and Q may be 1,4-phenylene.
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the binding modes of known modulators to their targets are generally known soon

after the modulators themselves become known. In addition, modern techniques
such as X-ray crystallography and NMR are capable of revealing such binding
topologies and geometries, as are traditional medicinal chemistry methods of
characterising structure-activity relationships. With such knowledge, it is
straightforward to identify where in the structure of a given modulator an
carboxylesterase ester motif could be attached without disrupting the binding of the
modulator to the enzyme or receptor by use of structural data. For example, Table 1
lists some intracellular enzyme or receptor targets where there is published crystal

structural data.

. Table 1
Target - Crystal Structure reference | Target Disease
'CD45 g%rgsit al., J Exp Med 201, 441 Autoimmune disease’
Lck Zhu et al., Structure 7, 651 (1999) | Inflammation
ZAP-70 Elgg)g;)al J Biol Chem 279, 42818 'Autoimmune disease
PDE4 :‘é‘;&ggbg)'“hem's’“y 42, Inflammation
Scapin et al., Biochemistry 43,
PDE3 6091 (2004) Asthma
IMPDH- Intchak et al., Cell 85, 921 (1996) | Psoriasis
038 MAPK \(/Yggg)et al., Structure 6, 1117 inflammation
Kiefer et al., J Biol Chem 278, .
COX2 45763, (2003) Inflammation
. . Schumacher et al., J Mol Biol 298, ,
Adenosine Kinase 875 (2000) Inflammation
PLA2 ?gg?jg;ég Biochemistry B Psoriasis
PLC 1E$8zeln (?gglf) Biochemistry 36, Rheumatoid arthritis
PLD l(_zeégo:,)et al., J Mol Biol 339, 805 Inflammation
. Rosenfeld et al., Biochemistry 41, .
iNOS 13915 (2002) Inflammation
Rudberg et al., J Biol Chem 279, .
LTA4 hydrolase 27376 (2004) Inflammation
ICE fﬁaﬂagf"g%tga"’ Chem Pharm Bull | o\ imatoid arthritis
}_7 y ) .
GSK3B Z%%rg)”d etal., J Mol Biol 333, 393 | o o matoid arthritis
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Sheppard et al Bioorg Med Chem

MetAP2 Lett 14, 865 (2004) Rheumatoid arthritis
Corticosteroid receptor | Bledsoe et al., Cell 110, 93 (2002) | Inflammation
PI3K Walker et al., Mol Cell Biol 6, 909 | Proliferative
(2000) disorders
Proliferative
Raf Wan et al., Cell 116, 855 (2004) disorders
Yang et al.,, Nat Struct Biol 9, 940 | Proliferative
AKT/PKB (2002) disorders
Finnin et al., Nature 401, 188 Proliferative
HDAC (1999) disorders
c-Abl Nagar et al., Cancer Res 62, 4236 | Proliferative
(2002) disorders
IGF-1R Munshi et al., Acta Crystallogr P_roliferative
Sect D 59, 1725 (2003) disorders
Thymidylate Stout et al., Structure 6, 839 Proliferative
Synthetase (1998) disorders
g.'ycmam'de. Klein et al., J Mol Biol 249, 153 | Proliferative
Ibonucleotide (1995) disorders
Formyltransferase
Purine Nucleoside Koelner et al., J Mol Biol 280, 153 Proliferative
Phosphorylase (1998) ‘ “disorders

Estrone Sulphatase

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

Proliferative

1 disorders

| EGF-RTK

Stamos et al., J Biol Chem 277

‘Proliferative

46265 (2002) disorders
. Lamers et al., J Mol Biol 285, 713 Proliferative
Src kinase (1999) disorders
McTigue et al., Structure 7, 319 Proliferative
VEGFR2 (19999) disorders
. . Hough et al., J Mol Biol 287, 579 | Proliferative
Superoxide Dismutase (1990) disorders
Ornithine Almrud et al., J Mol Biol 295,7 Proliferative
Decarboxylase (2000) disorders
. Classen et al., PNAS (USA) 100, Proliferative
Topoisomerase Il 10629 (2003) disorders
. Staker et al., PNAS (USA), 99, Proliferative
Topoisomerase | 15387 (2002) disorders
Matias et al., J Biol Chem 275, Proliferative
Androgen Receptor | 55154 (2000) disorders
INK Heo et al.,, EMBO J 23, 2185 Proliferative
(2004) disorders
Curtin et al., Bioorg Med Chem Proliferative
Famnesyl Transferase | | 1413, 1367 (2003) disorders
CDK Davis et al., Science 291, 134 Proliferative
(2001) disorders
Dihydrofolate Gargaro et al., J Mol Biol 277, 119 | Proliferative
Reductase (1998) disorders
Fit3 Griffith et al., Mol Cell 13, 169 Proliferative
(2004) disorders
Carbonic Anhydrase Stams et al., Protein Sci 7, 556 Proliferative
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Hyper chol esterol aem i a Pyravate dehydrogenase
stinmulator Mattevi et al., Science 255, 1544 (1992)

. _Nature 386, 247
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Dibgdropwimitiiieo7 (1 $pyiizsch et al., JBC 277, 13155, | Proliferative
Dehydrogenase (2002) disorders
Mannosidase Van den Elsen et al., EMBO J 20, | Proliferative
anho o 3008 (2001) disorders
Peptidyl-proiyl Ranganathan et al., Cell 89, 875 Proliferative
isomerase (Pin1) (1997) disorders
Retinoid X Receptor I(EZ%eO% ;at al., EMBO J 19, 2592 (I;’igﬂ‘gerilve
_Glucuronidase Jain et al., Nat Struct Biol 3, 375 Proliferative
B-Glucuro (1996) disorders
Glutathione Oakley et al., J Mol Biol 291, 913 | Proliferative
Transferase (1999) disorders
hsp90 Jez et al., Chem Biol 10, 361 Proliferative
P (2003) disorders
IMPDH intchak et al., Cell 85, 921 (1996) | Frowrorative
. Chandra et al., Biochemistry 41, Proliferative
Phospholipase A2 10914 (2002) disorders
" Essen et al., Biochemistry 36, - Proliferative
Phospholipase C 1704, (1997) disorders
. Leiros et al., J Mol Biol 339, 805 Proliferative
Phospholipase D (2004) ' disorders
MetAP2 Sheppard et al Bioorg Med Chem | Proliferative
Lett 14, 865 (2004) disorders
PTP-1B Andersen et al., J Biol Chem 275, | Proliferative
7101 (2000) ' disorders
Aurora Kinase Fancelli et al., in press (I;’irso;fg;?:ve
PDK-1 Komander et al., Biochem J 375, Proliferative
255 (2003) disorders
HMGCoA reductase Izsgt\éaq f gg (Igglos;a )nhofer Science Atheriosclerosis
Oxidosqualene Lenhart et al., Chem Biol 9, 639 Hypercholesterolaem
cyclase (2002) ia
Pyruvate . . .
Mattevi et al., Science 255, 1544 | Cardiovascular
dehydrogenase (1992) disease
stimulator

Adenylate cyclase

Zhang et al., Nature 386, 247

Cardiovascular

USA 98, 5491 (2001)

(1997) disease
. Ebdurp et al., J Med Chem 486, .
PPARYy agonist 1306 (2003) Diabetes
Alcohol Bahnson et al., PNAS USA 94, Alcohol poisonin
dehydrogenase 12797 (1997) P 9
Hormone sensitive Wei et al., Nat Struct Biol 6, 340 insulin resistant
lipase (1999) diabetes
. . Mathews et al., Biochemistry 37, .
Adenosine kinase 15607 (1998) Epilepsy
Aldose reductase Hrgg;r)msee al. Structure 5, 601 Diabetes
Vitamin D3 receptor Tocchini-Valentini et al., PNAS Osteoporosis
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6, 340 (1999) Mathews et

w@reehedsustry 37, 15607 (1998) Insulin res
di abet es Epi |l epsy Adenosi nelki nase Al do
Urzhnsee al ., Structure 5, 601 (1997) D abetes Vitanm n
D3 receptor Tocchini-Valentini et al., PNAS USA 98,
5491 (2001) GCsteoporosis 21 Protein tyro

al .,
i st aPt'T/GB2009/000561
se reduct ase

si ne

Pysites itfasias e AndePsdarsen eahl., J BioBThdm @FBm |27 01
pligzpbatpse 7101 (2000) Didberbd
Louis et al., Biochemistry 37, 2105
HIV Protease (1998) HivV
Bressanelli et al., PNAS USA 96, s
HCV Polymerase 13034 (1999) Hepatitis C
Neuraminidase '(I'1a9yglcgr) etal., J Med Chem 41, 798 Influenza
, Das et al., J Mol Biol 264, 1085
Reverse Transcriptase (1996) HIV

CMV Protease

Khayat et al., Biochemistry 42,
885 (2003)

CMV infection

Thymidine Kinase

Champness et al., Proteins 32,
350 (1998)

Herpes infections

HIV Integrase

Molteni et al., Acta Crystallogr
Sect D 57, 536 (2001)

HIV

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

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

examples illustrate how such structural data can be used to determine the

appropriate positions for the attachment of the q,onudisubstituted glycine

carboxylesterase ester motif. Schematics of the active sites are shown together with -

hr"epresentative inhibitors. In general, poéitibns remote from the binding interface

between modula’éor and target, and therefore pointing away from the enzyme binding

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

motif and these are indicated in the diagrams.
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H 'V Integrase Mdlteni et al., Acta Crystallogr Sect D
57, 536 (2001) HI'V For the purpose of illustration,
w0 edoenessee i s made to known inhibitors of 5 of P€Ty&B2009/000561
above intracellular targetg23 whose binding node to the
target is known. These exanples illustrate how such
structural data can be used to determ ne the
appropriate positions for the attachnent of the
"ékﬂ"iy sgubstituted gl ycine carboxyl esterase ester
Schematics of | e sites are shown
together wit 1t@tai5‘%/e inhibitors. In general,
positions r b o té‘i elﬁf’ityndl ng interface between
nmodul at or /and(t ariget\ | and therjefore pointing away from
t he enzy bi g ihterface into solvent are suitable
pl aces f r saf't achment of the car boxyl est er ase ester
notif an s ndi cated in the diagrans. HDAC
22 Auror Ki nase P38 MAP Kinase WO

i denti fj edpyt Thesrrﬁlen d of the invention,
for incyea Lnd ceI s pctency and/ or |ntracellular

[ the activity of a
ar enzy or receptor, may involve
1:1dentNfy a position or positions
nodul-atornpl ecul es sharing
far th éfsgésasget enzyne or
receptor, reroteptofir-omthe bi@ﬁﬁmgahnterface bet ween
t he nodul at ors—and the target _enzyne |or receptor.
Usual |y such positions are identified fromthe X-ray
A@mﬂwarmaiaca fcanl @tsurb@ Used ferithelether exatapley RknBied WATTableof.

arget, enz [ec t or th a known nopdul at or
% etfiod danS B bt fos e r@ge?if UlanRPEBEY AMYebtrecs!vine
resméﬁﬁé tiove dT%Oﬁ@dthor ¢hthé BSIREY bf afargét ihfidcaftibbShzYh® or

rnatlve t he _crystal structure of the

retCSP m@ﬁﬂ‘/ eg?ve[récsé or with the nodul at or docked

|nto the active site of the enzynme or receptor is
II d t hi.cs net hod nd.t he el
SIEE s pec i os aBRbRs &F prapr & RN Sanoistor
rrmamh Escsa.pmgmmfsamfmebmmn@m@tjl@rforahe wgéttérﬁpmeroer@ﬁegto‘rrr@mote
t ndi ng jnter un 0
rehiRan? PR r{s e hetiRe Beliiuiors amuh Aot TSI e he

rezeptove site of the enzyne or receptor. Suitable

VBRI GP BoBlionetR i FORGRE K o il i Gestucture

demleddayt nmr ) of the target enzyme or receptor with a known modulator (or a close

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

structure or docked model to be orientated towards solvent.
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nodi fy the nodul ator(s) by attachnment of an a, a-
waQi@oesit ut ed gl yci ne ester radical, or a raner/682009/000561

different a, a-disubstituted4glycine ester radicals at

one or nore of the positions identified in Step 1.

Attachnment of a, a-disubstituted glycine ester radicals

(ie the potential carboxylesterase notifs) may be via

Ster2:exi st Cﬁga'enﬂbam@v\rfy the uldutagerts) Mtatbnmhemwf@n otdae
s D B oo i ah8F kb Tof3it s Stksfiutea ayeine

estearrabmmgsla&meroamrabt thEpositiyndidestifiedan Stepotm t he mai n
nol ecul ar bul k by a spacer or linker elenent, to
position the notif deeper into solvent and thereby

Attacrhes of &jd-tishibstitned gigcive a8l fadifale@d thefpdtdrgianot i f on

n em)uatornortoenur.
carbiaoa T gb AR Y R af B8t e, G iR et haliyeon the
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nodulator(s) prepared in step 2 to determne their

Peftnelict of SRt Bionly R hERGETOR B Ene ar e Pedoy, aswel
Ilbrmoffcauelda’uecmém)latofs ehmh aaaently modiiied rein(e) to ifsrpapant ed

., as result of perform tep

ool BRiito kgt S R0 S5 ih i rer mripas. =

ond\benbey pdifie of siestingsht idehefiyd iaBtgs 1rodul ator activity

" has in fact been retained, and to what degree and with
what potency profile. In accordance wth the

g%ﬁer | yi mgsgHe I@cQa‘é-@lsQBstttlhtéd glyeiRB tesei-comfpsted Irﬁoa@t@rws e
e accurul ati on of nodul ator activity 1n cel

Pre@ér@(ddﬁlséepa% Ofrdenging thels artyiy\poamst hhﬁéaré@ts%%”?erprd gfgptor.
lines to assess degree of cellular activity, and
potency profile, of the nodified nodul ators.
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paiént ﬁ)@d&l@i’d‘@E Répared 89 bessumst %bﬁbﬂnﬂﬁg Sﬁé}a@)ﬂsar{cpz are preferably
erm ne the |ntr|n ic activi d|f|e

tesliGHTIFAERR RORTELS AT VAT e e XP e B PRNAT i s
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r boxyl est er ase hydroly r.od carbox
incfEE Ao e Do 1 nes oot & Eor Ao Epeine Sy rofile
of mernﬁcrmmbmbdmat@@ Imhera;@séwwmcmmlbecﬁmplmd in Step 3 include

2009/ 106848PCT/ .GB20 000561 2
in 8 ORIt B alaE Mg AT aka d SESTTes TedniiasiherRgl of the

moeiiiieg @nusumatbmtd i amatteldartailiesterasethydrdlfsiGoas& pessaps to

ool e B SR LEPRL S e LSt

car\bER)‘Hilc@lmgi oY cdéb@b(ymmwéesﬂ@ml hedays 1o Setepmife lﬁ’ﬂeﬁrf@tedaﬁcﬁor level
acquir [ t e t ope or no the tested .
or &5SMfgonist i Elachiss el pERty s b S 50 i
celdf It iehpasayd, bobdubaddtic and mn-oloncauisee®) dubat a@andfof
enzynme or receptor activity inside cells, are
converted to and accunul ate as the correspondi ng
carboxylic acid inside cells, and which show i ncreased
or prolonged cellular potency. The above descri bed
Steps 1-4 represent a general algorithmfor the
|nplenentat|on of the princi ples of the present



There are nultiple synthetic strategies for the

synthesis of the conpounds with which the present
WO pvwenvdsasr i s concerned, but all rely on knownPCT/GB2009/000561

chem stry, known to the synfhetic organic chem st.

Thus, conpounds according to formula (1) can be

Sy nt hesi sed accordin procedures described in the
'S%tﬁﬁ &amxr'?%t@rag?a,r@ngwdu%ﬂen fREser fqddenkfy compRwds that show
mﬁ%bbbﬁm inthe art. Typical literature sources are

Advanced organic chemstry', 4th Edition (Vvley), J

Mar ch, " Conprehensive Organic Transformation”, 2nd

If Eéiiefstér? ot Yédiewle, sRp3 n‘ﬂa@'b@(‘rgpeated'ﬁﬁlﬁia%r@rﬁt set of candslgate

Het er ocyc|j c Chenistry 2nd Edjtion (Perganon),
a'rm r‘mr%ﬂd esr%\ﬁ%wgéﬁq \(ﬂr%%n%%he Baren mRedRlor
"Synthesis", "A cc. Chem Res." , "Chem ReV, or
primry | iterature sources identified by st andar d

Stepdar at urfdORHHR REGUIEK! P Séero?. sPleshpraennas f%tﬂﬁt@@g o
dréﬁﬂﬁhtufé% C?I@}ﬁ-ﬂéﬁérl -cpSddt@biatsioRd of tREIpbRde 'rﬁbdula?c?r?sr)]u

nmpounds of the invention may be prepared a
C%rﬁe m@e%%gf A EIeQN rPCRpY A INEide 6lisaAte W@ﬂed to and

aceDRiatd %ihbkorr@séérﬁlrr@(@m&@ﬁc hes ‘?dsﬂ@c defis; aHd’\NItuBF? show

reactions described below, "It nmay be necessary t
'”‘HP%%@C‘WH’@%Q‘?W”P%EPYGB%I groups for exanpl e
hydroxyl am no and carboxy groups, where these are
desired in the final product, to avoid their unwanted
Theghove deagriosA Sters Hé rﬁe@é@nt@rﬁeqegaé@lqoarhr@f@mﬁ plementation.
of@i@@ﬂﬁ:rplélé M/the ﬁférs@hﬁﬁbérﬂignﬂ oups in Organic .
Synt hesi s' | ey and Sons, 1999]. Conventi onal
-protecti ng groups may be used in conjunction with
. SwiftReslard practice. In sonme instances deprotection may
be the final step in the synthesis of a WO
2009/ 106848PCT/ GB2009/ 000561 26 conpound of general

THeps B1 rduliplp syAthetid SIRatbEies e JRSsyRaRRitbMBe b@nb&\ms with which
|nventt| on descri bed her ein after are understood

thg PrESRBL KRG SIRGUR0. Byt Pl SRNRYN FhE Y. *rrmyvn to the

syﬁﬂﬁﬂ@bfg@ﬁrcctfhehm Trrusea&mgéuﬁmrécb&qua%rﬂm@a%&rmérg
erat ures are in C

the foll !
YR e? PRt IR0 SEBiosotules JRsonape I BB GandRERRie Rt ge A are
wélkieioango Msshd skillag @i i drl, rry;acé\rmwrbturérmu?@épére Bagvanced

Ort%er ﬁ:t %{'Hgﬁ% O?’g %EE%%@Q@QUJ ﬂ'/larch Qgcr)mgp%engt/le rgrga%%g e
Tran&ofhatioat) IZC"yEdr@cBrﬁ(V'@Méw Umdecaréce n‘&-lé?MbBolFof Heteroc C/IC

ST TN e i TR - Ere

sl¥ymesxs’hwafa c:htamb aee&laH@Fem slwl/L lLbﬂpmé{rra m@ralil@@rsbortag ®ientified
= ert-pu C oro ane

N B LG I SFPHEERORIE R ﬁ%ﬁonﬁﬁwpﬁ%rqeﬁéurzrﬁa Chemical

Aonraiofst ontiBetistemnt.de KHI\/DS = pot assi um
bi s(tri nmet hyl silyl)am de Pd/ C = pal | adi um on carbon

ol A P8 I RBBYo 5 erreterag pearwatier af rgoesses
gdm@lpdlai;@rbled delow and more specifically in the Examples hereinafter. In the
reactions described below, it may be necessary to protect reactive functional groups,
for example hydroxyl, amino and carboxy groups, where these are desired in the final
product, to avoid their unwanted participation in the reactions [see for example
Greene, T.W., “Protecting Groups in Organic Synthesis”, John Wiley and Sons,
1999]. Conventional protecting groups may be used in conjunction with standard

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



Et 20 = diethyl ether NaBH(OAc)3 = sodi um
triacet oxyborohydri de HOBt = 1-hydroxybenzotriazole

WO BM9ao0dsns f | uor oacetic acid TLC = thin |ayer PCT/GB2009/000561
chromatography nmL = mllili26er(s) g = granm(s) ng =
mlligram's) WD 2009/106848PCT/ GB2009/ 000561 27 nol =

| es . = mllimle(s = hiah perfor ce .
R PR o B g Mo R B S e o S Gveaion
ndgscebechereimci@nar Wberstoodin dxderpetv ation eentorahef priotdctiyg
agr?hé%bl e reagents and solvents (HPLC grade) were used

it further purification. Solvents were renoved

using a Buchi rotary evaporator or a VirTis Benchtop
SLC Freeze-dryer. Mcrowave irradiation was carried

ot Hanfhops BLARTAROBH L ¥ T Bborel abedRib Y BiToliowing
chxamngies gyldemperatiresrarains Godhe dollowthguatibneyiations @ee gedd;
particle size 40-63 pm (230- 400 nesh) obtained from

Fl uorochem Purification of conpounds by preparative
HRtOAamsthpleacetatered on G | son systens using reverse

p Axi rep Luna C18 colums (10 pm 100 x 21.2
m%@?ﬁgféﬁﬁ%ﬁﬁﬂeg_ 100% B (A = water + 0.05 % TFA, B

aleObh methaspl over 10 min, flow = 25 nl/nin, W
d ctio 1H NWR spectra were recorded on a
S ol U

AV spectronmeter in deuterated solvents.
ChBht dal’-camionylsliigidazelei n parts per million. Thin-layer

CHERMBLRALARMNANE-C) anal ysis was performed with
Ki esel %g D_60 F2 Q‘r ( Mer ck) _%lﬁat es and visualized using
-DIl

NBUIH aeemicyelod - Olpder®ngas per formed on an

ABMAEN ghRIA M InihGpyiiiiem Usi ng reverse phase Luna C18
colums (3 pm '5§m§ 4.6 mm, gradient 5-95 %B ( A =

wWaMEr= dingthyifoprspiec acid, B = acetonitrile +0.1 %

FOlMECE = amhélhyl QUdxide 25 M n, flow = 2.25 m/mn. W
spectra were recorded at 220 and 254 nmwusing a G1315B

DRI FdetaiygrofulRlss spectra were obtai ned over the

I ABOS hdrbcHiatt &4 800 on a LC/ MBD SL G1956B det ector.
Data were integrated and reported using Chenftation
aNaHEReSPdMYIrRED RN sof t wares. Exanpl es 1-6

TﬁsbmQ%wl%utyldiimethylchlorosilane

6- am no- 5- (2, 4-di fl uoro-benzoyl-1- phenyl-1H pyri di n- 2-

 oNBSCOrsRUeRICFIRiAE |
NI 99\7_,5,@(;@; ,ﬁbgghglmgor 0- benzoy1l-1- (2, 5-di fl uorophenyl-
R Smmanomectiorgaround
KHMDS = potassium bis(trimethylsityl)amide
Pd/C = palladium on carbon
MgSO, = magnesium sulfate
EDC = N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride
Et,O = diethyl ether
NaBH(OAc); = sodium triacetoxyborohydride
HOBt = 1-hydroxybenzotriazole
TFA = trifluoroacetic acid
TLC = thin layer chromatography
mL = milliliter(s)
g = gram(s)
mg = milligram(s)



28 Conpound | Conmpound Il are known inhibitors of the
intracel lular enzyne p38 MAP ki nase (WD 03/076405).
WE@epIesd8 1, 3 and 5 below relate to the coval BEE/GB2009/000561
conj ugation of esterase noffs with di-substitution at
t he al pha carbon of the amno acid ester to these
conpounds, in a position renote fromthe binding
i nterface between the inhibitor and the target enzyne
mol séwolehe coment's above concerning the bindi ng node of
mnBol M RImdS8) MAP ki nase i nhi bltor) Exanpl es 2, 4 and 6
bel ow rel a e to the carboxylic acid esterase

LCMRIT didhResiopnansgdiayidghrenaipgraphynass spgeframetry

NM@&ﬁﬁn@IebVﬁJagnet@’r@w%%é of Exanples 1-6 Internedi ate
. 4-Chl or ophenyl

RTB‘ (e iegiRarafdi€opheny| ) - 3- oxopr opani mi dot hi oate C

Intermediate 1 can be prepared using experinmental
rocedures described in WD 2003076405. |nternedi ate 2:
%rGLaJAYT?Yﬂ%B‘B (feagRNR A eRIvER Q’épyli(} gradgXk WBLR Ysedvitiot)

furfﬁlelgunﬁﬂb%ﬂaﬂl shehe) WekYeEfoved d8Ing a Buchu rotary eva Csaora’tor ora
{_,2 4-di fl uor obenzaoyl -oxopyridin-1(2Hy

Vir }S Sk Feeaenpee Migeowaysti ?WQ&?@{@GQ A Y 2
ﬁmltla&)r@cﬂ RAEmcréeAvRVsy nihe%ér Puhiaeaioh oPb&@Bodnds by flash

Di fl uoraop hen 0XO0 ropan m doyl ] am no

q:o %%wgﬁ@eﬁom%y%%g 9’:} el, particle size 40-63 um (230-
408 Tr(e%hfroﬁbfnlea FoaPNaoNther - PHEFREHRRO] dBnﬂiHuhﬁ@B{t Sreparatlve
terne 69. 7 nmo Kx ggﬂ
HR P PoTRTRe SN s7e e g averbe Bhse AXAT brep Lufa 1
comugndrfsqm@ _?_Ey H m@k Izarmhrro 297raa|éngo 1@?%8131?:: wéieﬂ-g Oﬁxs)%vm\ B=.
ed. e or ours
acg@f‘@ﬂ@,%’@f lﬂﬁWengdnﬁ d?t?afm ér”&’? ‘ure and
1H(N1\m?%ﬁéd§tai w&euw@?%% en uc%rdlﬁffwﬂﬂ\WHQAVEﬁﬁctﬁ’@rtﬁﬁt@E?zdm&erated
ritu W e
solyehls bRt Al e Inkats PEGPI RAIR ke oA TLO)

anblysis alagrpeife tmddBOR s €Ie! G(LFzsa(mbr&k)l pwtegl and gietuslzet Yising
or .30 mnutes. Filtration and washing with water

UV,E8%r ded a bei ge solid which was dried under reduced
pressure to give the title conpound (64.12 g, 92 %

Anék@@q%ﬂtgﬂﬁggv M 361? g?ﬁ anrﬁgilég{ Ijl\yﬁ(#ﬁggs%%m Uﬁing reverse
phBs&burtalEl 8 8dlumfs ziw(nZi‘sb x4.6 And), §rabieht 52588 B((2Atk viater + 0.1
% %O{WC[as'dAﬁrrﬁfemﬁfﬁfef Ghio %F%l?é}?%;?r’?r 223 aBp P 728 ( 2
mibAniry, J\PRseh et d e corR@tA1220 and 254 nm using a G1315B DAD
detector. Mass spectra weré obtained over the range m/z 150 to 800 on a LC/MSD
SL G1956B detector. Data were integrated and reported using ChemStation and
ChemStation Data Browser softwares.

Examples 1-6

The compounds 6-amino-5-(2,4-difluoro-benzoyl-1-phenyl-1H-pyridin-2-one
(Compound l) and 6-amino-5-(2,4-difiuoro-benzoyi-1-(2,5-difluorophenyi-1H-pyridin-
2-one (Compound ll):



CDI (43.26 g, 267 mmol, 1.5 eq) was dissolved in

anhydrous THE (1 |) under an atnosphere of nitrogen
waneaoeshed to OC. Propiolic acid (16.43 nL, 2BT/GBRA09/000561

1.5 WO 2009/ 106848PCT/ GB2@89/ 000561 30 eq) was added

dropwi se and the m xture allowed to warmto room

tenperature and stirred for 1 hr. A suspension of

2-(4-{[3-(2, 4-di fl uorophenyl) - 3-oxopropani m doyl] -

am nol phenypet hyl acet ate (64.12 g, 178 mmol )gin

anhydr ous TdyIF (pﬁlp vvas added and the nmq%

£t edl Py r
dri &l urderFredltce® pressure t oFgi '

conpound as a pale yellow solid (39.56 g). The
filtrate was concentrated under reduced pressure to

gi ve a BGoowound | t hat was triturat d&gbmpobndll0OAc (500
m.), providing a second batch of product by filtration
(7.21 g). The two batches were conbined to afford the

o 1 RSB B sl e i 0 o)

Exqmpbsd@)a aBd Srbejow relatg o the-¢ovaient gorgugationp ©f esterasm)ﬂotrfs with

S?S%_ﬁut(c}r%t t@ sl'bﬁé r Hgﬁ%wfth%?’ajﬁn& %;E'Pd E%ter‘]coﬁ-ée% eldhpodndtlin a

posgionremetesirgm tae @nﬂmg drtemraeevgen the- qutzbltqr@nditysatargﬂt) ph

It :
cr S B oy RAcoring e iyang rods o  model o AP

kinasg inkjhitery) Sxamples 2céaad 6 belps rEfatg fo theTamaxyijc mesterase
RPIED and heated at

hyo‘fg?é?ﬁg@grcts;bf%%rs Avagﬁilﬁetégtggﬂvfe)oyrrred upon cooling
to roomtenperature which was collected by filtration,
suspended in saturated aqueous NaHCO3 (1000 nlL) and
stirred vigorously for 30 mnutes. Filtration, washing
with water (2 x 500 nL) and drying under reduced
pressure af f or ded gyfifhdsid bEE ngdsas an of f-white
solid (40.11 g, 96%yre . z 371 [M+H . 1H
NVR (300 MHz, DMSO-d6) 8: 7.55-7. 37 (4H, m, 7.31-

IntdrnfdiatéH: 4@ hloPogiientyl L2 4.diflaSrophhyh-3% infidothioate

age

4-
(4-[6-Am no-5-(2, 4-difluorobenzoyl) - 2cpxopyri di n- 1( 2H)
-yl ] phenyl | acet al dehyde QTo & Hsu i on of

6- am no- 5- (2, 4-di f | ) J- (2- hydr oxyet hyl ) p
henyl ] pyri din-2(1 O@ 405mm|) in
anhydr ous DCM ( 750 )\ at OC vvas added Dess-Martin
Peri odi nane (20.62 ¢, 48.6 nmml, 1.2 eq) in portions.

Intdinfediheel UES H@Eregareg\’tﬁgtgté%p%\@ﬁghttap r%@@dﬂré@&%%ﬂﬁedjfnwvo
and stirred hour's re belng poure

2003897 64%-ed aqueous NaHCOB (400 nl) and saturat ed
aqueous Na2S203 WD 2009/ 106848PCT/ GB2009/ 000561 31

(400 rrL) and sti rred Vi ?rously for 30 m nut es. The

[ERN
~—

sdd deZ i * d 4 2 2 K ) : 2
ph%)@efﬁweh@r_@ the or ganr c extracts con‘or ned and dr| ed
over iltration and concentratr on under reduced
pressure afforded the &itlg coppoy 36%a crude pal e
yel l ow solid that was r further
purification (15 ). (SH 369 [ M+H) 4.
Internediate 3: ¢ 2 nmet hyl al ani nat e
hydrochl ori de gfite i ps synt hesi sed using the

route shown in Scheme 2 beI OW.



Schene 2 Stage 1 - Cycl opentyl
N- (tert-butoxycarbonyl)-2-nethyl al ani nate To a
W@ 20004106888 of N- (tert-butoxycarbonyl) - 2- met hyl aPEF{GB2009/000561
(1.009, 4.92 nmol) in DCM @220 nL) at 0 C was added
cycl opentanol (0.83 nL, 9.84 mvol ), EDCI (1.06 g, 5.42

I ipally DMAP (60 nmg, Q.4 ).. The
PR R ebam e i A PR hyaa B vdgwas
syriigssised UatgDRdIrows shewnreScheme/abelowt 0 gi ve a cl ear

oil. The crude re Ii due was dissolved in Et0Ag,(100 ni)
ter, 1M Na and e. ﬁe
' entrated in

desired product as a clear oil (0.254 g, 20 %yie|d).
1H NWR (300 MHz, CDCI3) 5: 5.25-5.17 (1H, m, 5.0
(1H, br s), 1.93-1.54 (8H m, 1.49 (6H, s), 1.45 (9H,
s). WD 2009/ 106848PCT/ GB2009/ 000561 32, Cygihopenty Ohe
N- (tert-butoxycarbonyl)-2-nethyl al ani n 02.
0.93 nmol) was dissolved in THF (5 tY ealt’ed

with 4M HC / di oxane (2 nL) and t [ '
was stirred at RI for 24 hours. The crude m xture|was
concentrated under reduced pressure and tritura

wth Et2Quto_ghye A H.S™
furthgr wash

Mth Et20 to givd thg

powder<(0- 160, B2A yirel oy .

WDMEO de) 6518243 @ br 5.21-55%ge Y 11- |,

., 1793-1. 78 (2H, m, 1.774-1.53 (6H, f), 1.45 (6H,
S). Internediate 4: tert:But 1I‘ 2-nmet hyl al ani nate H2N
Internmedi ate 4 was synt HE8T™ed usi ng the rotate shown
in Schenme 3 below Stage 1 - tert-Butyl

st e s AR s BB R Db P B hee (4
acgfated. 21 nmol) in DCM (10 mk anhydrous) and cycl ohexane
(10 nL) at OC under nitrogen was added boron

trifluoride diethyl etherate (7.7 ul, catalytic).
4-GréoroplBertyy B-(2 Az]ifl:crophenlip8axoptapanidadethipatey Intatmediate3l)

[ )ad h . I
o8, 1o BP B B ol At L RO gt
anfrepbeny)etivasl é&?!.ljw\@,d;(l%nmbli, n.0&teqRvat @dddd Theunisturdleas
o of B CCigk ERTALRY ool B AR BB oY 1o S
conaEniretetnsdedraduced pigssurighEhacieadee avasrtaittatedwitly &0 (560 mL)

. 109 iy .
anlgbfied i ECCPIERL 26 ARG chioa phe S5, G Gobigp i
safReied NeBSIBRTIV @B 60D A0ta56gor8asly for 30 minutes. Filtration and
washing with water afforded a beige solid which was dried under reduced pressure to

give the title compound (64.12 g, 92 % vyield).
LC/MS: m/z 361 [M+H]". "H NMR (300 MHz, DMSO-dg) 8: 7.79-7.71 (1H, m), 7.45-
7.07 (6H, m), 5.26 (1H, s), 4.21 (2H, t, J=6.8 Hz), 2.89 (2H, t, J=6.5 Hz), 2.00 (3H, s).

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

acetate

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



1F1 NWR (300 MHz, CDCI3) 6:7.39-7.31 (5H, nm), 5.46

(1H, br s), 5.10 (2H, s), 1.54 (6H, s), 1.45 (9H, s).
wELmge06848 tert-butyl 2-nethylal ani nate (I nt erP@EUGR2@®I/000561

4) To a solution of ter8oButyl

N-[ (benzyl oxy) car bonyl] - 2- net hyl al ani nate (0. 863 ng,

2.90 mol) in EtO0OAc (20 nL) was added 100 ng of Pd/C
q;at alyst. The m xture was evacuated and stirred under

W EHah AOPISGra AP GERGHT oWeE ar to fagn isrgkerature and
s‘ufr@@ kdrt1enr, A\vashaion dffe- @'—{@ﬁ@ ﬁ-ﬂﬁluét@%ﬁ@r@)tﬁb%brbﬂaﬁ(ﬁ%gﬂ-

oy P AR b HeSIF R GBS 425 BYal DABTYTRUS T d5Rq Ly wes

addeli aAY ek hxilre healeatdt 86°C for GHduUtIBfbR R_fl 169t ensaoom
1H NVR (300 MHz

te@g%% uir; tolvgrrrl@lﬁn? (T@Crg%ltlnq Presip mglsecogectgg, by gﬁr@H?n |washed
wiflr B0 206 )dﬁb@ DRA¢raBEGRIINNENdLAE B gife fhe titlRbATPTBAE 88 @ pale

ed u the route shown in Schenme 4
yeﬁ’a\y 89;}31 (t39 T*P‘Fei‘ % Vas epneenigatad under reduced pressure to give a
brown oil that was tnturated with EtOAc (500 mL), providing a second batch of
product by filtration (7.21 g). The two batches were combined to afford the title
compound as a yellow solid (46.77 g, 64 % yield).
LC/MS: m/z 413 [M+H]*. "H NMR (300 MHz, DMSO-d¢) §: 7.55- 7.37 (4H, m), 7.3~
7.20 (4H, m), 5.72 (1H, d, J=9.6 Hz), 4.30 (2H, t, J=6.9 Hz), 3.01 (2H, t, J=6.9 Hz),
2.04 (3H, s).

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

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

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

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

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

poured into saturated aqueous NaHCO; (400 mL) and saturated aqueous Na,S,0;



Stage 1 - Cyclopentyl 1-am nocycl opentanecarboxyl ate
To a solution of 1-am nocycl opentanecarboxylic acid

W@ 2009806848 19. 97 mmol ) in cycl opentanol (20 nlL)PCTEB2009/000561
added concentrated sul furiétacid (2.15g, 21.97 mol)
and the mxture stirred overnight at 70C. The reaction
was allowed to cool to RT and the cycl opent anol
renoved under reduced pressure. The resi due was

(400l 8§ @ahd etirédviGb@Asly fFBOMjnuassd Tha ahgsbusi Ié)fér 92k .separated

30 nm.) th
ancr Sy Wi e a0, R e SoRat e chmbiged aag dried
oveg MngfQ&eFl:thQ Ehd corWénﬂ‘@ﬁ&ﬁ ﬁlﬁkf&?%ﬂ R0 éfﬁ:ﬁ@@cﬂ-th%‘htle
uri 1,1 catl on omat o

confduniES A itadad ot Periha T b el B Aifreatip,
(15930 %yield). 1H NVR (300 Mz, CDCI3) 8: 5.21-5.17

1851.90 (2H, n), 1.85-1.57 (14H, m).
Lo wyeae BT, ort -But vl canm

1- am nocycl opent anecar boxyl ate Internediate 6 was
InteTihiRidis i35 edclopentyl Rhfethyldieninbwydrociiohigee 5 bel ow.

Scheme 5Internediate 6 Stage 1 -

1-{[ (Benzyl oxy) car bonyl ] am no} cycl opent anecar boxyl i c

acid To a solution of 1-am ocycl opent anecar boxyl i c

acid (3.0 g, ZSZmlpﬂ\p xane / water (60

m.), was slowy ad g, 116 nmol)

foll owed by benzyl chlorofornate (3.6 n., 25.5 mmol)
Intexmeddidte 3nvast synthesisied usithgdhe rauite sitovat inFSEheiee2 belaw!t i on

m xture was carefully acidified to pH=2 with 1M HCl

then extracted with Et OAC (3 x 30 mL). The conbi ned

orggani ¢ exsacySrenes e hgd with brines30 nl), dri e
>L()ngq H fitnhewn@docamd i N N t Oond eA
palte yellow oil. LCVS and ’ﬁh d t heFcrude pr odLR:

to be a m xture of desired product and correspondi ng
benzyl ester. The crude p#F¥dtct was dissolved in 1:1
THF / water (60nL) and treated with [ithium hydroxide

Sta§@167Cghl | RO r-butbRfaPborly N oembiglafinided at Rl
. a%ver ni %h?@ﬁe%sh%d%at hdhggzom%a% rfan{) acidified

to pH =2 and extracted with EtOAc (3 x 30 nmL). The
‘conbi ned organic xtrac swere washed with brine (30

m.), dried (MgSO4) ﬁ cent rated under
reduced pressure to afforid the ti compound (4.76 g,
78 % . LCVS: mz 264 [ M+Hr

- To 260010 68-3BEHUBIOAB6RAP2Bdethylalanine (1.00 g, 4.92 mmol) in DCM
(10 mL) at 0 °C was added cyclopentanol (0.83 mL, 9.84 mmol), EDCI (1.06 g, 5.42
mmol) and finally DMAP (60 mg, 0.49 mmol). The reaction mixture was warmed to
RT and stirred for 18 hours The DCM was removed in vacuo to give a clear oil. The
crude residue was dissolved in EtOAc (100 mL) and washed with water, 1M NaHCO3
and brine. The organic phase was dried (MgSO,) and concentrated in vacuo. The
crude extract was purified by column chromatography (10% EtOAc in heptane) to
yield the desired product as a clear oil (0.254 g, 20 % yield).

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

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



35 Stage 2 - tert-Butyl
1-{[ (benzyl oxy) car bonyl ] am no} cycl opent anecar boxyl at e
WO 2000 Bisty | PCT/GB2009/000561
1- { Rbenzyl oxy) car bonyl ] am ©#2} cycl opent anecar boxyl at e
was prepared in a simlar fashion to Stage 1 (Schene
3) of Internediate 4. LOMS: mz 320 [ MWH]. Stage 3 -
tert-Butyl 1-am nocycl op ggarboxyl ate tert-Butyl
1- am nocycl opent anec#m bld;&yf I a%e repared in a
S|mlar fashlonto Stage ( che 3) of Interrredlate
1H NWVR (30
Cyi:lcgyzn’gyl ﬁlz(tetr&pptomcarbpngljfZlmg@y@@qmqtﬂ 0 2_@4497 O(Qﬁ_rnnggl) was
dumlfﬁm rm:) ah nféatéa vﬁth A ildidBnK\(2 MLy ar@ BRVeAction

di n- enynet hvi ) - 2- et hyl al ani nat e

mlzst%e Wﬁ‘ﬁ Sf”ﬁ?‘é ab&imﬂ% f@&ﬁsp& hRgTyse mpxire wag spneantraed under

re@liicER s UBé YAl ﬂﬁur‘ébé@'vﬂ@\%‘tﬁ@ |to b%rwﬂiﬂét drémb%té OoMad @B h)fther
u%edtothe par ent ki nase inhibitor via
eﬁ?? aﬁﬁ 2@ i aiye de dasied pmlﬁws Fitte RAWESGHPo\Sch B % Vield).

1HQ\$MRV(3@OMthhDWd@}8 58 G2 - brlsh) K815 r@ghﬂaf'n) 1Tsfat€1 78 (2H,

rr7t)oun was synt hesi sed using | nterne
m) At/ e di(@ldemy 1&(’95 (§Bs&k i bed bel ow. To a sol uti on of
Internmediate 2 (189 ng, 0514 mml) in anhydrous THE (4
rrL) ver e added cycl opentyl 2-met hyl al ani nate
S 2 alagingle (160 ny, 0.77 mmol, 1.5
eq) and I\IaBH(OAc)B (326 ng, 1.54 mol, 3 eq). The
m xture was stirred at rQo tenperature for 16 hours,
and then quenched w t hy ? mL.) . The aqueous
| ayer was extracted with EtfAc x 20 nmL), and the
conbi ned organi c extracts washed with brine (40 ni),
Interimedliate drwagB0thesised using dharmiite shrovenin iSchehe 3/M@low.
2009/ 106848PCT/ GB2009/ 000561 36

Q Stage 1. DCM/cyclohexane i o] Stage 2.
J Bﬂ/OH X o — = HN \K
©/\ 07N BF;OEt,, imi ©/\O N \‘< EtOAC, H,, Pd/C
(o]

o} tbutyl trichloroacetimidate

Scheme 3

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

J\ >§(
YT

To a solution of N-[(benzyloxy)carbonyl]-2-methylalanine (1 g, 4.21 mmol) in DCM
(10 mL anhydrous) and cyclohexane (10 mL) at 0°C under nitrogen was added boron
trifluoride diethyl etherate (7.7 ul, catalytic). tert-Butyl 2,2,2-trichloroacetimidate (1.51
mL, 8.43 mmol) in cyclohexane (10 mL) was then added slowly over 30 minutes
before allowing to warm to RT. Reaction was allowed to stir at RT for 16 hours. To
the crude reaction mixture was added 190 mg of NaHCO; and the reaction filtered.
The mother liquors were concentrated in vacuo. The crude extract was purified by

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



under reduced pressure. The residue was purified by

preparative HPLC to provide the title conpound (130
wWogooAss¥s yiel d). LCOMS: mz 524 [ MtH 't 1H NVRPCBGB2009/000561

MHz, CDCl3) 8: 10.43 (1H, BB s), 7.51-7.34 (4H m,

7.28-7.26 (2H, m, 7.04-6.90 (2H, m, 5.93 (1H, d,

J96Hz)520510(1Hrr),293275(4H :

" NIGR (3BBMEBHC D) 517.39-7(BHEHs ), ﬂ@ﬁw ér2), 5.10 (2H, s), 1.54

4 0- 5- (24-di fl uor obenzovl) - 2- oxopyri di n-1(2

(ﬂ;" é\flﬁgﬁéﬂ]ﬁ‘} et hyl )-2-nethyl al anine  This Exanple

relates to the carboxylic acid hydrolysis product of

f d
Sttséﬁet%gg?'gg g’bél%%@@ﬁ%% In-[%\‘?ne%ﬁand Innt \gzrafnedi ate 4 as

descri bed below in Schene 6. Schenme 6 Stage 1 -

tert-Butyl
N- (2-{446- am no-5- (2, 4-IdNf | zoyl) 2- oxopyridi n-1
(2H) - yl)phenyl } et hyl) - 2- et aI ani nate

009/ 1068 8P 9/ 000561 37 n NaBH 3
T%’saﬁ?' fﬂ'gy % be H@XV%@&E‘PW r?mg’yé‘i'?'?'?%té%é%?’ﬁw 2.90
nfraol) B, Etd)AdJ(QeanWvﬁd% ﬁd@&\q Oamth déffFQj/Qrcﬁﬂilys@ mh?mrMB

ra

YER A e St e 8 o P Py s At e bl ierely

(peilw), dashéewith BtGAE any oorivén(raidn lrbTUaCLABSTBKe w&ﬂud\‘) was |solated as

a(Ly%I_IP!vv%:k?'il '@éS 88 gw%wc% &'pr Wfé %‘?C%%t@%é% md uct |s

béli®edao e \,(o%&lle $9 callio® B {eblied dudng dwshobatidn)in vaeudb (1H,
gL o R2OB 4 allon by 2Pab 00 )+ 29 (OH ).

N-(2- {446- Am'no 5- (2 4-di f | uor obenzoyl ) - 2--oxopyridin-1

2H) - .yl nmet hyl al ani ne, To a_ sol uti on
Inter {ate c\{loi) 1-an%nucwpentanecarboxviate

N- (24446- am no- 5-(2, 4-di fl uorobenzoyl) - 2- oxopyridinl(2
H) -yl ] phenyl } et hyl ) - 2- met/hyl al ani nate (100 ng, 0.19
nmol ) in DCM (3 nlL) was added trifluoroacetic acid (3
m.). The m xture was stir gt roomtenperature for
16 hours and concentr at'&l deduced pressure. The

residue was triturated wtt Et20, >col | ected by
filtration and dried under reducgd pressure to afford

Ihteembdidté 56RENIHNEsBE] 88in I\}ﬁiﬁe‘%ﬂiéﬁ%' ih @cﬁége%elo% %

yield). LC/Ms: nfz 456 1H NVR (300 MHz,
DVSO-d6) 5: 10.05 (IH, br s), 7.60- 715(9H , 6.95
(1H, br s), 5.72 ( ,396Hz 95(4Hn)
1.33 (6H, br s). | e _§eoeinyc E%tw

1-112-{446- am no-%Y( h- d|f| uorobe - 2-oxopyridi nl

(2H) - vl | phem net hyl )am nol cycl opent°a rboxyl at e
Exanpl e 3 was synt hesi sed usi ng | niteremech ate 2 and
Intermediate 5 in a simlskemimnner to Exanple 1

Stage 1 — Cyclopentyl 1-aminocyclopentanecarboxylate

To a solution of 1-aminocyclopentanecarboxylic acid (2.58 g, 19.97 mmol) in
cyclopentanol (20 mL), was added concentrated sulfuric acid (2.15g, 21.97 mmol)
and the mixture stirred overnight at 70°C. The reaction was allowed to cool to RT and
the cyclopentanol removed under reduced pressure. The residue was dissolved in
EtOAc (30 mL) and washed with sat. NaHCO; (30 mL) and water (3 x 20 mL) then
dried (MgSO0,), filtered and concentrated in vacuo to leave a dark yellow oil.



LG Ms: miz 550 [MtH]. 1H NWR (300 MHz, DMSO- d6) 8:
7.55-7.34 (6H, m, 7.29- 7.21 (2H, m, 5.72 (1H, d,
wadz20980dd29 , 5.27-5.21 (1H, m, 3.31-3.20 (2H, PET/GB2009/000561
310300(2H n, 22223Q(ZH n, 2.08-1.98 (2H,
, 1.90-1.58 (12H,

Pﬁﬁ@’%ﬁ%ﬁ@%ﬁ ’%ﬁ%ﬁ%gé%ﬂﬁ CERIARIME S i 5ioam afgps

thie)desivied prodnet! (J &7rpy B024riyieid)cycl opent anecar boxylic acid

NP KRa e O SR 2l SR TaR R, W e an.

mylz 482 [ M+tH . 1H NWR (300 Mz, DVMSO-d6) 8: 7.52-7.37
(4H, m, 7.31- 7.20 (4H, m, 5.71 (1H, d J=10.0 Hz),
3.08-2.93 (41-1, m, 2.10-1.99 (2H, m, 1.78- 1.68
Intéirhediate EtartiButy bl -amicdeyetoderitartecadbaxtylitei or obenzo
- 2- 0X0
ridinl(2H) -v11-3, 5-difl uorophenoxy}-2-nethyl norval i nat
e 1H NWVR (300 MHz, DMS@ dg§) 10.14 (1H, br s), 8.06
(3H, br s), 7.57 (1H, dd,™W=8.5, 15.1 Hz), 7.42 (1H,
td, J=2.3, 10.0 Hz), )'HZN 4-61H, dd, J=2.5, 9.8 Hz),
7.24 (1H, td, J=2.3, 8.5 Hz 3 (2H d, J=10.2 Hz)
574(1Hd398Hz)523 9(1Hn)413407
97-1.83 (5H, 1. 70-

! erm'e@}te 8 MRS PUReHSPas /drgff*?PiO‘ﬁ?éhf’WH $Ehosiht pion

: yl
N-

St ep 5- Benzyl 1- cycl op
t buﬁtfaa‘k*ycar bonyl ut aedee To ‘a sol u
(2S)< 5- (benzylo &I/[ér utm -oxo
p&Mt anm®Hc aci d 30 N pHQH i N
addéd cycl openta (30 m.9 33 nnDI) 6 25 d,

nol ) and DVAP (362 ng, 3 .muol). The reactlon was

allowed to stir for 20 hours for corrpl ete rea tfa?fﬁ

The reaction was diluted with DCM washed with 1M HCl,
sat NaHCO3, brine, dried (MJSO4) and concenty
vacuo. The WD 2009/ 106848PCT/ GB2009/ 000561 4
was purified by colum chromat ography (20%HN
Et OAc/ Hept ane) to provide the title compound” g
white solid (8.48 g, 71 %yield). mz 406 [ MtH] .

Scheme 5 Intermediate 6

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

To a solution of 1-aminocyclopentanecarboxylic acid (3.0 g, 23.2 mmol) in 1:1
dioxane / water (60 mL), was slowly added Na,CO; (12.3 g, 116 mmol) followed by
benzyl chloroformate (3.6 mL, 25.5 mmol) and the mixture stirred overnight at RT.
The reaction mixture was carefully acidified to pH=2 with 1M HCI then extracted with
EtOAc (3 x 30 mL). The combined organic extracts were washed with brine (30 mL),
dried (MgSO0.,), filtered and concentrated in vacuo to leave a pale yellow oil. LCMS
and NMR showed the crude product to be a mixture of desired product and
corresponding benzyl ester. The crude product was dissolved in 1:1 THF / water
(60mL) and treated with lithium hydroxide (2.67 g, 116 mmol). The mixture was
stirred at RT overnight then washed with Et,O (3 x 30 mL), acidified to pH=2 and
extracted with EtOAC (3 x 30 mL). The combined organic extracts were washed with
brine (30 mL), dried (MgSO,), filtered and concentrated under reduced pressure to
afford the title compound (4.76 g, 78 %). LCMS: m/z 264 [M+H]".



Step 2: 5-Benzyl 1-cyclopentyl
N, N- bi s(tert-butoxycarbonyl)-L-glutanate To a sol ution
W@R00SAb@wyyl 1-cycl opentyl PCT/GB2009/000561
N-(tert-butoxycarbonyl)-L-gbutamate (8.48 g, 21 nmol)
in acetonitrile (100 nL) was added di-tert-butyl
di carbonate (13.69 g, 63 mmol) and DVAP (255 ng, 2.1
nmol ). The reaction was heated to 50 C and stirred
Stagee? nitgghButlef-{ (tenbdoxgcabboilachina)cyotpentanecarboxylate
tenperature and concentrated under reduced pressure.

o G S R RSN R BRSO
snmmfaﬂhlcedocﬁtme iSrresicaud) of ihteamediateld.concentrated in
u a brown oil. Purification by colum
Ldﬁ'?’oﬁﬁg ogr JSJ)U '(10- 20% Et OAc/ Hept ane) provi ded the
title conpound as a colourless oil (10.16 g, 96 %

St%(éé%gk’f%il'@(?gﬁ%&zﬁ%&%@éf%gﬁbﬁx lgFﬁ no] - 5- (cycl opentyl o

Xy) - 5- oxopentanoi ¢ acid To a solution of 5-benzyl

' - I
ter B s MR Dealis b SRR BRI At
Stage gYSchEme Riolinteomediatedi rred under an at nosphere of
1 o] ¢ I
HURTa0d D 2hE B e 8B bl et o 1 BrEREohsues @b
miatgdl(@Hys)l l ow oil (8.28 g, 99 %yield). nmz 416 [ MtH] .
Step 4: Cycl opentyl ‘
N, N- bi s(tert-butoxycarbonyl)-5-hydroxy-L-norvalinate
(4S)-4-[Bis(tert-but oxycar bonypam no] - 5- (cycl opentyl 0X
Oy . : I

2 et aniate by dropvm se addltl on of

|sobutyl chl oroforrrate (3.6 nL, 28 mmvl ). The reaction
was stirred at 0 Cfor 1.5 hours before the reaction
was filtered and the precipitate washeg with THF. The

not her |iquors were cool ed again tﬁ 0 aBH4
(1.51 g, 40 mol) Saddid, pp onwise, XstiGring for 3
hours. The reagti g Jas quenched with water

(80 mL) and fxtyacted wNth EtOAc (3 x 100 nL). The
conbi ned or gs t ks were washed with brine,
dri ed (|\/g§b4) and concent?at ed in vacuo to give a
yellow oil. Purification by colum chromat ography (40%
Et OAc/ Hept ane) provided the title conpound as a
In ghis 9@%@ §0@ppuqd40f3he vestionyadinapiiy! glygine axsoreRivHpster motif
s maa?&wcag@gﬁé&@awh@&m&/p@@%&i s SIRBitS; vigYsd %%t@f&u

bi S(tert-butoxycarbonyl)-5-{[tert- '_}/F i meth
of [t%@mhymlwlo%pyq@{e@twgeégng]fI'ycpugh a -CHZC - linker radlcal
N N-b| s(tert but oxycar bonyl) - 5- hydr oxy- L-norval i nat e
, 10.8 mmol) was dissolved in acetonitrile (45
TVI‘?L‘)O”ER%I”@ ¥Ge synthasised ygiag kuermediplg 2 andyintermediate Sagp| )
dedBshcadsigsy.f ol  owed by TBDMSCI (1.71 g, 11.3 mmol ). The
reaction was allowed to stir overnight at room
tenperature and then concentrated in vacuo. The crude

Td@%lgﬁ’&\ afaﬁte%aamtygmmmét vt @H%I)Wém%r&&stﬁ-uﬂﬂ HE were

and bri ne. ani c | ayer was dri
ad@'@@ Icy%%@é ?Lrﬂ?@m'maatr@teamir%?@&@t(hﬁ?wd-ﬁtwcﬁm@o fng, 0.77

migbV 8. 5eq)ahl NﬁBPI(bA(?D Eéﬂé h\%atl 52y, 8 _LYMRe mixture was stirred
chromato ra %65’200 ptane) provided the title

at émméﬁjwré@fea P Haviseard ten qcisn@?dgmtfe@at@&m ryL)e |Ta§
aqieduPhferl M ExtraSletifly EIOA ()QMML )» and the combined organlc
N, N-bi s(tert-but oxycarbony [tert-butyl (dinethyl)s
oG PRy AT R DI e AV MESG. SUpra A cancentiaed
cycl opentyl
N, N- bi s(tert-butoxycarbonyl)-5-{[tertbutyl (di nethypsi |
ygoxy}-L-norvalinate (3.82 g, 7.4 mmol) in THF (50 nlL)
at -78 C under a N2 atnosphere was added 0, 91M KHVDS
|n THF (16 3 n, 14.8 mml) The reactlon mxture was

P N [T ] o L,




NBS (3.95 g, 22.2 mmol) was suspended in DCM (30 ni)
and tri phenyl phosphi ne added (5.44 g, 20.7 mmol). The
WO 29etpei8 was stirred for 5 mnutes before thePGHEGB2I08K00561
of pyridine (0.94 nL, 8.9 d/frol). Cycl opentyl
N, N-bi s(tert-but oxycar bonyl) 5- hydr oxy2- net hyl norval i n

el esute, TeB Ty Ras AR A20 AELENO P

theTtit@ Qoeamundl(ﬂ&ﬁmguﬁl@e?ovm@d):oncentrat ed in vacuo to give

R bt (RoUPR B MBIy P ST sthr 91734

(4Hi |m} &.285T1P0 (2] ras 7 D490 (2H, e8) 5®3 (1H1d Qs-gga HZ)0 5%0y5.0 d

“*E"?rzFé‘ﬁaﬁ OB b0 O R b LA T2 ovopyriai e 1(2

-y1] -3, 5-

ExQH 'léJ fﬁ GR98 RN -1 2 il oA A RES el TSR Y

ldlanineobenzoyl) - 1- (2, 6-di f I uor o- 4- hydr
oxyphenyl)pyrldln 2(1H)-one [ Exanple 51 WO 03076405]
(500 ng, 1.32 mml) and cycl opentyl
5-brono- N, Nbi s(tert-butoxycarbonyl)-g- hyl norval i nat
e (696 ng, 1.45 nnDI) wer e xegd~ oge DMF (10
m). PotaSS|un1carbnnat~ 2.6 nnﬁ%? and

3 C Zals 'I) wer e then added,
stirring at 4(Q The reaction m xture was
then diluted 3 5% nmL) and washed with water
and brine. The organlc Iayer was dried over nmagnesi um
sul fate and concentrated in vacuo to give a yellow

| r
TSl et B el it b s BRI A Baown
Examplevthite solid (604 ng, 59 %yield). mz 776 [I\/H-H]
Step 10: Cycl opentyl
5-{4-[6-am no-5-(2, 4-di fl uorobenzoyl) - 2-oxopyridin-1(2
Thelcoypoun@ was dyrithesiseslsinping¢rnisdiatelanmdntereadiate 4 as

de%@f%% ;Hr\n'yhoscg-ew 4-di fl uorobenzoyl) - 2- 6xopyri di n- 1(2H V
M N- Bt28(t er t - but oxcambo Xg\b
, (604 ntjPHe- di ssolyed . 10 i \ﬁ

N (10 ni). The reaction

) : room
"t ehpeft at Ur € over ni The reactNBne \-. vvas

con[cterpn@e ated in vacuo to'give a brown oil. The crude
resi due was then dMetegd* i th Et 0Ac (50 ni)| and washed
with sat NaHCO3, water and brine. The ssganiTevbayer
was dried over magnesium sul fate and concentrated in

vacuo to give a pale yellow solid Exanpl e (387 rTg,

46% yield). WD 2009/ 106848PCT/ G|32009/ 00056 4
Exanpl e 6: Q}\/
5- { 446- Ani no- 5- (24d|fluorobm din 1(2H
)-1/11-3,5- difl uorophenoxv}-2- oryval i ne
NVR (300 MHz, DMSO d6) 10.16 (F[1I7 br SY, ®. 17 (3H br
s), 7.63-7.51 (1H, m), 7.47- 18(3H m, 7.14-6.99
(2H m, 6.23 (1H d, Js-@erbe%) .10 (2H, br s),
1.96- 1.63 (4H, m, 1.41 (3H, s). LCIVS purity 95% niz
St§%§1 [_'\{&hifsutﬁna(m{h% @nﬁW@S %y Brtoh%'rcﬁfe@h D%)-Mﬁoﬁﬁutn% (2H)-

own i n Schene
yilphenyilethyi)-2- methylalanmate

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



V) .,000 Step 9 Exanple 2 Schenme 8 Step
1: 5-Benzyl 1l-tert-butyl
WOR(PAPa84H Ut oxycar bonyl ) - L- gl utamate To a sol ukCHGBY09/000561
N-a-tert-butyl oxycarbonyl -B7glutam c acid-a-tert
-butyl ester (5 g, 16.5 mmol) in DCM (50 nL) was
added benzyl al cohol (3.4 ni, 33 mmol), EDC (3.48 g,

| 201 , 1. 6.mvol), The reactjo S
and fhef BRI IP b FereTgnrons The Rkiinrives SGa s Mds,
aIse wibOamgass dighiarhsnod IEISH NSHSDEb i iahINSO.

at . ri ne rie . concentr e I N .
ang SRNETIARe! IPaEP i, T S MNP D AEaR SR Bt HB6e & Provide
the title compound (120 mg, 48 % vyield).

LC/MS: m/z 512 [M+H]". "H NMR (300 MHz, CDCls) &: 10.41 (1H, br s), 7.51-7.34
(4H, m), 7.28-7.26 (2H, m), 7.05-6.90 (2H, m), 5.93 (1H, d, J=9.9 Hz), 5.15 (1H, br s),
2.93-2.78 (4H, m), 1.46 (9H, s), 1.29 (6H, s).

Stage 2 — N-(2-{4-[6-Amino-5-(2,4-difluorobenzoyl)-2-oxopyridin-1(2H)-
yllphenyl}ethyl)-2-methylalanine

To a solution of tert-Butyl N-(2-{4-[6-amino-5-(2,4-difluorobenzoyl)-2-oxopyridin-
1(2H)~yl]phenyl}ethyl)-2-methylalaninate (100 mg, 0.19 mmol) in DCM (3 mL) was
added trifluoroacetic acid (3 mL). The mixiure was stirred at room temperature for 16
hours and concentrated under reduced pressure. The residue was triturated with
Et,O, cbllected by filtration ahd dried under reduced preséUre to afford the title
compound as an off-white solid (50 mg, 56 % yiéld).

LC/MS: m/z 456 [M+H]*. "H NMR (300 MHz, DMSO-dg) 8: 10.05 (1H, br s), 7.60- .
7.15 (SH, m), 6.95 (1H, br s), 5.72 (1H, d, J=9.6 Hz), 3.15-2.95 (4H, m), 1.33 (6H, br
s).

Example 3: Cyclopentyl 1-[(2-{4-[6-amino-5-(2,4-difluorobenzoyl)-2-oxopyridin-
1(2H)-yllphenyllethyilamino]cyclopentanecarboxylate

i /O
H
N
/©\/U\|5:L
F FoY"S0

Example 3 was synthesised using Intermediate 2 and Intermediate 5 in a similar
manner to Example 1

LC/MS: m/z 550 [M+H]*. '"H NMR (300 MHz, DMSO- dq) 8: 7.55-7.34 (6H, m), 7.29-
7.21 (2H, m), 5.72 (1H, d, J=9.8 Hz), 5.27-5.21 (1H, m), 3.31-3.20 (2H, m), 3.10-3.00
(2H, m), 2.22-2.12 (2H, m), 2.08-1.98 (2H, m), 1.90-1.58 (12H, m)



45 was purified by colum chromat ography (20%
Et OAc/ Heptane) to provide the title conpound as a

W@ 200000d8¢ss oil (5.98 g, 92% vyield). mz 416 [REFINGB2009/000561
Steps 2 - 9 follows the sad® net hodol ogy as descri bed
in Exanple 5 (Schene 7). Step 10:
5-{446- Am no-5- (2, 4-di fl uorobenzoyl) - 2- oxopyri di n-1(2H
)-y1]-3,5- difluorophenoxy}-2- nethylnorvallne

1 byl Hamino]c clo entanecarboxylic acid

di fl uorophenoxy}-N, N-bi s(tert-butoxycarbonyl) - 2- et hyl
norval inate (70 ng) was dissolved in TFA (2 nlL) and
DCM (2 mL). The reaction was stirred at Coom
tenperature overnight. The re Xt e e was

concentrated in vacfo tWHgi Phe crude
resi due was thea.t rilf urat eg ether to give
an off-white s ] N" 40% yi el d) Whi ch was
filtered off der vacuumto give Exanple 6

as a TEA salt. rrp5und v O
(N-Hydroxy 3- phenyl - pr opi onam de) 0 Compound 1V
nmpound |V was prepared as shown in Schene 9 bel ow

EM&& waNpyrihasizseiste Btarmegiate 2 aneiptesmediat & asimilar

mbhre? 1PERRMPKd A nopropyl ) - N - et hyl car bodi i m de
hydrochlorlde

LGB me A [ vﬁl\dfﬁtr@q &g'?ZaDMSQ:?e)\ﬁeV@ZQd@%%H &a7-31-
7.56 (4,99, §<7I1L(ﬁHoa1 Jafmf@/»cii)o%g(r)zgésﬁl g; 3’“24?“%13691%)3 m). 1,78-

rot ect'ed hydroxyl am ne '(
1.8 8. Monet hane (5 nL) at RT under a nitrogen

at nosphere. The reaction was stirred

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

1(2H)-yi1-3,5-difluorophenoxy}-2-methylnorvalinate

0._.0
O\/\I
NH,

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

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



WO 2009/ 106848PCT/ GB2009/ 000561 46 for 2 hours and

then poured into water (50 nL). This was extracted
wowdob/1aiseh| or omet hane (2 x 50 nL). The conbi NeRCDGBALO00561

| ayers were dried over sodideim sul fate and sol vent

renmoved in vacuo. The residue was purified by colum

chromat ography using an eluent of 0 to 100 % et hyl

acetate in hest anes, reached via a gradient to give

t he product a col ourl ess oi lv@ ny) . Conpound !)1//@

N- Hydr Gxy® enyl pr opi onarfl

N- (15 | sebut oxyet hoxy) - 3- phenyl pr opi onam de (58

@Lsagl edoj n DCM(2 ?Q E OH (0.5 rrL)>£n r5ed
“@i.irog @t o

RTN U unfler a dl‘I 0X n@
(275 pL)~ was added to t he soPut n and the r
stirred for 2 hours. Solvent was then renobved | vacua

and the residue purified by HPLC to give the product
as a pink solid (9 ng). mz 166 [MI-H. lgprN (300

MHz, DMSO.%§°MB0. 37 (1H, bs), zoR1l (5H, n) 10(25;1

t, J =7.5H), 2.61 (1H, gg .58 (2H, t, ='7.5THz) .
t h@si %f Exanpl es 9 and 10 The ab vVeo

6\?\ % synt hesi’s mter)ie@i#a; Ca\tfl)

met hod cd@SC ed _bel ow. rCrre tes—nt er ngdi

7: (2E):B- (5- For ny PPy ri di n 1) - N- ( 13%P<obut oRvef hoxy)

acrvlagmde O 6 Interrredl te 7 was prepared

nmet hods descri bed in W2008/040934. WO

2009)° 0684§%§J§GBZQOQ/ 000561 47, Br

>L i >Loj)]\N O\Q
Step7. - 0)\0 ° = step 8 o
4\ I N AN

F F o

0 NHF
@f%p ivase s
Step 10 E Foy F /’\

Example 1

Scheme 7

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

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



0 O Internedi ate 8 was prepared by net hods
descri bed in W2008/040934. Internedi ate 9:
wa@ywbomswt yl  1- am nocycl ohexanecar boxyl at e TRCT/GB2009/000561
1- am nocycl ohexanecar boxyl #¢ acid (4.2 g,29 mmol) in
cycl ohexane (250 nL) was added cycl opentanol (50 ni)
and par a-t.ol uene&ul honi c aci

[ (5.89 and t he )
rofdin, it Ay eE L OB 2R @GP O HERERR espiayige the
title eppalntsad ®hite sbivie48 Qﬁ%@fiéld)ng/MG@[gmH]?”per ature

the resulting white solid was collected by filtration

and washed with cycl ohexane (2 x 100 nL) and dried

Stemd.ﬁs-Béﬁzw¢Q§cl§b@ﬁ§lw,ﬁl_—l§i§(t@f—uﬁokﬁ@rﬁdn&i)-t_—%l@t@ﬁ@ﬂé‘d (4.1
g) as a colourless solid. mz 212.3 [ MtFi ] .
I nternedi ate 10: Cycl opentvl 2-nethyl-DL-1eucinate

Tod s(gutﬁm S%é[iﬁi/lm—byﬂjlbpfé‘nt)ﬂ R{@n-llautaﬁ\}obpﬂ)dnﬂ)tg_@]atah%@@(sga g
n R opent ano .a conc.
210538 HradPandate 1 bo B TRg0eRH o b Ra S borae (19455 &9

minal$ a6 DOAH (286 eay, Nt aimdI R dhe eehdibe 986 heatddo BDEC and stirred

ovRiTr e g P Roo] By oRTy B HETSE SR Can e BletLpger
redirdedcb_résl\dgﬁofmesSoheacndd@mleamfbiisu@dwe -Ewﬁ% _dﬁﬁ Wwagkled Wiﬂz‘j 1M
ter a | r own Ol | C WasS us
H STy B Pe, Thetuaaflo kyor st otk oV iibndSis Site
anﬂ%lﬁéér@i@&@&}?%éw 8 Bviailoil Bulicatiph &9 coloxanpl e 7:
open o , ,
i iR EBh 920 ExpAGTestanebpeyiset s fomnaund s a

cobydbspaint! aréa b ok yleid)em/z 506 [M+H]".

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

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

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

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



To a solution of Internediate 8 (208 ng, 0.68 nmol)
and Internediate 5 (184 ng, 0.68 mmol) in
WeR@Wh1e8ehet hane (20 nl) was added sodi um PCT/GB2009/000561
tri acet oxyborohydri de (4304hg, 2.04 mmol) and acetic
acid (47 4). The resulting solution was stirred at

h .
R e R T L
naivainker onet hane (2 x 50 rTL) and the conbi ned organic

| ayers were dried (MJSO) and concentrated in vacua

The resulting residue was dissolved in 4MHCl in

Cyhlqpealtyé N IEbisifpridontbxy carboeyd)-athydrowydtremyatinateu(# S4fgorl 0.8 mmol)

Sifbsoein e BBRMIIR SR IHETEOR ¥ b B RRE 7k 113
mmogarvascaddagi dollowad by TIROMICI (VOBQM)11dhinwl)apbe etastion Whe
auro%h %‘ QUVQ?@HR% Ik F@%@éﬁf étﬁr eé’r%ogﬂgéﬁ éﬁ‘&ﬁ}ﬂ?{éﬁg VAR4GThe
crade Nmu(em b0V BJOAT and washed withd . HCIHg3t NaHGBs, and
brgr%mé* ogg%ﬁ@#g%ﬁ;?nfég ogéﬁpig}esg}n $irdsé o %énce%zr%%ﬂ in
va@}lp t@é&ﬁi@l 3@"@;\/ oil. Purification by column cﬁrorﬁatograbhy (Zb% ,

A(c?ﬁ?%c 1) Ehé i %ﬂ&):or%pB@P{;@Q\ébleﬁé&éydul 3B 56 YE | Ria).

m4z?(1{64[1\/[+$i]( hydr oxyam no) - 3- oxopr opy! ] benzyl } ami no)
cycl opent anecar boxyl ate (Exanple 7)(40ng) was stirred
with |ithium hydroxide (40 ng, 15mmo() in THF (1 nl)
Stgn®: wicleperty! big{ferégdoxyar®eybrddttsrt-ophi{dineetioylsiviloxgls2-
d under reduced pressure and the resulting
g@&g%ﬂﬁé&% fied by Glson WO
2009/ 106848PCT/ GB2009/ 000561 49 preparative HPLC. The

TEH Sl ol SRR g&kﬁﬁ%w%éf”%wﬁfeﬁ ot r gom
buty(dimetiyUsiy eyt Ltnesvalisaiet B&R & dricmntol)dn dHFURAeIL) at-78 °C .
Ry ‘écl\?zda MbSSRYE ﬁ/as Eaﬁe& bt9|1ﬁ‘/1 P@Ig ﬁl\b&z SOOm% 8 mmol). The

I sol ate as a colourless so

regBlm) Mixureg wag stireda<8.°¢ fpp 1 hoor, lgaéor@qultlgn yég]eihyﬂ-@plde (0.92
m% 183 Mﬁblisr)ne r@acQﬂ)n ﬁxa%%ll%%’é'ij td wamd qt/o'sro'é'Fr) terr%el?’é?tul(edéﬂvd stirred

overaighzT e, mcbstry mmtmr@)wegu wshezﬂbwh a@tﬁ&lguql an they #Apepus layer

eit@é%mﬁrﬁaop\c 3hi 50 me TR ribhed o éﬂ.& @itre[ﬁ?sn\ﬂgﬂ'e washed with -
anpl e usi ng ernedi ate 8 nmol

brmd drleﬁ @\4@%4) and cmocqnir@tﬁqu vagucstp qwma yg%iw @hw@lab was jyged

lid. m
B TR VU T LR Vo g R

Hz), 7.35 (2H, d J=8.1 Hz), 5.38-5.33 (1H, n), 4.21

S{e%"} C@c%ﬁé@cyﬁv Nzt)ls(té]ﬂ ’Q@ttof(%d_drbd?wl)J\S:\%f&g?%et@{rﬂﬁvlaﬁ_il’ﬁﬁe

m, 168(3H s) O99(6H t J=7.6 Hz).
Cyclopentyl N,N-bis(fert-butoxycarbonyl)-5-{[terf-butyl{dimethyl)silyljoxy}-2-
methylnorvalinate was dissolved in acetic acid (45 mL), THF (15 mL) and water (15
mL). The reaction was allowed to stir at 30 °C for 20 hours for complete reaction. The
reaction mixture was then diluted with EtOAc and washed with sat NaHCO; and
brine. The organic layer was dried over magnesium sulfate and concentrated in
vacuo to give a thick yellow oil which was taken forward without further purification
(3.08 g). m/z 416 [M+H]".

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



The follow ng exanple was made in a simlar manner to

the title conpound of Exanple 8 using Exanple 9.
weEzaanhe44.0: PCT/GB2009/000561

N-{4- 13- (Hydr oxyamni no) - 3- o¥dpr opyl | benzv1}- 2- et hyl - D,

L-1 euci ne WD 2009/ 106848PCT/ GB2009/ 000561 50 m z 323

[ MbkHr . 1H NMR (300 MHz, MeOD), 7.44 (2H, d J=8.1Hz),

7.35(2H, d J=8.1Hz), 4.20 (1H, d J=12.4Hz), 4.09 (1H,
NBEIIS5 6H2).2 nin@Ywée blispended indb @, (3@ mil)) ahd ittipHenyiphosphine

adéé% (%:{g g; 2@ A %B%f(re@@%?ﬁhgfgd %)’r% mlsr?u’teslbegolre(tr?eHédéition

of fr{di r&,4(0(]j£4 m(&4B)9dhmmy &ll’lydi‘dp)eﬂﬁl;l Wfs@ﬁm&%rbonyl) -5-hydroxy-
[ ol.cyc anecar bo
2-YtihhRlbad Xob B £ AP hBTWAR A p s e S iy oy

andrsdrrbdlbeem@bht at reoh tedPeratwe. ﬁleﬁl%aﬁmﬂ ﬁnxltlne Wk cba@erftﬂa)ed in

dded, powder ed.
S T T T
Et®Ac/l—le>td1®l)| t@pro@deﬁl@iltlertg)nﬁpmuhd@md enekras oil e, OSQCBOJ%I yield

r oh drl 85 mmol ) was added and stirring
ovgr % O[M% m nutes. The reacti on was

quenched W|th saturated NH4Cl (50 nL), and then

br Lchlor hape (3 x 100 nl).. Th
S R ol e o PR S RE Brdedaollgdapan forn-a.5
diftuiorupietoxi-é Mbis(tatudoxyedrbbhy)-2esethyihoyalireté due
subj ected to colum chromatography [silica gel, 5%
met hanol in DCM . The purified material was dissol ved

6-Amino- (8, $ddletdbanzoy)2B(hi-pifttororrhgdromaheavibyddihh2(iHd)-one

(il B0 PRI (05| 72 i) BB Bl e bttt

blaﬂeﬁkbmmboawa}%fmthﬁmr&dmai& {®©96trhgy; 1 4fcmhaii)eNe(r§ mixelb 0

o TR IS, S90S hSYRE ST 4 MR
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ty of conpounds to inhibit histone
deacetylase act|V|t|es was mneasured using the
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3.9 glﬂum@pmquyha r@quylmwalmmmo acetyl ation, is incubated

with the source of histone deacetylase activity (HelLa
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yield). substrate, enzyme and inhibitor, Sis the signal in
the presence of substrate, enzyme and the vehicle in
whi ch the inhibitor is dissolved, and Bis the
background signal neasured in the absence of enzyne.




| C50 val ues were determ ned by non-linear regression
analysis, after fitting the results of eight data
wW@aesstd t he equation for signoidal dose respon&82009/000561
with variable slope (/0 ac#vity agai nst |og
concentration of Conmpound), using G aphpad Prism
software. Hi stone deacetylase activity from crude
nucl ear extract derived from HelLa cells was used for
screeni ng. The preparation, purchased from 4C
(Seneffe Belglun) mas prepared froanbLa cells

. ;~ r_ DL red accordlng fogthe
d'n bt Zifrlet 2 Rél. D. Dignam Nucl. Acid.

Res., 1983, 11, 1475- 1489 snap froZ¢@ iR |iquid
n|trogen and stored at fi nakJouf fer
conmposition was 20 mM CNBL2 M EDTA
0.5 mM DTT, 0.2 A (vlv) glycero

2009/ 106848PCT 09‘6b 61 52 U937 and HUT cel

i nhibition ai [Flines (U937 and HUT)

growing in | og phase wer e harvested and seeded at 1000

- 2000 cells/well (100plfinal volune) into 96-wel |
"HtNMRUBO0E Wik 2 rEMBadi$ o 0.160(“ Holbr 8)g 82!47 (eryrs 9f 7.98-0v@1h(1H, m),

I re.t | d en
TR B 150 Pl P B g rahr ER G el o) 1.98-
1.6880AH]L m) el .41 \3laks)] LEMSamsiy05ia sniz&Go8 bkl . accordi ng to

the suppliers (Roche Applied Science) instructions.
Dat a were expressed as a percentage inhibition of the
Exaonle 6lwasmyathasisdd by thehwutbdhennan Schemkidbi t or, as
follows: %inhibition = 100-[(SI/S)x100] where SI is
the signal in the presence of inhibitor and Sis the
signal in the presence of DVMBO Dose response curves
were generated from 8 concentrations (-top fina
concentration 10pM with 3-fold dilutions), using 6
replicates. 1C50 val ues were determ ned by non-Iinear
regression analysis, after fitting the results to the
equation for signoidal dose response with variable
slope (% activity against |og concentration of
conmpound), using G aphpad Prismsoftware. p38 MAP
Ki nase enzyne assay The ability of conpounds to
inhibit p38 MAPa Ki nase activity was neasured in an
assay perforned by Upstate (Dundee UK). In a fina
reaction volunme of 254., p38 MAP Kinase a (5-10nJ) is
i ncubated with 25mM Tris pH 7.5, 0.02nmM EGTA,
0.33mg/ nL nyelin basic protein, 10nmM MyAcet ate and
[y-33P-ATP] (specific activity approx. 500cpni pnol,
concentration as required). The reaction is initiated
by the addition of the MJATP m x. After incubation for
40 m nutes at roomtenperature, the reaction is
stopped by the addition of 5i AL of a 3% phosphoric
acid solution. 104 of the reaction is then spotted
onto a P30 filtermat and washed three tinmes for 5
m nutes in 75nM phosphoric acid and once i n nethanol
prior to drying and scintillation counting. WO
2009/ 106848PCT/ (B2009/ 000561 53 Duplicate data points
are generated froma 1/3 log dilution series of a
stock solution in DMSO. Nine dilutions steps are nade
froma top concentration of 1011M and a 'no conpound
bl ank is included. The standard radionetric
filter-binding assay is perforned at an ATP
concentration at, or close to, the Km Data from
scintillation counts are collected and subjected to
free-fit analysis by Prismsoftware. Fromthe curve
generated, the concentration giving 50%inhibition is
deternmi ned and reported. _08 MAP Ki nase cellul ar
assay: Inhibition of phosphorylation of MAPKAP2



U937 or HUT78 cells were plated in RPM 1640, and were

i ncubated at 37C, 5% CO2 for 18 hours. 10mM st ocks of
wa@eomawsds were diluted nedia/0.1% DVSO to gi VECEGBo@9/000561

or sem-log dilution serieg4 The wells for 'no

treatnment’ and 'anisomycin' were treated with 0.1%

DVBSO only. The cells were incubated at 37C, 5% CQ2 for

a further 4 hours. Anisomycin wa dded to all wells

except 03 treatnment’ at adjn ncentration 2

0/1. The cells were incubated at 37C, 5% CO2 for ‘30

bfore har ve o&t tes were stoo niic
%PP& st n "ai% hai TES%Q\%UF% Oj<
carri ed Oout at The ce Isowere pélPBted ato”2@0Dr pm

for 10 m nutes at 4 C, the nedia aspirated, an he
pell et washed with cold PBS. The pellets were|lysed in
120111 of SDS lysis buffer (62.5mM Tris, §48 2%

SDS, 10% gloygpssol , 50mM DTT, wiéih pr ot easetlpn i bl tQrs
and phosp at ase |nh|b|tors ad ed according to'the

ct rers reco atq ons). After 30 ndt eg” on
t es vvere r 5 sec@g[ldosl% 0
centrb Qtl n HI—‘TB—OOOr 10-mnutes o 4

renove debr i §P500 of t he resul tStang gel Sarpl es
wer e Ioaded per | ane on NOVEX 4-12% Bi s-Tris

gel s. {Menbranes fromwestern transfer of gels were

bl ¥ted with anti-phospho MAPKAP2, anti-phospho HSP27
and anti BBMP according to t Hma\nuf acturers'

trdJCt ons. Signal s yispalised using HRP- Id>nk d
EDi anh-rr@se)l\a ka)o es, ECL réz&g)
d% val ues,f of tNhe v t OUS_comnpoun
Vi suaj | ed from shke? resul D phot ogr appiC | rrag‘es
usi ng h band-shift and al intensity.
LPS-stimul ation of THP-1 cells THP-1 cells vvere pl at ed
in 100pl at a density of 4 x 104 cell s/ well on
V-bottoned 96 well tissue culture treatgd!p e and
i ncubated at 37C in 5% CC2 for16 hourfs Z Holrs |8Fter
the addition of the inhibitor in 100p df t Pssu
culture nedia, the cells were stinmulated with LPS (E
coli strain 005:85, Sigma) at a final concentratiop of
| pg/ ML and i ncubated at 377 C in 5% CO2 for 6 hour§r/
TNF-a | evel s wereH ured fromcell-free supernat CSOJ<
by sandwkc LdSA &D Syst ens #QTA0QB) . F
48PET/ GB2009/'000561 54 HOE- ﬁtﬁ?ﬁester aﬁg
rofysis of esters—tothqg 5 NES pon I ng
pxyivg faci ds by hCE- Fegdh be wEasured™wSing t he
foll owi ng_procedure. At zero tine, 100pl of
recoﬁﬁ"ﬁ%ﬁt hCE-1 at a concentration of 6pg/nL in
phosphat e assay buffer (K2PO4 100mM KC 40nmM pH 7. 4)
was added to an equal voickemesof assay buffer
contai ning 5pM ester substrate. After thorough m xing,
StebI1: BlEFRYIE! featnmjtmv ?sﬁ%uto&w@ér% Jgnbta%atgo or 80
m nutes at 37C he appropriate tinme, hydrolysis
was st opped by the addi tion of 600pl of acetonitrile.

To E%bluﬁ@ﬁ @f Nloméﬁ%ﬂ??&)@%arb%ﬂ)ﬂ Laﬁﬁfa?rﬁé bEitllLreppuadded
prio | es were anal yséd for the
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the acid, the hydrolysi s product, after 80 m nutes are
expr essed in ng/ mL. Broken Cell Carboxyl esterase Assay
Any gi ven conpound of the present invention wherein
ester conjugate according to the invention nay be
tested to determi ne whether it neets the:requirenent
that it be hydrolysed by intracellul ar esteraseS, by
testl ng in the foI | owi ng assay. Preparat| on of ceII

r ] o 1 ~NT A A /I~ 1 I 1 A N\




WO 2009/ 106848PCT/ GB2009/ 000561 55 Measurenent of
ester cleavage Hydrolysis of esters to the
W@ 2pae8ehdi ng carboxylic acids can be measur eBCTEBRWI/000561
the cell extract, prepared4as above. To this effect
cell extract (-30 pg / total assay volunme of 0.5 nli)
was incubated at 37 Cin a Tris- HJ 25 mM 125 nM
wadlpGifidaudyf @lumip bhrﬁnﬁt@raﬁ}‘@/ @O%AEtczéeﬂHe;itiam tb Ipﬁav@dﬁ the title
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appropriate tine (usually 0 or 80 m nut es). Reacti ons
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was added prior to the ester conpound. After

rif i.on 1 for mn, .sa S e
sl el Pt Rz a oot By 2 BP P ST g S
diflaamobbaydxyk 2-aedtiyladrvainem t enper at ure by LCVS (Sci ex API

3000, HP1100 bi nary punp, CTC PAL). Chronatography was
based on a MeCN (75 x 2.1mm colum and a nobil e phase
terQButﬁl—i’:}Bl B aniab &2 4-diflaciobenaty ) +2-0xbpYridin f1¢2 M- yd}-3,6+ d.

iR PAA el SR F B IR e B PR B e

dis8a1@Gd im THA (Amk) sredDGM (Qont)aThe nepofiphvae shioedh dt ionoma 5%

& Le . :
torfdlrSERAE, Shi LERah FRSBASS, ol BEHPALY BactBiE give a pink
oil.al heopuwesre@fdue hesdbér trswsteelnthetayl S09do Hive & ofi-whitesolid .
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aseg@rmlw drich). After decanting the supernatant, the
residual cell pellet (2x106 cells) was extracted into
InL of acetonitrile. Sanples were then anal ysed for

Conppourst I¥r(Naydraxy -pleemtb@iropionamidedom t enper at ure by
LC/ MS/ M5 (Sci ex API 3000). Chronmat ography was based on
a MeCN (75 x 21m) cekyomn with a 5- 95% (v/v)
acetonitrile, 0.1% form c acid nobil e phase. For
the zero tine sanpl & e ee| | @gension was chill ed
and centrifuged as soon as thej est had been added
and then extracted into aceto@trile as descri bed.
Levels in cells are exm & ng/ nL. Conpound
Inhibition of P38 (1C50 n I nhi bition of
photg‘holé[yl ation of MAPKAP-2 in WI937 cells (1C50, nM

was prepared as shown in Scheme 9 below
©\/Y H N/O\< W/ ©\/\(

Scheme 9

N-(1-Isobutoxyethoxy)-3-phenylpropionamide

N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC) (151 mg) and
4-Dimethylaminopyridine (catalytic) were added to a stirred solution of hydrocinnamic
acid (100 mg), protected hydroxylamine (WO2008/040934) (136 pbL) and
dichloromethane (5 mL) at RT under a nitrogen atmosphere. The reaction was stirred



1C50s to enzynme 1050 Cl eavage by HCE-1 O eavage by
cell lysate from W37 cells pg/nL/m n Cell

WQzuwanedsat i on in U937 cells at 6 hours (ng/ nL)PEFGB2009/000561
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for 2 hours and then poured into water (50 mL). This was extracted with
dichloromethane (2 x 50 mL). The combined organic layers were dried over sodium
sulfate and solvent removed in vacuo. The residue was purified by column
chromatography using an eluent of 0 to 100 % ethyl acetate in heptanes, reached via
a gradient to give the product as a colourless oil (58 mg).

Compound IV: N-Hydroxy-3-phenylpropionamide

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

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

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

product as a pink solid (9 mg). .
m/z 166 [M+H]". '"H NMR (300 MHz, DMSO-d;) 10.37 (1H, bs), 7.21 (5H, m), 2.81

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

Synthesis of Examples 7, 8,9 and 10

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

Intermediates

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

I \)\
W
H
H N
0]

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

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

Intermediate 9: Cyclopentyl 1-aminocyclohexanecarboxylate

O
iy
O

To 1-aminocyclohexanecarboxylic acid (4.2 g,29 mmol) in cyclohexane (250 mL) was
added cyclopentanol (50 mL) and para-toluenesulphonic acid (5.89 g) and the
resulting suspension heated at reflux in a Dean-Stark apparatus for 72 hours. On
cooling to room temperature the resulting white solid was collected by filration and
washed with cyclohexane (2 x 100 mL) and dried under reduced pressure to give the
title compound (4.1 g) as a colourless solid. m/z 212.3 [M+H]".

Intermediate 10: Cyciopentyl 2-methyl-D.l -leucinate

O
Cy
@)

A solution of (R,S)-a-methylleucine (500 mg,3.44 mmol) in cyclopentanol (1 mL) and
conc. H2SO, (0.36 mL) was heated at 80°C for 28 hours. The reaction was
concentrated under reduced pressure and the residue partitioned between saturated
NaHCO; (ag) (20 mL) and dichloromethane (20 mL). The organic layer was dried
(MgSO0,) and evaporated to give the desired material (650 mg) as a light brown oil
which was used without further purification. m/z 214.3 [M+HT".
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Examples

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

cyclopentanecarboxylate
O
_OH
SN O‘*f i
-H H
N
O

To a solution of Intermediate 8 (208 mg, 0.68 mmol) and Intermediate 5 (184 mg,

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

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

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

Example 8: 1-({4-[3-(Hydroxyamino)-3-oxopropyllbenzyllamino)cyclo

pentanecarboxylic acid

O
N/OH
H

ZT

HO

Cyclopentyl 1-({4-[3-(hydroxyamino)-3-oxopropyllbenzyl}amino)
cyclopentanecarboxylate (Example 7)(40mg) was stirred with lithium hydroxide (40
mg, 15mmol) in THF (1 mL) and water (1 mL) at 45°C for 36 hours. The reaction was

concentrated under reduced pressure and the resulting residue purified by Gilson



Table 1 Table 1 shows that the acid of Exanple 1 has a
simlar I1C50 in the enzyne assay to the parent

wa@ eowaesds (Conpound 1): (WO 03/ 076405) i ndi cat POyGBR@L/000561
bi nding to the enzynme has A®t been di srupted by
attachnment of the esterase notif. D -substituted
conpounds, e.g. Exanple 1, are hydrol ysed by hCE-1 and
as a consequence the acid accurulates in cells. This

pr@ﬁ%’m‘& ﬁPLQnTﬁ’é p&FHcd da%ﬂ*&lﬁ&adnd"d%ﬂ% fad sBEEN M

gni fi cant| I:y nor e POt ent "t han the parent conpound in
dl?*?i%romt%ﬂeélf Aokl Twéeéorcﬂ@taé reRry e Megrature ang theggagtion
cdRBEFdtbd LR rEdicddgrasdire Vigd % cblthﬁo@fti& echgERbs %Elattébeas a
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Example 9: Cyclopentyl N-{4-[3-(hydroxyamino)-3-oxopropyllbenzyl}-2-methyl-

D,L-leucinate

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

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

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

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

HO

Ir=z

OH



of MAPKAP-2 in HUT 78 cells (1C50, nM (non-nonocytic

cell line) '. Ratio 1C50s in HUT 78 to W37 cells
wa@\e@arudsag i on i nl. 1937 cells (ng/nL) Accumnul at POTYGBR009/000561

HUT 78 cells (ng/ ) ParentsoConpound I 300

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

Example 11: Cyclopentyl 1-[({6-[(1E)-3-(hydroxyamino)-3-oxoprop-1-en-1-
yllpyridin-3-yI}methyl)amino]cyclohexanecarboxylate

®) AN
H
O\ N ~N

O

To a solution of Intermediate 7 (386 mg, 1.83 mmol) and Intermediate 9 (902 mg,
3.02 mmol) in THF (20 mL) was added powdered molecular sieves 4A (100 mg) and
the resulting mixture was heated at reflux temperature for 12 hours. On cooling to
room temperature, sodium borohydride (317 mg, 85 mmol) was added and stirring
was continued for 20 minutes. The reaction was quenched with saturated NH,CI (50
mL), and then extracted with dichloromethane (3 x 100 mL). The combined organic
layers were dried (MgSQOy,), concentrated in vacuo and the resulting residue
subjected to column chromatography [silica gel, 5% methanol in DCM]. The purified
material was dissolved in dichloromethane (20 mL) to which was added 4M HCl in
dioxane and the resulting salution was stirred at room temperature for 1 hour. The
reaction was quenched with NaHCO; and extracted with ethyl acetate (2 x 150 mL.).
The combined organic layers were dried (MgS0,) and evaporated. The residue was
purified by HPLC to give the title compound (80 mg) as a colourless solid, m/z 388.25
(M+H)". "H NMR (300 MHz, ds-DMSO) 10.95 (1H, br s), 9.43 (1H, br s), 8.65 (1H, d,
J=1.7 Hz), 7.92 (1H, dd, J=2.0, 8.0), 7.67 (1H, d, J=8.0 Hz), 7.50 (1H, d, J=15.4 Hz),
6.98 (1H, d, J=15.4 Hz), 5.23 (1H, t, J=5.3 Hz), 4.16 (2H, br s), 2.15-2.30 (2H, m),
1.16-1.96 (16H, m).
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Biological Activity

Histone deacetylase activity

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

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

“inhibitor, with background-signal being subtracted from all samples, as foliows:
% activity = [(S'— B) / (S° - B)] x 100

where S'is the signal in the presence of substrate, enzyme and inhibitor, S° is the
signal in the presence of substrate, enzyme and the vehicle in which the inhibitor is
dissolved, and B is the background signal measured in the absence of enzyme.

ICs values were determined by non-linear regression analysis, after fitting the results
of eight data points to the equation for sigmoidal dose response with variable slope

(% activity against log concentration of Compound), using Graphpad Prism software.

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



Table 2 shows that the parent conpound (Conmpound I|) is
equi potent in nonocytic and non nonocytic cell lines
wabepaassExanpl es 1 and 3 are 100 tinmes nore pRCEOGB200H/000561
t he monocytic cell line. ERanple 1 only accunulates in
t he nmonocytic cell line show ng that cell selectivity
is achieved by the attachnent of an esterase notif
that is only cleaved in the nonocytic cell line. 57
U9GT mpadLHidT cehirHibition assaphosphoryl ati on of MAPKAP-2 in

Cagpe s TBRO AT SRBRAR! 3 e ors Feapr 6u nessgeded
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Fo OV%ZS ‘ilzllh%ur':s c% Ig\;"r_éwtg c'eIIstere treated with compound. Plates were then re-
incubated for a further 72 ~ 96 hours before a WST-1 cell viability assay was
conducted according to the suppliers (Roche Applied Science) instructions.

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

% inhibition = 100-[(S/S°)x100]

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

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

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

log concentration of compound), using Graphpad Prism software.

p38 MAP Kinase enzyme assay

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

_p38 MAP Kinase cellular assay: Inhibition of phosphorylation of MAPKAP2

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

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

LPS-stimulation of THP-1 cells

THP-1 cells were plated in 100yl at a density of 4 x 10* cells/well in V-bottomed 96
well tissue culture treated plates and incubated at 37'C in 5% CO, for16 hours. 2
hours after the addition of the inhibitor in 100pl of tissue culture media, the cells were
stimulated with LPS (E coli strain 005:B5, Sigma) at a final concentration of 1ug/mL
and incubated at 37°C in 5% CO, for 6 hours. TNF-a levels were measured from cell-
free supernatants by sandwich ELISA (R&D Systems #QTA00B)
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pH 7.4) was added to an equal volume of assay buffer containing 5uM ester
substrate. After thorough mixing, triplicate samples were incubated for 0, 20 or 80
minutes at 37°C. At the appropriate time, hydrolysis was stopped by the addition of
600u! of acetonitrile. For zero time samples, the acetonitrile was added prior to the
enzyme. The samples were analysed for the ester and its corresponding carboxylic
acid at room temperature by LCMS (Sciex APl 3000, HP1100 binary pump, CTC
PAL). Chromatography was based on a MeCN (75 x 2.1mm) column and a mobile
phase of 5-95 % acetonitrile in water /0.1 % formic acid. Levels of the acid, the
hydrolysis product, after 80 minutes are expressed in ng/mL..

Broken Cell Carboxylesterase Assay

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

Preparation of cell extract
U937 or HCT 116 tumour cells (~ 10°) were washed in 4 volumes of Dulbeccos PBS
(~ 1 litre) and pelleted at 525 g for 10 min at 4 °C. This was repeated twice and the
final cell pellet was re-suspended in 35 mL of cold homogenising buffer (Trizma 10 .
mM, NaCl 130 mM, CaCl, 0.5 mM pH 7.0 at 25 °C). Homogenates were prepared by
nitrogen cavitation (700 psi for 50 min at 4 °C). The homogenate was kept on ice and
supplemented with a cocktail of inhibitors at final concentrations of:

Leupeptin 1 uM

Aprotinin 0.1 pM

E64 8 uM

Pepstatin 1.5 uM

Bestatin 162 uM

Chymostatin 33 pM

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

Hydrolysis of esters to the corresponding carboxylic acids can be measured using
the cell extract, prepared as above. To this effect cell extract (~30 yg / total assay
volume of 0.5 mL) was incubated at 37 °C in a Tris- HCI 25 mM, 125 mM NacCl
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 minutes). Reactions were stopped by the addition of 3 x
volumes of acetonitrile. For zero time samples the acetonitrile was added prior to the
ester compound. After centrifugation at 12000 g for 5 min, samples were analysed for
the ester and its corresponding carboxylic acid at room temperature by LCMS (Sciex
AP} 3000, HP1100 binary pump, CTC PAL). Chromatography was based on a MeCN
(75 x 2.1mm) column and a mobile phase of 5-95 % acetonitrile in water /0.1 %
formic acid. Rates of hydrolysis are expressed in pg/mL/min.

Cell Accumulation Assay

Cells (8x10Y¥mL) were incubated at 37°C in culture medium containing G6uM
compound in a 5% (v/v) COz-humidified atmosphere. Incubations were terminated
after 6h by centrifugation of 25 mL aliquofs of the cell suspension at 300g for 5
minutes at 4°C. 0.2mL samples of the culture media supernatants were added to 4
volumes of acetonitrile (Sigma-Aldrich). After decanting the supernatant, the residuai
cell pellet (2x10° cells) was extracted into 1mL of acetonitrile. Samples were then
analysed for the ester and acid metabolite at room temperature by LC/MS/MS (Sciex
API13000). Chromatography was based on a MeCN (75 x 21mm) column with a 5- -
95% (v/v) acetonitrile, 0.1% (v/v) formic acid mobile phasg. For the zero time
samples, the cell suspension was chilled and centrifuged as soon as the ester had
been added and then extracted into acetonitrile as described. Levels in cells are
expressed as ng/mL.
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Table 1 shows that the acid of Example 1 has a similar IC50 in the enzyme assay to
the parent compound (Compound I): (WO 03/076405) indicating that binding to the
enzyme has not been disrupted by attachment of the esterase motif. Di-substituted
compounds, e.g. Example 1, are hydrolysed by hCE-~1 and as a consequence the
acid accumulates in cells. This accumulation of acid results in Example 1 being
significantly more potent than the parent compound in the cellular assay. These data
highlight the potency benefit that can be achieved by the attachment of the esterase
motif and the resulting celluiar accumulation of the corresponding acid.

Inhibition of Inhibition of
phosphorylation|phosphorylation

of MAPKAP-2 in|of MAPKAP-2 in|Ratio IC50s in| Accumulation|SC4TIation
Compound U237 cells HUT 78 cells HUT78to |in'U937 celis| ' cells |
(1C50, nM) (1C50, nM) U937 cells - {ng/mL) (ng/mL)
{monocyte cell |(non-moiiocytic g
line) cell line)
Parent 300 450 1.5 NA NA
Compound |
Example 1 10 1000 100 987 3
,Cifl 100 10000 100 ND ND
Example 3

Table 2

Table 2 shows that the parent compound (Compound I) is equipotent in monocytic
and non monocytic cell lines whereas Examples 1 and 3 are 100 times more potent
in the monocytic cell line. Example 1 only accumulates in the monocytic cell line
showing that cell selectivity is achieved by the attachment of an esterase motif that is
only cleaved in the monocytic cell line.
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Table 3

Table 3 indicates that a C-linked dialkyl compound (Example 5) is macrophage

selective whereas the parent compound (Compound II; WO 03/076405 ) and a

compound (Compound lil; WO 2007/129036) lacking an alkyl group at the alpha

carbon of the amino acid derivative are not. This illustrates that macrophage

selectivity can be achieved by the introduction of a second substituent at the alpha

carbon of the amino acid ester motif.
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Table 4 shows that the acid of Examples 7 and 9 have simi'lraf IC50s in the enzyme

assay to the parent compound (Compound 1V): indicating that binding to the enzyme
has not been disrupted by attachment of the esterase motif. Di-substituted
compounds, e.g. Example 7, are hydrolysed by hCE-1 and as a consequence the

acid accumulates in monocytic cells. This accumulation of acid results in Examples 7
and 9 being significantly more potent than the parent compound in the cellular assay.

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

the esterase motif.
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" Table 5 shows that the parent compound (Cbmpound IV) has similéf potencies in
monocytic (U937) and non monocytic (Hut78) cell lines whereas Examples 7 and 9
are 30 times more potent in the monocytic cell line than the non-monocytic cell line.
This illustrates that a second substituent at the alpha position of the amino acid motif

confers macrophage selectivity on the compounds.
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6. A conjugate or method as claimed in any of claims 1 to 4 wherein the a-
substituents of the o,a-disubstituted glycine ester conjugated to the modulator, taken
together with the a-carbon itself, form a 3-6 membered saturated cycloalkyl or
heterocyclyl ring; or wherein at least one of the said a-substituents is a C4-C¢ alkyl

substituent.

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

8 A conjugate or method as claimed in any of claims 1 to 4 wherein one of the
o-substitutents of the o,a-disubstituted glycine ester conjugated to the modulator is
methyl. and the other is methyl, ethyl, or n- or iso-propyl; or the said a-substitutents
taken together with the carbon to which they are attached form a cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl ring.

9. A conjugate or method as claimed in any of the preceding claims wherein the
a,o-disubstituted glycine ester is covalently conjugated to the modulator via the

amino group of the a,a~disubstituted glycine ester.

10. A conjugate or method as claimed in any of the preceding claims wherein the
a,a-disubstituted glycine ester is covalently conjugated to the modulator via one of

the o substituents of the a,a-disubstituted glycine ester.

11. A conjugate or method as claimed in any of the preceding claims wherein the
ester is selectively hydrolysable to the corresponding o,a-disubstituted glycine
conjugate by cells containing the intracellular carboxylesterase enzyme hCE-1
relative to cells containing hCE-2 or hCE-3 but not hCE-1.

12. A pharmaceutical composition comprising a conjugate as claimed in any of
claims 1, 2 and 5 to11 and one or more pharmaceutically acceptable carriers or
excipients.
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13. A method of identifying a covalent conjugate of an a,a-~disubstituted glycine
ester of a given modulator of the activity of a target intracellular enzyme or receptor,
said conjugate having increased or prolonged cellular potency relative to the given

modulator, which method comprises:

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

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

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

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

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

increased or prolonged cellular potency.



